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16 Claims.

This invention relates to an electronic tube and
has particular relation to an electronic tube of
the Resnatron type for generating ultra-high
frequency power,

A Resnatron tube, as constructed in accordance
with prior teachings, generally comprises a pair

of resonators adapted to have electromagnetic

field oscillations of substantially the same fre-
quency established therein. The resonators are
positioned adjacent each other with a cathode
mounted within the first resonator and an anode
mounted within the second resonator. Openings
in the adjacent walls of the two resonators per-
mit & flow of electrons from the cathode to the
anode. One or more grids are positioned between
the cathode and anode and preferably include
a. control grid formed about the openings in the
wall of the first resonator and an aceelerating
grid formed about the openings in the wall of the
second resonator. Means are then provided to
supply direct current to heat the cathode and to
impress a direct current voltage difference be-
tween the anode and cathode, the accelerating
grid and cathode, and the control grid and cath-
ode.

The Resnatron tube operates as a tuned-plate,
tuned-grid, class C oscillator with the first res-
cnator in the control grid-cathode eircuit and the
second resonator in the anode or plate cireuit.
The oscillating fields within the resonators are
in phase with each other and the vectors of the
electric components of the fields are substantially
parallel to the electron paths between the cath-
ode and anode. The direct current voltages on
the anode, cathode and grids are such that a
group of electrons are liberated from the cath-
ode only during the peak portion of each half
period of the oscillating field in the first res-
cnator in which the field is in a direction to aid
the direct current voltage fields in effecting
liberation of electrons and movement of the
liberated electrons toward the anode. Thus sharp
pulses of electrons are liberated at regular in-
tervals.

The liberated electrons are rapidly accelerated
by a fixed high voltage on the accelerating grid
and enter the second resonator with consider-
able energy. Thus the liberated electrons first
receive energy from the fleld of the first reso-
nator as well as the direct current accelerating
grid-cathode and anode-cathode voltage fields
but the speed of the electrons is such that they
enter the field of the second resonator while it is
in a direction opposing their motion. As a re-
sult the electrons give up energy to the field of
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the second resonator to produce the desired oseil-
lations therein.

A portion of the power developed in the sec-
ond resonator is fed back to the first resonator
te maintain the desired oscillations therein. The
remaining power is extracted from ' the second
resonator by some means such as a coupling loop,
and supplied to an output transmission line.

The Resnatron tube, when properly constructed,
cparates as described to generate high frequency
power. However, prior Resnatron tubes are very
difficult to manufacture and assemble. In addi-
ticn various weaknesses in the construction con-
siderably shorten the life of the tube in opera-
tion as a high power generator.

'One of the difficulties encountered in prior
Resnatron tubes involves the provision of a read-
ily manufacturable anode of such rigid construc-
tion and provided with adequate cooling means
as to withstand the rigors of high power oper-
ation. To obtain a satisfactory output, a plural-
ity of electron streams are necessary. Consider-

" able heat is thereby generated at the anode so

25

that adequate cooling is extremely difficult.
Moreover, soldered joints have been found to be
extremely undesirable in such an anode not only
hecause of the assembly problem involved but also
because they are a potential source of leaks

* through which cooling fluid may escape.
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Another problem concerns the provision of a
compact unit having a high power output. In
this connection the necessity for cooling the
anode, the two grids and the cathode and cath-
ode leads as well as the provision of means for
tuning the resonators and for properly mount-
ing and aligning the parts offer numerous and
extremely difficult problems.

It is accordingly an object of my invention to
provide a new and improved electronic tube of
the Resnatron type.

Another object of my invention is to provide
2 novel Resnatron tube which is compact and
may be readily manufactured and assembled.

A further object of my invention is to provide
& novel Resnatron tube of a sturdy, readily man-
ufacturable, construction suitable for high power
operation, .

Still another object of my invention is to pro-
vide an improved gnode structure for an elec-
tronic tube.

A still further object of my invention is to
provide an improved anode structure for a Resna-

. tron tube which provides adequate cooling facil-

55

ities and avoids the use of soldered joints.:
In a Resnatron tube embodying my invention
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both of the resonators are of a generally cylin-
drical shape and they are mounted concentrically,
with the first resonator positioned within & con-
centric, cylindrical re-entrant protuberance in
the second resonator. The cathode comprises
& plurality of filament wires formed into a gen-
erally cylindrical, cage-like, structure positioned
concentrically within the first resonator. The
anode also has a generally cylindrical form and
is concentric with and encircles the cathode but
is mounted within the second resonator. Thus a
plurality of electron paths are provided which ex-
tend radially from the filament wires to the anode.
QGrids are provided in the adjacent walls of the
two resonators with openings permitting passage
therethrough of the electrons. . »

The anode comprises a plurality of individual
units positioned to cooperate with each other in
forming the generally cylindrical anode unit.
Each unit of the anode comprises a convoluted
section of a hollow pipe of conductive mate-
rial through which a cooling fluid is to be passed.
The convolutions of the anode units include one
or more pipe portions radially opposite each fila-
ment wire and other portions positioned along-
side the radius from each wire to outline a groove
into whicH the electrons project.

‘acts as a trap for the electrons produced by sec-
ondary emission.

The novel features which I consider charac-
teristic of my invention are set forth with more
particularity in the appended claims. The inven-
tion itself, however, with respect to the organi-
zation and method of operation thereof as well
as additional advantages and objects may be best
understood from the following description of a
specific embodiment with reference to the accom-
panying drawings; in which:

Figure 1 is a sectional view of a Resnatron tube
constructed in accordance with my invention;

Fig. 2 is an enlarged, partial cross-section of
the Resnatron tube taken along lines II—II of
Fig. 1;

Fig. 3 is an elevation view of one of the anode
units;

Fig. 4 is a top view of the anode unit shown in
Fig. 3;

Fig. § is an enlarged, cross-sectional view of
the cathode unit taken along the axis;

Fig. 6 is an enlarged sectional view of a por-
tion of the cathode unit and the control grid
taken on a different plane than Fig. 5 along the
axis;

Pig. 7 is a greatly enlarged, cross-sectional view
of the cathode unit taken along line VII—VII of
Fig. 6;

Fig. 8 is a bottom elevation view ot«t‘he tube
shown in Fig. 1;

Fig.%isa sectional view illustrating the control

- and accelerating grid members in their assembled
positions;

Fig. 10.is a cross sectional view along line X—X
of Fig. 9; and

Fig. 11 is a cross-sectional view along line
XTI—XI of Fig. 9.

As shown in Fig. 1, the main part of the Res-
natron tube is enclosed within a generally cylin-
drical chamber 13 comprising an upper plate unit
15, two coaxial cylindrical metallic members (1
and 19 of the same diameter spaced apart by a
coaxial glass cylinder 21 of the same diameter
sealed therebetween, with the upper cylindrical
member 1T secured to the upper plate unit 5
and the lower cylindrical member secured to the
top of an intermediate plate unit 23. The bot-

This groove
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tom of the intermediate plate unit 23 is con-
nected to still another coaxial, cylindrical metal-
lic member 25 secured fo a base plate 21. A cath-
ode unit 28 extends through a central opening
in the bottom plate 27, being secured thereto by
a cap 31 and a support 33. A cooling fluid cham-
ber body 35 is threadedly mounted in a central
opening in the upper plate unit 15. The entire
chamber i3 is sealed and a vacuum is created
therein by a vacuum pump (not shown) attached
to a passage 31 in the side of the chamber (3 as
shown in Fig, 8.

The cathode unit 29 is shown in considerable
detail in Figs. 5, 6 and 7. It includes a plurality
of cathode filament wires 39 spaced from each
other but arranged to form a generally cylin-
drical, cage-like, structure about the axis of { .e
chamber 13. The upper ends of the fllament
wires 39 are soldered about the circumference
of a threaded nut 41 which is mounted on the
upper end of a first tubular member 43 which
forms one conductor for the direct current sup-
plied through the fllament wires to heat them to
operating temperatures. The lower end of the
first tubular member 43 extends through the base
plate 21 and is threadedly mountéd on a small
body 45 through which cooling fluid is supplied.

Each filament wire 38 extends radially outward
from the nut 41 in a horizontal plane for a short
cdistance and then downwardly parallel to the
axis with the lower end of the fllament wire ex-
tending radially inward fo be secured to a second
tubular member 41. The second tubular mem-
ber 47 is concentric with and surrounds the first
tubular member 43 and forms the other conduc-
tor for the filament current. The first and sec-
ond concentric tubular members 43 and 41 are
spaced from each other by a plurality of insu-
lating peliets 49.

It is to be noted that some kind of seal must
be provided between the spaced first and second
tubular members 43 and 47 {o enable a vacuum
to be established within the chamber 13. The sec-
ond tubular member 4T extends through the hase
plate 27 and is secured to the end of a short con-
centric metal tube §1, the end of which is sealed
with a glass seal 53 to the end of another con-
centric metal tube 55 of smaller diameter con-
nected to the member 43. However, when the
Resnatron tube is operating the heat developed
causes axial expansion of the members 43 and
41 and tubes 51 and 55. To prevent excessive
buckling of the filament wires and/or breaking of
the glass seal by unequal expansions, the com-
bined expansions of the first tubular member 43
and the tube 5% under the temperature changes
produced in the operation of the Resnatron tube
is substantially balanced by the expansion verti-
cally, of the fillament wires, the second tubular
member 41 and the tube 5f. The tubular mem-
bers 43 and 47 are preferably of copper and the
tubes 5{ and 55 are preferably at Kovar so that
a good glass seal can he made. This compensa-
tion for expansion under heat plus the provision

‘of flexible filament wires permits the soldering

of the wires in place.

A third concentric tubular member 51 sur-
rounds the second tubular member 471 with the
outer diameter of the latter being equal to the
inner diameter of the former. A pair of flat sides
59 are provided on the circumference of the sec-
ond tubular member 47 as shown in Fig. 7. These
flat sides 59 extend over most of the length of
the second tubular member 47 but do not extend
along the end portions thereof. Thus two pas-
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sages are provided intermediate the ends of the
second tubular member 47 and these passages are
interconnected by @ groove 64 about the circum-
ference of the second tubular member as shown
in Figs. 6 and 7. An opening 88 is provided at the
lower end of the third tubular member 57 oppo-
site each of the flat sides §9 formed in the second
tubular member 41. These openings 63 coincide
with openings in the support 33 to which the third
tubular member 57 is secured and 2 cooling fluid,
such as water, is adapted to be supplied to one of
the passages through an inlet pipe 67, the fluid
passing upward along the passage, around the
ercove 61 and downward along the other passage
and out the outlet pipe 89.

Within the first tubular member 3 is a fourth
concentric tubular member 7{ having a smaller
external diameter than the internal diameter of
the first tubular member. The fourth tubular
member 11 is mounted at its lower end on the
body 45 and at its lower end surrounds & coaxial
shaft 13 which extends through the body £5 to
bear against the end plate 15 of a fiexible bellows
11. The bellows 11 is enclosed within a housing
19 in which a rotatable adjusting shaft 81 is
threaded. The lower end of the adjustable shaft
81 has a hand-wheel 83 mounted thereon to facili-
tate rotation of the shaft. Within the housing
19 the end of the adjustable shaft 81 carries a
member 85 which abuts against the end plate
15 of the bellows. When the adjustable shaft 81
is rotated by the hand-wheel 83, the end plate 18
of the bellows 171 is moved vertically to in turn
raise or lower the shaft 13 extending into the
lower end of the fourth tubular member 1 f. The
upper end of this shaft 13 is attached to a fifth
concentric tubular member 87 which extends be-
yond the filament wires 38 and has & tuning plate
8% mounted on the upper end thereof. Another
flexible bellows 81 surrounds the fourth and fifth
tubular members T{ and 87 with its ends connected
between the tuning plate 89 and the upper end of
the first tubular member 43.

A passage for additional cooling water is-then
provided from another inlet pipe 83 attached to
the body 45 through the space between the shaft
93 and the fourth tubular member 7!, openings
95 provided in the thin wall end portion of the
fifth tubular member 87, the center of the fifth
tubular member 87 to the tuning plate 83. The
tuning plate 89 is provided with passages 97 for
the flow of cooling water from the cenier of the
fifth tubular member 87 to the space between the
fourth and fifth tubular members T and 87 and
the bellows 81. From the bellows 81 cooling fluid
may pass downward in the space between the
first and fourth tubular members 43 and T¢ to
another outlet pipe 98 in the body 45.

Another concentric cylindrical member (0! of
conductive material, designated hereinaiter as the
control grid member, surrounds the cathode unit
with its lower end mounted on a horizontal plate
103 supported by three insulators {04 from the
base plate 21 of the chamber 13. An end plate {05
spaced from the tuning plate 89 closes the: upper
end of the control grid member 101. The lower
end of the control grid member 10t including the
horizontal plate 103 is spaced from the cathode
unit 29 so that the cathode unit and the control
grid member may be maintained at different di-
rect current potentials. Another concentric tube
197 is mounted on the support 33, surrounds the
lower part of the cathode unit and cooperates with
the lower part of the control grid member 101 to
form a quarter wave length high frequency choke.
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The control grid member (81 with {fs end plats
185 cooperates with the cathode unit 28 includ-
ing the tuning plate 89 and bellows 81 and the
tube {07 to form @ first cavity resonator, with the
cathode fllament wires 39 positioned therein.

To prevent the escape of high frequency power
through the space between the first and second
tubular members of the cathode unit and the glass
seal across the end thereof and through the fila-
ment direct current leads, a sixth concentric tubu-
lar member £08 is provided in the cathode unit
petween the first and second tubular members
with its upper end secured to the first tubular
member and its lower end cooperating with the
second member to form & quarter wave length
high frequency choke. This provides a very low
impedance at point A to high frequency currents
to prevent such currents from passing out the
filament leads.

The control grid member 181 forming the ex-
terior wall of the first resonator has a plurality
of slot-like openings i1 therethrough opposite
the cathode fillament wires 32, one slot-like open-
ing being provided radially opposite each fila-
In this manner a control grid is
formed in the wall of the first resonator. The
lower end of the control grid member {01 is
composed of two concentric tubes 113 and 118,
the inner tube 113 having an external diameter
cqual to the internal diameter of the outer tube
{15. Two flat sides {17 are provided in the cir-
cumference of the inner tube {13 which extends
from the lower end thereof almost to the slot-
like openings (11 (see Figs. 7 and 11). Cooling
fluid is then supplied through an inlet pipe ({9

to one of the passages created by a flat side, the

fluld passing upward along this passage to an
annular groove 12f about the inner tube (13
which interconnects the two passages and then
down the other passage and out an outlet pipe
123.

Another horizontal plate 12§ is mounted di-
rectly above the plate 103 and has a central open-
ing therein through which the cathode unit 28
and control grid member 10! extend. Plate {28
is also supported on the base plate 27 by a plu-
rality of insulators which do not appear in Fig.
1 but which are mounted in openings (26 in Fig.
10. Mounied on this plate 125 is another cylin-
drical unit 127 which is concentric with and sur-
rounds the control grid member {01, being spaced
therefrom. The unit 127 is hereinafter referred
to as the accelerating grid unit. The accelerat~
ing grid unit comprises a plurality of vertical
pipes £38 of conductive material arranged to out-
line a cylinder concentric with, and surrounding,
the control grid member 18f. The pipes £33 are
spaced from each other, as shown in Fig. 2, so
that in the region of the filament wires, the
spaces between adjacent pipes are radially op-

« posite corresponding filament wires 39 and open-~
_ ings (H1 in the control grid member 10{, whereby
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the pipes 138 form a grid. Secured to and sur-
rounding the pipes 133 above the filament wires

-is a conductive metal cylinder {31 and a similar

cylinder 132 surrounds the pipes {33 below the
filament wires. A cap 129 is secured across the
top of the cylinder 13§ and has openings in the
bottom thereof into which pipes 133 extend, the
cap 29 having an internal passage in communi-
cation with the open ends of all of Dpipes 133.
The lower ends of the cooling pipes 33 extend
into the horizontal plate 125, each pipe being in
communication with one of two passages 137 and
139 therein. An inlet pipe {44 for supplying the
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water or other suitable cooling fluld is connected
to one of these passages 138 and an outlet pipe
143 is connected to the other bassage 131. Thus,
cooling fluid flows upward through half of the
pipes 133 and downward through the other half.

The lower end of the water chamber body 35
has a plate 145 secured thereon which is spaced
from the cap 129 on the accelerating grid mem-
ber 121, This plate {48 is circular and supports
a cylindrical metallic member (47 which in turn
is used to support the anode structure. Another
cylindrical, metallic member (49 of slightly larger
diameter than the anode supporting member 147
is mounted on the horizontal plate 125 and ex-
tends upwardly with its upper end surrounding
the anode supporting member 147 and cooper-
ating therewith to form a quarter wave length
high frequency choke. These two members (47
and 149 with the plate 145 on the bottom of the
water chamber body 35, the horizontal plate {25
and the accelerating grid unit {27 form a second
-cavity resonator. :

The anode comprises g plurality of anode units
181 as shown in Figs.2,3and 4. These units are
arranged in a circle about the accelerating grid.
and within the second resonator. Each anode
unit 151 comprises a convoluted section of g
hollow pipe of a highly conductive material, such
as copper, through which water or other suitable
cooling fluid is to be passed, the two ends 153
and 155 of the hollow pipe Of each unit extending
upwardly from the convolutions with one end
153 being connected to & water chamber 157 in
body 385 supplied from an inlet pipe 159 and the
other end 155 connected to & water chamber 1§
in bhody 35 which in turn is connected to an out-
let pipe 163.

The convolutions of the pipe section of an
anode unit include g Blurality of coextensive pipe
portions which are substantially parallel to, and
slightly longer than, the vertical portions of the
filament wires 39 and the openings in the control
and accelerating grids.

To follow the convolutions
e passage of cooling water
be traced. The water comes
through lower
through
through
through
through
through

of the anode Dipe,
therethrough may
down portion 171
bortion 112, up portion | 18,
upper portion (14, down portion 115,
lower portion 176, upper portion 171,
upper portion 178, down portion 118,
lower portion 180, up portion 181,
upper portion 182, down portion 183,
through lower portion {84, up portion 185,
through upper portion ‘186, down portion 181,
through lower portion 188, and up portion
As shown in Figs. 2, 3 and 4 the pipe portions
171 and (89 are adjacent each other and in en-
gagement and are positioned along the outer
wall of the second resonstor opposite an opening
in the accelerating grid. Thus the center line of
an electron path, illustrated by dotted line 190,
extends from the filament wire through the two
grids to the junction line between the portions
171 and 189. oOf course, electrons moving from
the filament wire to the anode actually fan out
on each side of the center line, Other pipe por-
tions 172, 178, 174, 715 and - {88, 187,
extend from the portions | T
site sides of the electron path center line and
outline a groove into which the electron path pro-
jects. The groove opening faces the filament
wire and is wider than the actual electron path.
It is to be noted that while each convoluted sec-
tion has openings therethrough, the pipe portions
are positioned with g pipe portion intercepting
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-wire. ‘The portions

5 of the coupling wires 184

8
substantially every straight Hne through space
from the cathode to the anode, Thus each unit
181 presents g substantially continuous anode
surface, in effect, to the corresponding fllament..
wire, ' ’

When a plurality of the anode units 15f are
assembled in the second resonator, the portion
178 of each unit engages the portion 181 of the
adjacent unit radially opposite another fllament
118, 116, 117 and 118 of the
one unit and 185, 184, {83 and 182 of the other
unit also cooperate to form a groove into which
the electron path projects. :

‘To afford g feed-back coupling between the
second resonator and the first resonator, g plu-
rality of coupling wires 9 are attached at one
end to the cathode unit 29 in the first resonator
and extend through the grids into the second
resonator, Preferably four of these coupling
wires 19f are arranged at regular intervals about
the circumference of the cathode unit, the num-
ber, of course, depending upon the amount of
feed-back power required to. operate the first
resonator. As shown in Figs. 2, 5 and 6, each
Is secured to the end
of the first tubular member 43 and extends radially
through a set of openings in the grids for which
the Corresponding filament wire is omitted, the
outer end portion of each wire being bent at right
angles to form g conducting member adjacent
to but spaced from the anode. Thus, each cou-
pling wire, in effect, provides a capacitance con-
nected between the anode and cathode.

The first and second resonator are designed so
that the electric field vectors of the fields therein
are along radial lines. Consequently, alternate
points of minimum and maximum voltage appear
along the length of the cathode unit within the
first resonator. The coupling wires 191 may be
connected to the cathode unit at any point other
than a zero voltage point. However, it is prefer-
able to connect the coupling wires at a point of )
maximum voltage on the cathode unit with
control grid. This is the point of
minimum current and with the first resonator
tuned to substantially the same resonant fre-
quency as said second resonator, the anti-resonant
impedance of the cathode-grid circuit acts as a
resistance connected in series with the capaci-
tance existing between the coupling wires 19} and
the anode, The high frequency voltage drop
across. this resistance from cathode to control
grid is then leading in phase by 90 degrees rela-
tive to the high frequency anode to accelerating
grid voltage which means that the control grid
to cathode voltage lags behind the anode to ac-
celerating grid voltage by 90 degrees. Further
details of this feed-back coupling arrangement are
set forth in my copending application Seria} No.
526,882, filed March 17, 1944, oOf course, other
coupling arrangements may be employed, such
as a coupling loop in each of the two resonators
with the two loops interconnected by a coaxial
transmission line, but the spacings between the
various elements as well as the potentials im-
pressed thereacross must be chosen with respect
to the phase relation between the oscillating fields
in the first and second resonators, :

It is to be noted that the anode structure is
Supported from the water chamber body 35 while
the cathode unit 29 and the grid members 104
and {27 are supported from the bottom plate 21.
To facilitate alignment of the various parts, the
upper plate unit 15 and the Intermediate plate
23 include relatively _thin flexible dig-
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phragms (98 and 195, respectively, which may be
distorted by adjusting screws 197 and 198 to shift
the parts relative to each other. Screws 187
may also be used to raise or lower plate 145
slightly to time the second resonator.

Direct current voltages are impressed on the
various elements of the Resnatron tube as shown
schematically in Fig. 1. A source of direct cur-
rent potential, such as a battery 199 has its posi-
tive terminal 201 connected to the water cham-
ber body 35 and therefore to the anode. An inter-
mediate tap 203 on the battery {99 is connected
to the plate 125 supporting the accelerating
grid unit 127 and the negative terminal 265 of
the battery 199 is connected through a threaded
plug 207 in the body 45 to the first tubular mem-
ber 43 of the cathode unit 28 which is connected
to the upper ends of the filament wires 39. The
second tubular member 47 supporting the lower
ends of the filament wires 39 is grounded through
the threaded plug 209 in the support 33. A trans-
former 208 energized from an alternating source
218 is connected between plugs 2087 and 209 to
supply fillament heating current. The control
grid member 101 is connected through its support-
ing plate 103 and 2 resistor 211 to the negative
terminal 205 of the battery 199.

Typical volbages which have been used in oper-
ating a Resnatron tube constructed in accordance
with Fig. 1 established the anode at 10,000 volts
and the accelerating grid at 7,000 volts. The
control grid member is originally at zero voltage
pbut when the oscillations are jnitiated current
flows from the control grid to the cathode and
the resulting potential developed across the re-
sistor 211 build up the control voltage to approxi-
mately —1,000 voits.

In operating the Resnatron tube the
resonator is tuned by means of the tuning plate
89 adjusted through the hand-wheel 83 to sub-
stantially the same frequency as the second reso-
nator. The direct current voltages are then ap-
plied to the elements’in the tube and oscillations
are initiated, building up gradually in the well
known manner until the control grid reaches oper-
ating voltage. Then in a Lalf-cycle when the

field within the first resonator is in a direction:

+0 aid movement of the electrons, a group of elec-
trons are liberated from the cathode filament
wires during the peak portion only of the half-
cycle and move toward the anode, picking up
energy from the high frequency field of the first
resonator and from the direct current voltage
fields between the anode and cathode and the
accelerating grid and cathode. Since the acceler-
ating grid is at a comparatively high positive
voltage, it supplies considerable energy to the elec-
trons and greatly increases their speed. With this
greatly increased speed the electrons are timed
to enter the second resonator approximately one
quarter of a cycle after leaving the cathode fila-
ment wires. With the 90° phase displacement
between the fields of the first and second reso-
nator, the field of the second resonator is thenin a
direction opposing the motion of the electrons.
As a result the electrons give up energy to the
field of the second resonator, producing the oscil-
lations therein. The electrons reach the anode
terminal during, or at the end of, the half cycle
in which the field of the second resonator opposes
their motion.

When the electrons strike the anode pipe other
electrons are produced by secondary emission.
When the field within the second resonator
changes direction shortly thereafter, the second~

first”
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ary electrons are pulled away from the anode.
The presence of portions of the anode pipe along-
side the electron path center line, however, de~
cidedly weakens the strength of the field within
the groove outlined thereby, so that the secondary
electrons which are produced within the groove
do not escape outside of the groove béfore the field
is again reversed, when the field is again reversed
the secondary electrons are immediately drawn

to the anode. In this manner the anode struc-

ture provides a trap for the secondary electron.

Some of the power generated in the second
resonator is fed back to the first resonator
through the coupling wires $9{f to maintain the
oscillations in the first resonator. The remain-
ing power generated in the second resonator is
extracted therefrom by a coupling loop 213 and
feed to a coaxial output line 2435 attached to the
Resnatron tube.

Although I have shown and described a specific
embodiment of my invention, I am aware that
many modifications thereof may be made. I do
not intend, therefore, to limit my invention to
the specific embodiment disclosed.

I claim as my invention:

1. An e1ectronic tube comprising an anode, an
elongated cathode portion adapted to project elec-
trons along a path toward the anode, said anode
comprising a convoluted section of a pipe of con-
ductive material through which a cooling fluid
is to be passed, the convolutions of said pipe sec-
tion inecluding -a plurality of substantially co-
extensive pipe portions substantially parallel to
said elongated cathode portion, one of said pipe
portions being positioned at a preselected point
intercepting the center line of said path, and
other of said pipe portions being positioned on
opposite sides of said center line between said
one pipe portion and said cathode and defining
with said one pipe portion a groove into which
said electron path projects with said one pipe
portion at the bottom of the groove.

2. An electronic tube comprising an anode, an
elongated cathode portion adapted to project elec-.
trons along a path toward the anode, said anode
comprising a convoluted section of a pipe of con-
ductive material through which a cooling fluid is
to be passed, the convolutions of said pipe section
including a plurality of substantially coextensive
pipe portions substantially parallel to said elon-
gated cathode portion, one of said pipe portions
being positioned at a preselected point intercept-
ing the center line of the path and other of sald
pipe portions being positioned on opposite sides
of said center line between said one pipe portion -
and said cathode and cooperating with said one
pipe portion to outline a groove into which said .
electron path projects with said one pipe portion
at the bottom of the groove, said plurality of
pipe portions being positioned with spaces there-
between but with a pipe portion intercepting sub-
stantially every straight line through space €xX-
tending from the cathode toward said groove.

3. An electronic tube comprising a hollow body
resonator adapted to have electromagnetic field
oscillations established therein, an anode
mounted within said resonator and comprising a
convoluted section of a pipe of conductive mate-
rial through which a cooling fluid is to be passed,
means including a cathode and circuit means con-
nected between said cathode and anode for pro-
jecting groups of electrons from said cathode to

_ said anode along a path through said resonator
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substantially parallel to the electric vector of the
oscillating field therein, the convolutions of said
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anode pipe including'a plurality of pipe portions
positioned alongside said path and constituting
a trap for electrons produced by secondary emis-
sion when said groups of electrons strike said
anode.

4. An electronic tube comprising & hollow body
resonator adapted to have electromagnetic fieid
oscillations  established therein, an anode
mounted within said resonator and comprising a
convoluted section of pipe of conductive mate-
rial through which g cooling fluid is to be passed,
means including a cathode and circult means con-
nected between said cathode and anode for pro-
Jecting groups of electrons from said cathode to
said anode along 3 path through said resonator
substantially paraliel to the electric vector of the
oscillating field therein, the convolutions of said
anode pipe inciuding g plurality of pipe portions
ouflining a groove into which said electron path
projects, said pipe portions being positioned with
spaces therebetween but with a pipe porticn
intercepting substantially every straight line
through space extending from the cathode into
said groove,

5. An electronie tube comprising a hollow body
resonator adapted to have electromagnetic field
oscillations established therein, an anode
mounted within said resonator and comprising o,
convoluted section of a pipe of conductive mate-
rial through which a cooling fluid is to be passed,
the convolutions of said section including a plu-

- rality of substantially parallel and coextensive
pipe portions at substantially right angles to the
direction of the electric vector of the oscillating
field within the resonator, means including an
elongated cathode substantially parallel to said
pipe portions and circuit means connected be-
tween said cathode and anode for projecting

" 8roups of electrons from said cathode to said
anode along a path through said resonator sub-
stantially parallel to the electric vector of the
oscillating field therein, one of said pipe portions
being positioned at a preselected point intercept-
ing the center lihe'of said path, other of said plu-
rality of pipe portions being positioned on op-
Posite sides of said center line and cooperating
with "said one pipe portion to otitline 3 groove
into which said electron path projects with said
one pipe portion at the bottom ‘of the groove.

6. An electronic tube comprising a hollow body
resonator having a generally cylindrical form
with a coaxial, reentrant protuberance therein,
& plurality of filament wires forming a generally
cylindrical cage-like cathode structure mounted
coaxially within said protuberance, the wall af
said protuberance having a slot-like opening
therein radially opposite eaqh filament wire, and
an'anode comprising g plurality of convoluteq
sections of pipe through which cooling fluid is
to be passed mounted adjacent each other with-
In sald resonator along the outer wall thereof and
forming a ring surrounding the cathode strue-

. ture, the convolutions of said plurality of sections

outlining a groove radially opposite each of said
fllament wires with the groove opening toward
the filament wire.

7. ‘An electronic tube comprising a hollow body

resonator having g generally cylindrical form
with a coaxial, reentrant protuberance therein,
a plurality of filament wires forming a generally
cylindrical, cage-like cathode structure mount-
ed coaxially within said protuberance, the wall
of said protuberance having a slot-like opening
therein radially opposite each filament wire, and
an anode comprising a plurality of convoluted

12
sections of pipe through which cooling fluld is
to be passed mounted adjacent each other with-
In said resonator along the outer wall thereof
and forming g ring surrounding the cathode
structure, the convolutions of said plurality ot
sections Including s plurality of pipe portions
outlining a graove radially opposite each of said

" filament wires with the groove opening - toward
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8. An electronic tube comprising g first hollow
body resonator having g generally cylindrical

ially within said protuberance, said first and sec-
ond resonators being adapted to have high fre-
quency electromagnetic fleld osciliations estab-
lisheg therein, o plurality of filament wires form-
ing a generally cylindrical,  cage-like cathode
structure mounted coaxlally within said second

Dositioned within saig orte resonator and sur-
rounding said cathode, the walls of said pro-
tuberance and said other resonator having open-
Ings therein between said cathode and. anode,
said one resonator being formed of two barts, said
chamber including g first end plate upon which
one part of said one resonator of which said pro-
tuberance is g portion, said other resonator and
said cathode are mounted, a second end plate
upon which the second part of said one resonator
and said anode are mounted, and a side wall
member interconnecting, and sealed to, said first
and second plates and including a flexible mem-
ber adjustable to change the position of said
plates relative to each other,

.10. An electronic tube comprising g first hollow
body resonator having g generally cylindrical
form with g coaxial, reentrant protuberance
therein, a second hollow body resonator having
a generally cylindrical exterior mounted coaxially
within said protuberance, said first and second
resonators being adapted to have high frequency
electromagnetic fleld oscillations established
therein, g plurality of filament wires forming a
generally cylindrical, cage-like cathode structure
mounted coaxially within said second resonator,
the outer wall of said second resonator and the
wall of said protuberance having openings there-
in radially oppesite each of said filament wires,
said outer wall about said openings therein form-
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ing & control grid, and a ring-like anode mounted Number . Name Date
coaxially within said first resonator along the 1,545,654 HoppocK - eeeee. JUly 14, 1925
outer wall thereof and surrounding sald cathode 1,562,172 Houskeeper —-cceeee— Nov. 17, 1925
structure with the inner periphery of said ring- = 1,628,466  HUll comcomceceen May 10, 1927
like anode having a groove formed therein ra- 5 2,084,867 Prinz et al, —-n-..———_ June 22, 1937
dially opposite each of said filament wires. 2,111,626 Heising . _______ Mar. 22, 1938
. : DAVID H. SLOAN. 2,228,939 Zottuetal, oo Jan, 14, 1941
: 2,254,793 Burstyn ... ._._.. Sept. 2, 1941
REFERENCES CITED 2,402,983 Brown ..ol July 2, 1946

The following references are of record in the 10 FOREIGN PATENTS

file of this patent: . Number Country Date
UNITED STATES PATENTS 318,332 Germany —...__.__.- Jan, 23, 1920
Number  Name - : Date 509,102 Great Britain .._..__ July 11, 1939

1,459,417 Schwerin . __ June 19, 1923 15




