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The present invention relates in general 10 an im-

- provement in the sensitivity of cathode-ray tubes, and

more particularly to electrode means for a cathode-ray
tube operating to additionally deflect and accelerate an
electron beam therein to the end of providing improved
tube sensitivity and magnification while preserving the
beam focus therein.

It is highly desirable in any application of cathode-
ray tubes to provide a maximized beam deflection in
the tube to the end of providing a sweep of extended
length and also it is highly desirable to provide a maxi-
mum screen brilliance. Although it is possible to attain
in part these objectives by conventional means such as
increasing the normal tube deflecting voltage or current
yet such conventional approaches are limited in that
same generally impose undue requirements on auxiliary

tube circuitry. Thus, for example, requisite voltage vari- 2

ations and power delivery that would be necessary for
such approaches would be excessive S0 as to preclude
widespread usage thereof. Further, the additional ac-
celeration of cathode-ray tube beams imposes in-itself a
serious difficulty. Full beam acceleration to very high
beam energy prior to beam deflection has been found to
be undesirable because of difficulties encountered in the
deflecting system, ie., the problem of achieving desired
deflection and control of the beam, “Post-deflection ac-
celeration, ie., acceleration of the beam after deflection,
while overcoming the above-noted difficulties raises other
problems in that image distortion resuits, While post-
deflection acceleration systems are known and used, the
tube resolution in such instances suffers thereby so that
systems of that type are inherently limited, at least in
their presently known form. Furthermore, conventional
post-acceleration methods ‘are directed to preserving the
deflected beam direction so as to be applicable only in
‘connection with increasing - beam energy without im-
provement of tube sensitivity.

The present invention is directed to overcoming the
above-noted difficulties encountered in the cathode-ray
tube art as well as to the provision of other advantages
in such art. It is contemplated by the present invention
that there shall be provided within a cathode-ray tube
and following the deflection means thereof, auxiliary or
secondary beam accelerating “electrodes which are so
formed and disposed as to define, by appropriate poten-
tials impressed therebetween, the electron beam accel-
erating and deflecting. fields. Contrary to conventional
post-deflection acceleration systems previously employed
in the cathoderay tube art, the present invention op-
erates to additionally accelerate an eleciron beam and
to magnify the original controlled deflection thereof
without introducing image distortion. This is herein ac-
complished by the provision of spherical electric fields
wherein beam acceleration is accomplished in the direc-
tion of deflection rather than parallel to the tube axis.
In this manner the present invention is capable not only
of further accelerating cathode-ray tube beams but also
of further deflecting same in a uniform manner so that
the resultant beam. impinging upon the cathode-ray tube
screen is additionally radially deflected to thereby ex-
pand or magnify the trace appearing upon the screen
and at the same time to funther energize the beam so as
to’ intensify the magnified frace on the screen. The
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foregoing is accomplished without in any way detracting
from the trace resolution or in any way distorting the
image or display. .
In accordance  with the foregoing it is an object of
the present invention to provide the cathode-ray tube

“of improved sensitivity.

It is another object of the present invention to provide
a cathode-ray tube with secondary or auxiliary beam de-
flection means for maximizing magnification of the tube
display. . :

It is a further object of the present invention to pro-
vide a cathode-ray tube improvement including means
producing post-deflection beam acceleration without im-
age distortion. '

It is yet another object of the present invention to
provide an improved cathode-ray tube including means
further accelerating the electron beam therein in a de-
flected direction for increasing beam energy while at the
same time magnifying beam deflection. ’

Various other advantages and possible objects of the -
Present invention will become apparent to those skilled
in the art from the following description and drawing
wherein there are illustrated several preferred embodi-
ments of the present invention, Although only particu-
lar preferred embodiments of this invention are herein
illustrated and described, it is not intended to limit the
invention by the terms thereof but instead reference is
made to the appended claims for a precise delineation
of the true scope of the present invention.

The invention is illustrated in the accompanying draw-
ing, wherein: :

FIG. 1 is a schematic illustration of a cathode-ray tube
including the improved accelerating and deflecting means
of the present invention;

FIG. 2 is a schematic illustration of a portion of a
cathode-ray tube including &an alternative embodiment
of the present invention;

FIG. 3 is a schematic illustration of a portion of a
cathode-ray tube including a further embodiment of the
present invention; and

FiG. 4 is a schematic illustration of a portion of a
cathode-ray tube including yet another embodiment of
the present invention. -

Considering now the present invention in some detail
as regards the preferred embodiments thereof illustrated,
and referring to FIG. 1 of the drawing, there will be
seen to be illustrated in schematic form therein a cathode-
ray tube 11 including an evacuated envelope 12. In con-
formity with conventional cathode-ray tube practices, the
envelope 12 defines an expanded chamber 13 at one end
thereof with a cathodoluminescent screen 14 disposed at
elongated neck or tube

16 extending from this screen 14 to house at the oppo-

site end of the neck an electron beam source 17. This
electron beam source 17, upon appropriate and conven-
tional energization, not shown, is adapted to produce
an -electron beam and to direct same along an axis 20
of the cathode-ray tube which intersects the tnbe screen
14 at the center thereof. Along the tube axis from the
electron beam source 17 there is ‘provided a primary
electron lens 18 which may, as illustrated, include a plu-
rality of elements spaced along the tube axis and through
which the electron beam is adapted to pass for accelerat-
ing and focusing same. Following the primary lens
system 18 there are provided deflection means 19 spaced
along the tube axis and including horizontal and vertical
deflection means such as the pairs of plates illustrated:
It will be appreciated of course that either electrostatic
or electromagnetic deflection means may be employed in
conventional manner in the cathode tube modified by
the present invention and also that conventional ener-
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gization of the tube elements is intended. An electron
beam 21 emitted from the beam source 17 and passing
axially through the primary electron lens 18, is radially
deflected in passing through the deflecting means 19 and
such deflection is normally accomplished in such a man~
ner as to impart desired intelligence to the beam, such
as, for example, by the application in an electrostatic
deflecting system of suitably modulated deflecting poten-
tials. The beam 21, upon emergence from the deflecting
means and passage through the chamber 13, is deflected
to radially separate, as regards consecutive beam por-
tion, to thereby impinge upon the screen 14 at succes-
sive spaced points to provide a trace thereon. Consid-
ering a single béam portion, for simplicity of explana-
tion, there is indicated in FIG. 1 by the dotted line 22
the path followed by such a beam portion receiving a
particular radial deflection in passage through the de-
flecting means 19 in a conventional cathode-ray tube. As
noted above, conventional cathode-ray tubes, as de-
scribed to this point, are limited in the maximum beam
energy that may be provided, for inasmuch as beam ac-
celeration is normally accomplished in the primary elec-
tron lens or source, such acceleration is prior to beam
deflection and consequently with too high a beam energy
or velocity as a result of excessive beam acceleration
the deflecting means become unable to provide the de-
sired beam deflection. This results from the limited
time in which the electron beam is subjected to the de-
flecting forces of the deflection means and such deflec-
tion time will be seen to be a direct function of the beam
velocity. As regards senmsitivity, conventional cathode-
ray tubes are limited by the fact that large beam deflec-
tions require large spacing between deflecting plates so
that the deflected beam will not strike same and with
increased spacing between deflecting plates, there results
"a lesser effect upon the beam by any particular poten-
tial applied to the plates. The present invention provides
close spacing of the deflecting plates so that only very
small deflecting potentials are required.

The present invention provides means for additionally
accelerating electron beams in a cathode-ray tube after
controlled deflection thereof and for magnifying the de-
flection without distortion of the resultant display. To
this end there is herein provided, as shown in FIG. 1,
a first electrode 26 disposed symmetrically about the beam
axis adjacent the deflecting means 19 and toward the
screen 14 therefrom. This first electrode 26 defines a
semi-spherical surface and may to this end include. a
spherical portion 27 facing the screen 14 and including
or defining a beam-transparent section of the electrode.
This transparent portion of the electrode 26 is disposed
immediately abont the tube axis so as to admit of pas-
sage of the beam through the electrode. As shown in
FIG. 1, the electrode 26 is formed as a hollow cylinder
having a spherical end directed toward the screen 14 with
an opening 28 through such end for the passage of an
electron beam therethrough. This spherical electrode
portion 27 is disposed with the center 29 of the spherical
surface located upon the tube axis. Displaced axially
of the tube from the first electrode 26 is a further elec-
trode 31. This further electrode 31 also defines a spheri-
cal surface as by a semi-spherical end portion 32 formed
on a radius of curvature substantially greater than that
of the spherical portion 27 of the electrode 26, but how-
ever having the same center 29. The electrode 31, which
is preferably radially displaced from the tube axis so as
to be disposed adjacent the sides of the envelope 12, is
also provided with a central beam transparent portion
which, as is illustrated in FIG. 1, comprises a large open-
ing 33 which may in fact approach the size of the tube
screen 14. Inasmuch as the electron beam is radially
deflected in passage through the electrodes of the pres-
ent invention, a substantial beam opening is required in
the electrode 31 in order that the beam 21 will not im-
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pinge upon the electrode. Intermediate the electrodes
26 and 31 there may be provided a further electrode 36
formed with a spherical surface 37 having the same center
29 as the spherical surfaces of the other electrodes and
having a radius of curvature intermediate of the radius
of curvature of the electrode 36 and electrode 31. Simi-
lar to the above-described electrodes 26 and 31, the in-
termediate electrode 37 is provided with a central beam
transparent portion 38 disposed symmetrically about the
tube axis and providing an unobstructed passage for the
beam 21 through the electrode. In the iliustrated em-
bodiment, the intermediate electrode 36 is disposed equi-
distant between the electrodes 26 and 31 although other
disposition thereof is possible. Suitable physical mount-
ing of the electrodes within the envelope may be accom-
plished in accordance with conventional tube practice
and is thus not illustrated. Also the electrode 31 may
be formed upon the tube envelope.

Electron beam acceleration and deflection is accom-
plished by the above-described electrodes through the ap-
plication of suitable potentials to these electrodes for
forming deflecting and accelerating electric fields in the
beam path. Electrical potentials are applied between the
electrodes in such a manner as to maintain the first
electrode 26 at a relatively negative potential with re-
spect to the electrode 31 and further to mainfain the
intermediate electrode 36 .at an intermediate potential
of a value dependent upon the physical location of same
between the other two electrodes 26 and 31. Electrical
connection is made, as by means of conductors 41, 42
and 43, from the electrodes 26, 36 and 31, respectively,
into connection at appropriate points upon such as a
voltage dividing resistor 44 connected across a power
supply, illustrated as a battery 46.

The intermediate electrode 36 is maintained at an ap-
propriate potential to further establish the spherical de-
flecting and accelerating field. As illustrated, the elec-
trode 36 is maintained at a potential about 0.7 of the

total voltage between electrodes 26 and 3%, as by con-:

nection to the center of a logarithmic resistor 44. Any
desired number of electrodes may be employed to estab-
lish the desired spherical field configuration and appro-
priate potentials applied thereto for this purpose, however,
somewhat different potentials may also be employed in
order to distort the field to produce certain desired re-
sults such as compensation for some other cause of dis-
tortion or suitable direciion of the beam onto a planar
screen.

By the foregoing electrical connection of the electrodes
26, 31 and 36, there is established an electric field inter-
mediate the deflecting means 19 and screen 14 of the
cathode-ray tube wherein the field lines are normally
spherical about the tube axis. Thus, between the elec-
trodes 26 and 31 there is established an electric field hav-
ing lines of equal potential which lie upon spheres having
the electrode center 28 as the center thereof and, in
effect, radiating outward therefrom. The intermediate
electrode 36 operates only to further define this field, par-
ticularly wherein the physical separation of the electrodes
26 and 31 is substantial. It will be seen from a con-
sideration of the electric field established by the electrodes
of the present invention, that there is provided thereby
a potential gradient axially of the tube and radially there-
of. With the electrode 31 closest to the tube screen 14
maintained at a relatively positive potential with respect
to the electrode 26 disposed adjacent to tube deflecting
means 19, this potential gradient operates to urge elec-
trons within the field axially of the tube toward the
screen 14 and radially of the tube outward of the axis
thereof. Consequently, an electron beam deflected by
the deflecting means 19 and passing through the electrode
26 enters a spherical electric field of substantial extent
wherein the potential gradient is of proper polarity to
urge electrons radially outward of the tube and also to
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urge electrons toward the screen 14. With the field es-
tablished by the electrodes of the present invention, a
deflected electron beam is thoreby accelerated toward the
screen 14 while at the same time being deflected radially
outward of the tube axis. TIn effect, electron acceleration
occurs in the direction of deflection so that consequently
no distortion of the beam display results, as would be
the case with electric fields established normal to the tube
axis and extending perpendicularly therefrom. In ad-
dition to the general case of exactly spherical fields, there
may herein-be readily introduced such variations in the
fields as are necessary to compensate for distortions that
otherwise result in the display from other causes. This
is herein accomplished by variations in the shape of the
intermediate electrodes or in the potentials applied there-
to.

A modification of the present invention is illusirated in
part in FIG. 2 wherein there is shown the electrodes 26,
31 and 36 of the present invention substantially as illus-
trated and employed in FIG. 1, described above.  The
modification herein illustrated is that of providing a con-
tinuation of each of the electrodes into a complete sphere
or semi-spherical surface about the tube axis. Such elec-
trode continuation is herein made in the form of elec-
tronic grids 51, 52 and 53, enclosing the electrode open-
ings 28, 38 and 33, respectively. These electronic grids
are disposed, as above stated, upon a spherical surface
which is, in the case of each electrode, a continuation of
the elecirode curvature. Additionally, these grids 51,
52 and 53 are formed in a conventional manner as a very
high permeance. structure, as for example, of wire mesh.
Stated otherwise, each of the -grids has a high transmis-
sivity or transparency for electrons and are thus formed
with a maximum area -of openings therein and a mini-
mum area of grid wires or elements. With the grids
having a high transmission factor for the electron beam
only a very small proportion of the beam is intercepted
thereby so that problems of grid heating or beam at-
tenuation or minimized. The function of the grid struc-
tures illustrated in FiG. 2 is to further delineate the
. €lectric field established by the electredes of the present
invention. = There is illustrated in FIG. 2 by the lines 54
a representation of equipotential lines resulting from the
above-noted potentials applied to the grids. It will be
seen that these lines 54 have the same radius of curva-
ture as the electrodes and as each other inasmuch as each
lies on circles having the common center 22 of the elec.
trodes. Also illustrated in FiG. 2 are lines of force of
the electric field established by the electrodes and such
are thereby shown as dashed lines 56 which will be seen
‘to emanate uniformly from the first electrode 26 radially
outward of the tube axis and directed toward the tube
screen with the focal point of the lines being the center
of curvature 29 of the electrodes. It will be appreciated

that electrons entering the field established between the :

electrodes 26 and 31 of the present invention will tend
to follow the lines of force 56 illustrated in FIG. 2 and
that also electrons following such lines of force will be
accelerated along same inasmuch as the positive terminal
of the field is disposed adjacent the screen 14 of the tube.
Consequently it is clear from a study of FIG. 2 that an
electron beam passing through the first electrode 26 and
entering the electric field -established by the electrodes
will in fact be radially deflected while at the same iime
being accelerated in the direction that the beamn is travel-
ing so that the electrodes thereby operate not only to
farther energize the beam but also to radially deflect same
- outwardly of the tube axis.  The acceleration imparted
to the beam by the field established with these electrodes
is not parallel to the tube axis, and therefore does not
operate to distort the display so that no reduced resoly-
tion accompanies. the intensification.
A further embodiment of the present invention is illus-
trated in FIG. 3 of the drawing wherein a relatively in-
verted electrode system is illustrated. In this embodi-
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6
ment of the invention there is provided a first semi-
spherical electrode 61 having the center of cusvature 62
thereof disposed upon the beam axis 28, but in this in-
stance oriented to provide the convex electrode surface
in facing relation to the cathode-ray tube deflecting means
19. This electrode 61 is disposed adjacent the deflecting
means 1% of the cathoderay tube and is provided with a
central opening or electron beam transparent portion 63,
about the tube axis 20 of sufficient diameter to accom-
modate the deflected beam 21 passing therethrough. An
additional electrode 64 is provided as a semi-spherical
element having the same center 62 as the electrode 61
and having a much smaller radius of curvature than that
of the prior electrode 61. This second electrode 64 is
disposed intermediate the first electrode 61 and the tube
screen 14 with the convex side thereof facing the con-
cave side of the electrode 61 and has a minute cpening
€6 therein about the tube axis 20 for the passage of an
electron beam therethrough. As an additional portion
of this second electrode 64 there is preferably provided
a diverging funnel or horn-shaped portion 67 directed
toward the screen 14 and flaring outwardly toward same.

.As in the above described embodiments the spherical elec-

trodes of the present embodiment are adapted to establish
therebetween a spherical electric field for deflecting and
accelerating an electron beam entering same. To this
end the electrodes are connected to a suitable source of
potential, herein illustrated as a battery 68, maintaining
the first electrode 61 at a relatively negative potential
with respect to the second electrode 64.

It will be appreciated from a consideration of the elec-
trostatic field configuration established by the relative po-
tentials of the electrodes 61 and 64 that an electron
beam 21 entering the electrode field region of the em-
bodiment illustrated in FIG. 3 will undergo a deflection
which will, in fact, reverse the beam deflection radially
of the tube.. Lines of force of the deflecting electric field
will be seen to converge toward the screen 14 rather than
oppositely, as in the above described embodiments of
the invention, and thus the radial potential gradient acting
upon an electron beam entering the field urges the beam
toward the axis of the tube so that the beam is in fact
redirected. The beam deflection produced by the spheri-
cal accelerating and deflecting fields of this embodiment
of the invention is such as to cause the beam to cross
the tube axis and the resultant radial beam deflection is
proportional to the original deflection but in excess there-
of. It will be seen further that with the second spherical
electrode 64 having a relatively small radius of curvature
and also a relatively small beam opening 66 therein, that
the electron beam is generally constrained to follow lines
of force of the electric field and will be in fact focused
through the electrede aperture 66 to pass generally through
the center of curvature 62 of the electrodes and thence
onward in a relatively field-free region within the funnetl
or horn 67 into impingement upon the screen 4, In
this instance the second electrode 64 and funnel or horn
67 thereof may be electrically connected to the screen 14
so that there is in fact established an electric field free
region through which the beam passes after entering
the second electrode 64. In the above described embodi-
ments- the electrode adjacent the screen of the cathode-
ray tube may also be electrically connected thereto, Here
again in the embodiment of the present invention illus-
trated in FIG. 3 of the drawing, an electron beam 21
entering. the’ electric field established between the elec-
trodes of the present invention will experience an acceler-
ation toward the screen 14 along the deflected path of
the beam while at the same time experiencing a radial
potential gradient operating to further radially deflect
the beam. Thus in . this embodiment the same result
pertains in that foliowing conventional beam deflection
of the cathode-ray tube there is established a spherical
electric fizld in the beam path which operates to further
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accelerate and deflect the electron beam whereby such
beam impinges upon the cathode-ray tube. screen at an
increased energy and with an increased radial deflection.

The improved electron beam accelerating and deflecting
system of the present invention is also adapted to various
other applications as, for example, the one illustrated in
TIG. 4 of the drawing. Therein there is shown an elec-
trode system including first, second and third electrodes
71, 72 and 73 disposed in the named order between
cathode-ray tube deflecting means 19 and screen 14. As
in the embodiments of FIGS. 1 and 2, the electrodes 71,
72 and 73 are herein formed as spherical surfaces, or at
least semi-spherical surfaces, with a common center dis-
posed on the tube axis and with the electrodes disposed
symmetrically about the axis. The elecirodes are pro-
vided with electron beam openings therethrough of pro-
gressively increasing size toward the cathode-ray tube
screen in order to afford adequate passageway for an elec-
tron beam traversing the tube to the screen thereof.

As a departure from the above teaching, there is pro-
vided in this embodiment = thin sheet or film 74 across
the opening in the first electrode 71 disposed adjacent the
deflecting means 9. This film 74 lies upon the spherical
surface of the electrode to define with the electrode the
semi-sphere thereof. Additionally, this film 74 is formed
of a material that is a good emitter of secondary elec-
trons upon bombardment by primary electrons. More
particularly the film 74 is adapted to produce from the
convex side thereof a plurality of electrons for each elec-
tron impinging the concave side of the film with such
emission occurring directly tarough the film from the
point of impingement of the primary eleciron. It will
thus be seen that a deflected primary electron beam 21
of the cathode-ray tube strikes the film 74 upon the
concave side thereof to produce thereby an electron beam
76 formed of secondarily emitted electrons from the
convex side of the film 74, which secondary electrons are
then further accelerated by a spherical field established
by the electrodes 71, 72 and 73. As noted above, elec-
trons are secondarily emitted from the convex side of
the film 74 directly opposite the point of impingement
of a primary electron on the concave side thereof so that
in effect the secondary electron beam 76 forms a con-
tinuation of the primary beam but is composed of a much
greater number of elecirons. Suitable electrical connec-
tfions from the electrodes 7%, 72 and 73 to appropriate
points on a voltage dividing resistor 77 connected across
a power supply, illustrated as a battery 78, serve to estab-
lish a spherical electric field symmetrically about the
tube axis 20 in the same manner as described above in
relation to FIG. 1. Tt will be seen that the spherical
magnetic field established by the electrodes 731, 72 and
73 of FIG. 4 operate in the same manner as described
above in connection with FIG. 1 to provide an additional
electron beam acceleration to thereby materially increase
the beam energy and further to additionally radially de-
flect the beam in proportion to the amount of the original
deflection accomplished in the deflecting means 19 of
the cathode-ray tube.

A further and material advantage of the embodiment
of FIG. 4 is that of providing a substantial increase in
the beam current by the utilization of a secondary emitter
in the beam path. It is herein contemplated that the
primary electron beam of the cathode-ray tube need not
be of a high current value, for the multiplication afforded
by the secondary emitter 74 is sufficient to provide a
resultant or secondary beam 76 having a current density
greatly in excess of those available from conventional
cathode-ray tubes.

An improved cathode-ray tube coastructed in accord-
ance with the principles of the present invention has, dur-
ing operation and test, proven to have a sensitivity some
ten times that of conventional cathode-ray tubes. A
suitable ratio of radii of first and last electrodes has been

[

10

15

25

30

65

70

76

o

[&]

found tobe 5:1. Additionally, an advantage of the pres-
ent invention lies in the fact that deflection sensitivity
may be made materially higher even with a high final
beam energy as the deflection is largely independent of
the final potential. It is also to be noted in connection
with the present invention that additional focusing of the
electron beam may be provided by appropriate control
of the relative potential between the electrode system
and the electron gun assembly, including the above-
defined electron beam source and primary electron lens.

What is claimed is:

1. A high-sensitive cathode-ray tube comprising an elec-
tron beam source, deflecting means for controllably de-
fiecting an electron beam therefrom, a screen for intercept-
ing said beam, and a plurality of electrodes disposed along
enid beam path intermediate said deflecting means and
said screen and establishing substantially semi-spherical
electric fields symmetrically about the tube axis with lines
of force radiating from a point which is disposed on said
tube axis and is displaced from said deflection means for
further deflecting said beam radially outward of the tube
axis to spread same upon said screen.

2. In a cathode-ray tube having means establishing an
electron beam along an axis thereof and means control-
lably deflecting the beam from said axis to impinge at
controllable points on a tube screen displaced axially of
the tube: the improvement comprising at least two elec-
trodes spaced along the tube axis intermediate the deflect-
ing means and screen, said electrodes being disposed sym-
metrically about the iube axis and each defining thereby,
including projections thereof, a semi-spherical surface
with each having a common center of curvature displaced
along the tube axis from the beam deflection means of the
tube; and means applying a potential difference between
said electrodes to maintain the one nearest said screen
positive with respect to the other for establishing beam

eflecting and accelerating fields.

3. Electron beam deflecting and accelerating means for
a device producing an electron beam and controllably
defiecting same to direct the beam upon a screen displaced
axially of the device from the point of beam deflection,
and comprising at least two electrodes having concentric
semi-spherical shapes and each disposed symmetrically
about the axis of said device, said electrodes each having
a portion about the axis of said device which is transparent
to said electron beam, and means maintaining upon said
electrodes a potential of decreasing positive polarity from
the electrode adjacent said screen to the one adjacent the
beam deflection for establishing spherical electric fields
in the path of said beam, said fields having coincident cen-
ters of curvature displaced along the tube axis toward
said screen from said controilable beam deflection to fur-
ther deflect said beam radially outward of the device and
to accelerate same in such deflected direction whereby the
beam impinges upon said screen at radially displaced posi-
tions without beam defocusing.

4, Means claimed in claim 3 further defined by said
electrodes comprising a pair of concentric segments of
spheres of different radius disposed symmetrically about
said axis with the center of curvature disposed thereon and
the one with the larger radius disposed adjacent said
screen with the convex side thereof facing said screen.

5. Means claimed in claim 3 further defined by said
electrodes each having a central grid portion of high trans-
parency for electrons and each of said portions being
disposed symmetrically about the axis of said device.

6. An improved cathode-ray tube comprising an elec-
tron beam source projecting an electron beam along an
axial path, deflecting means adapted for controlled energi-
zation to radially deflect an electron beam directed there-
through, a screen displaced from said deflecting means
along the beam axis and disposed to intercept said beam, a
first electrode having a centrally apertured spherical por-
tion disposed symmetrically about said beam axis adjacent
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said deflecting means, a second electrode disposed between
said first electrode and said screen and having a centrally
apertured spherical portion disposed symmetrically about
said beam axis concentrically with the spherical portion
of said first electrode, the spherical portions of said elec-
trodes having the centers of curvature thereof disposed

on the tube axis toward said screen from said deflecting .

means, and means maintaining said secord electrode at
a positive potential with respect to said first electrode for
establishing a radially diverging electron accelerating field
whereby an electron beam traversing same is accelerated
and deflected radially outward of the beam axis into out-
wardly displaced impingement upon said screen.

- 7. Beam deflection and acceleration means for a cath-
ode-ray tube including 'a beam source directing a beam
along an axis through the beam deflection means toward
a screen, and comprising a pair of concentric semi-spheri-
cal electrodes spaced along said axis between said defiect-
ing means and screen with each having beam transparent

“portions therein about said axis and adapted to have a
potential. impressed therebetween with the one nearest
said screen maintained at a relatively positive potential
with respect to the other for establishing beam accelerat-
ing and deflecting fields diverging from a point on said
axis displaced from said deflecting means toward said
screen and operating substantially uniformly upon an elec-
tron beam passing ‘at any deflection therethrough.

8. Beam deflection and acceleratoin means as defined in
claim 7, further defined by the first of said electrodes hav-
ing a greater radius of curvature than the second and dis-
posed on the opposite side of the second electrede from
said screen, said first electrode having a large beam trans-
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parency for electron beams to define spherical electric
fields shaped about the axis of the tube.

10. Beam deflecting and accelerating means for 2 cath-
ode-ray tube having an electron beam source directing a
beam axially of the tube toward 2 tube screen through
deflecting means operable to controflably radially de-
flect the beam, and comprising a plurality of electrodes
spaced along the tube axis between said defiecting means
and said screen with each of said electrodes defining a
semi-spherical surface disposed symmetrically about the
tube axis, said semi-spherical electrode surfaces being con-
centric and parallel and having coincident centers of cur-
vature displaced along the tube axis from said deflecting
means, and said electirodes being adapted to have im-
pressed therebetween electrical potentials of increasingly
positive polarity toward said screen to establish uniformly
diverging electron beam accelerating fields for focusing
said beam at radially displaced points on the screen.

11. Beam deflecting and accelerating means as claimed
in claim 10, further defined by one of said electrodes dis-

- posed. closest to said deflecting means having a portion of

25

30

parent portion therein, and said second electrode having

a minute beam transparent portion therein through which
the beam is focused by fields established between the elec-
trodes. -

9. Beam deflecting and accelerating means as claimed
in claim 7 further defined by the beam transparent portion
of said electrodes comprising electrical grids of high trans-
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the spherical surface defined thereby intercepting the tube
axis, said portion being formed of a sheet of secondarily
emissive material producing on the side facing said screen
a plurality of electrons for each electron of said beam
striking the opposite side at a point direcily through the
sheet therefrom.
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