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[57] ABSTRACT

A coaxial magnetron of the type including a circular
electric mode cavity coupled to a vane resonator sys-
tem is tuned by means of a tuning structure movable
in the circular electric mode cavity. The tuning struc-
ture includes an array of electrically conductive reac-
tive loading elements, such as vanes, reactively load-
ing the resonator and an adjacent array of field per-
turbing elements. Relative motion is effected between
the two arrays of elements to effect a cyclical varia-
tion or modulation of the reactive loading on the cav-
ity and thus the output frequency of the tube.
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ROTARY TUNER FOR CIRCULAR ELECTRIC
MODE CROSSED FIELD TUBE

'RELATED CASES

An improvement of the present invention wherein
the relatively movable tuning members are both electri-
cally conductive is disclosed and claimed in copending
application Ser. No. 467,317 filed May 6, 1974, as-
signed to the same assrgnee as the present invention.

BACKGROUND OF THE INVENTION

The present invention relates in general to frequency
agile microwave tubes and more particularly to an im-
proved rotary tuner for coaxial magnetrons.

DESCRIPTION OF THE PRIOR ART

Heretofore, it has been proposed: to tune a coaxial
magnetron by rotation of a cylindrical dielectric castel-
lated tuning member in the circular electric mode cav-
ity relative to a fixed or stator similarly castellated di-
electric member, whereby the frequency of the magne-
tron is modulated due to modifying the electric field
within the cavity resonator. Such a tuner is described
in U.S. Pat. No. 3,412,285 issued Nov. 19, 1968.

The problem with this prior arrangement is that the
castellated cylindrical dielectric tuning structures were
centrally disposed in the toroidal shaped coaxial circu-
lar electric mode cavity in the high field region thereof.
With a substantial amount of-dielectric material dis-
posed permanently in the high field region of the circu-
lar electric mode cavity the dielectric material substan-
tially resistively loads the cavity, thereby reducing its
loaded Q to an unacceptably low value. In addition, the
dielectric members serve to concentrate the electric
field in the dielectric material such that when the rotat-
ing castellated rotor member is rotated out of registra-
tion with the castellated stator member, arcing may
tend to occur through the gap established between the
two members. For these and other reasons the afore-
described tuner has not proven satisfactory in practice.

It is also known from the prior art, relating to vane
magnetrons of non-coaxial type, to tune the tube by ro-
tating an apertured metallic cylinder adjacent the back
walls of the individual vane resonators. The rotating
metallic cylinder was apertured with an array of aper-
tures there being one aperture for each of the respec-
tive vane resonators. As the apertured metallic tuning
member is rotated, the tuning member presents to the
rear wall of the réspective vane resonators a solid wall
portion followed in succession by an aperture thus ef-
fectively varying the position of the back wall of the
vane resonator and effecting tumng of the resonator
system. While such a tuner results in a cyclical modula-
tion of the output frequency of the tube, this tuner ar-
rangement has certain disadvantages which include in-
stabilities in the output frequency, inability to obtain a
tracking output signal for tuning a local oscillator or a
receiver, due to such frequency irregularities, and the
difficulty of fabricating the tuning structure due to its
relatively small size and requirement that it operate
within the vacuum envelope of the tube.

Still others have proposed schemes for tuning a coax-
ial magnetron wherein a circular array of rotatable ce-
ramic paddles were located within the circular electric
mode cavity. The paddles were driven in synchronism
by a planetary gear arrangement. As each of the pad-
dles turned into a position of alignment with the elec-
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tric field of the circular electric mode, the tube was
tuned to its lowest frequency and conversely when the
paddles were turned at right angles to the electric field
vector the tube was tuned to its highest frequency. =

A significant disadvantage of the rotating dielectric
paddles is the relatively large number of rotating parts,
gears, and bearings that are required.

SUMMARY OF THE PRESENT INVENTION

The principal object of the present invention is the
provision of an improved rotary tuner for coaxial mag-
netrons.

In one feature of the present invention, a cavity reso-
nator as coupled to a microwave interaction structure
for stabilizing the operating frequency thereof is tuned
by effecting relative movement between a plurality of
electrically conductive reactive loading elements cou-
pled to the cavity for reactively loading same and an
adjacent plurality of electromagnetic field perturbing
elements, whereby the resonant frequency of the cavity
resonator and thus the output frequency of the tube is
modulated.

In another feature of the present invention, the cavity
being tuned is a circular electric mode cavity of a mag-
netron which is coupled to the microwave interaction
circuit comprising a vane resonator system.

In another feature of the present invention, the elec-
trically conductive reactive loading elements are dis-
posed along one of the walls of the cavity resonator
being tuned.

. In another feature of the present invention, the tun-
ing structure includes a first array of electrically con-
ductive reactive loading elements coupled to the fields
of the resonator and a second array of dielectric field
perturbing elements disposed adjacent. the array of
loading elements for cyclically varying the reactive
loading effect of the array of electrically conductive
loading elements on the cavity being tuned in response
to relative’ movement between the arrays of first and
second tuning elements.

" Other features and advantages of the present inven-
tion will become apparent upon a perusal of the follow-
ing specification taken in connection with the accom-
panying drawings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view of a coaxial
magnetron incorporating features of the present inven-
tion,

- FIG. 2 is an enlarged view of a portion of the struc-
ture of FIG. 1 delineated by line 2—2,

FIG. 3 is a sectional view of the structure of FIG. 2

taken along the line 3—3 in the direction of the arrows

and showing the dielectric tuning member in'a first po- *

sition,

FIG. 4 is a view similar to that of FIG. 3 depicting the
dielectric tuning structure in a second position,

FIG. 5 is a sectional view of the structure of FIG. 2
taken along line 5--5 in the direction of the arrows,

FIG. 6 is a fragmentary detail view of a portion of a
structure similar to FIG. 2 and depicting an alternative
embodiment of the present invention, and’

FIG. 7 is a sectional view of the structure of FIG. 6
taken along line 7—7 in the direction of the arrows.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1 there is shown a coaxial
magnetron 11 incorporating features of the present in-
vention. The tube 11 includes a cylindrical cathode 12

for emitting a stream of electrons in an annular interac-

tion region defined between the cathode and surround-
ing cylindrical anode 13 including a circular array of
anode vanes 14 projecting inwardly from the cylindri-
cal anode 13 toward the centrally disposed cathode 12
for defining a microwave intereaction circuit. A circu-
lar array of elongated slots 15 is provided in the cylin-
drical wall of the anode 13 for providing wave energy
communication with alternate vane resonators defined
by the region between adjacent vanes 14,

A toroidal shaped cavity resonator 16 is disposed sur-
rounding the anode 13 in electromagnetic field ex-
changing relation with the vane resonators via the in-
termediary of the coupling slots 15. Since only alter-
nate vane resonators are directly coupled to the toroi-
dal cavity 16, the 7 mode of oscillation of the vane res-
onator system excites the TE,,, circular electric mode
of the toroidal resonator 16. A cylindrical wave perme-
able vacuum envelope 17 is disposed surrounding the
cylindrical anode 13 such that the electron interaction
region between the cathode 12 and the anode resona-

tors 14 may be evacuated by evacuation of the enve-

lope 17 while allowing the external resonator 16 to op-

erate at atmospheric pressure or to be pressurized with

a suitable electrically insulative gas, such as SF.

A pair of cylindrical permanent magnet structures 18
are disposed within the anode 13 in coaxially spaced
relation from the cathode and on opposite sides of the
interaction gap between the cathode 12 and the sur-
rounding vane resonators 14. The permanent magnets
18 are polarized to produce an axially directed mag-
netic field through the annular interaction region de-
fined between the tips of the vane resonators 14 and
the cathode emitter 12.

The toroidal cavity resonator 16 is defined by the re-
gion of space bounded by the outside of the cylindrical
anode wall 13 and the inside of a cylindrical coaxially
disposed radially spaced wall 19. The top and bottom
end walls of the resonator 16 are defined by annular
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electrically conductive plates 21 and 22 joined to the

outer side wall 19 and to the vacuum envelope 17.
Referring now to FIGS. 1-5, there is shown a tuning
structure 23 for effecting frequency modulation of the
output frequency of the tube. More specifically, an
array of radially directed electrically conductive lands
or vanes 24 are formed in the inside surface of the
upper wall 21 of the resonator 16 to define an array of
reactive loading elements coupled to the electromag-
netic fields of the excited TEy; mode of the resonator
16 for reactively loading the resonator 16. A second ro-
tary tuning member 25 is formed by an annular dielec-
tric plate 26, as of low loss ceramic such as alumina, be-
ryllia, sapphire, etc. The annular dielectric plate 26 in-
cludes an array of apertures 27 with the web portion of
the plate which remains between adjacent apertures 27
defining a circular array of field perturbing elements
28.
~ In a preferred embodiment, the circumferential ex-
tent of the apertures 27 is the same as the circumferen-
tial extent of the space (groove) between adjacent
vanes 24 such that when the angular position of the ro-
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tatable tuning member 25 is in the position as shown in
FIG. 3 the inductive reactive loading effect of the reac-
tive loading elements 24 is a minimum and therefore
the output frequency of the tube is at its highest fre-
quency. However, when the rotatable field perturbing
member 26 is rotated to the position such that the per-
turbing elements 28 are in registration with the spaces .
(grooves) between adjacent reactive loading elements
24, the reactive loading effect of the elements 24 is a
maximum on the operating frequency of the cavity 16
such that this relative position corresponds to the low-
est frequency of the cavity. . '

A circular array of axially directed dielectric tab por-
tions 29 of the dielectric tuning member 25 are fixed,
as by brazing, to the lower end of a cylindrical conduc-
tive actuator 31 which passes through an annular slot
in the upper wall 21 of the resonator 16. The cylindri-
cal actuator 31 is affixed to an axle 32 (see FIG. 1)
which is rotatably supported from a cup-shaped hous-
ing 33 via the intermediary of bearing assembly 34. A
motor 35 is affixed to the axle 32 for rotatably driving-
the axle and tuning member 25. An electrical AC gen-
erator 36 is coupled to the output shaft of the motor 35
for deriving a time variable output signal which corre-
sponds to the instantaneous frequency deviation of the
output frequency of the tube, when the motor has
reached operating speed. This time varying signal is
employed for tuning the receiver of a radar or the like
to the operating frequency of the tube 11 for improved
signal-to-noise ratio.

Output microwave energy is extracted from the coax-
ial resonator 16 via a conventional output coupling iris
37 and waveguide 38 for propagation to a suitable load
such as an antenna, not shown. If there are N number
of vanes 24 and N number of field perturbing members
28, the output frequency of the tube will be swept
across its tunable band 2N times per revolution of the
rotary tuning member 25. Thus, the generator 36 pref-
erably has the same number of poles as there are reac-
tive loading elements 24.

Referring now to FIGS. 6 and 7, there is shown an al-
ternative embodiment of the present invention. This
embodiment is similar to that of FIGS. 1-5 with the ex-
ception that the rotating tuning member 25’ comprises
a slotted dielectric cylinder 26’ provided with an array
of apertures 27’ (slots), the apertures corresponding to
the grooves or spaces defined between longitudinally
directed lands or vanes 24’ provided in the inside sur-
face of the outer side wall 19 of the cavity 16. The cir-
cular array of longitudinally directed vanes 24’ serves
as an array of reactive loading elements for inductively
reactively loading the cavity 16.

The web portion 28’, defined between the adjacent
apertures 27', of the cylindrical dielectric member 26’
serves as an array of field perturbing elements, in the
manner as previously described with regard to FIGS. 3
and 4, for modulating the reactive loading of the cavity
16 in accordance with the relative position of the field
perturbing portions 28’ relative to the lands or vanes
24’'. The cylindrical tuning member 25’ is affixed to the
metallic cylindrical actuator 31 which in-turn is rotated
via the axle 32, in the manner as described with regard
to FIG. 1.

Thus, it has been shown that the reactive loading
members may be disposed along the top wall 21 or

" along the side wall 19 or, if desired, may be disposed

along the bottom wall 22. Furthermore, such reactive
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loading members 24 and 24’ may be located along both
the top and bottom walls 21 and 22 as well as along the
side wall 19 for effecting greater tuning range.

As thus far described, the rotary tuner 25 is utilized
in a coaxial magnetron of the type wherein the stabiliz-
ing cavity 16 surrounds the array of coupled vane reso-
nators 14. While this is a preferred embodiment, an al-
ternative embodiment is of the type wherein the vane
resonator system 14 surrounds a central circular elec-
tric mode resonator. A tube of this latter type is dis-
closed and claimed in U.S. Pat. No. 3,231,781 issued
Jan. 25, 1966 and assigned to the same assignee as the
present invention. In such a tube, the top wall of the
central resonator could include the array of radially di-
rected vanes 24 and the rotatable dielectric plate 25
would include an array of radially directed apertures to
define the array of perturbing members 28.

A tube incorporating the tuner of the present inven-
tion provides means for rapidly dithering or sweeping
the output frequency of the tube to and fro over a cer-
tain band of frequencies. An advantage to the tuner of
the present invention is that the dielectric tuning struc-
ture 25 is not located in a region of intense electric field
and furthermore the amount of dielectric is substan-
tially less than that previously proposed in the afore-
cited U.S. Pat. No. 3,412,285, because the field is con-
centrated by the conductive loading elements whereby
the loaded Q of the cavity is not reduced below a use-
able value. Furthermore, the tuner of the present in-
vention employs a much larger number of teeth in the
relatively rotatable tuning structures such that the rate
at which the rotating tuning member must be turned to
achieve a certain modulation frequency is substantially
reduced compared with the tuner proposed in the
aforecited U.S. Pat. No. 3,412,285. Reducing the speed
of the tuner increases bearing life and thus operating
life of the tube or, if operated at the same speed, pro-
duces a much higher rate of frequency modulation of
the output frequency of the tube.

What is claimed is:

1. In a microwave tube;

means for generating a stream of electrons;

microwave circuit means in energy exchanging rela-

tion with said stream of electrons for generating
electromagnetic energy;
cavity resonator means coupled to said circuit means
for exciting in said cavity a resonance mode affect-
ing the frequency of said electromagnetic energy;

tuner means within said cavity for cyclically varying
the resonant frequency of said mode of said cavity,
said tuner means comprising a conductive reactive
loading structure, a field perturbing structure, and
an axis;

said conductive reactive loading structure compris-

ing an array of vanes disposed on a circle about
said axis and aligned along radii of said circle such
that electric fields of said mode excite electric
fields between adjacent vanes whereby said reso-
nance mode is reactively loaded by said vanes;
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said field perturbing structure comprising an array of
dielectric elements disposed on a circle about said
axis and further disposed to intercept fringing por-
tions of said electric fields between adjacent vanes
and,

means for producing relative rotation of said reactive

loading structure and said field perturbing struc-
ture about said axis to cyclically vary the amount
of said fringing field intercepted by said dielectric
elements, whereby the resonant frequency of said
cavity mode and the frequency of said microwave
energy are cyclically varied.

2. The apparatus of claim 1 wherein said cavity reso-
nator means includes a chamber which is generally a
figure of revolution about a cavity axis.

3. The apparatus of claim 2 wherein said chamber is
toroidal shaped having a pair of axially spaced coaxially
disposed annular conductive end walls and a pair of ra-
dially spaced coaxially disposed axially coextensive cy-
lindrical side walls, and wherein said array of vanes is
disposed along at least one of said end walls and side
walls of said cavity resonator means.

4. The apparatus of claim 2 wherein said chamber is
generally cylindrical and has a pair of axially spaced
end walls and a cylindrical side wall and wherein said
array of vanes is disposed along at least one of said end
and side walls.

5. The apparatus of claim 2 wherein said cavity axis
coincides with said axis of said tuner.

6. The apparatus of claim 5 wherein said resonance
mode has an electric field which is generally circular
about said axis of said tuner.

7. A coaxial magnetron comprising a cylindrical
cathode, a cylindrical anode surrounding said cathode
and coaxial therewith, an array of anode vanes extend-
ing radially inward from said anode wall and defining
a plurality of anode resonators, an outer coaxial cavity
resonator surrounding said anode wall, coupling slots
provided in said anode for coupling energy from said
anode resonator to said outer coaxial cavity resonator,
tuning means provided within said outer coaxial cavity
resonator, said tuning means comprising a first tuning
member and a second tuning member, and means for
providing relative rotational motion of said first and
second tuning members to modify the electric field
within said cavity resonator and thereby vary the fre-
quency of said coaxial magnetron, and wherein said
first of said tuning members comprises an electrically
conductive structure having a plurality of electrically
conductive vanes disposed on a circle and aligned with
radii of said circle for reactively loading said coaxial
cavity resonator, and wherein said second tuning mem-
ber includes a plurality of dielectric field perturbing el-
ements coupled with the fields of said coaxial cavity
resonator for modifying the reactive loading effect of
said vanes on said cavity as a function of the relative ro-
tational motion of said first and second tuning mem-

bers.
% * * A& *



