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1

This invention relates to a magnetron and more
particularly to one of the multiple anode type
in which the internal structure provides a plu-
rality of oscillating circuits cr cavity resonators.
The frequency at which such g magnetron oscil-

Iator operates is dependent upon the geometri-

cal size of the tube elements constituting such
‘g cavity resonator. Particularly in the very short
wave length magnetrons it has been difficult to
build the device sufficiently large to generate sub-
stantial amounts of power and yet limit the cav-
ity resonators to the requisite small size so as
to generate the proper frequency.

An object of this invention is to devise a mag-
netron of the multiple anode type which can be
built in substantial sizes capable of being fabri-
cated readily and yet being adapted to generate
extremely short wave length at substantial power
levels,

In accordance with my mventlon I have found
that if a magnetron of the above type is built
with cavity resonators which are adapted to os-
cillate with substantially equal intensity in a plu-
rality of different modes, each having a different
frequencey, the output frequency of the magne-
tron can be made to be the average of the fre-
quencies of said plurality of modes. |

In accordance with the foregoing, therefore,
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another objcet of this invention is to devise a

magnetren incorporating the above-mentioned
principles.

The foregoing and other objects of this inven-
~ tion will be best understood from the following
description of an exemplification thcreof, refer-
ence being had to the accompanying drawing
wherein:

Fig. 1 is a longitudinal sectmnal view taken
substantially through the center of a magnetron
made in accordance with the principles of the
present invention;

Fig. 2 is g transverse eross-section taken along
line 2——2 of Pig. 1; and

Fig. 3 isa perSpectwe view of one of the anode
arm members of the arrangement shown in Figs.
1 and 2.

The magnetron illustrated comprises a tubular
envelope | made of a cylinder of conducting ma-
terial, such as copper. The ends of the envelope
are covered by caps 2 and 3 likewise formed of
conducting material, such as copper and hermeti-
cally soldered in place on the ends of envelope
{. The envelope | is formed with a central an-
nular projcction 4. A plurality of anode arm
members 5 are secured to the inner face of the
projection 4, as by soldering, and disposed sub-
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2

stantially radially within the envelope f. The
anode arm membcrs ® may be formed by being
stamped from a sheet of highly conductive cop-
per. Each of said anode arm members is formed
with a central opening 6 and is provided along
one side with upper and lower anode arms 17
and 8 extending substantially the full length of
the anode arm member 5. Each anode arm mem-
ber 9 is bhent so as to displace the arms T and 8
relatively to each other. A convenient way of
forming such an anode arm member is to make
it in two halves, each stamped out of a sheet of
copper, and after bending each half in the de~-
sired direction said halves may be joined by sol-
dering along a joint indicated at 20. The anode
arm members & are so arranged within the en-
velope | that the upper and lower anode arms
1 and 8 are alternately disposed around the cen-
tral region within the envelope . The outer
edges of the arms T and 8 form electron receiv-
ing anode faces which cooperate with a cathode
9 supportad substantially centrally of said anode
faces. The cathode 9 is preierably of the indi-
rectly-heated oxide-coated thermionic type hav-
ing an outer conducting cylinder coated with
electron emissive oxides and having an internal
h.oater., The end conductors 13 and (1 of the
heater project from the opposite ends of the cath-
ode structure 9. One of the conductors I8 may
be electrically connhected to the external cathode
sleeve, while another conductor i is insulated
from said sleeve., 'The cathode 9 is supported by
a pair of lead-in conductors 12 welded respec-
tively to the end conductors 10 and 1{. The lead-
in conductors {2 pass through glass seals (3
mounted at the out.r ends of conducting pipes
14 hermetically sealed through the wall of the
envelope | adjacent the upper and lower ends
thereof,

When such g magnctron 1s placed between suit-
able magnetic poles 15 to create a longitudinal
magnetic field and the device is energized, oscil-
lations are sct up, These oscillations may be led
out from the tube by means of a4 coupling loop
16 substantially aligned with the openings 6 in
the anode arm members 5. One end of the cou-
pling loop (6 is connected to the inner end of
a conducting pipe {7 hermetically sealed through

‘the wall of the envelope ! substantially midway

between the ends thereof. The other end of
the coupling Icop {96 is connected to a conductor
{8 which passes through said pipe IT and is
sealed through a glass seal 19 mounted at the
outer end of said pipe. An additional conduct-
ing pipe 20’ may be electrically connected to the




- quency may represent a 4 cm. wave.

~device.
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envelopes and form with the conductor 18 a con- -
centric transmission line through which the high

~frequency oscillations generated by the magne-
tron may be led to:a suitable utilization device 21.

In the above construction a capacitance exists
L1kemse a con=-
: _duotlng nath exists between each pair of alternate

between adjacent anode arms.

5o that both of the above modes of oscillation
are excited to substantially the same degree.

- Thus when the output device 21 is tuned to the
-3 cm. wave, or intermediate frequency, a consid-

erable amount of energy at this intermediate N

- - frequency will be delivered to said output device.

anode arms, extending, for example, from an up-

- per anode arm 17, thr ougn its anode arm membey

5, around the opening 8 to the lower anode arm

8. It will also be noted that a possible conduct-

ing path exists, for example, from one upper

anode arm 7, through its anode arm member §,- -
- and thence through the adjacent anode arm
member 5§ to the lower snode arm 8 of the latter.
‘Each of the above disposed paths contains a sub-
'The above ca-
- pacitances and inductances constitute a plurality

stantial amount of inductance.

~of tuned circuits or oavﬂ:y resonators, as they
are commonly known. It is desired that all of
‘these circuits shail be resonan‘t at a definite pre-

~netic field passes through said coupling loop

The magnetw field of the last described cavity
resonator is also in line with the premously de-
scribed resultant __magne_tlc field. The coupling
loop {6 is interposed so that said resultant mag-

- 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 {6, which
- thus leads said oscillatory energy from the tube :

- with a substantlal maximum of eficiency.
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Of course it is to be understood that this in- o
vention is not limited to the particular details

 as described above as many equivalents will sug-

_determined frequency at which the device is to

be operated. When the magnetron is in its oscil- -~

lating condition the anode arms 7 and 8 will be

- of opposite voltage phase, and thus oscillating
currents will flow through each of the conduct-

ing paths above described. These oscillating

currents will flow in a generally circular direc~

tion around each opening & and thus tend to
- create a magnetic field extending axially through
- each of said openings.

1t will he noted that the -

- gest themselves to those skilled in the art. For

examp'e other forms of cavity resonators than.

those illustrated herein may be used provided

‘that said cavity resonators contain at least two

‘modes of operation both capable of being strongly

~ excited and each of a frequency lying substan-
- fially equidistant on either suie of the de51red -'

- resultant frequency.
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openings & collectively form a closed annular

space within the envelope .

~ ing in one direction through said annular space
- during one half cycle and in the other direction

‘through said annular space during the other half -
~Thus all of the oscillating currents will
contribute to the production of a strong resultant

cycle.

annulayr magnetw field in sald annular space.

~ Many features of the above structure are de-
scribed and: claimed in my copending application,
Serial No. 808,709, filed November 2, 1943, now
Patﬂm No. 2,437,280, issued March 9, 1948,

‘The predeter *'nmed frequency which that por—_:
tion of the structure as described above generates -

is so selected as to be substantially below the

- frequency which the tube is intended to generate.
in a tube which is intended to gen-

Bor exampls,
erate a 3 cm. wave, the above predetermined fre-
_ In order
to derive a 3 cm.
ring 22
copper,

of highly conductive material, such as
is inserted at the back of each opening 6

- and dlreﬂtly interconnects the anode arm mem-
It will be noted that a new oscillatory
circuit or cavity resonator exists through the
conducting path extending, for example, from

- bers 5.
an upper anode arm 17,
an adjacent arm member

lower anode arm § of the lgtter.

to the previously descr ibed cavity ‘resonator.

| "This new- irequency is smTeoted so as to be sub-
 stantially higher than the fr_equenoy which the -
- tube is designed to deliver.
new f1 equency represents a wave Iength of 2 cm.,
these new oscillations when combined with the

- Ior example, if the

4 em. oscillations alr cady descrlbed- will cause the

wave from the magnetron, a

- 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 fie'd extend-

- What is claimed is:

1. A magnetron comprlsmg a oathode .i;;.n'

anode structure spaced from said cathode, said

anode structure comprising a plurality of anode
rm members each having a pair of electron

‘receiving faces adjacent said cathode, each pair

of said faces being interconnected through a path
of conducting material in the arm member, said

- path surrounding an opening in said arm mem-

ber, and a conductor connected to each of said

y anode arms at the back of said opening whereby
caid anode arms are d1reot1y mtez oonneotﬂd |
N .thl ough said conductor. |

2. A magnetron compusmg 2 cathode
anode structure spaced from said cathode, said

5 anode structure comprising a plurality of anode
- arm mempers each having a pair of electron re-
celving faces adjacent said cathode, each pair of

- said faces being 1nterconnﬂoted through a path

of conducting material in the arm member, said

path surrounding an opening in said arm- mem-

~ ber, said arm members being disposed with said -

openings substantially in register with each other,
sald registered openings forming a resultant path

~In which a resultant magnetic field is adapted to
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be set up, a coupling loop interposed in said re-

- sultant path, and a conductor connected to each

of said anode arms at the back of said opening

whereby said anode arms are directly mtercon-- _-

-~ nected through said conductor

0
through the anode arm -
member 5§, through a portion of the ring 22, to
g, and thence to the
This new oscil-
lating circuit or cavity resonator will oscillate at -
a frequency substantially higher than that due

- structure comprising a plurality of anode arm
members each having g pair of electron receiving
faces adjacent said cathode, eaoh pair of said |
faces being 1ntoroonnected through a path of -
- conducting material in the arm member, said

65

structure spaced from said cathode, said anode

~path surroundmg an opening in said arm mem-

70

tube to deliver a str ong 3 cm. wave to its ou put__ :

In other words the tube is oonstructed

75 of saui openmg whereby said anode arms are

' ber, said anode struoture thereby providing g first . o
path extending from each of said faces through -

sald arm members to an adjacent electron receiv-
ing face, the material of said first path constl-

- tuting a cavity resonator tuned to oscillate at a
- first predetermined. frequency, and a conductor

- connected to each of said anode arms at the back

an

3. A magnetron comprising a oathode an anode o
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5.

directly interconnected through said conductor,
said ancde structure thereby providing a second
path extending from each of said faces through
said conductor to an adjacent electron receiving
face, the material of said second path consti-
tuting a cavity resonator tuned to oscillate at a
- second predetermined frequency differing sub-
stantially from said first frequency.

4. A magnetron comprising a cathode, an
anode structure spaced from said cathods, said
anode structure comprising a plurality of anocde
arm members each having a pair of eleetron
receiving faces adjacent said cathode, each pair
of sald faces being interconnected through a
path of conducting material in the arm member,
said path surrounding an opening in said arm
member, said arm members being disposed with
said openings substantially in register with each
other, said registered openings forming a resuli-
ant path in which a resultant magnetic field is
adapied 1o be set up, said anode structure there-
by providing g first path extending from each of
said faces through said arm members to an ad-
jacent eleciron receiving face, the material of
sald first path constituting a cavity resonator
tuned to oscillate at a first predetermined fre-
quency, a coupling loop interposed in said result-
ant path, and a conductor connected to each of
- sald anode arms at the back of said opening
whereby said anode arms are directly intercon-
nected through said conductor, said anode struc-
ture thereby provided a second path extending
from each of said faces through said conductor to
an adjacent electron receiving face, the material
of said second path constituting a cavity reso-
nator tuned to oscillate at a second predeter-
mined frequency differing substantially from said
first frequency.

. A magnetron comprising a cathode, an
anode structure spaced from said cathode, said
anode structure comprising a plurality of anode
arm members each having a pair of electron re-
celiving faces adjacent said cathode, each pair of
sald faces heing interconnected through a path
of conducting material in the arm member, said
path surrounding an opening in said arm mem-
ber, said anode structure thereby providing a first
path extending from each of said faces throusgh
sald arm members to an adjacent electron receiv-
- ing face, the material of said first path constitut-
ing a cavily resonator tuned to oscillate at a

first predetermined frequency, a conductor con-

nected to each of said anode arms at the back of
- 8ald opening whereby said anode arms are
directly interconnected through said conductor,
- said anode structure thereby providing a second
path extending irom each of said faces through
said conductor to an adjacent electron-receiving
face, the material of said second path constitut-
ing a cavity resonator tuned to oscillate at gz
second predetermined frequency differing sub-
stantially from said first frequency, and an ouf-
put device connected to said magnetron, said
output device being tuned to a frequency inter-
mediate said predetermined frequencies,
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6. An electron-discharge device comprising g
cathode, an anode structure spaced from said
cathode and incorporating two cavity resonators
having different electrical dimensions, and a
common output means magnetically coupled to
poth said cavity resonators and tuned to a fre-
quency intermediate the frequencies correspond-
ing, respectively, to the different electrical dimen-
slons of said cavity resonators. |

7. An electron-discharge device comprising a
cathode, an anode structure spaced from said
cathode and incorporating two cavity resonators
having different electrical dimensions, and a
common output means magnetically coupled to
ooth said cavity resonators and tuned to a fre-
quency which is the average of the frequencies
corresponding, respectively, to the different elec-
trical dimensions of said cavity resonators.

d. An electron-discharge device comprising a
cathode, an anode structure spaced from said
cathode and incorporating two cavity resonators
having different electrical dimensions, one of said
cavity rescnators having elecirical dimensions
corresponding to a frequency which is higher

~than that desired of the gutput of saig device and

. the other of said cavity resonators hmrmg electri-
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cal dimensions corresponding to a frequency
which is lower than that desired of the output of
sald device, and a common output means magnet-
ically coupled to both said cavity resonators and
tuned to a frequency intermediate the frequencies
corresponding, respectively, to the different elec-
vrical dimensions of said cavity resonators.

9. An electron-discharge deviee comprising a
cathode, an anode structure spaced from said
cathode and incorporating two cavity resonators
having different electrical dimensions, one of said
cavity resonators having electrical dimensions
corresponding to a frequency which is higher
than that desired of the output of said device and
the other of said cavity resonators having elec-

‘trical dimensions corresponding to a frequency

which is lower than that desired of the ocutput of

- sald device, and a common output means mag-
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Number

netically coupled to koth said cavity resonators
and tuned to a frequency which is the average
Of the frequencies corresponding, respectively, to
the different electrlcal dimensions of said cawty
resonators.

PERCY L. SPENCER.
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