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1. 
This invention relates to electron-discharge de 

vices of the magnetron type, and more particu 
larly to a cathode structure for such devices and 
an electrical circuit therefor. 
One of the objects of the present invention is 

to provide a cathode structure, especially suitable 
for use in a magnetron tube, which requires less 
power input thereto than has heretofore been 
necessary to obtain corresponding power outputs. 
Another object of the present invention is to 

provide a cathode Structure for a magnetron os 
cillator which, when once oscillation has com 
menced, relies for its electron emission, mainly, 
upon cathode bombardment by charged particles 
Which have absorbed energy from the radio-fre 
quency field developed in the osciliator, said 
bombardment resulting either in aiding the heat 
ing of said cathode to a temperature of thermi 
onic primary emission or the knocking out there 
from of secondary electrons, or both. 
A further object of the present invention is 

to provide an electrical circuit enabling opera 
tion, as aforesaid, of a magnetron tube provided 
With a novel cathode structure such as that above 
referred to. 

In the accompanying specification there shall 
be described, and in the annexed drawing shown, 
an illustrative, embodiment of the electron-dis 
charge devices of the present invention. It is, 
however, to be clearly understood that the pres 
ent invention is not to be limited to the details 
herein shown and described for purposes of ilius 
tration only, inasmuch as changes therein may be 
made Without the exercise of invention, and with 
in the true Spirit and Scope of the claims hereto 
appended. 
In said drawing, Fig. 1 is a longitudinal sec 

tional view taken Substantially through the cen 
ter of a magnetron tube made and connected in 
circuit in accordance with the principles of the 
present invention, the cathode structure of said 
tube being partially broken away to show the in 
ternal construction; and 

Fig. 2 is a fragmentary, transverse sectional 
view taken along line 2-2 of Fig. 1. 

Referring now more in detail to the aforesaid 
illustrative embodiment of the present invention, 
the numeral C generally designates a magnetron 
tube consisting, broadly, of a cathode structure 
lf, an anode structure 2 spaced from and sur 
rounding said Cathode structure, and magnetic 
means 3 for establishing a magnetic field in the 
discharge Space between said cathode and anode 
Structures. 
The cathodestructure comprises, preferably, 
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2 
a hollow cylindrical member 4 closed at one end, 
as at 5, and made of a conductive material 
which is especially suitable both for primary and 
secondary electron emission, Such as tantalum. 
The member 4 is provided with a plurality of 
staggered transverse slots 6 affording communi 
cation between the interior and exterior thereof, 
and may be supported at the upper end of a con 
ductive tubular member 7 in any desired ap 
propriate manner. 

Disposed in the interior of the member 4 is a 
filamentary member 8 made, preferably, of 
tungsten, said member being adapted to serve, 
as Will hereinafter be fully explained, as a pri 
mary electron emitter, and as a heater for aid 
ing in raising the temperature of the member 
E4 to a temperature of thermionic emission. 
Heating current may be conveyed to the fila 
mentary member 8 from a suitable source of 
voltage 9, controlled by a switch 9, through 
lead-in conductors 20 and 2 which may enter 
the device f through the tubular member 7, 
said conductors being supported in said tubular 
member as by being embedded in a vitreous seal 
22 carried in said tubular member. The cylin 
drical member 4 is maintained at a positive po 
tential With respect to the filamentary member 
f8 by appropriately connecting a suitable source 
of Voltage 23 between one of the lead-in conduc 
tors 20-2 and the tubular supporting member 

. 
The anodestructure 2 comprises, preferably, a 

hollow cylindrical body 24 made of highly con 
ductive material, such as copper, said body being 
closed at its ends by end plates 25 and 26, the 
junctions between Said body and said end plates 
being hermetically Sealed. Extending radially in 
Ward from the interior surface of the body 24 is 
a plurality of anode vanes 2, also made of cop 
per, Said vanes being longitudinally substantially 
coextensive with the cathode member 4, and 
terminating, radially, a sufficient distance from 
the Surface of the cathode member 4 to provide 
an appropriate discharge Space therebetween. 
Each pair of adjacent anode vanes 2 defines, to 
gether with that portion of the cylindrical body 
24 lying therebetween, an open-ended cavity 
resonator, all of said cavity resonators communi 
cating, at their open ends, with end spaces 28 
and 29 presented, respectively, between the up 
per ends of the vanes 27 and the plate 25, and 
the lower ends of Said vanes and the plate 26. 

Preferably, the vanes 27 are double strapped, 
for undesired mode suppression, at both ends, as 
by conductive rings 30 to 33, inclusive, the upper, 
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inner strap 30 and the lower, outer strap 33 elec 
trically connecting together the alternate Vanes, 
and the upper, outer strap 3 and the lower, in 
ner strap 32 electrically connecting together the 
intermediate vanes. The anode structure 2 is 
maintained at a positive potential with respect 
to the cathode structure f by appropriately con 
necting a suitable source of voltage 34 therebe 
tween. 
A solid pole piece 35 may project into the device. 

through the end plate 25, and a hollow pole piece 
36, surrounding the tubular member T. and 
sealed thereto by means of a second tubular mem 
ber f7 and a vitreous seal. ..., may project, into 
the device through the end plate 26, said.pole 
pieces being hermetically sealed to the respective 
plates through which they project, and being as 
sociated with appropriate magnetic means, not 
shown, whereby a magnetic field may be estab 
lished through the device in a direction trans 
verse to the discharge path between the cathode 
structure i? and the anodestructure 2. 
Rower may be extracted from the device by. 

any suitable means, for example, a conventional 
coupling loop 37, extending into any one of the 
cavity resonators defined by the vanes 27. 
In operation, the switch 19. is initially closed 

and the filamentary, member 8 is heated to a 
temperature of thermionic emission by the pas 
sage of current therethrough from the source 
of voltage 9, the emitted primary electrons 
traveling toward the cylindrical member 4 by 
reason of said cylindrical member, being main 
tained at a positive potential with respect to 
said filamentary member by the source of voltage 3 
23. While some of these electrons will be col lected by the cylindrical member 4, an appre 

with respect to both the at a positive potential 
cylindrical member 4, and the filamentary mem. 
ber, 8.by means of the source of voltage. 34. 
The device will be set, into oscillation by, the 

initial primary, emission from the filamentary 
member 8. At the same. W.w' . . . . . . . v . . . . . 

member 14 will become heated by radiation from the filamentary member 8. Some of the energy. generated in the oscillating cayity resonatorsby, 
the action of the primary electrons initially, 
emitted from the filamentary member 8 will 
be absorbed by some of said primary. elections, 
and some of the electrons, which have absorbed 
such energy will be slammedback into the cylin. 
drical member 14, additionally to heat, the same 
so that it now becomes a source of primary 
electrons, or to knockout, secondary, electron therefron, or both thus augmenting the space 
charge of the device. It has been found that 
once the space, charge has been augmented as 
above, the power input to the device, particularly, 
the heating current supplied by the source, of voltage 9, may be considerably reduced or even 
discontinued, and still enable the generation of 

anode vanes 27, the latter being main d 49 

At the same time, the cylindrical, 
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4. 
power comparable to that obtainable with the 
conventional, continually operating cathodes 
heretofore employed. 
This completes the description of the afore 

said illustrative embodiment of the electron-dis 
charge devices of the present invention, together 
with the mode of operation thereof. It will be 
noted from all of the foregoing that the device 
is simple and effects considerable economy of 
operation as compared with what has heretofore 
been the case in order to obtain corresponding power outputs. 
Other objects and advantages of the present 

invention will readily occur to those skilled in 
the art to which the same relates. 
What is claimed is: 
1. An electron-discharge device comprising: a 

cathode structure; an anode structure, spaced 
from said cathode structure, and incorporating 
a cavity resonator; and means, adjacent said 

between said cathode-and-anodestructures, 
cathode structure including a tungsten filament 
adapted to be heated to a temperature of ther'r, 
midnic, emission by the passage of current there. 

with an apertures affording. Communication be 
tween said, tungstenflament, and the discharge. 
spage of said device; a first source of unidirect. 
tional voltage, connected between said: cathode, 
and anode structures, for maintaining, thes latter, 
at a positive potential with respect to the former; 
and a second sources of unidirectional Voitage, 
connected between said tungsten filament, and: 
saidstantalum can, for maintaining the latteriat, 
a positive potential with respect to... the former. 
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