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ELECTRON BEAM DEFLECTION CONTROL
SYSTEM

Joseph T. McNaney, La Mesa, Calnf assignor to' General

Dynamics Corporation, Rochester, N. Y., a corpora-'

tion of Delaware
Apphcatlon May 29, 1956, Serial No. 588 067
10 Clalms. ' (Cl. 315—17)

This invention relates generally to cathode ray tubes-

and more particularly relates ‘to an electrostatic deflection

system for deﬁecung electron ‘beams in the cathode ray
tube.
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The deflection system “utilizes cascade deflection of the |

beam which combines the desirable effects of coplanar-like

beam deflection’ with beam angle deflection control.
In my copending application, Serial No. 414,551, now

U. S. Patent No. 2,761,988, issued. September 4, 1956, T

disclose a cathode ray apparatus for selecting and display-
ing letters and numerals on a viewing screen. for high
speed recording purpeses. . The cathode ray apparatus dis-
«closed in that application employs a thin solid member in
the path of an electron beam in which a plurality of aper-
tures are provided for changlng the cross-sectional shape

of the eléctron beam inio a plurality of character config--

urations. .Deflection plates. are located between the solid
member of character-shaped apertures and a second solid
member. containing an aperture.. These deflection plates

effect selection of individual beams, from the plurality of -

character shaped beams, through the selecting aperture.
Additional deflection plates are provided for directing the

selected beam toward any part of the viewing screen of-
I have found that in this application, as-well
as others, precise and exact alignment of the beams, se-
dected through the selecting aperture, with the normal axis -

the tube.

«of the tube is desirable for the purpose of achieving satis-
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part of the viewing screen. As is readily appreciable, very
precise beam alignment is an important requirement in this
second cathode ray apparatus also. For the purpose of
obtaining proper reglstratlon of message characters on the
display screen it'is essential, prior to the placement of the
character shapéd beams on the screen, that these beams
be returned very accurately to the normal axis of the tube.
Because of optical distortions experienced in connection
with the use of electro-magnetic lenses, and also electro-
static lenses, it has not been possible to achieve completely
the degreé of beam alignment required.

The present invention may additionally be employed in
the second cathode ray apparatus to overcome the present
difficulties; -

In addition to the aforestated objects ‘and advantages, it is"
an object of this invention to compensate for the spherical

‘aberrations of the electron optical system of a cathode ray

tube.

It is another object of this invention to provide an elec-
trostatic. deflection system which produces, in effect, co-
planar-like deflection of an electron beam in both vertical

-and horizontal directions.

It is another object of this invention to provide a means
of deflecting electron beams vertically and horizontally
from a normal axial path at a common deflection plane
so that when the deflected beams are returned to the axis
by either a magnetlc lens or an electrostatic lens, the beams .
will cross the axis at a common point along the axisand to
provide a second deflecting means that will cooperate with
the first means in returning the beams to the normal axial
path

It is another object of this invention to prov1de a beam
deflection system which will provide for compensating of
either pincushion or barrel distortion effects of an electron
beam convergence lens.

It is another object of this invention to prov1de a de-

¢ flection system that will respond in a non-linear manner o

40

factory registration of the characters ¢n the screen. - Con--

‘ventional cascade plate deflection structures do not prov1de"
the desired axial alignment of the beams as they pass

through the selectmg aperature.
Through the present invention, I’ have overcome these

difficulties by providing. a -beam  deflection system which -

45

references, with a high degree of accuracy, all of the indj-

v1dually selected beams to the normal axis of the tube,‘

prior to their placement on the viewing screen.

In another copending application Serial No. 507, 856 a
cathode ray apparatus was disclosed which utilizes still
another character. shaped beam selection and ‘deflection
method of displaying letters and humerals on the viewing
screen of a cathode ray.tube. . The cathode ray apparatus
disclosed in this application employs a thin solid member,
located along the path of the.beam of electrons émanating

from a _gun source, having formed therein 2 plurality of

character-shaped apertures.” A first set of deflection plates
is located between the electron gun and. the solid member
for dlrectmg thé electron beam toward selected individual
apertures in the solid member. When the electron beam

passes through an' aperture, it is shaped in the form of the’

cross section thereof and travelsin a direction away. from

the normal axis of the tube, The shaped beams, however,:
are dlrected into the field of an electromagnetlc lens:which-

returns the beams toward the normal-axis of the tube.- A
second set of -deflection plates is located along the axis at a
location where the beams cross the: axis; which plates cause
the individual beam to be:deflected to become coaxial-again
with the normal axis of the:tube.. - A:third set of deflection
plates is provided to direct the beams toward any- desired:
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lingarly graduated deflection control voltages. .

‘Objects and advantages other than those set forth will
be apparent from the following description when read in.
connection with the accompanying drawings, in which:

“Figure 1 is a schematic diagram of a portion of a
cathode ray tube embodying the invention and showing an
electron optical system which makes use of a. selecting
aperture for the selection of a particular beam from a plu-
rality of beams derived from a beam forming matrix, em-
bodying the invention;

Figure 2 is a schematic diagram of another embodlmentv
utilizing the invention in the selection of a particular beam
from a plurality of character shaped beams emitted from
the surface of a thermionic cathode and for target posi-
tioning;

Figure 3 is a schematic diagram of another embodiment
of the invention;

Figures 4a, 4b, 4c show in detail a construction of the
deflection plates of the systems shown in Figures 1, 2 or 3;

Figures 5a, 55 and 5¢ show in detail another construc-
tion of the deflection plates of the systems shown in Fig-
ures 1, 2 or 3;

Figures 6a, b and c, are diagrams showing the source

_-and correction of non-axial beam alignments;

65

"Figure 7 is a _diagram showing the source of spherical
aberrations;

Figure 8 shows the effects of spherical aberrations on
reglstratlon,

. Figures 9a, b and ¢ are diagrams showing the relation-

- ship of character registration between the image and the

object of character formats in the beam forming element.

Shown in Figure 1 is a cathode ray display tube utiliz-
ing an evacuated envelope or container 1 of the type de-
scribed in my copending application Serial No. 414,551.

- Positioned in one end of the container is an electron beam
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generating means including a cathode 2 and a control grid
4, The electron beam 9 generated is projected generally
along an electrical or electro-optical axis 39 of the tube
toward a target 40, such as a well known phosphor screen
or conductive plates or the like, positioned at the other
end of the envelope. Impingement of the cross-section of
th beam 9 on the target will cause the target or screen
40 to be excited and change electron bombardment into
a corresponding light image. The target 40 may be of a
construction common to each of the tubes as shown in
Figures 1, 2 or 3. )

A convergence means, which may be electromagnetic
or electrostatic, is shown as an electrostatic lens 6. This
lens 6 is positioned along the tube for focusing the beam
cross-section to a predetermined location, which location
will determine the plane of influence at which the beam
9 will be deflected. A beam forming means or matrix
7, having therein a plurality of character shaped openings,
is positioned in front of the lens and will impart at least
one cross-sectional shape to the beam 9. In the simplest
embodiment it may be desirable to have the matrix posi-
tioned intermediate the beam generating means and the
target. )

Immediately in front of the matrix 7 is positioned a
beam deflection system 8. Deflection system 8 is typical
of the preferred embodiment of the invention. The sys-
tem 8 in its simplest form may be disposed intermediate
the beam generating means and the target of the tube 10.
A deflection system, in accordance with deflection sys-
tem 8, may be employed to deflect the electron beam 9
in various applications: such as, in Figure 1, system 8
will deflect the beam 9 to position a portion of the beam
through aperture 12 in aperture plate 11; system 16 posi-
tions or directs different shaped cross-sections of the beam
to desired positions on the target; in Figure 2, system 28
performs a like function as system 8; in Figure 3, system
28 performs a function similar to system 8 (Figures 1
and 2) wherein the electron beam is positioned to illumi-
nate at least a desired part of matrix 20; systems 29, 30
of like construction with system 8 performing, respectively,
a referencing function and a target positioning function
upon the beam. The referencing function is disclosed
more fully in the copending application of Omer F.
Hamann, Serial No. 507,902, assigned to the common
assignee hereof.

Reverting to the operation of Figure 1, the action of
the lens 6 causes a beam of electrons 9, emanating from
the cathode 2, to cross-over at a predetermined location
41 along the electrical axis 39 which is substantially mid-
way of the deflection system 8. The beam 9 then follows
divergent paths until the beam reaches the surface of
aperture plate 11. Aperture plate 11 has formed there-
through selecting aperture 12. The selecting aperture 12
may be positioned substantially coaxially with and sym-
metrically disposed about the electrical axis 39 of the tube.
Only one of the character shaped beams 15 selected from
a plurality of various shaped beams is directed through the
aperture 12 at any single instant of time. The shaped
beam 15 is therefore projected from the aperture 12 sub-
stantially along the electrical axis. After the desired beam
has been selected, the beam may be directed to any part of
the viewing screen or target of the tube by deflection sys-
tem 16. Deflection system 16 utilizes preferably the same
construction as deflection system 8 as aforestated.

Details of the deflection systems 8, 16, 28, 29 and 30,
all of which may be identical, are shown in Figure 4. De-
flection system 28 of Figure 3 is also referred to as the first
deflection system. Deflection systems 8 of Figures.1 and
2 are also known generally as second deflection systems.
Deflection systems 16 of Figures 1 and 2 and system 30
of Figure 3 are generally known as third deflection sys-
tems. Deflection system 29 shown in Figure 3 is known
as fourth deflection system. In Figure 4, one pair o_f,
plates 10, may be used to deflect electrons, for example, in
a horizontal direction, and two pair of plates 3, 3 and
5, 5, in combination, to deflect electrons-in a vertical
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direction. The deflection sensitivity of the dual or split
pair of plates 3, 3’ and 5, 5’ is essentially equivalent to
that of the single pair of plates. That is, plates 10,
10’ will establish an electrostatic field having a predeter-
mined field density, and each pair of plates 3, 3" or 5, 5’
will establish a field substantially one half of the prede-
termined field density. Therefore, part of the beam deflec-
tion, vertical in this example, is accomplished prior to pas-
sage of the beam through the horizontal plates 19, and a
further deflection of the beam is made after passage of
the beam through the horizontal plates.

Some of the newly found advantages and results to
be gained through the use of such a system 8 or 16 in
the selection of a particular character shaped beam
through the aperture 12 and for a better understanding
of the operation thereof, examine with reference to Fig-
ures 6a, b and c¢. One of the objectives of this invention
is, by means of a system of deflection plates 8 or 16, to
return an electron beam to a normal axis of an electron
optical system such as, referencing accomplished by plates
29, whether the electron beam is approaching the axis
from a vertical direction, or from a horizontal direction.
This basic operation is common to most applications of
the system. In Figures 6a, b and ¢, the path of an elec-
tron beam 13 is shown leaving the plane of the matrix
17 in the direction of the electro-optical or electrical axis
18 which is co-axial with the aperture 12 of the aperture
plate 11. - A common deflection plane 21, perpendicular
to the optical axis 18, may, for purposes of explanation,
be positioned approximately midway between the matrix
.17 and the aperture plate 11.

In Figure 6a, a pair of deflection plates 10, 10 is locat-
ed, electrically, at the central deflection plane 21, and the
path of the beam intersects the axis 18 at the latter plane
21. When the proper potentials are applied to the deflec-
tion plates 10, 10’ the beam can be made to follow the
axis through the aperture 12. At 6b, a second set of deflec-
tion plates 23, 23’ is shown positioned in a conventional
manner with respect to the first set 10, and viewed as
though they have been rotated 90° about the axis with
respect to the first set. A beam is directed along a path
13’ toward the axis 18 to a point at which the latter is
intersected by the mid-deflection plane 21. When poten-
tials are applied fo the second set of plates 10, 10’ for
the purpose of directing the beam through the aperture
12, th beam 13’ will cross the axis 18 at the plane of the
aperture plate 11.

Since it is desirable to have the beam 13’ pass through
the aperture and remain on axis, the invention provides
the separation of the deflection surfaces of the respective
plates 23 and 23’, shown at (b), into substantially equal
halves 3, 3’ and 5, 5’, as shown at (¢) having a capability
of generating a field density of one-half that of plates
10, 10’. Plates 3, 3’ and 5, 5’ are positioned on oppo-
site sides of the horizontal plates 10, 10’ orthogonally
disposed about the axis with respect to plates 10, 10’ and
substantially spaced along the axis equidistant from the
deflection plane 21. When the potentials are applied to
the dual pair of plates the first pair 3, 3’ will deflect the
beam along a path 13" which intersects the axis 18 at
the deflection plane 21’ of the second pair of plates 5,
5’ but the latter plates will return the beam on the axis
and through the aperture 12. Plates 3, 3’ and 5§, 5’ may
together furnish electrostatic field density of the same
amount as is furnished by plates 10, 10’. In addition,
it is possible to physically cut in half widthwise one of
the plates 10 thereby furnishing a plate 3 which has ¥
the width of plate 10, but the same length. This eases
manufacture considerably. Such an approach is not how-
ever, the only approach in establishing with each pair of
plates 3, 3’ and 5, 5’ a one-half field density of that
generated by plates 10, 10’

- With the deflection system 8 it is possible to have all

selected beams pass through the electrical center of the
final -deflection ‘'system 16. Systém 16 will deflect the




IEwll therefore be possrble to achleve good regxstratlon

of’ character i images on the screen 40, mdependently of
where the: characters happen.to appéar in the matrix 7.

“As-shown in Figure 4(a), plates 3, 5 and 3'; 5’ may

be structurally joined together and positioned in encom-
passing' relation to plates 10, 10’.. The final deflection
plate system 16 of Figure 1 is similar to the aperture se-
lection plate system 8, and the advantages to be gained
through each system are similar.’ In each case, the ef-
fects of deflecting beams in either vertical or horizontal
directions will be as though the bending of the beams is
taking place at a common - deflection plane. ' Improve-
ments in registration will thereby result from the estab-
lishment of somewhat more rectangular patterns on the
viewing screen.

""In Figure 2 another embodiment of the invention, uti-
lizing the improved deflection plate systems, makes use
of a cathode emitter 22 of character shaped beams. An
emitter of this type is simildr to that described in my co-
pending application Serial No. 537,112, = Still another
eémbodiment of this invention is shown in Flgure 3, which
makes use of the improved deflection systems in a charac-
ter beam forming gun similar to that described in the co-

pending application Serial No. 507,856, ' The “deflection
. plate systems 28 for the selection of character shaped
beams in these latter embodiments of the invention may
be of the type to be described in connection with Figure
5. The plate systems shown in Figure 5 contain addi-
tional improvements over those described and shown in
Figure 4, which are hereinafter described. The plates 3q,
3b, and 5a, 5b may be structurally joined together as are
the plates of Figure 4, but the cross-section of the plates
of Figure 5 is a substantially parabolic curvature. The
curvatures are symmetrically disposed about the axis in
orthogonal and spaced relation to each other.

Reference is now made to Figure 7, which diagram
shows, by way of example, the source of spherical aber-
tations normally experienced in the use of electron lens
systems of either the electrostatic or magnetic types. The
effects of spherical aberrations on the registration, or
alignment of message characters on the viewing screen of
the tube, is exemplified in Figure 8. k

* Pincushion distortion in the projected matrix pattern
of Figure 8 is evidence of spherical aberration. If the
matrix heights are m” for a paraxial ray, and m” for a
marginal ray, there will be a difference, Agq=Az in the
focal positions of the two rays. - If the focal points were
co-incident the magnification ratio of the projected-image
height y" to the matrix height m’ would be constant, or
y'/m”y”/m’”. However, since the focal points are not
co-incident, the latter ratio will be greater. From simple
geometrical considerations, the ratio of marginal to par-
axial magnification is given by: (14-Aq/x) (1—Aq/2:28),
for the drawing shown in Figure 7. The resultant ma-
trix shape was obtained with a projection distance of
x=28 inches.
~ The present invention aids in minimizing the distortion
normal in apparatus such as shown in Figure 1. The
minimization of the distortions may, in addition, be aided
by the proper orientation of character shaped openings
in the matrix. Since a square pattern of character shaped
openings in a matrix 7 are transformed into a pincush-
ioned array of images after they have passed through a
convergence lens 6, this pincushioning can be overcome
by proper location of the openings in the matrix, or on
the surface of the cathode 22, which will be somewhat
in the form of a barrel. After a barrelled array of elec-
tron images have passed through the lens, the effects of
lens abberrations will convert the array to a square pat-
tern. The latter is desirable  since, under these condi-
tions, the application of lineraly stepped signals to the se-
lection plate system 8 will produce the desired selection
of ‘character shaped beams through the aperture 12.

" If a similar approach is-attempted in the case of Figure
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3, to: correct for these sphencal aberratlons, the character
selectlon plate system of Figure 4 would then have to be
operated from 2 non-linear selection voltage source. This,
of course, is undesirable from the standpoint of the com-
plications that"would be added to ‘the circuitry ‘in. order
to provide the required- character selectionsignal non-
linearities. However, through the use of the nove} deflec-
tion plate system shown in Figure 5, it will also bé possi-
ble to minimize the effects of spherical aberrations in the
convergence lems by proper orientation of character
shaped openings in'the matrix.  This improved plate sys-
tem-may be designed so as to furction in a manner that
will produce the reqiired degree of deflection non-linear-
ity:in tesponse to linear control signal inputs. ’

The degree of pincushioning or misalignment of the
characters in a display of the matrix format on the screen
of the tube is directly related to the degree of 1 misregis-
tration ‘of " characters appearing in' a displayed message.
With further reference to Figure 8, characters having the
greatest amotnt of misregistration will be those in the
cofners of the matrix, siuch as, “Q,” “Z;” and “<> »
The other characters- showing a lesser degree ‘of misreg-
istration would: be those assuming the posrtlons of the
charscters “a,” “x%,7 “w,” etc.

The layout of squares, “[],” in Figure 9 explarns fur-
ther the effect of lens aberrations on character misrégis-
tration.- " Each’ square corresponds to the position of a
character in the display’ of a-normally rectangular format
of characters in a matrix as shown, for example, in Fig-
ure 9b.” -In each of the layouts referred to in Figure 9,
only the upper E7) of a complete layout of characters 1s
shown, and in each case, above center lines C.

The deflection system of Figure 5 will make it possible
to arrange the characters in the matrix so that curved lines
and columns - of characters shown in Figure 9a, will take
the form of a square raster instead of one having the out-
line*of a pincushion. The first requlrement of this em-
bodiment will be to engrave the openings in the matrix
in a barrel—shaped arrangement, as indicated in Figure 9c,
in order that an image of the matrix format will appear
in the form of a square, as shown in Figure 95, after
having passed through the convergence field to the-coil.

The deflection systems shown in Figires 4 and 5 are
similar in that they both produce the effect of co-planar
deflection. - The importance difference between the two
systems, however, may be fioted in Figure 4c, and Figure
5¢, respectlvely The views shown aré looking at-the ends
of the plates, in the direction of the electron gun source,
The cross-section of the plates at Figure 5c are- shown
to have the parabohc cross-section presenting a deflection
curvature while that of Figure 4c shows a rectangular
cross-section. In operation, if the beam 26 is: deflected
upward by plates 5a—5b, the degree of movement toward
plate 5b will be a qunction, of beam velocity, distance be-
tween plates, and potential difference applied to the plates.
If 2 potential is also applied to plates 10a—105 and, for
example, deflected in ‘the directions of plate 10b, the
beam deflection in the vertical direction of plate 55 will
decrease. This decreased vertical position of the beam
26 will be in relation to the increased spacing between
the deflecting surfaces of plates 5a and 5b, with respect to
beam position, as the beam is deflected horlzontally away
from the normal axis of the system.

Since a barrel shaped array of characters, similar to that
shown in Figure 9¢, can be made inversely proportional
to a pincushion image of a normally rectangular matrix
format of beams after having passed through a con-
vergence lens, the plates S¢—5b, and 10a—105b, may be
shaped so that linearly applied signals to said plates may
cause an electron beam to respond in a particular barrel
shaped manner of beam deflection. To explain further,
with reference to Figures 9a, b and ¢, a character 195 in
the corner of the matrix 20b may assume a position 19a
on the screen, with respect to a properly aligned position
1%a’, because of the effects of lens aberrations.. If, on
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the other hand, the character 19c.in the matrix 20c was
displaced w1th respect to 2. more linear position 19¢’, the
effects of lens. aberrations would allow the character 19¢
to assume a position- 194", on-the screen of the tube, )

Figure 3 shows the respective locations of all of the
essential elements, discussed thus far. The electron gun
25 at one end of display tube .projects the beam of elec-
trons along the axis of the: tube and into the character
selection plate- system 28. ‘The beam.26 is then directed
through selected openings in-the matrix 20 and then into
the magnetic field of a convergence lens 6 which, in turn,
redirects the electron beam.toward the normal axis of
the gun at the:deflection plane of the reference plates 29.
After the electron beam is returned to the axis of the
tube it enters the. field of deflection plates 30 which posi-
tions the beam on the viewing. screen of the tube.

The: selection plates 28 may be of a construction shown
by plate system of Figure 5, and the reference plates 29
may be of the type shown by the plate system-of Figure 4.
The selection plates 3a—3b and 5a—5b,.in combination
with 10a—105 will convert linearly applied control volt-
ages to non-linear deflections of .the electron beam 26.
As explained in connection with-Figure 9c, the character
openings can be arranged in the matrix to compensate for
the lens aberrations, and the non-linearity of the arrange-
ment of characters can be compensated for by proper de-
sign. of the selection plate system 28 with regard to the
geometry of the deflecting surfaces..

The particular embodiments of the invention illustrated
and described herein are-illustrative only and the inven-
tion includes such -other modifications and equivalents
as may readily appear to those skilled in the art, within
the:scope of the appended claims.

Tclaim:

1. A cathode ray display tube comprising an evacuated
envelope, a beam generating means placed -adjacent one
end of the envelope for generating and projecting an elec-
tron beam substantially along an electrical axis, a target
positioned at the other end of the envelope and responding
to impingement of the beam thereon, a deflection system
for deflecting the beam, the system being disposed sub-
stantially symmetrically about the electrical axis and inter-
mediate the beam generating means and the target, the
deflection system comprising a first set-of deflection plates,
and two substantially identical second sets of deflection
plates. disposed in substantially orthogonal spaced relation
to. the first-set, one second set being disposed on either
side of the first set, the second sets being structurally
joined together.

2. A cathode ray display tube comprising an evacuated
envelope, a beam generating means placed adjacent one
end of the envelope for generating and projecting an
electron beam substantially along an electrical axis, a
target positioned at the other end of the envelope and
responding to impingement of the beam thereon, a de-
flection system for deflecting the beam, the system being
disposed substantially symmetrically about the electrical
axis and intermediate the beam generating means and
the target, the deflection system comprising a first set of
deflection plates, and two substantially identical second
sets. of deflection plates disposed in substantially orthog-
onal spaced relation to the first set, one second set being
disposed on either side of the first set, the second sets
being structurally joined together and positioned about the
first set in symmetrically spaced apart relation thereto.

3. A cathode ray display tube comprising an evacuated
envelope, a- beam generating means placed adjacent one
end of the envelope for generating and projecting an elec-
tron beam substantially along an electrical axis, a target
positioned at the other end of the envelope and responding
to impingement of the beam thereon, a deflection system
for deflecting the beam,. the system being disposed sub-
stantially symmetrically about the electrical axis and in-
termediate the beam generating means and -the target,
the deflection system comprising. a first set. of deflection

[

10

15

20

25

30

35

40

60

8

plates, and two substantlally identical second sets-of de-
flection plates disposed in substantially orthogonal spaced
relation to the first set, one second-set being disposed on
either side of the first set, the second sets being struc-
turally joined together, each of the plates. havmg .a.sub-
stantially rectangular cross-section.

4. A cathode ray display tube’ comprlsmg an evacuated
envelope, a beam generating means ‘placed adajacent. one
end of the envelope for generating and projecting an elec-
tron beam substantially along.an electrical axis, a target
positioned at the other end of the envelope and responding
to impingement of the beam thereon, a deflection system
for deflecting the beam, the system .being cusposed sub-
stantially symmetrically about the electrical axis and
intermediate the beam generatmg means and the. target,
the deflection system comprising a first set.of .deflection
plates, and two substantlally identical second.sets- of de-
flection plates disposed in substantially orthogonal spaced
relation to the first set, one second set being disposed on
either side of the first set, the second sets being structurally
joined together, each of the .plates having a substantially
parabolic cross-section curvature, the plates being ar-
ranged symmetrlcally about the axis and having their
curvatures positioned .in orthogonal spaced relation to
each other.

5. A cathode ray display tube comprising an evacuated
envelope, a beam generating means. placed adjacent one
end. of the envelope for generating and projecting an
electron beam- substantially along an electrical axis, a
target positioned at the other end of the envelope and
responding to impingement of the beam thereon, a de-
flection system for deflecting. the beam,.said system being
capable of effecting deflection of the beam in two pre-
determined stages-directing the beam toward and along
the axis, the system being disposed intermediate the beam
generating means and the target, the. deflection system
comprising. a- first set of deflection plates,. and two sub-
stantially . identical second sets-.of deflection plates dis-
posed in substantially orthogonal spaced relation to the
first set, one-second set being disposed on either side of
the first set,

6. A cathode. ray display tube comprising an evacu-
ated envelope, a beam generating: means placed adjacent
one end of the envelope for generating and projecting an
electron beam,.a target positioned at the other end of the
envelope and responding. to.impingement of the beam
thereon, beam forming means presenting apertures for
imparting at least one cross sectional shape to the beam,
said apertures being aligned in a barrel shaped array,
the beam forming means being positioned intermediate
the generating means and the talget convergence means
positioned intermediate the generating means and the
forming means for focusing the beam to a predetermined
location, a second and a third deflection system for de-
flecting the beam, each of the - deflection systems com-
prising a first set of deflection plates, and two substantially
identical second sets of defliéction plates disposed in sub-
stantially orthogonal- spaced .relation to the first set, one
second set being disposed on either side .of the first set,
the second deflection system being positioned at substan-
tially the location, an apertured. plate having an aperture
is positioned intermediate the location and the target,
the third deflecting system being positioned intermediate
the apertured plate and-the target; the second deflection
system being adapted to- cause selective -deflection of the
beam to direct. portions- thereof  through the aperture to-
ward the third deflecting means, the third deflection sys-
tem positioning that portion of the beam at a- desired lo-
cation on the target, said deflection systems being adapted
to cause successive presentation. of said- cross sectional
shape upon the target in a rectangular array.

7. A cathode ray display tube comprising an. evacuated
envelope, a beam- generating means placed adjacent one
end of the envelope for generating -and projecting an elec-
tron beam. substantially- along-an ¢lectrical -axis, a target
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positioned at the other end of the envelope and respond-
ing to impingement of the beam thereon, a deflection
system for deflecting the beam, the system being disposed
substantially symmetrically about the-electrical axis and
intermediate the beam generating means and the -target,
the deflection system comprising a first set of deflection
plates, and two substantially identical second sets of
deflection plates disposed:in substantially orthogonal
spaced relation to the first set, one second.set being
disposed on either side of the first set, each of said second
sets being structurally joined together, a linearly grad-
uated voltage source for application to the deflection sys-
tem, said system responding to the linear voltage with a
non-linear response.

8. A cathode ray display tube comprising an evacuated
envelope, a beam generating means placed adjacent one
end of the envelope for generating and projecting an
electron beam substantially along an electrical axis, a
target. positioned ‘at the other end of the envelope and
responding to impingement of the beam thereon, a deflec-
tion system for deflecting the beam, the system being dis-
posed intermediate the beam generating means and the
target, the deflection system comprising a first set of
deflection plates having a predetermined surface area, and
two substantially identical second sets of deflection plates
disposed in substantially orthogonal spaced relation to
the first set, one second set being disposed on- either side
of the first set, the plates of the second sets having a
surface area of one-half the predetermined surface area,
the second sets being equally spaced from the first set
and the first set and second set being equally spaced from
and symmetrically disposed about the axis.

9. A cathode ray display tube comprising an evacuated
envelope, a beam generating means placed adjacent one
end of the envelope for generating and projecting an elec-
tron beam substantially along an electrical axis, a target
positioned at the other end of the envelope and respond-
ing to impingement of the beam thereon, a deflection
system for deflecting the beam, the system being disposed

10
intermediate the beam generating means and the target,
the deflection system comprising a first set of deflection
plates, and two substantially identical second sets of de-
flection plates disposed in substantially orthogonal spaced
relation to the first set, one second set being disposed on
cither side of the first set, each of said second sets being

- structurally joined together, the first and second sets in-
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teracting with the beam and being adapted to effect upon
the beam cross section a correction of pincushion and
barrel distortion in the tube. :

10. A cathode ray display tube comprising an evacuated
envelope, a beam generating means placed adjacent one
end of the envelope for generating and projecting an elec-
tron beam substantially along an electrical axis, a target
positioned at the other end of the container and respond-
ing to impingement of the beam thereon, a deflection
system for deflecting the beam, the system being disposed
substantially symmetrically about the electrical axis and
intermediate the beam generating means and the target,
the deflection system comprising a first set of deflection
plates, and two substantially identical second sets of de-
flection plates disposed in substantially orthogonal spaced
relation to the first set, one second set being disposed
on either side of the first set, the second sets being struc-
turally joined together, a linearly graduated voltage, the
deflection system being responsive to the voltage to effect
coplanar-like selectively horizontal and vertical deflections
of the beam with substantially complete beam angle de-
flection response.
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