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This invention relates to electronic tubes
adapted to the production and modulation of
very high frequency oscillations. More par-
ticularly it relates to anodes for use in resnatron
tubes, which anodes are so designed and adapted
as to eliminate many difficulties which as a mat-
ter of practice have not been solved by the prior
art.

A coaxial resnatron comprises two resonators,
one connected in the grid-cathode circuit and
one connected in the anode circuit. The oscil-
lating fields developed within these resonsators
have a definite relationship with each other and
their electrical componcnts are substantially par-
allel to the paths of the electrons between the
cathode and anode.

The direct-current voltages on the cathode,
grids, and anode of the tube are such that a
group of electrons is emitted from the cathode
only during the peak portion of each half cycle
of the oscillating frequency of the resonator of
the grid-cathode circuit when the field of that
resonator is in such a direction as to aid the
direct-current voltage ficld in the emitting of
electrons from the cathode and to aid in their
movement toward the anode. This causes sharp
and well-defined bursts of energy to be emitted
from the cathode at regular intervals. The elec-
trons so emitted arrive at the resonator in the
anode circuit and enter that resonator when its
fleld is in such a direction as to oppose the mo-
tion of the electrons and hence causes those
electrons to give up their energy and produce
the desired oscillations in the resonator. A por-
tion of the power developed by this action is fed
back to the resonator in the grid-cathode cir-
cuit and maintains the desired oscillations there-
in. The remaining power is extracted by means
of an output coupling loop and fed into an out-
put transmission line. : :

This type resnatron ordinarily is arranged for
ready disassembly and evacuated continuously
by a pump. It is, in essence, a grounded-grid
tetrode oscillator built on the coaxial line prin-
ciple with the entire operating system in a vacu-
um. The cathode and control grid are built into
a coaxial line which is surrounded by the second
coaxial line comprising the screen grid and anode
in which the radio frequency power is generated.
This type construction has been generally adopt-
ed by the art since the triode type resnatrons
are capable only of limited power outputs at
very high frequencies.

The coaxial construction removes an inherent
anode-to-cathode capacitance so that a feed-
back capacitance between these two electrodes
must be introduced artificially. :

The phase shift, ¢, between the oscillations in
the two resonators must lie between zero degrees
and 90 degrees. Hence the control grid reaches
its maximum positive potential with respect to
the cathode ¢ degrees of angular time before
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the anode reaches its maximum negative po-
tential with respect to the screen grid. At the
frequency. of oscillations of the resnatron this
angular time corresponds to the actual time
required for the average electron to go from the
control grid to the anode resonator. . .
The screen grid is held at some direct-current
potential higher than the grid swing. This
causes all of the electrons which have passed
through ‘the grid to be given a tremendous for--
ward acceleration. Due to their greater aver-
age speid to electrons make their journey to
the anode in a shorter time than is the case with
a triode oscillator, This results in more of their
energy being given to the decelerative field of
the anode because this field has less time to vary.
It is now seen that transit-time troubles are
reduced by use of the tctrode oscillator and that
they cease to be a serious limiting factor if the

‘anode is designed to function as outlined above.

The coaxial resonator arrangement allows the
electronic elements to be located at optimum
points within the resnatron. The tube is made -
large enough to enable watcr cooling of all parts
of it. The coaxial arrangement allows use of
a large cathode surface and high voltages so that
large peak power can be drawn in short time
intervals with efficient class C oscillation. )

The anode is substantially in the shape of a
cylindrical ring and is secured on the tube struc-

- ture by bolts. A rubber gasket is used to insure

& good vacuum seal and a tin gasket inside the
rubber to afford good electric contact. '

Such a tube structure as described above has
introduced a new era in the generation of high
frequency power but has suffered serious oper-
ational difficulties due to the incorrect structural
design of the anode used. Many different types
of anodes have been employed but none have
solved all of the serious problems; namely, in-
terference from secondary emission, and transit-
time distance as a factor limiting the perform-
ance of the tube. ‘ ) o

"It is an object of the present invention to
provide a resnatron anode which will give long
and efficient operational service. )

It is also an object of the present invention
to provide a resnatron anode of substantially
cylindrical shape which provides adequate cool-
ing and eliminates overheating. ‘

It is another object of the present invention
to provide a resnatron anode which eliminates
transit-time distance as a factor limiting the
performance of the tube. o

It is a further object of the present invention
to provide a resnatron anode which reduces in-
terference from the secondary emission of elec-
trons. - .

Other objects, features, and advantages of this
invention will suggest themselves to-those skilled
in the art and will become apparent from the
following description of the invention taken in .
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connection with the accompanying drawings in
which: :

Fig. 1 is a diagrammatic view of a resnatron
which can be readily disassembled to remove the
anode;

Figs. 2, 3, 4 and 5 are cross-sectional views on
a plane through the axis of the tube as shown
in Fig. 1 showing various embodiments of the
anode;

Figs. 2a, 3a, 4a, and 5a are views of portions
of the various embodiments of the anode on a
plane perpendicular to.the axis of the tube as
shown in Fig. 1, corresponding to Pigs. 2, 3, 4,
and 5, respectively, and including in PFig. 2a an
indication of the relative positions of the cathode

filaments and the control and screen grid open-

ings as they are arranged in the embodiments of
the other figures.

The specific types of anodes described in this
specification are adapted for use in coaxially con-
structed resnatrons which can be readily disas-
sembled. However, it is understood that the prin-
ciples of this invention apply to anodes for any
type of resnatron.

Referring to Fig. 1 there is shown diagram-
matically the entire resnatron including an inner
coaxial resonator comprising the control grid tube
{0 and the cathode structure It, with an adjust-
able condenser 12 at the top of the cathode struc-
ture for tuning the resonator. The cathode
structure comprises an axial conductor {3 and
an outer concentric conductor tube 4 with a

- plurality of equally spaced filament members 15
parallel to and equi-distant from the axis and
each connected at one end to conductor {3 and
at the other end to conductor tube 14. A plu-
rality of one-quarter wave chokes 16 and 17 on
cathode conductor 13, (8 and 19 on cathode con-
ductor tube (4, and 20 on grid tube 10 prevent
energy loss from this cavity through the heater
and grid bias circuits. S

Coneentric with this grid cathode resonator
there is a second resonator in the circuit of the
screen grid and anode which comprises the screen
grid tube 21 and the two portions 22 and 23 of
the anode housing, the lower portion 22 of the
anode housing including the output coupling loop
24. The anode 2§ is retained between the lower
section 22 and upper section 23 of the ancde
housing by any conventional means such as the
bolts 26. A vacuum pump 27 is connected to the
upper portion 23 of the anode housing. A short-
ing annulus 28 is adjustably mounted in the space
between the upper portion of screen grid 2{ and
the upper portion 23 of the anode housing for
tuning the outer resonator. This shorting means
28 and the condenser {2 would ordinarily be made
adjustable from outside the housing but to sim-
plify the disclosure, the structure nccessary to
accomplish this has been omitted from the draw-
ing.

An insulating and sealing tube 28 joins the
lower end of anode housing 22 to cathode mcunt-
ing member 38§ and also supports the grid 18 and
its connecting lead 3. The outer cathode tube
{4 includes a flange 32 which is attached to its
mounting member 38 by any conventional means
such as boits 34. The filament members 15 and
the adjacent portions of the screen grid 21 and
control grid 10 are shown diagrammatically in
broken lines; the openings in these elements are
between adjacent pairs of filamentary or tubular
members parallel to the axis with the filaments

{§ in line with the openings of the screen grid 21

and control grid 18, A removable feedback prong
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35 is inserted into a portion of the cathode struc-
ture through the openings in the screen grid 21
and control grid 10 to provide the necessary feed-
back for operation as an oscillator.
Referring more particularly to Figs. 2 and 2a,
the anode structure is generally designated by 28.

The cooling arrangement for the anode consists

of a pump which produces a main water flow
which enters the anode structure 25 through inlet
86 and flows through pipe 37 wound as a layer
on the outer surface of a tore having the same
axis as the anode and the entire resnatron and
leaves the pipe 37 at outlet 38. The several turns
of pipe 37 of anode 25 appear in cross section
as a series of circles arranged in an arc. A suit-
able supporting ring 39 is provided to hold the
anode in proper position in the resnatron.
Smaller pipes 40 like the large pipe 371 are made
of copper and extend across the width of the
anode with central straight portions 41 parallel
to 'the axis of the tore and the cathode generally,
and connecting portions 42 leading to pipe 37 or
to another straight portion. It has been found
practical for proper water circulation through
pipes 40 to have three portions &1 and the neces-
sary connecting portions 42 in each pipe 40.
This means that there are eight such pipes 40 in
a single anode, if the common twenty-four fila-
ment cathode is to be used. Fig. 2a shows clearly
the physical arrangement of the portions #
shown in Fig. 2, and also shows diagrammatically
the relative position of the filaments and screen
and control grid openings. .

This form of anode has as many portions 41 as
the tube has filaments. The portions 41 of pipes
40 in combination with pipes 37 form re-entrant
pockets and their inward extension reduces the .
diameter of the coaxial arrangement at this point
and shortens the transit-time distance from the
screen grid to the anode. It reduces this distance

-to such an extent that it is no longer a limiting

factor in the operation of the tube.

The velocity of the water flow through the pipe
37 and pipes 40 is such that it insures an efficient
heat transfer. The parallel arrangement of water
flow is particularly important from a practical
viewpoint since it means a very substantial reduc-
tion in the size of pump which may be used.

Referr:ng now. to Figs. 3 and 3a the cylindrical
anode structure is also generally designated by

25 and may include a supporting ring 39 as in

Fig. 2. The outer anode element 48 is made of
copper so that it will diffuse quickly the heat
which it absorbs as a result of the operation of
the tubc and includes inlet and outlet water ap-
ertures 38 and 38 which may be located at any
convenient place around its circumference. The
inner anode element 41 fits closely against ele-
ment 46 at 43 and 49 and is properly sealed there-
in to leave a water channel 5¢. The water is
forced by a suitable pump through inlet ] ]
around channel 50 and through outlet 38. Fins
5! extend inward from the inner anode element
41 and correspond in number to the number of
filaments used. The pockets 52 are milled in the
element 47 parallel to the axis of the anode. The
re-entrant pockets 52 reduce th2 screen-to-effec-
tive-anode plane distance and help prevent sec-
ondary electrons from being pulled away from
the anode by the radio frequency field of the
sereen grid. Fig. 3a affords a better understand-

4ing of the shape of the twenty-four fing than

can be gained by reference to Fig. 3, and the rela-
tive position of the cathode and grid elements is
the same as in Fig. 2a.
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Referring to Figs. 4 and 4a the anode structure
is also generally designated by 25. ‘The main
anode housing 53 is constructed of copper or
other material of high conductivity. The twenty-
four fins 51 made of copper and corresponding to
the filaments are placed in the housing 53. Rapid
heat transfer or cooling is accomplished by use of
a plurality of cooling tubes 54, 55, 56 and 57,
which extend substantially the full circumfer-
ence of the housing 53. Water enters these tubes
through inlets 36 and leaves through similar out-
lets in the portion of thé structure eliminated
by cross-sectioning. The fins 51 rapidly conduct
the heat to the tubes 54, 55, 56 and 57 where it is
carried away by the water flowing therein. As
is seen from Figs. 4 and 4q there are pockets or
re-entrant portions between fing 51, extending
back to the tubes 54, 55, 56 and 57.

Referring to Figs. 5 and 5a, the anode struc-
ture of a further modification is also generally
designated by 25. As shown in the drawing the
outer supporting ring 39 has been extended in-
ward to form part of the anode water jacket as
indicated by the portions 58, but it will be ob-
vious that a separate piece could be used. Fur-
ther covering means 59 of somewhat conical
shape serve to close the inner surface of the
water jacket leaving the water channels 60 which
are divided for purposes of support by small rings
61. Inlet and outlet pipes 36 and 38 provide the
necessary circulation of water through the chan-
nels.

It will be noted that in this embodiment there
is only a single electron receiving pocket 62 which
extends entirely around the anode. The inner-
most portions of the anode indicated by 63 deter-
mine the effective plane of the anode and the
pocket 62 between the covers 59 serves substan-
tially the same purpose as the multiple pockets
in the other embodiments of the invention, in
storing up electrons over certain portions of the
eycle and substantially reducing the losses due to
secondary emission which otherwise would result.

The secondary emission from an anode due to
‘the impact of primary electrons is often the
source of considerable loss of power. When elec-
trons having only a few hundred electron volts
of energy strike the anode the secondary emis-
sion is copious, but when the energy of the pri-

mary electrons amounts to several thousand volts 5

the secondary emission is less pronounced. Hence
when operating at high voltages the re-entrant
pPockets in the anode structure are not essential
from the standpoint of secondary emission, but
even at high voltages their improvement on the
operation of the tube is noticeable. The re-en-
trant pockets reduce the secondary emission by
reducing the field in the region of the emitting
surface. Shortly after secondary electrons are
produced the field may still have such direction
that the electrons are pulled away from the sur-
‘ace. However the fins along the electron path
weaken this field to such an extent that elec-
trons do not escape from it before the field is
reversed, at which time the electrons are drawn
back toward the anode. Secondary -electrons
emitted when the field is reversed never leave
the surface. This region of vanishing field re-
duces the effective distance of the electrons must
travel before completing their journey, and hence
these fins become important in overcoming trans-
it-time distance troubles.

Although the physical appearance of some em-
bodiments of this invention somewhat resembles
that of certain magnetron anodes it is to be
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noted that the operation is entirely different since
the re-entrant pockets are not resonant cavities
but merely function as part of the anode per se
and are connected to a coaxial cavity which de-
termines the resonant frequency.

. While there has been described what is at pres-
ent considered to be the preferred embodiment
of the invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
scope of the invention.

Iclaim: .

1. A cylindrical copper anode for use in an
electronic tube for the production and modula-
tion of very high frequency oscillations, said
anode including a water-carrying pipe wound
concentric to an axis in a coil-like shape and
forming the circumference of said anode, a series
of water-carrying smaller pipes attached to said
first-mentioned pipe to carry a flow of water in
shunt with that in the first pipe, protruding por-
tions of said smaller pipes extending toward the
axis of said anode and running the entire width
of said anode parallel to said axis to form transit-
distance-limiting re-entrant pockets which re-
duce secondary emission, said protruding por-
tions being substantially equi-angularly spaced
about and equi-distant from said axis.

2. A cylindrical copper anode for use in an
electronic tube for the production and modula-
tion of very high frequency oscillations, said

. anode including a water-carrying pipe wound
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concentric to an axis in a coil-like shape and
forming the circumference of said anode, a series
of internally protruding portions attached to the
inner circumference of said pipe and extending
toward the axis of said anode and running the

‘entire width of said anode parallel to said axis

to form ftransit-distance-limiting re-entrant
pockets which reduce secondary emission, said
protruding portions being substantially equi-
angularly spaced about and equi-distant from
said axis.

3. In a cylindrical copper anode for use in a
resnatron, a pipe for the circulation of cooling
water following a substantially helical path and
a plurality of crossover pipes connected to said
first-mentioned pipe at intervals along said sub-
stantiany helical path.

4. A'cylindrical anode for use in a high power
electronic tube for operation at very high fre-
quencies comprising a cooling-fluid-carrying pipe
wound concentrically to an axis in a coil-like
shape, the inner surface of said pipe forming the
operative surface of said anode, a series of inter-
nally-protruding cooling-fluid-carrying pipes at-
tached at both ends to said first-mentioned pipe,
at least a portion of each of said internally-
protruding pipes being extended in a direction
substantially parallel to said axis and being equi-
angularly spaced about said axis to form transit-
distance-limiting protrusions which reduce sec-
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