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: 1 :

- My:invention relates to electron discharge de-
vices-and asscciated circuits:useful at ultra high
frequencies, and move particularly to magnetrons
utilizing cavity resonator circuits.

In-certain types of magnetrons the anode seg-
ments. are inierconnected by means of cavity
resonator circuits and form together the anode
structure for the magnetron. One such construc-
tion comprises an-slongated centrally positioned
cathode having an ‘anode member surrounding
the cathode and provided with a plurality of cav-
ity resonator circuits formed by cylindrical cavi-
ties in the ancde member, radial slots extending
between:these cavities and the space between the
cathode and the anode member, the anode seg-
ments being formed by the portions of the anode
memnber positioned. between adjacent slots, the
slots lying:parallel to the cathode. :
" In conventional multi-slot or multi-cavity
magnetrons, there are two main difficulties: which
arise in their use.  One difficulty 'is connected
with the fact that a number of possible modes
of .operation exist, some of which are associated
with different frequencies and some of which are
degenerate and are assccizted with a single fre-
quency. . For ezample, 'in a twelve-slot anode
magnetron structure it is possible to have eleven
different modes ‘in six distinct freguencies, the
mode associated with one frequency being non-
degenerate while all of ‘the other modes are
doubly -degenerative. - Since.all igix frequencies
lie so wear-one another, frequency instability may
devzlop under load. Because of - the small dif-
ferences between the frequencies, it is-difficult to
confine the generation of vower to just one of the
modes. '

Another difficulty encountered in magnetron
eperation comes from the fact that in a perfectly
symiaetrical c¢ylindrical arrangement of slots
there is another type of degeneration present,
namely rotational degeneracy. This means that
the field pattern may be rotated an arbitrary
numbear-of slots without -changing the operation
of the magnetron. In other words there is noth-
ing ito fix the figld pattern ‘so far as rotation is
concerned. A small perturbgtion of the symmetry
of the system will, however, ramove this degen-
eracy and therehy fix the rotational position of
the field pattern. In:a practical magnetron, the
coupling loop placed in or near one of the slots
serves to fix the rotational position of the field
pattern. ‘However, it-can-be shown that the field
pattern will ‘assume that position for which the
least magnetic flux asscciated -with one -of the
degenerate modes will link theload coupling loop.

2
Thiuss it is possible that the magneiron may oper-=
ate.in such a mode that no magnetic flux would
exist .in ‘the slot.containing the coupling-loop.
The magnetron could thus urload -itself. - The
results are extremely important. For example,

. if one coupling loop were used a magnetron-oper-
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ating in one of the:degenerate modes could ap-
pear to be a very inéfiicient generator of -this
mode. Actually the field intensity inside:the
magnetron for this‘mode could be very high and
the energy be lost in circulating current losses in
the walls. This in fact can-lead to such high
electric fislds in the slots that sparking occurs.

‘Because of the closeness of the frequencies-of
some- of "the modes, it is possible for a loaded
magnetron to oscillate in two modes at once. In
this case with-one “coupling ‘loop used the field
for the uncoupled mode can become very high,
thus again bringing about poor efficiency.

It is, therefore, an-object of my invention-to
provide an electron discharge device of the mag-
netron: type having improved-characteristies.

Tt is .5 further object of my invention to.pro-
duce such a-device of the multi-segment type in
which undesired modes of operation ‘are sup-
pressed.

More specifically it 'is ‘an-cbject of my inven-
tion-to provide such an electron discharge device
utilizing cavity resonator circuits of improved
design which insure operation only in the desired
mode or modes. :

A further object of my invention is-to provide a
magnetron . using cavity resonator:- circuits in-
cluding improved means for coupling the mag-
netron to a load.

The novel features which I believe to-be char-
acteristic of my-invention are set forth with par-
ticularity in the appended claims, but the in-
vention itself will best be understood by refer-
ence to the following description taken in con-
nection with the accompanying drawing in-which
Figure 1 shows g transverse section of a conven-
tional multi-slot cavity resonator type magne-
tron, Figure 2 is a diagrammatic representation
of the modes -of operation of the device shown
in Pigure 1, Figure 3 is a transverse section of
an -electron discharge device and asscciated cir-
cuit made according to my invention, Figure 4
is o longitudinal section of the device shown in
Figure 1, Figure 5 is a diagram representing the
electromagnetic fields in a device made according
to my invention, and Figure 6 is a longitudinal
perspective view of the cavity resonator associ-
ated -with an electron discharge device made -ac-
cording to my invention:and the wall current, and
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electric and magnetic field relationships dia-
grammatically represented.

In one form of magnetron of the so-called
multi-cavity type or multi-slot type as shown in
Figure 1 and provided with an envelope 10, an
elongated indirectly heated cathode |1 has spaced
around the cathode and extending radially there-
from a plurality of anode segments {12 surround-
ed in turn by a fubular wall 13 closing the ends
of the anode segments so as to provide cavity
resonators between adjacent  anode segments.
The anode assembly may be made in various
ways, either by stacking punched-out plates or
by forming from a solid block, or by the use of
radial fin-like inserts in a tubular member. En-
ergy may be coupled out of the magnetron by
means of coupling loop {4 and the eleciromag-
netic field provided by means of an electromag-
netic coil 15.

As pointed out above,; a tube of this kind may
have a number of possible modes of operation,
some of which are associated with different fre-
quencies and some of which are degenerate and
are associated with a single frequency. In the
case of the tube such as shown in Figure 1 hav-
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ing twelve slots, eleven different modes and six .

distinct frequencies may be generated. The mag-
netic field patterns for all these modes are di-
agrammatically shown in Figure 2. In viewing
these figures the anode block and cylinder may be
viewed as cut along a longitudinal axis and the
cylinder unrolled so that the open ends of the
slots are viewed. The magnetic field pattern
labeled n=6 is the only non-degenerate mode

as indicated by the arrows representing a mag- ¢

netic field line, it being noted that all of the ad-
jacent arrows point in the same direction. This
means there is only one field pattern which is
associated with the frequency which may be re-
ferred to as the ws frequency. The two magnetic
field ‘patterns labeled n=5 are the two linearly
independent patterns associated with a slightly
lower frequency ws. Thus the mode n=5 is two
fold degenerate. By independent patterns asso-
ciated with the frequency ws is meant those pat-
terns chosen such that any and all possible field
patterns associated with the frequency s may
be formed by a superposition of the two funda-
mental or independent field patterns. Because
of the small difference -between the frequency
we and ws, it is difficult to confine the generation
of power to just one of these modes. Other modes
and the- degenerative action in these modes are
shown in figures n=4, n==3, n=2 n=1. The
letter n designates the number of periods through
which the magnetic field goes once around the
anode structure; that is, n=6 means that the
field goes through 6 complete periods or 12
reversals.

However, a magnetron made in accordance
with my invention and as illustrated in Figures
3 and 4 suppresses substantially all the undesired
modes. A device made according to my invention
includes a preferably indirectly heated cathode
29 surrounded by a hollow tubular member or
cylinder 21 having radially extending therefrom
& plurality of plate-like anode segments or ele-
ments 22 and 23, the anode segments 23 being
longer longitudinally than the anode segments
22 and being closed at their ends by means of
closure members 24 and 25. The cathode is sup~
ported by the magnetic inserts 28 and 27 sup-
ported from the closure members 24 and 26 by
means of the glass bead supporting arrangement
28 and 29. - Surrounding the magnetron assembly
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4

is a drum-like cavity resonator comprising the
outside cylindrical member 39 closed by means
of closure end members 31 and 32, which are
sealed vacuum-tight to the member 36. The
cathode heater leads 19’ and 10’ extend through
the closure member. A coupling loop for the out-
side resonator is shown at 37T.

In effect the alternate long and short anode
segments 22—23 produce quarterwave concentric
line cavity resonators open adjacent the anode-
cathode space -and -closed at the ends remote
from this space.

In Figure 5 is shown an unfolded portion of the
anode segment arrangement and the magnetic
fields established in the coaxial line resonators.
In this structure the magnetic filux through a slot
is not permited to divide at the upper and lower
ends of the slot and pass through the slot on either
side. In the present arrangement nearly all the
flux, for example, through the slot 48 is required
to pass through the slot 41. This is accomplished
by making every other metal vane, for example
23, long enough to make good electrical contact
with the top and bottom cover-plates 24 and 25.
The vane or fin 22 is made short enough to permit
flux lines to pass around the ends as shown in
Figure 5. Thus the fin or vane 22 behaves like
the inner conductor of the quarterwave transmis-~
sion line. Although the magnetic flux is not per-
mitted to pass into further adjoining slots, there
is still electric coupling between similar elements
of the structure and the electric field alternates
when the inner circumference is traversed as it is
in the conventional mode n—=6. This improves
the coupling since a simultanecus electric and
magnetic coupling can reduce the electric coupling
between the adjoining slots. The fact that the
magnetic flux is not permitted out of adjoining
slots means that the undesired modes n=>5, n—=4,
etc., will not take place.

As pointed out above, another difficulty en-
countered in magnetron operation comes from
the fact that in a perfectly symmetrical cylin~
drical arrangement, of slots as shown in Figure 1
there is another type of degeneracy present,
namely rotational degeneracy; that is, the field
pattern can be rotated an arbitrary number of
slots without changing the operation of the mag-
netron. In g practical magnetron where the cou-
pling loop is placed in or near any one of the slots
and fixes the rotational position of the field pat-
tern, the field pattern wil] assume that position
for which the least magnetic flux associated with
one of the degenerate loads will link the load
coupling loop. For example, if the magnetron

‘were operated in the n—>5 mode and the coupling

loop were in a slot, then the field pattern would
assume a position such that one of the slots con-
taining no magnetic flux would coincide with the
slot containing the coupling loop. Thus the
magnetron could unload itself. If one coupling
loop were used in a magnetron operating, for ex-~
ample, in the n=>5 mode it would appear to be a
very inefficient generator of this mode, but as
pointed out a field intensity inside the magnetron
for this mode could be very high and the energy
would be lost in circulating current losses in the
walls of the device. Since the frequencies ws
and ws are so close together it is possible for a
loaded magnetron to oscillate in the two modes at
once and when this is the case and one coupling
loop is used only the 2=—6 mode is coupled fo the
load while the field for the n=5 mode is not and
can become very high. Again the magnetron
would show poor efficiency. ’ o
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In accordance with my invention I provide
means for reducing the likélihaod of the opera-
tion in-the undesired modes and at the same fime
not:allow the magnetron to readily uncouple 1tself
from the load.

In order to couple out the power from the mag-
netron I provide at the top and bottom alter-
nately adjacent the short vanes, apertures com-
municating with the resonator surrounding the
magnetron as-shown in Figures 3 to 6, inclusive.
As shown in Figure 8, I provide a resonator hav-
ing inner and outer radii ¢ and b respectively and
length I. The dimensions of this resonator are
so chosen that it will operate in the mode in which
the electric field is radial and the magnetic flux
lines are circles as shown by arrows H in Figure 6
with centers on the axis of the coaxial cylinders.
The wall current and electric field relationships
are shown by the lines I and E. The direction
of the magnetic flux in the upper half of the
resonator is opposed to that in the lower half
as shown in the left of Figure 6, as lines H. In
selecting the dimensions which make frequen-
cies of this mode ccincide with the resonant fre-
quency of this slot, it is advantageous o make
the ratio b to ¢ greater than two and thereafter
bring the frequencies to the right value by select-
ing the length I. If this is not done the differ-
ence in frequency of the modeée under considera-
tion and the next higher frequency may become
too small so that this undesirable mode might
also be excited. The appropriate dimensions
can be readily calculated. . The coupling between
slots and cylindrical cavity is accomplished by
apertures 25 and 38 in the backs of the slots
located at opposite ends adjacent the slots. At
these places the magnetic field in the slot is
largest and is for the most part horizontal as
shown. in the figure. In the upper part of alter-
nate slots this field will be in the same direction
as, and is made to match with, the field in the
cylindrical resonator which is also.large near the
inner wall.
example, slots 35, the magnetic field is opposite
but matches the field in the lower part of the
cylindrical resonator. - In this way.there is cou-
pling between all slots and the main resonator
and the tendency to uncouple, present where cou-

pling loop is in one slot, is materially reduced. ,

The modes n—=>5, 4, etc., are discouraged. The
fields are thus made more uniform throughout,
thereby facilitating transfer of electric energy
to. one mode of the high frequency field. The
coupling holes are placed so as not to interfere
with the large circulating currents at the back of
the slots. The coupling of the load to the large
cylindrical resonator can be done in a conven-
tional way either by means of a loop, such as 37,
or a wave guide,

A magnetron with a considerable number of
slots constructed in a manner described above
will have very much greater frequency stability
and very high efficiency. The possibility of ob-
taining good efficiency in magnetrons with many
slots makes it feasible to use lower anode voltages.

While I have indicated the preferred embodi-
ments of my invention of which T am now aware
and have also indicated only cnhe specific applica-
tion for which my invention may be employed,
it will be apparent that my invention is by no
means limited to the exact forms illustrated or
the use indicated, but that many variations may
_be made in-the particular structure used and the
purpose for which it is employed without depart-

In the slots of the lower ends,.for
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6
ing from the scope of my-invention as:set forth
inthe appended claims.

What T claim as new:is:

1. A device for use at uitra high frequencies and
comprising a plurality of adjacent coakial line
resonators, a cavity resonator having a wall clos-
ing one end of each of said coaxial line resonators,
said cavity resonator having apertures in the
closed ends of said coaxial line resonators. and
commuﬂ icating with said cavity resonator, and
means adjacent the open ends of said coaxial line
rzsonators for energizing said coaxial line reson-
ators.

. A device for use at ultra high frequencies
aﬁl comprising g plurality of adjacent coaxial
line resonators each closed at one end and open
ab the other end, a cavity resonator adjacent the
closed ends of said coaxial line resonators, the
closed ends-cf said coaxial line resonators having
apertures communicating with the interior of
said hollow resonator, means adjacent the open
ends of said coaxial'line resonatcrs for energizing
said coaxial line resenators.

3. A device for use at ultra high frequencies
and including a cavity resonator and a plurality
of coaxial line rescnators extending from said
cavity resonator and each closed at one end by
said cavity resonator, said coaxial line resonators
having elongated rectangular-shaped transverse
sections, said cavity resonator having apertures
communicating with the closed end of said coaxial
line resonators, alternate apertures being dis-
posed at opposite sides of the closed ends of said
coaxial line resonators, and means including an
elsetron source for supplying electrons adjacent
the open ends of said coaxial line resonators for
energizing said coaxial line resonators.

4, A device for use at ultra high frequencies
and including a cavity resonator and a plurality
of coaxial line resonators extending from said
cavity resonator and each closed at one end by
said cavity resonater, said cavity resonator having
avertures communicating  with the closed end
of said coaxial ‘line resonators, and means in-
chiding an electron source adjacent said coaxial
line resonators for supplying electrons adjacent
the open ends of said coaxial line resonators for
energizing said coaxial line resonators.

5. A -device for use at ulira high frequencies
and ineluding a cavity resonator having a shape
formed by a surface of revolution, coaxial line
resonators extending inwardly from said cavity
resongtor-and radially thereof toward the axis of
said resonator, and means positioned axially of
said coaxial line resonators for energizing said

rzsonators, sald cavity resonator being provided

with: a plurality of apertures providing communi-
cating passageways between the interior of the
cavity resonator and the ends of said coaxial
I'ne resonators adjacent said cavity resonator.

. A device usaful at ultra high frequencies and
COBIL"I'- ing a plurality of auarterwave coaxial line
resonators having inner and outer ends, inner
ends of said resonators surrounding a space and a
cavity resonator surrounding the coaxial line
resonators and contacting the outer ends of said
coaxial resonators closing the ssid outer ends
of said coaxial line resonators, said cavity reson-
ator having .a plurality of apertures providing
communicating passageways between said cavity
resonator and said coaxial line resonators, and
means within the space surrounded by the ends
of said eoaxial line rescnators for energizing said

‘coaxial line. resonators.

7. An electron discharge -device having-a hol-
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low drum-like member and an elongated cath-
ode positioned axially of and within said drum-
like member, and radially extending plate-like
members contacting the wall of said drum-like
member and extending radially toward said cath-
ode, alternate plate-like members of shorter ax-
ial length than the other plate-like members and
spaced at their ends from the ends of the drum-
like member whereby a plurality of coaxial line
resonators are provided having one end closed
and their open ends adjacent said cathode, a
tubular member surrounding said drum-like
member and coaxial with said drum-like mem-
ber, and members closing the ends of said drum-
like member and said coaxial tubular member
providing a cavity resonator, the walls of said
drum-like member having apertures providing
communicating passageways between the closed
ends of said coaxial line resonators and said cav-
ity resonator. ’

8. An electron discharge device including a
pair of concentric coaxial tubular members and
flat closure members closing the ends of said
tubular members and providing a central hol-
low chamber surrounded by a second hollow
chamber, radially directed plate-like elements
extending from the inner wall of the inner tubu-
lar member, and a second closure means closing
the ends of said radially extending plate-like
members, alternate plate-like members being of
shorter axial length than the other plate-like
members and having spaces between the ends of
the shorter plate-like members and said second
closure means providing a plurality of radially
directed coaxial line resonators having cpen ends
adjacent g central space, and a cathode mounted
within said central space, the wall of said inner
tubular member having apertures communicat-
ing with the closed ends of said coaxial line res-
onators, and magnetic inserts positioned at op-
posite ends of the cathode and between the clo-
sure members.

9. An electron discharge device including a
pair of concentric coaxial tubular members and
flat closure members closing the ends of said tu-
bular members and providing a central hollow
chamber surrounded by a second hollow cham-
ber, radially directed plate-like elements extend-
ing from the inner wall of the inner tubular
member, and a second closure means closing the
ends of said radially extending plate-like mem-
bers, alternate plate-like members being of
shorter axial length than the other plate-like
members and having spaces between the ends of
the shorter plate-like members and said second
closure means providing a plurality of radially
directed coaxial line resonators having open ends
adjacent a central space, and g cathode mounted
within said central space, the wall of said inner
tubular member having aperfures providing com-
municating passageways between the closed ends
of said coaxial line resonators and the interior
of said cavity resonator, and magnetic inserts
positioned at opposite ends of the cathode and
between the closure members, a coupling loop
extending into said second holliow chamber, and
magnetic means linked with said magnetic. in-
serts.

10. An electron discharge device having an
elongated cathode, a cylindrically shaped anode
member surrounding and coaxial with said cath-
ode and including a plurality of plate-like ele-
ments extending radially toward and parallel to
said cathode, alternate plate-like elements being
of shorter axial length than the other plate-like
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elements, conducting means contacting the ends
of the longer plate-like elements and enclosing
the shorter plate-like eléments and the space be-
tween said plate-like elements and the cathode,
whereby a plurality of coaxial line resonators are
formed, one end of each of said resonators being
adjacent said eathode, and means providing a
magnetic field parallel to said cathode and be-
tween said cathode and said plate-like elements.

11, An electron discharge device having an
elongated cathode, a cylindrically shaped anode
member surrounding and coaxial with said cath-
ode and including a plurality of plate-like ele-
ments extending radially toward and parallel to
said cathode, alternate plate-like elements be-
ing of shorter axial length than the other plate-
like elements, flat conducting means contacting
the ends of the longer plate-like elements extend-
ing above and below the shorter plate-like ele-
ments and enclosing the space between said plate-
like elements and the cathode, and a conducting
member surrounding and enclosing said plate-
like elements and contacting the outer edges of
said plate-like elements whereby a plurality of
coaxial line resonators are formed, the open ends
of which are adjacent said cathode, and means
adjacent said device for providing a magnetic

“field parallel to said cathode and between said

cathode and said plate-like elements.

12. A device useful at ultra high frequencies
and comprising a plurality of quarterwave co-
axial line resonators each closed at one end and
open at the other end, the open ends of said co-
axial line resonators surrounding a space, a hol-
low cavity resonator surrounding said coaxial
line resonators and contacting the closed ends
of said coaxial line resonators, each of said co-
axial line resonators having an aperture provid-
ing a communicating passageway between said
hollow cavity resonator and the interior of said
coaxial line resonators, and means within the
space enclosed by the open ends of said coaxial
line resonators for energizing said coaxial line
resonators.

13. A device useful at ultra high frequencies
and comprising a plurality of quarterwave coaxial
line resonators each closed at one end and open
at the other end, the open ends of said coaxial
line resonators surrounding g space, each of said
coaxial line resonators having an elongated
rectangular transverse section, a hollow cavity
resonator surrounding said coaxial line resonators
and contacting the closed ends of said coaxial
line resonators, each of said coaxial line resona-
tors having an aperture providing a communicaf-
ing passageway between said hollow cavity reso-
nator and the interior of said coaxial resonators,
apertures in alternate coaxial line resonators be-
ing oppositely disposed, and means within the
space enclosed by the open ends of said coaxial
line- resonators for energizing said coaxial line
resonators.

14, An electron discharge device having an
elongated cathode, a plurality of radially directed
rectangularly shaped plate-like members extend-
ing radially toward said cathode the ends ad-
jacent said cathode being spaced therefrom, a
conducting member coaxial with said cathode and
contacting the ends of said plate-like members
remote from said cathode, and closure means clos-
ing the ends of said conducting member sur-
rounding said plate-like members and enclosing
said cathode and said plate-like members, the
ends of glternate plate-like members being spaced
from said closure means and providing with the
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other plate-like members a plurality of radially .

directed coaxial line resonators having open ends
adjacent said cathode, and means adjacent said
device for producing a fixed magnetic field par-
allel to said cathode and between said cathode
and said plate-like merabers.

15. An electron discharge -device having an
elongated cathode, a plurality of radially directed
rectangularly shaped plate-like members extend-
ing radially toward said cathode, the ends ad-
jacent said cathode being spaced therefrom, a
conducting member coaxial with said cathode and
contacting the ends of said plate-like members
remote from said cathode, flat disc-like members
coaxial with said cathode and closing the ends of
said member surrounding said plate like members
and enclosing said cathode and said plate-like
members, the ends of alternate plate-like mem-
bers contacting said flat disc-like members and
providing with the other plate-like members a
plurality of radially directed coaxial line reso-
nators having open ends adjacent said cathode,
and means adjacent said device for producing a
fixed magnetic field parallel to said cathode and
between said cathode and said plate-like mem-
bers, and a eylindrical cavity resonator surround-
ing said plate-like members and communicating
with said coaxial line resonators.

18. An electron discharge device having an
elongated cathode, a plurality of radially directed
rectangularly shaped plate-like members extend-
ing toward said cathode, the ends adjacent said
cathode being spaced therefrom, alternate mem-

bers being of shorter axial length than the other |

members, flat disc members at the ends of said
plate-like members and contacting the ends of
the longer plate-like members and providing with
the shorter plate-like members a plurality of
radially directed coaxial line resonators having
open ends adjacent said cathode, a cylindrical
cavity resonator surrounding said. cathode and
plate-like members and coaxial with said cathode
and closing the outer ends of said coaxial line
resonators, said cavity resonator having aper-
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tures in the wall adjacent said c¢oaxial line reso-
nators whereby the interior of said cavity
resonator communicates with the interior of said
coaxial line resonators, and means adjacent said
device for producing a magnetic field parallel to
said cathode and between said cathode and said
plate-like members.

17. An electron discharge device including an
clongated cathode, a hollow cylindrical member
coaxial with and surrounding said cathode, a plu-
rality of radially directed elongated elements
extending from said cylindrical member toward
said cathode but spaced therefrom, alternate ele-
ments being shorter than the other elements in
the direction of the axial length of said cathode
closure members closing the ends of said hollow
cylindrical member and contacting the ends of
alternate elements providing a plurality of
radially directed coaxial line resonators having
open ends adjacent said cathode and closed at
the ends remote from said cathode, a second hol-
low cylindrical member surrounding said first
cylindrical member and providing a hollow reso-
nator surrounding said cathode and said ra-
dially directed elements, said first cylindrical
member having a plurality of apertures providing
communicating passageways between the in-
terior of said last resonator and said coaxial line
resonators, and means adjacent said device pro-
ducing a magnetic field between said cathode and
said radially directed elements.

LLOYD P. SMITH.
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