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This invention relates to electrical discharge
devices adapted for ultra-high frequency use and
of the type in which a beam of charged particles.is
subjected to the action of an alternating electric
field. More particularly, the invention is con-
cerned  with a novel electric discharge device,
which may be employed as an ultra-high fre-
quency oscillator or amplifier and can be operated
safely at higher output rates than prior devices
for the same purpose.

At the present time, electron discharge devices
functioning in accordance with the principle of
velocity modulation are well known and, in such
devices as the Klystron, an electron beam from
a source passes through aligned openings, usually
containing grids, in opposite walls of a cavity
resonator in which the beam is subjected to the
action of an alternating field produced by oscil-
lations within the resonator. The dimensions of
the resonator and the frequency of the oscillations
therein are such that, in their passage between
the grids, some of the electrons are accelerated,
others are decelerated, while still others may
leave with their velocity substantially unchanged.
Beyond the resonator, the electrons enter a field-
iree space termed.a “drift tube” and in their pas-
sage through the tube the differences in the veloc-
ities of the electrons cause them to become
bunched. The bunches of electrons pass from
the drift tube through a grid into a second cav-
ity resonator which resonates preferably at the
same frequency as the first, and, in the second
resonator, the bunches of electrons set up an
alternating field from which energy may be ab-
sorbed. If the device is employed as an oscillator,
some of the absorbed energy is fed back to the
first resonator to maintain the field therein, while,
if the device is used as an amplifier the field in
the first resonator is maintained by energy from
the signal to be amplified and the energy absorbed
from the second resonator passes to an output
cireuit.

In such a velocity modulation device, the reso-
nators and the drift tube are all at the same D. C.
potential and the electrons in the beam receive
the major part of their acceleration before they
enter the first or “buncher” resonator and they
are not accelerated in the space between the res-
onators. The resonators have small openings,
so that their efficiency may not be too greatly im-
paired, and the grids, when used in the openings,
provide the desired close coupling between the
beam and the resonators. Since the beam will
burn out any grid through which it passes if the
current density of the beam is too great and the
electron speed too high, the beam passing through

the first resonator must be restricted as to.either -
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current density or electron speed in order to pro-

~ tect the grids.
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Some of the limitations upon the prior devices
arise from space charge effects. As is well known,
it is difficult to maintain a beam of charged par-
ticles, which is of small diametfer, high inten-
sity, and substantial length.. Such a beam may
be focused at one point along its axis to limit its |
diameter, but, as the beam travels along, it tends
to expand because of the space charge effect.’
This tendency assumes considerable importance
in prior devices.

The present invention is directed to the pro-
vision of a novel electric discharge device capable
of use as an oscillator or amplifier, which, al-
though involving the use of a beam of charged
particles, functions differently. from and is su-
perior to velocity modulation devices of the type
above described. In its broadest aspect, the new
device includes a source of charged particles,
means for intermittently cutting off the flow of
particles so'that the particles are grouped, means
for accelerating the groups of particles, and means
for retarding, and thereby absorbing energy from
the groups of accelerated particles. Preferably,
the charged particles employed are electrons and
the means for cutting off the flow thereof is an al-
ternating field within a cavity resonator. Be- -
yond the resonator, the groups of electrons pro-
duced by the action of the field on the electron
beam are accelerated by an electrode or a series
of electrodes spaced along the path of travel of
the electron groups and maintained at proper po-
tentials. After having thus been accelerated,
the electron groups are focused by appropriate
means and directed into a second cavity resonator
in which they set up an alternating field from
which energy is absorbed. Since the beam of
electrons enters the first resonator at relatively
low veloeity, grids may be mounted in the open-
ings in the resonator without danger of being
burned out, even though the beam is of high cur-
rent density. The grouping of the electrons
takes place wholly within the first resonator and
it is possible to accelerate the groups in the space
between the two resonators and also to focus the
groups immediately prior to their entering the
second resonator. The groups, accordingly, en-
ter the second resonator at high velocity and high
current density, so that a correspondingly large
amount of energy may be absorbed from the
alternating field which they set up within the
second resonator. At the same time, the possi-
bility of focusing the groups about to enter the
second resonator permits the use of a small open-
ing into the second resonator with resultant in-
crease in efficiency and without the necessity of
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employing a grid in the opening to obtain close
coupling.

For a better understanding of the invention,
reference may be had to the accompanying draw-
ing in which the single figure is a partly -diagram-

>

matic longitudinal sectional view of an embodi- ~

ment of the invention in the form of an amplifier.

The device illustrated in the drawing comprises

an end section {, made of glass and containing a
cathode filament 2 supplied with current through
leads 3. The filament lies within a cylindrical
focusing electrode 4, to which lead 5 is connected, ;
and an accelerating electrode § lies coaxially with
the electrode 4 and is partially telescoped there-
with. Electrode § is connected to a lead 7. The

several leads pass through a press sealed in the

end wall 8 of the section 4.

A tubular metal section 8 is sealed.at one end
on the cylindrical end of the section { and with-
in the metal section is a cavity resonator 10,
which has parallel walls” {1, 12 lying at right
angles to the axis of electrode § and formed with.
opénings aligned with that electrode and con-~
taining grids 13, (4, 1espect1ve1y The resonator
has a peripheral opening 15-aligned with a sim-
ilar opening 16 through the wall of section 9, and
a coupling loop 17 lies within the resonator and’
has a lead {8, which extends through a conical
connection {9 and through an insulating support
20 to terminate as a probe 21 Wlthm a hollow
wave guide 22.

The other end of the metal section 8 is sealed
on a cylindrical glass section 23 at one end of a
chamber generally designated 24 and formed of
alternate glass sections: 23 and annular metal
discs 25. The discs are of such dimernsions as to
project beyond the glass sections both inwardly
and outwardly, and the glass sections-and discs’
are aligned to produce a tubular structure axrally
aligned with the openings through ‘walls i1
of the cavity 10. The several discs serve as ac—
celerating electrodes and they are prov1ded Wlth
leads 26 connected to space points on a Voltage
dividing resistor generally designated 21. Th1s
resistor is provided with a selector swrtch con-
ventionally indicated at 28, which may be used
for phasing purposes. .

At the end of the. insulating structure 1emote
from the resonator {0, the structure is ‘connected
to a tubular metal section 29, the open end of .
which is closed by a cavity resonator 30, which
is similar to resonator {0 and resonates at the
same frequency. The resonator 30 has parallel
walls 21, 32 lying transverse to the axis of the
device, and wall 3i contains a small central open-
ing 33. A focusing electrode 34 is mounted on
the outside of wall 31 around opening 33 and the
adjacent disc 35 wrthln the structure is formed

with 2 smaller central opening than the other

discs and cooperates for focusing purposes with
the electrode 34.

Resonator 30 is formed with a per1pheral open-
ing 86 aligned with an opening 36a through the
wall of section 29, and the resonator contains an
output coupling loop 33, the end of which: pro-
jeets through opening 36 and through a conical
connection 38 to pass through an insulating sup-

port 38 and terminate as a probe 40 within a

hollow wave guide 4t.

The leads 3 of filament 2 are connected to a
voltage source 42, and lead 5 of the focusing elec-.
trode 4 is connected to the negative side of a voit~
age source 43. Lead T of accelerating electrode 6
is connected to.the positive side of.a voltage
source 44. A voltage source 45 is connected
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across the resistor 21, and the negative side of
the source is connected by connection 46 to the
metallic section 9, and through it, to the reso-
nator iD. The several discs 25 are connected to
taps ‘on the resistor and the. focusing disc 35 is
connected to the positive side of the -voltage
source 45 by a connection 47. ‘The focusing elec-
trode 34 is connected to the negative side of a
voltage source 48, provided for that focusing pur-
pose, by a connection leading to the cylindrical
section 28, with ‘which. electrode 34 is in elec-
trical connection through the wall of cavity 30.
The positive side of source 48 Is connected to
the positive side of resistor 27,

In the operation of the device as an amplifier,
the filament is heated and emits electrons, which
are focused by electrode 4 to form a beam and
are accelerated by electrode § to a relatively low
velocity. The signal to be amplified: is applied
to the wave guide 22 and the resonators ¥ and -
30 may be adjusted by conventional  means not
shown so that they will resonate af the fr equency )
The coupling loop {1 then func-
tions in response to the signal to cause resonator
{0 to resonate. 'The electrical values employed
are s0 chosen that the alternating électric poten-:
tial between the grids 13-and 4 of resonator {8
is high relative to the voltage ‘tepresentéd by the
speed of the electrons entering the 1esonator
and, as a consequence, the potential between the -

grids acts during one half cycle to prevent aub-
stantially all flow of electrons through the reso-
nator, while permitting the: ‘electrons- £0 emerge
from the resonator into the structure 24 during”
the next half eycle. The electrons will, accord-
ingly, enter the structure 24 in the form of groups
and the beam made up of the groups will ‘be ac~"
celerated by the successively higher- “potentials
applied to the electrodes 25. At the end of the

chamber 24, the beam is focused by the action of

electrodes 34 and 35 enerdlzed by the voltage‘
source 48. -

The groups of’ electrons leaving chamber 28
enter the second cav1ty resonator 36 through the
opening 33. This resonator 1esona,tes at the same
frequency as cavity i and the’ passage of the-
groups of electrons across resonator 38 from the
opening to their point of 1mp1ngement on the
end wall 32 of the 1esonator ‘causes the latter to:
resonate. - The alternating field within 1esona-'
tor 38 retards the electrons, so that energy- 1s‘
given up to the resonator by ‘the electrons and is
then transmitted by the couphnu loop 87 fo the
output wave guide 44 »

From the foregoing, it will be apparent that
the new device differs from ‘prior devices for:
the same general purpose in numerous respects :
As distinguished from prior. practlce, the -elec-
tron beam enters the first resonator of the de-,
vice at relatively low. velocity and may, there-
fore, be of relatwely hlgh current density with-
out danger of burning out the grids in the reso-
nator openings. The grouping of the electrons_'
takes place wholly within the first resonator, and
no drift tube, within which bunching of elec-
trons of different velocity may take .place,. is
required. The two. resonators are electrically
separated and the chamber between them in-
sulates them from one another and defines the
space in which the beam may be subjected to
accelerating potentials. . Within . the * chamber,
the beam made up.of groups of electrons is given
a high velocity and at the exit.end of the chams-.
ber, the beam is focused so that, even though
the beam is of high intensity, the opening into
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the second resonator may be small and, accord-
ingly, no grid in the opening is necessary to
maintain the desired close coupling between the
beam and resonator. Also, since no grid is
used, the speed of the electrons and the intensity
of the beam may be much higher than would be
permissible, if a grid were present.

The most desirable spacing of grids 3, {4, the
size of the opening 33, the values of the several
voltage sources, and similar features depend on
the frequency at which the device is to operate,
the output desired, and various considerations
of that sort. In general, however, it may be said
that the operation of the device improves as
frequency is inecreased. The specific construc-
tion illustrated is a desirable physical embodi-
ment of the invention, but devices of other con-
structions operating on the same principles will
readily occur to those familiar with such ap-
paratus.

I claim:

1. An electrical discharge device adapted for
ultra-high frequericy use, which comprises an
evacuated envelope, means within the envelope
for producing a beam of charged particles travel-
ing along a rectilinear path within the envelope
at relatively low velocity, means within the en-
velope defining a cavity resonator having aligned
openings through which the particles pass,
means for maintaining an oscillating field with-
in the resonator which acts.on the beam to cause
the particles to be formed into groups, means.
for subjecting the particles traveling through
the envelope beyond the resonator to a constant
rectilinear field to accelerate the groups of parti-
cles without substantially changing their direc-
tion, said means including a plurality of elec-
trodes distributed within the envélope along the
path of the particles, potential-source means
connected to said electrodes for maintaining
them at increasing potentisls with respect to the
beam-producing means, and means within the
envelope in the path of travel of the particles
beyond the group accelerating means for absorb-
ing energy from the accelerated groups, said
absorbing means including s cavity resonator
having an opening through which the groups
pass into the resonaior.

2. An electrical discharge device adapted for
ultra-high frequency use, which comprises an
evacuated envelope, means within the envelope
for producing groups of charged particles
traveling at relatively low velocity along a rec-
tilinear path, means within the eénvelope for sub-
jecting the groups of particles moving along said
path to a constant rectilinear field to accelerate
the groups without substantially changing their
direction, said means including a plurality of.

electrodes distributed within the envelope along

the path of the particles, potential-source
means connected to said electrodes for maintain-
ing them at increasing potentials with respect
to the means for producing the groups of charged
particles, and means within the envelope beyond
the electrodes and spaced therefrom for absorb-
ing energy from the accelerated groups of parti-
cles, said absorbing means Including a cavity
resonator having an opening through which the
groups of particles may enter the resonator.

3. An electrieal discharge device adapted for
ultra-high frequency use, which comprises an
evacuated envelope, means within the envelope
for producing a beam of charged particles travel-
ing along a rectilinear path within the envelope

10

20

30

35

40

45

50

55

60

133

6

at relatively low velocity, a -cavity resonator
mounted on the envelope wall and having walls
extending across the path of the beam, the reso-
nator walls having aligned openings through
which the beam may pass, a second cavity reso-
nator mounted on the envelope wall and having
at least one wall extending across the path of
the beam, said resonator wall having an opening
through which the beam may enter the reso-
nator, means for maintaining an oscillating field
within the first resonator which is adapted to
act on the beam passing through the resonater
to cause the particles to be formed into. groups,
and means for subjecting the groups of particles
to a constant rectilinear- field to accelerate the
groups without substantially. changing ' their
direction including a plurality of electrodes
mounted on the envelope wall and spaced along
the pathof the groups of particles between the
resonators and potential-source means connected
to said electrodes for maintaining them at in-
creasing potentials with. respect to the beam-
producing means.

4. Anelectrical discharge device adapted for
ultra~high " frequency use, which comprises an
evacuated envelope, means within the envelope
for producing a beam of charged particles travel-
ing along a rectilinear path within the envelope
at relatively low velocity, a cavity resonator
mounted on the envelope wall and having walls
extending across the path of the beam, the reso-
nator walls having. aligned openings through
which the beam may pass, a second cavity resc-
nator mounted on the envelope wall angd having
at least one& wall extending across the path of
the beam, said resonator wall having an opening
through which the beam may enter the resonator,
means for maintaining an oscillating field with-
in the first resorator which is adapted to act
on the beam passing through the resonator to
cause the particles to be formed into groups,
means for subjecting the groups of particles to a
constant rectilinear field to accelerate the groups
without substantially changing their direction
including a plurality of electrodes mounted on
the envelope wall and spaced along the path of
the groups of particles between the resonators,
ahd potential-source means. connected to said
electrodes for maintaining them at increasing
potentials with respect to the beam-producing
means, and means for focusing the accelerated
groups of particles approaching the opening into
the second resenator.

5. .An electrical discharge device adapted for
ultra-high frequency use, which comprises  an
evacuated envelope, means within the envelope
for producing o beam of charged particles
traveling along & rectilinear path  within the
envelope at relatively low velocity, a cavity reso-~
nator mounted on the envelope wall and having
walls extending across the path of the heam, the
resonator walls having aligned openings through
which the beam may bass, a second cavity reso-
nator mounted on the envelope wall and having
at least one wall extending across the path of
the beam, said resonstor wall having an open-
ing through which the beam may enter the reso-
nator, means for maintaining an oscillating field
within the first resonator which is adapted to
act on the beam passing through the resonator
to cause the particles to be formed into groups,
and a plurality of electrodes within the envelope
distributed along the space between the reso-
nators, potential-source ‘means connected to said
electrodes for maintaining them at increasing
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potentials. with respect to: the bea.m-producmgf» :

means effectivé to subject the groups of particles
to~ 4 constant rectilinear.field whichi: accelerates
the groups w1thout substantlally changmg then
direction:. ..

6. An electﬁcal d1scha1ge dev1ce adapt;ed f01.

ultra-high frequency Tuse,-which comprises an
evacuated envelope, means. within the envelope
for producing ‘groups of* charged particles travel-;
ing at réelatively low velocity along ac~ rectilinear
path, means within ‘the: envelope for subjecting
the groups of particles moving along said path
to a constant rectilinear. field to accelerate the
groups. . ‘without: substantially " ‘changing - their
direction, said means including a plurality of
electrodes within the envelope and spaced along
the path of the groups of particles and potentlal—
source means connected to said electrodes fof
maintaining them at increasing potehtials with
respect to-the means ‘for producing ‘the groups of
charged - patrticles; means within: the envelope
beyond the accelerating means and spaced there-
from for absorbing energy from-the accelerated
groups of ‘particles, said ‘absorbing means in-
cluding g ‘cavity “résonator “having an" ‘opening
through which the groups of particles may enter
the resonator, and means within the- envelope
for focusing the ‘accelerated groups of particles
as they approach the opemng m the 1esonator
of the absorbing means.

7. An electrical discharge device adapted for

ultra-high frequency use, which- comprises an
evacuated envelope, means within the énvelope
for producing groups of electrons traveling at

relatively low velocity along a rectilinear path,
means within the envelope including a plurality-

of electrodes spaced along said path for subject-
ing the groups of electrons moving along said
path to a constant rectilinear field to accelerate
the groups without substantially changing their
direction, potential-source means connected -to
said electrodes for maintaining them at increas-
ing potentials with respect to the means for pro-
ducing the groups .of electrons, means within
the envelope beyond the accelerating means and
spaced therefrom for absorbing energy Irom- the
accelerated groups of electrons, said absorbing
means including a cavity resonator having an
opening through which the groups of electrons
may enter the resonator, and means within the
envelope between the group accelerating means
and the resonator of the absorbing means for
focusing the accelerated groups of electrons as
they approach the opening in said resonator.
8. An electrical discharge device adapted for
ultra-high frequency use, which comprises an
evacuated envelope, means within the envelope
for producing groups of charged particles travel-
ing at relatively low velocity along a rectilinear
path, a plurality of electrodes mounted on the

envelope wall and encircling and spacéd along .

the path of the groups of particles, potential-
source means connected to said electrodes for

maintaining them at increasing potentials with

respect to the means for producing the groups
of charged particles, whereby the velocity of the
particles traveling along said path is accelerated
without substantially changing the direction of
movement of the groups, and means beyond the
electrodes for absorbing energy from the ac-
celerated groups, said absorbirig means including
a cavity resonator mounted on the envelope wall
and Having an opening through which the groups
of particles may enter the resonator,

9. An electrical discharge device adapted for
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ultra~high ‘freguency - use, which. comprises an
evacuated envelope, means within the envelope
for producing a beam of electrons traveling..
along a rectilinear path within the envelope at
relatively low velocity, means for forming the
electrons in the beam into groups, said means
including a cavity resonator mounted on the wall.
of - the envelope ‘and havmg walls extending
dcéross the path of the beam, said resonator walls
having openings through which the beam passes,
means-for absorbing energy from the groups of
electrons, said means including a cavity reso-
fator mounted on the envelope wall and having 2
wall extending across the path of travel of the”
groups of electrons and provided with an opening'
through which the groups may enter the ‘Teso-
nator, the walls of the envelope between the reso-
nators being made up of alternate annular sec-
tions ‘of “insulation ‘and annular metallic -disc
electrodes, and potential-source means -con-
nected to said electrodes for maintaining them
at. increasing potentials with réspect to the

‘beam-producing raéans effective to subject the

groups of electrons to a constant rectilinear field
accelerating the groups .without substantially
changing their direction.

10. An electrical ‘discharge device adapted for
ultra~high frequency use, which comprises an
evacuated envelope, means within the envelope

5+ for producing a beam of electrons traveling along

a rectilinear path within the envelope at rela-
tively low velocity, means for forming the. elec-
trons in the beam into groups, said means in-
cluding a cavity resonator mounted on the wall
of the envelope and having walls extending
across the path of the beam, said resonator walls
having openings through which the beam passes,
and grids in said openings, means for absorbing
energy from the groups of electrons, said means’

0 including a -cavity resonator mounted on the

envelope wall and having a wall extending across
the path of travel of the groups of electrons and
provided with an unobstructed opening through
which the groups may enter the resonator, means
between the resonators for subjecting the groups
of electrons to a constant rectilinear field to ac-
celerate the eélectrons without substantially
changing their direction, said accelerating
means including a plurality of electrodes rmount-
ed in spaced relation on the envelope wall be-
tween the resonators, potential-source means:
connected to said electrodes for maintaining
them at successively higher potentials along the
path of travel of the electrons with respect to
the beam-producing means, and means mounted
on the envelope wall between the electrodes and
the resonator of the absorbing means for focus-
ing the groups of electrons into the resonator of

- the absorbing means throuvh sald unobstructed
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