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

FIRST 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 the acceleration due to gravityg = 10 m/s2.

• 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 25 points)

5. (max 20 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. Before his untimely retirement this year, Al MacInnis used to possess one of the hardest slap-shots in the
NHL. Imagine Al shooting the puck with a speed of100 mph from a distance of60 feet from the goal. How
much time does it take for the puck to get to the net ? An answer to onesignificant digit would be sufficient.

2. Circle correct answer. What is a “particle” ?

(a) Any part of an atom

(b) An object that can be represented as a mass at a single point in space

(c) A part of a whole

(d) An object that can be represented as a single point in time

(e) All of the above

3. Circle correct answer. When a vector sum of all forces acting on a body is zero, the body

(a) moves with increasing speed

(b) moves with decreasing speed

(c) moves with constant speed, or remains at rest

(d) All of the above

(e) None of the above

4. Circle correct answer. When a vector sum of all external forces acting on a system of particles is zero, the
total momentum of the system

(a) increases

(b) decreases

(c) is conserved

(d) All of the above

(e) None of the above

5. Hoover Dam is 726 ft (221 m) high. If its hydroelectric power plant were fully efficient (i.e. all of the me-
chanical energy of the water is transformed to electricity), how much energy would one kilogram of water
falling from the top of the dam generate ?
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2. (20 points) John Kruger and his parachute
There is a scene in the movieEraser, where the hero John Kruger (Arnold Schwarzenegger) is falling head first

from an airplane, trying to catch up with a folded parachute.Let’s see if Hollywood got some basic physics right.
In the scene, Kruger drops the parachute first. We will assume, that the parachute is falling with the constant

vertical velocityvp = 20 m/s (that’s roughly the terminal velocity for a folded parachute).∆t = 7 seconds later,
after dodging a few bullets from the bad guys, Kruger lets go of the plane, and falls head first after the parachute.
We will assume that the drag force acting on John is negligible.

(a) (10 points) At what altitude, relative to the plane, does John catch up with the parachute ?

(b) (5 points) What is his velocity at that point ?

(c) (5 points) If he continues to fall for another 20 seconds, while tryingto put on the parachute, how much
farther does he fall ? Again, assume that drag is negligible.
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3. (25 points) Best punter in football
Shane Lechler, who plays for the Oakland Raiders of the NFL, is considered one of the best punters in football.
According to his career statistics, his longest punt (longest distance he ever kicked the ball) is yards (66 meters). In
the following, we will ignore air resistance, and pretend that Shane kicks from ground level (which does not make
much difference in the calculations).

(a) (5 points) At what angle over the horizon did Shane most likely kick theball, when he produced his longest
kick ? Explain.

(b) (5 points) Estimate (2 significant digits) the speed of the ball when itleft Shane’s foot.

(c) (5 points) How long was the ball in the air ? (This is calledhang timein football.)

(d) (10 points) Rather than punting for distance, it is often more important to kick the ball in such a way so
that a player from your team (the gunner) arrives at the spot where the ball landsexactlyat the time when it
lands. Assume that the gunner starts running∆tg = 1.5 secondsbeforethe kick is made from∆x = 13.5

meters (15 yards)in front of the punter. The gunner is running at a constant (very respectable) speed of
vg = 9 m/s. At what angle over the horizon should Shane kick, so thatthe ball and the gunner arrive at the
same spot downfield at the same time ? What is the length of the kick (total distance traveled by the ball along
horizontal direction) ? Assume that Mr. Lechler always kicks the ball with the same speed (found in part (b)).
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4. (25 points) Crossing a river
A group of hikers is using a rope trolley to cross a river. One of them attaches one end of the rope to a tree on the far
bank of the river. The rest of the group, after securing the other end of the rope tightly to a tree on the near bank, pull
themselves across the river one by one, while being suspended on the rope with a harness. The distance between the
trees isL = 20 m. See picture below.

(a) (10 points) When the heaviest of the hikers, a 100 kg gentleman, is exactly midway between the trees, the
rope sags byH = 1 m. What is the tensionT of the rope ?

L

H

hiker

(b) (10 points) Hopefully, you have found out that the tensionT is large. Clearly, a few people would have a
hard time stretching the rope to such tension. So it is commonto use a block-and-tackle device to pull the
rope until tension reaches the required valueT . Block-and-tackle (remember lecture demonstration?) is aset
of pulleys, arranged as schematically shown below (two pulleys on the left and one end of the tackle rope
are connected to the tree, the other two pulleys are connected to the rope across the river). Suppose a single
hiker wants to be able to tighten the rope across the river to tensionT found in part (a), by pulling with force
F = 500 N (≈ 110 lbs). How many pulleys does he need in the block-and-tackle device ? (If you did not get
the answer in part (a), express your answer to part (b) symbolically, in terms of rope tensionT ).

F
to tree rope across river

(c) (5 points) The rope obeys Hooke’s law, in that its tension depends on its length as

T = k(L − L0)

wherek is a constant andL0 = 19 m is the length of the unstretched rope. How much work is required to
stretch the rope to tensionT from part (a) ?
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5. (20 points) Keep your head on a swivel
It is Game 7 of the 2000 NHL Eastern Conference Finals betweenPhiladelphia Flyers and New Jersey Devils. Eric
Lindros, a 244 lb (110 kg) forward for the Flyers, is skating with a puck into the New Jersey zone, keeping his head
down (big mistake). His speed isvL = 10 m/s. At the blue line, he is met by the Devils’ defenseman Scott Stevens,
who weighs 220 lbs (100 kg). Just before the collision, Stevens accelerates tovS = 11 m/s, and meets Lindros
head-on, planting his shoulder squarely into poor Eric’s chest.

(a) (5 points) What is the total momentumP and total kinetic energyK of the players before the collision ?

(b) (10 points) Assuming the collision is elastic (i.e.no bones were crushed), what is Eric Lindros’ velocityafter
the collision ?

(c) (5 points) If the collision lasted∆t = 0.2 sec, estimate the average force experienced by Lindros, andaverage
acceleration of his body during the collision.
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