CHAPTER 12:  Sound

Answers to Questions

5. Listening to music while seated far away from the source of sound gives evidence that the speed of sound in air does not depend on frequency.  If the speed were highly frequency dependent, then high and low sounds created at the same time at the source would arrive at your location at different times, and the music would sound very disjointed.  The fact that the music “stays together” is evidence that the speed is independent of frequency.

7.
The basic equation determining the pitch of the organ pipe is either 
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, for a closed pipe, or 
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, for an open pipe.  In each case, the frequency is proportional to the speed of sound in air.  Since the speed is a function of temperature, and the length of any particular pipe is fixed, the frequency is also a function of temperature.  Thus when the temperature changes, the resonant frequencies of the organ pipes change as well.  Since the speed of sound increases with temperature, as the temperature increases, the pitch of the pipes increases as well.

Solutions to Problems

8.
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The pain level is 
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10

 times more intense than the whisper.

11.
From Example 12-4, we see that a sound level decrease of 3 dB corresponds to a halving of intensity.  

Thus, if two engines are shut down, the intensity will be cut in half, and the sound level will be 117 dB.  Then, if one more engine is shut down, the intensity will be cut in half again, and the sound level will drop by 3 more dB, to a final value of 
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14.
(a)
The energy absorbed per second is the power of the wave, which is the intensity times the area.
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(b)
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16.
(a)
Find the intensity from the 130 dB value, and then find the power output corresponding to that 

intensity at that distance from the speaker.
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(b)
Find the intensity from the 90 dB value, and then from the power output, find the distance 

corresponding to that intensity.
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38.
The ear canal can be modeled as a closed pipe of length 2.5 cm.  The resonant frequencies are given by 
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.  The first several frequencies are calculated here.
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In the graph, the most sensitive frequency is between 3000 and 4000 Hz.  This corresponds to the fundamental resonant frequency of the ear canal.  The sensitivity decrease above 4000 Hz, but is seen to “flatten out” around 10,000 Hz again, indicating higher sensitivity near 10,000 Hz than at surrounding frequencies.  This 10,000 Hz relatively sensitive region corresponds to the first overtone resonant frequency of the ear canal.

44.
Beats will be heard because the difference in the speed of sound for the two flutes will result in two 

different frequencies.  We assume that the flute at 25.0oC will accurately play the middle C.
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56.
The beats arise from the combining of the original 3.5 MHz frequency with the reflected signal which has been Doppler shifted.  There are two Doppler shifts – one for the blood cells receiving the original signal (observer moving away from stationary source) and one for the detector receiving the reflected signal (source moving away from stationary observer).
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J12: What is the power emitted by a point source if a sound level meter registers 70 dB at a distance 5.0 meters from the source?
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