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PHysics 273 ExaMm 2

1. Three successive resonance frequencies in an organ pipe are 1310 Hz, 1834 Hz, and 2358 Hz
at 20° C and 1 atm pressure.

(a) Is the pipe open or closed? 5 points

(b) What is the fundamental frequency? 5 points

(c) What is the length of the pipe? 5 points

(d) What is the expression &(z,t) describing the fundamental? 5 points

(e) If the pipe were filled with monatomic helium, what would its fundamental frequency
be? 5 points

(f) Compare and contrast the energy flow in standing waves and progressive waves and
explain why they differ. 5 points
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2. An ambulance speeds toward the facade of a large hospital at 20 m/s. It has a 50 W siren
that emits sound isotropically with a frequency of 1000 Hz.

(a) What is the intensity of the sound wave heard by the medical personnel waiting in front
of the hospital when the ambulance is 200 m away? 5 points

(b) What is the displacement amplitude of the sound wave heard by the medical personnel
at that instant? 5 points

(c) Write the general equation for the displacement wave as a function of the distance r
from the siren. 5 points

(d) What frequency do the medical personnel standing in front of the hospital hear from the
approaching siren? 5 points

(e) How many beats per second do the passengers in the ambulance hear due to the inter-
ference of the sound emitted from the siren and the sound reflected off the front of the
hospital? 5 points
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3. An aluminum rod and a glass rod are joined at a smooth flat surface. A pulse in the glass
rod is incident on the boundary.
(a) What is the mechanical impedance of each rod? 5 points
(b) What is the speed of sound in each rod? 5 points

(c) What are the amplitudes of the transmitted and and reflected waves relative to the
incident pulse? 5 points

(d) What fraction of the incident pulse energy is transmitted and what fraction is reflected?
5 points
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4. The following refer to the above graph, which shows a waveform where the horizontal axis is
in seconds.

(a) Write Fourier’s theorem in your own words. 5 points
(b) Identify the waveform above a write the constituent frequencies. 10 points
(c) Draw the fourier spectrum of the waveform. 5 points

(d) How long would you have to measure this waveform to capture all of the information
frequencies) contained within it? 5 points
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PossiBLY USEFUL INFORMATION

v = 7/5 for diatomic gases (such as air)

v = 5/3 for monatomic gases
for air: p, = 1.29 kg/m?3

for Helium: p, = 0.18 kg/m3
1 atm = 1 x 10° N/m?

speed of sound in air at 20° C and 1 atm =343 m/s
for aluminum: ¥ = 6.9 x 101° N/m?, p, = 2700 kg/m?
for glass: ¥ = 5.4 x 10'° N/m?, p, = 2300 kg/m?



