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1. 
This invention relates to a magnetron and more 

particularly to a magnetron in which the dimen 
Sions of the internal structure determine the fre 
quency of the OScillations produced. 
. In magnetrons of this kind it is often difficult 
to construct the component parts thereof to di 
mensions which will produce a desired frequency 
Within narrow limits, particularly when the os 
cillations produced are of extremely short wave 
lengths of the order of centimeters. Therefore 
it is desirable that some simple arrangement be 
devised for tuning the magnetron after it has 
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been completed to bring its frequency of oscilla 
tion to an exact predetermined value, even 
though as originally constructed said frequency 
may deviate Somewhat from said predetermined 
Value. It is also desirable that this tuning may 
be accomplished while the magnetron is actually 
in operation, without the necessity of removing it 
from position between the usual magnetic pole 
pieces. 
An object of this invention is to devise a mag 

netron of the foregoing type in which simple but 
effective tuning means are provided. 
Another object is to devise a magnetron of 

this kind in which the frequency of oscillation 
may be adjusted while the magnetron is in oper 
ation and in position between the poles of its as 
Sociated magnet. . 
The foregoing and other objects of this inven 

tion Will be best understood from the following 
description of an exemplification thereof, refer 
ence being had to the accompanying drawing, 
wherein - 

Fig. 1 is a vertical section through a mag 
netron incorporating my invention, taken along 
line - of Fig. 2; 
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mounted at the outer end of 
2 . . . . . 

a pipe O hernet 
ically fastened within the wall of the block ad- . 
jacent the upper hollow end section. The lead-in 
conductor 8 is likewise sealed through a similar 
glass seal and pipe, not illustrated, adjacent, the 
lower hollow end section. A plurality of Slots 

extend radially from the central bore 5, and 
each of said slots terminates in a circular open 
ing 2 extending through the bridging portion 4. 
In this way the anode structure is provided with 
a plurality of wedge-shaped arms 3, the faces 
of which cooperate as anode sections with the 
cathode 6. ... . . . . . 
When such a magnetron is placed between suit 

able magnetic poles 4 and 5 to create a longi 
tudinal magnetic field and the device is energized, 
oscillations are set up. These OScillations may 
be led out from the tube by means of a coupling 
loop 6 extending into one of the cylindrical open 

20 ings 12, and having one end thereof fastened to 
the inner wall of said opening. The other end 
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Fig. 2 is a cross-section taken approximately 
along line 2-2 of Fig. 1; and 

Fig. 3 is a cross-section taken approximately 
along line 3-3 of Fig. 1. 
The magnetron illustrated in the drawing com 

prises an envelope which is preferably made of 
a block of conducting material, such as copper. 
This block forms the anode of the magnetron. 
It likewise has hollow end Sections which are Cow 
ered by caps 2 and 3 likewise of conducting ma 
terial, such as copper. Between the hollow end 
sections of the block is located a central bridg 
ing portion 4 provided with a central bore 5 with 
in which is supported centrally thereof a cath 
ode 6 which may be of the indirectly-heated ox 
ide-coated thermionic type. The cathode is Sup 
ported by a pair of lead-in conductors 7 and 8. 
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of the coupling loop 6 is connected to the lead 
wire if T which passes through a glass Seal 8 
mounted at the outer end of a pipe f3 likewise 
hermetically fastened through the Wall of the 
envelope . An additional conducting pipe, not 
shown, may be electrically connected to the pipe 
9 and form with the Wire a concentric line 
through which the high frequency oscillations 
generated by the magnetron may be conducted 
to a suitable utilization circuit. . . . - - 
A capacity exists between the cathode 6 and 

the face of each anode section 3. Also capac 
itances exist between the side walls of each of 
the slots ff. The inner walls of the openings f2 
constitute inductances. The anode, therefore, is 
so designed and spaced relative to the cathode 
that the inductances and capacitances described 
constitute circuits which are tuned. It is de 
sired that these circuits shall be resonant at a 
definite predetermined frequency at which the 
device is to be operated. The device is intended 
to operate so that each Opening 2 and its adja 
cent arms form a circuit tuned to the frequency 
at which each of the other openings 2 and its 
adjacent arms OScillate. s 
. It is often difficult to predetermine the di 
mensions of the structure exactly so as to cause 
the anode structure to oscillate at exactly the 
desired predetermined frequency. However, 
means may be provided whereby the normal fre 
quency of oscillation of the magnetron can be 
adjusted over fairly wide range even after the 
magnetron has been completed. For example, I 

The conductor T is sealed through a glass seal 955 have described and claimed a tuning arrange 
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ment in my copending application, Serial No. 
425,071, filed December 31, 1941. In accordance 
with my present invention, this type of tuning 
is utilized in an arrangement which is very sturdy 
and which is capable of performing the tuning 
even while the magnetron is in place between 
the pole pieces 4 and 5. 

In order to produce such tuning, a tuning 
member 20 is disposed with a lower annular con 
ducting face 2 held in juxtaposed position ad 
jacent the anode arms 3 at One side of the 
structure. The member 2) is provided with an 
upper threaded extension 22 which receives a 
central threaded portion of a plate 23. Sur 
rounding the central threaded portion of the 
plate 23 is a depending cylindrical projection 24 
which fits rotatably into a corresponding central 
opening extending through the cap 2. In order 
to maintain a hermetical Seal and at the same 
time permit adjustment of the tuning member 
20, a diaphragm 25 is provided. The diaphragm 
25 has a central opening which fits over the 
threaded portion 22 so that said diaphragm 
may be hermetically sealed onto a shoulder 
formed on the tuning member 2 at the base of 
said extension 22. The Outer edge of the dia 
phragm 25 is likewise hermetically sealed onto a 
shoulder formed adjacent the Outer edges of the 
cap 2. . The diaphragm 25 is preferably provided 
with a plurality of corrugations 26 So as to lend 
flexibility to said diaphragm, thus permitting a 
considerable motion of the central portion there 
of which carries the tuning member 2. The cap 2 
is cut away at 27 to permit such movement of the 
diaphragm. The tuning member 2 is likewise 
cut away at 28 to permit the upper end of the 
cathode 6 to extend therein. The member 29 
is also provided With a slot 29 which allows for 
the passage of the lead-in conductor 7. The 
outer edge of the plate 23 preferably extends 
slightly beyond the sides of the adjacent pole 
piece 4, and carries knurling which permits the 
plate 23 to be readily turned in order to perform 
the desired tuning. Of course it is understood 
that the magnetron is completed in the usual 
manner, and is completely evacuated. There 
fore, a pressure will be exerted on the plate 23 
and the extension 22 of the member 2a which Will 
tend to press said tunable structure inwardly 
against the body of the magnetron. This pro 
Vides a biasing force which maintains the tun 
able structure firmly in whatever position is de 
termined by the degree of turning of the plate 
23. 
When the magnetron has been completed it 

is placed between the magnetic poles 4 and 5 
and connected into a suitable oscillating circuit, 
Whereupon the System starts to generate oscilla 
tions. If it is found that the Wave length gen 
erated by the magnetron deviates from the exact 
Value desired as, for example, that fixed by the 
constants of the associated circuit, the magnetron 
may be tuned to that exact frequency merely by 
turning the plate 23. The threaded relationship 
between this plate and the member 2 causes said 
member 26 to be raised or lowered, depending 
upon the direction of the rotation of the plate 
23. I have found that such a structure produces 
an ample range of variation for all practical pur 
pOSes in Order to bring such a device in exact 
tuning With the frequency which the device is 
intended to generate. 

In accordance with my present understanding 
of the Operation of this invention, varying the 
position of the conducting face 2 will vary the 
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4. 
capacitances of the anode structure as described 
above without affecting the inductances thereof 
to the same degree. Therefore, varying said 
capacitances will tune the natural frequency of 
the magnetron in the manner desired. 
Of course it is to be understood that this in 

Vention is not limited to the particular details as 
described above as many equivalents will suggest 
themselves to those skilled in the art. For ex 
ample, the conducting surfaces moved adjacent 
elements of the anode structure might be dis 
pOSed adjacent, other portions of said anode 
structure. Likewise elements which vary the in 
ductance of the OScillating portions of the anode 
Structure might be adjusted in accordance with 
the principles of my invention. 
What is claimed is: 
1. An electron discharge device comprising a 

Sealed envelope containing an elongated cathode, 
adjacent anode elements, and a hollow resonator 
interconnecting said anode elements, a tuning 
element Within said envelope adjacent said hol 
low resonator, said tuning element being mounted 
upon a flexible diaphragm hermetically sealed 
in a Wall of Said envelope, the median plane of 
Said diaphragm being substantially perpendicular 
to the longitudinal axis of said cathode, and ad 
justable means connected to said diaphragm for 
flexing Said diaphragm in a direction substanti 
ally perpendicular to said median plane for ad 
justing the position of said tuning element. 

2. An electron discharge device comprising a 
Sealed envelope containing a cathode, adjacent 
anode elements having elongated electron-re 
ceiving faces disposed about a common axis, and 
a hollow resonator interconnecting said anode 
elements, a tuning element within said envelope 
adjacent said hollow resonator, said tuning ele 
ment being mounted upon a flexible diaphragm 
hernetically sealed in a wall of said envelope, 
Said Wail being transverse to said axis, the 
median plane of said diaphragm being substan 
tially parallel with the plane of that Wall of the 
eilvelope in Which said diaphragm is sealed, and 
adjustable means connected to said diaphragm 
for flexing Said diaphragm in a direction sub 
Stantially perpendicular to said median plane for 
adjusting the position of said tuning element. 

3. An electron discharge device comprising a 
Sealed envelope containing a cathode, adjacent 
anode elements having elongated electron-re 
ceiving faces disposed about a common axis, and 
a hollow resonator interconnecting said anode 
elements, a tuning element within said envelope 
adjacent said hollow resonator, said tuning ele 
ment being mounted upon a flexible diaphragm 
hermetically sealed in a wall of said envelope, 
Said Wall beiiig transverse to said axis, the 
median plane of said diaphragm being substan 
tially parallel with the plane of that wall of the 
envelope in which said diaphragm is sealed, and 
adjustable means connected to said diaphragm 
external to said envelope for flexing said dia 
phragm in a direction substantially perpendicular 
to Said median plane for adjusting the position 
of Said tuning element. 

4. An electron discharge device comprising a 
Sealed envelope containing a cathode, adjacent 
anode elements fiaving elongated electron-receiv 
ing faces disposed about a common axis, and a 
hollow resonator interconnecting said anode ele 
ments, a tuning element within said envelope 
adjacent said hollow resonator, said tuning ele 
ment being mounted upon a flexible diaphragm 
hermetically Sealed in a wall of said envelope, 
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said Wall being transverse to said axis, the me 
dian plane of said diaphragm being substantially 
parallel with the plane of that Wall of the en 
velope in which said diaphragm is sealed, a 
threaded extension extending exteriorly of Said 
envelope and carried by said diaphragm, and a 
cooperatively threaded member engaging said 
extension and adapted upon rotation thereof to 
move said extension in a direction substantially 
perpendicular to said median plane for adjust 
ing the position of said tuning element. 

5. An electron discharge device comprising a 
Sealed envelope containing a cathode, adjacent 
anode elements having elongated electron-re 
ceiving faces disposed about a common axis, and 
a hollow resonator interconnecting said anode 
elements, a tuning element within said envelope 
adjacent said hollow resonator, said tuning ele 
ment being mounted upon a flexible diaphragm 
hermetically sealed in a wall of Said envelope, 
said wall being transverse to said axis, the me 
dian plane of said diaphragm being substantially 
parallel with the plane of that wall of the envel 
ope in which said diaphragm is sealed, a threaded 
extension extending exteriorly of said envelope 
and carried by said diaphragm, and a cooper 
atively threaded member, rotatably mounted on 
said envelope, engaging said extension and 
adapted upon rotation thereof to move said ex 
tension in a direction substantially perpendicu 
lar to said median plane for adjusting the posi 
tion of said tuning element. 

6. An electron discharge device comprising a 
Sealed envelope containing a cathode, adjacent 

... anode elements, and a hollow resonator intercon- ; 
necting said anode elements, a tuning element 
Within said envelope adjacent said hollow reson 
ator, said tuning element being mounted upon a 
flexible diaphragm hermetically sealed in a wall 
of Said envelope, the median plane of Said dia 
phragm being substantially parallel with the 
plane of that Wall of the envelope in which said 
diaphragm is sealed, a threaded extension ex 
tending exteriorly of said envelope and carried 
by Said diaphragm, and a centrally threaded 
plate, rotatably mounted on said envelope, en 
gaging said threaded extension, and adapted 
upon rotation thereof to move Said extension in 
a direction substantially perpendicular to said 
median plane for adjusting the position of said 
tuning member, the plane of rotation of said 
plate being substantially parallel with said me 
dian plane. -- 

7. A magnetron comprising a sealed envelope 
containing a cathode, adjacent anode elements, 
and a hollow resonator interconnecting said 
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anode elements, a tuning element within said en 
velope adjacent said hollow resonator, said tun 
ing element being mounted upon a flexible di 
aphragm hermetically sealed in a Wall of Said 
envelope, the median plane of said diaphragm 
being substantially parallel with the plane of 
that wall of the envelope in which said dia 
phragm is sealed, a threaded extension extending 
exteriorly of said envelope and carried by said 
diaphragm, a centrally threaded plate, rotatably 
mounted on said envelope, engaging Said 
threaded extension, and adapted upon rotation 
thereof to move said extension in a direction Sub 
stantially perpendicular to said median plane 
for adjusting the position of said tuning member, 
and a magnet pole adjacent said plate for im 
pressing a magnetic field on said magnetron, the 
edges of said plate extending beyond the sides 
of said pole to afford ready adjustment of Said 
plate. 

8. An electron discharge device comprising a 
sealed envelope containing an elongated cathode, 
an adjacent multiplex anode structure, said 
anode structure comprising a conducting ring 
member from which a plurality of spaced anode 
arms project inwardly toward a common central 
region in which the cathode is supported, the 
Spaces between said anode arms each defining a 
hollow resonator having an opening along one 
side communicating with said central region, a 
tuning element within Said envelope adjacent 
said hollow resonators, said tuning element being 
mounted upon a flexible diaphragm hermetically 
Sealed in a Wall of Said envelope, and adjustable 
means connected to said diaphragm for flexing 
said diaphragm for adjusting the position of said 
tuning element. - 

9. An electron discharge device comprising a 
sealed envelope containing an elongated cathode, 
an adjacent multiplex anode structure, said 
anode structure comprising a conducting ring 
member from which a plurality of spaced anode 
arms project inwardly toward a common central 
region in which the cathode is supported, the 
Spaces between said anode arms each defining a 
hollow resonator having an opening along one 
side communicating with said central region, a 
tuning element within said envelope adjacent 
Said hollow resonators, said tuning element be 
ing mounted upon a flexible diaphragm hermeti 
cally sealed in a wall of said envelope, and ad 
justable means connected to said diaphragm ex 
ternal to said envelope for flexing said diaphragm 
for adjusting the position of said tuning element. 

PERCY L. SPENCER. 


