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Problem 1. (30 Points)

(a) Two strings made from the same wire and a weight of 200 [N] are set up as shown in the figure. The left string has
a mass of 8 [g] and a length of 40 [cm]. If both of them are simultaneously plucked at the center, what is the ratio
between the frequencies of the 2nd overtone of the left string to the 1st overtone of the right string? (10 points)
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(b) A transverse wave is traveling along the −x direction. Please draw the direction of the velocity and acceleration on
points 1, 2, 3, 4 and 5. (6 points)
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(c) A traveling wave traveling to the right on a string at time t = 0 is shown in the figure. The density of the string is
µ, the angular frequency is ω, and the amplitude of displacement is A. Please plot the potential energy density and
kinetic energy density with respect to the location of the string at t = π/4ω. (7 points)
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(d) Two ends of a string are clamped on the wall. Then density of the string is µ, the angular frequency is ω, and the
amplitude of displacement is A. The wave pattern shown in the figure is taken at t = 0. Plot the potential energy
density and kinetic energy density at t = π/4ω. (7 points)

Problem 2. (20 Points)

A loudspeaker is driven by an audio oscillator and amplifier, and is adjustable from 1 to 2 [kHz]. It is placed next to a
stopped pipe of length 68.8 [cm]. Both of them remain stationary. The speed of sound in air is 344 [m/s].

(a) When I tune the frequency of the loudspeaker from 1001 [Hz] up, at what frequency do I first observe resonance? (7
points)

(b) Plot the displacement normal mode of this frequency. (3 points)

(c) Show at which points an insect cannot hear anything in this normal mode. (4 points)

(d) What are all the possible resonant frequencies? (6 points)
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Problem 3. (20 Points)

A submarine floating near to the surface of the ocean is moving north with a speed of 75.2 [km/h] with respect to the ocean
floor. It emits a sonar signal (the speed of sound in seawater is 1522 [m/s]) of frequency 989 [Hz]. The ocean has a current
moving north at 30.5 [km/h] relative to the ocean floor. The sonar signal is reflected by a ship to the north of the submarine.
If the submarine receives a beat frequency of 7 [Hz] and the relative motion between the submarine and the ship brings them
apart, what is the velocity of the ship relative to the submarine? (20 points)
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Problem 4. (30 Points)

A solid sphere (radius R) with mass M rolls without slipping in a cylindrical trough (radius 5R) as shown in the figure.

(a) Express the kinetic energy of the ball in terms of θ, R, and M . Use K = 1/2Mv2 + 1/2Iω2, where ω is the rotational
velocity of the ball about its own center of mass. The Icm of the ball is 2/5MR2. Hint: if there is no slipping, v = Rω.
(10 points)

(b) Assuming θ is small, express the potential energy in terms of θ, R, and M . (7 points)

(c) Using the conservation of energy, that is dE/dt = 0, show that the motion is a simple harmonic motion, and find the
period. (13 points)
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