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My invention relates to magnetron devices in 
which the electron transit time governs the period 
of oscillation, and more particularly to one in 
which the electron orbit is controlled by insert 
ing elements of a high magnetic permeability in 
the magnetic field. 

In Order to explain the nature and operation 
of my invention, a brief discussion of the prior 
art is necessary. OScillators of this type gen 
erally consist of a cylindrical anode enclosing 
a coaxial cathode, and a magnetic field parallel 
to the axis of the cathode. Electrons are given 
off by the cathode and move through a curved 
path. Which is determined by combined magnetic 
and electrostatic fields. It is well known that in 
this type of oscillator the frequency of OScilla 
tion is determined by the time required for an 
electron following its orbit to complete one cycle. 
It may thus be seen that the frequency is de 
pendent upon the length of the electron path and 
the speed of the electron, 

It is well known that the speed of the electron, 
and consequently the frequency of oscillation, 
may be controlled by changing the density of the 
magnetic flux acting on the electrons. My in 
vention relates to means by which a non-uniform 
magnetic field is used to change the curvature 
of the electron orbit at various points, and there 
by greatly to increase the efficiency of the Oscil 
lator, and, in addition, to control the frequency 
of oscillation and the space charge within the 
tube. 

It is an object of my invention to provide an 
improved magnetron oscillator. 
Another object of my invention is to provide 

means for controlling the curvature of the elec 
tron Orbit. 
Another object of my invention is to provide 

means for controlling the length of the electron 
orbit. 
Another object is to provide a more efficient 

magnetron discharge device. 
A further object is to provide a magnetic field 

within the cathode-anode space of a magnetron 
oscillator having non-uniform flux density which 
may be concentrated in the vicinity of either 
of the electrodes. 
A still further object of my invention is to 

provide means for controlling the space charge 
within a magnetron Oscillator. 
An additional object of my invention is to con 

trol the angle between the radius vectors, corre 
sponding to the maximum electron excursion 
from the cathode. . . . . . . ." . 

The new features and the scope of my inven 

20 

3 

0. 

5 

40 

5 5 

tion are Set forth in the appended claims. My 
invention itself, both as to its operation and con 
struction, will be better understood from the 
following description, When considered in con 
nection with the accompanying drawings. 
Figure 1 is a cross-sectional view of one emi 

bodiment of my invention wherein the magnetic 
flux is concentrated in the region adjacent to 
the anode; 

Figure 2 is a cross-sectional view of another 
form of my invention in which the magnetic flux 
is concentrated in the region of the cathode; 

Figure 3 is a cross-sectional view of still an 
Other form of my invention wherein the magnetic 
flux is concentrated at the cathode, but in which 
the flux density from cathode to anode decreases 
more slowly than that in Fig. 2; 
Figure 4 is a cross-sectional view of another 

form of my invention in which the flux density 
from Cathode to anode increases more slowly 
than that of Fig. 1; 

Figure 5 is a cross-sectional view of an alter 
nate construction applied to a split-anode mag 
netron; 
Figure 6 is a perspective view of the magnetron 

of Fig. 5; 
Figure 7 (a to e) shows the path of one electron 

Cycle as the relative magnetic flux density is in 
creased in the region of the cathode; 

Figures 8a, 8b and 8c show a series of electron 
orbits within magnetrons corresponding to the 
respective single-cycle orbits of Figures 7a, 7b 
and 7c; and 

Figures 9a, and 9b show two complete electron 
Orbits, one within a two-anode magnetron and 
the other Within a four-anode magnetron. 
In Fig. 1 is shown a magnetron oscillator 

consisting of a cathode 3, a cylindrical anode 5, 
and at two annular elements of high magnetic 
permeability, mounted within an evacuated en 
velope 9 and placed between the two poles it of 
a permanent magnet 3. The cathode is fastened 
between two supports 5 which are also conduc 
tors, and which are brought out of the envelope 
9 through a glass seal il. The annular elements 
are held in a position coaxial with the anode, 

and While they may be mounted in any con 
venient way, I have found it satisfactory to 
mount them on a T-shaped glass support 9. 
Conductors 2 are connected to and assist in 
supporting the annular elements. The conduc 
tors 2 are brought out of the glass envelope 
through the Seal fl. Connection to the anode 
is made by means of a conductor 23, which is 
brought out through the top of the envelope and 
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sealed at 25. While I have indicated the magnet 
F3 to be a permanent magnet, it may be an 
electromagnet. The size of the annular elements 
7 is not critical, but their length must be suffi 
cient to substantially decrease the reluctance be 
tween the pole pieces. The outer diameter must 
bear Such relation to the diameter of the anode 
5 that the reluctance of the magnetic path be 
tween the pole pieces if will thereby be a mini 
mum in the region just Within the inner surface 
of the anode. Consequently, the magnetic flux 
density in this region will be a maximum. The 
diameter of the opening Which extends axially 
through the center of element 7 must be large 
enough so that the magnetic reluctance between 
the pole pieces Will be high in the region ad 
jacent to the cathode 3, which results in a low 
flux density in this region. The result is a Sud 
den increase of flux density in the region near 
the anode, the effect of which will be discussed 
hereinafter. 

Refer now to Fig. 2, in Which a magnetron Sini 
lar to Fig. 1 is shown. For convenience, identical 
parts are identified by similar reference numer 
als throughout the specification. The difference 
between Fig. 2 and Fig. 1 is in the proportions of 
the annular elements marked 2 in Fig. 2. These 
elements 27 are placed concentric With the Cath 
ode 3, as before, but their outer diameter has 
been decreased. Likewise, 
through the center has been decreased until there 
is just clearance for the cathode 3 and the insu 
lating ceramic sleeve 29. The dimensions of the 
elements 27 are not critical, but their outer diam 
eter must be small enough so that a Substantial 
proportion of the magnetic flux is concentrated in 
the region of the cathode. Due to the higher 
reluctance of the magnetic path in the region of 
the anode, the flux density Will be less in that 
region. It may be seen, therefore, that the ap 
paratus shown in Fig. 2 has the same purpose of 
controlling the flux density gradient within the 
anode as the apparatus shown in Fig. 1. 

Referring to Fig. 3, the essential difference be 
tWeen this figure and the preceding figures is in 
the substitution of truncated conical elements 3 
for the annular elements shown in FigS. 1 and 2. 
The purpose of elements 3 is to provide high 
magnetic flux density in the region Surrounding 
the cathode 3, and a low magnetic flux density 
in the region just Within the anode, and in addi 
tion, to provide a Substantially uniform decrease 
of magnetic fux density at Successive points ap 
proaching the anode along a line at right angles 
to the cathode. This result is obtained by the 
unifornly receding external face of the ele 
ment 3. 
The distinguishing feature of Fig. 4 is the 

Shape of the flux-controlling elements 33 which 
are Substantially cylindrical in shape, and are 
mounted coaxially With the cathode. Each ele 
ment has a conical recess in the end toward the 
anode. They are Slotted in the lower edge 
formed by Said conical recess to provide clearance 
for the cathode Supports 5 and the ceramic in 
sulating tubes. 29. This configuration of element 
33 provides a substantially linear variation of 
flux density, decreasing unifornly along radii 
perpendicular to the cathode. 

Fig. 5 shows a variation in construction which 
has the advantage of decreasing the air gap be 
tWeen the magnet pole pieces 35 and the mag 
netic flux control elements 37 within the magne 
tron tube 39. While a “split anode' or “two 
plate' magnetron is shown, the invention is ap 

the axial opening 3 
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plicable to magnetrons employing single anode, 
double anode, or having a plurality of anode sec 
tions. While the fux-controlling elements shown 
are of the truncated-cone type, the construction 
of Fig. 5 may be combined with other types of 
flux-control elements to obtain any required flux 
gradient Within the anode-cathode area. 
In FigS. 5 and 6, the magnetron is arranged 

Within an evacuated glass envelope 4, having 
two disc shaped metal end plates 43 sealed into 
the ends of the glass envelope. The cathode 5 
is held concentrically within the envelope 41 and 
the Split anodes 44 and 45 by means of two seal 
ing beads. 47 and 49 which are sealed into open 
ings in the Center of the end plates. An aperture 
extends axially through each flux-control element 
37 to permit the cathode to be brought out of the 
magnetron through the beads 47 and 49. The 
pole pieces 35 of the magnet 53 are insulated from 

20 

40 

50 

5 5 

60 

70 

75 

the end plates 43 by means of insulating washers 
55. The pole pieces and washers include an aper 
ture through which the extremities of the cath 
ode 5 extend. The cathode is insulated from 
the pole pieces by means of ceramic or other suit 
able insulator tubes 57. Connection to the two 
anode Sections is made by means of the two leads 
59 and 6 which extend through the glass en 
Velope. 

Fig. 7a Shows the electron path when the mag 
netic flux density, indicated by concentric lines, 
is a maximum in the region just within the an 
Ode, but which abruptly decreases on approach 
ing the region surrounding the cathode. This 
causes the curvature of the electron path to be a 
maximum near the anode. Such a distribution 
of flux density is obtained by the use of the den 
sity control elements 7 shown in Fig. 1. - 

Fig. 7b is representative of one cycle of an elec 
tron path. When the flux density is a maximum 
in the area just Within the anode, and gradually 
decreased toward the cathode. This distribution 
of fiux density is obtained by the use of the ele 
mentS 33 of Fig. 4. As shown, the curvature of 
the electron path changes less abruptly in the 

5 region near the anode. 
Fig. 7c is representative of one cycle of an 

electron path in a magnetic field uniformly dis 
tributed from anode to cathode. 

Fig. 7d is representative of one cycle of an elec 
tron path in a magnetic field whose intensity is 
a maximum in the region surrounding the cath 
ode, and which decreases substantially uniformly 
On approaching the anode. A flux distribution of 
this type is produced by the control elements 3 
in Fig. 3, or as shown by 37 in Figs. 5 and 6. 

Fig. 7e is representative of one cycle of an elec 
tron path in a magnetic field whose intensity is 
a maximum in the region surrounding the cath 
ode, and which abruptly decreases on approach 
ing the anode. . 

It is thus clear that my invention provides 
means for controlling the electron path within a 
magnetron oscillator. I will now show the im 
portance of Such control and the practical ad 
Vantage derived therefrom. - - - 

In Fig. 8d. is shown a cross-sectional view rep 
resenting a Series of 9 cycles of electronic oscilla 
tion under conditions identical to those of Fig. 
id. It is to be noted that each successive excur 
Sion of the electron from the cathode takes place 
in a new direction, and that the electron revolves 
completely around the cathode. Fig. 8b. repre 
Sents 5 complete cycles of an electron under con 
ditions identical to those of Fig. 7b. The angle 
between the radius vectors corresponding to suc 
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cessive maximum excursions from the cathode, 
illustrated by angle A, has decreased in Fig. 8b. 
Fig. 8c represents four cycles of the electron path 
in a substantially uniform field. It is to be noted 
that each cycle occurs about a radius Vector 
which has rotated in a counter-clockwise direc 
tion from the preceding cycle. Angle A has now 
decreased to 90. 
In Fig. 9d is indicated a cross-section represent 

ing a controlled electron path in a Split-anode 
magnetron consisting of two anode Sections 65 and 
61 and a cathode 69. By increasing the magnetic 
flux density in the region of the cathode, the 
maximum curvature of the electron path occurs 
at that point, and the angle between successive 
electron excursions has become 180°. The effect 
of this is to greatly increase the efficiency of the 
magnetron, because the electrons no longer ro 
tate at random about the cathode, but alternate 
consistently between the two anodes. In a mag 
netron oscillator the strength of oscillation de 
pends upon the number of electrons which oscil 
late between the anodes. Therefore, this control 
increases the efficiency by preventing the elec 
trons from rotating at random and by putting 
them to work in each cycle, 

Fig. 9b is a cross-sectional view representing 
the desired electron paths for a four-anode mag 
netrol. Each cycle of the electron takes it from 
one anode to the next succeeding one. 
Thus I have described means by which the mag 

netic flux density within the cathode-anode area, 
may be controlled, have shown how various dis 
tribution patterns of magnetic fiux influence elec 
tron travel, and have shown that the efficiency of 
a magnetron is thereby improved. While I have 
shown particular embodiments of Iny invention, 
it is not my intention to be limited thereby. 
Other shapes of flux-control elements will be ap 
parent to those skilled in the art, as well as num 
bers or locations of Such elements not particu 
larly shown herein. 
What I claim as new and desire to secure by 

Tetters Patent of the United States is: 
1. A magnetron comprising means for pio 

ducing a magnetic flux, an electron discharge tube 
having a cathode and an anode electrode located 
in the path of said flux, and means of high per 
meability within said tube for establishing a flux 
density gradient measured along a radial path 
between said cathode and anode electrodes. 

2. A magnetron comprising means for pro 
ducing a magnetic flux, an electron discharge 
device having cathode and anode electrodes, said 
magnetic flux passing within said device parallel. 
to said cathode, and one or more Suitably shaped 
elements of high magnetic permeability so de 
signed and arranged within the magnetic field as 
to make said magnetic field non-uniform within 
Said discharge device. 

3. In combination, a magnet having a pair of 
opposed magnetic pole pieces, a discharge device 
having electrodes mounted between said pole 
pieces, and elements of high magnetic pernea 
bility within said discharge device so designed and 
arranged that the magnetic fux density is made 
non-uniform within the area bounded by the elec 
trodes of said discharge device. 

4. In combination, a magnet, having opposed 
pole pieces, an electronic discharge device having 
coaxial cathode and anode electrodes located in 
the field of said magnet, and annular elements 
of high magnetic permeability interposed between 
said pole pieces and said cathode and anode elec 
trodes, whereby the magnetic flux between said 

5 

IO 

3. 5 

40 

3 
pole pieces is concentrated substantially in the 
region adjacent to said anode electrodes. 

5. In combination, a magnet having opposed 
pole pieces, an electronic discharge device within 
the field of said magnet and having coaxial cath 
ode and anode electrodes, and annular elements 
of high magnetic permeability interposed between 
Said pole pieces and Said cathode and anode elec 
trodes whereby the magnetic flux between said 
pole pieces is concentrated substantially in the 
region surrounding said cathode. 

6. In combination, a magnet having opposed 
pole pieces, an electronic discharge device within 
the field of Said magnet and having coaxial cath 
ode and anode electrodes, and conical elements of 
high magnetic permeability interposed between 
said pole pieces and said electrodes whereby the 
magnetic flux between said pole pieces is concen 
trated substantially in the region surrounding 
Said cathode. 

7. In combination, a magnet having opposed 
pole pieces, an electron discharge device within 
the field of Said magnet and having coaxial cath 
Ode and anode electrodes, and elements of high 
magnetic permeability interposed between said 
pole pieces and Said electrodes, said elements be 
ing cylindrical in shape and having a substantial 
ly conical recess on the surface adjacent to said 
cathode and anode electrodes, whereby the mag 
netic fiux is concentrated in the region adjacent 
Said anode electrodes and diminished in the re 
gion Surrounding said cathode electrode. 

8. In combination, a magnet having a pair of 
Opposed magnetic pole pieces and an electronic 
discharge device mounted between said pole 
pieces, Said discharge device having a substantial 
ly cylindrical envelope, anode electrodes mounted 
Within Said envelope and coaxial thereto, a sub 
Stantially coaxial cathode within said anode elec 
trodes, metal end-plates sealed into the ends of 
Said cylindrical envelope, and flux-control ele 
ments of high magnetic permeability mounted on 
Said end-plates within Said envelope, so designed 
and arranged as to distort the magnetic flux With 
in the region bounded by said cathode and anode 
electrodes. 

9. An electron discharge device comprising an 
enclosing vessel, an anode, an elongated cathode 
in cooperative relation with said anode, and mag 
netic members within said vessel and adjacent the 
ends of said cathode. 
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10. An electron discharge device comprising an 
enclosing vessel, a tubular anode within said ves 
Sel, a linear cathode within said anode and sub 
stantially coaxial therewith, and a pair of mag 
netized members adjacent opposite ends of said 
anode for producing a magnetic field adjacent 
and parallel to said cathode. 

11. A magnetron comprising an enclosing ves 
Sel, a cathode, an anode in cooperative relation 
With Said cathode, a pair of magnetic members 
at the ends of Said cathode and within said vessel, 
and magnetic means external to said vessel in 
cluding pole-pieces in juxtaposition to said mag 
netic members. 

12. An electron discharge device comprising an 
enclosing vessel, a tubular anode within said ves 
Sel, a linear cathode within said anode and sub 
stantially coaxial therewith, and a pair of mag 
netizable members within said vessel and adjacent 
Opposite ends of said anode for producing a mag 
netic field adjacent and parallel to said cathode. 

13. An electron discharge device comprising a 
tubular anode, a cathode extending through and 
beyond the ends of Said anode, and a pair of mag 



4. 
netizable members within said vessel adjacent the 
ends of said anode and enclosing the ends of Said 
cathode for producing a magnetic field adjacent 
and parallel to said cathode. 

14. A magnetron comprising means for pro 
ducing a magnetic flux, an electron discharge de 
vice having cathode and anode electrodes, said 
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magnetic flux passing within Said device parallel 
to said cathode, and One or more suitably shaped 
elements of high magnetic permeability So de 
signed and arranged within the magnetic field 
as to make said magnetic field non-uniform with 
in said anode electrodes. 

ERNEST G. LINDER. 


