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ELECTRICA, OSCHARGE DEVICE HAVING 
CAVITY RESONATORS 

Caperton B. Horsley, Stamford, Conn., assignor 
to Machlett Laboratories Incorporated, Spring 
dale, Conn., a corporation of Connecticut 
Application April 27, 1944, Serial No. 532,946 

(CI 315-6) 10 Claims. 
1. 

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 
Ceriaed. 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 reSOnatOI, the electrons enter a field 
free 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 
circuit. 

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 inajor 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 
bean and the resonatorS. Since the bean 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 diameter, 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 Velocity, 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 embodir 
ment of the invention in the form of an amplifier. 
The device illustrated in the drawing comprises 

an end section i, 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 6 lies coaxially with 
the electrode 4 and is partially telescoped there 
With. Electrode 6 is connected to a lead ... The 
several leads pass through a press sealed in the 
end Wall 8 of the Section . 
A tubular metal section 9 is sealed at one end 

on the cylindrical end of the section and with 
in the metal section is a cavity resonator 0, 
which has parallel walls. , 2 lying at right 
angles to the axis of electrode 6 and formed with 
openings aligned with that electrode and con 
taining grids 3, 4, respectively. The resonator 
has a peripheral opening 15 aligned with a sim 
ilar opening 6 through the wall of section 9, and 
a coupling loop i lies within the resonator and 
has a lead i8, which extends through a conical 
connection 9 and through an insulating support 
20 to terminate as a probe 2 within a hollow 
wave guide 22. 
The other end of the metal section 9 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 dimensions as to 
project beyond the glass sections both inwardly 
and OutWardly, and the glass sections and discs 
are aligned to produce a tubular structure axially 
aligned with the openings through walls { 1, 2 
of the cavity 0. The several discs serve as ac 
celerating electrodes and they are provided with 
leads 26 connected to space points on a voltage 
dividing resistor generally designated 27. This 
resistor is provided with a selector switch, con 
ventionally indicated at 28, which may be used 
for phasing purposes. ". 
At the end of the insulating structure remote 

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 3, 32 lying transverse to the axis of the 
device, and wall 3 contains a small central open 
ing 33. A focusing electrode 34 is mounted on 
the outside of wall 3 around opening 33 and the 
adjacent disc 35 within the structure is formed 
With a smaller central opening than the other 
discS and cooperates for focusing purposes with 
the electrode 34. - . . . . . . . . . 

Resonator 30 is formed with a peripheral open 
ing 36 aligned with an opening 36a through the 
Wall of Section 29, and the resonator contains an 
output coupling loop 37, the end of which pro 
jects through opening 36 and through a conical 
connection 38 to pass through, an insulating sup 
port 39 and terminate as a probe 40 within a 
hollow wave guide 4. - - 
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 volt 
age source 43. Lead 7 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 27, and the negative side of 
the source is connected by connection 46 to the 
metallic section 9, and through it, to the reso 
nator f0. 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 4. 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 29, 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 6 to a relatively low 
velocity. The signal to be amplified is applied 
to the wave guide 22 and the resonators it and 
30 may be adjusted by conventional means not 
shown so that they will resonate at the frequency 

I of the signal. The coupling loop then func 
tions in response to the signal to cause resonator 

0 to resonate. The electrical values employed 
are so chosen that the alternating electric poten 
tial between the grids 3 and 4 of resonator. 
is high relative to the voltage represented by the 
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speed of the electrons entering the resonator 
and, as a consequence, the potential between the 
grids acts during one half cycle to prevent sub 
stantially all flow of electrons through the reso 
nator, while permitting the electrons to emerge 
from the resonator into the structure 24 during 

5 the next half cycle. 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 28, the beam is focused by the action of 
electrodes 34 and 35 energized by the voltage 
source 48. - 
The groups of electrons leaving chamber 24 

enter the second cavity resonator 30 through the 
opening 33. This resonator resonates at the same 
frequency as cavity to and the passage of the 
groups of electrons across resonator 39 from the 
opening to their point of impingement on the 
end wall 32 of the resonator causes the latter to: 
resonate. The alternating field within resona 
tor 30 retards the electrons, so that energy is 
given up to the resonator by the electrons and is 
then transmitted by the coupling loop 37 to the 
output wave guide 4 . . . . . . . 
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 practice, the elec 
tron beam enters the first resonator of the de 
vice at relatively low velocity and may, there 
fore, be of relatively high 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 cham 
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 S3, 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 increased. 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 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, 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 envelope along the 
path of the particles, potential-source means 
Connected to Said electrodes for maintaining 
them at increasing potentials 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 a cavity resonator 
having an opening through which the groups 
paSS into the resonator. 

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 envelope 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 electrical 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 
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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 resonator 
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 path of 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. An electrical 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 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 resonator, 
means for maintaining an oscillating field with 
in the first resonator 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, 
and 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 resonator. 

5. An electrical discharge device adapted for 
ultra-high frequency use, which comprises an 
evacuated envelope, means within the envelope 
for producing a beam of charged particles 
traveling along a rectilinear path within the 
envelope at relatively low velocity, a Cavity reso 
ilator mounted on the envelope wall and having 
Walls extending across the path of the beam, the 
resonator 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 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 beam-producing. 
means effective to subject the groups of particles 
to a constant rectilinear.field which accelerates 
the groups without substantially changing their 
direction. . . . . . . . - - -- . . . . . . 

6. 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, 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 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, 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 a cavity resonator 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 opening in the resonator 
of the absorbing means. . . 

7. An electrical discharge device adapted for 
ultra-high frequency use, which comprises an 
evacuated envelope, means within the envelope 
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 from 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 spaced 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 absorbing 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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8. 
ultra-high frequency 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 having walls extending 
across 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 
nator mounted on the envelope wall and having a 
wall extending across the path of travel of the 
groups of electrons and provided with an opening 
through which the groups may enter the reso 
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 innean.S. Con 
nected to said electrodes for maintaining them 
at increasing potentials with respect to the 
bean-producing means 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 
for producing a beam of electrons traveling along St. 
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 
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 electrons without . Substantially 
changing their direction, said accelerating 
means including a plurality of electrodes mount 
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 through said unobstructed 
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Opening. 
CAPERTON. B. HORSLEY. 
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