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Our mventmn relates to electric d1scharge de— ;

vices for use at ultra—hlgh frequencies and, in.

parti€ular; t0 such devices for use under. condi- .-
tions having a high duty. cycle or a substantlally :

continuous operating period at full Toad.

It is an obJect of .our invention to provide a
new -and 1mpr0ved high freguency electric  dis-
charge. device, -

b

It is another obJect of our mveutlon to prov1de 3

8- new.and improved ultra-high frequency elec-

fric. dlscharge device suitable for use in-connec-

tion with space- resonant cavities.

It is.a-further object of our invention to pro— ‘

vide a .new. and. improved ultra-high frequency
electric discharge device of the space-resonant
type.

One .of the Ieatures of our invention .is the‘ s

employment :of three. telescoped and - radially-

spaced . conductors “which define: space-resonant

cavities between them and having an electric dis--
charge device which may be easily inserted. into -

said cavities so that.its grid is coupled to the. in-

20

termediate conductor and. its anode and cathode, .
coupled respectively to.the outer and inner.con- - -

ductors. A portion of  the tube sealing -means

comprises. - a- metallic - cylinder concentrically

spaced from the cathode which forms therewith
a portion' of one of the space-resonant: cavities.

Another-feature :of our invention is the pro-
vision of g cylindrical anode having a transversely

receiving. end which serves to remove the ultra-~

25"

30
extending: portion spaced closely to its:electron -

high frequeney currents from the anode structure .

as shortly as possible after entering therein; the..

transversely extending portion forming means:-for

connecting the" anode to one of the space-reso- .
nant cavities and to separate the ultra~high fre-.

quency- currents. from thermal currents flowing
longitudinally of the anode. . Cooling nmieans, also

attached to the anode at a point near its electron. .-

receiving end and wholly extérnal of the space-

35
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resonant cav1t1es provide .means for 1mprovmg-”i

the operation of.the. device.either under a h]gh
duty cycle or continuous.service.

It is another object of our 1nvent1o*1 therefore
to provide a new.and improved. ultra-high fre-
quency electric discharge device of the space-reso-

45

nant type in which division of high frequency ...

and thermal currents flowing in the anode is made’
at a point close to the electron recewmg surface. .
of the anode.

It is a still ‘further object of our 1nvent10n to.

50

provide a new and iimproved cooling means for an’

ultra-hlgh frequency electmc dlscharge dev1ce of
the space-resonant’ type. ‘

" . maintain ‘the’sleéve in' spaced ‘relation’ with' the”
" eyelet 28; ‘In'this’ composite” cathode” structure

“ably- embodying  our inyention and.Fig. 2" di
BUR

The features des1red to e‘protected hereln are .
pointed. out with partxcularlty in the. appended, ;
claims,  "The invention itself, together with fur-:
ther obJects and’ advantages thereof, may. ‘best
be understood by réference’ to ‘the followmg d
scr1pt1on ‘taken in connectmn with: the accom
panying drawmg in ‘Which Fig. 1 d1agrammat
cally illustrates an electric discharge device s

grammatically . 111ustrates the: electnc d1scharge
device of Fig, 1.as apphed to a. spa.ce resonant”f‘fj‘
system. ..., o

Referrmg partxcularly to F’lg 1 ‘there is shown‘ ]

_an ultra-high frequency. electric discharge de-
"vice having an anode. 10, .2 grid or control, elec-

trode f1, and’ a cathode 12 arranged. 1n efid- 0=
end, order The,anode ‘and cathode are ‘in the Ry
form of: cylmdrlcal members . substantlally {
axially ahgned and ha.vmg closed’ adJacent”e
in opposed closely spaced relation to form, el
tron..emitting . and  electron. receiving, surfa .
Concentrlcally surroundmg "tHe anode, 1o 1s £y
metallic cup-shaped member 13 havmg anend
portion: 14 extending: transversely 40, ‘the axis of -
the anode: 10 and sectired thereto, as.by soldenng S
or brazmg, to functlon as an Integral part of the
anode.structure. . For reasons to be: pointed out .
later, the transversely extendlng -wall 14 is at-:.,
tached to the anode.I0 as. closely as-possible to. . ‘
its right-hand or electron receiving end. An in-.‘.‘ :
sulating cylinder 15 concentrclally surroundmg e
anode 10 is hermetlcally sealed:at.one of its ends-.
to the transverse wall 14 and has hermetically. at- ;
tached -to . its opposﬂ;e end. a.metallic ring '16."
The cylindrical cathode structure 12 is of the,y,
type. disclosed, in the copendxng apphcatlon of
James E. Beggs, Serial No. 522 097, filed February -
12, 1944, and .assigneéd to the assignee of the pres-
ent.invention.  This cathode structure comprises |
a plate, or disk I8 formed of a_suitable metal,
such as nickel, and. coated on ifs. .outer; or left~ o
hand surface w1th a layer |s of su1tab1e electron’.
emlttmg materlal such as, for example, mixed
banum and strontlum,c rbonates The! dlSk i8.
is supported, from a metal ‘tube 21, by mesns of a
tubular sleeve 22 of thin fernico foil, the latter
hayvinig one of its ends Welded to the outer surface o
of tube 21 and havmg at 1ts other end an’ mwardly :

. directed flange welded between the disk 18 and'a’

metallic ‘eyelet 23 which ‘surrounds a tungsten i
heating member or filament 24, The metal tube ‘
21, at its leff-hand end, has an inwardly extend-""
ing flange. 25’ Wthh is” ‘welded to asleeve: 26 to
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the fernico foil 22 serves to isolate thermally the
nickel disk 18, heated by radiation and conduc-
tion from heater filament 24, from the metal
cylinder 21 which extends outside of the enclosed
region of the electric discharge device. The
metal sleeve 26, formed preferably of a suitable
material, such as nickel, ‘conserves- the heat of
the filament by reflecting it back to the cathode
surface. One end of the filament 24 is connected
to0 a conductor 28 sealed in a disk 32 of insulatin
material, such as glass, and refained ‘within:a
metal sleeve 29 soldered to the inner surface.of
tube 21. The other end of the filament 24 is con-
nected to the sleeve 29 by means of conductor 30.
An additional conductor 3!, also-sealed within
the glass disk 32, serves both to support and con-
vey electric currents to one end of a suitable
getter 33, the other end of the getter being sup-
ported by and electrically connected to the con-
ductor 28. A hole 2T in metal cylinder 21, pro-
vides communication between the erclosed region
of the electnc discharge. device. and the getter 33
Whereby final vacuum conditions of the electron
tube are established by, the getter when it is
flashed by.current supplied over conductors 28, 31,

Concentrically .. surrounding . the composite
cathode structure described.above is' a metallic
sleeve 34 having one of its ends supported by and
hermetically. sealed to.a transversely extending

disk 35 of insulating material, such as glass, the.

disk 35
sealed to the outer surface of metal tube 21.
its opposite end,.the sleeve 84 has an outwardly
directed flange. 36 which partially. overlies and
is soldered to the metal ring 18- attached to this
end of the msula,t;mg cylinder . l'l Clamped, or
otherwise secured, between the ring {6 and the
flange 36.is a metallic ring 37 ‘which functions
to support; the grid 1l between.the anode 10 and
cathode 12 in a desired. spaced relation with these
electrodes

In the comp051te structure thus described, the
glass cylinder {5, in conjunction with metallic
members 14 and 16, the metal sleeve 34, and the
glass disk 35 serve to support the electrodes of
the electric discharge ‘dev,ice_ in alignment and
to provide 3 sealed region about these electrodes.
At the same time, the metal sleeve 34 concen-,
trically surroundmg the left-hand end of . the
cathode cylinder {2 forms therewith a section of
concentric transmission line or space-resonant
cavity. The cup-shaped member 13, the metal
sleeve 34, the ring (6, and the metallic tube 21
preferably are formed of a mechanically strong
conducting, material, such as: copper- or .silver-
plated iron and the cylinder 16 and disk 35 are
formed of a glass having substantially the same
temperature coefficient of expansion as the
metallic members and a low high frequency di-
electric loss.  One such glass suitable for this
purpose and having the desired characteristics
contains about 459% SiO2, 14% K20, 6% Naz0,
309% PBO, and 5% CaFa. By this construction,
therefore, the electrodes 10—12 are maintained in
alignment and with substantially the same spac-
ing for all operating temperatures of the electric
dlscharge device.: At the same time, at ulfra-

surrounding . and - being hermetically

high' frequencies, .namely,. frequencies at: which.

the electromagnetlc waves -have a wave length
of the order of a few centimeters, the losses due
to the -dielectric matenals are kept to a low
value.

In order to assmt in -cooling the anode 10 and.

to - perm1t operation .of .the electric discharge
dev1ce under. conditions. when the duty cycle is

At
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cup-shaped member 3.
the -anode 16 and the elements i3 and 38, par-

4

high, that is, under conditions when the device
operates for long periods of time at loads ap-
proaching full load, cooling fins 38 of suitable
material, such as copper, are helically wound
around the left-hand end of the anode cylinder
(9 and may be integrally attached to the anode
10, as by soldering.. These fins extend along the
cuter surface of the anode 18 to a point as close
as.possible to the point of connection of the
By this construction of

tlcularly -useful ‘and “advantageous separation of
the ultra-high frequency currents and the ther-
mal currents. in the anode structure is obtained.

Thus, the high frequency currents due to the

electrons’ flowing- from the cathode (2 to the
anode 18, because of skin effect at the ultra-high

-frequency at which the device is operated, flow

. along.the. cuter surface of the anode 10 to the
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transverse metallic connection 14 by means of
which they may be transmitted to output circuits,
At the same time, the thermal currents trans- .
ferring the heat generated at the electron receiv-
ing surface of the anode 10 to the exterior por-
tion of the anode flow along the interior of the
right-hand portion of the anode 10 to a point
beyond the transverse member (4 where they are
conducted to the cooling fins 38 through the good
thermal contact between the left-hand portion of
the anode 108 -and these fins. - In this way, the
heat developed in the anode is transmitted easily. .
by as short a path as possible to a point external
to the tube and any resonant cavities associated
therewith to be dissipated either solely by the fins .
38 or by a stream of air directed across the fins 38.
" With reference now to Fig. 2, there is shown
the auxiliary or tuning space-resonant cavities
which may be connected to the electric discharge
device shown in Fig. 1 for resonating or tuning
the circuits thereof and comprising three concen-
tric and mutually telescoped conductors 48, 41,
42, suitably consisting of brass or copper. The
outer cylinder 40 is coupled by means of the con-
tact ring 43 for high frequency currents to the

cup-shaped metallic member (3, in turn, inte-

grally connected to the anode of the electric dis-
charge device., The conductor 48 is insulated
from contact ring-43 for unidirectional currents
by a sleeve of insulation 84 and is capacitively
coupled by means of this sleeve to the ring 43 for
high frequency currents. Intermediate conduc<
tor 41 is conductively connected to the metal
cylinder 34 by means of a plurality of spring-like
contacts or fingers 45 at its left-hand end and,

together with the-conductor 48, defines a grid-

anode cavity - external of the electric discharge
device. Inner conductor 42 similarly has a
plurality of spring-like fingers or contacts 46
externally contacting the outer surface of the
metallic tube 21 to define, with intermediate

‘conductor 4f and the portion of concentric trans-

mission line formed by metal tube 21 and metal
cylinder 34 connected respectively to the cathode
and grid, a space-resonant grid-cathode cavity.
There is also provided, in connection with the
space-resonant cavities thus, defined, means for
tuning or controlling the natural resonance. fre-
quencies of the respective cavities and this means
may take the form of the annular plungers 47,
48 which are positionable or slidable, respectively,
along the inner surfaces of the cylinders 40, 41
and the outer surfaces of the cylinders 41, 42 be-
ing in close engagement with these cylinders in
order to.prevent any discontinuity in-the: con-
ductive medium which defines:the cavities. . The
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plunger 47 may be positioned by any suitable’

mechamcal expedient, such as the rod 49, and
plunger 48 may be similarly positioned by means
of rod 50. Energy may be extracted from the

anode-grid space-resonant cavity by any suitable

output electrode means:-one form of which may
be a capacity coupling defined- by a metal plate
81 in spaced relation with the outer surface of the
conductive tube 41 at a point of high electric field
intensity. The plate 81 is connected to a coaxial
transm1ssmn line comprising an'inner conductor
52 and an outer conductor 53 conductively sup-
ported from the ‘outer surface of cylinder 40.
Coupling means between the anode grid and
grid-cathode cavities is provided by the loop 54
of ‘conductive material connected Yo the outer
surface of cyllnder 41 and extending’ through z
slot 55 in this eylinder. 'This loop terminates in
a plate 56 within the grid-cathode cavity, which
plate is in spaced relation w1th and capac1t1vely
coupled to the cylinder 42.

TIn" the” telescoped cyhnder arrangement thus
described, the left-hand extremities of thé cylin-

ders 40, 41,42 are axially offset 50 as to provide

a stepw1se arrangement’ which is regressive as

one proceeds’ from the outer cylinder 40 to the

inner’ cyhnder ‘42 . 'This is for facilitating the
comblnatlon of these cyhnders with the electric

dlscharge dev1ce shown in Fig. 1 and previously’

described. Thus w1th tl'us alrangement of tele~

scoped cylmders ‘carrying the contact fingers at '

their, ends the electr1c discharge device may be
eas11y mserted into the cavities, the contact ring
43'fitting ‘about the cup- shaped portion 13 of the
anode and being clamped. thereto. by means, of a
clampmg ring §8. “As the cup-shaped member
13'is pushed into the ring 43, the spring fingers
of contacts 45 engage the metal cylinder 34 which
carries the grid or control electrode of the dis-
charge device and the spring fingers 46 engage

the cyhndrlcal tube 21 ‘of. the cathode of the de-.

vice,
Current for heatmg the cathode filament may

be provided by means of the transformer 80 hav- .
ing one of the terminals of.its secondary winding .

connected to cylinder 42 and the other terminal
of its secondary winding connected to 4 conduc-
tor 81 concentncally supported within eylinder 42
by means "of insulator 62 and terminating:in a
spring ‘finger arrangement 63 which- slips  over
the twisted ends of, conductors 28, 31, these con-
ductors having been twisted together after the
getter 33 was flashed i the manufacture.of the
electric dlscharge device. "The. electric discharge
device' prefel'ably is ‘operated with the anode at
ground’ potential, the. cathode being maintained

at high .negative potential supplied thereto over.

a lead 10 connected to inner cylinder 42, Poten-
tial may be supplied to the grid of the device by

means . of cylinder 41 and lead 7! connected to .
the end thereof, the grid potential being isolated
from the cathode potent:al by means of.a layer or,
ring 12 of ‘a suitable 1nsulat1ng material, such as -

mica, inserted in the plunger 48,  The outer. cylin-
der 48, because of its direct connection with cylin-
der 41 through the plunger 47, is'at grid poten-

tial and may be connected to ground through a

grid resistance 73.

‘Upon impressing a suitable un1d1rect10nal volt-
age between the lead 74 connected to the anode
and lead 13 connected to the cathode; high fre-
quency electromagnetlc energy may be ‘derived
from . the spsce-resonant system. through  the
transmlssmn line comprlsmg conductors 52, 83,

Bécause of the' coupling loop 54 and the capaci-

. 6
tive coupling arrangement 56 between the anode-
grid and grid-cathode cavity, energy is.fed back
from the anode-grid to the grid-cathode. cavities,

~ maintaining the system. in a state of oscillation.

107

15

Operation or adjustment of the plungers 47, 48
controls the intensity or magnitude of the high
frequency electromagnetic oscillations within the
space~resonant system. . The frequency of the
energy derived from the space-resonant system
may also be controlled by the adjustment of these
plungers, which .determines the natural reso-
nance frequencies of the regions: defined by the
cylinders 49, 41, 42 and their associated electrodes.

When the system is to be used for amplifying
of signals, input signals may be coupled into the
cathode-grid - cavity. by any suitable.  coupling
means such as a coaxial transmission line and a
coupling 1oop and the cathode-grid. cavity tuned

. to the frequency of these signals by means of the

plunger 48.  The intensity or magnitude of the -

- output signals may he controlléd by means of the

25

30"

plunger 47, which adjusts. the tuning of the
anode-grid cavity,

‘When the electric discharge dev1ce 1s operated
at substantxally equal load for a considerable pe-
riod of time; it is preferable that auxiliary cool-
ing means be used in conjunction with the fins.
Because of the construction of the anode having
the transverse member 4 connected near its
electron receiving end to convey away almost im-

-~ mediately .the. ultra-high- frequency .currents: to

g
[

the space-resonant anode-grid cavity while the
thermal currents flow through the-anode to the

.fins so that the anode-cylinder 10 is substantially
~completely external to the anode-grid cavity, it

is- possible :to ‘attach -the thermally conductive
means to-the anode at a peint very close to its
electron receiving end: and provide for more effi-

- clent. and:continuous loading of the‘electric dis-

W

4

charge device at very short wave lengths;
Although; in the above-described embodiments
of our invention, we have chosen to represent cer-
tain of the structural features-as .applied to a
Space-resonant -system’ used .as.an-oscillator .or
amplifier; it is readily-apparent that the 1mproved
structures -or systems which we provide may be

" applied-with equal facility to-space-resonant. sys-

© tems used- for any other purpose.

Furthermore;

s ithe-electron- discharge: device illustrated in- Fig.

50

1 may be:employed with equal facility with open

. transmission lines or wired circuits:

While we have shown and:described our in-

- vention as applied to a particular system embody-

sping various devices diagrammatically -shown; it

will - be- obvious-to-those skilled:in-the art that
changes and modifications may be made without
departing from our invention and we, therefore,

~aim to-cover in- the appended claims all such

changes and:modifications as fall within the true

spirit:and scope of our invention. .
‘What we-claim as new and desire to secure by

‘ Letters Patent of the United Statesis:

1. A high frequency electronic discharge device

. comprising ananede cylinder, a cathode cylinder

coaxially aligned therewith; said eylinders having
adjacent closed ends in opposed spaced relation
and. constituting electron emitting and electron
receiving elements of said device, a transversely

.extending . insulating disc hermetically sealed to

70

said cathode cylinder at a point spaced from said
closed end, g metalliz cylinder concentrically sur-

ounding said cathode and extending longitudi-
nnlly toward said end, said anode having a trans-

;versely extendmg portion spaced. from said closed

75

end, a cy11ndr1ca1 1nsu1at1ng member surround-
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ing said anode cylinder and hermetically sealed

ketween said transversely extending portion and
said metallic cylinder, and means conductively
connected to said mefallic cylinder supporting
a grid between said anode and cathode in spaced
relation with said opposed ends.

Z.. A high frequency electronic discharge device
comprising a cvlindrical anode, a cylindrical
cathode, and & grid supported in ahffnment said
anode having a transversely extending portion
spaced longitudinally therealong from the end
thereof nearer said cathode, an insulating cylin-
der concentrically surroundihg said anode and
hermetically sealed to said transversely extending
portion, a metallic cylinder concentrically sur-
rounding said cathode and having one of its ends
hermetically sealed to said insulating cylinder,
and a tranversely extending annular member of
insulating material hermetically sealed hetween
said cathode gnd said metallic cylinder to main-
tain said anode and cathode in spaced relation,
and means connected to said metallic cylinder and
supporting said grid in alignment with said anode
and said cathode,

3. A high frequency electronic discharge device
comprising a cylindrical anode, a cylindrical
cathode, and a grid supported in alignment, said
anode having a transversely extending portion
spaced longitudinally therealong from the end
thereof nearer said cathode, an insulating cylin-
der concentrically surrounding said anode and
hermetically sealed to said transversely extending
portion, a metallic cylinder concentrically sur-
rounding said cathode and having one of its ends
hermetically sealed to said insulating cylinder, a
transversely extending insulating disk hermeti-
cally sealed between said cathode and said metallic
cylinder to maintain said anode and cathode in
spaced relation, means connected to said metallic
cylinder and supporting said grid in alignment
with said anode and said cathode, and external
egoling means connected to said anode.

4. A high frequency cavity resonator system
comprising electric discharge device for use in
2, substantially cylindrical anode, a substantially
cylindrical cathode coaxially aligned therewith
and having one of its ends in opposed spaced rela-
tion with the adjacent end of said anode, said
ancde having a transversely extending portion
spaced from said end, an insulating cylinder con-
centrically surrounding said anode and having
one end hermetically sealed to said transversely
extending portion, a metallic ¢cylinder concentri-
cally surrounding said cathode and having one of
its ends hermetically sealed to said insulating
cylinder, insulating means hermetically sealed
between said cathode and said metallic cylinder
at the other end thereof to maintain said anode
and cathode in spaced relation, means conduc-
tively connected to said metallic cylinder for sup-
porting a grid between said anode and cathode in
aspaced relation with said opposed ends, said
cathode and said metallic cylinder providing
concentric terminals for connection with a grid-
cathode cavity resonator, and a conductive cylin-
der coupled to said tranversely extending portion
and providing with said metallic cylinder con-
centric terminals for an anode-grid cavity res-
onator.

5. A high frequency cavity resonator system
comprising an electric discharge device includ-
ing a substantially cylindrical anode, a substan-
tially cylindrical cathode coaxially aligned there-
with and having one of its ends in opposed spaced
relation with the adjacent end of said anode, said
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8
anode having a transversely extending portion
spaced from said end, an insulating cylinder con-
centrically surrounding said -anode and having
one end hermetically sealed to'said transversely
extending portion, a metallic cylinder concentri-
cally surrounding said cathede and having one of
its ends hermetically sealed to said insulating
cylinder, insulating means hermetically sealed
between said anode and said metallic cylinder at
the other end thereof tc maintain said anode and
cathode in spaced relation, means conductively
connected to said metallic cylinder for supporting
a grid hetwesn said anode and ‘cathode in spaced
relation with said opposed ends; said cathode and
said metallic cylinder defining a portion of a grid-
cathode cavity resonator, and conductive means
coupled to said tranversely extending portion and
defining with said anode a portion of a cavity
resonator.

6. A high frequency cawty resonator system
comprising an electric discharge device includ-
ing a substantially cylindrical anode, a substan-
tially cylindrical cathode coaxially aligned there-~
with and having one of its ends in opposed spaced
relation with the adjacent end of said anode,
said anode having a transversely extending por-
tion spaced from said end, an insulating cylinder
concentrically surrounding said anode and hav-
ing one end hermetically sealed to said trans--.
versely extending portion, a metallic cylinder con-
centrically surrounding said cathode and having
one of its ends hermetically sealed to. said in-
sulating cylinder, insulating means hermetically
sealed between said anode and said metallic cyl-
inder at the other end thereof and maintaining
said anode and cathode in spaced relation, means
conductively connected to said metallic cylinder
and supporfing a grid between said anode and:
cathode in spaced relation with said opposed ends,
said cathode and said metallic cylinder defin-
ing a portion of a grid-cathode cavity resonator,
conductive means coupled to said transversely
cxtending portion and defining with said anode
a portion of a second cavity resonator, and cool-
ing means for said anode lying wholly externally
of said resonators and formed integrally with
said anode.

7. A high frequency cavity resonator system
comprising an electric discharge device having
a. plurality of enclosed electrodes including an
anode, a cathode, and g grid, a metallic cylinder
concentrically surrounding said cathode and sup-
porting said grid, insulating means hermetically
sealed between said cylinder and said cathode,
an insulating cylinder hermetically sealed be-
tween said metallic cylinder and said anode, an
inner, an outer, and an intermediate conductive
cylinder, in telescoped relation concentrically
surrounding said discharge device, said outer
cylinder with said intermediate cylinder defin-
ing a grid-anode cavity resonator, said inter-
mediate cylinder being conductively connected to
said metallic cylinder, said intermediate cylinder
with said inner cylinder defining & cathode-grid
cavity resonator, and means for controlling the
frequencies of said resonators comprising axially
positionable tuning means supported between
the respective cylinders.

8. A high frequency cavity resonator system
comprising an electric discharge device having a
plurality of enclosed electrodes including: an
anode, a cathode, and a grid, a metallic cylinder
concentrically surrounding said cathode and sup-
porting said grid, insulating means hermetically
sealed between said cyhnder and said anode, an
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insulating. cylinder hermetically sealed betwee
said metallic cylinder and said anode, an inner,
an outer, and an intermediate conductive cyl-
inder, in telescoped relation concentrically sur-
rounding said discharge device, said outer cyl-
inder with said intermediate cylinder defining

‘a grid-anode cavity resonator, said intermedi-

ate cylinder being conductively connected to said
metallic cylinder, said intermediate cylinder with
said inner cylinder defining a cathode-grid cavity
resonator, means for controlling the frequencies

"of said resonators comprising axially position-

able tuning means supported between the respec-
tive cylinders, and coupling means between said
anode-grid and grid-cathode resonators.

9. A high frequency cavity resonator system
comprising an electric discharge device having
a plurality of enclosed electrodes including an
anode, a cathode, and a grid, a metallic cylinder
concentrically surrounding said cathode and sup-
porting said grid, insulating means hermetically
sealed between said cylinder and said anode, an
insulating cylinder hermetically sealed between
said metallic eylinder and said anode, an inner,
an outer, and an intermediate conductive cyl~
inder, in telescoped relation concentrically sur-
rounding said discharge device, said outer cyl-
inder with said intermediate cylinder defining a.
grid-anode cavity resonator, said intermediate
cylinder being conductively connected to said
metallic cylinder, said intermediate cylinder with
said inner cylinder defining a cathode-grid cavity
resonator, means for controlling the frequencies
of said resonators comprising. axially positionable
tuning means supported between the respective
cylinders, and cooling means for: said anode
formed integrally therewith and lying wholly ex-
ternal of said resonators.

10. An electric discharge device having a cylin-
drical anode, a cylindrical cathode, and a grid
in spaced alignment, a metalic cylinder concen-
trically surrounding said cathcode and cooperat~
ing therewith to define a portion of a cavity res-
onator, insulating means hermetically sealed re-
spectively between said metallic cylinder and said
anode and between said cylinder and said cath-
ode and defining therewith a sealed region, said
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grid being conductively connected to said cyl-
inder, means external fo said device and includ-
ing a portion of said :cylinder defining a cavity
resonator between said anode and said grid, said
ancde being substantially completely external to
said last mentioned resonator to facilitate cool-
ing thereof.

I1. An electric discharge device having a cylin-
drical anode, a cylindrical cathode, and a grid
in spaced alignment, a metallic cylinder concen-
trically surrounding said cathode and cooperat-
ing therewith to define a portion of a cavity
resonator, insulating means hermetically sealed
respectively between said mefallic cylinder and
said anode and between said cylinder and said
cathode and defining fherewith a sealed region,
said grid being conductively connected to said
cylinder; means external fo said device angd in-
cluding a portion of said cylinder defining a cavity
resonator between said anode and said grid, and
thermally conductive means integral with said
anode and external to said last mentioned res-
onator,

ELMER D. McARTHUR.
- JAMES E, BEGGS.
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