surement, can the astronomer tell whether the star is moving
away from the earth or whether the earth is moving away from
the star? Explain.

7. Is there any real difference between a polarizer and an ana-
lyzer? In other words, can a polarizer be used as an anatyzer, and
vice versa?

8. Malus’ law applies to the setup in Figure 24.20, which shows.

the analyzer rotated through an angle € and the polarizer held
fixed. Does Malus’ law apply when the analyzer is held fixed and
the polarizer is rotated? Give your reasoning.

9, In Example 7, we saw that, when the angle between the polar-
izer and analyzer is 63.4°, the intensity of the transmitted light
drops to one-tenth of that of the incident unpolarized light. What
happens to the light intensity that is not transmitted?

10. Light is incident from the left on two pieces of polarizing
material, 1 and 2. As part @ of the drawing illustrates, the trans-
mission axis of material 1 is along the vertical direction, while
that of material 2 makes an angle of @ with respect to the vertical.
In part b of the drawing the two polarizing materials are inter-
changed. (a) Assume that the incident light is unpolarized
and determine whether the intensity of the transmiited light in
part a is greater than, equal to, or less than that in part b. (b) Re-
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peat part (a), assuming that the incident light is linearly polarized
along the vertical direction. Justify your answers to both parts (a)
and (b).

Incident Transmitted

light light
#1 #2
(a)
Incident Transmitted
light light

#2 #1
(b)

11. You are sitting upright on the beach near a lake on a sunny
day, wearing Polaroid sunglasses. When you lie down on your
side, facing the lake, the sunglasses don’t work as well as they
did while you were sitting upright. Why not?

ssm Solution is in the Student Solitions Manual. www Solution is available on the World Wide Web at hitp:/fwww.wiley.com/college/cutnell

4 This icon represents a biomedical application.

Section 24.1 The Nature of Electromagnetic Waves

1. ssm In astronomy, distances are often expressed in light-
years. One light-year is the distance traveled by light in one year.
The distance to Alpha Centauri, the closest star other than our
own sun that can be seen by the naked eye, is 4.3 light-years. Ex-
press this distance in meters.

2. (a) Neil A. Armstrong was the first person to walk on the
moon. The distance between the earth and the moon is 3.85 X
10® m. Find the time it took for his voice to reach earth via radio
waves. (b) Determine the communication time for the first person
who will some day walk on Mars, which is 5.6 X 10' m from
earth at the point of closest approach.

3. For an FM radio station broadcasting at a frequency of
88.0 MHz, the capacitance in Figure 24.5 must be adjusted to a
value of 33.0 X 1072 F Assuming the inductance does not
change, determine the value of the capacitance for an FM station
broadcasting at 108.0 MHz.

4. An AM station is broadcasting a radio wave whose frequency
is 1400 kHz. The value of the capacitance in Figure 24.5 is 8.4 X
10~Y F. What must be the value of the inductance in order that
this station can be tuned in by the radio?

*5, sem Equation 16.3, y = A sin (2mft — 2mx/A), gives the
mathematical representation of a wave oscillating in the y direc-
tion and traveling in the positive x direction. Let y in this equa-

tion equal the electric field of an electromagnetic wave traveling
in a vacuum. The maximum electric field is A = 156 N/C, and
the frequency is f = 1.50 X 10® Hz. Plot a graph of the electric
field strength versus position, using for x the following values: 0,
0.50, 1.00, 1.50, and 2.00 m. Plot this graph for {(a) atime f = 05
and (b) a time ¢ that is one-fourth of the wave’s period.

(sxg A flat coil of wire is nsed with an LC-tuned circuit as a receiv-

ing antenna. The coil has a radius of 0.25 m and consists
of 450 tums. The transmitted radio wave has a frequency of
1.2 MHz. The magnetic field of the wave is parallel to the normal
to the coil and has a maximum value of 2.0 X 107" T. Using
Faraday's law of electromagnetic induction and the fact that the
magnetic field changes from zero to its maximum value in one-
quarter of a wave period, find the magnitude of the average emf
induced in the antenna during this time.

Section 24.2 The Electromagnetic Spectrum

7. A truck driver is broadcasting at a frequency of 26.965 MHz
with a CB (citizen’s band) radio. Determine the wavelength of
the electromagnetic wave being used.

8. Determine the range of wavelengths for FM radio waves with
frequencies between 88.0 and 108.0 MHz.

9. ssm www Tclevision sets sometimes use a “rabbit-ears™ an-
tenna. A rabbit-ears antenna consists of a pair of metal rods. The
length of each rod can be adjusted te be one-quarter of a wave-















