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8 Claims.

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 segients of a concentric trans-
mission line; that is to say, the resonant cham-
bers comprise a substantlally 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 genérator for -ex-
tremely short electric' waves which shall he
adapted to provide a relatively large electron
current;, flowing from an electron-emissive source
of a comparatlvely large area into a resonating
chamber. )

A still further object of my invention is to
provide an electrical - oscillation generator in
which electrons from g source are projected into
a rescnant 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
rescnating chamber in which the chamber:itself
shall be divided into two portions with the elec-
tron flow confined to oné portion maintained at
3 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.

(CL 315—35)
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vide. a high frequency. electrical generator in
which eleétrons 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 1ncreases in- intensity as the electron
proceeds.

Still a,nother 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 chambker which has substantially the
shape of the cavity between segments of two
concentric spherical surfaces.

A further object of my invention is to prov1de

2 an electrical discharge device in which electrons

or other elecirified 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 w1th the drawmgs, in
which:

Figure 1 is a vertical section;

Fig. 2 is a section along the line II—II in
Fig. 1 of one type of electric oscillation generator
employing & resonating chamber of the concen-
tric-line type; ..

Fig. 3-is - a section on a dlametral ‘plane of a

" structurally modified form of an oscillation gen-
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Still another object of my invention is to pro- 55-

eratczn’ of ‘the general type disclosed in Figs. 1
and

Fig. 4is g section on a dla.metral 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 prov1ded with
a reentrant portion;

Fig. 5 is a section on a dla,metra,l 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-liné type to impinge upon an X-ray
target or other collecting electrode w1th eX~
tremely high velocities, :
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Fig. 8 is a vertical section along the lines
VIII—VIII of Fig.7; and

Pig. 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 v1brat10n is prlm_arlly
determined by the length I along the 2 IS, 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 -

shown in Pigs. 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 elecirons tend
to become bunched together, and the stream with-
in the chamber o comprise a flow of alternately
high and low electron concentratlon 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 1%, 2Y4, or generally
n4Y, (where n is any integrer) cyclés 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 mamtaln energetlc
oscillations therein, ’

Since the electric field varies mversely in-pro- 4

portion to the radial- dlstance from the central
axis of the cylinders, this"field increases in in-
tensity a§ the electrons proceed toward the inter
cylinder. As a result of this increasing concen-
tration of the electric field as the: eléctrons 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 currert source:

which sets up the electric field which originally
accelerated the electrons outside the chamber to
the electrical energy of the electmcal v1brat10ns
within the cylinder. - )

With the foregoing prmclples 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 proje’cting edges may-be formed
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5 ment 12 securely rests.

4
by rings of an alloy comprising substantially
189% cobalt, 28% nickel and the remainder iron.
In the middle portion of the outer cylinder 3 are
provided perforations T forming what might be
termed a grid through which electrons may be

projected into the chamber (| in a radial direc-

tion. . Attached. by vaguum-tight seals to the
pIOJectmg edges 6 is an. ahnular strucuure 8 of
glass such as Corning Glass Co.’s GT05AJ or

‘other suitable vacuum-tight insulating material.

The chamber | and the annular enclosure 8 thus
form & vacuum-tight enclosure which may be

‘maintained at a high degree of vacuum.

Supported on . leads 9 sealed into the glass
wall 8§ i$' an annular cathode i1 in the form of
an . annular metal member having a U-shaped
cross-section open on its radially-inward side.
Within the member {1 is positioned an electrical
heater. 12 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 I 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 11 project slightly in-
ward beyond the electron emissive face of the
member 13 to form when heated an electron-
emissive source which tends to focus electrons
and project them. through the perforations 1 in
the cylindrical face 3. 'This focusing action may,
if desired, be sup plemented by auxiliary project-
ing members (4 which may be electrically con-
nected to the U-shaped member il or, if pre-
ferred, may be 1nsu1ated therefrom and provxded
with means for maintaining them at a desired
electrical potential rela.tlve to the member (I,
The helical heater 12 may be insulated from the
surrounding U-shaped member (1 by quartz
blocks spaced at suitable intervals around the
circumference of the annular member 1{. If de-
sired, these quartz blocks may be provided with
a trough- like depression in which the heater ele~
The. precise form of the
therlmomcally -emissive structure I, 2, 4,
is a more or les.s optional feature of my mven-
tion, and any other suitable arrangement known
tomen skilled in the art may be substituted there-
for. . The electron-emissive surface 13 is main-
tained at a sufficient negative potential relative
to the. cylindrical wall 8 by a suitable external
voltage source. 15, so that the electrons emitted
from; the surface {3, when the element (2 is elec-
trlcally heated are prOJected at substantlal ve-
1001ty through the perforations-1 into the cham-
ber (.. Inone Wall for example of the chamber i
is provided an insulating bushing 6 through
which a lead wire [1.adapted to be connected
to an external circuit passes into the chamber i,
wherein it is bent up to form a loop with its end
electrically connected to the chamber . .

The velocity with which e]ectrons 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. eorresponding 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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tanceé ¢ from cylinder 3 to cylinder 2 which equa,ls
f(n-H{;) cycles of this penodxc time is . =

('n+}4)gé

The structure just described is evacuated by
methods too well known in the electron tube art
to require descr1ptlon here, and thereafter main-
tained at a suitable high vacuum. When elec-
trons sccelerated by the potential différence’ be-
tween the chamber 1. and the emitting surface
13 are projected through the perforations 7 into
the chamber I, they fall under the influence of
any electrical ﬁeld therein, such, for instance,
as exists when this chamber is electiically vibrat-
ing, for example, in its fundamental mode having
the electric field projecting’ radially from cylmder
2 to the cylinder 3. "If necessary to initigte such
vibrations, electric currents of the necessary fre-
duency may be 1mpressed on the in- -leading wire
11 to start the generatmn of high frequency os-
cillations 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 osc1llations within
the chamber {. and upon the out- leading con-
ductor IT havmg been explained before, it is not
believed necessary. to expatigte upon the method
of operation of the device shown in Figs, 1. and 2.

The method of my inventlon shown in Pig. 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 materlal The walls 34
and 35 may be sealed to the ¢ylinders 32 and 33
by welding to the latter suitable rings 36 of the
alloy mentioned in connection with Figs. 1 and 2.
The wall 33 is provided with perforations 31 simi-
lar to.those in wall 3 described in Fig. 1, and
there is likewise provided a. thermionically emis-
sive ‘cathode 41, 42, 43, 44, substantlally identical
with that described in Fig. 1. The cathode struc-
ture 41, 42, 43, 44, is enclosed within an annular
glass member 45 which may be sealed to. suitable
rings 46 of the alloy a,lready mentioned Which
are welded to the cylinder 3.

Respectwely above and below the glaSS Walls
34 and 36 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 insu-
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
cireuit as’in the manner of the lead wire {1-in
Fig. 1. The arrangement in Flg 3, comprismg
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 I. between them which, as
. previously stated fixes the resonant frequency of
the oscillations generated within .the chamber
bounded by walls 32, 33, 41, 48.

F1g 4 shows -a structure for oscxllation gen—
erators which is similar to that described in.con-
nection with Figs. 1 and 2, except as regards the
shape of the conductmg walls of the resonating
chamber In Fig. 4 the resonating chamber 51
has as its interior. face what may be described
as E: cylmdrlcal portion 52 which is-expanded for

- wleertain distance midway of the axis, to form 4
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Jarger .¢ylindrical or reentrant portion 52’.

The
advantage, for certain purposes, of providing the
reentrant portion 52’ih the inner cylindrical wall
4§ 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 perfordtions 83 in the external wall 54
of -the reentrant: chamber. Since the-annular
glass enclosure :55 for the electron source §6, 51,
58, 59 is substantially the same in nature as the '
elements 11, 12, 13, {4 in Figs. 1 and 2, it is be-
lieved that no further description of F1g 4 is
necessary here.

" Pig. ‘5 shows a modified form- of oscxllatmn
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
50 far discussed. -The resonant chamber 61 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 61 comprises a conducting plate 65 hav-
ing a central area somewhat larger in diameter
than the cylindrical projection 64 above men-
tioned, -which - is- filled with perforations 68
through which electrons may be projected into
chamber 61. Below the perforations 66 is posi-
tioned a cathode 61 comprising a circular plate
coated with therniionically 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 85 are supported from an-insulating

foundation T79. Inleading wires Ti, 12 are pro-
jected by which the plate 65 may be mamtained
at a.sufficient positive potential relative’ to ‘the
cathode 67, to acceléerate and project-electrons

5 emanating therefrom through the perforations

66. . The conducting ring 68 may, if desired, be
connected directly to the cathode -§T; but" for
some purposes'it will be found desirable to pro-
vide it with an‘inleading wire 13, 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 15 is provided by -whichithe
cathode. 61 may be maintained in a thermmni-
cally-emissive condition.

“When the resonant chamber 61 is set in vibra-
tion the electrical field will- have substantially
the configuration indicated by the broken lines 16:
In ‘some portion of the walls of the resonant
chamber 61, for example, in the wall 63 not far
from the central cylindrical projection 64 is posi-
tioned an insulating bushing 77 through which an
inleading: wire 718, forming a loop - within the
chamber, may conduct electric energy to external
circuits through .a concentric:line' 79.-

‘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 stich-‘as to
cause the electrons passing through: the perfora-
tions 86 to enter the chamber 61 with such a've-
locity, that the time they require to reach the
projection 64 is n-1-Y% cycles of the fundamental
mode of vibration of the chamber 6{, which has
the electric field distribution:represented by the
broken:lines 716.. “When this adjustment is made,



the-electrons.entering the chamber 61 through the
perforations 66 witl transform: the-energy. im-
parted: to them from-the direet: current; source. 80
inte power at the frequency. of vibration of-the
electrical field within chamber 61, and will thys
" yaginkain energetic: oscillations therein. . The
enerey- of these oscillations may be transmitted
g external circuit through the inleading wire 18,
as:in the. case. of the correspending operation of
the Figs. 1 to: 4 moedifications. of the invention.
In some-eases it may be desirable to ulate the
resonance: of, the chamber 61 by lmtla}ly impres-
sing oscillations of this same frequency on: the
inleading wire 18.

_The advantage for certain purposes of the Fig, 5
tion-of my invention is that the reentrant
s- a: high -shunt impedance, and that
ke 1@uﬁeld w1th1n the chamber: hecomes
ly more concentrated as the electron moves

prajection. 64, As g3 result of the above-men-
taned high shunt impedance, the. lgsses pringi-
o? ugh: Joulean heating of the chamber
luced hy the- presence of the projec-

thak. resistance which, when shunted aeress the
oltage traversed by-the electron path,
g ‘ te power at the same rate as the actual

wer dlss;pa,tmn in the resomating chamber.

'];‘hg inereasing: concentration of the electric. fleld, :

as, the electron moves forward w1th1n the cham-
increases the percent of the direct current
-from. the source 88 which: is. converted into
f tmg energy re51dent in the electric vibra-
t;ons within. the chamber. 81,

Decreasing: the diameter of the: projection 64
which; at least through a. certain range of values,
tends, increase the aheve- mentioned “shunt im-
gedanpe,” likewise tends to: increase the. rate of
cqncentratlon of the electric field as the electron
moves, towards: the projection 64 from the pen-
forations. 66.

. A mochﬁed form: of resonator: of the general
type: shewn. in F}g 5 is {llustrated in Fig. 6.  The
re,sonatmg chamber 84 comprises g conducting
ate 82 having a hemispherical central pro-

tubera.née 83 thereon, The other wall of the
cl;xa,mber- may: compnse What may be: oonSJ.dered

its path from the perforations 68 to the -

1,64, This.shunt impedance may be defined as ¢

§
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Qeax ly ve; tmally below the hemlsphemca,l projecs
tion. 83. It will be noted that the chamber 81
may: be; eguged to be derived from: the chamben
64 in Fig. 5 by rounding the corners: of the pro=
ieetion. 64, and by similarly: rounding the: corner
Where the. outer cylinder 62 in: Fig. 5 joins the
has te. 69, The result of this.change of eoni~
figuration. of the chamber is to give an electrie
field: somewhat similar to. that illustrated by the
hroken lines. 86, which is nearly radiakof theispace
between the two hemispherieal surfaces 83-and-84&
Bor certain purposes; this field distribution is
more advantageous than that in Fig. 5.in producs
ing high “shunt.impedance” and high conversion
eflicieney - from: direct current.to alternatmg cur-
xent,

It may be desirable for many purposes to make
the eathade: 87 in the form of a spherieal surface
substantiglly eoncentric' with the surface ‘84
The spherical surface 8T may: be: provided with
upiurned edges and may he surzounded: by a ¢on-
dueting ring §8, which may elther he directly-con-
nected to the surface 8% or' may he maintained at

regulatahle potential relative thereto for-focusing |
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purposes. as deseribed in the analogous. cathode
of Figs. 1 to.5. The remaining poxtions of the
structure of Fig. 6 being substantially similar to
corresponding elements in Fig. 5, no further de-
scription of them is-eonsidered to be necessary.
Turning now to Fig. 8, there is shown a device
in which. the properties: of resonating chambers

-are made use of te accelerate electrons. to ex-

tremely high velocities, with the.result that they
may be used for generation of extremely hard
X-rays. o for other purposes where. extremely
high velocity: electrons are desirable, Thus the
concentric chamber 9t in Figs. 7 and 8 has a cy-
lindrical internal wall 92 and a. congentric outer
wall. 83 which are closed by circular end plates
94 and 95.  All of these parts may be of condyct-
Ing material, for example, copper. Projecting
radially from the outer cylindrical wall 93 are two
cylindrical, conducting portions 86, 31 which gre
preferahly terminated by metallic rings compris-
ing the alloy mentioned.in connection with Fig, 1,

as adapted to provide desirable seals to glaes

The. projecting cylinders 96 and 97 are capped
to their outer ends by enclosures 88 and 99 of
glass, the whole structure thys far described gons-
Stltutmg 4. vacqum-type enclosure,

The central portion of the wall 93 enclosed
within the projecting. cylinder 96 is provided with
perforations 10f, and similar perforations, 182,
193 and 104 are provided in the walls of the cylin-
ders 32 and 93. The purpose of these, perfora-

‘tions 101, qu ms and 104 is to permit electrons,

pro;rected through the perforations 01 from a
source about to be descrlbed in the cylinder 36
to pasg through the walls 92 and 93 into the in-
terior of the cylindrica,l proJect.ion 97, Sealed
mto glaSS cap 99 is positloned ah anode. or target
105, of any su1table type ‘well. known to the. elec-
trma,l discharge tube art for the purpos desxred
to be achieved by the i,m;)act of high _velocity elec-
tyons.. For example the member 105 may be the
tar get frcng which X-rays are to be emitted when
it is struck by high speed: electrons passing
through the perforations t4t, 102, Iu3 f04. -

Within the enclosure formed by the cyllnder 26
and its glass cap. 98 is provided suitable cathode
me ‘of a type well known in the electron-gun art,
whlch may comprise a metal cylinder 10F enclos-
ing a helical electric heater 188. The end of-the
cylinder 107 is. coated with s mixture of banum
and stronbm,m oxides or any other thermionically-
emissive materlal and iz pxov1ded with upturned
edges to help in focusmg the electrons emitted
from the cathode 10§ ina direction gircular to the
axis of the: -cylinder 10F. The cylinder 17 is sur-
reunded by an auxiliary focus1ng~ cylmder 109
which may be connected -to the cylinder (0T, qr
alternatively may-be provided: with an mleadmg
wire {HI by whleh its potential may be fixed at
any suitable value: relative to the cylinder 1871 for
aid in focusing: the ¢leetrons emitted from the
cathode surface #08. ‘The cathode cylinder 1ot
and. the detached: end of the heater 108 are pro-
vided with inleadmg wires passing through the
press 42 ahd supported therefrom in ways now
well known in- the electronics art.

By means- of & suitable source of voltage tI8,
the cylindrical surface 93 may be maintained: at
any.- desired: voltage relative to the cathode (08,
in- consequenee 6f which arrangement electrons
emitted by the surface 186 may- be projected
through the perfora,tions 1ot 102, 103 and 104
into bhe -cylindrical prOJeetion a1, The anode
108 may be provided: thh ‘means for maintaining
it at a desired voltage relative to the cylinder 93,
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'+ The chamber 81 has é mode of electrical vibra- -

tion’ in which the lines of electric force are sub-
stantially radial, and when electrons enter the
chamber 91 through :the- perforations- 101 they
will be acted upon by this electric field, and their
velocity at the time they reach the perforations
162 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 hetween
perforations 181 and perforations: 102, Some of
thie ‘electrons passing through the perforations
{01 will be accelerated by the ‘electric field so
that the ‘time that-they spend in"traversing the
path between 10{ and 102 will be less than that
corresponding -to the- velocity ‘with which they
entered the perforations 101, while others of
these electrons will be retarded and traverse the
path between the perforations 101 and {92 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 192, If
the exit energy of the electrons emanating from
the perforations 102 is plotted against the time
each electron entered perforations 101, it can be
shown that a curve similar to Fig. 9 will resulf
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_where ordinates represent energy of the electrons

emanating from perforations (02, and abscissae
represent the time of entry of the electron through
the perforations I81. It will be seen from Fig.
9 that the electrons, whose energies are plotted
within the range ti, 2 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-
tinitle with energy unabated in traversing  the
 space between the perforations 102 and 103, sirice

it does not form: a portion of the electrically vi-.

brating chamber 91, 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 103 and-104, where they are again
acted upon by the oscillating electric field within
the resonant space 91.- Certain of ‘the original
electrons will:accordingly enter the cylinder 81
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 91, sihce those electrons

which, reach grid .102. with energy. less . than E
eause stich resonant oscillations of chiamber 91
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
enersy on entering the perforations 10{ was only
100 kilovolts. R cel

Tt is; of course, desirable that.of theelectrons
emanating from the perforations | 02,:only -the
high velocity ones should pass through the per-
forations 103 and continue onward ultimately to
impinge upon the anode 85. This selection of
high velocity electrons may be effected by pro-
viding a maenetic field in the interior of the cyl-
inder 92 having a direction parallel to the axis
thereof. A magnet core (15 excited with direct
current winding 116 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-
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férations 103:in.the wall'of cylinder: 92 in a posi-
tion correspondihg:to-the paths of high velocity
electrons' through -cylinder . 92,.4and -leaving the
wall of eylinder: 82 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. 102 will pass
through the perforations-103 to enter the cham-~
ber- 91 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 perforatioris '108 ‘into the chamber 9f will
thereafter traverse straight liné:paths across the
latter: - 'The position 6f-the cylinder 97 and the
perforations 104 should, of course, correspond to
the “terminus-on thewall of cylinder 93 of the
paths just mentioned.” :

Another possible miettiod-of: insuring that only

_the fastest electrons emarfating from perforations

{92 shall reach the perforations 193 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 102
and 103, In such case the perforations 102, 103,
104 and anode" 165 should line up with the recti-
linear path of electrons projected by cathode 108
through perforations 101, -Such a grid would turn
back the slower electrons emanating from the
perforations 102, and cause them ultimately to
fmpinge on" the cylinder 82, but would permit
¢lectrons with & veldeity “high enough to pass

roug ‘ in ‘the, grid to reacquire
ns 103: with the

through the openings it
velocity and Jeave the perforatio

same velocity that they left the perforations 102,
. In_the foregoing I have described particular
embodiménts of the principles of my invention,

_but these principlés are capable of application in
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many alternative forms which will be evident to
those skilled .in the art. For. example, I have de-
seribed electyons. 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. eléctrified body may replace them,
the reldation between their entrance velocity and
the dimensions of the resonating chamber being

“substantially the same as described for electrons.

Also other forms of resonating chamber and other

. modes of. vibration (i ¢., other:directions for the

alternating electric,field). may be employed pro-
vided the electrified particles are projected with
a. velocity component, along this field. :

. T 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 conducting ma-
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 perforations mto: zsid
chamber, and coupling means having a partion
xrojecting within said ehsmber for framsmitting
energy ‘resident i am efectric ﬁem ‘inside said
ekamber to a work circuit.

3. Axx electrical discharge device comprising a
chamlier having condueting walls: in the form of
am outer cylinder having an annular band of
perfarations in ifs walk and am inmer cylinder
interconnected at each end by electrically con-
ducting material, an: electron enrissive souree, po-
sitioned  adjacent o sald perforstions and: im-
sulated from: said chamber, & vacuwn-tight em-
closure mairtained at a high vacuum eneclasing
said source and said perforations, and means in-~
cluded. by said deviee for impressing an electrie
field in the region. adjacent said. source for pro~
jecting electrons from said sedkee through said
perforations. infio-said ‘chamber.

4. -An: electrical discharge device camprising a.
chamber having eonducting walls in the form. ef
ar outer cylinder. having perforatmns in its wall
and an unperforated inner ecylinder intercon-
nected at each end by electrically conducting ma.-
texial, an electron emissive squrce; positioned ad-
jacent to said perforations. and insulated frem
said. chamher, a vacuum-tight enclosure main-
tained: at a high vacwum: enclosing, said cathode
and said perforations, means included by said.
" deviee. for impressing an elecfric. field in the re-
gion adjacent said source far projecting electrons,
fram said source threugh said perforations into
said chambher,.and coupling means having a por-
tion projecting within said chamber for trans-
mikting energy resident in an electric: field inside.
said ehamber o a work cireuit. .

5. An electrical dischaxge device comprising a
chamoher having conducting walls in the form. of
an auter 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 cuter cylinder, a linearly extending elec-
tron: emitter subtending said perforated area,
means. included by said,devrce for impressing an
electric field in the region adjacent said source for
causing elecirans from said source to be projected
through said perforations into said chamber, and
means. having a. portion projecting within said

chamber for utilizing the energy of efectrical

oscillations produced within said charmber.

6. An electrical discharge device comprising &
chamber having conductive walls in the form of
an outer cylinder having perforations in its walls
and an inner cylinder interconnected at each end
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time: equal to: n-+ Y% cycles of the fundamental
made:of electrical vibration of said. chamberwhere
. is any integer.

T. An: electrical discharge device comprising g
chamber having conducting walls in the ferm of
an quter-eylinder having perforations in its walls
and ancinner cylinder-interconnected at each end
By plates: of electrically: conducting material, an
electron -emissive souree positioned adjacent: to
said pexforations and insulated from said cham-
her, means ineluded by :said deviee: for impressing
an electric field in the region adjacent.said: source
fer projecting electrons from said souree through
8aid perforations imfo said chamber, said elee-
trons passing through said perforations with a
veloeity whick is substantially

@

(n—t-}/g %ﬂ ‘
where a is, the radial distance from the inner of
said eylinders to the outer of said cylinders, L.
is the distance between. said. plates, ¢ is the ve~
locity of light, and n is any integer.
8. An electrical discharge device comprising a,

" chamber haying, conducting walls in the form of
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- by electrically conducting material, an electrom

emissive source positioned adjacent to said per-
forations and insulated from said chamber, means
included hy said device for impressing an electric
field in the region adjacent said source 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

an. quter cylinder having a. perforated area in its
wall. and an inner cylinder interconnected at -
each end hy plates of electrically conducting ma-
terial, said area subtending a major portion of
the circumference of said outer cylinder, a linear-
Iy extending electron emitier subtending said per-~
forated area, means included by said device for
impressing an electric field in. the region adjacent
said source for causing slectrons from said source
ta be projected through said perforations into.
safd chamber, and means coupled to a member

-projecting into said chamber for utilizing the

energy of electrical ascillations produced within
said chamber, said electrons passing through said:
perforations with a velocity which is equal to

where @ is the raehal chsta,nce from the inner ef
said cylinders to the outer of ssid ecylinders, I.
is the distance between said plates, ¢ is the ve-
Toeity 01 l1gh1§ and 7 is any integer.
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