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1

My invention relates to high frequency elec-
trical apparatus and more particularly to im-
proved space resonant structures and tuning
mechanisms therefor. While not limited thereto,
my invention is particularly adapted for tunable
magnetron anode structures.

A variety of tunable magnetron constructions
have been proposed in which one or more tuning
elements are moved with respect to the space
resonant anode structure to vary the effective
inductance and capacifance of the various cir-
cuits of the anode structure. An arrangement
for varying both the inductive and capacitive
components of the resonant circuit including a
pair of tuning disks arranged on opposite sides
of the resonant anode structure is described and
claimed in my application Serial No. 566,288, filed
December 2, 1944, now Patent No. 2,424,496, dated
July 22, 1947, and assigned to the assignee of the
present invention. In arrangements of this type
the somewhat complicated tuning structure in-
troduces a number of additional resonant circuits
which are a source of considerable power loss.
This structure is also difficult to cool efficiently
so that the power output of the device is limited.
In acecordance with the present invention, an
improved resonant structure is provided which
is shaped so that both the inductive and capaci-
tive reactance components may be controlled by
a single tuning member.

It is an object of my invention to provide a new
and improved space resonant structure.

Tt is another object of my invention to provide
a new and improved tunable space resonant
structure.

It is still another object of my invention to
provide a new and improved tunable magnetron
construction.

In accordance with the illustrated embodiment
of my invention, I provide an improved magne-
tron construetion in which the space resonant
anode may be considered as a modification of the
radial vane type in which each of the vanes is
partially cut away so that the cross section of
the vane in a radial plane is essentially J-shaped.
The longer arm of each of the J-shaped vanes is
secured to the wall of the enclosing envelope and
the shorter arm extends a portion of the dis-
tance from the end of the vane towards the
wall of the envelope. A substantially planar
tuning member is received between the arms of
the anode sections and is axially movable with
respect to the structure by an improved sup-
porting structure including essentially an end
wall of the envelope. This wall is sealed to the
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side wall of the envelope by a flexible bellows
and is moved with respect thereto by an adjust-
ing collar which is threaded to an extension of
the envelope. The collar is rotatably carried
by a hub extending from the movable end wall
of the envelope. In the particular embodiment
illustrated, the vanes are formed of copper tub-
ing which is bent into the desired form and
mounted on the envelope wall with the ends
thereof communicating with a header formed on
the exterior of the tube wall and providing pas-
sages for cooling fluid. Certain features of this
tubular anode. construction are described and
claimed in my application Serial No. 601,122
filed concurrently herewith and assigned to the
assignee of the present invention.

For a better. understanding of my invention,
reference may be had to the following descrip-
tion 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, in section, of a magnetron de-
vice embodying my invention, Fig. 2 is g sectional
view taken along the line 2—2 of Fig. 1, and
Fig. 3 is a sectional view taken along the line
3—3 of Fig. 1.

Referring now to the drawing, the magnetron
device embodying my invention includes a gen-
erally cylindrical envelope | formed of copper or
other good conducting material. Although the
discharge device is illustrated in the drawing
with the axis of the envelope horizontal, it is
preferable that the device be mounted with the
axis vertical and in the folowing description the
parts are referred to as if the tuning mechanism
were at the upper end of the device. The en-
velope is closed at its lower end by a wall 2 pref-
erably formed of fernico or sheet steel and having
a marginal flange 3 which is adapted to be
welded or otherwise bonded to a fernico or sheet
steel extension 4 formed on the lower end of the
cylindrical member . The end wall 2 is pro-
vided with a centrally located aperture sur-
rounded by a depending circular flange & to
which a cathode mount 6 is sealed by means of
a cylindrical insulator 1. The cathode mount 6
includes a circular header 8 to which is bonded
a fernico sleeve 8. The other end of the sleeve 9
is sealed to the lower end of the insulating cyl-
inder 1. The cathode proper includes a pair of
helical wires 10 and | f which are wound in bifilar
relation and joined at their upper ends to the
upper end of a conductor [2 which provides a
support and direct current cathode supply con-
ductor. The conductor (2 is received in an
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opening formed in the center of a ferromagnetic
member {3 having a generally dumbbell shape
cross section, as shown in Fig. 3, and which is
supported at its lower end by the header 8. End
shields 14 and I5 are also supported from the
conductor 12. The free ends of the cathode ele-
ments 10°and 1’ are joined to molybdenum in-
serts 16 and 11 received; respectively, in:the ends
of steel rods 18 and 19 which are received in the
openings provided by the restricted portion of the
dumbbell shaped member 13. These. rods. are
provided at the lower ends with fernico sleeves
20 and 21, respectively, which are sealed by glass
beads 22 and 23 to fernico sleeves 24 and 25:of
larger diameter which are, in°tirn, brazed to-the
header 8. The current supply connections with
the steel rods 18 and 19 are provided by con-
ductors 26 and 271 which pass through the sleeves
20 and 21 in spaced relation with respect thereto
and are received in recesses formed in the lower
ends of the steel'rods; With this construction the
current supply circuits include the felromagnetlc
memnbers {3, 18 and 19 which p10v1de a’ portion
of the magnetic circuit-for providing a magnetic
fleld in the interelectrode: sSpace:- This: magnetic
cireuit also incliides a-cylindrical member 28 sur-
rounding the members 13,- 18 and 18 and pro-
jecting into the' interior of- the discharge’ device
and an annular disk 29 which i§ brazed te”the
exterior of the'end wall 2. = A-pole-face-30 of the
magnet or electromagnet may be shaped to- con-
form generally with' the shape of the disk 29°snd
to advantage may be slotted: at' one'side to facili-
tate slipping it- in place’ aroiind the supporting
flange 5 and the insulator- 1. The construction
just described provides a very effective way of
supporting and supplying:cuirent to' the cathode
while at the same-time providihg a mdgnetic’ cir-
cuit for distributing-the flix-in- the’ desired rela-
tion with respect to the cathode:

The anode stricture of the device mcludes a
plurality of space resonant cireuits defined’ by
anode sections, each- of which: is' of gerierally

J-shaped cross section:

length of tubular conductor, such as* copper tub=
ing,;  which: is folded back: on- itself to- p1owde

radially extending:arm portlons 32%and 33'Whlch'
are received in’openings’ formed-in- the wall of

the envelope |. THé tubing is*shaped. to" define’
axially’ extending pdftionS' 34 and- 35 joined- to
the outer ends-of the'arm portions 32 and:-33-at
one end and joined to'a-l6op* portlon 36 at the
other end.- A-generally trapezmdal shaped-mem-

ber 37 is brazed to the-lower edge of edch looped:
conductor 35° and together  therewitli- form the

short arm of the J-shaped- anode-section: The
extended arm of the'member 3T cooperating with'

a tuning member 42 provides for- an effective’
variation of the capatcitarice of-the various space’

resonant circuits’ with the position-of the tuning
meimber. The ends of the arm portions 32 and:33
received in the wall of the envelope I com-
municate, respectively, with passages 38 and: 39

formeéd in a circular headet39” whith surrourids.

the'envelope. This'header may be 'formed-in any’

suitable way and in the illustrated embodiment:

is a copper ring Whmh hds’ been: machmed to

provide the passages 38 -and' 39 and: then'- brazed'

to the exterior of the envelope Fluid: supply con-
nections 40 and 41" commumcate respectwely,
with passages 38 and: 39. In pfior corstructions
it is common practice to cotinect conductlvely all
of the even numbered sections at theéir inner ends
to provide one group of strapped séctions’and

As* illustrated- in the:
drawing; each anode section 31°is-formed: from a
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to connect all of the odd numbered sections to-
gether to provide a second group. In the ar-
rangement illustrated these straps are provided
by conducting rods which join alternate sections
and pass through the opening provided by the
looped portion 36 of the intermediate anode sec-
tion. This airangement is’ claimed' and more
fully- described in ‘my above referred to:copending
application Serial No. 601,122,

The shape of the anode sections described above
makes possible a novel arrangement of tlie tuning
m’exn'ber and its associated mechanism which
forms an important aspect of my invention.
Referring now to the drawing, a tuning member
in' the form of an annular disk 42 is received
between the loop portion 3% of the anode mem-
bers 31 and the radial arm portions including
tubular conductors 32 and 33. This disk is ar-
ranged in parallel relation to and between the
opposed suriaces provided by the radial arm
portions 32 of the anode sections and the nmem-
vers 37 which are secured to the loop portions
of the anode sections. The tuning member 42:is
supported ifrom a disk 43, preferably formed of
copper, which may be considered an end wall of
the tubular envelope I, by means of a continuous
cylindrical conductor 44. With:this tuning struc-
ture, which is essentiaily a hollow cylinder with’
one’'end aperiured to receive the axially externd-
ing.portions of the anode sections, the number of
resonant frequencies introduced is a minimum
and.the power loss in the tuning meéchanism is
very small. The cylinder 44" and end wall 43
are slightly smaller in diameter than the eylinder
45 which extends substantially beyond the end
wall 48 and is in effect a continuation of the’
envelope i. The disk 43 is sealed to the end
of the cylinder 45 by a flexible metallic bellows
46 which hermetically seals the tube envélops
and permiits the desired relative’ movement be-
tween tlie anocde structure and the tuning struc-
ture including the tuning disk 42; In order to
prevent substantial leakage of electromagnetic
flux past the tuning member 42 and the support-
ing cylinder 44 a cylindrical extension 47 is pro-
vided ' on the inner wall of the envelope with the
upper edge thereof flush with the upper edge of
the radial arm portions of the anode sections:
This extension may be formed integrally with
the tube envelope | if desired.

Movement of the tuiiing structiire is effected
by a threaded bushiiig 48 which is secured to
the outer race 49 of a ball bearing 58. The
threaded’ portion of the bushing is received in
an adaptor 51 which rests on a shoulder formed
on the upper end of the extension 45 of the
envelope of the device. The inner race 52 of
the bearing is clamped in fixed reigtion” with
respect to a hub 5% which is bonded' to the
upper side of the end wall'43. The clamping’ is
effected by a disk-like member §§ which is’secured
to the upper end of the hub to clamp the’ inner
race 52 of the bearing against a shouldei formed
on the hub 53. As: illustrated in the drawing,
the hub is provided with axially extending pas-
sages which are joined at their lower ends by
a groove for the reception of z Umh'aped tube
57 which is placed in position in’the hub before
it is bonded to the end wall 43: Thé tube 57
forms a passage for circulating cooling fluid
through the tuning strtcture to extrast leat
therefrom generated by high fréguency: currents:
induced therein. The hub 53 i§ preferably formed
of ferromagnetic material to provide a 1e1at1vely
low reluctarice path for the axial magretic flux.
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of the device and cooperates with a pole piece
58 which, as will be well understood, forms a part
of the permanent or electromagnetic structure
(not shown) of which the pole piece 30 is a
part. Imnasmuch as the interior of the device is
evacuated, it will be apparent that a consider-
able pressure tending to force tuning struc-
ture including the adaptor 51 into the tube enve-
lope exists. In the manufacture of the device
certain of the parts of the tuning mechanism

are omitted during the exhaust and for this

reason the cenfral opening 59 in the hub 53
is threaded to permit it to be retained in posi-
tion with respect to the tube envelope by a smt-
able jig (not shown).

" High frequency electrical energy may be ex-
tracted from the device by a suitable output cir-
cuit coupled with the space resonant structure.
In the illustrated embodiment this output is of
the concentric type and includes an inner con-
ductor 60 having a looped portion 61 bolted or
otherwise secured to one of the anode sections
as shown at 62. The outer conductor 63 of the
output line is joined to the tube envelope and
terminates in a radially extending flange 64. A
cylindrical sleeve 65 is joined at one end to the
flange 64 and sealed at the other end to a body
of glass 66 which is, in turn, sealed to a con-
ductor 67 which forms an extension of conductor
60.  The conductor 67, as illustrated, is larger
than the conductor 60 and is hollow to receive a
fluid supply conduit 68. The collar 65 is elec-
trically connected with an outer conductor 69 of
the output transmission line by an adaptor T0.
As illustrated, the outer end of the conduit 67 is
slotted in the region beyond the glass seal 66 to
provide passages Ti for the cooling fluid intro-
duced by the conduit 68. This fluid is allowed to
escape through similar passages T{’ formed at
the end of conductor 69 adjacent the adaptor
710. Air or other cooling fiuid is introduced to
the conduit 68 through a fitting 12, a section
of-insulating conduit 73 and a passage 14 formed
in a conductor 15 which forms an extension of
conductor 61 and provides the central conductor
of the output transmission line.

Evacuation of the envelope is accomplished
through an opening 16 formed in the wall of the
device and surrounded by an outwardly extend-
ing sleeve 1T which .is closed by a header 78 and
an exhaust tube 719. The header 18 also provides
a support for a getter 80 having one end con-
nected with the header through -a conductor 8(
and the other end sealed to the header by means
of a conductor §2 sealed to a collar 83 by a body
of glass 84. The conductor 81 also provides a
support for a shield 85 which prevents the getter
material from depositing on the interior of the
envelope.

- Although the features and advantages which
characterize my invention are believed to be read-
ily understood from the foregoing detailed de-
scription of the illustrated embodiment, a brief
description of the operation of the device may
further emphasize them. As is well understood,
electrons emitted by the cathode elements 10 and
{1 move in the interelectrode space under the re-
sultant action of an electric field produced by
voltage applied between the anode and cathode
and an axial magnetic field produced in the in-
terelectrode space by pole pieces 30 and 58. The
resultant motion of these electrons is effective
to excite the anode structure into oscillation at a
high frequency dependent in part upon the geom-
etry of the anode and in part by the position of
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the tuning structure including the tuning disk
42, With the disk in the intermediate position
shown, the magnetron will operate at an inter-
mediate frequency. As the tuning member is
moved downwardly toward the radial arm por-
tions of the anode members, the electromagnetic
flux linking the various circuits defined by the
anode sections is gradually cut off, thereby de-
creasing the inductance of the anode members.
At the same time the distance between the disk
42 and the members 31 which form extensions
of the overhanging portions of the anode sections
is increased, thereby decreasing the capacitance
between the anodes and the disk 42, which latter
has very little high-frequency voltage. Since the
resonant frequency of the anode structure is de-
termined by the product of the inductance and
capacitance of the resonant elements, a down-
ward motion of disk 42, by decreasing both in-
ductance and capacitance, causes a large increase
in the operating frequency. Conversely, as the
disk is moved upwardly the capacitance is in-
creased and the inductance is increased, with the
result that the operating frequency is decreased.
Magnetron devices embodying the present in-
vention may be tuned over a wide range and op-
erated at high power. The tuning range is large
partially because of the relatively smaller distrip-
uted capacity of the J-shaped ahode sections as
compared with the conventional vane type sec-
tions and because of the effectiveness of the sin-
gle tuning disk as a tuning element for both the
inductive and capacitive reactance components.
The tuning structure is essentially a hollow cyl-
inder having continuous walls except for the
apertured end which receives a portion of the
resonant anode, and for this reason has very few
resonant frequencies associated with it which
tend to absorb power and lower the tube effi-
ciency as well as to generate unwanted heat. The
tuning structure is also well suited for cooling
because of the relatively large heat conducting
paths which are connected with the tube en-
velope and which may be fluid cooled, as illus-
trated in the drawing. The incorporation in the
magnetic circuit of a part of the support for the
tuning structure and of a portion of the support’
and lead-in for the cathode also improves the dis-
tribution of the flux in the interelectrode space.
It is believed apparent:that the combination of

" these features produces a high frequency device

85

76 sald tuning member

of high efficiency, relatively large power output,
and wide tuning range,

While I have shown and described a particular
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:

- 1. A high frequency device comprising a sub-.
stantially planar tuning member, a space reso-
nant structure including a plurality of sections
mounted in spaced relation to define a plurality
of coupled space resonant circuits, each of said
sections having a substantially J-shaped cross
section in a plane perpendicular to said tuning
member. with the arms of said J extending sub-
stantially parallel to and on opposite sides of
said tuning member, and means connected with
for moving said tuning
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mefmber in g direction perpendiéular to thie platie
thereof to tune sald sfructure

.stantlally planar tuning member, & Space resg=
rant stricture including & plurality of sectiofis
mounted in spaced relation to define & plirality
.of space resonant circuits, each of said sections
having a substantially J- shaped CroSy Section in
.a plane perpendicular t6 said tumng mexniber
with the arms of said J exteéndins o6H Opposite
.sides of said tuning metiiber, and means con-
nectéd with sdid tuning menibér for Moving said
tuning member with respéct £6 said sections to
tune sa1d structme

structure coniprisiiig a plurahty of 1a(:ha1]y exX-
tending sections defining coiipled space res6nant
.cifcuits and ea¢h having afifis 6f differént radidl
lerigths interconriected at theéir ifinér efids dnd
defining & central opening in §aid structire.

4. A sSubstantially cylindricdl $pace résonant
structire comprising a plulallty of radlally €X-
tendmg sectlons each havmg a J-shaped cross
\of the akis of theé structiire, a tinilg member
locateéd bétweén the arins of said J-shaped sec-
tionis nedr the ihner ends of said séctioms and
‘movable between said arms té tune said space
resonant structure.

5. An electric discharge device comprlslng a
symmetrlcal space resonant anode structure in-
cluding a plurality of anode sections; each section
including radially extending portlons of different
lengths lying in axially dlsplaced planes and con-
nécted by an axially extending portion, a- tuiiing
member positioned between said radially extend-
ing portions, and means condected with said
tuning member for moving said nefmber in- aiv
axial direction.

6. A tunable magnetron dévice comprising a.
substantially cylindrical envelope, a plurality of
anode sections supported from said envelope and
extending radially inwardly a distance less than
the radius of said envelope to deﬁne 4 plurality
of coupled space resonant 01rcu1ts, said- anode
sections each having a J -shaped cross section in:
a radial plane, a tuning friember p051t10nea be-
tween the armm portions of .the said J-shaped
section, and means. supported from said envelope
for moving said member in an gxial dnectlon

7. An electric discharge dev1ce comprising. an
envelope, a generally cyhndrlcal space resonant
anode structure mounted within sald envelope
and including a plurallty 0f anode sectlons each.-
section including radial portlons of different-
lengths lying in ax1ally cl1splaced planes and.

connected by an axially extending portiom, a.

tuning structure including an apertured disk re-.
ceived between the radial extending portions of
each of sdid anode sections, the Gufer ends of
the shorter radial arms of said aiiode sections
being arranged on a circle haviiig' 4 didmeler
intermediate the digtieters’ of thg innef and
outer edges of said turing disk, 4 substantially
continhuous cylindrical member joihed to said>
disk; and medns cohnecting’ said eyhindsr with-
the envelope of said diséhdrge device-ifi'vaetitim~
tight and axially movable relation with respect
thereto:

8. An electric diseharge device comprising: &~

generally cylindrical space resonant anode-struc-
ture including a plurality of anodé sections; each:

section including radial portions- of: different:

lengths lying in axially displaced plahes: and-
.connected by an axially extending portion, a
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tiining sﬁruc’ture eTiiding an dpertured mermber
received befiveen said radial exténding portions
of éach of the anode sections, & substantially
doritintious cylifndricdl niémber joinéd to sald
disk, aiid Meaiis gonnéeting said cyhndex w1th
the envélope of sa1d dlscharge dev1ce 1n vacuum-
thereto

"9, "An’ €lectrié dlschaxge dévice comprlsmg a

- stbstantially eylindrical envelope havmg an open

end, & space resonant anode structure supported
withif said envelope 4 'strietiive for tuning said

afiode * comprisitig” a hollow metallic cylindet
having an apertiured end wall for the 1ecept10n'

 of a portion of said space ‘résonant anode, and

a flexible vaculim-tight cornhection between a
second wall of said tuning structure and sard'
envelope

10, An" eléctric distharge device compnsmg a

: substannally cylindrical envelope having an open

end,- a space résonant anode striictuie suppozted
within said’ envelope, a structure for tuning said
anode comprising a hollow metallic cylinder hav-
ing an apertured end wall £or t1é reception of a

" portion of said’ space resofiant anode, and meam‘

connected: with said tuning structure for’ pro-
dicing. 1elat1ve movement between said anode
structure and said tunmg structure.

1T, An electric: dlscharge device of the magne-
tron type comprising a generally cyhndrlcal en-
velope a- resonant anode structure suppm ted:
within said envelope,.a cathode supported from
one end of said envelope and a tuning mecha-
nism suppmted from- the other end of said en-
velope, both of said supports comprisilig ferfo-
magnetic ma.temal whereby a magnetic cwcult
of 1elat,vely low reluctance is provided from the"
exter ior of the envelope to’ the oppos1te sides of

:said- resonant structure in the region between

40

45

said: -anode structure and said cathode.

12 An electric dischar ge device of the magne-
trom type comprising an envelope, a space reso-
nant anode structure supported within said en-
velope and having a- central opening- therein, a
header supported from one end of said envelope,
a cathede- assembly supported in said opzning
from said header in insulated 1e1at10n with 1e—‘
speet thereto, the support for said cathode as-

- sembly 1nclud1ng an elongated ferromagnetic:

member joined to said header and to said cath-
ode - section, means-connecting- the inner end of
said- ferromagnetic - member with said cathode,:
and a ferromagnetic member connected with said
cathode to provide a supply circuit for heater
current, said last mentioned ferromagnetic mem-
ber being sealed in insulated relation with respect
to-shid header:-

13. An electric discharge device of the magne-

_tron type comprising an envelope; a Space reso-

60

nmant afiodé stiuéture in said envelope and hav-
ing: a-cental ‘opéning therein, a cathode sup-<’
pmted in- said-opéning from -one end of said en-<’
veIope in insulated relatlon with respect theréto,

the- stipport’ for said’ cathode including’ an elon:
gated ferromagnetic member of substantially’
dunibbell shape cross séction, means connecting’
tHé inier elid of said férromagnetic member with”
s central point on said cathode, and a pair of

* ferromagnetic members connected with the ends’

of said-cathode- and- positioned in passages pro-
vided by the portion of said first mentioned ferro-
magnetic-member having a reduced: cross section,

said -1ast-mentioned- ferromagnetic- mempers be—,
ing supported in insulated relation with respect
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to each other and with respect to the first men-
tioned ferromagnetic member.

14, An electric discharge device of the magne-
tron type including an envelope, a tuning mem-
ber, a space resonant anode structure mounted
in said envelope and including a plurality of
anode sections, the walls of said anode sections
defining coupled space resonant circuits having
physically displaced portions confributing re-
spectively the predominately capacitive and pre-
dominately inductive components of the resonant
circuits, said portions being positioned oppositely
with respect to said tuning member so that said
member may be moved toward one of said por-
tions of each of said anode sections as it moves
away from the other of said portions, and means
for moving said member.

15. A tunable magnetron device comprising a
resonant electrode structure including a gener-
ally cylindrical array of radially extending cir-
cumferentially spaced anode sections defining a
plurality of coupled space resonant circuits, said
anode structure including & circumferentially ex-
tending recess, an annular tuning member posi-
tioned in said recess and means joined to said
tuning member and extending generally in an
axial direction with respect to said anode for
moving said tuning member axially with respect
to said anode so that said tuning member moves
away from one surface of said recess as it moves
toward the opposed surface of said recess.
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16. An electric discharge device of the magne-
tron type including a space resonant anode struc-
ture having spaced opposed surfaces, a flat tun-
ing member positioned between said opposed sur-
faces and relatively movable with respect to said
structure for controlling the operating frequency
of said device, a supporting structure for said
tuning member including a-hub of ferromagnetic
material extending substantially normal to said

tuning member, and means connected with said
hub for adjusting the position of said hub and
said tuning member in a direction substantially
normal to said opposed surfaces.
RICHARD B. NELSON.
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