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Our invention' relates to ‘electric discharge
tubes, and barticularly to electric discharge tubes
provided with means to produce an electri¢ field
having substantially spherical ‘potential surfaces
for :controlling the motion and direction of the
electron beam. . ’ '

The well-known electric discharge tubes of any
kind, such -as ‘Braun tube, cathode ray oscillo-
graph; ;amplifier tube, electron microscope, ete.;
usually are provided with metallic electrodes con-
nected with ‘one pole only of ‘g potential source,
which: electrodes’ exert an influence of the elec-
tron beam.  The surfaces of said metallic elec-
trodes present equipotential surfaces, as the elec-
trodes are connected with one pole only-of a po-
tential source. Therefore it is necessary to ar-
range & plurality of such unipolarly connected
electrodes in orderto produce spherical potential
surfaces  as required- for the operafion of said
tubes. . Apart from the considerable number of
electrodes necessary for the production of spheri-
cal potential surfaces, such an arrangement has
the “disadvantage that, if a certain geometrieal
arrangement of the electrodes is given, subse-
quently a‘variation of the field "distribution is
impossible, ‘ T )

One of the objects of our invention is:to pro-
vide an electric discharge tube, whichprevents
the above mentioned disadvantages and.permits
a variation of the field distribution as it may be
desired. ‘

In order to carry out our invention into prac-
tice, we provide the electric discharge tube Wwith
electrode means connected at least at two points
with a special circuit and adapted to be traversed
by an electric current.  While the electric lines
of force always terminate Upon the surface of
unipolarly connected electrodes at a right angle
and independently of the potential of the elec-
tredes, the electric lines of force terminate: upon
the surface of electrodes traversed by a current
at an angle depending on the current intensity for
a-given resistance of said electrodes. Thus, it
is-possible to obtain any desired field distribution
onthe surface of the electrodes and in-the sur-
roundings thereof by variation of the current.in-
tensity, so that; spherical potential surfaces of the
electric field may be produced by means of a
single electrode or a considerable less number of
electrodes-than hitherto used, and that the field
distribution. may be varied within a wide range
for a given geometrical arrangement of the elec-
trodes.

Preferably, the electrodes traversed by a cur-
rent have a high resistance, so that an undesired

temperature rise is avoided, althcugh z high po-
tential ‘field is present along their surfaces, and
that said electrodes produce the spherical poten-
tial 'surfaces controlling -the electrotn’ beam with-
out undue emitting. of ‘electrons, 5

Other cbjécts and advantages will be apparent.
and the principle and apparatus of the invention
will: be more readily understood by reference to
thefollowing description taken in connection with
the accompanying drawing, in which: 10

‘Fig. 'l shows diagrammatically a sectional view
of-an electric-discharge tuke, whereby the field
producing electrode is formed upon the envelope
of‘the tube. - o

"Fig. 2 is'a sectional view similar to Fig. 1, but 15
illustrates the field producing electrode as consti-
tuting a portion of the tube wall.

Fig. 3 shows diagrammatically another embodi-
ment of an electric discharge tube, whereby the
field producing electrode is formed by a body ar-
ranged within the envelope of the tube.

Fig. ¢ is a cross-sectional view of a field pro-
ducing electrode according to our invention, and

Fig. 5 is a sectional view similar to. Fig. 1,
whereby, however;: the field producing electrode 95
has a resistance varying from point to point.

“In carrying ‘the invention into effect, we pro-
vide an electrode adapted to have a current passed
therethrough; an: electric field being generated
by the drop in potential along the surface of the 30
electiode. ;

In this manner it is possible to cause lines of
force to end upon’a conductor at angles other
than normal, and in this way to control in any
desired manner-the characteristics, and particu- 35
larly the shape, of the field so generated. : The
employment of  current ‘carrying electrodes ren-
ders it possible to pre-determine the ‘boundaries
of the field in a well defined shape with more sides
than it would be possible to obtain by the.use 44
of spaced equipotential electrodes.. For example
by using a single electrede it becomes possible to
produce. 8 homogeneous electric field.

. It is a-well known fact that lines of force gen-
erated by a current carrier will terminate upon 45
the surface of the conductor at an angle deter=-
mined by the voltage drop along the conductor.
Thus for example when directly heated incandes-
cent filamentary cathodes are employed in radio
tubes the distortion of the electric field by the 5
voltage drop across the filament is known to cause
an effect which can be eliminated more or less by
suitable devices.

‘In practice, the current carrying electrodes in
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voltage drop will have to have a high resistance
and are therefore highly resistant material; or
conductive layers on an insulator, will have to be
used.

Further, the use of current carrying electrodes
arranged as a coating upon the wall of the en-
velope of the tube eliminates the occurrence of
uncontrollable and undesired charges on the wall
which would occur if the wall were of insulating
material. Hitherto, it has been possible to pre-
vent the occurrence of such changes by the pro-
vision of a conducting coating upon the wall of
the envelope, but this then becomes a contribu-
tory factor to the shape of the electric field within
the valve since the coating is equipotential.

If the wall of the envelope is of ‘an insulating
material, then it can be used as a direct sup-
port for the resistive layer. The desired distri-
bution of the field can be obtained either by va-
riation from point to point of the resistance of
the electrode body for example the resistance of
the layer or by suitably shaping the resistance
support or the support for the coating.

In order that the potential of the electrode
may be fixed at two or more points on its surface
a suitable number of terminals to these points are
provided.

The invention is applicable to numerous cases.
For example, it is applicable to all kinds of vac-
uum or gas filled electron discharge tubes in
which it is desired to affect or control the move-
ment of the charge carriers—ions or electrons—
by a certain distribution of the electric field.
This applies to radio tubes of all kinds, Braun
tubes and cathode ray oscillographs more par-
ticularly for television, photo tubes and illumi-
nating tubes.

In the case of radio tubes it becomes possible
by the use of current carrying electrodes to con-
trol without the use of a metallic grid a stream
of electrons emanating from a cathode through
an electric field without the field being distort-
ed by the size of the grid wires and the grid
mesh. In the same way all kinds of auxiliary
grids, such as space charge or screening grids,
can be replaced by current carrying electrodes.
Further, for valves energized in the manner of
a Barkhausen-Kurz circuit, a field which can be
exactly calculated can be obtained by current
carrying electrodes.

Further applications, in Braun tubes, cathode
ray oscillographs and electron microscopes, re-
quire a field distribution which corresponds to
an electron lens for reproducing on a fluorescent
screen an electron source, for example a cath-
ode or an object illuminated by electrons or ions,
in the case of the microscope on an enlarged
scale, and in the case of the oscillograph on a
reduced size to produce a point of brilliant illu-
mination.

The production of such a field distribution,
where it is essential to have potential surfaces
as nearly spherical as possible is easily accom-
plished by the present invention. In the case
of Braun tubes for example the current carry-
ing electrodes are formed either by the incor-
poration of a special resistant body or by ar-
ranging it as g thin metallic or conductive coat-
ing on the inside of the tube envelope. In the
latter case the field distribution for focussing or
concentrating the electron stream is obtained
either by suitably shaping the inner wall of the
tube or by producing a layer of resistant mate-
rial locally modified or by the provision of a suit-
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able concentrating electrode also designed ac-
cording to this invention.

In the same way current carrying electrodes
according to this invention may be used for the
deflecting plates, for which it is important to
have a homogenous field or a field which ensures
the constant proportion of the deflection.

In high tension technique it is frequently de-
sirable to have exactly defined fields at given
points on an insulator. If however very highly
insulating materials are employed this is not
possible since as a result of charges accumulat-
ing a field results along their length which can-
not be determined, and in some cases arcing or
sparking may result. The use of conductors of
very low conductivity renders possible the defi-
nition of fields at given points of the insulator
or on the whole surface thereof; in particular
intense fields may be kept away from points
where sparking is likely to occur.

Thus it is possible to construct a discharge tube
in which the potential drop down the tube is
evenly distributed, and thus to use very high
voltages, by arranging a highly resistant body
inside the discharge tube, for example a thin
metallic Iayer on the insulating wall.

Referring now in detail to the accompanying
drawing: The valve of Fig. 1 consists of an en-
velope 1 in which is secured in the usual man-
ner a cathode 2 and anode 3.
ing electrode 4 of the present invention is the
other electrode in the tube and is preferably ar-
ranged as shown, remote from the path of the
charged particles passing between cathode 2 and
anode 3.
4 comprises a thin metallic coating applied to
the inner surface of envelope 1, and may extend
partly or completely around the envelope. Ter-
minals 5 and 6 are provided to the coating to
permit the application of a potential to the ter-
minals so that a current may be caused to pass
through the electrode. The passage of the cur-
rent therethrough generates an electric field
which may usefully be employed to vary the path
of electrons or other charged particles passing
in the anode-cathode direction.

Fig. 2 is similar to Fig. 1 (like characters rep-
resenting the same or corresponding parts). The
field producing electrode 4, however, constitutes
a portion of the wall of envelope { and is com-
posed of a partly conducting ceramic material.

In Fig. 3 the electrode 4 is replaced by an
electrode {4 arranged within the envelope |I.
Terminals 15, 16, 17, 18 are provided to enable
current to be supplied to various parts of the
electrodes. Owing to the passage of current
through the electrode {4, and to the consequent
field produced therein, it is suitable for use as
a control electrode for controlling the cathode-
anode stream in the manner of a control grid in
a thermionic triode.

Fig. 4 illustrates a suitable method of form-
ing the field producing electrode. The elec-
trode consists of an insulating body 12, prefer-
ably of ceramic material, to which is applied a
thin conductive coating 13 for example by cath-
ode sputtering.

According to the embodiment shown in Fig. 5,
the control electrode 4 has a resistance varying
from point to point. The arrangement of the
cathode 2 and the anode 3 is similar to the ar-
rangement of these parts in the embodiment
shown in Fig. 1.

What we claim and desire to secure by Letters
Patent is:—

The field produc- ¢

In the embodiment of Fig. 1, electrode 7

(>3

10

20

40

45

50

60

70

5



2,095,980

1. Apparatus comprising an exhausted en-
velope, an electrode within said envelope for
emitting charged particles, a second electrode
within said envelope upon which said particles
are to impinge, and means for producing an
electric field for controlling the motion of said
particles comprising a third electrode of highly
resistive material constituting a part of said en-
velope and adapted to be traversed by an elec-

10 tric current.

2. An apparatus comprising an exhausted en-

3

velope, electrode means within said envelope for
emitting: charged particles, second electrode
means within said envelope upon which said
particles are to impinge, and non-thermionie
control electrode means of poorly conductive in-
sulating material constituting a part of said en-
velope and having terminals for the passage of
an electric current therethrough.
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