mTotal Internal Reflection; Fiber Optics

When light passes from one material into a second material where the index of
refraction is less (say, from water into air), the light bends away from the
normal, as for rays I and J in Fig. 23-24. At a particular incident angle, the angle
of refraction will be 90°, and the refracted ray would skim the surface (ray K) in
this case. The incident angle at which this occurs is called the critical angle, 6.
From Snell’s law, 8- is given by

Hy Hy
sinfle = —sin90° = —- (23-6)
n ny
For any incident angle less than -, there will be a refracted ray. although part of
the light will also be reflected at the boundary. However, for incident angles
greater than ¢, Snell’s law would tell us that sin 6 is greater than 1.00. Yet the
sine of an angle can never be greater than 1.00. In this case there is no refracted
ray at all, and all of the light is reflected. as for ray L in Fig. 23-24, This effect is
called total internal reflection. But note that total internal reflection can occur
only when light strikes a boundary where the medium beyond has a lower index
of refraction.
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CONCEPTUAL EXAMPLE 23-8 |View up from under water. Describe
what a person would see who looked up at the world from beneath the
perfectly smooth surface of a lake or swimming pool.

RESPONSE For an air-water interface, the critical angle is given by

. 1.00
sinfle = 133 0.750.
Therefore, 8- = 49°. Thus the person would see the outside world compressed
into a circle whose edge makes a 49° angle with the vertical. Beyond this angle,
the person would see reflections from the sides and bottom of the lake or pool
(Fig. 23-25).

EXERCISE D Light traveling in air strikes a glass surface with n = 148, For what
range of angles will total internal reflection occur?
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FIGURE 23-24 Since 1y < ny. light ravs are totally
internally reflected if the incident angle 8, = f¢.
as for ray L. If #; = 8, as for rays | and J, only a
part of the light is reflected. and the rest is refracted.
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must be very smooth). Example 23-8.
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