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1. 

My invention relates to electrical discharge 
devices in which electrons are projected into 
electrically-resonant chambers or enclosures, 
and, in particular instances, relates to devices 
in which the enclosures are in the form of what 
may be called segments of a concentric trans 
mission line; that is to say, the resonant cham 
bers comprise a substantially concentric inner 
and outer conducting cylinder, the annular spac 
ing between the two being closed by conducting 
end walls. The projection of electrons into such 
resonant chambers may, by suitably disposing 
and proportioning the circuit elements, be caused 
to generate high frequency electrical Oscilla 
tions or alternatively to abstract power from a 
supply source to accelerate the electrons to ex 
tremely high velocities. Such arrangements 
may be referred to as devices of the monotron 
type. - - 

One object of my invention is, accordingly, 
to devise an effective arrangement for projecting 
electrons into a resonant chamber of the con 
centric line type, and to cause electrons trav 
ersing paths within this chamber to maintain 
powerful electrical standing waves therein. 
Another object of my invention is to provide 

an arrangement by which electrons projected 
into a resonating chamber of the concentric line 
type may be made to supply electrical oscilla 
tions of extremely high frequency to an external 
circuit. - 

Still another object of my invention is to pro 
vide an electrical oscillation generator for ex 
tremely short electric waves which shall be 
adapted to provide a relatively large electron 
current, flowing from an electron-emissive source 
of a comparatively large area, into a resonating 
chamber. ' ' , 

A still further object of my invention is to 
provide an electrical oscillation generator in 
which electrons from a source are projected into 
a resonant chamber which shall be capable of a 
high conversion efficiency of power from a direct 
current source to the alternating current power. 
A still further object of my invention is to 

provide a structure for Oscillation generators 
which make use of electrons projected into a 
resonating chamber in which the chamber itself 
shall be divided into two portions with the elec 
tron flow confined to one portion maintained at 
a high vacuum, while other portions of the res 
onating chamber are at atmospheric pressure 
and may contain induction loops and other cir 
cuit and power transmission elements. 

(C. 315--5) 
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2. 
vide a high frequency, electrical generator in 
which electrons are projected into a resonating 
chamber which has the form of a cylinder with 
a reentrant central portion at one end, whereby 
an electric field into which electrons are pro 
jected increases in intensity as the electron 
proceeds. - 

Still another object of my invention is to pro 
vide an electrical discharge device in which elec 
trons are projected into the interior of a reso 
nating chamber which has substantially the 
shape of the cavity between segments of two 
concentric spherical surfaces. 
A further object of my invention is to provide 

an electrical discharge device in which electrons 
or other electrified particles may be accelerated 
to extremely high velocity by passing through the 
resonating chamber wherein they abstract en 
ergy from an alternating electric field main 
tained in existence in the chamber. 
Other objects of my invention will become 

apparent upon reading the following descrip 
tion taken in connection with the drawings, in 
Which: 

Figure i is a vertical section; 
Fig. 2 is a section along the line II-II in 

Fig. i. of one type of electric oscillation generator 
employing a resonating chamber of the concen 
tric-line type; . - - - 

Fig. 3 is a section on a diametral plane of a 
structurally modified form of an oscillation gen 
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E; of the general type disclosed in Figs. 1 
and 2; . ... . 

Fig. 4 is a section on a diametral plane of an 
OScillation generator of a type. Somewhat similar 
to that of Figs. 1 and 2; but in which the con 
Centric-line resonating chamber is provided with 
a reentrant portion; 

Fig. 5 is a section on a diametral plane through 
still another type of oscillation generator in 
which the resonating chamber has the form of 
a cylindrical cavity having a centrally disposed 
reentrant portion; 

Fig. 6 is a vertical section through an oscil 
lation generator in which the resonating cham 
ber has the form of the space intervening be 
tween segments of two concentric spherical sur 
faces; - 

Fig. 7 is a horizontal section through an elec 
trical discharge device in which electrons are 
projected through a resonating chamber of the 
concentric-line type to impinge upon an X-ray 
target or other collecting electrode with ex 

still another object of my invention is to pro-55. tremely high velocities; 
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Fig. 8 is a vertical section along the lines 
VIII-VIII of Fig. 7; and 

Fig. 9 is a graph used in explaining the Oper 
ation of the arrangement in Fig. 5. 

It can be shown that a chamber having the 
form of a pair of concentric cylindrical conduct 
ing surfaces, with the annular Space between 
them closed at each end by conducting plates 
normal to the axis of the cylinders, can be made 
to resonate or vibrate electrically with an alter 
nating field of which the electrical component 

10. 

is radial, and the magnetic component comprises. 
circles concentric with the cylindrical axis. 
frequency of this mode of vibration is primarily 
determined by the length I. along the axis, this 
length L being one-half the wave length in the 
case of the fundamental mode of vibration. 

In accordance with the form of my invention 

The ... 

4. 
by rings of an alloy comprising substantially 
18% cobalt, 28% nickel and the remainder iron. 
In the middle portion of the Outer cylinder 3 are 
provided perforations 7 forming what might be 
termed a grid through which electrons may be 
projected into the chamber in a radial direc 
tion. Attached by vacuum-tight seals to the 
projecting edges 6 is an annular structure 8 of 
glass such as Corning Glass Co.'s G705AJ or 
other suitable vacuum-tight insulating material. 
The chamber and the annular enclosure 8 thus 
form a vacuum-tight enclosure which may be 
maintained at a high degree of vacuum. 
Supported on leads 9 sealed into the glass 

15 

shown in Figs. 1 through 4, electrons generated. 
external to the outer cylindrical Surface and giv 
ing a substantially radially-inward Velocity are 
projected through suitable grids or openings in 
the outer cylindrical wall. It is found that elec 
trical vibrations will set up in the mode described 
above in the interior of the annular chamber and 
that, in consequence of such vibrations, Some of 
the electrons will be accelerated by this electric 
field, for example, during a one-half cycle thereof, 
while those electrons following during the Suc 
ceeding one-half cycle will be retarded. As a 
result, the first-mentioned set of electrons main 
tain an average velocity higher than the Second 
set, as a consequence of which the electrons tend 
to become bunched together, and the stream with 
in the chamber to comprise a flow of alternately 
high and low electron concentration. It is poS 
sible to show that if the transit time of the 
bunched electrons between the outer and inner 
cylinders is of the values 1A, 2A, or generally 
n--A (where n is any integrer) cycles of the 
above-mentioned fundamental mode of vibra 
tion of the chamber, these electrons will reach 
the inner cylinder with a velocity substantially 
less than that with which they entered it. In 
consequence of this, the electrons give up part 
of the energy they had on entering the chamber 
to the alternating electric field within the reso 
nating chamber and thus maintain energetic 
oscillations therein. . . . - 
Since the electric field varies inversely in pro 

portion to the radial distance from the central 
axis of the cylinders, this field increases in in 
tensity as the electrons proceed toward the inner 
cylinder. As a result of this increasing concen 
tration of the electric field as the electrons pro 
ceed, it is possible to insure an almost complete 
halting of the radial motion of the electrons, 
thereby attaining a high efficiency of conversion 
of electrical energy from the direct current source 
which sets up the electric field which originally 
accelerated the electrons outside the chamber to 
the electrical energy of the electrical vibrations 
Within the cylinder. 
With the foregoing principles in mind, it may 

be stated that Figs. 1 and 2 show a chamber 
having walls comprising an inner cylinder 2, and 
a concentrically disposed outer cylinder 3 hav 
ing the annular spaces between them... closed by 
two annular end walls 4 and 5. All of the above 
mentioned chamber Walls are of conducting ma 
terial; for example, they may be of copper. The 
outer cylindrical wall 3 has projecting edges 6 
comprising a metal which successfully. Seals with 
some suitable insulating material, such as glass. 
For example, the projecting edges may be formed 

20 

25 

30 

35 

40 

55 

6) 

70 

75 

wall 8 is an annular cathode in the form of 
an annular metal member having a U-shaped 
cross-section open on its radially-inward side. 
Within the member is positioned an electrical 
heater 2 which may, for example, be in the form 
of a helix, fed from a local source with electric 
current through, one pair of in-leading wires 9. 
The radially-inward face of the member if is 
closed by an annular metal member 3 which 
has its radially-inward face coated with a mix 
ture of barium and strontium or other suitable 
thermionically-emissive material. The two limbs 
of the U-shaped member project slightly in 
ward beyond the electron emissive face of the 
member 3 to form when heated an electron 
emissive source which tends to focus electrons 
and project them through the perforations T in 
the cylindrical face 3. This focusing action may, 
if desired, be supplemented by auxiliary project 
ing members 4 which may be electrically con 
nected to the U-shaped member if or, if pre 
ferred, may be insulated therefrom and provided 
with means for maintaining them at a desired 
electrical potential relative to the member . 
The helical heater 2 may be insulated from the 
surrounding U-shaped member by quartz 
blocks spaced at suitable intervals around the 
circumference of the annular member i?. If de 
sired, these quartz, blocks may be provided with 
a trough-like depression in which the heater ele 

5 ment 2 securely rests. The precise form of the 
therimonically-emissive structure 1, 2, 3, 4, 
is a more or less optional feature of my inven 
tion, and any other suitable arrangement known 
to men skilled in the art may be substituted there 
for. The electron-emissive surface f3 is main 
tained at a sufficient negative potential relative 
to the cylindrical wall 3 by a suitable external 
voltage source. 5, so that the electrons emitted 
from the surface 3, when the element 2 is elec 
trically heated, are projected at substantial ve 
locity.through the perforations. 7 into the cham 
ber?. In one wall, for example, of the chamber 
is provided an insulating bushing 6 through 
which a lead wire f is adapted to be connected 
to an external circuit passes into the chamber , 
wherein it is bent up to form a loop with its end 
electrically connected to the chamber . 
The velocity with which electrons enter cham 

ber through perforations 7 which is preferable 
for insuring the maintenance of electrical vibra 
tions within the chamber may be calculated, in 
accordance with the relationship pointed out 
above, as follows. The periodic time of the elec 
tric vibrations corresponding to a wave-length 
equal to 2L, where L is the distance from plate 4 
to plate 5, is 

- 2L. 

where C is the velocity of light. The velocity of 
an electron having a transit time over the dis 
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tance a from cylinder 3 to cylinder 2 which equals 
(n+%) cycles of this periodic time is 

The structure just described is evacuated by 
methods too well known in the electron tube art 
to require description here, and thereafter main 
tained at a suitable high vacuum. When elec 
trons accelerated by the potential difference be 
tween the chamber and the emitting surface 
3 are projected through the perforations into 
the chamber 1, they fall under the influence of 
any electrical field therein, such, for instance, 
as exists when this chamber is electrically vibrat 
ing, for example, in its fundamental mode having 
the electric field projecting radially from cylinder 
2 to the cylinder 3. If necessary to initiate such 
vibrations, electric currents of the necessary fre 
quency may be impressed on the in-leading Wire 

to start the generation of high frequency os 
ciliations in the chamber?; however, such initial 
stimulation will usually not be found necessary 
to start oscillation of the chamber . The method 
and reason for generation of oscillations within 
the chamber and upon the out-leading cont 
ductor IT having been explained before, it is not 
believed necessary to expatiate upon the method 
of operation of the device shown in Figs. 1 and 2. 
The method of my invention shown in Fig. 3 is 

more suitable than that shown in Figs. 1. and 2 
for certain purposes. It comprises an inner con 
ductive cylinder 32 and an outer conductive cyl 
inder 33, which are interconnected with each 
other by walls 34, 35, of glass or other Suitable 
vacuum-tight insulating material. The Walls 3 
and 35 may be sealed to the cylinders 32 and 33 
by welding to the latter suitable rings 36 of the 
alloymentioned in connection with Figs. 1 and 2. 
The wall 33 is provided with perforations 3 simi 
lar to those in wall 3 described in Fig. 1, and 
there is likewise provided a thermionically emis 
sive cathode 4, 42, 43, 44, substantially identical 
with that described in Fig. 1. The cathode struc 
ture 4, 42, 43, 44, is enclosed within an annular 
glass member 45 which may be sealed to suitable 
rings. 46 of the alloy already mentioned which 
are welded to the cylinder 3. . . . . . . 

Respectively above and below the glass Walls 
34 and 35 are provided a pair of annular conduct 
ing trough-like members 47, 48 which fit with 
reasonable closeness into the annular space be 
tween the cylinders 32 and 33. Through an insul 
lating bushing 49 a lead wire 50 may be brought 
into the space between the member 48 and the 
glass wall 35, where it is bent over into the form 
of a loop adapted to transmit vibrations to a load 
circuit as in the manner of the lead wire in Fig.1. The arrangement in Fig. 3, comprising 
the members 47 and 48 which are detached from 
and move relative to the glass walls 34 and 35, 
has the advantage of permitting a variation at 
will of the distance L between them which, as 
previously stated fixes the resonant frequency of 
the oscillations generated within the chamber 
bounded by walls 32, 33, 47, 48. . . . . . . . 

Fig. 4 shows a structure for oscillation gen 
erators which is similar to that described in con 
nection with Figs. 1 and 2, except as regards, the 
shape of the conducting walls of the resonating 
chamber. In Fig. 4. the resonating chamber 5 
has as its interior face what may be described 
as a cylindrical portion 52 which is expanded for 

6 
a certain distance midway of the axis, to form & 
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larger cylindrical or reentrant portion 52'. The 
advantage, for certain purposes, of providing the 
reentrant portion 52 in the inner cylindrical wall 
is that it results in a more rapid concentration 
of the electric field within the chamber, as the 
electrons move radially inward after they paSS 
through perforations 53 in the external Wall 54 
of the reentrant chamber. Since the annular 
glass enclosure 55 for the electron source 56, '57, 
58, 59 is substantially the same in nature as the 
elements i?, 2, 3, 4 in Figs. 1 and 2, it is be 
lieved that no further description of Fig. 4 is 
necessary here. y 

Fig. 5 shows a modified form of Oscillation 
generator in which the direction of projection of 
the electrons into the resonating chamber is 
parallel to the central axis (which is vertical in 
Fig. 5) instead of radial, as in the modifications 
sofar discussed. The resonant chamber 6 com 
prises an external conducting cylindrical wall 62 
closed at the top by conducting end plate 63 which 
has a central projecting portion 64, preferably of 
cylindrical shape. The base of the resonant 
chamber 6 comprises a conducting plate 65 have 
ing a central area, somewhat larger in diameter 
than the cylindrical projection 64 above men 
tioned, which is filled with perforations 66 
through which electrons may be projected into 
chamber 6. Below the perforations 66 is posi 
tioned a cathode 67 comprising a circular plate 
coated with thermionically emissive materials, 
and preferably provided with an upturned edge 
portion which extends toward but does not quite 
contact the plate 65. Surrounding and project 
ing slightly beyond the edges of this edge por 
tion is a conducting ring 68, at which the plate 65 
may, if desired, be attached by supporting in 
sulators. 69. The conducting ring 68 and the 
base plate 65 are supported from an insulating 
foundation 70. Inleading wires 7 f, T2 are pro 
jected by which the plate 65 may be maintained 
at a sufficient positive potential relative to the 
cathode 67, to accelerate and project-electrons 

5 emanating therefrom through the perforations 
66. The conducting ring 68 may, if desired, be 
connected directly to the cathode 67, but for 
some purposes it will be found desirable to pro 
vide it with an inleading wire 73, by which it may 
be maintained at a particularly potential adapted 
to more effectively focus electrons emanating 
from the cathode 67 upon the perforations 66. 
An electric heater 75 is provided by which the 
cathode 67 may be maintained in a thermioni 
cally-emissive condition. . . . . 
‘. . When the resonant chamber 6, is set in vibra 
tion, the electrical field will have substantially 
the configuration indicated by the broken lines 76. 
In some portion of the walls of the resonant 
chamber 6, for example, in the wall 63 not far 
from the central cylindrical projection 64 is posi 
tioned an insulating bushing 7 through which an 
inleading wire 78, forming a loop within the 
chamber, may conduct electric energy to external 
circuits through a concentric line T9:. . . . i. iii. 
As in the case of the former resonator shown 

in Figs. 1 to 4, the potential impressed on the 
plate 65 relative to the cathode 67 is such as to 
cause the electrons passing through the perfora 
tions 66 to enter the chamber 6 with such a ve 
locity, that the time they require to reach the 
projection 64 is n--A cycles of the fundamental 
mode of vibration of the chamber 6 ?, which has 
the electric field distribution represented by the 
broken lines T6...When this adjustment is made, 



7 
the electrons entering the chamber.6 kthrough the 
perforations. 66, will transform the energy.itar 
parted to them from the direct current. Source.9 
into power at the frequency of vibration of the 
electrical fied within chanaber 6t, and Will thus is 
aaintain energetic: oscillations therein. The 
energy of these oscillations may be transmitted 
to external circuit through the inleading wire 78, 
as: in the case of the corresponding operation of 
the Figs. 1 to 4 modifications of the invention. 
In some cases it may be desirable to stimulate the 
sing oscillations of this same frequency on the 
in leading Wire 78. 
The advantage for certain purposes of the Fig. 5 

naqdification of my invention is that the reentrant 
has a high Shuat impedance, and that 

projection G4. As a result of the above-mens 
tiqaed, high shunt impedance, the losses princis 
pally through. Joulean heating of the chamber 
walls are reduced by the presence of the projec 
tion 64, timpedance may be defined as : 

will dissipate-power at the same rate as the actual 
power dissipation in the resonating chamber. 
The increasing concentration of the electric field, 3) 
as the electron moves forward within the chams 
ber: 64, increases the percent of the direct current 

the source 80 which is converted into 
alternating energy resident in the electric vibra 
tions within the chamber 6t. 5 

Decreasing the diameter of the projection 64 
which, at least through a certain range of values, 
tends to increase the above-mentioned 'shuntim 
pedance,” likewise tends to increase the rate of 
cqngentration of the electric field as the electron 
moves towards the projection 64 from the pers 

- 

forations 66. 
A modified form of resonator of the general 

type shown in Fig. 5 is illustrated in Fig. 6. The 
resonating chamber 84 comprises a conducting 
end-plate 82 having a hemispherical central pro 
tuberance 83 thereon. The other wall of the 
chamber naay comprise what may be considered 
to be an approximately hemispherieal conducting 

y, ing. in its central portion a series 
of perforations. 85 which are thus, positioned 
rearly vertically below the hemispherical projec 
tion. 83. It will be noted that the chamber 8: 
may becaused to be derived from the chamber 
64 in Fig. 5 by rounding the corners of the pro 
jection. 64, and by similarly rounding the corner 
where the outer cylinder 62 in Fig. 5 joins the 
base plate. 65. The result of this change of eon 
figuration of the chamber is to give an electric 
field somewhat similar to that illustrated by the 
broken lines. 86, which is nearly radial of the space 
between the two hemispherieal surfaces 83 and:84. 
For certain purposes, this field distribution is 
more advantageous than that in Fig. 5.in produc 
ing high “shunt impedance' and high conversion 
efficieney from direct current to alternating cur 
eat, - . . . . . 

It may be desirable for many purposes to make 
the cathode 87 in the form of a spherical surface 
substantially concentric with the surface. 84. 
The spherical surface 87 may be provided with 
upturned edges and may he surrounded by a con 
dueting ring 88, which may either be directly con 
neeted to the surface. 8 or may be maintained at 
regulatable potential relative thereto for focusing 75 
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8 i - 
purposes, as described in the analogous cathede 
of Figs, 1 to:3. The reaaining portions of the 
structure of Fig. 6 being substantially similar to 
corresponding elements in Fig. 5, no further de 
scription of them is considered to be necessary. 
Turning now to Fig. 8, there is shown a device 

in which the properties of resonating chambers 
are made use of to accelerate electrons to. ex: 
tremely high velocities, with the result that they 
may be used for generation of extremely hard 
X-rays or for other purposes where extremely 
high velocity electrons are desirable. Thus the 
concentric chamber 9 in Figs. 7 and 8 has a cy 
lindrical interaal Wall 92 and a cQncentric Outer 
wall 93 which are closed by circular end plates. 
94 and 95. All Qf these parts may be of conduct: 
ing material, for example, copper. Frojecting 
radially from the outer cylindrical wall 93 are tWQ 
cylindrical conducting portions 96.9. Which are 
preferably terminated by metallic rings compris 
ing the alloy mentionedi nection with Fig. 1, 
as adapted to provide desirable seals to glass. 
The projecting cylinders 96 and 9 are capped 
to their outer ends by enclosures 98 and, 99 of 
glass, the whole structure thus far described con: stituting a vacuum-type enclosure. 
The central portion of the wall. 93 enclosed within the projecting cylinders 6 is provided with 

perforations Ot, and similar perforations, 92, 
93 and C4 are provided in the walls of the cylin 
ders 92 and 93. The purpose of these perfora 
tions O?, O2, 03 and f Q4 is to permit electrons, projected through the perforations of from a 
source about to be described in the cylinder 96, 
to pass through the walls, 92 and 93 into the inst 
terior of the cylindrical projection 97. Sealed 
into, glass cap 99 is positioned an anode of target 
t 05, of any suitable type well, known to the elec 
trical discharge tube art, for the purpose desired 
to be achieved by the impact of highvelocity elec 
trons. For example, the member fo5 may be the 
target from which X-rays are to be emitted when 
it is struck by high speed electrons, passing 
through the perforations to f, (02, Q3, C4. 
Within the enclosure formed by the cylinder 98 

and its glass cap. 98 is provided a suitable cathode 
f08 of a type well known in the electron-gun art, 
which may comprise a metal cylinder to enclos 
ing a helical electric heater 68. The end of the 
cylinder 07 is coated with a mixture of barium 
and strontium oxides or any other thermionically 
emissive material, and is provided with upturned 
edges to help in focusing the electrons emitted 
from the cathode 06 in a direction circular to the 
axis of the cylinder 107. The cylinder for is sur 
rounded by an auxiliary focusing cylinder t09 
which may be connected to the cylinder fol, or 
alternatively may be provided with an inleading 
wire. f-f by which its potential may be fixed at 
any suitable value relative to the cylinder OT for 
aid in focusing the eleetrons emitted from the 
cathode surface F06. The cathode cylinder to T 
and the detached end of the heater f08 are pro 
vided with inleading wires passing through the 
press -2 and supported therefrom in ways now 
well known in the electronics art. 
By means of a suitable source of voltage f3, 

the cylindrical surface 93 may be maintained at 
any desired voltage relative to the cathode fos, 
in consequenee of which arrangement electrons 
emitted by the surface 0.6 may be projected 
through the perforations 10t, O2, 103 and 4 
into the cylindrical projection 97. The anode 
f05 may be provided with means for maintaining 
it at a desired voltage relative to the cylinder 93, 
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* The chamber 9 has a 
tion in which the lines of electric force are Sub 
stantially radial, and when electrons enter the 
chamber 9 through the perforations. Of they 
will be acted upon by this electric field, and their 
velocity at the time they reach the perforations 
02 can be shown to depend upon the values of 

this electric field, and the length of time which 
the electrons spent in traversing the path between 
perforations of and perforations. O2. Some of 
the electrons passing through the perforations 
Of will be accelerated by the electric field so 

that the time that they spend in traversing the 
path between 0 and 02 will be less than that 
corresponding to the velocity with which they 
entered the perforations of, while others of 
these electrons will be retarded and traverse the 
path between the perforations of and fo2 with 
a lower velocity. As a result, the faster electrons 
will tend to overtake the slower electrons, and 
there will be a bunching effect in the electron 
stream emanating from the perforations 102. If 
the exit energy of the electrons emanating from 
the perforations O2 is plotted against the time 
each electron entered perforations 10, it can be 
shown that a curve similar to Fig. 9 will result 

mode of electrical vibrae . 

O 
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where ordinates represent energy of the electrons 
emanating from perforations fo2, and abscissae 
represent the time of entry of the electron through 
the perforations of. It will be seen from Fig. 
9 that the electrons, whose energies are plotted 
within the rangeti, t2 have their energies in 
creased above the value E, which latter repre 
sents the energy with which they pass through 
the perforations. These same electrons will con 
tinue with energy unabated in traversing the 
space between the perforations O2 and 103, since 
it does not form a portion of the electrically vi. 
brating chamber 9, and it can be shown that 
the energies and hence the translation velocities 
of certain of these electrons will be further in 
creased as they traverse the space between the 
perforations fo3 and 04, where they are again 
acted upon by the oscillating electric field within 
the resonant space. 9... Certain of the original 
electrons will accordingly enter the cylinder 97 
with a higher velocity. than that to which they 
had attained when they left the cylinder 96. They 
have in fact abstracted energy from the current 
source which maintained the resonant Oscilla 
tions within the chamber 9, since those electrons 
which reach grid f O2 with energy, less than, E. 
cause such resonant oscillations of chamber 9 
to be maintained. To take a specific instance, it 
can be shown that the energy of the electrons 
emanating from the perforations 104 may be 
increased to 500 or 600 kilovolts, whereas: their 
energy on entering the perforations of was only 
100 kilovolts. . . . . ... i:. . . . 

It is, of course, desirable that of the electrons 
emanating from the perforations O2, only the 
high velocity ones should pass through the per 
forations f 3 and continue onward ultimately to 
impinge upon the anode 85. This selection of 
high velocity electrons may be effected by pro 
viding a magnetic field in the interior of the cyl 
inder 92 having a direction parallel to the axis 
thereof. A magnet core f l 5 excited with direct 
current winding if s may be provided for this 
purpose. It can be shown by calculations well 
known to those versed in the electronic art that 
the electrons passing through such a field will fol 
low curved paths, the radius of curvature in any 
particular path depending upon the velocity of the 
electrons traversing it. Thus, by locating the per 

10 
forations 03: in the Wall of cylinder: 92 in a posi 
tion corresponding to the paths of high velocity 
electrons through cylinder 92, and leaving the 
wall of cylinder 92 solid at the terminus of the 
paths of lower velocity electrons, it can be in 
sured that only the high velocity electrons 
emanating from the perforations - (2 will pass 
through the perforations. O3 to enter the cham 
ber 9 for the second time. The magnetic de 
flecting field above-mentioned should be sub 
stantially limited to the interior of the cylinder 
92; if this is done the electrons emanating from 
the perforations fo3 into the chamber 9 f will 
thereafter traverse straight line paths across the 
latter. The position of the cylinder 97 and the 
perforations Q4 should, of course, correspond to 
the terminus on the wall of cylinder 93 of the 
paths justmentioned. . 
Another possible method of insuring that only 

the fastest electrons emarating from perforations 
iO2 shall reach the perforations 103 would be to 
insert a grid with a high negative potential rela 
tive to the walls of the cylinder 92 midway in the 
path of the electrons between perforations O2 
and 103. In such case the perforations fo2, 03, 
i04 and anode 105 should line up with the recti 
linear path of electrons projected by cathode 106 
through perforations 0. Such a grid would turn 
back the slower electrons emanating from the 
perforations if 02, and cause them ultimately to 
impinge on the cylinder 92, but would permit 
electrons with a velocity high enough to pass 
through the openings in the grid to reacquire 
velocity and leave the perforations fo3 with the 
same velocity that they left the perforations 102. 
In the foregoing I have described particular 

embodiments of the principles of my invention, 
but these principles are capable of application in 

i. 

45 

many alternative forms which will be evident to 
those skilled in the art. For example, I have de 
scribed electrons as the electrified particles pro 
jected into the resonating chambers, but it will 
be evident to those skilled in the art that sub stantially any electrified body may replace them, 
the relation between their entrance velocity and 
the dimensions of the resonating chamber being 
substantially the same as described for electrons. 
Also otherforms of resonating chamber and other 
modes of vibration (i. e., other directions for the 

50 
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alternating electric field) may be employed pro 
vided the electrified particles are projected with 
a velocity component, along this field. 
I claim as my invention: 1. An electrical discharge device comprising a 

chamber having conducting walls in the form of 
an outer cylinder having perforations in its wall 
and an unperforated inner cylinder intercon 
nected at each end by electrically conductingma 
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terial, an electron emissive source positioned ad 
jacent to said perforations and insulated from 
said walls, and means included by said device for 
impressing an electric field in the region adjacent 
said source for projecting electrons from said 
source through said perforations into said cham 
ber. - 

2. An electrical discharge device comprising a 
chamber having conducting walls in the form 
of an outer cylinder having an annular band of 
perforations in its wall and an inner cylinder 
interconnected at each end by electrically con 
ducting material, an electron emissive source po 
sitioned adjacent to said perforations and in 
sulated from said walls, means included by Said 
device for impressing an electric field in the region 
adjacent said source for projecting electrons from 
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said: source: through said: peeferations tako. said 
chamber, and coupling means having a pertion 
projecting within said chisenber for transmitting 
ensergy resident in an electric: field inside said 
chartber to a work circuit. 

3. An electrical discharge, device comprising a 
chainheir having coradicting walls in the form of 
at Outer cylinder having an athletila band of 
perforations in its wall and an inner cylinder 
interconnected at each end by electrically con 
ducting material, an electron...etnissive; SOtree, pon 
sitioned adjacent to said perforations and if 
stilated from: said chamber, a vacuara-tight ea 
closure maintained at a high vacuum enclosing: 
said Sotiree and said perforations, and meansikh 
eluded by said device for impressing an electric 
field in the region adjacent said source for pro 
jecting electrons from said soiree through. Said 
perforations into said chambeg, 

4. An electrical discharge device comprising a 
chamber having conducting walks in the form of 
an outer cylinder having perforations in its Wall. 
and an unperforated inner cylinder: intercon 
nected at each end by electrically conducting maa 
terial, an electron enaissive source positioned ad 
jacent to said perforations, and insulated from 
said, chainher, a vacuum-tight enclosure main 
tained at a high vacuum enclosing, said Cathode. 
and said perforations, means included by Said. 
device for impressing an electric, field in the re 
gion adjacent said source for projecting electrons, 
from said source through said perforations into 
said chamber, and coupling means having a por 
tion projecting within said chamber for trans 
mitting energy residentinian electric. field inside. 
Said chamber to a work circuit. . 

5. An electrical discharge device comprising a 
chamber having conducting Walls in the form of 
an outer cylinder having a perforated area in its 
wall and an inner cylinder interconnected at each. 
end by electrically conducting material, said area. 
subtending a major portion of the circumference. 
of said outer cylinder, a linearly extending elec 
tron emitter subtending said perforated area, 
means, included by said device for impressing an 
electric field in the region adjacent said source for 
causing electrons from said source to be projected 
through said perforations into said chamber, arid 
means. having a portion projecting within said 
chamber for utilizing the energy of electrical 
oscillations produced within said chamber. 

6. An electrical discharge device comprising a 
chamber having conductive walls in the form of 
an outer cylinder having perforations in its walls 
and an inner cylinder interconnected at each end 

G 
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55 - by electrically conducting material, an electron 
emissive source positioned adjacent to said per 
forations and insulated from said chamber, means 
included by said device for impressing an electric 
field in the region adjacent said souree for pro 
jecting electrons from said source through said 
perforations into said chamber, the radial dis 
tance between said inner and said outer cylinders 
being such that said electrons traverse it in a 

2 
tire equal to n--A cycles of the fundamental 
rode of electrical vibration of said chamber where 
ne, is any integer. 

i. An electrical discharge device conprising a 
chamber having conducting walls in the form of 
acaqtater eylinder having perforations in its walls 
and alariner cylinderinterconnected at each end 
by paties of electrically conducting material, an 
electron emissive source positioned adjacent to 
said perforations and insulated from Said chana 
her, areans included by said device; for impressing 
an electric field in the regioi adjacent. Said source 
fee prejeeting elections: from Said. Solree through 
said perforations into said chamber, Said elec 
tions passing through said perforations, with a 
Velocity which is substantially 

t 

(n+4). 
where d is, the radial distance from the inner of 
said cylinders to the outer of said cylinders, L, 
is the distance between Said plates, c is the we 
locity of light, and n is any integer. 

8. An electricai discharge device comprising a 
chambee having, conducting Walls in the form of 
an Outer cylinder having, a perforated area in its 
Wall and an inner cylinder interconnected at 
each end by plates of electrically conducting ma 
terial, Said area, Subtending a major portion of 
the circumference of said outer cylinder, a linear 
Iy extending electron emitter subtending said per 
forated area, neans included by said device for 
impressing an electric field in the region adjacent 
said source for causing electrons from said source 
to be projected through said perforations into 
said chamber, and means coupled to a member 
projecting into said chamber for utilizing the 
energy of electrical oscillations produced within. 
Said chamber, Said electrons passing through said 
perforations with a velocity which is equal to 

- - 
g- Y2L. (n+% ); 

where a is the radial distance from the inner of 
said cylinsters to the outer of said cylinders, I. 
is the distance between said plates, c is the ve 
rocity of light, and n is any integer. 
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