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8 Claims. 

This invention relates to a tube by means of 
which electrical oscillations, more especially 
those of a very high frequency, can be produced 
and received, respectively, with the aid of a co 
axially directed magnetic field. 
The invention has for its object to provide 

a Suitable structure in an electron discharge tube 
for controlling the transit of electrons across the 
discharge Zone between a cathode and an anode 
System. A further object of the invention is to 
improve the conditions under which a mag 
netron discharge tube may be operated particul 
larly by controlling an electrical cross field in the 
discharge ZOne. The invention also comprehends 
a method of operating a magnetron discharge 
tube which includes the step of modulating the 
oscillatory energy generated within the tube. 

For a better understanding of the physical 
phenomena, underlying the invention, it should 
be borne in mind that a magnetron transmit 
ter-i. e., a magnetron tube operating in a man 
ner known as such upon a high frequency oscil 
lation system, whereby the anode may be a closed 
cylinder or divided into two or a greater num 
ber of segments or groups of segments, -Opera 
ates with a higher efficiency if the Outer mag 
netic field is not directed exactly coaxial, but 
if the Symmetry axis of the tube is turned at an 
angle of a few degrees With respect to the mag 
netic lines of force. The explanation of this 
phenomenon will be found if the magnetic field 
Vector is divided into two components at a right 
angle to each other, the one having an axial and 
the other one a radial direction. While the 
axial component acts in the same manner as if 
the tube were exactly oriented in the direction 
of the magnetic lines of force, the radial Inag 
netic component causes an axial movement of 
the electrons, so that under the influence of both 
components the electrons move along helical 
paths. In order to collect and to lead off the 
electrons, the plate cylinder is suitably closed up 
at both ends by means of end plates connected 
with the cathode. The favorable effect as re 
gards the magnitude of the high frequency en 
ergy lies in a spreading out of the negative space 
charge consequent upon the deflecting action of 
the end plates. The electrons are thus caused to 
travel in helical paths. 
The accurate orientation of the magnetron in 

accordance with a predetermined angle relative 
to the magnetic lines of force, which angle is not 
constant, but varies greatly in accordance with 
the Operating and turning conditions, involves an 
undesirable inconvenience, and thus the idea was 

(CI. 250-2) 
conceived of obtaining the axial component of 
the electron movement by means of an additional 
electrical field in place of a magnetic field com 
ponent. To this end, in the magnetron tubes 
an auxiliary potential is impressed upon the 
above-mentioned end plates by which the plate 
cylinder is closed up. In this manner, the elec 
trostatic field lines which otherwise have a radial 
direction in the anode cylinder are deflected in 
the manner presently to be described. 
In the following part of the specification ref 

erence is made to the accompanying drawing 
in which: 

Figure 1 illustrates in longitudinal cross Section 
a magnetron discharge tube inclusive of end 
plates, 

Figs. 2 and 3 show in longitudinal cross section 
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the electrode structures of two preferred embodi 
ments; and 

Fig. 4 shows a transverse croSS section through 
the tube. 

Referring to Fig. 1, a magnetron discharge tube 
is shown having an envelope surrounded by a 
magnetic field coil 2, and having a cathode 3 
coaxially disposed within a cylindrical anode sys 
tem composed of two anode segments 4 and 5. 
In addition to these usual electrodes I provide 
two end plates 6 upon which it is best to impress 
a potential Which is positive relative to that of 
the cathode but is less positive than that of 
the anodes. The application of these relative 
potentials produces lines of electric force sub 
stantially as shown in the upper part of the 
figure. These lines of force can be defined 
by their two components, one being radial and 
the other axial. A similarity exists between 
this arrangement and the magnetic field pro 
duced by an exactly coaxially directed magnetic 
field from an external influence such as the field 
coil 2 acting alone and in the absence of the 
end plates. In both cases there is an axial ac 
celeration force applied to the electrons, but in 
the present embodiment an additional accelera 
tion is obtained, the same as when the axis of 
the external magnetic field is inclined with re 
spect to the electrode axis. The end plates have 
an electrostatic influence which proves to be of 
decided advantage because of the ease with which 
the conditions for Optimum behavior of the tube 
can be adjusted by a suitable choice of poten 
tials applied to the end plates. 
A more accurate investigation of the field dis 

tribution, shown in the upper half of Fig. 1, in 
dicates, however, a marked difference as com 
pared with the two magnetic field line com 
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ponents. While in the obliquely disposed mag 
netic field the radial and axial components are 
constant throughout the anode cylinder, they 
no longer have the same values everywhere if 
subjected to the influence of the electrostatic 
field caused by the end plates, but they depend 
on the disposition of each element in respect to 
the others. It can be immediately seen that the 
disturbance of the original radial field within 
the anode cylinder is greatest in the vicinity of 
the end plates, and that a neutral Zone is ob 
tained in the center plane of the tube. The 
influences of the two end plates are cancelled 
out in the said neutral Zone so that at this place 
only the original purely radial field remains. 
Therefore, the pitch of the screw shaped path 
of all electrons will be greater the more the 
electrons approach the end plates. 
acteristic is indicated by the dotted lines in the 
lower half of Fig. 1, the lines being projections 
of the spiral paths upon the plane of the draw 
ing. Therefore, a dispersion of the space charge 
does not occur at all in the center Space of the 
anode cylinder, and it is not possible to obtain 
an optimum operating state throughout the 
length of the electrodes. - 
This disadvantage will now be eliminated by 

the invention in that in the interior of the plate 
cylinder one or several radial auxiliary plates 7 
are disposed. The inner and outer radii of these 
plates are such as to provide minimum clearances 
away from the cathode and anode. If these 
plates have suitable auxiliary potentials the re 
sult Will be that the axial electroStatic field COIn 
ponents practically extend uniformly between 
these auxiliary electrodes over the total axial 
length of the electrode System. 
In Fig. 2 there is shown a tube in cross section 

in which the idea of the invention is embodied, 
said tube being obtained by inserting a single 
radial auxiliary electrode 7 in the center plane 
of the tube according to Fig. 1. Now, if this 
auxiliary electrode has the same positive po 
tential as the two end plates 6, then the action 
as regards the shape of the field is in principle 
the same as if the tube of Fig. 1 Were reduced to 
one-half its original length since the two tube 
halves separated by the center plate 7 can be 
considered individually. Consequently the field 
distortions are much greater, but the pattern 
remains principally the same as before as seen 
from the left part of the field lines and electron 
paths of Fig. 2. A neutral center zone remains, 
however, between the center plate 7 and each 
end plate 6. 
As a modification of the above described ar 

rangement the auxiliary plate may have in 
pressed thereon a negative potential relative to 
the cathode. All electrical potential lines are 
thereby deflected away from the auxiliary plate 
and towards the positive end plates 6, as shown 
in the upper right hand part of Fig. 2. The neu 
tral Zone now disappears. By a proper choice of 
the voltage conditions the electrical field between 
the center plate 7 and each end plate 6 can be 
made almost homogeneOuS So that the electron 
paths have a constant pitch. At any rate 
through this measure the space charge can be 
uniformly dispersed in the entire anode Space in 
the same manner as is the case when the tube 
is inclined relative to the magnetic field. 
The homogeneity of the electrical field is from 

the outset best assured if the distance between 
auxiliary electrode 7 and end plate 6 is Small 
compared with the distance between cathode 
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and anode. In order to fulfill this requirement 
in case of a longer electrode system, I have found 
it expedient to adopt the arrangement shown in 
Fig. 3, wherein several radial plate electrodes 8 
are inserted. These auxiliary plates 8 may again 
have either identical positive bias potentials in 
pressed upon them or they may be alternately 
biased positively and negatively. The potential 
conditions in the last mentioned case are indi 
cated in Fig. 3. It is seen that the electrons 
emitted from all points of the filament must de 
scribe screw lines having the same pitch, where 
by it is immaterial as regards the functioning of 
the entire tube if the axial direction of the elec 
tron movement is opposite in the individual in 
terspaces between the plates. The mechanical 
mounting of several such plates inside the plate 
cylinder is particularly simple when the anode 
is slotted, since then the supporting wires can 
be introduced through the slots between the an 
ode halves and connected with the auxiliary 
plates 8 as shown in Fig. 4. 

Finally, it should be remarked that the idea, 
known as Such of modulating a magnetron trans 
mitter by controlling the potential of the end 
plates can also be applied to the present mag 
netron tube having Several auxiliary electrodes, 
and the modulation of all auxiliary plates in 
cluding the end plates may be carried out either 
in equal phase such as is suitable when all plates 
have the same bias potential, or the two groups 
of the auxiliary electrodes differing from each 
other in view of their negative and positive bias 
potentials are modulated in opposite phase. 
The insertion into the interior of the plate 

cylinder of the auxiliary electrodes claimed in the 
present invention does not depend on the partic 
ular Structure of the magnetron transmitter 
herein shown, but can be applied to any mag 
netron tube. Furthermore, it is not necessary 
that the anode have a cylindrical shape nor that 
the anode Segments be arranged about a cylin 
drical Surface. In fact, any anodes confining 
a Space forming a parallelopiped, may be em 
ployed. In the latter case, the auxiliary plates 
should have suitably a rectangular or polygonal 
shape So as to conform with the available space 
Within the anode walls. 

Having thus described my invention, what I 
claim is: 

1. A circuit arrangement comprising a mag 
netron discharge tube having a cathode, an an 
ode, end plates and at least one intermediate 
plate disposed parallel to the end plates and 
perpendicular to the cathode, means for causing 
electrons to describe helical paths between the 
cathode and anode, said means being operative 
to apply a potential to the end plates which is 
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intermediate between the respective potentials 
of the cathode and anode, and means for con 
stantly biasing the intermediate plate either pos 
itively or negatively with respect to the end 
plates. 

2. A magnetron discharge tube having a linear 
cathode, a cylindrical anode system surrounding 
Said cathode, means for producing a magnetic 
field in the discharge Zone of said tube, end 
plates Substantially enclosing the Zone of electronic 
discharge from the cathode to the anode system, 
and a plurality of intermediate plates extending 
radially about the axis of the cathode, direct cur 
rent biasing means for producing differences of 
potential on each end plate with respect to an in 
termediate plate adjacent thereto, and means 
for applying modulating potentials of a refer 
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ence phase to alternate ones of said end and in 
termediate plates while applying said modulating 
potentials of a phase opposite to Said reference 
phase to the remaining ones of Said end and in 
termediate plates. 

3. A magnetron discharge tube having a cen 
trally disposed linear cathode, a cylindrical an 
ode system coaxially surrounding Said cathode, 
an end plate disposed at each end of the anode 
System, an intermediate plate within the anode 
system and disposed parallel to the end plates, 
means for applying a magnetic field to the dis 
charge Zone of said tube, and terminals for ap 
plying different direct current operating poten 
tials to said electrodes and to said end plates and 
intermediate plate, said end plates and inter 
mediate plate being co-operable with said field 
producing means and being suitably biased with 
respect to the potentials applied to the cathode 
and anode System whereby the electrons emitted 
by the cathode are caused to describe helical 
paths. 

4. A device in accordance with claim 3 and 
having a plurality of intermediate plates dis 
posed perpendicular to the axis of the cathode 
anode system, and means for impressing upon 
said intermediate plates potentials which are al 
ternately positive and negative With respect to 
the cathode and always less positive than the 
potential applied to the anodes. 

5. A device in accordance with claim 3 and 

3 
having supports for said intermediate plate ex 
tending through slots intervening between differ 
ent portions of said anode system. 

6. A magnetron discharge tube having the 
usual cathode and anode electrodes, and means 
for producing a magnetic field within the dis 
charge Zone thereof, means for applying oper 
ating potentials to said cathode and anode elec 
trodes, a plurality of plates disposed in planes 
perpendicular to the electrode axis and means 
for impressing different direct current biasing 
potentials and modulating potentials upon Said 
plates. 

7. A device in accordance with claim 6 and 
having means for applying modulating potentials 
of a reference phase to alternate ones of said 
plates and of a phase in opposition to Said ref 
erence phase to adjacent ones of Said plates. 

8. A magnetron discharge tube comprising a 
linear Cathode, an anode, end plates and a plu 
rality of intermediate plates disposed parallel to 
the end plates and perpendicular to the cathode, 
and means for causing electrons to describe heli 
cal paths between the cathode and anode, said 
means being Operative to apply constant poten 
tials to said end plates and to said intermediate 
plates, alternate ones of said plates being ren 
dered positive With respect to the Cathode and 
the remaining plates being rendered negative 
with respect thereto. 

HANS ERICH HOLLMANN. 
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