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Surface Stress Measurement of Curved Tempered Glasses
by Critical Ray
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Optical phenomena at and near the curved glass surface are considered. Surface wave
(critical ray) and bulk wave are assumed and experimentally verified. These waves allow
surface stress determination of a thermally tempered glass lens by both biascope  technique

and refractometry.
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Fig. 1. Excitation of critical ray by light
incidence at critical angle ¢,.
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Table 1. Methods for surface stress
measurement of tempered glasses.

Destructive Non-destructive
Methods Thin section Scanered_or .
o 1 d light |  Refr y
icity | ph icity

® X
Trode name —_— Biascope DSR Toshiba
system | system
Light used | Transmitted Reflected [ Surface

for B Surface wave .

measurement tight light waves
Sensitivity High Medium Low .
References t, 10 7.8,(9 lz.s.m.s

Biascope : Saint-Gobain Co.

DSR®  : pitterential Surface
by PPG Industries Co.
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Fig. 2. Optical phenomena pear interface.
B : Incident light heam, G : Glass surface,
J : Point of incidence, U, W : Points of light
extraction, C: Critical ray, K :Bulk wave,
o u, w, --- : Rays refracted from the critical ray,
v, w’, .- : Rays refracted from the bulk
waves, R, Q : Virtual images.
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Fig. 3. Apparatus.
P : Polarizer, IP:Input prism, OP : Qutput
prism, D : Diaphragm, M : Microscope, A':
Analyzer, Im : Immersion liquid CH,l;, Other
notations : Same as Fig. 2.

Table 2. Sample lenses.

Sa 5%?&
i
,:g?le Stress index | mm|{mm
1 |free 1524 {7100 (100
2 {free ]1511 50| 25
1517 50| 25

3 [tempered
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Fig. 4. Refractometer images of stress-free lens
No. 2, showing superposition of critical ray
(horizontal fringes) and bulk wave (central
spots in (b) and (¢)). Bar : Effective refractive
index difference of 0.001. Arrow : Direction of
effective refractive index increase.
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Fig. 5. Refractoreter images of stress-free lens
No. 1, showing superposition of critical ray
(horizontal fringes) and bulk wave (central spot
in (b)). Bar and arrow : Same as Fig. 4.
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Fig. 6. Biascope images of stress-free lenses
No. 1 (@) and No. 2 (b), D:lower ends of
diaphragm, Arrows : Directions of light propa-
gation, Bar : 1 mm distance on lens surface.
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Fig. 8. Biascope images of tempered lens
No. 3 by rotating the analyzer in 90°
3 Another notations : Same as Fig. 6.
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Fig. 7. Refractometer images of tempered lens No. 3 observed (a) without analyzer,
(b) by linearly polarized light vibrating vertical to the surface, and (¢) by linearly
polarized light vibrating parallel with the surface. Bar and arrow : same as Fig. 4.
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