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UNITED STATES PATENT office 
Alfred H. Laidig, Bloomfield, N.J., assignor td 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania 

Application November 27, 1943, serial No. 511,902 
(C. 250-27.5) 1. Claims. 

1. w 

This invention relates to magnetrons, and con 
templates an improved organization thereof as 
well as an improvement of specific parts included 
in the assembly. 
The trend of the prior art relating to mag 

netrons has hovered around the provision of a 
centrally located cathode and a surrounding 
anode having a plurality of resonant cavities 
opening inwardly toward the cathode. This has 
immediately imposed certain mechanical and 
electrical limitations which have confined the de 
vices to the conventional relationship of parts 
With restricted cathode area, and output. One of 
the most serious difficulties encountered with 
magnetrons and which has imposed an undesir 
ably short life, has been overheating the cathode 
from electron bombardment the heat from which 
supplemented heat supplied by the cathode 
heater. In its general aspects, the present invention 
seeks to overcome the difficulties and deficiencies 
encountered in the conventional magnetron con 
struction. 

Iikewise of general nature, an object of the in 
vention is to provide for materially greater cath 
Ode area than possible in the conventional mag 
netron construction. . - 
Of closely related character is the further ob 

ject of providing a construction wherein con 
centration of electronic bombardment is less 
than in conventional magnetron construction. 
A specific object of the invention is to provide 

a cathode which girdles or peripherally surrounds 
the anode. 
Another object of the invention is to fluid-cool 

the anode. - Yet another object of the invention is to pro 
vide a replaceable heater for the cathode and to 
provide such a heater which is replaceable with 
out disturbing the vacuum of the magnetron. 
A further object of the invention is to automati 

cally control the heater current from the tempera 
ture of the cathode. - - - - - - - - - - - 

Again, other objects of the invention are to 
provide a structure which prevents relative vil 
bration between cathode and anode; to provide 
a structure which may be readily and accurately 
machined during fabrication; to increase the life 
of the magnetron as well as rated output thereof; 
and to provide other economies of manufacture 
and benefits in use. . . . . 

Still further objects of the invention will ap 
pear to those skilled in the art as the description 
progresses, both by direct recitation thereof and 
by inference from the context. ... w - - - - 
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Referring to the accompanying drawing in 

which like numerals of reference indicate similar 
parts throughut the several views; 

Figure 1 is a vertical section on an axial plane 
as indicated by line-I-I of Fig. 2 of a magnetron 
of my improved construction; 

Figure 2 is a horizontal cross-section as on 
line I-II of Fig.1; and 
Figure 3 is a diagrammatic view of the elec 

trical circuit and automatic switching means for 
the heater. 

In the specific embodiment of the invention ill 
lustrated in said drawing, the reference numeral 
it designates a generally cylindrical anode formed 
with a hollow hub portion if intermediate the 
ends of Which radially project partitions 2 the 
side Walls of which define outwardly opening 
cavities 3 shown in this instance as slots. In a 
direction parallel to the hub axis said partitions 
are shorter than the hub and thereby provide an 
end space 4 at each end of the anode. Said cav 
ities extend longitudinally through the anode so as 
to open into said end spaces. Around the anode 
girdling the same is a cylindrical cathode 5 said 
cathode being spaced from the periphery of the 
anode and being electron emissive on its inner 
face toward the anode. At the outer periphery 
of the cathode are provided a pair of metallic 
rings f6 of equal diameter and spaced longi 
tudinally one from the other. Between these 
rings the outer face of the cathode provides a 
peripheral groove 7 which accordingly is out 
Wardly open enabling an arcuate heater element 
8 to be sprung into the said groove. More will 
be said with respect to this heater element here 
inafter, 
The aforementioned rings 6 are soldered or 

otherwise secured vacuum tight to the said cath 
ode and are coaxial therewith. They are pref 
erably of material to which glass may be sealed, 
and may accordingly be advantageously formed 
from an alloy sold in trade under the name of 
"Kovar' the constituency of which is described 
in Patent 2,062,335 of December 1, 1936. A ring 
9 of borosilicate or other insulating material 

is sealed to each said metallic ring on the far 
edge thereof from the cathode groove, and to 
the far edge of each glass ring is sealed an 
other metallic ring 20 also preferably of the 
alloy above mentioned. The grooved portion of 
the cathode, all of said metallic rings and both 
said glass rings constitute the peripheral wall 
of the magnetron. End caps 2 applied at the 
extreme edges of metallic rings 20 form end 
closures for the magnetron, these end caps be 
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ing soldered or otherwise sealed to Said rings 
and to the extremities of the hub. The interior 
region of the magnetron between the peripheral 
wall and hub and between said end caps is ac 
cordingly fully enclosed and is evacuated. An 
output coaxial line 22 is sealed through the periph 
eral wall into one end space, said coaxial line 
likewise being under vacuum. The terminal 22 
of the coaxial line is formed as a loop situated 
within the end space with one leg of the loop 
contiguous to the end of the anode and extend 
ing radially thereof. If so desired, a protective 
shell 23 may be provided surrounding the glassed 
peripheral wall of the magnetron, said shellbeiti 
removable in whole or in part for permitti 
access to the heater element and replacement 
of that element when desirei. 
By preference, hub of anode 9 is hollow providing a passageway 24 therethrough from eid 

to end. Apart of the shell 23, is shown extending acrosseiid caps2T overlying the ends of said hub 
but spaced therefrom dial channels 25 in 
the outer faces of the eiid caps communicate with the ends of passageway 24 and are also covered by said shell which may conveniently 
be formed with coilecting nipples 25 at the 
periphery of the shell body for appropriate hose 
or other connection to a circulating fluid supply. 
This forms a means for cooling the anode. 
At one side of the "magnetron is provided an 

insulated receptacle structure for making elec 

of a bimetalfic member 3 is opposite this con 
tact screw 30. The ends of the bimetallic members ind engage in and are retained by 

32. At least one of these studs has 
e other end of the heater ele 

v. al position of the bimetal membe 
is as shown in Fig.2 with contact being 

r or contact 30 thereby effecting a close 
. . . . it from socket 28, through contact 

screw 30 to bimetal member 3 to stud 32 thence 
through the heater element around the cathode 

mitting 

- 

- 

barding electrons returning thereto. 

4. 
further noted, that since the cathode is Outside 
the anode, it presents a far more extensive area, 
and will not only produce a more copious Supply 
of electrons but also avoids concentration of bon 

Proximity 
of the cathode to the exterior aids in keeping the 
temperature from becoming excessive. 
Attention is also called to the anode structure which provides its resonant cavities opening at 

the periphery by virtue of which they are more 
easily and accurately machined than when open 
irig inwardly. Provision of central passage con 

25 

rig) 

stitutes a most convenient and effective structure for cooling purposes. To assure a tight seal not 
withstanding difference in expansion, a washer 
like flexible diaphragm 33 may overlap the joint 
6f orie end cap 2 and hub , said diaphragm 
having its inner periphery sealed to the hub and 
its outer periphery to the said cap. 
Replacement of the cathode heater is readily 

accomplished in the field, as it will be noted it 
does not require any disturbance of the vacuum 
seal of the magnétron. The heater element 8 
is sufficiently pliable to be fed around the groove 
or 'sprung to slide laterally into place as found 
most convenient. 
I claim: . 
1. A "magnetron comprising an evacuated hol 

low enclosure providing a circumferential wall, a cathode having a body portion forming a part of 
said circ rential wall, said cathode having a 
circumferential surface exposed at the exterior of 
saidénclosure, and having an emitting surface 
Within said enclosure facing radially inward 
thereof, an anode in said enclosure and girdled 
by said cathode, said anode having a plurality 
of radial slots opening through the outer periph 
ery of the anode toward the inwardly facing 
emitting surface of the cathode and constituting 
cávity resonatórs, and a heater for said cathode outside of said enclosure next said body portion 
of the cathode. - 
2. A magnetron comprising an evacuated hol 
w enclosure having an exterior circumferential 

- cathode of which a part thereof 
constitutés an annular part of the circumferen 

the magnetron, said cathode having 
Brential surface exposed at the exterior 

of said enclosure, an anofie within the magnetron 
thode, said anode having a 

dial slots opening through the out 
--- y' of the anode toward the inwardly 
facing emitting surface of the cathode and con 
stituting cavity resonators, and a heater for the and finally to the other socket 27 through its 55 cathode next the said exterior surface of the an screw 29. When the cathode attains a prede 

termined torrid state, the bimetal member be comes oppositely bowed and thereby disengages 
contact 29 and opens the circuit. 

Experience has taught that in magnetrons a '60 em. 
large proportion of electrons return to the cath 
ode and bombard the cathode to such extent that the bombardment supplies adequate heating ef 
fect for the cathode to maintain continuing emis 
ision thereof. By the present invention, therefore, 65 radially outward at the exterior of the enclosure, the heater current is discontinued automatically 
when bombardment adds its heat and thus the 
cathode does not suffer overheating by the 
heater and bombardment continuing simultane ously when proper emitting temperature is at 
tained and while that temperature lasts. How 
ever, if the bombardment fails to maintain suffi 
cient temperature of the cathode, the bimetalic 
switch again closes and the heater once more 

nular part of the exterior wall of the cathode and at the outside bf said magnetron. 
3. A magnetron comprising an evacuated en 

closure, a hollow cathotie having 'an electron 
rig part thereof facing radially inward 

within said enclosure and having a circumfer 
ential part exposed at the exterior of the enclo 
sure facing radially outward, said circumferen 
tial part having a groove in its outer side exposed 
a heater for said cathode in said groove exterior 
to the enclosure, and an anode situated within 
said enclosure and radially within the cathode. 

4. A magnetron comprising an evacuated en 
to closure, a cathode "forming a part of said enclo 

sure with one portion exterior to the enclosure 
and another portion interior to the enclosure, 
said interiorportion of the cathode having an 
emitting area thereon within said enclosure, said functions to augment the heat supply. It is to be 75 emitting area, within the enclosure being of great 
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er extent than the entire area of the portion of 
the cathode at the exterior of Said enclosure. 

5. A magnetron comprising an evacuated en 
closure containing a cathode and anode with the 
cathode engirdling the anode and Said Cathode 
having an exterior circumferential receSS there 
in, a Substantially circular heater for and around 
said cathode and within said recess and having 
ends spaced from each other in the recess of Said 
cathode, and a bimetallic Switch in the Said receSS 
and between the said spaced ends of the heater, 
Said SWitch being in Series with Said heater. 

10 

6. An electron discharge device comprising an 
anode, a cathode having a non-emissive face and 
an emissive face, the emissive face being directed 
toward said anode for discharge of electrons to 
the anode, heat-actuated switch means next a 
mid-part of the cathode at the non-emissive face 
thereof, and an electric heater in proximity to 
the cathode at the Said non-emissive face thereof 
for heating the cathode, said heater being in 
Series With Said SWitch means for automatic con 
trol of Said heater by the heat condition of the 
mid-part of the cathode. 

7. An electron discharge device comprising an o 
anode, a cylindrical cathode around said anode, 
said cathode having an external non-emissive 
face and an internal emissive face toward said 
anode for discharge of electrons to the anode, a 
heater for Said cathode Substantially encircling 
Said cathode intermediate the ends of the cathode 
at the non-emissive face thereof, and a bi-metal 
Snap Switch in Series with Said heater next the 
non-emissive face of said cathode and Substan 
tially as close to and at the same distance inter- 5 
mediate the ends of the cathode as the heater. 

8. An electron discharge device comprising an 
anode, a cylindrical cathode opposed to said 
anode for discharge of electrons to the anode, 
Said cylindrical cathode having a circumferen 
tial region thereof intermediate its ends consti 
tuted as a thin wall for prompt conduction of 
heat therethrough, the portions of said cathode 
between Said ends and thin-wall region provid 
ing walls of greater thickness than said thin wall 
for heat retention and distribution, a heater next 
Said thin-Wall region of the cathode for heating 
the cathode, and a heat-actuated Switch in series 
with said heater and in proximity to said thin 
Wall region of the cathode for automatic control 
of Said heater by heat condition of the cathode. 

9. An electron discharge device comprising an 
anode, a cylindrical cathode opposed to said 
anode for discharge of electrons to the anode, 
Said cylindrical cathode having a region circum 
ferentially thereof and intermediate the ends of 
the cathode constituted as a thin wall for prompt 
conduction of heat therethrough, the portions of 
Said cathode between said ends and thin-wall 
region providing walls of greater thickness than 
Said thin Wall for heat retention and distribution, 
a heater circumferentially of and next said thin 
wall region of the cathode at the outside of and 
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cathode, 

6 
for heating Said cathode, and a heat-actuated 
Switch also at the outside of said cathode and in 
Series with Said heater and in proximity to the 
thin wall region of the cathode for automatic 
control of said heater by heat condition of said 
thin-wall region of the cathode. 

10. An electron discharge device comprising a 
hollow evacuated cylindrical structure, having an 
outer surface exposed to the atmosphere at the 
exterior thereof, an anode coaxial to and within 
Said hollow evacuated cylindrical structure, a cy 
indrical cathode having an electron emitting sur 
face Within Said hollow evacuated cylindrical 
Structure and having an outer cylindrical region 
constituting a part of Said outer surface exposed 
to the atmosphere at the exterior of said hollow 
evacuated cylindrical structure, and a heater for 
Said cathode Substantially encircling said outer 
exposed cylindrical region of the cathode exterior. 
to the evacuated hollow cylindrical structure 
thereby enabling said heater to be applied and re 
placed Without disturbing the evacuated condi 
tion of the Said hollow evacuated cylindrical 
Structure. 

11. An electron discharge device comprising a 
hollow evacuated cylindrical structure having an 
outer Surface exposed to the atmosphere at the 
exterior thereof, an anode coaxial to and within 
Said hollow evacuated cylindrical structure, a 
cylindrical cathode having an electron emitting 
Surface Within Said hollow evacuated cylindrical 
Structure and having an outer cylindrical region 
Constituting a part of said outer surface exposed 
to the atmosphere at the exterior of said hollow 
evacuated cylindrical structure, a substantially 
circular heater for said cathode, said heater be 
ing less than a complete circle thereby providing 
ends enabling Said heater to be applied to and re 
moved from Said outer cylindrical region of the 

and an automatic heat-responsive 
Switch in Series with Said heater and interposed 
between the ends of the same. 
- ALFRED H. LAIOIG, 
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