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My invention relates to-electron discharge ‘de-
‘Vices, ‘particularly to devices of the thagnetron
‘type.

‘Magnetrons ‘have ‘been proposed comprising -a
-cathode, and an anode with a plurality -of reso-
nant -‘cavities arranged arcund the cathode.
Magnetic lines of force lengthwise of the cathode
-deflect the electrons-into spiral paths arcund ‘the
cathode and -successively past the -cavity open-
“ngs, which excite ‘high frequency -oscillations ‘in
the cavities. The preferred ‘and most efficient
‘operating mode, called the pi (») 'mode, consists
-of "excitation -of alternate cavities in phase, this
phase being opposite to that of the remaining
cavities. When the cavities “are not coupled to
each other electrically, or are loosely coupled,
several modes of operation ‘in -addition to ‘the
desired = mode are possible. Unfortunately, the
uperating -conditions, such -as -anode-cathode
voltage and magnetic field strength, of the de-
sired and undesired modes are not widely
separated. That is,’slight variations in operating
condition can easily cause a change in the mode
of -operation ‘with consequent changes ‘in &ffi-
ciency, output and frequency. This property of
the magnetron is known as “mode jumping.”

Tf “the ‘modes can be widely separated as re-
-gards operating conditions, then the performance
‘of the'magnetron tube becomes much less critical,
and-in particular, if the = mode can be separated
from ‘the others, stable operation in the ‘most
gfficient ‘mode is insured. 'This separation of
‘motles has'in the past been attempted in-various
ways, including “straps” between alternate caviti-
ties ‘to electrically tie the cavities in pargllel and
insure the alternate phasing. At the higher fre-
‘fuencies straps are mechanically impractical and
“furthermore they introduce heavy capacitance
togding between cavity walls.

In addition to proper electrical coupling be-
tween cavities, the magnetron should have good
electrical insulation between the parts carrying
‘high frequency energy. When generating centi-
‘meter waves, for example, supports and electrode
.spacers of solid insulating material invariably
introduce high frequency losses, shunting capaci-
tances.and the like.

‘An object of my invention is .an imbproved
electron discharge device of the magnetron type.

A further object.of my invention is a magnetron
that will operate.in the most efficient mode, and

yet willbe stable in that mode.

More specifically, an object of my invention:is
a magnetron that will operate in one mode.and
will not easily change to a different mode,
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A -still further object -of my dinvention is a

imagnetron with :¢lectrodes that are rigidly :sup-

ported and -spaced ‘without the usual high fre-
:quency losses-of solidinsulation.
- Embodiments for -best illusirating the pringi-

splesof my movel magnetron are:described in the

following specification and shown in the accom-
panying drawings in-which
Fig. 1 is & ‘vertical section, -taken on line I——zl

.of HWg-2 of one magnetron tube embodying my

invention,
Fig. 2 is a sectional view on dine 2—2 -of Fig. 1,
Fig. 3 is a vertical section, taken on line 3-—3

.of Fig. 4 of another embodiment of my novel
.magunetron,.

Fig. 418 a sectional view on line 4—4 of . Fig. 3,

:and

Pig.:d is a vertical half:section-of still .ancther

-embodiment of my novel magnetron.

My movel nagnetron ‘comprises a tubular
cathode sleeve 4 :exteriorly .coated with an elec-
tren :emissive lgyer :such :as barium-strontium
oxides and internally heated with coil 2. “The

-sleeveiscoaxial'with:an-anode comprising a cirgle

of ‘vanes -or fins 3, -extending radially outward
The router ‘ends -of the vanes
Yerminate “short .of ithe .envelope wall, and the
inner sends ‘are. evenly :spacedaround the .circle
calied the anode ¢irele, withnarrow $tits or -open-
ings 4 :between emch pair .of vanes. Through
these ropenings, ‘the -electron stream induces

‘oseillating  voitage in the ‘“cavities” § bounded

by the vanes. The cathode and vanes are en-
closed in the -envelope, ‘preferably -of metal, the
side wall :§ being cylindrical -and coaxial *with
the electrodes, and ‘being closed at the ends with
round flat end ‘plates T-and 8. A metal or-glass
itubulation for -exhansting and sealing ‘the ‘en-
velope imay be conhedied at.gny desired point-on
the -envelope. Magnelic :pole pictes comprising

“round.iron piugs:9-and {8 are:set into=and sealed

centrally in the envelope end plates. The lower
iron plug s tubular and ‘internally accomodates
g glassbution=type header ‘i1 through which are
-sedled the cathode and cathode ‘heater leads 12.
The -ends -of ‘the yoke ‘I3 <of ‘a permanent or
‘electro=magnet fit -snugly -against the -iron vlugs
and- establish a strong -magnetic ficld in the an-

“nular -anede~cathode -space with the niagnetic
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lines of force substantialiy parallel to the egthode
axis.
The vanes ‘are each individually -supported, in

“the-embodiment-of ‘Fig. 1, on o metal stihor post

44 ‘extending downward to the lower -envelope

-and ‘plate. “Each vane-8-and’its stub support 14
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may conveniently, be stamped as a unit from
relatively heavy gauge sheet metal, and the lower
end of the support shaped into a right-angle foot
15 and brazed to the end plate. For electrical
reasons, to be more fully described, the length
of the stubs i4 is one quarter wave length at the
operating frequency. Two cylinders 16 and 11
are coaxial with the circle of supports, are placed
respectively inside and outside the circle and are
attached to the lower end plate. Cylinder (7
is shorter in length than supports i4 so as to
clear the lower edges of the vanes.

To operate, the necessary voltage is applied to
the heating coil 2 to raise the sleeve to emitting
temperature, and a high voltage, positive with
respect to the cathode, is applied to the anode
vanes. Preferably, the cathode is maintained at
a high negative potential with respect to the
anode so that the anode, and the connected en-
velope parts, may be grounded. Electrons which
leave the face of the cathode are deflected by the
axial magnetic field from the normal radial
anode-cathode paths and are caused to spiral
about the cathode. By judicious adjustment of
the field strength and ancde voliage, the average
electron may be made to encircle the cathode
several times before falling into the cathode or
anode. As the electrons traverse the cavity open-
ings 4, the electrons bunch and exite oscillations
in the cavities, and in the preferred mode, the
electron transit time past the openings is so
regulated with respect to the resonance property
of the cavities, that the high frequency voltage
across each opening is in phase opposition to the

voltage across the next adjacent opening. Oppo-

site sides of each cavity may be considered as g
transmission line, each line being coupled at the
cathode end to an electromotive force with the
electromotive forces of alternate lines in phase.

The end of each cavity remote from the voltage
source is open physically and electrically, so that
each cavity communicates with adjacent cavi-
ties around the ends of the vanes. Herein lies
one of the important features of my invention.
The open ended vanes insure close coupling, or
“heavy” coupling, between adjacent ecavities.
The high frequency current flowing radially out-
ward along one side of a vane must be equal to
current flowing radially inward along the other
side of the same vane. These two currents are
actually and solidily connected in series around
the outer end of the vane and must oscillate in
exact phase opposition, independently of any
interaction with the electron stream. Consider-
able variation may thus be tolerated in operat-
ing conditions, such as anode voltage and mag-
netic field, without disturbing this mode of opera-
tion. My method of insuring proper phasing is,
essentially, to couple the cavities in series at
the high current points, rather than, as usual,
to couple the cavities in parallel at the high
voltage points.

To insure the proper phase and voltage at the
anode circle, for = mode of operation, alternate

cavities contain impedance disturbing elements.

- 18. These elements are small metal bars attached
transversely across the sides of the vanes and
function as lumped capacities shunted across
the transmission line. When each cavity is con-
sidered as a transmission line of length ¢ (the
length of the vane), with characteristic imped-
ance Zo and when the disturbing element 18
introduces a capacitive reactance X. in shunt
with the line at a distance 62 from the anode
circle or distance 61 from the outer end of the
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vane, so that 61=6—6s, then proper phasing and
magnitude of the voltages is obtained if

cos 6+cos (h—6s) , 2sin 6 __
2%, Tz, —0

In a magnetron of known construction, the fac-
tors 6, and Zo are given directly and the neces-
sary shunt reactance Z. for a given phase shift
is determined by the high frequency properties
of the line. Hence, the distance 61 or 62 may be
solved from the above relation. Alternatively,
an arbitrary value may be assigned to 61, or 6z,
and X. solved for.

No electrical insulating material, except the
single glass button ii is necessary in my novel
magnetron, yet the anode vanes are effectively
isolated as to high frequency energy from all
metal parts of the tube. The support stub for
each anode vane is in effect the inner conductor
of a resonant transmission line, the outer con-
ductor of the line being the cylinders i6 and 1.
The length of each stub is approximately one
quarter wave length, and since the lower or
envelope ends cf the stubs and cylinders are
short. circuited, the opposite ends of the stubs
bresent high impedance to the vanes. No inter-
electrode spacers, nor envelope spacers are neces-
sary, and since all insulating material has been
removed from the high frequency fields of the
tube, heating losses and undesirable reactances
inside the tube are eliminated.

An alternative anode support arrangement is
shown in Figs. 3 and 4. The quarter-wave stub
supports 14 for the vanes, here, extend radially
outward from the vanes and are attached to
the outer extremity of a fiattened radial exten-
sion i8 of the envelope. The sides of the envel-
ope extension are offset toward the stubs to pro-
vide the necessary spacing for transmission-line
resonance and a standing voltage wave on the
stubs. With the outer end of the transmission
line short circuited, the impedance at the vane-
end is a maximum which, as before, permits oper-
ation of the vanes at high frequency without loss
of energy to the supports.

The top and bottom end plates T and 8 of the
envelope may, if desired, be moved into contact
with the side edges of the vanes 3 as shown. in
Fig. 5. The outer ends of the vanes terminate
short of the cylindrical envelope wall 6, and the
inner ends lie in a circle close to and concentric
with the cathode. The width of the openings
between the inner ends of the vanes, and the
distance from the cathode may be the same
as in Fig. 1. The vanes and their cover plates
can be enclosed in a separate envelope or may
be hermetically sealed to and used as part of the
envelope. The latter construction is shown. . In
operation, the spiraling electrons excite high
frequency oscillation in the openings to the
cavities, and the high frequency energy propa-
gated lengthwise of one cavity is solidly coupled
to the high frequency energy in the adjacent
vanes through the openings at the outer ends of
the vanes. The radial components of current
in adjacent cavities are in exact phase opposi-
tion, as in g, 1, and the » mode is insured even
during considerable variation in operating con-
ditions.. While the enclosed rassages or cavi-
ties of Fig. 5 may be theoretically treated as

- wave guides, and the open-sided passsges or cavi-

ties between vanes of Fig. 1 or 3 may be considered
as transmission lines, the results are the same

- in that stable » mode of operation is insured

75

with the close current coupling between cavities
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at their outer ends, and the voltage excitation
of alternate cavities in phase opposition, at their
inner ends.

My novel magnetron is stable in operatmn and
efficient. It will operate in the desired mode
and will tolerate considerable variations in the
parameters of the tube. It contains no power-
absorbing straps or insulators. My magnetron is
simple and rugged in construction, and is easy
to manufacture and operate.

I claim:

1. A magnetron comprising an elongated cath-
ode, a plurality of evenly spaced metal vanes ex-
tending radially outward from said cathode, the
inner ends of said vanes being spaced from each
other and from said cathode, the space between
each pair of vanes being in open communication
around the outer ends of the vanes with the
spaces of adjacent pairs of vanes, a metal en-
velope enclosing said cathode and vanes and
everywhere spaced from said vanes, separate
elements supporting each of said vanes from said
envelope, and additional elements operatively
associated with said separate elements forming
infinite impedances therewith, and a magnet
with poles at the ends of the cathode.

2. A magnetron comprising an envelope, a
cathode mounted centrally in said envelope, &
plurality of sheet metal vanes extending radially
outward from said cathode, the inner ends of said
vanes being evenly spaced from each other and
from said cathode, a support stub for each vane
attached at one end to one of said vanes and at-
tached at its other end to said envelope, said
stubs each being approximately one quarter
wave in length at the operating frequency.

3. A magnetron comprising an anode structure
having a plurality of elongated circularly ar-
ranged walls forming cavities, said walls extend~
ing generally radially and each being open at its
inner end and at its outer end, electronic means
at the inner ends of said cavities for exciting os-
cillations in said cavities, a metal envelope en-
closing said anode structure and said electronic
means and everywhere spaced from said anode
structure, separate elements supporting each of
said anode walls from said envelope, and addi-
tional elements operatively associated with said
separate elements forming infinite impedances
therewith.

4. A magnetron oscillator comprising a tubular
cathode, a plurality of sheet-metal vanes, one
edge of each vane being parallel to and disposed
in close spaced relation with the cathode, said
vanes being uniformly spaced and extending
radially outward from said cathode, an envelope
enclosing said vanes and cathode, and every-
where spaced from said vanes, and separate ele-
ments supporting each of said vanes from said
envelope and additional elements forming in-
finite impedances with said separate elements.

5. An electron discharge device comprising a
cylindrical metal envelope, aligned iron plugs
hermetically sealed centrally in the ends of said
envelope, a tubular cathode between and coaXial
with said plugs, a plurality of sheet-metal vanes
in said envelope and circularly arranged in planes
through the axis of said cathode, said vanes ter-
rainating at their outer ends short of the en-
velope wall, and separate elements supporting
each of said vanes from said envelopes and ad-
ditional elements forming infinite impedances
with said separate elements.

6. An electron discharge device comprising a
cylindrical envelope, round magnetic metal plugs
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hermetically séaled’ centrally in the ends of said
envelope, a cathode between and coaxial with
said plugs, a plurality of evenly spaced sheet
metal vanes in said envelope, said vanes extend-
ing radially outward from said cathode, said
envelope having a flattened radial extension cir-
cumferential about the cylindrical side wall of
the envelope, a support member attached to one
of said vanes and to-the bottom of said exten-
sion, the length of said support member within
said envelope extension being about an odd num-
ber of quarter wave lengths at the operating fre-
quency.

7. An electron discharge device comprising an
anode having a plurality of circularly arranged
resonators having bounding walls and cavities
therebetween, each cavity being radially elon-
gated and in open communication at both ends
with the adjacent cavities, electronic means at
the inner ends of said cavities for inducing os-
cillations in said resonators through the open-
ings at one end of the cavities, impedance dis-
turbing elements for interrupting the continuity,
to traveling electric waves, arranged on the walls
of alternate cavities to shift the phase of said
waves at said one end with respect to the phase
of the waves at said one end of the remaining
cavities, 5 metal envelope enclosing said device
and everywhere spaced from said bounding walls,
separate elements supporting each of said
bounding walls, and additional elements forming
infinite impedances with said separate elements.

8. An electron discharge device comprising a
metal structure containing a plurality of walls
defining elongated cavities, each cavity having
an opening adapted for the induction of excit-
ing voltages into said cavities, metal members
mounted transversely across the walls of alter-
nate cavities for changing the electrical im-

;; pedance of said alternate cavities with respect

to the electrical impedance of the remaining
cavities, a metal envelope enclosing said device
and everywhere spaced from said defining walls,
separate elemenis supporting each of said defin-
ing walls from said envelope, and additional ele-
ments forming infinite impedances with said
separate elements.

9. An electron discharge device comprising a
structure having a pilurality of resonators hav-
ing walls defining cavities, the cavities having
openings successively arranged and adapted to
receive exciting voltages, impedance disturbing
elements on the walls of alternate cavities to ad-
just the phase and magnitude of voltage at the
openings of said alternate cavities, said elements
comprising metal protuberances on and trans-
versely across the side walls of the cavities, a
metal envelope enclosing said device and every-
where spaced from said defining walls, separate
elements supporting each of said defining walls
from said envelope, and additional elements
forming infinite impedances with said separate
elements.

10. A magnetron according to claim 1 in which
each of said elements of infinite impedance
comprises a quarter wave length stub attached
between the one of said vanes and said en-
velope and a conductor attached adjacent said
stub to said envelope and forming with said stub
a quarter wave length transmission line short
circuited by said envelope.

11. A magnetron according to claim 1 in which
said elements of infinite impedance comprise a
quarter wave length stub attached between each
of said vanes and said envelope, said stubs being
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airafiged in a circle about said cathode, and two . UNITED STATES PATENTS
cylinders coaxial with said circularly arranged
stubs and attached inside and outside said circle I‘Izugil;egw Blegg{;?it al JuneDza:felgu
on said envelope, thus forming with said stubs 2’404’212 Bondley tTTTTmE July 16' 1946
quarter wave length transmission lines short cir- 5 .2’411'953 Brown ... Dec 3’ 1946
cuited by said envelope. vy v TTTTTTEEem Mg
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