Physics 3000 Homework 2

1. (a) The phone system only keeps audio frequencies up to about 4 kHz; all that is necessary to transmit speech.  At what minimum sampling rate must phone signals be digitized to keep components up to 4kHz?

(b) In an audio experiment I have two pure tones that are separated by 12 Hz.  What time window must I Fourier transform in order to get a peak in the spectrum for each tone. Explain.

(c) Describe the difference between the Fourier transform of a periodic signal and of a signal with no period. For the periodic signal how would you identify the period from a plot of the Fourier spectrum?

(d) Explain what happens when a sampled signal has frequency components above the Nyquist frequency. If you sampled a 10 kHz pure tone signal at a rate of 18,000 samples per second, describe the resulting digitized waveform. What would you hear if it was played back?

2. A small speaker is positioned in the center of a circular baffle of radius 2 m.  A microphone is placed along the center axis of the baffle at a distance of 3 m from the speaker. What are the two lowest frequencies that experience destructive interference at the position of the microphone due to waves from the front and back of the speaker?

3.  One way to boost the bass output of a speaker is to provide a long internal path to an output port so that the sound radiated from the output port is in phase with the sound from the speaker at a particular bass frequency (see figure below).  Note that this effect is just a result of path difference not a Helmholtz resonator effect.  
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What total path length difference would be needed to boost a frequency of 40 Hz? 

(Remember the sound from the back of the speaker is 180 degrees out of phase 

with that emitted from the front of the speaker! Assume that the distance between the speaker and the output port is negligible.)

4. A duct with a plenum is constructed with the dimensions shown in the figure below. 
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(a) What are the acoustic impedances of the small and large cross-sectional components of the duct?

(b) What is the amplitude reflection coefficient for waves traveling from the small to the large part of the duct?

(c) What is the amplitude reflection coefficient for waves traveling from the large to the small part of the duct?

(d) At which junction is the wave inverted on reflection?

(e) Is the transmitted wave ever inverted? Use the formula for transmission coefficient to explain your answer.

(f) For the length of the plenum (0.64 m) what frequencies will be blocked from passing through?

5. The frequency of the high e string on a guitar is 330 Hz. If the string is 0.61 m long what is the speed of waves on the high e string? If the tension in the string is 65 N what is the mass per unit length of the high e string? What is the acoustic impedance of the high e string? What is the acoustic impedance of a tuned up low e string (T=65 N, =6.4x10-3 kg/m)? If a low e and a high e string were attached in series (and tuned up to the same tension of 65N) what would be the reflection coefficient (r) for waves from the low e to the high e? What would r be for waves traveling from the low e to the high e?
6. When a wave passes from one medium to another which of the three wave quantities frequency, wavelength, wave speed can change and which must remain the same in each medium? Explain why.

7. Using the relation between pressure amplitude and displacement amplitude 
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find the maximum displacement of air for:

(a)  a 120 dB infrasound sine wave of  frequency 12 Hz.
(b) a 0 db pure tone at 1000 Hz.
� EMBED Equation.3  ���
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