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This invention relates to a magnetren esellleter

and more partlcularly to an adaptable method of -

and means for tuning the same.
At present, the anode structure of the mag-

netron oscillator assumes a variety of forms, the

most common being = cylmdncal conducting

mass containing a centrally located longitudinal

holeé into which & generally cylindrical electron
emitting cathode is adapted to extend. There is
also provided in the anode block an even plu-
rahty of equl-engulerly disposed, radially €x-
tending lengltudmal slots so proportioned as to
eenstltute small cavity resonators. In lieu of
meie radially extending slots, a combination of
slots, each terininated by a lohgitudinal hole, may
be employed. In either instance there is fermed
therebetween a Similar number of anode seg-
inents or electrodes which cooperate with the
cavity resonstors to produce an alternating cur-
rent electric field in the region surrounding the
cathode which is of a nature necessary for the
production of ultra high frequency energy of the
tybe attainable from magnetron oscillators.
Magnetron oscillators utilizing this sort of
anode construction have a tendeney to shift

from one operating mode to another; an effect

detrimental to efficient operation. It has been
found, however, that this effect of multiple mode
operation can be remedied by electrlcally securing
together all anode segments of the same electri-
cal phase. Thig feeture is commonly reférred te

as “anode strapping.”
It is an object of the present mventlen to cen-

struct o tunable magnetron oscillator.

It is another object of this ihvention to pro-
vide g method of and a means for tuning a

strapped magnetron oseillator.
It is another object of this invenhtion to con-

§truct a novel type anode electrode for use in mag-=

netron oscillators.
Other objects ahd features of the present invens

tion will become apparent upon a careful consid-
eration of the following detailed descrlptmn whén
taken together with the aceompanymg drawmgs
the figsures of which represent typmal embedl-
" ments of the invention and are not to be con-
strued as a definiton of the limits of the inven-
tion. Reference for the latter purpose is had to

the appended claims.
Fig. 1 is @ perspective view of a magnetron

anode structure, constructed in accordance with

the teaching of the invention;

Fig. 2 is a face view of one-half of the anede'

structure shownin Fig. 1;
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Fig. 2a is a face view of the second half of the
anode strueture shown in Fig. 1;

Fig. 3 is 4 half-sectional view of a magnetron
oscillator she mng onte means for tuning the same.

Reference is now had to Fig. 1 wherein is shown
a perspectlve view of ‘an anode structure particu-
1arly ada,ptable to magnetron oscillators and con-
structed in accordance with the teachings of the
present invention. The anode ‘consists of g, eylm-
drical cenductmg mass made pr ‘eferably of copper
'elther laminated ‘or solid having a centrally lo-
cated longitudinal hole 19 cut therein and into
which the ‘cathode is ada,pted to extend. Also
premded Within the anode is a plurality of equi-
angularly disposed slot hole combinations {1
which are so prepertmned in dimensions as to
constitute individual cavity resonators adapted
to esclllate at g desired frequency. The reso=
nators 11 are symmetrically arranged about the
center of the anode ang define therebetween a
similay number o:f anode segments or electrodes,
designifed as in Figs. 2 and 2¢ by numerals 14 to
21 inclusive.
- Mathematical analysis has shown that the in-
ductance and capacity of the magnetron is in part.
a functlon of the number and dimensions of such
hole and slot combinations, which in turn deters
mines theé epera,tlng wave length of the magnetron
oscillator. However, the normal operating wave
length so determined by the dimensions of the
¢avity resonators can be varied in either direction
by cuttmg the anode in 3 plane perpendicular to
its axis, as heréin shown, to provide two coaxially

_&dJ&BEHt sections 12 and 13 which when moved

axially rélative to one another effect a tuhing of
the magnetron frequency. This tuning effect is
greatly increased by strapping the cophasal anode
segments in each section as described in detail
below, and incidentally when the segments are
strapped the tuning effect from relative move-=
Iﬁe“nt ef 'the see’tiene is just opposite to the effect

A number of theorles have been advanced on
the operation of a magnetron oscillator contain-.
ing an anede Having a plurality of radially ex-
té’iidiﬁg ¢avity resonators. One theory, for ex-
ampleé, i§ that a Mmagnetron containing an anode
of this variety comprises & plurality of mutually
resonant ¢ircuits formed by the angularly dis-
posed resonators: The chamber or hole portion
of the resonator represents the inductance where-
as the opposing edges of the slot, defined by adja~
¢ent anode segments, forms the capacitance, the
two constituting g paralle]l resonant circuit whose

- fréguency is & function of the dimensions of the
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slot and hole. Hence, at any particular instant
and in accordance with the theory of cavity reso-
nators, adjacent anode segments will be in electri-

cal phase opposition. _
Reference is now had to Figs. 2 and 2a wherein

there is shown a face view of each of the adja-
cent ends of the two anode sections [2 and 13
shown in Fig. 1. Here a scheme for strapping
together the anode segments or electrodes is dis-
played which may be referred to as a recessed
ring system employing annular grooves 23 and
26 cut respectively in the adjacent flat faces of
the anode sections adjacent the wall of the cen-
trally located hole 18. To permit only alternate
or in phase anocde segments to be conductively
connected together, the annular grooves 23 and 26
are cut in the respective anode sections with al-
ternate dimensions of width and depth so ar-
ranged that only alternate segments will be held
in electrical contact by the respective conduct-
ing rings 24 and 25. This precaution is taken
to prevent shorting adjacent anode segments and
hence the electric field produced fhereby, since
they are in electrical phase opposition. To
achieve this end the continuous conducting rings
24 and 25 respectively, have dimensions of such
value as to electrically contact in either anode
section 12 or 13 only those segments of one
phase. For example, in the upper anode Sec-
tion 12, only even numbered segments are elec-
trically secured, 14, 16, 18, and 20, whereas, in
the lower section {3 only odd numbered segments
15, {7, 19, and 24 are connected together. HHence,
strap 24 associated with the upper section 12
will, at any particular instant, carry charges of
one polarity, while strap 25 of the lower sectlion
will at the same instance be carrying charges of
opposite polarity thereby constituting, in effect,
the plates of a condenser. Because of this po-
larity difference the straps are indented very
sliehtly Lelow the faces of the sections so that
when the sections are brought close together or
abutted there will remain a gap hetween the
Trings.

It is here to be noted that the particular
scheme of strapping to be employed does not
necessarily have to conform to the arrangement
shown in Figs. 2 and 2a so long as the principle of
electrically securing only alternate or in phase

segments is adhered to. |
Turning now to Fig, 3 there is shown a half-

sectional view of a typical magnetron oscillator
embodying the principles of the present inven-
tion. Centrally located within the housing
structure 271 is an anode comprising a pair of
coaxially adjacent cylindrical sections like 12 and
13, each having a centrally located hole 10 and
a plurality of cavity resonators i which define
therebetween a like number of anode segments,
each identical in structure to the diametrically
opposite pair 16 and 19 shown here. Also shown
is a half-sectional view of the anode strapping
arrangement shown in Figs. 2 and 2, comprising
rings 24 and 25 positioned in the respective an-
nular grooves 23 and 26 which are cut with al-
ternately varying dimensions in the adjacent end
faces of the anode sections 12 and 3. The anode
sections 12 and 13 are then brazed to the respec-
tive eyvlindrical support members 28 and 29, the
former being conductively secured to a circular
disc member 31 which is threaded at the outer
periphery thereof and adapted to engage the
internal threads of a ring member 32. Member
32 contains internal threads 34 and external

threads 33, preferably of a different pitch, com-.

10

4

municating with similar threads cut in the dise
31 and the shell member 21, respectively, so as to
produce, whenever member 32 is rotated, an

axial movement of the disc 3f with a resultant
relative axial movement between the anode sec-

tions 12 and (3. Between the anode sections an
annular Sylphon bellows 30 may be brazed to the
respective support members 28 and 29 so as to
enable relative axial movement of the anode sec-
tions 12 and 13 while maintaining a seal. As
previously mentioned, strapping rings 24 ang 25
carry opposite charges at any one instant so that

- they virtually constitute the plates of a con-
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denser. Hence rotation of ring member 32 causes
an axial variation in the spacing hetween strap-
ping rings 24 and 25 with a corresponding change
in capacity therebetween. This change in ca-
pacity then results in a change in the resonant
frequency of the magnetron.

Concentrically arranged within the cenfrally lo-
cated anode opening 19 is an indirectly heated
cathode 35 which may contain a coating of elec-
tron emission substance, such as barium oxide,
on the external surface thereof and a conven-
tiona] filamentary heater (not shown) enclosed
therein and having one end thereof tied directly
to the cathode shell. To energize the filament
another lead, similar to the cathode support lead
36 shown, and entering through another suitable
pipe may be connecited to the free end of the
filament. Line 36, for example, may be brought
out of the tube to a given source of potential
through a suitable metal housing sleeve 39 which
may be secured to the cylindrical anode support
member 29 by way of g screw thread engagement
40. To center and support the cathode lead 36
within the metal housing sleeve and to maintain
vacuum, a glass seal may be provided. To in-
hibit radio frequency energy from leaking out of
the magnetron along the cathode lead 36, a radio
irequency choke may be provided thereon com-
prising cup-shaped member 37T shorted to the
lead 3b at point 38 thereby constituting a quarter-
wave line section presenting a high refiected im-~
pedance at the mouth of the cup 317.

As essential to the operation of magnetron
osclllators, an electric field must be applied be-
tween the cathode and the ancode as well as an
axial constant magnetic field.

In order that an external circuit may utilize
the energy developed within the magnetron, a
portion thereof must be gbstracted therefrom.
This operation may be achieved by introducing
a suitable coupling loop 47. Loop 47 is then con-
nected to the external circuit by way of lead
46 brought out of the magnetron through a suit-
able metal outer conductor 45 which communi-
cates with the anode support cylinder 29 by way
of the screw thread engagement 48, The out-
rut lead 46 is then centered within the sleeve 45
and a seal maintained by a suitable glass seal.

Although only a certain and specific embodi-
ment of the present invention has been shown,
1t must be understood that many modifications
thereof are possible. Therefore this invention is
not to be limited except insofar as necessitated by
the spirit of the appended claims.

What is claimed is:

1, An anode structure for a tunable magnetron
oscillator, comprising a pair of coaxially ad-
Jacent cylindrical conducting sections each hav-
ing a centrally located longitudinal hole and a
pilurality of radially extending cavity resonators
cut therein, and means operatively securing said
sections together at the outer peripheries there-
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0f for permitting axial movement of one of :said
seetions relative to the other ef said SECthIlS
while providing an airtight seal. | -

- 2. An anode strueture for a tunable magnetron
oscillator, comprising -a pair of coaxially ad-
jacent cylindrical conducting sections each hav-
ing g centrally located lengitudinal hole and a
plurality of radially extending ecavity resonators
cut therein, an annular metallic bellows oper-
atively securing said sections together at the
outer peripheries thereof for permitting  axial
movement of -one of said sections relative to the
other of said sections while providing an airtight
seal, -and means connected to said sections for

axially moving said one sectmn relatwe to said

other section.
3. An anode structure for a tunable magnetron

oscillator, comprising a pair of coaxially adjacent
cylindrical conducting sections each having cut
therein a centrally located longitudinal hole-and
a plurality of radially extending cavity resonators
thereby defining a similar number of electrode
segments therebetween, a first conducting means
electrically securing together in one anode sec-
ticn electrode segments of one phase, and a sec-
ond conducting means electrically securing to-
gether in the other anode section electrode seg-
ments having a phase opposite to those “elec-
trically secured in said one anode section, each
of said conducting means being placed respec-
tively on the adjacent faces of sald cyllndrlcal
sections. |

4, An anode structure for a tunable magnetron
oscillator, comprising a pair of coaxially ad-
jacent cylindrical conducting sections each hav-
ing a centrally located longitudinal hole and a
plurality of radially extending cavity resonators
cut therein thereby defining a like number of
electrode segments therebetween, a first con-
ducting means electrically securing together in
one anode section on the face thereof adjacent
the face of the other anode section the elec-
trode segments of one phase, a second conduct-
ing means eiectrically securing together in the
other anode section ang on the face adjacent to
the face of said one section the electrode seg-
ments having a phase opposite to those elec-
trically secured in said one section and 2 means
operatively securing said anode sections together
al the outer periphery thereof.

5. An anode structure for a tunable magnetron
oscillator comprising a pair of coaxially adjacent
cylindrical conducting sections each having a
centrally located longitudinal hole and a plural-
ity of radially extending cavity resonators cut
therein thereby defining a like number of elec-
trode seements therebetween, a first conducting
means electrically securinhg together in one anode
section and on the face adjacent to the face
of said other section the electrode segments of
one phase, a second conducting means elec-
trically securing together in the other anode sec-
tion and on the face adjacent to the face of said
one section the anode segments having a phase
opposite to those electrically secured in the said
one section, and a means conductively securing
said anode sections together at the outer periph-
ery thereof, and means connected to sald anode
sections for axially moving said anode sections

relative to one another, whereby the output ifre-
quency may be varied in response to such move-

ment.
6. An anode structure for a tunable magnetron

oscillator, comprising a pair of coaxially adj_acent
cylindrical conducting sections each having &
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centrally located longitudinal hole-and a plurals
ity -of radially extending cavity resonators cut
therein, means operatively securing said sections
fogether, and means connected to said anode
sections for axially moving said anode sections
relative to one and another.

7. An -anode structure for a tunable magnetron
oscillator, comprising a pair of coaxially ad-
jacent cylindrical conducting sections each hay-
ng a centrally located longitudinal hole and a
plurality of radially extending cavity resonators
cut therein thereby defining a like number of
electrode segments therebetween, a first conduct-
ing means recessed in the face adjacent to the
Tace of the other section, electrically securing
together in the one anode section the elec-
trode segments of one phase, a second con-
ducting means recessed in the face adjacent
to the face of said one section, electrically securing
together in the other anode the ancde seements
having a phase opposite to those electrically se-
cured in the said one section, a metallic annhulax
beliows member conductively securing said anode
sections together at the outer periphery thereof,
and means connected to said anode sections for
axially moving said sections relative to one and
another, whereby the output frequency may be
varied in response to such movement.

8. An anode structure for a tunable magneéetron
oscillator comprising a pair of coaxially adjacent
cylindrical conducting sections, each of said sec-
tions being formed with a centrally located longi-
tudinal hole, the wall of said hole being recessed
to form an even plurality of cavity resonators,
sald wall defining between said resonators an
even plurality of alternately phased anode Seg-
ments, each of said segments being formed with
a groove on the face thereof adjacent to the
other of said sections and also adjacent to the
wall of said longitudinal hole, said grooves being
symmetrically disposed about said opening and
being adapted to receive a conducting ring, al-
ternate grooves of each section being larger in
both depth and width than the remaining grooves
of the same section, a conducting ring for each
of said sections disposed in said grooves and mak-
ing electrical connection with those anode seg-
ments formed with smaller grooves, thereby elec-
trically connecting in a section only those of said
segments adapted to have the same polarity at
any instant, said anode sections being disposed
relative to one another with the smaller grooves
of one section positioned opposite the larger
grooves of the other section, an annular conduct-
ing bellows operatively connecting said seetions
at their outer peripheries for permitting rela-
tive axial mechanical movement of said sections
while providing an airtight seal, and means con-

“nected to said sections for producing said rela-

tive axial movement, whereby the frequency of
the oscillation of the output energy from the
magnetron may be varied in response to the ad-
justment of said last-mentioned means.

9. A magnetron structure comprising a pair of
coaxially adjacent strapped anode sections, and
means connected to said sections for axially mov-~
ing one of said sections relative to the other.

10. An anode structure for a tunable magne-
tron comprising, a pair of coaxially adjacent
anode sections, each anode section being formed
with at least one resonator, and means connected
to said sections for axially moving one of said
sections relative to the other.

11. A magnetron structure comprising, a plu-
rality of mutually displaced conducting sections,
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each formed with a series of electrode segments;

said electrode segments defining a plurality o1
resonators, and means conductively eonnectmg_'

together only alternate electrode segments of
each of said conducting sections.
12. A magnetron structure as in claim 11

wherein each of said conducting sections is mov-

able with respect to the other of said conductmg?

sections.
- 13. A magnetron structure comprising, a plu-

rality of mutually displaced anode sections, each

formed with a plurality of circumferentially-ar-
ranged anode segments, said anode segments de-

fining a plurallty of cavity resonators, and a con-

ductive strap for each of said anode sections
connecting togetlier only alternate anode seg-
ments thereof. -

14. A magnetron structure as in claim 13
wherein each of said anode sections is movable
with respect to the other of said anode sections.

15. An ancde structure comprising, first and

second coaxially adjacent cylindrical conducting
sections, each being formed with a central, longi=
tudinal hole and a plurality of radially extending
resonators defining a similar number of electrode
segcments, and first and second means conduc-
tively securing together only alternate electrode
segments of said first and second conductive sec-
tions, respectively.
16. A magnetron structure as defined in claim
15 wherein said first and second meang are dis-
posed on the adjacent faces of said eylmdrlcal
sections.

17. A magnetron structure as defined in clalm'

15 and means connected to said section and pro-

viding for relative movement hetween said ﬁlst'

and second sections.
18. An anode structure for a tunable magne—

tron comprising a pair of anode sections each
being formed with a plurality of cavity resonators

therein, and means connected to said sections for
moving one of said sections relative to the other
of said sections for controlling the frequency of
oscillation of said inagnetron.
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19. An anode structure for a tunable magne-
tron comprising a pair of similar substantially
abutting strapped anode sections coaxially dis-
posed with the straps on mutually directed ends
of said sections, and means connected to said
sections for adjusting the spacing between said
mutually directed ends.

20. An anode structure for a tunable magne-
tron comprising a pair of coaxially adjacent
anode sections, each being formed to enclose a
like plurality of cavity resonators, conducting
means secured to the mutually directed ends of
said sections and coupled to the respective reso-
nators of said sections to provide oscillations of
opposing phase at said adjacent ends, and means
connected to said sections for adjusting the spac-
ing between said mutually directed ends.

21. An anode structure for a tunable magne-
tron comprising a pair of cylindrical, coaxially
adjacent strapped anode sections disposed with
the straps on adjacent faces of said sections, and
means connected to said sections for controlling
the spacing between said adjacent faces.
EDGAR EVERHART.
ROSE BOGROW,
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