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Problem Set 7: Exam review
Instructions:

1. Solve all problems below.
2. You do not need to follow the problem-solving template.
3. All problems are due 26 February 2009 just before the exam at 11am.
4. You may collaborate, but everyone must turn in their own work

1. As shown below, a bullet of mass m and speed v passes completely through a pendulum bob of mass
M . The bullet emerges with a speed of v/2. The pendulum bob is suspended by a stiff rod of length l and
negligible mass. What is the minimum value of v such that the pendulum bob will barely swing through
a complete vertical circle?
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surface. The 22.5-g arrow is shot with a speed of 35.0 m/s
and passes through the 300-g target, which is stopped by
the impact. What is the speed of the arrow after passing
through the target?

A 10.0-g bullet is fired into a stationary block of wood (m !
5.00 kg). The relative motion of the bullet stops inside the
block. The speed of the bullet-plus-wood combination
immediately after the collision is 0.600 m/s. What was the
original speed of the bullet?

18. A railroad car of mass 2.50 " 104 kg is moving with a
speed of 4.00 m/s. It collides and couples with three other
coupled railroad cars, each of the same mass as the single
car and moving in the same direction with an initial speed
of 2.00 m/s. (a) What is the speed of the four cars after
the collision? (b) How much mechanical energy is lost in
the collision?

19. Four railroad cars, each of mass 2.50 " 104 kg, are cou-
pled together and coasting along horizontal tracks at
speed vi toward the south. A very strong but foolish movie
actor, riding on the second car, uncouples the front car
and gives it a big push, increasing its speed to 4.00 m/s
southward. The remaining three cars continue moving
south, now at 2.00 m/s. (a) Find the initial speed of the
cars. (b) How much work did the actor do? (c) State the
relationship between the process described here and the
process in Problem 18.

20. Two blocks are free to slide along the frictionless wooden
track ABC shown in Figure P9.20. The block of mass m1 !
5.00 kg is released from A. Protruding from its front end is
the north pole of a strong magnet, repelling the north
pole of an identical magnet embedded in the back end of
the block of mass m2 ! 10.0 kg, initially at rest. The two
blocks never touch. Calculate the maximum height to
which m1 rises after the elastic collision.

17.

forces, of course, is false. Newton’s third law tells us that both
objects experience forces of the same magnitude. The truck
suffers less damage because it is made of stronger metal. But
what about the two drivers? Do they experience the same
forces? To answer this question, suppose that each vehicle is
initially moving at 8.00 m/s and that they undergo a per-
fectly inelastic head-on collision. Each driver has mass 80.0
kg. Including the drivers, the total vehicle masses are 800 kg
for the car and 4 000 kg for the truck. If the collision time is
0.120 s, what force does the seatbelt exert on each driver?

A neutron in a nuclear reactor makes an elastic head-
on collision with the nucleus of a carbon atom initially at
rest. (a) What fraction of the neutron’s kinetic energy is
transferred to the carbon nucleus? (b) If the initial kinetic
energy of the neutron is 1.60 " 10#13 J, find its final ki-
netic energy and the kinetic energy of the carbon nucleus
after the collision. (The mass of the carbon nucleus is
nearly 12.0 times the mass of the neutron.)

24. As shown in Figure P9.24, a bullet of mass m and speed v
passes completely through a pendulum bob of mass M. The
bullet emerges with a speed of v/2. The pendulum bob is
suspended by a stiff rod of length ! and negligible mass.
What is the minimum value of v such that the pendulum
bob will barely swing through a complete vertical circle?

23.

A 45.0-kg girl is standing on a plank that has a mass of
150 kg. The plank, originally at rest, is free to slide on a
frozen lake, which is a flat, frictionless supporting surface.
The girl begins to walk along the plank at a constant speed
of 1.50 m/s relative to the plank. (a) What is her speed rel-
ative to the ice surface? (b) What is the speed of the plank
relative to the ice surface?

22. Most of us know intuitively that in a head-on collision be-
tween a large dump truck and a subcompact car, you are bet-
ter off being in the truck than in the car. Why is this? Many
people imagine that the collision force exerted on the car is
much greater than that experienced by the truck. To sub-
stantiate this view, they point out that the car is crushed,
whereas the truck is only dented. This idea of unequal

21.

A 12.0-g wad of sticky clay is hurled horizontally at a
100-g wooden block initially at rest on a horizontal surface.
The clay sticks to the block. After impact, the block slides
7.50 m before coming to rest. If the coefficient of friction
between the block and the surface is 0.650, what was the
speed of the clay immediately before impact?

26. A 7.00-g bullet, when fired from a gun into a 1.00-kg block
of wood held in a vise, penetrates the block to a depth of
8.00 cm. What If? This block of wood is placed on a fric-
tionless horizontal surface, and a second 7.00-g bullet is
fired from the gun into the block. To what depth will the
bullet penetrate the block in this case?

27. (a) Three carts of masses 4.00 kg, 10.0 kg, and 3.00 kg move
on a frictionless horizontal track with speeds of 5.00 m/s,
3.00 m/s, and 4.00 m/s, as shown in Figure P9.27. Velcro
couplers make the carts stick together after colliding. Find
the final velocity of the train of three carts. (b) What If?
Does your answer require that all the carts collide and stick
together at the same time? What if they collide in a different
order?

25.
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Figure 1: A block is let go from the top of a ramp sitting on a table.

2. A chain of length L and total mass M is released from rest with its lower end just touching the top of
a table. Find the force exerted by the table on the chain after the chain has fallen through a distance x.

3. Halliday, Resnick, & Walker, problem 8.65

4. Halliday, Resnick, & Walker, problem 8.62

5. Halliday, Resnick, & Walker, problem 9.80

6. Halliday, Resnick, & Walker, problem 9.16

7. Halliday, Resnick, & Walker, problem 9.69


