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1
The present invention relates to cathode-ray
tubes and their circuits that provide a variably
deflected, point-focused electron beam, and to
methods of improving beam focus.

In the typical cathode-ray tube, an electron -

gun is provided which produces a beam or pencil
of electron rays, and these are focused at a point
ordinarily in the center of a photoelectric, fluo-
rescent or comparable screen or other target such
as one having discrete conductive areas.
the electron beam is deflected from the center of
the target for scanning or to produce a trace, the
focus of the beam at the target is distorted. This
effect is usually more pronounced and objection-~
able with electrostatic deflection than with mag-
netic deflection systems, but it is serious in both
types where the angle of deflection is wide.
Whereas the beam produces a circular spot of
small diameter at the center of the screen, there
is a serious out-of-round enlargement when the
beam is deflected. In television, this not only
reduces the sharpness of the image (picked up or
displayed) but also decreases its contrast. In
applications other than television the loss of

sharp focus may similarly impair the resulf. -

Accordingly, among the objects of the present
invention are: to provide an improvement in the
electron optical systems of cathode-ray devices,
to provide novel electrical circuits for utilizing
the improved cathode-ray devices, and in another
aspect to improve the methods of beam focusing
and deflection.

In the development of cathode-ray tubes there
have been separate improvements in the electron
gun, and in the deflection system. The present
invention provides an improvement interrelating
these two portions in such manner as to yield
improved beam formation at all parts of the tar-
get, such as is now obtained in the absence of
deflection signals.

The distortion of the electron beam caused by
g single field or crossed fields has previously been
recognized and various attempts have been made
to reduce this distortion. According to one line
of thought the mean potential of a pair of de-
flection plates can be varied according to a non-
linear function of the deflection voltage and rela-
tive to the last anode of the electron gun in the
cathode-ray tube. Such arrangement alters the
deflection sensitivity and tends to introduce seri-
ous barrel distortion of the image. Some small
part of this distortion may be desirable in order
to reduce the pin-cushion distortion that is nor-
mally characteristic of electrostatic deflection
fields, The desired balance between the barrel
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distortion and the pin-cushion distortion is fur-
ther affected by the optional inclusion of a-post
accelerator electrode used to increase the bril-
liance of the image without requiring excessive
sweep voltages. Accordingly a further object of
this invention is. to provide a new and useful
method and arrangement for correction of spot
distortion adapted to control as a variable essen-
tially independent of the image-formation and
image-correction systems.

In the drawings there are shown several em-
bodiments of the invention having an electron

lens system including cylindrical lens. means to

introduce a certain beam distortion in advance of
the deflection system which is very nearly equal
and opposite to the cylindrical beam distortion
caused by a transverse deflection field. For fur-
ther improvement, spherical focus adjustment is
also introduced. For crossed deflection fields the
correction electron lens system and its energiza-
tion are somewhat more complex but utilizes
similar lens elements. The invention will be bet-
ter understood, together with further features of
novelty and objects from the following specific
but illustrative disclosure including the dra,wmgs
in which:

Fig. 1 is a diagrammatic view of an undeﬂected
electron beam focused at the target;

Pig. 2 is a similar view of an electron beam
vertically deflected electrostatically;

Fig. 3 is an exploded perspective view of a
cathode-ray tube including a single transverse
electrostatic deflection field and one form of
focus-correction electrode, and a circuit arrange-
ment for beam-distortion correction;

Fig. 4 is a similar view of cathode-ray tube
elements incorporating a modified electron lens
system;

Fig. 5 is a similar view of a cathode-ray tube
and an operating circuit showing another ar-
rangement of focusing and correction electrodes;

Fig. 6 is a similar diagrammatic view of a
cathode-ray tube utilizing magnetic deflection in
the horizontal direction together with another
form of beam-correction system and a circuit for
the correction system; and

Fig. 7 is a similar view of a cathode-ray tube
and circuit for crossed . electrostatic. deflection
fields with an electrostatic arrangement for cor-
recting beam distortion.

In Fig. 1 an electron beam is shown Whlch
converges to a point p at target T.. The pencil
of electron rays is circular in cross-section before
reaching the deflection plates 10 and 12 asis indi-
cated by the shaded area. Rays ¢ and b repre-



sent electron paths at the upper and lower ex-
tremes in the y direction, and lines ¢ and d
represent electron paths for the extremes in the
z direction. It is assumed that this converging
electron beam passes between electrostatic de-
flection plates 10 and 12 which are both at the
same potential and in an equipotential space, and
which therefore exert no deflection or focusing
force on the electron beam. In Fig, 2 the same
electron beam, including extreme paths ¢’ and b’
in the ¥ direction and extremes ¢’ and d’ in the &

direction are all deflected bécatise 6f a potential'

difference applied between plates 10 and 12, but

at target T they do not focus at. a point. - El'ec‘— L
18

trostatic plates characteristically -exert-a focus-
ing effect in addition to their primary deflection
function. As a consequence the components of
the electron beam tend to cross over at various
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scribed herein for illustrative purposes and ap-
pear now to be more important, appropriate cor-
rective magnetic electron lenses and combina-
tions of magnetic and electrostatic lenses can be
substituted. Thus, with etther electrostatically
or magnetically focused electron guns, a mag-
netic cylindrical-electron lens appears to be su-
perior to ‘a like : electrostatic lens when:the de-
flection system is magnetic. Purely electrostatic
correction appears to be preferable for correc-
tion of beam distortion in an electrostatic de-

- flection arrangement.

points before reaching target T, in the ‘manmner -

of a light beam passing through a prism having
convex faces. The spot p’ on target T is observed
tobe greatly elongated in the direction of the de-
flection () and is also somewhat spread in the x
direetion. Thus paths @’ and b’ intérsect at g,
some distance away from target T, whereas paths
¢’ and d’ intersect at r, considerably closer to
target T.

In-order to maintain a spot of minimum area, I
adjust the focus of the electron rays (their angle
of convergence or their lateral separation or
both) before the beam enters a deflection field.

No correction is required for zero deflection in
the usual type of cathode-ray system, and a sub-
stantial correction is required for extreme de=
flection. The means for disturbing the circular
symmetry of the beam includes a cylindrical elec-
tron lens which is energized as some function of
the deflection field-strength. I also use a vari-
able spherical electron lens, energized as a func-
tion of the deflection -field~strength, for further
improvement in the focus correction and for im-
proved operation of the cylindrieal lens.

The term “eylindrical -electron lens” is here
used to mean any electron-focusing field which
in effect resembles a ¢ylindrical optical lens, in
producing equal increased or decreased ‘conver-
gence of the electron .paths in spaced parallel
planes. This type of eléctron lensis alternatively
referred to as a two-dimensional lens, - and in:an
electrostatic system at least one of the electrodes
which - establish this lens variously takes the
shape of a slit between two transverse equipo-
tential plates or an -axially extended space -be-
tween conductive walls-which ‘are directly wired

to each other but are different in potential from

part of the adjacent electron-optical system.
The term “spherical electron lens” is here used to
mean any focusing field for an electron beam
which in ‘effect resembles -a ‘spherical 'optical
lens, in producing egual converging or diverging
effects in all planes having a -common -intersec-
tion coineiding with the axis of ‘the electron-op-
tical system. Spherical electron lenses may var=
iously take the form of conductive plates or tubes
with circular passages for the electrons, centered

about the beam path, differing in potential from -

similar adjacent elements. -Where the term
“combined ‘spherical and -cylindrical electron
lens” -is ‘used, the ‘metallic consfruction in ‘an

electrostatic system will ;usually -include .circu- 7.

larly symmetrieal and parallel“edged components
to be energized by appropriate circuits. Option-
ally-either lens component can precede the other
in-the region before the deflection field.

While -electrostatic electron -lenses -are -de- .
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In Fig. 3 there is shown an electrostatically
focused electron gun, plates for providing a bal-
anced transverse electrostatic defiection field and.
an arrangement-for introducing the desired cor-
rective distortion for the beam before it enters
the deflection region. The arrangement is of use
as.shown, where the crossed transverse deflection
field is ‘magnetic; and it illustrates the funda-
mental features that are utilized in correcting
beam distortion in crossed electrostatlc fields.

Plates 14 and- lG const1tute a vertical deﬁectlon
field system and are shown with elements I8
of a known form of cathode-ray gun that is -
suitable for prov1d1ng an-adjustably focused elec- -
tron beam. Included in gun 18 are cathode 20,
grid 22 and focusmg electrodes 26, 28 and 30
severally in the:form of cu'cular—apel tured plates
and conductlve cylmders -Source 24 provides
beam intensity control. voltage, as from the video
amplifier in a televxs1on -receiver or an adJustable
D.-C. supply.

Positioned -in advance of deflection- plates M
and 56 is .a comp051te cyhndrlcal and sphencal
correct1ve lens-32. The corrective lens in this in-
stance utilizes part of -the focusing electrodes of
gun 18-as.a spher1ca1 corrective component and
in addition a pair of parallel-edged plates 36.as
part of a predommantly cyhndrlcal electron
lens.  Plates 36 prov1de a -slit perpendlcular to
the deflection plane. ThlS slit contrasts with &

circular aperture, and is seen fo be an aperture :
that is elongated - transverse to the path of the

electron beam, and symmetrlcal about the v ver-

tical and z horizontal axes that intersect-at the

center of the slit and perpendlcular t0 the 2 ax1s
along the electron beam . path Electrode 25 is-
preferably mamtamed at constant D.-C. poten-

tial with respect to the cathode in-order not to
dlsturb the characterlstlc of beam mtens1ty

triode 20, 22, 26. To avoid changing the deflec-

tion sensitivity of .plates -4 and 18, the potent1a1
on the electrode closest to the deflection system
should also be held constant.. By maintaining

the voltage -on slit electrode 36 -constant at the
mean potentlal of the -system, -this condition -is
satisfied. With no .deflection the potential on
last circular anode -30 is-made the same as that
of slit electrode 36 and the potentials of - focusmg
electrodes 26, 28 .and -30 are made such as to

provide a point focus -at -the screen.. The poten-

tial-on-last anode 30 -can then be-lowered-relative

to -slit -electrode 36 to decrease the beam -con--
vergence primarily in the wvertical -plane. This

is.accompanied by-a spherical change-in focus be- .
cause of -changed -voltage gradients-at both-sides
of anode 30. -Atthe same time the-spherical beam
focus is appropriately -adjusted by properly
changing the -potential :on eleetrode 28 -in rela-
tion to -electrodes-26 -and-30. The composite re-
sult is-a sl1ghtly enlarged hor1zonta1 beam:spread
and an appreclably enlarged vertlcal spread
which -after traversing the deﬁeotlon ﬁeld s re-
stored to point : focus
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~ Deflection-voltage source 38 applies a balanced

voltage difference to plates 14 and 16, and -at

the same time source 38 energizes separate recti-

fying, wave-shaping, and amplifying voltage sup-
plies 42 and 44, The modified deflection voltage
developed in supply 42 is combined with the D.-C.
potential normally applied between cathode 20
and spherical focus electrode 28. The last circu-
lar aperture electrode 30 is normally maintained
at a constant potential with respect to eathode
20, conveniently the same potential as that of
first anode 26, and this voltage is combined with
the modified deflection voltage developed in sup-
ply 44. Plates 36 are connected to each other
and; if no-effect on the image raster is desired,
to the mean potential point of deflection-voltage
source 38 as well as to- the usual internal con-
ductive coating 46 surrounding the deflection sys-
tem. The potential of slit electrode 38 can thus
be made the same as the mean potential of the
balanced deflection system 14, i6.

- In operation of this circuit there is no voltage
at the output terminals of unit 38 when there is
to be no deflection, and nothing is combined with
the D.-C. voltages in units 42 or 44. The poten-
tials on all of the focusing electrodes at this time
should be so adjusted as to provide essentially a
point focus at target T. Slit electrode 36 will
then be at the potential of last electrode 30.
Under normal (no deflection) conditions the po-
tential of center aperture 28 is much lower than
both first anode 26 and last aperture 30. For
correction of the beam in the presence of a de~
flection voltage, the circuit in the block diagram
appropriately adjusts the voltages on electrodes
28 and 30.

- I have found the spot distortion to be a non-
linear function of the deflection, being the same
for equal deflections on opposite sides of the axis
for aligned electrodes. Consequently units 42
and 44 will include a rectifier when used in a sys-
tem producing this type of dlstortlon and in
addltlon a wave-shaper,

" .In Fig. 4 there is shown an alternatwe»arrange-
ment for achieving substantially the same results
as In Fig. 3, a vertical slit being substituted for
the horizontal slit of Fig. 3. The electrodes are
all unchanged in Fig. 4 as compared with Fig. 3,
except that plates 36’ are arranged to provide a

slit. perpendicular to the deflection plates 14 and -

16 or otherwise regarded, the slit provided by
DPlates 35’ is parallel to the deflection. Using the
same circuit as in Fig. 3 but by making the volt-
age on electrode 30 variably positive relative to
the slit electrode it is possible to increase the
convergence toward the vertical plane between
electrode 30 and slit 36’. Some change in the
magmtude and wave-shape of supplles 42 and 44
is"also desirable.

This arrangement provides the desired beam
the vertical spread of which is sufficiently in-
creased to correct for the inherent non-circular
focusing or beam-distorting effect of deflection
plates 14 and 16. The focus in the horizontal

plane of the beam can at the same time be ad- |

justed to complement the spherical and eylin-
drical effects of electrodes 30 and 36’ in correct-
ing for the tendency of the deflection plates to
cause cross-over of the electron paths repre-
sented by ¢’ and d’ in Fig. 2.

. Figs. 3 and 4 involve alternative methods of
changing the focus of the beam emerging from
first electrode 26 of the characteristically electro-
static system. The purpose to be achieved is the
¢orrection of the spot distortion caused - by a
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transverse deflection field, without materially af-
fecting the deflection sensitivity, and this is
achieved overall by weakening the focus of the
beam in g non-circular manner before the beam
reaches the deflection field. This shaping of the
beam is achieved without affecting its deflection
by providing electrodes enabling operation with
constant potential on the last electrode adjacent
the deflection system. In order not to affect the:
beam intensity it is furthermore desirable to in-
clude a constant-potential anode between thé
cathode and the beam focusing and shaping
region.

It is not necessary for the slit electrode (or
comparable two~dimensional electron-lens com-
ponent) - to follow the spherical electron lens sys=-
tem although the arrangements described above:
now appear to be preferable. The arrangement
in Fig. 5 is an illustration of an alternative in
which the correction component precedes the
circular focusing elements, retaining the inde-
pendent control of beam intensity and deflection
as in Figs. 3 and 4. Vertical deflection plates 10
and 12 are provided with a properly corrected
beam by cathode 14, first anode 16, slit anode 78
and three circularly symmetrical electrodes 80,
82 and 84. The intensity of the beam is controlied
by “grid” 86 between cathode 14 and first anode
16 by means of a video or adjustable D.-C. sup-
ply 88. D.-C. supply 89 maintains electrodes 16
and 84 at constant potential to stabilize the
characteristic of triode 74, 86 and 16 and the
deflection sensitivity. The halves of eléctrode 18
are wired to each other and to electrode 76. A
variable supply 20 establishes a potential dif-
ference between slit and circular electrodes 18 and
80 primarily for spreading the beam in a ver=
tical plane while variable supply 91 and D.-C.
supply 92, connected to electrode 82, separately
adjust the spherieal focus of the beam. The volt-
ages from supplies 80 and 91 are related in ap-
propriate manner as described in connection with
Fig. 3 to the deflection voltage source 93 so that
the beam distortion caused by the deflection sys-
tem will be neatly compensated. Because the
non-circular correction will evidently be reduced
by the spherical electron lenses following, the
arrangements of Figs. 3 and 4 are now regarded
preferable.

In Fig. 6 an arrangement is shown for correct-
ing the spot when magnetic deflection is used:
The two-section coil 48 is provided for deflecting
the beam, ordinarily circular in cross-section,
produced by the electron gun comprising cath-
ode 50, intensity-control grid 52, and focusing
electrodes 54, 55 and 56." For zero deflection the
focus is adjusted for incidence at the target in
a spot of minimum size. When coils 48 are
energized by deflection supply 60 to prodiuce &
deflection field, and the beam is closer to one of
the deflection coil sections than the other, the

. different transverse portions of the beam will be

75

variously affected by the magnetic deflecting field
and its incidence at the target will be enlarged
in the direction of the deflection.

The spot distortion is less with magnetxc de-
flection than with electrostatic deflection, becausé
of greater uniformity of the deflecting field and
because there is no change in beam velocity; but
image definition can be improved and the length
of the tube decreased in a wide-angle deflection
system by correcting the beam before it enters
the deflection field. Thus, a-flat-field coil 58,
optionally in two parts as shown, can be a,rranged
to-provide an axial field-in advance of the ‘de=
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ﬁeldstrength -electrodes {22 and- | 28, both having borizontal

s‘li)ts,_ and a ¢ 1rd s11t electrode 28 the of:

flection ﬁeld of practmally uniforn
15!

ave-s 1ng S b to the rear edges of ‘those ]
supply 62, and voltage prowded by - 1g, ams- lit electrodes nd 126 are both
ph.fymg and rectlfymg supply 64 co i

cylmdmcal and spherrcal focus ] 1}
the electrostatic foeus of the beam in the ele ron
gun and compressing it in the ¥ dlrectlon upon
energization .of coil 58, the horizental elongatlon
of the spot or focus foreshortemng that ‘would
normally be caused by coil 48 can be compen-
sated.

It should be understood that the electrostatic
focusing elements shown in Fig. 6 can be re-

placed by an axial magnetic coil, and its current 20 beam deﬂectmn ‘As an approximation, the veep
or the current through a supplementary axial voltages can be rectlﬁed added in a serieg crrcult
¢oil can be appropriately varied by -a current limited to the peak value of either one, and this
source like supply 64. Also crossed magnetlc de- resultant can be put through a wave-shaper
flection fields can be corrected for spot. distors Altern ti vely the two voltages can be apphegl to
tion by mutually perpendicular axial flat-field 25 separate balanced modulators having a common-
coils like coil 58 and one or more spherical cor- " earrier, relatlvely shifted -80° in the two mod
rection .coils encircling the tube neck and eners lators, and the output of the two modulators can )
gized in part by the deflection supplies appro: be added and then amplltude detected Fhis-

priately revised to deliver -wave-shaped current provxdes a varying voltage correspondmg to the

1If one deflection field of a cathode-ray tube is 30 instantaneous radial deflection which is then put
electrostatic.and a crossed deflection field is mag- through an appropriate -wave-shaper. In an-
netic it may :be found entirely satisfactory to other alternative a flat resistor having a central
correct for the spot distortion of the electro- conductive button and a peripheral conductive

static field only, as in Figs. 3 or 4, leaving the ring can be used in a small auxiliary cathoder
lesser ‘magnetically caused beam-distortion un- 35 ray tube as a voltage divider the movable con-

corrected. In the alternative the electrostatm tact of which is the deflected electron beam.
deflection and correction arrangement of Figs. 3, The particular details of combining unit 134 that
4.0r 5 may be used together-with a crossed mags= is- used dorm no part of the bresent invention. =
netic deflection and.correction arrangement asin Voltage from unit 134 is combined with -the

Fig. 6. However, it is desirable where both of 40 D.~C. from source 13§ and applied to spherical
the crossed fields .are electrostatic -that there be focus-electrode 118. A rectifying and combining
a corresponding correction for ‘both hor1zontal un1t ,38 for .-adding and wave-shaping the sepa-
and vertical -distortions .of the beam focus. rately rectified sweep voltages, variably reduces.
In Pig. 7, a cathode-ray tube is shown includ- the D -C. potentlal .on last anode lzn Another
ing an illustrative form.of correetion and focus-
ing electrode assembly for crossed electrostatic I40 energ1zed by horlzontal deﬂectmn source I32
fields. Vertical defiection plates 180, 102 and bly reduce the D.-C. potential.on
horizontal deflection plates 104, 18§ V.,c.o.n,strtut‘e second horizontal slit 124 In the block diagram- '

the deflection system, while electron gun 108 sup- shown the signal output ‘of unit 140, ‘superimposed
plies a focused beam of electrons and correction 59 on the rectlﬁed and wave-shaped signal developed
system ({0 modifies the normally circular elec- 1n ‘unit |38, is applied to last anode 120.

tron:beam-to correct the vertical or horizontal or In operation the-beam is directed at the center
poth beam-distortion .components. The cors of the screen-in ‘the absence of .deflection signals

rected beam, after passing through the deflection and the potentlals on spherical focus electrodes
field, ‘will be excellently focused at target T de- 5, 418 and 120 are made proper Ior producing
spite the inherent circularly asymmetrical focus= The potent1al on all the sl1t el
ing action.of the deflecting plates. ) deflection is the same as tha
Electron gun 108 includes cathode 112, inten: Ie
sity-control “grid” 14, first anode {18, center
aperture i 18, and last anode 120. A su1table_~b1as
and intensity control signal is applied to grid
{14, as from -the videp amplifier in .a television
receiver. First -anode (1§ is held at a -high con-
stant positive potential by D.=C, supply 21 w1th
respect to the cathode in.order that all varlatlons
in beam intensity shall be caused under. control '
of grid (44 alene. Center aperture ns and last
aperture electrode 120 are held at h1gh posrtlve
potentlals, but the potentials on these electrodes on en ermg leavmg electrode l24 m )
are made variable in accordance -with .modified 70 equal and opposite. This is el1m1nated by
deﬂectmn voltages, to be described. The voltage "~ plying the voltage. from ynit 140 through unit ;138
on electrode Ils is normally much lower than to last anode 120 Deﬂect1on source 139 at thls
that on last aperture 120, in
Included in- correctlon system 110 are. port1ons - un1t 138 The s her1cal focus is adJusted )
of the focusine ‘arrangement of .gun -108, two slit (] changed voltage on. electrode HB dye 1o

T .grad1ent along the elec
electrode I26 causes the fo
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‘134, However there is a change in spherical focus
between electrodes [18 and 120 due to the lower-
ing of the voltage on anode 120, and this makes
possible the total elimination of variable supply
134 with critical design of the electrode assem-
bly, provided that the relative dimensions, spac-
ing ‘and D.-C. voltages are carefully designed.
“When only a vertical deflection voltage ap-
pears, the potential on last anode 128 is reduced

and the beam focus is extended predominantly #

in the vertical direction as explained in connec-
tion -with Fig. 3. The spherical focus is also
properly changed by changed potential on elec-
trode 118 to perfect the corrective beam-condi-
tioning in advance of the deflection system. Elec-
trode 124 is at this time at the same potential as
electrodes 122 and 126 and therefore does not
further affect the beam.

In the presence of crossed deflection fields, the

two crossed components of the beam-focus cor-
rection are severally provided as described above.
In unit 138 the rectified and shaped signals are
added, to reduce the voltage on anode {20 further
than on 124 for proper correction of the crossed
cylindrical components. The signal on electrode
118 provides the proper spherical correction.
- The focus-correcting arrangements described
are primarily intended to avoid the spot distor-
tion caused by usual deflection systems; but
where the spot distortion is altered by special de-
flection system designed principally to reduce im-
age distortion or for other purposes, the foregoing
arrangements provide an independent control
over beam focus. It will be recognized that the
improved focus of a variably deflected circular
electron beam achieved with my invention, while
of importance primarily in tubes having a photo-
electric or a fluorescent sereen, is also applicable
to other types of -tubes having, for example, a
target embodying distinct conductive areas. And
whereas several embodiments have been illus-
trated as preferred, it will be recognized that
others will oceur to those skilled in the art.

What I claim is: )

1. A cathode-ray device having a cathode for
providing an electron stream, a target, means for
causing transverse deflection of the electron
stream across said target, electrodes forming said
stream into a beam and additional electrodes es-
tablishing electrically variable spherical and cy-
lindrical electron lenses providing a substantially
fixed straight-line electron path between said
cathode and said deflection means and effective
when energized to variably control the focus of
the beam and to extend the focus in non-circular
symmetry as a function of the stream deflection

said electrodes including a final electrode dis-

posed in advance of the deflection means which
electrode can be connected to a fixed potential
point as others of said electron lens electrodes
are varied in potential. ‘

© 2. A cathode-ray device according to claim 1
wherein said cylindrical electron lens is estab-
lished by electrodes including an electrode hav-
ing a transversely symmetrical aperture elon-
gated transverse to the electron stream.

3. A cathode-ray device according to claim 1
including in addition an intensity control elec-
trode between said cathode and said stream
focusing lenses.

- 4. Cathode-ray apparatus including a cathode~
ray device having a cathode, a screen, transverse
deflection means and plural beam focusing and
shaping elements between said cathode and said
deflection means, one of said elements being cir-
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cularly asymmetrical, deflection supply means for
energizing said deflection means, and wave-shap-
ing circuits interconnecting said deflection sup-
ply means and said focusing and beam-shaping
elements for variably circularly enlarging the
electron beam and for causing circular asym-
metry as a function of the deflection, in advance
of the deflection field. )

5. A cathode-ray system according to claim 4
wherein a constant potential supply is connected
between that element of the focusing and- cor-
recting elements which is closest to said deflec-
tion elements and the point of mean potential in
said deflection supply means.

6. A cathode-ray system according to clalm 4
including in addition an intensity control elec- .
trode between said cathode and said focusing and
beam shaping elements, and a constant voltage
supply between said cathode and the first of said
focusing and shaping electrodes adjacent said
intensity control electrode.

7. Cathode-ray apparatus including a cathode-
ray device having a cathode, a sereen, a trans-
verse deflection system for variably directing an
electron stream from said cathode to various por-
tions of said screen, a plurality of electrodes be-
tween said cathode and said deflection system
for focusing the electron stream in circular sym-
metry or asymmetry as a function of the deflec-
tion, at least one of said electrodes having -a
transversely long and narrow aperture, and an
intensity control electrode between said cathode
and said focusing electrodes, in combination with
deflection supply means for said system, constant
potential supply means for those focusing elec-
trodes immediately adjacent said intensity con-
trol electrode and adjacent said transverse de-
flection system, and wave-shaping voltage sup-
plies coupling said deflection supply means to
certain of said focusing electrodes. '

8. A cathode-ray tube having a cathode for
providing an electron stream, a screen at which
the stream is to be focused at an area of mini-
mum circular size irrespective of deflection,
means between said cathode and said screen for
producing neutrally perpendicular symmetrical
transverse deflection fields, and a plurality of
aligned electrodes between said cathode and said
deflecting means for shaping the electron stream
into a beam focused at said screen in an area of
minimum circular size irrespective of the inher-
ent non-circular focusing effect of the deflection
fields, said electrodes including plural cucularly
symmetric electrodes and an adjacent series of
- three electrodes, the first two of which have
transversely elongated slots parallel to one de-
flection field and the third having an elongated
slot parallel to the other deflection field.

9. Cathode ray apparatus including a cathode-

v ray device having a cathode, a screen, a trans-

verse deflection couple between said cathode and
said screen, beam-focusing and focus-correcting
electrodes between said cathode and said deflect~
ing couple including at least one unipotential
electrode having a transversely elongated pas-
sage, a deflection signal source for said deflection
couple, and connecting and wave-shaping cir-
cuits between said source and said electrodes.

10. A cathode-ray device including & cathode-~
ray tube having a cathode for providing an elec-
tron stream, a screen, a pair of mutually perpen-
dicular deflection couples for determining the
traverse of the electron stream over said screen,

.- and electron-focusing and focus-correcting elec-
({4

trodes embodying circular and transversely elon-'
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gated passages positioned between said cathode
and said deflection couples, deflection signal sup-
plies for said deflection. couples, a correction sig-
nal seurce connected to a said eircularly sym-
metrical electrode for providing a wvoltage vary-
ing as functions of the signals from said deflec-
tion supplies, and connections ‘between one of
said deflection supplies and anoether of said focus-
correcting electrodes.

11. The methoed of correcting for the defocus-

ing effect of a deflection field in a cathode-ray’

deviee causing non-circular enlargement of the
nermally cireular incidence of the beam prefer-
entially at the screen or target, which comprises
the steps. of providing a normally circular elec-
tron: beam and spreading the beam in the direc-
" {ion of the deflection: as a. function of the deflec-
tlon field before it enters the deflection field.
-.-12, The method of correcting for the spot dis-
tortion of the beam in a cathode-ray device at
the screen or target caused by the deflection field,
which comprises the steps of adjusting the beam
foeus three-dimensionally and two-dimensional-
1y before it reaches the deflection field, each as &
respective function of the deflection field.

13, The method of correcting for the distor-
tion.of a normally circular electron beam due to
an. eleetrostatic deflection field, which comprises
the step of electrostatically extending the focus
of the beam: predominantly in one transverse
plane in advance of the deﬁectmn field and as a
funetion of the field.

. 14, The method of correcting for the non cir-
cular distortion: of a normally circular electron
beam caused by a magnetic deflection field, which
comprises the step of magnetically changing the
beam focus predominantly in one transverse di-
rection as a function of the deflection field.

- 15, The method of correcting for the non-cir~
cular defocusing effect of a pair of erossed de-
flection fields whieh: comprises the:step of extend-
ing the beam focus in the separate directions of
the deflection fields before entering those fields
as. functions of the defiection field intensities.

. -16. Fhe method of correcting the focus-distor-
tion of a cathode ray that is incidental to de-
flection. comprising the step of cylindrically ad-
~ justing the focus of the eleetron beam in. ad-
vance of the deflection field as a function of the
deflection.

17. Cathode-ray apparatus comprlsmg a eath~
ode-ray tube having a cathode for providing an.
electron beam, a screen at which the beam is
desirably focused at an area of minimum-. circu-
lar size irrespective of deflection, a transverse
deflection couple between said cathode and said
screen, plural accelerating and focusing electrodes
between said eathode and said deflection couple,
at least one of said. electrodes having a trans-
versely elongated passage acting with an axially
adjacent electrode to modify the focus of the
electron beam in the manner of a cylindrical
lens, a. source of deflection voltage, and wave-
shaping and proportioning circuits between said
deflection voltage source and at least one of said
eleetrodes for variably adjusting its voltage as
a function of the deflection voltage.

18. Cathode-ray apparatus including a cath-

ode-ray tube having a cathode and the first anode -

for providing a normally circular electron beam,
a. screen at which the beam is intended fo be
focused at an area of minimum circular size
independent of deflection, a pair of transverse
deflection couples mutually perpendicular to each
other., & plural-electrode electron optical system,
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between said first.-anode and said. deflection cou~
ples. the last electrode of which is connected to
the mean potential point of said deflection cau-
ples and, through a constant: potential scurce, 1o
said cathode, said electron. optical systemr inelud-
ing a circularly symmetrical electrode. energized
as a function of the combined: defiection fields,
and an electrode having -a transversely eilon-
gated aperture forming part of-a cylindrieal lens
energized as function of said composite fields. -

19. Cathode-ray.apparatus including a -cath-

- ode-ray tube having a cathode, a target, a.trans-

verse deflection couple between-said cathode and

said target, and a. focusing system: between. said

cathode and said couple for focusing the-cathade

ray from said cathode: on said target i an. area

of minimum circular size, said. system mcludmg .
an axial flat-field electromagnet:

20. Cathode-ray apparatus including a cath-
ode-ray tube having a cathode and a.first anede
for providing an electron beam normally circu-
lar in cross section, a.screen: at which the: beam
is. intfended. to- be focused at- an.area minimum
eircular size independent of deflection, a pair
of transverse -deflection devices between said
cathode and said screen disposed  to.- produce
transverse deflection fields perpendicular to each
other, each deflection device: having a respeetive
deflection sighal supply, a multiple-electrode elec~
tron: optical system between said: first anode and
said deflection devices, the last electrode of said
electron -optical system. heing connected to- the
mean: point of the deflection signal supply of the
deflection: device. nearest. to- said last electrode,
said electron optical system -including eleetrodes
establishing a variable spherical electron:lens-and
clectrodes forming: plural cylindrical -electron
lenses effectively extending parallel respectively
to the fields of the deflection :devices; a. wave-
shaping circuit between one of said eylindrieal
lens electrodes and one of said deflection signal
supplies, a first , combining anéd wave-shaping
circuit connected for energization by both said
deflection supplies and connected to a second of
the electrodes forming said cylindrical lenses,
and a. further combining and wave-shaping cir~
cuit connected for energization by both said de-
flection. signal supplies and connected to &
spherical lens electrode, all for the purpose of
adjusting cylindrical and spherical focus of the
electron beam entering the defiection fields to
correct for defocusing due te the crossed deflec-
tion fields. )

21. A cathode ray deviee having a cathode for
providing, an electron stream, a target, deflee=
tion field producing means disposed between said -
cathode and said target, electrodes forming said
stream into a beam, a beam-intensity control
electrode, and electrodes establishing electrically
variable spherical and cylindriecal electron lenses,
all said electrodes being disposed between’ said
cathode and said deflection means, and provid-
ing a substantially fixed straight line- electron
heam path, said electron lens electrodes-includ- -
ing an electrode having an aperture elongated
transverse of the electron beam path-which aper-:
ture. is. symmetrical about a pair of mutually
perpendicular axes in the plane perpendicular:’
t0. the electron path, said electrodes including a.
final electrode that can be connected to a fixed
potential point separate from others of the elec-
trodes that can bevaried in potential,said spheri-
cal and cylindrical lenses being effective when en-
ergized to variably control the focus of the beam
and to extend the focus in non-cireular sym-
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metry as a function of the electron beam deflec-
tion.

22. A cathode-ray device comprising a screen,
means for forming and projecting an electron
beam along a certain path toward said screen,
beam-deflecting means including beam-deflec-
tion power supply means effective to cause the
beam to scan substantially the entire screen, an
electron lens system including a cylindrical elec-
tron lens component and spherical electron lens
means along said certain path of said beam and
both coupled through shaping ecircuits to said
beam-deflection power supply means for ener-
gization thereby and effective to minimize the
variation in size of the beam when deflected over
the area of the screen.

23. A cathode-ray device comprising a screen,
means for forming and projecting an electron
beam along a certain path toward said screen,
vertical electrostatic deflection means and hori-
zontal electrostatic deflection means positioned
along said path, separate beam-deflection power
supplies for said vertical deflection means and
said horizontal deflection means, a cylindrical
electron lens component along said certain beam
path, a spherical electron lens component sepa-
rate from said cylindrical electron lens com-
ponent along the beam path, and coupling and
shaping circuits between both of said electron
lenses and hoth of said power supplies.

24. A cathode-ray device comprising an elec-
tron target, means for forming and projecting
an electron beam along a certain path toward
said target, means for deflecting said beam later-
ally in a first direction including a deflection
power supply, means for deflecting said beam
laterally in a direction perpendicular to the
first direction and including a separate deflec-
tion power supply, said deflecting means intrin-
sically causing variation in shape of the beam in-
cidental to deflection, and a corrective electron
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lens system including a eylindrical component
and a spherical component both coupled through
shaping circuits to both of said beam deflection
power supplies.

25. A cathode-ray device comprising a screen,
means for projecting an electron keam along a
path toward said screen, beam-deflecting means
including beam-deflection power supply means
effective to cause the beam to scan substantially
the entire screen, a cylindrical electron lens
distinet from said deflecting means, and spherical
electron lens means, said lens and lens means
both being coupled through shaping circuits to
said beam-deflection power supply means and
effective to compensate for the inherent beam-
defocusing effect of said deflecting means.
RUDOLF G. E. HUTTER.
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