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I

This- invention- relates: to: a- magnetron; and:
more: particularly: to.one: of the: multiple: anode.
type in which the-internal: structure: provides: a-
plurality - of oscillating circuits, all: of: which- are:
intended:to oscillate: at- the-same-frequency. and:
thus-to contribute to:the effective: output -of: the:
magnetron. Heretofore: difficulty: has- been: en-
countered in coupling all- of- the: oscillating. cir-.
cuits. together, and: propagating: the: oscillatory
energy from: circuit: to circuit until. it is picked:
up by- the output-connection.. I believe:this-has
been.due to.the:fact-that such.coupling.has-here-
tofore been:accomplished:through.a. complex and
elongated: path:

An object. of:this:invention.is: to dev1se a:mag-
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I; 'The anode arm.members 5 may be forrnedby-,

" being: stamped from a sheet of highly conductive.

copper. Bach. of: said anode arm. members: is:
formed: with.a central opening 6:and is divided
along one side to provide upper and lower anode:
arms- T- and. 8 Each: anode arm: member. 5 is.
then. bent so:as.to displace the arms 1 and: &
relatively: to each other.. The anode: arm. mem-
bers 5.are so-arranged:within the. envelope: I: that
the. upper. and: lower anode. arms; T and- 8 are

" alternately- disposed around the: cenfral. region:

netron.of the foregoing.type.iniwhich thecoupling: . -

between: the-: oscillating: circuits: is. accomplished:

by a simple path.of: shortened:length. .
Another object is-to:devise:an. arrangement.in:

which.the. coupling: between the: oscillating: por=.

_ oxides and:having an. internal heater.
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ion of:the-device:and: the:output means:is:sub= -

stantially: increased:

A further object is.to: devise.an. arrangement of
the:above. type-in. which.the. efficiency thereof:is:
substantially: increased:

The:foregoing and:other objects: of thxs inven=:
tion will. be: best: understood from the: following:
description: of ‘exemplifications: thereof, reference:
being:had to the accompanying drawings, where-:
in: . : .
Fig. 1 is.a.longitudinal:cross-section. of. a: mage:
netron embodying my:invention: taken along line:
i—1 of Fig. 2;

Pig. 2:is:a. transverse: cross-Sectlon taken along:
line. 2—2. of Fig: 1;

Fig. 3 is a.perspective: view.of one: of the:anode:
arm members:of ‘the arrangement shown.in: Figs.
1 and: 2; ’

Fig. 4 is a. longitudinal: cross-section, similar:
to Fig: 1 of -another embodlment of:my: inventmn,
and

Pig. 5.is.a perspective view.of: one of:the:anode:
arm members of the. arrangement shown. in:
Fig. 4.

The magnetron 1]lustrated in'Figs. L.and. 2 ‘coM~-;
prises a tubular envelope: I: made: of:a. cylinder-of
conducting material, such:as:.copper.. The ends:
of the envelope are covered:by: caps.2 and 3 like=
wise formed of’ conducting. material; such: as:
copper, and hermetically soldered in place: on: the:
ends of envelope f. The envelope:{ is formed:
with a-central annular projection-4. - A-plurality:
of anode arm members-§ are-secured to:the inner
face of the projection 4, as by soldering,-and dis~
posed: substantxally rad1a11y withm the envelope
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' nate anode arms, extending, for example, from;

within: the. envelope: {. - The: outer: edges of the:
arms:1-and 8:form: electron receiving anode faces
which: cooperate.with .a cathode:9:supported:sub=
stantially - centrally; of: said. anode faces, The
cathode: 8 is: preferably -of- the:indirectly-heated
oxide-coated: thermionic type. having an: oufer
conducting eylinder coated with.electron emissive
The end
conductors [0.and (i of:the heater project from
the: opposite ends: of: the cathode: structure. 9;
One. of: the: conductors: 18- may- be electrically.
connected to the.external cathode. sleeve, wh11e
another. conductor’ I1- is. insulated from selyd
sleeve. 'The cathode:9 is: supported by 2 pair of
lead-in conductors 12 welded respectively. to the
end -conductors 10, and il.. The lead-in. con-
ductors: 12: pass-through glass-seals {3 mounted.at
the. outer ends of. conducting. pipes l4 hermet-j
ically, sealed: through the wall of the envelope. I:
adjacent the upper and lower ends- thereof
When: such. a magnetron is: placed between
suitable: magnetlc poles 15 to. create a long1tud1nal
magnetic field-and. the: dev1ce is: energlzed oscil-.
lations:are:set: up: These oscillations may- be. led

- out from the: tube by means of. a.coupling loop. 18,

substantially aligned: with- the openings 6 in the
anode.arm members 5. Gne.end. of; the: coupling
lIoop. 16 is. connected to. the. inner end: of a. con=:
ducting pipe iT hermetically sealed through the
wall of the envelope | substantially midway be-.
tween the ends: thereof. The other: end of-the:
coupling: loop 16:is connected. to.a conductor: 18-
which passes through said pipe IT and is sealed,
through a glass:seal 19 mounted -at the-outer end:
of:said pipe. - An additional conducting: pipe, not,
shown, may- be.electrically: connected: to the pipe
{1 and: form: with: the conductor 18 a. concentric
transmission’ line through which: the high fre-
duency: oscillations. generated: by the. magnetron.
may. be.led to a suitable utilization device.

In the: above.construction a capacitance exigts
between-adjacent anode arms. Like
ducting path exists between; each pa1r of alt
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an upper anode arm 1, through ifs anode arm
member 5, around the opening 6 to the lower
anode arm 8. It will also be noted that a possible
conducting path exists, for example, from one
anode arm 1, through the upper portion of its
anode arm member 5, through a portion of the
wall of the projection 4 to the adjacent anode
arm member 5, and thence through the lower

portion of said adjacent arm member to the lower -
10-

anode arm 8 thereof. Each of the above dis-
posed paths contains a substantial amount -of
inductance.

It is desired that all of these circuits shall be
resonant at a definite predetermined frequency

at which the device is to be operated. When the -

magnetron is in its oscillating condition the

anode arms 7 and 8 will be of opposite voltage

phase, and thus oscillating currents will flow
through each of the conducting paths above de-
scribed.  These oscillating currents will flow in
a generally circular direction around each open-
ing 6 and thus tend to create a magnetic field
extending axially through each of said openings.
It will be noted that the openings 6 collectively
form a closed annular space within the envelope
{. Since the anode arms T and 8 are of opposite
voltage phase all of the oscillating currents will
be in phase so as to tend to create an annular
magnetic field extending in one direction through
said annular space during one half cycle and in
the other direction through said annular space
during  the other half cycle. Thus all of the
oscillating currents will contribute to the produc-
tion of a strong resultant annular magnetic field
in said annular space. The coupling loop {8 is
initerposed so that said resultant magnetic field
passes through said coupling loop whereby said
loop is closely coupled to all of the oscillating
circuits. In this way the energy of each of said
oscillating circuits is propagated through a simple
annular path of shortened length directly to
said coupling loop 16, which thus leads said oscil-
latory energy from the tube with a substantial
maximum of efficiency.-

" The close coupling between all .of the oscillat-

ing circuits tends to force all of said circuits to.

oscillate at exactly the same frequency -even
though slight differences in the natural frequen-
cies of said circuits might otherwise tend to exist.
Also such a-construction has-a strong tendency
to eliminate the probability- of the tube to os-
cillate in various- spurious-modes which in pre-
vious devices have substantially decreased the
efficiency. Tubes constructed as above therefore
tend to be of a substantially increased efficiency.

Instead of the arms 1 and 8 extending only to
the central portion of the tube, the device could
be made so that these arms would extend. sub-
stantially the full length of the cathode, thus
utilizing the cathode emission in a more com-
pletely effective manner. Such an alternative
construction is shown, for example, in Figs. 4 and
5. In these figures the same reference numerals
which are used in Figs. 1-3 are applied where
the elements are identical. The anode arm mem-
bers of Figs. 1-3 are replaced by the anode arm
members 20 shown most clearly in Fig. 5. These
members are likewise each formed with a central
opening 24 and upper and lower anode arms 22
and 23 displaced from each other in the same
manner as described in connection with anode
arms 1 and 3. However, the anode arms 22 and

The above capacitances and in-
ductances constitute a plurality of tuned circuits.
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venient way of forming such an anode arm mems-
ber is to make it in two halves, each stamped out
of a sheet of copper, and after bending each half
in the desired direction said halves may be joined
by soldering along a joint indicated at 24 in
Pig. 5. " - o e

The embodiment illustrated. in Figs. 4 and 5
operates substantially identically with the opera-

. tion as described in connection with Figs. 1-3.

. Of .course it is to be understood that this in-

- vention is not limited to the particular details as
" described above as many equivalents will sug-

gest themselves to those skilled in the art.

.. 'What is claimed is:

15 cathode,-an anode structure, said anode structure

"1, An electron discharge device comprising a

comprising a plurality of anode arm members

* each having a pair of electron-receiving faces ad-

20

jacent said cathode, each pair of said faces bhe-
ing interconnected through a path of conducting
material in its arm member, said path surround-
ing an opening in said arm member, said arm
members being disposed with said openings sub-

- stantially in register and defining a resultant
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path in which a resultant magnetic field is adapt-
ed to be set up, and a coupling loop interposed
in said resultant path.

2. An electron discharge device comprising an

- elongated cathode and an anode structure, said
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anode structure comprising a plurality of anode
arm members each having a pair of elongated
electron-receiving faces adjacent sald cathode,
said anode arm members being disposed.substan-

- - tially parallel with and around said cathode, each
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pair of said faces being interconnected through
a path of conducting material in its arm member,
said path surrounding an opening in said arm
member, said arm members being disposed with

- said openings which substantialiy in register and
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defining a resultant annular path in which a re-
sultant magnetic field is adapted to be set up.

3. An electron discharge device comprising an
elongated cathode, an anode structure, said an-
ode structure comprising a plurality of anode arm
members each having a pair of elongated elec-
tron-receiving faces adjacent said cathode, said
anode arm members being disposed substantially
parallel with and around said cathode, each pair

* of said faces being interconnected through a path
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of conducting material in its arm member, said
path surrounding an opening in said arm mem-
ber, sald arm members being disposed with said
openings substantially in register and defining a

. resultant annular path in which a resultant mag-

netic field is-adapted to be set. up, and a coupling
loop interposed in said annular path.

4. An electron discharge device comprising a
cathode and a plurality of conducting plates

- mounted .in generally radial directions around
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sald cathode, each of said plates having an open-
ing therein and having a pair of anode arms ex-
tending in opposite directions along one side of
said opening, said arms being displaced from
each other in a direction transverse to said plate.

5. An electron discharge device comprising a
cathode and a plurality -of conducting plates
mounted in generally radial directions around
said cathode, each of said plates having an open-

" ing therein and being divided at one side of said
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23 extend, respectively, substantially the full =

length of the anode arm member 20. A con-
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opening forming g pair of anode arms extending
in opposite directions, said arms being displaced
from each other in .a direction transverse to
said plate. . - - S -
6. An electron  discharge device comprising a-
cathode, a plurality of conducting plates mount-
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ed in generally radial directions around said
cathode, each of said plates having an opening
therein, and having a pair of anode arms ex-
tending in opposite directions along one side of
said opening, said arms being displaced from
each other in a direction transverse to said plate,
said openings being registered and defining a re-
sultant annular path, and a coupling loop inter-
posed in said annular path.

7. An electron discharge device comprising a
cathode, a plurality of conducting plates mounted
in generally radial directions around said cath-
ode, each of sald plates having an opening there-
in, and having a pair of anode arms extending
in opposite directions along one side of said open-
ing, said arms being displaced from each other
in a direction transverse to said plate, each of
said arms being of substantially the length of
said plate.

8. A magnetron comprising a cathode, a plu-
rality of conducting plates mounted in generally
radial directions around said cathode, each of

10

15

6
said plates having an opening therein, and hav-
ing a pair of anode arms extending in opposite
directions at one side of said opening, said arms
being displaced from each other in a direction
transverse to said plate, said openings being reg-
istered and defining a resultant annular path,
and means adjacent said cathode and anode
structure for creating a magnetic field in the
space therebetween.
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