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make a reasonable guess about the shape of contour lines
of constant depth. Suppose waves approach the coast, car-
ryving energy with uniform density along originally straight
wave [ronts. Show that the energy reaching the coast is
concentrated at the headlands and has lower intensity in
the bays.

Section 35.7 Dispersion

A The index of refraction for violet light in silica flint
glass is 1.66 and that for red light is 1.62. What is the
angular spread of visible light passing through a prism of
apex angle 60.0° if the angle of incidence is 50.0°7 See
Figure P35.31.
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32. A narrow, white light beam is incident on a block of fused
quartz at an angle of 30.0°, Find the angular spread of the
light beam inside the quartz due to dispersion.

Section 35.8 Total Internal Reflection

33. For 589-nm light, calculate the critical angle for the fol-
lowing materials surrounded by air. (a} diamond (b) flint
glass (c) ice

34. A glass fiber (n = 1.50) is submerged in water (n = 1.33).
What is the critical angle for light to stay inside the opti-
cal fiber?

Consider a common mirage formed by superheated air
immediately above a roadway. A truck driver whose eyes
are 2.00 m above the road, where n = 1.000 3, looks for-
ward. She perceives the illusion of a patch ol water ahead
on the road, where her line of sight makes an angle of
1.207 below the horizontal. Find the index of refraction of
the air immediately above the road surface. Suggestion:
Treat this problem as one about total internal reflection.

36. Determine the maximum angle # for which the light rays
incident on the end of the pipe in Figure P35.36 are sub-
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39.

[1=S85M/SG; A =ThomsonNOW;

ject to total internal reflection along the walls of the pipe.

Assume the pipe has an index of refraction of 1.36 and
the outside medinm is air. Your answer defines the size of
the cone of acceplance for the light pipe.

Figure P35.36

. @ An optical fiber has index of refraction # and diameter

d. It is surrounded by air. Light is sent into the fiber along
its axis as shown in Figure P35.37. (a) Find the smallest
outside radius R permitted for a bend in the fiber if no
light is to escape. (b) What If? Does the result for part (a)
predict reasonable behavior as d approaches zero? As n
increases? As n approaches 17 (¢) Evaluate R assuming
the fiber diameter is 100 wm and its index of refraction is
1.440.
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Figure P35.37

. ® A room contains air in which the speed of sound is

343 m/s. The walls of the room are made of concrete in
which the speed of sound is 1 850 m/s. (a) Find the criti-
cal angle for total internal reflection of sound at the
concrete—air boundary. (b} In which medium must the
sound be traveling if it is undergo total internal reflectionz
(c) "A bare concrete wall is a highly efficient mirror for
sound.” Give evidence for or against this statement.

® Around 1965, engineers at the Toro Company invented
a gasoline gauge for small engines diagrammed in Figure
P35.39. The gauge has no moving parts. It consists of a
flat slab of transparent plastic fitting vertically into a slot
in the cap on the gas tank. None of the plastic has a
reflective coating. The plastic projects from the horizontal
top down nearly to the bottom of the opaque tank. Its
lower edge is cut with facets making angles of 45 with the
horizontal. A lawn mower operator looks down from
above and sees a boundary between bright and dark on
the gauge. The location of the boundary, across the width
of the plastic, indicates the quantity of gasoline in the
tank, Explain how the gauge works. Explain the design
requirements, if any, for the index of refraction of the
plastic.

= symbolic reasoning; @ = qualitative reasoning
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41. @ Figure P35.41a shows a desk ornament globe contain-
ing a photograph. The flat photograph is in air, inside a
vertical slot located behind a waterfilled compartment
having the shape of one half of a cylinder. Suppose vou
are looking at the center of the photograph and then
rotate the globe about a vertical axis. You find that the
center of the photograph disappears when you rotate the
globe beyond a certain maximum angle (Fig. P35.41hb).

. Account for this phenomenon and calculate the maxi-

Figure P35.39 mum angle. Describe what you see when you trn the

globe beyond this angle.

Additional Problems

40. A digital videodisc records information in a spiral track
approximately T pm wide. The track con
pits in the information layer (Fig. P35.40a) that scatter
light from a laser beam sharply focused on them. The
laser shines in through transparent plastic of thickness
= 1.20 mm and index of refraction 1.55 (Fig. P35.40b).
Assume the width of the laser beam at the information
layer must be @ = 1.00 um to read from only one track
and not from its neighbors. Assume the width of the
beam as it enters the transparent plastic from below is
w = (L700 mm. A lens makes the beam converge into a
cone with an apex angle 26, before it enters the
videodisc. Find the incidence angle 8, of the light at the
edge of the conical beam. This design is relatively Figure P35.41
immune to small dust particles degrading the video qual-
ity. Particles on the plastic surface would have to be as
large as 0.7 mm to obscure the beam.

s of a series of

42. @ A light ray enters the atmosphere of a planet and
descends vertically to the surface a distance & below. The
index of refraction where the light enters the atmosphere
is 1.000, and it increases linearly with distance to have
the value # at the planet surface. (a) Over what time
interval does the light traverse this path? (b) State how
this travel time compares with the time interval required
in the absence of an atmosphere,
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A narrow beam of light is incident from air onto the sur-
face of glass with index of refraction 1.56. Find the angle of
e b —ahe— by incidence for which the corresponding angle of refraction

3 |l1f0|”"'=1l10'1 is half the angle of incidence. Suggestion: You might want to
aver
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use the trigonometric identity sin 260 = 2 sin @ cos 0.

44, % (a) Consider a horizontal interface between air above
and glass of index 1.55 below. Draw a light ray incident
from the air at angle of incidence 30.0°. Determine the

fly angles of the reflected and refracted rays and show them

on the diagram. (b) What If? Now suppose the light ray is
incident from the glass at angle of incidence 30.0°, Deter-

- Air mine the angles of the reflected and refracted rays and
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1 show all three rays on a new diagram. (c) For rays inci-
dent from the air onto the air—glass surface, determine

(b) and tabulate the angles of reflection and refraction for all

Figure P35.40 the angles of incidence at 10.0% intervals from 07 to 90.0°,
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