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10 Claims. 
1. 

This invention relates to an electronic dis 
charge tube of the type adapted to generate ultra 
high frequency oscillations and more particularly . 
to one in which the frequency of one or more 
resonant circuits within the tube determines th 
frequency of the Oscillations produced. - 

In devices of the type to which the invention 
relates, the resonant circuit may be provided by 
One or more resonant chambers or cavities hav 
ing inductance and capacitance and thus consti 
tuting a tuned circuit, the frequency of which is 
determined by the dimensions and geometry of 
the internal structure. 

In some applications of devices of the type to 
which the invention relates, it is desirable to vary 
within limits the frequency of the oscillations 
generated by the tube. Heretofore it has been 
difficult to provide for such variation at the will 
of the operator since the resonant circuit which 
determines the frequency generated is disposed 
entirely within the tube, and in order to vary one 
of the circuit parameters determining the fre 
quency generated, it has been the practice to 
provide some movable element within the tube. 
By varying the position of the movable element, 
the resonant frequency of the resonant chamber 
or equivalent resonant circuit of the tube is varied 
and accordingly the frequency of the oscillations 
generated is varied. The use of such a movable 
element greatly complicates the tube structure 
and since the element must be actuated from the 
exterior of the tube, some means must be provided 
for transmitting motion to the element through 
the exterior wall of the tube as, for example, by 
making a portion of the tube wall flexible. This 
further complicates the tube structure. 
It is among the objects of the present invention 

to obviate the above-mentioned difficulties by 
providing a means whereby the frequencies gen 
erated may be controlled from a point externally 
of the tube and without mechanical motion 
therein. 

It is a further object of the invention to provide 
a device of the type described which permits the 
high voltage elements of the system to be regu 
lated inside of the evacuated portion of the tube, 
thus preventing the possibility of arc-over which 
would be present if the high voltage elements were 
provided with connections extending externally 
of the evacuated space of the tube. 

It is a further object of the invention to pro 
vide a device of the type described in which 
changes in the adjustment of the tuning means 
may be effected at high speed so that the frequen 
cies generated by the tube may be changed very 
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rapidly to effect a continuous periodic variation 
in the frequencies generated. 
The above and other objects and features of 

is the invention will be fully set forth in the fol 
is lowing detailed description, taken in conjunction 

With the accompanying drawings in which: 
Fig. 1 shows a longitudinal section through a 

magnetron constructed in accordance with my 
invention; 

O Fig. 2 shows a section taken on line 
Fig. 1; 

Fig. 3 shows a section through the tuning de-- 
vice of the tube shown in the preceding figures 

... and is taken on line Y-Y of Fig. l; 
15 Fig. 4 shows a fragment of a magnetron of the 

type shown in Figs. 1 and 2 but provided with a 
modified tuning means; : 

Fig. 5 shows a fragment of a magnetron of the 
type shown in Figs. 1 and 2 provided with a ful'-- 

20 ther modified tuning means; 
Fig. 6 shows, a section, taken. On line Z-Z 

Fig. 5; . - . . . . . 

Fig. 7 shows a side elevation; and 
Fig. 8 shows an end view of a tuning ring of 

25 the type shown in Figs. 4 and 5 and suitable for 
use with the tuning means of any of the forms 
of the invention shown. . . . . . . . . . . . . . . . . 

Referring to the drawings and first to the form. 
shown in Figs. 1, 2 and 3 thereof, there is shown 

30 a magnetron comprising a block of conductive 
material such as copper. The block forms the 
anode and, in the instance shown, constitutes a 
portion of the envelope of the magnetron. The - 

i block is provided with hollow end sections 2: . 
35 and 3 covered by end caps 4 and 5 likewise of 

conductive material. Between the hollow end 
sections 2 and 3 is located a central bridging por-. 
tion 6, having a central bore 7 within which a . 
cathode 8 is centrally supported by a pair of 

40 lead-in conductors 9 and 0... The conductor-9 is . 
sealed through a glass seal mounted at the 
outer end of a conductive pipe 2 hermetically 
secured within the wall of the block adjacent 
the upper hollow end section 2. The lead-in con 
ductor O is likewise sealed through a similar 
glass seal and pipe, not illustrated, adjacent the 
lower hollow end section 3. A plurality of radial 
slots 3 extend from the bore 7 and each of the 

so slots terminates in a cavity f4 extending through 
the bridging portion 6. In this way the anode 
structure is provided with a plurality of wedge 
shaped arms 5, the faces of which cooperate as 
anode sections with the cathode 8. Suitable mag 

55 netic poles 6 and 7 are provided adjacent the 

X-X of 

of 
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end caps 4 and 5 to create a magnetic field ex 
tending longitudinally of the device. 
When such a device is energized Oscillations 

are set up which may be led out from the tube 
by means of a coupling loop 8 extending into 
one of the cavities 14, one end of the loop being 
fastened to the inner Wall of the cavity and the 
other end being connected to a lead wire 9 Which 
passes through a glass seal 20 mounted at the 
outer end of a conductive pipe 2? hermetically 10 
sealed through the wall of the block f. On the 
exterior of the tube the high frequency oscilla 
tions may be conducted to any suitable utilization 
circuit by a concentric line or any other trans 
mission means in a manner known in the art... 
In the operation of such devices a capacity. 

exists between the cathode 8 and the face of each 
anode section 5. Also capacitances exist between 
the side walls of each of the slots i3. The inner 
walls of the cavities 4 constitute inductances. 
The anode therefore is so designed and spaced 

20 

relative to the cathode that the capacitances and . 
inductances described constitute: circuits which 
are tuned. The construction so far described is 
Such that these circuits are resonant at a pre 
determined frequency depending upon the geom 
etly of the tube. The device is intended to oper 
ate so that each cavity, and its adjacent. arms 
form a circuit, tuned to the frequeacy at which 
each of the other cavities 4 and its adjacent 
arms oscillate. 

.30 

Devices of the type described may oscillate not... 
only in the desired mude, corresponding to the 
desired frequency, but may also oscillate in cer 
tain spurious modes, corresponding to undesired 
frequencies. For example, oscillations may Oc 
cur between non-adjacent arms, 5 and to limit 
such spurious or undesired OScillations, alternate 
arms 5 may be connected together. In the in 
stance shown, such interconnection is effected by 40 
means of straps 22 and 23, the upper strap. 22 
being connected to alternate arms. 5. and free 
from contact with the intervening arms which 
are provided with slots 24 through which the 
strap 22 may pass. Without contacting such inter 
vening arms. The lower strap 23 is connected to 

45 

the intervening arms, and is not connected to the... 
alternate arms, free passage therethrough being - 
permitted by similar slots 24 in said alternate 
arms. This construction serves to limit the Spur 
rious oscillations. in a manner more fully... dis 

50 

closed in my copending applications, Serial. No. 
465,413, filed November 13, 1942, and Serial No. 
421,145, filed December 1, 1941, now. Patent. No. 
2,417,789. 

Heretofore where attempts have been made to . . 
vary the frequency at which the anode. Structure. . 
tends to oscillate, some tuning member disposed 
within the tube body adjacent the anode arms 5 - . 
has been moved toward or away from the arms. 60 
in order to vary the effective capacitance of the . . 
resonant circuits. This has required some means. 
such as a flexible diaphragm forming. One, Wall 
of the tube and permitting movement of the tun 
ing member relative to the anode arms. 
In this construction, the desired tuning effect 

is obtained by providing conductors 25 and 26 
connected respectively to the straps 22 and 23, 

65 

which conductors extend outwardly through one 
of the slots 13 and its corresponding cavity, 4 
and through a conductive pipe 27. The pipe 27 

70 

is hermetically sealed within the wall of the block 
and is closed at its outer end by a glass seal 

28. The seal 28 has a tubular portion extending 
for a substantial distance beyond the end of the 75 

foregoing, the conductors 25 and 26 are con 

4. 
pipe 27, and the conductors 25 and 26 terminate 
in metallic strips 29 and 30 within the tubular 
portion of the seal. 28. The metallic strips 29 and 
30 constitute condenser plates which provide ad 
ditional capacitance connected in the resonant 
circuits provided by the anode structure. This 
Capacitance is therefore a portion of the capaci 
tance determining the frequency at which each 
oscillatory circuit is resonant. In order to alter 
the capacitance of the oscillatory circuits, and 
thereby alter the frequency at which these circuits 
resonate, a conductive sleeve 3 constituting a 
tuning ring is provided surrounding a portion of 
the seal 28 and enclosing the plates 29 and 30. 
The tuning ring 3 is mounted for movement rela 
tive to the plates 29 and 30. In the instance 
shown in Figs. 1, 2 and 3, the sleeve is recipro 
cable in a direction extending longitudinally of 
the plates. 29 and 30. 
In operation, by shifting the tuning ring 3 in 

a longitudinal direction so that a greater or lesser 
portion of its surface area is opposed to the con 
denser plates. 29 and 30, the electric field pro 
vided by the plates is altered. Accordingly the 
capacitance of the oscillatory circuits in which 
these plates are connected is altered and the fre 
quencies at which the oscillatory circuits resonate 
are varied. Increases or decreases in the effec 
tive capacitance of the oscillatory circuit result, 
respectively, in lower or higher frequencies of the 
oscillations generated by the tube. The frequent 
cies of the oscillations generated may therefore 
be controlled, within limits, at the will of the 
operator while the tube is in operation. 

It will be observed that the invention provides 
a device in which the control of the oscillations 
generated is effected without mechanical motion 
of any element within the tube although the high 
voltage elements of the system remain inside of 
the evacuated space. By this construction the 
difficulties encountered where it is attempted to 
effect motion of some element within the tube. 
through a flexible wall thereof are avoided. Also 
there is no danger of arcing which would be pres 
ent if similar tuning means were brought out, 
through glass seals and used under atmospheric 
conditions. 

It will be apparent that the tuning sleeve may 
be adjusted either manually or mechanically to 
secure desired adjustments or variations in the 
frequencies of the oscillations generated. Where 
it is desired to vary the frequencies periodically 
the sleeve may be actuated at a predetermined 
time rate. " " " ' " 
In the form of the invention described in the 

nected to the straps 22 and 23. Alternative con. 
structions may be used; for example, the conduc 
tors may be connected directly to adjacent arms 
5 as shown in Fig. 4. In this figure there is 
shown a portion of a magnetron which is similar 
to the magnetron shown in Figs. 1, 2 and 3. In 
this instance the conductors 25 and 26 are con 
nected directly to adjacent arms 5. 
While there is shown in this figure a strapping 

means 22, it will be understood that this strap. 
performs its usual functions and is not directly 
connected to one or the other of the conductors 
25 and 26. The manner of connecting these con 
ductors directly to the arms 15 is, therefore, ap 
plicable to tubes of the type which are not pro 
vided with any strapping means. 
In both of the constructions so far described 

it has been found desirable to make the effective 
electrical distance L between the points of con 
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nection of conductors 25 and 26 and the center of 
the condenser provided by the strips 29 and 30 
approximately equal to NA/2 where A is the length 
of the waves on the system and N is a small 
integer. . . . . . . . . . . . . . . . . 

It will be understood that instead of being re 
ciprocable, the tuning sleeve 3 may be so con 
structed that rotation thereof will alter the effec 
tive capacitance of the condenser. For example, 
the sleeve 3 may be provided with slots 32 as 
shown in Figs. 7 and 8 extending longitudinally 
thereof so that the surface area of the sleeve 
coacting with the condenser plates 29 and 30 may 
be altered by angular adjustments of the sleeve 
3. This construction is particularly adapted for 
continuous operation to periodically vary the fre 
quencies of the oscillations generated, the sleeve 
being rotated at a predetermined speed. 

In both forms of the invention described in the 
foregoing, a pair of conductors 25 and 26 is pro 
vided, which conductors are of the same electri 
cal length and Constitute a balanced transmis 
sion line. In some instances, as for example in 
the construction shown in Figs. 5 and 6, the Con 
nections to the condenser plates 29 and 30 may 
not provide a balanced transmission line. . In 
these figures there is shown a magnetron which 
is generally similar to that shown in Figs. 1, 2 
and 3 except that the connections between the 
bridging portion 6 and the condenser plates have 
been modified. . . . . . 

In this construction one of the conductors 25 
is connected to the strap 22, and extends out 
wardly through the free space 2 and through the 
conductive pipe 27 to the condenser plate 29. 
The pipe 27 is hermetically sealed within the wall. 
of the block and in this instance opens into the 
free space 2. A choke section. 35 having one end 
connected to the pipe 27 at a point intermediate 
the length thereof extends parallel to and is 
spaced from the outer end of the pipe. The glass 
seal 28 is in this instance sealed to the outer end 
of the choke section 35. The condenser plate 
30 is connected directly by the conductor 26 to 
the outer end of the conductive pipe 27. The 
length of the choke section is approximately 
equal to X/4 where X is the length of the waves 
on the system. As in the previously described 
construction the condenser plates 29 and 30 are 
positioned to coact with a tuning ring 3 on the 
exterior of the glass seal. 28. The provision of a 
choke section 35 transforms the otherwise un 
balanced transmission line resulting from this 
arrangement to a balanced transmission line and 
isolates the external part of the tube box from 
the high frequency of the internal oscillatory 
circuit. 

In all the constructions illustrated the inven 
tion is applied to an electronic discharge tube of 
the type having a plurality of resonant cavities. 
It will be understood that in its broader aspects 
the invention is readily applicable to tubes of the 
type containing a single resonant cavity and the 
invention may be readily applied thereto by those 
skilled in the art from the teachings thereof. 
While I have described particular embodiments 

of my invention, it will be apparent that various 
changes may be made without departing from 
the teachings hereof. For example, from the 
embodiments shown, it will be apparent to those 
skilled in the art that the conductors 25 and 26 
may be connected in the Öscillatory circuit of the 
cavity structure in various ways and that the 
invention may be applied to any tube of the type 
having an internal oscillatory circuit. While the 
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6 
invention has been described in conjunction with 
a tube for generating Oscillations, it is obviously 
applicable to tubes for amplifying and receiving 
Oscillations. It is accordingly desired that the 
appended Claims be given a broad interpretation 
commensurate with the scope of the invention 
Within the art. 
What is claimed is: 
1. A tunable electron-discharge device.com 

prising: an evacuated anode structure having a 
dielectric wall portion; Said anode structure de 
fining at least One cavity resonator; a pair of 
condenser elements connected to points adapted 
to be at different relative potentials in at least 
one such cavity resonator; Said condenser ele 
ments being disposed within said anode struc 
ture, adjacent said dielectric wall portion; and 
means, external of said anode structure, and 
capacitively adjustable with respect to said COn 
denser elements through said dielectric wall por 
tion, for altering the capacitance between sai 
condenser elements. . . . . . . . 

2. A tunable electron-discharge device Com 
prising: an evacuated anode structure defining 
at least one cavity resonator; a hollow, dielectric 
member opening into the interior of said anode 
structure; a pair of condenser elements, disposed 
within said dielectric member, and connected to 
points adapted to be at different relative poten 
tials in at least one such cavity resonator; and 
means, external of said anode structure, and 
capacitively adjustable with respect to said. Con 
denser: elements through said dielectric member 
for altering the capacitance between said con 
denser elements. 

3. A tunable electron-discharge device Con 
prising: an evacuated anode structure defining at 
least one cavity resonator; a hollow, dielectric 
member opening into the interior of said anode 
structure; a pair of condenser elements, disposed 
Within said dielectric member, and connected to 
points adapted to be at different relative poten 
tials in at least one such cavity resonator; and a 
conducting sleeve, movably mounted exteriorly 
of said dielectric member, and capacitively ad 
justable with respect to said condenser elements 
through said dielectric member, for altering the 
capacitance between said condenser elements. 

4. A tunable electron-discharge device Com 
prising: an evacuated anode structure having 
a dielectric wall portion; said anode structure 
defining at least one cavity resonator; a pair of 
condenser elements connected to points adapted 
to be at different relative potentials in at least 
one such cavity resonator by a transmission line 
having an effective electrical length approxi 
mately equal to NA/2, where N is a small integer 
and M is the mean wave length of the Oscillations 
adapted to be generated by said device; said con 
denser elements being disposed within said anode 
structure, adjacent said dielectric wall portion; 
and means, external of Said anode structure, and 
capacitively adjustable with respect to said con 
denser elements through said dielectric Wall por 
tion, for altering the capacitance between said 
Condenser elementS. 

5. A tunable electron-discharge device com 
prising: an evacuated anode structure defining 
at least one cavity resonator; a hollow, dielectric 
member Opening into the interior of said anode 
structure; a pair of condenser elements, disposed 
within said dielectric member, and connected to 
points adapted to be at different relative poten 
tials in at least One such cavity resonator by a 
transmission line having an effective electrical 



7 
length approximately equal to NN/2, where N is a 
Small integer and A is the mean wave length of 
the oscillations adapted to be generated by. Said 
'device; and means, external of said anode struc 
ture, and capacitively adjustable with respect to 
condenser elements through said dielectric mem 
ber, for altering the capacitance between said 
Condenser elements. 

6. A tunable electron-discharge device com 
prising: an evacuated anode structure defining 
at least one cavity resonator; a hollow, dielectric 
member opening into the interior of said anode 
structure; a pair of condenser elements, disposed 
Within Said dielectric member, and connected to 
points adapted to be at different relative poten 
tials in at least one such cavity resonator by a 
transmission line having an effective electrical 
length approximately equal to NA/2, where N is a 
Small integer and X is the mean Wave length of 
the oscillations adapted to be generated by said 
device; and a conducting sleeve, movably 
mounted exteriorly of said dielectric member, and 
capacitively adjustable With respect to Said con 
denser elements through said dielectric member 
for altering the capacitance between said con 
denser elements. 

7. A tunable electron-discharge device com 
prising: an evacuated anode structure, having a 
dielectric Wall portion; said anode structure 
defining a plurality of cavity resonators; a pair 
of conducting straps alternately contacting suc 
cessive points of opposite potential in said cavity 
resonators; a pair of condenser elements con 
nected, respectively, to said, straps; said con 
denser elements being disposed within said anode 
structure, adjacent said dielectric wall portion; 
and means, external of Said anode structure, and 
capacitively adjustable with respect to said con 
denser elements through said dielectric wall por 
tion, for altering the capacitance between said 
Conidenser elements. 
- 8. A tunable electron-discharge device. com 
prising: an evacuated anode structure defining a 
plurality of cavity, resonators: a pair of con 
ducting straps alternately contacting successive 
points of opposite potential in said... cavity reso 
nators; a hollow, dielectric member opening into 
the interior of said anode structure; a pair of 
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8 
condenser elements, disposed within said dielec 
tric member, and connected to one of said straps 
and said anode structure by an unbalanced trans 
mission line; a choke sleeve surrounding said 
transmission line to balance the same; and 
means, external of said anode structure, and 
capacitively-adjustable with respect to said con 
denser elements through said dielectric wall por 
tion, for altering the capacitance between said 
Conderhser elements. 
9. A tunable electron-discharge device com 

prising: an evacuated anodestructure including 
a cavity resonator; conducting members, con 
nected to points adapted to be at different rela 
tive potentials within said cavity resonator, and 
extending exteriorly of said cavity resonator; 
condenser elements connected to said conducting 
members exteriorly of said cavity resonator; and 
means, adjacent said condenser elements and 
capacitively adjustable with respect thereto, for 
altering the capacitance therebetween. 

10. A tunable electron-discharge device com 
prising: an evacuated anode structure including 
a cavity resonator; conducting members, con 
nected to points adapted to be at different rela 
tive potentials, within said cavity resonator, and 
extending exteriorly of said - cavity resonator; 
Condenser elements connected to said conducting 
members exteriorly of said cavity resonator; and 
a conducting sleeve, spaced from and surround 
ing said condenser elements, and capacitively ad 
justable with respect thereto, for altering the 
capacitance therebetween, 
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