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Part I. Multiple Choice (3 pts each)
Instructions:
Please clearly circle one and only one answer for each of the following.
Show all of your work. Partial credit may be given if you include your work.

Questions:
1. A 50 g rock is placed in a slingshot and the rubber
band is stretched. When released the rock is traveling at
19 m/s as it leaves the slingshot. The magnitude of the
force of the rubber band on the rock is shown. If the
rubber band is stretched 30 cm before launch, what
force, F(N) was applied to make that happen?

F(N)

(a) 60 N
(b) 1.2 x 102 N
(c) 30 N
(d) 3.1 N
2. A 500g ball swings in a vertical circle at the end of a 1.5 m long string. When the ball
is at the bottom of the circle, the tension in the string is 15 N. What is the angular speed
of the ball at that point?
(a) 5.5 m/s
(b) 4.5 rad/s
(c) 5.1 rad/s
(d) 3.7 rad/s
3. A spring with spring constant k is compressed by ∆x, and launches a block across a
horizontal, frictionless surface with a speed v0. A second identical spring is compressed
four times as much (4∆x ). If the same block is launched across the frictionless surface,
what is the velocity of block following the launch?
(a) 2v0
(b) 4v0
(c) 16v0
(d) v0 2
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4. A 40 g ball is thrown from a 30-m tall building (point
A) at an unknown angle above the horizontal. As shown,
the ball attains a maximum height of 10 m above the top
of the building before striking the ground at point B. If
air resistance is negligible, what is the change in kinetic
energy of the ball at B compared to that at the launch?
(a) 12 Nm
(b) -12 J
(c) 16 kg m2/s2
(d) -16 J
5. A small rocket for gathering weather data has a mass of 30 kg and generates 1.5 kN of
thrust. On a windy day, the wind exerts a 30 N horizontal force on the rocket. If the
rocket is launched straight up, what are the components of its acceleration?
(a) (1.0, 50)
(b) 1.0 m s2 x̂ + 60 m s2 ŷ
(c) 40 m/s2 upward, 1.0 m/s2 horizontal
(d) 1.0 m/s2 horizontal, 50 m/s2 vertical
6. How much power does an elevator motor supply to lift a 1000 kg elevator a height of
100 m at constant speed in 50 s?
(a) 9.8 x 105 J/s
(b) 196 W
(c) 2.0 x 104 W
(d) Need more information
7. In lab, you launched a 0.500 kg cart up a ramp with a spring launcher compressed by
0.060 m. You calculated a kinetic energy of 0.40 J and a gravitational potential energy
of 0.50 J. Assuming a conservative system, what is the spring constant?
(a) 30 N/m
(b) 222 N/m
(c) 15 N/m
(d) 5.0 x 102 N/m
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8. Mass m1 on the frictionless table shown is connected by a string
through a hole in the table to a hanging mass m2. For m2 to remain
motionless, while m1 spins with a constant speed v at radius r, which of
the following is false?
(a) The tangential velocity of m1 is not constant
(b) The system is in equilibrium
(c) The net force acting on m2 is zero
(d) The tension in the string is non-zero

9. Two 100 N/m springs are horizontally connected to a
2.0 kg block one on the left and one on the right (both
springs are secured on the end not connected to the
block). If the net force acting on the block is +10 N,
when the right spring is compressed by 10 cm, by how
much is the left spring compressed or stretched?
(a) 20 cm
(b) 10 cm
(c) 0.0 cm
(d) 40 cm

10. A ping-pong-ball and a bowling ball are pushed horizontally from rest over the same
displacement. If their kinetic energies after the push are the same, was the force applied
to the ping-pong-ball ____________ the force applied to the bowling ball?
(a) greater than
(b) less than
(c) the same as
(d) Not possible to compare
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11. In an amusement park ride, passengers stand inside a 5.0-m-diameter hollow steel
cylinder with their backs against the wall. If all goes well, the passengers will “stick” to
the wall and not slide down as the ride spins. If clothing has a minimum static coefficient
of friction against steel of 0.60, what is the minimum centripetal force required to keep a
30 kg child from falling?
(a) 176.4 N
(b) 4.9 x 102 N
(c) 2.9 x 102 N
(d) Need more information

12. A 20.0 kg child slides down a 3.00 m high playground slide. She starts from rest,
and her speed at the bottom is 3.0 m/s. How much work is done by friction during the
slide?
(a) + 498 J
(b) + 5.9 x 102 J
(c) - 6.8 x 102 J
(d) - 0.50 kJ

Part II. Short answer problems (12 pts each)
Instructions:
Solve three of the following four problems. If you try to solve all four problems, please
clearly indicate which problems you wish to have graded. If you do not indicate this, I
will assume you want me to grade problems one, two and three.
Please show all of your work, including equations without numbers.
Please provide units with all answers.
Partial credit may be given if you include your work.
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Question 1. Grade this problem? Yes or No (circle one)
You want to ride your mountain bike up a steep hill (the total system mass is 100 kg).
(a) If you exert 1.0 x 103 N of force on average on the path over a displacement of 1.0
km, how high is the mountain?

(b) There is a second path that leads up the mountain that requires twice the displacement
to be traveled, what average force required to climb the hill along this path? A numerical
answer is required. A calculation or theory/words is acceptable.

As you ride back down the mountain, you are traveling at 10 m/s
when you decide to coast down the hill shown.
(c) What is your speed at the bottom of the hill?

(d) At the bottom of the hill, is your normal force bigger, smaller or the same as the force
of gravity? A force diagram and words are required, but a calculation is not.
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Question 2.
Grade this problem? Yes or No (circle one)
While at the county fair, you decide to ride the Ferris Wheel, which keeps you upright the
entire motion while spinning at a constant angular speed. You estimate the diameter of
the big wheel to be 30 m and determine that each loop around takes 25 s.
(a) If you experience a net force of 71 N at the bottom of the motion, what is your mass?

(b) Calculate the magnitude of the normal force you experience at the top of the motion.

(c) Unfortunately, the Ferris Wheel malfunctions and begins to spin faster to the point
you feel “weightless” at the top of the motion (normal force = zero) but have not left your
seat. Explain what is happening in this case with words. No further calculations are
required.

(d) What is the period of rotation, when you are at the critical speed described in (c)?
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Question 3. Grade this problem? Yes or No (circle one)
A 1.0 kg mass glides to the right on a friction free track and
experiences the potential energy versus position graph shown.
(a) If the speed of the mass is 2.0 m/s when the particle is at
1.0 m, what is the total mechanical energy in the system?

(b) What is the x-component of the force on the particle when it is at x = 3m?

(c) Identify the “x” value(s) where the mass turns around.
Be sure to include theory and/or equations in your justification for your answer.

(d) As the mass travels in the negative direction in the region (x < 0) the potential energy
is zero (not shown on the graph). If it encounters a friction force of 15 N that stops the
mass how far did the mass travel (magnitude) as it slowed?
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Question 4.

Grade this problem? Yes or No (circle one)

On a TV survival show, the only food the hungry contestants can see is fruit hanging on a
branch high in a tree. They have a 1.00m-long spring they can use to launch a 200 g rock.
The spring constant is 230 N/m and they can compress the spring a maximum distance of
50.0 cm. The other end of the spring is on the ground. Assume all vertical motion.
(a) How much force is required to compress the spring in addition to the gravitational
force?

(b) With what speed does the rock leave the spring?

(c) As the rock flies into the air, what happens to the total mechanical energy, kinetic
energy and gravitational potential energy. Words are required in your answer, as well as
equations for each term. No calculations are required.

(d) If the fruit hangs 15 m above the ground, will the contestants feast or go hungry?
A calculation is required in the justification of your statement.

