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University of California, Berkeley
Physics 8A Fall 2005 (Yury Kolomensky)

PRACTICE PROBLEMS FOR THE FINAL

Maximum score: 200 points

You are given 180 minutes for this exam. You are allowedthree 8−1/4′′×11′′ sheets containing any information
you wish on both sides. Show all work, and take particular care to explain what you are doing. Write directly on the
exam, and if you need extra pages, make sure to put a note on thecorresponding sheet. Cross out rather than erase
parts of the problem you wish the grader to ignore. Box or circle final answers.

There are seven problems with points assigned as shown. Partial credit will be given for incomplete solutions, so
attempt to do all problems. Some problems will take significantly longer than others, so judge time appropriately. At
the beginning of the exam, please look through all problems and plan how you’ll spend your time.

Note: the actual exam may have a somewhat different assortment ofproblems, but this should give you a good
feel for the variety.

1. (25 points) Ice in a Glass
You are riding in an elevator holding a glass of water with an ice cube floating in it.

(a) (10 points) When the elevator is at rest, what fraction of the ice is submerged in water ?

(b) (15 points) As the elevator accelerates upward, you notice that the block is dips below the surface. What is
the acceleration of the elevator ?

Use the density of waterρw = 1 g/cm3 and the density of iceρi = 0.9 g/cm3.
Answer: (a): 90%; (b)a = 1.1 m/s2.

2. (30 points) Hammer Throw at the Olympics
Hammer Throw is an Olympic Track-and-Field event. The object is to throw aheavy steel ball (which used to be an
actual hammer) for maximum distance. In men’s events, the ball weighs 16 lbs (m = 7.3 kg). In the act of throwing,
an athlete quickly spins the ball in a circle on the end of a 4 ft(l = 1.2 m) wire handle before letting it fly. The world
record in men’s events belongs to Yuriy Sedykh of Soviet Union, who threw the hammer86.74 m in 1986.

(a) (15 points) Ignoring air resistance and assuming the optimal launch angle, estimate the speed with which the
hammer was launched.

(b) (15 points) Estimate the tension of the wire just before the ball was launched, while it was still following a
circular trajectory.

(N.B. You can see the videos of hammer throws, including the world-record throw from Sedykh at
http://www.hammerthrow.com/videos/default.asp

Answer: (a) v = 29 m/s; (b)T = 5.2 kN.

3. (30 points) Bird on a String
A clothesline of lengthl = 10 m is strung horizontally between two trees to tensionT = 100 N. A bird of mass
m = 1 kg lands on the string exactly in the middle. Before catchingthe string, the bird had a downward velocity
v = 1 m/s. As the bird holds on firmly to the string, it starts oscillating in the vertical direction.

(a) (15 points) Determine the period of the oscillations.
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(b) (15 points) Find the lowest and highest points of the oscillations, relative to the horizontal string.

Answer: T = 1 sec;ymax = 5 cm,ymin = −55 cm.

4. (25 points) Guitar strings
With a standard guitar tune, the first string is usually tunedto e’ (E4) note (frequencyf1 = 330 Hz), and the second
is tuned to b’ (B3) (f2 = 247 Hz).

(a) (10 points) If both strings are made of the same material (steel), have the same length, and are under the same
tension, what is the ratio of the string diameters ?

(b) (5 points) How should the tension of the second string be changed to tune it to E4 note (f1 = 330 Hz) ?

(c) (10 points) If the first string is “plucked” at exact center by giving it nonzero transverse velocity in a very
small region, what tones (in Hz) will be heard ?Hint: the amplitude of the oscillations has to be maximum in
the center of the string.

Answer: d2/d1 = f1/f2 = 1.3; Tnew/Told = (f1/f2)
2 = 1.8, fn = (2n + 1)330 Hz, n = 0 . . .∞.

5. (30 points) Foghorns in the Bay
Two tugboats, moving toward each other almost head-on in theOakland Harbor, sound foghorns at the same time.
Each tugboat is moving with the speed of 10 knots (5 m/s) and the frequency of the foghorn sound is 200 Hz. What
would the captains of each boat hear ? Assume air temperatureof 20oC.

6. (25 points) Fire hazard
You filled a stainless steel teapot withV = 1 L of water atT0 = 20◦C and put it on the electric range, which delivers
P = 1 kW of thermal power. If you fall asleep while waiting for the water to boil, how long would it take for the
water to evaporate completely (and for the sound of smoke alarm to wake you up) ? The latent (evaporation) heat of
water isLV = 2.3 MJ/kg and the specific heat of water iscw = 4200 J/kg · K. Mass of the teapot ism = 1 kg and
the heat capacity of the steel iscs = 500 J/kg · K.
Answer: t = 45 min.

7. (35 points) A simple engine
Find the efficiency of an engine that uses a monoatomic ideal gas and follows a cycle which consists of four steps:

• (A) Isochoric pressure increase fromp1 = 1 atm top2 = 2 atm

• (B) Isobaric expansion fromV1 = 1 L to V2 = 2 L

• (C) Isochoric pressure decrease fromp2 to p1

• (D) Isobaric compression fromV2 to V1

Answer: ε = 15%.


