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This invention relates to improvements in 
gaseous electron tube systems, and particularly 
to an improved method of and apparatus for op 
erating gaseous-electron tubes. 

It is well known in the electron tube art that 
the limiting effect of space charge on the current 
that will flow in an evacuated tube can be over 
come by adding a small quantity of gas-to-the-tube, 
and ionizing the gas. If a sufficiently high volt 
age is applied between the semitting and-collecting 
electrodes in the tube, the gas will be ionized 
by electron bombardment of the gas molecules, 
thereby developing positive ions which will 
neutralize the negative space, charge-of-the-elec 
trons. The combined cloud or "plasma’ of ions 
and electrons will act as an excellent conductor, 
allowing the tube current to rise very rapidly until 
the full electron emitting capacity. of the emitter 
is being utilized. 
While the phenomenon briefly described above 

has considerable practical utility, there are sev 
eral characteristics of gas-filled tubes which 
heretofore have imposed limitations on their use. 
For one thing, a certain minimum voltage is 

required to ionize the gas in the tube. That is, in 
general, a certain amount of energy must be 
given to an atom or molecule in order to remove 
an electron therefrom. In the case of a gas tube, 
this means that the ionizing (bombarding) elec 
trons must be given a certain minimum velocity to 
sustain ionization. To give the ionizing electrons 
this minimum Velocity, a corresponding minimum 
potential or "arc drop' must be maintained be 
tWeen an electron emitter-electrode and an elec 
tron collector-electrode immersed in the gas. In 
conventional gas tube Systems, this arc drop is 
Wasted in any case where a principal objective is 
to transfer voltage from a source to a load with 
the least possible voltage loss in the transfer 
circuit. 
Another difficulty is the problem of controlling 

gas tube current efficiently. In a conventional 
vacuum tube, a control electrode placed between 
the emitting and collecting electrodes provides a 
very efficient means of controlling the tube. cur 
rent. A very Small change in the control elec 
trode voltage will have a relatively large effect 
on tube current, it being possible to vary the tube 
current smoothly and continuously within rela 
tively wide limits simply by varying the control 
electrode Voltage. 
In the case of the conventional gas tube, how 

ever, a somewhat different situation exists. It is 
found that a control electrode in a conventionally 
Operated gas tube has only a “trigger' type. Cons 
trol action. The proper amount of negative volt 
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age on such control electrode will prevent tube 
current from flowing, and tube current flow can 
be started by a suitable decrease in the negative 
control electrode voltage. However, once the con 
ventionally operated gas tube begins to conduct 
current, the control electrode loses practically 
all control, and the tube current becomes substan 
tially independent of the control electrode volt 
age. 
In a copending application of E. O. Johnson, 

Serial No. 185,745, filed September 20, 1950, as 
signed to the assignee of the present invention, 
there is described a gaseous electron tube system 
in which a space charge neutralizing plasma is 
generated by an auxiliary ionizing discharge of 
electrons. In said copending Johnson applica 
tion, a System is described. Wherein an auxiliary 
emitter electrode provides the ionizing current. 
With this arrangement, two very important ad 
Vantages are attained. 

First, it is found that very high current can 
be passed between the main emitter and collector 
electrodes at potentials far below those required to 
ionize the gas. Second, it is found that the cur 
rent flow between main emitter and collectorican 
be controlled in various ways, one of which is by 
means of a control electrode similar to that used in 
the conventional vacuum tube. 
While gas tube systems of the type just de 

scribed have many useful and important appli 
cations, it has been found that random oscillatory 
voltages originate in the plasma, when the latter 
is maintained by a continuous auxiliary discharge. 
In some instances, the effect of these oscillatory. 
voltages-on the maintube current is objectionable, 
particularly in the case where the gas tube used 
has only one emitter electrode. 

It is a general object of the present invention 
to provide an improved method of and apparatus 
for operating gaseous electron tubes. 
A more specific object of the invention is the 

provision of a method of and apparatus for op 
erating a gaseous electron tube under conditions. 
Such that relatively high current can be passed 
through the tube at a Woltage lower than the are 
drop required to sustain ionization of the gas in 
the tube. 
A further object of the invention is the pro 

Vision:of a method of and apparatus for operating 
a gaseous electron tube in such a way that the 
principal tube current can be controlled in a 
Simple and efficient manner. 
Another object of the inventionis the provision 

of an improved method of and apparatus for 
Separating the functions of gas ionization and 
high current discharge in a gaseous electron tube 



2,619,593 
3 

system in a manner such that a substantially 
'noiseless' current can be drawn through the 
gas tube. 

In accordance with the invention, the fore 
going and other related objects and advantages 
are attained in a method and System. Wherein 
Space charge neutralizing ions are generated in 
a single emitter gas tube in Spaced "bursts' by 
applying suitable voltage pulses between the 
emitter and another tube electrode. The plasma, 
SO created Will conduct very high, Substantially 
noiseless currents at Voltages considerably below 
the gas ionizing potential. Furthermore, this 
current can be substantially continuously con 
trolled in a number of different Ways as, for ex 
ample, by means of a control electrode. 
A more complete understanding of the inven 

tion can be had by reference to the following de 
Scription of illustrative embodiments thereof, 
When considered in connection with the accom 
panying drawing, wherein: 

Fig. 1 is a schematic diagram of a gaseous elec 
tron tube circuit illustrating the general princi 
ples of the invention, 

Fig. 1a is a sectional view of a modified form of 
gaS tube, 

Fig. 2 is a Schematic diagram of a grid-con 
trolled gas tube system arranged in accordance 
with the invention, 

Fig. 3 is a Schematic diagram of a gas tube 
rectifier System arranged in accordance with the 
invention, and 

Fig. 4 is a schematic diagram illustrating ap 
plication of the principles of the invention to a 
frequency modulated wave detection system. 
As Was previously stated, an ordinary gas tube 

Operated in the conventional manner does not 
have as much utility as might be expected. Con 
sider, for example, the gas tetrode tube 0 shown 
in Fig. 1. This tube, which may be a commercial 
type 2050 tube for example, has an electron emit 
ter or cathode 2, usually heated by a filament 
(not shown), a control electrode 4, a shield 
electrode 6, and a collector electrode or anode 
8. 
In the usual case, the anode 8 would be con 

nected to the cathode 2 through a work circuit 
including a load device and a source of voltage at 
least equal to and usually greater than the arc 
drop required to sustain ionization of the tube 
gas. The shield electrode 6 usually would be 
Operated at the same voltage as the cathode 2. 
The control electrode 4 normally Would be at a 
potential sufficiently negative to keep the tube 
cut off, and the tube would be “fired' by decreas 
ing the control electrode voltage. 
Once the tube had been fired, the electrode 

4 would lose control of the tube current. This 
loss of control is believed to come about from 
the fact that positive ions collect and form a 
'Sheath' around the control electrode. This 
sheath builds up to a thickness such that, at the 
Outer boundary of the sheath, the negative con 
trol electrode Voltage is balanced by the positive 
field from the sheath. The main part of the dis 
charge is thereby shielded from and unaffected 
by the control electrode. If the control potential 
is increased in an effort to restrict the main dis 
charge area, by increasing the sheath thickness, 
the result is a temporary increase in potential 
drop through the restricted area. This causes an 
increase in electron velocity and an increase in 
ionization, With the result that the sheath density 
increases without appreciable change in the 
sheath thickness. 
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4. 
In the conventional arrangement just de 

Scribed, the work circuit voltage must initially be 
high enough to cause ionization. Even after ioni 
Zation occurs, the arc drop between the work cir 
cuit electrodes must be kept high enough to 
Sustain ionization. The voltage required to Sus 
tain ionization in the tube is, of course, wasted 
as far as the load is concerned. Frequently it 
Would be very advantageous if the high currents 
characteristic of a gas tube could be obtained with 
a voltage loss of, say, one volt or less in the tube. 
Furthermore, if the work circuit voltage could be 
reduced, then the electron Velocity changes which 
interfere With the control electrode influence on 
the tube current might be eliminated. 
In Fig. 1 of the drawing, there is shown a circuit 

With which certain of the basic principles of the 
invention have been tested and established. 
In the circuit of Fig, i, a pulse generator 20 is 

connected to apply voltage pulses between the 
anode 8 and the cathode 2 of the tube 0. The 
shield electrode 6 is connected in a work cir 
cuit which includes a load device 22 (e. g. an 
Ordinary resistor), a voltage Source shown as a 
battery 24, and the cathode f2. The control elec 
trode 4 is allowed to “float' in this circuit. 

Specific example of suitable pulse Sources are 
given hereinafter. For the moment, it will suffice 
to State that the pulse source 20 should be 
adapted to provide pulses of amplitude at least 
Sufficient to ionize the gas in the tube 0. 

In the circuit of Fig. 1, the pulses applied be 
tween the anode 8 and the cathode 2 will ionize 
the gas in the tube (). It has been found that 
the conductive plasma generated by such pulses 
will permit a Work circuit current of the order 
of 150 milliamperes to flow from the cathode 2 to 
the shield electrode 6, it being noted that the 
latter is serving as an electron collector electrode 
in the circuit of Fig. 1. Currents of this order of 
magnitude have been obtained with a voltage 
drop between the shield 6 and the cathode 2 
of less than 0.1 volt. 
In the circuit of Fig. 1, it is not feasible to 

control the work circuit current flowing to the 
Shield electrode 6 by means of the control elec 
trode 4 since the control electrode 4 does not 
have the proper configuration. If, however, as 
Shown in Fig. 1d, a tube a is provided with 
a mesh-type grid electrode 4a between the 
Cathode 2 and the shield or collector 6, the 
current to the collector readily can be controlled 
by a Voltage applied to the grid f4a. 

It might Seem that pulsed ionization of the 
tube gas would provide a pulsating work circuit 
Current of Comparatively limited utility. How 
ever, due to the behavior of the ion-electron 
plasma, it is found that a substantially continu 
ous work circuit current can be drawn through 
a pulse generated plasma under suitable condi 
tions. This is possible for two reasons. 

First, when ionizing current flow through a 
gaSeous electron tube is cut off, a finite time is 
required for the plasma to “decay' (i.e. removal 
of ions and electrons by diffusion, etc.). This 
decay time is primarily a function of the type 
of gas involved and the gas pressure. 

Therefore, it can be seen that it should be 
possible to pass current through a decaying 
plaSna, even though the ionizing current has been 
interrupted. Even So, one might assume that 
the amplitude of the current drawn through a 
decaying plasma Would decrease in accordance 
With the plasma decay curve. 

It has been found, however, that the work 
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circuits current is; not a...continuous function of 
plasma density. That is, for a given Voltage 
between the work circuit electrodes. 2, 5 in Fig. 
1; the current that will flow, in the Work circuit 
Will be proportional to plasma density. Only up 
to a certain point: For greater plasma densities, 
the Work circuit: current will not incr 
Will have: a Substantially constant - - - - M. 
pendent of plasma density. Therefore, if the 
ionizing pulses are large enough and are repeated 
at a high enough rate, the work. circuit current 
can be a continuous current substantially, un 
affected by the ionizing pulses. Also, the shorter 
the durations of ionizing, pulses, the less, chance 
there-will be of generating "plasma noise' that 
might...interfere with the work circuit current. 
While the "plasma noise” phenomenon, just 

referred to...is not entirely, understood, it is known 
that, as long as ionizing current is flowing, the 
voltage drop across the plasma (between the 
electrodes carrying the ionizing, current) rises 
and falls, rapidly...and in a more or less random 
fashion. This is thought to be due, in part, 
to the fact that as Soon as plasma, is created 
the ionizing current is able to flow at a lower 
voltage, similar to the work circuit current flow. 
The plasma, thea may begin to decay, causing 
the voltage between the ionizing electrodes to go 
up, and repeating the ionizing process. In any 
eyent, it is known that random fluctuations can 
be detected in many instances in the current 
drawn through a continuously generated plasma. 
whereas they are not found in the current drawn 
through a decaying plasma. Therefore, if ion 
izing current is passed through the gas in very 
short, sharp bursts, followed by a relatively long 
decay time, plasma noise can be kept at a very 
low level. 
As was stated, the plaSina decay tine is a 

function of the type of gas in the tube and the 
gas pressure. Therefore, it is not possible to 
state absolute values for the pulse repetition 
rate and pulse amplitude required for continue 
ous work circuit current in all cases. However, 
a pulse amplitude, say, 100 percent greater than 
the arc drop required to Sustain ionization, 
coupled with a pulse rate such that the interval 
between pulses is, say, 60 percent leSS than the 
time required for complete plasma decay, ordi 
narily will suffice. It will, of course, be under 
stood that these percentages are intended to be 
illustrative and are not to be taken as absolute 
limits. 
Although the voltage between the work circuit 

electrodes Will be much less than the arc drop 
required to sustain ionization, it is not essential 
that the Work: circuit voltage Source itself be. So 
limited ASSune, for example, in the circuit of 
Fig. 1. that the ionizing arc drop required for 
the gas in the tube is 25. Wolts, and that the 
voltage of the Source 24 is 100 Volts. ASSume also 
that the pulse generator 29 is disabled. Under 
these circumstances, it has been found that the. 
tube. Will Operate in rather- conventional 
manner, with a voltage drop of about 25 Volts, 
between the: emitter 9 and the collector. 3, and 
with the remainder of the Source Voltage appear 
ing across the load 22. Now if pulses of an 
plitude greater than 25 volts and of repetition 
rate properly correlated with the plasma decay 
rate are applied between the anode 8 and the 
emitter. 2, it will be found that the voltage 
between the collector. 6 and the emitter f2 will 
drop to a very low value, say of the order of 
0.1 volt, as previously described, with practically 

10 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

6 
all of the Source. Voltage, appearing across the 
load 22. 
In Fig. 2; there is shown a System wherein the 

Work circuit: current: through, a pulse ionized gas 
tube is controlled in a manner analogous to 
Vacuum tube grid control. 

In the Syster of Fig. 2, a gas tube; fl. is pro 
vided with a thermionic emitter: or cathode elect 

trode, or, us. 
trode 5, by ode 7. An addi. 
tional cold electrode 9 is provided adjacent to 
the emitter 3 to receive ionizing current from 
the emitter 3. This selectrode 9 may comprise 
two rods disposed on opposite-sides, of and par 
allel with the emitter, 3. While the tube shown 
in Fig. 1gt. also would be suitable for use in a 
System of the type presently, being described, the 
arrangement of electrodes in the tubes is some 
what better from the standpoint of efficiention 
ization and allows for a greater range of grid 
control. That is, the tube shown in Fig. 1a has 
the disadvantage that the grid sa, may interfere 
to Some-extent with the ionizing current. 
An ionizing pulse source. 20 is connected be-, 

tween the cathode 3 and the electrodes 9, while 
a work circuit connecting the cathode 3 to the 
collector 7 includes a voltage source, shown as 
battery 26, and a load, shown as the voice-coil 27. 
of a loudspeaker 29. 
An audio frequency signal source 26, is con 

nected between the control grid. 5 and the cath 
ode 3. The signal source 26 may comprises a. 
conventional radio receiver, a phonograph pick 
up System, or the like. 
When pulses of suitable amplitude and repe 

tition rate are applied to the electrodes 9 from 
the Source 20, current pulses will flow from the 
cathode 3 to the electrodes 9 and the gas in 
the tube will be ionized as already explained 
in connection with the system of Fig. 1. The 
plaSma. SO generated. Will allow current to flow 
from the cathode 3 to the collector f7 and 
through the voice coil, 27. Due to the low volt 
age drop between the cathode 3 and the co 
lector , this: current can be modulated in ac 
cordance with the voltage applied to the control 
grid 5. Moreover, the pulse-generated plasma 
Will not contribute noise voltages to the work 
circuit curent flowing through the voice coil as 
Would be the case, if a steady plasma-generating, 
current were to flow from the cathode 3 to the 
electrode 9. 
An important application of the principles of 

the invention is, the use of a simple two-elec-. 
trode gas tube, pulse-ionized to obtain high cur 
rents with low voltage losses. A circuit exempli 
fying Such an embodiment of the invention is 
shown in Fig. 3. 
The circuit of Fig. 3. comprises a rectifier sys 

tem for converting alternating voltage to uni 
directional voltage. In this case, a gas filled 
diode 3) is provided, having an electron emitter 
or cathode 32 and an electron collector, or anode. 
34. The cathode 32 and the anode 34 are con 
nected in a pulse ionizing circuit which includes 
a pulse generator 36 connected to the anode 34 
through a coupling capacitor. 38. 
The anode 34, and the cathode 32 also are 

Connected in a Work circuit, which includes the 
Secondary winding 46 of a transformer 42. The 
transformer primary, winding 44 is adapted to be 
connected to a Suitable alternating voltage source 
(not shown). The Works circuit is completed by 

75, a capacitor-48, in shunt with which may be cons, 
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nected a load, shown as a resistor 46. A pair of 
terminals 5 are shown at opposite ends of the 
capacitor. 48 to designate points between which 
unidirectional output voltage can be obtained. 
The pulse generator 36 is a so-called block 

ing oscillator of conventional design, energized 
with unidirectional voltage from any Suitable 
source (not shown). A statement of the opera 
tion of such an oscillator will be found in Ter 
man's Radio Engineers' Handbook, first edition, 
page 514. The generator 38 should provide out 
put pulses of amplitude sufficient to ionize the 
gas in the tube 38 and of repetition rate selected 
in accordance with the previously mentioned fac 
tors of gas type, gas pressure etc. 
The voltage applied to the transformer pri 

mary winding 45 may be the conventional sixty 
cycle commercial supply voltage. The peak Volt 
age across the secondary winding At) usually will 
be slightly less than the pulse amplitude, al 
though this is not essential since there will be a 
voltage drop across the load. 
The pulses supplied to the tube 3 from the 

source 36 will provide the necessary plasma to 
allow the tube 30 to conduct curent during every 
other half cycle of the transformer Secondary 
voltage. The resultant rectified voltage will ap 
pear at the terminals 50 across the capacitor 48 
and load 46, and with a voltage loSS acroSS the 
tube 30 of as little as 0.1 volt. 

In Fig. 4 there is shown a system embodying 
a further application of the principles of the 
invention, wherein a pulse-operated gas tube is 
used as an element in a frequency modulation 
detection Syster. 
The system of Fig. 4 includes three elements 

commonly found in radio receivers adapted for 
frequency modulated signal reception. In block 
diagram form, these elements are shown as a 
radio frequency amplifier 52, a first detector 54, 
and an intermediate frequency amplifier 55. 
Frequency modulated signals received at an an 
tenna, 52 will be amplified in the R. F. amplifier 
52 and converted to a lower (intermediate) fre 
quency in the detector 54. The intermediate fre 
quency signals from the detector 54 will be ann 
plified in the I. F. amplifier 56, and the amplified 
intermediate frequency signal will be applied to a. 
shaping circuit. This Shaping Circuit comprises 
a resistor 69, and two rectifiers 62, 64 and bias 
cells 66, 68 connected in parallel in opposite po 
larity. The rectifiers 62, 64 will convert the in 
termediate frequency signal to a Square wave of 
the same varying frequency, and of peak-to-peak 
amplitude determined by the resistance of the 
resistor 60, the conductive impedances of the 
rectifiers 62, 64, and the voltages of the bias cells 
66, 68. 
This square wave then will be applied to a dif 

ferentiator circuit comprising a capacitor 70 and 
a resistor 2. By differentiation, the Square 
Wave will be converted to One positive and One 
negative pulse for each cycle of the I. F. signal. 
These pulses will be applied to one of the cold 
electrodes of a gas tube 76. 
The tube 76 may comprise a type 2050 tube, for 

example, with the anode 8 connected to the 
junction of the capacitor 0 and the resistor 2. 
The other cold electrode 82 (in this case, the 

shield electrode) and the cathode 80 of the tube 
76 are connected in a work circuit which includes 
a voltage source 8 and the Voice coil 87 of a 
loudspeaker 86. 
As was previously pointed out, the Work circuit 

current in a pulse-ionized gas tube will be inder 
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8 
pendent of the ionizing pulses, provided the latter 
are large enough and are repeated often enough. 
However, if the plasma is allowed to decay Com 
pletely between pulses, then the work circuit cur 
rent will drop to zero between pulses. Under 
these conditions, if the ionizing pulses are all of 
equal amplitude, then the average value of the 
work circuit current will be a function of the pulse 
repetition rate. 

In the system of Fig. 4, the intermediate fre 
quency and the differentiator output pulse am 
plitude are adjusted so that the "pulsed plasma.' 
can decay sufficiently after each pulse to affect 
the work circuit current amplitude. Thus, the 
average value of the work circuit current becomes 
a function of the modulating frequency, and the 
latter will be reproduced as loudspeaker output. 

It can be seen that the present invention pro 
vides a unique method of and apparatus for oper 
ating a gaseous electron tube in a manner that 
efficient control of work circuit current can be 
readily attained and with unusually OW Work 
circuit voltage loss at the gas tube. 
What is claimed is: 
1. In a method of operating a gas filled electron 

tube of the type having a plurality of electrodes 
including a single electron emitting electrode, two 
of said electrodes including said emitter electrode 
being connected in a work circuit which includes 
a voltage source and a load device, the step of 
generating conductive plasma in Said tube by ap 
plying between said emitter electrode and an 
other of said electrodes voltage pulses of ampli 
tude sufficient to ionize the gas in Said tube. 

2. Method of operating a gas filled electron 
tube of the type having a plurality of electrodes 
including a single electron emitter electrode, Said 
method comprising the steps of generating volt 
age pulses of sufficient amplitude to ionize the gas 
in said tube, applying said voltage pulses between 
two of said electrodes, one of said two electrodes 
being said emitter electrode, and applying be 
tween said emitter electrode and another of Said 
electrodes a voltage of amplitude less than that 
required to sustain ionization. 

3. Method of operating a gas filled electron 
tube of the type having a plurality of electrodes 
including a single electron emitter electrode, said 
method comprising the steps of generating volt 
age pulses of sufficient amplitude to ionize the gas 
in said tube, applying said voltage pulses between 
two of said electrodes, one of said two electrodes 
being said emitter electrode, and applying a sepa 
rate voltage between said emitter electrode and 
another of Said electrodes. 

4. Method of operating a gas filled electron 
tube of the type having a plurality of electrodes 
including a single electron emitter electrode, said 
method comprising the steps of generating Volt 
age pulses of amplitude Substantially greater 
than that required to ionize the tube gas, apply 
ing said voltage pulses between said emitter. 
electrode and another of said electrodes, and ap 
plying a separate voltage between said emitter 
electrode and another of said electrodes. 

5. The method of controlling a fow of elec 
trons from an electron emitter to an electron 
collector in a gas filled electron tube, said method 
comprising the steps of impressing voltage pulses 
of amplitude sufficient to ionize the tube gas be 
tWeen said electron emitter and another electrode 
in said tube, impressing a separate potential be 
tween said emitter and said collector electrodes, 
and impressing a variable control potential be 
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tween said electron emitter and an electrode ad 
jacent to Said emitter. 

6. A gas tube System comprising a gas filled 
electron tube having a plurality of electrodes in 
cluding a single electron emitter electrode, a 
source of voltage pulses of amplitude greater 
than that required to ionize the gas in said tube, 
a circuit connecting Said pulse Source between 
said emitter electrode and another of Said elec 
trodes to generate a conductive ion-electron plas 
ma, in said tube, a Voltage source, and a Work cir 
cuit including said last named Voltage source Con 
necting two of said electrodes including Said 
emitter electrode to pass current between Said 
two electrodes through Said plaSna. 

7. A gas tube system comprising a gas filled 
electron tube having an anode and a cathode, a 
source of voltage pulses of amplitude sufficient to 
ionize the gas in said tube, a circuit connecting 
said voltage pulse source between said anode and 
said cathode to ionize the gas in said tube in 
periodic bursts, a load device, and a circuit sepa 
rate from said first named circuit connecting 
said anode to said cathode through Said load de 
Vice. 

8. A system for operating a gas filled tube of 
the type having a plurality of electrodes includ 
ing a single electron emitter electrode, Said 
System comprising a source of Voltage of ampli 
tude less than that required to ionize the gas in 
said tube, a load device, a work circuit connect 
ing two of said electrodes and including said volt 
age source and said load device, a Source of volt 
age pulses of amplitude greater than that re 
quired to ionize said tube gas, and a circuit Con 
necting said voltage pulse Source between Said 
electron emitter electrode and another of Said 
electrodes. 

9. In a System for passing space charge neu 
tralized current between an electron emitter 
electrode and an electron collector electrode in 
a multi-electrode gas filled electron tube under 
conditions such that the potential between Said 
emitter and collector electrodes is less than that 
required to sustain ionization of Said gas, the COm 
bination with said tube of a source of voltage 
pulses of amplitude greater than that required to 
ionize said gas and of repetition rate such that 
the interval between said pulses is Substantially 
less than the time required for complete elim 
ination of ions and electrons from Said gas after 
ionization thereof, a circuit connecting Said pulse 
Source between said emitter electrode and an 
other of said tube electrodes, and a Work circuit 
connecting said emitter electrode to said col 
lector electrode. 

10. In a System for passing space charge neu 
tralized current between an electronic emitter 
electrode and an electron collector electrode in a 
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multi-electrode gas filled electron tube under 60 
conditions such that the potential between Said 
emitter and collector electrodes is less than that 
required to Sustain ionization of Said gas, means 

10 
connected to said emitter electrode and to an 
other of Said electrodes to periodically ionize said 
gas at intervals substantially shorter than the 
time required for complete elimination of ions 
and electrons from said gas after ionization 
thereof, and a Work circuit including said emitter 
electrode. 

11. An electrical System comprising a gas filled 
electron tube having a plurality of electrodes in 
cluding an electron emitter, a voltage pulse gen 
erator adapted to generate voltage pulses of 
amplitude at least Sufficient to ionize the gas in 
Said tube, said generator being connected to ap 
ply Said voltage pulses between said emitter elec 
trode and another of Said electrodes, and a work 
circuit connecting said emitter electrode and a 
third One of Said electrodes. 

12. A gas tube System comprising a gas-filled 
electron tube having electrodes including a cath 
Ode and a control electrode Surrounding said 
cathode, means connecting said cathode and an 
Other of Said electrodes for periodically ionizing 
the gaS in Said tube, means to control the volt 
age between said control electrode and said 
Cathode, and a work circuit connecting said cath 
Ode and another of Said electrodes. 

13. A gas tube System comprising a gas-filled 
electron tube having an anode, a control grid, 
a Cathode and an auxiliary electrode, a source of 
Voltage pulses of amplitude greater than that 
required to ionize the gas in said tube, said pulse 
Source being connected between said cathode and 
Said anode, a Voltage Source, a Work circuit con 
necting Said auxiliary electrode to said cathode 
through Said last named voltage source, and 
means to control the voltage on said control 
electrode. 

14. A gas tube System comprising a gas filled 
electron tube having a plurality of electrodes 
including a single electron emitter electrode, a 
Voltage pulse Source, circuit means connecting 
said emitter electrode and another of said elec 
trodes to cause pulsating ionizing current to flow 
between Said emitter electrode and said another 
electrode, Said circuit means including said 
voltage pulse source, and a work circuit, sep 
arate from Said circuit means connecting said 
emitter electrode and another of said electrodes, 
to draw current between said last named elec 
trodes at a voltage between said last named elec 
trodes less than that required to ionize the gas 
in Said tube. 
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