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This-invention relates-to-electron-tube circuits
utilizing gaseous electron-tubes, which provide
continuous: control” of ' an- operating character-
istic, such™ as- output current, through internal
tube action. More particularly - this invention
relates:to -electron tube-circuits utilizing gaseous
electron: tubes in which the current flowing in
an lonization circuit is-operative to control or
to enable continuously variable-control of the
current -in:a work circuit connected withi the
tube.

It is well known in the electron tube-art: that
the space charge limits- the. current that may
flow in an evacuated electron tube-and that this
limitation can be overcome: by. providing-a small
quantity of gas in- the- tube envelope: If the
potential between the. electron emitting and col-
lecting. electrodes of the tube is'sufficiently high,
the gas becomies ionized by -electron bombard-
ment of the gas molecules, thereby’ developing
positive -ions ‘which. will neutralize- the negative
space-charge formed by the electrons. The com-
bined-cloud of ions and electrons then act as an
excellent :current: conductor, allowing the- tube
current’ to rise very rapidly. until’ the full -elec~
tron- emitting capacity of the electron emitter
electrodeis attained,

While: the ;phenomenon: briefly described above
has considerable utility, there are several char-
acteristics: of “gas-filled: tubes: which heretofore
have imposed limitations:on- their use,

In.order-to ionize the gas in the tube, 5 certain
minimum voltage is required; as- determined - by
the - tube- geometry' and- the: type: of- gas' used.
Brieily,. this is- due: to the: fact that: & - certain
amount of energy raust ke imparted to an atom
or molecule:in order-to cause an electron to be
liberated from the-energy confines of the:atom or
molecule. In the case of g gas tube, this-means
that the bombarding: electrons must be given a
certain minimum velocity: so.as to provide suffi-
cient energy to-cause and sustain the electron
liberation or ionization of the tube gas. To give
these ionizing or bombarding electrons this min-
imum. velocity, a corresponding minimum poten-
tial or “arc drop” must be maintained between
an electron emitter electrode and an electron col-
lector electrode immersed: in. the gas. In con-
ventional gas tube systems, this are drop is a
minimum potential which is unproductive where
a principal objective is to transfer potential from
a. source to a load with the least possible loss
in the system.

The effective -and efficient control of the gzas
tube current is another problem-in conventional
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gas tubes. In a conventional vacuum- tube; a
control electrode placed between the electron
emitting and. electron collecting electrodes. pro-
vides a very efficient and-effective means for con-
trolling ‘the tube current. A" very small change
in the control electrode potential will have a rel-
atively large effect on the output.eircuit of the
tube, as is well known, it being possible to vary
the tube current smoeothly and- continuously
within relatively wide limits by varying the -con-
trol electrode potential.

The above described mechanism of gas tubes
has been-under-study for many-years in an effort
to provide a tube capable of a large work-or out-
put circuit current’ while- enabling continuous
variable control of the tube by internal tube
action.

Various-systems of ‘control have ‘been devised,
among which is one providing for the-use of
velocity modulation of a plasma generating elec-
tron stream and having a temperature controlled
cathode. This system is disclosed in U. S. Patent
2,213,551, issued to H. Nelson, September 3, 1940,
for Eleetron Discharge Device. Nelson clearly
discloses that: the total current in his control
circuit remains constant and that a temperature

. controlled cathode is used as a:current limiting

device. Such a system is linear for only- small
changes in voltage and is subject to distortion
due to temperature: variation.

U. 8. Patent 2,034,571, issued March 17, 1936,
fo C. G. Found for Electrical Discharge: Device
and Method of Operating- Same, provides: an-
other type of gaseous electron tube utilizing: an
additional pair of electrodes to provide a- plasma
generating circuit: However; here again-due to
the inherent limitations of the: system- the grid
control usually attributed to vacuum tubes can-

. notbe.attained:

In acopending application of ‘E. O. Johnson,
Serial No. 185,745, filed September: 20, 1950, and
assigned to the assignee of the present. inven-
tion, there is described and claimed a- gaseous
electron tube capable of continuous grid control
action. As pointed out in greater detail in that
application, the usual loss of grid control -in- a
gaseous electron tube upon ionization is avoided
by providing separate paths for the ionization
currents and the load currents. and by providing
in the work “circuit a potential lower than that
required to produce ionization. Because. the po-
tential available in the load circuit is insufficient
to produce ionization, an auxiliary source of
ionization potential is provided to fill this need
and since only this source is energized with a
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sufficiently large potential to produce ions it is

unaffected by signal variations in the form cof

either changes in the potential ¢f the control
grid or changes in the load currents which are
produced thereby.

Acecordingly, it is an object of this invention
to provide circuit measns for operating gaseous
electron tukes of the type providing effective grid
control acticn as shown, deseribed and claimed in
the aforesaid pending application.

t is another cbiect of this invention to pro-
vide circuits capable of enabling maximum utili-
zation of continuously variable grid controlled
gaseous electron tukes of the type referred to for
the control of electrical energy flowing in associ-
ated work circuits and the like.

It is a further object of this invention to pro-

vide circuit means in which small current varia-
tions in a control circuit are utilized to control
continuously by means of gaseous electron tubes,
relatively large amounts ¢f current or power in
a load circuit.
It is an ancillary object of this invention to
provide means for applying control signals to a
gaseous electron tube and for connecting a load
cireuit to the gaseous electron tube in such a
manner as to enable multi-signal control of a
single load circuit through the single gassous
electron tube means.

In accordance with the present invention, there
is provided circuit- means which may be con-~
nected between any two of several electrodes of
2 gaseous electron tube of the type capable of
providing continuously variable control, by

means of resistor-capacitor coupling, transformer ;

coupling or other forms of coupling to provide
in a load circuit of the tube, an output signal
which is directly proportional to a control signal
applied between any two of said electrodes, or
which may be proportional to the relative phase
and magnitude of the various applied signal po-
tentials.

A further understanding of the invention may
be had by reference to the following deseription
of certain illustrative embodiments thereof when
considered in connection with the accompanying
drawing, in which:

Figure 1 is a schematic cireuit diagram-illus- '

trating one embodiment of the invention wherein
a, gaseous electron tube is utilized to control a
motor circuit;

Figure 2 is a view in cross section of a gaseous
electron tube as utilized in control circuits em-
bodying the invention;

Figure 3 is a schematic circuit diagram illus-
trating a further embodiment of the invention,
wherein a gaseous electron tube is utilized to con-
trol the phase and magnitude of a generated
alternating-current voltage in accordance with
certain characteristics of control potentials or
signals from a plurality of control sources;

Figure 4 is a schematic circuit diagram iilus-
trating a still further embodiment of the inven-
tion, wherein two elements of a gaseous electron
tube are utilized to control an anode cutput or
work circuit;

Pigure 5 is a schematic circuit diagram illus-
trating another embodiment of the invention,
wherein a gaseous electron tube is utilized as a

cathode-coupled device to directly drive the voice

coil of a transducer element;

Figure 6 is a schematic circuit diagram illus-
trating still ancther embodiment of the invention,
wherein a gaseocus grid-controlled electron tube
is utilized as a current regulator and wherein
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negative feedback is applied from an anocde cir-
cuit to a grid circuit to establish more uniform
control; and

Figure 7 is a graph showing curves illustrating
the relationship between the current and the
voltage of the load ecircuit of an electron tube
adapted for use in a circuit embodying the in-
vention, with different applied control-grid po-
tentials.

Referring to the drawing in which the ref-
erence characters designate like parts and circuit
elements throughout the various figures, and re-
ferring now particularly to Pigure 1, there is
illustrated a gaseous electron tube (0 having an
anode 12, a main cathode 14, an auxiliary
cathode (6 and a shield 18 for the auxiliary
cathode. The anode [2 and the main cathode
14 provide a diode section through which load
currents can be passed in the manner of a con-
ventional gas diode. The auxiliary cathode 16
is- an additional electron -emitting electrode
which cooperates with the anode 12 and main
cathode 14 to provide a separate circuit within
the tube envelope for ionizaticn of the tube gas.
In order to provide operating potentials for the
tube {8 a source of direct-current potential or
battery 28 is connected across a voltage divider
resistor 22. An intermediate tap 24 on the re-
sistor 22 is connected to the main cathode {4
and the negative potential end of the resistor 22
is connected through a cathode resistor 26 and
the space path of an electron tube 28, to the
auxiliary cathode 16, thereby providing between
the main cathode {4 and the auxiliary cathode
16 a sufficiently high potential to cause ionization
of the tube gas. A pair of bypass capacitors 20
and 32 are connected across the respective sec-
tions of the voltage divider resistor to prevent
signal currents from affecting the level of the
potentia] available.

The electron tube 28 is utilized as a signal input
device to effectively modulate the ionization cur-
rent which will be drawn between the auxiliary
cathode 16 and the main cathode 14 of the
gaseous electron tube 18. Tt is, of course, believed
to be obvious that the modulation control estab-
lished by the electron tube 28 can also be pro-
vided by other coupling means such as a trans-
former or a fixed or variable resistor, and that
an electron tube is shown merely for illustrative
purposes as a presently preferred means. In
the embodiment shown, an input signal is ap-
plied between the control grid 24 and the cathode
38 of the electron tube 28 to vary the impedance
of the space path, thus producing between the
auxiliary cathode 16 and the main cathode 4
voltage variations which are reflected by corre-
sponding changes in the ionization current of
the tube 18.

The load circuit is completed, as shown in Fig-
ure 1, by cohnecting the field winding 38 and
armature 39 of a shunt-connected direct-current
motor 48 between the anode {2 of tube {0 and
the battery 28, being -connected in the present
example to the high potential or positive ‘ter-
minal of the voltage divider resistor 22. It should
be noted that the potential available in the load
circuit, that is, the potential available between
!:he high potential end of the resistor 22 and the
intermediate tap 24 is less than that required
to cause ionization of the gas in the gas tube (0.

When 9 gaseous. electron tube, as shown, de-
scribed and eclaimmed in the above-identified co-
rending application by E. O. Johnsen, and which
the tube {8 represents, is connected in this man-
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ner, ionization or hreakdown of the gas occurs be-
tween the auxiliary cathode (6 and the main
cathode (4 of tube 10. There is thus provided
within the tube envelope; a plasma which acts
as ‘an-excellent conductor to provide, in effect, a
low resistanee connection between the main cath-
ode {4 and the anode 12 of the tube 10. Since,
as Is well known in the art, the density of the
plasma generated in the tube will be controlled,
at least in part, by the amount of current-fiow-
ing:through the ionization circuit, the effective
resistance between the main cathode 14 and the
anode {2 of the tube I8 can be effectively con-
trolled by externally controlling the current fiow
in. the ionization circuit. In the embodiment
shown in Figure 1 this lonization current con-
trol is provided by signal or control potentials
applied by means of the electron tube 28.

In a gaseous electron tube of the type utitized, -

the conductivity between the main cathode i#
and the anode 12 of the tube 10 is a function of
the density of the plasma existing within the tube
envelope. Accordingly, it is seen that since the
ionization current flowing between the auxiliary
cathode [6 and the main cathode 14 is effective to
control the plasma density any change in ioniza-
tion current causes a change in the conductivity
between the anode 12 and the main cathode i4
of the tube 10. A change in the conductivity thus

produced is effective to cause a resulting change:

in'the current flowing in the load circuit which,
as shown in Figure 1, is connected between the
anode 12 and the main cathode 14 of the tube 0.

The characteristics of the type of gaseous €lec-

tron tube utilized are such that a relatively small ‘33

change in the ionization current is effective to
praduce in the load circuit a relatively large cur-
rent charge: There has, therefore; been provided
a circuit wherein load currents of large propor-
tions which may be dangerous to operating per~
sonnel, can successfully and continuously be con-
trolled to any degree through the use of low po-
tential and current.

‘Referring now to Figure 2 of the- drawing, a

view' in cross section of one form of the gaseous y;

electron tube 10 of Figure 1, that may be utilized
in:the circuits of the present inventien, is shown
by way-of example. Within the tube envelope, a
U-shaped anode 12 of sheet metal is disposed ex-
ternal to and in juxtaposition with a control grid
42 of relatively coarse spacing. The main cath-
ode {4 is mounted within and is partially sur-
rounded by the control grid 42 and the anode
2. The auxiliary cathode {6 is mounted coax-

ially with respect to a slotted cylindrical shield 5]
18.  Thus the tube (0 may be provided with a

control grid 42 interposed between the main an-
ode 12 and the main cathode 14.

"~ As shown in Figure 2, the elongated narrow
slot in the shield 18 is positioned with its center
extending along.a plane passing through the axes
of the auxiliary and main cathodes {4 and 18.
I -has been found that the desired degree of foni-
zation may thus be attained with a considerable
reduction in the power required to sustain ioni-
zation.

: The- schematic circuit diagram illustrated in
Figure 3 of the drawing, to which attention is
now. directed, shows an embodiment of the in-

vention wherein the load circuit is controllable -

by 2 plurality of control potentials or signals in
connection with the tube -of Figure 2. A first
conftrol signal is coupled to tube 10 by means of
a conventional vacuum tube 44 having an anode
46 connected to the control grid 42 of tube {8

10

6
and a cathode 48 connected to the auxiliary cathe
ode 16 of tube 10. Control signals or potentials
may. be applied between the control grid 50 and
the cathode 48 of the control tube 44 from any
suitable source (not shown). A grid resistor 52
and a bias battery 54 connected in series arrange-
ment between the control grid 50 of the control
tube 44 and a point of fixed reference potential
or ground provide the necessary grid bias for the
control fube 44. Signal currents are prevented
from affecting the bias battery 54 by a by-pass
capacitor 56 which is connected in shunt with
the bias battery 54. Energizing potential is ap-

. Plied to the anode #8 of the control tube 44

15

through an anode resistor from B4 which rep-
resents the positive terminal of a source of en-
ergizing potential (not shown).

When sighal voltages are impressed between

. the control grid 50 and the cathode 48 of the con-
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trol tube 44, an amplified signal voltage appears
between the control grid 42 and the auxiliary
cathode 16 of tube 10. As will be more fully dis-
cussed subsequently this signal voltage is effec-
tive to produce a change in the conductivity be-
tween the cathode {4 and the anode {2 of the
tube (0.

The load circuit of the tube 10 comprises a di-
rect-current motor 60 and the secondary wind-
ing 62 of an alternating current power transe
former 64 which are connected in series between.
the anode 12'and the main cathode 14 of the tube
10.

The direct-current motor 69 in the load circuit

- of the tube 10 is mechanically coupled with an

alternating-current generator 72 having an out-
put current and voltage which is controllable by
controlling the metor 66. In order to provide a
contrel signal which will be in accordance with

- the output of the alternating-current generator

40
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12, the output circuit of the generator 12 is cou-
pled to the primary winding 14 of a coupling
transformer 16. The secondary winding 78 of
the coupling transformer 16 is connected between
the auxiliary cathode 16 and the shield {8 of the
tube 10. There is thereby impressed between the
auxiliary cathode 16 and the shield {8 of the tube
18 a signal voltage which is representative in
phase and magnitude of the output voltage and
current of the alternating-current generator 72.
. Three distinct control signals are, therefore;
coupled to the various circuits of the gag tube
10 illustrated in Figure 3 of the drawing; the
signal coupled between the control grid 42 and

. the auxiliary cathode 16 by means of the con-

60
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trol tube 44, the signal coupled to the load cir-
cuit by means of the power transformer 64 and
the signal coupled between the shield 18 and the
auxiliary cathode by means of the coupling
transformer 76. The characteristics of the tube
18- are such that once breakdown or ionization
has been caused by the application of potential
between the main cathode 14 and the auxiliary
cathode 16 the current flowing between the main
cathode |4 and anode 12 will be directly propor-
tional to the relative phase and magnitude of
the potentials applied between any two of the
tube electrodes. Accordingly, it is seen that the
load current in the schematic circuit diagram
shown in Figure 3 of the drawing will be propor-
tional to the relative phase and magnitude of the
source- of alternating current, the alternating-
current output of the generator 12 and the sep-
arate signal supplied through the control tube 44.

There has thus been provided 2 simple cireuit
in which the output current and voltage of a
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generator 12 is automatically controlled in ac-
cordance with the source of power driving the
generator and the output current and voltage of
the. generator itself. Additionally, a distinet and
separate control facility is provided to allow an
operator to make any adjustments or changes
that might be necessary without having to come
in contact with the high power load circuit,
through control of the potentials or signals ap-
plied through the coupling tube 44.

In the schematic circuit diagram of Figure 4,
illustrating a further embodiment of the inven-
tion, a resistor 80 representing any suitable cou-
pling impedance means, -which is common to
both the load circuit and the ionization circuit,
such as a coupling transformer or an elecfron
tube, is utilized as the input impedance to con-
trol the current through the load circuit of the
tube 10.. The tube 10 may, as indicated, be iden-
tical with that illustrated in Figures 2 and 3 of
the drawing. The load circuit in this instance
is an impedance indicated by the rectangle 82
which is connected in series with a first source
of direct-current potential or batiery 84 and the
input resistor 89, to the main cathode {4, thereby
completing the circuit between the anode 12 and
the main cathode 4. A signal bypass capacitor
86 is connected in shunt with the battery 84 in
order to insure that the level of potential is un-
affected by variations in the signal level.

In order to complete the ionizing circuit for
the gaseous electron tube 18, a second source of
direct-current potential or battery 88 is connect-
ed: between the common terminal of the first
battery-84 and the inputb resistor 86 and the aux-
iliary cathode 16 of the tube {6. As in the first
instance, this second potential source 88 also is
shunted by a signal current bypass capacitor 90.
As. the control grid 42 is not utilized for control
purposes - in- this arrangement, it is shown as
connected directly to the main. cathode (4, al-
though alternatively it may be connected to other
suitable points in the circuit such as directly to
the anode (2, to serve the same purpose.

As zhove discussed, the second potential source
88 provides sufficient potential to cause ioniza-
tion of.the.gas in the tube 10. It is further noted
that under normal operating conditions the first
potential source 84 would normally provide a po-

tential which is less than that required to cause ,

ionization. However, it is within the purview of
the present invention that the first source 84
may under certain conditions, provide a. poten-
tial . exceeding that which is required tc cause
ionization of the gas. Under these .circum-
stances, that is, with the first source 84 providing
sufficient potential to cause ionization,.break-
down could occur between the main. cathode (4
and the anode 2 of the tube {0. It is to be noted
that immediately upon this occurrence the ioni-
zation circuit comprising the main cathode (4
and the auxiliary cathode 18 would assume the
function of providing plasma within the tube
envelope and the potential drop existing between
the main cathode 14 and the anode 12 of the
tube .10 would immediately fall to a potential in
the order of +s of a volt which, of course, is in-
sufficient to mamta,m jonization between these
two electrodes.

There is thus provided an arramgement where-
in the input signal voltage is effectively coupled
in the main cathode circuit of the tube {8. This
type of coupling is generally referred to as cath-
ode coupling. However, it is to be noted that
since the resistor 80 is a-part of the ionization
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circuit connected between the main cathode 14
and the auxiliary cathode 16, signal voltages. ap-
plied to the resistor 80 will produce a corre-
sponding change in the ionizing current, which
as above discussed in connection with Figure 1
will be effective to control the current flowing in
the load circuit.

The schematic circuit diagram shown in Flg-
ure 5 is illustrative of a further embodiment of
the invention wherein a gaseous electron tube
10, identical with the tube 10 of Figures 2; 3 and
4, is ufilized to directly drive the voice coil 92
of a transducer device 94 such.as a loudspeaker:
The load circuit of the tube {0 comprises a first
battery or operating pofential source 84 which
is connected between the anode 12, tube 10 and
one. side of the voice coil 92. The load circuit is
completed by directly connecting the other side
of the voice coil 92 to the cathode {4 of the tube
13.  As above discussed in connection with Fig-
ure 4, the control grid 42, which is not utilized
for control purposes in this circuit, is directly
connected to the anode i2 of tube i0. There is
provided as discussed in connection with Figure
4, a signal bypass capacitor 86 which is econ-
nected in shunt with the first battery 84. It is
seen, therefore, that the work circuit actually
consists of an output circuit commonly referred
to as being cathode coupled. In other words,
the output impedance, which consists of the voice
coil 92 is connected between the cathode and the
negative side of the source 84.

The ionization circuit for the tube: 10 com-
prises a second or potential souce 88, having a
shunt-connected bypass ‘capacitor 90, connected
in series with a cathode resistor 96 and the space
path of an. electron. coupling tube 98 between
the common terminal of the voice coil 92 and
the auxiliary cathode {6 of -the tube i0. Input
signals are-applied to this circuit by coupling the
output of - an amplifier, phonograph, or other
source-99 of signal, between the control grid 108
and the cathode 102 of the electron coupling
tube- 98. Input signals thus applied produce
potential variations in the ionizing circuit which,
as above discussed in connection with Figure 1,
are effective to modulate the current flowing
in the load circuit of the tube 10. It has been
observed that the relationship between input
signal voltages and output signal voltages ob-
tainable from & circuit as shown in Figure 5 ar-
ranged "in - this manner is. substantially linear
throughout the entire working range.

-The low impedance obtainable in-the type of
gaseous electron tube as utilized by:the present
invention: provides excellent - coupling: to such
Jow impedance load devices as loudspeakers. It
has long been a problem in the-audio frequency
field to provide an output circuit for an ampli-
fier capable of low impedance - -and low distor-
tion. Output transformers which are generally
required as coupling devices between the high
impedance  .anode circuit of an electron tube
and the low impedance voice coil of a loud-
speaker frequently limit the quality obtainable
in an audio frequency circuit. The -circuit
shown in Figure 5 obviates these problems by
providing a low impedance, substantially linear
coupling circuit without the use of couphng
transformer.

In view of the high current capabilities and
the particular characteristics of the triode sec-
tion of the gaseous electron tubes utilized by the
present invention, these tubes provide excellent
control for current regulator systems. - Such ‘a
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system is illustrated in Figure 6 of the drawing.
In a regulator of this type, the general problem
to be overcome is the variation in the current
available at a load under different load condi-
tions. In the embodiment illustrated in Figure
6, the source of current to he regulated is shown
as'a battery 84 which is connected in series with
a load impedance, indicated by the rectangle 104,
and the primary winding {06 of a feedback trans-
former {08 between the anode 12 and the main
cathode 14 of a tube 10. The ionizing circuit
for the tube 10 comprises a potentiometer {10
which is connected in series arrangement with
a second battery or potential source €8 be-
tween the main eathode I4 and the auxiliary
cathode 6 of the tube i0. A bypass capacitor
90 is: connected in shunt with the second bat-
tery 88 to prevent signal variations from affect-
ing the source of potential. Control potentials
for the control grid 42 of the tube 10 are pro-
vided by connecting the control grid 42 of the
tube 10 through the secondary winding (12 of
the feedback transformer 108 to a variable tap
{14 on the potentiometer 110.

An examination of the curves shown on the
graph illustrated in Figure 7 of the drawing may
now be referred to for a further understanding of
the operation of the present embodiment of the
invention as: illustrated in Figure 6 of the draw-
ing. The magnitude of the voltage source is
represented by the ordinate of the graph and
the eurrant to be regulated is illustrated as the
abscissa. Three distinct curves A, B and C are
illustrated which represent respectively different
grid' bias potentials, curve A representing the
least potential and curve C representing the
greatest potential of the applied control grid bias
potentials. TIt.is noted that in each instance the
curve rises- with a substantially constant slope
to a knee which is determined by the magni-
tude of the grid bias petential. After passing
the knee, each of the curves A, B and C repre-
sents a substantially constant current. However,
without the feedback transformer {08 the slope
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of portion of the curve above the knee may vary

by as much as 5 per cent. It, therefore, appears
to be obvious that if the circuit is operated be-
yond the knee of the curve any -variations in
load will not be reflected by variations in the
current flowing in the circuit.

This result is obtained due to: the fact that
the current flowing in the work circuit is con-
trolled by two separate factors. One of these
factors being the plasma density existing in the
tube and the other being the control grid bias
potential existing between the control grid 42
and the main cathode 14 of the tube 10. If a
greater current starts to flow in the load circuit,
a representative voltage will be transferred to
the grid circuit by means of the feedback trans-
former 108 which will eause an increase in the
negative grid bias potential, thereby tending to
reduace the amount of current flowing in the load
circuit.

There will also be a tendency to increase the
current in the ionization circuit which will also
produce a. greater negative grid bias potential
which will be applied to the control grid 140 and
act. to reduce the current flow in the load circuit.
It, therefore, appears to be obvious that the com-
bined. action of inverse voltage feedback and the
increase in applied grid control potential through
the increase in plasma density will provide ade-
quate control to establish constant current in the
load eircuit.
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The operation of the above discussed embodi-
ments of the invention are based upon the uti-
lization of a gaseous electron tube 19 in which
the functions of providing ionization needed for
space change neutralization and providing the
field needed for drawing the required work cur-
rent have been separated. In a gaseous electron
tube of this type it has been found as illustrated
in Figure 3 of the drawing, that voltage varia-
tions or input signals when applied between any
two of the electrodes in the gaseous electron tube
will produce in the load or output circuit a cur-
rent and/or voltage variation representative of
the applied signal variations. It has been found
that a current of a few milliamperes flowing in
the ionization circuit can be made to modulate
and control a current of relatively heavy amper-
age in a work circuit.

In the embodiment of the invention illustrated
in Figure 1 this control facility has been utilized
to control the current through the shunt field
38 of the direct-current motor 40. Generally,
control of this type requires the handling of ex-
cessively large currents. However, the combina-
tion provided by the preseni invention permits
a conventional electron tube 28 having a grid
control circuit which may be varied by small
voltages to be utilized to control the very large
currents circulating through the load circuit.

In the embodiment illustrated in Figure 3 of
the drawing a gaseous electron tube {0 capable
of continuous grid control action is utilized to
provide control of a work circuit from g plurality
of control sources. A first control signal is ap-
plied between the control grid 42 and the shield
I8, a second control signal is applied between
the shield 18 and the auxiliary cathode (6 and
a third control signal is applied between the
anode 12 and the main cathode 14 of the gaseous
electron tube 10. Thus the single load circuit
of such a tube may be controlled in accordance
with two or more applied signal voltages by ap-
plying them between any two of the tube
electrodes.

Cathode coupling as an input circuit as shown
in Figure 4 and as an output circuit as shown
in Figure 5 of the drawing, provides further flexi-
bility for the utilization of the gaseous electron
tube 10. The substantially linear control pro-

~ vided by the ionization circuit provides an ex-

cellent cireuit to control and drive g loudspeaker
94 when it is coupled to the cathode 14 of the
triode section of the gaseous electron tube 10.
It has been found that the characteristic of this
type of gaseous electron tube are sufficiently
linear to provide substantially distortionless out-
put when utilized in any of the illustrated em-
bodiments.

There has further been illustrated, as in Fig-
ure 6 of the drawing, that the large current ca-
babilities of such a gaseous electron tube and
the combined factor of continuous grid control
of the load circuit can be utilized to provide an
excellent current regulating device. It is, of
course, obvious that such a gaseous electron tube
could also be utilized in a voltage regulator Sys-
tem wherein a shunt current regulator is con-
nected to establish substantially constant cur-
rent through resistor to provide a constant volt-
age at a load under varying load conditions.

Accordingly, there has been shown that the
aforesaid type of gaseous electron tube can be
utilized efficiently and effectively under various
circult conditions where grid control action is
desirable to control high current circuits by
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means of low current or low potential control
signals. Further, it has been shown that such
2 device may be utilized as a form of mixing
circuit wherein the application of two or more
control signals may be utilized to provide in a
load circuit a voltage or current which is repre-
sentative of the relative magnitude or phase of
the applied control signal.

What is claimed is:

1. Tn a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode and
an guxiliary. cathode for passing lonizing cur-
rent through the space path of the tube, and a
shield electrode in proximity with said auxiliary
cathode, in combination, an output circuit in-
cluding g first source of energizing potential con-
nected between said anode and another one of
said electrodes, an input circuit coupled hetween
said main cathode and one of said other elec-
trodes, and a second source cf energizing poten-
tial capable of delivering a potential greater than
that required to cause ionization of said tube gas,
said last named source being connected between
said main cathode and said auxiliary cathode.

9. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, a
control grid between said anode and main cath-
ode, an auxiliary cathode for passing ionizing
current through the tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, an output circuit including a
first source of energizing potential capable of de-
livering a potential less than that required to
jonize the tube gas and connected between said
anode and another one of said electrodes, and
o control circuit connected between said main
cathode and said auxiliary cathode and includ-
ing a second source of energizing potential capa-
ble of delivering a potential greater than that
required to cause ionization of the tube gas.

3. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, & main cathode, a
control grid disposed between said anode and
main cathode, an auxiliary cathode for passing
ionizing current through the tube gas and a
shield electrode in proximity with said auxiliary
cathode, in combination, an output circuit in-
cluding a first source of energizing potential ca~
pable of delivering a potential less than that re-
quired to ionize the tube gas connected between
said anode and another of said -electrodes, an
input grid control circuit connected between said
control grid and said auxiliary cathode, and a
second source of energizing potential capable of
delivering g potential greater than that required
to cause ionization of said tube gas and being
connected between said main cathode and said
auxiliary cathode.

4. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a control grid, a main
cathode, an auxiliary cathode for passing ioniz-
ing current through said tube gas and a shield
electrode in proximity with said auxiliary cath-
ode, in combination, an output circuit including
o first source of energizing potential capable of
delivering s potential less than that required to
ionize the tube gas connected between said anode
and another of said electrodes, input impedance
means connected between said shield electrode
and said auxiliary cathode, and a second source
of energizing potential capable of delivering a
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potential greater than that required to cailse
ionization of said tube gas and being connected
between said main cathode and said auxiliary
cathode. . :

5. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a control grid, a main
cathode, an auxiliary cathode for passing ion-
izing current through said tube gas and a shield’
electrode in proximity with said auxiliary cath- -
ode, in combination, an output circuit including -
o first source of energizing potential capable of
delivering a potential less than that required
to ionize the tube gas connected between said
anode and another of said electrodes, input im-
pedance means connected between said shield
electrode gnd said auxiliary cathode, means for
applying a control current through said input im-
pedance means, and a load impedance in said
output circuit for deriving a current therefrom.

6. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, an
guxiliary cathode for passing ionizing current
through said tube gas and a shield electrode in
proximity with said auxiliary cathode, in com-
bination, an output circuit including a first
source of energizing potential capable of deliver-
ing a potential less than that required to ionize
the tube gas and connected between said anode
and another of said electrodes, an input circuit
coupled between said main cathode and another
of said electrodes, an impedance connected in
common with said main cathode and each of
said anode and said auxiliary cathode, and a
second source of energizing potential capable of
delivering g potential greater than that required
to cause ionization of said tube gas and being
connected between said main cathode and said
auxiliary cathode. .

7. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, an
auxiliary cathode for passing ionizing current
through said tube gas and a shield electrode in
proximity with said auxiliary cathode, in com-
bination, an output circuit including a first source
of energizing potential capable of delivering -a
potential less than that required to ionize the
tube gas and connected between said anode and
another of said electrodes, said output circuit
further including a load impedance, an input
circuit connected between two of said electrodes,
impedance means connected in common with said
main cathode and each of said anode and said
auxiliary cathode, a second source of energizing
potential capable of delivering a potential great~
er than that required to cause ionization of said
tube gas and being connected between said main
cathode and said auxiliary cathode, and signal
input means for applying through said imped-
ance means a control signal to said tube to con-
trol the current flow in said load impedance.

8. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, a
control grid between said main cathode and
anode an auxiliary cathode for passing ionizing
current through said tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, a work circuit including a first
source of energizing potential capable of deliver-
ing a potential less than that required to ionize
the tube gas connected and between said anode
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and another of said electrodes and for supplying
work current through the space path of the tubs,
said work circuit further including s load im-
pedance, an input circuit comprising a variable
impedance device connected between said control
grid and said auxiliary cathode to control the
current flow in said work circuit, and a second
source of energizing potential capable of de-
livering a potential greater than that required
to cause ionization of said tube gas and being
connected between said main cathode and said
auxiliary cathode.

9. In a system for cperating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, a
control grid between said main cathode and
anode an auxiliary cathode for passing ionizing
current through said tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, a first source of energizing po-
tential capable of delivering a potential less than
that required to ionize the tube gas and con-
nected between said anode and another of said
electrodes, an input circuit coupled between said
main cathode and one of said other electrodes,
impedance means connected in common with
said main cathode and each of said anode and
said auxiliary cathode, and a second source of
energizing potential capable of delivering a po-

tential greater than that required to cause ioniza-

tion of said tube gas and being connected between
said main cathode and said auxiliary eathode.

10. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, a
control grid between said main cathode and
anode an auxiliary cathode for passing ionizing
current through the tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, a work circuit including a first
soUrce of energizing potential capable of deliver-
ing a potential less than that required to ionize
the tube gas and connected between said anode
and another of said electrodes said work circuit
further including a load impedance of high cur-
rent passing capability, a control circuit con-
nected between said main cathode and said aux-
iliary cathode and including a second source of
energizing potentia] capable of delivering a po-
tential greater than that required to cause ioniza-
tion of said tube gas, and an input grid control
circuit including an impedance means connected
between said control grid asnd said auxiliary
cathode.

11. In g system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a control grid, & main
cathode, an auxiliary cathode for passing ioniz-
ing current through said tube gas and a shield
electrode in proximity with said auxiliary cath-
ode, in combination, a work circuit and a first
source of energizing potential capable of deliver-
ing a potential less than that required to ionize
the tube gasfi said work circuit being connected
between said anode and another of said elec-
trodes, a control circuit connected between said
main cathode and said auxiliary cathode and in-
cluding a second source of energizing potential
capable of delivering a potential greater than
that required to cause ionization o fsaid tube
gas, and an input impedance connected between
said shield electrode and said auxiliary cathode.

12. In a system for cperating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a confrol grid, a main
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cathode, an auxiliary cathode for passing ionizing
current through said tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, a work circuit connected hetween
said anode and said main cathode and including
a first source of energizing potential, said work
circuit further including an output impedance of
high current carrying capabilities, impedance
means connected in common with said main
cathode and each of said anode and said auxil-
iary cathode to control the work ecircuit current,
and a contrel circuit connected hetween said
main cathode and said auxiliary cathode and in-
cluding a second source of energizing potential
capable of providing a potential greater than
that required to cause ionization of said tube gas.

13. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a main cathode, an
auxiliary cathode for passing ionizing current
through said tube gas and a shield electrode in
pbroximity with said auxiilary cathode, in com-
bination, a work circuit and a first source of
energizing potential capable of providing a po-
tential less than that required to ionize the tube
gas, said work circuit being connected between
said anode and another of said majin cathode,
a contro]l circuit connected between said main
cathode and said auxiliary eathode, said control
circuit including a variable impedance for con-
trolling the work circuit current and further in-
cluding a second source of energizing potential
capable of providing a potential greater than
that required to cause ionization of said tube
gas, whereby current in the order of milliamperes
in the control circuit is effective to control a
relatively greater current in flowing in the work
circuit.

14. In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a control grid, a main
cathode, an auxiliary cathode for passing ionizing
current through said tube gas and a shield elec-
trode in proximity with said auxiliary cathode,
in combination, a loudspeaker voice coil and a
first source of energizing potential capable of
delivering a potential less than that required to
ionize the tube gas, said voice coil and said first
source of potential being connected between said
anode and said main cathode, a control circuit
connected between said main cathode and said
auxiliary cathode, said control circuit including a
variable impedance means and a second source of
energizing potential capable of delivering g3
potential greater than that required to cause
ionization of said tube gas, whereby current
through said voice coil is controlled in accordance
with variations of said variable impedance.

15, In a system for operating a gas filled elec-
tron tube of the type having a plurality of elec-
trodes including an anode, a control grid, a main
cathode, an auxiliary cathode for passing ionizing
current through the tube gas and a shield elec-
trode in proximity with said auxiliary cathode in
combination, a work eireuit including an electric
motor and a first source of energizing potential
capable of delivering a potential less than that
required to ionize the tube gas, said work circuit
being connected between said anode and another
of said electrodes, a control circuit connected
between said main cathode and said auxiliary
cathode, said control! circuit including a first
variable impedance means and further including
a second source of energizing potential capable of
delivering a potential greater than that required
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to cause ionization of the tube gas, an input grid REFERENCES CITED
control circuit comprising an electron tube con- The following references are of record in the
nected between said control grid and said auX-  gie of this patent:

iliary cathode, an input transformer connected
between said shield electrode and said auxiliary
cathode, and a second variable impedance con-

UNITED STATES PATENTS
Number Name Date
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nected in common with said main cathode and .
each of said anode and said suxiliary cathode, g’igg’égi ﬁgzi ““““““““ SI\EE;‘, ]ig’ iggg
whereby current flowing in the work circuit is 2,913 551 Nelsont o~ Sept. 3. 1940

proportional to the relative adjustments of the 10
control circuits.
EDWARD OSCAR JOHNSON.




