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UNITED STATES PATENT OFFICE 
2,617,079 

TUNABLE MAGNETRON 
John W. McNall, East Orange, N.J., assignor to 
Westinghouse. Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania 
Application August 8, 1944, Serial No. 548,530 

(C. 315-40) 31 Claims. 

This invention relates to magnetrons, and 1:10re 
particularly to tuning means for the same. 
A recent development in this art has been 

termed “Crown of Thorns' as somewhat descrip 
tive of a tuning means for a magnetron, and 
consisting of a plurality of prongs, one in each 
of several resonant cavities of a magnetron, and 
carried from a complete or partial ring at the 
ends of the cavities. So the several prongS may 
be moved longitudinally and simultaneously in 
the cavities. The ring is mechanically-connected 
by rod or lever through a flexible part, such as a 
bellows or diaphragm so as to obtain mechanical 
control of movement and position of the 'CrOWn 
of Thorns' within the magnetron. Aside from 
the mechanical difficulties of sealing, lateral dis 
placement and the like, that structure also has 
the disadvantage, of enabling the ring to be 
moved, and of requiring a larger end space in 
the magnetron with resultant greater spacing 
apart of the pole pieces of the magnet than in 
the usual rinagnetron where no “Crown of Thorns' 
is employed. 

Broadly stated, then, an object of the present 
invention is to provide a tuning means for a 
rinagnetron which will accomplish tuning by a 
“Crown of Thorns' construction and yet avoid the 
adverse structural and operational characteristics 
related above. 

Likewise of general nature, the invention con 
templates operator control of internal tuning 
means but without transitional movement of 
mechanism from exterior to interior of the mag 
netrol. 
More in detail, the invention has for an object 

to provide a movable tuning means within a 
magneton While maintaining the prior art di 
mensional characteristics of the magnetron. 
Another object of the invention is to electri 

cally control the functioning of the tuning means 
from the exterior of the magnetron. 
Yet another object of the invention is to ac 

complish a rigidity of support for the tuning 
leaS. 

Other objects of the invention will appear to 
those skilled in the art as the description 
progresses, both by direct recitation thereof and 
by inference from the context. 

Referring to the accompanying drawings in 
Which like numerals of reference indicate similar 
parts throughout the several views; 

Figure 1 is an axially longitudinal section of a 
magnetron, as on line I-I of Fig. 2, showing 
thermally operated tuning means of the present 
invention therein; 
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Figure 2 is a plan of the construction of Fig. 1, 
but with the cover or end plate. removed; - 

Figure 3, is a detail sectional view of a part of 
the magnetron as on line III-III of Fig. 2, 
showing ring-Supporting means; - 
Figure.4 is a detail, longitudinal sectional view 

of one of the thermal elements as on line IV-LV 
of Fig. 5; 

Figures 5 and 6 are cross sectional views of a 
thermal element within a magnetron cavity and 
showing two positions of the thermally controlled 
tuning member; 

Figure 7 is a sectional view similar to Fig.1 
and showing electronic tuning means for the 
magnetron; 
Figure.8 is a plan of the construction of Fig. 7, 

but with the cover or end plate removed; and 
Figure 9 is a similar plan of a fragmental part 

of the magnetron showing the invention as ap 
plicable to a different shape of cavity of a mag 
netron from the conventional-shape of the pre 
ceding figures. 
In its general aspects and applicable to all con 

structions herein shown, the invention provides 
fixed means within the end spaces of the mag 
netron, here shown as rings, between which ex 
tend a plurality of tuning elements. Each tunin 
element passes longitudinally through one of he 
resonant cavities of the magnetron, and is show 
coaxial with the cylindrical part of such cavity in 
the forms using that conventional shape. The 
invention, however, is not limited to this coaxial 
relation of cavity and tuning element. Further 
more, while the present showing shows oneo 
of the tuning elements in each resonant cavity, 
it is within the scope of the invention to 
the tuning elements in any number o 
resonant cavities, desired and for range of tun 
ing which the number employed will accomplish. 

Referring now specifically to the embodiment 
of the invention illustrated in the several figures, 
the reference numeral to designates a cylindrical 
metallic magnetron body, the ends whereof have 
cover or end plates if sealed thereon that the 
interior may be evacuated. Within and as an in 
tegral part of said body is the usual magnetron 
anodestructure 2 of generally cylindrical shape 
but shorter than the outer part of the body...soas 
to provide end spaces 3 between the anode and 
said end plates ff. The anodestructure is axially 
hollow to provide a cathode cavity and radiating 
from this cathode cavity are a plurality of 
resonant cavities (4, each having in the forms 
shown in Figures 1 to 8 inclusive, a cylindrical 
portion parallel to the cathode cavity. The ends 
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of the cathode cavity and the ends of said 
resonant cavities, in all forms shown, open into 
the end spaces 3. 
A cathode 5 passes axially through the cathode 

cavity, adequately spaced from the anode and 
Supported as usual from lead-in rods 6 entering 
the end cavities at the sides thereof. An out 
put loop is situated in one end space, likewise 
passing out through the side wall of the end space. 
The size and shape of the magnetron body, the 
end Spaces, anode, cathode and leads above de 
Scribed are preferably all in accordance with 
prior art practice, in consequence of which the 
pole pieces M of the magnet (not shown) will 
have the same relation to the magnetron and its 
anode as existS in magnetrons as heretofore used. 

Describing Figs. 1 to 6 more especially a ring 
8 is shown concentrically situated in each end 
Space 3, Said ring being conductive and spaced 
from the anode, end plates, and body wall of the 
end Space. Said ring has a position and diam 
eter substantially locating the ring opposite the 
ends of the center lines of said cavities, and such 
that extensions of said center lines intersect the 
Said ring at right angles to the plane of the 
ring. A lead-in rod 9 entering at one side of 
the end Space, free of contact with the end space 
Wall, is Welded or otherwise secured to the ring, 
and affords physical support thereat for the 
ring and electrical connection to the exterior of 
the magnetron. Said lead-in rod is introduced 
through a hollow housing 20 sealed to the mag 
netron body and internally sealed with appro 
priate insulation as usual with lead-in rods of 
this character. 
A cartridge-like tuning element, shown in de 

tail in Figure 4, extends axially through a res 
Onant cavity and provides axially protruding 
wires 2 at opposite ends, one wire being se 
cured, as by Spot welding, to one ring and the 
opposite Wire 2 being secured in like manner to 
the other ring. The inner ends of said wires 2, 
Within the cartridge-like element, are connected 
by a heater filament 22. Said filament is sur 
rounded by a sleeve 23 of electrically insulating 
material, the ends of the sleeve receiving neck 
portions of insulating end plugs 24 which in 
turn receive the said wires 2. At the outside 
of Said sleeve 23 next the ends thereof are me 
tallic ferrules 25. Extending from one ferrule 
to the other and supported thereby is a spirally 
Wound bi-metal thermally responsive tuning 
member 26. This member will change its diam 
eter under Varying heat condition, and thereby 
effect a change of field condition within the res 
onant cavity where situated. Preferably the bi 
metal structure is Such that the Spiral tuning 
member tends to unwind or enlarge in diam 
eter with a rise in temperature, as indicated in 
Figure 6, whereas in normal position under in 
fluence of normal tube-operating condition, the 
bi-metal tends to Wind tightly and have a mini 
mum diameter. For tuning purposes the heater 
filament for the tuning member may have a 
current applied therethrough from the exte 
rior by Way of the lead-in rods 9, rings f8, and 
wires 2, and the desired degree of heat thereby 
applied to the said member for expanding it 
the right amount. As the Several heater fila 
ments for the thermal responsive members are 
in electrical parallel, simultaneous tuning with 
respect to all cavities may thus be effected. 
In order to insure coaxial positioning of all 

the cartridge-like tuning elements coaxially with 
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4. 
retain the rings 18 in rigid and fixed relationship 
to the anode. For this purpose, and as shown 
in Figs, 2 and 3, bracket structures are provided 
at intervals around the rings. As shown, these 
bracket structures each comprise a short length 
of wire 27 butt weided at one end to the Outer 
circumference of the ring, radiating therefrom 
and, at a short distance from the ring, bent at 
right angles toward the anode body. The bent 
end of the bracket Wire is embedded in a glass 
bead 28 which also attaches to another wire 29 
the other end of which is embedded in and 
Soldered to the said anode body. 

It is likewise feasible to utilize the present 
invention to obtain field variation in a resonant 
cavity of a magnetron by electronic means in 
substitution for the above-described thermo-me 
chanical means. Illustrative of this modification, 
Figs. 7 and 8 show two rings 8 and 8 in each 
end space, each ring having its own lead-in rods 
9 and 9 and Supported rigidly by appropriate 

insulating bracketS. 
Filaments 22 extend from one ring 8 to the 

other coaxially through the resonant cavities, 
said filaments in this instance being electron 
emissive. Around the filaments are cylindri 
cal grids 30 coaxial to the filaments and cavi 
ties. The grids are supported from the second 
ring 8a in the end space, and by virtue of the 
lead rod to the grid supporting ring, appropri 
ate electrical bias may be applied to the grids. 

It may be here stated that changes in emis 
sion from the tuning emissive filament, which is 
more generically designated a cathode, results in 
a change in the electron Space charge density in 
side the resonant cavity, thereby affecting the 
resonant frequency of the cavity and thus chang 
ing the frequency of the generated waves from 
the magnetron. Thus, it is to be understood 
that the invention contemplates utilization of 
tuning cathodes as a means operable Without in 
clusion of the grids above-mentioned. However, 
the provision of grid 30 in the resonant cavity 
around the tuning cathode permits the space 
charge density to be varied much more rapidly 
than can be done by variation of the temperature 
of the tuning cathode. It is accordingly pref 
erable to utilize Said grid 30 and to vary the 
potential on the grid through the external lead, 
that variation may be rapidly and smoothly ac 
complished, if so desired, the arrangement be 
ing proficiently applicable to the desired modu 
lating operation. It will be understood that the 
tuning cathode would be kept negative with 
respect to the Oscillator cavity in consequence 
of which the wall of the magnetron resonator 
cavity will act as an anode for the electrons 
from the tuning cathode, and so that the elec 
trons will be affected by passage through the grid 
of the tuning means. 

I claim: 
1. An electron discharge device comprising a 

cathode and anode, Said anode providing cavity 
resonators, tuning means longitudinally disposed 
in a cavity resonator and projecting at opposite 
ends therefron, and means constituted as a fixed 
part of Said device attached to said projecting 
ends of and retaining Said turning means against 
longitudinal displacement in Said cavity resona 
tor. 

2. An electron discharge device comprising a 
cathode and an anode around the cathode, and 
having end Spaces at the ends of Said anode, 
Said anode having cavity resonators opening into 

in their respective cavities, it is preferable to 75 Said end Spaces, tuning means longitudinally dis 
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posed in a cavity resonator and projecting at op 
posite ends thereof into said end spaces, and 
means in Said end Spaces constituted as a fixed 
part of Said device attached to Said projecting 
ends of and supporting said tuning means and 
retaining the same against longitudinal dis 
placement in Said cavity resonator. 

3. An electron discharge device comprising a 
Cathode and an anode around the Cathode, and 
having end Spaces at the ends of Said anode, 
said anode having cavity resonators opening into 
said end Spaces, tuning means longitudinally dis 
posed in a cavity resonator and projecting at Op 
posite ends thereof into said end Spaces, and 
rings said end Spaces Supporting said tuning 
means and retaining the same against longitudi 
nal displacement in said cavity resonator, Said 
anode, cathode and rings having fixed relation 
to each. Other. 

4. An electron discharge device comprising a 
cathode and an anode, said anode providing 
cavity resonators, tuning means in each of a plu 
rality of Said cavity resonators, Said tuning means 
each having a filament as part thereof, and 
means supporting the several filaments of Said 
tuning means and electrically connecting Said 
filaments in parallel. 

5. An electron discharge device comprising a 
cathode and an anode around the cathode, Said 
anode having cavity resonators radiating from 
the region around the cathode, said cavity res 
onators having substantially cylindrical portions 
axially parallel to the cathode, and Substantially 
cylindrical tuning means in one of said cavity 
resonators coaxial therewith and substantially 
coextensive with the axial length of Said cavity 
resonator, and said cavity resonator having great 
er cross sectional area, unobstructed than ob 
structed by said tuning means therein. 

6. A tuning means for an electron discharge 
device comprising a sheet-material member 
spirally rolled upon itself, and said member be 
ing variable in diameter by changing the tight 
ness of rolling of said sheet material, mounting 
means supporting and holding one longitudinal 
section of said member fixed, and means in proxi 
mity to said member for effecting a change in 
tightness of rolling of the said material of Said 
member and thereby varying the diameter of 
the member. 

7. A tuning means for an electron discharge de 
vice comprising a sheet-material member Spiral 
ly rolled upon itself, and said member being 
variable in diameter by changing the tightness 
of rolling of said sheet material, mounting means 
supporting and holding one longitudinal Sec 
tion of said member fixed, and thermal means in 
proximity to said member for effecting a change 
in tightness of rolling of said material of Said 
member and thereby varying the diameter of 
the member. 

8. An electronic device comprising a cylindrical 
housing having as part thereof and Within the 
same an anode of less length than the housing, 
end caps at the ends of the housing enclosing 
end spaces within the housing between Said anode 
and end caps, said anode having an axial cavity 
and cavity resonators radiating therefrom, all 
of said cavities opening at their ends into Said 
end spaces, a cathode in said axial cavity, fixed 
rings in said end spaces concentric With and in 
planes normal to the housing axis, and electrical 
ly controlled tuning means supported by said 
rings and extending through a plurality of Said 
cavity...resonators, 
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9. An electronic device comprising: a cylindrical 

housing having as part thereof, and "Within the 
Same an anode of less length than the housing, 
end caps at the ends of the housing enclosing 
end Spaces within the housing between said anode 
and end caps, said anode having an axial cavity 
and cavity resonators radiating therefrom, :all 
of Said cavities opening at their ends into Said 
end Spaces, a cathode in said axial cavity, fixed 
rings in Said end Spaces concentric with and in 
planes, normal to the.housing axis, bracketSSup 
porting Said rings from said anode, and elec 
trically controlled tuning means supported by 
Said rings and extending through a plurality of 
Said cavity resonators. 

10. An electronic device comprising an anode 
having a housing extending beyond ends of the 
anode, end caps at the ends of the housing enclos 
ing end spaces. Within the housing between said 
end caps and the anode, Said anode having a 
central cylindrical cavity the ends whereof open 
into Said end Spaces, a cathode coaxial to and 
extending longitudinally through said central 
cavity, cavity resonators parallel to said central 
cavity and opening at their ends into said, end 
Spaces, rings in Said end Spaces concentric to 
the axis of Said Central cavity and crossing over 
the ends of Said cavity resonators, and tuning 
means carried between a pair of rings and ex 
tending longitudinally of a cavity resonator, said 
tuning means being radially expandable at its 
periphery for tuning purposes. 

11. An electronic device comprising an anode 
having a housing extending beyond the ends of 
the anode, end caps at the ends of the housing 
enclosing end Spaces within the housing between 
Said end caps and the anode, said anode hav 
ing a central cylindrical cavity the ends where 
of open into Said end Spaces, a cathode coaxial 
to and extending longitudinally through said cen 
tral cavity, cavity resonators parallel to said cen 
tral cavity and opening at their ends into said end 
Spaces, tuning means extending longitudinally 
of a cavity resonator and projecting into said 
end Spaces, and means in said end spaces sup 
porting said tuning means at said ends projecting 
into the end Spaces, said tuning means having 
a bimetal thermally responsive outer member in 
Said resonator adapted to vary the spacing of the 
Said member to the cavity resonator under influ 
ence of heat for tuning purposes. 

12. An electronic device comprising a cylindri 
cal housing having as part thereof and within 
the same an anode of less length than the hous 
ing, end caps at the ends of the housing enclosing 
end Spaces Within the housing between said anode 
and end caps, said anode having an axial cavity 
and cavity resonators radiating from the axial 
cavity, all of Said cavity resonators opening at 
their ends into Said end spaces, a cathode in said 
axial cavity, rings in said end spaces concentric 
With and in planes normal to the housing axis, 
brackets Supporting said rings from said anode, 
Said bracketS having means insulating the rings 
from the anode, and tuning means supported by 
said rings and extending through a plurality of 
Said cavity resonators, Said tuning means com 
prising a bimetal thermally responsive outer 
member and an internal heater therein. 

13. An electronic device comprising a cylin 
drical housing having as part thereof and within 
the Same an anode of less length than the hous 
ing, end caps at the ends of the housing enclosing 
end Spaces within the housing between said anode 
and end caps, Said anode having an axial cavity 
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and cavity resonators radiating from the axial 
cavity, all of said cavity resonatorS opening at 
their ends into said end Spaces, a cathode in Said 
axial cavity, rings in Said end Spaces concen 
tric with and in planes normal to the housing 
axis, brackets supporting Said rings from Said 
anode, said brackets having means insulating the 
rings from the anode, and tuning means Sup 
ported by said rings and extending through a 
plurality of said cavity resonators, Said tuning 
means comprising a heater Surrounded by an 
expandable thermally responsive outer member 
expansion whereof brings it closer to the Wall of 
the cavity resonator. 

14. A magnetron comprising an anode having a 
central cavity and a plurality of cavity resonators 
radiating from said central cavity, a first elec 
tron-emissive cathode in said central cavity, lead 
in connections connected with and for applying 
operating potentials to Said anode and cathode 
to generate microwave OScillations on Said 
anode, a second electron-emissive cathode in One 
of said plurality of cavity resonators Opposed to a 
part of said anode for also directing electrons to 
the anode, and for thereby modifying the Said 
microwave oscillations. 

15. A magnetron comprising a first electron 
emissive cathode and an anode disposed adjacent 
said cathode, means connected with and for 
applying operating potentials to Said anode and 
cathode and thereby obtaining electron flow 
on paths from the cathode toward Said anode to 
generate microwave oscillations on Said anode, a 
second electron-emissive cathode opposed to an 
other part of said anode for also directing elec 
trons to the anode but to said other part there 
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of on paths other than the aforesaid paths of 
electron flow, and for thereby modifying the Said 
microwave oscillations, and means in the path. 
of and for controlling the electrons emitted from 
said second Cathode. 

16. A magnetron comprising a first electron 
emissive cathode and an anode coaxially disposed 
adjacent said cathode, means for applying Op 
erating potentials to said anode and Cathode to 
generate microwave oscillations on Said anode, 
a plurality of second electron-emissive Cathodes 
distributed in a coaxial series around the first 
said cathode and opposed to Said anode for also 
directing electrons to the anode, and for there 
by modifying the said microwave oscillations, and 
means around each of said plurality of Second 
cathodes for controlling the electrons emitted 
therefroni. 

17. A magnetron comprising a first electron 
emissive cathode and an anode coaxially disposed 
adjacent said cathode, means for applying Op 
erating potentials to said anode and cathode to 
generate microwave oscillations. On Said anode, 
a plurality of second electron-emissive cathodes 
distributed in a coaxial series around the first 
said cathode and opposed to Said anode for also 
directing electrons to the anode, and for thereby 
modifying the said microwave Oscillations, all of 
said second cathodes being connected in parallel, 
and a lead-in in connection for Said plurality of 
parallel-connected second electron-emissive cath 
OdeS. 

18. A magnetron comprising an emissive cath 
ode and an anode disposed around the cathode, 
said anode having cavity resonators therein Open 
ing toward the cathode and having partitions di 
rected edgewise toward the cathode and separat 
ing successive resonators from each other, means 
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8 
and cathode to generate microwave oscillations 
on said anode and in Said resonators, and means 
in each of a plurality of Said resonators for Vary 
ing the capacitance thereof and for thereby 
modifying the Said microwave OScillationS. 

9. A magnetron comprising an emissive Cath 
ode and an anode disposed around the Cathode, 
said anode having cavity resonators therein Open 
ing toward the cathode and having partitions di 
rected edgewise toward the cathode and Separat 
ing Successive resonators from each other, means 
for applying operating potentials to Said anode 
and cathode to generate microwave OScillations 
on said anode and in said resonators, and a plu 
rality of second electron-emissive cathodes of 
which one is in each said resonator for directing 
electrons to adjacent partitions for varying capa 
citance of the resonator and for thereby 
modifying the said microWave OScillation. 

20. A magnetron comprising an emissive cath 
Ode and an anode disposed around the cathode, 
said anode having cavity resonators in a series 
Surrounding and Opening radially toward the 
Cathode, Said anode having partitions on radii 
from Said Cathode directed edgewise toward the 
Cathode and Separating the Successive resonators 
of Said Series from each other, means for applying 
Operating potentials to Said anode and cathode 
to generate microwave oscillations on said anode 
and in Said resonators, and means in each of a 
plurality of Said resonators of said series for vary 
ing the capacitance thereof and for thereby 
modifying the Said microWave oscillations, Said 
capacitance-varying means of each resonator be 
ing isolated from the others thereof by said par 
titions. 

21. A magnetron having an elongated cath 
Ode and an anode around the Cathode, Said anode 
having cavity resonators radiating from the 
region around the Cathode and having longitudi 
nal OpeningS into Said region parallel to said 
Cathode, each cavity resonator having lateral 
walls Symmetrically disposed on opposite sides of 
a medial plane longitudinal of the opening and 
radially of the cathode, turning means in a cavity 
reSonator Substantially coextensive with the 
length of the rescinator and Inedially between said 
lateral walls thereof and in said radial plane 
and in parallelism to said cathode, and a support 
for Said tuning means retaining the same in 
gitudinally fixed position in its cavity resona 
O 
22. An electron-discharge device comprising: a 

Cathode; an anode, incorporating a cavity resona 
tor, Spaced from Said cathode; means, adjacent 
Said anode, for establishing a unidirectional mag 
netic field in Said cavity resonator; and means, 
incorporated in said device, for projecting a 
Strean of electrons into said cavity resonator 
to control the resonant frequency of said device. 

23. An electron-discharge device comprising: a 
Cathode; an anode, incorporating a cavity res 
onator, Spaced from said cathode; means, adja 
cent Said anode, for establishing a unidirectional 
magnetic field in said cavity resonator; and 
means, incorporated in Said device, for project 
ing a Stream of electrons into said cavity resona 
tor in a direction transverse to that of said mag 
netic field to control the resonant frequency of 
Said device. 

24. An electron-discharge device COInprising: 
a cathode; an anode, incorporating a cavity res 
onator, Spaced from said cathode; means, adja 
cent Said anode, for establishing a unidirectional 

for applying operating potentials to said anode 75 magnetic field in said cavity resonator; means, 
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incorporated in said device, for projecting a 
stream of electrons into said cavity resonator to 
control the resonant frequency of said device; 
and means, coupled to said last-named means, 
for varying the density of said stream of elec 
trons to frequency modulate said device. 

25. An electron-discharge device comprising: 
a cathode; an anode, incorporating a cavity res 
onator, spaced from said Cathode; means, adja 
cent said anode, for establishing a unidirectional 
magnetic field in said cavity resonator; means, in 
corporated in said device, for projecting a Stream 
of electrons into said cavity resonator in a di 
rection transverse to that of Said magnetic field 
to control the resonant frequency of Said device; 
and means, coupled to said last-named means, for 
varying the density of said stream of electrons 
to frequency modulate said device. 

26. An electron-discharge device coin prising: 
a cathode; an anode Spaced from and Surround 
ing said cathode; said anode including a plu 
rality of radially disposed anode arms each pair 
of which, together with that portion of said anode 
lying therebetween, defines a cavity resonator; 
means, adjacent said anode, for establishing a 
unidirectional magnetic field through Said cavity 
resonators in a direction transverse to the dis 
charge path between said Cathode and Said 
anode; and means, communicating With One of 
said cavity resonators, for projecting a stream of 
electrons therein in a direction transverse to that 
of said magnetic field. 

27. An electron-discharge device comprising: 
a cathode; an anode spaced from and Surround 
ing said cathode; said anode including a plural 
ity of radially disposed anode arms each pair of 
which, together with that portion of Said anode 
lying therebetween, defines a cavity resonator; 
means, adjacent said anode, for establishing a 
unidirectional magnetic field through Said cavity 
resonators in a direction transverse to the dis 
charge path between said cathode and Said 
anode; means, communicating with one of Said 
cavity resonators, for projecting a stream of elec 
trons therein in a direction transverse to that 
of said magnetic field; and means coupled to 
said last-named means, for varying the density 
of Said electron Stream. 

28. An electron-discharge device comprising: a, 
cathode; an anode spaced from and Surrounding 
said cathode; said anode including a plurality of 
radially disposed anode arms each pair of which, 
together with that portion of Said anode lying 
therebetween, defines a cavity resonator; means, 
adjacent said anode, for establishing a unidi 
rectional magnetic field through Said Cavity res 
onators in a direction transverse to the discharge 
path between said cathode and Said anode; and 
an electron gun, carried by Said anode and Com 
municating with at least one of Said cavity res 
onators, for projecting a stream of electrons 
therein a direction transverse to that of Said 
magnetic field. 

29. An electron-discharge device Comprising: a 
cathode; an anode spaced from and Surrounding 
said cathode; said anode including a plurality of 
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10 
radially disposed anode arms each pair of which, 
together with that portion of Said anode lying 
therebetween, defines a cavity resonator; means, 
adjacent said anode, for establishing a unidi 
rectional magnetic field through said cavity res 
Onators in a direction transverse to the discharge 
path between said cathode and said anode; an 
electron gun, carried by said anode and commu 
nicating with one of said cavity resonators, for 
projecting a strealm of electrons therein in a 
direction transverse to that of said magnetic 
field; and means coupled to said electron gun, for 
Varying the density of Said electron Stream. 

30. An electron-discharge device comprising: a 
cathode; an anode Spaced from said cathode; said 
anode including a pair of anode arms which, to 
gether with that portion of said anode lying 
therebetween, defines a cavity resonator; means, 
adjacent said anode, for establishing a magnetic 
field through said cavity resonator in a direction 
transverse to the discharge path between said 
cathode and Said anode; and a source of elec 
trons, communicating with said cavity resonator 
and adapted to project electrons therein, for 
altering the resonant frequency thereof. 

31. A tunable electron-discharge device com 
prising: a Cathode; an anode structure spaced 
from said cathode, and incorporating a cavity res 
Onator in Which radio-frequency oscillations are 
adapted to be generated; means adjacent said 
cavity resonator for establishing a magnetic field 
therethrough; means, COOperable with the elec 
tric-field component of said radio-frequency os 
cillations, and With said magnetic field, for Set 
ting up a Space charge in said cavity resonator; 
and means, Coupled between said cavity resona 
tor and Said last-named means, for varying the 
density of said Space charge. 

JOHN W. MCNAL. 
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