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1. 
My invention relates to high frequency electric 

discharge devices, and more particularly to space 
resonant Systems of the ultra high frequency 
type. 

It is an object of my invention to provide new 
and improved high frequency electric discharge 
devices. 

It is another object of my invention to provide 
neW and improved ultra, high frequency electric 
discharge devices suitable for operation in the 
ultra, high frequency region. 

It is another object of my invention to provide 
new and improved forms of ultra high frequency 
electric discharge devices suitable for use in 
Connection. With Space, resonant cavities. 

It is a further object of my invention to pro 
Wide new and improved ultra high frequency 
electric discharge devices of the Space resonant 
type. 

Briefly stated, in accordance With one of the 
illustrated embodiments of my invention, I pro 
vide a new and improved ultra, high frequency 
electric discharge device of the Space-resonant 
type comprising a plurality of enclosed electrodes 
formed in part by a pair of transversely extend 
ing metallic members which provide, respectively, 
externally accessible high frequency terminals 
for a grid and the cathode, and in which the 
anode is maintained in Spaced relation. With re 
Spect to the grid and the cathode by means of a 
metallic housing of cylindrical configuration hav 
ing at one end a wall or collar which supports the 
anode. The device comprises Within the en 
closure means such as the electrodes for defining 
boundaries of a pair of Space resonant or tuned 
cavities associated with the anode-grid and the 
grid-cathode circuits, and one of these cavities, 
such as the grid-cathode cavity, is connected to 
an external or utilization circuit through an 
auxiliary or tuining region or cavity which may 
be adjusted in its characteristics to establish 
With the grid-cathode circuit a resonance condi 
tion, thereby affording means for controlling or 
adjusting the frequency of the energy supplied 
to the utilization circuit. 
The electric discharge device, in another modi 

fication, is arranged to include as an integral 
part thereof within the enclosed region includ 
ing the electrodes of the device, tuned or space 
resonant regions or cavities, one of which may 
be formed by the structure which supports the 
grid. The grid cathode space resonant cavity 
may be tuned by means of an associated external 
auxiliary Or turning Space-resonant chamber 
formed in part by conductive or metallic, mem 
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bers connected to the transverse members aSSo 
ciated with the grid and cathode, and may be 
provided with means for tuning the natural fre 
quency of the combined internal or enclosed 
grid-cathode resonant space and the tuning 
chamber. Output electrode means of Suitable 
form may be associated with the space resonant 
cavity or, more particularly, with the tuning 
chamber to supply energy to a utilization circuit. 
In accordance with another feature of my in 

vention, I provide a number of discharge de 
vices of the space-resonant type wherein a pair 
of transverse members of conductive nature Sup 
port the anode and cathode in Spaced relation 
and are in turn positioned by means of a cylin 
drical, insulating spacer, thereby providing a 
portion of the sealed enclosure for the electrodes 
of the device. - TI also provide within the enclosed 
region defined by the insulating cylinder, means 
for supporting the grid in spaced relation between 
the anode and cathode. The grid supporting 
means may comprise an electrically Symmetri 
cal means such as a metallic cylinder connected 
to the transverse member which supports the 
cathode, and extends along with the electrode 
axis to a point intermediate the anode and Cath 
ode, or may extend a distance sufficient to Sur 
round substantially the entire electrode assembly 
including the anode, cathode and grid. Alter 
natively, the coupling circuit for the grid may be 
of the re-entrant type wherein the grid is main 
tained in spaced relation between the anode and 
the cathode by means of a metallic or conductive 
member supported by a plurality of substantially 
vertical insulators which are positioned on the 
transverse member supporting the cathode. 
In accordance with a still further aspect of my 

invention, a discharge device embodying my in 
vention may comprise a conductive member Such 
as a metallic cylinder which supports the grid 
in spaced relation between the anode and cath 
ode, and which is provided with an externally 
accessible and adjustable electrode means for 
establishing a suitable bias potential on the grid 
where such a condition is expedient from the 
standpoint of obtaining a desired operation of 
the discharge device as a whole. 

For a better understanding of my invention, 
reference may be had to the following descrip 
tion taken in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. Fig. 1 diagrammatically illus 
trates an embodiment of my invention as applied 
to a space resonant system and wherein the cen 
tral control device, such as the electric discharge 
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device, is of a construction comprising an in 
Verted cup-shaped metallic housing which Sup 
ports the anode in spaced relation and also serves 
as a means for defining the anode-grid resonant 
region or cavity. Figs. 2-6, inclusive, represent 
further modifications of my invention aS applied 
to space resonant discharge devices and systems. 
In the latter mentioned figures, a space resonant 
region or cavity is associated with either the 
anode-grid or grid-cathode circuit, or both, of 
the electric discharge device, thereby providing 
at least a tuned or resonant system from which 
energy may be extracted directly or through an 
asSociated Space resonant tuning chamber and 
delivered to an external utilization circuit. 

Referring now to Fig. 1, my invention is there 
illustrated as applied to an ultra-high frequency 
space resonant System comprising as a central 
or control element thereof an electric discharge 
device of the Space resonant, type peculiarly con 
structed in order to be adaptable for the utiliza -- 
tion and production of ultra high frequency en 
ergy, and which comprises a substantially cylin 
drical shaped anode , a grid 2 and a cylindrical 
Cathode 3 maintained in Spaced relation with re 
spect to each other by structure to be described 
presently. Cathode 3 is arranged to have its 
emiSSive part in the form of a fait disk Surface 
4 facing the grid 3. I provide a pair of trans 
Verse conductive or metallic members, such as: 
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disks 5 and 6 which respectively serve as sup- - 
porting means for the grid 2 and the cathode 3, 
and also serve as externally accessible high fre 
quency terminals for the electrodes. Disk 6 may 
be formed integral, if desired, with a skirt to 
which a base assembly, to be described presently, 
is attached. 

Disk 5 is preferably constructed to be of small 
er diameter than disk 6, thereby facilitating the 
connection thereto of high frequency appara 
tus such as the conductive or metal bound-space 
resonant chamber to be discussed presently. 
Cathode 3 is provided at its lower extremity 

With a flange 8 which parallels the under-surface 
of disk 6 but which is separated therefrom by an 
insulating Spacer 9 which may be a mica, washer 
or the like. With this arrangement, the flange 
part 8 has a high frequency connection with disk 
6 through the capacity existing between this part 
and the flange 8. Separate direct current con 
nections are made to the cathode by means of 
lead-in wires 0 and which may be terminated 
in contact pins 2 and f3, respectively. Addi 
tional contact pins 4 and 5 are provided for the 
purpose of Supplying heating current to a coiled 
Cathode heating element 6 through conductors 
fi and 8, respectively. Contact pins f2-5, in 
clusive, are sealed in a metallic header. (not 
shown) which is attached to a base 9 and to 
Which skirt 1 of the member 6 is secured. Base 
9 is also provided with an orientation or guide 
pin 20 for the proper alinement of the device as 
a whole within an appropriate socket. Trans 
versely extending metallic disks 5 and 6 are main 
tained in Spaced relation by means of a vitreous 
insulating Spacer 2 which may be of circular 
CrOSS-Section and which is sealed to both trans 
Verse members. 

I provide as additional means for forming the 
enclosing envelope for the electrodes of the dis 
charge device a conductive or metallic housing 
22 which may be of cylindrical form or inverted 
Cup-shape having an inwardly extending collar 
or Wall 23 at the upper end thereof and pro 
vided with an opening through which the cylin 
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4. 
drical anode may extend. Housing 22 may be 
sealed to disk 5 by a suitable seal. Such as a vitre 
ous seal 22'. The anode may be constructed 
to have a shoulder which engages the wall 23, 
thereby supporting the anode in the desired 
Spaced relation. With respect to the grid 2 and 
anode 3. It is to be understood that the anode 
f is closely fitted or soldered to the metallic hous 
ing 22 in order that a desired low pressure may 
be maintained within the envelope as a whole. 
The metallic housing 22 is constructed to have 

a diameter less than that of disk 5 so that the 
discharge device has a stepwise configuration, 
thereby facilitating the connection, to the elec 
trodes of the device, of suitable high frequency 
connections, such as coaxial transmission lines or 
Space resonant cavities. 
An important aspect of the embodiment of my 

invention illustrated in Fig. 1 comprises a sub 
stantially enclosed or well defined anode-grid 
cavity or region which includes the anode , hous 
ing 22, seal 22 and disk 5. It will be noted that 
the diameter of the opening in disk 5 is substan 
tially less than the inside diameter of housing 
22 and consequently serves to close partially or 
restrict the anode-grid region. Furthermore, in 
this modification of my invention, the seal - 22” 
SerWeS a triple purpose, namely serves as a seal 
ing means between housing 22 and disk 5, acts as 
a high frequency bypass, and also serves as a 
direct current insulating means between housing 
22 and disk 5. By virtue of this construction, 
the inverted cup-shaped housing 22 may be read 
ily employed for establishing a space resonant 
region and at the same time facilitate its emi 
ployment in a System where it is required to im 
press a unidirectional voltage on the anode. 
The discharge device shown in Fig. 1 comprises 

two tuned resonant cavities or regions, one of 
which is the anode-grid cavity which is defined 
between the longitudinal surface of the cylindri 
cal anode and the interior surface of the metal 
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housing 22, and the other of which is the grid 
cathode cavity or region defined by the longi 
tudinal Surface of the cathode 3 and the inner 
Surface of an external conductive member to be 
described presently. The anode-grid cavity is 
preferably designed to be resonant to a prede 
termined frequency, or substantially tuned or 
resonant to a range of frequencies, throughout 
Which the Space-resonant system as a whole is 
intended to Operate, and in like manner the grid 
cathode cavity is also resonant, or substantially 
tuned or resonant, to the operating frequency. 
In the latter case involving the grid-cathode cav. 
ity, it is of course, understood that the resultant 
or Overall natural frequency of the grid-cathode 
cavity is determined by the auxiliary or tuning 
cavity to be described presently. 
I provide an auxiliary or tuning space resonant 

cavity which may be partially defined by a con 
ductive or metallic member, or members, such as 
a pair of coaxial metallic cylinders 24 and 25 
Which are connected, respectively, to disks 5 and 
6 and are therefore electrically connected to grid 
2 and Cathode 3. I also provide in connection 
With the Space resonant systern means for tuning 
or controlling the natural resonance frequency 
of the System including the grid-cathode cavity 
and the external cavity formed by cylinders 24 
and 25, and this means may take the form of 
an annular plunger 26 which is positionable or 
slidable along the inner Surface of cylinder 25 
and the outer surface of cylinder 24, being in close 
engagement with these surfaces in order to pre 
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vent the establishment of any discontinuity in 
the conductive medium which defines the cavity. 
The plunger 26 may be positioned by any suitable 
mechanical expedient, such as a rod 27, and ener 
gy may be extracted from the space resonent re 
gion by any suitable output electrode means, one 
form of which may be a loop 28 forming a part of 
a coaxial transmission line comprising an Outer 
conductor 29 and an inner conductor 30. 
Upon impressing a suitable unidirectional volt 

age across the anode f and cathode 2, high fre 
quency electromagnetic energy may be derived 
from the space resonant System through the 
transmission line comprising conductorS 29 and 
30. From the standpoint of elementary analysis 
of the operation of the system as a whole, it may 
be considered that the coupling between the 
anode-grid and the grid-cathode cavities or re 
gions is obtained by virtue of the mutual capa 
citance between the opposing surfaces of anode 
and cathode 3 so that energy may be fed back 

from the anode-grid cavity to the grid-cathode 
cavity, maintaining the system in a state of OScil 
lation. Output energy may be derived from the 
anode-grid cavity or, more particularly, from the 
resonant region defined by cylinders 24 and 25 by 
virtue of the connection of these cylinders to the 
transverse disks 5 and 6, the insulating Spacer Or 
seal 22' between housing 22 and disk 5 constitut 
ing a high frequency by-pass capacitance. 
The elements of the space resonant System 

which define the region within which the high 
frequency current or field of the grid-cathode 
cavity, or cavities, may be considered as being 
confined, include the grid 2, disk 5, the interior 
surfaces of cylinders 24 and 25, plunger 26, disk 
6 and cathode 3. Of course, Within the vicinity 
of disk 6 some of the high frequency current Will 
fow in a parallel path by virtue of the capaci 
tance between the surface of disk 6 and flanged 
part 8 to the cathode 3. 
Operation or adjustment of plunger 26 controls 

the intensity or magnitude of the high frequency 
electromagnetic oscillations within the Space res 
onant system. The frequency of the energy de 
rived from the space resonant System may also 
be controlled by adjustment of plunger 26 which 
determines the natural resonance frequency of 
the region defined between cylinders 24 and 25 
and the grid-cathode cavity of the discharge de 
vice considered together. 

Fig. 2 diagrammatically illustrates another em 
bodiment of my invention as applied to a Space 
resonant system wherein an electric discharge de 
vice constitutes a central or principal element of 
the system. The electric discharge device may 
be of the space-resonant type peculiarly con 
structed for use in the ultra high frequency field 
and which is provided with terminals or connec 
tions to facilitate its use in high frequency Sys 
tems. More particularly, I employ in the arrange 
ment of Fig. 2 an electric discharge device Con 
prising a metallic cylindrical anode 3 and a cath 
ode 32 similar in construction and arrangement 
to anode and Cathode 3 shown in Fig. 1. Anode 
3 and cathode 32 are arranged to have opposing 
surfaces of appreciable area, thereby constituting 
a substantial capacitive coupling through which 
energy may be fed back from the anode-grid cir 
cuit to the grid-cathode circuit to maintain the 
device in Oscillation. Anode 3 is maintained in 
position and supported by a transverse disk 33 
preferably constructed at least in part of a metal 
such as Copper, and cathode 32 is supported by 
a member 34 having a disk-like end part 35 and a . 
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6 
skirt 36. Cathode 32 is also provided with a 
flanged part 3. Which parallels the underSurface 
of disk 35 and is spaced therefrom by means of 
an insulating Spacer 38 which serves a dual pur 
pose, that is serves as a high frequency connec 
tion btween cathode 32 and external means to be 
described presently, and as an insulating means 
for unidirectional current. Part 37 may be pro 
vided with direct current cathode conductors 39 
and 40 which are made externally accessible 
through contact pins á í and 42, respectively. 
Terminals for Supplying heating current to a 
cathode heating element 43 may comprise con 
ductors 44 and 45 Which are connected, respec 
tively, to contact pins 46 and 47. It will be ap 
preciated that conductors 39, 40 and 44, 45 are 
supported by and sealed to a suitable header such 
as a metallic header (not shown) and which may 
be positioned immediately above base 48, the lat 
ter being attached to the header by Suitable means 
Such as crimped locks (not ShoWn). 

I provide means for maintaining disk 33 and 
member 34 in Spaced relation, and this means 
may comprise a Vitreous insulating cylinder 49 
which is sealed to disk 33 and member 34, par 
ticularly the disk or flat part 35 and constitutes, 
in part, a portion of the sealing envelope for the 
discharge device. 
As a means for establishing a space resonant 

grid-cathode region or cavity within the enclo 
sure provided by insulating cylinder 49, I employ 
an electrically symmetrical and conductive mem 
ber, such as a metallic tubular member or cylin 
der 59; that is, the grid-cathode resonant cavity 
constitutes the region between cathode 32 and the 
inner surface of cylinder 50. Cylinder 50 may also 
be employed as a means for Supporting the grid 
5 in Spaced relation between anode 3 and 
cathode 32. 
A Space resonant anode-grid cavity is provided 

and includes the region defined between the longi 
tudinal surface of cylindrical anode 3 and the 
opposing or facing interior surface of a cylindri 
cal member constituting a part of an external 
tuning chamber to be described presently. This 
region, of course, is tuned, or substantially tuned, 
to the operating frequency, or range of Operating 
frequencies, at which the System as a whole is in 
tended to operate and the effective natural fre 
quency thereof may be controlled or adjusted by 
means of the auxiliary or tuning Space resonant 
cavity described immediately hereinafter. 
As a means for deriving energy from the dis 

charge device, I provide an auxiliary or tuning 
Space resonant cavity or region defined by a con 
ductive member, or members, connected respec 
tively to the disk 33 and member 34. For ex 
ample, I may employ a pair of substantially con 
centric metallic cylinders 52 and 53 which are 
held in good contact with disk 33 and member 34, 
respectively. It will be noted that the region de 
fined by cylinders 52 and 53 may be considered as 
a Space resonant cavity energized in response to 
or from the anode-grid circuit of the discharge 
deWi:Ce. V 

The frequency of oscillation of the space res 
onant system as an entirety may be controlled by 
any suitable tuning means and I provide means 
for controlling the natural resonance frequency 
of the region defined between cylinders 52 and 
53. This means may constitute an adjustable 
plunger 54, having an actuating rod 55, and which 
is in close contact with and Slidable along the 
inner surface of outer cylinder 52 and the outer 
surface of the inner cylinder 53. Energy may be 
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extracted from the space resonant cavity by any 
suitable electrode means which may take the 
form of a loop 56 which is connected to a con 
centric transmission line comprising an Outer 
conductor 57 and an inner conductor 58. 
The system shown in Fig. 2 operates to supply 

ultra high frequency energy to a utilization cir 
cuit which may be connected to the transmission 
line comprising conductors 57 and 58. Upon the 
impression of a suitable unidirectional voltage 
across anode 3 and cathode 32, the System as a 
whole will oscillate at a frequency determined by 
the adjustment of plunger 54 which, in turn, con 
trols the natural frequency of the cavity, or cavi 
ties, connected to the anode-grid circuit of the 
discharge device. 
The transfer of energy from the anode-grid cir 

cuit to the grid-cathode circuit of the discharge 
device is obtained principally by virtue of the ca 
pacitance coupling due to the Opposing Surfaces 
of anode 3 and cathode 32. Cyclic variation in 
the grid voltage produced by the capacitive cou 
pling establishes oscillation of the grid-cathode 
cavity defined by cathode 32 and cylinder 50. 
Cylinder 50, by virtue of its position between 
cathode 32 and insulating cylinder 49, Serves to 
localize the field incident to the grid-cathode elec 
tromagnetic oscillations and consequently local 
izes the field and reduces the losses which Would 
otherwise be present if the incident electromag 
netic field were allowed to extend to an insulat 
ing or dielectric defining means, such as cylinder 
49. The elements which define the region of the 
high frequency electromagnetic field of the anode 
grid cavity and the associated auxiliary or tuning 
cavity may be considered as comprising disk 33, 
the opposing surfaces of cylinders 52 and 53 lying 
above disk 33, plunger 54, the Opposing Surfaces 
of cylinder 50 and cylinder 53 joined by the as 
sociated annular space of disk 35 and the opposing 
surfaces of anode 3 and cylinder 53. 

Fig. 3 shows an alternative arrangement of a 
space resonant system applicable to ultra high 
frequencies and which embodies further features 
of my invention. The discharge device shown in 
Fig. 3 is similar in many respects to that shown 
in Fig. 2 and corresponding elements have been 
assigned like reference numerals. In the ar 
rangement of Fig. 3, I provide a re-entrant type 
grid structure associated with anode 3 and cath 
ode 32, whereby energy may be derived from the 
anode-grid circuit of the discharge device and 
supplied to the grid-cathode circuit. This re-en 
trant construction may be completely enclosed 
and surrounded by the insulating and Spacing cyl 
inder 49 and may comprise a conductive or metal 
lic cylinder 59 supported on disk 35 by means of 
a plurality of insulating pins 60. Cylinder 59 may 
also be employed as a means for supporting a grid 
6 in Spaced relation between the opposing Sur 
faces of anode 3 and cathode 32. 

In the arrangement of Fig. 3, the inner mem 
ber which defines One boundary of the space res 
onant cavity may comprise a cylinder 62 which 
is connected directly to the enlarged portion of 
the anode 3. This modification is optional and, 
if desired, the cylinder 62 could be connected to 
the disk 33. 
Inasmuch as the cylinder 59 is insulated from 

the part 35, the grid 6 may be considered as 
"floating,' that is may be considered as free to 
assume the biasing potential established in part 
by the standing electromagnetic waves along the 
interior surface thereof facing the anode 3 ? and 
cathode 32 and in part by the electronic current 
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8 
drawn by grid 6 ?. Cylinder 59 is, of course, pref 
erably designed to have a length correlated to the 
wave length of the operating frequency, or the 
range of the operating frequencies, of the space 
resonant system as a whole in order that the 
voltage impressed on grid 6 is of the proper 
phase to maintain the discharge device in Oscil 
lation. That is, viewing the various electrode 
voltages from the grid 6, the anode and cathode 
voltages may be considered as varying in time 
phase with respect to each other, which relation, 
When viewed from the cathode, is the conven 
tional one usually employed, where the grid and 
the anode voltages with respect to the cathode 
may be considered Substantially 180 electrical de 
grees out of phase. 

Furthermore, the discharge device shown in 
Fig. 3 comprises two enclosed space resonant cav 
ities or regions, one of which is the anode-grid 
cavity defined between the surface of anode 3 
and the opposing surface of cylinder 53, and the 
grid-cathode resonant space or cavity may be 
considered as defined by the surface of cathode 
32 and the interior or opposing surface of cylin 
der 59. .. 
The elements which define the high frequency 

Current region or field to obtain energization of 
the auxiliary or tuning chamber defined by cyl 
inders 53 and 62, and hence to effect energiza 
tion of the output electrode means, may be con 
sidered as including disk 33, opposing surfaces of 
cylinders 53 and 62, opposing surfaces of cylinders 
53 and 59, part 35, or part 35 and the flanged 
portion of cathode 32. The cylinder 59 and 
anode 3 and cathode 32 may be considered as a 
tuned concentric electric transmission line, en 
ergy being propagated through the region defined 
by opposing surfaces of anode 3, cathode 32 and 
cylinder 59 to obtain the desired coupling between 
the anode-grid and grid-cathode circuits or cav 
ities. 
The system of Fig. 3 operates as an ultra, high 

frequency oscillator upon the impression of a suit 
able unidirectional voltage across anode 3A and 
cathode 32, and energy may be derived from the 
anode-grid cavity circuit of the discharge device 
through the space resonant region defined by cyl 
inders 53 and 62. The natural frequency of os 
cillation of the system is determined by the ad 
justment of plunger 54 and energy may be ex 
tracted through a suitable probe or electrode 
means, Such as loop 56 associated with the space 
resonant cavity or region. . 
As to the explanation of the mechanism by vir 

tue of Which the requisite amount of energy is 
transferred from the anode-grid circuit to the 
grid-Cathode circuit to maintain the system in 
Oscillation, cylinder 59 may be considered as a 
tuned transmission line coupling means to sup 
port standing electromagnetic waves, the dimen 
Sion of the cylinder 59 with respect to the spac 
ing of the anode 3, and grid 6 and cathode 32 
and the Wave length of the electromagnetic oscil 
lations being such that the phase of the grid volt 
age is proper to maintain the discharge device in 
Oscillation. - 

A further modification of my invention is illus 
trated in Fig. 4 wherein a solid anode 63, prefer 
ably of cylindrical configuration, and a cylindri 
cal shaped cathode 64 are supported by a pair 
of transverse conductive members or disks 65 
and a part 66. Disk 65 and part 66 are provided 
with annular vitreous seals 67 and 68, the latter 
being joined to a metallic cylinder 69 which is 
provided With a transverse wall 70 supporting a 
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grid 7 in spaced relation between the anode and 
the cathode. Of course, cylinder 69 is sealed, 
constituting in part a sealed enclosure for the 
electrodes of the discharge device. The flanged 
part 72 of cathode 64 is spaced from the under 
surface of member 66 by an insulating spacer T3 
which constitutes a high frequency coupling be 
tween the cathode and member 66 and which also 
serves as a direct current insulating means for the 
cathode 64. Direct current conductors 14 and 75 
for cathode 66 are provided and may be ter 
minated in contact pins 76 and 77; and terminals 
for a cathode heating element 78 may comprise 
conductors 79 and 80 terminated in contact pins 
8 and 82. As a means for sealing and support 
ing the conductors 74, 75 and 79, 80, I may em 
ploy a metallic header 83 having a plurality of 
extruded parts 84 and a plurality of insulating 
beads 85 which serve as a means for Sealing the 
conductors to the header. The entire System, in 
cluding the discharge device, may be supported 
by an insulating base 86 to which the skirt or 
part 66 and the header 83 are attached or Secured. 
In the arrangement of Fig. 4, the electric dis 

charge device also includes a pair of internal 
space resonant cavities or regions, one of which 
is defined by the interior surface of a metallic 
tuning chamber and the anode 63, and the other 
of which is defined by the cathode 64 and the in 
terior surface of cylinder 69 lying below wall 70. 
The space resonant or auxiliary tuning cavity to 
be described presently may be associated with 
and serve to tune the overall effect of the anode 
grid cavity defined by anode 63 and the interior 
surface of member defining an exterior boundary 
of the space-resonant System. 
The system of Fig. 4 may include an auxiliary 

or space resonant cavity or region defined by 
a plurality of conductive or metalic cylinders 
87 and 88 which are connected, respectively, to 
disk 65 and part 66 so that high frequency energy 
may be derived from the anode-cathode circuit 
of the discharge device. As in the arrangements 
disclosed hereinbefore, the space resonant cavity 
defined by cylinders 87 and 88 may be tuned by 
any suitable means, such as a plunger 89, and 
energy may be extracted from the region by 
means of a concentric transmission line 90 and 
a loop 9 f which constitute an extension of one 
conductor of the line. 
Due to the fact that the Supporting structure 

for wall 70 and grid Tl, that is cylinder 69, is 
insulated from disk 65 and member 66, in the 
absence of additional means for controlling the 
potential of grid 7 f, grid 7 will assume a pre 
determined biasing potential, that is Will be 
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self-biasing and the magnitude of the potential 
which it assumes will, of course, depend upon 
the magnitude and phase of the excitations of 
the anode-grid and i grid-cathode cavities. Ac 
cordingly, in accordance with the teachings of 
one aspect of my invention, I provide means for 
impressing on grid 7 an adjustable or control 
lable unidirectional biasing potential Such as a 
negative biasing potential which may be effected 
by impressing a suitable voltage along the ex 
terior surface of cylinder 69. 
Where it is desired to bias the grid 1 to a 

Suitable potential, Such as a negative potential, 
to obtain the desired Operation of the discharge 
device, I provide adjustable electrode means such 
as a conductor 92 which extends through an 
opening 93 in cylinder 88 and engages cylinder 
69, thereby serving as a means for controlling 
the bias on grid T. - - 
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An important feature of the embodiment of 

my invention shown in Fig. 4 is the arrange 
ment including electrode or conductor 92 which 
permits a Wide degree of freedom in adjusting 
the point along cylinder 69 at which a unidirec 
tional Or negatiVerbia Sing potential may be in 
pressed, thereby controlling the biasing potential 
of grid 7. By this arrangement, it is possible 
to adjust or establish the position of conductor 
92 to a point which causes a minimum disturbance 
of the high frequency electromagnetic field with 
in the region defined by cylinders 87 and 88. In 
other Words, the conductor 92 may be positioned 
along cylinder 69 at a point where the magnetic 
intensity of the Standing Wave due to the elec 
tromagnetic field is a minimum. 
The manner in Which the adjustable conduc 

tor 92 controls the biasing potential of grid 7 
involves a joint consideration not only of the 
biasing potential provided or impressed on this 
conductor, but also consideration of the excita 
tion. Or Woltage which is impressed on grid 
due to the tuned grid-cathode cavity. That is, 
the Woltage Which is impressed on conductor 92 
either increases or decreases the magnitude of 
a self-excited biasing potential which would be 
produced by the internally derived excitation. 
The arrangement of Fig. 4 for exciting the 

grid i? may also be considered as comprising 
two Space resonant cavities. One of these cavi 
ties, the anode-grid cavity, may be considered 
as defined by the surface of anode 63, disk 65, 
the opposing Surfaces of cylinders 87 and 88 and 
that part of the internal surface of cylinder 88 
Opposite anode 63. The grid-cathode cavity may 
be considered as defined by cathode 64 and the 
inner Surface of cylinder 69 opposite the cathode 
Surface and lying below wall 70. The energy for 
exciting the grid 7 at the operating frequency 
may be considered as being derived through the 
capacitive coupling incident to the opposed sur 
faces of anode 63 and cathode 64, and the di 
rect coupling between the two cavities or regions. 
The natural frequency of the anode-grid cavity 

is controllable by means of plunger 89, thereby 
affording a means for controlling the operating 
frequency of the space resonant system in its 
entirety. 

Figs. 5 and 6 represent an alternative arrange 
ment of the embodiment of my invention shown 
in Fig. 2, and corresponding elements have been 
assigned like reference numerals. A grid 94 
is positioned in Spaced relation between anode 
3 and cathode 32 by means of a structure com 
prising a plurality of substantially vertical and 
Symmetrically arranged metallic conductors 95 
Which are connected to an annular ring 96 which 
Supports grid 94. This construction comprises 
a means for obtaining loose coupling between 
the anode-grid and grid-cathode circuits of the 
discharge device. 
The modification of my invention shown in 

Fig. 5 may be employed in a space resonant sys 
tem, Such as illustrated in Fig. 2, wherein energy 
may be derived from the anode-grid circuit and 
Supplied to a utilization circuit through employ 
ment of turnable space resonant cavities which 
may be connected to the disk 33 and member 34 
in the manner illustrated in Fig. 2. 
Claims to certain of the inventive features in 

the embodiments in the Figures 2 through 6 are 
presented in my co-pending application for High 
frequency electric discharge devices, Serial No, 

is 734,082, filed March 12, 1947. 
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Although in the above described embodiments 
of my invention I have chosen to represent cer 

- tain óf the structural featüres as äpplied to a 
space resonant system used as an oscillator, it 
is readily apparent that the improved structures 
and systems which I provide may be applied with 
equal facility to space resonant systems used for 
other purposes, such as amplifiers, converters, 
and the like. 

Furthermore, while in certain of the above de 
Scriptive matter and in the accompanying claims 
the term 'connection” ór 'connected” has been 
used relative to certaini of the members defining 
the ultra high frequency regions, it will be appre 
ciated that this term is used in the sense of per 
mitting the transfer of energy at ultra high fre 
quencies, or high frequencies, and is not to be 
constrüed as limiited to a direct conductive con 
nection inasmuch as it will be apparent to those 
skilled in the art that in some instances it may 
be desirable to connect certain of the parts 
through, añ interSpaced insulating means, in 
which instances the high frequency energy will, 
of course, be transmitted by virtue of the electro 
static coupling between the parts or elements. 
While I have shown and described my invention 

as applied to particular i systems embodying var 
ious devices diagrammatically shown, it will be 
obvious to those skilled in the art that changes 
and modifications may be made without depart 
ing from my invention, and I, therefore, aim in 
the appended claims to cover all such changes 
and modifications as fäll within the true spirit 
ånd scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A high frequency resonator apparatus com 

prising an hermetically sealed electrical discharge 
device having a plurality of enclosed electrodes 
including a cylindrical anode, a cathode, and a 
grid, a pair of aligned substantially parallel an 
nular shaped conductive members having central 
openings and constituting externally accessible 
high frequency terminals for said cathode and 
said grid, said conductive members having sub 
stantially different outer diameters, an annular 
spacer of insulating material sealed between and 
positioning said conductive members in insulated 
spaced relation, a generally cylindrical metallic 
housing supported at one end by one of said 
conductive members and closed at the other end 
by a transverse wall portion constituting a sup 
port for said anode, said housing substantially 
enclosing said anode and constituting therewith 
means defining an anode-grid cavity resonator, 
a dielectric hermetic Seal, between said housing 
and said one of said conductive members, said 
housing, Seal, and said one of said conductive 
members constituting a grid-anode by-pass ca 
pacitor, said grid constituting a conductive ex 
tension a CrOSS the Opening in Said 'One of Said 
conductive members, said cathode extending 
through the opening in the other of said conduc 
tive members, a dielectric hermetic seal between 
said cathode and the other of said conductive 
members, a portion of said cathode, Seal, and 
Said other of said conductive members constitut 
ing a cathode-grid by-pass capacitor, and a pair 
of co-axial conductive cylinders having cylindri 
cal walls directly abutting on said conductive 

... members, externally of said device and consti 
tuting a grid-cathode resonant cavity. 

2. A high frequency resonator apparatus com 
prising an hermetically sealed electrical discharge 
device having a plurality of enclosed electrodes 

hiaving central Ópenih?s and constituting exter 
nally accessible high frequency terminals for said 
cathode and said grid, said conductive members 

an annular spacer of insulating material sealed 
between and positioning said conductive members 
in insulated spaced relation, a generally cylin 10 
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12 including a cylindrical anode, a cylindrical catha. 
ode, and a grid, a pair of aligned substantially 
parallel annular, shaped conductive members 

havirig substantially different outer diameters, 

drical metallic housing supported at one end by 
one of said conductive members and closed at 
the other end by a transverse wall portion consti 
tuting a support for said anode, said housing sub 
stantially enclosing said anode and constituting 
therewith means defining an anode-grid cavity 
resonator, a dielectric hermetic seal between said 
housing and said one of said conductive members, 
said housing, seal, and said one of said conduc 
tive members constituting a grid-anode by-pass 
capacitor, said grid constituting a conductive ex 
tension across the opening in said one of said 
conductive members, said cathode extending 
through the opening in the other of said con 
ductive members and having a transverse flange 
parallel thereto, a dielectric hermetic seal be 
tween said flange and the other of said conduc 
tive members, said flange, seal, and said other 
of said conductive members constituting a cath 

in Ode-grid by-pass capacitor, and a pair of co 
axial conductive cylinders having cylindrical 
walls directly abutting on said conductive mem 
bers externally of said device and constituting 
with said cathode a grid-cathode resonant cavity. 

3. A high frequency resonator apparatus coma 
prising an hermetically sealed electrical discharge 
device having a plurality of enclosed electrodes 
including a cylindrical anode, a cathode, and a 
grid, a pair of aligned substantially parallel an 
nular shaped conductive members having cen 
tral openings and constituting externally acces 
sible high frequency terminals for said cathode 
and said grid, one of said conductive members 
having a substantially smaller, outer diameter 
than the other, an annular spacer of insulating 
material sealed between and positioning said con 
ductive members in insulated spaced relation, a 
cylindrical metallic housing supported at one end 
by said one of said conductive members and 
closed at the other end by a transverse wall por 
tion constituting a support for said anode, said 
housing Substantially enclosing and supporting 
Said anode and constituting therewith means de 

55 
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fining an anode-grid cavity resonator, a dielec 
tric hermetic seal between said housing and said 
one of said conductive members, said housing, 
seal, and said one of said conductive members 
constituting a grid-anode by-pass capacitor, said 
grid constituting a conductive extension across 
the opening in said one of said conductive mem 
bers, a cathode extending through the opening 
in the other of said - conductive members, a di 
electric hermetic seal between said cathode and 
the other of said conductive members, a portion 
of said cathode, seal, and said other of said con ductive members constituting a cathode-grid by 
pass capacitor, and a pair of co-axial conductive 
cylinders having cylindrical walls directly abut 
ting on said conductive members externally of 
said device and constituting a grid-cathode res 
Onant cavity. 

4. A high frequency resonator apparatus.com 
prising an hermetically sealed electrical discharge 
device having a plurality of enclosed 
including a cylindrical anode, a cylindrical cath 

ctrodes   
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ode, and a grid, a pair of aligned substantially 
parallel annular shaped conductive members hav 
ing central openings and constituting externally 
accessible high frequency terminals for said cath 
ode and said grid, one of said conductive nem 
bers having a substantially smaller outer diame 
ter than the other, an annular spacer of insulat 
ing material Sealed betWeen and positioning said 
conductive members in insulated spaced relation, 
a cylindrical neta.lic housing supported at One 
end by Said. One of said conductive members and 
closed at the other end by a transverse wall por 
tion constituting a Support for said anode, said 
housing Substantially enclosing and Supporting 
Said anode and constituting thereWith means de 
fining an anode-grid cavity resonator, a dielec 
tric hernetic Seal between said housing and said 
One of Said conductive members, said housing, 
seal, and said one of Said conductive members 
constituting a grid-anode by-pass capacitor, said 
grid Constituting a conductive extension across 
the opening in Said one of said conductive mem 
bers, a cathode extending through the opening 
in the other of said conductive members and 
having a transVerse fange parallel thereto, a 
dielectric hermetic seal between said flange and 
the other of said conductive members, said flange, 

O 

20 

25 

14 
seal, and said other of said conductive members 
constituting a cathode-grid by-pass capacitor, 
and a pair of co-axial conductive cylinders have 
ing cylindrical walls directly abutting on said 
conductive members externally of said device 
and constituting With said cathode a grid-cath 
Ode reSOnant ca Vity. 

JAMES E. BEGGS. 
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