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My invention relates to electron discharge de 
vices useful at ultra, high frequencies and more 
particularly to such devices utilizing cavity reSO 
nators, for example, cavity resonator type mag 
netrons. 

In one form of magnetron utilizing cavity res 
onators the anode segments or elements define a 
cylindrical chamber in which is coaxially mounted 
a cathode or into which chamber electrons are 
axially directed. Adjacent anode segments are 
coupled together by means of cavity resonators. 
In one form of magnetron, a cylindrical anode 
block has at its axis a cylindrical chamber extend 
ing therethrough. Radial slots which are closed 
at their outer ends and Open at their sides Com 
municate at their inner ends With this chamber 
and provide the cavity resonators, the Walls of 
the catinode chamber between the slots provid 
ing the anode segments. The cathode is mounted 
coaxial of this chamber. The cavity resonators 
may also take the form of tubular chambers ex 
tending parallel to the axis of the anode block 
and communicating with the central cathode 
chamber by means of radially directed slots. In 
another form radially directed vanes may be 
mounted within a drum-shaped enclosure, the 
inner ends forming the anode elements and the 
spaces between the vanes forming the resonators. 
Again the cavity resonators may beformed simply 
by sheet metal structures coupling adjacent edges 
of the anode elements or segments surrounding 
the cathode space and defining the cathode cham 
ber. The usual magnetic means are provided for 
directing a magnetic field parallel to the cathode 
or parallel to the cathode chamber into which 
the electrons may be directed. One theory is that 
in this type of magnetron the cavity resonators 
are coupled to One another presumably by link 
age of magnetic flux from one slot to the next 
at the open sides thereof. The indefiniteness of 
this coupling is believed to be the cause of several 
possible modes of Oscillation for the device with 
Several possible frequencies of oscillation being 
generated. This multiplicity of modes of oscilla 
tion is observed in actual operation of these types 
of magnetrons and is regarded as undesirable. 

It is, therefore, an object of my invention to 
provide an improved form of electron discharge 
device useful at ultra high frequencies and em 
ploying cavity resonators. 

It is another object of my invention to provide 
such an improved device, particularly of the mag 
netron type, utilizing cavity resonators, and more 
particularly to insure the desired mode or modes 
of OScillation during operation of the device. 
The novel features which I believe to be chair 

acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference to 
the following description taken in connection with 
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the accompanying drawing in which Figure 1 is a 
transverse section of an eletcron discharge device 
made according to my invention and taken along 
the line - of Figure 2, Figure 2 is a longitudinal 
Section taken along the line 2-2 of Figure 1, 
Figure 3 is a transverse section taken along the 
line 3-3 of Figure 4 and showing a modification 
of the construction of Figures 1 and 2, Figure 4 
is a transverse Section taken along the line 4-4 of 
Figure 3, Figure 5 is a perspective of a further 
modification of the construction shown in Figures 
1 and 2, and Figure 6 is a perspective showing a 
modification of the construction shown in Figures 
3 and 4 of an electron discharge device made ac 
Cording to my invention. 

Referring to Figures 1 and 2, the anode block of 
conducting material designated generally at 
comprises two registering sections 26 and 27 at 
the longitudinal axis of which is provided the 
cathode chamber from which extend the radi 
ally directed slots 2. These slots 2 form the 
cavity resonators, the portions 2 of the chamber 
Wall between slots 3 providing the anode seg 
ments or elements defining the cathode chamber 
f'. The ends of the anode block are provided 

with the recessed chambers 4 and 5 and the 
step portions 20 and 2 for receiving the cover 
members 22 and 23, the cover members and the 
sections 26 and 2 of the anode block being her 
metically sealed, for example, by silver brazing, 
to provide a vacuum-tight interior. 
The indirectly heated cathode O coated with 

the usual emitting material is insulatingly sup 
ported within the cathode chamber f" by means 
of insulating discs 6 and f, the cathode and 
its associated heating element being provided with 
insulated leads 8 and 9 extending to the ex 
terior of the envelope. The usual magnetic poles 
24 and 25 provide a constant magnetic field par 
allel to the cathode and between the cathode and 
anode block. 

In accordance with my invention the sections 
26 and 27 are provided with annular depressions 
or channels of semi-circular cross section which 
register to provide the tubular duct or passage 
way 28 between the cavity resonators. Mounted 
centrally of this duct 28 is a conductor 29 in the 
form of a closed ring and insulatingly supported 
within the duct by means of insulating beads 
30-30. Thus I provide in effect concentric trans 
mission lines for coupling adjacent resonators. 
The proper location for this concentric trans 

mission line is such that the propagation time 
for a wave passing along the line from one cavity 
to the next is an odd number of half periods of 
Oscillations generated. For the case of a con 
centric transmission line, for example, the speed 
of propagation of a Wave is equal to the velocity 
of light, and the length of the concentric trans 
mission lines between adjacent cavities should be 
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an odd number of half wave-lengths. This line 
then should be located at such a distance fiOn 
the center of the anode that its length is 

2n -- 2 AN 

where X is the wavelength of the oscillations, N 
is the number of cavities and n is any integer. 
In an anode block of the type shown in Figures 

1 and 2, with the upper and lower ends of the 
cavity resonators open, the slots cannot be very 
deep, the radial dimensions being of the Order of 
a quarter wavelength. If there are more than 
four cavity resonators in the anode, the distances 
between them are so small that the resonators 
must be operated in a higher mode to utilize the 
concentric transmission line. It is, therefore, de 
sirable when many cavities are used that the 
cavities have large radial dimensions. It might 
also be desirable to utilize a wave transmission 
means in the form of a wave guide instead of the 
concentric transmission line shown in Figures l 
and 2. 
An electron discharge device in which the cavity 

resonators have a long radial length, and in 
which a waveguide is used, is shown in Figures 
3 and 4. The anode block comprises the two 
annular sections 30 and 3 in which the cavity 
resonators 36 are broached or otherwise formed 
such that the upper and lower ends are closed 
as shown. The portions 37 between the slot 
resonators 36 provide the anode segments. Thus 
in this form the cavity resonators are shaped as 
rectangular cavities completely enclosed except 
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for the opening into the cathode Space 38. Each is 
cavity would thus be in the form of a hollow 
rectangular box with the end facing the cathode 
open. These boxes are so proportioned as to 
resonate with the oscillating electric field direc 
tion circumferential with respect to the anode cyl 
inder or block. Under these conditions the axial 
dimension of the box is less than one Wavelength 
and more than one-half wavelength of the radia 
tion to be generated. The dimension in the di 
rection of the electric field may be any Con 
venient value, preferably smaller than a half 
wavelength. The radial dimension may be any 
value, preferably greater than a half wavelength. 
The possibility of making this radial dimension 
large adds to the convenience of manufacture in 
the case of the device designated to produce OS 
cillations of the order of ten thousand nega 
cycles and greater. 
In the arrangement shown, the indirectly 

heated cathode 39 is provided with heater 4), and 
the leads 4f and 42 are taken out radially and 
sealed through the members 30 and 31 passing 
through the spaces 34 and 35 between the ends of 
the resonators and the cover members 32 and 33 
hermetically sealed to the anode block. In this 
case the wave transmission means for coupling 
the adjacent resonators is a tubular waveguide 
having dimensions at and b, the Waveguide being 
formed by an annular depressions or grooves in 
the facing surfaces of the two portions 30 and 
3 of the anode block which when assembled pro 
vide a peripherally closed tubular passageway 43. 
The magnets 45 and 46 provide the usual magnetic 
field parallel to the cathode and filling the 
cathode-anode space. In this case the Speed of 
propagation is not equal to the speed of light 
and must be calculated for the mode of propaga 
tion in the guide, the cross sectional dimension of 
the guide and the frequency of oscillation. From 
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length of the waveguide may be chosen to give 
the propagation time of a Wave from One cavity 
wall to the next equal to an integral number of 
periods. The method whereby a Waveguide 
couples to a resonant cavity is somewhat different 
from that for a coaxial line. In either case, the 
object is to have the oscillations in adjacent 
cavities in opposite phase. This entails an Op 
posite direction of current flow along the corre 
sponding walls of adjacent cavities, such as might 
be represented at some instant by the Small ari'OWS 
shown in Figure 3. The field in the connecting 
waveguide 43 may be considered as caused by in 
terruption in the wall current flow, and will have 
the same direction as the wall current. Thus, it is 
apparent that the field direction at the ends of a 
connecting waveguide must have the same direc 
tion-at every instant, and hence the proper length 
of the waveguides must be an integral number of 
wavelengths, measured in the guideS. 
The rectangar Waveguides should be dimen 

Sioned such that the radical dimension d is less 
than one-half of the free space wavelength while 
the dimension biparallel to the axis of the anode 
is greater than one-half and preferably less than 
One free space wavelength. The guide Wave 
length' will then be determined by this axial di 
mension. The guide wavelength. Ag is given by: 

A. 
, Aas m XY2 Wi-G) 

where A is the free space wavelength. Then the 
radial position of the guide should be such that 
its length Li, measured along the center of the 
guide and between the ends thereof, is an integral 
multiple of Ag 

- A - 
A. 2 V1-() 

where n=1,2, 3, etc. 
In the case of a concentric transmission line 

as shown in Figures 1 and 2, however, the cou 
pling is to the electromagnetic field between the 
cavity walls. Since this is exactly opposite in 
phase in adjacent cavities, the connecting con 
centric transmission line should be an odd nun 
ber of half wavelengths in length, measured to 
the cavity centers. 

In Figures 5 and 61 show a still further modi 
fication of the invention. Figure 5 is of the forn 
shown in Figures 1 and 2, except that each of the 
cavity resonators 2 is formed by sheet metal 
which is connected to the adjacent edges of two 
adjacent anode segments or elements 3. Here 
conventional coaxial lines 28, 29 couple adjacent 
cavity resonators. 

In Figure6-a somewhat similar construction is 
shown, except that instead of utilizing coaxial 
lines 28’ and 29', I use a rectangular shaped wave 
guide 28' for coupling adjacent cavities. Di 
mensions are the Sane as above described. 
In all of the forms described, energy may be 

coupled out of the device in the usual ways, such 
as for example by coupling loops extending into a 
coaxial transmissionline or through windows into 
waveglides. 
While I have indicated the preferred embodi 

ments of my invention of which I am now aware 
and have also indicated only one’specific appli 
cation for which my invention may be employed, 
it will be apparent that my invention is by no 
means inited to the exact forms illustrated or 

the calculated speed of propagation the proper 75 the use indicated, but that many variations may 

  



5 
be made in the particular structure used and the 
purpose for which it is employed without depart 
ing from the scope of my invention as set forth 
in the appended claims. 
What claim as new is: 
1. An electron discharge device having a plu 

rality of anode elements defining a chamber, a 
cathode for supplying electrons within said chana 
ber, cavity resonators coupled between adjacent 
anode elements and Wave transmission means 
coupling Said resonators together, Said coupling 
means including a peripherally-closed tubular 
conducting wall extending between and opening 
into adjacent resonators intermediate the ends 
tiereof. 

2. An electron discharge device having a plu 
rality of anode elements defining a chamber, a 
cathode for supplying electrons within Said cham 
ber, cavity resonators coupled between adjacent 
anode elements and wave transmission means 
coupling said resonators together, Said coupling 
means including a peripherally-closed tubular 
conducting Wall extending between and opening 
into adjacent resonators intermediate the ends 
thereof, said tubular conducting wall having ar. 
axial length substantially equal to an odd number 
of half wavelengths of the fundamental fre 
quency of said resonators. 

3. An electron discharge device having an 
anode block of solid conducting material, Said 
block having an axially directed central cham 
ber, and cathode means for supplying electrons 
within said chamber, said anode block having 
radially directed slots extending from Said chann 
ber and forming therebetween anode elements : 
defining said chamber and cavity resonators Con 
necting adjacent anode elements, said block hav 
ing a tubular passageway connecting adjacent 
cavity resonators intermediate the inner and 
outer ends thereof and a conductor positioned 
axially of said tubular passageway and insulated 
from the walls thereof and providing with said 
tubular passageway a concentric tranSInission 
line connecting adjacent resonators. 

4. An electron discharge device having all 
anode block of solid conducting material and 
having an axially directed central chamber, and 
cathode means for supplying electrons within Said 
chamber, said anode block having radially di 
rected slots extending from Said chamber and 
forming anode elements between the inner ends 
of adjacent slots, said slots providing cavity 
resonators connecting adjacent anode elements, 
said block having resonator coupling nearls Con 
prising a peripherally-closed tubular passageway 
connecting adjacent cavity resonators inter 
mediate the inner and Outer ends thereof. 

5. An electron discharge device having an 
anode block of solid conducting material, said 
block having an axially directed central chambei, 
cathode means for supplying electrons within 
said chamber, said anode block having radially 
directed slots extending from said chamber and 
forming anode elements between the inner ends 
of the slots, said slots providing cavity resonators 
connecting adjacent anode elements, said block 
having an annular tubular passageway connect 
ing adjacent cavity resonators intermediate the 
inner and outer ends thereof, and a ring-like 
conductor positioned centrally of Said paSSage 
way and insulated from the walls thereof and 
providing a concentric transmission line connect 
ing adjacent resonators, said ring-like electrode 
and passageway having a length between adja 
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6. 
lengths of the resonant frequency of said resor. 
nators. 

6. An electron discharge device having an 
anode block comprising two registering parts, 
each of said parts having an axially directed Cen 
tral chamber and a plurality of radially directed 
slots extending from said chamber and forming 
anode elements between the inner ends of the 
slots, said slots providing cavity resonators con 
necting adjacent anode elements, each of Said 
parts having an annular channel in the con 
tacting face thereof, said channels registering 
for providing an ailinular tubular paSSageWay, 
said annular tubular passageway coupling ad 
jacent resonators together. 

7. An electron discharge device having an 
anode block comprising two registering parts, 
each of said parts having an axially directed Cen 
tral chamber and a plurality of radially directed 
slots extending from said chamber and forming 
anode elements between the inner ends of the 
slots, said slots providing cavity resonators con 
necting adjacent anode elements, each of Said 
parts having an annular Semi-cylindrical chan 
nel in the contacting face thereof, said channels 
registering for providing an annular tubular 
passageway, said annular tubular paSSageWay 
coupling adjacent resonators together, and a 
ring-like conductor positioned within Said an 
nular tubular passageway but insulated from the 
Walls thereof whereby a concentric transmission 
line is provided for coupling adjacent resonator 
together. 

8. An electron discharge device having a plu 
rality of arcuate shaped elongated conducting 
anode elements lying in the Surface of a cylinder 
and defining a central chainber, and Spaced along 
their longitudinal edges to provide gaps there 
between, a plurality of elongated sheet-like 
U-shaped members having their legs connected 
to adjacent edges of adjacent arcuate Shaped 
elements to provide cavity resonators connected 
between adjacent anode elements, cathode means 
for supplying electrons within Said central cham 
ber, and tubular conducting members extending 
between adjacent resonators for coupling adja 
cent resonators intermediate the ends thereof. 

9. An electron discharge device having a plu 
rality of arcuate shaped elongated conducting 
anode elements lying in the surface of a cylinder 
and defining a central chamber and Spaced along. 
their longitudinal edges to provide gaps there 
between, a plurality of elongated sheet-like 
J-shaped members having their legs connected 
to adjacent edges of adjacent arcuate shaped 
elements to provide cavity resonators connected 
between adjacent anode elements, cathode means. 
for supplying electrons within said central cham 
ber and tubular conducting members extending 
between adjacent resonators intermediate the" 
ends thereof, and a conductor within said tubular. 
members insulated therefron for providing a 
transmission line coupling adjacent resonators. 

10. An electron discharge device having a plu 
rality or arcuate shaped elongated conducting 
anode elements lying in the surface of a cylinder 
and defining a central chamber and Spaced along 
their longitudinal edges to provide gaps, a plu 
rality of elongated sheet-like U-shaped members 
having their legs connected to adjacent edges 
of adjacent arcuate shaped elements to provide 
cavity resonators connected between adjacent 
anode elements, cathode means for supplying 
electrons within said central chamber, and tubu 

cent resonators of an odd number of half wave- 75 lar wave guide Sections extending between ad 
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jacent "resonators, said sections being arcuate 
shaped and having a radius of curvature. Such 
that the length of each section is Substantially 
equal to an integral number of Wavelengths in 
the wave guide section of the resonant frequency 
of the cavity resonatorS. 

11. An electron discharge device having a plu 
rality of arcuate shaped elongated conducting 
anode elements lying in the Surface of a cylinder 
and defining a central chamber and Spaced along 
their longitudinal edges to provide gaps, a plu 
rality of elongated sheet-like U-shaped members 
having their legs connected to adjacent edges of 
adjacent arcuate shaped elements to provide Cava 
ity resonators connected between adjacent anode 
elements, cathode means for supplying electrons 
within said central chamber, tubular conducting 
members extending between adjacent resonators, 
and a conductor Within said tubular members 
and insulated therefrom for providing a trans 
mission line coupling adjacent resonators, said 
tubular members being arcuate shaped and having 
such a radius of curvature that the length of said 
tubular members is substantially equal to an odd 
number of half wavelengths of the resonant fre 
quency of the cavity resonators. 

12. An electron discharge device having a plu 
rality of Spaced anode elements defining a cham 
ber, a cathode for Supplying electrons within said 
chamber, cavity resonators coupled between adja 
cent anode elements and opening into said chan 
ber, said resonators being substantially closed 
except for the opening into said chamber, and 
Wave transmission means for coupling said reso 
nators together, said coupling means including a 
tubular conducting wall extending between and 
opening into adjacent resonators intermediate the 
ends thereof. 

13. An electron discharge device having a plu 
rality of Spaced anode elements defining a cham 
ber, a cathode for supplying electrons within said 
chamber, cavity resonators coupled between adja 
cent anode elements and opening into said cham 
ber, Said cavity resonators being substantially 
closed except for the opening into said chamber, 
and Wave transmission means coupling adjacent, 
resonators together, said coupling means includ 
ing a tubular Wave guide extending between and 
opening into adjacent resonators intermediate 
the ends thereof, the length of said wave guide 
being Sibstantially equal to an integral number 
of Wavelengths in the wave guide of the funda 
mental frequency of said resonators. 

14. An electron discharge device having an 
anode block of solid conducting material, said 
block having an axially directed central chamber, 
and cathode means for supplying electrons with 
in said chamber, said anode block having radially 
directed slots extending from said chamber and 
forming therebetween anode elements defining 
said chamber and cavity resonators connecting 
adjacent anode elements, said cavity resonators 
being Substantially closed on all sides and at the 
Outer end and open to the central chamber, said 
block having a tubular passageway connecting 
adjacent cavity resonators intermediate the inner 
and Outer ends thereof. 

15. An electron discharge device having an 
anode block of solid conducting material, said 
block having an axially directed central chamber, 
and cathode means for supplying electrons within 
said chamber, said anode block having radially 
directed slots extending from said chamber and 
forming therebetween anode elements defining 
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8 
said chamber and cavity resonators connecting 
adjacent anode elements, said block having reso 
nator coupling means comprising a tubular pas 
Sageway connecting adjacent cavity resonators 
intermediate the inner and outer ends thereof, 
the axial length of each of Said cavity resonators 
slots being less than one Wavelength of the gener 
ated frequency but greater than one-half Wave 
length, and the radial dimension thereof being 
greater than one-half wavelength. 

16. An electron discharge device having a plu 
rality of anode elements defining a chamber, a 
cathode for supplying electrons within said cham 
ber, cavity resonators coupled between adjacent 
anode elements, and Wave transmission means 
coupling said resonators together and including 
a peripherally-closed tubular Wave guide Section 
extending between and opening into each pair 
of adjacent resonators intermediate the ends 
thereof. 

17. An electron discharge device of the mag 
netron type comprising an annular series of 
Spaced parallel elongated anode elements defin 
ing a cylindrical cathode space, an elongated 
cathode coaxially mounted in said space, a radi 
ally directed rectangular cavity resonator con 
nected betWeen each pair of adjacent anode ele 
ments, means for establishing a constant mag 
netic field axially of said cathode space, and 
Wave transmission means coupling said resonators 
together and including an arcuate peripherally 
closed tubular conducting wall concentric with 
Said cathode Space and extending between and 
Opening into each pair of adjacent resonators 
intermediate the inner and outer ends thereof, 
Whereby the desired mode of operation of said 
device is favored. 

18. An electron discharge device according to 
claim 16, wherein the length of the wave guide 
Section between adjacent resonators is substan 
tially equal to an integral number of wavelengths 
in the guide of the fundamental frequency of said 
resonators. 

19. An electron discharge device having a plu 
rality of anode elements defining a chamber, a 
Cathode for Supplying electrons within said cham 
ber, cavity resonators coupled between adjacent 
anode elements, and wave transmission means 
coupling said resonators together and including 
a tubular wave guide section connecting adjacent 
resonators together and having a length between 
resonators Substantially equal to an integral num 
ber of Wavelengths in the wave guide of the 
fundamental frequency of said resonators, 
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