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My invention relates to electron discharge 
devices and associated circuits useful at ultra 
high frequencies and more particularly to mag 
netrons and output leads to be used therewith. 
In certain types of magnetrons the anode seg 

ments or elements are interconnected by means 
of cavity resonator circuits and form together 
the anode structure for the magnetron. In one 
form of magnetron the electrode assembly com 
prises an elongated centrally positioned cathode 
and an anode member surrounding the cathode 
and provided` with a plurality of cavity resonator 
circuits formed by cavities in the anode member 
and having communicating passages or Slots be 
tween the cavities and the space between the 
cathode and anode member. The anode seg­ 
ments are formed by portions of the anode mem 
ber positioned between adjacent communicating 
passageways, for example the slots lying parallel 
to the cathode. The anode structure may, of 
course, be made in various ways, either by uti 
lizing a ring supporting inwardly and radially 
directed vanes or the anode assembly may be 
breached from a solid block or may be made by 
means of stacked sheets provided with proper 
slots and apertures. 

In the usual multi-cavity magnetron of the 
type described, the output lead for coupling the 
device to an output lead comprises a coaxial line. 
Such output leads can be coupled to the mag 
netron resonators by means of a coupling loop 
placed in either a resonant cavity or in the 
magnetron end space adjacent the cavity 
resonators. 
For a given length of coaxial output lead, 

measured from the output lead termination to 
the junction of the coupling loop and output lead, 
there is a certain size coupling loop which will 
permit the magnetron to work into a proper 
impedance for maximum power output. This 
assumes some fixed standing wave ratio in the 
waveguide system; that is, it assumes some fixed 
ratio between the maximum and minimum volt 
ages of the standing waves in the system. It 
is advantageous that this standing wave ratio be 
near unity. In magnetron construction it is diffi 
cult to build tubes having output leads and cou 
pling loops with identical electrical character 
istics. 
There are two general types of terminations 

used for magnetron coaxial output leads. One 
type has the center lead sealed through an in 
sulating seal, preferably glass, and the other type 
has the center lead entirely within the wall of 
the evacuated container which may include the 
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2 
envelope or an extension from the envelope. This 
latter type may be termed the antenna termina 
tion. It is known that such output leads in 
serted in waveguides have the disadvantage of 
having corona form in some region adjacent the 
coaxial termination when operated at high power 
levels. Such corona forms at the coaxial output 
lead termination at power levels well below that 
at which the connected waveguide system could 
operate corona-free. 

It is an object of my invention to provide an 
electron discharge device of the magnetron type 
having improved means for coupling the mag 
netron to a load. 

It is a further object of my invention to pro 
vide an electron discharge device of the magne 
tron type, particularly of the cavity resonator 
type in which the output lead for diiîerent mag 
netrons have substantially identical electrical 
characteristics. 

It is a further object of my invention to provide 
an output lead for a cavity resonator magnetron 
which is simple in construction and which is 
capable of accurate reproduction and which can 
be easily made. 
A still further object of my invention is to 

provide an output lead which will operate at 
power levels above those normally associated with 
conventional output leads. 
A still further speciñc object of my invention 

is to provide output leads which will eliminate 
the necessity for employing loops and seals for 
coaxial line type coupling arrangements. 
The novel features which I believe to be char 

acteristic of my invention are set forth with 
particularity in the appended claims, but the 
invention itself will best be understood by ref 
erence to the following description taken in con 
nection with the accompanying drawing in which 
Figure 1 is a longitudinal section of one form of 
an electron discharge device and an output lead 
made according to my invention, Figure 2 is a 
longitudinal section taken at 90° to Figure l, 
Figure 3 is a transverse section taken along the 
line 3-3 of Figure l, Figure 4 is a perspective 
view showing the coupling arrangement between 
a waveguide and the output lead disclosed in 
Figures 1, 2 and 3, Figure 5 shows a modiiication 
of an electron discharge device and output lead 
made according to my invention, Figure 6 is a 
longitudinal section taken along the line t-«E 
of Figure 5, and Figure '7 is a section taken along 
the line 'I-l of Figure 6, Figure 8 is a perspective 
of another method of coupling the output lead 
made according to my invention to a waveguide; 
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Referring to Figure 1, the magnetron employs 
a metallic evacuated envelope Ill of rectangular 
transverse section containing a magnetron mount 
assembly which includes preferably an indirectly 
heated cathode II surrounded by and coaxial 
with the anode assembly comprised of a heavy 
ring member I 2 and the radially positioned vanes 
lying parallel to cathode, which form between 
the vanes I3 cavity resonators of more or less 
U-shape. These vanes I3 are connected together 
by means of ring-like straps I4 and I5 which 
engage alternate vanes to insure a proper mode 
of operation. ‘ The cathode is heated by means of 
the heater II' and an electron shield II” at the 
top of the assembly. Cathode heater leads IS 
and I'I are shielded from the anode assembly by 
means of the shield I8, the cathode heater 
assembly and leads being supported by means of 
the tubular member I9 and bracket 2G supported 
from the anode assembly and the insulating sup 
porting member 2|, preferably of glass. The 
cathode heater leads extend through the tubular 
shield member 22 and are sealed vacuum-tight 
by means of the insulating cup-shaped member 
23. The envelope may be exhausted through the 
tubular member 24 which is tipped-off after 
evacuation. 
In accordance with my invention the anode as 

sembly has a portion removed from one side 
thereof and a coupling perforation extending 
normal to the cathode so as to provide communi 
cation from one resonator between two vanes to 
the exterior of the anode assembly. The envelope 
It is also provided with a registering coupling 
aperture 24’. In accordance with my invention 
I provide an output lead which includes a tubular 
member having an elongated rectangular trans 
verse section, the first section 25 of which is also 
provided with a coupling aperture 24” register 
ing with the apertures in the anode assembly and 
in the wall of the casing. This member 25 is 
in turn received with a second rectangular tubular 
member 26, the other end of which is sealed vacu 
um-tight by means of closure member 21 per 
meable to electromagnetic waves. The end sealed 
of this member 26 is in turn coupled to the end of 
waveguide member 28 and insulated therefrom 
by member 29. A quarter wave overlap is em 
ployed so that minimum impedance Vis provided 
for any R.­F. current inside the waveguide. A 
magnetic ñeld for the magnetron is provided by 
magnets 60 and 6I. 

It will be observed that the waveguide 28 is so 
oriented with respect to the anode that so-called 
Ho,1 wave is generated within the output lead, 
the longer axis of the guide lying parallel to the 
cathode. Inasmuch as circulating currents flow 
in the walls of the cavity resonator such that the 
magnetic lines of force are parallel to the cathode, 
these magnetic lines extend through coupling 
aperture 24, 24', 24” to excite the output lead and 
coupled waveguide. This is the simplest coni-igu 
ration` of any rectangular hollow tube wave. With 
this arrangement radiation from the waveguide 
will be most effective. This feature is unique to 
the Ho,1 wave and rectangular hollow tube and 
makes it especially adaptable as a radiator. 
The Ho,1 is also referred to as the ‘I‘Eo„1 mode 

of wave propagation through waveguides. In 
this mode of propagation, the electric field is 
transverse to the propagation and has no compo 
nent along the axis of propagation. The magnetic 
iield lies parallel to the direction of propagation 
and has no component transverse to the direc 
tion of propagation. In other words, the mag 
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4 
netic ñeld lies along the axis of the tube. In this 
form of wave the electric iìeld has one peak hav 
ing a maximum intermediate the short ends of 
the waveguide. 
In Figures 5 to '7, inclusive, is shown a diiîerent 

type of magnetron with a modification of an 
output lead made according to my invention. As 
shown in Figures 5 andd, the indirectly heated 
cathode 3d is surrounded by a laminated anode 
assembly comprising a plurality of stacked 
punched lplates 3|, 32, 33 and 34, these plates be 
ing so punched that a plurality of radially di 
rected slots of substantially uniform width are 
provided in the anode structure. These slots act 
as cavity resonators with the inner ends of the 
lingers acting as anode segments. Top and bot 
tom cup-shaped members 35 and til are closed by 
means of telescoped cup-shaped members 42 and 
¿i3 to provide a vacu-lnnfor the electrodes within 
the envelope so provided, the plates being vacuum 
sealed by means of, for example, silver solder 
between the plates. The cathode assembly is 
supported within the anode assembly by means of 
the brackets »'i? and 4I supporting the bridge 37 
by means of the insulating U-shaped elements 33 
and 39. Electromagnets 4l and ¿i8 are inserted 
within the cup-shaped member to provide the 
magnetic ñelds. As shown in Figure 5 the cathode 
heater is supplied by means of cathode heater 
leads ¿i4 and 45 sealed in the envelope by means 
of insulating cup-shaped element 45. 

In accordance with my invention one of the 
slots is coupled to the output lead by a ilared 
coupling opening or chamber 4S extending from 
the outer end of the slot to the outer wall of the 
anode assembly. The coupling chamber de re 
ceives the tubular waveguide output lead 5G, 
which may be of rectangular shape and vacuum 
sealed by means of the window closure 5I per 
meable to electromagnetic Wave. The coupling 
chamber serves as a transition device for match 
ing the impedance of the magnetron slot to that 
of the output lead. As in the case shown in Figure 
l, Hm waves are generated which travel down 
along the waveguide output lead 5è) with maxi 
mum efliciency. In the arrangement shown in 
Fig. 8, the wave guide 55, which may be the one 
directly coupled to the magnetron through the 
aperture, is coupled to a second Wave guide 55, 
the wave guides being provided with lips 5l and 
58. Each of the lips is a quarter Wave length wide 
at the operating frequency and extends trans 
versely of the wave guide. The high impedance 
at the outer edges of the lips produces a low im 
pedance at the inner edges of the lips which min 
imizes leakage from the wave of high frequency 
energy passing through the wave guides. 
The output leads may be made of any suitable 

metal, or combination of metals. In particular, 
Such a suitable combination of metals as Kovar 
and copper may be used. The surfaces of the 
leads may be plated to increase the electrical con 
ductivity. Other shapes of cavity quarter wave 
joints may be used to connect output leads to 
waveguide systems. 
The coupling perforation described permits ac 

curate reproduction-and makes possible the man 
ufacture of magnetrons` having nearly identical 
operating characteristics. Perforations may be 
punched or drilled to closer tolerances than loops 
and coaxial lines may be fabricated. Thus only 
very small tuning changes are required in the 
waveguide system when magnetrons are inter 
changed. 
The output lead and termination have no 

regions in _air 'in which excessive electrical in 
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tensities are produced relative to those in the 
waveguide system. Thus, this combination may 
be used at higher power levels with no corona. 
While I have indicated the preferred embodi 

ments of my invention of which I am now aware 
and have also indicated only one speciñc applica 
tion for which my invention may be employed, it 
will be apparent that my invention is by no means 
limited to the exact forms illustrated or the use 
indicated, but that many variations may be made 
in the particular structure used and the purpose 
for which it is employed without departing from 
the scope of my invention as set forth in the ap 
pended claims. 
What I claim as new is: 
1. An apparatus for use at high radio fre 

quencies, including a cavity resonator, means for 
providing an electron discharge for exciting said 
resonator, said resonator having an aperture ex 
tending through a wall thereof, and a waveguide 
adjacent said resonator and having an aperture 
opening into the aperture in said resonator, said 
wave guide comprising an elongated hollow tubu 
lar member having its end remote from the aper 
tured wall sealed by a closure member perme 
able to electromagnetic waves, said waveguide 
having a rectangular shaped transverse section 
and being oriented with respect to said cavity 
resonator so that Hui type electromagnetic waves 
are developed within the waveguide. 

2. An electron discharge device having an en 
velope of elongated flattened rectangular shaped 
transverse section, an electrode assembly within 
said envelope and including a cathode surrounded 
by an anode means having a plurality of cavity 
resonators, the longitudinal axis of said cathode 
and anode means lying parallel to the shorter 
axis of said envelope, said anode means having 
one side abutting one end of the wall of said 
envelope, said anode means having an aper 
ture extending therethrough and opening into 
one of said resonators, said envelope having an 
aperture registering with the aperture in said 
anode means and a waveguide extending from 
and secured to said envelope and having an aper 
ture registering with the apertures in said en 
velope and said anode means, said waveguide 
having a rectangular transverse section the long 
er axis of which lies parallel to the longitudinal 
axis of said cathode, said waveguide having the 
end remote from said envelope closed by means 
permeable to electromagnetic waves. 

3. An electron discharge device having a metal 
elongated envelope of rectangular-shaped trans 
verse section, an electrode assembly mounted 
within said envelope and including a cathode 
lying parallel to the shorter axis of said rectangu 
lar envelope, an anode assembly surrounding 
said cathode, said anode assembly having a plu 
rality of cavity resonators opening into the space 
surrounding said cathode, said anode assembly 
being flattened and having its shorter axis par 
allel to the shorter axis of said envelope, said an 
ode assembly contacting one end of said en 
velope, the end of said envelope and said anode 
assembly having registering apertures opening 
into one of said resonators, and a waveguide 
supported by one end of said envelope and hav 
ing apertures opening into the aperture in said 
envelope and said anode assembly, said wave 
guide having a rectangular-shaped transverse 
section, the longer axis of said waveguide lying 
parallel to said cathode, and means permeable 
to electromagnetic waves closing the end of said 
waveguide remote from said envelope. 
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6 
4. An electron discharge device having an en 

velope of flattened rectangular shaped transverse 
section, an electrode mount assembly within said 
envelope and including an elongated cathode sur 
rounded by an anode block including a plural 
ity of cavity resonators, the interior of said en 
velope communicating with the space between 
the cathode and the anode block, said anode block 
having a passageway extending therethrough and 
opening into the interior of one of said cavity 
resonators, said electrode assembly being ad 
jacent one end wall of said envelope, said end 
wall of said envelope having an aperture open 
ing into the aperture in said anode block, and 
a hollow waveguide having an elongated trans 
verse section and extending from an outside wall 
of said envelope and communicating with the 
apertures in the wall of said envelope and said 
anode block, the longer transverse axis of said 
waveguide lying parallel to the axis of said cath 
ode. 

5. An electron discharge device including a 
cathode and an anode block having a central 
chamber, said cathode being within said cham 
ber, said anode block having a plurality of radi 
ally-extending slots of substantially uniform 
width communicating with the chamber between 
the cathode and the anode block and forming 
resonators, the end of one of said slots remote 
from said cathode opening into a coupling cham 
ber having side walls diverging toward the out 
side of said anode block, and a tubular output 
lead extending from said block and opening into 
said coupling chamber, said tubular output lead 
having a rectangular shaped transverse section 
and being oriented with respect to said one 
slot and coupling chamber so that Ho,1 type elec 
tromagnetic waves are developed within the out 
put lead. 

6. An electron discharge device including an 
anode block, said anode block being provided with 
a central chamber and having a plurality of 
radially extending slots of substantially uniform 
width communicating with said chamber, and a 
cathode mounted within said chamber, the end 
of one of said slots remote from said cathode 
opening into a coupling chamber having side 
walls diverging toward the outside of said anode 
block, a tubular output lead extending from said 
block and having one end opening into said cou 
pling chamber and having its other end sealed 
by a closure member permeable to electromag 
netic waves said tubular output lead having a 
rectangular shaped transverse section and be 
ing oriented with respect to said one slot and 
coupling chamber so that Hai type electromag 
netic waves are developed within the output lead, 
and means for providing a magnetic field between 
said cathode and anode block. 

7. An electron discharge device comprising an 
electrode assembly including an indirectly heated 
cathode, an anode assembly coaxial with and 
surrounding said cathode, said anode assembly 
including a plurality of laminations having radi 
ally extending slots of substantially uniform 
width registering with each other, one group of 
registering slots opening into a coupling cham 
ber having an increasing transverse section mov 
ing from the inside to the outside of said anode 
assembly, said chamber opening into a hollow 
output lead of rectangular section having its 
longer axis parallel to the longitudinal axis of 
the cathode, closure members for the ends of 
said electrode assembly for providing an evacu 
ated space for the electrode assembly and means 
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for providing a magnetic field between said cath 
ode and anode block and parallel to said cathode. 

8. An electron discharge device comprising an 
electrode assembly including an indirectly heated 
cathode, an anode assembly coaxial with and sur 
rounding said cathode, said anode assembly in 
cluding a plurality of laminations having radially 
extending slots of substantially uniform width 
registering with each other, one group of regis 
tering slots opening into a coupling chamber 
having an increasing transverse section moving 
from the inside to the outside of said anode as 
sembly, an elongated tubular output lead hav 
ing one end opening into said chamber, closure 
members for the ends of said electrode assembly 
for providing an evacuated space for the elec 
trode assembly, means for providing a magnetic 
iield between said cathode and anode block and 
parallel to said cathode, and a closure member 
permeable to electromagnetic waves and sealing 
the said other end of said tubular output lead. 

9. An apparatus for use at high radio frequen 
cies, including a cavity resonator, means for 
providing an electron discharge for exciting said 
resonator, said resonator having an aperture ex 
tending through a wall thereof, and a hollow 
wave guide extending outwardly from the out 
side wall of said resonator and opening into the 
aperture in said resonator, said wave guide Com 
prising an elongated tubular member having its 
end remote from the apertured wall of said res 
onator sealed by an insulating medium permeable 

10 

to electromagnetic Waves, said wave guide hav 
ing a transverse lip at the outer end thereof 
having a width equal to a quarter wavelength of 
the operating frequency for coupling to a wave 
guide provided with a like lip. 

HOWARD R. HEGBAR. 
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