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Surface Optical Waveguide Effects of Glass Wares
———Application to Surface Stress Measurement—
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Surface optical waveguide effect of a glass ware, if any, enables non-destructive photoelastic
surface stress measurement by refractometry or by biascope technique. Glass bottle, cup,
tube, bulb and pressed ware were examined by laser beam injection and they all gave
surface optical waveguide effects. The effects were attributed to striation layers near the

surfaces. Some of refractometer patterns and biascope patterns were presented. i
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Fig. 1. Optical waveguide effect at a surface
of a glass ware.
a) Refractive index (#) distribution along
depth (),
b) Optical process at the surface
Gs: Glass surface, B: Incident light
beam, IP: Input prism, OP: Output
prism, gw: Guided waves along refrac-
tive index maxima, rw : Refracted waves
from the guided waves
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Fig. 2. Sample glass wares.
R: 500ml reagent bottle, W: Whisky bottle,
Cu: Thermally tempered cup, Q: Quartz glass
tube, I1: Glass ware for illumination appara-
tus, Bu: Protection bulb for a high pressure
mercury discharge lamp, Ga: Thermally tem-
pered Pyrex® boiler gauge glass
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Pig. 3. Methods of observation.
G: Glass, IP: Input prism, D: Diaphragm,
OP : Qutput prism, B: 1mW He-Ne gas laser
.. beam, A: Analyzer, T: Telescope used for
refractometry, M :Microscope used for biascope
observation, QP : Quarter wave plate used for
Laser-Sénarmont biascope observation
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Fig. 4. Fringe patterns by refractometry.
a) For stress-free glass surface, :
b) For stressed glass surface
Arrows : Polarization axis of analyzer
used for observation
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Fig. 5. Biascope patterns.
a) For stress-free surface,
b) For highly stressed surface,
¢) Sénarmont biascope pattern for surface
with low stress
Arrow : Direction of light propagation,
d: Lower end of the diaphragm D
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Fig. 6. Refractometer pattern of a reagent
bottle.
Bar: Refractive index difference of 0.005,
Arrow : Direction of refractive infdex (n)

increase ;
i
£

. Fig. 1. Refractometer pattern of a quartz
g glass tube.
- w: Fringes caused by optical waveguide
effect of striation layers,
c: Fringe caused by critical ray along
the surface

Bar and arrow : Same with Fig. 6
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Fig. 8. Refractometer pattern of whisky bottle.
Bar and arrow : Same with Fig. 6

Fig. 11. Thermally tempered glass cup
observed between crossed nicols.

. Fig. 9. Biascope pattern of mercury discharge
lamp bulb.
Arrow : direction of light propagation
Bar: 5mm distance along light path

Fig. 10. Refractometer pattern of glass Fig. 12. Biascope pattern of the thermally
ware for illuminating apparatus. tempered cup.
Bar and arrow : Same as Fig. 6 . Bar and arrow : Same as Fig. 9
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o/ Fig. 13. Sénarmont biascope patterns of the thermally tempered cup which show
dark position (small arrows) translation by analyzer rotation.
Large arrows: Directions of light propagation; Bar : Same with Fig. 9
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