
1

University of California, Berkeley
Physics 8A, Section 2, Fall 2005 (Yury Kolomensky)

SECOND MIDTERM
Maximum score: 100 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 one8 − 1/4′′ × 11′′ sheet containing any information you wish on both sides.

• You are given 120 minutes for this exam. There are five 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.

• 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.

Read all problems carefully.
If you get stuck on a problem, move to another.

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 10 points)

2. (max 20 points)

3. (max 25 points)

4. (max 30 points)

5. (max 15 points)

Total: (max 100 points)
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1. (10 points) Blitz
This is a set of simple questions to warm you up. The problem consists offivequestions, 2 points each.

1. A 50 ton satellite is circling the Earth on a geostationaryorbit, atr = 42, 000 km from the Earth center. The
period of the revolution for the geostationary satellite isexactly 24 hours. How much work does the gravity
force do in one revolution of the satellite ?

2. What is the speed of the satellite in geostationary orbit (see part (1)) ?

3. Circle correct answer. Moment of inertia is

(a) the time at which inertia occurs

(b) an alternative term for thelevel arm

(c) the center of mass of the body

(d) the rotational equivalent of mass

(e) the point at which all forces appear to act

4. Circle correct answer. The atmospheric pressure produces a force on the ground of approximately

(a) 100 kN per square meter

(b) 100 kN per square cm

(c) 10 pounds per square inch

(d) 14.7 pounds per gallon

(e) Zero

5. In real rivers, friction between the flowing water and the riverbed or river banks is significant. You can usually
see this: the velocity of the water in the middle of the streamis usually larger than the velocity near the banks
(in fact, water could even be at rest near the river bank). Which of the following equations cannot be applied to
the real rivers without modifications ? Circle correct answer, or write down the equation symbolically below.

(a) Continuity equation

(b) Bernoulli’s equation

(c) Torricelli’s equation

(d) Archimedes’ equation
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2. (20 points) Grapevine Grade
Grapevine grade is a famous place on interstate I-5 between Bakersfield and Los Angeles, where a 5 mile (8 km)
stretch of the road has an average incline of 6% (3.4◦). Imagine a heavy duty pickup truck towing a trailer up
Grapevine Grade at the constant speed of 65 mph (29 m/s). At this speed, the air drag force acting on the truck is
aboutFdrag = 1.5 kN. The total mass of the truck and the trailer ism = 10 tons (104 kg).

(a) (10 points) Estimate the power output of the truck’s engine (assume that all power goes into locomotive
motion of the truck). Express you answer in Horsepower (1 hp =750 W)

(b) (10 points) The modern diesel engines are about 50% efficient,i.e.half of the energy from burning diesel fuel
goes to locomotive motion, and half goes to waste. Burning one gallon of diesel fuel produces about150 MJ
of energy. How many gallons of diesel is spent on the 8 km trip up Grapevine Grade ?
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3. (25 points) Olympic Gymnast
A gymnast of massm = 60 kg is rotating around a horizontal bar, holding on to it with his arms. When his body
is vertical and is below the bar, his angular velocity is7 sec−1. In the following, treat the gymnast’s body as a
uniform solid rod of lengthL = 2 m (arms to toes), rotating around its end. The moment of inertia of such a rod is
I = mL2/3. Ignore friction.

(a) (5 points) What force does the gymnast apply to the bar in the bottom position ? Is he pushing himself away
from the bar, or pulling toward it ?

(b) (10 points) What force does the gymnast apply to the bar in the top position ? Is he pushing himself away
from the bar, or pulling toward it ?

(c) (10 points) Suppose that the gymnast releases the bar when he is at90◦ with the vertical, and flies directly
upward (as part of the skill called theTkachev, after Soviet gymnast Alexander Tkachev who introduced it in
1977). How high over the bar would his center of mass rise ?
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4. (30 points) Man on a Ladder
A man begins to climb up aL = 12-ft (4 m) ladder (see figure). The man weighsMg = 180 lb (M = 81 kg), and
the laddermg = 20 lb (m = 9 kg). The wall against which the ladder rests is very smooth, which means that the
vertical component of force at the contact between ladder and wall is negligible. The foot of the ladder is placed
d = 6 ft (2 m) from the wall. The ladder, with the man’s weight on it,will slip if the horizontal force at the contact
between the ladder and ground exceeds the maximum friction force. Coefficient of static friction between the ladder
and the floor isµ = 0.4. How far up the ladder can the man safely climb?



7

Extra sheet 2



8

5. (15 points) Rafting on the Colorado River
A self-bailingwhite-water raft consists of a closed inflatable tube of diameterd = 2 feet (60 cm) and circumference
l = 50 feet (15 m), and a “holey” interior bottom (see picture). The specialholes in the bottom prevent water from
accumulating inside the raft. The raft is considered fully loaded when half of tube’s volume is immersed in water.
What is the load capacity (maximum weight it safely can carry) of the raft ?
Hint: for the purpose of computing the volume of the raft’s tube, you can treat is as a cylinder of diameterd and
lengthl.

d=2 ft

l=50 ft
d=2 ft

bottom

with holes

top view cross section view
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