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9 Clairas. 

This invention relates to magnetrons of the 
type having a plurality of anode elements provid 
ing a plurality of circuits intended to oscillate at 
the same frequency and thus jointly contribute 
to the effective output of the magnetron, 

Devices of the type to which the invention re 
lates comprise a plurality of anode arms provid 
ing capacitances therebetween and connected by 
an inductance completing the oscillating circuits. 
The inductance is commonly provided by the me 
tallic Walls of the envelope enclosing the evacu 
ated space of the tube. Such devices, as hereto 
fore constructed, involve structural difficulties 
particularly with respect to the tuning, for since 
the oscillating circuits are disposed entirely With 
in the evacuated space of the tube, these can be 
tuned only by resort to flexible walls or to the 
introduction of additional tuning circuits. 

It is an object of the present invention to pro 
vide a magnetron which may be tuned externally 
of the evacuated Space, and Without the neces 
sity for providing additional tuning circuits. 

It is a further object of the invention to simpli 
fy the construction of such devices whereby they 
may be more easily manufactured than has here 
tofore been possible. 
The above and other objects and features of 

the invention will be made fully apparent to those 
skilled in the art from a consideration of the 
following detailed description taken in conjunc 
tion with the accompanying drawing in which: 

Fig. 1 is a longitudinal section through One emi 
bodiment of the invention; 

Fig. 2 is a section taken on the line 2-2 of Fig. 
i; and 

Fig. 3 represents a longitudinal section, with 
parts in side elevation, through another embodi 
ment of the invention. 

Referring to the drawing and first Figs. 1 and 
2 thereof, the magnetron there shown comprises 
a body portion which in this instance is a hol 
low spheroid of magnetic material of high co 
ercive force such as Alnico. The body is flat 
tened at the pole thereof and is provided with 
bores 2 and 3 extending therethrough. The body 
i is so magnetized that these bores constitute the 
opposite poles of the magnet. Disc-shaped pole 
pieces 4 and 5 of cold rolled steel or other suitable 
magnetic material close the bores 2 and 3 making 
a tight fit therewith. Coextensive with the in 
ternal end faces of pole pieces 4 and 5 are a pair 
of discs and 8 of Kovar or other metallic ma 
terial which may be readily sealed to glass, and 
a glass tube 9 is hermetically sealed at each end 
to one of said discs, A plurality of pins to con 
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stituting anode arms arranged in a circle cen 
tered at the center of disc 7 project downwardly 
therefrom and an equal number of pins f sim 
ilarly arranged project upwardly from the disc 8. 
In the central portion of the tube these pins de 
fine a circle in which pins are equally spaced 
and alternately arranged as may be seen in Fig. 2. 
A cathode structure comprising a hollow tubular 
member 3 is positioned in the center of the circle 
defined by the pins to and i? and spaced there 
from. Said cathode may be coated with a thermi 
onically emissive coating adjacent said pins. A 
central bore 4 is provided in the pole piece 5 and 
the hollow tubular member 3 extends there 
through and is spaced therefrom. Within the 
hollow tubular member 3 is a heating coil 5 con 
nected at its upper end to the tube f3 and at 
its lower end to a lead 6 which extends through 
the tubular member 3 and is sealed in a glass 
Seal 7 closing the outer end of the tubular mem 
ber 3. A metallic tube 8 of the same external 
diameter as the diameter of bore 4 lines the in 
ternal wall of the bore f4 and projects outwardly 
beyond the external face of pole piece 5. At its 
inner end the sleeve 8 is hermetically sealed to 
the disc 8 and at its outer end is brazed or other 
Wise hermetically sealed to a tubular metal shell 
9. The shell 9 is of a material such as Kovar 
which may be readily fused to glass and at its 
Outer end is sealed to a glass tube 20. The tube 
20 is sealed at its opposite end to a cup-shaped 
member 2, which cup-shaped member 2 has an 
opening in its outer face through which the tu 
bular member 3 extends and to which it is her 
metically sealed. By this arrangement the cath 
Ode Structure 3 is electrically insulated from the 
body of the magnetron by means of glass sleeve 
20. The externally projecting end of the cathode 
tube 3 may be connected to one pole of a source 
of heating current for cathode heating coil 5, 
the other pole being connected to the lead wire 6. 

In the Operation of the device described in the 
foregoing, when the cathode heater 5 is ener 
gized and a suitable voltage supplied between the 
cathode and the anode structure, electrons emit 
ted by the Cathode into the annular space be 
tween the activated portion of the cathode and 
the anode arms are deflected by the magnetic 
field, which is directed transversely to the paths 
of the electrons, as in conventional magnetrons, 
thereby generating oscillations within the anode 
structure. In this instance the body provides 
a common inductive circuit between the anode 
elements 0 and . To facilitate the conduction 
of the oscillating current over the interior sur. 
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face of the body i, this surface may be coated 
with a highly conductive material Such as copper 
or silver. A portion of the oscillatory energy 
which is propagated in the interior chambe. Of 
the body may be led off to a suitable utilization 
device by means of a coupling loop 22. Which ex 
tends into the oscillatory field set up within Said 
chamber. One end of the coupling loop 22 is con 
nected to the inner end of a conducting pipe 28 
which extends through an opening in the body 

The other end of the coupling loop 22 is co 
nected to a conductor 28 which passes through 
the pipe 23 and constitutes thereWith 8. coaxial 
line. - " - 

When the tube described in the foregoing is 
oscillating the fingers 8 and are of opposite 
phase so that oscillating currents tend to flow 
between alternate fingers 0 and ii. The cont 
ducting circuit extends between each pin or finger 

and its adjacent finger which constitute 
capacitances. The circuits extend in a circular 
path through the wall of the body portion . It 
will be seen that a portion of each circuit lies 
within the evacuated space of the tube 9 and the 
remaining portion is exterior of this Space along 
the interior walls of the body . This circular path 
constitutes an inductance. Each of these circuits 
constitutes an oscillatory circuit whose natural 
frequency is determined by the inductance and 
capacity thereof. Since the fingers and are : 
of opposite voltage phase so that when the finger 
G is positive the adjacent finger it is negative, 
and on the next half cycle voltage conditions are 
reversed, oscillatory current will flow between the 
fingers 8 and through the Walls of the annular 
chamber defined by the body in a direction to 
create an annular magnetic field in Said chamber. 
All of said currents are in phase With each Other, 
and thus all of said magnetic fields are likewise 
in phase, producing a strong resultant annular - 
magnetic field. This resultant annular magnetic 
field couples all of the oscillating circuits, and 
thus tends to make the inductance of all Said 
oscillating circuits uniform. A part of the in 
ductive portion of the oscillatory circuit is ex 
terior of the evacuated space tube. It is there 
fore not difficult to construct a means for varying 
the value of the inductance provided thereby. 
In the instance shown a tuning rod 25 may be : 
adjusted to project more or less into the annular 
space within the body . . In the instance shown 
the tuning rod 25 is threaded for adjustment 
longitudinally. However, the screw threads may 
be omitted and the rod may slide toward or a Way 
from the interior chamber of the tube . Since 
the space into which the tuning rod 25 projects 
is not a portion of the evacuated Space of the tube, 
no provision need be made for hermetically Seal 
ing this rod relative to the wall through which 
it extends. Likewise no provision need be made 
for hermetically sealing the space between the 
outer conductor 23 and the coaxial conductor 24 
leading from the antenna loop 22. 

In the form of the invention disclosed in Fig. 
3 the inductive portion of the oscillatory circuit 
is separate from the magnet 36. Referring to this 
figure, reference numeral 30 indicates a cup 
shaped member of copper or other non-magnetic 
and highly-conductive material. An end cap 3 
closes one end of the cup-shaped member 39 and 
is provided with a central opening 32. A sleeve 
29 surrounding the opening 32 projects into the 
cup-shaped member 3), concentric with the upper 
portion of the circumferential wall thereof. The 
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bottom portion of the cup-shaped member 30 is 
provided with a corresponding opening 33. A pole 
piece 34 extends through the opening 32 and pro 
jects to a point slightly above the lower end of 
sleeve 29. A pole piece 35 is positioned at the 
bottom of the cup-shaped member 30 and ir. 
alignment with the opening 33. The interior end 
faces of the two pole pieces 34 and 36 are Co. 
extensive respectively with discs 31 and 38 of 
Kovar or other material readily fusible With glass. 
A magnet 2s of Ainico or similar magnetic ma 
terial connects the pole pieces 34 and 35. As in 
the previously described construction a glass tube 
39 is hermetically sealed at each end to the discs 
3 and 38. The pins 40 and is are arranged in 
the same manner as pins 9 and in the pre 
viously described construction and also the 
cathode structure 3 is disposed in the Sane man 
ner and constructed in the Same Way aS the 
cathode 3 of Fig. 1. In Fig. 3 the cathode is 
shown in side elevation, and it will be under 
stood that the section therethrough Would cor 
respond with the sectional view of the cathode 
shown in Fig. 1. It will be understood that the 
portion of cathode 33 lying adjacent to the pins 
39 and is is activated with an electron emissive 
material. Enlargements 82 on the tubular mem 
ber 43 at each end of the activated portion may 
be provided to confine the electrons to the an 
nular space between the cathode and the juxta 
posed portions of the arms 80 and 4. As in the 
previously described construction the cathode 3 
is supported in a bore 44 extending through the 
pole piece 35 by a tubular member 48 hermetically 
sealed to the disc 38, the sleeve 49, glass Seal 50, 
and the end cap 53 corresponding respectively 
to the parts 8, 9, 26, and 24 of the previously 
described construction. 
The operation of this form of the invention 

will be readily understood from the operation of 
the form previously described, and the output of 
the tube may be led off by means of an antenna. 
loop 52 connected at one end to a tubular conduc 
tor 53 and having the other end connected to a 
central conductor 54, which tubular member 63 
and central conductor 54 comprise a coaxial line. 
In this instance the tuning of the Oscillatory cir 
cuit is effected by means of an annular tuning 
piston 55 which may be moved inwardly or out 
wardly by means of adjusting screWS 56 to vary 
the inductive portion of the circuit externally of 
the evacuated space of the tube. In the instance 
shown the sleeve 28 surrounding the pole piece 
34 forms a coaxial line with the circumferential 
wall of the upper portion of the cup-shaped mem 
ber 3. The line so formed is terminated at its 
outer end by the annular tuning piston 55, thus 
permitting tuning over a wide range of frequen 
Cies. 

In the nanufacture of devices as above de 
scribed that portion cf the device comprising the 
members defining the evacuated Space thereof 
and the members enciosed therein may be a S 
sembled as a separate unit. This assembly unit 
comprises the discs i and 8 of Fig. 1, the glass tube 
9 together with the elements enclosed thereby and 
the sleeve 8 together with the sleeve 9, seal 
28, and cup-shaped member 2. This construc 
tion complete and evacuated may then be inserted 
into the body portion through the opening pro 
vided for the pole piece 5 being centered by the 
bores provided for the two pole pieces. Pole piece 
5 may then be inserted over the cathode seal 
and support assembly, the bore 4 being suffl 
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ciently large for this purpose. The pole piece 5 
may then be secured in position by any desired 
means, as by brazing or welding. It will be ap 
parent that the device shown in Fig. 3 can be as 
sembled in the same manner. 
From the foregoing it Will be apparent that 

both forms of the invention provide a magnetron 
in which the major portion of inductive part of 
the osciatory circuit is exterior of the evacuated 
space of the tube, and this inductive portion may 
be tuned within limits Without, the necessity of 
providing hernetic seals for the tuning means. 
Also the output of the tube may be taken from 
a portion of the enclosed space exterior of the 
evacuated space without the necessity for her 
netic seals closing the output line. 
What is claimed is: 

... An electronic discharge device for generat 
ing ultra-high frequency oscillations comprising 
an evacuated envelope, a cathode and a plurality 
of anode elements enclosed in Said envelope, a 
hollow body of magnetic material defining an 
enclosed space surrounding said envelope and 
completing oscillatory circuits between said anode 
elements, said hollow body imposing a magnetic 
field extending transversely to the direction of 
electron flow through the space between Said 
cathode and said anode elements, and means in 
the space surrounding said envelope for tuning 
said oscillatory circuits. 

2. An electronic discharge device comprising 
an evacuated envelope having a glass wall, a 
plurality of anode arms projecting into Said en 
velope, a cathode positioned in said envelope in 
spaced relation to said anode arms, a hollow 
metallic body enclosing said envelope and elec 
trically connecting said arms, said hollow metal 
lic body being of magnetic material for imposing 
a magnetic field extending transversely to the 
direction of electron flow through the Space be 
tween said cathode and Said anode arms. 

3. An electronic discharge device comprising 
an envelope having a tubular portion of glass, 
a pair of metallic members hermetically sealing 
the ends of said tubular portion, a plurality of 
anode arms projecting into Said envelope from 
each of said metallic members, a Cathode project 
ing into said tubular portion through an Opening 
in one of said metallic members, a cathode seal 
ing and supporting structure hermetically Seal 
ing said opening and Supporting Said cathode in 
spaced relation to said anode arms, and a hollow 
retalic body enclosing said envelope, electrical 
ly connecting said metallic members to complete 
oscillatory circuits between said arms, and for 
imposing a magnetic field transversely to the 
direction of electron flow between Said cathode 
and said anode arms. 

4. An electronic discharge device comprising 
an envelope having a tubular portion of glass, 
a pair of metallic members hermetically Sealing 
the ends of said tubular portion, a plurality of 
anode arms projecting into said envelope from 
each of said metallic members, a cathode project 
ing into said tubular portion through an open 
ing in one of said metallic members, a cathode 
sealing and supporting structure hermetically 
sealing said opening and supporting Said cath 
ode in spaced relation to said anode arms, a hol 
low body of magnetic material enclosing said 
envelope and connecting said metallic members 
to complete oscillatory circuits between said arms, 
said hollow body imposing a magnetic field ex 
tending transversely to the direction of electron 
flow between said cathode and said anode arms, 
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and means projecting into said hollow.metallic 
body for tuning said oscillatory circuits. 

5. An electronic discharge device comprising 
an envelope having a tubular portion of glass, 
a pair of metallic members hermetically sealing 
the ends of Said tubular portion, a plurality of 
anode arms circularly mounted and projecting 
into said envelope from each of said metallic 
members, alternate of Said arms being connected 
to one of said members and the intervening arms 
being connected to the other of said members, 
a cathode projecting into said tubular portion 
through an opening in one of said metallic men 
bers, a cathode sealing and supporting structure 
hermetically Sealing said opening and supporting 
said cathode in Spaced relation to said anode 
arms, a hollow metallic body enclosing and de 
fining an annular Space around Said envelope, 
electrically connecting said metallic members to 
complete oscillatory circuits between said arms, 
and imposing a magnetic field between said cath 
ode and 2 node arms in a direction transverse to 
the electron fow therebetween, and an annu 
lar tuning piston adjustable in said annular space 
for tuning said OScillatory circuits. 

6. An electronic discharge device comprising 
an envelope having a tubular portion of glass, a 
pair of metallic members hermetically sealing the 
ends of said tubular portion, a plurality of anode 
arms projecting into said envelope from each of 
said metallic members, a cathode projecting into 
said tubular portion through an opening in one 
of said metallic members, a cathode sealing and 
Supporting structure hermetically sealing said 
opening and supporting Said Cathode in spaced 
relation to said anode arms, a hollow metallic 
body enclosing and defining an annular space 
around said envelope, electrically connecting said 
metallic members to complete oscillatory circuits 
between said arms, and imposing a magnetic 
field transversely of the direction of the electron 
flow between Said cathode and anode arms, and 
an annular tuning piston adjustable in said an 
nular space for tuning Said oscillatory circuits. 

7. An electronic discharge device for generating 
ultra-high frequency Oscillations comprising an 
evacuated envelope, said envelope having a tubul 
lar portion of glass, upper and lower metallic 
members, one at each end of Said tubular portion 
and hermetically sealed thereto, a cathode and a 
plurality of overlapping electron-receiving anode 
portions enclosed in said envelope, and means 
defining an enclosed Space Surrounding said en 
velope and completing oscillatory circuits be 
tween said anode portions, said anode portions 
projecting alternately from said upper and lower 
metallic members and being Spaced from and 
concentrically disposed about said cathode, and 
said last-named means additionally imposing a 
magnetic field between said Cathode and anode 
directed transversely to the direction of electron 
flow between Said Cathode and Said anode por 
tions. 

8. An electronic discharge device for generat 
ing ultra-high frequency oscillations comprising 
an evacuated envelope, said envelope having a 
tubular portion of glass, upper and lower me 
tallic members, one at each end of said tubular 
portion and hermetically sealed thereto, said me 
tallic members each having a portion projecting 
exteriorly of said tubular portion, a Cathode and 
a plurality of overlapping electron-receiving 
anode portions enclosed in Said envelope, and 
means contacting said metallic members defin 
ing an enclosed space surrounding said envelope 



2,478,567 
7 

and completing oscillatory circuits between said 
anode portions, said anode portions projecting 
alternately fron said upper and lower metallic 
members and being spaced from and concentri 
cally disposed about said cathode, and said last 
Inamed means additionally imposing a magnetic 
ifield between said cathode and anode directed 
transversely to the direction of electron flow be 
tween said cathode and said anode portions. 

9. An electric discharge device comprising a 
hollow cylindrical insulator, a closure member 
having a narginal portion sealed to one end of 
said insulator and a flange defining a centrally 
located Opening, a Second closure member sealed 
to the opposite end of said insulator, a plurality 
of elongated anode elements mounted in a circu 
lar array with the individual elements extending 
in parallel mutually spaced relation, alternate 
ones of said anode elements being joined respec 
tively to the closure members sealed to opposite 
ends of Said insulator, an annular polepiece sup 
ported adjacent Said flange, and a cathode sup 
ported from said polepiece. 

WILLIAM. C. BROWN. 
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