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In air, the speed is only slightly less. In other transparent materials, such as ||

glass and water, the speed is always less than that in vacuum. For example, in water
light travels at about j c. The ratio of the speed of light in vacuum to the speed v
in a given material is called the index of refraction, 7, of that material:
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The index of refraction is never less than 1, and values for various materials are
given in Table 23-1. For example, since n = 1.33 for water, the speed of light
in water is

~(3.00 x 10°m/s)

133 = 2.26 X 10°m/s.

TABLE 23-1 Indices of
Refraction’

Material

Vacuum
Air (at STP)
Water
Ethyl alcohol
Glass
Fused quartz
Crown glass
Light flint
Plastic
Acrylic, Lucite, CR-39
Polycarbonate
“High-index”
Sodium chloride
Diamond

A = 580 nm.
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‘ So we can conclude:
‘ Light bends toward the normal when we moves from lower density to higher density area
‘ Light bends away from the normal when we moves from higher density to lower density area
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The incident angle at which this occurs is called the critical angle, 6. From
Snell’s law, 6O¢ is given by

1
. n, . nisnBi= No *w
sinfe = n—zsm90° o =
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or any incident angle less than 6., there will be a refracted ray, although part of
he light will also be reflected at the boundary. However, for incident angles 6,
preater than 0., Snell’s law would tell us that sin, (= n,sin#,/n,) would be
reater than 1.00 when n, << ny. Yet the sine of an angle can never be greater
han 1.00. In this case there is no refracted ray at all, and all of the light is
eflected, as for ray L in Fig. 23-26. This effect is called total internal reflection.
otal internal reflection occurs only when light strikes a boundary where the

edium beyond has a lower index of refraction.
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