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1 . 

This invention relates to electron tubes and 
more particularly to vacuum tubes of the mag 
netron type suitable for generating oscillations at 
ultra-high frequencies. 
In certain electron tubes utilizing a cathode 

electrode which extends into a cavity resonator, 
the high frequency electric ?eld of the resonator 
may induce high frequency currents in the oath 
ode. This condition is'particularly manifest in 
magnetron tubes of the type provided with a 
single cavity resonator sub-divided into a number 
of anode segments by means of pins or ?ngers 
uniformly disposed around the cathode. This 
type of tube is known as a single cavity multi 
segment magnetron. 
In an application Serial No. 695,512, ?led 

September 7, 1946 in the names of Carl I. Shul 
man and the applicant, now Patent No. 2,581,607,‘ 
granted January 8, 1952 and assigned to the same 
assignee as the present application, it was shown 
how this coupling of high frequency energy to 
the cathode electrode may be enhanced and the 
cathode electrode employed in a dual function 
to serve also as the output coupling element of 
the tube. While this means of energy transfer 
can be efliciently used in Various circuits, it is oft 
en desirable to extract energy through a separate 
element removed from the cathode and its asso 
ciated circuit. This is generally accomplished in 
the art by means of a simple coupling loop ex 
tending into the resonator. When such a cou 
pling loop is to be used or, generally speaking, 
when the coupling of energy is not to be effected 
through the cathode electrode, it is important to 
avoid any inherent coupling to the cathode. Any 
unwanted cathode coupling results in a certain 
loss of energy and is considered in such cases a 
defect or disadvantage. Various means have been 
proposed to remedy this defect. However, in dis 
charge devices utilizing a single cavity resonator, 
these means have not been entirely successful. 
In the multi-cavity type magnetron the construc 
tion inherently reduces cathode coupling to a 
negligible amount. . 
In accordance with my invention the single 

cavity resonator of a single-cavity multi-segment 
type magnetron is provided with a partition or 
wall dividing the resonator into two resonator 
portions or elements which are symmetrical with 
‘respect to the partition. These two resonator 
portions function as two separate resonators 
with oppositely-directed electric ?elds, so that 
any existing unwanted coupling to the cathode 
in one portion is neutralized by an equal coupling 
in qpmsiterhasein the otherlwrtion 
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2 
Accordingly, the primary object of this in 

vention is to eliminate high frequency energy 
transfer to the cathode electrode in electron tubes 
utilizing a single cavity resonator. 
Another object of the invention is to provide 

a multisegment cavity resonator magnetron in 
which energy is derived solely from an output 
coupling element separated from the cathode 
circuit. 
A further object of the invention is to _pro-: 

vide a novel resonator structure for electron 
tubes employing a cathode in the electric ?eld 
of the resonator. V . 

A particular feature of the invention is that 
the undesirable eifect of coupling to the cath 
ode electrode is eliminated in a manner which 
entails no loss of high frequency energy and 
Without sacri?ce of ef?ciency. . 
Another feature of the invention is that the 

deleterious effect of coupling to the cathode cir 
cuit is neutralized in a simple manner by means 
of the inherent characteristics of a novel res 
onator structure. ' . 

Other objects and features will be apparent 
from the following description of the invention 
pointed out in particularity in the appended 
claims and taken in connection with the accom 
panying drawing in which: ‘ , - ' I . 

Fig. 1 is a semi-schematic sectional view show 
ing the resonator structure of my invention and . 
the disposition of the cathode therein; » 

Fig. 2 is a front elevational view of a mag 
netron tube incorporating the invention with the 
housing partly cut away to show the ‘construc 
tional features of the elements; . ' 

Fig. 3 is a top view with the housing 
along line 3-3 of Fig. 2; . H . 

Fig. 4 is a side elevational view in cross-sec 
tion taken along line 4-4 of Fig. 2; . - 

Fig. 5 illustrates one side Wall of the reso 
nator facing in the direction of the -magnetic 
?eld; and v a 

Fig. 6 is an enlarged perspective View 
dividing wall and the segments held thereby. 

Prior to a detailed description of the construc 
tional features illustrated in thevarious ?gures, 
attention is invited in a general senseto' Fig. 1. 
This ?gure will be used in an endeavor ‘to .ex 
plain the problem which the invention has ‘set 
out to solve and to derive a general understand 
ing of the principles involved.‘ ‘The reference 
characters identifying the basic elements of the 

cut away 

device in Fig. 1 will be used for the samev ele- ‘ 
ments appearing in the other ?gures in one form > 
or another. 
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A closed resonator 8 of the cavity type is 
shown having a cylindrical cross-section and 
surrounding a central space in which is placed 
axial to the resonator an elongated cathode elec 
trode 9. This electrode is preferably in the form 
of a tubular member housing a suitable ?la 
mentary heating element [0 which is attached 
to conductors II and I2 in order to supply heat 
ing current to the ?lament. 
The cathode 9 is provided on its surface with 

suitable material to liberate electrons when 
heated to a certain temperature. This is gen 
erally accomplished by spraying the cathode 
with a Coating of barium or strontium oxides, 
or other known substances, or the cathode may 
be made of an electron emitting substance. In 
any event, it is generally sui?cient to provide 
an electron emitting surface along the cathode 
within the con?nes of the resonator 8. 
A plurality of anode segments in the form of 

rods or bars l4 and 14' are disposed around the 
cathode and in alternate order are connected to 
electrically opposing surfaces of the resonator 8. 
It should be mentioned here that in speaking of 
opposing surfaces, this relation is considered par 
ticularly from an electrical point of View, mean 
ing surfaces having opposite alternating poten 
tials in cyclic variation with frequency. It does 
not necessarily mean opposite surfaces in a 
physical sense. In the conventional single cavity 
resonator the anode segments or rods I4 and it’ 
would be alternately connected at one end to the 
outer side Walls of the resonator. In accordance 
with my invention, the resonator 8 is divided 
into two portions 8A and 83 by means of the 
wall I5 and the segments [4 and I4’ alternate 
symmetrically between this wall and the two 
outer side walls 1 of the resonator portions as to 
electrical connection as well as physical support. 

It is intended to derive high frequency energy 
through an output coupling element removed 
from the cathode circuit. This may be accom 
plished in a conventional manner by means of 
an output coupling loop [6 which enters the 
resonator 8A radially through a suitable opening 
provided with a tubular ?ange It for connection 
to a coaxial transmission line. 
In the operation of this tube a magnetic ?eld 

is essential and the pole pieces marked N & S 
indicate in a schematic way that the magnetic 
?eld is directed parallel to the cathode 9. In 
practical applications this ?eld may be produced 
either by a permanent magnet or an electro 
magnet. These magnets are separate elements, 
not an integral part of the tube and consequently 
are not included in the various ?gures. Of 
course it should be understood that for proper 
operation a magnetic ?eld of a certain strength 
applied in the direction shown is necessary as 
well as an anode potential source between the 
resonator portions 8A and 8B and the cathode 
9, and a heating current source for the ?la 
ment In. 
In the above mentioned copending application 

it was explained how fringe ?elds created be~ 
tween resonator segments and walls produce an 
electric ?eld vector parallel with the cathode or 
its associated conductors and thereby transfer 
energy to the cathode circuit. Examining Fig. 1, 
it will be seen that the resonator 8 has the gap 
construction between segments and walls, which 
is characteristic to multi-segment single cavity 
resonators. In these gaps, upon excitation of 
the resonator, fringe ?elds are created in which 
a component of the electric ?eld vector is in the 
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4 
direction of the cathode or its associated con 
ductors. This can be seen especially when con 
sidering in Fig. 1 only one resonator portion BA, 
for example. The axial component of the fringe 
?elds in the gaps between the segments 14’ and 
the wall [5, and between the segments Ill and 
the side wall I will induce high frequency cur 
rents in the cathode or in the conductors lead 
ing to the cathode. This applies particularly to 
single-cavity multi-segment anode structures 
wherein the anode segments are shorter than the 
axial dimension of the resonator. The induced 
currents from opposite gaps have a cumulative 
effect and in this manner considerable energy 
is transferred to the cathode circuit. When this 
transfer is desirable, as pointed out above, this 
coupling is enhanced by constructing the gaps so 
that the larger part of the fringe ?eld is parallel 
with the cathode. On the other hand, in the 
construction of Fig. 1 the segments l4 and is’ 
are coextensive with the axial dimension of 
the resonator, therefore, the gaps extend in the 
direction transverse to the cathode, which 
markedly reduces the coupling. However, in a 
single cavity resonator, gap construction alone 
is insufficient and there remains considerable 
residual coupling at each gap due to stray ?elds 
radiating from the fringe ?elds in the gaps. 
The problem is solved in accordance with the 

present invention by providing means for divid 
ing the resonator 8 into portions of opposite elec 
trical ?elds and so distributing the segments in 
these portions as to neutralize the effect of the 
coupling. In other words, in the operation of the 
tube electrons under the in?uence of the mag 
netic ?eld are caused to sweep segments in one 
resonator portion creating fringe ?elds and simul 
taneously to sweep segments in another resonator 
portion creating equal fringe ?elds in opposite 
direction and the coupling of these ?elds to the 
cathode electrode is differentially combined, 
which results in zero e?ective coupling. 
This can be seen at a glance in Fig. 1, noting 

that the dividing wall I5 is symmetrical with 
the two resonator portions and at the same high 
frequency potential as segments I4 and at op-. 
posite high frequency potential with respect to 
segments l4’ and side walls 1. The segments 
[4 and M’ are short compared to a wave length 
to which the resonator portions are proportioned, 
so that the potential variations of the segments 
follow the side of the resonator portion to which 
they are attached. As an example, segments Is, 
being attached to the dividing wall 15, will be 
at the instantaneous high frequency potential 
of this wall, whereas segments l4’, being at 
tached to the side walls 1, will vary in accord 
ance with the potential thereof. From this it 
is seen that a balanced circuit condition exists 
with the high frequency potential in the two 
resonator portions in opposite phase. Obviously, 
the coupling of the fringe ?elds is counteract 
ing and the coupling from each ?eld in the re 
sonator portions to the cathode 9 is at opposite 
points from either the side walls ‘I or the dividing 
wall [5. In a properly constructed device, this 
coupling is also at equidistant points from these 
walls in order to be equal in magnitude. 
Referring to the other ?gures of the drawing, 

a practical embodiment of the invention is illus 
trated in the form of a magnetron which can 
be commercially produced in quantities. The 
resonator portions are embedded in two solid 
juxtaposed anode blocks 20 and 20’ supported 
on a header 2! by means of studs 22 and 22'. 
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The side walls 1 of the resonator portions, at 
the opening in which the cathode 9 is inserted, 
have a plurality of consecutive semi-circular cut 
outs or recesses which provide clearance holes for 
alternate segments [4 supported by thedividing 
wall Hi. The joined ends of the semi-circular 
cut-outs provide supports for alternate segments 
l4’ tied to the walls 1. These segments, as men 
tioned before, may be simple rods and can be 
brazed to their respective supports. This con 
struction is illustrated particularly in Figs. 5 and 
6. For a better understanding, segments sup-V 
ported by the wall l5 are marked with reference 
character l4 and those supported by the walls 
‘I, by the same character bearing a primary index. 
Output loop I6 is located on the bottom of the 

header 2| in a tubular sleeve 18 and protrudes 
into the resonator portion 8A from a radial di 
rection. One end of the wire loop is is con 
nected to the anode block 20 and the other end 
is supported coaxially within the sleeve [8 by 
means of the seal 24. Similarly, the cathode 9 
is supported by the heater wires I l and I2 which 
extend through seals 25 and 25' on the header 2|. 
A cover 26 over the entire assembly and welded 
to the header 2! completes the structure and per 
mits evacuation of the magnetron. 
The particular double cavity structure of Figs. 

1 and 4, wherein the alternate rods M. are mount 
ed on the partition I5 and extend through re 
cesses in the two end walls ‘I, is disclosed and 
claimed in a copending application of Jerome 
Kurshan, Serial No. 125,094, ?led November 2, 
‘1949, and assigned to the same assignee as the 
present application. 
The magnetron herein shown incorporates the 

invention by way of example in a practical em 
bodiment and various modi?cations will be ap 
parent to those skilled in the art. Neutralizing 
of the cathode coupling in the manner disclosed 
may be e?ectively applied to different types of 
magnetrons as well as to other electron tubes 
where such coupling may exist, without depart 
ing from the scope of the invention. ' 

I claim: 
1.An electron discharge device including a 

cavity resonator, a cathode extending axially of 
said resonator, a conducting partition extending 
normally of said cathode and dividing said reson 
ator into separate portions, anode elements posi 
tioned around and parallel to said cathode, alter 
nate elements being connected to and supported 
by said conducting partition, the other anode 
elements being supported by the walls of said 
resonator adjacent the ends of said other anode 
elements. 

2. An electron discharge device including a 
hollow anode enclosing a cylindrical cavity reson 
ator, a cathode mounted axial to said resonator, 
a plurality of anode segments surrounding said 
cathode, there being developed in the operation 
of said device fringe ?elds between said seg 
ments and said anode and coupling to said 
cathode, means for neutralizing the effect of 
said coupling including means dividing said reson 
ator into coaxial portions having opposing electri 
cal ?elds during operation of said device and 
means including said dividing means mounting 
said segments in said coaxial portions. 

3. A magnetron including an anode member 
enclosing a cylindrical cavity resonator having 
apertured end wall, a cathode extending axially 
through said resonator, a plurality of anode seg 
ments in said resonator and surrounding said 
cathode, there being developed in the operation 
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6, 
of said magnetron fringe ?elds between said 
segments and said member and coupling to said 
cathode, and means for neutralizing the effect of 
said coupling including means dividing said reso 
nator into coaxial portions having opposing elec 
trical ?elds during operation of said magnetron, 
said anode segments being mounted intermediate 
the ends thereof on said dividing means and 
spaced from said end walls of said resonator. 

4. A magnetron discharge device including a 
hollow anode member enclosing a cylindrical 
cavity resonator, an elongated cathode mounted 
axial to said resonator, a plurality of anode 
segments in said resonator and surrounding 
said cathode, there being developed in the op 
eration of said device fringe ?elds between said 
segments and said member and coupling to said 
cathode, and mens for neutralizing the eiTect of 
said coupling including means dividing said 
resonator into two coaxial portions having sub 
stantially equal and opposing electrical ?elds 
during operation of said device, said dividing 
means including a radially extending wall in 
said resonator substantially in the center thereof 
and normal to said cathode and said wall, said 
anode segments being mounted intermediate the 
ends thereof on said wall. 

5. A magnetron including a hollow anode 
member enclosing a cylindrica1 cavity resonator, 
an elongated cathode mounted axial to said 
resonator, a plurality of rods extending across 
said anode member and surrounding said cathode, 
said rods separating said member into segments, 
there being developed in the operation of said 
device fringe ?elds between said rods and said 
member and coupling to said cathode and means 
for neutralizing the eifect of said coupling includ 
ing means dividing said resonator into two co 
axial portions having substantially equal and 
opposing electrical ?elds during operation of said 
magnetron, said dividing means including a ra 
dially extending wall in said resonator substan 
tially in the center thereof and normal to said 
cathode, said rods being mounted intermediate 
the ends thereof on said wall. ‘ 

6. A multi-segment magnetron comprising an 
anode member enclosing a cylindrical cavity res 
onator, an elongated cathode mounted axial to 
said resonator, a radially extending wall normal 
to said cathode dividing said resonator into two 
substantially equal portions, means dividing said 
resonator into segments comprising a plurality 
of rods surrounding said cathode and extending 
parallel therewith, said rods being in alternate 
order electrically tied to said anode member and 
to said dividing wall, respectively, whereby in 
the operation of said magnetron, fringe ?elds are 
set up in opposite directions relative to the oath 
ode between said anode member and said rods 
tied to said dividing wall and between said divid 
ing wall and said rods tied to said anode member. 

7. A multi-segment magnetron comprising an 
anode member enclosing a cylindrical cavity 
resonator having end plates each provided with 
an aperture, an elongated cathode extending 
through said apertures and mounted axial to 
said resonator, a radially extending wall normal 
to said cathode dividing said resonator into two 
substantially equal portions, means dividing said 
resonator into segments comprising a plurality 
of rods surrounding said cathode and extending 
parallel therewith, certain of said rods being at 
tached at each end to said endplates; and other 
of said rods being attached to said wall and 
spaced from said end plates, whereby fringe ?elds 
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existing between one end plate and said rods 
attached to said wall induce currents in said 
cathode in one direction and fringe ?elds exist 
ing between the other end plate and said rods 
attached to said wall induce currents simultane 
ously in the opposite direction, the combined ef 
fects of said currents tending to cancel energy 
transfer to said cathode. 

8. A multi-segment cavity magnetron oscillator 
comprising an anode member enclosing a cylin 
drical cavity resonator, an elongated cathode‘ 
mounted axial to said resonator, a radially ex 
tending wall normal to said cathode dividing said 
resonator into two substantially equal portions, 
means dividing said resonator into segments com 
prising a plurality of rods surrounding said cath 
ode and extending parallel therewith, said rods 
being in alternate order electrically tied to the 
outer wall of said resonator and to said dividing 
wall, respectively, whereby fringe ?elds coupling . 
to said cathode in the operation of said oscillator 
are distributed between alternate ones of said 
rods and said outer wall and between the other 
alternate rods and said dividing wall, and the 
fringe ?elds between said rods and said outer 
wall are equal and opposite in direction at oppo 
site ends of said rods. 

9. A magnetron anode comprising a plurality 
of apertured parallel walls, wall means electri 
cally connecting said walls together and forming 
therewith cavity resonators, and rods connected 
to alternate walls only, 

10. A magnetron anode comprising a plurality 
of spaced, electrically connected, apertured Walls, 
an intermediate one of said walls being provided 
with spaced, internally extending projections, and 
rods connected to said projections and spaced 
from the walls adjacent said intermediate wall. 

11. A magnetron anode according to claim 10, 
further comprising other rods parallel to and 
intermediate said ?rst-named rods, said other 
rods being connected to said adjacent walls and 
spaced from said intermediate Wall. 

12. A magnetron anode structure comprising a 
hollow conducting member, a conducting parti 
tion dividing said member into two adjacent 
cavity resonators and having a central aperture, 
and a plurality of anode segments extending 
through said aperture and connected to said par 
tition. 
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13. A cavity resonator structure comprising a 
hollow conducting member, a conducting parti 
tion dividing said member into two adjacent 
cavity resonators and having a central aperture, 
and a plurality of elongated parallel conducting 
elements extending through said aperture, said 
elements being connected to said partition. 

14. A cavity resonator structure comprising a 
hollow conducting member, a conducting parti 
tion dividing said member into two adjacent 
cavity resonators and having a central aperture, 
and a plurality of elongated parallel conducting 
elements extending through said aperture, alter 
nate elements being connected to said partition 
and spaced from said member, the other elements 
being connected to said member and spaced from 
said partition. 

15. A magnetron anode comprising a cavity 
resonator composed of a pair of spaced conduct 
ing walls connected by a peripheral conducting 
wall, each of said spaced walls having a central 
aperture, and parallel anode rods disposed around 
said apertures and alternately connected to one 
of said spaced walls and extending through the 
other of said spaced walls in spaced relation 
therewith, whereby the gaps between the rods 
and the spaced walls are oriented at right angles 
to the rods. _ 

16. A magnetron anode according to claim 15, 
wherein each of said spaced walls has a series of 
radial projections and intermediate recesses dis 
posed around said aperture, and said rods are 
mounted on said projections and extend through 
said recesses. 

GEORGE E. KILGORE. 
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