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My inventioh relatés to nyagnétron oscillation gener-
ators and in particular relates to an anode structure for
such generators which is especially adapted to make it
possible to operate a tube of given dimensions 4t higher
powers anid voltages but with a lower number of modes
of oscillation than strapless magnetrons of the prior art.

Diirinig thie past decadé magnetron’ oscillators having
a ¢entral cathode surfounded by'a cylindrical anode which
ig subdivided circuniferentially by radidl slots which form
résofating chdmibers have come to be widely used in the
ultra-high-frequency radio art. - Two gerier‘al types of
$uch aré comimon, (&) the symmetiic “strapped” form
in- which' the slots and adjoining cavitiés are alike and
evenly spaced and each resonator ferminates in & cylin-
drical chamber commonly referred to as the “interaction
space,” and (b) the asymmetric “rising sun” form (illus-
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trated in Fig. 1 of the drawings) in which alternate stots -

and resonators differ in size or geometry or both and
both: sets terminating in the interaction space referred to.
My present. invention comprises a modification’ of the
“rising’ sun” structure.

The “strapped” form of magnetron is so naméd- be-
cause the alternate projections or “poles” of its anode
are connected together by circumferential straps. - The
power output of a given magnetron will, of course, in-
crease as the applied anode voltage and magnetic field
are increased, but a limit is reached when R. F. arcing
occurs between the straps and anode. The “rising sun”
type has no straps and so is not subject to this limitation
until much higher voltage levels are reached, but finds
another limitation in the fact that the inherently larger
number of different modes of electrical oscillation tend
to make this system less stable and sensitive to loading
than the equivalent strapped system.

In one aspect it may be considered that my invention
comprises the decrease of this mode instability by .omit-
ting every alternate set of large and small resonators as
indicated by Fig. 2 of the drawings hereof. The number
of modes of oscillation at which the conventional “rising
sun” magnetron can oscillate is thus substantially reduced.

One object of my invention is accordingly to provide
a new and improved form of magnetron.

Another object is to provide a magnetron capable of
stably operating at greater power output than magnetrons
of the prior art.

Another object is to provide :a magnetron capable of
stable operation on greater applied input power than prior
art magnetrons.

Another object is to provide a magnetron having fewer
modes of oscillation and greater mode stability than
asymmetric magnetrons of the prior art.

Still :another object is to provide a novel form of anode
for travelling-wave magnetrons.

Other objects of my invention will be apparent upon.
reading the following description taken in connection with
the drawings in which:

Figure 1 is a schematic view in cross-section of a con-
ventional magnetron of the “rising sun” type; and
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Fig. 2 is a similar view of a magnetron embodying the
principles of my invention.

Referring to the drawings in detail Fig. 1 shows at I the
wall of a eylindrical electron-emissive cathode which may
be of conventional thermionically-emissive type main-
tained at a sufficiently high operating temperature directly
or by a conventional heater (not shown). Surrounding
the cathode is an anode 2 of generally cylindrical type,
but having its internal face subdivided evenly by radial
slots 3, thirty-two in number in the example shown.
Alternate slots open into cylindrical resonators 4. As
is shown in chapter 3 of the text “Microwave Magne=
trons,” which is volume 6 of the M. I. T. Radiation Lab-
oratory Series published by McGraw Hill Publishing
Company, New York City, such a magnetron has nine
possible modes of oscillation, the frequencies of which
may be calculated from the dimiensions of the résofiator
system. by equations there given. i

While T have described thé fesonator pairs as compris-
ing a slot and cylinder combined with a simple rectdan-
gular slot, this particular configuration is not essential as
both resonators may be simple rectangular slots; or both
may be of the slot-ahd-cylindér type, or be reschators
of other types, the essential charactéristic of the “rising
sun” anode being that the alternate resonators are of
different sizé regardless of whether or not the géometry
is commion.

Fig. 2 shows the magnetron of Fig. 1 modified in
accordance with my invention; that is to say every secord
péir of resonators is omitted. As in Fig: 1 thé pairs of
groups of resorators aré similar to each othér. Each
group consists of two resonators differing from each 6ther,
but the resonators comprise two similar series of similar
resonators. In Fig. 2, thé groups of resonators are cif-
cuniferentially pos'iti(’med around the internal cylindrical
face of the anode 2. The groups dre spaced from each
ofher a distince at léast equal to that occupied by ong
of the groups. That is, the circumferential gap spacing
a first type resonator from the preceding resonator of the
second type is different from the gap spacing it from the
succeeding resonator of the second type.

It is found that with this structure there are only half
as many modes of oscillation as is the case with a “rising
sun” anode of the dimensions and resonator shape from
which the Fig. 2 magnetron was derived by omitting
every second group of resonatcrs. This results in greater
mode stability than that existing in the “rising sun” type
magnetron due to the same causes. A greater mode sep-
aration is also found. ‘Calling N the number. of groups
of resonators in the anode and n being an integer, the
(N—n) - harmonics which usually cause mode troubles
are desirably weaker in the proposed design of Fig. 2.
The zero mode component is also desirably weaker in
this proposed design than with rising types. On the other
hand the (N/2-r) mode component is stronger and
may be troublesome and requires particular attention in
design. In a magnetron of the Fig. 2 type, operation
occurs normally in the Nth harmonic whereas in the
“rising sun” magnetron it is in half the Nth harmonic.

To give one specific example of magnetron dimensions
involved, the lettered dimensions in Fig. 2 may be of
the following order of magnitude:

c=12ato 1.5¢ d=2a-+3c f=0.59¢ to 0.62¢

It should be noted, however, that in the proposed type
of resonator system illustrated by Fig. 2 in contrast to
the conventional rising sun system, the principal or pi-
mode wavelength is altered; the upper and lower multi-
plet wavelengths are altered; the cathode to anode radii
ratio is different; the relation between magnitudes of the
Hartree harmonics of each mode are altered and are
in a more complex spectrum. The admittance Y1,
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of the larger resomator and the admittance Ys of
the smaller resonator correspond to inductive re-
actance X1 and capacitive reactance Xc respectively.
Said admittances and reactances are figured at the resonant
frequencies of the large and small resonators respectively.

I claim as my invention: : :

1. A magnetron comprising a cylindrical cathode and
an anode concentric therewith comprising an annulus hav-
ing resonators each of which embodies an opening
through the inner cylindrical face of said annulus, said
resonators comprising groups, each consisting of two
resonators differing from each other essentially in size,
but the respective groups being similar to each other,
and said groups being spaced circumferentially from
each other around said inner cylindrical face a distance
at least equal to that occupied by one of said groups.

2. A magnetron comprising a cylindrical thermioni-
cally-emissive cathede and an anode conceniric there-
with comprising an annulus having resonators, ecach of
which embodies an opening through the inner cylindricsl
face of said annulus, said resonators comprising groups,
each consisting of two resonators differing from each
other, but the respective groups being similar to each
other, the circumferential gap spacing one resonator type
in each group from the preceding resonator of the other
type being different from the gap spacing it from the
succeeding resonator of that other type.

3. A magnetron comprising a cylindrical thermioni-
cally-emissive cathode and an anode concentric therewith
comprising an annulus having resonators each of which
embodies an opening through the inner cylindrical face
of said annulus, said resonators comprising groups, each
consisting of two resonators differing from each other, but
the respective groups being similar to each other, said
resonators comprising two similar series of similar reso-
nators, the resonators of one series being of a type dif-
ferent from those of the other series, and the gap spac-
ing the resonators of the one series from the preceding
resonators of the other series being different from that
spacing it from the succeeding resonator of the other
series.
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4. An anode structure comprising, an annulus having
resonators each of which embodies an opening through
the inner cylindrical face of said annulus, said resonators
comprising groups, each consisting of two resonators dif-
fering from each group, but the respective groups being
similar to each other, and said groups being spaced cir-
cumferentially from each other around said inner cylin-
drical face a distance at least equal to that occupied by
one of said groups.

5. An anode structure comprising, an annulus having
resonators, each of which embodies an opening through
the inner cylindrical face of said annulus, said resonators
comprising groups, each consisting :of two resonators dif-
fering from each other, but the respective groups being
similar to each other, the circumferential gap spacing one
resonator type in cach group from the preceding reso-
nator of the other type being different from the gap

" spacing it from the succeeding resonator of that other
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6. An anode structure comprising, an annulus having
resonators each of which embodies an opening through
the inner cylindrical face of said annulus, said resonators
comprising groups, each consisting of two resonators dif-
fering from cach other, but the respective groups being
similar to each other, said resonators -comprising two
similar series of similar resonators, the resonators of one
series being of a type different from those of the other
series, and the gap spacing the resonators of the .other
series from the preceding resonator of said ome series
being different from that spacing it from the succeeding
resonator of said one series.
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