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FIGURE 23-23 Example 23-7.
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EXERCISE C Light passes from a medium with n = 1.3 into a medium with n = 1.5
Is the light bent toward or away from the perpendicular to the interface?

Refraction through flat glass. Light traveling in air strikes a
fat piece of uniformly thick glass at an incident angle of 607, as shown in Fig, 23-22,
If the index of refraction of the glass is 1.50, (a) what is the angle of refraction #
in the glass; (b) what is the angle # at which the ray emerges from the glass?

APPROACH We apply Snell’s law at the first surface, where the light enters the
glass, and again at the second surface where it leaves the glass and enters the air.
SOLUTION (a) The incident ray is in air, so n, = 1.00 and n, = 1.50.
Applying Snell’s law where the light enters the glass (8, = 60°) gives

1.
sinf, = %sin 60° = 0.577,

so 8, = 35.2°.

(b) Since the faces of the glass are parallel, the incident angle at the second
surface is just #, (simple geomeltry), so sinf, = 0.577. At this second
interface, n; = 1.50 and n, = 1.00. Thus the ray re-enters the air at an angle
By (= 65) given by

5
§indy = %sin 0, = 0.866,

and # = 60° The direction of a light ray is thus unchanged by passing
through a flat piece of glass of uniform thickness.

NOTE Tt should be clear that this works for any angle of incidence. The ray is
displaced slightly to one side. however. You can observe this by looking
through a piece of glass (near its edge) at some object and then moving vour
head to the side slightly so that you see the object directly. It “jumps.”

OGRS BT Apparent depth of a pool. A swimmer has dropped
her goggles to the bottom of a pool at the shallow end, marked as 1.0 m deep.

But the goggles don’t look that deep. Why? How deep do the goggles appear
to be when you look straight down into the water?
APPROACH We draw a ray diagram showing two rays going upward from a
point on the goggles at a small angle, and being refracted at the water’s (flat)
surface. This is shown in Fig. 23-23, and the dashed lines show why the water
seems less deep than it actually is. The two rays traveling upward from the
goggles are refracted away from the normal as they exit the water, and so
appear to be diverging from a point above the goggles (dashed lines).
SOLUTION To calculate the apparent depth d' (Fig. 23-23), given a real depth
d = 1.0m, we use Snell's law with », = 1.33 for water and n, = | for air:
sin#, = n,sin#,.
We are considering only small angles, so sin# = tan#@ = 6, with # in radians.
So Snell’s law becomes
&y = nf.
From Fig. 23-23, we see that

#, = tan 8, = - and 6, = tanf, = 2,
= o d d
Putting these into Snell’s law, 6, = n, 8, we get
£ . %
E ~ ﬂ| E
or
d [.0m
T R

The pool seems only three-fourths as deep as it actually is.
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