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- 

My invention relates to ultra high frequency 
electron discharge devices and more particularly 
to ultra high frequency electron discharge de 
vices of the space resonant type employing veloc 
ity modulation principles. 
In my copending application, Serial No. 506:- 

501, filed October 16, 1943, entitled “Ultra high 
frequency electric discharge device,” which is 
now patent 2,454,970; granted November 30, 1948, 
and assigned to the same assignee as the pres 
ent invention; I disclosed an ultra high frequency 
oscillator of the reflex velocity modulation type 
in which a cavity resonator is provided. The 
operating frequency of the device is controlled 
either by mechanical means which adjusts the 
position of a tuning diaphragm, or electrically by 
controlling the potentials of a repelling electrode 
with respect to an anode structure. My present 
invention is directed to certain improvements 
in an ultra high frequency electron discharge 
device of this type. 

It is an object of my invention to provide a 
new and improved ultra high-frequency electron 
discharge device- having a wave guide output 
system formed integral with the device. 

It is another object of my invention to provide 
a new and improved cavity resonator in which a 
section of Wave guide is formed integral with 
the resonator and coupled therewith. 

It is still another object of my invention to 
provide a new and improved ultra high-frequency 
electronic tube in which the internal tube struct 
ture is completely fabricated and then slipped 
into an envelope which contains an output wave 
guide. 

It is a further object of my invention to pro 
vide a new and improved cavity resonator hav 
ing a wave guide output in which impedance 
matching between the resonator and the wave 
guide is effected. 

In accordance with one aspect of my invention, 
I provide a new and improved electron discharge 
device employing velocity modulation principles 
and including a metallic enclosing envelope hav 
ing a window therein which is pervious to elec 
tromagnetic waves and which forms one end of 
an external Wave guide section. The electron 
discharge device employs a cavity resonator to 
which is connected within the tube structure a 
section of wave guide Supported adjacent the 
window in the envelope. 
Another feature of my invention relates to the 

improved cavity resonator structure having a 
wave guide output formed integral therewith and 
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2 
high shunt impedance of the resonator to the 
relatively low impedance of the wave. guide sec 
tion. 

For a better understanding of my invention, 
reference inay be had to the following-description 
taken in connection with the accompanying drawa. 
ing and its scope will be pointed out in the ap 
pended claims: Fig. 1 is a longitudinal view, 
partiy in croSS Section, of an electron discharge 
evice of the velocity modulation type-built in 

accordance with my invention. Figs. 2- and 3 are 
detailed cross-sectional views of this discharge de 
vice. Fig. 4 represents: an enlargerinent of certain 
parts of Fig: 1; while Fig. 5 represents a perspec 
tive view - of one part of Fig 1. 

Referring to Fig. 1, my invention is there il 
lustrated as applied to an ultra high frequency, 
electron discharge device comprising an enclos 
iing envelope , preferably of rigid construction, 
comprising a metal having a low coefficient of 
thermal expansion Such as Invar, and which de 
fines at least in part an evacuated space in which 
are positioned various elements and electrodes 
described hereinafter. The envelope. f is sup-. 
ported by and sealed to a base member 2, which 
comprises a flanged metallic part to which the 
lower part of the envelope f is-secured by a suit 
able sealing means, such as by a solder 3. A 
plurality of Seals and lead-in prongs or terminal 
posts 4-9, inclusive, are supported by an insulat 
ing part 8 of base-member 2-in insulated rela 
tion and serve as externally accessible contacts: 
for the electrodes in the electron discharge de 
vice, Of the aforementioned six lead-in seals 
and terminal posts, four are visible in Fig. 1 below: 
the insulating part -g, while two, to wit, parts 
8; 9; are seen in the sectional view of the in 
terior structure of the electronic tube. An 
Grientation" protuberance for guiding the in 
sertion of base member 2 and the terminal: posts 
into an associated socket is provided and may 
comprise the externally located tubular extension 
Ai of insulating material formed integral with 
part ). 
Within the envelope and preferably cen 

trally located near the lower part of the defined 
space, I provide a thermionic cathode which may 
be of the indirectly heated type comprising a 
metallic cylinder f2, preferably coated on the 
exterior of the upper closed end with an elec 
tron emissive material, such as an alkaline earth. 
metal, to serve as a source of electrons. A fila 
ment or heating element 3 is centrally posi 
tioned within the cylinder 2 and is supplied with 

in which means are provided for matching the 55 energizing, current through a pair of conductors 
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i4, 5, conductor 4 being connected between 
one end of filament 3 and terminal post 8 and 
conductor 5 being connected to the terminal 
post 9. Conductor 5 is likewise connected to the 
outer surface of metallic cylinder 2 at its lower 
extremity. 
To focus the electrons emitted at the upper end 

of the cathode cylinder 2, a focussing electrode 
is employed and may comprise a cylinder 6. The 
focussing cylinder 6 is supported within a metal 
lic thimble member which engages a shoulder 
portion 8 on the focussing cylinder 6. The 
cathode cylinder f2 likewise is supported within 
the thimble by means of an insulating disk 
9 which abuts the shoulder portion 8. The 

cylinder 2 is secured to the insulating disk 9 
by a pair of flanged metallic washers 20, 2 which 
engage opposite sides of the disk 9 and are in 
tegrally attached to the cylinder 2, as by Weld 
ing, the disk 9 being retained within the thimble 
| T by means of a retaining ring 22. Focussing 
potentials are supplied to the electrode 6 by 
means of a conductor 23 which is connected to 
the lower end of the thimble i and to the ter 
minal post 7. A shield 23, which may be formed 
of a suitable metal and which is supported from 
ring 22, is provided to prevent any electronic bon 
bardment of the seals 4-9 and their associated 
conductors by cathode 2. Shield 23' also pre 
vents any material which may be evaporated from 
the cathode from being deposited on the seals 4-9. 
The thimble 7 containing focussing cylinder 6, 

in turn, is supported from a dielectric disk 24. 
The thimble 7 is attached to the disk 24 by 
means of a plurality of metallic rings 26, 27 which 
are welded to the outer surface of thimble f7 
and have flanged portions engaging the disk 24. 
A metallic ring 25 is supported by and thermally 
connected to a heat conducting member 28 
formed of a suitable metal having a low coeffi 
cient of thermal expansion, such as Invar, the 
ring 25 being secured thereto as by Welding. The 
heat conducting member 28 may be corrugated, 
as shown, and have an outer diameter such that 
it slips within the envelope making thermal con 
tact therewith at each corrugation. At its lower 
end, the member 28 may rest upon the upper end 
of base 2 and be attached thereto in any Suitable 
manner, not shown, such as by Welding. 
An anode structure defining a cavity resonator 

is provided comprising a substantially cylindrical 
metallic block 29 which rests upon the ring 25 
and may be mechanically Secured thereto, as 
by soldering. The lower portion of the block 29 
is provided with a centrally positioned recess 30 
into which the thimble 7 extends. An upper 
portion 29' of the anode structure is provided 
with a similar centrally positioned recess 3 on 
its upper surface and the cavity resonator of the 
device is positioned within this recess. After the 
resonator is So positioned, the two portions of the 
anode structure are soldered together to form an 
integral structure. 
The cavity resonator 32 comprises a tubular me 

tallic cylinder member 33 which passes through a 
centrally located aperture in the block 29, a coni 
cal member 34, and a flexible diaphragm 35. The 
conical part 34 is circular in form and has a 
flanged portion 36 which engages a shoulder 37 
on the inner surface of the tubular member 33. 
The conical part 34 likewise has a tapered aper 
ture 38 through which the electron beam passes 
and which defines, with one boundary of the cav 
ity resonator 32, a velocity modulating gap 39 for 
the electrons constituting the beam. The flexible 

0. 

5 

20 

25 

30 

40 

60 

65 

70 

75 

4. 
metallic diaphragm 35, which provides means to 
control the natural frequency by controlling the 
physical dimensions of the cavity resonator 32, 
is seated upon a circular flange 40 extending up 
wardly from the top surfaces of a flange 4 which 
forms the upper end of the cylinder 33. The dia 
phragm 35 is provided with a central aperture 
42 to afford a communicating path between the 
cavity resonator and the electrode reversing re 
gion described hereinafter. The radial distance 
from the wall of resonator 32 to the inner surface 
of the circular flange 40 is made approximately 
equal to a half wave length at the desired op 
erating frequency of the electron discharge de 
vice so that the diaphragm 35 and the top sur 
face of flange 4 between the cavity resonator 32 
and flange 40 define an annular portion and form 
a section of radial transmission line of a length 
such that the short-circuit at one end, constituted 
by the flange 40, is reproduced to appear as a 
very low impedance at the inner end of the Sec 
tion of radial transmission line. The diaphragm 
35 and the upper surface of the cylinder 33 are 
provided with a plurality of corresponding con 
centric grooves 43, the function of which is pointed 
out in detail hereinafter. 

Control means are provided for establishing 
electron repelling electric fields and may take the 
form of a cylindrical metallic member 44 which 
is supported by a dielectric cylinder 45 which rests 
upon the upper surface of the diaphragm 35. The 
dielectric cylinder 45, in turn, is secured within a 
retaining housing formed by a hollow vertical 
metallic cylinder 46 having a lateral opening 47. 
The cylinder 46 rests at its lower end in one of the 
grooves 43 on the upper surface of the diaphragm 
35. At its upper end, the cylinder 46 contains a 
transverse member 48. So constructed the mem 
bers 46, 48 form a yoke which surrounds the elec 
trode 44 and which rests upon the upper surface 
of the diaphragm 35, preferably being soldered 
in one of the grooves 43. 

Energizing potentials are supplied to the re 
pelling electrode 44 by means of a transverse con 
ductive strip 49, best seen in Fig. 2, which extends 
through lateral opening 47 and one end of which 
is connected to the upper end of the electrode 44. 
The other end of strip 49 is connected to a vertical 
conductor 50 which passes through a longitudinal 
opening 5 in the block 29 to connect with the 
terminal post 4. Also shown in Fig. 2, is the get 
tering means 52 in the form of a fusible conduc 
tor, the ends of which are connected by means of 
conductors 53, 54 to terminal posts 5, 6. Near 
their points of connection to the gettering means 
52, the conductors 53, 54 are curved and serve to 
Support a trough 55 positioned between the get 
tering means 52 and the electrodes of the dis 
charge device. 

In order to derive ultra high frequency energy 
from cavity resonator 32, a section of a, rectangu 
lar wave guide 56 is formed integral with the 
anode block 29 by milling a transverse rectangu 
lar slot in the block 29. The tubular cylinder 
33, as seen in Fig. 3, constitutes an end wall of 
the section 56 of the wave guide. Electromag 
netic waves are coupled between the cavity reso 
nator 32 and wave guide 56 by means of a small 
slot 57, which is cut in the metallic cylinder 33 
just below the flange 4. The width of the slot 
57, as best seen in Fig. 3, is such that a very 
Small opening 58 is formed in the side wall of 
the cavity resonator 32. In this construction, the 
cylinder 33 forms a step at the end of the wave 
guide and the height of the slot 57 is so corre 
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lated with the dimensions of this step that the 
high shunt impedance of the cavity resonator 32 
is matched with the relatively low impedance of 
the wave guide 56. - 

In order to effect the transfer of energy from 
the wave guide 56 to a utilization circuit external 
to the electronic tube, the envelope f is provided 
with a lateral opening 59 surrounded by an ex 
ternal tubular collar 66. Within the collar 68 is 
disposed a metallic thinble 6 which extends 
slightly through the opening 59 into the region 
within envelope . At its end which projects 
through the opening 53, tile thimble 6i is provided 
with an aperture across which is sealed a vitreous 
window 32, the window &2 being placed directly 
in front of the wave guide section 56. Prefer 
ably, the window 62 is formed of a Suitable glass 
which is pervious to electromagnetic Waves, trans 
mitting them dielectrically with a minimum 
amount of reflection. In the construction of this 
window, the dielectric constant of the glass, its 
thickness and its surface dimensions determine 
its reflective properties. These parameters are 
so correlated that the window pi'ovides minimurn 
reflection and optimum transmission at the de 
sired operating frequency. Adjacent the outer 
surface of the window 62 is an output section of 
rectangular wave guide 63, the dimensions of 
which correspond to the dimensions of the Wave 
guide section, 56. The section 63 is formed in a 
metallic block 6, which is supported from the 
collar 60 by any suitable means, such as the Welds 
65. 
In order to obtain optimum trans(ission be 

tween the wave guides 55 and 63 through the 
window 62, a pair of half-wave chokes 66, SF are 
provided. The choke 68 may be formed by a cir 
cular groove cut in the anode block 29, the bot 
tom of the groove being displaced from the wave 
guide section 56, in a manner well known to those 
skilled in the art, by a distance Substantially 
equal to a half wave length at the desired oper 
ating frequency of the electron discharge device. 
The choke S7, which is also in the form of a cir 
cular groove, is constructed by cutting Shoulders 
68, 69 on the block S4 and Supporting a metallic 
sleeve iO on the shoulder 69. In the construc 
tion of this choke, shoulder 68, likewise is dis 
placed from the edge of the wave guide section 
63 by a distance equal to a half wave length at 
the desired operating frequency of the electronic 
tube. 

In order to permit coupling of an external Wave 
guide to the wave guide section 63, the block 6 
is provided with threads " . A wave guide 72 
which is to be connected with the wave guide 63. 
is provided at its coupling end with a circular 
flange 73, through which pass positioning pins 
4. The pins 4 are arranged to fit in holes 5 
provided in the block 64. The oriented wave 
guide 72 is attached to the wave guide 63 by means. 
of a nut 76 which engages the threads . 
An important feature of my invention, which 

includes a wave guide output formed integral 
with a cavity, resonator and coupled With an ex 
ternal wave guide, is that the internal tube Struc 
ture may be coinpletely fabricated and then. 
slipped into the envelope , which is previously 
formed with the transparent Wave guide windoW 
and output wave guide in position. To effect 
such a method of assembling the tube, the corru 
gated:heat conducting member 28 is provided With 
a longitudinal slot of Such dimensions that it 
passes around the thimble, 61 and assists in orient. 
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6 
ing the internal tube structure in final assembly 
of the device. 
As a means for mechanically controlling the 

position of the diaphragm 35, an externally ac 
cessible actuating means is provided for exerting 
different amounts of pressure thereon, thereby 
controlling the dimensions of the cavity reso 
nator 32. This means may comprise an assembly 
supported by the flat top of the envelope f and 
may include an actuating rod 78 constituting a 
vertically adjustable or positionable member of 
the actuating means. The rod 8 is connected 
to the transverse, member 48. As previously de 
scribed, the transverse member 48 is connected to 
the cylinder 46 which is soldered at its lower ends 
to the diaphragm. 35. Alternatively, the cylinder 
4S may be seated in one of the annular grooves 
43; and the diaphragm may be formed to have a 
resiliency tending to restore itself to a Vertical 
position whereupon the diaphragm is maintained 
in contact With the cylinder 46. In such in 
stances, the control of the form and position of 
the diaphragm is accomplished by the amount 
of Vertical pressure exerted thereagainst. 
Surrounding the vertical rod 8 is a hollow tun 

ing screw. 79 which is welded, or brazed around 
the top of rod 78 to form a vacuum-tight sea, 
not shown. At its lower end, the hollow, tuning 
Screw F3 is welded or soldered to, a metallic bel. 
OWs, 3 sea.ied to the: inner surface of envelope. 
to provide a sealing structure of deformable char 
acter in the Upper portion of the envelope. 
Above the envelope and in an externally, ac-. 

cessibie position, a micrometer adjusting means: 
is . is provided to actuate theroid. 78 whereby, up 
On actuation, the rod 78. is moved to position the 
diaphragm 35 in minutely determinable degrees: 
to. obtain a desired control in the operating: fre 
quency of the device. Preferably, the rod 18, 
the transverse member 48, the supports, 46, 47, 
tlining Screw 9, and micrometer 8 are com 
posed, similar to envelope and member 28, of a 
metal having a low coefficient of thermal expan 
Sion, InVar being. We Suited for this construc. 
tion, So constructed, the device experiences 
little charge in . Operating frequency, as the op 
erating temperature varies. 

Fig. 2 is a croSS-sectional view of the device 
shown in Fig. 1 along the lines 2-2 and repre 
Sents: the disposition of the reflector, electrode 44, 
the fiat conductor 49, and the getter 52, all with 
respect to the anode block 29. Fig. 3 is a cross. 
Sectional. View of the anode block 29 of Fig. 1 
taken along the lines. 3-3 and shows the general 
Circular form of the block 29 and the location of 
the transverse slot which forms the wave guide 
56. This figure also shows the position of the 
Cavity resonator. 32 and the coupling aperture 
58 with respect to the Wave guide 56. 

In considering the operation of the embodi 
ment of my invention described above, it may be 
stated generally that the electron discharge de 
Vice is of the velocity modulation type wherein 
the electron beam is velocity: modulated period 
ically. So that Successive groups of electrons are 
alternately accelerated and decelerated tending 
to group the electrons in the beam after the 
beam has traversed the Velocity modulation gap. 
39 in the resonator 32. The particular: form of 
electron discharge device described above oper 
ates in accordance, with reflex principles. After 
undergoing velocity modulations, the electrons 
are given an opportunity to assume a charge 
density, distribution incident to the effects of: the 
velocity modulation and are reversed in the direct. 
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tion of travel to re-enter the cavity resonator de 
livering energy to the electromagnetic fields 
thereof and through the output aperture 58 to 
the wave guide Section 56. In the device de 
Scribed above, an electron beam is established by 
virtue of the unidirectional potential impressed 
between the anode construction comprising the 
block 29 which is maintained at the potential of 
the envelope and the cathode cylinder 2. The 
electrons of the beam initially assume a Welocity 
determined by the differences in potential im 
pressed between the anode and cathode. Nega 
tive potential is supplied likewise to the focussing 
cylinder 5 which tends to restrict the size of 
an electron beam, confining it to a relatively 
Small area in Order that a large percentage of 
the electrons pass through the cavity resonator 
32 through the conical part 38. ASSunning an 
excitation of the cavity resonator 32 by virtue of 
sporadic motion of electrons across the gap 39 
during starting Operation, the resonator is Set 
into an oscillation and there is established across 
the modulating gap 39 between the upper edge 
of the Conical part 38 and the diaphragm 35 an 
alternating high frequency potential incident to 
the electromagnetic field within the cavity res 
Onator. By Virtue of the alternating nature of 
this potential, electrons which are in the effec 
tive region of the gap 39 during periods of time 
when the diaphragm 35 is positive with respect 
to the conical part 38 are undergoing an acceler 
ation. Consequently, the electrons, after trav 
ersing the gap 39, pass through the aperture 42 
and proceed into the region of the field pro 
duced by the reflecting electrode 44 which, pref 
erably, is maintained at a negative potential with 
respect to the cathode. The distance which the 
electrons proceed in their paths beyond the dia 
phragm 35 is a function of the kinetic energy of 
each electron. It is Well understood that the 
energy of an electron may be referred to a volt 
age which Will accelerate the electron to a 
particular Velocity, establishing that amount of 
kinetic energy. The faster electrons obviously 
travel further toward the reflecting electrode 
before they are stopped and reversed than do the 
slower electrons. 
The operating frequency of the system may be 

Controlled either by controlling the physical 
dimensions of the cavity resonator 32 by means 
of the micrometer adjusting means 8t, or by 
Controlling the Voltage impressed upon the Wari 
ous electrodes including the Voltage of the cath 
ode cylinder 2 with respect to the anode and 
the Voltage of the reflecting electrode 44. Con 
sidering first the control of the operating fre 
quency by virtue of change in the natural reso 
nance frequency of the cavity resonator, the posi 
tion of the diaphragm 35 controls one boundary 
of the resonator and, consequently, controls its 
natural frequency. Ready adjustment of the 
position of this boundary is obtained by nove 
ment of the rod 78. 
The operating frequency, as stated above, may 

also be controlled by variation of the voltages 
impressed upon the reflecting or repelling elec 
trode 44, in this manner controlling the transit 
time of the electrons in the beam and conse 
quently controlling the phase of charge density 
modulated electrons which are returned to the 
cavity resonator with respect to the field thereof. 
By using this method of controlling the operat 
ing frequency, it has been found that a final 
adjustment of the range of frequency may be 
obtained. 
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One of the features of my invention is the 

particular configuration of the reflecting elec 
trode 44. As may be seen by reference to Fig. 1, 
this electrode is in the form of a hollow cylinder 
having its open end adjacent the aperture 42 in 
the diaphragm. 35. The configuration of the elec 
trode, moreover, is such that it provides both 
Optimum transit time and optimum focussing of 
electrons so that they return through aperture 
42 and in proper phase relation with the electro 
magnetic fields of the resonator. 

It has been found in the operation of fre 
quency devices of the type disclosed that excel 
lent transmission of energy is obtained from 
the cavity resonator 32 to an external wave guide 
by Virtue of the construction in which all cou 
pling between the resonator and a wave guide is 
effected within the tube itself, and that trans 
mission of energy between the Wave guide Sec 
tions 56, 63 is effected with substantially little 
reflection of electromagnetic waves. This result 
is attributable in large part to the construction 
of the Wave guides and the Window in which 
chokes are provided and formed integral with 
the anode block and output guide 63. 
While I have shown particular embodiments 

of my invention, it will of course be understood 
that I do not wish to be limited thereto, since 
Various modifications may be made, and I con 
template by the appended claims to cover any 
Such modifications as fall within the true spirit 
and scope of my invention. 
What I cairn as new and desire to Secure by 

Letters Patent of the United States, is: 
1. An electrode structure for an ultra high fre 

quency electron discharge device of the cavity 
resonator type comprising a metallic block hav 
ing a Central aperture therein, a hollow metallic 
nember Supported in said aperture defining a 
portion of a cavity resonator, said member com 
prising an entrance part for receiving electrons 
and producing a narrowly defined control region 
within said resonator, a deformable diaphragm 
positioned Opposite said entrance part and hav 
ing an aperture therein, said block having a trans 
Verse slot defining a wave guide, said metallic 
member extending across said slot and forming 
an end Wall for Said Wave guide, said metalic 
member having a transverse slot, whereby energy 
from said resonator is coupled into said wave 
guide. 

2. An ultra high frequency electron discharge 
device Cornprising an enclosing metallic envelope, 
a Cavity resonator positioned. Within Said enve 
ope, means Within said envelope for exciting said 
resonator, a Section of Wave guide of the hollow 
pipe type supported Within Said envelope, means 
Coupling said resonator and said section, said 
envelope having a dielectric window formed con 
tinuously thereWith and positioned opposite one 
end of Said Wave guide, means supported by said 
envelope defining a second section of wave guide 
external to Said device, said sections of wave 
guide being aligned with each other and said win 
doW being disposed between said sections, where 
by electromagnetic waves from said resonator are 
tiransmitted between said sections of wave guide 
through said Window, and choke means surround 
ing Said Sections adjacent said window to facili 
tate trainsmission of electromagnetic Waves 
through said sections, 

3. A device as in claim 2 wherein said choke 
means comprises annular grooves within each of 
said sections. 

4. An electron discharge device of the velocity, 
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modulation type comprising an envelope, a pill 
rality of co-operating electrodes within said en 
velope including a resonant electrode structure 
comprising a metallic block having a central 
opening therein, metallic means supported with 
in said opening having walls defining a generally 
annular cavity of diameter substantially less than 
the transverse dimension of said opening, and a 
circular flexible diaphragm of diameter greate 
than said cavity spaced from said metallic means 
and defining therewith a cavity resonator includ 
ing said cavity and an annular portion between 
said metallic means and said diaphragm, said 
metallic means and said diaphragm having 
aligned apertures through which an electronbeam 
may be projected to excite said resonator. 

5. A device as in claim 4 wherein the radial 
dimension of said annular portion between said 
means and said diaphragm is substantially equal 
to one-half of the wave length at a predetermined 
operating frequency of said device. 

6. An electron discharge device of the velocity 
modulation type comprising an envelope, a plu 
rality of co-operating electrodes Within said en 
velope including a resonant electrode structure 
comprising a metallic block having a central 
opening therein, metallic means supported within 
said opening having walls defining a generally 
annular cavity of diameter substantially less than 
the transverse dimension of said opening, and a 
circular flexible diaphragm of diameter greater 
than said cavity spaced from said metallic means 
and defining therewith a cavity resonator includ 
ing said cavity and an annular portion between 
said metallic means and said diaphragm, said 
metallic means and said diaphragm having allinged 
apertures through which an electron beam may 
be projected to excite said resonator, said block 
having a second opening defining a metallic wave 
guide, said metallic means forming an end Wall 
for said wave guide and including means inter 
coupling said cavity resonator and said wave 
guide whereby energy from said resonator may 
be coupled into said wave guide, said envelope in 
cluding a window pervious to electromagnetic 
waves at one end of Said Wave guide. 

7. A device as in claim 6 including means de 

O 
fining a wave guide external to said envelope cou 
pled to said first mentioned wave guide through 
said Window. 

8. An electron discharge device of the velocity 
modulation type comprising an envelope, a plu 
rality of co-operating electrodes within said en 
Velope including a resonant electrode structure 
comprising a metallic block having a central 
Opening therein, metallic means supported with 

() in said opening having walls defining a gen 
erally annular cavity of diameter substantially 
less than the transverse dimension of said open 
ing, a circular flexible diaphragm of diameter 
greater than said cavity spaced from said me 

i5 tallic means and defining therewith a cavity 
resonator including said cavity and an annu 
lar portion between said metallic means and said 
diaphragm, said metallic means and said dia 
phragm having aligned apertures through which 

i) an electron beam may be projected to excite said 
resonator, said block having a second opening de 
fining a metallic wave guide, said metallic means 
forming an end wall for said Wave guide and in 
cluding means inter-coupling said cavity reso 

25 nator and said wave guide whereby energy from 
said resonator may be coupled into said wave 
guide, said envelope including a Window pervious 
to electromagnetic waves at one end of said wave 
guide, and means defining a wave guide external 

30 to said envelope coupled to said first mentioned 
Wave guide through said Window, said block and 
said last-mentioned means each including grooves 
defining chokes Surrounding said Wave guides 
and positioned adjacent said window. 
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