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3 
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 fragmentary view, partly in cross 

section, of a microwave oven illustrating the manner in 
which a pair of magnetron oscillators constructed in 
accordance with the invention may be mounted Within 
one wall of the oven to provide uniform excitation thereof; 
FIGURE 2 is an enlarged cross-sectional view of one 

of the magnetron oscillators shown in FIGURE 1 illus 
trating the structural details thereof; 
FIGURE 3 is a fragmentary view, partly in cross 

section, of a microwave oven which includes two asso 
ciated magnetrons mounted within different oven walls, 
in accordance with the present invention, to provide uni 
form excitation thereof; and 
FIGURE 4 is a schematic diagram of one form of 

power supply unit which may be employed for exciting 
two magnetrons in accordance with the teachings of the 
present invention...: 
With reference now to the drawings, wherein like or 

corresponding parts are designated by the same reference 
characters throughout the several views, there is shown 
in FIGURE 1 a microwave oven, generally designated 
10, only a portion of which is shown, and a pair of asso 
ciated magnetron oscillator tubes 2 and 3, constructed 
in accordance with the teachings of the invention, which 
are mounted directly in the oven wall and energized 
alternately to provide microwave energy to heat any 
lossy dielectric body which may be placed within the 
????.» 

14 having a pair of spaced apertures 15 passing through 
one wall 16 for permitting the magnetron oscillators to 
be mounted therein, and an enclosure door 18 to provide 
a communicating passage for placing objects within the 
oven or for removing objects previously placed therein. 
It will be seen from FIGURE 1 that the oven is illumi 
nated directly from the magnetrons 12 and 13 without 
the use of any additional microwave transmission 
components. 

Considering now the specific elements of the micro 
wave oven of the invention, enclosure 10 is preferably 
rectangular in form comprising six metallic walls. In 
the specific embodiment of FIGURE 1 enclosure door 
8 is located in one of the side walls, while the top wall i6 

includes apertures 15, the configuration of the apertures 
depending upon the outline of the magnetrons utilized 
therewith. In actual practice each aperture 15 has asso 
ciated therewith a suitable grounding mechanism, Such as 
a plurality of spring fingers 20, to insure good electrical 
contact between the oven wall and the magnetron. 
will be seen, therefore, that the boundary walls of the 
enclosure and enclosure door present to the magnetrons 
a cavity resonator which is capable of resonating in any 
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As shown in FIGURE 1, oven 10 comprises two 

basic elements, namely, a metallic conductive enclosure 
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It 
anode to the region of the output window. 

60 
one of a plurality of modes and at a plurality of micro 
wave frequencies. As will be disclosed in more detail 
below, the oven may be made to support oscillations in 
preferred mode configurations through proper selection 
of the dimensions of the enclosure, the position of each 
magnetron in the oven wall, and the frequency of oper 
ation of the magnetrons. 

Consider now the construction of the magnetrons 
mounted in the microwave oven of FIGURE 1 and the 
manner in which they function to provide flush mounting 

... capabilities. Referring now to FIGURE 2, there is shown 
a detailed view of a magnetron oscillator constructed in 
accordance with the teachings of the present invention, 
which includes means for directly transferring microwave 
energy from the resonant system of the magnetron to the 
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oven along a path concentric with the axis of the mag 
netron. As shown in FIGURE 2, the magnetron includes 
two cylindrical housing members 26 and 28 forming a 
tubular envelope which is enclosed at one end by an 
output window 30 and at the other end by a cathode 
terminal assembly generally designated 34. As further 
shown in FIGURE 2, mounted within the envelope is 
a cylindrical anode structure, generally designated 35, 
which surrounds a cathode 36 which is in turn electrically 
and mechanically connected to a pair of terminal mem 
bers 37 and 38 which form part of cathode assembly 34. 
In addition, the magnetron includes a pair of pole pieces 
42 and 44 which are disposed on opposite ends of the 
anode structure and are spaced therefrom by a pair of 
pole piece spacers i 46 and 48 fabricated from a non 
magnetic material, such as copper. 
: It should be noted at this point that the configuration 
of housing element 26 and the placement of the various 
structural elements therein, in accordance with the inven 
tion, greatly facilitates construction and assembly of the 
magnetron. More specifically, it will be noted that hous 
ing member 26 has a general cup shaped configuration 
With an aperture for receiving the cathode assembly. In 
assembling the magnetron, therefore, there are succes 
sively placed within the housing 26 the pole piece 44, 
spacer 48, anode 35, spacer 46 and pole piece 42, thereby 
providing a sandwich type construction. 

Considering now in more detail the construction of 
anode 35, it will be noted that the anode is basically a 
hybrid form of interdigital structure comprising a pair of 
cup-like conjugate members which when placed together 
form a cavity enclosed at its ends by a pair of conductive 
end plates 54 and 56 positioned adjacent the opposite ends 
of the cathode 36 and perpendicular to the axis thereof. 
Each of the end plates has an aperture 55 in the central 
region thereof coaxial with the cathode, and a group of 
anode fingers 57 mounted about this aperture at uni 
formly spaced points and extending perpendicular from 
the plane of the associated end plate toward the other 
end plate. As further shown in FIGURE 2, the two 
cup-like anode members are positioned with respect to 
each other so that the two groups of anode fingers respec 
tively associated with the two end plates are interleaved 
to form the anode inter-action structure of the interdigital 
anode 35. 

Considering now the novel output structure employed 
in the magnetron of this invention, energy is extracted 
from the magnetron's resonant system through a commu 
nicating passage 58 which extends through end plate 56, 
spacer 46, and pole piece 42 into the region 65 between 
pole piece 42 and output window 30. More particularly, 
as viewed in FIGURE 2, the communicating passage is 
formed by an aperture eccentrically located in each of 
the foregoing elements, the apertures being drilled or 
otherwise formed to register with each other and thereby 
provide a passage substantially parallel with the tube axis, 
which extends from the inductive region of the magnetron 

It should be noted at this point, that if desired, energy. 
may be extracted directly from the magnetron through 
passage 58 by using the passage as a cylindrical wave 
guide into which the output energy propagates. How 
ever, in accordance with the preferred embodiment of the 
invention the output structure further comprises a con 
ductor 60 which extends from the anode resonator, 
through passage 58 and into the region 6 adjacent output 
window 30 whereat it is terminated at a point 72 on the 
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pole piece 42 to provide an output antenna for radiating 
energy through the output window. The other end of 
conductor 60, on the other hand, is affixed to anode end 
plate 54 and functions as an energy pick-up or receiving 
antenna in the inductive region of the cavity resonator, 
the output energy thus produced being transmitted to 
the output antenna by the coaxial link formed by passage 

75 58 and the central region of the conductor 68. It will 
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be understood, of course, that if desired the central region 
of conductor 60 may be further supported within pas 
sage 58 through the use of a suitable insulating spacer, 
such as the spacer designated 64 in FIGURE 2. 

In the operation of the magnetron the RF electric field 
set up in the resonant system functions to generate a cur 
rent in conductor 60, and energy is extracted through the 
coaxial link formed by passage 58 and is presented to 
the output antenna portion of conductor 60 in the region 
61. At this point, therefore, the conductor 60 functions 
in conjunction with the reflective back surface of pole 
piece 42 to produre a radiated field in response to the 
current flowing in the conductor. It should be noted, 
incidentally, that the process by which microwave oscil 
lations are generated in the magnetron of the present 
device is substantially the same as that of conventional 
magnetrons, and therefore further discussions of the 
phenomena occurring in the electron inter-action gap is 
considered unnecessary. 

Consider now the advantages of the construction of 
the magnetron of FIGURE 2 with respect to its use in 
magnetron ovens and the manner in which it provides 
flush mounting capabilities. In accordance with the in 
vention the microwave energy generated within each mag 
netron is oriented uniquely by the antenna-like conductor 
60 in such a manner that it may be launched in an out 
put wave through the output window along a path which 
is coaxial with the axis of the magnetron. This novel 
feature of orientating the output energy wave differs sub 
stantially from that of the prior art devices and is utilized 
advantageously as described herein, to permit the mag 
netron to be mounted in the walls of the oven, thus elimi 
nating the need for conventional lossy and inefficient 
transmission circuits and microwave plumbing tradition 
ally associated with the microwave ovens of the prior art. 
A further advantage is derived from the fact that the 
novel construction of the magnetron output structure 
functions to permit the magnetron to be placed readily 
in any one of various locations within the oven walls to 
produce whatever mode pattern has been selected for the 
operation of the oven. 

Returning now to the description of FIGURE 1, the 
static magnetic field requisite for magnetron operation is 
provided in part by a pair of annular permanent magnets 
80 and 82 respectively associated with magnetrons 12 
and 13, and in part by a pair of electromagnets compris 
ing two electromagnet coils 84 and 86 and associated 
magnetic return structures. It will be noted that each 
of the magnetic return structures includes an annular 
member 88 which engages the associated permanent mag 
net, and a yoke 90 which communicates magnetically 
with the opposite ends of the evacuated envelope of the 
associated magnetron, the yokes 90 further providing a 
surface for fastening the magnetrons in position with a 
suitable clamp 92. 

It will be further noted from FIG. 1 that in addition 
to the elements described previously, each of the mag 
netrons further comprises a plurality of annular cooling 
fins 93 which are preferably formed of a good heat con 
ductor, such as copper, the fins being stacked together 
and affixed to the tubular body portion 26 of each of 
the magnetrons. While an air cooled system of this 
nature will be found satisfactory in most applications, it 
will of course be appreciated by those skilled in the art 
that an equivalent liquid cooling system could be em 
ployed with the basic magnetron construction shown in 
FIG. 2 without departing from the basic concept of the 
invention. 

Consider now the factors which determine the position 
of the magnetrons in the oven wall 16 as shown in FIG 
URE 1. It will be recognized by those familiar with 
resonator design that the dimensions of the oven and the 
frequency of operation of the magnetrons both contribute 
to establish the number of mode patterns of the type 
TEwa which may be excited in the oven, and that the 
excitation of a preselected mode within the oven by a 
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6 
particular magnetron is also dependent upon the excita 
tion energy therefrom being introduced into the oven at 
a given point such that it has a particular space relation 
ship to the fields of the mode pattern to be excited. Fur 
thermore, it may be demonstrated that to achieve a rela 
tively uniform power density throughout the oven it is 
preferable to excite the oven alternatively in two different 
modes whose field configurations overlap, and that to 
minimize any coupling between the two magnetrons each 
of the tubes should be located preferably at a point in 
the oven wall which appears substantially as a null in the 
mode pattern produced by the other tube. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

In general the frequency range in which frequency of 
operation of the magnetrons must fall is preordained by 
the Federal Communications Commission. Accordingly, 
after the specific frequency at or around which the mag 
netrons will operate has been selected, it is only necessary 
to select two mode configurations for exciting the oven 
which are consistent with the criteria outlined above and 
which provide overall oven dimensions compatible with 
the size of conventional ovens for use in environments 
similar to that for which the microwave oven is intended. 
In addition, once the mode patterns of the type TElwh 
which are to be utilized in the oven are selected, the loca 
tions for placement of the magnetrons can be determined, 
and the magnetrons placed in spaced relationship to the 
fields of the mode to provide proper excitation of the 
oven. Since there are many possible modes in which the 
oven may operate for a given frequency, it is important 
that placement of the magnetrons be relatively accurate 
to insure proper coupling to the oven so that excitation 
occurs in the particular modes selected to provide uni 
form heating within the oven. Thus, as an added feature 
of the invention, the use of flush mounted magnetrons as 
shown in FIG. 1 facilitates placement of the magnetrons 
for coupling energy into the oven directly at the desired 
points through the use of the apertures 15 described here 
inabove. 

It is to be expressly understood, of course, that the in 
vention may be practiced in manners other than that 
shown in the embodiment of FIGURE 1 by employing a 
plurality of magnetrons of the general form shown in 
FIGURE 2, With reference now to FIGURE 3, for ex 
ample, there is shown a microwave cooker in accordance 
with the invention which includes an oven 10 and two 
magnetrons 12 and 13 for the illumination thereof, the 
magnetrons being positioned in adjacent walls of the oven. 
In this embodiment of the invention the magnetrons func 
tion in substantially the same manner and provide the 
same advantages as in the embodiment of FIGURE 1, one 
further advantage of the invention illustrated in FIGURE 
3 being that the magnetrons may be placed in the various 
walls of the oven for special applications. 

It will be recognized, of course, that numerous elec 
trical circuits may be devised for energizing magnetrons 
12 and 13 alternatively in time. With reference to FIG 
URE 4, for example, there is shown a magnetron power 
supply which comprises a power transformer 94 having 
a center-tapped secondary which is connected to the 
anodes of magnetrons 12 and 13 through a pair of respec 
tively associated electromagnet windings 84 and 86. The 
cathodes of the magnetrons, in turn, are each connected 
to the ends of the transformer secondary by a pair of 
asosciated conductors, the ends of the secondary further 
providing filament transformers for energizing the mag 
netron cathodes. In addition, as shown in FIGURE 4, 
the circuit further includes a pair of switch contacts 96 
and 98 which are selectively operable in unison to short 
circuit a portion of electromagnet coils 84 and 86 to 
thereby provide means for varying the output power pre 
sented by the magnetrons through variation of the mag 
netic field applied to the associated tubes. It will be rec 
ognized by those skilled in the art that maximum power 
will be presented when the switches are in the small coil 
position since the transverse magnetic field in the tubes is 



7 
then held to a specified minimum, whereas a smaller 
amount of power will be presented when the full trans 
verse magnetic field is applied to the tubes. 

It is to be understood, of course, that alterations and 
modifications may be made in the structure and circuits 
shown without departing from the spirit and scope of the 
invention. For example, it is clear that the concepts dis 
closed herein are equally applicable for use with a pair of 
magnetrons placed in opposite walls of the oven, for 
operation of the magnetrons at substantially different fre 
quencies, or for the use of more than two magnetrons as 
an energy source. It should be emphasized, therefore, 
that the spirit and scope of the invention is to be limited 
only by the spirit and scope of the appended claims. 
What is claimed as new is: . . 
1. The combination of a microwave oven and a plural 

ity of magnetron oscillators to drive said oven in a plu 
rality of respective modes each having at least one null 
point, said combination comprising: a microwave oven 
having a plurality of metallic walls defining a cavity reso 
nator; a first magnetron oscillator for illuminating said 
oven with microwave energy, said magnetron including a 
substantially cylindrical housing member having an axis 
and first and second ends, a cathode, means enclosing said 
first end of said housing member for mounting said cath 
ode in said member concentric with said axis, an anode 
member defining a resonator system concentrically sur 
rounding said cathode, said resonator system including 
at least one cavity resonator means including an output 
window transparent to microwave energy enclosing said 
second end of said housing member, and means for ex-. 
tracting microwave energy from said anode member and 
launching said energy in an output Wave through said out 
put window; and means positioned at a null point of a 
resonant mode of a second magnetron oscillator for 
mounting the first magnetron in one of said walls of the 
oven with said output window substantially flush with 
said one wall whereby said oven is excited in a mode of 
preselected orientation relative to the resonant mode of 
said second magnetron oscillator. -. 

2. The combination defined in claim 1 which further 
includes a second magnetron oscillator having an output 
window, and second means positioned along one of said 
metallic walls at a null point of said resonant mode of 
said first magnetron oscillator for mounting said second 
magnetron therein whereby said oven is excited in a sec 
ond mode of preselected orientation. 

3. The combination defined in claim 2 wherein said 
magnetron oscillators are positioned relative to each other 
and to said oven walls to energize said oven in two differ 
ent modes, and which further includes means for energiz 
ing said magnetron oscillators ailternately in time. . . . 

4. The combination comprising: a metallic enclosure 
whose interior boundary walls define a cavity resonator 
resonant at microwave frequencies and in a plurality of 
modes, in which a lossy dielectric body may be placed to 
be heated, a magnetron for generating microwave energy, 
said magnetron having an axis and including an axially 
mounted cathode, an anode structure positioned concen 
trically around said cathode, said anode defining at least 
one cavity resonator, means including a substantially flat 
output window coaxial with said cathode for extracting 
the microwave energy from said anode resonator, and 
means for mounting said flat magnetron output window 
with its exposed surface substantially flush with one wall 
of said cavity resonator in a preselected location to provide 
direct coupling of the microwave energy into the interior 
of said metallic enclosure and to excite a preselected mode 
therein. 

5. The combination comprising: a microwave oven hav 
ing a plurality of boundary walls defining a cavity reso 
nator resonant in a plurality of modes; a plurality of mag- . 
netron oscillators each having an interdigital anode struc 
ture for generating microwave energy, each oscillator 
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mode from each of said oscillators; means for energizing 
said oscillators alternately; and means for mounting said 
oscillators flush within the oven walls at two different 
places for coupling the microwave energy of said oscilla 
tors directly into the interior of the oven to excite the 
same in at least two of said modes and to prevent sub 
stantially the exchange of energy between said magnetron 
Oscillators, said oscillators transmitting microwave energy 
to the interior of said area alternately during different 
periods to provide uniform average energy at substantially 
all points within the oven, such that said microwave oven 
is excited in at least two different modes of the form 
TElwh during said different periods, where l, w and h are 
integers of predetermined values. 

6. The combination comprising: a microwave oven hav 
ing a plurality of boundary walls defining a cavity resona 
tor resonant in a plurality of modes; a plurality of mag 
netron oscillators each having an interdigital anode struc 
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ture for generating microwave energy, each oscillator 
cooperating with said cavity to provide a different output 
mode from each of said oscillators; means for energizing 
said oscillators alternately; and means for mounting said 
oscillators flush within the oven walls at two different 
places for coupling the microwave energy of said oscilla 
tors directly into the interior of the oven to excite the 
same in at least two of said modes and to prevent substan 
tially the exchange of energy between said magnetron 
oscillators, said oscillators transmitting microwave en 
ergy to the interior of said area alternately during different 
periods to provide uniform average energy at substantially 
all points within the oven, the dimensions of said oven, 
the position of said magnetrons in said oven walls, and the 
frequency of operation of said magnetrons being chosen 
to provide excitation of said oven in the TEw mode by 
one of said magnetrons and in the TEwa mode by the 
other of said magnetrons, where the terms l, l, w, w', h 
and h' are integers and at least two of said terms l, w and 
h have different integer values than the corresponding two 
prime terms. - 

: 7. In a magnetron oscillator, the combination compris 
ing: a substantially cylindrical housing member having an 
axis; a cathode; mounted in said member concentric with 
said axis; an anode member mounted within said housing 
member concentric with said cathode, said anode member 
defining at least one cavity resonator; means including 
an output window transparent to microwave energy en 
closing one end of said housing member; and means in 
cluding a transmission iris and a continuous passage ex 
tending from within said cavity resonator and parallel to 
said axis for extracting microwave energy from said anode 
member and axially launching said energy in an output 
wave through said output window. 
... 8. In a magnetron the combination comprising: a cylin 
drical cathode structure, an anode defining a resonant 
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cavity concentrically surrounding said cathode structure to 
form a cylindrical interaction space between said anode 
and cathode, a pair of magnetic pole-pieces, one adjacent 
each end of said interaction space and forming parts of a 
magnetic circuit adapted to provide a magnetic field sub 
stantially parallel to said cathode structure, one of said 
pole-pieces having a microwave energy transmission aper 
ture passing therethrough eccentric with respect to said 
cathode and forming a section of a continuous transmis 
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sion line passage extending parallel to said magnetic field 
and longitudinally of said cathode structure from within 
said resonant cavity to provide a communicating open 
ing for extracting microwave energy from said resonant 
cavity and longitudinally of said cathode structure. 

9. A magnetron comprising: a vacuum envelope, said 
envelope including a cylindrical housing member having 
first and second ends, an output window electrically trans 
parent to microwave energy hermetically enclosing said 
first end of said housing member, and a cathode terminal 
assembly hermetically enclosing said second end of said 

cooperating with said cavity to provide a different output 75 housing member; a cathode mounted axially within said 
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cylindrical housing member by said terminal assembly; a 
cylindrical anode structure defining a resonant cavity for 
generating microwave energy, said anode having an induc 
tive portion and first and second ends parallel to said out 
put window and being positioned within said housing 
member to concentrically surround said cathode for pro 
viding an interaction space between said cathode and 
anode; a pair of magnetic pole-pieces one adjacent each 
end of said anode structure and coaxial with said cathode, 
one of said pole-pieces separating said anode structure and 
said window and being spaced from said window, said one 
pole-piece having an aperture therethrough extending be 
tween said anode structure and the volume between said 
window and said one pole piece to form a continuous 
transmission passage extending longitudinally of said cath 
ode and from within said resonant cavity for extracting 
energy from said anode structure and longitudinally 
launching said energy through said output window. 

10. The magnetron defined in claim 9 which further in 
cludes a conductor extending from said inductive portion 
of said anode resonant cavity, through said aperture in 
said one pole-piece, and into said volume between said one 
pole-piece and said window, said conductor functioning as 
an inductive receiving antenna for extracting energy from 
within said anode cavity and as a transmitting antenna for 
radiating the extracted energy through said output window. 

11. A magnetron comprising: a vacuum envelope in 
cluding a cylindrical housing member having first and 
second ends, an output window electrically transparent to 
microwave energy hermetically enclosing said first end 
of said housing; a cathode mounted axially within said 
cylindrical housing member; an interdigital anode struc 
ture concentrically surrounding said cathode and coaxial 
therewith for generating microwave energy within said 
magnetron, said anode structure including a pair of con 
ductive end plates mounted within said housing mem 
ber adjacent the opposite ends of said cathode and perpen 
dicular to the axis thereof, each of said end plates having 
a first aperture in the central region thereof, coaxial with 
said cathode a first group of anode fingers mounted at uni 
formly spaced points to one of said plates adjacent said 
first aperture and extending toward the other of said plates, 
parallel with said cathode a second group of anode fingers, 
said second group of anode fingers being mounted at uni 
formly spaced points to said other plate adjacent said first 
aperture and extending toward said plate parallel with 
said cathode, said first and second groups of fingers being 
interleaved to provide an interdigital anode structure, said 
interdigital anode structure forming a radial transmission 
line having a capacitive portion adjacent said cathode and 
an inductive portion remote from said cathode, the end 
plate nearest to said output window having a second aper 
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0. 
ture passing therethrough eccentric with respect to said 
cathode to provide inductive coupling means for extracting 
microwave energy generated within said anode structure; 
a pair of magnetic pole-pieces one adjacent each end of 
said anode structure and coaxial with said cathode, one of 
said pole-pieces separating said anode structure and said 
window and being spaced from said window, said one pole 
piece having an aperture therethrough extending between 
said anode structure and the volume between said window 
and said one pole-piece for extracting energy from said 
anode structure and launching said energy through said 
window. 

12. The magnetron defined in claim 11, which further 
includes a conductor extending from the inductive portion 
of said interdigital anode structure, through said second 
aperture in said end plate and said aperture in said one 
pole-piece, and into said volume between said one pole 
piece and said window, said conductor functioning as a re 
ceiving antenna for extracting energy from said anode 
structure and as a transmitting antenna for radiating the 
extracted energy through said output window. 

13. The combination comprising: a metallic enclosure 
whose interior boundary walls define a cavity resonator 
resonant at microwave frequencies and in a plurality of 
modes, in which a lossy dielectric body may be placed 
to be heated, a magnetron for generating microwave en 
ergy, said magnetron having an axis and including an 
axially mounted cathode, an anode structure positioned 
concentrically around said cathode, said anode defining 
at least one cavity resonator, means including a substan 
tially flat output window for extracting the microwave en 
ergy from said anode resonator, and means for mounting 
said flat magnetron output window with its exposed sur 
face substantially flush with one wall of said cavity reso 
nator in a preselected location to provide direct coupling 
of the microwave energy into the interior of said metallic 
enclosure and to excite a preselected mode therein. 
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