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(57) ABSTRACT 
In a color television display system in which a plurality 
of horizontal in-line electron beams are directed toward 
color phosphor elements of a color picture tube, sub 
stantial convergence of the beams at all points on a 
scanned raster is achieved by transversely positioning 
the deflection yoke relative to the picture tube while 
maintaining substantial parallelism between the central 
longitudinal axes of the yoke and picture tube. 

9 Claims, 5 Drawing Figures 
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Re. 31,552 
1. 

ELECTRON BEAM AND DEFLECTION YOKE 
ALGNMENT FOR PRODUCING CONVERGENCE 

OF PLURAL, N-LNE BEAMS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTON 

This invention relates to a method and apparatus for 
aligning a plurality of electron beams with the magnetic 
field of a deflection yoke for producing convergence of 
the beams on a scanned raster. 
The most common type of color television receiver in 

current use utilizes a delta gun shadow mask picture 
tube in which three electron beams emanating from the 
apices of a triangle formed by the guns are deflected to 
scan a raster on the phosphor screen. It is essential that 
the electron beams remain converged at all points on 
the screen so that the three different color rasters are 
superimposed. To this end it is common practice to 
utilize an electromagnetic dynamic convergence cor 
rection apparatus disposed around the neck of the color 
picture tube in the region where the beams leave the 
gun. This convergence correction apparatus usually 
comprises three electromagnets disposed around three 
internal pole pieces of the picture tube, which electro 
magnets are energized at the line and field scanning 
rates for dynamically controlling the amount of correc 
tion imparted to the respective beams to ensure satisfac 
tory convergence at all points on the screen. The wave 
forms applied to the electromagnets may be suitably 
adjusted for providing the desired correction. Although 
this dynamic correction apparatus performs satisfacto 
rily, it is relatively complex and hence relatively expen 
sive, thereby adding to the cost of the color television 
receiver. Furthermore, the complexity of the apparatus 
requires considerable time to be adjusted correctly. 
Color television picture tubes utilizing three horizon 

tal in-line electron beams have been used in some in 
stances to replace the delta gun picture tubes to simplify 
the apparatus required to maintain convergence of the 
beams. For example, in a color television picture tube 
utilizing three horizontal in-line beams and a phosphor 
element viewing screen utilizing a pattern of vertical 
different color phosphor strips, apparatus providing 
dynamic convergence can be simplified, although dy 
namic convergence is still required. It is obviously de 
sirable to provide a color television receiver which 
requires no dynamic convergence correction at all. 
Accordingly, it is an object of this invention to pro 

vide a method of electron beam and deflection yoke 
alignment for producing convergence of plural in-line 
beams. 

It is another object of this invention to provide appa 
ratus for electron beam and deflection yoke alignment 
for producing convergence of plural in-line beams. 

In accordance with the invention a method is pro 
vided of mounting a beam deflection yoke relative to a 
color picture tube including an electron gun for project 
ing a plurality of in-line electron beams toward a phos 
phor screen, comprising supporting the picture tube in a 
predetermined position, temporarily supporting the 
yoke loosely around the picture tube, operating the tube 
and yoke to project the beams toward the screen and to 
scan separate rasters thereon and simultaneously adjust 
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2 
ing the transverse position of a yoke relative to the 
picture tube while maintaining substantial parallelism of 
the longitudinal axis of the yoke and the picture tube to 
achieve substantial convergence of the beams on the 
screen, and fixedly attaching the yoke to the picture 
tube in the adjusted position. 
A system for converging a plurality of beams in a 

color television display system includes a color picture 
tube including a color phosphor element screen at one 
end thereof and an electron gun assembly within a neck 
portion of the tube at the other end thereof for produc 
ing a plurality of in-line beams. A deflection yoke 
adapted to be energized to cause the beams to scan 
rasters on the phosphor element screen has a smallest 
inner diameter larger than the outer diameter of the 
neck portion of the picture tube. Means are provided 
for allowing the deflection yoke to be adjusted in direc 
tions transvere to the central longitudinal axis of the 
picture tube while maintaining substantial parallelism 
between the central longitudinal axis of the yoke and 
the picture tube and for fixedly retaining the yoke in a 
position providing substantial convergence of the 
beams on the phosphor element screen. 
The invention will be described more fully in the 

following description of a preferred embodiment of the 
invention and in the accompanying drawings, of which: 
FIG. 1 illustrates a system according to the invention 

for producing convergence of a plurality of in-line 
beams; FIG. 1 is a partial sectional view, taken horizon 
tally along the central beam axis of the picture tube shown 
in FIG. I. 

FIG. 2 illustrates a characteristic of a magnetic de 
flection field produced by the deflection yoke shown in 
FIG. 1; 

FIGS. 3 and 4 illustrate the effects of the magnetic 
deflection field of FIG. 2 on the two outside electron 
beams shown in FIG. 1; and 
FIG. 5 is a partial cross-sectional view of the deflec 

tion yoke and picture tube shown in FIG. 1., taken 
vertically transverse to the central beam axis of the picture 
tube and 
FIG. 6 illustrates an electron gun assembly suitable for 

use in the system of FIG 1 FIG. 6 is a partial sectional 
view, taken horizontally along the central bean axis of the 
picture tube of FIG. I. 

DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a system according to the invention 
for producing convergence of a plurality of in-line elec 
tron beams. FIG. 1 represents the main display compo 
nents of a color television receiver. A color television 
picture tube comprises a glass envelope 11. At one end 
of envelope 11 is a transparent face plate 12 on the 
inside of which are repeating groups of blue, red and 
green phosphor elements 13a, 13b and 13c, respectively. 
Disposed a short distance from the phosphor elements is 
an aperture mask 14 containing therein a plurality of 
apertures 15. Disposed within a neck portion of enve 
lope 11 at the other end of the picture tube is an electron 
gun assembly 16 for producing three horizontal in-line 
beams 17a, 17b and 17c. The beans are modulated in 
accordance with video signals to be respectively repre 
sentative of blue, red and green color information of the 
televised scene. Disposed around the neck portion of 
the envelope of the picture tube and adjacent the flared 
portion of the envelope 11 is a deflection yoke 18 
which, when suitably energized by sources of vertical 
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and horizontal rate scanning currents, causes the elec 
tron beams 17a, 17b and 17c to scan respective rasters 
over the phosphor elements. Deflection yoke 18 is held 
in place by yoke mounting means 18a to be described in 
more detail subsequently. 

Disposed around the neck region of the picture tube 
in the region where the electron beams leave electron 
gun assembly 16 are a static beam convergence assem 
bly 19 and beam purity device 20. The static beam con 
vergence assembly 19 may include a plurality of perma 
nent magnets for statically converging the beams at the 
center of the phosphor screen. Beam purity device 20 
comprises two annular magnetized rings which are 
simultaneously adjusted for achieving purity, i.e., to 
insure that the respective color representative beams 
land on their respective color phosphor elements. 

In a preferred embodiment the phosphor elements 
13a, 13b and 13c are vertical strips of phosphor mate 
rial, and the apertures 15 are elongated slits also extend 
ing in a vertical direction. Such a vertical line phosphor 
element structure eliminates vertical registration prob 
lems because even with a slight misalignment of the 
beams in a vertical direction, a particular beam will still 
land on its intended color phosphor because the phos 
phor strips extend throughout the vertical dimension of 
the viewing face plate. However, vertical misalignment 
of the beams will cause a problem in convergence 
which, together with its solution, will be described 
subsequently. The arrangement thus far described in 
FIG. 1 is disclosed in detail in copending U.S. applica 
tion Ser. No. 217,780, filed Jan. 14, 1972, for A. M. 
Morrell et al. and entitled "SELF-CONVERGING 
COLOR TELEVISION DISPLAY SYSTEM, which 
was refiled June 29, 1973 as continuation application Ser. 
No. 374,831, now U.S. Pat. No. 3,892,996. In particular, 
the Morrell et al. application Ser. No. 217,780 discloses an 
electron gun assembly 16, illustrated in FIG. 6, that is 
suitable for use in the system of FIG. I. Three separate 
cathodes 35a, 35b and 35c are provided for generating 
three electron beans. The electrons emitted by the cathodes 
are subsequently accelerated, formed into beans and fo 
cussed by the remaining electrodes including a G1 elec 
trode 36, a G2 electrode 37, a G3 electrode 38 and a G4 
electrode 39. Although not shown, it is to be understood 
that the cathodes and the other electrodes are retained in 
their relative positions by common suitable glass beading 
strips attached to the various electrodes, Electron gun as 
sembly 16 provides the three electron beams 17a, 17b and 
17c which converge at the center of the faceplate 12 of FIG. 
in the absence of a deflection field provided by the deflec 

tion yoke 18. To achieve this converged condition the align 
ment and spacing of the various electrodes, particularly G3 
and G4, relative to each other are critical. It should be 
noted that all of the electrodes have three apertures and are 
common to the three beams 17a, 17b and 17c. This mono 
lithic type of construction greatly facilitates the building of 
a precision electron gun which produces the desired align 
ment of the beams particularly in the vertical direction. 
The spacing of the apertures in the G3 and G4 electrodes 
relative to each other enables the two outside beams 17a 
and 17c to converge on the center beam 17b at the viewing 
screen. Minor errors in bean alignment (convergence at 
the center of the viewing screen) are corrected by suitable 
adjustment of the static convergence assembly 19 referred 
to above. A suitable electron gun assembly of the type 
described is disclosed in more detail in copending applica 
tion Ser. No. 217.758 filed concurrently herewith for Rich 
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4. 
ard Hughes and entitled "In-Line Electron Gun For Color 
Picture Tube', now U.S. Pat. No. 3,772,554. 

FIG. 2 illustrates a characteristic of a magnetic de 
flection field produced by the deflection yoke shown in 
FIG. 1. As described in the aforementioned Morrell et 
al. application Ser. No. 217,780, the particular selection 
of the electron gun assembly 16 and the deflection yoke 
18 will provide substantial convergence of the beams at 
all points on the scanned raster without requiring the 
use of dynamic convergence correction apparatus. The 
characteristics of a deflection yoke for achieving this 
are that it exhibit negative horizontal isotropic astigma 
tism and positive vertical isotropic astigmatism. FIG. 2 
illustrates the net or dominant magnetic field produced 
by a yoke exhibiting these astigmatic characteristics. In 
FIG. 2 lines of flux 25 illustrate the horizontal magnetic 
field. The pincushion shape of the field is due to the 
negative horizontal isotropic astigmatism. This pincush 
ion-shaped deflection field increases in strength with 
distance from the center along an axis parallel to the 
horizontal direction of deflection. At the same time this 
pincushion-shaped field decreases in strength along an 
axis perpendicular to the horizontal direction of the 
deflection. 

In FIG. 2 lines of flux 26 illustrate the vertical mag 
netic deflection field produced by a deflection yoke 
exhibiting positive vertical isotropic astigmatism. This 
vertical field is barrel-shaped and the vertical barrel 
shaped deflection field gets stronger along the horizon 
tal axis and weaker along the vertical axis. A preferred 
embodiment of a deflection yoke exhibiting this type of 
field is disclosed in copending U.S. application Ser. No. 
217,768, filed Jan. 14, 1972, for W. H. Barkow et al. and 
entitled "DEFLECTION YOKE FOR USE WITH 
IN-LINE ELECTRON GUNS,' 
The deflecting yoke magnetic field distribution de 

scribed in conjunction with FIG. 2 is designed to con 
verge perfectly aligned electron beams. If the beams are 
not properly aligned with the center of the yoke mag 
netic field, the beams will not be converged on the 
viewing screen. Misalignment of the beans relative to 
the yoke magnetic field could occur with electron gun 
misalignment within the picture tube, deflection yoke 
misalignment relative to the beams or the tube neck, or 
nonsymmetry of the deflection yoke coils. It can be 
generally stated that manufacturing variations in the 
electron gun assembly displacement within the picture 
tube or in the winding of the deflection yoke will result 
in misalignment of the beams relative to the yoke mag 
netic field. In a system such as described in FIG. 1 in 
which no dynamic convergence correction apparatus is 
utilized, the beams will not be converged unless steps 
are taken to align the beams with the magnetic field in 
accordance with the invention. 
FIGS. 3 and 4 illustrate the effects of the magnetic 

deflection field of FIG. 2 on the two outside ones of the 
three in-line electron beams when the beams are mis 
aligned relative to the deflection yoke magnetic field. 
FIG. 3a illustrates the condition in which the blue and 
green beams 17a and 17c are misaligned in a vertical 
direction relative to the center of the horizontal deflec 
tion field illustrated by the lines of flux 25. The dotted 
lines indicate the magnetic flux and the solid arrows that 
point away from the beams indicate the general direc 
tion and amount of beam displacement caused by the 
misaligned position of the beams. To simplify the illus 
trations in FIGS. 3 and 4, the center one of the three 
beams, red beam 17b, has been omitted because it can 
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generally be stated that the effect on the center beam 
will be to cause it to lie between the outside blue and 
green beams. 

In FIG. 3a the blue and green beams see the same 
strength magnetic field because they are equally dis 
placed in a horizontal direction from the center of the 
field, but the directions are different such that, when the 
beams are deflected to the right, the blue beam is also 
deflected upward and the green beam is deflected 
downward. When deflected to the left (by reversing the 
indicated polarity of the magnetic field), the blue beam 
would be undesirably deflected downward and the 
green beam upward. The result is that along the hori 
zontal or X-axis the blue beam will be low on the left 
side of the raster and high on the right with respect to 
the green beam. If the beams had been misaligned 
downward from the center axis rather than upward, the 
blue beam would be high on the left and low on the 
right relative to the green beam. 

In FIG. 3b the blue and green beams are misaligned 
horizontally to the right in the horizontal deflection 
field 25. As described above, the pincushion-shaped 
horizontal deflection field increases in strength with 
distance from the center along the horizontal axis, 
Therefore, the misaligned green beam being farther 
from the center than the blue beam is in a stronger 
magnetic field and is deflected further. The result is that 
the green raster is wider than the blue raster. It can be 
seen that if the polarity of the deflection field were 
reversed such as when the beans are to be deflected to 
the right side of the raster, the green beam would be 
similarly deflected further than the blue. Had the beams 
been misaligned to the left of the center rather than to 
the right as illustrated, the green raster would be 
smaller than the blue raster, 

FIG. 4a illustrates the effect on the beams when they 
are misaligned vertically, in upward direction, under 
the influence of the vertical magnetic deflection field 
illustrated by the lines of flux 26. The blue beam will 
move to the left at the top of the raster and to the right 
at the bottom of the raster with respect to the green 
beam due to the direction of the magnetic flux lines. 

FIG. 4b illustrates the effect of a horizontal misalign 
ment of the beams in the vertical deflection field. Be 
cause the green beam is farther from the center axis than 
is the blue, it is in a stronger portion of the field and 
hence will be deflected a greater distance vertically 
than the blue beam. This causes the green raster to be 
larger in a vertical direction both top and bottom than 
the blue raster. 

It has been shown how misalignment of the electron 
beams relative to the vertical and horizontal magnetic 
field causes misconvergence. Horizontal misalignment 
of the beams causes the rasters to vary in size both 
vertically and horizontally, Vertical misalignment of 
the beams causes the rasters formed by the two outside 
beams to be rotated in opposite directions from each 
other. 

FIG. 5 is a partial cross-sectional view of the deflec 
tion and picture tube shown in FIG. 1. In accordance 
with the invention it has been determined that miscon 
vergence of the beams caused by misalignment of the 
beams relative to the magnetic field of the deflection 
yoke can be greatly reduced by positioning the deflec 
tion yoke relative to the beams so as to bring the mag 
netic deflection center of the yoke in alignment with a 
point halfway between the two outside beams. In FIG. 
5 a deflection yoke 18, in this case having conductors 21 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
only a portion of which are illustrated, toroidally 
wound about a core is designed such that the smalles 
inner diameter of the yoke is larger than the outside 
diameter of the neck portion of the picture tube 11. 
With such an arrangement the deflection yoke may be 
shifted laterally in an X and Y direction or in any direc 
tion in the X-Y plane so as to cause the magnetic field 
of the yoke to be aligned with the electron beams to 
produce substantial convergence of the beams on the 
phosphor screen. It is important to note that in accor 
dance with a feature of this invention, a deflection yoke 
in being positioned in the X-Y plane about the picture 
tube envelope 11 is moved transversely such that the 
central longitudinal axis of the yoke or central longitu 
dinal axis of the yoke deflection field is aligned with the 
central beam axis or is parallel thereto. In the past yoke 
mounts have been provided which permit the yoke to 
be tilted with respect to the neck of the picture tube 
such that the yoke would no longer lie in an X-Y plane. 
This tilting serves to correct for comain delta gun color 
television picture tubes which resulted in the blue raster 
being of different width than the red and green rasters, 
With such an arrangement dynamic convergence cor 
rection of all of the beams was required to properly 
converge the beams at the phosphor screen. It has been 
determined that in the arrangement described in FIG. 1, 
mere tilting of the deflection yoke could result in mis 
registry of the beams on the phosphor screen. However, 
by providing the described transverse movement of the 
entire yoke, the registration of the beams on the color 
phosphor elements is not disturbed and convergence is 
achieved without requiring dynamic convergence cor 
rection apparatus. 

It has been determined that for a color television 
picture tube such as described in conjunction with FIG. 
1 having a viewing screen diagonal of 15 inches, a radial 
clearance of about 50 mils between the outer diameter 
of the picture tube neck and the smallest inner diameter 
of the deflection yoke provides enough clearance for 
moving the yoke for producing substantial convergence 
of the beams. It has been determined that for a shift of 
about 50 mills in a horizontal direction of the yoke re 
sulted in a 50 mil change in the convergence at the 
horizontal sides of the rasters. Thus, in accordance with 
the illustrations in FIGS. 3 and 4, a horizontal yoke shift 
of about 50 mils to the right produces a 50 mill increase 
in size of the blue raster at each side with respect to the 
green, as the blue raster size is increased and the green 
raster size is decreased. For this same horizontal shift 
the blue raster becomes about 25 mils bigger than the 
green at the top and bottom of the raster. The sensitivity 
to vertical shift of the yoke is approximately the same as 
it is for the described horizontal shift. The changes are 
such that the blue and green rasters are moved in oppo 
site directions with respect to the red, which itself lies 
between the blue and green. The convergence changes 
in the corners as the yoke is moved is a combination of 
the convergence changes on the adjacent vertical and 
horizontal axes. 

It can be seen that a relatively small shift of the yoke 
can provide substantial convergence correction. There 
fore, it is very desirable that the yoke be rigidly retained 
in the desired operating position relative to the picture 
tube. To this end suitable yoke mounting means are 
provided which allow the yoke to be properly posi 
tioned for the best overall convergence condition and 
then rigidly fixed in position. Several convenient ways 
of mounting a yoke in the manner described are dis 
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7 

filed Jan, 14, 1972, for T. M. Shrader and entitled 
"CATHODE RAY TUBE-YOKE PLATFORM 
YOKE COMBINATION AND METHOD OF AS 
SEMBLING THE COMBINATION." In that applica 
tion one arrangement for mounting the yoke is to per 
manently bond a mounting platform on the picture tube, 
permanently attaching a mounting member to the de 
flection yoke and loosely assembling the yoke mounting 
member to the platform while the yoke and tube are 
operated to determine the optimum position for the 
yoke on the picture tube. When this position is ascer 
tained such as by observing the convergence of the lines 
of a cross-hatched pattern caused to appear on the pic 
ture tube by application of a suitable test signal applied 
to the television receiver, the yoke mounting member 
and the platform are rigidly fixed to each other by 
means of a bonding agent or by mechanical means such 
as nuts and bolts holding the two pieces together. 
The invention is not limited by the particular yoke 

mounting means provided. It should be noted that any 
mounting means allowing transverse movement of the 
entire yoke rather than tilting movement alone and 
permitting the yoke to be fixedly retained in a desired 
position is suitable for use with the invention. 
The method of aligning the yoke magnetic field with 

the beams to achieve convergence and the apparatus for 
holding the yoke permanently in the desired operating 
position would be utilized during manufacture of the 
television receiver as the yoke and tube are operated for 
producing a suitable pattern such as a cross-hatch pat 
tern on the phosphor screen so the operator can observe 
and determine the optimum placement of the yoke for 
best convergence. 
The invention has been described in the context of a 

color television display system in which the features of 
the invention eliminate the need for dynamic conver 
gence correction waveforms and apparatus. However, 
the invention may also be well utilized with dynamic 
convergence correction apparatus to supplement the 
degree of convergence correction of the system or to 
simplify and reduce the cost of the existing convergence 
correction system such as by eliminating some or all of 
the variable control elements or by reducing the num 
ber of convergence correction waveform generating 
circuit components. 
What is claimed is: 
1. A method of mounting a beam deflection yoke 

relative to a color picture tube comprising an envelope 
containing a color phosphor screen, an electron gun 
assembly for projecting a plurality of electron beams 
toward said screen and a deflection region for said 
beams, said method comprising: 

supporting said tube in a predetermined position; 
temporarily supporting said deflection yoke loosely 

assembled around said picture tube adjacent said 
deflection region; 

operating said tube and yoke to project said beams 
toward said screen and to scan said beams in sepa 
rate rasters on said screen, and simultaneously ad 
justing the transverse position of said yoke relative 
to said picture tube while maintaining substan 
tial parallelism of the longitudinal axes of said 
yoke and picture tube to achieve substantial con 
vergence of said beams and coincidence of said 
rasters on said screen without the use of dynamic 
convergence correction means; and 
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8 
fixedly attaching said yoke to said picture tube in said 

adjusted position. 
2. A method according to claim 1 wherein said elec 

tron gun assembly is selected for producing three copla 
nar in-line beams. 

3. A method according to claim 2 wherein said yoke 
comprises a pair of vertical and a pair of horizontal 
deflection coils toroidally wound around a core, the 
conductor winding distribution of said coils being se 
lected for producing positive vertical isotropic astigma 
tism and negative horizontal isotropic astigmatism. 

4. A method according to claim 3 wherein said phos 
phor screen comprises strips of different color phosphor 
elements. 

5. In a color image display system, the combination 
comprising: 

a color picture tube including an envelope containing 
a screen of different color phosphor elements and 
an electron gun assembly disposed within a neck 
portion of said tube envelope for producing a plu 
rality of beams for impinging on said respective 
color phosphor elements; 

a deflection yoke adapted to be energized to cause 
said beams to scan respective rasters on said phos 
phor screen, said yoke having a smallest inner di 
ameter larger than the outer diameter of said neck 
portion of said tube envelope; and 

means for mounting said yoke on said picture tube, 
said means being selected for allowing transverse 
movement of said yoke relative to said picture tube 
while maintaining substantial parallelism of the 
central longitudinal axes of said yoke and said pic 
ture tube such that said yoke can be fixedly 
mounted in a position providing substantial conver 
gence of said beams and coincidence of said rasters 
without the use of dynamic convergence correction 
es. 

6. A system for converging a plurality of beams in a 
color television display system, comprising: 

a color picture tube comprising an envelope contain 
ing a color phosphor element screen at one end 
thereof and an electron gun assembly for produc 
ing three horizontal coplanar in-line beams dis 
posed within a neck portion of said envelope re 
mote from said screen; said electron gun assembly 
including, near that end of the electron gun assembly 
from which the electron beam exit, at least two adja 
cent common electrodes, each common electrode hay 
ing, for each electron bean, a separate aperture, 
through which the beam passes, so that a selected 
alignment of the beans relative to one another can be 
produced 

a deflection yoke having the conductor winding dis 
tribution of horizontal and vertical deflection coils 
thereof selected for producing negative horizontal 
isotropic astigmatism and positive vertical iso 
tropic astigamatism, said coils being spaced cir 
cumferentially around a core and forming a small 
est inside diameter of said yoke larger than the 
outside diameter of said neck portion of said tube 
envelope; and 

means for mounting said yoke around said picture 
tube and including means for allowing movement 
of said entire yoke in directions substantially nor 
mal to the central longitudinal axis of said picture 
tube and for fixedly retaining said yoke in a posi 
tion providing substantial convergence of said 
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beams without the use of dynamic convergence correc 
tion means, 

7. A system for converging a plurality of beams ac 
cording to claim 6 wherein said deflection yoke pro 
duces underconvergence of said beams along the hori 
zontal axis of deflection and overconvergence of said 
beams along the vertical axis of deflection. 

8. A system for converging a plurality of beams ac 
cording to claim 7 wherein said phosphor screen in 
cludes a repeating pattern of red, green and blue verti 
cally extending phosphor strips. 

9. A system for converging a plurality of beams in a color 
television display system, comprising: 
a color picture tube comprising an envelope containing a 

color phosphor element screen at one end thereof and 
an electron gun assembly for producing three horizon 
tal coplanar in-line beams disposed within a neck 
portion of said envelope remote fron said screen, said 
electron gun assembly including, near that end of the 
electron gun assembly from which the electron beams 
exit, at least two adjacent connon electrodes, each 
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10 
common electrode having, for each electron beam, c. 
separate aperture, through which the beam passes, the 
spacing of the apertures of said two adjacent electrodes 
relative to each other producing a selected alignment 
of the beans relative to one another 

a deflection yoke having the conductor winding distribu 
tion of horizontal and vertical deflection coils thereof 
selected for producing negative horizontal isotropic 
astigmatism and positive vertical isotropic astigma 
tism, said coils being spaced circumferentially around 
a core and forming a smallest inside diameter of said 
yoke larger than the outside diameter of said neck 
portion of said tube envelope and 

means for mounting said yoke around said picture tube 
and including means for allowing movement of said 
entire yoke in directions substantially normal to the 
central longitudinal axis of said picture tube and for 
fixedly retaining said yoke in a position providing 
substantial convergence of said beans without the use 
of dynamic convergence correction means. 
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