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1

My invention 'relatessto ‘elecétron-dischigrge de-
vices arid associated -¢irctiits, Hiore ‘particularly
to ‘such -devices using cavity-resonators.

In one-form of ultra highfrequency ‘apparatis,
an electron discharge device-is‘associated with-a
cavity resonator -circuit ‘in such ‘a mantier ‘that
an electron beam is directed through therésona-
tor either for éontrol purposes er-for the-purpose
of extracting energy from the electron stream
by the resorigtor. “This'dpparatis gy include a
resonator having oppositely -disbosed apertures
in the walls of the resonatdr and through which
an elongated €lectron “discharge device extends
so that the cathiodeis positioried.on one side 'of the
rescnator “with ‘the collector ‘or reflector ‘on the
other side of the resonator. Various arrange-
ments-have been utilized.

‘As the freguencies at which the apparatus-is
operated are increased, the ‘dimernsions of “both
the resohator ‘and the ‘elect¥on disecharge ‘device
must bs decreased with ‘the result that the élec-
trode structures become ‘ifiéreasingly ‘smaller,
limiting the power ‘output of the apparatus @mid
the ability to dissipate Leat. -Spiall électrode

structures introduce mahufacturing ‘difficulties -

s1él "to dnslire that the $ransit ‘time of ‘the elec-
trons through the resonatorfalls within the-lim=-
its required for opération:atthese highifreduén-
cies, it is necessary to-use thith accelerating volt-
4565 between the various:electrodes. Tn'ordeérito
limit ‘the transit tifne ‘of ‘the ‘eléctfons through
the rescnator, the portion of the resonator @cross
which ‘the ‘beam -s-difected becdine ihcreasingly
constricted, thus «introducing-st¥uctural -difficul-
ties in the manufacture'of the resoniator.

1t is, therefore,-an object of my ‘inventién to
provide -an -electron discharge ‘device ‘and ‘ds-
sociated -circuit of the cavity ‘resonator ‘type -of
improved design. _ »

A further object of ‘My inveiition is’to provide
ahn electron di‘schai"g‘e‘dévice and-asSocidied cavity
resonator circuit which is useéful ‘at very high
frequencies and yet in which a compa,ratlveTy

large electron discharge device-may be used, thus ;

permitting large-electrodes-and resulting dissipa~-
tion of large amounts of power.

Another object of my invention is to provide
apparatus of the type-descéribed, whetrein low ac-
celerating voltages -are ~sufficient to :provide ‘the
required transit time of ‘the ‘electrons through
the "cavity resohator ‘even at very high fre-
duencies.

‘A further object of my itiverition ‘s to provide
65
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cavity resonator which can-be made of Teason-
able size, facilitating assembling and-handling.

‘A more specific “object 'of my -invention :is o
provide su¢h “gn “electron ‘discharge “device and
associated cavity resonator -in “which “the “con-
stristed portion through which ‘the beam of €elec-
trons passes is nota limiting factor ‘on ‘the:size
of the resonator but which nevertheless pertdits
tHe iiseof alarge size ¢avity resonator which wigy
be operated:at very high!frequencies.

The iriovel fedtures which I believeto be char-
acteristic of my inventionare set forth with par-
ticularity in the ‘appended claims, but theiinven-
tion itself “will ibest ‘be -uniderstood by séference
to<the following déescription 'taken dih connection
with the accompanying :drawing in which Fig-
ures 1rand 2 are perspective views of ¢avity: réso-
natory illistratiiig the prineciple :of'my invention,
Figure 3 is an ‘€léction discHarge {dévice ‘dand ds-
sociated ‘¢avity resonator c¢ivcuit made tacéord-
ihgto'my invention, Figure 4 isih énlarged Sec~
tioh taken dlorg theline IV-=IV:of Figute 3-ahd
showirig details of constiuction, Figure 5 isaper-
spective of a‘thodified form of election disc¢haige
device ‘and ‘associated Giteuit Hiade accorditig o
my invention, Figire 6:is 2 'Sideelévation of ke
apparatiis showh'in Figure 5 With pgis:in sectmn
showinig ‘details i6f construétioh, Figiures 76
gre‘end aiid side elévations With parfsiin sEeetlon
of ‘a'modified -form 0f an ‘electron ‘discharge’ de-
v1ce and assoc vted cav1ty resonator c1rcuzt mada

y
vérse-section: of a still:furtheér mod1ﬁcatlon -of an
eIBc’grpn d1scharge dev1ce a,nd assomated Gamty
tion, ‘and Flgures I0° an‘ 11 show further fe TS
of an ‘électron ‘dischatge -dévice ‘and ‘associgted
cavity ‘fesongtors ‘made ‘aceording to ‘my snvén-
tmn

qliently mdependent 6f ‘otie: of “the* dlmensmn of
the "waveguide. Reférfitig ‘to ‘Figure 1 for:
ample, there is shown a rectangular gidide ‘hav
irffg “dimensichs @, b ‘and Jéngth ‘L. “Whéh an
Ho;1 Wave with the- ‘éléetric feld “parallel ‘o dthe
diferision ‘g dlong ‘the “minor “transverse “axis “6f
the ‘gliide s -transmitted ‘through “the Wwaveguide
froi - one ‘efid %o 'the ‘other ‘along -the-diménsion
L-it has been found that’the-dimension ‘o may be
vdried "without affeéting the wavelefigth 'in $he
giiide. "The ‘sarde "Holds ‘true for -Ho2 ‘wave. ‘ahd

also for higher orders.
“This ‘prindiple may be apvlied “to ‘cldsed Eavity
Tésohators ‘which ‘may ‘We régarded ‘ds ‘reésonant




sections of waveguides. For example, if the
resonator of Figure 1 is a resonant section a
wavelength long, we have

A,

L= em—2

p
\/ 1= 15

where A is the wavelength in the resonator and
Xe is the length of the wave in free space. It can
be seen that the resonator wavelength is inde-
pendent of the dimension ¢. Hence ¢ may be
varied at will to suit any special purpose.

A form of resonator particularly and peculiarly
suitable for use in combination with an electron
discharge device to provide a high frequency
apparatus useful as an oscillator or as an ampli~
fier is shown in Figure 2. Here the dimension,
a is made much smaller at one end 22 than at
the other end 2{, and calculations for wave-
length by the above formula and wavelength
measurements on actual construction show a very
close agreement with each other. The Q of the
resonator is very high. Preferably, the two
resonator portions 21 and 22 are connected by a
tapered transition portion 23 integral therewith,
as shown, to avoid refiections in the resonator
due to abrupt discontinuities in the walls thereof.

Apparatus made according to my invention is
illustrated in Figures 3 and 4. In this arrange-
ment an elongated electron discharge device or
tube, having an envelope 25, an indirectly heated
cathode 26 at one end, a collector or reflector
27 at the other end and intermediate grids 28
and 29 having grid contact and supporting rings
28’ and 29’ sealed through envelope 25, is used
in combination with a cavity resonator 39 of the
form shown in Figure 2. The lower end portion
32 of the resonator is a section of constricted
transverse dimension in the direction of the path
of the electron beam and the resonator is en-
larged at the other end portion 3{. The overall
length of the resonator is preferably about one
wavelength in the resonator, as in Figs 1 and 2, so
that standing wave will be set up therein in
the second harmonic mode of operation, consid-
ering the fundamental as the first harmonic.
For optimum results, the beam should pass
through the resonator at a voltage maximum
of the standing-wave pattern therein. Hence,
the discharge device is located along the resonator
30 at a distance of approximately a quarter-
wavelength in the resonator from the closed end
of the constricted portion 32. The lower end
portion 32 is provided with a pair of oppo-
sitely disposed apertures 33 and 32’ through
which the electron discharge device extends.
The contact and supporting rings 28’ and 29’
provide electrical connection between the grids
and inwardly-extending spring finger contacts
such as 35 on a ring 34 mounted on the resonator
walls. Thus the grids in effect form continua-
tions of the resonator walls, providing a forami-
nous portion through which the electrons may
be directed. )

Since the size of the opening is not restricted
in any way by the constricted portion of the
resonator, large electrodes can be utilized and
since the width of the resonator in the direction
of the path of the electron beam can be made
of any desired value, the transit time of the
electrons through the resonator may be small
even with very low voltages at very high frequen-
cies. :

A further advantage of the type of resonator
utilized in Figure 3, of importance especially with
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4
very short waves, such as from 5 centimeters to
.5 centimeter, is that this type of cavity resona-
tor may be used as a wave magnifier. This is
evident from the formula

A,
A2
=2
By varying the dimension b the cavity resonator
wavelength may be changed all the way from e

to infinity, the latter value being attained when
b is equal to

A=

vo]

Thus though a wave may be very short in
free space, it may be long in a cavity resona-
tor or waveguide. This is of importance since
it offers a means of making large tubes to
generate short waves, or to operate at high
frequencies. By this means tubes having large
elements may be used making use of large
cathodes, plates, grids and the resultant dissi-
pation of large power. This also permits con-
structional problems to be simplified.
Resonators of the type described are suitable
for very short waves, for example, assuming
de==1 centimeter and b=.6 centimeter, then

1

T
\/1"1.44

This is several times larger than, for example,
a toroidal resonator of the same length would
be and permits the use of considerably more
beam current.

High frequency energy may be introduced into
the cavity resonator 30, or extracted therefrom,
by any conventional means, such as a coupling
loop 36, linked with the transverse magnetic
component of the electromagnetic field within
the resonator, forming a continuation of the
central conductor of a coaxial transmission line
317, 38, as shown in Fig. 3.

In the modification shown in Figures 5 and 6,
the electron discharge device is provided with
an envelope 40 having at one end an indirectly
heated cathode 41 and at the other a collector
42, a plurality of contact ring type grids 43 be-
ing spaced along the length of the tube. These
grids may be of the form shown in Figures 3
and 4.

The cavity resonator 44 utilized in this ar-
rangement is provided at its lower end with a
plurality of restricted cavity resonator portions
45 instead of one as shown in Figure 3. The
electric fields at any instant within the several
restricted portions 45 will lie in the same direc-
tion parallel to the electron path. If the suc-
cessive grids are equally spaced and the transit
time of the electrons therethrough be suitably
adjusted, each electron will ke continuously ac-
celerated or decelerated, depending on the time
of entry into the rescnator. This type of tube
can be used for various purposes and it is of
course understood that the transverse dimen-
sions through the constricted portions 45 will
be that required depending upon the use to which
the apparatus is to be put. For example, if
energy is to be extracted from the beam, the
spacing between successive pairs of grids will be
shorter as the electrons slow down, if operation
requires this arrangement. On the other hand,
if electrons are continuously accelerated then the
spacing between the successive grids will be in-

A= =1.8 centimeters




éreased ‘totake care'of this'provision. The:de-

vice, ef ‘covirse,‘could - be-tised-asa refex oseillator

if a low positive or-regative voltage-were-applied
to the electiode &2 fordireeting -electron groups
back through ‘the last of the constricted ‘portions
45. Various other modifications Teadily Suggest
thémselves.

“In ‘Figares 7-and -8 a -still further medification
of “an ‘apparatus made “according to my -inven-
tion is shown. Tn ‘this arrangetnent ‘I ‘provide
the<electron ‘discharge device with an- ‘envelope
80 in which is mounted an indirectly ‘hegted
cylindrical ‘cathode 51 surrounded by -2 tubular
control -électrode ‘52 “having foramirons portions
53 %hrough which ‘the ‘electrons -are-directed in
oppositely -disposed ‘beams. This electrade 52
may be ‘capacity coupled ‘to ‘the resonator 58,
or directly connected thereto-at ‘the ‘ehds ‘as
shown 'Ih Fig. '8, ‘depending iion ‘Wwhether ‘or
not ‘it is- desired to apply ‘&n ‘altérnating ‘cotitrol
voltage ‘to ‘the -electrode “52. The resonator 54
in the form of a fldt redtangular shaped resona-
tor may be closed at one-end 55 and-open-at its
other-end 56 ‘and provided -intermediate ‘its ends
with foraminous ‘portions 54’ through which the
elecdtrons are directed toward ‘two “electrodes” 51,
which may be used as collectors or as reflectors,
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these “electrodes being provided with leads 577 -

The open ‘end 56 of the Tesonator within the
grivelope ‘50 communicates ‘With the interior of
the enlarged .portion of the resonator 58 through
rieck 59, which teleScopes over the eiivélope and
the Opén end of the resonator

ends Tfrom the resohator 54 within the envelope
by means of insulating .discs 51°, preferably of
mica, and is provided with a pair of heater leads
60, one of which may be connected to the .cathode
to provide the cathode lead. "The resonator may
be provided with a lead 54’ upon which .a high
potentml may be applied for biasing .purposes
with respect to the cathode and to which . ‘may
also be applied an alternating voltage for modu-
lating or controlling the passage of electrons
through the resonator. The portion 58 of the
resonator external of the -envelope need not
have -any voltage applied thereto, thereby pro-
viding a safety feature.

Electrons may be-accelerated :and»controlled An
the space between the electiode 52 and cathode
51 and passed through the space between the for-
aminous sections of the resonator, either to ex-
cite ‘the resonator or be reflected back through
the resonator by -electrodes 57 so that-the whole
apparatus functions as an oscillator.

Figute 9 shows a transverse section .of :ianother
form of my invention in which the electron dis~
charge device is provided with an envelope 65
and in which are mounted an indirectly hegted
¢athode 66 and an oppositely disposed-collector:or
reflector €7, electrons from the ‘cathode to the
collector passing through an:arcuate shaped con-
stricted resonator 68 at foraminous portions <69
and 16. The open end 68’ .of the tesonator 368
communicates with ithe interior of an ‘enlgiged
resonator 71 in the manner shown in Figures 7
and 8.

:Another iorm of ‘mulfiple action apparatus. is
shown in Figure 10 and -a ‘fufther -modification
iniFigure 11, in which the. constricted ‘poition 11

* of ‘the iresonator ‘thfcugh which tibe 15 -éxtends
is:folded. -In the arfahgeméent shown in -Figure
10, ‘the -distance between folds 17T is :preferably
equal to ‘the ‘thickness of ‘the éavity ‘and ‘hence
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6
thie ‘électronis “fraveélling ‘with constant Velogity
through ‘the ‘grids -or ‘dpertures’ will-spend-eqgual
tire ihsifle and ‘outside the folds. "The lehgth
of “each ‘fold is-‘equal ‘to :

A

2 7
hiénce ‘the -electric fields at ‘any -instant inside
all’thefolds at the apertures will lie in the Same
diffection parallel to the-electron path, dnd the
fields between the folds will e in the -opposite
direction. By adjusting -the -speed-of the ¢lec-
trons, salternate half periods will ‘be spent inside
the resonator:and the field seen'by each electron
will Blways be in-the same:direction so that eléc-
trons Wwould ‘always ‘be accelerated -or ‘decel-
erated, depending upon ‘the time of entry -of ‘the
electrons into the initial portion 76 ‘of ‘the res-
onater. The ‘enlarged portien-of the resonator
communicateés with ‘the restrieted - portion s
shown.

A -similar -effect Would be -obtained -by ‘the
arrangement -shown ‘in Figure 11. Tolding s
again “employed here ‘but the folds -are in ‘con-
tact with -each other so ‘that-only ‘the ‘thickness
of %the ‘metal separates -adjacent interior ‘sec-
tiens. Tn this case the ‘cavity resonator is -op-
erated near -‘cut-off so’‘that A>>Xe. As‘a cohse-
quehice - the ‘field -in the “entire folded section “is
in-the-same ‘phase. However, adjdecent sections
will ‘have reversed field- directions at ‘any instant
due ‘to foldihg. Thus -electrons travelling -at
such speed as to require a half period ‘to “pass
through -each “fold will ‘be -continugusly "accel-
erated ‘or decelerated. This applies to “devides
eimploying ‘small degrees -of “oscillation, “suich as
detectors and converters.

Tt is of “couirse obvious thsat “the - resctigtors
could be ‘used ‘as part of ‘the tube ‘enveélope,

‘While T have indicated the preferred embodi-
ments-of my invention of which I"4m now aware
anid Have also indicated ‘only one §pecific “appli-
cation for which my ‘invention may be eriployed,
it “will be ‘apparerit that- my ‘invention is by no
means limited to the exact forms ‘illustrated or
the Use indicated, but that many variations may
be -made ‘in ‘the particular structure vsed and
the purpose Tor which it is eniployed ‘without de-
parting from ‘the ‘scope “of ‘my invetition as set
forth “in -the ‘appended ‘claims.

‘What I claim as new is:

1. An-electron discharge device having a cath-
ode for ‘supplying “a stream of eleétrons along a
given ‘'path, an electrode spaced from said cdgth-
ode ‘and “positioned in said ‘path ‘toward wHhich
electrons ‘are “directed during operation of sdid
device, and an elongated cavity resonator closed
4t ‘both “ends -and having ‘s predetermined res-
dnant ‘frequency and positioned ‘between sadid
¢athode “and said - electrode and through which
said -electron ‘path ‘lies, “said ‘cavity resonator
comprismg an -elongated hollow conduéting
meiifber of “substantially uniform transverse
dimension therethrough normal to said path and
haping an-overall length of approximstely one
wavelength in the resonator of the operating fre-
dquency of "said - device and having at one end
thereof a section of constricted transverse di-
mension normal to said uniform transverse di-
mehnsion, ‘said ‘electron path -extending ‘through
said section in a ‘direction parallel to said con-
stricted transverse -dimension.

2. An electron ‘discharge dévice having ‘a
cathode for supplymg a stream of electrons along
a‘given -path ‘dnd an -électrode ‘in said path to-




2,652,384

ward which said electrons are directed during
operation of said device, and an elongated cavity
resonator closed at both ends and having a pre-
determined resonant frequency and positioned
between said cathode and said electrode and
through which said path lies, the longitudinal
axis of said resonator being normal to the path
of the electron stream, said resonator being of
substantially uniform transverse dimension nor-
mal to said electron path and having two com-
municating portions of substantially different
transverse dimension parallel to said electron
path, the electron path passing through the por-
tion of smaller transverse dimension.

3. An electron discharge device according to
claim 2, wherein said two communicating resona-
tor portions are connected by a tapered portion
integral therewith.

4. An electron discharge device having a
cathode for supplying a stream of electrons along
a given path, an electrode in said path spaced
from said cathode and toward which said elec-
trons are directed during operation of said device,
and an elongated cavity resonator positioned be-
tween said -eathode and -said electrode and
through which said path lies, said resonator hav-
ing an overall length of approximately one wave~
length in the resonator of the operating fre-
quency of said device and comprising two com-
municating portions of substantially different
transverse dimension parallel to said path, said
passing through the portion of smaller transverse
dimension.

5. An electron discharge device according to
claim 4, wherein said two communicating por-
tions are connected by a tapered portion in-
tegral therewith.

6. An electron discharge device having a cath-
ode for supplying a stream of electrons along a
given path and an electrode in said path spaced
from said cathode and towards which said elee-
trons are directed during operation of said de-
vice, and an elongated cavity resonator closed
at both ends and having a predetermined res-
onant frequency and positioned between said
cathode and said electrode and through which
said path lies, said resonator comprising a first
portion of given transverse dimension in one di-
rection, a second portion of substantially greater
uniform transverse dimension in said direction
and a third portion whose transverse dimensions
in said direction at the ends thereof are equal
to said first and second portions, respectively,
connected between said portions, said first por-
tion having apertures in opposite walls thereof
through which said path extends in said direc-
tion.

7. A cavily resonator of predetermined reso-
nant frequency for use with a high frequency
electron discharge device, comprising an elon-
gated hollow conducting member of substantial-
ly uniform transverse dimension in one direction,
said member being closed at both ends and hav-
ing two communicating portions of substantial-
ly different transverse dimension normal to said
uniform transverse direction, opposite walls of
the portion of smaller transverse dimension be-
ing apertured to permit passage of an electron
beam therethrough. .

8. A cavity resonator of predetermined reso-
nant frequency for use with a high frequency
electron discharge device, comprising an elon-
gated hollow conducting member closed at both
ends and having at one end a plurality of parallel
portions of restricted transverse dimension, the
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walls of said restricted portions being provided
with registering apertures to permit passage of
an electron beam therethrough.
9. A cavity resonator of predetermined reso-

. nant frequency for use with a high frequency

electron discharge device, comprising an elon-
gated hollow conducting member closed at both
ends and having a folded portion of restricted
transverse dimension, the walls of said folded
portion being provided with registering apertures
to permit passage of an electron beam there-
through.

10. A cavity resonator according to claim 7,
wherein the transverse section of said elongated
hollow conducting member throughout the length
thereof is rectangular in form with said uniform
transverse dimension lying parallel to the major
axis of the rectangle.

11. A cavity resonator according to claim 7,
wherein the overall length of the resonator is
approximately one wave-length in the resonator
of the operating frequency thereof.

12. A cavity resonator of predetermined reso-
nant frequency for use with a high frequency
electron discharge device comprising an elon-
gated hollow conducting member closed at both
ends and having a first portion of given uniform
transverse dimension throughout in one direc-
tion, a second portion of substantially greater
uniform transverse dimension throughout in said
direction, and a tapered portion connected at its
ends to said first and second portions, opposite
walls of said first portion being apertured to
permit passage of an electron beam therethrough.

13. An electron discharge device having a
cathode for supplying electrons along a given
path, and an electrode in said path toward which
said electrons are directed during operation of
said device, and an elongated cavity resonator
closed at both ends and having a predetermined
resonant frequency and positioned between said
cathode and said electrode and through which
said path lies, the longitudinal axis of said reso-
nator being normal to said path, said resonator
having rectangular transverse cross sections at
different positions along the length thereof par-
allel to said electron path, the transverse cross
section of the portion of said resonator through
which said electron path lies having a dimension
parallel to said electron path smaller than the
corresponding dimension of other portions of said
resonator.

14. An electron discharge device having a
cathode for supplying electrons along a given
path and an electrode in said path toward which
said electrons are directed during operation of
said device, a pair of spaced electrodes positioned
between said cathode and said electrode in said
path, and an elongated cavity resonator closed
at both ends and having a predetermined reso-
nant frequency and extending transversely of
the electron path, opposite walls at one end
thereof having apertures therethrough, said
spaced electrodes registering with said apertures
and connected to the walls of said resonator, said
resonator being of substantially uniform trans-
verse dimension normal to said electron path and
having a smaller transverse dimension parallel
to the electron path at said apertures than other
portions of said resonator.

15. In combination an electron discharge de-
vice having an elongated envelope and having
a cathode at one end thereof for supplying elec~
trons along a given path, and another electrode

78 in said path at the other end foward which said
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electrons are directed: during: operation of said
device; a. pair of spaced: gridcmembers. positioned
between said cathode and:said electrode: and:ly-
ing in said path and having radially directed con-
tacts. and. supports extending: through the wall
of said envelope, and.an elongated cavity resona~
tor-closed at. both: ends and:having: a predeter-
mined resonant. frequency. and: extending trans-
versely. of the electron.path and being of substan-
tially uniferm transverse: dimension normal to
said.electron:. path. and hawving a. portion of re-
stricted: transverse: dimension parallel’ to- said
path at one:end: and: provided: at.said restricted
portion. with: a pair of oppositely: disposed apar-
tures through: which: said electron:discharge. de-
vice. extends, said: contacts.and supports of said
spaced grids: being connected to cpposite walls
of:said resonator.

16: An electron discharge device having a cath-
ode for supplying electrons along a. given path
and an electrode in_said path toward which:said
electrons are. directed’ during operation: of: said
device, and an elongated cavity resonater- closed
at both ends and having a. predetermined reso-
nant frequency and: pesitioned between said
cathode and said: electrode and. through which
the electron path is directed, said. cavity resona-
tor having at one.end thereof a plurality of spaced
portions. of constricted transverse.dimension par-
allel. to said’ path; said: electron path- being di-
rected’ through said spaced: constricted portions.

17. In combination, an-electron. discharge- de-
vice having an elongated envelope, a cathode at
one end of the envelope for: supplying electrons

along a.given path, an electrode in said path at -

the other end of the envelope toward which said
electrons are- directed: during operation of said
device, and a plurality of transverse grid mem-
bers positioned successively along: said: envelope
in said path. and having,. contacts- extending
through the walls of the envelope, and an clon-
gated: cavity resonator closed’ at both ends and
having a predetermined’ resonant frequency and

including an elongated hellow- conducting mem- ]

ber provided at-one-end-with & plurality of por-
tions of constricted -transverse-dimension parallel
to sald path, said constricted portions having
registering: apertures threugh which said electron
discharge device extends, the- grid contacts be-

ing. electrically. connected- to- the walls of- said

constricted portions-at said apertures.

18. An electron discharge device having a cath-
ode for supplying eleetrons: along a given path
and an electrode in-said path- toward whick said
electrons are directed during operation of said
device, and a cavity resonator positioned between
said cathode and said electrode and having an
enlarged portion and a curved portion of re-
stricted transverse dimension, said restricted por-
tion being provided with oppositely disposed
foraminous sections disposed in said path and
through which the electrons may be directed to-
ward said electrode during operation of said de-
vice, said restricted portion communicating with
said enlarged portion.

19. An electron discharge device having an
envelope containing a cathode for supplying elec-
trons along a given path and an electrode in
said path toward which said electrons are di-
rected during operation of said device, and a
first cavity resonator section positioned between
said cathode and said electrode and comprising
a curved portion of restricted transverse dimen-
sion, said restricted portion being provided with
oppositely disposed foraminous sections disposed
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in. said path and through which the electrons
may be directed toward said electrode during op-
eration of said device, and a second cavity resona-
tor section having an enlarged portion having
a transverse dimension larger than that of said
restricted portion and. positioned externally of
said envelope, said cavity resonator sections hav-
ing open ends communicating with each other:;
20. An electron discharge device having an
envelope, a cathode within said envelope for sup-
plying electrons.along a given path, and an: elec-
trode in said path toward which said electrons
are. directed during cperation of said device, a
first ecavity resonator section positioned. within
said envelope and:between said cathode and said
electrode, said first: resonator section being U-
shaped and. provided -intermediate the ends of
the .U with foraminous portions disposed in said
path and. through which. electrons are directed
toward said: electrodes during operation.of- said
device, the-end of one leg of said U being closed
and:the. other open, and a.second cavity: resona-
tor- section outside said envelope. and having a
larger: transverse section than: that of said U-

‘shaped’section and coupled with the open leg: of

the first resonator section within said envelope
to provide & resonator having restricted and en-
larged portions:

21. An electron discharge device having an
envelope, a. cathode: within. said envelope' for
supplying' electrons: along a given path, and an
electrode in said path. toward which said: elec-
trons are directed during operation of said de-
vice, a.first cavity: resonator section positioned
within: said” envelope and between said cathode
and said: electrode, said: first: resonator section

being: Us=shaped and provided' intermediate

the ends of the U’ with foraminous. portions
disposed in said" path and through which
electrons are directed toward: said electrode duir-
ing operation of said:device, the end of one leg
of said' U being closed and the other open, and
a; second, eavity resonator sectien outside said
envelope and: coupled with' the open leg. of the
first. resonator section within said envelope: to
provide a.resonator:

22. An- electron discharge device having a
cathode for supplying electrons: along a given
path and an electrode in said path toward which
said electrons are directed: during operation- of
said. device, and a cavity resonator closed-at both
ends and having a predétermined resonant fre-
dquency and positioned between said cathode-and

said:electrode: and having & folded portien-of re-

stricted transverse dimension through which said
path lies and a portion communicating with said
folded portion having a corresponding transverse
dimension greater than said transverse dimension
of the folded portion.

23. An electron -discharge device having a
cathode for supplying electrons along a given
path and an electrode in said path toward which
said electrons are directed during operation of
said device, and a cavity resonator closed at
both ends and having a predetermined resonant
frequency and positioned between said cathode
and said electrode and having a folded portion
of restricted transverse dimension through which
said path lies and a portion communicating with.
said folded portion having a transverse dimen-
sion greater than the transverse dimension of the
folded portion, adjacent folds being spaced from
each other a distance equal to the distance trav-
elled by an electron during a half period of the
operating frequency of said resonator.
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~-924- An electronn discharge device having a
-cathode for supplying electrons along a given
path and an electrode in said path toward which
said electrons are directed during operation of
'said device, and a cavity resonator closed at both
“ends and having a predetermined resonant fre-
quency and positioned between said cathode and
said electrode and having a folded portion of re-
stricted transverse dimension through which said
.path lies and a portion communicating with said
folded portion having a transverse dimension

.greater than the transverse dimension of the

folded portion, said folds being adjacent each
other with no spacing between.

' 25.- An elongated resonator having at one
.end a portion of restricted transverse dimension,

“a cathode for supplying electrons along a given

‘path positioned within said restricted portion and
surrounded by a conducting member forming
part of the wall of said resonator and provided
with a foraminous section in said path through
.which electrons may be directed during operation
of said device, another part of said wall register-
ing with the first mentioned part and provided
"with a foraminous section through which said
‘beam path lies, and an electrode in said path to-
-ward which said electrons are directed after pass-
ing through said foraminous sections during op-
eration of said device.

26. An electron discharge device having an
envelope containing a cathode for supplying elec-
trons along a given path, a cavity resonator sec-
tion surrounding said cathode within said enve-
lope, said resonator section having an inner con-
ducting wall surrounding said cathode and pro-
.vided with a first foraminous portion in said path
through which electrons may be directed during
operation of said device, said resonator section
having an outer wall provided with a second
foraminous portion through which said path lies,
an electrode positioned in said path outside of
‘said resonator section and toward which said
electrons are directed during operation of said
.device, said resonator section being open along
a portion thereof, and a cavity resonator section
outside said envelope and communicating with
the section inside said envelope, the section out-
side of said envelope having a transverse dimen-
sion larger than the corresponding transverse
dimension of the section within said envelope.

27. An electron discharge device having an
.envelope and containing a cathode, a cavity
resonator surrounding said cathode and having
an inner wall surrounding said cathode, said inner
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‘wall being provided with a pair of oppositely
disposed foraminous portions, said resonator hav-
ing an outer wall enlarged adjacent said cathode
and provided with a pair of foraminous portions
registering with the cathode and the foraminous
portions of said inner wall, and a pair of elec-
trodes on the outside of said resonator and regis-
tering with said foraminous portions and toward
which electrons from said cathode are directed
during operation of said device, said resonator
being open along one portion thereof, and a
cavity resonator external-of said envelope and
having a portion telescoped over said envelope
and over the open portion of said resonator with-
in said envolep whereby the interior of the inner
and outer resonators electrically communicate
with each other, the resonator external of said
envelope having a portion of transverse dimen-
sion greater than the corresponding dimension
of the resonator within said envelope.

28. An electron discharge device having a
cathode for supplying electrons along a given
path and an electrode in said path toward which
said electrons are directed during operation of
said device, and an elongated cavity resonator
closed at both ends and having a predetermined
resonant frequency, the transverse dimensions
of said resonator being uniform throughout the
length thereof, one end of said resonator being
divided into a plurality of spaced portions of
small thickness compared to said . transverse
dimensions opening into the remainder of said
resonator, said beam path extending through
said spaced portions.
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