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My invention relates to electron discharge de-
viees and their associated ecircuits particularly
useful at ultra high frequencies;

In one form of

onant cavity circuit or resonator of annular or
doughnut shape having a gap registering with
the gap between the tubular electrodes and sur-
rounding the envelope close to the envelope wall
and lying in a plane transverse to the electron
stream. The electrons modulated by the grid
and formed: into groups of electrons pass across
the gap of the resonator and cause the resonator
to be energized by induction, the electrons heing
collected by the collector: When used as an
oscillator, energy is: fed back from the resonator
to the-input circuit connecteq between the cath-
ode and the grit. Tg insure efficient operation,
the voltage which is fed back to the input circuit
must be in the correct phase with respect to the
input voltage so that losses in the input circuit
are compensated for and the oscillations sus-
tained. Due to the length of the path travelled
by the electrons and, consequently, due to the
finite transit time of the electrons, and various
other factors, it is not always possible with the
usual means to adjust the phase of the voltage
fed back correctly for most efficient operation.

I the type of electron discharge device de-
scribed, utilizing Tesonators, maximum power
output and efficiency” would result if each group
of electrons before itg bassage past the output
gap of the output resonator is compressed by
application of g velocity modulation potential so
as to provide dense gToups of small dimensions
in the direction of travel of the electrons, and
these dense groups made to pass the output. gap
at the instant of time at which the high fre-
auency- voltage acreoss the gap: is of such sign
and value as to cause. 2 maximum amount of
deceleration. to: each group of electrons.

I is;. therefore, an. object of my invention to
provide an eleciron discharge device and circuit
useful s an osciliator at ultra: high frequenecies
and in which: the feedback voltage can be ad-
Justed correctly far most efficient operation.

More specifically it is an objeet of my inven-
tiom to. previde

an: ascillator-having an adjustable :
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coupling means for independently controlling the
phase and magnitude of the feedback voltage.

Another object of my invention is to provide
2 device of the type described and in which the
eflicieney of operation is improved by compress-
ing electron: groups prior to their bassage across
the output: gap.

More specifically it is an-object of my invention
to provide an electron discharge device and cir-
cuit- arrangement by means- of which 2 com-
bressing voltage of the correct phase and ampii-
tude influence the electron stream prior to the
bassage of the electrons past the output resona-
tor gap.

These and other objects will appear herein-
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The novel features which I kelieve to be char-
acteristic: of my invention are set forth with
barticularity in the appended claims, but the
invention will' best be understood by reference
to-the following description taken in connection
with the accompanying drawing in which—

Figure 1 is g longitudinal section of an ultra
high frequency electron discharge device and
circuit made according to my invention;

Figure 2is a longitudinal section of 2, modifica-
tion of the device shown. in Figure 1 and its as-
sociated cireuit;

Pigure 3 is a diagram showing the method of
operation of electron discharge devices and the
associated circuits made according to my inven-
tion-and shown in Figures 1 and 2;

Figures 4, 5 and 6 show the details of the con-
struction eof the adjustable feed back transmis-
sion line utilized in the apparatus shown in Pig-
ures 1 and 2:

Referring to Figure 1, an electron discharge
tube and associateq circuit made- according to
my invention includes the elongated evacuated
envelope 9 having at one end a concave surface
Indirectly heated cathode 10 and a cup-shaped
grid t1 having a foraminous portion of the same
shape and closely spaced from cathode 10 and
formed: to shield the cathiode from the other élec-
trodes' within the tube. Positioned at the other
end of the envelope is a collector 12 provided with
the secondary electron Suppressor- electrode 3.
Positioned between the grid and the colector are
the accelerating electrodes 14 and | §, the elec-
trode 14 being elongzated and providing an essen-
tially field-free Space within its center portion.
Electrodes 14 and 15 also Serve as screening elec-
trodes between the- output gap and other elec-~
trodes of the device.

The ¢athode circuit comprises the hollow con-
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ductor 16 surrounded by
forming a coaxial line. The cathode is sup-
ported by the leads and conductors 18 and 19
which are connected respectively to the conduc-
tor 18’ within a hollow member 16 by a spring-
clip arrangement, and to the exterior of the con-
ductor:18. The conductor 18 serves as a heater
lead and the conductor {8 as a cathode and
heater lead. The end of the concentric line
arrangement is closed by & disc member 21 slid-
ably positioned on a conductor 16 and manipu-
lated by an insulating member 21’, a space being
provided between the element 21 and the outer
conductor 11. By this arrangement the coaxial
line is closed for radio frequency currents in
effect providing a tunable resonator but the in-
ner conductor 1§ and the outer conductor {1 may
be maintained at different fixed potentials. The
grid circuit includes the inner conductor 22 and
the outer conductor 28. The grid lead support
23 is capacitively coupled to the conductor 22
by means of the arrangement shown at 22’, but
a lead 24 is connected to conductor 23 to per-
mit a biasing voltage to be applied to the grid
il. A closure conductor 25 longitudinally sld-
able on the conductor 22 is manipulated by an
insulating handle at 27. Thus a closed tunable
coaxial line resonator is provided for the grid
circuit. ,

Thus, the grid line as well as
can be separately tuned, and
cuit completely jsolated from
as described more fully below.

The output tank circuit comprises a cavity
resonator 28 placed coaxialy with the tube and
having a gap 39 surrounding the envelope, the
gap lying in a plane transverse to the electron
stream. Modulated electrons passing across this
gap excite the resonator 28 in a manner now well
known and described in my United States Patent
No. 2,237,878, issued April 8, 1941, and assigned
to the samne assignee as the present application.

A second resonator having a gap surrounding
the electron path between the resonator 28 and
the grid comprises the outer conductor 32 and
the inner conductors 32’ and 32’ closed at one
end by the slidable ring-like member 33 and pro-
vided with a gap 34 which registers with the gap
between the grid {1 and electrode 14. Electrode
{4 is electrically connected to the member 32"’
by radially directed conductors 29. The capaci-
tance between the conductor 22’ and the cylin~-
drical surface of the grid {1 provides a low im-
pedance for high frequency currents between
these elements, 2%’ and {{. Movement of the
closure member 33 tunes the control grid-accel-
erator electrode circuit. Capacitive coupling be-
tween the element 32 and the wall of resonator
28 is made by means of the collar 31 to provide
a closed control grid-accelerator resonator while
at the same time permitting the output resona-
tor 28 to be at a different, preferably higher,
fixed potential. The control grid-accelerator
electrode resonator when excited by the modu~
lated stream provides. compression of the elec~
tron groups in a manner to be described bhelow,
this compression taking place prior to the pas-
sage of electrons across the gap in the output
resonator 28.

In order to provide feedback of energy from
the output resonator to the input circuit in
proper phase, I provide a coaxial feed line ad-
justable in length and coupled at its ends to
the resonator 28 and the cathode coaxial line
cireuit. -Surrounding the resonator 28 is a con-

the conductor 17T, thus

the cathode line
the cathode clr-
{he other circuits
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ducting collar 36 capacitively coupled to the res-
onator, and insulated therefrom by insulator col-
lar 37. The adjustable coaxial transmission line
consists of inner conductor 38 and outer con-
ductor 49, the transmission line being provided
with a coupling loop 38 within the output resona-
tor and a capacity coupling element 41{ supported
on the inner .conductor of the coaxial resonator
of the cathode circuit. Intermediate the ends
of the coaxial feed line 15 & so-called trombone
slide arrangement comprising the elements 39’
and 43’, details of which are shown in Figures
4,5 and 6 and which will be described in greater
detail below. 'This permits the physical and con-
sequently the electrical length of the transmis-
sion line to be varied to insure proper phase of
the energy fed back to the cathode circuit and
consequently of the voltage developed between
the grid and the cathode.

The output is taken from the output resonator
28 by means of a coupling loop- 85. The cath-
ode heater voltage is supplied by voltage source
42. 'The proper bias on the grid is obtained by
ihe resistor 43 in the cathode circuit and the
resistor 44 connected to the grid lead. High posi-

> tive voltage for the resonator 28 and the accel-
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_initially passing across

erating electrode 18 and i5 is supplied by 2 volt-
age source 45. The collector is maintained at
a, lower positive potential than the tank circuit
by means of the voltage source 45, the suppressor
elactrode 13 being at a still lower positive poten~
tial than the collector. . '
Operation of the device, particularly with re-
gard to voltage and current phase relationship
and to the action of the compression circuif, can
be explained by referring to Figures 1and 3. The
grid {1 is biased negatively with respect to cath-
ode 18 so that the electrons flow from the cath-

ode and through the grid only during the posi-

tive half cycles of the radio frequency voltage
existing between the cathode and the grid.” .In
Figure 3, the curve designated vg—C represents
the grid-cathode voltage and the curve Ip1 repre-
sents the current passing through the grid 1.
As shown there is a small time lag between the
voltage peak and the electron current peak which
can be ascribed to the transit time of the elec-
trons between the cathode 10 and the grid 1. The
current Ip1 passing through the gap 34 will ex-
cite the compressor circuit, which is the control
grid-accelerator resonator 32, so that a voltage
Ves will be developed across gap 34. The voltage
across the gap 34 will be shifted in phase with re-
spect to current Ipm is the compressor circuit is
tuned off-resonance as indicated by curve Ves of
Figure 3. This phase shift is such that the first
electrons of the group passing across the gap 34
begin crossing the gap when the radio frequency
voltage across the gap is in a direction to oppose
movement of the electrons across the gap bub
increases in a positive direction so that the last
electrons crossing the gap are accelerated to the
greatest extent. Since the electrode i4 is at a
positive potential with respect to grid {1, there
is o constant accelerating field across the gap
38. The radio frequency voltage applied by the
control grid-accelerating electrode resonator
across the gap 34 and which is alternating is su-
perimposed on the fixed accelerator voltage to
successively increase or decrease the resultant
accelerating voltage. The result is that the elec~
trons of each group are continuously variably
accelerated, the last electrons crossing the gap
being accelerated to a greater extent than those
the gap. The electroms
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~then pass within the electrode (4 and member
32"’ within which there Is an essentially feldfree
space,-before reaching the R. P. field across the
g8ap 88. The oberating conditions are-so chosen
that as the group of electrons passes from the
gap 84 to gap 30 and moves through the field-
free space, the fast electrong overtake the slow
-eleetrons so that the electron group:-becomes com-
-bressed. In Figure 3 these compressed graups
are indicated by the deep shadowed areas Ipo.
The Tn2 curves ags shown in Figure 3 are not re-
-lated in time to the other curves of Figure 3, The
phase of current Ip2 depends on transit time be-
tween gap 34 and 29 during which time compres-
slon takes place. In other words Ips isnot, neces-
sarily in phase with Vgs, as shown in Figure 3.
The phased feedback voltage and the operating
potentials determining electron transit. time
through different seurces are so adjusted that
the compressed. gToups -of electrons pass amcross
the gap 38 st the instant of time that the volt-
age across-gap 398 has maximum decelerating ef-
fect. Hence there passes a dense charge in a
very short period ¢f time at the moment when
maximum energy can be delivered.to-the deceler-
ating field of resonator 28. Asaresultmore power
s generated in the output resenator 28 than
would be the case with only grid modulation,

In order to prevent coupling between the catii-
ode Input circuit gnd the eompressor circuit,
‘the grid cireuit is tuned so that the Impedencs
between ‘the inner conductor 32’ of the control
grid-accelerating electrode resonator and thegrid
‘Proper can be made substantially zero. This
tuning is accomplished by means of blunger 28,
The eathode circuit is thus completely isolated
and shielded from the remaining circuits of the
apparatus and the ouly coupling is through the
feedback transmission line, This prevents any
undesirsd coupling betwsen the control grid-
accelerator circuit and the cathode circuit due
to common Impedances between these circuits,
size of the coupling loop 28-is chosen sa as
te extraet from the output tank circuit 2§ the
amount of powsr just just sufficient to excite the
cathoede cireuit to the desired amount, The cath-
ode eircuit 16-—{7 ig tuned to the operating fre-
auency and the position of the coupling element
4t along the line 1§ is adjusted so that. the im-
pedance of the cathode circuit at the position 41
is equal to the characteristic impedance. of the
feedback transmission line 39—29. Uader this
condition the phase of the feedback voltage is de-
termined solely by the length of the transmission
line which ig adjustable, and the magnitude of
feedback voltage is determined by the size of the
coupling loop 28.

A further improvement of my invention is
shown in Figure 2, the same elements being des-
ignated by the same numerals in hoth Figures 1
and 2. TIa the medification shown in’ Figure 2
-an additional adjustable transmission line is con-
nected between the output resonator 2% and the
cempressor resongtor connected between the con.
trol- grid F} and -the accelerating electrode #4.
This serves two nurposes, first, it insures that
“sufficient energy ‘is supplied to the control grid-
sereen electrode cavity resonator, and, second,
it makes it possible to excite the commnressor resn-
nator in the correct bhase for maximum com-
pression even when this circuit is-tuned to reso-
nance at the operating frequency. The trans-
mission line comprises an inner conductor 49 and
‘an outer conductor 59 with coupling loops .54’
and 48, the adjustable portion being provided
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‘dicated but that many

by the trombone slide arrangement 49’ and 59’.
The output of the oscillator is delivered to-the use-
tul lead by means of 4 coupling loop 51 and »
coaxial feed line 52 and 58. The outer con-
ductor 83 of this line is isolated from the reso-
nator 28 by means of g by-pass condenser 54 in
order to remove the resonator 28 voltage from
the feed line. The operation of the apparatus
shown in Figure 2 is substantially that of the ap-
paratus shown in Pigure 1.

The details of the trombone slide arrangement
are shown in PFigures 4,5 and 6. T4 comprises
& hox-shaped structure of rectangular cross. sec-
tion 49’ and inner conductors 39 and 29’ formed
of hollow tubular ang solid rods, respectively.
The inner tubular members are supported with-
in the outer hox-like structure 49’ by insulat-
ing supports 60-and 54, The outer box-like struc-
ture 84’ is divided into two elongated parallel
passageways by means of the conducting wall
62 and its extensions 50, Bf, 52 and 53 The
box-like structure is closed at one-end by a par-
tition 54, The members 50, 51, 52 and 53 pro-
vide a partition similar in function to the solid
wall 62, but separated in the middle for permit-
ting movement of the U-shaped element 55 which
is eonneeted to.the rods 39’. 'To vary the length
of the line, the inner conductors 39’ are tele-
scopieally reeeived within tubular members 39,
Extensions 39’ are secured and  connected to-
gether electrically by means of the U-shaped. ele-
ment. 53 connected and movable by means of the
insulating arm 56 which is provided with guide
fingers 87 sliding in the slots: formed hetween
the elements 59—5{ and 52—53. The space be-
tween 5851 and 52--53. is only great -enough
to permit elemrent 55 to slide between them with-
out contact. Rlements 50, 51, 52 and 53 are
in effect extensions of wall 62 and serve to pre-
vent leakage of R. . fields frem
to another. Thus, the R. F. fields-guided by the
conductors 28,39’ travel aleng one bassageway
and aleng the conductor 5% enter another pas-
sageway and proceed along conductors 29’ and
3%, Thus the electrical length of the transmis-
ston line is varied by varying only the porticn
of the inner conductor 39’5539, ‘

An apparstus made according to my invention
provides an improved oscillator useful at uitra
high frequencies and one in which the efficiency

axial fransmission lines insures proper phase of
the feed-back energy, and the use of compressor
cireuit produces g more efficient conversion of
D. C. energy into R. F. energy as compared to
cther types of tubes operated under the same
voltage eonditions.

While T have indieated the preferred embodi~
ments of my-invention of which I am now aware,
and have indicated only one specific application
for which my invention may be employed, it will
be apparent that my invention is by no means
limited. to the exact form Hlustrated orthe use in-
variations may he. made
in-the particular structure used andg the purpose
for which it is employed without departing from
the-scope of my invention as set forth in the ap.
bended claims,

What I claim as new is:

1. An electron discharge device having means
including a cathods for SUpplying a-beam of elec-
trons, means for receiving said electrons, o con-
trol grid between said. cathode and receiving
means for modulating said beam of electrons to
Provide spaced groups. .of electrons when said
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grid is energized by radio frequency voltage, an
accelerating and screen electrode positioned ad-
jacent said control grid, means coupled between
said contrel grid and said accelerating and screen
electrode for applying a variable voltage phased
with respect to said electrons for continuously
variably accelerating each group of electrons
such that the last electrons of each group of elec-
trons are accelerated to the greatest extent,
mesns in the path of the electrons for providing &
‘field free space through’ which said accelerated
groups of electrons are directed and in which
compression of each group of electrons occurs

10

and a resonator surrounding the path of the -

besm of electrons for inductively extracting
energy from the compressed groups of electrons.

2. An electron discharge device having means
including a cathode for supplying 2 beam of elec-
trons, means for receiving said electrons, a con-

trol grid between said cathode and receiving -

means for modulating said beam of electrons to
provide spaced groups of electrons when said
grid is energized by radio frequency voltage, an
accelerating and screen electrode positioned ad-
jacent said control grid, means coupling said
control grid and said acecelerating and screen
electrode for applying a variable voltage phased
with respect to said electrons for continuously
variably accelerating each group of electrons
such that the last electrons of each group of
electrons are accelerated to the greatest extent,
means in the path of the electrons for providing
g field-free space through which said accelerated
groups of electrons are directed and in which
compression of each group of said electrons oc-
curs and a resonator surrounding the path of
_the beam of electrons for inductively extracting
energy from said compressed groups of electrons,
and means including an adjustable feed back
transmission line coupled between said resonator
and said coupling means for transferring energy
from said resonator to said coupling means.

3. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, means for receiving said electrons, a con-
trol grid between said cathode and electron re-
ceiving means for modulating said beam of elec-
trons to provide spaced groups of electrons when

‘radio frequency voltage is applied to sald con-
trol grid, an accelerating and screen electrode
positioned adiacent said control grid, means in-
cluding a first resonator surrounding the path
of the beam of electrons and coupled between
said control grid and said accelerating and
sereen electrode for applying & variable voltage
phased with respect to said electrons for con-
tinuously variably accelerating each group of
electrons such that the last electrons of each
group of electrons are accelerated to the greatest
extent, means in the path of the electron groups
for providing a field-free space through which
said electron groups are directed and in which
compression of each group of electrons occurs
and a second resonator surrounding the path of
the beam of electrons for inductively extracting
energy from said compressed groups of electrons.

4. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, means for receiving sald electrons, a con-
trol electrode between said cathode and receiv-
ing means for modulating said beam of electrons,
means coupling said cathode and control elec-
trode for applying radio frequency voltage he-
tween said cathode and control electrode to pro-
vide spaced groups of electrons, an accelerating
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- eontrol electrode,

and screen electrode positioned adjacent said
means coupled between said
control electrode and said accelerating and
screen electrode for applying a variable voltage
phased with respect to said electrons for con-
tinuously variably accelerating each group of
electrons such that the last electrons of each
group of electrons are accelerated to the greatest
‘extent, means in the path of said electrons for
providing a field-free space through which the
groups of electrons are directed and in which
compression of each group of said electrons oc-
curs and a resonator surrounding the path of
the beam of electrons for inductively extracting
energy from said compressed groups of electrons,
means including an adjustable transmission line
coupled between said Jast resonator and means
coupled between said cathode and the control
electrode for transferring energy from said last
resonator to said means coupled between said
cathode and control electrode.

5. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, means for receiving said electrons, a con-
trol electrode positioned between the cathode
and receiving means for modulating said beam
of electrons, a coaxial line connected to said
cathode for applying a radio frequency voltage
hetween said cathode and control electrode to
provide spaced groups of electrons, an accelerat-
ing and screen electrode positioned adjacent said
control electrode, a resonator coupled between
said control electrode and said accelerating and
screen electrode for applying a variable voliage
phased with respect to said electrons for continu-
ously variably accelerating each group of elec-
trons such that the last electrons of each group
of electrons are accelerated to the greatest ex-
tent, means in the path of the electrons for pro-
viding & field™ free space through which said
groups of electrons are directed and in which
compression of each group of said electrons oc-
curs and a resonator in the path of the com-
pressed group of electrons for inductively extract-
ing energy from said compressed group of elec-
trons, means including a transmission line cou-
pled between said last resonator and the coaxial
line for transferring energy from said last reso-
nator to said coaxial line, '

6. An electron discharge device having means
including a cathode for supplying a beam of
electrons, means for receiving said electrons, a
control electrode between said cathode and re-
ceiving means for modulating said beam of €lec-
trons, means coupled to said cathode for apply-
ing a radio frequency voltage between said cath-
ode and control electrode to provide spaced
groups of electrons, an accelerating and screen
electrode positioned adjacent said control elec-
trode, means coupled between said control elec-
trode and said accelerating and screen electrode
for applying a variable voltage phased with re-
spect to said electrons for continuously variably
accelernting each group of electrons such that
the last electrons of each group of electrons are
acoelerated to the greatest extent, means in the
path of the electrons for providing a field-free
space through which said groups of electrons are
directed and in which compression of each group
of said electrons occurs and 2 resonator through
which the groups of electrons are directed for
inductively extracting energy from said com-
pressed groups of electrons, means including a
transmission line coupled to sald resonator and
‘said means coupled to said cathode for irans-
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ferring enetgy from said resonator to sald means
coupled .to said cathode, and another transmis-
sion line for transferring energy from said reso-~
nator to the means coupled between the control
electrode and the accelerating and screen- elec-
trode. S ‘ ’ :

7."An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, a control electrode and collector electrode,
said control electrode being positioned between
said cathode and coliector electrode, g cavity res-
onator connected between said cathode and con-
trol electrode, and a cavity resonator positioned
between said control electrode and said collector
for extracting energy from said beam of elec-
trons, and a coaxial transmission line connected
between said cavity resonators and including an
elongated tubular structure, a partition extend-
ing along said tubular structure providing a pair
of -elongated .adjacent parallel chambers open-
Ing into a passageway at one end, a tubular mem-
ber within each of said chambers and extend-
ing longitudinally of said chambers but out of
contact with the tubular structure, and a U-
. Shaped élement telescopically engaging and con-
necting said  tubular members and extending
through said communicating passageway, said
U-shaped member being movable to vary the
length of the coaxial transmission line.

8. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, a control electrode and a collector elec-
trode, said control electrode being positioned be-
tween said cathode and saig collector electrode,
& concentric line having an inner and outer con-
ductor connected between said cathode and con-
trol electrode, and a cavity resonator positioned
between said control electrode and said collector,
an adjustable coaxial transmission line coupled
between said coaxial line and said cavity reso-
nator and including an elognated tubular struc-
ture having a longitudinally extending partition
providing a pair of adjacent passageways open-
ing into each other at one end, an inner con-
ducting member supported within each of said
bassageways and an adjustable member connect-
ing the ends of said inner conducting members
to change the length of said transmission line,
and a coupling loop connected to one end of said
transmission line and within said cavity resona-
tor, and a capacity coupling element connected
to the other end of said transmission line and
extending within the conecentric line and cou-
pled to the inner conductor of the concentric line.

9. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, a collector electrode oppositely disposed
to said electren supplying means for receiving
said electrons, means between said electron sup-
plying means and said collector electrode for
modulating said beam of electrons, a first means
for applying a radio frequency voltage between
said beam supplying means and said modulating
means to provide spaced groups of electrons, a
first means in the path of said electrons for apply-
ing a voltage phased with respect to said electrons
for continuously variably accelerating each group
of electrons such that the last electrons of each
group are accelerated to the greatest extent
whereby said groups of electrons are compressed,
a Ssecond means positioned between said last
means and sald collector for extracting energy
from said compressed groups of electrons, means
Including a transmission line connected between
the means for extracting energy from the com-

10.

10

bressed groups of electrons and said first means
for transferring energy to said first means, and
another transmission line connected between the
means for extracting energy from the compressed
groups of electrons and said means for continu-
ously and variably accelerating each group of
electrons. for transferring energy to said last
means.

10. An electron discharge device having
means including a cathode for supplying a beam
of electrons, a control grid adjacent said cathode

. for ‘modulating said beam of electrons, a co-
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axial line coupled between said cathode and said
grid for applying g radio frequency voltage to
said grid to provide spaced groups of electrons,
and a collector electrode in the path of the
electrons for Teceiving said electrons, means in-
cluding a first resonator surrounding the path
of the beam of electrons for applying a variable
voltage phased with respect o said electrons for
continuously variably accelerating  each group
of electrons such that the last of the electrons
of each group of electrons are accelerated to the
greatest extent whereby said groups of electrons
are compressed, a second resonator between the
first resonator and collector for inductively ex-
tracting energy from the compressed- groups of
electrons, and means coupling said second reso-
nator and said coaxial line,

11. An electron discharge device having means
including a cathode for supplying g beam of elec-
trons, a collector electrode in the path of the
electrons for receiving said electrons, control
means. between said cathode and said collector
electrode for modulating said beam of electrons,
and means including a coaxial line for applying
a radio frequency voltage between said cathode
and said control means to provide spaced groups
of electrons, means including a first resonator
surrcunding the beam path for applying a vari-
able voltage phased with respect to said electrons
for continuously and variably accelerating each
group of electrons such that the last electrons
of each group are accelerated to the sreatest ex-
tent, means in the path of said electrons for sup-
plylng a field-free space through which said
groups of - electrons are directed and in which
compression of each group of electrons oceurs,
and means including a second resonator between
sald last means and said collector electrode for
extracting energy from said compressed groups
of electrons, means including a transmission, line
connected between the second resonator and said
coaxial line for transferring energy to said co-
axial line, and another transmission line con-
nected between said second resonator and the
first resonator for transferring energy to said
first resonator.

12. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, a control grid adjacent said cathode and
a collector electrode in the path of said electrons
for receiving sald electrons, a coaxial line hav-
ing inner and outer conductors, the inner con-
ductor being coupled to said cathode and the

-outer conductor to said grid for applying voltage

to said grid for supplyihg spaced groups of elec-
trons, means including a first resonator sur-
rounding the path of electrons for applying a
variable voltage phased with respect to said elec-
trons for continuously and variably accelerating
each group of electrons, such that the last of
the electrons of each group of electrons are ac-
celerated to the greatest extent whereby said
groups of electrons are ‘compressed, a second res-
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onator positioned hetween said first resonator
and collector for inductively abstracting energy
from the compressed groups of electrons, and
means coupling said second resonator and said
coaxial line, including a coaxial line.

13. An electron discharge device having means '

including a cathode for supplying a beam of clec-
trons, a control grid adjacent said cathode for
modulating said beam of electrons, and a collec-
tor electrode in the path of said- electrons for
receiving said electrons, a coaxial line coupled
pbetween said cathode and grid for applying a
radio frequency voltage to said grid to provide
spaced groups of electrons means jincluding a
first resonator surrounding the path of the beam
of electrons for applying a variable voltage
phased with respect to said electrons for con-
tinuously variably accelerating each group of
electrons such that the last of the electrons of
each group of electrons are accelerated to the
greatest extent whereby said groups of electrons
are compressed, a second resonator connected
between the first resonator and collector elec-
trode for inductively extracting energy from the
compressed groups of electrons, and means cou-
pling said second resonator and said coaxial line,
and a second coaxial line coupled to said grid,
and a coaxial transmission line connected be-
tween said resonators.

14. An electron discharge device having means
including a cathode for supplying a beam of elec-
trons, a control grid adjacent said cathode for
modulating said beam of electrons, & coaxial line
coupled between said cathode and said grid for
applying a radio frequency voltage to said grid
to provide spaced groups of electrons, and a col-
lector electrode in the path of said electrons for
receiving said electrons, means including a first
resonator surrounding the path of the beam of
electrons for applying a variable volfage phased
with respect to said electrons for continuously
and variably accelerating each group of electrons
_ such that the last of the electrons of each group
of electrons are accelerated to the greatest extent
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12 :
whereby said groups of electrons are compressed,
a second resonator connected between the first
resonator and collector electrode for inductively
extracting energy from the ‘compressed groups
of electrons, and means coupling said second
resonator and said coaxial line, sald first res-
onator having a movable wall for tuning said
first resonator. .

15. An electron discharge device having an
elongated envelope containing at one end a cath-
ode and grid and at the other end a coliector
electrode, said grid being between said cathode
and said collector electrode, a screen and accel-
erating electrode adjacent said grid, a first res-
onator surrounding the path of the beam of elec~
trons from the cathode to the collector electrode
and positioned between said accelerating elec-
trode and collector electrode, a second resonator
surrounding said envelope and coupled hetween
the first resonator and said grid and including
a tubular member, a longitudinally movable disc
for closing one end of said tubular member where-~
by said second resonator may be tuned, and a
cavity resonator coupled between sald cathode
and said grid and an adjustable transmission line
coupled between said first resonator and the cav-
ity resonator coupled between said cathode and
said grid. :

ANDREW V. HAEFF.
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