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Cr 0Ss1d:h@y tube’ comprising an,electron” gun “systeni
for.. producmg . phrrality . of - electron: beans,
- at, Jeast . two common, - substantially - circular-

cyhndncal and-substantially coaxial electrodcs -

- whose, axis. does. not. coincide with ‘the “axis ‘of
15

thode; . “‘control “grid - 'and

an, mdependenti

20

system may comprise a. smgle gun having ‘comm~
mon ; accelerating. electrodes. and “a - commen
.- contro} grid ‘or cathode for all the beams. The
display.screen. may be madeup from a. plurahty
.. of substances which are capable of luminescing

bombandiment. and: the

.. colour selection- electrode . arranged: -adjacent
" and-on the’ guit ‘side.of saxd screen, the electron
.. gun. system’ producmg a, number -of election
30

luminéscing’,. substances, . .and., 2 lens field
. obtained . by theans-of . the common;’: substan-

tially cxrcular-cyhndncal eléctrodes a least con-..

tributing -to_the. conyergence of said beams i
the: plane of the colour selection electrode.

+In such a calnur-dlsplay_ tube each of the
ol electron beams is focised on the display screen
" or.in a.plane.located near said screen,:fo

3

example that of - the, colouir"selection. electrode.’
This is performed -partly by the lens effect
between: successive...electrodes - of- the -gun- or-

_o_wde a first focusing effect.
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'16 and 20 fronithe axi s 217to the
of the gun was also 3.5 mm The inner dia- difference between the
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the paths of one or more of 'said beams,’, and :
a:display screen. The gun System may comprise _
a; separate gun for.each beam, each.gun haying

+ in- different: colours__ in. response t0- electron::
tube may inclide 2.’

beams , corresponding. with the number. of -electrodes. 11e in; planes“at right angles to the

- are focused more. strongly than electrons which

- the ‘beam: and which fs.
first plane A plane containing the axis of the
'._cyhnder is térmed a.meridional plane of the

lens and: elecn'ons thch move in such a plane

1, 231, 985

11 shows the |ntersect|ons of sone dlstance of the line 23

ned by the gap due
application

the _
of the sane

nmeter of the portion 82 of the fourth electrode 5
and the plane containing the axis of the 3eam
70 88 at the centr.e %

- ;...:mmg?mg??;ﬁ'efe%rm%sgame

80 was 14 nm and t hat of
the gap and normal to the

in the di e gun axis

dlrectlon'._

80

FOTR 8 mm Thi's gun may
ocusi ng-o le by the follow ng
ns of the” beam 88 can be obt ai ned

plané the .colour . seletibrD eldoftBde\(whith FI gure 12
may 17 | ay_ ! g_w_q W]nusk -electrode). This lens vV

s ;3?@ ‘é‘"F‘ 1, 700
dafirig on thé'“!ﬂd grid

¥ ted by
Fsections
cnrcular—cylmdncal electrod‘cs This lens effect 55
usually addmonally provides the required

second -focusing action: on each electron beam.
Such. ‘an electro-static .converging system is

the'electrode 81 had'an anpl i

- particularly suitable when the beams are close
“to gach other, because there is then little room

60

for: the pole pieces .which would be required

for, magnetic convergence. This may be the
-case in:a cathode-ray tube in which the various
accelerating ‘electrodes. . As an alternative.the. - slec
_ If the :number of electron béams is three and

"beéams are produced by a single gun.
65
if the centres of the beams in the gun lie at the
corners of an isosceles; triangle, dynamic con-
vergence -is required. .Jn principle, dynamic
convergence may be d;tspensed with. by using a
special -type of .deflection coil, provided that
the ‘electron beams. ':_ the gun are substantially
co-planar '

Tt has been found that if the adjacent ends
of each of said substanually circular-cylindrical

70

5
'cyhnder .axis, @ rotation-symmetrical field is
produced but that such a lens field produces

‘an’ asymmetrical. second focusing action on a

beam:whose axis. does’not coincide with the '
1 . 80
spot” produoed ‘by:the beam .on the screen
assumes an elongate form. The. electrons of the
nove; in & plane containing the
“and ‘the .axis of the cylinder

8
move in the plane which contains the axis of
perpendicular to the




edge of the portion 83 at points 106 and 108
vol tage serves for co-
trolling the beam current

normal to the

beans and whi ch passes through
the axes of the el ectrodes are designated by
resultant 109 and 11. These intersections cross the
an eIethqglﬁgot of of the portion 83 at2
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substantially coaxial electrodes whose axis does
not coincide with the axis of the paths of one
or more of said beams, and a display screen,
the axes of the electron beam paths and the
substantially * circular-cylindrical electrodes
being located substantially in a plane, the axis
of one beam substantially coinciding with the
axes of the substantially circular-cylindrical
electrode, the distances between the effective
boundary line (as herein defined) of the sub-
stantially circular-cylindrical electrodes and the
display screen at its pomts of intersection
with: said plane being relative maxima and
greater than the average distance hetween said
line and said. screen, and the distances between
the points of intersection with a2 plane perpen-
dicular to said plane and containing the axis
of the electrodes also being relative maxima.
The term “effective boundary line of the
substantially circular-cylindrical electrodes”
means the following: If the first and second
substantially circular-cylindrical electrodes are
a free-standing electrode and a conductive coat-
ing on the tube envelope, respectively, then
the diameter of the first electrode will be
smaller than that of the second and the con-
ductive coating on the envelope will usually
overlap a part of the first electrede. The effec-
tive. boundary line is then the normal projec-
tion of the end of the free-standing first elec-
trode which is enclosed by the second electrode

on to said second electrode. If the first and

the beans were initially plane of the

des-
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g%&n{ngg ogﬁgpé Z(Eg l.‘esfhthat they are
NEchvek ligwards the display screen so that a

reduced focusing of the meridional electrons is

produced. The difference between the second-
focusing action on the meridional and sagittal
electrons of such a beam can thus be reduced.

I desired, the sagittal and the meridional

electrons can thus be focussed substantially at

one point. In order to ensure that the field
rcquired for the beam whose axis coincides
with the cylinder axis is still obtained, even

when this is done, the distances between the

effective boundary line and the display screen
at the points of intersection of said line with a
plane perpendicular to the plane containing
the axes of the electron beams and which con-
tains the cylinder axis are also made relative
maxima. Said distances are preferably sub-
stantially equal to the corresponding distances
where the effective boundary line intersects the
plane containing the axes of the electron beams.
The strengths of the converging lens in two
orthogonal planes containing the axis of the
cylinders will then be the same so that the field
has four planes of symmetry, which is a favour-
able situation for the beam whose axis coin-
cides with that of the cylinders.

The effective boundary line may have
various forms. It may, for example, have a
square-wave worm but it preferably has no dis-
continuities because a smoother variation of
the equipotential planes will then be obtained.
In the particular case in which the distance
between the effective boundary line and the
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the axes of the electrons is substantially
neutralised.

respectively. The dis-
tances of the

oints 128 an

130 fromthe dis-

127,

55

SRt 2

L 4

rl

piames~or symetry an
guasi -symretrica
aver age di s-
fromthe display screen.
The di stances of the points 12
143 15 and from_ the dISDIav

pl ay screen (not shown) are equal,
about the axis. ) ]

In one exanple the circular o
120 11 and 12 in

g

i ngs 10,

grld i3,had a an@§&

AbeCaust] me vaReionnoft thes

': Rape

! equhy
WBX|nmmmthlph@seﬂ%éﬁﬁdﬁe§ el Légi

thréugﬁ%?he

openi gt s‘i&%&g& qm

65 t Ifeatix If&loﬁlltﬂfprdﬁhe estivy
str ongzlon)ndarwa%% e‘h“e ot th‘" gap &
Ve,

ibed
L, 2@1 iy lfaﬁrgpr filing __oxél -one of the, adjacent

COr I eSRa,

used fykle tielottet et ep insa nlenetm”a'lta.
€8

C|rcuL@§3%yﬁﬁﬁﬂFWQ%ﬂ

e Q%me§

dly

éﬂ!&

11CI)

t heir $
ver@?cﬁﬁf*

that ig '“
* t he guﬁmﬁothphgg

1
- sag, ttg sy m{?ﬂmﬁc&; :
gri ﬁﬁé&e
first k@eulsk igiuaherhire pmelb

-for. .example - vem

yee o
an: elongate,
spot ‘on the-
initially -have .a rotatxon—symmemcal nature;
This could rot be done for-all: beams ‘if ‘they

. pass- through: a converging system the:circular-
cylindrical electrodes. of which’ have end faces-

30"

located in planes, since the rotauen—symmetry'
is -maintained for.. the beam whose. axis_coin-

: cides with- the-axes: of :the- electmdes ‘whilst

it is: difficult to"obtain: the -correct degree of

astigmatism for the beams -located. away. from
the -axis, This' elongate. ¢léctron spot - shape
; “however, -be .obtained.. for.all beams_by
usmg the sha
described..

'40. ean
substarnitially . -circular-cylindrical -

45
", plane mormial to: the plaoe. containing
axes -of the electron beams: and. the  axis " of

the electrodes: will not be equal to the corres-:

ponding distances’ where it intersects the plan
containing the :axes. of  the: ‘electron beam:
The effective boundary line’ ‘may . then ha
the form of -two: supérimposed sine ‘curves,
two cycles
béing included in the beundary line. Ini ‘this

smooth shape. .-

with refetence r,ahe acoomPanymg dlagram-
matlc drawmgs, in"which;

. thur
anure 1 on’ an enlarged scale, * .
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.pnses a.gun 2 (shown
‘ducing- thre¢ - electron. beams,’ whose -centres
‘afie located in a: ;plane ‘containing: the axis of

of the effective; boundary line .
these ‘two. cases - the: distances’ . inj
between the ‘effective - boundary line of the. -4
electrodes”
and the display screen where. it mtersects the.
the 18, :19 and-20.-The centres of the openings 11,
: 15 and 19 aré:located ‘on the:axis 21 :of the

“second’ gnd 13 havmg

of ‘one and four: cycles ‘ef the othér:

way the boundary hne can be made to. have a
; “-cathode 8. The tube ‘also” includes -a-common
“fotirth -electrode 24 ‘and 'a_common, circular-

Embodxments ‘of the mvenuon w1|1 now - “cylindrical fifth electiode :25. The fourth elec-

o - be described more ‘fully, by way. of example, -

- cylindrical portions . 26
" electron beams is subqected
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c1rcuﬂ-cy Adrical electrodes.: - -

-The cathode-ray tube 1. of Flgure 1 -com-
_schematically) : pro-

the | gun, ‘the;axis of the Cen tral electron beam
coinciding-:with" the . gun- ‘axis, These three
eléctron; beams: are’ converged:on-a shadow-
mask 3, ‘after "which the ‘beams- each -strike

given parts iof a luminescent . screen 4. The

screen is ‘scanned by means of .a deflection
device :5 shown schematically.:
;In Figure 2 the gun comprises three cathodes

-6 and 8 a ‘corumon first grid 9 ‘having open-

"and 12 "for the -beams: from
d -'-'-8 -a --common

and a.common ‘third grid.. 17 havmg opemngs

whereas the centres of the openings 10,
14"and  located. on a-line 22 parallel
10 the' ‘axis Z'I,i-and, ‘the centrés of the openings
16 and’ 20 are Tocated ‘on a:line 23 also

: parallel to the axis :21. The line 22 coincides
_:w1th the" axis
! coincides withi-the axis of . the cathode 7 and

of the cathode 6, the axis 21

the' line 23 coincidés with’ the “axis of the

trode 24, comprises’ ‘two interconnected; circular-
and 27. Each of the
to 4. first. focussing
action between , the: second grid ‘13, and the

-Efourth electrode: 24, and t10'a. second, focussing
-action in the, accelerating converging Tens com-
¢ prising. the; fourth electrode 24 and the fifth
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second focusing action on the neridional
el ectrons of these beans is reduced. VWHAT WE CLAIM |S: - However a
vertical line is still_produced in 1. A cathode-ray tube conprising an

and is produced. sagittal

“electron 75 the plane in which the neridional el ectrons gun systemfor
producing a plurality of elec- 15 are focused, and this plane is nmade that
of the tron beans, at |east two common, substan- display screen. OmMng to
the shape of the gap tially circular-cylindrical and substantially co- at
128 and 130 the field on t@ﬂe axes of the gﬁ g\i el ect rodes whose .axis doei
not coincide.electrodes IS no | onger rot al> ymetrical ~sqQ
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gide of the gap.
ersections of some
equipotential planes, formed at the gap due
to the application of - the same -voltage
difference between the electrodes 30 and 31,
and the plane containing the axis of the beams
38 at the centre of the gap and which is nor-
mal to the ‘meridional plane containing the axes
of the beams 38, 39 and 40. These intersec-
tions are designated by 48, 49, 50, 51, 52, 53
and 54. From the Figure it will be apparent
that these intersections are again symmemaal
on either side of the ga

Because in the case descnbed with reference
of Figures 3, 4, 5 and 6 the axes of the beams
38 and 40 in the lens field between the fourth
and fifth electrodes do not- coincide with the
axes of the cylinders, this lens field produces
an aberration in the second focussing action
to which these beams are subjected.- The axis
of the gun is designated by 55 in Figure 7. A
virtual crossover of each of the beams 38 and
40 is reproduced by the lens effect between the
second and fourth electrodes approximately at
the point 56 on the axis of the gun. These
common cross-overs have to be reproduced: at
a single point on the screen by the lens effect
between the fourth -and fifth electrodes This
lens effect has therefore to converge and focus
the beams simultaneously. In fact an aberra-
tion is produced, which is evident from the
electron paths illustrated for the beams. The
circle 57 is a section of the beam 38 taken
in the main plane of the converging lens. The

tions 82 and 83. The fifth electrode 81 is

<ircular-cylindrical and has the same diameter

as -the portion' 83. The adjacent ends of the
electrodes 80 and 81 have a sinusoidal shape
in a complementary manner so ‘that the gap
between them has a constant width and the
centre of the gap follows the same sinusoidal
form. The axes of the beams at the centres of
the gap are indicated by 84, 85, 86 and these
points - are located~ on a line 87.

Figure 9 is a sectional view taken at right
angles 1o the axis of the converging lens of
Figuare 8 and shows the circular-cylindrical
portion 83 of the electrode 80 with the posi-
tions of the three beams 88, 89 and 90 at the
gap between the electrodes 80 and 81, the axes
of which beams at this position are designated
in Figure 8 by 84, 85 and 86 respectively.

Figure 10 shows the intersections of some
equlpotennal planes, formed by the gap due
to the application of a voltage difference
between the electrodes 80 and 81, and the
meridional plane containing the axes of the
beams 88, 89 and 90. These intersections are
desxgnated by 91, 92, 93, 94, 95, .96 and 97.
From the Figure it will be apparent that the
intersections are still almost symmetrical on
either side of the gap. As compared with the
intersections 41 to 47 of Figure 5 they are
slightly more convex towards the fifth elec-
trode 81, at positions near the axes of the
beams 88 and 90. Thus the focusing of the
mendlonal electrons of the beams 88 and 90
is slightly weakened. -
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In this way the three beans can each be nade different colours in response

to electron bom 100 to give a vertical line in the same plane. bardnent
and _the tube jnclydes a.calour

- - i g S -
~configuration tion electrode arranged adjacent and on the fﬂaggioﬁggﬁgg{
with the invention. This Figure gun side of s y screen, the electron’gun
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109 .and 11. These intersections cross the. edge owever, an electron spot’ of
‘of - the: pomon ‘83 ‘at ‘points 105 and” 107;-as "_asugmanc nature maybedesn'ed For example, 95
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so great that the position is reversed and the
beam has an astigmatic nature such that the
plane in which the meridional electrons are
focused to give a vertical line becomes nearer
the gun than the plane in which the sagittal
electrons are focused to give a horizontal line.
Inﬂﬁswaydwthreebeamscaneachbemadﬁ
to give a vertical line in the same plane.
Figure 14 illustrates another configuration
in accordance with the invention. This Figure
is a developed view of part of circular-cylindri-
cal electrodes 140 and 141 of equal diameters
located one on each side of a gap, the electrode
141 being located nearest the display screen.
The intersections thereof with the horizoital
plane containing the beam axes are designated
by 143 and 145. The intersections thereof with
the vertical plane going through the cylinder
axes are denoted by 142 and 144. The effec-
tive boundary line of the circular-cylindrical
electrodes is the line 146, which intersects the
lines 142, 143, 144 and 145 at 147, 148, 149
and 150 respectively. The distances of the
points 148 and 150 from the dlsplay screen
(not shown} are equal, sre relative mazima and
are greater than the average distance of the
line 146 from the display screen. The distances
of the points 147 and 149 from the display
screen are equal, are less than the distances
of the points 148 and 150 from the display
screen and are also relative maxima. This con-

vh ong} glec-
et ﬁ&"ﬁmi@é@e :

Ty

%‘i‘l St :w@dsﬁ%" il
e);ausmmu gnramﬂmé hie sithe
beain| sybstaptiadly) o

I“il
b@tgﬂoi I'ltf ﬂ xaiiAn

kil
8t &ﬁ?ﬁ’lﬁi{i jof, intersection with said

%grtert

baic scb&hlndﬂl’ the distances between the
points of intersection with a plane perpendicu-
lar to said plane and containing the axis of
the electrodes also being relative maxima.-

2. A tube as claimed in Claim 1, wherein
the display screen comprises a plurahty of sub-
stances which are capable of luminescing in
different colours in response to electron bom-
bardment and the tube includes a colour selec-
tion electrode arranged adjacent and on the
gun side of said screen, the electron gun sys-
tem being constructed and arranged for pro-
ducing 4 number of electron beams corfes-
ponding with the number of luminescent sub-
stances, said circular-cylindrical electrodes
being capable of producing a lens field at least
contributing to converging said beams in the
plane of the colour selection electrade when
encrgised.

3. A tube as claimed in Claim 1 or 2 where-
in ‘said distances between the points of inter-
section with the plane normal to the plane
containing the axes of the electron beams and
said screen are substanually equal to said dis-
tances between the points of intersection with
the plane containing the axes of the electron
beams and said screen.

4, A tabe as claimed in Claim 3 wherein
§he effectlve bOundary line as a sinusoidal
orm.

5. A tube as claimed in Claim 1 or 2, where..
in the effective boundary line has the form
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plane in which the mendional electrons are
focused to give a vertical line beécomes nearer
the gun than the plane in which the sagittal
electrons are focused to give 4 horizontal line.
In this way the three beams can each be made
to give a vertical line in the same plane.
Figure 14 illustrates another configuration
in accordance with the invention, This Figure
is a developed view of part of circular-cylindri-
cal electrodes 140 and 141 of equal diameters
located one on each side of a gap; the electrode
141 being located nearest the display screen. -
The intersections thereof with the horizontal
plane containing the beam axes are designated
by 143 and 145. The intersections thereof with
the vertical plane going through. the cylinder
axes are denoted by 142 and: 144. The effec-
tive boundary line of the mrcular-cyhndncal
electrodes is the line 146, which intersects the
lines 142, 143, 144 and 145 at 147, 148, 149
and 150 respectively. The distances of the
points 148 and 150 from the display screen
(not shown) are equal, are relative maxima and
are greater than the average distance of the
line 146 from the display screen. The distances
of the points 147 and 149 from the display
screen are equal, are less than the distances
of the points 148 and 150 from the display
screen and are also relative maxima. This con-

and containing the axis of
the eleﬁgtlig F£0 being relative maxima.

2. A tube as cleimed in Claim 1, wherein
the display screen comprises a plu:rahty of sub-
stances which are capable of luminescing in
different colours in response to electron bom-

. bardment and the tube includes a colour selec-

tion électrode arranged adjacent and on the
gun side of said screen, the electron gun sys-
temn being constructed and arranged for pro-
ducing a number of electron beams corres-
ponding with the number of luminescent sub-
stances, said circular-cylindrical electrodes
being capable of producing a lens field at least
contributing to converging said beams in the
plane of the colour selection electrode when
energised.

3. A tube as claitned in Claim 1 or 2 where-
in said distances berween the points of inter-
section with the plane normal to the plane
containing the axes of the electron beams and
said screen are substantially equal to said dis-
tances between the points of intersection with
the plane containing the axes of the electron
beams and said scigen.

4. A tube as claimed in Claim 3 wherein
the effective bourdary line as a sinusoidal
form.

5. A tube as claimed in Claim 1 or 2, where~
in the effective boundary line has the form

95

100

105

110

115

120

d}ﬁb&ltd & utthecctonnt&hiébﬁne pdrpeﬂcﬁcu- nt ersects




lines 142, 143, 144 and 145 at 147, 148, 149 containing the axes of the
el ectron beans and 115 and 150 respectively. The distances of the said

screen—are-substantially equal to said dis- 55 points 148 and 150 fromthe

di spl ay'screen tances between the points of intersection with (not shown)
are equal, are relative maxi ma and the plane containing the axes of the:
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