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1. 
My invention relates to high frequency elec 

tron discharge devices and associated apparatus 
and, more particularly, to Such electron discharge 
devices and apparatus capable of handling com 
paratively large amounts of high frequency 
electric energy. 
One object of my invention is to provide an 

electron discharge device having a compara 
tively simple and economical construction and 
yet capable of fulfilling high power requirements 
in high frequency electromagnetic circuitry. 
Another object of my invention is to provide 

an electron discharge device which may easily be 
adapted to fulfill a number of different functions 
in high frequency circuitry such as to function 
as an amplifier, Oscillator or detector. 
Another object of my invention is to provide 

a high frequency electron discharge device which 
has a Self-contained easily accessible electro 
magnetic field region which may be employed to 
effect Symmetrically the electric characteristics 
of an external cavity resonator circuit associated 
with the device. 
A further object of my invention is to provide 

a high frequency electron discharge device which 
Inay be constructed to have internal tuning 
means whereby the resonant frequency of exter 
nal cavity resonators associated with the dis 
charge device may be controlled with little ap 
preclable distortion of the resonator fields. 
A still further object of my invention is to 

provide a high frequency electron discharge de 
vice which produces a self-contained electro 
magnetic field region through which input high 
frequency energy may be delivered and output 
high frequency energy may be taken without the 
reSonatorfield distortion attendant upon the con 
ventional direct coupling to cavity resonators 
aSSOciated With the device. 
A still further object of my invention is to 

provide an electron discharge device which pro 
duces a Self-contained electromagnetic field 
Which may be employed to provide a predeter 
mined interaction between input and output high 
frequency circuits of the device for such pur 
poses as regenerative or degenerative coupling 
When the device is connected as an amplifier, or 
to provide feedback sufficient to sustain oscilla 
tions when the device is employed as an oscil 
lator. 

Yet another object of my invention is to pro 
vide a high power high frequency electron dis 
charge device having an electrode structure 
which facilitates cooling of the electrodes of the 
device, 
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In general, my invention comprises a plurality 

of annular electrodes Supported in Spaced planar 
allgnment and formed around an axis of revolu 
tion so that the 1nner cylindrical Surfaces of the 
annular electroaes form a cylindrical wave guide 
extenuing along the axis of revolution of the 
device. This internal wave guide is coupled for 
high frequency energy to the election stream 
region of the device and is preferapy divided 
into two sections by a central transverse disk or 
"septum' whlcn is connected to the control elec 
tode of the device. The dimensions of the two 
wave guide Sections thus formed are such as to 
produce a rapid attenuation of any electronag 
Inetic energy coupled thereinto from the varia 
U1OnS Of the ElectrOn Stream. I?l Oüher WOrdS, 
the Wave guide Sections are dimensioned to op 
eiate beiOW "Cut-Of' at the frequency of Opera 
tlon of the device. By inserting Sultable tuning 
elements into the attenuated electromagnetic 
1leid Produced Within these Wave guide SecDlons, 
a reacCIWe component may be reflected into the 
de Vlce in Order î0 efect a corrrespOnding Varia 
tion in the iteSonant Irequency of CaVility resona 
tO’S aSSOC1ated With the device. ihis Self-con 
tained electromagnetic field region may also be 
used to provide input and output coupling to the 
deVlce. In addition, Suitabie coupiling elements 
Such aS apertures of interCOnnecting loops may 
be provided through the dusk separating the two 
Wave gulde Sections in Order to Optain any de 
Sired regenerative or degenerative coupling be 
tween input and output circuits of the device. 

it Will be appreclated that Since tinis internal 
fieid region is located along the axis of the de 
Vice, Lne linöroductilOin Of tuning Or coupling elle 
mentS thereinto has a Syrnmetric loauing effect 
upon cylindrical cavity resonators generated 
around the axis So that little appreciable distor 
tlon of the resonator Iield results. 

'ihe novel ieatures which I peiieve to be char 
acteristic of my invention areset forth with par 
ticularity in ühe appended Calms. My Inven 
tion itself, however, together with further objects 
and advantages thereof may best be understood 
by reference to the following description taken 
in connection with the accompanying drawing 
in which Fig. 1 is a cross-sectional view of an 
electron discharge aevice empoaying my inven 
tion; Fig. 2 is a similar cross-sectional view of 
the discharge device of Fig. 1 associated with 
Suitable cavity resonators and incorporating 
Structures whereby the internal electromagnetic 
field region may be employed for tuning pur 
poses: Fig. 3 is a cross-sectional view of a cen 
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tral portion of the electric discharge device of 
Fig. 1 showing a structure whereby the internal 
electromagnetic field region may be used for 
Coupling purposes and also illustrating further 
modifications of my invention whereby a pre 
etermined internal coupling between input and 

output circuits of the device may be achieved. 
Referring to Fig. 1, I have shown an electron 

discharge device 9 embodying my invention com 
prising a plurality of annular electrodes includ 
ing a thermionic cathode 0, a control electrode 

, and an anode 2 located in Spaced alignment 
and formed around a central axis of revolution 
indicated by a line 3. Cathode 9 may be heated 
by any appropriate means such as an internal 
heating coil d. An annular electron emitting 
Surface 4 of cathode 9 and a corresponding an 
nular electron receiving surface 5 of anode 2 
are located in close planar alignment to provide 
a short electron path therebetween. Cathode 0 
also has a cylindrical portion 6 axially extend 
ing from the inner edge of electron emitting Surr 
face 4 to define an axially extending tube con 
stituting a cylindrical wave guide E. Similarly, 
anode has a cylindrical portion 8 extending 
from the inner edge of the electron receiving 
surface 5 to define an axially extending tube 
constituting a cylindrical wave guide 9. Wave 
guides and 9 comprise an internal electro 
magnetic field region of device 9 which communi 
cates with the electron Stream passing from Cath 
ode to anode 2. 

Control electrode if is supported in conductive 
relation with a conductive disk 20 which extends 
transversely across the center of the device and 
which serves to divide the device into SubStan 
tially symmetric input and output circuit por 
tions. Preferably, the control electrode is 
formed by merely perforating the disk 28, the 
perforations being in the form of an annular 
band located in the path of the electron Stream. 
The central portion of the disk 20 serves as a 
septum dividing the wave guide sections í í and 
i9 defined by cathode cylinder 6 and anode 
cylinder 8 respectively. Disk 23 also preferably 
extends radially beyond the outer Surfaces of the 
cathode 0 and anode 2 respectively and termi 
nates in a conector ring 2 which may be used 
to make connection from the control electrode 
to cavity resonators associated with electron dis 
charge device 9. 
A pair of concentric cylindrical insulating 

members 22 and 23 comprising material, Such as 
glass, completely pervious to high frequency elec 
tromagnetic fields, are hermetically Sealed be 
tween the conductive disk 20 and the annular 
anode 2 on opposite sides of the electron re 
ceiving surface of the anode 2 and function both 
to enclose the electrodes hermetically and to Sup 
port the control electrode in proper Spaced 
relation to the anode 2. Similarly, concentric 
insulating members 24 and 25 are sealed between 
the conductive disk 20 and the annular cathode 

on opposite sides of the electron emitting Sur 
face 4 in order to complete the enclosure of 
the electrodes and to maintain the cathode è 
and the control electrode i? in proper Spaced 
alignment. Preferably, annular ridges or shoul 
ders 26 and 27 are formed in cylinder portions 
6 and 8 respectively in order to provide a con 

venient seat for insulating members 24 and 22. 
In order to provide a convenient high frequency 

by-pass connection between cathode ? 8 and a 
cavity resonator structure associated With de 
vice 9, whereby different unidirectional poten 
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4. 
tials may be applied to the cathode and the reso 
nator without interfering with the flow of high 
frequency currents therebetween, I preferably se 
cure around the Outer circumference of the cath 
ode a conductive Washer 28 Separated from 
cathode 9 by a thin film 29 of high dielectric 
material, such as mica. A similar high frequency 
capacitor comprising a washer 30 and a dielectric 
film 3 is preferably formed around the outer 
circumference of anode 2 to enable a high fre 
quency connection between anode 2 and an as 
Sociated cavity resonator. Although the incorp0 
ration of these high frequency capacitors into the 
structure of the discharge device 9, as described 
above, is to be preferred, it is not essential that 
they be so incorporated. Alternatively, Suitable 
high frequency by-pass connections may be in 
corporated into the structure of cavity resonators 
associated with device 9 in manners Well known 
to those skilled in the art. 
Wave guide Sections 7 and 9 are properly "di 

mensioned to cause a rapid attenuation of elec 
tromagnetic fields induced therein at the fre 
quency of operation of discharge device 9. Due to 
the annular configuration of the electrodes of the 
device, the lowest order electromagnetic Wave 
patterns which may normally be established 
within cylindrical wave guide sections f and 9 
are the transverse electric “HEo, or transverSe 
magnetic TMo, first order modes of propagation 
in Which the designated transverSe Waves are 
symmetric about the axis of the guide. The criti 
cal dimension for determining the wave length 
beyond which wave propagation is rapidly at 
tenuated, i. e., the cut-off Wave length, for Such 
cylindrical wave guides is the diameter of the 
guide. For the transverse magnetic mode of op 
eration, this cut-off wave length may be approxi 
mately determined by the following relationship 

(TMo) A=1.31dvae 
and for the transverse electric mode 

Where 

di is the diameter of the guide, 
u is the permeability of the medium within the 
guide, 

e is the dielectric constant of the medium. Within 
the guide. 

For air, a = e = 1 so that a very simple relation 
ship between the diameter of the guide and the 
cut-off wave length exists. It is only necessary, 
therefore, to construct the cylinder portions 6. 
and 8 to have a diameter Small enough that the 
wave length of the electromagnetic waves pro 
duced in device 9 at the desired frequency of op 
eration is longer than the critical cut-off Wave 
length determined by the above formulas for the . 
wave guides defined by these cylinder portions 
6 and 8. 
As a result, an electromagnetic field is pro 

duced in wave guide sections 7 and 9 during 
operation which is rapidly attenuated as it at 
tempts to propagate away from the dividing disk 
20 toward the open ends of the wave guide sec 
tions and 9 respectively. The electromag 
netic field strength is normally attenuated to a 
negligible amount within less than one diameter 
at the frequency of operation of the device, as 
measured along the axis of the guide. The axial 
length of wave guide sections 7 and 9 is pref 
erably however, at least one wave-length long at 
the desired frequency of operation of device 9. If 
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a more complete attenuation of the internal field 
regions 7 and 9 is desired, the inner walls of 
cylinders 6 and 8 may be tapered to a reduced 
diameter at the ends, or may be completely closed 
at the ends if the cylinders are of sufficient length 
to reduce the field intensity to a small enough 
Value to preclude reflection of energy from the 
end Walls. 
The electron discharge device of Fig. 1 con 

stitutes a completely operative component of a 
high frequency circuit. Although in the modi 
fications of Figs. 2 and 3 to be described herein 
after, the internal electromagnetic field region 
produced during operation of the device is uti 
lized for tuning or energy coupling purposes, the 
device 9 may be employed in the simple form 
illustrated in Fig. 1 without such inserted tuning 
or coupling elements. In fact, for exceptionally 
high power applications, it is preferable that de 
Vice 9 be operated Without such inserted ele 
ments because of the somewhat better cooling 
of the anode 2 and control electrode which 
results due to the better heat radiation from cyl 
inder 8 and central disk 20. An even high rate 
of cooling can be achieved, if desired, by pass 
ing a cooling fluid Within the wave guide sections 

1 and 9. Tuning and coupling to device 9 can 
then be made Within associated cavity resonators 
in a conventional manner. 

Referring to Fig. 2, I have shown the electric 
discharge device of Fig. 1 in conjunction with a 
pair of cylindrical cavity resonators 32 and 33 
respectively, resonator 32 constituting a grid 
cathode resonator for device 9 and resonator 33 
constituting a grid-ano de resonator. Resonators 
32 and 33 may be constructed, as indicated, in 
an integral unit hav.ing a common Wall 34 to 
provide three adjacent end surfaces terminating 
in Suitable contact fingers 35 enabling a plug-in 
type connection with the discharge device 9 of 
Fig. 1. The major dimension of resonators 32 
and 33 may be along the axis of the device 9, as 
shown, or may be the radial dimension, depend 
ing upon the desired direction of the electric 
vectors in the generated electromagnetic field of 
the resonators. 
In the electron discharge device of Fig. 2, the 

Wave guide sections 7 and 9 are employed as 
regions in which tuning of the external cavity 
reSonators 32 and 33 is accomplished. Within 
WaWe guide Section 7, I have shown one tuning 
arrangement and within region 9 I have shown 
an alternative tuning arrangement. It will be 
appreciated that either of these tuning arrange 
ments may be used in either or both regions 
and 9. 
The tuning arrangement shown in region 7 

comprises a conductive rod 36 extending along 
axis A3 and telescoped within a conductive sleeve 
36a which is supported by a washer 37 composed 
of material, Such as glass or polystyrene, which 
is pervious to high frequency electromagnetic 
fields. A non-conductive rod 38 composed of a 
field pervious material similar to washer 3 is 
attached to the end of conduct.ve rod 36 to en 
able adjustment of the axial depth of conductive 
rod 36 Within region 7. 
AS Will be apparent to those skilled in the art, 

due to the presence of the axially extending con 
ductive rod 36 and sleeve 36a, the portion of elec 
tromagnetic field region 7 coextensive with rod 
36 and sleeve 36a, designated as portion 7a, now 
constitutes a concentric transmission line; while 
the portion of region f i lying between the end of 
sleeve 36a and the open end of cylinder 6, des 
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6 
ignated as portion f 7b, constitutes a wave guide 
beyond cut-off. Region lb preferably has an 
axial length equal to at least one inner diameter 
of cylinder 6 to provide substantially complete 
attenuation of electromagnetic energy coupled 
into line d. Consequently, portion la of re 
gion 7 appears to the discharge device 9 as an 
Open ended concentric transmission line termi- , 
nating in almost infinite impedance. By adjust 
ing the combined length of rod 36 and 36a, this. 
Concentric line can be made to reflect any de 
sired reactive component either capacitive or in 
ductive into the field produced by the electron. 
Stream of device 9. Moreover, the axial depth 
of rod 36 with relation to conductive disk 20 may 
be adjusted to control the degree of coupling pro 
duced by the internal attenuated field region ad 
Jacent the electron stream between the reso 
nant circuit represented by the concentric line 
ila and the resonant circuit represented by cav 
ity resonator 32. 
The tuning arrangement shown. Within region 

9 operates upon substantially the same princi 
ple as that shown in connection with region 7 
With the exception that the concentric line sec 
tion terminates in a tuning plunger to produce 
a closed ended line of variable length. A conduc 
tive rod 3 y axially inserted within region 9 is 
Short circuited along its length for high fre 
quency energy by an annular tuning plunger 40 
to define a closed ended concentric line Sa. By 
adjusting the position of plunger 4d relative to 
rod 39 the line is a can be made to rerect any 
desired reactive component into the internal at 
tenuated field region produced by the electron 
Strealin, and consequently to vary the frequency 
of resonance of grid-anode resonator 33 accord 
ingly. The degree of mutual coupling between 
the energy within the concentric line sa and 
the resonator 33 can be controlled by merely ad 
justing the axial depth of rod 40 within region 9. 
It will be appreciated that the simple and com 

pact tuning elements incorporated in the above 
described tuning arrangements are much less ex 
pensive to construct and less cumbersome to han 
dle than the tuning plungers conventionally em 
ployed within cavity resonators such as resonators 
32 and 33 aSSociated with device 9. Moreover, 
Since the tuning elements of my invention, such 
as rod 36 and sleeve 36a, or rod 40 and plunger 
4, are located along the axis of device 9, the gen 
erated radial fields produced by device 9 are af 
fected Symmetrically, and consequently there is 
little appreciable distortion of the resonator field 
patterns due to the presence of these central tun 
ing elements. - 

In the modifications of my invention illustrated 
in Fig. 2, input and output coupling of the high 
frequency energy to the resonant circuits, may 
be accomplished by any suitable means, such as 
coupling loops 4 associated with cavity resona 
tors 32 and 33. Proper potentials for operating 
the high frequency apparatus of Fig. 2 as an 
amplifier, Oscillator or detector, may be supplied 
to the various electrodes of discharge device 9. 
through Suitable connecting terminals such as 
terminals 50. 

Referring now to Fig. 3, I have shown a further 
modification of my invention wherein the central 
Wave guide Sections 7 and 9 are employed for 
coupling high frequency energy to the input cir 
cuit of the device and for extracting high fre 
quency energy from the output circuit of the de 
Vice. In this modification, high frequency elec 
tric coupling elements 42 and 43, terminating in 
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coupling disks and fed by coaxial cable terminal 
connectors 44, are inserted along the axis of the 
device Within the Wave guide Sections and 9 
Somewhat in the same manner as the tuning ele 
ments of Fig. 2. Other well known types of high 
frequency coupling elements, Such as probes, di 
poles, or loops may alternatively be used. The 
electromagnetic field established Within Wave 
guide 47 by the input -coupling element 42 pro 
duces a corresponding variation in the electron 
stream -of-discharge device 9 so that high fre 
quency fields are 'Set up within grid-cathode and 
grid-anode cavity resonators, such as resonators 
32 and 33 of Fig. 2, associated with device 3. As 
the coupling elements 42 and 83 are moved closer 
to the central septum 28, a tighter coupling is 
achieved to the electron stream and ultimately to 
the high frequency energy Within the resonators 
32 and 33. Here again, as With the tuning ele 
ments, it will be appreciated that the coupling is 
symmetric with relation to the resonator fields 
with the result that there is little appreciable 
field distortion and a consequent greater effi 
Ciency. 

In the modifications of Fig. 3, I have also shown 
the central septum 2 as including an energy 
transferring element, such as an aperture 63 
through which an intercoupling member is 
passed, to provide coupling between the Wave 
guide Sections f and 9. By means of Such 
apertures, with or Without additional intercou 
pling members, any desired degree and phase of 
direct Coupling between input and output cir 
cuits, can be achieved. The design and effect of 
Such energy transferring eleinents between input : 
and output cavity resonators of high frequency 
devices is Well known to those skilled in the art. 
However, the location of the energy transferring 
elements between internal auxiliary field regions 
of an associated electron discharge device, as in 
the present invention, has the very marked ad 
vantage of causing little or no deformation of 
the field pattern in the resonators. 

It will thus be seen that have provided a high 
power, high frequency electron discharge device 
which has a self contained auxiliary electromag 
netic field region which can be used to affect Syn 
metrically the electron foW in the discharge de 
vice and in the electromagnetic fields produced 
in cavity resonators aSSociated with the device. 
The annular electrodes themselves provide a 
greater current handling capacity for the dis 
charge device than is normally available from the 
Smaller circular electrodes usually found in Such 
high frequency devices. In addition, the central 
disk 20 Which is conductively connected to con 
trol electrode facilitates cooling of the con 
trol electrode f ; and the central cylinder 2, 
which defines the wave guide section , has the 
large surface area, desirable for radiation cool 
ing of the annular anode 2 of device 9. 

It is to be understood that although I have 
shown particular embodiments of my invention, 
many other modifications can be made, and I in 
tend, therefore, by the appended claims to cover 
allSuch modifications as fall within the true spirit 
and 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 electron discharge device 

comprising a plurality of annular electrodes in 
cluding a cathode, a control electrode and an 
anode located in COnSecutive Spaced planar align 
ment, a conductive disk connected to said control 
electrode and extending across the central region 
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8 
defined by said annular electrodes substantially 
in the plane of Said control electrode, a pair of 
conductive cylinders extending axially from said 
Cathode and Said anode respectively to define a 
pair of electromagnetic field regions axially Sep 
arated by Said disk which field regions communi 
cate with an electron discharge from said cathodie 
to said anode, said cylinders each having a wave 
propagation cut-off characteristic to electronag 
netic waves having frequencies equal to the op 
erational frequencies of said device, and a tun 
ing element inserted along the axis of at least 
one of Said field regions for introducing a re 
active component into the field of an electron dis 
charge of said device. 

2. A high frequency electron discharge device 
comprising a plurality of annular electrodes in 
cluding a Cathode, a control electrode and an an 
ode located in consecutive spaced planar align 
ment, a conductive disk connected to said control 
electrode and extending acroSS the Central region 
defined by Said annular electrodes substantially 
in the plane of said control electrode, a pair of 
conductive cylinders extending axially from Said 
cathode and said anode respectively to define a 
pair of electron discharge communicating elec 
tromagnetic field regions axially separated by Said 
disk, Said cylinders each having a Wave propa 
gation cut-off characteristic to high-frequency 
electromagnetic Waves, and a high frequency elec 
tromagnetic energy coupling element inserted 
along the axis of at least one of Said electromag 
netic field regions to provide eiectromagnetic en 
ergy coupling to an electron discharge from Said 
Cathode to Said anode. 

3. A high frequency electron discharge device 
Coliprising a plurality of annular electrodes in 
cluding a cathode, a control electrode and an 
anode located in consecutive Spaced planar 
alignment, a conductive disk connected to Said 
control electrode and extending acroSS the Cen 
tral region defined by Said annular electrodes 
Substantially in the piane of said control elec 
trode, a pair of conductive cylinders extending 
axially from said cathode and Said anode re 
Spectively to define a pair of electron discharge 
interacting eiectromagnetic field regions aXially 
Separated by Said disk, Said cylinders having di- . 
ameters leSS than the Wave propagation cut-off 
diameter for electromagnetic waves having a 
frequency equal to a frequency of operation 
of the device, and Said disk having an energy 
transferring element passing therethrough for 
providing coupling of electromagnetic waves from 
One of Said electromagnetic field regions to the 
Other. 

4. High frequency apparatus comprising an 
electron discharge device having a plurality of 
annular electrodes inciuding a cathode, a con 
trol electrode and an anode located in consecu 
tive Spaced planar alignment and all having a 
Connon axis of revolution, a conductive disk 
connected to Said control electrode and extend 
ing acroSS the central region defined by said an 
nular electrodes in a plane perpendicular to said 
axis of revolution, a pair of conductive cylinders 
extending axially from Said cathode and said 
anode respectively to define together with said 
disk a pair of axially separated electromagnetic 
field regions interacting with an electron dis 
charge from Said cathode to said anode, a pair 
of cavity resonators extending around the pe 
riphery of Said discharge device and connected 
to Said electrodes to forma grid-cathode reso 
nator and a grid-anode resonator respectively, 
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and a turning element inserted along the axis of 
at least one of said field regions for introducing 
a reactive COinponent into Said electron discharge, 
thereby to tune a corresponding one of said reso 
nators. . 

5. High frequency apparatus comprising an 
electron discharge device having a plurality of 
annular electrodes including a cathode, a control 
electrode and an anode located in consecutive 
Spaced planar alignment, a conductive disk con 
nected to said control electrode and extending 
acroSS the central region defined by said annular 
electrodes, a conductive cylinder extending axial 
ly fron Said Cathode to define together With Said 
disk an electron discharge interacting electro 
magnetic field region, a grid-cathode cavity reso 
nator extending around the periphery of said 
discharge device, and a tuning element inserted 
along the axis of said electromagnetic field region 
for reflecting a reactive component into said elec 
trOn discharge, thereby to tune said resonator. 

6. High frequency apparatus comprising an 
electron discharge device having a plurality of 
annular electrodes including a cathode, a control 
electrode and an anode located in consecutive 
Spaced planar alignment, a conductive disk con 
nected to said control electrode and extending 
acroSS the central region defined by said annular 
electrodes, a conductive cylinder extending axial 
ly from Said anode to define together with said 
disk an electron discharge interacting electro 
magnetic field region, a grid-anode resonator 
extending around the periphery of said discharge 
device, and a tuning element inserted along the 
axis of Said electromagnetic field region for re 
flecting a reactive component into said electron 
discharge, thereby to tune said resonator. 

7. High frequency apparatus comprising an 
electron discharge device having a plurality of 
annular electrodes including a cathode, a con 
trol electrode and an anode located in consecu 
tive Spaced planar alignment, a conductive disk 
connected to said control electrode and extending 
acroSS the Central region defined by said annu 

O 

5 

20 

25 

30 

35 

40 

10 
lar electrodes, a conductive cylinder extending 
axially from Said Cathode to define together With 
Said disk an electron discharge interacting cy 
indrical Wave guide, said wave guide having a 
propagation cut-off characteristic to high fre 
quency electromagnetic waves in the apparatus, 
a grid-cathode cavity resonator extending around 
the periphery of said discharge device, and a 
high frequency coupling element inserted along 
the axis of said wave guide to effect a transfer 
of high frequency electromagnetic energy with 
Said resonator. 

8. High frequency apparatus comprising an 
electron discharge device having a plurality of 
annular electrodes including a cathode, a con 
trol electrode and an anode located in consecu 
tive Spaced planar alignment, a conductive disk 
Connected to said control electrode and extending 
acroSS the central region defined by said annular 
electrodes, a conductive cylinder extending axial 
ly from Said anode to define together with said 
disk an electron discharge interacting electro 
magnetic field region, said cylinder having a di 
ameter less than a wave propagation supporting 
diameter for high frequency electromagnetic 
Waves in the apparatus, a grid-anode resonator 
extending around the periphery of said discharge 
device, and a high frequency coupling element 
inserted along the axis of said field region to effect 
a transfer of high frequency electromagnetic 
energy with said resonator, 

ANATOLE M. GÜREWITSCHI. 
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