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12-1 Wave Motion
Vocabulary Wave: A disturbance in a medium.

In this chapter you will be working with waves that are periodic or that
repeat in a regular, rhythmic pattern.

wave speed ! AwavelengthBAfrequencyB or v ! !f

The SI unit for wave speed is the meter per second (m/s). The speed of sound
in air increases with air temperature. For the following exercises, the speed of
sound will be written as 340.0 m/s. All electromagnetic radiation including
radio waves and light waves travel at the speed of light, 3.00 " 108 m/s.

The wavelength of a wave is the distance from one point on a wave to the
next identical point on the same wave, for example, from crest to crest, trough
to trough, or condensation to condensation. The symbol for wavelength is the
Greek letter “lambda,” !.

The SI unit for wavelength is the meter (m), which is the same unit used for
length in earlier chapters.

The SI unit for frequency is the hertz (Hz). When talking about the broadcast
frequency of a radio station, frequencies of FM radio stations are given in
megahertz, or MHz, and frequencies of AM radio stations are given in
kilohertz, or kHz.

1 MHz ! 1 " 106 Hz and 1 kHz ! 1 " 103 Hz

Solved Examples

Example 1: Radio station WKLB in Boston broadcasts at a frequency of 99.5 MHz. What is
the wavelength of the radio waves emitted by WKLB?

Given: v ! 3.00 " 108 m/s Unknown: ! ! ?
f ! 99.5 " 106 Hz Original equation: v ! !f
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Solve: ! ! ! ! 3.02 m

Therefore, the distance from one point on the wave to the next identical point
on the same wave is 3.02 m.

Example 2: In California, Clay is surfing on a wave that propels him toward the beach
with a speed of 5.0 m/s. The wave crests are each 20. m apart. a) What is the
frequency of the water wave? b) What is the period?

a. Given: v ! 5.0 m/s Unknown: f ! ?
! ! 20. m Original equation: v ! !f

Solve: f ! ! ! 0.25 Hz

b. Given: f ! 0.25 Hz Unknown: T ! ?
Original equation: T !

Solve: T ! ! ! 4.0 s

One crest comes along every 4.0 s.

Practice Exercises

Exercise 1: Harriet is told by her doctor that her heart rate is 70.0 beats per minute. If
Harriet’s average blood flow in the aorta during systole is 1.5 " 10#2 m/s,
what is the wavelength of the waves of blood in Harriet’s aorta, created by
her beating heart?

Answer:

Exercise 2: Dogs are able to hear much higher frequencies than humans are capable of
detecting. For this reason, dog whistles that are inaudible to the human ear
can be heard easily by a dog. If a dog whistle has a frequency
of 3.0 " 104 Hz, what is the wavelength of the sound emitted?

Answer:

1
0.25 Hz

1
f

1
f

5.0 m>s
20. m

v
l

3.00 " 108 m>s
99.5 " 106 Hz

v
f
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Exercise 3: While flying to Tucson, Connie’s plane experiences turbulence that causes the
coffee in her cup to oscillate back and forth 4 times each second. If the waves
of coffee have a wavelength of 0.1 m, what is the speed of a wave moving
through the coffee?

Answer:

Exercise 4: At a country music festival in New Hampshire, the Oak Ridge Boys are
playing at the end of a crowded 184-m field when Ronny Fairchild hits a note
on the keyboard that has a frequency of 400. Hz. a) How many full
wavelengths are there between the stage and the last row of the crowd? 
b) How much delay is there between the time a note is played and the time it
is heard in the last row?

Answer: a.

Answer: b.

12-2 Doppler Effect
Vocabulary Doppler Effect: A change in the apparent frequency of sound due to the

motion of the source of the receiver.

You probably associate the Doppler effect with the change in pitch (frequency)
of a loud car or siren just as it passes you. The pitch suddenly drops just as
the object moves by. Light can also be Doppler shifted but the Doppler shift of
light will not be discussed in this chapter.

The equation that describes this effect can be used whether the source is
approaching or receding from the observer. It also works if either the source
or observer is at rest, or if there is a chase situation in which both are moving
in the same direction.
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A3. Silver: 10 500 kg/m3

Earth: 5540 kg/m3

A5. 1.5 ! 10"3 m
A7. b) 21 m
A9. a) 9.0 ! 103 N

b) 10. N
A11. a) 3.03 times bigger

Chapter 10
1. 122°F
3. a) "148°C

b) "234°F
5. 437°C
7. b) 3.96 ! 10"4 m3

9. 347 000 J
11. 31.8°C
13. 9630 J
15. 3.9 ! 106 J

A1. Hottest: 462°C
Coldest: "218°C

A3. 2.0 ! 10"3 m
A5. 3.1 ! 10"4 m2

A7. 1990 cm3

A9. 79.7°C
A11. 0.019 kg
A13. 1300 J

Chapter 11
1. 0.67 s
3. a) 200 N/m
5. a) 0.63 s
7. 2 s
9. a) 3.1 s

11. 0.65 m
A1. 0.0023 s
A3. 20 N/m
A5. a) 0.5441 s
A7. 6.28 s
A9. b) 0.0400 m

Chapter 12
1. 0.013 m
3. 0.4 m/s
5. 188 Hz
7. b) "5.26 m/s
9. 813 Hz

11. 0.300 m
13. 394.0 Hz

A1. 0.0085 m
A3. a) 0.688 m
A5. 40 m
A7. a) Toward: 501.5 Hz

Away: 498.5 Hz
b) 3.0 Hz

A9. 15.0 m/s
A11. 20.4 m/s
A15. 628 m/s

Chapter 13
1. 19 700 s
3. 3.80 ! 10"7 m
5. 40°
7. a) "36 cm
9. 28.9°

11. 1.39
A1. 260 s

A3. 20°
A5. c) "12.0 cm
A7. a) #
A9. b) alcohol: 2.21 ! 108 m/s

water: 2.26 ! 108 m/s
A11. 20.7°
A13. a) 42.5°

Chapter 14
1. 11.1 cm
3. a) 0.0508 m
5. a) 20 times

b) 30 cm
7. 8 times
9. b) 2.7 diopters

11. 0.40 m
13. a) 8.8 ! 10"4 m
15. 2.4 ! 10"6 m

A1. 12.0 cm
A3. 2.4 cm
A5. 24 cm
A7. 0.17 m
A9. a) "4.0 diopters

b) 0.29 m
A11. "0.17 diopters
A13. 7130 m

Chapter 15
1. 1.3 ! 10"3 N
3. 7.0 ! 10"13 C
5. 10. m
7. 1.9 ! 1013 N/C
9. 18 ! 105 N/C to the right

11. 8800 V
13. 4.0 ! 10"3 m

A1. 1.5 ! 10"11 N
A3. 4.2 ! 10"13 C
A5. a) 0.043 m
A7. 1.3 ! 107 N/C
A9. a) 0.14 m

A11. 450 000 J
A13. 600 000 V

Chapter 16
1. 10 800 s
3. 27.5 $
5. 1.52 V
7. 2.0 ! 104 V
9. 0.8 A

11. a) 240 V
c) 18 A

13. a) 1.5 A
b) 80 $

15. $8.10
17. a) 3 $

b) 4 A
19. Series: 10. V

Parallel: 120 V
21. a) 5 $

b) 85 $
A1. a) 15 600 s
A3. 100. $
A5. 5 ! 10 "9 A
A7. 14.17 A
A9. $1.2 ! 106

A11. 0.25 A
A13. a) 3.0 $

b) 12 A

Chapter 17
1. 4.2 ! 10"14 N
3. a) 6.0 ! 10"3 T
5. a) Zero

b) 1.4 ! 10"5 Wb
7. 8.4 ! 10"8 V
9. a) 12 V

A1. 1.1 ! 10"10 N
A3. 8.6 ! 10"14 N
A5. a) 1.3 ! 10"3 N

b) zero
A7. a) 1.1 ! 10"5 V
A9. a) 4800 V

Chapter 18
1. 2.15 eV
3. 1040 nm
5. 150 000 m/s
7. a) 1.96 eV

b) 5.22 ! 10"7 m
9. 823 nm

11. a) 657 nm Red
b) 488 nm Greenish Blue
c) 445 nm Violet

13. 1.85 ! 1016 atoms
15. 1.13 ! 1014 atoms

A1. 2.9 ! 1020 Hz
A3. 2.42 eV
A5. 1.7 ! 10"19 m
A7. Sodium: 1.68 eV Yes

Iron: 0.244 eV Yes
Gold: "0.676 eV No

A9. 7.72 eV
A11. 2.18 ! 104 atoms
A13. 8.18 ! 1024 atoms
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