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The present invention relates to a storage tube in which
the recording and reading or pick-up is effected inde-~
pendently and in which the recording and pick-up elec-
tron beams strike against the same side of a storage elec-
trode. Such an arrangement has the substantial advan-
tage over known arrangements wherein the recording and
pick-up beams strike against opposite sides of a storage
electrode, that the charges respectively applied by the
recording beam onto the surface of the storage electrode
or released therefrom influence the pick-up beanr directly
from the surface and not through the storage layer, de-
pendent upon a practically very sensitive physical effect.

Known storage tubes have moreover further substan-
tial disadvantages insofar as they réquire either very
high, technically inconvenient beam voltages and have
considerable inertia phenomena or else their technical
production causes considerable difficulties due to their
complicated construction and the high requirements made
with respect to the individual parts such as idsulators, fine
mesh wire grid and secondary-emission multipliers.
However, known arrangements wherein the recording
and pickup beams strike the same side of the storage elec-
trode also have considerable disadvantages. Due to
the fact that only one of the two beams strikes the stor-
age electrode perpendicularly while the other must neces-
sarily strike it obliquely corresponding to a lateral beam-
producing system associated with the storage electrode,
with axis inclined to the plane thereof, such a structure
requires complicated adjustments and furthermore, de-
vices to eliminate the electronoptically produced distorted
image and keystone delineation.

The object of the present invention is to provide a
storage tube, the simple physical manner of operation of
which does not make any demands greater than normal,
either on the manufacture and the nature of the indi-
vidual system parts of the discharge vessel, or on the
operating means. Accordingly, the invention provides
an electric discharge vessel for the storage of electric
signals, comprising a beam generating system for a
modulated recording beam of rapid électrons for the re-
cording of the electric signals to be stored and another
beam generating system arranged coaxially therewith for
an electron beam of slow electrons for the. picking up of
the stored signals, and a storage electrode arranged be-
tween the beam producing system, the storage electrode
being in accordance with the invention made of metal-
backed mica as a narrow cylindrical member extending
coaxial to the axis of the beam system so that the two
beams for the recording and pick-up, each describe
upon such member a conical path, under control of
known deflecting means, thereby recording thereupon cii-
cularly in punctiform manner at the same place, the cir-
cles coinciding, the recording beam striking obliquely

and the pick-up beam, due to electrostatic means which

exert a retarding action, striking approximately perpen-
dicularly. v .

In a storage tube made in accordance with the above
noted requirements, the recording beam, in order to ob-

10

15

20

25

30

35

40

45

50

55

60

65

70

2

tain a high secondary emission, also strikes. the storage
electrode obliquely but in contradistinction to prior ar-
rangements in such a manner that the angle of inclination
which the beam embraces with the storage electrode is,
for instance, on the closed circle, always of the same
size for all image points, so that a distortion correction
is not necessary at all or, if needed; may be made in a
very simple manner.

The invention will now be described with reference to
the accompanying drawing, wherein

Fig. 1 shows schematically an embodiment of a storage
tube in accordance with the invention wherein the re-
cording and pick-up beams always describe coinciding
circles on the storage electrode; and

Fig. 2 shows diagrammatically in .a partial view the
electrode arrangement and the beam path in the vicinity
of the storage electrode of a modified embodiment.

The invention will first be explained with reference
to Fig. 1. The necessary electrodes contained in a dis-
charge vessel are shown in schematic manner, and the
beam path which develops as a result of the electric po-
tentials on the electrodes are also indicated.

Coaxially to the axis of the discharge vessel, there is
provided a storage electrode. 1 made in the form of a
cylindrical shell and comprising a storing layer, in the
simplest case, of mica, and a metal coating 2 serving as
signal plate or electrode. Coaxially with this storage
electrode, there is provided at one end of the discharge
vessel an electron gun 3 which supplies for the recording
of the electric signal, an electron beam of an energy cor-
responding to an acceleration potential of about 1000
volts. The beam is, in known manner, deflected by
means of a deflecting system 4 so as to form a comical
outline in such a manner that the image point of the beam
describes on the storage electrode 1, a circle. Such a de-
flection is obtained in known manner for instance, by a
pair of coils which are perpendicular to' each other and
traversed by a sinusoidal current. The recording signal
may be impressed upon the beam, by means of a control
electrode (not shown), thereby controlling the intensity
of the beam. In a similar manner, a further electron
gun 5, disposed coaxially with and diametrically oppo-
site to the electron gun 3 produces an electron beam the
velocity of which is at first approximately of the same
valne and which is also deflected in a corresponding de-
flecting system 6 so as to form.a conical outline. Before
reaching the storage electrode, the pick-up beam which
has been deflected as described, passes through two
serially disposed cylindrical electrodes 7 and 8 having
diameters and potentials which differ corresponding to
the beam path and is so decelerated and radially de-
flected as a result of the cylindrical lens which is thereby
formed that the electrons strike the storage electrode 1
approximately perpendicularly and furthermore, with a
velocity of zero. This is obtained due to the fact that,
corresponding to the signal plate or electrode % biased to
about 1000 volts, the cathode of the pick-up beam-pro-
ducing system already has a potential of 1000 volts. The
image point described by the pick-up beam describes a
circle in the same way as in the case of the recording or
writing beam on the storage electrode at the same place
so that by suitable adjustment or by selection of the elec-
tric potentials, the recording and pick-up circles coincide.
Due to the oblique striking of the recording-beam elec-
trens, there will result a high secondary emission and
the charges produced by the recording beam on the stcs-
age layer will always be positive. The cylindrical eies-
trode § due to its positive potential with respect to ths
signal electrode serves as collector for the secondary
electrons which are thereby released. The slow electrons
of the pick-up beam which strike approximately perpen-
dicularly make possible a pick-up of excellent efficiency
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which is not disturbed by secondary emission or similar
effects.

In the case of the described embodiment, it is ab-
solutely necessary for the dependable operation of the
storage tube, that the circles described by the beams for
the recording and pick-up on the storage ¢lectrode coin-
cide exactly in height along the "axis of the tube. For
this purpose an adjustment is generally necessary which
may be effected by means of the deflecting system. The
stored signal is removed from the signal electrode 2 and
fed, if desired, with the interposition of a filter, to a video-
amplifier 11. :

According to a further feature of the invention, a
simplification may be achieved by using, in place of the
image point circles, narrow cylindrical surfaces composed
in line form. This may bé done by inserting another
cylindrical electrode 9 in the path of the recording beam
and by partially masking the storage electrode by means
of a further cylindrical electrode 10, thereby imparting
to the beam a radial distortion, by the cylindrical lens
thereby formed, similar to the astigmatism of oblique
pencils of rays in optics, and thus deforming the beam
into a sort of flat beam. The same result may be ob-
tained in connection with the pick-up beam by the elec-
trodes 7 and 8, so that a narrow cylindrical surface of
axial image lines is in each case delimited on the storage
electrode by the electrodes 8 and 16. With such an ar-
rangement, it is easily possible to bring about coincidence
of the cylindrical paths described by the pick-up and
recording beams.

In accordance with a further feature of the invention,
an embodiment may be provided comprising an elecirode
system for producing complete separation of the record-
ing and pick-up beams. Fig. 2 shows a portion of a
corresponding storage tube with the electrode arrange-
ment necessary for understanding the mechanics of op-
eration.

The storage electrode 1, 2 is so dimensioned and dis-
posed directly in back of the electrodes 8 and 18, as seen
in the direction of the beam, that it occupies one-haif
(namely the half located on the pick-up beam side) of
the gap cross-section formed between the eclectrodes §
and 10. The obliquely incident recording beam 12 then
strikes the storage electrode omly in part, while its other
part is lost to the storage proper. A collector 13 is dis-
posed in back of the half of the gap section which re-
mains free, for receiving that portion 14 of the pick-up
beam which passes through the free gap and therefore
does not extinguish the positive charges on the storage
plate. The collector 13 is furthermore so far from the
electrodes 8 and 10 that no recording electrons can strike
it. Since the potential of the collector is positive with
respect to the electrodes 8 and 10 which act as shutters,
similar conditions occur as are present in a triode. The
space filled with slow electrons from the free half of the
gap may be considered as a virtual cathode from .which
the electrons arrive at the collector 13 which acts as anode,
the electrons being controlled by the potential field formed
by the electrodes 8 and 10, corresponding to a control
grid of a triode, Positive charges produced by the record-
ing beam on the storage layer 1, will effect a change of
the potential in the open gap half so that more electrons
of the pick-up beam pass to the collector 13 and thus
control the collector current corresponding to the stored
signal. The pick-up signal can thus be fed to an amplifier
16 completely separated from the recording signal.

As is well known, upon the recording or indicating
of electric signals with the use of a storage tube in which
the recording and pick-up beams operate always with the
same frequency, the phenomenon occurs in many cases,
for instance in connection with use for radar purposes,
that the stored signal differs in its magnitude only negligi-
bly from the noise level. This situation may be remedied
by the application of frequency compression connection
with the continuous pick-up, thus employing for the pick-
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up a lower frequency than for the recording. This is in
practice effected by respectively recording or storing the
electric signal in connection with the recording beam, for
instance up to 50 times, before or while effecting only
one pick-up operation. For such a storage operation,
with the use of a frequency compression, the storage tube
of the invention is particularly suitable insofar as in the
described form of the picture point line or picture line
cylinder surface, no special precautionary measures are
necessary in order to obtain true coincidence of the in-
dividual signals. Furthermore, very high frequencies may
be employed and the compression factor may be selected
as desired; it therefore need not be absolutely a whole
number. One prerequisite for propei operation in con-
nection with such frequency compression is that the sig-
nals are additively amplified, in this case stored, and that
their indication takes place in a linearly faithful manner.
These conditions are however fulfilled in the storage tube
in accordance with the invention since in connection with
the individual recording operations, the noise levels in
question are not correlated as the signals themselves. The
individual noise levels rather, due to their varying in-
stantaneous values, give upon summation an average level
which is approximately constant for all storage points and
from which the additively amplified signal clearly differs.

Changes may be made within the scope and spirit of the
appended claims.

I claim:

1. In a double ended electron tube for storing electric
signals and having an amplifier output for subsequent re-
lease and further utilization of said signals, a first system
for generating a recording beam of fast electrons which
beam is modulated by electric signals to be stored, and
a second system disposed coaxially to the first system and
axially spaced therefrom for generating a constant elec-
tron stream of slow electrons for the pick-up and re-
lease of the stored signals, a cylindrical storage electrode
disposed between the beam generating systems, said cylin-
drical storage electrode being made of mica backed by a
cylindrical metal sheet constituting a signal plate and
extending coaxial to the axis of said beam generating sys-
tem, first deflecting means generating a rotating field for
causing the fast-electron signal-modulated recording beam
to assume cone-like configuration so as to strike said cylin-
drical storage electrode obliquely on the inside thereof and
to trace thereon a circular path, thereby impressing posi-
tive electric charges on said storage electrode correspond-
ing to said signals for the purpose of storing said signals,
second deflecting means generating a rotating field in-
cluding electrostatic means for causing said slow-electron
pick-up beam to assume cone-like configuration and to
exert retarding action thereon and thereby causing said
pick-up beam to strike the inside of said cylindrical stor-
age electrode perpendicularly and to trace thereon a simi-
lar circular path which coincides spatially with the cir-
cular path of positive charges traced thereon by said
recording beam, said pick-up beam semsing the positive
charges stored on said storage electrode and causing re-
lease thereof for further wutilization of the signals corre-
sponding thereto.

2. Electric discharge device, according to claim 1, com-
prising two cylindrical electrodes of different diameter
corresponding to the cone configuration of said pick-up
beam disposed on the side of the pick-up beam between
said second. deflecting means and the storage electrode,
said electrodes being traversed by the beam and being
so arranged coaxially to the axis of the beam system and
provided with electric potentials, that the decelerated slow
electrons strike the storage electrode approximately per-
pendicularly.

3. Electric discharge device, according to claim 1, com-
prising for each beam generating system two cylindrical
electrodes of different- diameter, respectively disposed be-

_ tween the corresponding deflecting means and said storage

qlectr_ode corresponding approximately to the beam path,
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said electrodes being so arranged and provided with such
electric potentials that a cylindrical lens is respectively
formed thereby in which the obliquely traversing record-
ing and pick-up beams, respectively, are subjected to a
radial line-like delineation similar to astigmatism of
oblique pencils of rays in optics so as to form approxi-
mately flat beams, the recording and pick-up beams pass-
ing upon said storage electrode cylindrical paths which are
composed in a line-like manner of dashes in the axial di-
rection and the length of which is at least partially deter-
mined by the width of the annular space between the
cylindrical electrodes adjacent said storage electrode.
4. An electric discharge device, according to claim 3,
comprising an electrode arrangement for the complete
separation of recording and pick-up signals, said storage
electrode being so dimensioned and radially outwardly ar-
ranged in back of the adjacent two cylindrical electrodes
to form an adjacent cylindrical-surface electrode with the
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effective width of said storage electrode being less than
the width of said annularly shaped space, a cylindrical
collector disposed in operative radial alignment with the
remaining unobstructed portion of said amnular space
and so disposed radially outwardly with respect thereto
that only the pick-up beam part arrives at said collector,
the positive charges produced on the storage layer being
operative to affect the effective potential at the unob-
structed portion of said annular space, whereby the ad-
jacent electrodes cooperate thereat in the manner of
operation of a control grid of a triode.
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