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

FINAL EXAM

Maximum score: 200 points

NAME: SID #:

D/L SECTION AND GSI NAME:

Instructions:

• DON’T OPEN THIS EXAM BOOK UNTIL INSTRUCTED TO BEGIN !

• Sit one seat away from anyone else.

• You are allowed three8 − 1/4′′ × 11′′ sheets containing any information you wish on both sides.

• You are given 180 minutes for this exam. There are seven problems with points assigned as shown. Partial
credit will be given for incomplete solutions, so attempt todo all problems. Some problems will take signifi-
cantly 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.

• 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 the correspondingsheet. Cross out rather than erase parts of the
problem you wish the grader to ignore. Box or circle final answers. Provide units for every numerical result.

• To simplify the math, you can use the acceleration due to gravity g = 10 m/s2.

• Density of water isρH2O = 1000 kg/m3.

• If you need to ask a question, come to the proctor. Your question and the answer will be written on the board.
Try to remain calm and work steadily. This is just an exam !

Good luck !

Do not write on this page below this line

Score:

1. (max 20 points)

2. (max 30 points)

3. (max 35 points)

4. (max 30 points)

5. (max 25 points)

6. (max 20 points)

7. (max 40 points)

Total: (max 200 points)
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1. (20 points) Blitz
This is a set of simple questions to warm you up. The problem consists oftenquestions, 2 points each.

1. Two hockey players skate toward each other with equal speeds of 10 m/s (relative to the ice). What is the
speed of one of the skaters relative to the other ?

2. Circle correct answer. The coefficient of static frictionis usually

(a) smaller than the coefficient of kinetic friction.

(b) equal to the coefficient of kinetic friction.

(c) larger than the coefficient of kinetic friction.

3. Circle correct answer. When the net torque acting on a particle is zero, the angular momentum of the particle

(a) increases

(b) decreases

(c) is conserved

(d) All of the above

(e) None of the above

4. Circle correct answer. The pressure on the bottom of a 10 m deep lake is approximately

(a) Zero

(b) 0.1 atm

(c) 1 atm

(d) 2 atm

(e) 10 atm

5. Circle correct answer. Why does a real pendulum “runs down” and eventually stops ?

(a) It looses its energy due to work done by dissipative forces

(b) It looses its energy due to work done by gravitational forces

(c) It looses its angular momentum due to gravitational torques

(d) It is too damp
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6. Circle correct answer. An astronomer, watching a distantstar that is moving away from Earth, observes light
that is

(a) Same color as light really emitted by the star

(c) Redder than the light really emitted by the star

(c) Bluer than the light really emitted by the star

7. Circle correct answer. Two sound waves of nearly equal frequencies are played simultaneously. What is the
name of the acoustic phenomenon you hear if you listen to these two waves?

(a) Beats

(b) Diffraction

(c) Harmonics

(d) Interference

8. Circle correct answer. The ideal gas model is valid if which of the following conditions is true?

(a) The gas density is low

(b) The gas density is high

(c) The temperature is low

(d) The gas pressure is large

(e) All of the above

(f) None of the above

9. Circle correct answer. What additional kind of energy makes CV larger for a diatomic gas than for a
monatomic one?

(a) Charismatic energy

(b) Translational energy

(c) Heat energy

(d) Rotational energy

(e) Solar energy

10. Explain why the pressure in a gas increases when its temperature is raised at constant volume
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2. (30 points) Ski Jump
Ski jumpingis a nordic sport to be featured in the upcoming Winter Olympics in Turin. Imagine an athlete sliding
down a45◦ ski ramp of heightH = 140 m, starting at rest. The ramp flattens out to horizontal direction at elevation
h = 70 m, where the skier takes off (see picture). The coefficient offriction between the skis and the ramp is
µ = 0.1. You can ignore the length of the flat section at the bottom of the ramp, as well as the air resistance and any
lifting force in the air.

(a) (10 points) What is the speed of the skier at the bottom of the ramp (just before takeoff) ?

(b) (10 points) What distances will the skier travel and how long will he be in the air ?

(c) (5 points) What is the speed of the skier when he lands ?

(d) (5 points) In the Olympics, the typical jumps can be as long as 200 m. If your calculation in part (b) deviates
significantly from this distance, what assumption we made was likely incorrect ?

H

h s

45o
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3. (35 points) Fountains of Peterhof
Peterhof, now known asPetrodvorets, was built on the shores of the Baltic outside of St.Petersburg by Peter the
Great as his summer residence. It is famous for its luxuriouspalaces, designed by the best Italian architects of the
18th century, and its magnificent canals, water cascades, and fountains. The largest fountain,the Samson, features a
20 m high vertical water jet.

(a) (10 points) With what velocity does the water exit the nozzle of the fountain ?

(b) (10 points) What water pressure is required for the fountain to operate?

(c) (5 points) The nozzle diameter is about 4 cm. What is the water flow rate ?

(d) (10 points) What is the diameter of the jet 10 m from the nozzle ? Notice that the water flowsupward from
the nozzle of the fountain.
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4. (30 points) To the other side of the Earth
Imagine a straight tunnel bored through the center of the Earth from one point on the surface to the other side. We’ll
assume that the tunnel is carefully built to withstand largetemperatures and pressures in the middle of the Earth,
and it is evacuated well enough to ignore air resistance inside the tunnel. If you drop a rock into this tunnel, it will
experience a gravity force directed straight toward the center of the Earth. Calculations show that the weight of the
rock inside the tunnel depends linearly on the distancer from the center of the Earth:W (r) = mgr/R wherem is
the mass of the rock,g = 10 m/s2, andR = 6400 km is the radius of the Earth.

(a) (15 points) How long would it take for the rock to reach the other side of the tunnel ?

(b) (10 points) Find the velocity and acceleration of the rock at the centerof the Earth

(c) (5 points) Find the velocity of the rock when it reaches the other end ofthe tunnel
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5. (25 points) Piano tuning
A piano is tuned so that the middle C key emits sound at a frequency fC4 = 262 Hz and C-above-middle-C at
fC5 = 524 Hz. The piano tune uses anequal temperamentspacing between notes. The white keys of its middle
octave consist of middle C (key C4); D4 (1 step above middle C); E4 (2 steps); F4 (2.5 steps); G4 (3.5 steps); A4
(4.5 steps); B4 (5.5 steps); and C5 (6 steps). Each step causes the frequency to bemultipliedby a fixed factor.

(a) (10 points) Find the frequencies of A4 and E4

(b) (5 points) Find the beat frequency between the second harmonic of G4 (fundamental frequency of393.6 Hz)
and the third harmonic of middle C4. (Pianos are tuned by listening for such beats.)

Stringed instruments are tuned (for compositions in the keyof C) so that this beat frequency is zero, producing
a smoother tone. When a composition in a different key is played, the stringed instrument can be retuned for
that key, which would be impossible for the piano.

(c) (10 points) In a 1931 Steinway grand piano, key A4 uses steel strings of lengthl = 40.5 cm and diameter
d = 0.99 mm. What is the typical tension of these strings ? The densityof steel isρ = 7.8 g/cm3.
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6. (20 points) Quick Thanksgiving Dinner
It is 4 pm on a Thanksgiving evening, and you need to prepare a holiday mealpronto. A quick trip to Safeway before
they close earns you a 22 lb (m = 10 kg) bird. To cook it as quick as possible, you stick it, still frozen, into the
microwave. Your fancy microwave can be programmed to run a defrost cycle first and then cook the meet on “High”
power setting. How would you program it ? For the purpose of this calculation, we will assume that the meat consists
mostly of water. The bird was initially atTi = −10◦C, and“Joy of Cooking” recommends cooking poultry until the
meat reaches a temperature ofTf = 82◦C (180◦F). The specific heat of water iscwater = 4200 J/kg/K, specific heat
of ice iscice = 2100 J/kg/K, and the latent heat of fusion for water isLf = 333, 000 J/kg.

(a) (10 points) The “Defrost” setting delivers the average thermal power of Pd = 300 W to the turkey (it actually
turns the microwaves on and off, to allow the heat to spread uniformly). How long do you need to run the
microwave on “Defrost” before all the ice melts ?

(b) (10 points) After “Defrost” cycle is complete, the microwave turns to “High”, delivering thermal power of
Ph = 1 kW. The cooking stops when the internal temperature reachesTf = 82◦C. How long does that take ?

Enjoy your delicious meal !
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7. (40 points) Diving dangerously

(a) (10 points) If a scuba diver fills his lungs to full capacity of5.5 L when 10 m below the surface, to what
volume would his lungs expand if he rose to the surface without breathing out ? Is this advisable ? Assume
that the temperature of the air inside lungs remains constant atT ≈ 37◦C.

(b) (15 points) How much work would be done by the air in the lungs during the ascend ?

(c) (15 points) If during the ascend the diver releases some of the air, to keep the volume of his lungs constant at
5.5 L, what mass of the air is released ? Useµ = 29 g/mol for the molar mass of air.
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Extra sheet 1
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Extra sheet 2



12

Extra sheet 3


