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HIGH-FREQUENCY TUBESTFRECTFERE 
Donald E. Snow, Henapstead, Edward L. Ginzton, 
Wantagh, and Donald R. Hamilton Garden 
City, N.Y., assignors to Sperry Gyroscope.Com 
pany, Inc., Brooklyn, N.Y., a corporation of 
New York 
Application June 18, 1942, Serial No. 447,536 

- (C1.315-5) 21 Claims. 

This invention relates, generally, to ultra high 
frequency electron beam velocity, modulating de 
vices and, more specifically, to improvements in 
the type-Of single resoraator or reflex ultra high 
frequency tube disclosed in U. S. Patent No. 
2,250,511, issued July 29, 1941 in the names of 
RuSSell H. Warian and William W. Hansen, for 
"Oscillator stabilization system.' 
At very high frequencies, the component parts 

of such electron beam tubes become very Sakall. 
For example, the resonator must be of such a 
Size that resonator Walls of Suitable thickness are 
comparable in dimension to the depth of the 
resonator. Other problems, such as closeness of 
entrance and exit grid spacings, make simplicity 

used as local oscillators, as in aircraft receivers, 
low electron beam accelerating voltages are used 
resulting in low power output. Thus, elimination 
of either the entrance or exit grid becomes “de 
sirable as these grids stop electrons of the beam 
and thus cause a further reduction in power. 
The conventional reflex electrora bea;in velocity 

modulating tube contains a cathode, an entrance 
grid, an exit grid, and a reflector plate. The 
present invention provides novel means for elim- . 
inacting either the entrance or the exit grid. 

It is therefore an object of the present inven 
tion to provide a novel electron beam velocity 
modulating ultra high frequency oscil later, 
adaptable for use with a mixer, in which the exit 
grid. is eliminated. 

Another object lies in the provision of such a 
device in which the reflector electrode is placed 
in the position formerly occupied by the exit 
grid. 
A further object is to provide filter means to 

prevent the escape of ultra high frequency-en 
ergy past the reflector plate, which must nec 
essarily be insulated from the resonator body 
itself. 
Yet another object is to provide electron ab 

sorption means in place of the reflector plate, 
said absorption Eleans functioning as a density 
modulating device. 
A still further object is to provide combination 

filter and reflector piate means which also func 
tions as the eraergy extracting means in such a 
device, making other energy extracting means 
unnecessary. - 

An object is to incorporate means for changing 
the natural frequency of the resonator of Such 
a device, in which frequency change is accom 
piished by motion of the reflector plate, the mo 
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2. 
tion being transmitted through the inner con 
ductor of the filter means. 
A further object lies in the provision of ah 

electronbeam-velocity modulating device-in-which 
the entrance grid is omitted, the cathode emitter 
surface occupying the position formerly taken by 
the entrance. grid, . 
A still further object is the provision of filter 

means to prevent, the escape of electromagnetic 
energy from the resonator past, the cathode 
when the entrance grid is omitted. 
Another object lies in the provision of velocity. 

modulating devices; compactly designed and 
with a minimum number of grids, So...that active 
electrons are not removed from the beam, and 
fewer secondary electrons are formed. 

Still another-object is to provide means outside 
the resonator for absorbing spent electrons of 
the electron beam. 

Other, objects and advantages. Will become-ap 
parent from the specification, taken, in C013 heG 
tion with the accompanying drawings wherein. 
the invention is embodied in concrete-form. 

In the drawings, 
Fig. 1 is an elevation cross-section view of a 

form of the present invention, which eliminates 
the resonator exit grid. - 

Fig.2 is: an explanatory graph. 
Fig. 3 is a fragmentary cross-section view of 

a modified portion of Fig.1 shewing means...for 
concentrating the electron: beam. 

Fig. 4 is a fragmentary cross-section view of 
a modified portion of Fig. 1 showing...electron 
absorption means. 

Fig. 5 is a cross-section view of an alternate 
form-of-a-portion of Fig.1 showing novel cou 
pling means. 

Fig.6 is an elevation... cross-section view of an 
alternate form of Fig. i. 

Fig. 7 is a fragmentary cross-section view of a 
modified portion of Fig. 6. 

Fig. 8 is an elevation cross-section view of a 
form of the invention. which eliminates the 
resonator entrance grid. . 

Figs. 9 and 10 are partial cross-section views 
of modified forms of Fig. 1 that have means ex 
terior to the resonator for absorbing spent elec 
tronS. - - 

Similar characters of reference are used in all 
of the above figures to indicate corresponding 
parts. 

Referring now to Fig. 1, there is seen an ele 
vation cross-section view of an embodiment of the 
present invention especially useful at very short 
wavelengths. A cathode emitter surface is sup 
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3. 
ported in a focusing cylinder 4 on which is mount 
ed a mesh wire grid 3 directly in front of emitter 
l, both cylinder 4 and the hot cathode being Sup 
ported from insulator 5. Lead wires 2 feed cur 
rent to a heater coil (not shown) inside of cathode 
f. Woltages are applied to leads 2 and to focusing 
shields by means of leads 6, 1, respectively, which 
pass through the glass portion 8 of the vacuum 
envelope. The cathode structure is centrally po 
sitioned in a cylindrically apertured conducting 
member 9, which also supports resonator entrance 
grid 0 parallel to cathode emitter surface . 
Grid O may consist of alternate short and long 
conducting radial grid wires. Member 9, together 
with flexible conducting diaphragm 12 mounted 
thereon, forms one wall of a cavity resonator, the 
remainder of the resonator being enclosed by 
resonator body . 
As shown in Fig. 2 of the aforementioned U. S. 

Patent No. 2,250,511, there is usually provided op 
posite the entrance grid 0 and positioned cen 
trally in resonator body if, a second or exit grid 
similar to grid fo, through which the electrons 
from cathode f pass. After the electron beam 
leaves the resonator it is reflected back thereto by 
means of a reflector electrode operating at or 
near the potential of the cathode. If an ultra, 
high frequency electromagnetic field exists within 
the resonator, the electron bean undergoes re 
current velocity changes by the action of the field 
during the beam's initial passage through the res 
onator. As the electron beam passes beyond the 
resonator toward the reflector electrode, the ef 
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fect of the velocity modulation is to commence 
recurrent grouping of the electron beam. The 
spacing between the resonator exit grid and the 
reflector electrode, and the voltage on said elec 
trode are so arranged that the electrons are re 
flected back into the resonator at a time when 
the velocity modulation has resulted in density 
modulation producing electron groups and the 
electron groups return energy to the electromag 
netic field thereby maintaining it. Direct cur 
rent, introduced into the device by means of the 
electron beam, is thus converted to ultra high fre 
quency energy and may be removed from the res 
onator by means of coupling loops and associated 
concentric line elements. 
In the present embodiment of the invention, 

however, the exit grid is dispensed with, and the 
reflector plate is introduced in a novel and useful 
manner. As seen in Fig. 1, the reflector Surface 
8 is positioned substantially flush with the inner 
conducting surface of resonator body . The 
surface 8 is the flat end surface of a quarter 
Wave long cylinder 9, which forms a portion of 
the first section of a low pass filter consisting of 
an outer cylindrical conducting tube surround 
ing concentrically an inner conducting member 
comprising approximately quarter-WaWe long 
sections 9, 20, 2t, 22 which are alternately large 
and small in diameter. The last small diameter 
section 22 of the filter protrudes through glass to 
metal seal 23, thus providing support for the inner 
conductor of the filter. The filter is provided in 
order that a voltage equal to the cathode voltage, 
or some other desirable voltage may be supplied 
to reflector surface 8 without the loss of ultra 
high frequency energy from the OScillating elec 
tromagnetic field inside the resonator. Any num 
ber of filter sections may be employed; however, 
four alternately large and small diameter sec 
tions ordinarily provide adequate attenuation. 
The design and operation of such filters have been 
described in copending application Serial No. 
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4. 
457,095, entitled "High frequency filter struc 
ture,' filed September 2, 1942, in the name of 
William W. Hansen. 

Energy may be removed from the resonator by 
coupling loop 24, which is shown at the termina 
tion of coaxial line 25. In very short wave devices 
of this type, the resonators may be so Small that 
coaxial lines of conventional size cannot conven 
iently be utilized; consequently line 25 is made 
very small in diameter. Both conductors are ex 
panded in tapered section 26 to adapt the line to 
a section 27 of normal size. Continuity of the 
vacuum envelope is provided in line 27 by the 
glass-to-metal seal 28. Tubular outer conductor 
29, with its threaded fianged portion f, serves in 
the conventional manner as a connector to a Con 
ventional coaxial line to lead energy to utilization 
apparatus. Additional coupling loops may be 
supplied, if desired. 
Aspider, fixed on reentrant member 9 and hav 

ing three legs 3 spaced opposite three legs 5 
attached to resonator body f, forms, together 
with screws 6, means fortuning the resonator by 
variation of the space between grid () and re 
fiector 8, in the well known manner. Other well 
known tuning devices, as shown in later figures, 
may be used if desired. 
One mode of operation of the device may be 

described with reference to Fig. 2, illustrating an 
idealized graph of space potential as a function of 
distance between the cathode and the reflecting 
surface 8. The reflector is assumed to be at 
cathode potential, and the effects of Space charge 
are neglected. As seen in Fig. 2, the potential on 
any electron in the space between cathode f and 
reflector surface 8 is an increasing function of 
the distance from cathode . After passing 
through grid fo, the electron is acted upon by a 
field which is the sum of a constantly decreasing 
potential and the alternating potential due to the 
ultra, high frequency oscillating field between grid 
f) and reflector 8. Dotted lines 48, 48 represent 
extreme conditions of this resultant field. Elec 
trons, accelerated by the direct voltage between 
emitter and grid (, pass through grid 9 with 
a uniform velocity, and while traversing the Space 
from grid 0 to their point of reflection and back 
through the grid 0, are velocity modulated in the 
conventional manner. After passing through grid 
9 in the reverse direction, the electrons are re 

flected in front of the cathode structure and are 
again directed through grid O. During this last 
reflection, the electron beam has become density 
modulated, and returns to the Space between grid 

and reflector 8 to give up energy to the OScil 
lating electric field therebetween, thus maintain 
ing electromagnetic oscillations in the resonator. 
It is seen that the distance between grid 0 and 
the point of reversal of the paths of the electrons 
in front of reflector 8 and Cathode is deter 
mined by the flight time necessary to bring the 
density modulated beam into the oscillating elec 
tric field at the proper instant to give up. energy 
to that field. 

Analysis of another mode of operation of the 
device shown in Fig. 1 may also be made similar 
to the analysis of operation of the electron beam 
velocity modulating reflex devices disclosed in the 
above mentioned U. S. Patent #2,250,511. Elec 
trons from emitter are focused into a slightly 
converging circular cross-section beam by focus 
ing shield 4, and have been accelerated by the 
cathode voltage on reaching entrance grid . In 
traveling from grid it toward reflector surface 
(8, the beam is velocity modulated. With proper 
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interelectrode spacings, and with the proper re 
flector voltage, all of the electrons are reflected 
before reaching surface of 8 and travel again to 
ward grid-9. During the interval of reflection, 
the velocity modulation of the electron beam has 
resulted in density modulation, in Such a manner 
that these electrons give up energy to the Oscillat 
ingfield thus maintaining it. It is again seen that 
inter-electrode distances are determined by the 
necessary-electron transit time. 

If the voltage impressed on reflector surface 8 
is not sufficient to reflect those electrons which 
are most accelerated during the velocity modula 
tion process, they will be collected by the reflector. 
Surface 3 may be provided under such circum 
stances with a secondary electron Suppressing 
material. The action may be:Spoken of as-elec 
tron beam density modulation by absorption. 
Suppose that all electrons passing grid during 
the half of the cycle in which the oscillating field 
aids the beam acceleration voltage Strike the re 
flector 8 and are collected. These electrons re 
move energy from the field. Electrons entering 
the resonator one-half cycle later find the OScil 
lating field opposing their motion, and thus Sup 
ply energy to the field. These electrons are So 
decelerated by the retarding potential of reflector 
8 that they are reversed in direction without 

striking the reflector. As the reflected electrons 
travel back toward grid G, the oscillating field has 
again reversed; consequently the electrons again 
addenergy to the field. The result is a positive 
addition of energy to the oscillating electromag 
netic field, so that the field is maintained. The 
device of Fig. 1, as well as alternate forms to be 
further.discussed in connection with later figures 
may thus operate as simple velocity modulation 
device, or, as an absorption density modulation de 
vice, as desired. 

Fig. 3 illustrates a slight modification in the 
configuration of the electrodes of the device of 
Fig. 1. The cathode and heat or focusing shield 
4 are seen to be similar to those of Fig. 1. The 
radial grids of Fig. 1 are, however, replaced 
by a knitted or woven grid 39, which is preferably 
made of a conducting material or may be plated 
With a conducting material. The grid 3 is made 
to bow away from the focusing shield 4 into the 
resonator space. The first Section 9' of the filter 
is modified so that its upper reflecting surface 8' 
is concave. The surface 8' may be parallel to 
the surface 3 or may not, as desired. The actual 
configuration is empirically adjusted to give best 
focusing of the electron beam, and it seems evi 
dent that one skilled in the art may use many 
modifications of the grid and reflector plate 
shapes shown in FigS. 1 and 3. 

If the device of Fig.1 is operated by the absorp 
tion bunching principle, the modification shown 
in Fig. 4 is useful. In this figure the first sec 
tion - 9'. Of the filter is modified so that the re 
flecting surface - 8 of Fig. 1 is replaced by a grid 
33 which may be a woven or knitted grid. The 
cylinder 9’’ is made hollow and contains in its 
bottom a reentrant conical projection 34. In op 
eration, the electrons which pass the grid 9 at 
a time when the oscillating field in the resonator 
accelerates them, pass through the grid 33 and 
are collected by the Fairaday cage action of the 
element 9'. The cone 3A is provided so that 
secondary electrons emitted when high energy 
electrons strike its surface will not be reflected 
back into the resonator cavity. Alternatively, if 
desired, the surface 8 of the reflector may be 
coated with a secondary emission. Substance, SO 
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6 
that density modulationis caused when high-speed 
velocity modulated electrons strike the surface 8. 
With reference to Fig.1 it was stated that for 

very small Wavelength devices of this type it may 
sometimes be difficult to introduce coupling loop 
24 and its associated coaxial line. Fig.5 shows.a 
modification of the structure of Fig. 1 Combin 
ing the energy-removing device and the filter 
through which the reflector voltage is introduced. 
Only section 9 of the filter is used, concentri 
cally supported in an outer conducting tube 35 by 
an inner conducting.rod 46, Rod A6 is in turn 
supported by a rod 362 which passes out through a 
glass to metal seal 38 in the end of tube 35. At 
the junction between rods 36; and A6, rod. 36 has 
a small diameter projection 47 which is a quarter 
wave long, and which is inserted into a central 
hole in rod 46, rods 36 and 46 being insulated 
from each other by means of an insulating bush 
ing 48 approximately, a quarter Wave long. At 
tached at right angles:to rod 46 is a small diam 
eter inner; conductor 40, which passes through a 
hole in outer tube 35. Outside of tube 35, con 
ductor 40 is concentrically surrounded by a con 
ducting tube;39. Near the outer end of tube. 39. 
the inner conductor 40 is expanded into a Sec 
tion 43 almost equal the inner diameter of the 
tube 39 and insulated therefrom by an insulat 
ing bushing 44. Section 3 of the line is made 
approximately acquarter Wave long, and is termi 
nated by a lead :45. A glass to metal seal 42 is 
provided to give continuity to the vacuum en 
velope. 
In the operation of Fig. 5, a Voltage equal to 

or near cathode voltage is applied to the lead 
45, and is thus directly introduced to the reflector 
plate surface 8. The filter section - 9 allows 
an arbitrarily chosen amount of energy to flow 
down the concentric line 46, 35 and may be de 
signed so that a maximum amount of ultra high 
frequency energy can be removed from the res 
onator without . Overloading it and causing Oscil 
lations to stop. The insulating section 48 pre 
vents the reflector voltage from going out on the 
inner conductor 36 to utilization apparatus, and 
the: filter section 43 prevents ultra high frequency 
from leaking-out into space, the coaxial line 39, 40 
being designed to have very high impedance at 
the frequency used. The tube .35:is provided with 
a threaded flanged portion 3, to which a con 
ventional coaxial cable may be attached. Filter 
Section 9 may be a hollow Faraday cage simi 
lar to section 9' of Fig. 4, if desired. 

Referring now to Fig. 6, there is illustrated a 
modification of the device of Fig. 1 in Which 
thermal tuning of the resonator is readily accom 
plished. The cathode structure may be similar 
to that previously described. A hollow resona 
tor 55 is formed by a centrally apertured con 
ducting plate 56, a cylindrical conducting tube 
57, and conducting member 58 with a protruding 
portion 54. Portion 54 has a surface 53 that 
may be utilized as a reflecting electrode. Tube 
5 is extended to provide the Outer conductor of 
a coaxial filter whose inner conductor comprises 
alternately large and small portions 58, 59,60, 
and 6. A centrally apertured conducting plate 
63 closes the tube 57 and terminates the filter. 
The last small diameter portion 6 of the filter 
consists of a thin walled conducting tube which 
has an extension 65 projecting through the aper 
ture in the plate 63. Extension 65 is concen 
trically surrounded by a tube 64 attached to the 
plate 63. A glass seal 66 between tubes 64 and 
65 provides continuity to the vacuum envelope. 
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as well as an insulating support for the inner fil 
ter structure. This construction allows the sur 
face 53 to be maintained at a desired poten 
tial with respect to the entrance grid O while 
preventing radiation loSs from the resonator. 55 
through the glass seal 66. Tube extension 65 
contains a cartridge or other type of heater 62 
to which power is applied by leads 68 passing 
through an insulator 67. Power applied to the 
heater 62 causes expansion of the thin Walled tube 
6, 65; consequently the spacing between the en 
trance grid O and the reflecting Surface 53 is 
altered by the motion transmitted down the en 
tire inner conductor of the filter. Thus the res 
onant frequency of the resonator 55 may be varied 
at Will in the Well knoWr manner. 

Electrical tuning may be readily effected in the 
device of Fig. 6 by variation of the Voltage ap 
plied to the reflector electrode 53. As is Well 
known in the art, Such a tuning method is most 
useful with low Q, high shunt impedance res 
onators. If the protruding portion 54 (and the 
electron beam) is made very Simal in diameter 
as compared to the diameter of the resonator, 
a low Q resonator results. If desired, these fea 
tures may be combined in the device of Fig. 6, 
electrical tuning being used to provide changes 
Over Small frequency ranges, and thermal tuning 
being employed to provide changes over large 
ranges. If desired, the protruding portion 54 of 
the resonator 55 may be omitted, as seen in 
Fig. 7. In this case resonator 55' has a very 
high Q and has a considerably lower effective 
shunt impedance than the resonator 55 of Fig. 6. 

Referring now to Fig. 8 there is illustrated 
a form of the invention in Which the entrance 
grid to the resonator is omitted, an exit grid be 
ing supplied. An emitter surface 8 of a cathode 
89 is placed coincident with the usual position 
of the entrance grid and a filter is provided 
around the cathode 8). The Cathode 8 has a 
long tubular heat shield mounted on insulating 
washer 82 and is Supplied With heating power by 
leads 83 connecting to leads 86 which pass out 
of the vacuum envelope through glass to metal 
seals 8. Concentrically Surrounding the cath 
ode 8 are small and large diameter conducting 
cylindrical tube sections 89, 90, 9, 92, and 93 
respectively. Annular plates 94, 95, 96, and 97 
connect adjacent, dissimilar diameter tube Sec 
tions to provide electrical and structural con 
tinuity. The tube 80 together with the composite 
Outer conductor form a low pass filter Which func 
tions similarly to the filter of Fig. 1. It is to be 
understood that the two forms of the filter may 
be interchangeably employed according to me 
chanical convenience. A lead 85, passing through 
the glass seal 87 and connecting to a lead 84, is 
provided to maintain the cathode at the desired 
negative potential. The last portion. 93 of the 
filter is fastened to an annular plate 98 which 
comprises, together with cylindrical tube C3 and 
opposed apertured plate ii, the resonator 9. 
A cylindrical tube supporting an exit grid 
G2 projects through the aperture in plate fe. 
A conventional reflecting electrode 8 mounted 
on a conductor is is held within the tube if 
in the proximity of the grid 2 by a glass Seal 
if which both provides continuity to the vac 
uum envelope and electrical insulation for the 
conductor G9. Tuning of the resonator 0 is 
shown to be accomplished by a conducting or 
dielectric plug 3, which, by rotation of knob 

5, may be inserted to a greater or lesser de 
gree into the resonator. Reentrant glass tube 
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8 
f4 surrounding the plug f3 is sealed to a con 

centric metal tube 2 inserted in the side 03 of 
the resonator to provide continuity of the vac 
uum envelope. The Operation of such a tuning 
device is to cause distortion of the electromag 
netic field inside of the resonator, thus altering 
its natural frequency in a Well known manner. 

Fig. 9 shows a form of the present invention 
Ost useful When Operated as a simple electron 

bean reflex velocity modulating device. A 
cathode i3 is seen mounted in a concentric tubu 
lar focusing shield 32 having at its outer end a 
focusing grid 3 which is substantially parallel 
to the emitting surface of cathode 30. An en 
trance grid 3 to a resonator 38 is made sub 
stantially conical, the cone pointing toward the 
center of the grid 3. The exit grid of the 
resonator is again omitted, the reflecting voltage 
being applied through a filter A3 to a conical pro 
truding reflector 45 whose surface may be paral 
lel to that of grid 3. Electrons from which 
energy has been extracted are now refected to 
Ward a grounded annular plate 33 surrounding 
the focusing grid 3, so that substantially none 
of these electrons are allowed to strike the emit 
ting Surface of the cathode. 

Fig. 10 shows a slight modification of the device 
of Fig. 9 which is useful for a similar purpose. 
A cathode 70 is mounted with its axis of sym 
metry at an angle with the axis of symmetry of a 
resonator 74. The electron beam of cathode 70 
is projected through a large opening in a wall 
f76 of the resonator 4 containing radial grid 
bars 7 and is again reflected by a reflector sur 
face 9 supported by a filter 8? similar to that 
of Fig. 1. Spent electrons are allowed to pass 
through the grid T and are collected by con 
ducting wall 5. It seems apparent that any de 
desired method of tuning of the resonators of 
Figs. 9 and 10 may be used. The subject matter 
of Figs. 6-10 is described and claimed in our co 
pending divisional application. Seria No. 734,690. 
As many changes could be made in the above 

construction and many apparently widely dif 
ferent embodiments of this invention could be 
made without departing from the Scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompanying 
drawings shall be interpreted as illustrative and 
not in a limiting Sense. 
What is claimed is: 
. High frequency tube structure comprising 

means for producing an electron stream, a hollow 
resonator having electron permeable entrance 
means in the path of said stream and an Opposite 
apertured wall, a cylindrical insulated reflector 
electrode positioned within said aperture and 
having its end substantially flush With Said Wall, 
and a tubular member surrounding said reflector, 
said reflector being substantially a quarter-wave 
length long at the operating frequency of Said 
structure, whereby it forms a filter with said 
member for preventing leakage of energy past 
said reflector. 

2. A thernionic tube structure comprising a 
hollow resonator having opposed apertured Walls, 
an entrance grid occupying an aperture in One Of 
said walls, a reflecting electrode occupying an 
aperture in the opposed wall, means aligned With 
said grid and electrode for projecting a beam of 
electrons through said entrance grid in a man 
ner to be refected by said electrode for exciting 
electromagnetic waves within said resonator, and 
means including said reflecting electrode as an 
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element; thereof for abstracting a predetermina 
ble amount of energy from said resonator: 

3. An ultra high frequency oscillator compris 
ing means for-emitting electrons, means for form 
ing the emitted electrons into a, beam; an electro 
magnetic resonator adapted to 'contain an OS 
cillating electric field therein in the path of said 
beam, whereby velocity modulation of the beam 
is produced by the oscillating electric field con 
tained within said resonator, a conducting elec 
trode. Substantially flush with al-Wall" of said res 
onator and insulated therefrom, means con 
nected between said resonator and said electrode 
for maintaining a potential difference- betWeen 
said: resonator and said electrode to oppose the 
electron beam and effect density modulation 
thereof, whereby the density modulated beam 
deliverS-energy to the OSGillating field to maintain 
the Sane, filter means including said electrode 
as an element thereof to prevent radiation from 
Said reSOEnator, and means coupled to said resona 
tor for abstracting energy therefrom. 

4. A generator of electromagnetic waves, com 
prising an electromagnetic resolatOr adapted to 
contain an oscillating electric field therein and 
having first and second electron permeable walls, 
means aligned with said: resonator for producing 
an electron beam and for projecting said elec 
tron beam through one of said permeable walls 
into Said resonator to effect Velocity modulation 
of the bean: by the field therein, means including 
said second electron permeable. Wall for reflecting 
electrons of the"beam whereby energy is supplied 
to the field, and further means along the beam 
path for absorbing those electrons of the bean 
Which derive. energy from the field. 

5. A thermionic tube structure comprising a 
hollow resonator having opposed apertured walls, 
an entrance:grid-occupying an aperture in one of 
Said Walls, a reflecting electrode. Occupying an 
aperture...in the opposed wall; means opposite-said 
entrance, grid for projecting. a-beam of electrons 
through said. entrance-grid for exciting electro 
magnetic waves...within Said-resonator, and filter 
means: coupled to...said refecting: electrode for 
preverting escape of. Said... electromagnetic Waves 
from said: resonator past said reflecting electrode. 

6. A thernionic... tubes structure: comprising: a, 
hollow-resonator...having opposed apertured Walls, 
an: entrance:grid.ocupying-an aperture in one of 
said Walls, a reflecting electrode- occupying an 
aperture.in the opposed Wall;-means opposite said 
entrance, grid...for-projectingia: beam of electrons 
through said entrance grid for exciting electro 
magnetic waves within said resonator, a second 
alry electron emissive coating on said reflecting 
electrode, and filter means coupled to said re 
flecting electrode for preventing escape of said 
electronagnetic waves from Said resonator past 
said reflecting electrode. 

7. Ultra high frequency apparatus comprising 
means for producing an electron stream, a hol 
low conducting resonator along the path of said 
Stream and adapted to contain an Oscillating 
electromagnetic field, means including a reflector 
electrode positioned within said resonator for re 
fecting Said stream back Outwardly of said reso 
nator, and filter means coupled to said reflector 
electrode and including said reflector electrode 
as an element thereof for preventing unde 
sired radiation of the electromagnetic energy 
fron said resonator by Way of said reflector elec 
trode. 

8. High frequency apparatus as in claim 3 
wherein said means for abstracting high fre 
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quency energy from said resonator includes at 
least a portion of said filter means. 

9. Ultra high frequency apparatus comprising 
means for producing an electron stream, a cavity 
resonator having an electron-permeable Wall 
along the path of said stream, a reflector elec 
trode along the path of said strealin and insulated 
from said resonator, filter means coupled to and 
including said reflector as an element thereof for 
preventing undesired radiation of electromag 
netic energy from said resonator by way of said 
electrode, and means coupled to said reflector 
electrode and said resonator for applying a poten 
tial difference therebetween to cause said beam 
to be reflected back through said reSOrator to eX 
cite electromagnetic oscillations thereWithin, Said 
last-named means including said filter as a por 
tion thereof. f 

10. High frequency apparatus as in claim 9, 
further including means coupled to said resonator 
for abstracting high frequency" energy from Said 
resonator by way of at least a portion of said filter 
eaS. 
11. High frequency apparatus comprising an 

axially symmetrical cavity resonator having an 
entrance means on the axis thereof through"Which 
an electron beam is adapted to paSS, said en 
trance means comprising an in Wardly, curved glid, 
a reflector electrode forming a portion of the Wall 
of said resonator and insulated therefron, Said 
electrode having a concave surface Opposite and 
substantially equi-distant from corresponding 
portions of said grid, means aligned. With Said 
grid and reflector for projecting...an electron 
beam along said axis through said grid toward 
said reflector, and means coupled to said reflector 
and resonator for applying a potential difference 
therebetween to cause said beam to be reflected 
back through said grid. 

12. High frequency apparatus comprising, a 
hollow resonator adapted to contain an OScillat 
ing electromagnetic field and having an aper 
tured wall, a non-planar entrance grid occupying 
an aperture in said Wall and bowed in Wardly into 
said resonator, a correspondingly concavely 
formed reflecting electrode, means. for project 
ing a beam of electrons through said gridtoward 
said electrode for exciting electromagnetic Oscil 
lations within said resonator, whereby the non 
planar construction of said grid and reflector 
focuses the electron beam passing through said 
resonator and filter means including Said eleC 
trode as an element thereof for preventing un 
desired radiation from said resonator. - 

13. A generator of electromagnetic WaVes as 
in claim 4 wherein said...last-named means in 
cludes a collector electrode. in the path. of Said 
beam for collecting those electrons Which pass 
through said second permeable Wall. 

14. High frequency apparatus comprising a 
hollow resonator adapted to contain an OScillating 
electromagnetic field and having an apertured 
Wall, means aligned. With Said Wall for project 
ing electrons into said resonator through Said 
wall, means including an electron-permeable re 
flecting electrode in the path of said electrons for 
reflecting at least a portion of said electrons to 
excite oscillations within said resonator, and 
means along said path for absorbing those elec 
trons which derive energy from the field within 
Said resonator. 

15. High frequency apparatus comprising a 
Cavity resonator having an entrance means 
through which an electron beam is adapted to 
paSS, means aligned With said entrance means for 
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projecting an electron beam therethrough, a re 
flector electrode in the path of said beam and 
having an insulated, electron-permeable grid 
forming a portion of the wall of said resonator and 
having means for collecting electrons passing 
through said grid, and means coupled to Said re 
flector and resonator for applying a potential dif 
ference therebetween to cause at least a portion of 
said beam to be reversed in direction. 

16. A generator of electromagnetic Waves con 
prising means for producing a linear electron 
stream along a predetermined axis, a hollow elec 
tromagnetic resonator adapted to contain an OS 
cillating electric field therein and mounted 
along the path of Said stream, said resonator be 
ing Symmetrical about Said axis and having an 
aperture Surrounding said stream path, electron 
permeable means mounted in said resonator 
aperture in said stream path and bowed inwards 
of Said resonator, and means including an elec 
trode forming part of the wall of said resonator 
but insulated from Said resonator and in the path 
of Said stream for Opposing the flow of said elec 
trons, Said electrode having a concave surface for 
coacting With Said permeable means to focus said 
stream, whereby the field within said resonator 
effects velocity modulation of said stream and 
said opposing means effects density modulation of 
Said velocity-modulated stream, said density 
modulated stream thereby supplying energy to 
maintain said field. - 

17. Ultra-high-frequency apparatus comprising 
means for producing an electron stream, a cav 
ity resonator having an electron-permeable wall 
along the path of said stream, a reflector electrode 
along said path and insulated from said resonator, 
and filter means coupled to and including said 
reflector electrode as an element thereof for pre 
venting undesired radiation of energy from said 
resonator. 

18. High frequency apparatus comprising 
means for producing a stream of electrons along 
a predetermined axis, a cavity resonator axially 
Symmetrical about said axis, and having an en 
trance means along the path of said stream, said 
entrance means comprising a non-planar elec 
tron-permeable grid, a reflector electrode form 
ing a portion of Said resonator and insulated 
therefrom and having a non-planar portion in 
Said path of a shape corresponding to said grid, 
Whereby said grid and reflector are maintained 
at a Substantially equal separation over their en 
tire facing Surfaces. . - 

19. High frequency oscillation generating ap 
paratus comprising means for producing a linear 
stream of electrons along a predetermined axis, 
a cavity resonator axially Symmetrical about said 
axis and having a non-planar electron-permeable 
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grid in the path of Said stream, and a reflector 
electrode along said path forming a portion of 
the wall of said resonator and having a corre 
sponding non-planar portion maintained at sub 
stantially equal distances from corresponding 
portions of said grid. 

20. High frequency oscillation generating ap 
paratus comprising means for producing a linear 
stream of electrons along a predetermined axis, a 
cavity resonator axially symmetrical about said 
axis and having a non-planar electron-permeable 
entrance grid in the path of Said stream, and a 
reflector electrode forming a wall of said reso 
nator opposite said grid and along said path. 

21. A thermionic tube structure comprising a 
hollow resonator having opposed apertured Walls, 
an entrance grid occupying an aperture in one 
of said walls, a reflecting electrode occupying an 
aperture in the opposed Wall, means opposite said 
entrance grid for projecting a beam of electrons 
through said entrance grid, said reflecting elec 
trode having a secondary electron emissive coat 
ing thereon on the surface facing the said en 
trance grid, whereby a portion of the electrons 
of Said beam may be caused to strike said coating 
to produce secondary electrons for assisting in the 
production of electro-magnetic oscillations within 
Said resonator. 
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