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12 Claims.

This invention relates to the production of
ultra-high-frequency electromagnetic oscilla-
tions, and consists of & method and apparatus
for the modu]atmn of ultra-short-wave gener-
ators.

If, in the case of ultra-short-wave generators
of the decimetre and centimetre ranges, one en-
deavours to produce a pure amplitude modula-
tion, it is found that a frequency-modulation ac-
companies this amplitude modulation. The ac-
curate investigation of this phenomenon shows
that the frequency modulation is brought about
substantially by the fact that the electron stream
that serves for the production of the waves is,
under the influence of the alternating potentials
of the frequency-determining generator, not only
a generator of effective currents but also a gen-
erator of wattless or reactive currents.

The characteristic of this generator for reac-
tive currents depends, in a manner analogous to
that of the characteristic of the generator for
effective currents, on the time of transit of the
electrons and consequently on the potentials ap-
plied to the electron tubes, the magnetic fields,
etc. 'Now, if one of the physical magnitudes, for
example the magnetic fleld, or the anode poten-
tials, or a braking-electrode potential, is varied
for the purpose of amplitude modulation, there.
also varies with it the reactive current delivered
by the generator and consequently the frequency
of the ultra-high-frequency power given off.

It is already known, for the purpose of pre-
venting these frequency variations, to cause two
electron tubes to work on different parts of their
modulation curves and thus compensate the fre-
quency variation of one electron tube by an op-
posite frequency variation of the other,

The present invention relates to & method and
apparatus for the production and modulation of
ultra-high-frequency oscillations. According to
the invention two streams of electrons, which act
upon a resonator in such a manner that the un-
desired frequency variations occurring on ampli-
tude modulation are compensated, are produced
in one and the same electron-tube arrangement;
preferably in an electron-tube arrangement with,
as & resonator, @ chamber bounded by metallic
surfaces, so that the electron-tube arrangement
forms a constructional unit.

Figure 1 is a graph showing the curves of rela-
tionships between the oscillatory and physical
energies and between generator frequency and
physical energy occurring in the operation of this
invention.

(CL 179—1715) .

Figure 2 is a schematic cross section of a form
of this invention having two electrode systems.

Figure 3 is a schematic cross section of a form
of the invention having four electrode systems.

Figure 4a is a schematic cross section of a
third form of the invention.

Figure 4b is a schematic longitudinal section
of said third form.

In Figure 1 the curve A represents the modu-
lation curves of the two electron streams, which
are assumed to be alike. The curve A shows the
variation of the oscillatory power N with varia-
tion of a physical magnitude, for example the
grid potential z of & braking-field electron tube.
A is the curve showing the variation of the fre-
quency of the generator with variation of the
magnitude z. . It will be clear that if two electron
streams are, starting from B and C respectively,
modulated counter-phasally, the frequency varia-
tions will be compensated.

Compensation of the undesired frequency vari-
ation takes place, in detail, as follows. The modu-
lation of an oscillation produced in a return cou-
pling tube by varying the potential of the control
grid in the rhythm of the modulation, is well
known. Likewise, it is possible, according to the
well known method, to modulate an oscillation
generated in a braking or damping field tube or

'in'a magnetron tube by varying, in the first case,

the potential of the damping electrodes or that
of the grid electrodes or the potentials of both
electrodes in rhythm with the modulation, or,
with & magnetron tube, the potential of the an-
ode. So long as the period of the electrons is
small as compared with the duration of the gen-
erated oscillation, the variations of the electrode
preliminary potentials in the rhythm of the mod-
ulation are without any special action, except for
the variation of the oscillatory load caused there-
by, and this leads to modulation of the oscilla-
tions. If, however, the period of the electrons
comparably approaches the oscillation duration,
variation of the electrode preliminary potential
produces also variation of the period of the elec-
trons. If the electron current active in a tube

20

25

30

35

40

45

serves for generating ultra high frequency oscilla- -

tions, the oscillatory duration of which is com-
parable with the period of the electrons, then not
only is a work component of the oscillatory load
produced, but also, as a result of the increased or
decreased velocity of the. electrodes caused by
varying the electrode preliminary potential, an
undesired component of the oscillatory load.
This is due to the fact that, so to speak, through
the variation of the electrode preliminary poten-
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tial, the movement of the electrons undergoes a
phase displacement relative to such of the elec-
trons which are in unison with the oscillation at
constant electrode preliminary potential. The
5 effect of the undesired components of the oscilla-
tory load passes to the exterior as a frequency
variation of the oscillation generated. Therefore,
If, by means of a second electron current or a
plurality of other electron currents, the undesired
10 components of the oscillatory loads produced by
the first electron current are compensated for,
then the resultant frequency variation is equal to
zero, this being independent of variation of the
electrode preliminary potential. A generator for
15 ultra short waves balanced with respect to sald
undesired components thus always produces mod-
ulated ultra short waves of constant frequency.
Figure 2 diagrammatically shows an electrode
construction as advantageously adapted for use
20 in an arrangement according to the invention.
Disposed about a strip-form cathode {, which
emits preferably from its wide surfaces 5 and
§’’, are segment-like conductors 3’ and 3’’, which
-are supported by the parts 3a, which at the same
28 time insulate them from each other. The con-
ductors 3’ and 3"’ form slotted openings 2’ and 2’/
which extend parallel with the cathode and which
serve as the openings of a grid, so that each of
the conductors 3’ and 3’’ with their respective
30 openings 2’ and 2'’ forms a semi-circular grid
disposed about the cathode. In the space between
the grids and the cathode there can also be ad-
vantageously disposed special control electrodes
4, which receive a suitable preliminary potential
35 with respect to the cathode, and by means of
which either the intensity of the electron cur-
rents passing from the surfaces 5’ or 5’ can be
controlled, or through which the direction of
these electron currents can be influenced, par-
40 ticularly in order that they may be directed ex-
clusively to the grid openings 2’ and 2’’. Con-
centric to the grids and with their centres oppo-
site the grid openings are two other semi-circular
conductors 6’ and 6’’, which serve as further elec-
45 trodes. The cathode | and the two grids 3’, 2’
or 3/, 2'' and the two electrodes 6’, 6’ accord-
ingly form two electrode systems in which the
electron currents passing from the surfaces §’
and 5’ act. By means of these electron currents,
50 ultra high frequency oscillations can be excited,
in that, for example, the two electrode systems
act as damping field sysfems or return reaction
coupling systems. ‘
Figure 3 shows an electrode arrangement like
55 that of Figure 2, but for four electrode systems.
The cathode fi emits only on the surfaces (5,
15’7, 18’’’, i8’’’ and from these strip-like sur-
faces, which extend parallel with the cathode
axis, emit four electron currents, which pass
60 through the slots 12/, 12’7, 12'"’, 12’’*’ of the con-

ductors 13°, 13/, 18’’’ 13’""" serving as grid elec-.

trodes and supported by the insulators {3a, and
can be controlled by the grid electrodes. Dis-
posed about the grid electrodes are the counter-
65 electrodes 167, 16’7, 16’'’, 16’*"', which, In case
the electrode systems operate as damping fleld
systems, act as damping electrodes, and in the
case in which the electrode systems-act in re-
turn coupling connection, serve as anodes. Here
€ also the feed lines serving to conduct the elec~
trode preliminary potential lead to the connect-
ing ponts Ai, As; By, Ba.’
At the points Ai, Az; B, Bz, of the arrange-
ments according to Figure 2 or 3, not only can the
78 preliminary potentials for the electrodes of the

individual electrode systems be applied, but mod-
ulation potentials flow over these points also to
one or both groups of electrodes, whereby the
components of the modulation oscillations flow to
the electrodes of the individual systems. For ex-
ample, the damping electrodes 6’ and &'’ of the
arrangement according to Figure 2, when this
operates in damping fleld connection, are rela-
tively phase-displaced so that the frequency vari-
ation caused by the modulation amplitude in the 10
one system is instantaneously the same as, but op-
positely directed to, the frequency variation pro-
duced by the modulation amplitude in the other
system. The resultant frequency variation be-
tween both systems is then equal to zero at each 15
instant. In similar manner, it is possible to di-
rect modulation amplitudes to the electrodes of
Figure 3 over the feed lines with such relative
phase position that the frequency variations re-
sulting from the action of the modulation mutu- 20,
ally nullify each other, so that the resulting fre-
quency variation is equal to zero, and the ar-
rangement produces ultra high frequency oscilla~
tions of constant frequency. It is thereby imma-
terial whether, as shown on Figure 3, two ad- 25
jacent systems are connected together, so that
the arrangement of Figure 3 operates like that of
PFigure 2, or whether all four electrode systems
separately receive absolutely independent modu-
lation components. The latter possibility offers 30
the advantage that the stimulating intensity of
each of the four electron currents can be varied
independently, so that it is easler to cause the
sum of the actions of the resultant undesired
load components of all four systems to become 35
zero than is possible with only two independent
electrode systems. Finally, the arrangement of
the present invention is not limited to two or four
electrode systems, as shown on Flgure 2 or 3,
but any number of electrode systems can be pro- 45
vided which receive independent components of
the modulstion amplitudes which are so calcu-
lated with respect to thelr phase positions that
the sum of the resultant frequency variations is
again equal to zero. 45

Particularly when the arrangement of the elec-
trodes according to the invention is used in the
case of electron tubes with, as & resonator, a
chamber bounded by metalllc surfaces, it may
be advantageous, for the purpose of facllitating 5o
the ‘construction to couple capacitively a brak-
ing-fleld electrode, which is split two or more
times, with another closed metallic casing 7,
as is shown In Figure 2. The casing T may then
constitute the exterior member of a concentric 55
dielectric guide, the interior member of which is
formed by the continuations of the screens 3
(Flgure 2) or 8 (Figure 3) and in that case the
direct-current or low-frequency separation of the
screens 3 or 8 by the insulating pieces 3a or 8a 60
must be observed. -In this case the high-fre-
quericy energy impinging on the anode (braking
electrode) can be transmitied by capacitive cou-
pling to the external conductor of the electron
tube and thus to that of the concentric dielectric ¢5
guide. :

It is possible to compensate similarly as regards
its frequency a per se unsplit magnetron. A
construction for this purpose is shown in Figures
4a and 4b, which show two sections through an
electron tube formed as a chamber-resonator
electron tube. The anode is divided into two or
more parts, which, in contradistinction from the
split magnetron, always possess the same high-
frequency potential on the same cross-section. 73
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In these figures, [ indicates again the cathode,

8 the screening plates, which allow the electron

streams to pass through to the anode $ merely
through the gaps between the plates 8. The parts

6 10 close the electron tube as regards radiation
losses. At the same time the parts [0 serve as
the “exterior member of the dielectric guide to
which the high-frequency energy that impinges
upon the snode segments 9, as in the hereinbe-

10 fore descrived constructional example, Is trans-
mitted by capacitive coupling.

The part i0a, which is connected with 8, forms
the internal conductor of s concentric energy
lead. The diminishing of the parts {0 and 10a

18 s such that the surge impedance of the dielectric

guide is less than that of the resonator of the

electron tube.

For the purpose of modulation either two ad-
jacent anode segments 9 or two opposite anode
segments 8 should be connected together and fed
with modulation voltages in the same way as de-
seribed above with reference to Figures 2 or 3.
It will be understood that the anode segments 8
constitute the energization segments.

With reference to Figures 4a and 4b the same
thing is true. The anode segments & constitute
the energizing segments.

In the case of electron-tube cartridges it may
30 in particular be very advantageous to place the

tuning chamber not between the generator and
the utilizing device but to arrange the tuning
chamber and the utilizing device on different
sides of the generator.

a5 In accordance with the provisions of the patent
statutes, we have described the principle of op-
eration of our invention, together with the ap-
paratus which we now consider to represent the
best embediment thereof; but we desire to have it

40 understood that the spparatus shown and de-
scribed is only illustrative and that the invention
may be carried out by other means.

What we claim is: ‘

1, Apparatus for generating modulated ultra

45 high frequency electro-magnetic oscillations of
"constant frequency, comprising a hollow walled
vacuum chamber forming an elongated fre-
quency-determining resonator, at least two elec-
tron current generating electrode systems within

50 the resonator in the same cross section perpen-
dicular to an axis of the chamber, whereby the
electron currents radiate from this axis and ex-
cite the resonator to ultra high frequency oscilla-
tions, means for operating said systems on differ-

g5 ent. portions of their frequency characteristic,
and means for modulating said systems in phases
different from each other whereby undesired com-
ponents of the oscillatory currents generated
thereby mutually nullify each other.

2. The apparatus of claim 1, wherein the elec-
trode systems have a single cathode in common.

3. The apparatus of claim 1, wherein the gen-
erating systems are located in the resonator in
the same loop of a potential wave.

63 4. The apparatus of claim 1, wherein the elec-
trode systems include & common cathode, anodes,
and a plurality of electrodes spaced evenly
around said cathode, said systems having con-
trol means disposed between each of said elec-

70 trodes and an anode.

5. The apparatus of claim 1, wherein the elec-
trode systems include & common cathode, anodes,
and a plurality of electrodes spaced-evenly around
said cathode, said systems having control means

75 disposed between each of said electrodes and an

20

26

anode, said contro! means controlling the direc-
tion of electron flow from the eathode.

6. Apparatus for producing modulated ultra
high frequency electro-magnetic oscillations of
constant frequency, comprising s frequency-de- §
termining resonator formed as & hollow chamber
enclosed ell around by metallic walls, the latter
delimiting & vacuum chamber, at least two elec-
trode systems in said chamber producing elec-
tron currents and so disposed in the same cross 10
section perpendicular to the axis of the chamber
that the electron currents radiate from this axis,
whereby sald electron currents stimulate the

. resonator to ultra high frequency oscillations,

means for operating said systems on' different 18
portions of their frequency characteristic, and
means for modulating said systems in phases
different from each other whereby the unwanted .
components of the oscillatory loads mutually
nullify each other. 20

7. Apparatus for producing modulated ultra
high frequency electro-magnetic oscillations of
constant frequency, comprising a frequency-de-
termining resonstor, two vacuum surrounded
electrode systems in said resonator generating 28
electron currents, the electrodes of the electrode
systems consisting of s strip-like cathode com-
mon to both systems, segment-like conductors
insulated from each other and disposed concen-
tric with each other te encompass the cathode, 30
the said conductors serving as a grid and includ-
ing slotted openings parallel with the sides of
the cathode, and other electrodes surrounding
said conductors, means for operating said systems
on different portions of thelr frequency charac- as
teristic, -and means for modulating said systems
in phases different from each other whereby the
unwanted components of the oscillatory loads
mutually nullify each other.

8. Apparatus for generating modulated ultra 44
high frequency electro-magnetic oscillations of
constant frequency, comprising a frequency-de-
termining resonator, four vacuum surrounded
electrode systems in said resonator generating
electron currents, the electrodes of the electrode 45
systems consisting of a cathode common to the
four systems, segment-like conductors insulated
from and concentric with each other, each en-
compassing the cathode over a quarter circle, the
conductors serving as a grid and having slotted go
openings parallel with the cathode, and other .
electrodes arranged to form an almost closed hol-
low cylinder surrounding the-grid, means for
operating sald systems on different portions of
thelr frequency characteristic, and means for gg
modulating said systems in phases different from

_each other whereby the unwanted components

mutually nullify each other. .

9. Apparatus for generating modulated ultra
high frequency electro-magnetic oscillations of 80
constant frequency, comprising a frequency-de-
termining resonator, at least two vacuum sur-
rounded electrode systems within said resonator
for generating electron currents, the electrodes of
the. electrode systems consisting of a cathode g5
common to both systems, segment-like conduc- :
tors insulated from and concentric with the
cathode and each semi-circularly encompassing
the cathode, said conductors serving as a grid
having slotted openings parallel with the cathode, 70
and cther electrodes surrounding the conductors
and forming a substantially closed hollow eylin-
der, means for operating said systems on differ-
ent portions of their frequency characteristic,
and means for modulating sald systems in phases 7z
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4
different from each other so that the thereby
produced unwanted components of the osclllatory
loads mutually nullify each other, sald systems

including means for directing the electron cur-
rents passing from the cathode through the slots
of the grids. :

10, The apparatus of claim 9, wherein the
cathode is provided with flat emission surfaces
confronting the slots in the grid. i

11, In apparatus for the purpose described, a
hollow metal walled resonator forming & vacuum
chamber, 8 plurality of electron current generat-
ing systems in said resonator and arranged about
a common central point, sald systems including
a plurality of spaced segmental outer electrodes
in capacitative relation to the wall of the cham-

. ber, a plurality of other spaced segmental elec-

20

trodes arranged in concentrically opposed rela-
tion to the first electrodes, the last electrodes be-
ing slotted opposite the centers of the first elec-
trodes, and a single cathode common to the sev-

2,225,259

eral systems and positioned at the common center
of the segmental electrodes.

12. In apparatus for the purpose described, a
hollow metal walled resonator forming a vacuum
chamber, a plurality of electron current generat-
ing systems in said resonator and arranged about
a common central point, sald systems including
a plurality of spaced segmental outer electrodes
in capacitative relation to the wall of the cham-
ber, a plurality of other spaced segmental elec-
trodes arranged in concentrically opposed rela-
tion to the first electrodes, the last electrodes be-
ing slotted opposite the centers of the first elec-
trodes, a single cathode common to the several
systems and positioned at the common center of
the segmental electrodes, and gulde means for
electron currents emanating from the cathode
disposed between the cathode and the slots in the
second mentioned electrodes.

WALTER DALLENBACH.,
WERNER KLEINSTEUBER.
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