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to General Electric Company, a corporation of 
New York 

Application June 4, 1946, Serial No. 674,194 
Claims. 

1. 
This application constitutes a continuation in 

part of my application Serial No. 447,903, filed 
June 22, 1942, now Patent 2,412,824, issued De 
cember 17, 1946, pertaining to an improved con 
struction of the magnetic circuits of magnetron 
type discharge devices. 
My present invention relates to electron dis 

charge devices of the magnetron type, such as 
magnetron oscillators, amplifiers or reactance 
devices. More particularly it relates to a novel 
construction and operating arrangement for 
magnetron devices of the so-called cavity resona 
tor type in which a rotating electron Space charge 
induces or controls oscillatory phenomena in a 
plurality of cavities or resonant chanbers Spaced 
about the configuration of the Space charge. 

Heretofore, in the art of magnetrons of the 
foregoing type, it has been customary to employ 
constructions in which the plurality of cavities or 
like chambers are disposed in operative relation 
ship to the cylindrical periphery of the Space 
charge. Thus, in many exemplary construc 
tions, they have been distributed in a generally 
cylindrical configuration, for example, by form 
ing them as cylindrical cavities or sector shaped 
chambers on the inner Wall of a generally an 
nular anode and in parallel relation to the axis 
thereof. In such constructions, the annular an 
ode was arranged to enclose a rotating Space 
charge emanating from a central cathode posi 
tioned along the axis of the anode With the re 
sult that the cavities were parallel to the axis of 
rotation of the space charge and radially dis 
tributed about its cylindrical periphery. Such 
a construction is illustrated, for example, by the 
principal inventive embodiments described in the 
aforementioned application, Serial No. 447,903. 
Now I have found that very desirable con 

structional and operational advantages may be 
obtained if in lieu of the foregoing arrangement 
the cavities are disposed in operative relation 
to an end surface of the rotating Space charge. 
For example, they may comprise cylindrical cav 
ities or like chambers having axes extending in 
spoke fashion along radii emanating from a point 
on the axis of rotation of the space charge ad 
jacent to an end surface thereof. One Such 
exemplary embodiment of the broad inventive 
concept is disclosed in the aforesaid application 
(Figs. 6 and 7). As further examples, there are 
disclosed in this application several more highly 
developed embodiments in which the cavities may 
be formed Wtih axes extending in radial pattern 
within cylindrical end plates or cavity blocks 
constituting auxiliary electrodes juxtaposed to 
the bases of the annular anode common to the 
mentioned prior art constructions. Instead of 

(C. 250-27.5) 
2 

the end portions or end surfaces of the rotat 
ing Space charge. 
Among the advantages of this arragnement may 

be mentioned the fact that because the cavities 
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being presented to the cylindrical periphery of the 
Space charge as in prior art constructions indi 
cated above, the cavities are thus juxtaposed to 60 

are positioned in a new member which may be 
electrically and mechanically separated from the 
athnular accelerating anode used to establish and 
maintain the rotating space charge, desired ad 
justments and manipulations of both the high 
frequency field and that of the accelerating an 
ode may be accomplished independently of each 
other. Moreover, any objectionable collection of 
electrons of the space charge on the cavity struc 
tures is obviated, or at least minimized, for the 
Sale eaSO. 

Accordingly, it is a general object of the in 
vention to provide a magnetron device which ulti 
lizes the foregoing advantages to best avail and 
also to provide novel methods of operating mag 
netron devices which are made possible by the 
new construction. 
The features of the invention desired to be 

protected herein are pointed out in the append 
ed claims. The invention itself, together with 
its further objects and advantages, may best be 
understood by reference to the following descrip 
tion when considered in connection with the ap 
pended drawings in which Fig. 1 represents a 
View of a magnetron ensemble embodying the 
invention in a simplified form having a single 
cavity block adjacent to one base of the acceler 
ating anode; Fig. 2 represents an exploded per 
Spective view of the accelerating anode and the 
cavity structures of Fig. 1; Fig. 3 represents an 
alternative embodiment in which cavity blocks 
are positioned adjacent to both bases of the ac 
celerating anode; Fig. 4 represents, in cross sec 
tional view, an embodiment of the invention in 
a complete magnetron ensemble in which the 
cavities or resonant chambers take the form of 
radially extending rectangular slots in the cavity 
blocks or end plates; while Fig. 5 represents a 
pigeotive view of one of the cavity blocks of 

13. 4. 
Referring to Fig. 1, the magnetron may com 

prise generally an annular accelerating anode , 
a cathode 2, positioned on the axis of the anode 
l, a permanent magnet 3 or equivalent magnetic 
structure for establishing a magnetic field par 
allel to the cathode-anode axis in the usual man 
ner, and an auxiliary electrode or cavity block 
4 having radially extending cylindrical cavities 
5. The entire ensemble is enclosed within an 
evacuated envelope 6 which may be of metal, of 
glass, or any of the equivalent materials common 
in the art, although metals of the ferromagnetic 
type are preferred for the reason that they will 
aid in the establishment of the necessary mag 
netic field. 
The ends of the envelope 6, assuming it to be 
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made of metal, are closed by flanged members 
and 8 which are welded or otherwise he'- 

metically joined to the inner Surface of the 
envelope. The permanent magnet 3 may be sus 
pended from the flanged member and Sup 
ported in addition by a transverse wall 9 of non 
magnetic material having an aperture of Siz3 
suitable for engaging shoulder of the magnet 
in Supporting relationship. The magnet 3 will 
provide the necessary magnetomotive force to 
establish the required magnetic field in the mag 
netic circuit including the magnet 3, the member 
7, the envelope 6 and the block 4. To that end 
it is preferably formed of a magnetizable Sub 
Stance having a high coercive force and a high 
energy factor, such as the alloy known as Alnico 
described for example in Mishima, Patents 2,- 
027,994 to 2,028,000, inclusive, and further in the 
W. E. Ruder Patents 1947,274 and 1,968,569. 
The anode i may be supported by any suitable 

means as by lead-in members which are Sup 
ported in turn by metal caps f2. The metal caps 
2 may be sealed to the envelope 6 by any suit 

able means such as glass to metal Seals 3 and 
annular flanges 4. Block & may be suitably Sup 
ported on flanged member 8 and welded to en 
velope 6. The cathode 2 which is preferably of 
the coated thermionic type may be Supported in 
any suitable manner from the lower end of 
magnet 3. It may be heated by any of the con 
ventional methods such as heater resistor 
energized by battery 6 through the lead wires 
8 extending through a central channel in imag 
net 3. The anode may be energized by any 
Source of unidirectional voltage Such aS batteny 

7 connected between the Cathode 2 and the 
anode by means of the lead-in member and 
the wire connections shown. 

For the purpose of tapping the output of the 
device where it is used as an oscillator, for ex 
ample, an appropriate output coil 9 may be in 
troduced into one or more of the cavities 5. The 
output is connected to a concentric transmission 
line having outer and inner conductors 28 and 
2f, respectively, which may connect with an an 
tenna, not shown or other agency for using the 
high frequency energy developed. 
The construction of the auxiliary electrode Or 

cavity block & is shown in clearer detail in Fig. 2. 
As shown therein, the block is of preferably cy 
lindrical shape while the cylindrical cavities 5 ey 
are formed with elongated openings in the form 
of radial slots 22 opening into the space charge 
space between the accelerating anode i and 
cathode 2. The block may be constructed of 
any suitable metal, preferably a ferromagnetic 
metal, in order that it may Serve as a portion of 
the magnetic circuit. All surfaces of the block 
4 and, if desired, any other surfaces which may 
be Within the field of the high frequency oscilla 
tions generated within the cavities 5, may ad 
vantageously be copper plated to reduce loSSeS 
attributable to high frequency c1rculating cur 
rents inducted by such fields. 
In operation of the foregoing device, a ro 

tating electron Space charge of the Well known 
magnetron type may be developed in the space 
between the cathode 2 and the accelerating anode 
When a positive potential of Suitable inagnitude 

is applied to the anode by battery . As is 
well known, the Space charge is created by the 
interaction of the radial electric accelerating 
field between anode and cathode 2 and the 
axial magnetic field on electrons emitted from 
the cathode 2. According to the generally ac 
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4. 
cepted theory of magnetron operation, the paS 
Sage or Sweeping of electrons of the Space charge 
past the slots 22 will induce in the cavities 5 
high frequency oscillations of a frequency de 
termined by numerous factors Such as the dis 
tributed inductance and capacitance of the slots 
and the cavities, the voltage of the accelerating 
anode , and the strength of the magnetic field. 

Referring now to Fig. 3, there is shown a fur. 
ther embodiment in which two electrodes or 
cavity blocks 23 and 24 are employed, One O(). 
either side of the accelerating anode 25 in order 
to utilize both end Spaces of the structure. these 
cavity blocks may be identical in construction 
with the blocks shown and described in connec 
tion with Figs. 1 and 2. Permanent magnetic 
pole pieces 26 and 27 or their equivalent, are sin 
ilarly provided in this construction. Preferably 
they...too are formed of Alnico or equivalent ma 
terial. The cathode 28 is energized by a source of 
heating current 29 and heater 3 in a manner 
similar to that of Fig. 1, while the anode 25 is 
similarly Supplied with a Source of energizing 
voltage by the battery source 32. It is to be ui 
derstood that an evacuated envelope is to be 
provided as in Fig. 1 although for purposes of 
simplification of the drawing it is not shown in 
Fig. 3. In this construction, the output load may 
be coupled to either side of the device by means 
of the coils 33 and 34 which may be identical 
with the corresponding arrangement of Fig. 4. 
When the device is employed as an oscillator out 
put power may be taken from both blocks 23 and 
24 or one may be used as the output while the 
other is allowed to run free of load, in which case 
it will serve as a stabilizer Supplying a certair 
amount of electrical inertia to the system to 
Stabilize the oscillations, particularly the fre 
quency of oscillation. Alternatively, the con 
struction may be used as an amplifier, in which 
case the coil 33 might be used as an input and 
the coil 34 as an output, or vice versa. Tha 
cavities 35 in the respective cavity blocks may, 
in this construction, be angularly staggered or 
offset from each other in their radial plaines. 
That is to say, the cavities of the upper block 
will occupy an angular position in between the 
angular position of the cavities in the lowe: 
block, as shown in the drawing. 
The foregoing constructions will be found to 

exhibit a nuinber of advantageous characteristics 
not found in prior art constructionS. Among 
these may be noted the fact that the useful high 
frequency fields and the apparatus appurtenant 
thereto are now Separated from the fields and ap 
paratus used to maintain the rotating space 
charge. That is to say, the cavity blocks 5, 23 
and 24, in which the useful high frequency phe 
nonnena, occur, are mechanically and electrically 
independent of the accelerating anodes and 25 
With the advantageous resuit that necessary elec. 
trical or mechanical adjustments of either block 
Or anodes inay be accomplished independently. 
For example, I have found it possible where de 
Sirable to cperate the cavity blocks at a potential 
different from that of the accelerating anode. 
Such Operation Was not possible in prior art con 
Structions because the cavities were integral with 
the accelerating anode. A further advantage of 
the construction lies in the fact that it reduces 
the size of the necessary magnetic gaps with the 
result that the required magnetic field can be 
created more efficiently, that is, with a lesser 
magneto-motive force. 
The further embodiment shown in Fig. 4, and 
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in part in Fig. 5, comprises a pair of slotted end 
blocks 36 and 37 constituting auxiliary electrodes 
which are the counterparts of blocks 4, 23 and 24 
of Figs, 2 and 3. The slotted inner portions 38 
and 39 of the blocks 36 and 37 are constructed as 
shown more clearly in the perspective view of 
Fig. 5, which will be described in greater detail 
hereinafter. Those inner portions 38 and 39 are 
juxtaposed to the end surfaces of an annular ac 
celerating anode 40 which is the counterpart of 
the anodes and 25 of Figs. 1 and 3. Again as 
in Figs. 1 and 3, there may be provided a therm 
ionic cathode 4 provided with a suitable heater 
42 energized by any suitable source of current 
not shown through the lead-in connections 
ShOWn. 
The anode 40, the cathode 4, and the inner 

portions 38 and 39 are enclosed within an evacu 
ated chamber formed by the annular Wall men 
bers 43, 44 and 45, and the outer portions of the 
blocks 36 and 37. As shown, each of these mem 
bers is provided with appropriate shoulder por 
tions to which its adjacent member may be Welded 
to form at the same time a hermetic Seal and a 
rigid envelope for the device. For example, the 
blocks 36 and 37 are provided with shoulders 46 
and 47 to which the members 3 and 45 are 
welded, respectively; while the member 44 is pro 
vided with annular shoulders 48 and 49 to which 
the annular Wall members 3 and 5 may be 
welded, respectively. The chamber is further 
hermetically sealed by the glass to metal seals 59, 
5, 52, 53 and 54 which may comprise any suit 
able sealing constructions well known in the art. 
The chamber may be evacuated at the Seal 52 in 
the well known manner. 

For the purpose of Supporting the cathode 4 
there may be provided within a central channel in 
the block 36 a cylindrical tube 55 supported in 
turn by collar 56 which is rigidly Secured and 
positioned by the seal 50. A similar central chan 
nel is provided in the block 37 for the necessary 
connection between the evacuated chamber and 
the evacuated apparatus during the evacuation 
proceSS. 
The accelerating anode 40 may be supported by 

means of a tube 57 welded or otherwise attached 
to the anode 4 and protruding through an Open 
ing in the annular wall member 44. Tube 57 is 
supported by the collar 58 which in turn is Sup- 5 
ported from the wall member 44 by the Seal 5 and 
the intervening collars 59 and 6. In order to 
provide cooling means for the anode 48 When 
operating conditions make such cooling desirable 
there is provided within the tube 57 a hollow tube 
6 supported by annular jacket 62 rigidly Secured 
to tube 3. Tube 6 is shown as extending into 
the tube 57 to a point just short of the closed end 
63 of tube 57. A suitable outlet 64 to the jacket 62 
is also provided. It will be apparent that any 
suitable coolant, such as water, may be circulated 
through the tube 6, the interspace between the 
tube 6 and the tube 57 and the outlet 64. 
Turning now to Fig. 5 it will be seen that the 

inner portion 39 of block 37 is formed with a 
plurality of rectangular cavities or slots 65 ha V 
ing a parallelepiped shape and extending radially 
from the cylindrical central channel in portion 
39. The inner portion 38 of block 36 is of Sub 
stantially identical construction. In order to 
simplify manufacture, the slotS 65 may be of 
rectangular cross section or other readily con 
structed shape. It will be understood by those 
skilled in the art that for most efficient operation 
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6 
the slots 65 should be at least approximately equal 
to the desired frequency of operation of the de 
Vice. Moreover, it will be understood that the 
natural resonant frequency of the slots will be 
dependent upon their physical dimensions such as 
their Width and their length in the direction of 
the axis of portion 39. Therefore, the dimensions 
of the slots are preferably so proportioned as to 
give them a natural resonant frequency approxi 
2nately equal to the desired operating frequency. 
of the device. It will also be understood that the 
operating frequency of the arrangement will also 
be determined by the total number of slots and 
therefore the number is preferably chosen to 
Suit the desired operating frequency. 

In order to promote oscillation of the various 
SlotS 6 in unison and in proper phase, alternate 
Sector portions 6 between the slots may be elec 
trically interconnected to each other by conduc 
tive ring 67 while intermediate sector portions 68 
between the alternate sector portions 66 are con 
nected by a conductive ring 69. The rings 6 and 
69 ray be fitted into recesses which are so 
Shaped that recesses 0 in the alternate sector 
portions 68 Will permit conductive contact be 
tWeen the Sector portions 66 and the ring 67 while 
providing insulating spaced relation between the 
Sector portions S8 and the conductive ring 69. 
Similariy the recesses 70 in intermediate sector. 
portions 3 are so shaped as to permit conductive 
contact between the sector portions 68 and the 
ring 59 while providing insulating spaced rela 
tion between the sector portions 68 and the con 
ductive ring 6. Recess configurations of this na 
ture are already known in the art. 

For the purpose of providing necessary input 
and output, connections between the cavities or 
Slots in the end portions 38 and 39 and external 
driving or utilization circuits, there may be pro 
Vided the coaxial transmission lines 7 and 72 
having inner conductors 73 and 74 and outer 
conductors 75 and 76, respectively. The inner 
Conductors are sealed within the hermetic seals 
54 and 53, respectively, to maintain the necessary 
evacuation of the magnetron. The outer con 
ductors 75 and 16 are connected respectively to 
the annular wall members 43 and 45 while the 
inner conductors are conductively connected to 
One of the Sector portions between the slots of 
their respective slotted end blocks. The latter 
connection may be made for example by inserting 
the inner conductor within holes TT provided in 
one of the sectors as illustrated in Fig. 5. 

It will be understood that in operation the 
magnetron will be provided with an appropriate 
magnetic field established by any suitable means 
Such as external Solenoids not shown, the mag 
netic field having a direction parallel to the axis 
of the blocks 36 and 37. In addition suitable uni 
directional accelerating potentials may be ap 
plied to the anode 40 by any suitable means not 
shown and the catinode 4 energized as aforesaid. 
When such conditions exist the magnetron may 
be caused to establish a rotating electron space 
charge in the annular space between cathode 4 
and anode 40. Moreover, it will be understood 
that the magnetron may be made to function as 
an oscillator, an amplifier or a reactance device 
depending upon the proper connections obvious 
to One skilled in the art. As with the arrange 
ment of Fig. 3, either or both of the coaxial trans 
mission lines 7 and 72 may be employed as out 
put coils in the case of oscillator operation or, in 
the case of amplifier operation, one may be used 

of the device the natural resonant frequency of 75 as an input and the other as an output, 
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It will be noted that the above, described con 
struction is one which is relatively simpler to 
manufacture in that the slotted construction 
minimizes machining problems while the com 
ponents are of simple configuration lending 
themselves to convenient fabrication and aSSemi 
bly. Moreover, it will be observed that the con 
struction minimizes the magnetic gaps in the de 
vice and thereby provides for more efficient 

5 

utilization of the magnetomotive forces necessary 10 
to set up the magnetic field. 

It will be understood that the principles of the 
invention may be applicable to magnetrons em 
ploying different forms of cavity construction or 
their equivalents, such as the vane type in which 
the cavities or chambers are formed by radially 
extending vanes or, for further example, to mag 
netrons in which the cavities are positioned in 
asymmetrical distribution about the central axis 
of the anode-cathode as disclosed in an applica 
tion Serial No. 601,121, filed June 23, 1945, by 
Ralph J. Bondley and assigned to the same as 
signee as the present application. This applica 
tion became abandoned on June 29, 1948. Fur 
thermore, While I have shown and described par 
ticular embodiments of my invention, it will be 
obvious to those skilled in the art that numerous 
other changes and modifications may be made 
without departing from my invention in its 
broader aspects. I, therefore, aim in the ap 
pended claims to cover all Such changes and 
modifications as fall Within the true spirit and 
Scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. A magnetron of the cavity resonator type 

comprising a cathode, an annular anode Sur 
rounding said cathode, Said cathode and anode 
forming a generally cylindrical space adapted to 
accommodate a rotating electron space charge, 
and a pair of auxiliary electrodes disposed on Op 
posite sides of said anode and each having a plu 
rality of cavity resonators opening into said space. 
whereby high frequency Oscillations may be in 
duced in Said resonators by Said space charge, 
said resonators having longitudinal axes extend 
ing in a plane normal to the axis of said anode. 

2. A magnetron of the cavity, resonator type 
comprising a cathode, an annular anode Sur 
rounding said cathode, said cathode and anode 
forming a generally cylindrical space adapted to 
accommodate a rotating electron space charge, 
and a pair of auxiliary electrodes disposed on Op 
posite sides of said anode and each having a plu 
rality. cf cavity resonators opening into Said 
space whereby high frequency oscillations may be 
induced in said resonators by Said Space charge, 
said resonators having longitudinal axes extend 
ing radially from a point on the axis of Said 
anode and in a plane normal thereto. 

3. An electron discharge device of the magne 
tron type comprising a cathode, an annular 
anode surrounding Said cathode, said cathode and 
said anode defining a generally, cylindrical Space: 
adapted to accommodate a rotating electron 
space charge having an axis of rotation coinci 
dent with said anode, and an auxiliary: electrode 
having a plurality of cylindrical cavity resonators 
with openings. juxtaposed to an end Surface of 
said anode whereby high frequency oscillations 
may be induced in Said, resonators by Said space 
charge, said, resonators. having longitudinal axes 
extending radially from a point on the axis of said: 
anode and in a plane normal to Said axis. 
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8 
4. An electron discharge device of the magne 

tron type comprising a cathode, an annular anode 
Surrounding Saidi Cathode, said cathode and said 
anode defining a generally cylindrical space 
adapted to accommodate a rotating electron Space 
charge having an axis of rotation coincident with 
the axis of said anode, and an auxiliary electrode 
having a plurality of cavity resonators of par 
allelepiped shape with openings juxtaposed to an 
end surface of said anode whereby high fre 
quency. OScillations may be induced in Said reso 
nators by said space charge, said resonators ex 
tending radially from a point on said anode axis 
and in a plane normal to Said axis. 

5. A magnetron comprising an enclosure, a 
cathode within Said enclosure, means within said 
encloSure including a magnetic pole piece for pro 
ducing a magnetic field in proximity to said cath 
ode, and a further body of ferromagnetic mate 
rial positioned in opposed relation to said pole 
piece and in proximity to said cathode, said body 
being electrically resonant at the desired oper 
atting frequency of the magnetron and constitut 
ing a part of the return path for magnetic flux 
from Said pole piece, and an anode. 

6. An electronic device comprising an evacu 
ated container constituted principally of ferro 
Inagnetic metal, a Cathode Within the said Con 
tainer, means including a magnetic pole piece 
within said container for producing a magnetic 
field in proximity to Said cathode, said pole piece 
having a direct magnetic connection with Said 
container, and a multi-cavity resonator of ferro 
magnetic material in opposed relation to said 
pole piece and in proximity to said cathode, said 
resonator having a low reluctance connection 
with Said container and constituting a component, 
of the return flux path for said pole piece, and 
an anode. 

7. An electron discharge device of the magne 
tron type comprising an annular anode, a cath 
ode coaxially mounted relative to the axis of Said 
anode, Said anode and cathode forming a gen 
erally cylindrical Space adapted to accommodate 
a rotating electron Space charge, and a pair of 
cavity, resonators disposed on Opposite sides of 
said anode and displaced therefrom along Said 
common, axis, each resonator comprising an elec 
trically conducting member having a surface 
provided with radially extending slots of equal 
annular Spacing, Said Surface forming Said anode 
and the radii of Said slots terminating on Said 
common axis and the slots in one resonator be 
ing staggered relative to the slots in the other 
resonator. 
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