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My invention relates to. electric discharge de 
vices 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. 

It is another object of my invention 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 
Wide a new and improved ultra high frequency 
triode oscillator or amplifier of the space reso 
nant type comprising a space resonant cavity, or 
cavities, which may be considered as comprising 
isolated Sections of a dielectric Wave-guide. 

It is a still further object of my invention to 
provide a new, and improved ultra, high frequency 
triode oscillator of the space resonant type com 
prising. a plurality of adjoining and metallically 
bound turned Space resonant cavities, and Which 
includes means therein for effecting a concentral 
tion of the potential differences due to the elec 
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tromagnetic waves Within the respective cavities 
and which is provided with an electric discharge 
path which maintains the discharge device in os 
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 are 
dimensioned to Support, electromagnetic Waves of 
predetermined frequency. The cavities have a 
metallic boundary in common and this boundary 
is... provided with a communicating. Opening. 
Means, such as a 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 electromagnetic 
waves, or the standing electromagnetic Waves, in 
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is associated with the opening in the metallic 
boundary and the resonant apertures to produce 
and maintain oscillation of the electric discharge 
device as a whole, so that energy may be derived 
from either one of the cavities. . . . . . . . 

In accordance with another feature of my in 
vention, I provide a new and improved high fre 
quency amplifier of the space resonant type which 
comprises two tuned cavities or sections of a hol 
low-pipe type dielectric wave guide each of which 
includes means, such as a resonant aperture or 
slot, for concentrating the voltage difference 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 associated with the 
anode-grid cavity. . 
The subject matter of this application relates 

to improvements in electric discharge devices of 
the space resonant type of the nature disclosed 
and broadly claimed in my copending U.S. pat 
ent application, Serial No. 460,523, filed concur 
rently herewith and which is assigned to the as 
signee of the present application. w 
For a better understanding of my invention, 

reference may be had to the following descrip 
tion taken in connection with the accompanying 
drawing, and its scope will be pointed out in 
the appended claims. Fig. 1 diagrammatically 
illustrates a longitudinal cross sectional view of 
a high frequency 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 the resonant aper 
tures and the associated anode and cathode which 
constitute an electric discharge path; and Fig. 3 
is a modification of my invention as applied to 
a high frequency amplifier of the space resonant 
type. . . . 

As stated above, the space resonant cavities 
employed in the electric discharge device which 
I provide may be considered as 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, certain 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 or supported 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 

each of the cavities, and electric discharge means 55 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 into the 
E and H types. Although my invention may be 
applied to electromagnetic waves of a variety of 
types, in the following description particular ref. 
erence will be made to the Hol 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. - 

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 a. and 
base b, and will have a phase constant (3 which 
may be expressed as follows: - 

g---(-)-(y) (1) 
where w is the angular velocity of the Wave 
propagated through the medium; that is, o is 
equal to 2arf, where f is the frequency of the 
wave, or in the case of a cavity it is the natural 
frequency of the cavity, u1 is the permeability 
of the medium within the guide or cavity; e1 is 
the effective dielectric constant of the medium, 
and n and m are, respectively, the order and node 
Of propagation of the electromagnetic Wave un 
der consideration. - 

It will be noted that in Equation 1 e1 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 
medium 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 f8 and 
the phase Wave length of the electromagnetic 
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 proportional 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. 
The critical frequency fo may be defined as 

follows: 

=(i)+() 
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: 

2 
A- (3) 

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 

0 

pipe type. The space resonant cavities and 2 
are metallically bound, preferably by metal such 
as copper which has a relatively high electrical 
conductivity. The cavities f and 2 may be forgied 
to have a common metallic boundary, Such as a 
plate 3, and the other longitudinal boundaries Of 
the cavities and 2 may be provided by a mer. 
tallic base plate 4 and a top plate 5. The ends 
of the cavities may be defined by metallic plates 
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6 and 7, and the sides shown in Fig. 2 may all 
be welded or soldered to form a hernetically 
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, 
one value of longitudinal dimension chosen may 
be 

Ag 
2 

Where \g 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 
nits 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 
Wide Within cavities f and 2 a transverse waii 
Section comprising metallic walls or partitions 
9, , f and 2, also shown in Fig. 2, which in 
Conjunction with the metallic boundary plate 3 
define resonant apertures or slots 3 and 4 
having a height h 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 
tromagnetic 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 h and length Li 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: 

- 617te Ng a Z=g X b 

Where e1 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 

(4) 



5 
will not be refleeted. To maintain this impedance 
constant for changes in dimensions a. and b; one 
nust have at any particular wave length or fire 
quency the following-relationship: 

A= constantsk (5) 

As stated above, the apertures 3 and are 
resonant. It will be appreciated that the natural 
frequency or the resonance frequency, or fre 
quencies, of the apertures or slots 3- and 4 will 
be affected by the dielectric constant of the ine 
dium within which these slots: are placed. Fur 
thermore, the natural or resonance frequency, or 
frequencies, of these apertures will vary as a func 
tion of the effective dielectric constant of thene. 
dium as modified and established by the presence 
in the region of charged electrical particles, such 
as electrons, which constitute the beam trans 
mitted from cathode 6 to anode 5. This vari 
ation in the dielectric constant will be appreciated 
by considering the fact that the effective dis 
tributed capacitanee of the slots 3 and f4 with 
an electron beam present is less than that when 
no beam is present. As a result, in the computa 
tion of the dimensions h and I, 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 slot 
of given height and length, the establishment of a 
region of charged particles will effect a reduction 
or decrease in the magnitude of the distributed 
capacitance of the slot, inasmuch, as is well 
known, the capacitance is directly proportional to 
the dielectric constant and inversely proportional 
to the distances between the surfaces involved. 
Consequently, if a slot is designed to be resonant 
to ail electromagnetic wave of particular fire 
quency with no region of charged particles press 
ent, upon the establishment of such a region the 
effective height or dimension h of the slotirinust 
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 
it to the length. will be decreased due to the 
presence of the region of charged particles: 

If the change in guide dimensions is-made in 8. 
very small fraction of a wavelength. Ag., there will 
be a reflection from the discontinuity so, pro 
duced, but this reflection is ineffective because of 
a reflection from a second discontinuity a very 
short phase distance along the guide or cavity 
from the first discontinuity. By the use of a rec 
tangular resonant slot, or the equivalent thereof, 
the total impedance of the slot...itself is made to 
be exactly equal to the total impedance of the 
guide or cavity, since the reflection produced at 
the entrance of the slot is just cancelled by the 
reflection at the exit. 
The above stated relationships relative to the 

dimensions h and to maintain the slot in a 
resonant condition obtains irrespective of the po 
sition of the slot in the transverse partition. In 
the embodiment of my invention shown in Figs. 1. 
and 2, the resonant apertures 3 and 4 are adja 
cent to and partially defined by the metallic 
boundary plate 3. 

I provide electric discharge means forestablish 
ing a region of charged particles, such as an elec 
tron beam, for maintaining the electric discharge 
device as a whole in osciliation. The electric dis 
charge device may comprise an anode 5 and a 
thernionic cathode 6 on opposite sides of the 
boundary plate 3 and in alinement with the open 
irag 3. An allode 5 and cathode 6"maybe main 
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6 
tained in spaced-relation with respect to each 
other and ficompartitions 9,0:and if, 2, respec 
tively, by means...of vitreous or glass insulators 
and fe: which may be of cylindrical cross section. 
Cathode-f6 is provided with a cathode heating ele 
ment 9; and anode 5 and cathode 6 are posi 
tioned so that the faces thereof constitute a longi 
tudinal boundary for the resonant slot assembly, 
the outside surfaces of these elements being sub 
stantially parallel with the defining edges of the 
openings: or partitions. 9-2, inclusive. 
A node 5 arid cathode 6 are electrically insu 

lated: not only from the partitions 9-2 but are 
also electrically insulated fron the defining walls 
of the cavities and I provide sealing glass insu 
lators 20 and 2 which extend through top plate 
Siarig botton plate 4, respectively. These seals, 
of course, are important in Order to maintain the 
cavities at the desired low pressure, which facili 
tates; the establishment and control of the electric 
discharge path. Conductors 22 and 23 extend 
through the insulators: 2 and 2 and are con 
lected to the anode 5 and cathode 6, respec 
tively. 
As a Eleans: for modulating or controlling the 

electron earn, I provide electrostatic control or 
grid means 24, which may comprise a grid wire or 
mesh in spaced relation with respect to anode 5 
and catinode: 6, and which is preferably conduc 
tively. CORInected to the boundary plate 3. 
AS aimeans for supplying power to the elec 

tric discharge device as a whole, I may employ 
& Source of Laidirectional Voltage, such as a bat 
tery 25, the positive terminal of which is con 
nected to anode 5 and the negative terminal 
of Which is connected to cathode 6. The entire 
metallie 'defining structure of the discharge de 
vice may be connected to ground, in which case 
the highfirequency anode potential and cathode 
potential may be considered as being in time 
phase with respect to each other; the potential of 
the grid remaining fixed by virtue of the ground 
connection. 

provide 'nieans for coupling the cavities and 
2 in order that energy may be derived from the 
airode-grid: cavity and delivered to the grid 
Cathode cavity 2- to maintain the discharge de 
Vice in Oscillation. Where the electrostatic cone 
trol nember or grid 24 is maintained at grid po 
tential, causing the anode and cathode - poten 
tials to vary in time-phase with respect to it, the 
courgling means" between the anode-grid and 
grid-cathode cavities may comprise a phase-re 
versing coupling device, such as a double loop 26, 
which extends through an opening 27 in the 
metallic botthdary plate 3. In this manner, the 
proper' phase between the anode-grid and grid 
Cathode-cavity voltages is obtained. 
Energymay be extracted from the cavities of 

the discharge device" by a variety of electrode 
means and for the purpose of illustrating one 
form of such means I have diagrammatically ill 
lustrated the electrode means as comprising a 
COICentific Or coaxial transmission line includ 
ing a tubular conductor 28 and a concentric con 
ductor 29, the latter of which forms a loop 3 
within the anode-grid cavity . Of course, a 
Sealing insulator, such as a vitreous or glass in 
Sulator 3 f, may be placed in conductor 28 and 
sealed to both 'conductors 28 and 29. 
The cathode heating element 9 of cathodes 

may be provided with externally accessible termi 
nal conductors 32 and 33 which are supported 
by glassinsulators 34 and 35. 
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 5 and cathode 6. 
The cyclic or periodic voltages for exciting and 
maintaining the resonant cavities and 2 in Os 
ciliation 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 
scontrol grid 24. 
Due to the fact that the transverse Wall assemi 

bly comprising partitions 9-0, inclusive, and the 
associated 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 
resonant 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 

and 2 is obtained by virtue of loop 26; that is, en 
ergy is derived from anode-grid cavity f and sup 
plied to grid-cathode cavity 2 in order to main 
fain 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 and f2, 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 beam 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 4 mod 
late the electron beam which, in turn produces 

cyclic variations of potential across the horizon 
tial dimensions of slot 3, thereby maintaining, 
hy the ahoye described sequence of phenomena, 
both 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 fixed in potential, and the 
anode and cathode potentials may be considered 
as varying in time-phase with respect to grid 24. 
Consecuently, when such an arrangement is 
utilized, the double loop 26 produces the desired 
reversal in phase so that, the grid-cathode and 
fha anode-grid cavity voltages have the desired 
inhase relationship necessary to maintain the 
discharge device, as a whole, in Oscillation. 

In Fig. 3, I 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 3 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. 3 I provide 

means for establishing within the grid-cathode 
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8 
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 36 and an inner conductor 
3 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 
neans 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 36 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 4 effects a concentration, of the potential 
difference due to the standing wave in cavity 2, 
acroSS its boundaries and consequently modu 
lates the electron bean transmitted between 
cathode f and anode 5, so that amplified volt 
ageS appear acroSS the horizontal dimensions of 
the resonant slot 3 in the anode-grid cavity . 
As a result thereof, a standing electromagnetic 
wave is established within the cavity 2 of ampli 
fied value which is delivered to an output or 
utilization circuit which may be connected to the 
Output electrode means comprising conductors 
23 and 29. 

t 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 29 is fed back to the input electrode means 
comprising conductors 36 and 37. 
While I have shown and described my inven 

tion aS applied to a particular system and as 
embodying various devices diagrammatically 
ShOWn, it will be obvious to those skilled in the 
art that changes and modifications may be made 
Without departing from my invention, and I, 
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 

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 includ 
ing a transverse Wall structure defining a reso 
nator capable of resonance at substantially said 
predetermined 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 align 
ment through said opening. 

2. A high frequency electrical apparatus com 
prising a pair of wave guides having a common 



9 
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 wave guides includ 
ing a transverse wall structure defining a reso nator capable of resonance at substantially said 
predetermined 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 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. --- 

3. A high frequency electrical apparatus com 
prising a pair of wave guides having a 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 wave guides in 
cluding a transverse wall structure defining a res 
onator capable of resonance at substantially Said 
predetermined frequency for effecting a concen 
tration of the electric field incident to the re 
spective standing waves, and means for sustain 

2,423,827 

5 

10 

5 

25 

30 
ing high frequency electromagnetic waves in said : 
resonators comprising an anode in one of said 
resonators positioned adjacent the said wall 
structure therein.within the region of said con 
centration of electric field therein, a cathode in the other of said resonators positioned adjacent 
the said wall structure therein with the region of 
said concentration of electric field therein, and 
a grid conductively attached to said common 
wall, said anode, cathode and grid being mounted 
in alignment through said opening. 

4. A high frequency electrical apparatus com 
prising a pair of wave guides having a 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 wave guides includ 
ing 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 
effecting a concentration of the electric field inci 
dent to the respective 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 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 guides having a common 
metallic wall and defining a pair of cavity reso 
nators each dimensioned to support standing 
electromagetic waves of predetermined frequency, 

therein, each of said wave, guides including a 
transverse 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 incident to the respective standing waves, and means for sus 
taining high frequency electromagnetic waves in 
said resonators comprising an anode in one of 
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said common metallic wall having an opening 

- - 70 

said predetermined frequency for effecting a con 

75 

10 
said resonators adjacent the said wall structure 
therein, a cathode in the other of said resonators 
adjacent the said wall structure thereih, and a 
grid conductively attached to said common wall, 
said anode, cathode and grid being mounted in 
alignment through said opening. 

6. A.high-frequency electrical apparatus com 
prising a pair of wave guides having a common 
metallic wall and defining a pair of cavity reso 
nators each dimensioned to support standing 
electroniiagnetic waves of predetermiried fre 
quency, said common metallic Wall. having an 
opening therein, each of said wave' guides includ 
iing 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 
effecting a concentration of the electric field.in 
&ident to the respective standing waves, and means for sustaining high-frequency electromag 
netic waves in said resonators comprising an 
anode in one of said resonators positioned adja 
cent the said wall structure therein within the 
region of said concentration of electric field 
therein, a cathode in the other of said resonators 
positioned adjacent the said wall structure there 
in within the region of said concentration of elec 
tric field therein, and a grid conductively attached 
to said common wall, said anode, cathode and 
grid:being "mounted in alignment, through said 
opening. " - 
.7. A high frequency electrical apparatus Com 
prising a pair of waveguides of rectangular cross 
section, having a common metallic wall and de 
fining a pair of cavity resonators each dimen 
sioned to support standing electromagnetic waves 
of predetermined frequency, said common me 
tallic wall having an opening therein, each of 
said wave guides including a pair of transverse 
walls each having therein a rectangular aper 
ture on opposite sides of said opening and defining 
thereby a resonator structure capable of reso 
'nance at substantially said predetermined fre 
quency for effecting a concentration of the elec 
tric field incident to the respective standing 
waves, and means. for sustaining high-frequency 
électromagnetic waves, in said resonators com 
prising an anode in one of Said resonators be 
tween the said walls therein, a cathode in the 
other of said resonators between the said walls 
therein, and a grid conductively attached to said 
common wall, said anode, cathode and grid being mounted in alignmentithrough said opening. 

8. An electric dischargé device comprising a 
pair of cavity resonators having a common metal 
lic wall and each dimensioned to support stand 
ing electromagnetic waves of predetermined fre 
quency, said common metallic wall having an 
opening therein, each of said resonators having a 
transverse wall structure defining a resonatorica 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 principal 
electrodes. . . . . . . . . . . 

9. An electric discharge device comprising a 

frequency, said common metallie wall i. opening therein, each of said resonators hav 
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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 a 
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 
Said 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 a 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 a 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 common 
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 therefron. 

13. A high frequency electrical amplifier con 
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 
cy, 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 resonator 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 electronagnetic 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 a.d. 
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 
resonatol's for extracting energy therefrom. 

JAMES M. LAFFERTY. 
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