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My invention relates to- electric ;diéch_arge de-

viees and more particularly to- ultra. high. fre-
quency electric discharge. devices of the.space
resonant type. .

With the ever increasing demand for electric
discharge apparatus and. devices for use in the
ultra high frequency field, it has become appar-
ent that many of the prior art arrangements are
not satisfactory due primarily to the prohibitive
decrease in the input impedance thereof as the
operating: frequency is. increased. In accord-
ance with. the teachings of my invention described
hereinafter, I provide a new and improved. elec-
tric discharge device which is capable of opera-
tion satisfactorily within the ultra high frequency
field, and which obviates many of the disadvan-
tages of the prior art arrangements.

It is an object of my invention to.provide a new
and improved. electric discharge device,

Tt is another object of my inventicn-to provide
a-new and improved high frequency oscillator and
amplifier of the space resonant type.

It is a further object of my invention to pro-
vide s new and improved ultra high frequency
triode oscillator or amplifier of the space rese-
nant type comprising a: space resonant cavity, or
cavities, which may be considered as comprising
isolated sections of a dielectric wave-guide.

Tt is a still further object of my invention to
provide a-new. and improved ultra high frequency
triode oscillator of the space resenant type com-
prising. a. plurality of adjoining and metallically
bound tuned space resonant cavities, and.which
includes means therein for.effecting a concentra-

tion of the potential differences due to the.elec- 3
tromagnetic waves within the respective cavities

and which is provided with an.electric. discharge
path which maintains the discharge device in 0s-
cillation.

Briefly stated, in accordance with the illustrat-
ed embodiment of my invention,. I provide a. new
and. improved high. frequency electric. discharge
device, such as a high frequency triode oscilla-
tor, which comprises a. pair of adjoining, metal=-

lically bound, space resonant cavities which. ate 4

dimensioned to.support electromagnetic waves of
predetermined frequency. The cavities have &
metallic boundary in common and this boundary
is.. provided with a communicating . ocpening.

Means, such as & resonant aperture or slot, is :

provided in transverse- wall sections in each of
the cavities to effect a concentration of the po-
tential. difference - due- to the. eleectromagnetic
waves, or-the-standing electromagnetic waves, in
each of the:-cavities, and electric discharge means
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is associated with the opening in: the metallic
boundary and the resonant apertures to produce
and maintain oscillation of the eléctric discharge
device as a whole, so that energy may be derived
from either one of the cavities. T e
Tn accordance with another feature of ‘my-in-
vention, I provide a new and improved high fre-
quency amplifier of the space resonant typewhich
comprises two tuned cavities or sections of ‘@& hol-
low-pipe type dielectric wave guide each of which
includes means, such as a resonant aperture or
slot, for concentrating the voltage ‘differerice: due
to the electromagnetic waves and associated con-
trolled " discharge path: Input electrode means
are associated with the grid-cathode:cavity’ and
output electrode means are sssociated ‘with the

anode-grid cavity. =~ e e T
The subject matter of this application relates
to improvements in electric discharge- devices of
the space Tesonant type of the nature disclosed
and broadly claimed in my copending U, S.'pat=
ent application, Serial No. 460,523, filéd concur-
rently herewith and which is assigried to the as=
signee of the-present application. ’ :
For & better understanding of my -invention,
reference may be had to the following :descrip-
tion taken in connection with the accompanying
! will be pointed out: in

drawing, and ifs- scope _ 1
the appended claims. Fig. 1 diagrammatically

‘illustrates a Iongitudinal cross sectional view of

a high frequeney triode oscillator built in - ac-
cordance with my invention; Fig. 2 is a Cross-sec-
tional end view particularly relating to the trans-
verse wall sections including-tle resonant aper=
tures and the associated anode and catiode which
constitute an electric discharge path; and Fig. 3
is a modification of my invention ag applied to
a high frequency amplifier of the space resonant
type. : RH RS
As stated ‘above, the space resonant cavities -
employed in -the-electric -discharge: device which
I provide may be considered ag isolated or tuned
sections of a.dielectric wave guide of the hollow-
pipe type. Accordingly; it is-believed that it may
be helpful in-the description of my invention to
review brieﬂy-cex:tain,fundamental aspects of di-
electric wave guides.of.the hollow-pipe type.
It is now somewhat generally. appreciated that
high frequency . electromagnetic waves may be
transmitted through of supportéd by “dielectric
wave guides of the hollow-pipe type, such as wave
guides constructed of a highly conductive mate-
rial or metal such as copper or brass, where the
frequency at which the guide is excited is -greater
than the critical or cut-off frequency. The types
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of waves which may be transmitted dielectrically
through guides of this type are manifold and
heretofore have been generally classified info the
E and H types. Although my invention may be
applied fo electromagnetic waves of a variety of
types, in the following description particular ref-
erence will be made to the Ho: type of wave inas~
much as it is of less complex order and mode and
inasmuch as it is easier to produce this type of
wave and utilize it than some of the higher order
waves, i ’

‘Where the dielectric wave guide or a section
thereof is excited at a frequency. greater than
the critical or minimum frequency, the wave will
be propagated through the dielectric guide hav-
ing a rectangular cross section of height ¢ and
base b, and will have a phase constant g which
may be expressed as follows:

2771
p=[oma=(2)'-(5) T
where o is the angular velocity of the wave
propagated - through the medium; that is, « is
equal to 2«f, where f is the frequency of the
wave, or in the case of a cavity it is the natural
frequency of the cavity, p1 is the permeability
of the medium within the guide or cavity; e is
the effective dielectric constant of the medium,
and n and m are, respectively, the order and mode
of propagation of the electromagnetxc wave un-
der consideration.

It will be noted that in Equa,tmn 1 e is de-
fined -as being the effective dielectric constant
of the medium. As will be described presently,
the electric discharge devices which I provide in~
clude as an element thereof an electric discharge
path, that is a region of charged electrical par-
ticles, which affect the.dielectric constant of the
medivm within the’ cavities. More particularly,
the presence of the charged electrical particles,
such as electrons, effect a reduction in the mag-
nitude of the dielectric constant of the medium
and as a result affect the phase constant 8 and
the phase wave length of the electromasgnetic
waves supported by the respective cavities. Ac-
-cordingly, it is' necessary in the computation of
the phase constant and the phase wave length to
employ the effective value of the dielectric con-
stant of the medium as modified by the presence
of the region of charged particles. Generally
speaking, it may be said that the effective di-
electric constant of the medium is a function of
the difference of the .dielectric constant of the
medium with no charged particles present, a
quantity which is directly proportiona]l to the
number of charged particles per unit volume,
the square of the unit charge of each particle,
and inversely proportional to the mass of each
charge and some function of the frequency.

M

" The critical frequency fo may be defined as
follows: .
sl (@) + (@) T
o A +(3 2

Consequently, the phase wave length of the elec-
tromagnetic waves propagated through the guide,
or the phase wave length of the electromagnetic
waves within a cavity, may be defined as:

A 2T

7 &)
~Referring now to Fig. 1 of the accompanying
drawing, I have there diagrammatically illus-
trated my invention as applied to an electric dis-

charge device, such as a high frequency triode
oscillator which comprises a pair of tuned or

"-space resonant cavities | and 2 of the hollow-

[

10

pipe type. The space resonant cavities | and 2
are metallically bound, preferably by metal such
as copper which has a relatively high elecirical
conductivity. The cavities |1 and 2 may be formed
to have a common metallic boundary, such as a
plate 3, and the other longjtudinal boundaries of
the cavities 1 and 2 may he provided by a me-
tallic base plate 4 and a top plate 5. 'The ends

"~ of the cavities may be defined by metallic plates
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8 and 1, and the sides shown in Fig. 2 may all
be welded or soldered to form a hermetically
sealed region.

The longitudinal dimension of the space reso-
nant cavities § and 2 is established to be an in-
tegral multiple, either odd or even, of a half-
wave length of the electromagnetic wave which
would be propagated through the cavities if these
cavities constituted sections of a dielectric wave
guide of the hollow-pipe type. Consequently,
cne value of 1ong1tud1na1 dimension chosen may
be

N
2

where Mg is defined by Equation 3 above.

The common metallic boundary 3 is provided
with an opening 8 which serves as a communi-
cating path between the cavities and which per-
mits the establishment of an electric discharge
to be described presently.

Within each of the tuned cavities | and 2; I
provide means for accentuating or concentrat-
ing the potential difference due to the electro-
magnetic waves within the respective cavities.
This means may comprise a wall structure which
provides tuned or resonant apertures, such as
resonant slots, tuned substantially to the natural
frequency of the cavities. For example, I pro-
vide within cavities | and 2 a transverse wail
section comprising metallic walls or partitions
9, 18, 1 and 12, also shown in Fig. 2, which in
conjunction with the metallic boundary plate 3
define resonant apertures or slots {3 and 14
having a height % and a principal dimension or
length L. The apertures, in. any case, should
have an appreciable dimension substantially
transverse to the electric component of the elec-
tremagnetic field within the cavities and by vir-
tue of their dimensions are resonant, that is,
have an effective distributed inductance and ca-
pacitance thereby establishing natural resonance
frequencies thereof corresponding to the natural
frequencies of the respective cavities.

There is a definite relationship between the
height » and length L of the resonant apertures
in order.to obtain this resonant condition, which
is important not only from the standpoint of ob-
taining concentration of the voltage or potential
due to the waves within the cavities, but is also of
importance in maintaining the transverse wall
structures substantially reflectionless so as not to
disturb the tuned or resonant characteristics of
the cavities. The total impedance Zo of a di-
electric wave guide or a rectangular cavity com-~
prising a section of a dielectric wave guide, using
the dielectric medium may be defined as follows:

2 2D

where e is the effective dielectric constant of the
medium and c is the velocity of light. If this total
impedance is constant along the guide, the wave

€@me Mg O
Zo=lc g

4
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will'not-berefieeted. - TO maintain-thisimpetdance
constant for changes-in-dimensions a- and b;.one
must-have at any particular wave length or fre-
gtiency the following relationship:
-% A=constant=k (5)

As stated above; the apertures 13 and’ 4 are
resonant. It will be appreciated that-the natural
frequency or the resonance frequency, or fre-
guencies, of the apertures’or slots 13 and- 14 will
be-affected by ‘the dielectic-constant of the me-
dium within which these slots-are placed. Pur-
thermore, the naturdl orresonance frequency, or
frequencies, of these apertures will'varyas-a fune-
tion of the effective dielectric constant of thenie-
dium asmodified and established hy the-presence
in the region of charged»e‘lectrical»particles, suich
as electrons, which constitute the beam trans-
mitted from cathode {§ to-anode 15: This vari-
ation inthe dielectric constant will be-appreciated
by ‘considering the- fact that the effective dis-
tributed capacttance of the slots 13-and’ 4 with
an-electron heam present is less than that when
no beam is present. As a result. in-the computa-
tion of the dimensions 7 and L of the slots- {3
and’ 14, the-effect of the region-of charged parti-
cles must be taken into consideration. Viewed
as'a general matter; it may be said that for a siot
of given height-and lensth, the establishment of a
region of‘charged particles will effect a reduction
or decrease in the magnitude of the- distributed
capacitance of the- slot, ingsmuch, as is well
known, the capacitance is directly proportional to
the- diclectric-constant and inversely proportional
fo- the distanees between the surfaces involved.
Consequently, if a slot is-designed o be resonant
to an electromagnetic wave of particular fre-
guency with'no regioa of charged:particles pres-
ent, upen:the establishment of such a region tlie
effective height or diinension & of the slot must
be decreased in order to-effect a resultant capaci-
tance to resonate with the-distiibuted inductance.
Stated in other words, the ratio of the -dimension
% to the length L will be decreased: due: to the
presence of the region of charged particles:

If the change in guife dimensions is:made in-2
very small'fraction of ‘arwave length Ae, there will
Ye o reflection from the discontinuity so-pro-
duced; but this reflection is ineffective because of
a reflection from -a-secend discontinuity a- very
short phase: distanece along: the guide or: cavity
from the first-discontinuity. By theuse of'a’ rec-
tangular resonantslet, or the equivalent thereof,
the total impedance of the slot.itself ‘is:-made o
be exactly equal to the total impedance of.the
guide or cavity, since thie refiection produced at
the entrance of the slot is just cancelled by the
reflection at the exit.

The above stated relationships relative 1o the
dimensions 7 and L to maintain the slot in‘a
resonant condition obtains irrespective of the po-
sition of the slot. in the transverse partition. In
the emboediment of my invention shownin Figs. 1
and 2, the resonant apertures 3 and {4-are-adia~
cent to angd partially defined by the metallic
boundary plate §.

. I provide electric discharge means for-establish-
ing a region of charged particles, sueh as-an elec-
tron beam, for maintaining the electric discharge
device as a whole in cscillation. The electric dis-
charge device may comprise. an. anode: {5 and a
thermionic cathode 16 on opposite sidés of the
poundary plate 3 and in alinement with the open-
ing-8," An anede {§and cathode 16"may-be-main-
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6
tained: in spaced.relation with respect to each
other-and from partitions 8, 18:and i1; 12; respec-
tively, by means:of vitreous:or glass insulators i1
and: 18 which may be:of cylindrical cross section.
G»athode:—:l:s'.issprovi"ded‘withfa cathode heating ele-~
ment (9: and anode 5 and cathode 1§ are posi-
tioned sothat the facestliereof constitute:a longi-
tudinal beundary for the resonant. slot assembly,
tie outside surfaces of these elements being sub-
stantislly parallel with the defining edges of the
openihgsor partitions 812 inclusive. ‘

ariode: {5 and:cathode 16 are: electrically insu-
Isted:not enly from the partitions 8-12 but are
also: electrically insulated from the defining walls
ofthe cavities and: I provide sealing glass insu-
1ators 20 and 24 which extend through:top plate
5 gmd bottorn plate 4; respectively. These seals,
of course; are important in orderto maintain the
cavities at the desired low pressure which facili-
tatesthe estaplishmerrt and control of the-electric
discharge: path: Conductors 22 and 23 extend
through the: ifisulators: 29 and- 2§ aind are con-
nected to the anode 15 and cathode’ 15, respec-
tively: :
- Ag g means ‘for modulating or controlling the
electron beam, I’ provide electrostatic control or
grid means 24 which may comprise a grid wire or
mesh in spaced relation with respect to- anode 15
snd cathode 418, and which-is preferalbly conduc-
tively: connected o the boundary plate -3:

As ‘g eans for supplying power to the elec-
tric. discharge devite as a whole, I may eniploy
«source-of unidirectional voltage, such as'a bat-
tery’ 25, the positive terminal of which is con-
neeted : to. anode 15 and the negative terminal
of whick is comnected tocathode- 16, The entire
metallic defining structure:cf the discharge de-
vice ‘may be-conmected to -ground, in which -case
the high" freguency anode potential and cathode
potential may be-considered as being in-time-
phase with respect-to-each other; the potential of
thegrid remaining-fixed by virtue -of the ground
connection: ) i

I-provide-means for coupling the cavities 1 and
o-in-ofdei- that energy may be derived from the
amode=grid- cavity 1 and delivered to the grid-
cathode eavity 2 to maintain the discharge -de-
vicein oscillation. Whiere the electrostatic con-
trol member ‘or grid 24-is ‘maintained at grid po-
tential, causing the ‘anode and - cathode poten-
tisls o vary intime-phase with respect to it, the
counling - means” between' the- anode-grid and

grid-cathode cavities may: comprise- a phase-re-

versihg-coupling ‘device, such asa double loop 28,
whith  extends through an- obening 27 in the
mietatlic houndary plate 3. In this manner, the

proper phase between - the anode-grid -and grid-

cathode-cavity voltagés is obtained.

Fnergy may he extracted from the -cavities of
the-discharge -device- by a “variety: of electrode
means - and - for the purpose of illustrating one
forme-of: stich means'T have diagrammatically il-
lustrated the electrode means as comprising a
concentricor coaxial:transmission line ifelud-
ingra tubular conductor 28:and a-concentric con-
ductor 29, the: latter of *which forms & loop 20
within the anode-grid cavity I. Of course, a
sealing insulator; such as a vitreous or-glass “in-
sulator  3F; may be’ plaged 1A conductor 28 and
sealed toboth ‘conductors 28 and 29. ’

he cathode ieating elément [97°0f cathode 1§
may be provided with externally accessible termi-
nal’ eonduetors 32°and 83 which are supported
by glassinsulators 34 and-85.

The embodiment ‘of My invention illustrated in
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Figs. 1 and 2 operates to supply high frequency
electromagnetic waves, the energy of the device
being extracted from one of the resonant cavi-
ties, such as cavity {, through the concentric
transmission line comprising conductors 28 and
29. The energy for the operation of the electric
discharge device is derived from battery 25 by
the anode-cathode circuit of the electric dis-
charge path including anode 15 and cathode 16.
The cyclic or periodic voltages for exciting and
maintaining the resonant cavities | and 2 in os-
cillation are produced by virtue of the control
or modulation of the electron beam of the dis-
charge path produced principally by the cyclic
variations in the potential of the electrostatic
contrel grid 24. i

Due to the fact that the transverse wall assem-
bly comprising partitions 9-10, inclusive, and the
asseciated electric discharge path are located
within the vicinity of the potential-maximum or
the potential loop, the modulation of the electron
beam is effective to produce electromagnetic
waves within cavity | which may be considered,
for the purposes of elementary analysis, as be-
ing generated across the horizontal edges of the
resenant slot {3.. By virtue of the tuned or reso-
nant nature of cavity f, a standing electro-mag-
netic wave is maintained therein.

The feed-back or coupling between cavities 4
and ? is obtained by virtue of loop 26; that is, en-
ergy is derived from anode-grid cavity { and sup-
plied to grid-cathode cavity 2 in order to main-
tain the latter mentioned cavity in oscillation.
The oscillations which are established within
cavity 2 produces a standing electromagnetic
wave, the potential-maximum or potential loop of
which: is in the vicinity of the transverse parti-
tions 1{ ‘and 12, thereby concentrating by the
action of resonant slot [4 the potential difference
due to the wave to utilize most effectively this
notential difference in the control or modulation
of the electron heam by virtue of the electrostatic
effect of grid 24. The variation in the potential
of grid 24 occasioned by the variation in voltage
across the horizontal dimensions of slot 14 mod-
ulate the electron beam which, in turn produces
evelic variations of potential across the horizon-
tal dimensions of slot 13, thereby maintaining,
by the above described sequence of phenomena,
hoth cavities ! and 2 in oscillation.

As stated above, where the entire metallic cav-
ity structure, that'is the boundary structure, is
connected to ground potential, the grid 24 may
be considered as fized in potential, and the
anode and cathode potentials may be considered
as varying in time-phase with respect to grid 24.
Conseduently,” when' such an arrangement is
utilized. the double loop 26 produces the desired
reversal-in phase se that the grid-cathode and
the anode-grid cavity voltages have the desired
mhase relationship necessary to maintain the
discharge device, as a whole, in oscillation.

In Fig. 3, T have diagrammatically illustrated a
modification of my invention as applied to a
high frequency amplifier of the space resonant
type which is similar in many respects to the
arrangement illustrated in Fig. 1, and corre-
sponding elements -have been assigned like ref-
erence numerals. In the arrangement of Fig. 3,
it will be noted that the metallic boundary 32 is
continuous except for the opening 8, and that
additional or separate coupling means need not
be provided between the space resonant cavities
{ and 2. In the arrangement of Fig. 3T provide
means for establishing within the grid-cathode
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cavity 2 electromagnetic waves of predetermined
frequency to which the cavity 2 is tuned or reso-
nant. This means may comprise a high frequency
concentric or coaxial transmission line compris-
ing an outer conductor 86 and an inner conductor
37 provided with a sealing insulator 38. In this
modification of my invention, the electrode means
comprising conductors 28 and 29 constitute an

-~ output electrode means.

The embodiment of my invention illustrated in
Fig. 3 operates as an amplifier of high frequency
voltages or signals supplied by the input electrode
means comprising conductors 36 and 37. The
operation of the embodiment of my invention
from an elementary point of view may be con-
sidered in the following manner. 'The excitation
of the grid-cathode cavity 2 by the input elec-
trode means 38 and 37 establishes within the
cavity 2 a standing electromagnetic wave due to
the tuned or resonant condition of the cavity to
the frequency of the input excitation. Resonant
slot 14 effects a concentration, of the potential
difference due to the standing wave in cavity 2,
across its boundaries and consequently modu-
lates the electron beam transmitted between
cathode i§ and anode (5, so that amplified volt-
ages appear across the horizontal dimensions of
the resonant slot 43 in the anode-grid cavity i.
As a result thereof, a standing electromagnetic
wave Is established within the cavity 2 of ampli-
fied value which is delivered to an outpuf or
utilization circuit which may be connected to the
output electrode means comprising conductors
28 and 29.

It will be obvious to those skilled in the art that
the high frequency amplifier shown in Fig. 3
may be employed in a variety of ways. For ex-
ample, the device may be employed to amplify
weak high frequency signals. In addition, the
system may be modified for use as a regenerative
amplifier wherein a predetermined component
of the output voltage derived from conductors 28
and 28 is fed back to the input electrode means
comprising conductors 36 and 37.

While T have shown and described my inven-
tion as applied to a particular system and as
embodying * various devices diagrammartically
shown, it will be obvious to those skilled in the
art that changes and modifications may be made
without departing from my invention, and 1,
therefore, aim in the appended claims to cover all
such changes and 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 electrical apparatus com-
pbrising a pair of wave guides having a common
metallic wall and defining a pair of cavity res-
cnators each dimensioned to support standing
electromagnetic waves of predetermined fre-
quency, said common metallic wall having an
opening therein, each of said wave guides includ-~
ing a transverse wall structure defining a reso-
nator capable of resonance at substantially said
bredetermined frequency for effecting a concen-
tration of the electric field incident to the respec-
tive standing waves, and means for sustaining
high frequency electromagnetic waves in said
resonators comprising an anode in one of said
resonators, a cathode in the other of said reso-
nators and a grid interposed therebetween, said
anode, cathode and grid being mounted in aligh-
ment through said opening.

2. A high frequency electrical apparatus com-
prising a pair of wave guides having a common
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defiriing a pair of cavity reso-
\ators each djmensioned to Support _standing
electromagnetic waves of predetermined fre-
quency, said common metallic wall having an
opening therein, each of said wave guides includ-
' ' s 11 stricture defining & reso-

metallic wall and

ing a transverse wa :
nator capable of resonance at substantiaily said
predetermined frequency for effecting a concen-
tration of the electric field incident to the réspec-

tive standing waves, and means for sustaining

high frequency electromagnetic waves i gaid ©

resonators comprising an anode in oOne’of said
resonators adjacent the said wall structure there-
in, & cathode in the other of said ‘resonators ad-
jacent the said wall structure therein and a-grid

conductively attached to said common wall, said -

anode, cathode and grid being mounted. in ‘aligh-
ment through said opening, )

3. A high frequency electrical apparatus eom-
prising a pair of wave guides havinlg & common

metallic wall and defining a pair of cavity reso- -

nators each dimensioned to “support standing
electromagnetic waves of predetermined " fre-
quency, said common metallic wall Having an
opening therein, each of said wayve guides in-
-cluding a transverse wall

onator capable of resonance at substantially said

for effecting a ‘concen-

predetermined frequency

tration of the electric field incident to the re-
spective standing waves, and means for sustain-

ing high frequency eléctromagnetic waves in said <"

resonators comprising an anode in one of said
resonators positioned adjacent the said iwall
structure therein within the region of said con-
centration of electric field therein, a cathade in

the other of said resonators positioned adjacent *

the said wall structure therein with the région of

said concentration of electrie field thérein, and
a grid conductively atbached to. said common

wall, said anode, cathode and grid belng mounted

in alignment through said opening.

4. A high frequency electrical apparatus com-
prising a .pair of waye guides haying a comimon
metallic wall and defining a pair of cavity reso-
nators each dimensioned to support standing
electromagnetic . waves of
quency, said common metallic wall having an
opening therein, each of said wave guides includ-
ing 5 transverse wall structure having ‘therein an

_aperture adjacent said opening and. defining

thereby a résonator capable of resonance at sub-"

_stantially said predetermined frequency for
- effecting a concentration of the elzeqtric field inci-
dent to the respective standing waves, and means

“for -sustaining high frequency electromaghetic

waves in said resonators comprising an anode in:

one of said resonators, a cathode in the other of
said resonators and a grid interposed therebe-
tween, said anode, cathode and grid being mount-
ed in alignment through said opening,

5. A high frequency electrical apparatus com-: -

prising a pair of wave guldes having a common
metallic -‘wall and defining a pair of cavity reso-

nators_each dimensioned to support standing
_electromagetic waves of predefermined frequency,

said common metallic wall having an opening.-

_therein, each of sald wave. guides including a

{ransverse wall structure having therein an aper-
ture adjacent said opening and defining thereby

. a.resonator capable of resonance at substantially

centration of the electric field. incideiit to. the
‘respective. standing waves, and means for sus-
taining high frequency electromagnetic waves in
said resonators comprising an anode in one of

strueture defining a res- =

_predetermined fre--
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said resonators adjacent the said wall structur'é
therein, & cathode:ifi the other of said resonators
adjacent the said” wall structure thereifi, and a
grid conductively attached to said common: wall,
said anode, cathode and ‘grid-being mounted.in
sligriment through'said opentng, * 7
87 A high “frequency electrical. apparatus: com-
prising @ pair of wave guldes ‘having "a common
thetdllic wall and definihg & pair of cavity reso-
T5teFs éach dimensioned to” support standing
cléctrodiagnetic ' waves "of predefermired fre-
quency, said common metallic wall . having an
opetiing therein, each of s4id ‘wave guidesinclud-
i a transverse wall structure having therein an
apsiture adjacent” said opéning and defining
tHeréby a Tésonator capable of resonance at sub-
‘stantially " said predetermined frequency for
sffectinig o concentration of the electric_ fteld. in~
‘cidenit” to the respective standing waves, and
méans for sustaining high.frequency electromag-
‘netic’ Waves in $aid resonators comprising 1an
“ahode i one of sdid resonators positiohed adja-
dent the said wall structiire therein within -the
‘Fégion " of “said concentration of electric: fleld
‘theréin, a cathode in the other of said resonators
positionéd adjacent the said wall stricture there-
it within the region of said cohcentration of élec-
tric field therein, and a grid conduetively attached
5 said ‘comfmon ‘wall, said anode, cathode and
grid- being “mounted in alignnent. through said
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-~ Ahigh frequency electrical apparatus com-
prising 4 pair of wave guides of rectangulay cross
Sepiion: having & commol metallic wall ‘and .de-
fiing & pair of Cavity resonators each dimen-
giohed to support standing clectromagnetic waves
of  prédetérmined: frequericy, said common "ne-
talii¢ wall”havihg ‘an opening: theréin; éach of
<&@ wave guideés. including a’ pair of transverse

“Sialls “esch “having therein a rectangular ‘pef-

tiire on opposite sides of said opening and defining

fhefeby B Tesonator structure capable of reso-

‘rignce st subStantially said -predetermined ~fre-

gilency. for-effecting a concerntration of the elec-
‘tric’-field in¢ident to. the respective ‘standing
Waves, and means. for sustaining high. freqilehcy

“électromaghetic 'waves. in said resonators com-

prising ‘dn anode in”one of ‘sald resoriators be-
‘tween the Said  walls therein, a cathode in: the
otRer Of said resorators between the sald walls
therein, and & grid conductively attached to said
¢omiion wall, said anode, cathode ‘and grid being
riotnted i alignment:through said opéning. =~

g, An’ électric ‘dischargé  device -comprising a
pair-of cavity Tesondtors having a common metal-
116 wall and esch diriensioned to support stand-
ing electromagnetic waves of predetermined:fre-

duenéy, ‘said~commion metallic wall. having an

“opening thereiii, each of said resondtors having'a

transverse wall structure-defining a resonator-ca-
Phble ‘of resonance’ at substantially” said prede-
términed frequency for effecting 4 concentration
of the electric fleld: incident: to- the “respective
standing” waves, and an glectric-discharge path
defined by principal electrodes on -opposite sides
6t said common wall within'the vicinity of said
opening and ‘an electro-static ‘control means in-

i térp’ijs'gd-?i_‘n"»‘s'pac'e’d[;:elatidnv.bgtWeen said principal

glectrodés.” - .

~~'g,-An electric .discharge .device. c,omprishg a

paif of cavity resonators having a comimon ‘me-
vall”and each dimensioned o Support
¢ agnetic waves of pfqdétég‘niihEd
lic wall ‘having an

§ta; lectromagnetic wave:
d common m

opening therein, each of §aid resonabors™Hay-




ing "a transverse wall structure having therein
an-aperture and defining thereby a resonator ca-
‘pable of resonance at substantially said prede-
termined frequency for effecting a concentration
of the electric field incident to the respective
standing waves, and an electric discharge path
defined by principal electrodes on opposite sides
of said common wall within the vicinity of said
opening and an electro-static control means in-
terposed in spaced relation between said prin-
cipal: electrodes.

10. An electric discharge device comprising a
pair of cavity resonators having a common me-
tallic wall and each being of the hollow pipe-
‘type dimensioned to support standing electro-
magnetic waves of predetermined frequency, said
common metallic wall having an opening therein,
each of said resonators having a transverse wall
structure having therein an aperture and defin-
ing thereby a resonator capable of resonance at
substantially said predetermined frequency  for
effecting a concentration of the electric field in-
cident to the respective electromagnetic waves
therein, an electric discharge path defined by
principal ‘electrodes electrically insulated from
said resonators and on opposite sides of said com-
mon wall in alignment with said opening and
an. electro-static control means interposed in
spaced relation between said principal electrodes
and conductively connected to said metallic wall,
means connected to one of said resonators for
extracting output power:therefrom, means con-
nected to said principal electrodes for applying a
unidirectional potential therebetween, and cou-
pling means connected between said resonators.

11. An electric discharge device comprising g
pair of cavity resonators having a common me-
tallic wall and each being of the hollow pipe-type
dimensioned to support standing electromagnetic
waves of predetermined frequency, said common.
metallic wall having an opening therein, each of
-sald cavity resonators having a transverse wall
-structure having therein an aperture and defin-
ing thereby a resonator capable of resonance at
"substantially said predetermined frequency and
adjacent said metallic wall in the vicinity of said
-opening for effecting g concentration of the elec-
tric; field . incident to the respective standing
waves, an electric discharge path' defined by prin-
cipal electrodes on opposite sides of said com-
mon wall in alignment with said opening, electro-
static control means interposed in spaced rela-
‘tion between said principal electrodes and con-
ductively connected to said common wall, and
coupling means interconnecting said resona-
tors.

-12. A high frequency electrical oscillator com-
prising a pair of wave guides having a common
‘metallic wall and defining a pair of cavity res-
onators each dimensioned to support standing
electromagnetic waves of predetermined fre-
quency, said common metallic wall having an
opening therein, each of said wave guides in-
cluding a transverse wall structure having there-
in an aperture adjacent said opening and defin-
ing thereby z resonator capable of resonance at
substantially said predetermined frequency for
effecting a concentration of the electric field in-
cident to the respective standing waves, means for
sustaining high frequency electromagnetic waves
in said resonators comprising an anode in one of
said resonators adjacent the said wall struc-
ture therein, a cathode in the other of said res-
-onators adjacent the said wall structure therein,
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and a grid conductively attached to said comnion
wall, said anode, cathode and grid being mounted
in alignment through said opening, means inter-
coupling said resonators for interchanging energy
therebetween, and means coupled to one of said
resonators for extracting energy therefrom.

13. A high frequency electrical amplifier com-
prising a pair of wave guides having a common
metallic wall and defining a pair of cavity res-
onators each dimensioned to support standing
electromagnetic waves of predetermined frequen-
¢y, said common metallic wall having an open-
ing therein, each of said wave guides including
a transverse wall structure having therein an
aperture adjacent said opening and defining
thereby a resonator capable of resonance at sub-
stantially said predetermined frequency for ef-
fecting a concentration of the electric field inci-
dent to the respective standing waves, means for
sustaining high frequency electromagnetic waves
in said resonators comprising an anode in one
of said resonators adjacent the said wall structure
therein, a cathode in the other of said resonators
adjacent the said wall structure therein, and a
grid conductively attached to said common wall,
said anode, cathode and grid being mounted in
alignment through said opening, means coupled
to said other of said resonators for introducing

thereto a signal to be amplified, and means cou-

pled to said one of said resonators for extract-
ing an amplified signal therefrom.

14. A high frequency electrical amplifier com-
prising a pair of wave guides having a common
metallic wall and defining a pair of cavity resona-
tors each dimensioned to support standing elec-
tromagnetic waves of predetermined frequency,
said common metallic wall having an opening
therein, each of said wave guides including a
transverse wall structure having therein an aper-
ture adjacent said opening and defining thereby
a resohator capable of resonance at substantially
said predetermined frequency for effecting a con-
centration of the electrical field incident to the
respective standing waves, means for sustaining
high frequency electromagnetic waves in said
resonators comprising an anode in one of said
resonators adjacent the said wall structure there.
in, a cathode in the other of said resonators ad-
Jacent the said wall structure therein, and a grid
conductively attached to said common wall, said
anode, cathode and grid being mounted in align-
ment through said opening, means coupled to said .
other of said resonators for exciting said other
of said resonators at its natural resonant fre-
quency, and means coupled to said one of said
resonators for extracting energy therefrom.
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