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1

Iy invention relates to electric discharge de-
vices and morz particularly to improved resonant
structures and metheds of making the same. The
invention is well adapted for application to elec-
tric discharge devices of the magnatron type.

Many reagneiron consiructions have been em-
ployed in which the anode includes a plurality of
resonant or tuned circuits arranged in symmetri-
cal relation about a central opening in which the
cathode of the device is located. Many of these
anodes have been formed by machining suitable
openings in a copper block in such a manner
‘that the bounding surfaces of the openings pro-
vide the tuned circuits of the -anode. These
anodes have required- a considerable amount of

ceurate machining and in addition have not
heen capable of dissipating large amounts of heat.

1in accordance with the teachings of my inven-

tion, I provide an improved resonant structure,
particularly adapted for the anode structure of
a magnetron, which is preferably formed of a
plurality of elements of tubing which are shaped
50 that they may he assembled to provide an array
of tuned cireuifs about a centrally located cpen-
ing which is adapted to receive a cathode.

‘Tt is an object of my invention to provide a new
~and improved electrode struciure including a
plurality of coupled tuned circuits.

It is another object of my invention to provide
a new and improved anode structure for electric
discharge devices of the magnetron type which is
simple in construction and which may be readily
cooled by the passage of cooling fluid there~
through.

It is still ancthsr object of my invention to
crovide a new and improved method of assem-~
biing resonant structures from a piurality of simi-
lar pre-formed elements.

In one illustrated embediment of my inven-
tion a plurslity of identical elements of copper
tubing are bent in such a form that each element
forins s portion of the bounding surfaces of ad-
jacent tuned circuits in the assembled anocde.
The number of elements employed is equal to the
number of tuned circuits in the anode structure
and these elements are assembled to provide a
circular array of tuned circuits about a central
opening which is adapted to receive the cathode.
The alternate anode sections are connected by
conducting straps which form a portion of the
individusal elements from which the anode is as-
sembled. The anode structure is mounted with-
in g suitable envelope, such as a copper ¢ylinder,
and the ends of each of the elements employed
in making up the anode assembly extend throuch
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the side wall of the envelope and communicate
with suitable headers in such a manner that cool-
ing fluid may be circulated through- all of the
tubing employed in the anode assembly. It is
apparent that this construction avoids the neces~
sity of accurate machining and facilitates cool-
ing of the anode structure. In accordance with
another illustrated embodiment of my invention,
each anode section is formed of a length of tub-
ing which is bent back upon itself and into a sub-
stantially L.-shaped section. 'These pieces of tub-
ing are then assembled in a cylindrical member
which forms a part of the tube envelope with the
open ends communicating with a header sur-
rounding the envelope and with the L-shaped
sections lying in egually spaced radial plane

within the envelope. :

For a better understanding of my invention,
reference may he had to the following description
taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims. In the drawing, Fig. 1 is an
elevational view, partially in section, of a mag-
netron device embodying my invention; Fig. 2 is
a bottom view of the magnetron illustrated in
Fig. 1 with the lower end wall removed; Fig. 3 is
a perspective view, partially in section, of a por-
tion of the device shewn in Fig. 1 and iliustrat~
ing the details of construction of the anode as-
sembly; Fig. 4 is a perspective view of one of the
several identical tubular elements irom which the
anocde is assembled; Fig. b is an elevational view,
partially in section, of a modification of my in-
venticn, and Fig. 6 is a perspective view of a
part of the assembly of Fig. 5.

Referring now to the drawing, I have shown
my invention embodied in a magnetron including
a generally cylindrical envelope |, preferably
formed of good conducting material such as cop-
per. Within the envelope | is an anode structure
designated generally by the numeral 2 and com-
prising an assembly of pre-formed members 3 of
rod-like stock, such as copper tubing. 'These
members, as iilustrated in Fig. 4, include a pair
of arms 4 and § lying in a common plane and ex-~
tending radially from a center which coincides
with the center of the aperture § of an ancde as-
sembled from a plurality of the individual ele-
ments §. Extending at right angles from the
prlane of the arms 4 and 5 are arms 7 and 8, re-
spectively, which in the assembled anode form
axially extending parts of alternate anods seg-~
ments facing the central opening of the ancde.
The slement 3 is completed by an arcuate section

8'and an offset portion 18 connecting the ends of
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the arms T and 8. The slement 3 thus comprises
g single piece of tubing bent to form two radial
arms which are spaced by an angle equal to twice
the angle between adjacent tuned circuits in the
anode assembly. As clearly shown in Fig. 3, the
elements 3 are arranged in a circular array with
the corresponding arm of each successive element

displaced by an angle egual to half the angle .

between the arms of a single element. With the

elements thus arranged, a circular assembly re- )

sults in which the arms of two elements lie adja~-
cent one another at a number of equally spaced
points equal to the number of elements employed.
In the illustrated embodimeiit, eight elements
are employed and the resultant structure includes
eight tuned circuits. It will be apparent from the
foregoing that the circuiis are uhiformly spaced
in a circular array and each spans an angle of
360° divided by the number of eircuifs. . Since the
arms of each element are spaced by twice the
angle spanned by the individual cifcuits, the spac-
ing of the arms is .

720°
n

where = i$ the number of circuits. As is well un-
derstood by those skilled in the art, the arms 4
and ¥ provide the predominately inductive re-
active component of each of the tuned circuits,

while the portions 7 and 8 of adjacent cireuits,

which are closely spaced about the central open-
inig §, form the predominately capacitive portions
of each of the tuneéd circuits. In accordance with
the improved method of my invention the anode

structure is assembled by placing the individual <

elements 3 in the envelope | with the ends of the
arins 4 and 5 received in suitable openings ff
formed in the wall of the envelope. The ele-
ments are positioned by means of a jig which
holds the elements in accurately assembled rela~
tion Wwith respect to one another and with re-
spect 16 the wall of the envelope. While held in
tHis manner the elements are soldered along the
junection of the adjacent arms 4 and 3 and T and 8
to form a relatively rigid unitary final structure.

In the illustrated. embodiment, in order to ren-
der the central Spacée more symmetrical, rec-
tangular copper bars 12 have been soldered to
the faces of the adjacent arms T and 8. While
providing a smooth surface for thé anode faces
in this manner has been found desirable, it is
not essential to the satisfactory operation of the
device. Also, as clearly shown in Figs. 2 and 3,
the arcuate portions 8 and offset portions 6 of
eacH of the elements 3 conneet the alternate
anode sections with one another progressively
around the anode strucfure. These connections,
commonly Xnown as straps, render operation of

the device in the desired mode more stable; the .

desired mode being a resonant condition in which
alternate anode segments are at the same high
frequency potential.

Tn order to provide for cooling of all of the
anode elements 3, the ends of thé arms 4 and §
of these elements, which terminate in the wall of
envelope 1, are connected by elbows 13 and 14,
respectivély, with headers i5 and 16. It is ap-
parent that cooling fluid introduced into one of
the headers passes through the elements 3 in
parallel and is collected in the other header.

In the embodiment of my invention illustrated
i the drawing, a source of electrons for exciting
the resonant anodé structure 2 is provided by a
generally cylindrical cathode {8 which is posi-
tioned centrally in the opening § of the anode
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structure and supported from the cover plate 17
of the envelope by a tube {9, of steel or other
suitable material, which is secured to the upper
end of the cathode and to a terminal 26. The
terminal 20 is sealed to the upper end of a hollow
insulator 21, preferably formed of glass, the
lower end of which is sealed to an upstanding
flange 22 formed on the cover i1. Although the
particular form of cathode employed is not im-
vortant to the present invention, it may to ad-
vantage be of the type described and claimed in
the copending Blewett and Langmuir application
Serial No. 555,496, filed September 23, 1944, which
issued on: Jan. 25, 1949, as Patent No. 2,460,119
and assigned to the assignee of the present in-
vention. The cathode 18 may to advantage have
at least a surface portion thereof formed of ma-
terial which is a good secondary emitter such as
magnesium or an alloy which is predominately
magnesium. A source of primary electrons is
provided by a thermionic cathode element 23 po-
sitioned in an axially extending recess 24 formed
in the surface of the cathode member {8. The
lower end of thermionic cathode member 23 is
secured to the lower end of the cathode and the
upper end is connected with a lead-in conductor
24’ which is supported in insulated relation with
respect to a supporting tube 25 by a body of
glass 28. A pair of conduits 27 and 28 extending
into the tube 19 provide means for circulating
cooling fluid through the cathode {8 in the man-
ner described more in detail in the above identi-
fied Blewett and Langmuir application. The
supporting tube 25 and conductors 27 and 28 are
all sealed to the terminal 20.

The cover 1T of the envelope may also be fluid
cooled, if desired, and in the drawing the con-
duits 29 and 30 communicate with passages in
the cover {1 which are interconnected by a U-
shaped conduit 31.

In order that high frequency energy may be
extracted from the device, I provide an output
circuit including a concentrie transmission line
including an outer conductor 36 and an inner
conductor 32 which terminates in a U-shaped
loop 33 positioned to link the flux threading one
of the openings in the anode structure defined
by adjacent radial arms of the structure. As il-
lustrated in the drawing, the loop may be formed
of hellow tubing and have the end thereof extend
through the wall of the envelope to provide an
externally accessible conduit 88 through which
cooling fluid may be introduced. The output
transmission line and coupling loop are supported
from the side walls of the envelope by a suitable
fianige 35 to which is secured a fitting 36 which
is, in turn, sealed by a body of glass 37 to the
inner conduector 32 of the transmission line.

While the operation of the illustrated embodi-
ment of my invention described above is believed
10 ke well understood, it may be described briefly
ag follows. Electrons emitted by the cathode 18
and the thermionic cathode 23 travel in curvi-
liriear paths in the space between the cathode
and the faces 12 of the various anode sections.
The curvilinear motion of the electrons is depend-
ent upon the resultant action of an electric field
produced by a direct current voltage impressed
across the ancde-cathode circuit of the device and
an axial magnetic field produced in the interelec-
trede space by suitable permanent or electromag-
nets. The motion of the electrons constituting
the space charge is effective to excite the resonant
ancde structure dt a frequency determined by the
geometry of the structure to produce high fre-
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quéncy oscillating currents in the conductive ele-
ments of the various tuned circuits forming the
anode structure and to produce a high frequency
electromagnetic field passing through the open-
ings defined by the various radial arms of the
anode structure. Energy is extracted from this
high frequency field by the output loop $3 which
is coupled to the field linking one of the tuned
circuits of the anode structure.

It will be apparent that the anode structure
desceribed above may be readily assembled by rela-
tively unskilled labor once suitable jigs for form-
‘ing the individual elements and positioning the
elements in the assembly are available. It is
also apparent that the resonant structure may be
very effectively cooled by passing cooling fluid
through the various pre-formed elements of tub-
ing with the result that the power rating of the
device is increased for a given size.

In Figs. 5 and 6 T have shown ancther embodi-
ment of my invention in which the coupled reso-
nant ancde circuits are defined by a plurality of
similar vanes or anode secticus, each of which is
of generally L or J-shaped cross section. As
shown in the drawing, the anode sections 38 are
supported from a generaily cylindrical member
38 which forms a part of the fube envelope in
such a manner that the L-shaped sections lie
in equally spaced racial planses. - Each anode sec-
tion is formed from a length of rod-like stock,
such as copper tubing, which is bent back upon
itself and into substantially L shape. As in-
dicated clearly in Fig. 6, the open ends 48 and
41 of the tubing of each anode section lie adja-
cent one another and extend through the wall
of the member 39 and into communication with
passages 42 and 43 formed in a header £8 which
surrounds the envelope member £2. The head-
er may be formed in any suitable manner and,
as illustrated, comprises a circular piece of cop-
per stock in which the passages 42 and 43 are
machined. In assembly the member 84 is brazed
or otherwise bonded to the outer surface of the
envelope member 38, Each of the anode sections
includes adjacent radially exiending arms #£5
and 48 and axially extending arms 47 and 48.
At the upper end of each section the axially ex-
tending arms £7 and £8 are separated to pro-
vide an opening 49. 'The provision of this open-
ing eliminates a reverse bend in the tubing which
would be apt to cause cracking in commercially
available copper tubing. As clearly shown  in
Fig. 6, each anode section is connected with all
of the alternate ancde sections by a system of
straps provided by conductors 58. Hach con-
ductor extends from a peint ahove the opening
48 on one section through the opening &8 of the
adjacent section to a point below the opening 49
on the next section. With such a system of

strapping, the device operates with stability in
that mode of cscillation in which alternate anode
sections are at the same high fregquency poten-
tial. In order to provide an extended area on
each of the anode sections for cooperation with
a tuning member or disk 5, I secure the trape-
zoidal members 52 to the lower side of each of
the loopns which define the openings 49. The
members 52 all lie in a common plane perpen-
dicular to the axis of the cylindrical envelope
member 29.

As illustrated in Fig. 5, the tuning member is
supported from a cylindrical member 53 which
is arranged concentrically with the tube envelope.
This member is joined in vacuum-tight and axial-
ly-movable relation with respect to the member
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54 which forms an extension of the envelopz

member 38 in the manner described and. illus-
trated in my copending application S. N. 601,123
filed concurrently herewith which issued on Feb.
7, 1950, as Patent No. 2,495,887 and assigned to
the assignes of this invention. In the interest of
simplifying the drawing, the lower end wall of
the envelope has been omitted. It will be under-
stood that this end wall will carry the cathode
of the device in much the same manner as the
upper end wall {7 carries the cathode of the
modification illustrated in Figs. 1 and 2. High
frequency electrical energy is extracted from
the resonant anode structure of the device by a
concentric transmission line connection ineclud-
ing an outer conductor 5% connected with the
envelope member 38, and an inner conductor 56
supported concentrically with the conductor 55
by a body of glass 57 and terminating at its inner
end at a loop 58 which is joined to the radially
extending portion of one of the anode sections 38.

The operation: of the modification of my in-
vention shown in Figs. 5 and 6 is the same as that
deseribed in connection with the modifications of
Pigs. 14, inclusive. Rlectrons emitted by a cath-
ode received in the cylindrical space defined by
the axially extending portions of the wvarious
anode sections move in curvilinear paths under
the combined action of mutually perpendicular
magnetic and electric fields to excite the resonant
ancde structure into high frequency electrical
oscillation. The frequency at which the oscil-
lations cceur is determined by the gecmetry of
the structure and the position of the tuning strue-
ture including the disk 51. The tuning struc-
ture and the manner in which it operates to con-
trol the operating frequency of the device is more
fully described in my above-menticned copend-
ing application. The members 53 and 54 of Fig.
5 corraspond to members 44 and 48 of the tun-
ing arrangement shown in that application.

While I have shown and described a patrticular
embodiment of my invention, it will be obvious
to those skilled in the art that changes and modi-
fications may be made without departing from
my invention in its broader aspects, and I, there-
fore, aim in the appended claims to cover all such
changes and modifications as fall within the true
spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

i. A space resonant strueture including a plu-
rality of tuned eircuits arranged in circumferen-
tially spaeced. relation about a central opening
within which the electrons constituting the space
charge for exciting the sfructure are adapted to
move eomprising a plurality of similar conduct-
ing elements of rod-like stock with each element
including two arm portions extending at right
angles to each other, said elements being sup-
ported in fixed reiation in a circular array with
one arm portion of each element extending radial-
ly in a -plane common to the correspond-
ing arm of the remaining elements and the other
arm portion extending in the same direction
frem said plane as the other arm portions of
the remaining elements to define the central
opening of said structure.

2. An anocde structure of the type including a
plurality of tuned circuits arranged in spaced
relation and communicating with an opening
within which the electrons constituting the space
charge for exciting the anode are adapted to
move comprising a plurality of similar conduet-
ing elements of rod-like stock with each element
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including arm portions spaced by twice the spac-
ing of adjacent circuits, and means supporting
the elements in fixed relative positions in an ar-
ray with the corresponding arms of each element
displaced progressively in the array by an amount
equal to the spacing between adjacent circuits.

3. A space resonant structure including a plu-
rality of tuned circuits arranged in circumfer-
entially spaced relation about a cemtral opening
within which the electrons constituting the space
sharge for exciting the structure are adapted
to0 move comprising a plurality of similar con-
ducting elements of rod-like stock with each ele-
ment including arm portions spaced circumfer-
entially by an angle equal substantially to

7{‘

20
—- degrees
n

where n is the number of tuned circuits of the
anode structure, means supporting said elements
in a circular array in fixed relative positions with
Le corresponding arms of each element dis-
placed progressively in the array by an angle
equal substantially to

360
—— degrees
7

4. A space resonant structure comprising a plu-
rality of coupled resonant circuits supported in
a circular array and defined by a plurality of
similar elements of bent tubing including out-
wardly extenging arms, and a pair of headers
surrounding said array of circuits defined by said
elements, said elements being supported in a cir-
cular array with the ends of said outwardly ex-
tending arms connected respectively with said
headers. )

5. A space resonant anode structure for an
electric discharge device including an eunvelope
and a pair of headers surrcundging the anode
structure, said anode structure comprising a plu-
rality of courled resonant circuits defined by a
plurality of elements of bent tubing assembled in
said envelope and supported in a circular array

with each element including radially extending

arms, the ends connected respectively with said
headers.

6. An anode structure including a plurality of
space-resonant circuits mounted in a circular
array ahout an opening, said circuits being de-
fined by a plurality of elements of tubing each
including a. pair of radially extending arms
joined together by a connecting portion at the
inner ends thereof providing a continuous pas-
sage hetween the outer ends of said arms, one of
the arms of each of said elements being in a
plane comion to the corresponding arms of the
remaining elements and with the connecting por-
tions extending substantially perpendicular to
caid plane and defining gaps communicating with
said opening.

7. An anode structure including o plurality of
mutually spaced space-resonant circuits in a cir-
cular array about an opening and defined by
anode seetions comprising a plurality of elements
of rod-like stock, each element having a pair of
radial arms lying in one plans and connected to-
gether at their inner ends by a section extending
substantially perpendicular to said plane and
defining gaps communicating with said opening,
spid arms being spaced by an angle of

720 .
-, degrees

where n is the number of circuits and said ele-
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ments being displaced angularly in the structure
by an angle of

360
—— degrees

K2

the connecting portions also providing conduc-
tive connections between aiternate anode sec-
tions. )

8. A space resonant anode structure including
an array of space resonant circuits, said strue-
ture including a plurality of similar elements of
reod-like stock having arms spaced apart a dis-
stance equal to a multiple of the distance between
corresponding points on adjacent circuits in said
array, said elements being mounted with corre-
sponding arms displaced by a distance equal to
the distance between corresponding points on ad-
jacent circuits so that said anode structure in-
cludes a number of elements in overlapping rela-
tion.

9. An anode structure including a plurality
of mutually spaced space-resonant circuits in
circular array and defined by anode sections
comprising a plurality of elements of tubing,
each element having a pair of radial arms lying
in one plane and connected together at their
inner ends, said anode including a number of said
elements equal to the number of circuits in the
array with corresponding arms of adjacent ele-
ments displaced

aQ

360 degrees
n gre

where 7 is the number of elements employed, the
connecting portions of the various elements pro-
viding a system of straps conductively connecting
alternate anode sections.

18. An anode structure including a plurality
of mubually spaced space resonant circuits in a
civreular array and defined by anode sections
comprising a plurality of elements of rod-like
stock, each element having a pair of radial angu-
larly spaced arms lying in one plane and con-
nected together at their inner ends by a gen-
erally U-shaped section -lying in a different
plane, said anode including a number of said ele-
ments equal to the number of circuits in the ar-
ray with eorresponding arms of adjacent ele-
ments displaced

24
°—29 degrees

where n is the number of elements employed so
that each section includes a portion of two ele-
ments, the connecting portions of the various
slements providing a system of straps conduc-
tively connecting all alternate anode sections.

11. A vane for 2 space resonant anode strue-
ture comprising a secticn of tubing bent back
upon itself and inte substantially L shape and
providing a continuous passage for fiuid through
said vane with said passage beginning and end-
ing at the same end of the vane, the tubing at
the other end of said vane being separated from
itself and providing an cpening through the vane.

12, An electrie discharge device comprising a
space resonant structure inciuding a plurality of
vanes, each of said vanes comprising a section of
bent tubing and providing a pair of parallel arms
connected by an intermediate section extending
substantially perpendicularly to said arms, said
arms and said sections lying in the same plane,
and means mounting said vanes in angularly
spaced and radially extending relationship,

13. An electric discharge device comprising a
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space resonant structure including a plurality of
vanes, each of said vanes comprising a section
of kent tubing and providing a pair of parallel
arms connected by an intermediate section ex-
tending substantially perpendicularly to said
arms, said arms and said sections lying in the
same plane, means mounting said vanes in angu-
larly spaced and radially extending relationship,
and headers connected to the ends of said tubing.

14. An anode structure including a plurality of
space resonant circuits mounted around a cen-
tral opening and defined by a plurality of spaced
anode sections, each of said sections including an
opening therethrough near the inner end thereof
and separated from the central opening by parts
of said anode sections, and a plurality of con-
ductors, each of said conductors being electri-
cally connected to a pair of alternate anode sec-
tions and extending through the opening in the
intermediate anode secticn.

15. An anode structure including a plurality of
space resonant circuits defined by an even num-
ber of elements having mutually perpendicular
arms, one arm of each element being mounted in
a plane common to the corresponding arms of
the remaining elements and with the remaining
arm of each element extending in the same dirsc-
tion from said plane and defining an opening

10

10
within which the electrons for exciting the ancde
are adapted to move, each of said elements hav-
ing an opening through the arm defining said
first mentioned opening, and a system of condue-
tive members including a number of conductors
equal to the number of elements and with each
conduector passing through the opening formed in
one element and joined with the adjacent ele-
ments on either side of said one clement.
RICHARD B. NELSON.
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