Oct. 31, 1950 D. B. BOWEN ETAL 2,527,699

TUNABLE OSCILLATOR

' Filed Oct. 10, 1944

/]

.
| 5~ 77:

s
/ %

7
%

§

INVENTOR.
- DWAIN B. BOWEN

ALBERT M.CLOGSTON

BY .
| ff”f::%%;;é?iﬁégth:gchlfiaiz_

ATTORNEY




Patented Oct. 31, 1950

UNITED

2,527,699

STATES PATENT OFFICE

2,527,699
'I‘UNABLE OSCILLATOR

Dwain B Bowen, Wa,tertown, and Albert M
Clogston, Cambridge, Mass., assignors, by mesne
o ass:gnments to the Umted States of Amenea-_
as represented by the Seeretary of War .

- Appllea,tmn Oetober 10 1944 Serml No. 558 028 o

o 4 Claims.

This invention pertains to magnetron oscil-
lators and more particularly to magnetrons
wherein the geometry of the internal structure
determines the frequency of the oscillations
generated. | |

One form of escﬂl&tor in extensive use in-
corporates a resonant structure comprising a
plurality of cavities, longitudinally disposed and
evenly spaced in a circular pattern about the
cathode and encompassed by the inner wall of

a cylindrical anode, all being symmetrical with
respect to the longitudinal axis of the tubular
cathode. The 0perat1ng frequency of such plural
~ cavity maghetrons is chiefly determmed by the
| dlmensmns of the cavities. -

| In the production of such plural cavity
magnetrons it is often difficult to construct the
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“component parts to dimensions which generate
a desired frequency within narrow limits, especial-

Iy when the oscillations generated are of ex-
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tremely short wave lengths in the order of centi-

meters.
simple mechanical arrangement be contrived for

tuning the magnetron after it has been as-

- sembled to shift its operating frequency to an

‘exact predetermined value, even though, as
said frequency dev1ates_.
‘Moreover, it is

- originally constructed,
from said predetermined value.
also advantageous that this tuning be ef’feeted
when the magnetron oscillator is actually in oper-
ation without necessitating its removal from posi-

Accordingly, it becomes desarable that &

250—_27 5) |
ticularly to Figure 1, the magnetron illustrated
comprises a cylihdrical anode block [0, having a
center bore {1, encompassed by a tubula,r shell 12,
preferably made of copper. Within the central

- bore {1 and concentric with the anode block (8

is mounted a tubular cathode I3, which is of the
indirectly-heated-oxide coated thermlome type.

Fitted coaxially within the cathode 13 is a fila~

ment 14 for heating same. A plurellty of slots 15
radiating from the eentra,l bere i1 are cut longi-
tudinally through the anode block 10, each of
said slots terminating eccentrically in a elreuler
cavity 16, also cut longitudinally through the
anocde block 10. In this manner, the anode struc-
ture is provided with a plurality of wedge-shaped
prmeetmns {7, the arcuate faces of which func-
tion as anode seetlons in eeoperatmn w1th the
cathode 3.

When the ma,gnetron is dlsposed between suit-
able magnetic poles (not shown) to create a longi-
tudinal magnetle field, and the tube is properly
energized, oscllle,tlons are generated These

oscillations are extracted from the tube by means

of a coupling loop 18 prOJeetmg into one of the
cavities 16 and having one end thereof connected

to the inner wall of said cavity. The other end

of coupling loop 18 is connected to the inner lead

'_ 18 of a coaxial line provided with a suitable

 hermetical seal (not shown) at its terminal,

o0

tion between the customary magnetic pole pieces.

It 1s, therefore, the principal object of this
invention to provide a magnetron of the fore-
- going type Incorporating simple but effective
tuning mesans.

‘Another object of this invention is to provide
a magnetron of this type wherein the frequency
of oscillation may be adjusted while the mag-

hetron is In operation and IJOSltIDIlEd between'

the poles of ifs associated magnet.

- For a better understanding of the 1nvent10n
together with other and further objects thereof,
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reference is had to the following description taken

in connection with the accompanying drawing,

wherein like parts are designated by like reference
numbers. The scope of the invention w111 be
pointed out in the annexed claims.

In the accompanying drawing:

Bigure 1 is a transverse section taken through a
megnetron incorporating the invention, and

Figure 2 shows in greater detail the tuning
- mechanism for the magnetron disclosed
Figure 1,

Referring now to the drawing and more par-

in
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the inner walls of cavities .

The circuit parameter of the magnetron com-
prises capacity existing between the side walls of
each of the slots 15 as well as capacity between
cathode I3 and the faces of projections {7, while
16 constitute in-

ductances. The anede i0, consequently, is so

designed and spaced relatwe to the cathode 13

that the lumped inductances and capacitances
described constitute resonant circuits. The
magnetron is intended to operate so that each
cavity 16 and its adjacent projections {71 form a

circuit tuned to the frequency at which each of -
“the other cavities 16 and 1ts adjacent preJectlons_

¥ oscillate. - -

It should be noted thet because of the exX~
tremely high frequencies involved, the above_
anode areas cannot be simply regarded as
presentmg either pure ea,pacltance or inductance,
hence it is often difficult to predetermine the
dimensions of the anode structure so as to obtain
magnetron oscillations at exactly a desired fre-
quency. For this reason means are provided
whereby the normal frequency of oscillation of
the magnetron can be adjusted over a moderately
wide range after the magnetron has been as-
sembled, These means comprise a plurality of
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pegs 20, preferably constructed of coppe?r, éach
disposed within a cavity 6. Because of coupling
loop 8, the number of pegs 20 1s one less than
the number of cavities i0, the cavity containing
the loop 18 being without a peg. The pegs 2§ are
mounted with a fixed vertical orientation on a
supporting disc 21, preferably made of steel.
Means are provided for axially rotating disc 21 to
an extent whereby the pegs 20 are shifted from
onie wall of cavity 16 to the other, thus varying
the resonant frequency of the cavity for reasons
to be discussed shortly. Circles 20’ designate the
position of pegs 20 when fully shifted. Move-
ment of disc 21 is eifectuated by 2 raised point in
its center
formed in the center of a round closure plate 22,
with a slightly raised circular ridge on the disc
21, about half its diameter, acting as a track.
The closure plate 22, preferably made of copper,
serves to seal one end of copper shell (2, the
other end being covered by another closure plate
(not shown) to complete the envelope.

An arm 23 is attached to the periphery of disc
21 to enable axial rotation thereof. The arm 23
extends through metallic bellows 24 which are
attached to shell 12 in order to hermetically seal
the envelope at this position. In plactice, arm
23 may be coupled to a micrometer in order to
calibrate the displacement of the arm in terms
of frequency. The position of arm 23 is made
such as not to overlap into a cavity 16 at its lim-
its of displacement.

The eiffect of tuning pegs 28 upon the operating
frequency of the magnetron will now be explained
in accordance with the present understanding.
In the position of the tuning pegs 20 as shown by
the solid circles in Figure 1, the capacity effect
predominates, that is to say, movement toward

which 1is received by a depression
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While there has been described what is at pres-
ent considered a preferred embodiment of the in-
vention, 1t will be obvious to those skilled in the
art that various changes and modifications may
be made therein without departing from the in-
vention, and it is, therefore aimed in the ap-
pended claims, to cover all such changes and

‘modifications ag fall within the true spirit and

scope of the invention.

We claim:

1. A magnetron having a multiresonator ancde
with a plurality of cavity resonators symmet-
rically disposed around the axis of said mag-
netron, a plurality of funing pins within said
resonators, a mechanical member supporting said
pins in spaced relation with respect to said anode
and sald resonators, and instrumentalities cou-
pled to said mechanical member foy axially ro-
tating said member and said pins around said
axis for gdjusting the resonant modes of said
resonators.

2. A magnetron having gn anode provided with
2 plurality of slots and holes, said holes and slots
lorming a plurality of cavity resonators symi-
metrically disposed around the axis of said mag-
netron, a plurality of low resistance tuning pins
Inserted Into said resonators, an axially posi-
tioned disk in spaced relationship with respect
to said anode, said pins being fastened to and
supported in spaced relationship with respect to
sald anode by said disk, and a mechanical arm
coupled to said disc for axially rotating said disk
and said pins around said axis for adjusting the
resonant modes of said resonators.

3. A magnetron including a multiresonator
anocde composed of a plurahty of radially disposed
slots, the cuter ends of said slots terminating in

| cyh_nducal resonators tangential to one side of

the adjacent wall of cavity 1§ increases the ca-

pacity, and in consequence, the wave length. As
peg 20 is shifted toward the opposing wall, the
other limit of motion being indicated by circle
20, it not only lessens the capacity eflect but
decreases the inductance, thus decreasing the

wave length. The eccentric placing of slots {5

with respect to cavity 16 accentuates the effect
just described, namely, capacitative toward the
wall near where peg 29 is positioned and inductive
toward the opposing wall.

The manner in which the variation of fre-
quency is accomplished may also be explained
by regarding the position taken by peg 280 as hav~
ing a predominantly capacitative effect since it
is in a position to partially reflect the energy
from the central bore Il gnd change the reflec-
tion coefiicient so as to increase the capacity, thus
Increasing the wave length. In addition to the
foregoing, each peg 20 may form a resonant cir-
cuit in itself making the length thereof critical.
For this reason, it is desirable to have the peg
structure nonresonant in length.

When the magnetron is in operation the whole
anode block 106 is maintained at ground potential
since the- ca,thode 13 is given a high negative

potential.

t
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sald ends, said slots and resonators being sym-
metrically disposed around the circumference
and the axis of said magnetron, tuning pins in
said resonators, and a mechamcal arm coupled
to said pins for rotating said pins around said

- aXis for changmg the angular positions of said
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pins within said resonators. |
4. A magnefron comprising an anocde having a
plurality of cavity resonators disposed around an
axis, a plurality of tuning pins within said reso-
nators, and means coupled to said pins for rotat-
ing said pins around said axis to adjust the reso-
nant frequency of said resonators.
DWAIN B. BOWEN.
ALBERT M. CLOGSTON.
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