Physics II
Homework V                                                                                                                    CJ
Chapter 21; 2, 9, 18, 23, 32, 45, 48, 69 
21.2. Model: The principle of superposition comes into play whenever the waves overlap.

	Visualize: 
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The snapshot graph at t  1 s differs from the graph t  0 s in that the left wave has moved to the right by 1 m and the right wave has moved to the left by 1 m. This is because the distance covered by each wave in 1 s is 1 m. The snapshot graphs at t  2 s, 3 s, and 4 s are a superposition of the left and the right moving waves. The overlapping parts of the two waves are shown by the dotted lines.

21.9. Model: Reflections at the string boundaries cause a standing wave on the string.

Visualize: Please refer to Figure Ex21.9. 

Solve: (a) When the frequency is doubled 
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, the wavelength is halved 
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. This halving of the wavelength will increase the number of antinodes to six.

(b) Increasing the tension by a factor of 4 means 
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For the string to continue to oscillate as a standing wave with three antinodes means 
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. Hence,
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That is, the new frequency is twice the original frequency.

21.18. Solve: For the open-open tube, the fundamental frequency of the standing wave is f1  1500 Hz when the tube is filled with helium gas at 0C. Using 
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Similarly, when the tube is filled with air,
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Assess: Note that the length of the tube is one-half the wavelength whether the tube is filled with helium or air. 

21.23. Model: We assume that the speakers are identical and that they are emitting in phase.

Solve: Since you don’t hear anything, the separation between the two speakers corresponds to the condition of destructive interference. With 
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Since the wavelength is
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three possible values for d  are 1.0 m, 3.0 m, and 5.0 m.

21.32. Model: The principle of superposition applies when the waves overlap.

	Visualize: 
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Solve: Because the wave pulses travel along the string at a speed of 100 m/s, they move a distance d  vt  (100 m/s)(0.05 s)  5 m in 0.05 s. The tail end of the wave pulse moving right was therefore located at x  6 m at the earlier time t  0 s. This helps us draw the wave pulse at t  0 s (shown as a dashed line). Subtracting this wave snapshot from the resultant (shown as a solid line) yields the second wave’s snapshot at t  0 s (shown as a dotted line) which is traveling to the left. Finally, the snapshot graph of the wave pulse moving left at t  0.05 s is the same as at t  0 s (shown as a dotted line) except that it is shifted to the left by 5 m.

21.45. Model: The steel wire is under tension and it vibrates with three antinodes. 

Visualize: Please refer to Figure P21.45.

Solve: When the spring is stretched 8.0 cm, the standing wave on the wire has three antinodes. This means 
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 and the tension TS in the wire is TS  k(0.080 m), where k is the spring constant. For this tension,
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We will let the stretching of the spring be (x when the standing wave on the wire displays two antinodes. This means (2  L and 
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The frequency f is the same in the above two situations because the wire is driven by the same oscillating magnetic field. Now, equating the two frequency equations,
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21.48. Model: A tube forms standing waves.

Solve: (a) The fundamental frequency cannot be 390 Hz because 520 Hz and 650 Hz are not integer multiples of it. But we note that the difference between 390 Hz and 520 Hz is 130 Hz as is the difference between 520 Hz and 650 Hz. We see that 390 Hz  3 ( 130 Hz  3f1, 520 Hz  4f1, and 650 Hz  5f1. So we are seeing the third, fourth, and fifth harmonics of a tube whose fundamental frequency is 130 Hz. According to Equation 21.17, this is an open-open tube because fm  mf1 with m  1, 2, 3, 4, … For an open-closed tube m has only odd values.

(b) Knowing f1, we can now find the length of the tube:
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(c) 520 Hz is the fourth harmonic. This is a sound wave, not a wave on a string, so the wave will have four nodes and will have antinodes at the ends, as shown. 
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(d) With carbon dioxide, the new fundamental frequency is
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Thus the frequencies of the n  3, 4, and 5 modes are f3  3f1  318 Hz,  f4  4f1  424 Hz, and f5  5f1  530 Hz.

21.69. Model: The changing sound intensity is due to the interference of two overlapped sound waves.

Visualize: The listener moving relative to the speakers changes the phase difference between the waves. 
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Solve: (a) Initially when you are at P, equidistant from the speakers, you hear a sound of maximum intensity. This implies that the two speakers are in phase (((0  0). However, on moving to Q you hear a minimum of sound intensity implying that the path length difference from the two speakers to Q is 
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(b) At Q, the condition for perfect destructive interference is
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For m  1, 2, and 3, 
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