1. An organ pipe open at both ends is placed near a loudspeaker fed by an audio oscillat
of variable frequency. You observe that the pipe resonates only at frequencies Hz,
1789 Hz, and 2236 Hz as the frequency of the audio oscillator is varied from 1000 Hz to
9500 Hz. The speed of sound is 340m/s.

a) What is the fundamental frequency of the organ pipe?

b) What is the length of the pipe?

c) Sketch the standing wave corresponding to the frequency 1342 Hz.

d) A 38 cm long violin string has linear density 0.45g/m. What is the tension in the string
if its second harmonic is in tune with the fourth harmonic of the organ pipe?
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2. A 9 kg baby is suspended in a baby bouncer, a soft secure seat suspended from elastic
cords such that the baby’s feet can just touch the floor at the equilibrium position. The
baby will bounce up and down at maximum amplitude when she pushes off of the floor 2
times every 3 seconds.

a) What is the spring constant k of the elastic cords?

b) If the amplitude of the baby’s oscillations is 5.5 cm, what is the maximum acceleration
the baby feels? X

¢) If the baby stops pushing off of the floor, her amplitude decreases by 30% over one
period. What is the damping constant b7
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3. Two cubes of equal side length, one of aluminum and the other of copper, are arranged
between heat reservoirs at 100° C and 0° C as shown in diagram a. The heat reservoir at
0° C consists of a mixture of water and ice. The heat conducted by the cubes melts 1250
g of ice every 10 minutes.

a) What is the length of the side of a cube?

b) What is the temperature at the junction between the aluminum and copper cubes?

¢) How much ice would melt in 10 minutes if the cubes were instead arranged as in diagram

b?
a) b)
N\ ‘\\ e &
N 100 O\ 0°C
e
A Py \ N
\ N \] Cu N\
100° € 0°¢ N\
A& . Wi - 1,26 234 %(0° - 696 TJ";
At = iy * 6O 5
AQ 12 £
el AT = Koy b AT, Bl =001
3 L
e R S
oo Re T

<) B8 (Km+KCu>-L- oo =mlL.g
T OO

m = (Katkea )L 1006 (5,5 | kg
L¢



o> — 14T 5 116 ~eed )
@ O'FL)-‘}% L C':,} ,Sii.(‘- @’)\(0) > o J4¢ om

4. A spring with spring constant k = 250 N/m vibrates with an amplitude A = 12.0cm(R) E = 5 L
when a mass of 0.380kg hangs from it. The mass passes through the equilibrium point@»&.; 1078 1
moving upwards at t = 0.110s. — ks p-lI5 S
(%) &— a) What is the equation describing this motion? (compute the phase constant @.) / 3
e })) Ails vghat times after ¢ = 0.110s will the spring first have its maximum and minimum De/zv J
X engths’ .
) &— c) What is the displacement at ¢ = 07 s
5 «—d) What is the force exerted by the spring at ¢t = 07
@ ~—e) What is the maximum speed of the mass and when is it first reached after ¢ = 07
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5. A 0.200kg aluminum calorimeter can contains 0.500 kg of water at 30°C. A 0.100kg
piece of ice cooled to —20°C is placed in the can. Assume no heat losses to the outside

Coater = 41903 /kg K, Cice = 21003/kg K, Lf(ater) = 334 x 10°J/kg, cqt = 910J/kg K.

a) What is the final temperature of the system?

b) A second piece of ice at —20°C is then placed into the calorimeter can. What is the
final temperature of the system once it reaches a new equilibrium?

c) If not all of the ice melts how much of the ice will remain in the can?

d) Would your answer for part b) be different if both pieces of ice were added at the same
time? Be sure to explain your answer.
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6. You are standing by the roadside next to your broken car watching a truck approach
and hear its horn at a frequency of 1100 Hz. Immediately after the truck passes you the
frequency you detect becomes 950 Hz. Assume the speed of sound in air is 340 m/s.
ag What is the speed of the truck?
b) What frequency does the driver of the truck hear reflected from the car as he approaches
the car?
c¢) What is the beat frequency of the two signals heard by the truck driver? Is this audible?
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Assume the gas is monoatomic

7. A heat engine has the PV-curve shown below. Note the curves are made of two right
triangles as indicated by the dashed line. P, = 3 x 10° Pa, P% = Py = 2 x 10°Pa and
1x10°Pa. Vi=Vo=1x10"3m3 and V3 = V; =2x 10~ m3. The temperature at

1 = 350K. Find the efficiency of the heat engine.
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8. A brass bar 2.0m long, ap,qess = 2.0 X 107°K~1, Yp,0qs = 9.0 x 101°N/m? and an
aluminum bar 1.0m long, ay = 2.4 x 1075K~1, Yy = 7.0 x 101°N/m? are attached
as shown at 22°C. At 22°C the rods just touch. If the breaking stress of aluminum is
2.2 x 108N/m? and brass is 4.7 x 108 N/m?, what is the maximum temperature you can
reach before breaking one of the bars? Which one breaks first?
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