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This invention relates to magnetrons of the multi-
cavity resomator type and particularly to magnetrons
which are tunable.

Within recent years cavity magnetrons have been de-
veloped in which the electrical constants of the cavities
could be changed, thereby permitting the tuning of magne-
trons over a range of frequencies.  The resonant fre-
quency of the magnetron can be changed by varying the
resonant circuits of the anode in some manner. - Several
methods are used, either singly or in combination, to tune
magnetrons; one of which consists in employing a “C
ring” which adds capacitance between the straps of a
ring-strap magnetron to lower the resonant frequency
of the mode by an amount, depending upon the position
of the C ring. Another method employs a ring termed
an “L ring” that is placed over the ends of the cavities and
raises the resonant frequency as it is moved closer to the
anode block by interfering with the alternating magnetic
field that passes through the cavity. A detailed explana-
tion of a combination L-C ring may be found in the
U. S. patent entitled “Adjustable Magnetron,” No.
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2,512,901, filed November 1, 1945, and issued June 27, -

1950. Another approach to the tuning problem consists
in inserting conducting rods in the cavities parallel to the
axis of the cathode. Such rods reduce the effective cross-
sectional area of the cavity, thereby reducing magnetic
flux and increasing the resonant frequency. Another
method for tuning consists of a single pin or plunger
which is insertable into one of the cavities to change
the characteristics thereof, and since the resonant cavi-
ties are closely coupled to each other, it is possible in
this way to modify the resonant frequency of the magne-
tron. A shortcoming of this latter method is that the
tuning range is limited because the characteristics of only
one cavity is affected. ’ )

It is an object of this invention to provide a simple
and unique tuning means which permits tuning over a
greater range than comparable tuning means heretofore
known.

In accordance with an aspect of this invention, there
is provided a tunable magnetron comprising a supporting
body and a plurality of vanes mounted inside the body
integrally therewith; the size and position of the vanes
forming together with the body a plurality of resonators
determining substantially the mean frequency to which
the magnetron may be tuned. The magnetron is tuned
by a conductive member having a tuning portion posi-
tioned to enter into or egress from two or more resonators.

A highly desirable feature of this invention is the pro-
vision of tuning means which simultaneously modifies the
electrical characteristics of three resonant cavities, thus
greatly improving the tuning range over the pin and
plunger type tuners, which can modify the characteristics
of only a single cavity.

The above mentioned and other features and objects
of this invention and the manner of attaining them will
become more apparent and the invention itself will be
best understood, by reference to the following descrip-
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tion of an embodiment of the invention taken in conjunc-
tion with the accompanying drawings, wherein:

Fig. 1 is a cross-sectional view of a multi-cavity magne-
tron, the section being taken through what is essentially
the axis of symmetry, and showing the tuning element
mounted on its guiding structure and the mechanism for’
adjusting the same to the desired position; and

Fig. 2 is a cross-sectional view looking toward the plane
perpendicular to the axis of symmetry of Fig. 1. The
figure shows essentially the construction and positioning
of the tuning element forming the basis of this invention.

Since the general structure of the magnetron is not part
of my present invention, but is described in the afore-
mentioned patent, it will only be briefly described here.
Referring to the figures, the reference character 1 repre-
sents the body of the magnetron to which other parts are
brazed or otherwise suitably fastened to form:a structure
capable of being evacuated. On a cylindrical section 2
is mounted the cathode support assembly comprising the
necessary members ‘to properly support the cathode 3
and to supply the cathode with suitable electrical energy.
The cathode may preferably comprise two filament wind-
ings of thoriated tungsten so mounted and energized as
to constitute a bifilar filament. One end of the filament
is shown connected to a power supply lead 4. Pole
pieces 5, 6 are provided to supply the.necessary magnetic
flux parallel to the axis of the cathode in the well known .
manner,

Oscillator energy from the magnetron is extracted for
useful work by coupling a waveguide 7 to one of the
cavities through an impedance transformer, The trans-
former may comprise a pair of ramps 8 positioned within
a horn shaped member 9. Adjacent to the cavities, the
ramps are close together and, therefore, of low imped-
ance to substantially match the impedance of the cavities.
The ramps diverge outwardly and as they approach the
waveguide 7 their separation and the internal dimensions
of the horn determines their impedance which is designed
to substantially match that of the waveguide. The prin-
ciples underlying this method of coupling energy from
the magnetron may be found in the above mentioned
patent.

The resonating cavities of the magnetron are formed
by brazing a plurality of vanes 10 around the inner
diameter of the body 1 as shown. Each cavity may con-
stitute, in effect, a quarter wave line which when resonat-
ing has a magnetic flux concentration adjacent its shorted
end, the short being the inner wall of the body 1. As .
is well known, when the magnetron is in operation, the
instantaneous operating potentials of the adjacent vanes
which form the cavities are equal and opposite. That is,
the currents in adjacent cavities are of opposite phase
and the currents in alternate cavities are in like phase.
To closely couple the alternate cavities together and to'

_cause them to oscillate in effect as a single cavity, the
alternate vanes are fastened together in a known manner
by conductive ‘straps 11 and 12 as shown in Figures
land 2. - :

The magnetron structure as described above constitutes
a known structure, the details of which may be found in
the above-mentioned patent. In accordance with the
present invention there is provided, in. addition to the
above defined structure, a novel tuning means which
modifies the electrical characteristics of a plurality of cav-
ity resomators to permit tuning thereof. The “tuning
means is housed in an assembly generally indicated at 13
(Fig. 1) which is fastened to one side of the bady 1.
The housing 13 is preferably made of a heat conducting
material such as copper. A conductive member in the
form of a paddle 14 is attached to a supporting member
15, which in turn is brazed to a cup-shaped member 16.
The paddlé member 14 is preferably a flat rectangularly
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shaped member. However, the tuning portion of the
paddle member has a curved forward wall corresponding
to the curvature of the magnetron wall and the end walls
. of the paddle member are angularly disposed parallel
with respect to the adjacent complete vanes, Thus, it is
seen that the geometrical discontinuity is maintained at a
minimum during the tuning operation and practically non-
existent when the paddle member is withdrawn so that
the wall thereof is aligned with the wall of the magnetron.

A platform 17 is sealed to the body portion I and has
a receptacle 18 for accommodating the supporting mem-
ber 15. The movement of the paddle tuning member 14
within the cavity does not affect the evacuated condition
of the resonator cavities by virtue of a Sylphon bellows
19 being hermetically sealed at one end 26 to the platform
17, and at the other end 21 to the cup-shaped member
16. A rod 22, which is movable rotatably but not long1-
tudinally, threadedly engages the interior of the inner
portion 23 of the cup member 16. Thus, when the rod
22 is rotated, the cup member 16, supporting member 15
and paddle tuning member 14 move uritarily in the
longitudinal direction. That is, into or out of the cavity.
The upper portion of the rod 22 threadedly engages a
shoulder member 24 against which a plurality of washers
25 act to seal tightly the hollow portion 26 of the cylin-
drical housing 13. An end member 27 closes the housing
13 and is positioned by a thread engagement with the
tubular portion of the housing 13. A set screw 28 may
be used to prevent the rod 22 from rotation.

A plurality of the vanes 10, defining the cavity resonator
of the magnetron, have a cut out portion 29 (Fig. 2),
whereby the tuner paddle 14 may enter into or egress
from without contacting the sides of the vanes. By way
of illustration, two vanes are provided with cut out por-
tions, thereby permitting tuning of three cavities simul-
taneously. It is important to recognize that the clearance
between the paddle member and the cut out in the vanes
is critical. If this clearance is made very small, then the
tuner can be made to tune more than 500 mc., at 9000
mc. As the paddle tuner is moved into the cavity, it
blocks: off the normal path of flux, thus reducing the
inductance of the cavity and, raising the frequency.
Therefore, if leakage between the paddle member and
cut out is great, a greatly lessened tuning range will result.
For best operation the clearance should be as small as
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- a width greater than one resonator cavity width, means-
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possible, while maintaining separation between the paddle
tuner and resonator vanes.

While I have describec above the principles of my in-
vention in connection with specific apparatus, it is to be
clearly understood that this description is made only by
way of example and not as a limitation to the scope of my
invention as set forth in the objects thereof and in the
accompanymg claims,

‘What is claimed:

1. A tunable magnetron comprising a supporting body,
a plurality of vanes mounted inside said body integrally
therewith forming a plurality of resonators, the size and
position of said vanes determining substantially a normal
frequency at which the magpetron may operate, and
means mounted on said body for tuning said magnetron
over a given frequency range, said means characterized
by a single conductive member having a tuning portion of

for mounting said member for linear radial movement
to enter into and egress from at least two adjacent reso-
nators at an intermediate point on a Iongxtudmal wall of
said resonator body, and means for movmg said member
to tune said magnetron..

2. A magnetron according to claim 1, wherem said
plurality of vanes constituting the tuning resonators have
a cut out portion along one longitudinal edge thereof,
and said funing portion being adapted to enter into and
egress from the cut out portions of said vanes.

3. A magnetron according to claim 1, wherein said
tuning portion of the conductive member comprises a
forward wall having a curvature corresponding to the
radius of curvature of said body and angularly disposed

_ end walls parallel to adjacent vanes, whereby the geo-
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metrical discontinuity is maintained at a minimum during
the movement of said tuning member.
4. The magnetron according to claim 2, wherein the

.thickness of the tuning portion is only slightly less than

the cut out portion of said vanes.
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