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12 Claimis. ... (Cil. 315-39.69) 

This invention relates to a magnetron tube apparatus 
and more particularly to innovations facilitating mode 
stabilization in the operation of magnetrons. 

In general, magnetrons comprise an anode block in 
which a plurality of resonant cavities are formed in 
symmetrical arrangement about its circumference and 
which are separated by partitions called segments or 
vanes extending from the inner periphery of the anode. 

A cathode to an inner radius to terminate in anode tips. 
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2 
over that of other modes and operation of magnetroms 
in the pi-mode is, therefore, frequently preferred. How 
ever, even stabilization of magnetron operation in the 
pi-mode according to strapped structures heretofore 
known, presents considerable difficulty, particularly under 
high or varying load conditions. 

Stability of magnetrons and suppression of undesirable 
modes have been even further accomplished by introduc 
ing an assymmetry for these undesirable modes into the 
strapping system. This may be achieved by strapping 
the magnetron over less than its entire anode circum 
ference, thus leaving a portion or portions of it un 
strapped. In this way, for a desirable pi-mode opera 
tion, the resonant frequency and phase-shift-per-anode 

15 

is disposed longitudinally along the tube axis and is 
equally spaced from the anode tips to form an inter 
electrode interaction region therebetween. A positive 
potential applied to the anode with respect to the cathode 
establishes a direct electric field between these electrodes 
and a direct magnetic field is established along the mag 
netron axis. Thus, crossed electric and magnetic fields 
exist in the interaction region between cathode and anode. 
in the operation of the magnetron, electrons are emitted 
from the cathode to form a beam which travels around 
the cathode in the interaction region and an electro 
magnetic wave is propagated along the magnetron anode 
as a slow wave structure. Under the influence of sub 
stantially constant electric and magnetic fields, the beam 
moves at substantially constant velocity. Effective trans 
fer of energy from the beam to the electromagnetic wave 
is achieved wherein the wave is propagated uniformly 
about the magnetron and is in synchronism with the 
beam. That is, the two travel at the same angular 
velocity about the magnetron anode. If the two travel 
at different velocities, synchronism is lost and energy is 
not transferred from the beam to the wave. 
The magnetron anode structure is effective in support 

ing the propagation of electromagnetic waves in different 
modes wherein adjacent vane tips assume different instan 
taneous potential phase relationships with respect to each 
other. Thus, a wave in one mode may be in synchro 
nism with the beam while the waves in other modes are 
not. It is a characteristic of magnetrons that operation 
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thereof in different singlet modes necessarily entails op- . 
eration at different frequencies since the wave length of 
the energy produced is determined by the phase relation 
ship between anode tips. In the case of doublet anode 
modes, the magnetron may operate at slightly different 
frequencies in the same electronic modes since the phase 
shift-per-anode-vane is nearly the same in both cases. 

Magnetron devices providing high output power at high 
frequencies have found widespread use for many pur 
poses and in certain of such uses, the load conditions 
vary widely. In various functions of a magnetron under 
such varying oad conditions, it is important that the 
magnetron have frequency stability and consequently, 
also mode stability. Since magnetrons during operation 
have a tendency to shift to unloaded modes, the problem 
of mode stabilization under widely varying load condi 
tions is accentuated. : 
The problem of mode shifting may be considerably 

lessened by operation of magnetrons in the so-called pi 
mode in which adjacent anode tips are in instantaneous 
180 phase relationship with respect to each other and 
to aid in such stabilization, various strapping techniques 
have been proposed. This mode is a non-doublet mode 
or in other words, only one frequency satisfies operating 
conditions in this mode. Accordingly, stabilization of 
magnetron operation in this mode is somewhat simplified 
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"ped and unstrapped portions of the anode. 

for each such undesired mode. 

vane for the desired frequency are the same for both 
strapped and unstrapped portions of the anode while for 
all other modes, these parameters are different for strap 

The un 
desired modes may be greatly suppressed in accord 
ance with this arrangement because a discontinuity exists 

To maintain operation 
in a single undesired mode, the frequency would neces 
sarily alternate between relatively widely separated values. 
However, even this technique is not fully effective under 
all conditions and improved stabilization is desirable or 
required for certain magnetron operations. 

Accordingly, it is a principal object of my invention to 
achieve improved mode and frequency stabilization in 
magnetron operation, particularly in the pi-mode of 
operation. 

In a magnetron structure wherein the anode is con 
tinuous, uniform and re-entrant, it will be resonant at 
frequencies for which it is an integral number of wave 
lengths long at the operating frequency. The phase 
velocity of the wave of electromagnetic energy will be 
constant and foreach mode, the instantaneous phase dif 
ference in potential between adjacent vanes will be uni 
form around the anode although the phase-shift-per 
anode-vane at different modes will be different. Power 
can be generated at each of the mode frequencies. How 
ever, the tendency of the magnetron to operate in a 
single desired mode and at a single frequency may be 
greatly increased in magnetron structures wherein the 
anode line comprises a series, of effective lines having 
different frequency to phase-shift-per-anode-vane char 
acteritsics for all modes except the desired mode of 
operation of the magnetron. This is done by establishing 
a wide separation in frequencies of operation between 
different portions of the anode. 

in accordance with one embodiment of my invention 
different portions of the anode are strapped and the straps 
along the different anode portions are positioned at dif 
ferent radii to control the strap lengths and the extent or, 
in other words, the effectiveness of strapping. The straps 
at lower radius are more effective in strapping the vanes 
than straps at a larger radius. The effect of such an 
arrangement is to establish different frequency versus 
phase-shift-per-anode-vane characteristics of the different 
anode portions. At a certain preselected, desired fre 
quiency, the phase shift of the electromagnetic wave per 
unit length of magnetron anode is the same over both 
portions of the anode and at other frequencies, the phase 
shift-per-anode-vane characteristics over the different por 
tions of the anode are different whereby the desired mode 
is uniformly propagated along all such portions while the 
undesired modes are propagated non-uniformly, are pre 
sented discontinuities and are impeded. 

In accordance with another embodiment of my inven 
tion, an anode is strapped over only a portion of its cir 
cumference and each strap connection is modified by a 
construction effective to introduce a capacitance in the 
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strapping connections which has the effect of producing a . - 
greater variation in frequency to phase-shift-per-anode 

... vane characteristics of the anode. By proper proportion 
ling of elements, the anode. line may again be uniform 
and continuous for the desired mode of operation and 
non-uniform and discontinuous for undesired modes, to 
strongly favor operation in the desired mode. 

În accordance with another embodiment of my inven 
tion a magnetron anode is strapped along a portion of its 
periphery, in a capacitive manner wherein alternate WateS 
are interconnected and additionally, a pair of conductive 
rings are mounted in proximity to the respective straps to 
establish a capacitive coupling between the rings and the 
closely disposed straps. The effect of such an arrange 
ment is to establish a greater variation infrequency of 

10 

of the high frequency w 4 : 
ave versus its phase-shift-per 

anode-vane along the strapped portion of the magnetron 
anode show in FIGURES6 and 7, 
FIGURE 10 is a graph showing the superposition of 

the curves shown in FIGURES 8 and 9, 
FIGURE 11 is a top view of a magnetron anode block 

according to another embodiment of my invention where in straps are provided along a portion of the periphery 
of the anode and capacitive rings radially spaced from 
the straps introduce uniform capacitance between strapped 

...segments, s' . . . . . . . . . . . . . . . . . . . 

FIGURE 12 is a view taken along section 12-12 of 
: FIGURE 11, . : , - 

FIGURE 13 is a view taken along section 13-13 of 
operation at different values of frequency to phase-shift 
per-anode-vane characteristics of the anode. 

In accordance with another embodiment of my inven 
tion, strapping is provided along only a portion of the 
anode but along other portions thereof, the spacing be 
tween anode segments is increased, and the segments. 

20 

themselves are made thicker or, in other words, of greater 
circumferential dimension. The effect of such an arrange-, - 
ment is again to control the phase velocity and frequency. 
versus phase-shift-per-anode-vane characteristic along the 
different portions of the anode whereby desired modes 
are presented regions of uniform phase velocity and are 
uniformly propagated and undesired modes are presented 
regions of non-uniform phase velocity and are impeded 

- in their propagation, * ? ? - ? - - - - 

ference of the magnetron anode but along a portion of 
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the curves of FIGURES:14 and 15, 
- - - 30 

in accordance with still another embodiment of my 
invention, strapping is provided around the entire circum 

E3A-33A of FIGURE 11 showing insulating supporting 
member for a capacitive conductor, . . . . . . . . . . . 
FIGURE 14 is a graph showing a plot of the frequency 

of a high frequency wave versus its phase-shift-per-anode 
vane along the unstrapped portion of the anode shown in 
FIGURES 11 and 12, , 
FIGURE 15 is a graph showing a plot of the fre 

quency of the high frequency wave versus its phase-shift 
per-anode-vane along the strapped portion of the mag 
netron anode shown in FIGURES 11 and 12, 
FIGURE 16 is a graph showing the superposition of 
FIGURE 17 is a top view of a magnetron anode ac 

cording to another embodiment of my invention wherein 
strapping is provided along a fraction of the anode cir 
cumference and along another portion the intervane spac 

sing and vane thicknesses are increased, 
the anode, the spacing between the anode segments is 
increased and the segments themselves are enlarged in 35 
circumferential dimension to alter the phase velocity and 
phase-shift-per-anode-vane of the wave along this portion 

FIGURE 18 is a graph showing a plot of the frequency 
of the high frequency wave versus its phase-shift-per 
anode-vane along the strapped portion of the anode shown 
in FIGURE 17, 

of the anode. The phase yelocity along the entire anode, 
however, is the same for a wave of the desired mode while 
this characteristic is different for unwanted modes where 
by the desired mode of operation is strongly favored over 
unwanted modes. . . . . . . . . 

While the specification concludes with claims particu 
larly pointing out and distinctly claiming the subject mat 
ter which I regard as my invention, it is believed that the 
invention will be better understood from the following 

40 

the curves of FIGURES 18 and 19, 
45 

description taken in connection with the accompanying 
drawings in which: . . . 

FIGURE 1 is a cross-sectional side view of a magnetron 
incorporating one embodiment of my invention, 
FIGURE 2 represents a view taken along section 2-2 

of FIGURE 1, showing an anode block strapped accord 
ing to one embodiment of my invention, 
FIGURE 3 is a graph showing a plot of the frequency 

of the high frequency wave versus its phase-shift-per 
anode-vane, along one strapped portion of the anode 
shown in FIGURES 1 and 2, , , ..... 
FIGURE 4 is a graph showing a plot of the frequency 

of a high frequency wave versus its phase-shift-per-anode 
the magnetron Vane along another strapped portion of 

anode shown in FIGURES 1 and 2, 
. FIGURE 5 is a graph showing the superposition of 
the curves of FIGURES 3 and 4, . . 
: FIGURE 6 is a top view of an alternative embodiment 
..of magnetron anode according to my invention wherein 
capacitive strapping of anode vanes is established along 
a portion of the anode, . . . . 
FIGURE 7 is a view taken along section 7-7 of 

FIGURE 6, 
FIGURE 8 is a graph showing a plot of the frequency 
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FIGURE 19 is a graph showing a plot of the frequency 
of a high frequency wave versus its phase-shift-per-anode 
vane along the unstrapped portion of the anode shown in 
FIGURE 17, . . - . A - 

FIGURE 20 is a curve showing the superposition of 
FIGURE 21 is a top view of an anode block accord 

ing to another embodiment of my invention showing con 
ductive strapping of the entire anode but wherein along 
one portion of the anode the intervane spacing and vane 
thicknesses are increased, 
FIGURE 22 is a graph showing a plot of the frequency 

of a high frequency wave versus its phase-shift-per-anode 
Vane along the portion of the anode block having rela 
tively small intervane spacings, - - -3 ?. 
FIGURE 23 is a graph showing a plot of the frequency 

of a high frequency wave versus its phase-shift-per 
55 anode-vane along the portion of the anode having rela 

tively large intervane spacings, and 
FIGURE 24 is a graph showing the Superposition of the curves of FIGURES52 and 33. 

60 
Referring now to FIGURE 1 of the drawings, 1 repre 

sents generally an entire magnetron structure embody 
ing an anode 2 according to my invention, the details of 
which are shown better in FIGURE 2 of the drawings. 

: The anode 2 comprises a block of conductive material 

65 

70 
of a high frequency wave versus its phase-shift-per-anode 
-vane along the unstrapped portion of the anode shown in 
FIGURES 6 and 7, 
FIGURE 9 is a graph showing a plot of the frequency 75 

Such as copper and is enclosed in a chamber formed by 
a peripheral ring 3 and respective end plates 4 and 5 con 
nected at their outer peripheries, to the ring 3. . Anode 
block 2 is provided with a circular aperture centrally 
thereof and a plurality of cavities formed by a plurality 
of vanes at 6, 7, 8, 9, 10, 11, 12 and 13 extending radially 
inWardly from the ring 3 as shown more clearly in FIG. 
URE, 2 of the drawings. Plate 5 is centrally apertured 
and flanged at 14 to accommodate and Support a post 
15 on which is mounted a cathode represented in itsen 
tirety at 16, disposed in the central aperture of anode 2. 
The cathode is of a smaller radius than the anode aperg 
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ture to establish an annular interaction region 17 be 
tween the cathode and inner tips of the adjacent anode 
vanes. : : : 

Cathode 16 includes a hollow thimble shaped men 
ber 18 apertured at 19 to establish convection communica 
tion with the interior of the magnetron. A pair of out 
wardly projecting rings 20 and 21 are secured near respec 
tive ends of member 18 and are provided with axially. 

6 
a conductive strap interconnecting vanes 7 and 9, 57a 
is a conductive strap interconnecting vanes 9 and 11. 
Each of the straps 55, 56, 57 and 57a is capacitively 
coupled to the vane which is intermediate to the vanes to 
which it is connected. Thus, strap 55 passes through a 
groove 58 in vane 7 in relative close proximity thereto, 
strap 56 passes through groove 59 in vane 9 in similar 
manner, strap 57 passes through groove 60 in vane 8, and 

aligned notches to accommodate insulating columns 22. 
A hollow cathode emissive member having its outer Sur 
face 23 facing the anode coated with a suitable electron 
emission enhancing material is also supported on the rings 
20 and 21. For heating cathode surface 23 to a tempera 
ture of copious electron emission, a resistive wire 24. 
responsive to an electrical current for producing heat is 
wound spirally about the columns 22 as a group. The 
electrons emitted by surface 23 are axially confined in 
the interaction region 17 by end hats 25 and 26 extend 
ing radially from respective ends of member 18 to a 
radius just less than that of the anode aperture to allow 
for insertion and removal of the cathode. - 
... Post 15 includes a tubular, conductive member 27 hav 
ing one end connected through a conductive ring 28, 
to one end of member 13. The other end of member 
27 terminates in a stepped flange 29 which provides an 
external electrical terminal for the cathode. For estab 
lishing mechanical and electrical insulating support for 
the member 27, a hollow, frustro-conical ceramic mem 
ber 30 has one end secured in abutment with flange 29 
and its other end in abutment with a radial, inward flange 
31 of a tubular member secured to flange 4. For im 
parting rigidity and support to the flange 3i, a ceramic 
ring 32 is secured to the flange on the side of it opposite 
to member 30. For establishing external electrical con 
nections to the ends of heater wire 24, an annular flanged. 
conductive member 33 forming one external terminal, is 
supported in insulated relationship to member 27 by an 
annular insulator 34 secured to members 27 and 33 and 
a flanged, tubular, conductive member 35 is supported 
in insulated relation to member 33 by an annular insula 
tor 36. The ends of the heater wire are connected to 
these members as shown. The junction of member 35 to 
the insulator 36 is strengthened by an annular insulator 
37 secured to the side of the flange remote from insulator 
35. A tubulation 38 is secured to the exterior end of 
member 35 by connection between a folded-back flange 
39 of the tubulation and the inner part of the member 
35. Although shown broken away, the tubulation which 
facilitates evacuation of the interior of the magnetron 
is hermetically sealed after such evacuation. 

For providing an output line for the magnetron, a co 
axial line 49 is provided and includes an outer conductor 
4 and an inner conductor. 42. Outer conductor. 41 is 
disposed in the aperture of plate 4 and is secured thereto. 
For mounting inner conductor 42 centrally along the 
interior of conductor 41, a flanged thimble shaped Sup 
porting member 43 and a flanged tubular member 44 with 
a rigid, hollow, frustro-conical insulator 45 in abutment 
with the flanges of these members are provided. Rigidity 
and strength is imparted to the structure by ceramic in 
sulators 46 and 47 bonded on the sides of the flanges op 
posite to the ends of member 45. The inner conductor 42 
is connected to a point on one end of vane 7 of the 
magnetron anode block through a line 48 to facilitate 
conduction of output power from the magnetron. 

10 
strap 57a passes through groove 59a in vane 10. These 
straps establish strapping over one-half of the magnetron 
anode circumference and along the other half of the 
magnetron circumference, a group of 4 straps, 61, 62, 63 
and 63a interconnect respective pairs of vanes. 10 and 12, 
11 and 3, 12 and 6 and 13. and 7. These respective straps. 
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are accommodated by grooves 64 in vane 11, 65 in vane 
2, 66 in vane 13 and 66a in vane 6. In each of these 

cases the strap is in relative close proximity to the vane 
having the groove for accommodating the strap so as to 
establish a capacitive coupling between this vane and the 
two vanes to which the strap is directly connected. 

In accordance with a feature of my invention, the 
straps 61, 62, 63 and 63a are disposed at a greater radius 
from the magnetron axis than the corresponding straps 
55, 56, 57 and 57a. Also the grooves 64, 65, 66 and 66a 
are wider than grooves 58, 59, 60 and 59a so that the 
capacitive coupling between these and the vanes through 
which they pass is decreased. In accordance with known 
magnetron principles, the effect of strapping a magnetron 
along a greater radius is to lessen the effectiveness of such 
strapping. That is, the greater the radius at which the 
straps are positioned, the lower the coupling between the 
vanes to which they are attached and the lower the cou 
pling between adjacent cavities. Accordingly, the char 
acteristics of frequency versus phase-shift-per-anode-vane 

35 are different along the respective halves of the magnetron 
anode. This is represented by the curves, 67 and 68 in 
FIGURES3 and 4 respectively, of the drawing. 

in FIGURES 3 and 4 the ordinates represent the fre 
quency of a wave propagated along the magnetron anode 
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A direct magnetic field is established axially along the 

interaction region by opposed electromagnets 49 and 50 
having respective coils 51, and 52 and respective cores 53 
and 54 at opposite ends of the magnetron. 

in accordance with my invention the anode 2 is pro 
vided with conductive straps interconnecting alternate 
vanes of the anode. These straps are shown more clearly 
in FIGURE 2 of the drawings wherein 55 represents a 
conductive strap interconnecting vanes 6 and 8, 56 is a 
conductive strap interconnecting vanes 8 and 9, 57 is 

70 : 

75 

and the abscissas represent the phase-shift-per-anode-vane 
along the anode of the electromagnetic wave. The curves 
67 and 68 thus represent the variation of frequency with 
respect to phase-shift-per-anode-vane of the electromag 
netic wave along the respective halves of the magnetron 
anode and the effect of the position of the straps is in 
dicated by the greater dip in curve 67 at a phase-shift-per 
anode-vane of pi-radians than that of curve 68. In FIG 
URE 5 the curves 67 and 68 are superimposed and it is 
to be observed that the curves have points of intersection 
69 and 70. Accordingly, an electromagnetic wave of fre 
quency f1, and a phase-shift-per-anode-vane of 37/4 cor 
responding to the point 69 is propagated with equal veloc 
ity along the two halves of the magnetron anode. The 
point 70 is a space harmonic of this wave and has a phase 
shift-per-anode-vane of 5t/4. At each other value of 
phase-shift-per-anode-vane, the frequency of operation 
along the magnetron halves is different as observed by the 
Spacing of the waves 69 and 76. Thus, electromagnetic 
Waves at these frequencies and values of phase-shift-per 
anode-vane are impeded and not propagated uniformly 
about the anode. 

it is to be noted that in accordance with my invention 
the magnetron may be made to operate with stability at 
a number of different frequencies which are determinable 
by the points of intersection of curves such as 67 and 68. 
Also, it should be observed that the shape of curves 67 
and 68 is affected by the vane strapping and in particular 
by the radial position of the straps along the magnetron 
anode. Thus, in accordance with this feature of my in 
vention, the frequency of stable operation of a magnetron 
may be readily controlled and curves 67 and 68 may be 
made to coincide at several different values of phase-shift 
per-anode-vane at which a wave may be propagated about 
the magnetron anode. 

Referring now to FIGURE 6 of the drawing illustrat 
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with a plurality of vanes such as shown at 138,139, 140 
and 14 which are of substantially the same dimensions 
and spaced uniform distances d over a portion of the 
circumference of the anode and a pair of further vanes 
142 and 143 are provided along the remaining portion of 
the anode circumference. In accordance with a feature 
of my invention the vanes 142 and 143 are circumferen 
tially spaced from each other at a distance d2, Substan 
tially twice the spacing of the vanes 138 and 139 from 
each other. Also, the thickness of each of the vanes 142 
and 143 is substantially twice the thickness of any of the 
vanes 138 through 14. Along the portion of the anode 
having the narrow vanes 138 through 14, a conventional 
strapping arrangement is provided by a pair of straps 144 
and 145 interconnecting respective pairs of vanes 138 and 
140, 139 and 141. Appropriate grooves 146 and 147 in 
respective vanes 139 and 40 are provided to accommo 
date the respective straps 144 and 145. 
In accordance with this embodiment of my invention, 

the propagation characteristics of an electromagnetic wave 
traveling along the portion of the anode having the 
strapped vanes is represented by the curve 148 in FG 
URE 18 of the drawings wherein the ordinate represents 
the frequency of the wave and the abscissa represents 
the phase-shift-per-anode-vane along this portion. It is 
observed from this curve that it represents a conventional 
condition of strapping wherein the curve is depressed at a 
phase-shift-per-anode-vane of it radians and is peaked at 
phase shift values between zero and Tradians and be 
tween T and 2r radians. 
As shown in FIGURE 19 of the drawings, the propaga 

tion characteristics of an electromagnetic wave along the 
portion of the anode having enlarged vanes subtending 
angles twice as large as the angles subtended by Vanes 
along the strapped portion and the spacings is as rep 
resented by the curve 149 and wherein the ordinate rep 
resents the frequency of the wave and the abscissa repre 
sents the phase-shift-per-anode-vane along this second 
portion. It is observed that in this figure of the drawings 
the curve is peaked at a value of it and 37tradians phase 
shift-per-anode-vane. 

In FIGURE 20 of the drawings the curves 148 and 149 
have been superimposed using the ßdi scale for the ab 
scissa at the points 150 and 151. Since the phase shift 
of the electromagnetic wave per unit length around the 
strapped portion of the magnetron is the same as that 
along the unstrapped portion, the phase shift of the wave 
is twice as great along the unstrapped portion as it is along 
the strapped portion. Thus, in the superimposed positions 
in FIGURE 20 curve 149 is shown for 4t radians on the 
Bd scale while the curve 148 is shown for merely 27t 
radians on the 3d scale. At point 150, an electromag 
netic wave of frequency f. and having a phase-shift-per 
anode-vane along the strapped portion of the anode equal 
to 3r/4 radians and a phase-shift-per-anode-vane of 6t/4 
radians along the unstrapped portion of the anode is 
propagated uninhibited. That is, this wave is presented 
no discontinuity and travels with equal facility along each 
section of the anode. Also, a space harmonic of this 
wave at the same frequency and having a phase shift per 
wane of 5ar/4 radians represented by the point 15 may 
also be propagated uninhibited along the magnetron anode. 
At all other frequencies which are space harmonics of fre 
quency f. the electromagnetic waves are presented discon 
tinuities about the magnetron anode and therefore are not 
propagated. 

In accordance with still another embodiment of my in 
vention shown in FIGURE 21 of the drawings, the mag 
netron anode as represented at 152 may be constructed 
as is the anode 137 in FIGURE 17 of the drawings with 
the addition of straps along the portion of the anode 
which is unstrapped in FIGURE 17. Thus, the anode 
152 is provided with vanes 153,154, 155 and 156 of pre 
determined thickness and adjacent spacing d1 and with 
additional vanes 157 and 158 which are spaced from each 
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other a distance d2, substantially twice the intervane 
spacing of vanes 53, and 154, for example, and each of 
the vanes 157 and 158 is substantially twice as thick in a 
circumferential direction as any one of the vanes 153 
through 156. The entire anode block is strapped by 
straps 159, 160 and 161 disposed along one radius and 
interconnecting respective pairs of vanes 153 and 155, 155 
and 157, and 157 and 163. Also, straps 162,163 and 164 
disposed at another radius are provided to interconnect 
respective pairs of vanes 158 and 154, 154 and 156, and 
156 and 158, respectively. 
FEGURES 22 and 23 represent the propagation char 

acteristics of electromagnetic waves along the respective 
portions of anode 152 from vane 153 to vane 156 and 
from vane 157 to vane 158, both taken in a clockwise 
direction in FIGURE 21. In these figures the ordinate 
represents the frequency of an electromagnetic wave and 
the abscissa represents the phase-shift-per-anode-vane. 
In FIGURE 22 the curve 165 shows that the propagation 
characteristics along the narrow vane portion of the anode 
is very peaked at values between zero and it radians and 
between it and 2n radians and in FIGURE 23 the curve 
166 shows that the propagation characteristics along the 
wide vane portion of the anode is considerably less peaked 
between zero and TF and between Tr and 2t radians. In 
FIGURE 24, the curves 165 and 166 are superimposed on 
the same scale and intersect at the points 167 and 168 at 
each of which the propagation characteristics along the 
respective portions of the anode are the same. Thus, at 
a frequency...f5 corresponding to these points waves hav 
ing phase-shifts-per-anode-vane of approximately 47r/3 
or 87r/3 radians per vane distance du, are propagated with 
equal facility and uninhibited about the entire magnetron 
anode. At other frequencies which are not space har 
monics of this frequency the electromagnetic waves are 
not propagated uniformly. 

It is also within the purview of my invention to provide 
a magnetron anode as shown in either of FIGURES 17 
or 21 of the drawings but without any straps between any 
of the vanes. In such an embodiment, the intervane 
spacings and vane widths would be uniform along one 
portion of the anode to establish a first propagating 
characteristic of frequency versus phase-shift-per-anode 
vane and along the other portion of the anode a second 
propagating characteristic of frequency versus phase 
shift-per-anode-vane is established. The characteristics 
may be so interrelated as to have a pair of values of 
frequency and phase-shift-per-anode-vane which are the 
same for each portion to support propagation of a wave 
around the entire anode at these values and to inhibit pro 
pagation of waves at all other values except space har 
monics. Thus, mode stabilization may again be achieved 
in accordance with this technique. 

While the present invention has been described by 
reference to particular embodiment thereof, it will be 
understood that numerous modifications may be made 
by those skilled in the art without actually departing from 
the invention. I, therefore, aim in the appended claims 
to cover all such equivalent variations as come within 
the true spirit and scope of the foregoing disclosure. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A magnetron anode comprising a hollow conduc 

tive structure having a plurality of spaced conductive 
Segments extending inwardly from the inner wall of said 
structure defining an anode circuit between each adjacent 
pair of segments, means providing an electron beam ad 
jacent the ends of said conducting segments including 
means Subjecting said beam to crossed electric and mag 
netic fields to establish motion of said electron beam 
to provide high frequency excitation of said anode struc 
ture, means including conductive members establishing 
a predetermined capacitive coupling between alternate 
segments along a portion of said anode to provide a pre 
determined frequency versus phase shift per anode seg 






