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My invention relates to high and ultra-high 
frequency Oscillators and more particularly to 
such Oscillators utilizing electric discharge de 
vices Containing an ionizable medium. 

Heretofore, there have been devised numerous 
circuit arrangements utilizing electric discharge 
devices for generating electrical oscillations of a 
frequency suitable for communication, particul 
larly radio. Perhaps one of the best known and 
most widely used type of oscillators is that com 
prising a high vacuum, pure electron discharge 
device. In this type of oscillator the instan 
taneous increase of the discharge device varies 
directly with the instantaneous value of the grid 
potential, so that, by proper interaction between 
the grid circuit and the output circuit, oscillations 
are generated of a frequency dependent upon 
the tuning of one of said circuits, as is Well under 
stood by those skilled in the art. This type of 
Oscillator is very stable in Operation, but is sub 
ject to the disadvantage of a relatively low effi 
ciency due to the large resistance losses in the 
discharge device. Therefore, it has been difficult 
to build Oscillators of this type which Would pro 
duce efficiently a relatively high power output. 
Other types of oscillators are known to the art, 

such as those utilizing a cold cathode vapor elec 
tric discharge device, and the type known as an 
inverter. The former has the disadvantage that 
it is difficult to control accurately the frequency 
of the generated oscillations and the latter in its 
present commercial form is limited in its utility 
by the fact that the deionization time of the dis 
charge device is of such magnitude that high 
frequency oscillations suitable for communica 
tion purposes, are not now obtainable. 
I have discovered the following phenomenon 

to be present in an electrical discharge device 
comprising an envelope containing an ionizable 
medium at a pressure which is sufficient to per 
mitionization of such degree as to form a plasma, 
but yet not great enough to impede seriously the 
free motion of electrons. A plasma is generally 
defined in the art as being an electrically neutral 
body composed of an ionized medium. These 
ionizable media may comprise mercury vapor at a 
relatively low pressure, in which case the pres 
sure would preferably lie within the range of 0.1 
to 2 microns, Or One of the rarer gases Such as 
argon, helium, or neon. For comparable opera 
tion the helium and neon gases are at a pressure 
of about a millimeter of mercury. If we have an 
electric discharge device comprising an envelope 
containing at One extremity an anode and a 
cathode, and at the opposite extremity an anode 
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and a cathode, and a single grid structure located 
intermediate the groups of anodes and Cathodes, 
and introduce an ionizable medium into the 
envelope of the proper pressure, it will be possi 
ble to set up within this tube a plurality of 
plasmas. If we now assume that plasmas have 
been formed about each group of anodes and 
cathodes and furthermore that the grid element 
is sufficiently large to separate the envelope into 
Compartments, a negative charge placed upon 
the grid will cause the grid to be surrounded by 
a positive ion sheath which will completely iso 
late the plasmas from each other. The thick 
ness of the positive ion sheath is dependent upon 
the Cathode temperature, the anode voltage and 
the charge upon the grid. If the charge or volt 
age on the grid is varied rapidly, the thickness of 
the positive ion sheath follows these variations 
practically instantaneously. If the voltage on 
the grid is varied sufficiently, the thickness of the 
positive ion sheath may be reduced to such mag 
nitude that there may be an interchange or flow 
of electrons between the two plasmas. 
In accordance with my invention, I utilize the 

above phenomenon in the construction and opera- 25 
tion of an oscillator having a double plasma elec 
tric discharge device. In the preferred embodi 
ment, this double plasma discharge device com 
prises an envelope containing an anode, a 
cathode, a grid element and an ionizable medium, 30 
Such as one of the rarer gases, or mercury vapor 
at a relatively low pressure. The grid element, 
which is located between the anode and the 
cathode, is of sufficient magnitude or is of such 
configuration that the grid element will com 
pletely separate the anode plasma from the 
cathode plasma. This may be accomplished in a 
number of different ways, one of which may be 
to construct the grid of uniform mesh which ex 
tends to the sides of the envelopes, thus separat 
ing the envelope into two compartments. If now 
positive potentials are applied to the grid and to 
the anode and the cathode is energized, ioniza 
tion will occur. If now a momentary negative 
charge is placed upon the grid, the ionized 45 
medium will be divided into anode and Cathode 
plaSmas by the positive ion sheath which forms 
about the grid. Thus, one compartment contains 
the anode plasma and the other compartment 
contains the cathode plasma. This positive ion 50 
sheath is substantially continuous and it is ca 
pable of preventing or interrupting an electron 
flow between the two plasmas without the neces 
sity of deionization of the ionizable medium. If 
this momentary negative charge upon the grid is 55. 
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Succeeded by a periodic variation which tends to 
cause the grid to become more positive or to cause 
a variation in the potential difference between 
the plasmas, the positive ion sheath edges move 
back and forth during each variation of the grid 
potential so that during a portion of each cycle 
the edge of one side of the sheath moves up to the 
immediate proximity of the grid. At this time, 
the electrons from one plasma will pass through 
the grid to the other plasma. The control effect 
of the grid element does not change the electron 
foW directly with the instantaneous value of the 
grid potential, as in the high vacuun type elec 
tron discharge device, but it is rather an Oil and 
of effect So that the full electron fioW is either 
present OF not present, depending upon whether 
the grid Voltage is above or below a certain value. 
This critical Value of the grid Voltage depends 
upon the nature of the ionizable medium within 
the envelope. Thus, in some instances the charge 
upon the grid is negative with respect to the 
cathode and in other instances is negative with 
respect to the anode potential. This double 
plasma, discharge device has the advantage that 
there are no large resistance losses, as in the 
high vacuum type device, as this device operates 
during the peak of alternating potentials on the 
grid element With an electron flow which is 
limited principally only by the cathode emission. 

In the electric discharge devices containing an 
ionizable medium commonly in use today, such as 
devices known in the art under the trade-mark 
"hyratrons', the flow of current through the de 
Vice is deterrained by the variation of the ioniza 
tion of the ionizable medium. In such devices the 
degree of ionization varies from the time of the 
initiation of the discharge until the discharge is 
completed and during the time of nonconductivity 
the discharge device is in a deionized state. In 
the double plasma, discharge device the ionization. 
or the concentration of ions remains substan 
tially constant and the changes in the anode 
current during each cycle resulting from the 
Variations in the thickness of the positive ion 
sheath about the grid are due to a displacement 
of the electrons out not to a flow of ions or 
change of ionization intensity. 

For this season the double plasma, tube can 
(Operate to repeat at the high frequencies at 
which pure electron (or gas free) discharge de 
vices can operate and it is not restricted to the 
lower frequencies Stally characteristic of devices 
Operating With an ionized medium. 

it is an object of my invention, therefore, to 
utilize Such a double plasma electric discharge 
device in high and ultra-high frequency appara 
tlis. 

it is another object of my invention to provide 
an improved Oscillator winich will overcome some 
Of the disadvantages of the arrangements of the 
prior art, and which will be simple, reliable, and 
powerful in operation. 

It is a further object of my invention to provide 
an improved oscillator utilizing an electric dis 
charge device containing an ionizable medium 
which will generate powerful oscillations of high 
and ultra-high frequency. 
The novel features. Which believe to be cha 

acteristic of my invention are set forth in par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
method of operation, together with further ob 
jects and advantages thereof, will be better under 
stood by reference to the following description 
takenin connection with the accompanying draw 
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ing in which Fig. discloses an apparatus utiliz 
ing one of the tubes described in my invention, 
and Fig. 2 discloses the preferred form of the 
double plasma electric discharge device suitable 
for Operation as an Oscillator. 

Referring to Fig. 1 of the drawing, I have illus 
trated therein an oscillation generator utilizing 
an electric discharge device comprising an enve 
lope O which is filled with an ionizable medium 
at a pressure just sufficient to permit anionization 
necessary to allow plasma formation yet not of 
Sufficient pressure so as to impede materially or 
Seriously the free notion of electrons. This 
ionizable medium may comprise mercury vapor 
at a relatively low pressure or one of the rarer 
gases such as argon, helium, or neon. The en 
velope contains the anode , the auxiliary anode 
s', a cathode 2 and a grid element 3. The 
grid element, which should be of such configura 
tion or magnitude as to separate adequately the 
anode plasma from the cathode plasma, is in this 
instance disclosed as a uniform mesh member 
which extends to the walls of the discharge de 
vice. The Cathode 2 is energized from a suit 
able source of potential é and the anode poten 
tial is supplied by a source of potential 5. The 
anode is connected to the source of potential 
(5 through a lead which includes a choke coil a 6 
which serves to prevent the high frequency from 
passing through the sources of potential f4 and 
A5. The anode to cathode circuit of the anode , 
Comprises the following elements: A capacitor 8, 
an inductor 8, a lead 9, a capacitor 28, a lead 
2A and a capacitor 22. The grid-to-cathode cir 
cuit comprises the following elements: The in 
ductor 23 which is coupled to the anode inductor 
8, the lead 9, capacitor 29, lead 2 and ca 

pacitor 22. A variable capacitor 23 connected 
across the inductors 8 and 23 serves to operate as 
a tuning means for determining the resonant fre 
quency of the anode and grid circuit.S. raSnch 
as the operation of the arrangement is not de 
pendent in any Way upon the time of deionization 
of the discharge device, the oscillation period of 
these circuits may be of a lower order of magni. 
tude than that of the period of deionization of the 
discharge device. In order to insure the existence 
of a cathode plasma, the anode is connected 
through the lead 28 and a tap 25 to the source 
of potential 5. 
Due to the fact that the capacitor 2 is con 

nected through the tap 25 to a source of posi 
tive potential, a portion of the battery 5, the 
lower side of the capacitor 2 is positively charged 
and consequently the upper side of the capacitor 
has a negative charge. This negative charge is 
impressed upon the grid S3 thus producing about 
the grid a positive ion charge. The positive ion 
charge surrounds each of the individual wires 
of the grid mesh and if the potential on the grid 
and the Wires are properly proportioned this posi 
tive ion charge or sheath will form a substantially 
continuous layer which normally is impervious to 
the flow of electrons from the cathode plasma to 
the anode plasma. A portion of the energy in the 
high frequency anode circuit is transferred to the 
grid circuit due to the coupling between the in 
ductors 8 and 23. This transfer of energy from 
the anode circuit to the grid circuit causes the 
negative charge upon the grid 3 to be varied 
and causes a variation of the potential differ. 
ence between the plasmas. As the charge on the 
grid is varied the edges of the positive ion sheath 
move back and forth during each cycle so that 
during a Small portion of each cycle the edge at 
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one side of the sheath moves up to the immediate 
proximity of the grid 3. At this time the elec 
trons from one plasma pass through the grid to 
the other plasma. Thus, there is a flow of elec 
trons from One plasma, to the other during the 
peak of each cycle of the voltage variation on the 
grid 3, which flow is limited principally by the 
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Cathode emission. 
While I do not wish to be limited thereto, I be 

lieve that the above explanation presents the 
true theory of the operation of the double plasma 
electric discharge device as an electric high fre 
quency Oscillator. 
Reference may now be had to Fig. 2 wherein I 

have disclosed the preferred embodiment of the 
double plasma electric discharge device. This 
figure also shows in detail the manner of Sup 
porting and arranging the grid in the envelope 
of the discharge device So as to separate the anode 
plaSna from the cathode plasma. The device 
shown in this figure comprises a cylindrical en 
velope to supporting at one end the anode 
and at the opposite end the cathode 2. The 
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grid element should be of such configuration that 
the cathode plasma will be separated from the 
anode plasma by the positive ion sheath formed 
about the grid. One form of grid which will Suf 
fice may be a cylindrical grid preferably of a 
lesser diameter than said envelope, closed at One 
end and located so as to enclose Substantially 
either the cathode or the anode. Another form 
of the grid may be like that disclosed in the pres 
ent example where the grid is supported by a 
secondary glass wall 26 which is arranged so that 
only the uniform mesh of the grid f3 is exposed 
to the ionizable medium contained within the 
envelope . An advantage gained by Supporting 
the grid element by the secondary glass wall 26 
is that no metallic supporting structure of the 
grid is subject to the ion bombardment common 
ly known as 'sputtering'. By placing the proper 
potential upon the grid 3 a positive ion sheath of 
substantially uniform thickness will form and 
serve to separate the ionizable medium into anode 
and cathode plasmas. It will be noted that the 
discharge device disclosed in Fig. 2 does not have 
the auxiliary anode which is disclosed in Fig. 
1, as it has been found that under certain condi 
tions this auxiliary anode may be dispensed with. 

It is to be understood that while I have shown 
a means for supplying a negative charge upon 
the grid f3 in Fig. 1 as a capacitor, that any other 
means may be substituted, such as a bias bat 
tery. Also any other form of transferring a por 
tion of the energy in the anode circuit of the 
discharge device to the grid circuit may be ulti 
lized, such as capacitive coupling. Furthermore, 

... the circuit arrangement disclosed is merely ex 
emplary of one of a number of circuits which 
may be utilized with the double plasma electric 
discharge device for the generation and repro 
duction of high and ultra-high frequency OScil 
lationS. 
The oscillation generator disclosed and de 

scribed herein is capable of generating Oscilla 
tions of 300,000 kilocycles or more. 
Due to the fact that current is passed from 

one plasma to the other during each positive 
peak of the cycle of the voltage alternations im 
pressed upon the grid, the apparatus operates at 
a relatively high efficiency because there are no 
large resistance losses in the discharge device. 
This apparatus, therefore, has the advantage 
that it may be used as a power oscillator at high 
Or ultra-high frequency. 

3. 
While I have shown and described my inven 

tion in connection with certain specific embodi 
inents, it will, of course, be understood that I 
do not wish to be limited thereto, since it is ap 
parent that the principies herein disclosed are 
susceptible of numerous other applications, and 
modifications may be made in the circuit ar 
rangement and in the instrumentalities em 
ployed without departing from the spirit and 
Scope of my invention as set forth in the append 
ed claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A high frequency apparatus including a dis 

charge device comprising an envelope contain 
ing an ionizable medium at a pressure sufficient 
to permit ionization without material impedi 
ment to free electron movement, an anode, a 
cathode and a control grid element included 
Within said envelope, said control grid being ar 
ranged to separate said envelope into anode and 
cathode compartments, means connected to said 
anode and said cathode for producing ionization 
of Said medium, and means including said con 
trol grid for controlling the interchange of elec 
trons between said compartments without sub 
Stantial variation of the degree of ionization of 
said ionizable medium. 

2. A high frequency apparatus including a dis 
charge device comprising an envelope containing 
an ionizable medium at a pressure sufficient to 
permit ionization without material impediment 
to free electron movement, an anode, a cathode 
and a control grid element included within said 
envelope, said control grid being arranged to sep 
arate said envelope into anode and cathode com 
partments, means connected between said anode 
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and Said Cathode for producing ionization of said : 
medium, and means for varying an electrical 
condition of Said grid in a manner to control the 
interchange of electrons between said compart 
ments without substantial variation of the degree 
of ionization of said ionizable medium. 

3. A high frequency apparatus including a dis 
charge device comprising an envelope containing 
an ionizable medium at a pressure sufficient to 
permit ionization without material impediment 
to free electron movement, an anode, a cathode 
and a control grid element included within said 
envelope, said control grid element being ar 
ranged to Separate said envelope into anode and 
Cathode Compartments, means for producing nor 
mally about said control grid element a sub 
stantially continuous positive ion sheath, and 
means for varying the condition of said positive 
ion sheath in a manner to control the flow of 
electrons between said compartments without 
Substantial variation of the degree of ionization 
of Said ionizable medium. 

4. A high frequency apparatus including a dis 
: charge device comprising an envelope containing 
an ionizable medium at a pressure sufficient to 
permit ionization without material impediment 
to electron movement, an anode, a cathode and 
a grid element included within said envelope, 
said grid being sufficient in magnitude and con 
figuration to separate Said envelope into anode 
and cathode compartments, a source of potential 
connected between said anode and said cathode, 
means for impressing a potential upon said grid 
with respect to other elements of said device to 
produce normally a substantially continuous 
positive ion sheath between said compartments, 
a grid-cathode circuit and an anode-cathode cir 
cuit for Said discharge device, and means for im 
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4. 
pressing high frequency energy upon said grid 
cathode circuit for reproduction in said anode 
Cathode circuit. 

5. A high frequency oscillator including a dis 
charge device comprising an envelope contain 
ing an ionizable medium at a pressure sufficient 
to permit ionization without material impedi 
ment to electron movement, an anode, a cathode 
and a grid element included within said envelope, 
said grid being sufficient in configuration to Sep 
arate said envelope into anode and Cathode com 
partments, a source of potential connected be 
tween said, anode and said cathode, means in 
cluding a potential impressed upon Said grid with 
respect to other elements of said device to pro 
duce normally a substanitially continuous positive 
ion sheath between said COmpartments, a grida 
cathode circuit and an anode-Cathode circuit for 
said discharge device, and means for transfer 
ring a portion of the energy present in said 
anode-cathode circuit to Said grid-Cathode cira 
Cuit. 

6. A high frequency oscillator including a dis 
charge device comprising an envelope contain 
ing an ionizable medium at a pressure sufficient 
to permit ionization without material impedi 
ment to electron movement, an anode, a cathode 
and a grid all included within said envelope, said 
grid being located between said anode and said 
cathode and of Such configuration as to separate 
said envelope into anode and cathode compart 
ments, a source of potential connected between 
said anode and said cathode, means for impress 
ing a potential upon said grid with respect to 
other elements of said device sufficient to pro 
duce normally a Substantially continuous positive 
ion sheath about Said grid, a grid circuit Con 
nected between said grid and said Cathode, an 
output circuit connected between said anode and 
Said cathode, and means for impressing a portion 
of the energy present in said output circuit upon 
said grid circuit. 

7. A high frequency oscillator including a dis 
charge device comprising an envelope contain 

5 ing an ionizable medium at a pressure sufficient 
to permit ionization without material impedi 
ment to electron movement, an anode, a grid and 
a cathode included within said envelope, said 
grid separating said envelope into anode and 
cathode compartments, a source of potential con 
nected between said anode and Said Cathode, 
means for impressing a potential upon said grid 
with respect to other elements of said device to 
produce normally a substantially continuous posi 
tive ion sheath around said grid, said sheath 
separating said ionizable medium into anode and 
cathode plasmas, a circuit connected between 
said grid and said cathode, a circuit connected 
between said anode and said cathode, and means 
for transferring a portion of the anode circuit 
energy to said grid circuit whereby said positive 
ion sheath will be sufficiently altered to permit 
electrons to paSS from One plasma to the other 
thereby producing high frequency Oscillations. 

8. A high frequency oscillator including a dis 

2,051,609 
charge device comprising an ionizable medium at 
a pressure sufficient to permit ionization without 
material impediment to electron movement, an 
anode, a cathode and a grid element included 
within said envelope, a source of potential con 
nected between said anode and said cathode, said 
grid element being of sufficient magnitude and 
configuration to separate said medium into anode 
and cathode plasmas, means for impressing a 
potential upon said grid with respect to other 
elements of Said device to produce normally a 
Substantially continuous positive ion sheath about 
Said grid, a grid to cathode plasma circuit and 
an anode plasma to cathode plasma circuit for 
said discharge device, means for transferring 8, 
portion of Said second circuit energy to said first 
circuit, and means for tuning at least one of said. 
circuits to an oscillation period of a lower order 
of magnitude than the deionization time of Said 
discharge device. 

9. A high frequency Oscillator including a dis 
charge device comprising anode, cathode and 
grid elements enclosed within an envelope con 
taining an ionizable medium at a pressure Suf 
ficient to permit ionization without material in . 
pediment to electron movement, means including 
a Source of potential connected between said anode 
and said Cathode for producing plasmas, plasmas 
Surrounding each of said anode and cathode ele 
ments, means for producing normally a positive 
ion sheath about Said grid to separate said anode 
and cathode plasmas thereby normally restricting 
the flow of electrons between said plasmas, grid 
to cathode plasma and anode plasma to cathode 
plasma circuits for said discharge device, means 
for tuning at least one of Said circuits, and means 
for transferring a portion of the anode-cathode 
circuit energy to said grid circuit whereby said 
positive ion sheath will be altered periodically to 
vary the flow of electrons between said plasmas. 

10. A high frequency oscillator including a dis 
charge device comprising anode, cathode and grid 
elements enclosed within an envelope containing 
an ionizable medium at a pressure sufficient to 
permit ionization without material impediment to 
electron movement, means including a source of 
potential Connected between said anode and said 
Cathode for producing plasmas, plasmas surround 
ing each of said cathode and anode elements, 
means for producing normally a substantially 
continuous positive ion sheath about said grid to 
separate said plasmas and to normally restrict 
the flow of electrons between said plasmas, an 
anode-cathode circuit including a source of po 
tential tending to cause a flow of electrons be 
tween said plasmas, a grid-cathode circuit for 
said discharge device, means for tuning at least 
One of Said circuits, and means for transferring a 
portion of the energy of Said anode-cathode cir 
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cuit to said grid-cathode circuit whereby said 60 
positive ion sheath and the potential difference 
between said plasmas will be altered sufficiently to 
produce a periodic flow of electrons between said 
plasmas. 
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