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Patented July 18, 1944 2,353,742 

UNITED STATES PATENT of FICE 
2,353,742 

EGE-FREQUENCY APPARATUS 
Elmer O. McArthur, Schenectady, N. Y., assignor 
to General Electric Company, a corporation of 
New York 
Application August 26, 1941, Serial No. 408,363 

(C1, 315-6) 9 Claims. 

This is a continuation-in-part of my prior ap 
plication Serial No. 353,132, fled August 17, 1940, 
for High frequency apparatus, and which ma 
tured on May 26, 1942, into U. S. Letters Patent 
2,284,405. 
In the aforesaid prior application there is de 

scribed and claimed an improved form of reso 
nant structure useful at high frequencies as a 
tank circuit or energy-converting means. This 
comprises a pair of disk-like members arranged 
in face-to-face relation and adapted to support 
standing waves propagated radially between the 
anembers. In the preferred case it includes a 
central hub which is coaxial with the members 
and which provides a conductive bridge between 
them as far as high frequency currents are con 
cerned. A resonant system of this kind is espe 
cially adapted for use in the ultra-high frequency 
range and makes available several novel and 
desirable ways of operating a number of high 
frequency vacuum tubes in parallel to assure 
their effective cooperation. 
The present invention is primarily concerned 

with means for combining a resonant structure 
of the general type referred to above with an 
alectronic discharge device adapted to coact with 
the structure. In this connection an arrange 
ment is provided in which an appropriate type of 
aischarge device is interposed directly between 
the planar members defining the resonant struc 
ture (i. e. in the space resonant cavity bounded 
by the members) and is connected to the mem 
bers by electrode terminal elements which are 
themselves of planar character and which are 
so disposed as to constitute electrically continu 
ous extensions of the members. In a particular 
embodiment this is accomplished by making the 
terminal elements of disk-like form and of such 
size as to interfit with correspondingly dimen 
sioner openings provided for that purpose in the 
Wall surfaces of the cavity-forming members. 

ihe advantages of this arrangement include, 
anong others, the fact that the lead inductance 
of the various electrodes is incorporated directly 
and usefully into the resonant system and that 
the interellectrode capacitance is, for the most 
part, similarly absorbed. In addition, as will be 
explained more fully hereinafter, the resultant 
structural arrangement facilitates cooling of the 
anode and grid electrodes in a manner which 
does not in any way interfere with the opera 
tion of the high frequency system as a whole. 
The features which I desire to protect herein 

are pointed out with particularity in the appended 
claims. The invention itself, together with fur 
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ther objects and advantages thereof, may best 
be understood by reference to the following de 
scription taken in connection with the drawings 
in which Fig. 1 is a sectional view of a complete 
high frequency apparatus suitably embodying 
the invention; Fig. 2 is an enlarged detail view of 
one of the electronic discharge devices employed 
in the construction of Fig. 1; Fig. 3 is a still fur 
ther enlarged representation illustrating the 
cathode structure of the device of Fig. 2; Fig. 4 
is a sectional view of an alternative embodiment 
of certain features of the invention; and Fig. 5 
is a diagrammatic circuit representation useful 
in explaining the apparatus of Fig. 4. 

Referring particularly to Fig. 1, there is shown 
a resonant structure which includes a series of 
three generally planar conductive members O, 
3, and 2 arranged in face-to-face relation to 
define a pair of space resonant cavities between 
them. These members are of circular (disk-like) 
configuration and are coaxially arranged so that 
they have a common line of centers. The mem 
bers may suitably be constituted of copper, brass 
or other highly conductive metal. 
At their central portion the disk-like mem 

bers O, , and 2 are associated with a con 
ductive hub having separate parts f4 and 4' 
which are joined to the member and which re 
spectively extend through the members O and 
2. The hub parts f4 and f4' are insulated from 
the members O and 12 by means of insulating 
bushings 6 and , but, because of capacitance 
effects, may be assumed to provide an electrical 
circuit between the various members as far as 
high frequency currents are concerned. 

in order to obtain resonant operation of the 
character desired in the present connection, it 
is important that the hub parts 4 and 4' be 
sufficiently short so that their lumped inductive 
effect is negligible in comparison with the lumped 
capacitive effect of the members O, f, and 2 
at the resonant frequency of the system. This 
may be assumed to be the case as long as the 
conductive hub reactance is on the order of or 
less than 10% of the lumped capacitive reactance 
of the members. 

Further means are provided for the purpose of 
peripherally short-circuiting the members 0, f, 
and f2 with respect to high frequency currents 
without establishing a path for direct currents 
between them. This is accomplished by provid 
ing inwardly directed flanges 9 and 20 in con 
nection with the members 0 and 2 respectively 
and by attaching to the central member a 
double flange structure 2 which overlaps the 



2 
flanges and 20, being separated from then by 
insulating spacers 2 and 24. 

It has been shown in my aforesaid U. S. Let 
ters Patent 2,284,405 that a resonant cavity of 
the type under consideration may be designed to 
resonate at a particular frequency provided the 
radius of the connecting hub structure is properly 
correlated to the radial dimensions of the cavity 
forming members. In particular, this correlation 
requires the fulfillment of the following relation ship: 

where Jo and No respectively represent Bessel 
functions of the first and second kinds and zero 
order, ro represents the radius of the hub, rt the 
common radius of the cavity-forming members, 
and X represents a wave length corresponding to 
the desired operating frequency. With these 
conditions realized, radially propagated standing 
waves may be developed within the resonant 
cavity thus defined, such waves having nodal 
points at the hub and at the periphery of the 
cavity and an antinodal point at a distance f"p 
from the hub determined by the following rela tionship: 

Jo(2rrel) (2rrel) 
N(2arr/X) N(2arre/X) 

where J represents a Bessel function of the first 
kind and of the first order, N1 represents a Bessel 
function of the second kind and of the first order, 
and the other quantities correspond to the con 
ventions adopted above. 
In order to employ the properties of a resonant 

cavity of the type under consideration in the 
production of useful energy conversion effects, it 
is desirable to provide in connection with the 
cavity one or more electronic discharge devices 
adapted to function at the ultra-high frequen 
cies to which such cavities are responsive. In 
the arrangement of Fig. 1, this is accomplished 
by arranging in a symmetrical grouping about 
the axis of the resonant structure a plurality of 
discharge tubes, of which only two are shown in 
the drawing, these being indicated at 28 and 29 
respectively. In accordance with the present in 
vention, the devices. 28 and 29. extend through 
openings provided in the central disk-like mem 
ber and have their respective extremities posi 
tioned in the cavities formed between this men 
ber and the outer members and 2. Their 
location with respect to the other elements of 
the structure is such that the radial displace 
ment of their axes from the hub 4 corresponds 
at least approximately to the location of the anti 
nodal point of waves propagated within the res 
onant cavities when the apparatus is in a con 
dition of normal operation. 

Because of the ultra-high frequency range in 
which the apparatus under consideration is ex 
pected to operate, considerable difficulty is pre 
sented with respect to the provision of suitable 
means for connecting the operating elements of 
the various discharge devices to the parts of the 
resonant structure. In the present instance this 
difficulty is substantially overcome through the 
use of an improved high frequency tube construc 
tion and terminal arrangement for the tube. 
Referring to Fig. 2, which represents the dis 

charge device 29 on an enlarged scale, it will 
be seen that the device comprises a cylindrical 
structure which includes a series of three planar 
disk-like elements 34, 35, and 36, insulatingly 
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separated by vitreous (glass) cylinders 9 and 75 

2,358,742 
39 sealed between the elements. As is shown 
more clearly in Fig. 3, the disk 4 is provided cen 
trally with a protuberant cathode structure com 
prising a hollow metal cylinder 4 bearing at 
its extremity a circular plate 42. The plate 42, 
which may suitably consist of molybdenum, is 
mounted on a series of wire or ribbon supports 
43 and is coated on its outer surface with an 
electron emissive material such as thoria (thori 
um oxide). In operation, the emissive part 42 
is maintained at a temperature of thermal emis 
sivity by bombardment from an auxiliary Cath 
ode 45 which is in the form of an incandescible 
filament supported in spaced relation with refer 
ence to the part 42. The element 45 may be 
maintained in heated condition by passage of 
current through lead-in conductors 4 which are 
sealed into the discharge enclosure through a 
glass-to-metal seal indicated at 48 (Fig. 2). The 
electrons projected from the filament are focused 
against the inner surface of the part 42 by means 
of a metal cylinder 49 which is directly con 
nected to one of the filament leads. In the use 
of the apparatus, a unidirectional potential is 
impressed between the filament 45 and the part 
42 so as to produce a discharge between them. 
At the other end of the tube and projecting 

from the central area of the terminal disk 36 
there is provided a substantially solid metal cyl 
inder 5 which extends into relatively close prox 
imity with the emitting disk 42 and which is 
adapted to serve as an anode element. In order 
to permit evacuation of the discharge enclosure, 
the anode 5 is provided near one end with an 
opening 52 communicating with an exhaust tubu 
lation 53 which extends outwardly from the ex 
tremity of the discharge device, the end of the 
exhaust tubulation being closed by means of a 
glass seal-off tip 54. 
The anode 5 and the cathode part 42 are 

separated by means of a grid 50, suitably of tung 
sten, or molybdenum, which extends across a 
central aperture formed in the disk 35. 
The tube 28 is provided with a cathode 42", 

a grid 50', and an anode 5' which correspond 
2. all particulars to the similar elements of tube 
9. 
The terminal disks 34, 35, and 36 of the vari 

ous tubes are so related that their spacing cor 
responds to the spacing of the resonator parts 
f0, f f, and 2, and in the construction illus 
trated the disks are co-planar with these parts 
so as to form substantially continuous exten 
sions of them. In order to make this arianga 
ment possible, the disks interfit with correspond 
ing openings provided in the various cavity 
forming members, and are peripherally electri 
cally connected to the surrounding metallic 
structure of the members. 

In order to permit assembly of the devices 28 
and 29 in the resonator system, the disks 34, 35, 
and 36 and the resonator Openings with which 
they are associated are of graduated sizes, the 
smallest disk comprising the anode terminal and 
the largest disk being that connected with the 
cathode structure. The anode disk 36 is provided 
On its Outer Surface with a screw threaded stud 
5 which cooperates with a correspondingly 
threaded nut 58. In initially positioning the dis 
charge tube in the resonator System, the anode 
end of the tube is passed through the openings 
provided in the cavity-forming members to and 

and is brought into such position as to permit 
the application of the nut 58. The dimensions 
of the parts are such that when the nut 58 is 
tightened, the Outer edge of the disk 35 simul 
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taneously engages a resent dentate annulus 
which is secured to one surface of the member . 
The disks is itself provided with a circular spring 
annulus 6 which is rigidly secured thereto and 
which engages a face of the resonator member 
when the parts are in the assembly shown in Fig. 
2. Finally, the disk 34 engages a resilient an 
nulus which is secured to the resonator part O. 
With the arrangement described above, it will 

be seen that the only lead-in connections to the 
various ends. of each tube are the disks 4, 8, 
and 36 which constitute, in effect, integral parts 
of the various cavity-forming members. As a re 
sult, all lead inductance to the grid it is absorbed 
as a useful and necessary part of the resonant 
system itself, and all inductance in the cathode 
and anode circuits is similarly absorbed except 
that due to the Cathode cylinder 4 and to the 
axially extending portion of the anode 5. More 
Over, all the interellectrode capacitance is incor 
porated into the oscillating circuit except the 
relatively insignificant capacitance existing be 
tween the extremity of the cathode cylinder and 
the grid and between the grid and the end of the 
anode. The anode and grid electrodes are effec 
tively cooled by heat conduction through the disks 
35 and 36 to the resonator plates, these in turn 
being well adapted for forced air cooling. Conse 
quently, the energy-handling capacity of the sys 
tem, is considerably increased over that realizable 
by the use of conventional tubes. 

In Order to make possible a tube construction 
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Such as that illustrated in Fig. 2, it is necessary 
to Select for the naterial of the termina disks 
a metal which is capable of being sealed directly 
to glass. In this connection, one may use, for ex 
ample, an alloy of nickel, iron and cobalt which 
contains approximately 54 per cent of iron, 28 
per cent nickel, and 18 per cent cobalt, this alloy 
being suitable for sealing to the glass which is 
known as Corning 705AO or 705BA glass. Alter 
natively, the disks may be constituted of iron, and 
may be sealed to one of the glasses described in 
Hull and Navias U. S. Letters Patent 2,272,747, 
granted February 10, 1942, and assigned to the 
same assignee as the present application. Each of 
the metals referred to is of relatively low electrical 
Conductivity and high permeability and is there 
fore not inherently Well adapted for use in a high 
frequency System. In order to Overcome this dif 
ficulty, it is found advantageous in some cases 
to provide the active surfaces of the terminal disks 
with a plating of a high conductive materia, for 
example, copper. For instance, in connection with 
terminal disks consisting of nickel-cobalt-iron 
alloy, the disks may be plated with copper to a 
thickness on the order of from 1 to 4 mills and 
thereafter sealed to the glass parts of the dis 
charge enclosure. It is found that the addition 
of a plating of copper of the thinness specified 
does not modify to any significant degree the ex 
pansion characteristics of the treated parts. It 
does, however, make it desirable to interpose a 
thin layer of a fluxing glass between the copper 
covered surface and the 705AO glass in order to 
assure satisfactory adherence. In the case of iron 
disks, this intermediate glass may be omitted since 
certain glasses which adequately match the ex 
pansion of iron are also capable of adhering to 
Copper. 

In spite of the extreme thinness of the Copper 
layer thus provided, it is found that the con 
ductivity of the terminal disks with respect to 
high frequency currents is much increased by its 
use. This is attributable to the fact that such 75 trally in the resonator member 80. 
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3 
currents tend to flow mainly in regions very near 
the surface of the conductive parts by which they 
are carried, this being the well known 'skin 
efect.' - 

In the use of the apparatus of Fig. 1 as an an 
plifier, the resonant cavity formed between the 
members f and may be excited by coupling 
into the cavity, as by an inductive loop 70, signal 
energy supplied through a concentric conductor 
transmission line having as an outer conductor the 
hub part f4 and as an inner conductor a wire 2. 
The wave disturbance thus produced within the 
cavity excites the cathode-grid circuits of the 
tubes 2 and 29 and thus produces a reaction in 
the grid-to-plate circuits of these tubes. This 
latter reaction in turn produces radially propa 
gated waves of magnified intensity within the cav 
ity between the members f and 12. The ampli 
fied wave energy thus realized may be employed 
to excite an appropriate utilization device by 
means of an inductive loop 74 coupled into the 
Second resonant space and connected with a con 
ductor 5 which is arranged as the inner mem 
ber of a concentric conductor transmission line 
having the hub part f4 as its outer component. 
Suitable direct current connections for such a 

System are illustrated at the lower part of Fig. 1 
and include a grounding connection 77 for the 
grid-bearing member 1, a grid leak resistor T 
connected between the various cathode-support 
ng disk 10 and ground, and a source of plate po 
tential 9 connected between the various grids 
and the plates. A transformer 80 is used to 
supply heating current to the cathode filaments, 
and a unidirectional potential source Si of the 
polarity indicated is employed to produce a dis 
charge between the heated filaments and the emit 
ting surfaces of the cathode structures. 
In Fig. 4 there is shown an oscillator construc 

tion which utilizes in a somewhat different fashion 
the principal features of the present invention. 
In this case, the grid-anode tank circuit comprises 
a parallel disk resonator analogous to, although 
not identical with, that previously described here 
in, and the Cathode grid circuit is provided by 
8 concentric conductor transmission line. The 
disk resonator comprises in this instance a pair 
of disk-like members 80 and 8 which are pe 
ripherally joined by a conductive ring 2 and 
Which are bridged at their central region by a 
high frequency tube 84 including a cathode 5, a 
grid 86, and an anode 87. 

It is found that a space-resonant cavity of this 
type may be caused to sustain standing waves 
propagated radially between the cavity-forming 
members, provided the radial dimensions of the 
members are properly correlated to the desired 
operating wave length of the system. In this 
connection the resonant structure of Fig. 4 may 
be regarded as a special case of that of Fig. 1 
in which the hub radius has become zero and in 
which all the discharge tubes have been moved 
to the axis of the resonator. When appropriately 
adjusted, this modification may be caused to op 
erate with a voltage anti-node at its central axis 
(that is to say, at the gap between the grid S 
and the anode 87) and with a voltage node at the 
periphery of the cavity. 
The terminal connections for the anode 87 (Fig. 

4) are in many respects similar to those pro 
vided in connection with the tube 29 illustrated 
in Fig. 2. They include a copper plated metal 
disk 90 forming the extremity of the tube and 
seated in a conforming depression formed cen 

A screw 



4. 
threaded stud 9 projecting externally from the 
end of the tube provides a means of attachment 
to a correspondingly threaded attachment block 

applied to the outer surface of the member 80. 
This block is of conically tapered form and rela 
tively large mass and is provided with an axially 
extending passage 94 which terminates in a tubu 
lar extension 95 adapted for connection to a 
source of a suitable coolant such as air. Radial 
orifices 9 provided in the body of the attach 
ment block 93 permit air which is introduced 
through the passage 94 to be blown through the 
block and into the interior of the cavity resonator 
in such fashion as to insure adequate cooling for 
both the anode and grid structures. The inblown 
air may escape through small holes drilled in the 
plates of the cavity. Since the heat-dissipating 
block 93 is wholly external to the active compart 
ment of the high frequency system, its presence 
has no significant effect on the high frequency 
Operation of the apparatus as a whole (i. e., other 
than to increase the permissible power rating of 
the apparatus). 
The grid 86 is also provided with a disk-like 

terminal 99 which extends from the lateral wall 
surface of the discharge enclosure. In this case, 
the grid terminal 99 is not connected directly to 
the resonator member 8 but is capacitively cou 
pled to it by being connected to an annular 
plate of which is slightly spaced from the mem 
ber 8 by the interposition of an insulating part 
O3 consisting, for example, of polystyrene. Con 

nection between the part of and the grid ter 
minal 99 is provided by means of an annular 
spring member f05 which is fixedly secured to the 
part of and which bears at its inner edge against 
the grid terminal. By virtue of the insulation of 
the part f of from the structure of the resonant 
cavity, it is possible to apply a unidirectional po 
tential between the grid 86 and the anode 8 
while, at the same time, in so far as high fre 
quency potentials are concerned, the grid may be 
considered as being directly connected to (in fact, 
substantially electrically continuous with) the 
cavity wall 8. 
The cathode grid circuit includes an Outer con 

ductive cylinder OB and an inner conductive 
cylinder 09, the two cylinders providing in com 
bination a second type of space-resonant cavity 
in the form of a concentric conductor transmis 
sion line which is open circuited at one end by 
virtue of the gap existing between the cathode 85 
and theg rid 86. The outer cylinder 08 is directly 
capacitively connected to the grid bearing mem 
ber member of in so far as high frequency cur 
rents are concerned, although insulated from it 
for direct currents by means of an insulating 
washer ff2 interposed between the part of and 
an outwardly directed flange fl3 provided on the 
extremity of the cylinder. The inner cylinder 09 
is directly connected to the cathode structure at 
its extremity by means of a cathode terminal disk 
f5 which is fitted into the end of the cylinder. 
In order that this latter connection may be of 
demountable character, the extremity of the cyl 
inder 09 is provided with a large number of slots 

by means of which it is given a resilient 
quality. 
At a point relatively remote from the cathode 

terminal the cylinders 08 and fo9 are effectively 
short circuited by the use of a conductive ring 9 
interposed between them. This ring, which is of 
generally U-shaped cross section, is also made of 
a slotted construction in order to give it some 
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ring with reference to the cylinders to and O' 
may be adjusted by screws f2 or by any other 
appropriate positioning means. 
The operation of an oscillator such as that 

shown in Fig. 4 is analogous to that of the well 
known Colpitts circuit which is illustrated dia 
grammatically in Fig. 5 (direct current connec 
tions being omitted). In this circuit the reso 
nant tank represented by the parallel combina 
tion of inductance 25 and capacitance 26 cor 
responds to the resonant cavity provided in Fig. 
4 between the members 80 and 8 . The con 
densers 27 and 28 are provided in part by in 
terelectrode capacitance and, as to the capaci 
tance 27, in part by the effect of the concentric 
conductor transmission line represented by the 
cylindrical members 08 and O9. The condens 
er 80 corresponds to the blocking condenser pro 
vided in Fig. 4 by the interposition of the insu 
lating disk 03 between the parts of and 8 . It 
is known that the proper operation of a system 
of the type under consideration depends upon 
proper proportioning of the interellectrode ca 
pacitances, and this feature may be controlled 
in connection with the structure of Fig. 4 by 
proper positioning of the short circuiting ring 

9. The preferred adjustment appears to be 
that in which the equivalent electrical length of 
the transmission line is slightly in excess of that 
of a quarter wave line (at the desired frequency) 
so that the line together with the interellectrode 
capacity of the tube represents a high imped 
ance having a slight excess of capacity. With 
this condition realized, the Operating frequency 
of the system is controlled substantially entirely 
by the frequency of resonance of the cavity pro 
vided between the members 80 and 8. On the 
other hand, the ability of the apparatus to Oscil 
late is critically responsive to the adjustment of 
the member 9 and can be brought to the point 
of optimum operation only by careful adjustment 
Of this element. 
While the invention has been described by ref 

erence to particular embodiments, it will be un 
derstood that numerous modifications may be 
made by those skilled in the art without actually 
departing from the invention. I therefore aim 
to cover in the appended claims all such equiv 
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degree of flexibility. The axial position of the 75 

alent variations as come within the true spirit 
and scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. High frequency apparatus including three 

coaxial disk-like members mounted in mutually 
spaced relation and forming the boundaries of 
a pair of cavity resonators, an electronic dis 
charge device having a cathode, a grid and an 
anode mounted in end-to-end relation in the or 
der named, the said device extending through 
the central one of said members and having its 
extremities respectively, located within the said 
cavity resonators, means providing high fre 
quency Connections between the said cathode and 
anode and the outer ones of said members, and 
further means providing a high frequency con 
nection between the grid and the central one 
of the members, said connecting means includ 
ing a pair of planar conductive bodies respec 
tively defining the end walls of the said discharge 
device and constituting terminals for the said 
Cathode and anode, and a third planar conduc 
tive body extending peripherally from the lateral 
wall surface of the device and providing a ter 
minal for the said grid, the said conductive bodies 
being approximately coplanar with said mem 
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bers to which they are respectively connected, 
whereby the bodies form electrically continuous 
extensions of the members. 

2. High frequency apparatus comprising a pair 
of adjacent cavity resonators separated by a com 
mon metal wall forming part of the bounding 
surfaces of both of said resonators, a detachable 
electronic tube including an anode, a cathode 
and a grid sealed within an enclosing envelope, 
said envelope having its respective extremities 
disposed within said cavity resonators, metallic 
parts providing end walls for said envelope and 
constituting terminals for said anode and cathode 
respectively, said metallic parts forming electri 
cally continuous elements of the bounding sur 
faces of said cavity resonators, and a further 
metallic part extending from the intermediate 
portion of said envelope and providing a high 
frequency connection between said grid and said 
common metal wall. 

3. High frequency apparatus comprising a pair 
of rotationally symmetricai and coaxial cavity 
resonators separated by a common metal wall 
forming part of the bounding surfaces of both 
of said resonators, a generally cylindrical elec 
tronic tube including an anode, a grid and a 
cathode enclosed within a common envelope, said 
envelope having its respective extremities dis 
posed within said cavity resonators, metallic parts 
forming the end Walls of said envelope and pro 
viding high frequency terminals for said anode 
and cathode respectively, said parts respectively 
having high frequency connections to the wall 
structure of said cavity resonators at points dis 
placed from and on opposite sides of Said con 
mon wall, and means providing a high frequency 
connection between said grid and said common 
wall. 

4. A high frequency oscillator comprising a 
space-resonant structure bounded by a conduc 
tive wall, an electronic tube disposed within said 
space resonant structure, said tube including an 
anode, a cathode, and a grid enclosed within & 
common envelope, metallic parts providing Sep 
arate sections of the wall of said envelope and 
constituting high frequency terminals for said 
anode and cathode respectively, said metallic 
parts forming electrically continuous elements 
of the conductive boundary of said space resonant 
structure and means connecting said grid to 8. 
portion of said structure between said elements 
thereby to facilitate feed-back operation of said 
oscillator. 

5. High frequency apparatus including three 
coaxial disk-like members mounted in mutually 
spaced relation and forming the boundaries of a 
pair of cavity resonators, a conductive hub ex 
tending between the members and coaxial with 
their line of centers, the radius of said hub being 
correlated to the radial dimensions of the men 
bers to compel the occurrence of radially propa 
gated standing waves between the members when 
the said cavity resonators are excited at a par 
ticular frequency, and a plurality of electronic 
discharge devices disposed about the Said hub 
and having their respective extremities disposed 
in the said cavity resonators, each of Said devices 
including an anode, a grid, and a cathode mount 
ed in end-to-end relation within a Sealed enve 
lope, metallic parts providing end walls for said 
envelope and constituting terminals for Said 
anode and cathode respectively, said metallic 
parts forming electrically continuous elements of 
the outer ones of said disk-like members, and a 
further metallic part extending from the inter 
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5. 
mediate portion of said envelope and providing 
a high frequency connection between said grid 
and the central one of said disk-like members. 

6. High frequency apparatus comprising a pair 
of generally planar conductors positioned in face 
to-face relation and forming boundaries of a first 
cavity resonator between them, means compris 
ing a pair of mutually telescoped conductors ex 
tending at right angles to said members and 
forming boundaries of a second cavity resonator 
contiguous with the first cavity resonator, an 
electronic tube comprising an envelope havig 
an anode supported within it at one extremity, 
a cathode supported at its other extremity and 
a grid disposed between said anode and cathode, 
the anode-supporting extremity of the envelope 
extending into the first said resonator and the 
cathode-supporting extremity extending into the 
Second cavity resonator, and high frequency cons. 
nections between said conductors and said anode, 
Cathode and grid, whereby said first cavity res 
onator provides a grid-anode circuit and said 
Second cavity resonator provides a cathode-grid 
circuit for said tube. 

7. A high frequency oscillator comprising a pair 
of disk-like conductors forming the boundaries 
of a first cavity resonator, a cylindrical conductor 
coaxial with said planar conductors and exter. 
nally adjacent one of them, a second cylindricai 
conductor concentrically disposed within said 
conductor and forming with it a second cavity 
resonator in the nature of a transmission line 
Section, an electronic tube having an anode dis 
posed within said first cavity resonator, a cathode 
disposed within said second cavity resonator and 
a grid forming in electrical effect a continuous 
part of the boundary between the resonators, a 
high frequency connection between said anode 
and the one of said disk-like conductors which 
is more remote from said second cavity resonator, 
and a further high frequency connection between 
said Cathode and the inner one of said cylindrical 
conductors, whereby said first cavity resonator 
provides a grid-anode circuit for said oscillator 
and said second cavity resonator provides a grid 
cathode circuit, 

8. A high frequency oscillator comprising a pair 
of parallel disk-like conductors forming the 
boundaries of a first cavity resonator, a pair of 
coaxial cylindrical conductors forming the bound 
aries of a second cavity resonator, said second 
cavity resonator being coaxial with and abutting 
the first with one, of said disk-like conductors 
providing a boundary between the resonators, a 
cylindrical electronic tube extending through the 
said boundary and having a grid forming in elec 
trical effect a continuous part of the said bound 
ary, a first metallic part supporting the anode 
of the said tube and forming an end wall of the 
tube, said metallic part providing a symmetrica 
high frequency connection between the said 
anode and the one of said disk-like conductors 
which is more remote from said second cavity 
resonator, and a second metallic part supporting 
the Cathode of the tube and forming the other 
end wall of the tube, said second metallic part, 
providing a symmetrical high frequency connec 
tion between the said cathode and the inner one 
of said cylindrical conductors. 

9. A high frequency oscillator comprising a 
cavity resonator including two parallel conductive 
surfaces and in which waves are propagated 
radially between said surfaces, a first cylindrical 
conductor perpendicular to said surfaces and ex 
ternally abutting a wall of said cavity resonator, 
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a second cylindrical conductor extending partially 
within the first and defining with it a coaxial 
transmission line section, the inwardly extending 
extremity of Said second conductor being spaced 
from the said wall of said cavity resonator, an 
electronic tube extending through said wall and 
having an anode-containing end within said cav 
ity resonator and a cathode-containing end in 
proximity to the said extremity of said conductor, 
said tube further including a grid which forms 
in electrical effect a continuous part of the said 
cavity resonator wall, means providing a high 

frequency connection between the cathode of said 
tube and the extremity of said second conductor, 
further means providing a high frequency Con 
nection between the anode of the tube and the 
surface of said cavity resonator more remote from 
said wall, and adjustable means connected be 
tween said cylindrical conductors for altering the 
effective length of said transmission line section 
to adjust the resonance relationship between said 

0 section and the said cavity resonator. 
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