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Hour Exam
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This exam is closed notes and closed book. You must show enough work on all problems to convince the grader
you understand how to solve the problem. You may use a calculator. An equation sheet is on the last page. There
are three problems; each counts 20 points. The points for each problem are divided approximately equally among
the parts (a), (b), etc.

Problem 1. Two identical loudspeakers are con-
nected to the same amplifier so that they are in phase.
The speed of sound in air is 345 m/s.

3.0 m

4.0 m

5.0 m

4.0 m

(a) (b)

d

P

(a) What are the two lowest frequencies f1 and f2 at
which the speakers in panel (a) can be driven to
produce maximum intensity at the point P?

(b) The wires to one speaker are now reversed so that
the loudspeakers are exactly out of phase, and
the distance between the speakers is increased to
d as shown in panel (b). (The two speakers and
the point P again form a right triangle.) Find
the smallest value of d > 3.0 m such that inten-
sity maxima for the frequency f1 determined in
part (a) will again be heard at P . What will be
heard for frequency f2?



Problem 2. A violin string of length 0.33 m is tuned
to a fundamental frequency of 444 Hz.

(a) What is the velocity of a wave on this string?

(b) What are the frequency and wavelength of the
next two possible standing waves? Sketch the

form of the first three possible standing waves.

(c) By what fractional amount should the tension in
the string be increased to shift the fundamental
frequency to 450 Hz? (Neglect the change in mass
density when the tension is increased.)



Problem 3. A traveling wave has the form

D(x, t) = A sin(ωt − kx).

(a) Write the wave equation and show that D(x, t)
satisfies it.

(b) Find the values of A, ω, and k if the frequency
(not angular frequency) is 60 Hz, the amplitude
is 0.6 m, and the wavelength is 0.1 m.

(c) What is the velocity of the wave?
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Equation Sheet

speed of light in vacuo c 3.00 × 108 m/s
Gravitational constant G 6.67 × 10−11 N m2/kg2

Avogadro’s Number NA 6.02 × 1023 mol−1

Gas constant R 8.315 J/mol K
Boltzmann’s constant kB 1.38 × 10−23 J/K
charge on electron e 1.60 × 10−19 C
free space permittivity ε0 8.85 × 10−12 C2/N m2

free space permeability µ0 4π × 10−7 T m/A
Planck’s constant h 6.63 × 10−34 J s
electron rest mass me 9.11 × 10−31 kg
proton rest mass mp 1.6726 × 10−27 kg
neutron rest mass mn 1.6749 × 10−27 kg
atomic mass unit u 1.6605 × 10−27 kg
1/(4πε0) k 8.99 × 109 N m2/C2
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