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My invention relates to electric discharge de 
Vices, and more particularly to the construction. 
of Space resonant electric discharge devices of the 
magnetron type. 

In the Widespread use of electric discharge 
devices of the magnetron type, it is important 
that there be a desired symmetry of elements, 
or electrodes, in order to obtain uniform ener. 
gization of associated space resonant regions, or 
cavities, without sacrificing the power output of 
the device, by a construction which causes the 
establishment of inordinately high voitage gradi 
ents across insulating parts of the structure which 
Would require a reduction in the nominal power 
output, or cause damage to the elements, or elec 
trodes, of the discharge device, thereby necessi 
tating its withdrawal from use. . 

It is an object of my invention to provide a 
new and improved electric discharge device. 

It is another object of my invention to pro 
vide a new and improved electric discharge de 
Vice of the magnetron type. 

It is another object of my invention to provide 
new and improved structure for supporting the 
elements of a magnetron of the space resonant 
type which permits operation of the device at rel 
atively high voltages, and which does not disturb 
the desired symmetry of the electrostatic and mag 
netic fields required for satisfactory operation. 

It is a still further object of my invention to 
provide new and improved cathode supporting 
structure for ultra high frequency magnetrons 
wherein shielding means are provided to prevent 
the deposition of conductive material on associ 
ated insulating structure. 

Briefly stated, in the illustrated embodiment of 
my invention, I provide a new and improved ultra, 
high frequency electric discharge device of the 
magnetron type comprising a space resonant re 
gion, or regions, energized in accordance with 
the oscillations, or motion, of the electrons con 
stituting the Space charge between an anode and 
a cathode, and in which the cathode is main 
tained in spaced relation with respect to the 
anode structure by means of an improved rigid 
Cable construction, which affords rigid position 
ing of the cathode without entailling the estab 
lishment of excessively high voltage gradients 
across the insulating parts and which, by virtue 
of its symmetry, does not materially disturb the 
magnetic or electrostatic fields required for the 
most effective Operation of the device, or system. 
In addition, shielding means are positioned rela 
tive to the cathode and the insulating structure 
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of metal or material thereon, and an approprie 
ately positioned and designed insulator having a 
long leakage path is employed to eliminate or 
reduce the probability of an arc-over between the 
electrode structure and the associated magnetic 
pole pieces. - W 

... For a better understanding of my invention, 
reference: may be had to the following descrip 
tion taken in connection with the accompanying 
drawing, and its scope will be pointed Out in the 
appended claims. Fig. 1. diagrammatically illus 
trates an embodiment of my invention as applied 
to an ultra, high frequency magnetron of the 
type employing a metallic envelope or containing 
member and which includes a pair of permanent. 
ly magnetized field members. Fig.2 is a detailed 
view of the anode structure, and Fig. 3 is a de 
tailed view of the suspending and centering in 
Sulator and cathode construction. . ? ? ? ? ? ... : '?', 

Fig. 1 of the accompanying drawing diagram 
matically illustrates an embodiment of my inven 
tion as applied to an electric discharge device 
of the magnetron type employing a pair of mag 
netic field pieces oppositely disposed relative to a 
centrally located anode structure including a 
Space resonant cavity, or cavities; and Fig. 2 is 
a detailed view of the anode structure. 

Referring particularly to Fig.1, there is shown 
an elongated cylindrical container the lateral wall 
structure of which is provided by a single metal 
envelope or containing member, f, preferably of 
tubular form, constructed of a ferro-magnetic 
material such as cold rolled steel, or the like. 
The ends of the container are enclosed by flanged 
members 2 and 3 which are welded or otherwise hermetically joined to the containing member . 
The outer surface of the envelope or member 
may be provide with a plurality of heat dissi 
pating means such as fins (not shown). 
Within the containing member and approx 

imately at its central region there is provided an 
anode structure 4, shown in plan view in Fig. 2. 
The anode structure comprises a circular mem 
ber which has a relatively large central opening 
5 and a series of smaller openings 6 arranged 
symmetrically about the central opening 5. The 
central opening is joined to the openings 6 by 
means of a plurality of radially extending slots T. 

. The anode structure 4, which preferably con 
sists of copper, is supported by being brazed to 
the interior Wall Surface of member . To facili. 
tate the brazing operation, Small channels 8 are 
cut into the Outer periphery of the structure 4, 
and these are used to receive rings of brazing 

to prevent the establishment of a conductive layer 55 material applied before the anode structure is 

  

  



inserted within the containing member . 
tively large circumferentially extending channel 
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9 serves to reduce the overall weight of the struc 
ture. . . . . . 
Within the central opening 5 of the anode 

structure, I employ an indirectly heated cathode 
comprising a sleeve 10, of nickel or other suitable 
material, having flanges. If and 12 at the ends 
thereof. This sleeve, which may be coated ex 
ternally with a suitable activating material such 

2,406,278 
energy factor. One of the materials which may 
be used for this purpose is that class of alloys 
including aluminum, nickel and cobalt. Alloys 
of this type are described, for example, in the 
Mishima Patents No. 2,027,994 to No. 2,028,000. 
As a means for providing a low reluctance con 

nection between the base ends of the magnetic 

10 as barium oxide, contains a filamentary heating 
element 3 by which the sleeve to may be main 
tained at an electron emissive temperature. One 
end of the cathode sleeve to is closed by a metal 
disc 4 and the other end of the sleeve is closed 
by an apertured disc 5. V- 
The discs 4 and 15 have diameters of sufficient 

pole pieces 6 and 7, the pole pieces may be re 
spectively seated upon relatively thick disc-like 
members 8 and 9 constructed of ferro-mag 
netic material, such as steel. For the purpose of 
securing the pole pieces rigidly to the discs 3 

15 

dimension to substantially shield insulating struc 
ture, to be described presently, to prevent the 
deposition of an appreciable conductive layer on 
the surface of the insulators, which would tend 
to reduce the operating voltage of the discharge 
device, or the system as a whole, since the con 
ductive layer would tend to establish relatively 
low resistance leakage paths between elements at 
Substantially great differences of potential. ..In 
the operation of the electric discharge device a 
space charge is developed in the space between 
the cathode sleeve it) and the surrounding anode 
structure 4 by the application of a suitable po 
tential impressed between the cathodestructure 
and the containing member . The containing 
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member i, to which the anode structure - 4 is di 
rectly connected, may have impressed thereon a 
unidirectional potential, Such as a positive poten 
tial, and the other terminal for the unidirectional 
circuit is connected to the cathode structure by 
apparatus to be described presently. 
The electrons which constitute the space charge 

are given a spiral or orbital motion by a magnetic 
field which is provided by electromagnetic struc 
ture, or by permanently magnetized field pieces 
to be described presently. The resultant gyra 
tions or oscillations of the electrons constituting 
the space charge produce excitation of the anode 
structure at a frequency which is correlated to 
the natural frequency of the space resonant re 
gions Which is determined by the physical dimen 
sions of the openings 6 considered in conjunction 
with the slots . The function of the anode 
structure in this respect may be explained from 
one point of view by considering that it is made 
up of a plurality of space resonant regions in each 
of which inductance is provided by a wall surface 
bounding one of the circular openings. 6 and 
capacitance is provided by the opposing surfaces 
of one of the slots. Assuming this point of view, 
it will be seen that the operating frequency is in 
a large measure determined by the dimensions of 
the openings 6. . 

In order to provide a magnetic field of sufficient 
intensity to permit the apparatus to function in 
its intended manner, there are provided within 
the containing member tapered magnetic pole 
pieces G and 7 which are directed axially of the 
containing member and may extend in close 
proximity to the upper and lower surfaces of the 
anode structure 4. For present purposes, these 
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tween the anode and the cathode. 
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pole pieces may be assumed to be permanently 
magnetized in such a sense that the north pole 
of one faces the South pole of the other. 
To assure the existence of the magnetic field 

of the required intensity, the pole pieces fö and 
if should be constructed of a magnetizable sub 
stance having a high coercive force and a high 
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and 9, I may employ clamping rings 25 and 2. 
slipped over the pole pieces and welded to the 
disc members. . . 
The desired precise placement of pole pieces 6 

and 7 with reference to the anode structure 4 
may be obtained by the use of spacing rings 22 
and 23. As will be observed from Fig. 1, each of 
these rings is interposed between one surface of 
the anodestructure 4 and the surface of the ap 
ertured discs 24, 25, each disc in turn being in 
abutment With a properly positioned and formed 
shoulder on the adjacent pole piece as indicated 
at 26 and 2. The Spacing rings 22 and 23 may 
be welded in place before the pole pieces are in 
serted. Within the containing member . . 
Pole pieces ! 6 and ?, inaSmuch ass these elle 

ments are positioned within the containing mem 
ber , may be employed as supporting means for 
the cathode structure. This may be done, for 
example, by constructing the pole pieces 8 and 

to have allined central openings or centering 
channels 28 and 29, respectively, preferably of 
circular cross-section and Which extend along 
the axial or longitudinal dimension of the pole 
pieces and afford communicating channels 
through which elements to be described presently 
extend or are positioned, and which present 
alined openings 3 and 3 in the respective pole 
faces. - 

Referring to magnetic pole piece 6 in particu 
lar, I provide a relatively rigid concentric con 
ductor construction for supporting the cathode 
centrally within the enlarged opening 5 of the 
anode structure. 4, and which also is employed as 
a means or conduit for supplying energizing cur 
rent to cathode heating eiement 3. Of course, 
one conductor of the cathode is also employed in 
connection with an external circuit by virtue of 
which a unidirectional potential is applied be 

Considering 
more specifically the concentric cable construc 
tion, I provide a cable having an inner conductor 
32 and an outer conductor. 33, preferably con 
structed of a metal such as nickel or molybdenum, 
and which are maintained in spaced relation with 
respect to each other by a continuous insulator 
such as a tubular insulator 34. Conductors 32 
and 33 are connected to externally accessible 
lead-in wires 35 and 36 which are sealed in a 
suitable insulator, Such as a vitreous insulator 37. 
In order to facilitate the attachment of the insu 
lator 37 to the body of the discharge device, and 
more particularly to the flange member 2, I may 
employ a cylindrical metallic member 38 which is 
Welded or soldered to member 2 and sealed to 
conductor 37. . . . . . . . . . . 

I provide within the channel 23 an insulator 
39, the details of which are shown in Fig. 3. In 
sulator 39 serves as a supporting and centering 
means for the concentric cable comprising con 
ductors 32 and 33 and closely fits the channel 
wall by virtue of the part 39a, thereof which 
closely engages and is fitted to the channel wall, 
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in close engagement with the channel wall, and 
a metallic tube in abutment with said insulator 
and extending therefrom to the base of Said one 
pole piece. * 

8. An ultra high frequency electric discharge 
device comprising a plurality of enclosed co 
operating electrodes designed to have electrical 
and geometrical symmetry about a longitudinal 
axis and comprising a cylindrical thermiOnic 
cathode and an annular anodestructure provided 
with a circular central opening Within which 
said cathode is positioned, a pair of magnetic 
pole pieces spaced on opposite sides of said anode 
structure and having pole faces of substantially 
circular cross section, said pole pieces each hav 
ing therein a channel of circular cross section 
positioned longitudinally of the pole pieces and 
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10 
in allinement with each other, means supporting 
said cathode comprising a rigid concentric cable 
construction including spaced inner and outer 
conductors and extending through the channel 
of one of said pole pieces, an insulator in close 
engagement With the channel Wall. Of Said one 
pole piece and extending beyond the pole face 
thereof in the direction of said cathode, a cen 
tering insulator in the channel of the other pole 
piece and supporting a metallic pin in electrical 
contact with Said cathode, and a pair of shield 
ing discs positioned between said cathode and 
said pole faces to prevent the deposition of con 
ductive material on said insulators, incident to 
the Vaporization of electrons from the emissive 
Surface of said cathode. 

GEORGE. M. WHITE. 


