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1. 

3,076,122 
MAGNETRON DEVCE 

Beverly D. Kumpfer, Salt Lake City, Utah, assignor, by 
mesne assignments, to Litton Eiectron Tube Corpora 
tion, San Carios, Calif., a corporation of Delaware 

Filed Apr. 11, 1960, Ser. No. 21,302 
27 Claims. (Cl. 315-39.53) 

This invention relates to a magnetron device, and 
more particularly to a microwave frequency magnetron 
having a unique structure for communicating microwave 
energy from its resonant circuit and a cooperating struc 
ture for removing heat and transmitting microwave energy 
generated by the magnetron during its operation. 

In the prior art it has been customary to extract out 
put energy from the anode of a multiresonator magnetron 
by means of a transmission network such as a coaxial line 
or wave guide structure which is included within the 
vacuum enclosure of the magnetron. In the instance of 
the coaxial line, one end of the center conductor thereof 
is generally a coupling loop which is disposed within one 
of the cavity resonators of the magnetron, where the end 
of the loop is grounded to the back wall of the cavity, 
while the other end thereof extends a preselected distance 
externally through an opening through the back wall. 
The outer conductor of the coaxial line, on the other 
hand, is terminated at one end at the outer wall of the 
anode block concentric with the aforesaid opening. The 
center and outer conductors are separated from one an 
other along their entire length, which is a part of the 
vacuum envelope of the magnetron, and are terminated 
by an insulating member hermetically sealed therebe 
tween. On the other hand, the wave guide output coupling as 
sembly generally comprises a suitable quarter wave trans 
former or an associated pair of exponential ramps dis 
posed within and affixed to a section of wave guide 
which is hermetically affixed externally at one end to the 
anode block adjacent a coupling iris formed in the back 
wall of one of the cavity resonators of the magnetron. 
The other end of the wave guide assembly, which is part 
of the vacuum enclosure of the magnetron, is terminated 
by hermetically sealing thereto an output window of a 
preselected configuration substantially transparent to mi 
crowave energy. Although the technique for employing coaxial lines 
or wave guide structures have been found to perform 
reasonably well in prior art magnetrons, especially those 
designed for military use, there still are several serious 
disadvantages attendant their use for commercial use, 
where factors of cost and simplicity of construction are 
of primary importance. Firstly, the mechanical configu 
rations of the transmission networks which employ either 
a coaxial line or a wave guide structure are usually com 
plicated from a structural point of view requiring intricate 
parts having close dimensional tolerances in order to 
form such structural configurations and therefore are 
costly to fabricate. Secondly, the number of structural 
components increases as the configuration of the trans 
mission network becomes more complex, and generally 
this requires an increased number of vacuum seals to 
fabricate the structure thereby increasing the number of 
places where leaks may develop in the vacuum envelope. 
Finally, the complexity of the transmission network struc 
ture requires a rather elaborate associated external cou 
pling device to insure good impedance matching between 
the magnetron and the external load, and therefore makes 
it difficult to alter the configuration of the output circuit 
when required. In addition, if the impedance match is 
not good, RF losses are generated which reduce the over 
all efficiency of the output coupling structure. 
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2 
In addition to the aforementioned technique, the prior 

art has also employed a technique of directly coupling 
one of the cavity resonators of the magnetron to an out 
put transmission line through the use of a dielectric win 
dow wherein the window is disposed within the metallic 
enclosure wall of the magnetron adjacent the back wall 
of the cavity resonator by means of a hermetic seal. This 
type of output window has gained general acceptance be 
cause of its simplicity and strength. However, there 
still is a major disadvantage attendant its use under con 
tinuous wave operation at microwave frequencies where 
the Window is relatively small. As energy is extracted 
from the magnetron during its operation, the concentra 
tion of electric fields in such a very small dielectric win 
dow generates excessive heat which tends to soften the 
Window which in turn may cause the window to be 
punctured by the pressure difference between the vacuum 
within the magnetron and atmospheric pressure. The 
excessive heat which accumulates in the dielectric window 
arises primarily from the fact that the window is not 
readily accessible for the application of an outside cool 
ing means, and in addition, the heat conducting proper 
ties of the magnetron envelope and the window are incom 
patible to thereby permit the heat to be carried from the 
window to the magnetron envelope efficiently. 

In accordance with the present invention it has been 
found that the foregoing and other disadvantages of the 
prior art magnetrons may be overcome by extracting en 
ergy directly through a vacuum tight enclosure structure 
which provides both excellent microwave energy trans 
mission and heat conductive properties. More particu 
larly, in accordance with the present invention, the ex 
traction of energy from the magnetron is accomplished 
through the use of a vacuum tight dielectric enclosure 
structure concentrically Surrounding the cylindrical anode 
block of the magnetron which has at least one coupling 
aperture or iris in the back wall thereof adjacent the en 
closure structure wall for communicating energy there 
through. In addition, it is a further feature of the inven 
tion to provide an associated cooling structure encom 
passing the magnetron in heat dissipating relationship 
with substantially the entire exterior surface thereof to 
dissipate the heat generated by the magnetron during its 
operation. it is, therefore, an object of the invention to provide 
a combination apparatus in which microwave energy is 
generated and extracted efficiently therefrom, and the 
heat accompanying said generated energy is readily and 
eficiently dissipated. 

Another object of the invention is to provide a mag 
netron including a novel magnetron envelope through 
which microwave energy is communicated from the mag 
netron efficiently and the heat accompanying the genera 
tion of microwave energy during the magnetron's opera 
tion may be efficiently dissipated by a cooling fluid flow 
ing through an associated functional container. 
A further object of the invention is to provide a mag 

netron oscillator from which the energy generated therein 
is extracted therefrom directly through an enclosure wall 
of said oscillator without the facility of a communicating 
opening within said wall. Still another object of the invention is to provide a 
functional container or case for encompassing a mag 
netron oscillator whereby microwave energy is received 
by said container or case from said magnetron through 
the enclosure wall of said oscillator, to thereby com 
municate said energy to an external load. 

Still a further object of the invention is to provide a 
functional container or case for encompassing a mag 
netron oscillator whereby substantially all microwave 
energy leakage from said magnetron is eliminated in the 
space Surrounding said container or case. 
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The novel features which are believed to be character 

istic of the invention, both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which several embodiments 
of the invention are illustrated by way of example. It 
is to be expressly understood, however, that the drawings 
are intended for the purpose of illustration and descrip 
tion only, and are not intended to limit the scope of the invention. 
FIGURE 1 is a side elevation view, partly in cross sec 

tion, of a vane type multicavity magnetron, in accordance 
with the invention, illustrating the space relationship and 
configuration of the elements thereof; 
FIGURE 2 is a fragmentary view of the magnetron of 

FIGURE 1 taken along line 2-2, illustrating the location 
of a coupling iris which is employed in the embodiment of FIGURE 1; 
FIGURE 3 is a side elevation of a functional case en 

compassing a magnetron of the type shown in FIGURE 1 
and an associated permanent magnet, illustrating the 
space relationship of the various components in accord 
ance with the present invention; 
FIGURE 4 is a plan view of the functional case shown 

in FIGURE 3, taken along line 4-4; 
FIGURE 5 is a side elevation of an interdigital cavity 

resonator magnetron, partly in section, illustrating an 
other form of resonant circuit which may be employed in 
accordance with the present invention; and 
FIGURE 6 illustrates a method for employing a vapor 

condenser with the functional container of the present in 
vention for dissipating heat generated by the magnetron within the container. 

Referring now to the drawings, wherein the same ref 
erence characters designate like or corresponding parts 
throughout the several views, there is shown in FIGURE 
1 a side view of a vane type multi-cavity magnetron 10 
embodying a housing member 12 and a pair of associated 
depressed enclosure members 14 constructed in accord 
ance with the teachings of the invention, providing a 
vacuum envelope for the magnetron and an energy trans 
mitting window therefor. As shown in FIGURE I, the 
magnetron includes a conventional cylindrical anode 
block 6, a plurality of regularly spaced vane segments 
18 extending radially inward from the inside wall of the 
anode block and forming therewith a plurality of cavity 
resonators, a cathode 20, positioned concentrically with 

O 

20 

25 

30 

35 

40 

45 

respect to the anode, and a coupling iris 22 through anode 
block 16 which functions as the back wall of the cavity reSOinatOrS. 

Considering now the specific elements of the magnetron 
of the invention, multicavity magnetron 10 is preferably 
cylindrical in form, and in the specific embodiment of 
FIGURE 1 is shown to include a housing member 12 in 
the form of a cylinder having a wall of uniform thick 
ness. The interior wall of the housing member prefer 
ably has a narrow ridge 24 near one end thereof which 
functions as a supporting and positioning means for 
anode block 16 during the fabrication process of the mag 
netron although it will be appreciated from the ensuing 
description that it is not a limiting structural element. 
In addition, there is an aperture 26 through the housing 
member wall and perpendicular thereto through which an 
energizing electrode 28 is hermetically sealed for apply 
ing a potential to the anode circuit of the magnetron. It 
should be noted at this point that it is essential for the 
housing member to be made of a material which is trans 
parent to electromagnetic energy and simultaneously 
electrically non-conductive with good heat dissipation 
characteristics, as for example, 98 percent pure beryllium oxide ceramic. 

Continuing, disposed at opposite ends of the housing 
member are a pair of electrically conductive depressed 
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4 
enclosure members 14 which are circular in form and 
have a diameter which corresponds to that of the housing 
member. The center of these members, as shown in 
FIGURE 1, have a depressed surface 30 in the form of 
a truncated cone and an associated circular Surface 32 
having a small circular indentation 34 in the center there 
of. As shown in FIGURE 1, one of the depressed end 
members has a vacuum tight exhaust tubulation 36 for 
exhausting said magnetron during the manufacturing process thereof. 
As further shown in FIGURE 1, the end members 14 

are hermetically connected to opposite ends of said hous 
ing member with the pair of small circular indentations 
34 in axial alignment with said cathode, the indentations 
of the depressed members thereby functioning as a means 
of mechanically positioning and supporting cathode 20 
axially within the tube and providing electrical connec 
tions for imposing a potential thereto. In addition sur 
face 32 and indentation 34 combine to form a pair of 
end hats at each end of the interaction space in the well 
known manner and thus function to constrain the elec 
trons within the interaction space. Furthermore, the trun 
cated conical surface of the depressed members functions 
as a means for receiving and positioning a pair of mag 
netic pole pieces, not shown in FIGURE 1, to provide a 
Source of magnetic flux for the magnetron as will be 
described in greater detail hereinbelow. It will be noted 
that the anode structure is disposed concentrically with 
the housing member and is affixed thereto, as by brazing 
to a metallized surface of the ceramic, for example, so 
that vanes 18 are equidistant from the truncated ends 
of the enclosure member 14. In addition, coupling aper 
ture 22 is disposed adjacent the cylindrical wall of mem 
ber 12 to facilitate efficient transmission of energy se 
quentially through the iris and the solid housing member wall. 

Referring now to FIGURE 2 there is shown a frag 
mentary view of the magnetron in FIGURE 1 taken 
along line 2-2, illustrating the relative space relation 
ship of vanes 18 and coupling iris 22 and showing typical 
configurations therefor. The aperture configuration may 
be of any suitable form, of course, and is not limited to 
the dumbbell shaped configuration shown in FIGURE 2, 

Consider now the advantages which are provided by 
the novel construction of the magnetron of the invention 
shown in FIGURE 1. Owing to the inherent properties 
of beryllium oxide from which the housing member is 
made, such as its excellent microwave energy transmis 
sion properties, it will permit the communication of 
microwave energy directly through its cylindrical wall 
adjacent the coupling iris with substantially no RF loss, 
thereby eliminating the need for the conventional asso 
ciated output coupling window. Thus, the use of a simple 
cylindrical structure which does not require the forming 
of an aperture in the side wall of the housing member 
and the inclusion therein of an output window trans 
parent to microwave energy or the use of an associated 
coaxial or waveguide output device substantially reduces 
the complexity of the tube as well as its cost for manu 
facture. In addition, the elimination of these output de 
vices reduces the total number of locations in the over 
all vacuum envelope whereat leaks may occur, and there 
by reduces the possibility of the magnetron becoming 
gassy. Finally, the use of the housing member, anode cir 
cuit, and depressed end members, all of which are simple 
and economic to manufacture in the forms disclosed, 
enables one to produce a magnetron which should pro 
vide an impetus to the manufacture and sale of low cost commercial magnetrons in general. 

Referring now to FIGURE 3 there is shown a func 
tional case 38 for mounting magnetron 10 in heat dis 
sipating and energy coupling relationship therewith. As 
shown in the drawing, case 38 is a solid material divided 
into first and second sections separated by a dielectric 
member 44, each of the case sections including a plurality 
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of fins 40 affixed thereto and surrounding a substantial 
portion of the case's perimeter for dissipating heat trans 
ferred from the magnetron, and a pair of routed passages 
42 which form waveguides that provide means for trans 
mitting microwave energy from the magnetron to an ex 
ternal load. In addition, each of the sections further in 
cludes an opening 52 in axial alignment with the mag 
netron, which openings combine to form a space for 
mounting the magnetron and for receiving a pair of mag 
netic pole piece elements 46 at opposite ends of the mag 
netron. The elements of the combination shown in FIG 
URE 3 are held in position with the aid of a permanent 
magnet 48 and other suitable means not shown, the mag 
net being operable in the conventional manner to provide 
the magnetic flux needed for magnetron operation. 

In FIGURE 4 there is shown further details of the case 
38 illustrating the paths of the waveguide forming pas 
sages 42 in accordance with the invention, it being ex 
pressly understood that the number and configuration 
of the passages as shown in FIGURE 4 is not intended 
as a limitation of the invention. For example, the num 
ber of passages employed is limited only by the number 
of coupling irises that appear in the anode circuit, and 
the configuration of the functional case itself. 
As shown in FIGURE 4 the diameter of the pole piece 

receiving apertures designated 50 is slightly larger than 
the diameter of pole piece 46, while the diameter of the 
magnetron-receiving aperture 52 is slightly larger than the 
diameter of magnetron 19. The slight difference in di 
ameters is to facilitate the insertion and removal of the 
pole piece elements and the magnetron; however, in the 
instance of the magnetron the difference in diameters 
is not sufficient to impair the heat transferring or energy 
coupling capabilities of the magnetron and case in com 
bination. Consider now the advantages which are provided by 
the novel combination of magnetron 10 and functional 
case 38 of the invention. Firstly, the case is made of a 
material, such as aluminum, having high heat dissipating 
properties and is in close contact with substantially the 
entire large external surface of housing member 12 
which has very high thermal conducting properties. In 
addition, the fins which are affixed to the external surface 
of case 38 greatly enhance the heat dissipating capabili 
ties of the case, especially when a fluid, such as cool air 
for example, is passed over the surface of the fins. 
Thus, the ability of the magnetron to dissipate heat gen 
erated thereby during its operation is greater than that 
of similar known prior art devices. 

Secondly, as discussed hereinabove, housing mem 
ber 12 has inherently good energy transmission proper 
ties directly through its cylindrical wall and eliminates 
the need for providing a conventional associated output 
window or conventional transmission network assemblies. 
In order to extract energy, therefore, one end of the wave 
guide forming passages originating at the opening desig 
nated 52 in FIGURE 4 is disposed adjacent the housing 
member in the region where the internal coupling irises 
are located. Finally, the functional case offers the addi 
tional advantage of substantially eliminating all micro 
wave energy leakage from the magnetron in the space 
surrounding the case. The necessity of this advantage 
becomes more significant and is better appreciated if it 
is understood that the magnetron might be employed in 
a domestic application, such as in a microwave heater 
or cooker. In such applications the Federal Communi 
cations Commission has prescribed the maximum per 
missive radiation level which may exist in the environ 
ment of the magnetron while it is in operation. Thus, 
the leakage prevention capability of the functional con 
tainer is extremely important when the magnetron is 
destined to be employed in a domestic application which 
is subject to Federal regulations. 

In operation cathode 20 is activated to provide a 
Source of electrons by connecting a potential difference 
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6 
between the first and second sections of case 38, and 
since each section of the case is in electrical contact with 
one of depressed end enclosure members 14 the potential 
is thus applied to the opposite ends of said cathode. In 
addition there is a high potential difference applied be 
tween the anode circuit through the use of a voltage 
electrode 28 and a ground connection whereby the anode 
is made positive with respect to the cathode. Once the 
potentials have been applied to magnetron 10, as de 
scribed hereinabove, the generation of microwave energy 
is substantially the same as that of conventional mag 
netrons known in the prior art, and therefore no further 
discussion in this regard is deemed necessary. 

Continuing with the operation of the combination of 
the invention, the microwave energy generated in the 
anode circuit is coupled therefrom through the use of 
at least one coupling iris located in the metallic back 
wall of said anode. After the microwave energy passes 
successively through the iris and the cylindrical wall of 
the ceramic housing member, it couples to the waveguides 
built into the functional case where it is then transmitted 
to an external load. As the microwave energy passes through the cylindrical 
wall of said housing member very little heat is generated 
therein owing to the low RF loss factor of the housing 
material. Moreover, since the output window is an 
integral part of the entire cylindrical wall there is pro 
vided a large Surface area over which the little heat 
which is generated through the coupling process may be 
dissipated. In addition, the functional case is in eminent 
heat conducting contact with said housing member and 
thereby provides further capacity and means for dissipat 
ing the larger amounts of heat generated within the anode 
Structure. It is expressly understood, of course, that the invention 
may be practiced by using an anode circuit having a 
form different from that shown in FIGURE 1. With 
reference to FIGURE 5, for example, there is shown a 
view of magnetron 10 similar to that shown in FIGURE 
1, illustrating an alternative embodiment of the inven 
tion exemplifying how the teachings of the invention 
may be utilized with an anode circuit in the form of an 
interdigital structure. As shown in FIGURE 5 there is 
disposed concentrically within housing member 12 and 
affixed thereto a resonant anode circuit 54 having an in 
terdigital form which is supported by ridge 24 during the 
fabrication process of the magnetron. The coupling iris 
may have the same or similar configuration as the iris 
shown in FIGURE 2, and is also in the same cooperative 
coupling relationship with the housing member wall as 
that shown in FIGURE 1. The operation of the mag 
netron shown in FIGURE 5 is substantially the same as 
the magnetron shown in FIGURE 1, and therefore no 
further discussion of its operation is necessary at this 
point. 

It should be further understood that the cooling ad 
Vantages derived through the use of the functional case 
shown in FIGURE 3 may be further enhanced by using 
a functional case adapted to employ a liquid coolant as 
the cooling fluid in place of air. With reference to 
FIGURE 6, for example, there is shown a diagrammatic 
view of a functional container 39, similar to that shown 
in FIGURE 3 except that it is a hollow container which 
has been adapted to employ a liquid and a vapor con 
denser 56 which functions to convert vapor to liquid during a cooling process. The condenser comprises a 
heat exchanger 58, a vapor passage tube 60 for carrying 
vapor generated within the container to the heat ex 
changer where it is reconverted to fluid and returned 
to the container through a return passage tube 62. The 
embodiment of the invention shown in FIGURE 6 thus 
offers the added advantage of permitting the use of a 
liquid in those applications where the use of a gaseous 
coolant may be undesirable. In this embodiment it 
should be noted that the liquid coolant may be in direct 
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contact iwth the magnetron's external surface, and the 
necessity for having container 39 in close physical con 
tact with the magnetron may be eliminated. - 

În operation the fluid is circulated through the con 
tainer shown in FIGURE 6 and may remove enough heat 
from the container to vaporize the liquid circulating there 
in. As the fluid becomes vaporized the vapor rises in a 
vapor tube 60, as shown in FIGURE 6 by the fow arrows 
where it passes into the condenser. The condenser in 
turn converts the vapor to a liquid which is returned to 
the functional container through a liquid tube 62. 
While the magnetron and functional container and case 

of the present invention have been described with refer 
ence to several structural configurations for the magne 
tron and several modes of operation for the functional 
container and case, it will be understood that various mod 
ifications could be made in these devices without depart 
ing from the spirit and scope of the invention. Accord 
ingly, it is to be expressly understood that the foregoing 
description shall be interpreted cally as illustrative of the 
invention, and that the appended claims be accorded as 
broad an interpretation as is consistent with the basic concept herein taught. 
What is claimed as new is: 
1. in a magnetron oscillator for generating microwave 

energy, the combination comprising: a cylindrical cathode 
structure having an axis; an anode circuit including an 
anode block surrounding said cathode, and a plurality of 
regularly spaced vanes extending inwardly toward said 
cathode from Said block forming a plurality of cavity res 
onators and an interaction space adjacent to and concen 
tric with said cathode, said anode including means for 
coupling microwave energy from said magnetron; a vac 
uum envelope, said envelope including an electrically non 
conducting housing member having a cylindrical wall 
transparent to microwave energy and having first and 
Second ends, means for mounting said anode concen 
trically within said housing member, and a pair of elec 
trically conductive depressed enclosure members her 
metically enclosing said ends of said housing member and 
forming means for supporting said cathode concentrically 
with respect to said anode, said enclosure members form 
ing a pair of end hats adjacent opposite ends of said inter action space. 

2. In a magnetron oscillator for generating microwave 
energy, the combination comprising: a cylindrical cathode 
structure having an axis; an anode including an anode 
block surrounding said cathode, a plurality of regularly 
spaced vanes extending inwardly toward said cathode from 
said block forming a plurality of cavity resonators, and 
an interaction space adjacent to and concentric with said 
cathode said anode including coupling means for trans 
mitting microwave energy from said magnetron; a vac 
uum envelope, said envelope including an electrically 
non-conductive ceramic housing member having a cylin 
drical wall transparent to microwave energy and having 
first and second ends, means for mounting said anode 
concentrically within said housing member, an energizing 
electrode hermetically sealed within said housing member 
wall for electrically energizing said anode, and a pair of 
electrically conductive end members hermetically enclos 
ing said ends of said housing member said end members 
forming means for supporting said cathode axially within 
said interaction space, said end members forming a pair 
of end hats adjacent opposite ends of said interaction Space. 

3. In a magnetron oscillator for generating microwave 
energy, the combination comprising: a cylindrical cathode 
structure having an axis; an anode including an anode 
block surrounding said cathode, and a plurality of reg 
ularly spaced vanes extending inwardly toward said cath 
ode from said block forming a plurality of cavity reso 
nators and an interaction space adjacent to and concen 
tric with said cathode; a vacum envelope, said envelope 

0. 

20 

25 

30 

35 

40 

45 

60 

75 

8 
including a ceramic housing member transparent to mi 
crowave energy and having first and second ends, means 
for supporting said anode concentrically within said hous 
ing member, and a pair of electrically conductive de 
pressed enclosure members hermetically enclosing said 
ends of said housing member and forming means for 
supporting said cathode axially within said interaction 
space, the depressions in said enclosure members forming 
a pair of end hats adjacent opposite ends of said inter action space. 

4. In a magnetron oscillator for generating microwave 
energy, the combination comprising a cylindrical cathode 
structure having an axis: a vacuum envelope concentric 
with said axis, said envelope including a ceramic hous 
ing member transparent to microwave energy and having 
first and second ends; an anode disposed concentrically 
within said envelope having at least one coupling iris for 
communicating microwave energy from the magnetron; 
said cathode being supported within said member concen 
tric with said anode forming an interaction space there 
with; a pair of electrically conductive depressed enclosure 
members hermetically enclosing said ends of said housing 
member providing means for supplying input power to 
said cathode and for supporting said cathode axially within 
said interaction space, the depressions in said enclosure 
members forming means at opposite ends of said inter 
action space for constraining electrons emitted by said 
cathode within said interaction space. 

5. The magnetron defined in claim 4 in which the ma 
terial from which said housing member is formed has relatively high thermal dissipation properties. 

6. The magnetron defined in claim 5 in which said 
housing member is composed essentially of beryllium oxide. 

7. The combination comprising: a magnetron oscilla 
tor for generating microwave energy, said magnetron in 
cluding a cylindrical cathode structure having an axis, an 
anode including an anode block surrounding said cathode 
and forming a plurality of cavity resonators and an inter 
action space adjacent to and concentric with said cathode, 
a vacuum envelope, said envelope including a ceramic 
housing member transparent to microwave energy and 
having first and second ends, means for mounting said 
anode within said housing member, a pair of enclosure 
members hermetically enclosing said ends of said housing 
member for Supporting said cathode axially within said 
envelope, and means for supplying input power to said 
cathode; and an electrically conductive functional case 
for enclosing said magnetron to provide shielding means 
for substantially eliminating leakage of microwave energy 
from said case, said case including at least one passage 
forming output coupling means for transmitting micro 
wave energy generated within said magnetron to an ex ternal load. 

8. The combination defined in claim 7 wherein said 
case further includes means for receiving a cooling fluid 
for removing heat generated by said magnetron. 

9. The combination comprising: a magnetron oscilla 
tor for generating microwave energy, said magnetron in 
cluding a vacuum envelope, said envelope including an 
electrically non-conductive housing member having a cy 
lindrical wall transparent to microwave energy and hav 
ing first and second ends, an anode member mounted 
within said enclosure concentric with said cathode, said 
anode member defining at least one cavity resonator, a 
pair of enclosure members hermetically enclosing said 
ends of said housing member, a cathode mounted be 
tween said enclosure members axially within said enve 
lope; and a functional case for encompassing said mag 
netron to provide substantial insulation of said magnetron 
from microwave energy leakage, said case including out 
put coupling means for communicating microwave energy 
to an external load, and means for removing and dis 
sipating heat generated by said magnetron. 
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10. The combination comprising: a magnetron oscil 
lator for generating microwave energy, said magnetron 
including a vacuum envelope, said envelope including a 
cylindrical housing member transparent to microwave 
energy and having first and second ends, a cathode posi 
tioned axially within said member, an anode member de 
fining at least one cavity resonator surrounding said cath 
ode and mounted within said housing member, and a pair 
of enclosure members hermetically enclosing said ends 
of said housing member and forming means for support 
ing and energizing said cathode; and a functional con 
tainer having an interior space for encompassing said 
magnetron to provide substantial insulation of said mag 
netron from microwave energy leakage, said container in 
cluding means for receiving a cooling liquid to dissipate 
heat generated by said magnetron and transferred to said 
container from said magnetron, said container including 
means forming at least one microwave energy communi 
cating passage which extends therethrough from a point 
adjacent said magnetron housing member for extracting 
microwave energy from said magnetron. 

11. The combination defined in claim 10 wherein said 
communicating passage is in the form of a ridged wave 
guide. 12. The combination comprising: a magnetron oscil 
lator for generating microwave energy, said magnetron 
including a substantially cylindrical housing member 
transparent to microwave energy and having first and sec 
ond ends, a cathode positioned axially within said mem 
ber, an anode member mounted within said housing 
member concentric with said cathode, said anode mem 
ber defining at least one cavity resonator, a pair of en 
closure members hermetically enclosing said ends of said 
housing member and forming means for supporting said 
cathode axially; and a functional case having an interior 
space for receiving said magnetron to provide Substantial 
insulation of said magnetron from microwave energy 
leakage, said case including means for removing and dis 
sipating heat generated by said magnetron and having at 
least one microwave energy communicating passage 
which extends therethrough from said interior space ad 
jacent said magnetron for extracting microwave energy 
from said magnetron. 

13. The combination defined in claim 12 wherein said 
communicating passage is in the form of a ridged wave 
guide. 14. The combination comprising: a magnetron oscil 
lator for generating microwave energy, said magnetron 
including a vacuum envelope, said envelope including a 
housing member having a cylindrical wall transparent to 
microwave energy and having first and second ends, a 
cathode mounted axially within said enclosure, an anode 
member defining at least one cavity resonator, a pair of 
depressed enclosure members hermetically enclosing said 
ends of said housing member forming means for support 
ing said cathode axially and means for supplying input 
power to said cathode; and a functional container having 
an interior space for encompassing said magnetron to 
provide substantial insulation of said magnetron from 
microwave energy leakage, said container including 
means for removing and dissipating heat generated by 
said magnetron, said means having a plurality of ducts 
for receiving a cooling liquid to dissipate said heat trans 
ferred to said container by said magnetron, an associated 
condenser means for changing vapor to liquid, and an 
output coupling line having at least one microwave 
energy communicating passage which extends there 
through perpendicular to said cathode from said interior 
space adjacent said magnetron. 

15. The combination defined in claim 14 wherein said 
communicating passage is in the form of a ridged wave 
guide. 16. A magnetron oscillator for generating microwave 
energy, the combination comprising: a cylindrical enve 
lope having a wall transparent to microwave energy, and 
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first and second ends, an anode mounted internally con 
centrically, said anode including a metallic member af 
fixed to said envelope, a plurality of vanes extending 
radially inward from said member forming a plurality of 
cavity resonators and an interaction space concentric 
with said envelope, and output coupling means for com 
municating microwave energy from said anode, a pair of 
electrically conductive enclosure end members hermeti 
cally enclosing said ends of said envelope, and a cylindri 
cal cathode mounted between said end members con 
centric with said interaction space, said end members 
forming means at opposite ends of said interaction space 
for constraining electrons emitted by said cathode within 
said interaction space. 17. The combination comprising: a magnetron oscil 
lator for generating microwave energy, said magnetron 
includes a cylindrical envelope having a wall transparent 
to microwave energy, and first and second ends, an anode 
mounted internally concentrically within said envelope, 
said anode including a metallic member affixed to said 
envelope, a plurality of vanes extending radially inward 
ly from said member from a plurality of cavity resona 
tors and an interaction space concentric with said enve 
lope, and output coupling means for communicating 
microwave energy from said anode, a pair of electrically 
conductive enclosure end members hermetically enclos 
ing said ends of said envelope, a cylindrical cathode 
mounted between said end members concentric with said 
interaction space, a magnetron envelope for enclosing 
said magnetron providing shielding means to substan 
tially eliminate leakage of microwave energy from said 
magnetron envelope, means for dissipating heat gen 
erated by said magnetron, through the use of an associ 
ated cooling fluid, and means through which microwave 
energy is communicated away from said magnetron. 

18. The magnetron defined in claim 17 in which said 
cylindrical emvelope is further defined as electrically non 
conductive beryllium oxide having a high coefficient of 
thermal conductivity. 19. A magnetron oscillator for generating microwave 
energy, the combination comprising: a cylindrical enve 
lope having a wall transparent to microwave energy, and 
first and second ends, said cylindrical envelope being 
formed of beryllium oxide on the order of 98 percent 
purity, an anode mounted internally concentrically, said 
anode including a metallic member affixed to said enve 
lope, a plurality of vanes extending radially inward from 
said member forming a plurality of cavity resonators and 
an interaction space concentric with said envelope, an 
output coupling means for communicating microwave 
energy from said anode, a pair of electrically conductive 
enclosure end members hermetically enclosing said ends 
of said envelope, and a cylindrical cathode mounted be 
tween said end members concentric with said interaction 
Space. 20. An inexpensive magnetron comprising a conduc 
tive anode structure including at least one resonant cavity 
and having a generally cylindrical outer wall, a cylindri 
cal insulating sleeve having its inner surface in extended 
contact with the cylindrical outer wall of said anode, a 
cathode, and means including two concave circular sheet 
metal end pieces in peripheral vacuum sealing engage 
ment with the respective ends of said sleeve for support 
ing said cathode within said anode structure. 

21. An inexpensive magnetron structure comprising: 
a vacuum sealed envelope assembly, said vacuum 

sealed envelope assembly consisting solely of an 
insulating sleeve, an anode assembly including at 
least one cavity resonator and an outer conductive 
sleeve engaging the inner surface of said insulating 
sleeve, first and second stampings in vacuum sealing 
engagement with the ends of said insulating sleeve, 
and a cathode assembly supported directly on said 
two stampings to extend through said anode assem 
bly; and 
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means for applying a magnetic field to the space be 

tween said anode and said cathode in a direction 
parallel to said cathode. 

22. An inexpensive vauum sealed envelope assembly for a magnetron comprising: 
an electrically non-conductive housing member having 
a cylindrical wall transparent to microwave energy; 

an anode assembly including at least one cavity resona 
tor and an outer cylindrical sleeve engaging the inner 
cylindrical wall of said housing member; 

first and second stampings in vacuum sealing engage 
ment with the ends of said housing member to com 
plete the vacuum envelope; and 

a cathode assembly supported directly between said 
two stampings to extend through said anode assembly. 

23. An inexpensive vacuum sealed envelope assembly 
for a magnetron oscillator tube consisting solely of a vacuum envelope including: 
a cylindrical ceramic housing member transparent to 

microwave energy having first and second ends; 
an anode assembly having an outer conductive cylin 

drical wall engaging the inner surface of said ce ramic housing; 
a pair of depressed stamping elements hermetically en 

closing said ends of said ceramic member to com 
plete the vacuum sealed envelope; and 

a cathode supported directly between said two stamp 
ing elements to extend through said anode assembly. 24. In an inexpensive magnetron: 

an anode assembly including at least one cavity resona 
tor having generally a cylindrical outer wall; 

a cathode mounted within said anode; 
a generally cylindrical sleeve of material, which is 

transparent to microwaves and of high heat conduc 
tivity, for enclosing said anode and said cathode, 
the inner surface of said sleeve being in extended 
intimate contact with the outer cylindrical wall of said anode assembly; 

means, including a pair of electrically conductive de 
pressed stampings hermetically enclosing the ends of 
said cylindrical sleeve, for forming a vacuum enve 
lope and for supporting said cathode; and 

means, including a magnetic pole piece at each end 
of said sleeve interfitting with the depressions in said 
stampings, for applying a magnetic field to the space 
between said anode and said cathode. 

25. In an inexpensive magnetron: 
an anode assembly including at least one cavity resona 

tor having an outer wall; 
a cathode extending through said anode; 
a vacuum-tight envelope for housing said cathode and 
anode structure, including a hollow cylindrical body 
of material which is transparent to microwaves and 
of high heat conductivity having first and second 
ends; and 

a pair of electrically conductive depressed stampings 
enclosing said ends of said hollow body and form 
ing means for interfitting a magnetic pole piece at 
each end of said hollow body, for applying a mag 
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netic field to the space between said anode and said 
cathode, the inner surface of said hollow cylindrical 
body being in extended intimate contact with the 
outer wall of said anode. 

26. In an inexpensive magnetron: 
a vacuum-tight envelope including a hollow cylindrical 
body of material which is transparent to microwave 
energy and of high heat conductivity, and a pair of 
depressed end mambers hermetically enclosing the ends of said body; 

a cylindrical anode including at least one cavity resona 
tor having an outer wall and means for transmitting 
microwave energy from said anode; 

a cathode mounted within said anode and supported 
therein by said end members, said end members also 
providing electrical input power terminals for said cathode; and 

means, including a pair of magnetic pole pieces posi 
tioned outside the vacuum envelope by said end 
members, for applying a magnetic field to the space 
between said anode and said cathode, 

the inner surface of said body being in intimate con 
tact with the outer cylindrical wall of said anode for 
dissipating heat generated at said anode through the 
wall of said vacuum-tight envelope. 

27. In an inexpensive magnetronstructure: 
a cylindrical anode including at least one cavity resona 

tor having generally a cylindrical outer wall and 
means for transmitting microwave energy from said magnetron; 

'a cathode mounted within said anode; 
a generally cylindrical sleeve of material, which is 

transparent to microwaves and of high heat con 
ductivity, for enclosing said anode and said cathode, 
said sleeve having first and second ends; 

means, including a pair of electrically conductive de 
pressed end members hermetically enclosing said ends 
of Said cylindrical sleeve forming a vacuum envelope 
therewith, for supporting said cathode and providing 

! electrical connection therefor; and 
means, including a magnetic pole piece at each end of 
said sleeve interfitting with the depressions in said 
end members for applying a magnetic field to the 
Space between said anode and said cathode, said 
depressed end members forming a pair of end hats 
adjacent opposite ends of said interaction space; 

the inner surface of said sleeve being in extended inti 
mate contact with the outer cylindrical wall of said 
anode to dissipate heat generated at said anode in 
contact with the inner surface of said sleeve. 
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