Physics II
Homework V                                                                                                                 CJ

Chapter 21: 6, 8, 15, 22, 32, 45, 50
21.6. Model: A wave pulse reflected from the string-wall boundary is inverted and its       
  
amplitude is unchanged. 
	Visualize: 
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The graph at t  2 s differs from the graph at t  0 s in that both waves have moved to the right by 2 m. This is because the distance covered by the wave pulse in 2 s is 2 m. The shorter pulse wave encounters the boundary wall at 2.0 s and is inverted on reflection. This reflected pulse wave overlaps with the broader pulse wave, as shown in the snapshot graph at t  4 s. At t  6 s, only half of the broad pulse is reflected and hence inverted; the shorter pulse wave continues to move to the left with a speed of 1 m/s. Finally, at t  8 s both the reflected pulse waves are inverted and they are both moving to the left.

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


  
Solve: Figure Ex21.8 indicates one and a half full wavelengths on the string.      
   
Hence 
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21.15. Model: We have an open-open tube that forms standing sound waves.

  
Visualize: Please refer to Figure Ex21.15.

Solve: The gas molecules at the ends of the tube exhibit maximum 
displacement, making antinodes at the ends. There is another antinode in the middle of the tube. Thus, this is the m  2 mode and the wavelength of the standing wave is equal to the length of the tube, that is, (  0.80 m. Since the frequency f  500 Hz, the speed of sound in this case is v  f(  (500 Hz)(0.80 m)  400 m/s.

Assess: The experiment yields a reasonable value for the speed of sound.

21.22. Model: Interference occurs according to the difference between the phases 
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 of the two waves. 


Solve: (a) A separation of 20 cm between the speakers leads to maximum intensity on the x-axis, but a separation of 60 cm leads to zero intensity. That is, the waves are in phase when ((x)1  20 cm but out of phase when ((x)2  60 cm. Thus,
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(b) If the distance between the speakers continues to increase, the intensity will again be a maximum when the separation between the speakers that produced a maximum has increased by one wavelength. That is, when the separation between the speakers is 20 cm  80 cm  100 cm.

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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. For the tension 
[image: image12.wmf]S

T

¢

,

[image: image13.wmf]SS

wire2

TT

vf

l

mm

¢¢

¢

=Þ=



 EMBED Equation.DSMT36  [image: image14.wmf]1

kx

f

L

m

D

Þ=


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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21.50. Model: The nodes of a standing wave are spaced /2 apart.
	Visualize: 
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Solve: The wavelength of the mth mode of an open-open tube is m  2L/m. Or, equivalently, the length of the tube that generates the mth mode is L  m(/2). Here  is the same for all modes because the frequency of the tuning fork is unchanged. Increasing the length of the tube to go from mode m to mode m  1 requires a length change 

(L  (m  1)(/2) – m/2  /2

That is, lengthening the tube by /2 adds an additional antinode and creates the next standing wave. This is consistent with the idea that the nodes of a standing wave are spaced /2 apart. This tube is first increased (L  56.7 cm – 42.5 cm  14.2 cm, then by (L  70.9 cm – 56.7 cm  14.2 cm. Thus /2  14.2 cm and thus   28.4 cm  0.284 m. Therefore the frequency of the tuning fork is
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