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This invention relates to electrical circuits, and 
more particularly to high-frequency oscillating 
circuits. 
An object of the invention is to devise a high 

frequency oscillator or inverter using a gas tube. 
Another object of the invention is to devise a 

high-frequency oscillator capable of delivering a 
relatively large amount of power. 
A further object of the invention is to provide 

a high-frequency oscillator which utilizes a mer 
cury pool arc-discharge tube as the main inverter 
or oscillator element, and in which a tuned cir 
cuit is the frequency-determining element. 
A further object of the invention is to devise a 

high-frequency oscillator utilizing a high-vacuum 
power triode with a gas tube ancillary thereto for 
the purpose of increasing the power output of said 
Oscillator. 
Another object is to provide a means whereby 

a gas tube may be used in an oscillating circuit, 
such as is ordinarily used only for a high-vacuum 
tube. 
The foregoing and other objects of the inven 

tion will be best understood from the following 
description of some exemplifications thereof, ref 
erence being had to the accompanying drawing, 
Wherein: 

Fig. 1 is a schematic circuit diagram of one 
form of the invention; and 

Fig. 2 is a detailed circuit diagram of a modifi 
cation. 

Referring to Fig. 1, at there is shown a con 
trolled discharge tube. This is preferably a gas 
filled tube of the controlled ignition type, which 
contains an anode 2 and a cathode 3, preferably 
of the mercury pool type. Anode 2 is connected 
through resistor 4 to the positive terminal 3 of 
Some Suitable direct current source of high po 
tential, such as 4000 volts for example, the nega 
tive terminal 4 of said source being grounded as 
shown. An inductance 5 in parallel with a con 
denser 6 is connected from the cathode 3 to a con 
ductor 7 which is grounded as shown, being there 
by connected to the negative terminal of the di 
rect Current Source. Inductance 5 serves as the 
primary of an output transformer, the secondary 
coil 8 being inductively coupled to inductance 5. 
The ends of coil 8 are connected to some suitable 
output device or load 9. 
Tube is provided with a suitable igniting or 

control electrode i) for the cathode 3. Although 
this igniter is of any suitable kind, it preferably 
is of the electrostatic type as described in Spencer 
patent, No. 2,290,897, dated July 28, 1942. Such 
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insulated from the cathode pool by a thin glass 
layer. In order to Supply igniting impulses to 
igniter 9, a source of alternating current of 
high frequency, for example 1.5 megacycles, is 
connected, through resistor 2, between the cath 
ode 3 and its associated igniter 0. 
The values of inductance 5 and condenser S are 

made such that these two elements form a paral 
lel resonant circuit at the frequency of A. C. 
source f . When the source reaches a cer 
tain point in its cyclical variation, igniting elec 
trode 0 reaches the required potential with re 
spect to the cathode 3 and an auxiliary arc is 
formed between the igniting electrode and the 
Cathode, this being followed within a microsecond 
by the formation of the main or controlled arc 
between anode 2 and cathode 3. The establish 
ment of the main arc in tube causes direct cur. 
rent to flow through circuit 5-6, which is in se 
ries with cathode 3, exciting the tuned circuit 
5-6 into oscillations at its resonant frequency. 
These oscillations serve to produce alternating 
current in the plate-cathode circuit of the tube, 
and the main arc in tube goes out when the po 
tential of the anode 2 of tube goes negative With 
respect to its cathode 3. The tube does not im 
mediately re-fire at this time because the voltage 
of the igniting electrode with respect to the cath 
Ode has fallen to a value insufficient to maintain 
a Supply of electrons. In tubes of the pool-cath 
Ode arc type, such as tube , within a few micro 
seconds after extinction of the arc the deioniza 
tion in the vicinity of the cathode is great enough 
So that the required electron emission, necessary 
to establish the arc between anode and cathode, is 
not reestablished by reapplication of positive 
anode voltage, provided of course that the poten 
tial of the igniting electrode with respect to the 
cathode is not sufficient to re-fire the tube at this 
time. Since the circuit 5-6 is resonant at the 
frequency of source , the oscillatory current in 
circuit 5-6 will have the same frequency as does 
that of Source it, so that when source again 
causes a potential sufficient for ignition to be ap 

5 plied to igniting electrode 0, the anode will have 
a positive potential with respect to the cathode 
and the arc will again be triggered, firing the tube. 
The above extinction process will then be re 
peated, and the ignition-extinction process will 
be repeated at the frequency to which circuit; 5-6 
is tuned, producing oscillations of that frequency 
in coil 5, which may be taken off by coil 8 and 
utilized by load 9. The oscillation frequency is 
determined by the resonant frequency of tuned 

an igniter is generally a conductor separated and 65 circuit 5-6, since the anode must always have a 
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certain positive potential with respect to the cath 
ode in order for the tube to fire, and the relative 
anode potential, as stated above, is dependent 
upon the oscillatory voltage in circuit 5-6. Be 
cause the oscillation frequency of the oscillator is 
determined solely by the tuned circuit, Waves ap 
proximating pure sine waves are readily obtain 
able from this circuit. Also, because the fre 
quency of arc discharges in tube may be made 
very high, due to the extremely short deionization 
time of such tubes, very high frequency oscilla 
tions, on the order of 1.5 megacycles, for example, 
may be obtained in this circuit, and relatively 
high amounts of power may be obtained at the ex 
pense of only a low-power oscillator , since tube 
f may have a high current-carrying capacity. 
Referring now to Fig. 2, a high-vacuum ther 

mionic tube is shown at 5, this tube having plate 
6, grid 7, and cathode 8. Plate 6 is connect 

ed through high-frequency choke 9 to the pos 
itive terminal 20 of a suitable direct current 
source. Cathode 8 is connected to the negative 
terminal 2 of the direct cul'rent source, and is 
heated to the temperature of thermionic emis 
sion by any suitable heating means, not shown. 
The tube 5 is connected in a Hartley Oscillato' 
circuit, the plate 6 being connected to One end 
of inductance coil 22 by means of conductor 23 
and the grid 7 to the opposite end of Said coil 
by means of conductor 24. A condenser 25 is 
connected across coil 22 to provide the reso 
nant or tank circuit. Interposed in conductor 
23, between plate 6 and the plate end of coil 
22, is a condenser 26 which serves to stabilize the 
frequency of oscillation of the oscillator. Inter 
posed in conductor 24, between grid 7 and the 
grid end of coil 22, is a grid-blocking condense!" 
27, and between the grid side of this condenser 
and cathode 8 is a grid-leak resistor 28. This 
arrangement of grid-blocking condenser and 
grid-leak resistor acts to limit the amplitude of 
oscillation by making the potential of the grid if 
negative as soon as oscillation commences. Cath 
ode 8 is connected to an intermediate tap on 
coil 22 by means of conductor 29. Load 3 f is 
supplied with alternating current from the oscil 
lator by means of coil 30, which is inductively 
coupled to coil 22 of the tank circuit. 
A controlled discharge tube 32 is provided. 

This is a tube which is exactly the same in Struc 
ture as tube of Fig. 1, having anode 33, cath 
Ode 34, and igniting or control electrode 35. 
Anode 33 is connected to positive terminal 20 of 
the D. C. source by means of lead 36, a high-fre 
quency choke 37 being interposed in this lead 
as shown. Anode 33 of tube 32 is coupled to the 
anode end of coil 22 by means of a coupling con 
denser 38. Cathode 34 of tube 32 is connected, 
by means of lead 39, to conductor 29, and there 
fore also to the intermediate tap on coil 22. Ig 
initing electrode 35 is connected, through a 
phase-shift network 40, to the lower (grid) end 
of coil 22 by means of conductor 43. Network 
40 consists of a resistance 4 and a condenser 42 
connected in parallel. 

High-frequency oscillations are generated by 
tube 5 and its associated circuit, and appear 
aCrOSS coil 22 of the tank circuit. A portion of 
the alternating voltage appearing across coil 22 
is applied, by means of conductors 39 and 43, 
between the igniting electrode 35 and cathode 
34 of tube 32. When the igniting electrode 35 
reaches the required potential with respect to 
the cathode 34, an auxiliary arc between the ig 
initing electrode and the cathode is formed, which 
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is followed within a microsecond by the forma 
tion of the main or controlled arc between anode 
33 and cathode 34, provided anode 33 has a cer 
tain positive potential with respect to cathode 34 
at that, instant. This main arc is extinguished 
as a result of the alternating current or Oscil 
latory current which appeal's in coil 22 and 
which is applied between anode 33 and Cathode 
34. The arc is extinguished when the anode at 
tains a negative potential with respect to the 
cathode, and is not immediately reestablished 
because the igniting electrode 35 does not have 
the proper ignition potential with respect to the 
cathode. The igniting electrode regains control 
of the tube an extremely short time after the airc 
goes out, due to the very short deionization time 
of the tube. When the anode 33 again reaches 
a positive potential with respect to the cath 
ode, the tube is again in condition for triggering 
and is triggered when the igniting electrode 35 
reaches the required potential. The process of 
firing and extinguishing of the tube continues 
at a frequency or periodicity determined by the 
resonant frequency of tank circuit 22, 25, be 
cause it is this tank circuit which determineS 
the relative potentials of the anode and Cath 
ode and also of the igniting electrode. 
When the tube 32 is fired, or when the arc is 

triggered therein, direct current pulsations of al 
most rectangular waveform flow from the di 
rect current, source 29, 2 through the anode 
cathode arc path of tube 32. Since anode 33 is 
connected through condenser 38 to one end of 
coil 22 and since cathode 34 is connected by 
means of lead 39 to an intermediate ta. On Said 
coil, these direct current pulsations which flow 
through tube 32 are effectively applied across 
the tank circuit of the oscillator. Due to the 
fact that the igniting voltage for tube 32 is ob 
tained from the same tank circuit, the direct 
current pulsations flowing through arc tube 32 
will be in such phase relation to the OScilla 
tions produced by tube f5 that they will in ef 
fect provide a separate source of Current in par 
allel with the tank circuit, which will boost the 
power obtainable from the oscillator tube. A tube 
of the controlled discharge type, such as tube 
32, may be used to good advantage with a high 
frequency oscillator to boost its power output, 
because the time required for effective deioni 
zation, after the anode Voltage dropS to Zero 
and the main arc goes out, is so extremely short. 
Phase-shift network 40 establishes the phase of 
the arc discharge through tube 32 with respect 
to the oscillations of tube 5, and the imped 
ance values of said network may be varied to 
vary the relative phase of the impulses Sup 
plied to load 3 by gas tube 32, and therefore 
the effective amount of power boost supplied to 
oscillator load 3 by said gas tube. 
Of course, it is to be understood that this in 

vention is not limited to the particular details as 
described above, as many equivalents Will Sug 
gest themselves to those skilled in the art. For 
example, any desired type of Oscillatory circuit 
may be used in Fig. 2 instead of the One shown, 
and other types of frequency-stabilizing means 
and amplitude-limiting means may be used if 
desired, or these latter means may both be dis 
pensed with if desired. Other means than that 
shown for coupling the gaS tube to the Oscil 
latory circuit in Fig. 2 may be used. If desired, 
plate 6 may be connected to coil 22 at a point 
spaced slightly from the extreme upper end of 
said coil, while plate 33 may be connected to the 
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extreme upper end of said coil. Various other 
variations will suggest themselves. It is ac" 
cordingly desired that the appended claims be 
given a broad interpretation commensurate with 
the scope of this invention within the art. 
What is claimed is: 
1. In an electrical circuit, a self-sustaining OS 

cillator, a resonant output circuit including a coil 
having an intermediate tap connected as a part 
of said oscillator, an electrical space discharge 
device of the ignition type fed by said oscillator 
and having a cathode, an anode, and an igniting 
electrode, means connecting said anode to one 
end of said coil, means connecting said electrode 
to the opposite end of said coil through a phase 
shifting circuit, and means connecting said cath 
ode to said intermediate tap of said coil. 

2. In an electrical circuit, a thermionic tube 
having plate, grid, and cathode elements, a 
Source of direct current, means connecting Said 
Source between the plate and cathode of said 
tube, a condenser-tuned coil connected between 
Said plate and grid elements, and means connect 
ing said cathode to an intermediate tap on said 
coil, whereby said tube is connected as an oscil 
lator and an oscillatory voltage is produced in 
Said coil, an electrical space discharge device of 
the ignition type having a cathode, an anode, 
and an igniting electrode, means connecting said 
anode to one end of said coil, means including 
phase-shifting means connecting said electrode 
to the opposite end of said coil, means connecting 
said latter cathode to Said intermediate tap of 
said coil and thereby also to said Source, and 
means connecting Said anode to said source. 

3. In an electrical circuit, an oscillator, a reso 
nant output circuit including a coil connected as 
a part of said Oscillator for Supplying an oscil 
latory voltage of a predetermined frequency to 
a load, an electrical space discharge device of the 
ignition, type in addition to Said oscillator and 
fed thereby having a cathode, an anode, and an 
igniting electrode, means connecting said cath 
Ode and anode to spaced points on said coil, and 
means connecting said electrode to a third point 
on said coil, the relative locations of said points 
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being Such that Said device is ignited by said OS 
cillatory Voltage to thereby supply periodic pulsa 
tions of said predetermined frequency to said 
coil to reinforce the oscillatory voltage supplied to 
Said load. 

4. In an electrical circuit, a thermionic tube 
having plate, grid, and cathode elements, a con 
denser-tuned coil connected between said plate 
and grid elements, means connecting said cath 
Ode to an intermediate tap on said coil, whereby 
Said tube is connected as an oscillator and an os 
cillatory voltage of a predetermined frequency is 
produced in Said coil, an electrical space dis 
charge device of the ignition type having a cath 
ode, an anode, and an igniting electrode, means 
connecting said anode through a condenser to 
One end of Said coil, means connecting said elec 
trode to the opposite end of said coil, and means 
connecting said latter cathode to said intermedi 
ate tap of said coil, whereby said device is ignited 
by Said oscillatory voltage to thereby supply peri 
odic pulsations of said predetermined frequency 
to said coil to reinforce said voltage. 

5. In an electrical circuit, an oscillator, a reso 
nant output circuit including a coil connected as 
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a part of Said oscillator for supplying an oscil 
latory voltage of a predetermined frequency, in 
addition an electrical space discharge device of 
the ignition type having a cathode, an anode, and 
an igniting electrode, means connecting said 
anode through a condenser to a first point on said 
coil, means connecting said cathode to a second 
point on said coil, and means connecting said 
electrode through a phase-shifting circuit to a 
third point on said coil, the relative locations of 
said points being such that said device is ignited 
by Said oscillatory voltage to thereby supply peri 
odic pulsations of said predetermined frequency 
to said coil to reinforce said voltage. 

6. In an electrical circuit, an oscillator, a reso 
nant output circuit including a coil having an 
intermediate tap connected as a part of said os 
cillator, an electrical space discharge device of 
the ignition type fed by said oscillator and hav 
ing a cathode, an anode, and an igniting electrode, 
means connecting Said anode through a con 
denser to one end of said coil, means connecting 
said electrode through a phase-shifting circuit to 
the opposite end of said coil, and means con 
necting said cathode to said intermediate tap of 
said coil. 

7. In an electrical circuit, an oscillator com 
prising a first space discharge device and a reso 
nant output circuit including a coil having an 
intermediate tap connected as a part of said os 
ciliator, a Source of direct current, a second space 
discharge device of the ignition type having a 
Cathode, an anode, and an igniting electrode, 
means connecting said anode and cathode across 
Said Source, means connecting said anode through 
a condenser to one end of Said coil, means con 
necting said electrode to the opposite end of said 
coil, and means connecting said cathode to said 
intermediate tap of said coil. 

3. In an electrical circuit, an oscillator, a reso 
nant output circuit including a coil having an 
intermediate tap connected as a part of said os 
Cillator, a source of direct current, an electrical 
Space discharge device of the ignition type fed 
by Said oscillator and having a cathode, an anode, 
and an igniting electrode, means connecting said 
anode and cathode across said source, means con 
necting said anode through a condenser to one 
end of Said coil, means connecting said electrode 
through a phase-shifting circuit to the opposite 
end of Said coil, and means connecting said cath 
Ode to Said intermediate tap of said coil. 
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