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1
GLASS PANEL FOR A CATHODE RAY TUBE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a glass panel for a cathode
ray tube (hereinafter referred to as a panel) used mainly for
receiving signals of TV broadcasting or the like. In
particular, the present imvention relates to a panel strength-
ened by a physically tempering method.

DISCUSSION OF THE BACKGROUND

A panel 1s known, 1n which a compressive stress layer 1s
formed on the surface of a panel to 1improve the strength of
the surface and thereby to prevent thermal breakage during
the manufacture of a cathode ray tube or to prevent breakage
after the completion of a cathode ray tube. The present

applicants have made various proposals relating to panels of
this type (JP-A-7-21944, JP-A-7-142012, JP-A-7-142013).

In such a panel tempering process, a panel taken out from
a mold, 1s cooled to an annealing point or lower while a large
temperature difference 1s kept between the inside and the
surface of the glass, so that a large temporary strain can be
produced. However, when such cooling operation 1s contin-
ued 1n this state, the temporary strain accumulated 1n the
panel becomes excessive, so that self-explosion may take
place during the cooling process, which makes the process
practically useless. Therefore, an annecaling operation 1s
conducted to relax the temporary stress to thereby ensure the
practical usefulness of the process.

On the other hand, 1n the process of cooling the panel to
an annealing point or lower to obtain a large temporary
strain, a temperature distribution will be formed not only 1n
a thickness direction but also 1n an in-plane direction
because of the three dimensional structure of the panel such
as a thickness distribution or a heat flux distribution due to
air cooling. Especially at the corner portions on the inner
surface of the panel face portion, the cooling rate tends to be
slow as compared with the center of the face portion by a
usual process due to an mnfluence of the three dimensional
structure of the panel.

In this process, the higher the cooling rate of glass, the
larger the temperature gradient in the thickness direction and
the higher the tempered stress. Accordingly, under such a
condition, the tempered stress (the compressive stress
obtainable by tempering) at the corner portions of the face
naturally becomes low as compared with the center portion.

Especially when the cooling time during this process 1s
inadequate relative to the heat capacity of the corner por-
tions of the face, cooling of the corner portions will be
inadequate relative to the center portion of the face which 1s
sufficiently cooled to lower than the strain point. If the
annealing process 1s carried out 1n a state where the tem-
perature of the center point in the thickness of the corner
portions 1s lower than the strain point, tempered stress of the
corner portions becomes very small compared with the
tempered stress of the center portion, and uniformity of
tempered stress becomes worse.

Further, cooling of the corner portions on the inner surface
of the face will also be slow as compared with the skart
portion. Accordingly, the tensile stress 1n the in-plane direc-
tion caused by the constraint of the skirt portion, will remain
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in addifion to the above-mentioned tempered stress. This
residual stress 1s predominantly 1n a mode to deform the
center portion of the panel face convexly towards the inner
surface side relative to the peripheral portion of the face.

Accordingly, a panel physically strengthened by a usual
method tends to have a stress distribution such that the
strengthening stress along the peripheral portion of the face
tends to be small relative to the center portion of the face,
and the strengthening stress on the inner surface of the face
tends to be small relative to the outer surface of the face, due
to the temperature distribution during the cooling process
because of the three dimensional structure. With a panel
having such a stress distribution, if the degree of the
distribution 1s large, the effect for preventing the thermal
breakage during the manufacture of a cathode ray tube 1s not
necessarily adequate, and there has been a limit in shorten-
ing the heat treating time. Especially, in a heating process,
a tensile stress 1s produced on the 1nner surface of the face,
and accordingly, it 1s strongly desired to improve the
residual stress against a low strength region on the inner
surface.

Further, when this cathode ray tube i1s broken by an
explosion proof test, broken glass fragments tend to be finely
divided, and the scattering amount tends to be large, since
the panel 1s physically tempered. Accordingly, there has
been a problem that the tempered stress can not be 1ncreased
indiscriminately.

Namely, 1n a case where crack propagation in the panel
face having the above-described stress distribution during
the explosion proof test, the compressive residual stress on
the 1nner surface 1s smaller than that on the outer surface,
whereby the energy released as a tensile stress tends to be
larger on the mner surface than on the outer surface, and
even when the strengthening stress on the outer surface 1s
equal, cracking is likely to spread on the 1nner surface side.
It 1s believed that consequently, an unbalance in the progress
of cracking will be created between the inner and outer
surfaces, whereby fine fragments are likely to be formed,
and the scattering amount tends to be large.

On the other hand, the residual stress 1 an in-plane
direction has a mode to deform the face convexly towards
the mner surface side, and when this stress 1s released, a
motion 1n an outward direction will be induced, which also
makes the explosion proof instable. Especially with a panel
which 1s almost flat with a small curvature of the panel face,
if 1t 1s attempted to restore a deformation of the face plane
towards the mner surface side created by atmospheric pres-
sure to the imitial state by remnforcement of a band, the
restoration quantity of such a face plane can not be
adequately taken, and the above residual stress formed in a
direction opposite to the restoration direction will be a factor
which makes the explosion proof instable.

SUMMARY OF THE INVENTION

The present invention 1s intended to solve the above-
mentioned problems which a panel having such a tempered
stress distribution has.

Namely, on the basis of a discovery that the stress
distribution formed on the face portion due to the tempera-
ture distribution in the cooling process because of the three
dimensional structure of the panel, 1s substantially influen-
tial over the safety and strength of the panel, it 1s an object
of the present mvention to improve the stress distribution
where the compressive stress along the periphery 1s small
relative to the center portion on the 1inner surface of the face
and thereby to increase the effects for preventing the thermal
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breakage during the manufacture of a cathode ray tube and
to eliminate the instability 1n the explosion proof character-
istic. Further, another object of the present invention 1s to
improve such a stress distribution to provide a panel which
1s capable of adequately functioning even with a high
compressive stress which used to be usually unacceptable
and to provide a panel which can be made to have a thin
thickness.

The present invention provides a panel for a cathode ray
tube comprising a substantially rectangular face portion and
a skirt portion constituting a side wall of the face portion,
wherein a compressive stress layer having a thickness of at
least Y10 of the thickness of the face portion, 1s formed on
cach of the mner and outer surfaces of a useful screen area
of the face portion, so as to satisty 0.4=0,/0_.=1.0, where

I LY S

O_; 1s the compressive stress on the inner surface at the
center of the usetul screen area, and o, 1S the compressive
stress on the 1nner surface 1n the vicinity of ends of diagonal

axial lines of the useful screen area.

Further, the present invention provides a panel for a
cathode ray tube comprising a substantially rectangular face
portion and a skirt portion constituting a side wall of the face
portion, wherein a compressive stress layer having a thick-
ness of at least Y10 of the thickness of the face portion, 1s
formed on each of the inner and outer surfaces of a useful
screen arca of the face portion, so as to satisty 0.4=0,/
0, =1.4, where 0, 1s the compressive stress on the 1nner
surface 1n the vicinity of ends of diagonal axial lines of the
uselul screen area, and o, 1s the compressive stress on the
outer surface 1n the vicinity of ends of diagonal axial lines
of the usetul screen area.

Furthermore, the present invention provides the above
panel for a cathode ray tube, wherein the above compressive
stress 0,; within a range of 5.0=|0 ,|=25.0 (MPa).

Still further, the present invention provides the above
panel for a cathode ray tube, which satisfies 0=z=r"/(1x
10%), wherein r is the distance (mm) on a diagonal axial line
of the outer surface of the useful screen area from the center
ax1s of the face portion to an end point of the useful screen
area, and z is the distance (mm) from the end point to the
tangential plane at the center of the useful screen area.

Now, the present invention will be described 1n detail with
reference to the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a plane view 1illustrating a manner of cutting out
test specimens for measuring the stress of the panel.

FIG. 2 1s a side elevation of a test specimen cut out from
the corner portion of FIG. 1.

FIG. 3 1s a side elevation of a test specimen cut out from
the center portion of FIG. 1.

FIG. 4 15 a cross-sectional view taken along the diagonal
axial line of the useful screen area of the panel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The panel of the present mvention comprises a substan-
tially rectangular face portion and a skirt portion constituting
its side wall, wherein a useful screen area of this face portion
constitutes an 1mage arca of the cathode ray tube. On each
of the inner and outer surfaces of this useful screen area, a
compressive stress layer having a thickness of at least V10 of
the thickness of the face portion, 1s formed. Namely, the
panel of the present invention has a predetermined compres-
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sive stress imparted to at least the face portion by physical
strengthening, as 1s different from a usual panel having such
a compressive stress substantially removed.

If the thickness of this compressive stress layer 1s smaller
than %10 of the thickness of the face portion, the strength
tends to be low, and 1t becomes difficult to improve the
satety of the cathode ray tube or to reduce the thickness of
the panel. Further, 1f the thickness of this stress layer is
small, the reduction 1n strength will be substantial when the
surface of the face portion 1s damaged.

In the present invention, the strengthening degree 1s
relatively increased at a region on the inner surface of the
face where the compressive stress 1s small, so that the
compressive stress of such a portion becomes large, thereby
to 1mprove the stress distribution. As mentioned above, on
the mner surface of the face, the compressive stress 1s the
largest at the center portion and gradually decreases towards
the peripheral portion of the face, due to the temperature
distribution during the cooling process because of the three
dimensional structure of the panel. Accordingly, from the
viewpoint of the stress distribution, the peripheral portion
close to the skirt portion 1s a region where the stress 1s small.
Especially 1n the vicinity of ends of diagonal axial lines on
the mner surface of the face, 1.e., at corner portions on the
inner surface of the substantially rectangular face, which are
relatively close to the skirt portion, the compressive stress 1s
smaller than at other portions on the inner surface of the
face.

In the present invention, the ratio of the compressive
stress O ,. 1n the vicinity of such ends of the diagonal axial
lines on the 1nner surface of the face to the compressive
stress O_; at the center portion on the 1nner surface of the face
1s set to be within a range of 0.4=0,/0_.=1.0, preferably
05=0,/0 ,=0.8.

Further, the relation between the above o ,. and o, 1s set
to be within a range of 0.4=0,/0,=1.4, preferably
0.5=0 /0, =1.0, where o, 1s the compressive stress on
the outer surface 1n the vicinity of ends of diagonal axial
lines of the face portion.

Here, o, 0, and o, are determined by the method
shown in FIG. 1. A test specimen 2 (e.g. 15 mmx30 mm) is
cut out from the face center portion of a panel 1, and a test
specimen 3 (e.g. 15 mmx100 mm) is cut out from a corner
portion on a diagonal axial line. The compressive stress on
the surface of each of such test specimens 1s measured by
means of a photoelastic stress meter by JIS-S2305 direct

method (Senarmont method).

As mentioned above, the face center portion 1s a region
where the compressive stress 1s maximum, and the above
corner portion 1s a region where the compressive stress 1s
minimum. Accordingly, the test specimens 2 and 3 represent
such maximum and minimum regions of the compressive
stress, respectively. And, o _; 1s the maximum stress of this
test specimen 2, and o ,; and o, are the minimum stress of
the test specimen 3.

Practically, o_; 1s the stress at substantially the center
portion of the test specimen 2 (see FIG. 3), and 0, and o _
may vary to some extent depending upon the shape and size
of the panel, etc., but, in many cases, are determined as stress
values at a position located at a distance of L (usually about

20 mm) inward from the skirt portion of the test specimen
3 (see FIG. 2).

If the ratio of o ,/0_; 1s smaller than 0.4, such i1s not
cliective for improving the thermal breakage during the
manufacture of a cathode ray tube or explosion proof
characteristics. If 1t 1s larger than 1.0, intensive quenching of
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corner portions will be required, which tends to bring about
breakage during a forming process, such being not practical.
To obtain such effects sufficiently and to certainly prevent
breakage, the ratio of o,/0_; 1s preferably from 0.5 to 0.8.

On the other hand, 1f the ratio of 0,/0 , 1s smaller than
0.4, improvement 1n the thermal breakage during the manu-
facture of a cathode ray tube or explosion proof character-
1stics likewise tends to be hardly obtainable, and if it exceeds
1.4, intense quenching of corner portions will be required,
whereby breakage 1s likely to take place during a shaping
process. Further, if 1t 1s larger than 1.0, such 1s not effective
for improving pressure resistant strength, whereby 1t tends to
be difficult to sufficiently reduce the thickness of the panel,
since the stress formed by the vacuuming force of a cathode
ray tube 1s tensile on the outer surface side. The ratio of
O ,/0, 1s preferably from 0.5 to 1.0.

Further, in a preferred embodiment of the present
invention, in such a stress distribution of the panel, |0 ] is set
to be from 5.0 to 25.0 MPa, preferably from 6.0 to 20.0 MPa.
If |0 | is smaller than 5.0 MPa, the strengthening degree of
the panel decreases entirely, whereby breakage 1s likely to
take place during or after the manufacture of a cathode ray
tube, or the desired explosion proof effect tends to be hardly
obtainable. On the other hand, if it 1s larger than 25.0 MPa,
the tensile stress distributed 1n the interior of the face portion
tends to be large, whereby the probability of breakage
starting from an internal defect tends to be high. From the

experience, a preferred range of o] is from 6.0 to 20.0
MPa.

The present invention 1s particularly effective to a panel
wherein the face portion 1s flat and for which the strength of
the face portion 1s especially required, among physically
strengthened panels. The reason 1s that a panel having a flat
face portion 1s more likely to undergo breakage due to a
stress formed by the vacuuming force of a cathode ray tube,
as compared with a panel having a spherical or cylindrical
face portion.

This tlat panel will be described in detail with reference
to FIG. 4. FIG. 4 1s a cross-sectional view of a diagonal axial
line portion of a useful screen area of a panel 1. This 1s a flat
panel wherein the face portion has a large radius of
curvature, so that it satisfies 0=z=r>/(1x10"), where r is the
distance (mm) on this diagonal axial line of the outer surface
of the face portion from the center axis 4 to an end point 5
of the useful screen area, and z 1s the distance (mm) from the
end point § to the tangential plane 6 at the center of the
useful screen area. When 0=z=r"/(6x10"), the average
radius of curvature becomes at least 30,000 mm, whereby it
1s not only possible to reduce the thickness of the face
portion due to an 1ncrease of the strength by an improvement
of the stress distribution, but also possible to obtain a clearly
viewable screen, and this i1s particularly effective.

If z<0, the face becomes concave, whereby polishing
tends to be difficult, and the explosion proof characteristic
tends to be poor thereby to lose practical utility. In such a
case, the vertical length:the horizontal length of the panel
face may be either 3:4, or 9:16.

In the present invention, the most convenient method to
improve the compressive stress distribution on the inner
surface of the face portion and to let the compressive stress
balance between the inner and outer surfaces at corner
portions where the strengthening degree 1s low, 1s such that
in a process for quenching and strengthening the panel taken
out from a mold, the corner portions of the inner surface ot
the face are partially more intensely cooled than other
portions to increase the compressive stress on the inner
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surface of such corners. The degree 1s controlled so that the
compressive stress on the inner surface of the corner por-
tions will be 1n a predetermined stress distribution range
relative to the compressive stress on the outer surface of the
corner portions and at the center portion on the inner surface
of the face.

It 1s thereby possible to eliminate or reduce the stress
difference between the center portion and the corner portions
on the mner surface of the face and the stress difference
between the mnner and outer surfaces at the corner portions,
whereby the stress distribution can be improved. At the same
fime, it 1s possible to increase the strength of the corner
portions which otherwise are weak points on the panel
surface.

Now, the present mnvention will be described 1n further
detail with reference to Examples. However, it should be
understood that the present invention 1s by no means

restricted to such specific Examples.

TABLE 1

Proportion

A0 B:oy; C:04, of thermal

(MPa) (MPa) (MPa) B/A  B/C breakage
Example 1  -11.8 -5.5 -11.2 0.47  0.49 1/5
Example 2 -16.4 -15.6 -11.8 095 1.32 0/5
Example 3 -20.3 -11.7 -15.0 0.58  0.78 0/5
Example 4  -16.8 -5.2 -15.5 0.31 0.34 5/5
Example 5 -15.0 -4.2 -17.9 0.28  0.23 5/5

Notes:

1) These stress values are ones measured by the above-
described method 1llustrated in FIGS. 1 to 3 with respect to
the respective panels obtained by the following methods.

EXAMPLE 1

(Present Invention)

A 29 1nch panel obtained by cooling the corner portions
for 10 seconds with air of 1.5 m>/min in a process for
quenching and strengthening a panel after 1t was taken out
from a mold.

EXAMPLE 2

(Present Invention)

A 29 1nch panel obtained by cooling the corner portions
for 40 seconds with air of 1.5 m>/min in a process for
quenching and strengthening a panel after 1t was taken out
from a mold.

EXAMPLE 3

(Present Invention)

A 29 1nch panel obtained by cooling the corner portions
for 40 seconds with air of 0.7 m’/min in a process for
quenching and strengthening a panel after 1t was taken out
from a mold.

EXAMPLE 4

(Comparative Example)

A 29 1nch panel obtained without partially cooling the
corner portions in a process for quenching and strengthening
a panel after 1t was taken out from a mold.

EXAMPLE 5

(Comparative Example)

A 32 inch panel which was obtained without partially
cooling the corner portions 1n a process for quenching and
strengthening of a panel after it was taken out from a mold.
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2) Evaluation method for the proportion of thermal break-
age

With a No. 150 sand paper, scratches were imparted (five
revolutions) under a load of 2.2 kgf to the four corner
portions on the inner surface of the panel. Then, the panel 5
was dipped 1n hot water for 5 minutes and then taken out,
and cool water having a temperature lower by 30° C. than
the hot water, was sprinkled to the panel, whereby presence
or absence of cracking was evaluated. With respect to five
sample panels, the number of broken panels was counted,
and the results are shown 1n Table 1.

From Table 1, 1t 1s evident that the panels of the Examples
of the present invention, respectively, have compressive
stresses O_;, 0, and O, which are larger than the panels of
the Comparative Examples, and thus they are physically
strengthened. The thickness of such a compressive stress
layer was measured, and 1t was found to be at least %10 of the
thickness of the face.

Further, with the panels of the present mmvention, o, 1S
relatively larger than Comparative Examples relative to o,
and o, , and each of o,/0_; and 0 ,/0, 1s larger than 0.4,
while 1n Comparative Examples, 1t 1s smaller than 0.4. This
indicates that the panels of the present invention have
improved compressive stress distributions on their face
portions.

As a result, while panels of Comparative Examples all 25
underwent breakage by the thermal breakage test, the panels
of the present invention did not undergo breakage except
that one panel in Example 1 underwent breakage.

As described 1n the foregoing, according to the present
invention, it 1s possible to obtain a panel wherein the stress 30
distribution on the inner surface of the face portion 1is
improved, which 1s effective for thermal breakage during the
manufacture of a cathode ray tube or explosion proof
characteristics, and the pressure resistant strength will be
improved, whereby 1t 1s possible to reduce the thickness of 35
the panel, particularly the face portion, which contributes to
enlargement of the size of the panel. Especially, practical use
of a panel having a flat face portion, which used to be
difficult with an 1improper stress distribution, can be realized.

What 1s claimed 1s: 40

1. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion having a radius of
curvature which satisfies the equation:

10

15

20

0=z=r"/(Ix10%), 45

where r is a distance (mm) on a diagonal axial line of
the outer surface of the face portion of the useful screen
area from a center axis to an end point of the useful
screen area, and z is a distance (mm) from the end point s,
o a tangential plane at the center of the useful screen
area;, and

a skirt portion forming a side wall of the face portion,
wherein mner and outer surfaces of a useful screen area
of the face portion 1include a compressive stress layer ss
having a thickness of at least Y10 of a thickness of the
face portion, and which satisfies a compressive stress
ratio:

<G .. /g .=
0.4=0_/0.,=1.0, 60

where O _; 1s a compressive stress on the 1nner surface at a
center of the useful screen area, and O, 1s a compressive
stress on the inner surface 1n a vicinity of ends of diagonal
axial lines of the useful screen area.

2. The glass panel for a cathode ray tube according to 65
claim 1, wherein the compressive stress O, 1s within a range

of 5.0=|0,]=25.0 (MPa).

3

[3. The glass panel for a cathode ray tube according to
claim 1, wherein the face portion has a radius of curvature
which satisiies the equation:

0=z=r"/(1x10%),

where r 1s a distance (mm) on a diagonal axial line of the
outer surface of the face portion of the useful screen arca
from a center axis to an end point of the useful screen area,
and z 1s a distance (mm) from the end point to a tangential
plane at the center of the useful screen area.}

4. The glass panel for a cathode ray tube according to
claim 1, wherein the compressive stress ratio satisiies the
equation: 0.5=0,/0_,=0.8.

5. The glass panel for a cathode ray tube according to
claim 2, wherein the compressive stress o, 1s within a range
of 6.0=|0,£20.0 (MPa).

6. The glass panel for a cathode ray tube according to
claim [3] Z, wherein the radius of curvature satisfies the
equation: 0=z=r*/(6x10%).

7. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion; and

a skirt portion forming a side wall of the face portion,
wherein mner and outer surfaces of a useful screen area
of the face portion include a compressive stress layer
which satisfies a compressive stress ratio:

[0.4=0,/0.,=1.0] 0.5=0,/0_,=0.8,

i

where O_; 1s a compressive stress on the inner surface at a
center of the useful screen area, and O, 1s a compressive
stress on the inner surface 1 a vicinity of ends of diagonal
axial lines of the usetful screen area.

8. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion having a radius of
curvature which satisfies the equation:

0=z=*/(Ix10%),

where r is a distance (mm) on a diagonal axial line of
the outer surface of the face portion of the useful screen
area from a center axis to an end point of the useful
screen area, and z is a distance (mm) from the end point
lo a tangential plane at the center of the useful screen
area;, and

a skirt portion forming a side wall of the face portion,
whereln inner and outer surfaces of a usetul screen area
of the face portion include a compressive stress layer
having a thickness of at least Y10 of a thickness of the
face portion, and which satisfies the compressive stress
ratio:

0.4=0,_/0,,=1.4,

where O, 1s a compressive stress on the 1nner surface 1 a
vicinity of ends of diagonal axial lines of the useful screen
arca, and o, 1s a compressive stress on the outer surface 1n
the vicinity of ends of diagonal axial lines of the useful
screen area.

9. The glass panel for a cathode ray tube according to
claim 8, wherein the compressive stress o ,. 1s within a range
of 5.0=|0 4] =£25.0 (MPa).

[10. The glass panel for a cathode ray tube according to
claim 8, wherein the face portion has a radius of curvature
which satisfies the equation:

0=z=r"/(1x10%),
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where r 1s a distance (mm) on a diagonal axial line of the
outer surface of the face portion of the useful screen
arca from a center axis to an end point of the useful
screen area, and z 1s a distance (mm) from the end point
to a tangential plane at the center of the useful screen
area. ]

11. The glass panel for a cathode ray tube according to
claim 8, wherein the compressive stress ratio satisfies the
equation: 0.5=0,/0,,=1.0.

12. The glass panel for a cathode ray tube according to
claim 9, wherein the compressive stress O ,; 1s within a range
of 6.0=|0,]=20.0 (MPa).

13. The glass panel for a cathode ray tube according to
claim [10] 8, wherein the radius of curvature satisfies the

equation: 0=z=r"/(6x10%).
14. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion having a radius
of curvature which satisfies the equation:

0=z=p*/(I1x10%),

where r is a distance (mm) on a diagonal axial line of
the outer surface of the face portion of the useful screen
area from a center axis to an end point of the useful
screen area, and z is a distance (mm) from the end point
o a tangential plane at the center of the useful screen

area, and

a skirt portion forming a side wall of the face porftion,
wherein inner and outer surfaces of a useful screen
area of the face portion include a compressive stress
laver having a thickness of at least V10 of a thickness of
the face portion and wherein the compressive stress,
O,, On the inner surface in a vicinity of ends of
diagonal axial lines of the useful screen area is within
the range of 5.0= |0 ;| =25.0 MPa and is less than the
stress on the inner surface, o_, in the center portion of
the panel.

15. The glass panel for a cathode ray tube according to

claim 14, wherein the radius of curvature satisfies the
equation: 0=z=r>/(6x10%).

16. The glass panel for a cathode ray tube according to
claim 14, wherein the compressive stress O, Is within a
range of 6.0=|0,|=20.0 (MPa).

17. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion having a radius

of curvature which satisfies the equation.

0= 2= [(Ix107),

where r is a distance (mm) on a diagonal axial line of
the outer surface of the face portion of the useful screen
area from a center axis to an end point of the useful
screen area, and z is a distance (mm) from the end point
lo a tangential plane at the center of the useful screen
area; and

a skirt portion forming a side wall of the face portion,
wherein inner and outer surfaces of a useful screen
area of the face portion include a compressive stress
layver which satisfies a compressive stress ratio:

0.4=0,/0.,=1.0,
where O_; is a compressive stress on the inner surface
at a center of the useful screen area, and O, 1S a
compressive stress on the inner surface in a vicinity of
ends of diagonal axial lines of the useful screen area.

18. The glass panel for a cathode ray tube according to

claim 17, wherein the radius of curvature satisfies the
equation: 0=z=r"(6x107).
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19. The glass panel for a cathode ray tube according to
claim 17, wherein the compressive stress O, Is within a
range of 0.0=|0,,.|=20.0 (MPa).

20. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion having a radius

of curvature which satisfies the equation:

0=z=¢*/(Ix10%),

where r is a distance (mm) on a diagonal axial line of
the outer surface of the face portion of the useful screen
area from a center axis to an end point of the useful
screen area, and z is a distance (mm) from the end point
o a tangential plane at the center of the useful screen
area; and

a skirt portion forming a side wall of the face portion,
wherein inner and outer surfaces of a useful screen
area of the face portion include a compressive stress
laver which satisfies the compressive stress ratio.

0.4=0 /0. =14

where O ,. Ls @ compressive stress on the inner surface
in a vicinity of ends of diagonal axial lines of the useful
screen area, and O, IS a compressive stress on the
outer surface in the vicinity of ends of diagonal axial
lines of the useful screen area.

21. The glass panel for a cathode ray tube according to
claim 20, wherein the radius of curvature satisfies the
equation: 0=z=r>/(6x10%).

22. The glass panel for a cathode ray tube according to
claim 20, wherein the compressive stress O, Is within a
range of 0.0=|0 ,.|=20.0 (MPa).

23. A glass panel for a cathode ray tube comprising:

a substantially rectangular face portion; and

a skirt portion forming a side wall of the face portion,
wherein inner and outer surfaces of a useful screen
area of the face portion include a compressive stress
laver having a thickness of at least V10 of a thickness of
the face portion, and which satisfies a compressive
stress ratio:

0.5=0,./0..=0.85,

where O_. IS a compressive stress on the inner surface
at a center of the useful screen area, and O, 1S a
compressive stress on the inner surface in a vicinity of
ends of diagonal axial lines of the useful screen area.

24. The glass panel for a cathode ray tube according to
claim 23, wherein the radius of curvature satisfies the
equation: 0=z=r"/(6x10%).

25. The glass panel for a cathode ray tube according to
claim 24, wherein the compressive stress O, Is within a
range of 6.0=|o|=20.0 (MPa).

20. The glass panel for a cathode ray tube according to
claim 1, wherein the stresses in said rectangular face portion
satisfy the ratio:

0.4=0,/0,.=1.4

wherein O, 1S a compressive stress on the outer surface in
the vicinity of ends of diagonal axial lines of the useful
screen ared.

27. The glass panel for a cathode ray tube according to

claim 20, wherein the compressive stress O, Is within the
range of 0.0=0,.=20.0 MPa.

G o e = x
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