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1.
Suppose you throw a ball with a mass of 0.40 kg against a brick wall.  It hits the wall moving horizontally to the left at 30 m/s and the rebounds horizontally to the right at 20 m/s.  (a) Find the impulse of the net force on the ball during its collision with the wall. (b) If the ball is in contact with the wall for 0.010 sec, find the average horizontal force that the wall exerts on the ball during the impact. (20.0 kg(m/s, 2000 N)
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2.
A soccer ball has a mass of 0.40 kg.  Initially, it is moving to the left at 20.0 m/s, but then it is kicked and given a velocity at an angle of 45 degrees upward and to the right, with a magnitude of 30.0 m/s.  (a) Find the components of the impulse, and (b) the net average force producing the change in momentum, assuming a collision time of 0.010 seconds. (jx = 16.5 kg(m/s, jy = 8.5 kg(m/s, 1.9 x 103 N)
3.
A net force of  (Fx(t) = 12N +(6N/s2) t2 in the x-direction is applied to a girl on roller skates.  The girl has a mass m= 45 kg.  The force starts at t = 0 and ends at t = 3 seconds.  (a) What is the impulse Jx of the force? (b) If the girl is initially at rest, what is her speed at t = 3 seconds? (90 kg(m/s, 2 m/s)
4.
The magnitude of an unbalanced for on a 10-kg object increases at a constant rate from 0 to 50 N in 4.0 seconds, causing the initially stationary object to move.  What is the object’s speed at the end of the 4.0 seconds? (10 m/s)
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5.
A pellet gun fires ten 2.0 g pellets per second with a speed of 500 m/s.  The pellets are stopped by a rigid wall.  What are (a) the momentum of each pellet (prior to hitting the wall), (b) the kinetic energy of the pellet (prior to hitting the wall) and (c) the magnitude of the average force on the wall from the stream of pellets? (d) If each pellet is in contact with the wall for 0.6 ms, what is the magnitude of the average force on the wall from each pellet during contact? (e) Why is this average force different from the average force calculated in (c)? (1.0 kg(m/s, 250 J, 10 N; 1700 N answer from (c) includes down time in between pellets hitting wall)

6.
The figure shows an overhead view of a ball bouncing from a vertical wall without any change in its speed.  Consider the change in the ball’s linear momentum. (a) Is (px positive, negative, or zero? (b) Is (py positive, negative, or zero?  (c) What is the direction of (p?
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7.
A pitched 0.140 kg baseball has a velocity of 39 m/s horizontally before being struck by a bat.  After leaving the ball, the ball travels in the opposite direction with the same speed.   (a) What impulse acts on the ball while it is in contact with the bat? (b) If the impact time for the baseball-bat collision is 1.20 milliseconds, what average force acts on the ball? (10.9 kg(m/s, 9080 N)

8.
In a similar baseball-bat collision, the velocities of the ball before and after the collision are presented below.  (a) What is the impulse on the ball (magnitude and direction)? (b) If the impact time for the collision is again 1.20 ms, what average force acts on the ball? (11.4 kg(m/s at 16(, 9500 N)
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The figures below show three graphs of force magnitude vs. time for a body involved in a collision.  Rank the graphs according to the magnitude of the impulse on the body, greatest first.

10.
It is well known that bullets and other missiles fired at Superman simply bounce off.  Suppose a gangster sprays Superman’s chest with 3 g bullets at the rate of 100 bullets per minute, and the speed of each bullet is 500 m/s.  Suppose also that the bullets rebound straight back with no change in speed.  What is the magnitude of the average force on Superman’s chest from the stream of bullets?

11.
A pellet gun fires ten 2.0 g pellets per second with a speed of 500 m/s.  The pellets are stopped by a rigid wall.  What are (a) the momentum of each pellet, (b) the kinetic energy of each pellet, and (c) the magnitude of the average force on the wall from the stream of the pellets? (d) If each pellet is in contact with the with the wall for 0.6 ms, what is the magnitude of the average force on the wall from each pellet during contact? (e) Why is this average force so different from the force calculated in (c)? (1.0 kg m/s, 250 J, 10 N, 1700 N)
[image: image8.bmp]
[image: image9.bmp]
12.
A box with a mass m = 6.0 kg slides with speed v = 4.0 m/s across a frictionless floor in the positive x direction.  It suddenly explodes into two pieces.  One piece, m1 = 2 kg, moves in the positive x direction with a speed of 2.0 kg.  What is the velocity of the second piece? (2.0 m/s)

13.
A firecracker is placed inside a coconut of mass M at rest on a frictionless floor.  It explodes into three pieces that slide across the floor.  An overhead view is shown.  Piece C, with mass 0.3 M has a final speed of 5.0 m/s. The velocity of piece A is in the negative x direction.  Piece B has a mass of 0.2 M.  What are the speeds of pieces A and B just after the explosion?  (vA = 3.0 m/s,  vB = 9.6 m/s)
14.
A man of mass m clings to a rope ladder suspended below a hot air balloon of mass M.  The balloon is stationary with respect to the ground.  (a) If the man begins to climb the ladder at speed v (with respect to the ladder), in what direction, and with what speed (with respect to the ground) will the balloon move? (b) What is the state of the motion after the man stops climbing? (mv/M, at rest relative to the ground)
15. A shell is shot with an initial velocity of vo = 20 m/s at an angle of 60( relative to the horizontal.  At the top of its trajectory, the shell explodes into two fragments of equal mass.  One fragment’s speed is zero immediately after the explosion, and the fragment falls vertically.  How far from the gun doe s the other fragment land, assuming air drag is negligible?  (53 m)

16. A 4.5 kg dog stands on an 18 kg flatboat and is 6.1 m from the shore.  He walks 2.4 m along the boat toward the shore and then stops.  Assuming there is no friction between the boat and the water, find how far the dog is then from the shore.  (Hint: The dog moves rightward, and the boat moves leftward, but does the center of mass of the boat + dog system move) (4.2 m)
17.
A space vehicle is traveling at 4300 kh/h relative to Earth when the exhausted rocket motor is disengaged and sent backward with a speed of 82 km/h relative to the command module.  The mass of the motor is four times the mass of the module.  What is the speed of the command module relative to Earth just after the separation? (4400 km/h)
18.
A railroad flatcar with mass 2000 kg can roll without friction along a straight horizontal track.  Initially, a man of mass 75 kg is standing on the car, which is moving to the right with a speed of 10 m/s.  What is the change in the velocity of the car if the man runs to the toward the back of the car with a speed of 5 m/s relative to the car?

19.
A 20.0 kg body is moving in the positive x direction with a speed of 200 m/s when, owing to an internal explosion, it breaks into three parts.  One part, with a mass of 10.0 kg, moves away from the point of explosion with a speed of 100 m/s in the positive y direction.  A second fragment, with mass of 4.00 kg moves in the negative x direction with a speed of 500 m/s.  (a) What is the velocity of the third (6.00 kg) fragment? (b) How much energy is released in the explosion?  Ignore the effects due to the gravitational force. (1010 m/s, 9.48( clockwise from +x axis, 3.23 MJ)
20.
A 6090 kg space probe, moving nose-first toward Jupiter at 105 m/s relative to the sun, fires its rocket engine, ejecting 80.0 kg of exhaust at a speed of 253 m/s relative to the space probe.  What is the final velocity of the probe? (108 m/s)

21.
During a lunar mission, it is necessary to increase the speed of a spacecraft by 2.2 m/s when it is moving at 400 m/s relative to the surface of the moon.  The speed of the exhaust products from the rocket engine is 1000 m/s relative to the spacecraft.  What fraction of the initial mss of the spacecraft must be burned and ejected to accomplish this speed increase? (2.2 x 10-3)


22.
Your 1050-kg sports car, parked on a hill without the parking brake being set, has rolled to the bottom of the hill and is moving westbound on a level road at a speed of 15.0 m/s.  A kindly truck driver (Joe) driving eastbound on the same road sees the sport car coming and decides to stop the car by running his 6320-kg truck into it.  The two vehicles remain locked together after the collision.  (a) If the truck is moving at 10.0 m/s when it hits your car head-on, what is the velocity of the two vehicles just after the collision? (b) At what speed should the truck be moving so that the truck and the car are both stopped in the collision? (c) Find the change in kinetic energy of the system of the two vehicles for the situation of part (a) and the situation of part (b).  For which situation is the change in kinetic energy greater in magnitude? (6.44 m/s eastbound, 2.49 m/s, -2.81 x 105 J, -1.38 x 105 J, part (a))
22.
In Dallas the morning after a winter ice storm, a 1400-kg automobile going westward on Chestnut Street at 35.0 km/hr collides with a 2800-kg truck going southward across Chestnut Street at 50.0 km/hr.  If they become coupled, what are the magnitude and direction of their velocity after colliding?  (35.3 kh/hr, 70.7( south of west)
24.
A 5.00-g bullet is fired horizontally into a 1.20-kg wooden block resting on a horizontal surface.  The coefficient of friction between the block and the surface is 0.20.   The bullet remains embedded in the block, which is observed to slide 0.230 m along the surface before stopping.  What was the initial speed of the bullet? (229 m/s)
25.
The figure to the right shows a ballistic pendulum, a system that may be used to determine the speed of a bullet.  The bullet has a mass m = 5.00-g, and the block into which the bullet is fired has a mass M = 2.00 kg.  The height y to which the bullet-block system rises is 3.00 cm.  (a) What is the initial speed of the bullet?  (b) Compare the kinetic energy of the bullet and block just before, and just after impact.  (0.767 m/s)

26. A 0.150-kg glider is moving to the right on a horizontal frictionless air track with a speed of 0.80 m/s.  It makes a head-on collision with a 0.300-kg glider that is moving to the left with a speed of 2.20 m/s.  Find the final velocity of each glider if the collision is elastic. (0.150-kg glider: 3.2 m/s left, other: 0.2 m/s left)
27. The figure shows an elastic collision between two pucks on a frictionless air table.  Puck A has a mass mA = 0.500 kg, and B has a mass mB of 0.300 kg.  Puck A has an initial velocity of 4.00 m/s in the positive x direction, and a final velocity of 2.00 m/s in an unknown direction.  Puck B is initially at rest.  Find the final speed vBf of puck B and the angles ( and ( in the figure . (4.47 m/s, 36.9(, 26.6()

28. You are at the controls of a particle accelerator, sending a beam of 1.50 x 107 protons (mass m) at a gas target of an unknown element.  Your detector tells you that somoe protons bounce straight back after a collision with one of the nuclei of the unknown element.  All such protons rebound back with a speed of 1.20 x 107 m/s.  Assume the initial speed of the target nucleus is negligible and that the collision is elastic.  (a) Find the mass of one nucleus of the unknown element.  Express your answer in terms of the proton mass m.  (b) What is the speed of the unknown nucleus after the collision? (9.00 m, 3.00 x 106 m/s)
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