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1 
10 Claims. (C. 250-27.5) 

This invention relates to a magnetron, and 
more particularly to one which has a plurality of 
possible oscillating modes, each determined pri 
marily by the geometry of the internal structure 
of the magnetron. A device of this kind is in 
tended to oscillate in a predetermined principal 
mode So as to generate a predetermined fre 
quency. Heretofore the existence of additional 
modes of oscillation have introduced serious dif 
ficulties. Such additional modes have caused 
Spurious oscillations to be generated, thus con 
Suming energy which reduced the efficiency and 
effectiveness of the device. 
An object of this invention is substantially to 

eliminate the undesired character of the addi 
tional or spurious modes of oscillation by utiliz 
ing them to reinforce the principal or normal os 
scillator mode of a magnetron. 

Another object is to provide means for tuning 
one mode of oscillation independent of another 
So as to bring both modes into synchronism. 
A further object is to increase the efficiency and 

effectiveness of a magnetron of the foregoing 
type. 
The foregoing and other objects of this inven 

tion will be best understood from the following 
description of an exemplification thereof, refer 
ence being had to the accompanying drawings, 
wherein: 

Fig. 1 is a transverse section of a magnetron 
embodying my invention, taken along line -f 
of Fig. 3; 

Fig. 2 is a transverse cross-section of the tube 
shown in Fig. 1, taken along line 2-2 of Fig. 3; 

Fig. 3 is a longitudinal cross-section taken along 
line 3-3 of Fig. 2; and - 

Fig. 4 is a diagram of the anode arm inter 
connections existing in the tube of Figs. 1-3. 
The magnetron illustrated in the drawings 

comprises an envelope? which is preferably made 
of a block of conductive material, such as copper. 
This block forms the anode of the magnetron. 
The block has hollow end sections which are cov 
ered by caps 2 and 3, likewise of conductive ma 
terial Such as copper. Between the hollow end 
sections of the block is located a central bridg 
ing portion 4. The portion 4 is provided with a 
central bore 5 within which is supported sub 
stantially at the center thereof a cathode 6 which 
may be of the indirectly-heated oxide-coated 
thermionic type. The cathode is supported by a 
pair of Cathode lead-in conductors 7 and 8 sealed 
through glass seals 9 and O mounted at the outer 
ends of pipes f and 2 hermetically fastened 
within the walls of the block adjacent the up 
per and lower hollow end sections. A plurality of 
slots 3 extend radially from the central bore 5, 
and each of said slots terminates in a circular opening f4 extending through the bridging por 
tion 4. In this way the anode structure is pro 
vided with a plurality of Wedge-shaped arms 5 
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-is intended to operate so that each bore f4 and 
its adjacent arms form a circuit tuned to the 

2 
to 22, inclusive, the faces of which cooperate as 
anode sections with the cathode 6. 
When such a magnetron is placed between 

suitable magnetic poles 23 and 24 to create a 
longitudinal magnetic field and the device is en 
ergized, oscillations are set up. These oscillations 
may be led out from the tube by means of a cou 
pling loop 25 extending into one of the cylindrical 
openings 4 and having one end thereof fastened 
to the inner wall of said opening. The other end 
of the coupling loop 25 is connected to a lead 
wire 26 which passes through a glass seal. 27 
mounted at the outer end of a pipe 28 likewise 
hermetically fastened through the wall of the en 
velope . . An additional conducting pipe, not 
shown, may be electrically connected to the pipe 
28, and forms with the wire 26 a concentric line 
through which the high frequency oscillations 
generated by the magnetron may be conducted to 
a suitable utilization circuit. 
A capacity exists between the cathode 6 and the 

face of each of the anode sections 5-22. Also 
capacitances exist between the side walls of each 
of the slots. 3. The inner walls of the openings 
4 constitute inductances. The anode, therefore, 

is so designed and spaced relative to the cathode 
that the inductances and the capacitances de 
scribed constitute circuits which are tuned, and 
thus are resonant at a predetermined frequency 
at which the device is to be operated. The device 

frequency, at which each of the other bores 4 
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undesired spurious modes. - 
troublesome mode is that in which alternate 

and its adjacent arms oscillate. 
It has been found that in magnetrons of this 

general type, there has been a tendency for os 
cillations to be produced, not only in accordance 
with the above desired mode but also in various 

One particularly 

anode arms form opposite ends of an oscillating 
circuit extending around the back of a pair of 
openings 4. As more fully described and claimed 
in my copending application, Serial No. 421,145, 
filed December 1, 1941, this spurious oscillating 
mode can be substantially eliminated by inter 
connecting the outer ends of alternate anode 
arms directly by relatively low impedance paths. 
In the arrangement as shown herein, such inter 
connection is made in somewhat different man 
ner from that shown in my said copending ap 
plication. As shown in Fig. 1, a conductor 29, 
preferably of copper, is fastened to and inter 
connects the anode arms 2 and 9. Also a simi 
lar conductor 30 interconnects anode arms 6 and 
8. These two connections are made at one end, 

for example the upper end of the magnetron 
structure. At the other end of the structure a 
conductor 3, preferably of copper, is connected 
to and interconnects anode arms 5, 7 and 9, 
while a similar conductor 32 interconnects anode 
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arms 22, 2) and 8. The conductors 3 and 32 
overlap at one...side of the structure, leaving...a 
gap at the other side of Said structure along 
which the conductor 8 may extend. Similarly 
at the other end of the structure conductors 29 
and 3) leave a gap through which the conductor 
7 may extend. In this way these interconnect 
ing conductors may extend beyond the end of the 
bridging member 4 without interfering "With the 
lead-in conductors and 8, respectively. Like-l 
wise a gap between the other ends of the conduc 
tors 29 and 30, as shown in Fig. 1, forms a gap 
permitting an arm 34, the purpose of which Will 
be described below, to extend along said gap With 
out interference. As will be seen most clearly 
*from Fig. 4, the interconnections described above 
interconnect ; alternate ... and de arms 'directly 
through relatively low 'impedance conductive 
paths, thus substantially eliminating the Spurious 
oscillating mode described above. Therefore the 
anodestructure will' oscillate:With each bore: 4 
and the adjacent anode 'arms forming: a tuned 
circuit as described above. This mode of oscilla 
tion can be termed the “transverse' mode. 

. On referring. to Fig. 4 it will be seen that a 
path exists from the upper end of anode face 22 
to the lower:end along the conductor 32 to the 
lower end of anode face 20, and thence to the 
upper end thereof. This circuit contains an ap 
preciable amount of inductance' and Some capaci- : 
stance. I have found that under proper condi 
tions, the 'device" can be made to oscillate ener 
'getically along such a path. Thus the path traced 
can be made an oscillating mode which may be 
termed a “longitudinal' mode of oscillation. 
Similar' oscillating circuits exist respectively be 
tween anode faces 2 and 9, 20 and 18, 9 and 7, 
if 8- and 6, and 7 and f 5. It will be noted that 
all of the above longituidinals oscillating paths are 
of Substantially the same length and configura 
tion. So that the frequencies of oscillations in this 
mode are substantially 'equal. The frequency of 
these oscillations thus produced' is determined 
primarily by the length of the and defaces: 5-22. 
The frequency of these oscillations in the longi 
studinal mode can be varied by the dimension of 
this length without affecting in any substantial 
degree the frequency of oscillations produced by 
the transverse mode. I have found that if the 
thickness of the central bridging, portion 4- and 
thus the length of the anode faces are ac 
cordingly chosen, the frequency of the longitudi 
nal mode can be made equal to the frequency of 
the transverse mode. When this" is done, both 
modes are strongly energized and reinforce each ; 
other. In tubes which have built in accordance 
With this invention, I have found that the total 
length of each longitudinal mode of oscillation is 
approximately equal to one-half of a Wave length 
of the desired oscillations generated by the mag 
net'On. 

It is often difficult...to predetermine, the dimen 
sions of the structure exactly so as to make the 
longitudinal and oscillating modes of exactly the 
same frequency. Therefore it is desirable to pro 
vide means for bringing these two modes of oscil 
lation into exact synchronism. For example, a 
tuning arrangement as described and claimed in 
my copending application, Serial No. 420,558, 
filed November 26, 1941, may be utilized in order 
to vary the inductance of the transverse oscillat 
ing mode for tuning that mode. This tuning may 
be carried out without Substantially affecting the 
frequency of the longitudinal mode. I prefer, 
however. to accomplish this independent tuning 
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mode. 

4 
by an arrangement as illustrated herein. I have 
found that a conducting body. held adjacent the 
anode arms 5-22 affects the capacity of the 
circuit involved in the transverse oscillating 

Varying the position of this conducting 
body will vary this capacity while affecting the 
constants of the longitudinal mode in a very much 
lesser degree. For the purposes of this device, 
the effect of this variation on the longitudinal 
mode may be considered as Substantially Zero. 

In order to produce this type of tuning, a light 
flat metal ring 33 is held in juxtaposed position 
adjacent the anode arms 5-22 at one side of the 
structure. The ring 33 is split adjacent the lead 
in conductor 7 so as to leave a gap permitting-ad 
justment of the ring 33 in a vertical direction 

s without interference by said conductor. The 
ring 33 may be supported by a supporting arm'34 
which is bent through substantially a right angle, 
and extends to and is supported by a nut 35. The 
nut 35 is carried at the outer end of a pipe"36 
likewise hermetically sealed through the wall of 
the envelope . The pipe 36 is provided with a 
thinned section 37. 
When it is desired to adjust the position of the 

ring 33 relatively to the and de arms," a tool may 
- be applied to the nut'35 so as to twist the thinned 
section 3. This twisting is sufficient to give a 
permanent set to the section 37 to whatever po 
sition the nut 35 is turned. In this way the ring 
33 can be held in any-definite desired position 
relative to the anode arms within the tuning lim 
its of the device. The frequency of the trans 
verse oscillating mode can be tuned. So as to 
bring it into exact synchronism with the fre 
quency of the longitudinal oscillating mode. I 
have found, for example, that in a tube"Which is 
adapted to generate oscillations having a wave 
length of the order of ten centimeters, the wave 
length of the oscillations' produced by the trans 
verse mode may be varied through about one 
half a centimeter by the arrangement illustrated. 
When the transverse and longitudinal modes 

are brought into synchronism, as described 
5 above, a very remarkable increase in the effi 

ciency of the device results. I have found, for 
example, that the useful oscillatory power in a 
device of this kind can readily be made of the 
order of sixty percent. of the total energy input 
to the tube. This is an extraordinarily high effi 
ciency as compared with those efficiences here 
tofore obtainable in devices of this kirid. 
Of course it is to be understood that this...in 

vention is not limited to the particular details 
as described above as many, equivalents, will Sug 
gest themselves to those skilled in the art. For 
example, other anode configurations could be 
utilized in which a plurality of oscillating nodes 
might be possible. In each instance a tuning 
of various oscillating modes into . Synchronism 
with each other by any suitable tuning means 
Will result in relatively high efficiency if the prin 
ciples of my invention are followed. 
What is claimed is: 
1. An electron discharge device comprising.an 

electrode structure including a cathode and an 
anode, said electrode. structure having a config 
uration. Constituting capacitance and inductance 
elements forming circuits Which are adapted to 
have.oscillations set up therein, saidoscillations 
being all of the same frequency, a plurality of 
predetermined points on Said electrode struc 
ture at. Which in-phase voltage loops of said os 
cillations occur, and relatively low impedance 
means directly interconnecting...said points...and 
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forming with portions of said electrode structure 
an additional oscillating circuit, the frequency 
Of Said last-named Oscillating circuit being sub 
stantially equal to the frequency of said first 
named Oscillating circuits. 

2. An electron discharge device comprising a 
Cathode and an anode, said anode having a plu 
rality of electron-receiving portions adjacent 
Said cathode, and a plurality of grooved portions 
Spaced from said electron-receiving portions 
forming a plurality of inductances which to 
gether With the interellectrode capacitances con. 
stitute a plurality of tuned circuits adapted to 
Oscillate at a first frequency, relatively low im. 
pedance means directly interconnecting alter 
nate electron-receiving portions, each pair of 
electron-receiving portions thus interconnected 
forming a tuned circuit adapted to oscillate at 
a second frequency, said second frequency being 
Substantially equal to said first frequency. 

3. An electron discharge device comprising a 
cathode and an anode, said anode having a plu 
rality of electron-receiving portions adjacent 
said cathode, and a plurality of grooved portions 
Spaced from said electron-receiving portions 
forming a plurality of inductances which to 
gether with the interellectrode capacitances con 
Stitute a plurality of tuned circuits adapted to 
Oscillate at a first frequency, relatively low im 
pedance means directly interconnecting alter 
nate electron-receiving portions, each pair of 
electron-receiving portions thus interconnected 
forming a tuned circuit adapted to oscillate at 
a Second frequency, the length of each of said 
last-named circuits being of the order of about 
one-half of a wave length of the oscillations of 
said first frequency. 

4. A magnetron comprising an electrode struc 
ture including a cathode and an anode, means 
for producing a magnetic field about said cath 
ode, said electrode structure having a config 
uration constituting capacitance and inductance 
elements forming circuits which are adapted to 
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have oscillations set up therein, said oscillations 
being all of the same frequency, a plurality of 
predetermined points on said electrode struc 
ture at Which in-phase voltage loops of said os 
Cillations occur, and relatively low impedance 
means directly interconnecting said points and 
forming with portions of said electrode structure 
an additional oscillating circuit, the frequency 
of Said last-named oscillating circuit being sub 
stantially equal to the frequency of said first 
named Oscillating circuit. 

5. A magnetron comprising a cathode and an 
anode, means for producing a magnetic field about 
Said cathode, Said anode having a plurality of 
electron-receiving portions adjacent said cath 
ode, and a plurality of grooved portions spaced 
from said electron-receiving portions forming a 
plurality of inductances which together with the 
interelectrode capacitances constitute a plurality 
of tuned circuits adapted to oscillate at a first 
frequency, relatively low impedance means di 
rectly interconnecting alternate electron-receiv 
ing portions, each pair of electron-receiving por 
tions thus interconnected forming a tuned circuit 
adapted to oscillate at a second frequency, said 
Second frequency being substantially equal to 
Said first frequency. 

6. An electron discharge device comprising a 
Cathode and an anode, said anode having a plu 
rality of electron-receiving portions adjacent said 
Cathode and circularly disposed around said cath 
ode, and a plurality of grooved portions spaced 
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6 
from said electron-receiving portions forming a 
plurality of inductances which together with the 
interellectrode capacitances constitute a plural 
ity of tuned circuits adapted to oscillate in a 
first Oscillating mode, a lead-in conductor for 
Said cathode lying in a plane extending substan 
tially between two adjacent electron-receiving 
portions, alternate electron-receiving portions. 
being directly interconnected by relatively low 
impedance means, said low impedance means di 
rectly connecting each of said electron-receiving 
portions to the two alternate electron-receiving 
portions with the exception of the two pairs of 
electron-receiving portions lying on opposite 
sides of Said plane, each of said latter electron 
receiving portions being directly connected by said 
low impedance means only to the alternate elec 
tron-receiving portion lying on the same side of 
Said plane, whereby none of said low impedance 
means CrOSS Said plane. 

7. An electron discharge device comprising a 
sealed envelope containing an elongated cath 
Ode, an anode Structure having adjacent anode 
elements defining a transverse cavity resonator, 
the free ends of said anode arms constituting 
electron-receiving portions, an adjustable tun 
ing element within said envelope, said tuning 
element comprising a conductive member sup 
ported adjacent said free ends of said anode 
arms, and means Connected to Said tuning ele 
ment for adjusting the position of said element 
toward and away from said cavity resonator. 

8. A magnetron comprising a cathode sur 
rounded by an anode block, said block having 
a central cathode space and interconnecting 
Spaces forming coupled cavity resonators, said 
block also having a pair of anode arms forming 
opposite sides of each of said cavity resonators, 
the free ends of Said anode arms constituting 
electron-receiving portions, an adjustable tuning 
element Within Said envelope, Said tuning element 
comprising a conductive member supported ad 
jacent said free ends of said anode arms, and 
means connected to Said tuning element for ad 
justing the position of Said element toward and 
away from Said cavity resonator. 

9. An electron discharge device comprising a 
sealed envelope containing an elongated cathode, 
an anode structure having adjacent anode ele 
ments defining a transverse cavity resonator, the 
free ends of Said anode arms constituting elec 
tron-receiving portions, an adjustable tuning el 
ement Within said envelope, said tuning element 
comprising a conductive member Supported ad 
jacent Said free ends of Said anode arms, and 
means operable externally of Said envelope and 
connected to said tuning element for adjusting 
the position of Said element toward and away 
from Said cavity resonator. 

10. A magnetron comprising a cathode sur 
rounded by an anode block, said block having a 
Central Cathode Space and interconnecting spaces 
forming coupled cavity resonators, said block also 
having a pair of anode arms forming opposite 
Sides of each of Said cavity resonators, the free 
ends of Said anode arms constituting electron 
receiving portions, an adjustable tuning element 
Within Said envelope, Said tuning element com 
prising a conductive member Supported adjacent 
Said free ends of Said anode arms, and means 
Operable externally of said envelope and con 
nected to said tuning element for adjusting the 
position of Said element toward and away from 
Said cavity resonator, 

PERCY L. SPENCER, 


