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‘ 1

This invention relates .o a feed-back system
for electronic tubes.and has ‘particular relation
to:a feed-back system for .use with =& tube of
the resnatron type for.generating ultra high fre-
quency power.

A ‘tube of the resnatron :type generally :com-
prises a pair of resonators adapted to:have elec-
tromagnetic oscillations of substantially the same
frequency. - established therein. ‘A cathode is
mounted within the first resonator and an.anode
is"’ mounted within the second resonator. The
two.resonators are positioned adjacent:each other
and have openings inthe adjacent walls thereof
to permit a flow. of -electrons from: the: cathode
to the anode. One or more grids are located
between: the -cathode and anode :and preferably
include a control grid formed by the wall of ‘the
first ‘resonator ‘about ‘the. openings theréin -and
an -aceelerating ‘grid formed by ‘the wall of the
second resonator about the openings- -thérein.
Means ‘are ‘then provided -to "supply current
through the cathode to'heat it.and to impress:a
direct-current potential difference between ithe
anode and: cathode, the accelerating grid and
cathode, and the control grid and cathode.

The resnatron tube operates ‘as-a tuned-plate,
tuned-grid, class C oscillator with the first reso-
nator in the control-grid-cathode circuit-and:the
second resonator in the anode . or plate circuit.
Each of ithe two resonators ‘is:designed 'to have a
principal mede ‘of oscillation in which the vector
of the electri¢ field "is substantially -parallel to
the electron path between the cathode and:anode
and the fields within the resonators have a-defi-
nite phase relationship. ‘During ‘operation ‘the
anode’ and - accelerating  grid have a relatively
high, positive direct current voltage thereon rela-
tive to the ‘cathode tending ‘te liberate electrons
from the cathode-but the control grid-has ‘a‘nega-
tive voltage such that a group of electrons ‘are
liberated from the cathode only during the peak
portion- of each half cycle of the ‘field in the
fitst resonator in which that fleld ‘tends 4o aid
in -effecting liberation of electrons and ‘move-
ment - thereof toward the anode.  Thus sharp
pulses of electrons are liberated -at regular in-
tervals from the cathode.

After liberation, the electrons ‘are accelerated
in their movement toward the anode by the high
voltage on the accelerating grid. ' Thespacingbe-
tween the 'cathode -and -anede with ‘respect ‘to
the speed of ‘the €lectrons -provides :an: électron
transit time of one-half .cycle. : Thus, ithe liber-
ated electrons first-receive ‘energy from:the:oscil-

lating-field of the first resonator as weéll.as:from .
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the: field -of the :second wesonator while it op-
poses their motion and the electrons.consequently
give up:energy to the field-of the second resenator

. toproduce the desired -oscillations therein.

A portion iof :the :power thus .generated. in the
second .resonator -is.:fed -back to :the first .reso-
nator:fo maintain the desired.oscillations there-
in. . This ifeedback . is -accomplished through .a
concentric -transmission -line -having one .end
coupled to the .second resenator by a coupling
loop :of the usual :construction- and -the -other:
end coupled into :the first resenator: by .another
similar.coupling-loop. ‘The coupling.produces-os-
cillationsiin.the first-vesonator inwhich -the eon-
trol..grid -to ~cathode high frequency voltage .is
in:phase with the:anode to-accelerating grid high-
frequency -voltage. . The' remaining ;power .is -ex-
tracted -from:the second resonator by -still .an-
other coupling loop connected to an outputitrans-
mission line. ‘

"The resnatron-tube, when properly constructed,
operates as:described. However, it has been-found
desirable o -improve the feed-back .coupling Sys-
temand tosincrease the power -output -availagble
frony: a-tube .of ithis type. The energy -delivered
by theselectrons -to the field -of the second reso-
nater:may be increased by increasing the. volt-~
ages dmpressed .on ithe various .elements - ‘which
increases-in burn the: speed-of the :electrons en-
tering the:second resonator.  With the.increased
speed; however, the transit-time.of .the -glectrons
is-reduced. 'When sthe- transit time of ‘the ‘elec-
trons iis reduced, an increase-in the spacings be-
tween theselements along the electron path.is ve-
quired which -in ‘turn:requires a ‘higher veltage
to maintain. theelectron.speed.so that.a/satisfac-
tory:power:increase by -this'means:is-impractieal,

‘Lhe feed-back:coupling:system as used.in prior
tubes is a:sourceof power:loss-aswell as a - source.
of ‘considerable :manufacturing difficulty. It s
extremély «difficult and.almost ‘impossible from -a
practical standpoint to aveid :standing waves.in
the:feed-back line.. These standing ‘waves cause
appreciable power losses:and introduce high volt-
age-problems.  In-addition, glass seals :ave usu-
ally employed:in-the feed-back line to permit.the
maintenance-of :the necessary -high vacuum with-
in:the tube.- .However, the high voltages, result-
ingfrom"the standing waves -in the feed-back
line, are-very-destructive -of .the glass and, with
gas Ain ‘the form .of air-in:the line, the seals are
often brokenduring operation-of the tube.

“Po .avaid ‘the troubles encountered. with the
glass :seals, a :vacuum-tight -feed-back. line -has
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been tried. However, such an arrangement in-
troduces numerous other difficulties in sealing the
entire line, especially since the line requires some
kind of tuning arrangement, such as the familiar
stud slider.

Tt is accordingly an object of my invention to
provide a new and improved tube of the resna-
tron type.

Another object of my invention is to provide

a new and improved resnatron tube having an
increased power output.

A further object of my invention is to pro- '

vide a novel resnatron tube having a new and im-
proved feed-back system. : ‘ S

Still another object of my invention is to pro-
vide a novel resnatron tube having a highly ef-
ficient feed-back system which avoids the intro-
duction of problems associated with maintaining
a vacuum. .

More specifically, it is-an object of my inven-
tion to provide a new and improved resnatron
tube having a novel feed-back system and an in-
creased power output.

My invention arises from the realization that
the direct-current voltages employed with the
resnatron tube can be increased to increase the
electron voltage, and, therefore, the power out-
put, with the same spacings between . cathode,
grids and anode if the phase of the voltage com-

ponent of the field within the first resonator be-

tween the control grid and cathode is shifted to
lag by an amount of the order of 90 degrees be-

hind ‘the voltage component of the field of the’

second resonator between the anode and acceler-
ating grid. If the voltage within the first reso-
nator lags 90 degrees behind that in the second
resonator instead of being in phase, the electron
voltage may be increased by four times with the
transit time of the electrons reduced to one-
quarter cycle.

In accordance with my invention, a 90° phase
shift of the field voltage of the first resonator
relative to -the second can be obtained by con-
necting a small capacity between the anode and
cathode and tuning the first resonator, within
which the cathode is mounted, to substantially
the ‘same frequency as the second resonator so
that’ the cathode to control grid impedance: is
neither inductive nor capacitive. ‘This capacity
may be conveniently obtained by positioning a
conductive member adjacent to, but spaced from,
the anode, and conductively connecting the mem-
ber to the cathode. Preferably, this arrange-
ment comprises a molybdenum or tungsten wire
attached 'to the cathode. and extending through
the grids into the anode region with the end por-
tion of the wire bent at right angles to form a
conductive member adjacent to, but sbaced from,
the anode. In some ‘cases, where not as much
capacity is required, the wire need not be bent
at the end next the anode but instead may mere-
1y extend toward the anode with the end of the
wire spaced therefrom.

The coupling wire may be attached to any part
of the cathode other than a point of zero.voltage
with respect to the control grid, but is preferably

- connected at a region of maximum voltage. At
this region on the cathode, the anti-resonant
impedance of the cathode-grid circuit is at its
largest value, with the grid-cathode voltage at a
maximum and the current at a minimum. Such
an anti-resonant impedance acts as a resistance
connected in series with the capacitance existing
between the wire and the anode. When the field
in the second resonator is in a direction that the
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4
anode is positive, current flows from the anode
through the capacitance, wire and resistance,
The voltage established across the resistance by
the current leads the high frequency anode-ac-
celerating grid voltage by about 90 degrees with
the cathode. positive relative to the control grid.
Consequently, +the- field in.-the first resonator
reaches a maximum in a direction aiding move-

mént of electrons from the cathode to the anode

90 degrees behind the field of the second resona-
tor and the field of the second resonator reaches
a maximum in a direction opposing the motion
of the electrons 90 degrees later. As a result,

‘glectrons leaving the cathode during the peak

portion of a half-cycle of the first resonator fleld
in which that field is in a direction aiding move-
ment.of the electrons, enter the second resonator
when the field thereof is in a direction opposing
the electron motion and the electrons give up
energy to the field of the second resonator,

If the first resonator is tuned to a slightly dif-
ferent resonant frequency, the amount of phase
shift is changed as may be necessary or desirable
with different spacings and different direct-cur-
rent voltages. .

The novel features which I consider charac-
teristic of my invention are set forth with more
particularity in the accompanying claims. The
invention itself, however, with respect to the
construction and operation of an embodiment
thereof, as - well as further. objects and advan-
tages of the invention, may be best understood
from the following description of a specific em~
bodiment with reference to the drawing, in
which:

. Figure 1 is a cross-sectional view of a resnatron
tube embodying my invention; ‘

¢ Fig. 2 is ‘an enlarged, partial view of a cross-
section of the tube shown in Fig. 1, as taken along
line TI—II;

Fig. 3 is an enlarged, partial view of a cross-
section of the tube of Fig. 1 as taken along the
axis; : :

Pig. 4is an elevational view of one of the anode
units; and .

Fig. 5 is a top view of the anode unit shown in
Fig. 4, - .

As shown in Fig. 1, the main portion of the
resnatron tube is enclosed within a generally
cylindrical: chamber T comprising an upper, cir-
cular plate unit I1, two coaxial, cylindrical, me-
tallic members. {3 and I8 of the same diameter
spaced -apart by a coaxial, glass cylinder IT of
the same diameter sealed therebetween, with the
upper ¢ylindrical member 13 secured to the upper
plate unit 11 and the lower cylindrical member
15 secured to an intermediate plate unit 9. An-
other cylindrical member 21 is secured to the
bottom of the intermediate plate unit {9 and the
lower end of member 21 is secured to a bottom
plate 28. A cathode unit 25 extends through a
central opening in. the bottom plate 23, being
secured therein by a cap member 27 and sup-
port 28. A cooling fluid, supply chamber body
30 is threadedly mounted in a central opening
in the upper plate unit (1. The entire chamber
1 is sealed and a vacuum is created and main-
tained therein by a vacuum pump connected to
the interior of the chamber by a passage which
does not appear in Fig. 1.

The cathode unit 25 includes: a - plurality of
cathode filament wires 29 spaced from each other
but arranged to form a generally cylindrical cage-
like structure in the center and about the axis of,
the. chamber 1, and a plurality of concentric
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tubular members as shown:in Fig. 3. Complete
details:of ‘the cathode unit 25 are disclosedin my
copending ‘application, Serial- No. 526,883, ‘filed
March 17,1944 .and now 'U:'S. Patent No. 2451 -
987,-granted October 19,1948, :

The ‘upper ends of ‘the filament wires 29 .are
soldered -about‘the: circumference -of =z ‘threaded
nut ‘31 which ‘is mounted on "the: upper-end of
one of ‘the “tubular members 33 ‘of ‘the cathode
unit 28. “From thenut'3{, each flament wire 29
extends radially -outward &' short -distance -and
then -downwardly, ‘parallel to ‘the ‘axis, -with ‘the
lower-end of the filament wire e*{tendmg radially
Inward toward -the  axis ‘and-secured 4o another
tubular member 35 within' the cathode unit. ' “The
two ‘tubular members33-and 35 to -whichithe‘fila-
ment wires ‘28-°are attached are spaced from each
dther ‘by insuldting ‘pellets-'31. "The central
tubular member 39 of the cathode’ umt 25-extends
upwardly beyond ‘the filament wires '29- to ‘a tun-
ing plate 45. The tubular member 39 is movable
vertically to move the tuning plate 45, by rotation
of the "hand ‘wheel ‘43 ‘at the bottom of the res-
natron-tube. The tunmg plate 45 is‘connected to
the ‘tubular member 33 through "a" flexible ‘bel-
lows 41.

A cylindrical member 49 of conductive material
is also positioned coaxially within the’ chamber
1 and surrounds the cathode unit 25. This mem-
ber 49, hereinafter called the control grid mem-
ber, is mounted on anocther horizontal plate 5
supported from bottom plate 23°by a plurality of
insulators 52. An end plate 53, spaced from the
tuning plate 45, extends across the upper end of
the control grid ‘member. The lower end of the
control grid member 49 is spaced from the cath-
ode unit' 25 ‘but is associated with still- another
tubular member 55, mounted  on-the support 28
for the cathode unit 25, to form a choke for high-
frequency oscillations. With this structure;, a
first resondtor is formed by ‘the plate 53, the con-
trol grid member 48, member 55, and the cathode
unit 2§, the-cathode filament wires 29 'being posi-
tioned - within ' this first resongtor. A cooling
fluid, sueh ‘as ‘water, is supplied through an inlet
pipe 56:and plate 51 to cool the control grid'mem-~
ber 49, in a manner fully disclosed in: my afore-
sald copending appllcatlon and passes out outlet
pipe 58.

‘Openings 51 are provxded in the wall of the
control:grid:member 49 opposite each of thefila-
ment wires 29, as illustrated in Fig. 2 to provide
a.grid.. ‘Means are also provided-to cool the con-
trol:grid ‘member 49 but they are . not visible in
the cross-section .of Fig. 1.but: are-illustrated in
my: aforementioned copending application.

A -cylindrical unit 63, designated the acceler-
ating 'grid unit; comprises.a: plurality of :vertical
pipes 65 of conductive material arranged.to out-
line :a cylinder concentric with; and surrounding,
the control grid member 49. - The pipes 65 are
spaced -from-each other, as shown in Fig. 2, so
that .in the region of ‘the filament wires 29, the
spaces between adjacent pipes-are radially:oppo-
site corresponding filament-wires 29'and .openings
5T in*the control grid member, whereby the pipes
86 form a grid. ‘Secured to and surrounding the
pipes 65 above the region of the filament wires
is a conductive “metal cylinder 67. -A similar
cylinder -68-surrounds the pipes 65 ‘below ‘the re-
gion of the filament wires::' A-cap 69 is secured
across-the top of the cylinder 67 andhas openings

" In the bottom ‘thereof into which the pipes 65
extend, the cap ‘having ‘an:internsl passage-in

10

20

25

30

35

40
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85. -

The entire: acceleratmg grid-unit: 88 is:mounted
on-a horizontal plate 19 which is supported from

- the bottoniiplate 23 by a plurality of iinsulators

(ndt shown). A‘:cooling fiuid, .such ‘as water, is
supplied ‘through an-inlet pipe (not shown) :and
an ‘interngl passage ‘Tl in plate 70 to one-half
of pipes#%. "The fuid flows up‘these pivesto-cap
69 and returns through the -other ‘half -of ‘the
pipes ‘to-another-internal passage ‘73 in pldate 10
connected to-an outiet pipe (not shown).

Theé bottom of 'the cooling ‘fluid chamber bedy
30 within ‘the ‘chamber 7 'has‘a plate ‘8% ‘secured
thereon which is-spaced from the cap 89 on the
accelerating “grid ‘member '63. This plate -89 ‘s
circular and supports a cylindrical member ‘91
which in'turn supports the anode structure. An-
other cylindrical member ‘93 -of ‘slightly larger
diameter ‘than the anode supporting meniber 184
1s'mounted on ‘the lower plate 10 and extends up-
ward with its upper -end surrounding the -anode
supporting member and-cooperating therewith to
form -a guarter wave “length, high frequency
choke. ‘' "These two members 9t and ‘93 with the
plate 89, lower plate T9-and the accelerating grid
member 83 with its- cap 69 form 'a second
resonator. ‘

The anode of ‘the resnatron tube comprises a
plurality of ‘anode units 75, as shown in Figs. 1,
4 and’5, arranged within the second .resonator in
a’ circle ‘around the accelerating grid. ‘Fach of
the anode units ‘15 ‘comprises a .convoluted sec-
tion of "a hollow pipe "7 .of highly conductive
material, such as copper, through which a cool-
ing ‘fluid,. such ‘as water, is t0 be passed. The
two ends 19 and ‘81 of the hollow. pipe extend
upwardly from the convolutions with one end 18
connected to a cooling fluid .chamber 82 in body
30 supplled with cooling ‘Buid from an inlet Jpipe
line 85.and with the other end .8! connected 1o
another chambe1 83 in.body 39 from which fluid
is. removed through an outlet line.81.

The convolitions of each .anode unit includes
a..plurality’ of .substantidlly parallel and coex-
tensxve vertical, pipe portions which.are slightly
longsr . than the slots.in the accelerating.and .con-

. trol grids.and, of course, are parallel to the ver-

50
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tical filament wires.29. "When all of .the plurality
of anode.units.are.arranged adjacent each other
in.& circle about the accelerating grid as shown in
Fig, 2, that part of the.complete anode having
the largest diameter is made up of pairs.of adja-
cent, vertical pipe portions 90 in engagement with
each other with .each pair positioned radially op-
posite a filament wire 29 so that .the center line
of ‘the electron path.from a filament wire may be
represented by.dotted line 92. The other.convolu-
tions cooperate with each ‘pair 99 to .oufline a
groove 1ad1éilly opposite each filament wire into
which the corresponding. electron path projects.
Further details of the anode structure and the ob-

. jécts'and advantages thereof are.disclosed .in my
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copending application, Serm} No. 526,883, filed
Mérch 17,1944,

A plurality of ‘feed-back coupling ‘wires 99 are
attachied at one end to-the cathode unit 25 in
the “first” resonatoz and extend radially through
the grids '59- and &1 “into the second resenator.
Preferably, four-of these coupling ‘wires are em-
ployed,the-humber, of course, depending: upon-the
amount of ‘feed= back ‘power required to operate
the first resonator. As shown in Figs.'2 and ‘3,
each-of ‘the:coupling ‘wires 99 is-secured to the
end of a‘tubllarmember 101 threadedly engagel
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with the tubular member 33 supporting the upper
end of the filament wires 29 and extends radially
through a set of openings in the grids for which
the filament wire is omitted. The outer end por-
tion of each coupling wire is bent at right angles to
form a conducting member adjacent and parallei
to, but spaced from, the anode. ‘Thus the cou-
pling wire 98, in effect, provides a capacitance
connected between the anode and cathode.

As previously mentioned, the end portion of
the coupling wire need not be bent in some cases.
It is also to be noted that the omission of a fila-
ment wire for each coupling wire may be avoided
by connecting the coupling wire to the base 108
of bellows 47 and extending it radially above the
filament wires through slightly enlarged openings
in the grids.

The two resonators are designed so that their
electric field vectors are along radial lines. Con-
sequently, . alternate points of minimum and
maximum voltage appear along the length of the
cathode unit 25. The coupling wires 99 may
be connected to the cathode unit at any point
other than g zero voltage point. However, it is
preferable to connect the coupling wires at a point
of maximum voltage with respect to the control
grid. This is the point of minimum current and
the anti-resonant impedance of the cathode-grid
circuit with the first resonator tuned to the same
resonant frequency as the second resonator acts
as a resistance connected in series with the ca-
pacitance existing between the coupling wire and
the anode.. The voltage drop across the resist-
ance is then shifted on the order of 90 degrees in
phase relative to the high frequency voltage be-
tween the ancde and accelerating grid. As pre-
viously explained, the voltage drop across the re-
sistance is effective to maintain the oscillations in
the cathode resonator with the field of the first
resonator rising to a maximum in the direction
aiding movement of the electrons 90 degrees he-
hind the field in the second resonator. If the cou-
pling wires are connected at some point other
than that of maximum voltage, the impedance of
the cathode-grid circuit is smaller and a greater
capacity would be required to feed back the same
power.. Tuning of the first resonator to another
frequency changes the effect of the impedance
and produces a different phase shift. It is to be
noted that the second resonator may also be
tuned by raising or lowering plate 89 by screws
94 which may be used to bend the diaphragm 96.

The cathode unit 25 also includes another con-
centric tubular member 101 positioned between
the members 33 and 35. The tubular member
181 is connected at its upper end to the member
83 but is spaced from the tubular member 35 and
extends downwardly for a distance equal to the
one-quarter wave length. Thus a low impedance
is established between member 35 supporting the
lower ends of the filament wires 29 and the mem-
ber 33, supporting the upper ends of the fila-
ment wires and the coupling wires, at the point
A. This, in effect, provides a short circuit for
high-frequency currents in the filament and cou-
pling wires and prevents the escape of high-fre-
quency power through the filament supply circuit
which is connected to tubular members 33 and 35.

Direct-current voltages are impressed on the
anode, cathode and grids of the resnatron tube
as shown schematically in PFig. 1. A source of
direct-current potential, such as a battery 103,
has its positive terminal {05 connected to the body
30 and, therefore, to the anode. An intermediate
tap 107 on the battery 108 is connected to the
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plate 10 supporting the accelerating grid member:
63 and the negative terminal 109 is connected
through a threaded plug {if. in housing 113 to
the tubular member 33 which is connected to.the-
upper ends of the filament wires. ‘The tubular.
member 35 supporting the lower ends of the flla-
ment wires is grounded through the threaded plug
i15 in the support 28. Filament current is sup-,
plied from a source | 19 through a transformer 121
connected to plugs 111 and [15. The control grid
member 49 is connected through the plate 51
which supports it and a resistor (17 to the nega-,
tive terminal 109 of the battery 163. Typical dl-»
rect current voltages which have been used in
operating a_ resnatron tube constructed accord-
ing to Fig. 1 with a 90 degree phase displacement.
in the fields, establish the anode at 10,000 volts.
and the accelerating grid at 7,000 volts. The con-
trol grid is originally at zero voltage but when
the oscillations are initiated, current flows from
the control grid to the cathode and the resulting
potential developed across the resistor (171 causes.
the control grid to build up to a voltage of ap-
proximately minhus 1,000 volts.. With other field’
displacements different voltages should be used..

In operating the resnatron tube, the iwo Teso-,
nators are first tuned to substantially the same
frequency by means of handwheel 43.. The direct-.
current voltages are then applied to the elements
in the tube and oscillations are initiated, building.
up gradually until the control grid reaches operat-,
ing voltage. Then in a half-cycle when the field,
within the first resonator is in a direction to ald;’
movement of the electrons, a group of electrons‘
are liberated from the cathode during the peak,
portion only of-the half-cycle and move toward.
the anode, picking up energy from the hlgh—fre-‘
quency field of the first resonator and the direct-.
c¢urrent voltage fields between the anode-and
cathode and the accelerating grid and cathode.
The accelerating grid, being at a comparatively,
high positive potential, . supplies: considerable
energy to the electrons and greatly increases their
spoed.. With. this greatly increased speed; .the;
electrons enter .the -second resonator:approxi::
mately one-quarter. of a-cycle after leaving the
cathode and with the phase displacement of the
order of 90 degrees between the fields of the first
and second resonators, the field of the second
resonator is, at that time, in a direction opposing
the motion of the electrons. Consequently, the
electrons.give up energy to the field of the second:
reasonator producing the oscillations: therein.
Sufficient power is fed back from the second reso-:
nator to the first resonator through the.coupling
wires 99 to maintain the oscillations in the first
resonator and the greater remaining power in the
second resonator is extracted by a coupling loop
85 and fed to an output line 87.

It is to be noted that the feed-back couphng
wire provides an efficient feed-back system re-
quiring but a very low current with iow losses and
avoids any vacuum problems.. In addition, the
coupling wire: provides a- suitable phase-shifting
circuit. to displace the phase of the fieid of the
first resonator with respect to the field of the sec-
ond resonator and thus enables higher direct-
current voltages to be employed resulting in ia
greater output power from the tube.

Although I have shown and described a specific.
embodiment  of my invention, I am aware that
other suitable modifications may be made.. I,
therefore, do not intend to limit my mven’uon to; ‘
the specific embodiment disclosed, . . .. .0
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I claim as my invention:

1. An electronic tube apparatus comprising a
pair of hollow body resonators adapted %o have
electromagnetic field oscillations established
therein, an anode mounted within one of said
resonators, a cathode mounted within the other

5

of sald resonators, said pair of resonators being

adjacent each other with openings therein be-
tween said anode and cathode permitting a flow
of electrons from said cathode to said anode, g
control grid between said cathode and anode, cir-
cuit means connected to said anede and cathode
for establishing a direct current potential field
therebetween tending to liberate electrons from
said cathode and move them toward the anode,
additional circuit means connected to saig grid
and cathode for establishing a direct current po-~
tential field permitting electrons to be liberated
from the cathode during the peak portion only of
a half-cycle of the field within said other reso-
nator in-which it is of a polarity to add energy to
the electrons, the strengths of said fields moving
sald liberated electrons toward said anocde with 2,

speed causing them to pass through said one reso- |

nator to said anode whiie the field therein opposes
their motion and absorbs energy therefrom, and
a feed-back coupling between said resonators for
supplying energy from said one resonator to said
other resonator to maintain the field therein at
substantially the same frequency but displaced in
phase relative to the field of the second resonator,
said coupling comprising a conductor connected
at one end to said cathode and extending into
sald one resonator with the other end thereof
adjacent to, but spaced from, said ancde to form
a capacity connected between said anode and
cathode, and tuning means connected to one of
said resonators for adjusting the resonant fre-
quency thereof whereby the amount of said phase
displacement may be adjusted.

2. An electronic tube apparatus comprising a
pair of hollow body resonators adapted to have
electro-magnetic field  oscillations established
therein, an anode mounted within one of said
resonators, a cathode mounted within the other
of said resonators, said pair of resonators being
adjacent each other with openings therein be-
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tween said anode and cathode permitting a flow
of electrons from said cathode to said anode, 2
control grid between said cathode and anocde, cir-
cuit means connected to said anode and cathode
for establishing a direct current potential field
therebetween tending to liberate electron {rorm
said cathode and move them toward the atiode,
additional circuit means connected to said grid
and cathode for establishing a direct current 2o~
tential field permitting electrons to be liberated
from the cathode during the peak portion only of
a half-cycle of the field within said other resg-
nator in which it is of a polarity to add energy
to the electrons, the strengths of said fieids mov-
ing said liberated clectrons toward said anode
with & speed causing them to pass through said
one resonator to said anode while the field therein
opposes their motion and absorbs energy there-
from, and a feed-back coupling between said Te580-
nators for supplying energy from said one reso-
nator to said other resonater tc maintsin the
field therein at substantially the same frequency
but displaced in phase relative to the field of the
second resonator, said coupling comprising a con-
ductor connected at one end to said cathode at a
point of substantially maximum high ireguency
field voltage and extending into said ane reso-
nator with the other end thereof adjacent to, but
spaced from, said anode to form g capacity con-
nected between said anode and cathode, and tun-
ing means connected to one of said resonators for
adjusting the resonant frequency thereof whereby
the amount of said phase displacement may be
adjusted.
DAVID H. SLOAN.
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