QUIZ


Draw all the action-reaction pairs.
If the cart pulls on the mule with the same force that the mule pulls on the cart, how can the mule move?
ANSWER:  Do the forces in the diagram act on the same object? 

Draw the net forces on the objects in the diagram. Think about which way each object would move.
ENERGY WORK AND MOMEMTUM REVIEW

EXAMPLE:  How much work is done by a girl in taking a 7.5 kg bowling ball from a shelf and lowering it 2.0 meters to the floor?

Note, that gravity is pulling the bowling ball downwards and it’s the force exerted against this gravitational force that allows the ball to be lowered rather than accelerate to earth.  Since there is no acceleration, the net force =0.  Therefore, the force exerted by the girl is equal but opposite to the force of gravity and in the opposite direction to motion.  Since the force and motion are in opposite directions, negative work is being done on the bowling ball.

W = F*d*cos 180 = -147 Joules
EXAMPLE:  A man pulls a 20 kg sled up a frictionless hill which makes an angle of 30 degrees with the ground. He moves the sled to a height of 5 meters above the level ground.

a. How much work has he done? 980 Joules

b. How far was the mass moved along the hill? 10 meters

c. What was the force necessary to drag the sled up the hill? 98 Newtons

d. How much work would be required to do the same job if the slope exerted a constant frictional force of 50 newtons on the sled? (Recall Force of friction is dependent on path – nonconservative force)

1480 Joules
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EXAMPLE:  A 10 kg mass traveling 10 m/sec is about the reach a 5 meter ditch and then an uphill incline. Assume no friction and determine the velocity at the bottom of the ditch, and the maximum height it will climb up the hill ( as measured from the bottom of the ditch)

 

Velocity at bottom = 14.1 m/sec Height from bottom of ditch = 10.1 m
Example: A cannon of mass 1000 kg launches a cannonball of mass 10 kg at a velocity of 100 m/s. At what speed does the cannon recoil?
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Initially the cannon and cannonball are at rest, so the total momentum of the system is zero. No external forces act on the system in the horizontal direction, so the system’s linear momentum in this direction is constant. Therefore the momentum of the system both before and after the cannon fires must be zero.

Now let’s make some calculations. When the cannon is fired, the cannonball shoots forward with momentum (10 kg)(100 m/s) = 1000 kg · m/s. To keep the total momentum of the system at zero, the cannon must then recoil with an equal momentum:
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Any time a gun, cannon, or an artillery piece releases a projectile, it experiences a “kick” and moves in the opposite direction of the projectile. The more massive the firearm, the slower it moves. 

EXAMPLE : Two masses are on a frictionless horizontal surface. The 65 kg mass is at rest, when struck by the 45 kg mass moving at 13.0 m/s. After the collision, the 45 kg mass has a velocity of magnitude 8.00 m/s at an angle of 53.1 degrees from its initial direction.

a) What is the magnitude of the 65 kg mass's velocity after the collision?
b) What is the direction of the 65 kg mass's velocity after the collision? (degrees from the the 45 kg mass's original)


EXAMPLE:  A bullet of mass 0.0077 kg is shot into a wooden block of mass 0.192 kg. [image: image3.jpg]



They rise to a final height of 0.686 m as shown. What was the initial speed (in m/s) of the bullet before it hit the block? 

First you need to use conservation of total mechanical energy to find the velocity of the block and bullet combination before rising to the height 0.686 m. 

 
From height, h, you can calculate the kinetic energy of the block and bullet combination, and then set that equal to the final gravitational potential energy when the combination comes to a stop at the peak of its swing.


(1/2)*(m1+m2)*v^2 = (m1+m2)*g*h
where g = 9.8 m/s^2 and h is the height when it stops.

½*(0.0077 + 0.192)v2 = (0.0077 +0.192)*9.8*0.686
v = 3.6668 m/s

The collision is the inelastic type because the bullet doesn't bounce off -- it stays with the block.

use conservation of momentum to find the initial velocity of the bullet from the momentum of the bullet block combination. 

Momentum before = momentum after.


m1*v1 + m2*v2 = (m1+m2)*v
where m1 and v1 are mass and original velocity of one body, m2 and v2 are the data for the other body, and v is the velocity of the combination immediately after the collision.

0.0077 v1 + 0 = (0.0077 + 0.192)*3.6668

v = 95.098 = 95 m/s


MOMENTUM Energy AND WORK Review

 1. An object is raised above the ground gaining a certain amount of potential energy. If the same object is raised twice as high it gains __________.

. four times as much potential energy 

a. twice as much potential energy 

b. neither of these 

2. When an object is lifted 10 meters, it gains a certain amount of potential energy. If the same object is lifted 20 meters, its potential energy is _____. 

	a. less
	b. the same
	c. twice as much 

	d. four times as much
	e. more than 4 time as much
	


3. A 1000 kg car and a 2000 kg car are hoisted the same distance at constant speed in a gas station. Raising the more massive car requires ____________. 

	a. less work
	b. as much work
	c. twice as much work. 

	d. four times as much work
	e. more than 4 times as much work
	


4. An object that has kinetic energy must be ____________. 

	a. moving
	b. falling
	c. at an elevated position 

	d. at rest
	e. none of these
	


5. An object that has potential energy has this energy because of its _____________. 

	a. speed
	b. acceleration
	c. momentum
	d. position
	e. none of these


6. An arrow is drawn so that it has 40 J of potential energy. When fired horizontally, the arrow will have a kinetic energy of ________. 

	a. less than 40 J
	b. more than 40 J 
	c. 40 J


7. A 2 kg mass is held 4 m above the ground. What is the approximate potential energy of the mass with respect to the ground?

	a. 20 J
	b. 40 J
	c. 60 J
	d. 80 J
	e. none of these


8. A 2 kg mass has 40 J of potential energy with respect to the ground. Approximately how far is it located above the ground? 

	a. 1 m
	b. 2 m
	c. 3 m
	d. 4 m
	e. none of these


9. A ball is projected into the air with 100 J of kinetic energy which is transformed to gravitational potential energy at the top of its trajectory. When it returns to its original level after encountering air resistance, its kinetic energy is ____________. 

	a. less than 100 J
	b. 100 J
	c. more than 100 J
	d. not enough information given


10. A woman lifts a box from the floor. She then carries with constant speed to the other side of the room, where she puts the box down. How much work does she do on the box while walking across the floor at constant speed? 

	a. zero J
	b. more than zero J
	c. more information needed to determine


11. A car moving at 50 km/hr skids 20 m with locked brakes. How far will the car skid with locked brakes if it is traveling at 150 km/hr? 

	a. 20 m
	b. 60 m.
	c. 90 m
	d. 120 m
	e. 180 m


12. Which has greater kinetic energy, a car traveling at 30 km/hr or a half-as-massive car traveling at 60 km/hr? 

	a. the 30 km/hr car
	b. the 60 km/hr car
	c. both have the same kinetic energy


13. A diver who weighs 500 N steps off a diving board that is 10 m above the water. The diver hits the water with kinetic energy of ___________. 

	a. 10 J
	b. 500 J
	c. 510 J
	d. 5000 J
	e. more than 5000 J.


14. A 2500 N pile driver ram falls 10 m and drives a post 0.1 m into the ground. The average impact force on the ram is _________. 

	a. 2500 N
	b. 25000 N
	c. 250,000 N
	d. 2,500,000 N


15. A person on the edge of a roof throws a ball downward. It strikes the ground with 100 J of kinetic energy. The person throws another identical ball upward with the same initial speed, and this too falls to the ground. Neglecting air resistance, the second ball hits the ground with a kinetic energy of ______________. 

	a. 100 J
	b. 200 J
	c. less than 100 J
	d. more than 200 J
	e. none of these


16. A 10 N object moves at 1 m/s. Its kinetic energy is ____________. 

	a. 0.5 J
	b. 1 J
	c. 10 J
	d. more than 10 J


17. A moving object has __________. 

	a. speed
	b. velocity
	c. momentum
	d. energy
	e. all of these


18. An object at rest may have __________. 

	a. speed
	b. velocity
	c. momentum
	d. energy
	e. all of these


19. What does an object have when it is moving that it absolutely doesn`t have when at rest? 

	a. momentum 
	b. energy
	c. mass
	d. inertia
	e. none of these


20. If an object has kinetic energy, then it also must have ___________. 

	a. impulse 
	b. momentum
	c. acceleration
	d. force
	e. none of these


21. If the speed of a moving object doubles, then what else doubles? 

	a. momentum 
	b. kinetic energy
	c. acceleration
	d. all of the above
	e. none of these


22. A feather and a coin are dropped in a vacuum. Each falls with equal __________. 

	a. momenta
	b. kinetic energies
	c. potential energies

	d. all of the above
	e. none of the above
	


22. A popular swinging-balls apparatus consists of an aligned row of identical elastic balls that are suspended by strings so they barely touch each other. When two balls are lifted from one end and released, they strike the row and two balls pop out from the other end. If instead one ball popped out with twice the velocity of the two, this would be violation of conservation of __________. 

	a. momentum 
	b. kinetic energy
	c. both of these
	d. none of these


24. Two identical freight cars roll without friction towards each other on a level track. One rolls at 2 m/s and the other rolls at 1 m/s. After the cars collide, they couple (attach together) and roll together with a speed of _____________. 

	a. 0.5 m/s
	b. 0.33 m/s 
	c. 0.67 m/s
	d. 1.0 m/s 
	e. none of these


25. A freight train rolls along a track with considerable momentum. If it rolls at the same speed but has twice as much mass, its momentum is ____. 

	a. zero
	b. quadrupled
	c. doubled
	d. unchanged


26. A rifle recoils from firing a bullet. The speed of the rifle's recoil is small because the ___. 

	a. force against the rifle is relatively small.
	b. speed is mainly concentrated in the bullet.

	c. rifle has lots of mass.
	d. momentum of the rifle is unchanged.

	e. none of these.
	


27. Two objects, A and B, have the same size and shape, but A is twice as heavy as B. When they are dropped simultaneously from a tower (in the absence of air resistance), they reach the ground at the same time, but A has a higher ___. 

	a. speed
	b. acceleration
	c. momentum

	d. all of the above
	e. none of the above
	


28. Padded dashboards in cars are safer in an accident than non-padded ones because they ____. 

	a. increase the impact time.
	b. decrease an occupant's impulse.
	c. decrease the impact force

	d. two of the above
	e. none of the above.
	


29. A 4 kg ball has a momentum of 12 kg*m/s. The ball's speed is ___ m/s. 

	a. 3 
	b. 4
	c. 12
	d. 48
	e. none of these.


30. A piece of putty moving with 1 unit of momentum strikes and sticks to a heavy bowling ball that is initially at rest. After the putty sticks to the ball, both are set in motion with a combined momentum that is ___. 

	a. less than 1 unit
	b. more than 1 unit
	c. 1 unit
	d. not enough information


31. A 2 kg mass has a velocity of 4 m/s. The kinetic energy of the mass is ___ Joules. 

	a. 4 
	b. 8
	c. 16
	d. 32
	e. none of these


32. A car moving at 50 km/hr skids 20 meters with locked brakes. How far will the car skid with locked brakes if it is traveling at 150 km/hr? 

	a. 20 m
	b. 60 m
	c. 90 m
	d. 120 m
	e. 180 m


33. A 50 kg diver hits the water below (at a zero height) with a kinetic energy of 5000 Joules. The height from which the diver dove was ____ meters. 

	a. 5
	b. 10
	c. 50
	d. 100


34. A large force acting for a long amount of time on a small mass will produce a ______. 

	a. small velocity change
	b. large velocity change 
	c. small momentum change

	d. small acceleration
	e. two of the above
	


35. Force and time pertains to momentum change in the same manner as force and distance pertains to ___________. 

	a. impulse
	b. work
	c. energy change
	d. velocity
	e. none of these.


36. A job is done slowly, and an identical job is done quickly. Both jobs require the same amount of work, but different amounts of ___________. 

	a. energy 
	b. power
	c. both of these
	d. none of these


37. Which requires more work: lifting a 50 kg sack vertically 2 meters or lifting a 25 kg sack vertically 4 meters? 

	a. lifting the 50 kg sack
	b. lifting the 25 kg sack

	c. both require the same amount of work
	


38. A 50 kg sack is lifted 2 meters in the same time as a 25 kg sack is lifted 4 meters. The power expended in raising the 50 kg sack compared to the power used to lift the 25 kg sack is _________. 

	a. twice as much
	b. half as much
	c. the same


39. A TV set is pushed a distance of 2 m with a force of 20 N that is in the same direction as the set moves. How much work is done on the set? 

	a. 2 J
	b. 10 J
	c. 20 J
	d. 40 J
	e. 80 J


40. It takes 40 J to push a large box 4 m across a floor. Assuming the push is in the same direction as the move, what is the magnitude of the force on the box? 

	a. 4 N
	b. 10 N
	c. 40 N
	d. 160 N
	e. none of these


41. Using 1000 J of work, a toy elevator is raised from the ground floor to the second floor in 20 seconds. How much power does the elevator use? 

	a. 20 W
	b. 50 W
	c. 100 W 
	d. 1000 W
	e. 20000 W


42. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The momentum change of the object is: 

	a. -2.5 kg*m/s
	b. -10 kg*m/s
	c. -18 kg*m/s
	d. -45 kg*m/s
	e. none of these


43. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The impulse experienced by the object is: 

	a. -2.5 N*s
	b. -10 N*s
	c. -18 N*s
	d. -45 N*s
	e. none of these


44. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The impulse acts for a time period of 

	a. 1.8 s
	b. 2.5 s
	c. 3.6 s
	d. 10 s
	e. none of these


45. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of 2M in a time of (1/2)t is 

	a. 2F
	b. 4F
	c. (1/2)*F
	d. (1/4)*F
	e. none of these


46. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of 2M in a time of (1/4)t is 

	a. 2F
	b. 8F
	c. (1/2)*F
	d. (1/8)*F
	e. none of these


47. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of (1/2)M in a time of (1/2)t is 

	a. 2F
	b. 4F
	c. (1/2)*F
	d. (1/4)*F
	e. none of these


48. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of (1/2)M in a time of 4t is 

	a. 2F
	b. 8F
	c. (1/2)*F
	d. (1/8)*F
	e. none of these


49. A 0.5-kg ball moving at 5 m/s strikes a wall and rebounds in the opposite direction with a speed of 2 m/s. If the impulse occurs for a time duration of 0.01 s, then the average force (magnitude only) acting upon the ball is 

	a. 0.14 N
	b. 150 N
	c. 350 N
	d. 500 N
	e. none of these


50. If mass and collision time are equal, then impulses are greater on objects which rebound (or bounce). 

	a. TRUE
	b. FALSE


51. An unfortunate bug strikes the windshield of a bus in a head-on collision. Which of the following statements are true?

. The magnitude of the force encountered by the bug is greater than that of the bus. 

A. The magnitude of the impulse encountered by the bug is greater than that of the bus. 

B. The magnitude of the momentum change encountered by the bug is greater than that of the bus. 

C. The magnitude of the velocity change encountered by the bug is greater than that of the bus. 

D. The magnitude of the acceleration encountered by the bug is greater than that of the bus. 

52. A 0.80-kg ball strikes a wall moving at 5.0 m/s and rebounds in the opposite direction at 3.5 m/s. If the collision with the wall endures for a total time of 0.0080 s, then determine the average force acting upon the ball. PSYW

53. A 16.0-kg ball is thrown with a speed of 22.0 m/s to a 55.0-kg clown who is at rest on ice. The clown catches the ball and glides across the ice. Determine the velocity of the clown (and ball) immediately following the catch. PSYW

54. A 16.0-kg ball is thrown with a speed of 22.0 m/s to a 55.0-kg clown on ice. At the time that the clown catches the ball, she is moving with a speed of 3.00 m/s in the same direction as the ball. The clown catches the ball and continues to glide across the ice. Determine the velocity of the clown (and ball) immediately following the catch. PSYW

55. A 0.050-kg billiard ball moving at 1.2 m/s strikes a second 0.050-kg billiard ball which is moving in the same direction with a speed of 0.40 m/s. If the faster ball slows down to a speed of 0.65 m/s, then what is the speed of the second ball? PSYW

56. A 0.050-kg billiard ball moving at 1.5 m/s strikes a second 0.050-kg billiard ball which is at rest on the table. If the first ball slows down to a speed of 0.10 m/s, then what is the speed of the second ball? PSYW

57. A 70.0-kg hockey player moving at 5.6 m/s collides head-on with an 80.0-kg player who is heading in the opposite direction with a speed of 3.5 m/s. The two players entangle and move together across the ice. Determine their after-collision speed. PSYW

58. Calculate the work required lift a 2.5-kg object a height of 6.0 meters. PSYW

59. In the It's All Uphill Lab, a force of 21.2 N is applied parallel to the incline to lift a 3.0-kg loaded cart to a height of 0.45 m along an incline which is 0.636-m long. Determine the work done upon the cart and the subsequent potential energy change of the cart. PSYW

60. An 800.0-kg car skids to a stop across a horizontal surface over a distance of 45.0 m. The average force acting upon the car is 7000.0 N, then determine

. the work done upon the car. 

a. the initial kinetic energy of the car. 

b. the acceleration of the car. 

c. the initial velocity of the car. 

61. A 50.0-kg hiker ascends a 40.0-meter high hill at a constant speed of 1.2 m/s. If it takes 400.0 s to climb the hill, then determine

. kinetic energy change of the hiker. 

a. the potential energy change of the hiker. 

b. the work done upon the hiker. 

c. the power delivered by the hiker. 

62. Neel, whose mass is 75-kg, ascends the 1.6-meter high stairs in 1.2 s. Determine Neel's power rating. PSYW

63. A 500-kg roller coaster car starts at a height of 32.0 m. Assuming negligible energy losses to friction and air resistance, determine the PE, KE, and speed of the car at the various locations (A, B, C, D, and E) along the track. (ignore significant figures)

	Location
	Height (m)
	PE (J)
	KE (J)
	velocity (m/s)

	Start
	32.0
	________
	________
	0

	A
	28.0
	________
	________
	________

	B
	11.0
	________
	________
	________

	C
	20.0
	________
	________
	________

	D
	5.0
	________
	________
	________

	E
	15.0
	________
	________
	________

	F
	0
	________
	________
	________


64. Use the information in the above table to explain what is meant when it is said that the "total mechanical energy is conserved." 

65. Use the work-energy theorem to determine the force required to stop a 1000.0-kg car moving at a speed of 20.0 m/s if there is a distance of 45.0 m in which to stop it. PSYW

66. A 60.0-kg skiier accelerates down an icey hill from an original height of 500.0 meters. Use the work-energy theorem to determine the speed at the bottom of the hill if

. no energy is lost or gained due to friction, air resistance and other external forces. PSYW 

a. 140000 J of energy are lost due to external forces. PSYW 

67.  A bullet of mass 10.0 g traveling horizontally at a speed of 112 m/s embeds itself in a book of wood of mass 990 g suspended by a string so that it can swing freely.  Find the vertical height through which block rises?

68.  A 13.8 kg block and a 25.3 kg block are resting on a horizontal frictionless surface. Between the two is a spring.  The string is cut and the spring applies an impulse to both boxes, setting them in motion. The 13.8-kg box is propelled backwards and moves 0.60 meters to the end of the track in 0.60 seconds. With what speed does the 25.3 kg block move when the system is released?

69.  A 15,000 kg tugboat is moving East at 6.0 m/s.   A 1.2 x 105 kg barge is moving South at 1.2 m/s.  Determine the magnitude and direction of their post-collision velocity.?

ANSWER KEY
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c. –850 N

c. 4.96 m/s

c. 7.28 m/s

c. 0.95 m/s

c. 1.4 m/s

c. 0.75 m/s

c. 150 J

c. 14 J

c. –315000 J, +315000J, -8.75 m/s2, 28.1 m/s

c. 0J, +2.0 x 104 J, +2.0 x 104 J, 5.0 x 101 J

c. 1.0 x 103 W

c. .

	Location
	Height 

(m)
	PE 

(J)
	KE 

(J)
	velocity 

(m/s)

	Start
	32.0
	160 000 J
	0 J
	0

	A
	28.0
	140 000 J
	20 000 J
	8.9 m/s

	B
	11.0
	55 000 J
	105 000 J
	20.5 m/s

	C
	20.0
	100 000 J
	60 000 J
	15.5 m/s

	D
	5.0
	25 000 J
	135 000 J
	23.2 m/s

	E
	15.0
	75 000 J
	85 000 J
	18.4 m/s

	F
	0
	0 J
	160 000 J
	25.3 m/s


c. same each row

c. 4.44 x 103 N

c. 1.00 x 102 m/s, 73.0 m/s

c. 0.064 m

c. 0.20 s

c. 1.3 m/s at 32o E of S

Energy Review Answer Key

1. An object is raised above the ground gaining a certain amount of potential energy. If the same object is raised twice as high it gains __________.

. four times as much potential energy 

a. twice as much potential energy 

b. neither of these 

Answer: B

The potential energy of an object is directly proportional to the height of the object above the ground (or some other arbitrary "zero-level") in accordance with the equation

PE = m*g*h

If the h in the equation is doubled (the object is raised twice as high), then the PE is doubled as well.

2. When an object is lifted 10 meters, it gains a certain amount of potential energy. If the same object is lifted 20 meters, its potential energy is _____. 

	a. less
	b. the same
	c. twice as much 

	d. four times as much
	e. more than 4 time as much
	


Answer: C

The potential energy of an object is directly proportional to the height of the object above the ground (or some other arbitrary "zero-level") in accordance with the equation

PE = m*g*h

If the h in the equation is doubled (say from 10 m to 20 m), then the PE is doubled as well.

3. A 1000 kg car and a 2000 kg car are hoisted the same distance at constant speed in a gas station. Raising the more massive car requires ____________. 

	a. less work
	b. as much work
	c. twice as much work. 

	d. four times as much work
	e. more than 4 times as much work
	


Answer: C

The amount of work done by a force to displace an object is found from the equation

W = F*d*cos(Theta)

The force required to raise the car at constant speed is equivalent to the weight (m*g) of the car. Since the 2000-kg car weight 2X as much as the 1000-kg car, it would require twice as much work to lift it the same distance.

4. An object that has kinetic energy must be ____________. 

	a. moving
	b. falling
	c. at an elevated position 

	d. at rest
	e. none of these
	


Answer: A

Pay attention to the keywords "must be." Kinetic energy is the energy of motion and an object must be moving if it has kinetic energy. The object could be falling and could be at an elevated position; the object must not be at rest if it has kinetic energy.

5. An object that has potential energy has this energy because of its _____________. 

	a. speed
	b. acceleration
	c. momentum
	d. position
	e. none of these


Answer: D

Potential energy is the energy of position and any object which has potential energy owes this PE to the fact that it has some given position other than the so-called "zero-level position."

6. An arrow is drawn so that it has 40 J of potential energy. When fired horizontally, the arrow will have a kinetic energy of ________. 

	a. less than 40 J
	b. more than 40 J 
	c. 40 J


Answer: C

A drawn arrow has 40 J of stored energy due to the stretch of the bow and string. When released, this energy is converted into kinetic energy such that the arrow will have 40 J of kinetic energy upon being fired. Of course, this assumes no energy is lost to air resistance, friction or any other external forces and that the arrow is shot horizontally.

7. A 2 kg mass is held 4 m above the ground. What is the approximate potential energy of the mass with respect to the ground?

	a. 20 J
	b. 40 J
	c. 60 J
	d. 80 J
	e. none of these


Answer: D

The potential energy of an object is found from the equation

PE = m*g*h

where m is mass, h is height, and g=10 m/s/s (approx.). Plugging and chugging into this equation yields PE=(2 kg)*(10 m/s/s)*(4 m) = 80 J.

8. A 2 kg mass has 40 J of potential energy with respect to the ground. Approximately how far is it located above the ground? 

	a. 1 m
	b. 2 m
	c. 3 m
	d. 4 m
	e. none of these


Answer: B

The potential energy of an object is related to its height by the equation

PE = m*g*h

where m is mass, h is height, and g=10 m/s/s (approx.). Plugging and chugging into this equation yields 40 J = (2 kg)*(10 m/s/s)*(h); rearranging and solving for h yields an answer of 2 m.

9. A ball is projected into the air with 100 J of kinetic energy which is transformed to gravitational potential energy at the top of its trajectory. When it returns to its original level after encountering air resistance, its kinetic energy is ____________. 

	a. less than 100 J
	b. 100 J
	c. more than 100 J
	d. not enough information given


Answer: A

During any given motion, if external forces do work upon the object, then the total mechanical energy will be changed. If external forces do negative work (i.e., F*d*cos(Theta) is a negative number), then the final TME is less than the initial TME. In this case, air resistance does negative work to remove energy from the system. Thus, when the ball returns to its original height, their is less TME than immediately after it was thrown. At this same starting height, the PE is the same as before. The reduction in TME is made up for by the fact that the kinetic energy has been reduced; the final KE is less than the initial KE.

10. A woman lifts a box from the floor. She then carries with constant speed to the other side of the room, where she puts the box down. How much work does she do on the box while walking across the floor at constant speed? 

	a. zero J
	b. more than zero J
	c. more information needed to determine


Answer: A

For any given situation, the work done by a force can be calculated using the equation

W = F*d*cos(Theta)

where F is the force doing the work, d is the displacment of the object, and Theta is the angle between the force and the displacement. In this specific situation, the woman is applying an upward force on the box (she is carrying it) and the displacement of the box is horizontal. The angle between the force (vertical) and the displacement (upward) vectors is 90 degrees. Since the cosine of 90-degrees is 0, the woman does not do any work upon the box.

11. A car moving at 50 km/hr skids 20 m with locked brakes. How far will the car skid with locked brakes if it is traveling at 150 km/hr? 

	a. 20 m
	b. 60 m.
	c. 90 m
	d. 120 m
	e. 180 m


Answer: E

When a car skids to a stop, the work done by friction upon the car is equal to the change in kinetic energy of the car. Work is directly proportional to the displacement of the car (skidding distance) and the kinetic energy is directly related to the square of the speed (KE=0.5*m*v^2). For this reason, the skidding distance is directly proportional to the square of the speed. So if the speeds is tripled from 50 km/hr to 150 km/hr, then the stopping distance is increased by a factor of 9 (from 20 m to 9*20 m; or 180 m).

12. Which has greater kinetic energy, a car traveling at 30 km/hr or a half-as-massive car traveling at 60 km/hr? 

	a. the 30 km/hr car
	b. the 60 km/hr car
	c. both have the same kinetic energy


Answer: B

This problem is complicated by the fact that no mass is given for the two cars; only the ratio of mass is known. The complication can be resolved in one of two ways: 1) make up a mass for each car - such as 10 kg and 5 kg, or 2) assign m as the mass of one of the cars and (1/2)m as the mass of the second car. Then use the kinetic equation

KE = 0.5*m*v2
and plug and chug. The mass can then be determined for each car and compared. Using the second method yields the following results for the two cars:

	KE for the 30 km/hr car: 

KE = 0.5*m*(30 km/hr)2
KE = 0.5*m*(900 km2/hr2)

KE = 450*m km2/hr2
	KE for the 60 km/hr car: 

KE = 0.5*(0.5m)*(60 km/hr)2
KE = 0.5*(0.5m)*(3600 km2/hr2)

KE = 900*m km2/hr2


13. A diver who weighs 500 N steps off a diving board that is 10 m above the water. The diver hits the water with kinetic energy of ___________. 

	a. 10 J
	b. 500 J
	c. 510 J
	d. 5000 J
	e. more than 5000 J.


Answer: D

The use of the work-energy theorem and a simple analysis will yield the solution to this problem. Initially, there is only PE; finally, there is only KE. Assuming negligible air resistance, the kinetic energy of the diver upon hitting the water is equal to the potential energy of the diver on top of the board.

PEi = KEf 

m*g*hi = KEf
Substituting 500 N for m*g (500 N is the weight of the diver, not the mass) and 10 m for h will yield the answer of 5000 J.

14. A 2500 N pile driver ram falls 10 m and drives a post 0.1 m into the ground. The average impact force on the ram is _________. 

	a. 2500 N
	b. 25000 N
	c. 250,000 N
	d. 2,500,000 N


Answer: C

The use of the work-energy theorem and a simple analysis will yield the solution to this problem. Initially, there is only PE; finally, there is neither PE nor KE; external work has been done by an applied force upon the pile driver. Assuming negligible air resistance, the kinetic energy of the diver upon hitting the water is equal to the potential energy of the diver on top of the board.

PEi + Wext = 0 

PEi = - Wext
m*g*hi = - F*d*cos(Theta)

Substituting 2500 N for m*g (2500 N is the weight of the driver, not the mass); 10 m for h; 0.1 m for the displacement of the driver as caused by the upward applied force exerted by the ram; and 90 degrees for Theta (the angle between the applied force and the displacement of the ram) will yield the answer of 250000 N for F.

15. A person on the edge of a roof throws a ball downward. It strikes the ground with 100 J of kinetic energy. The person throws another identical ball upward with the same initial speed, and this too falls to the ground. Neglecting air resitance, the second ball hits the ground with a kinetic energy of ______________. 

	a. 100 J
	b. 200 J
	c. less than 100 J
	d. more than 200 J
	e. none of these


Answer: A

Quite surprisingly to many, each ball would hit the ground with the same speed. In each case, the PE+KE of the balls immediately after being thrown is the same (they are thrown with the same speed from the same height). Upon hitting the ground, they must also have the same PE+KE. Since the PE is zero (on the ground) for each ball, it stands to reason that their KE is also the same. That's a little physics and a lot of logic - and try not to avoid the logic part by trying to memorize the answer.

16. A 10 N object moves at 1 m/s. Its kinetic energy is approximately ____________. 

	a. 0.5 J
	b. 1 J
	c. 10 J
	d. more than 10 J


Answer: A

The KE of any object can be computed if the mass (m) and speed (v) are known. Simply use the equation

KE=0.5*m*v2
In this case, the 10-N object has a mass of 1 kg (use Fgrav = m*g). The speed is 1 m/s. Now plug and chug to yield KE=0.5 J.

17. A moving object has __________. 

	a. speed
	b. velocity
	c. momentum
	d. energy
	e. all of these


Answer: E

A moving object has speed and velocity. Since momentum is mass*velocity, a moving object would also has momentum. And since a moving object has kinetic energy (0.5*m*v^2), it would also have energy.

 

18. An object at rest may have __________. 

	a. speed
	b. velocity
	c. momentum
	d. energy
	e. all of these


Answer: D

An object at rest absolutely cannot have speed, velocity or momentum. However, an object at rest could have energy if there is energy stored due to its position; for example, there could be gravitational or elastic potential energy.

19. What does an object have when it is moving that it absolutely doesn`t have when at rest? 

	a. momentum 
	b. energy
	c. mass
	d. inertia
	e. none of these


Answer: A

When moving, an object has momentum; it definitely would not have this if it were at rest. An object which is moving would have kinetic energy (one of the two forms of mechanical energy); but if at rest, it could still have energy of position (potential energy) even though it would not have energy of motion (kinetic energy). An object has mass and inertia whether it is moving or not.

20. If an object has kinetic energy, then it also must have ___________. 

	a. impulse 
	b. momentum
	c. acceleration
	d. force
	e. none of these


Answer: B

An object which has kinetic energy has mass and speed (or velocity). For this reason, it would also have momentum.

21. If the speed of a moving object doubles, then what else doubles? 

	a. momentum 
	b. kinetic energy
	c. acceleration
	d. all of the above
	e. none of these


Answer: A

Momentum is directly proportional to the speed of the object; so if the speed is doubled, the momentum is doubled. However, kinetic energy is directly proportional to the square of the speed; thus, doubling the speed would serve to quadruple the kinetic energy.

 

22. A feather and a coin are dropped in a vacuum. Each falls with equal __________. 

	a. momenta
	b. kinetic energies
	c. potential energies

	d. all of the above
	e. none of the above
	


Answer: E

In a vacuum, the feather and the coin will have the same acceleration (10 m/s/s) and the same speed. Yet, momentum, kinetic energy and potential energy are all mass dependent quantities. Thus, owing to their different mass, the momentum, kinetic energy and potential energy of the feather and coin are different.

23. A popular swinging-balls apparatus consists of an aligned row of identical elastic balls that are suspended by strings so they barely touch each other. When two balls are lifted from one end and released, they strike the row and two balls pop out from the other end. If instead one ball popped out with twice the velocity of the two, this would be violation of conservation of __________. 

	a. momentum 
	b. kinetic energy
	c. both of these
	d. none of these


Answer: B

Momentum would be conserved in such an instance; yet, kinetic energy would not be conserved in the collision. Consider the balls to have a mass of m (for each ball) and an initial velocity of v. The initial momentum and kinetic energy of the system is given by the following expressions:

	Initial Momentum 

mv + mv or 2mv
	Initial Kinetic Energy 

0.5*mv2 + 0.5*mv2 or mv2


If one ball (with mass m) popped out with twice the velocity (2v) then the final momentum and kinetic energy would be given by the following expressions:

	Final Momentum 

m*2v or 2mv

(same as initial momentum)
	Initial Kinetic Energy 

0.5*m*(2v)2 = 0.5*m*(4v2) or 2mv2
(this indicates a gain in KE)


24. Two identical freight cars roll without friction towards each other on a level track. One rolls at 2 m/s and the other rolls at 1 m/s. After the cars collide, they couple (attach together) and roll together with a speed of _____________. 

	a. 0.5 m/s
	b. 0.33 m/s 
	c. 0.67 m/s
	d. 1.0 m/s 
	e. none of these


 Answer: A

Use m as the mass of the freight cars (or any number you wish) and then set the expression for initial total momentum equal to the expression for the final total momentum:

m*(2) + m*(-1) = m*v + m*v

Now solve for v using the proper algebraic steps.

2m - m = 2mv 

m = 2mv

1 = 2v

0.5 m/s = v

(Note that the -1 indicates the second car is traveling in the opposite direction as the first car. Also not that the two cars stick together and so they have the same post-collision velocity.)

25. A freight train rolls along a track with considerable momentum. If it rolls at the same speed but has twice as much mass, its momentum is ____. 

	a. zero
	b. quadrupled
	c. doubled
	d. unchanged


Answer: C

Momentum is directly related to the mass of the object. So for the same speed, a doubling of mass leads to a doubling of momentum.

 26. A rifle recoils from firing a bullet. The speed of the rifle's recoil is small because the ___. 

	a. force against the rifle is relatively small.
	b. speed is mainly concentrated in the bullet.

	c. rifle has lots of mass.
	d. momentum of the rifle is unchanged.

	e. none of these.
	


Answer: C

Please don't answer A (for it will make Newton roll over in his grave and he's getting pretty tired of that); "for every action, there is an equal ...". Choice B is invalid; speed is not something that becomes concentrated or squeexed into an object. Choice D is invalid; ask anyone who's fired a rifle if the rifle begins to move (of course, since it does, its momentum is not unchanged). Because of the large mass of the rifle, the acceleration is small.

27. Two objects, A and B, have the same size and shape, but A is twice as heavy as B. When they are dropped simultaneously from a tower (in the absence of air resistance), they reach the ground at the same time, but A has a higher ___. 

	a. speed
	b. acceleration
	c. momentum

	d. all of the above
	e. none of the above
	


Answer: C

The two objects free-fall at the same rate of acceleration, thus giving them the same speed when they hit the ground. The heavier object however has more momentum since momentum takes into account both the speed and the mass of the object (p=m*v).

28. Padded dashboards in cars are safer in an accident than non-padded ones because they ____. 

	a. increase the impact time.
	b. decrease an occupant's impulse.
	c. decrease the impact force

	d. two of the above
	e. none of the above.
	


Answer: A

Both A and C are correct. Padded dashboard serve to increase the time over which the momentum of a passenger is reduced to zero. With this increase in time, there is a decrease in force (big T, little f). The impulse acting upon the passenger is not changed since the passenger still must have his/her mass slowed down from the pre-impact velocity to zero velocity.

29. A 4 kg ball has a momentum of 12 kg*m/s. The ball's speed is ___ m/s. 

	a. 3 
	b. 4
	c. 12
	d. 48
	e. none of these.


Answer: A

This is a relatively simple plug-and-chug into the equation p=m*v with m=4 kg and p=12 kg*m/s.

30. A piece of putty moving with 1 unit of momentum strikes and sticks to a heavy bowling ball that is initially at rest. After the putty sticks to the ball, both are set in motion with a combined momentum that is ___. 

	a. less than 1 unit
	b. more than 1 unit
	c. 1 unit
	d. not enough information


Answer: C

Since momentum must be conserved, the total momentum of the ball and putty must be 1 unit. (Before the collision, the total system momentum is also 1 unit - all due to the motion of the putty.)

31. A 2 kg mass has a velocity of 4 m/s. The kinetic energy of the mass is ___ Joules. 

	a. 4 
	b. 8
	c. 16
	d. 32
	e. none of these


Answer: C

This is a relatively simple plug-and-chug into the equation KE=0.5*m*v2 with m=2 kg and v=4 m/s.

32. A car moving at 50 km/hr skids 20 meters with locked brakes. How far will the car skid with locked brakes if it is traveling at 150 km/hr? 

	a. 20 m
	b. 60 m
	c. 90 m
	d. 120 m
	e. 180 m


Answer: E

Recall the reasoning from the stopping distance-speed lab (with the Hot Wheels car and the computer box) that the stopping distance is related to the square of the initial speed. So any modification in the initial speed of a skidding car will lead to a square of that same modification in the stopping distance. A change in speed from 50 km/hr to 150 km/hr is a 3-fold increase. The distance in turn must change by nine-fold (3^2). So take the original stopping distance of 20 m and multiply it by 9.

33. A 50 kg diver hits the water below (at a zero height) with a kinetic energy of 5000 Joules. The height from which the diver dove was ____ meters. 

	a. 5
	b. 10
	c. 50
	d. 100


Answer: B

The kinetic energy of the diver must be equal to the original potential energy. Thus,

m*g*hi = KEf 

(50 kg)*(10 m/s/s)*h = 5000 J

So, h = 10 m

34. A large force acting for a long amount of time on a small mass will produce a ______. 

	a. small velocity change
	b. large velocity change 
	c. small momentum change

	d. small acceleration
	e. two of the above
	


Answer: B

A large force on a small mass will result in a large acceleration (a=F/m) and subsequently a large velocity change (Delta v = a*t). This rules out choices A and D. A large force and for a long time will result in a large impulse and therefore a large momentum change. This rules out choice C.

35. Force and time pertains to momentum change in the same manner as force and distance pertains to ___________. 

	a. impulse
	b. work
	c. energy change
	d. velocity
	e. none of these.


Answer: C

A force multiplied by a time gives an impulse which will cause (and be equal to) a momentum change. In the same manner, a force multiplied by a distance gives work which will cause (and be equal to) an energy change. Re-read those two sentences because it relates two big concepts.

36. A job is done slowly, and an identical job is done quickly. Both jobs require the same amount of work, but different amounts of ___________. 

	a. energy 
	b. power
	c. both of these
	d. none of these


Answer: B

Power refers to the rate at which work is done. Thus, doing two jobs - one slowly and one quickly - involves doing the same job (i.e., the same work) at different rates or with different power.

 

37. Which requires more work: lifting a 50 kg sack vertically 2 meters or lifting a 25 kg sack vertically 4 meters? 

	a. lifting the 50 kg sack
	b. lifting the 25 kg sack

	c. both require the same amount of work
	


Answer: C

Work involves a force acting upon an object to cause a displacement. The amount of work done is found by multiplying F*d*cos(Theta). The equation can be used for these two motions to find the work.

	Lifting a 50 kg sack vertically 2 meters 

W = (500 N)*(2 m)*cos(0)

W = 1000 N

(Note: The weight of a 50-kg object is approx. 500 N; it takes 500 N to lift the object up.)
	Lifting a 25 kg sack vertically 4 meters 

W = (250 N)*(4 m)*cos(0)

W = 1000 N

(Note: The weight of a 50-kg object is approx. 250 N; it takes 250 N to lift the object up.)


38. A 50 kg sack is lifted 2 meters in the same time as a 25 kg sack is lifted 4 meters. The power expended in raising the 50 kg sack compared to the power used to lift the 25 kg sack is _________. 

	a. twice as much
	b. half as much
	c. the same


Answer: C

The power is the rate at which work is done. Power is found by dividing work by time. It requires the same amount of work to do these two jobs (see question #37) and the same amount of time. Thus, the power is the same for both tasks.

39. A TV set is pushed a distance of 2 m with a force of 20 N that is in the same direction as the set moves. How much work is done on the set? 

	a. 2 J
	b. 10 J
	c. 20 J
	d. 40 J
	e. 80 J


Answer: D

This is a relatively simple plug-and-chug into the equation W=F*d*cos(Theta) with F=20 N and d=2 m and Theta = 0 degrees.

40. It takes 40 J to push a large box 4 m across a floor. Assuming the push is in the same direction as the move, what is the magnitude of the force on the box? 

	a. 4 N
	b. 10 N
	c. 40 N
	d. 160 N
	e. none of these


Answer: B

This is a relatively simple plug-and-chug into the equation W=F*d*cos(Theta) with W=40 J and d=4 m and Theta = 0 degrees.

41. Using 1000 J of work, a toy elevator is raised from the ground floor to the second floor in 20 seconds. How much power does the elevator use? 

	a. 20 W
	b. 50 W
	c. 100 W 
	d. 1000 W
	e. 20000 W


Answer: B

This is a relatively simple plug-and-chug into the equation P=W/t with W=1000 J and t=20 s

42. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The momentum change of the object is: 

	a. -2.5 kg*m/s
	b. -10 kg*m/s
	c. -18 kg*m/s
	d. -45 kg*m/s
	e. none of these


Answer: C

Don't make this harder than it is; the momentum change of an object can be found if the mass and the velocity change are known. In this equation, m=3 kg and the velocity change is -6 m/s. When finding the velocity change, always subtract the initial velocity from the final velocity (vf - vi). The momentum change can also be found if the force and the time are known. Multiplying force*time yields the impulse and the impulse equals the momentum change.

43. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The impulse experienced by the object is: 

	a. -2.5 N*s
	b. -10 N*s
	c. -18 N*s
	d. -45 N*s
	e. none of these


Answer: C

Impulse is defined as a force acting upon and object for a given amount of time. Impulse can be computed by multiplying force*time. But in this problem, the time is not known. Never fear - the impulse equals the momentum change. The momentum change in this problem is -18 kg*m/s (see question #42). Thus, the impulse is -18 N*s.

44. A 5-N force is applied to a 3-kg object to change its velocity from +9 m/s to +3 m/s. The impulse acts for a time period of 

	a. 1.8 s
	b. 2.5 s
	c. 3.6 s
	d. 10 s
	e. none of these


Answer: C

Use the impulse momentum change theorem with F=5 N, m=3 kg and Delta v=-6 m/s. Solving for time involves the following steps.

t = m*(delta v)/F = (3 kg)*(-6 m/s)/(5 N) = 3.6 s

45. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of 2M in a time of (1/2)t is 

	a. 2F
	b. 4F
	c. (1/2)*F
	d. (1/4)*F
	e. none of these


Answer: B

The impulse-momentum change theorem states that F*t = m*(Delta vel.). This equation can be re-arranged to locate the F by itself on one side of the equation; rearranging yields

F = m*(Delta vel.)/t

The equation shows that force is directly related to the mass, directly related to the change in velocity, and inversely related to the time. So any change in mass will result in the same change in force; and any change in time will result in the inverse effect upon the force. In this case, doubling the mass (from M to 2M) will double the force and halving the time (from t to 1/2-t) will double the force. The combined effect of these two changes will make the new force four times bigger than the old force. This is a case of where equations can be a guide to thinking about how a change in one variable (or two variables) impacts other dependent variables.

46. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of 2M in a time of (1/4)t is 

	a. 2F
	b. 8F
	c. (1/2)*F
	d. (1/8)*F
	e. none of these


Answer: B

The impulse-momentum change theorem states that F*t = m*(Delta vel.). This equation can be re-arranged to locate the F by itself on one side of the equation; rearranging yields

F = m*(Delta vel.)/t

The equation shows that force is directly related to the mass, directly related to the change in velocity, and inversely related to the time. So any change in mass will result in the same change in force; and any change in time will result in the inverse effect upon the force. In this case, doubling the mass (from M to 2M) will double the force and quartering the time (from t to 1/4-t) will quadruple the force. The combined effect of these two changes will make the new force eight times bigger than the old force. This is a case of where equations can be a guide to thinking about how a change in one variable (or two variables) impacts other dependent variables.

47. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of (1/2)M in a time of (1/2)t is 

	a. 2F
	b. 4F
	c. (1/2)*F
	d. (1/4)*F
	e. none of these


Answer: E

The impulse-momentum change theorem states that F*t = m*(Delta vel.). This equation can be re-arranged to locate the F by itself on one side of the equation; rearranging yields

F = m*(Delta vel.)/t

The equation shows that force is directly related to the mass, directly related to the change in velocity, and inversely related to the time. So any change in mass will result in the same change in force; and any change in time will result in the inverse effect upon the force. In this case, halving the mass (from M to 1/2-M) will half the force and halving the time (from t to 1/2-t) will double the force. The combined effect of these two changes will make the new force the same size as the old force. This is a case of where equations can be a guide to thinking about how a change in one variable (or two variables) impacts other dependent variables.

48. When a mass M experiences a velocity change of v in a time of t, it experiences a force of F. Assuming the same velocity change of v, the force experienced by a mass of (1/2)M in a time of 4t is 

	a. 2F
	b. 8F
	c. (1/2)*F
	d. (1/8)*F
	e. none of these


Answer: D

The impulse-momentum change theorem states that F*t = m*(Delta vel.). This equation can be re-arranged to locate the F by itself on one side of the equation; rearranging yields

F = m*(Delta vel.)/t

The equation shows that force is directly related to the mass, directly related to the change in velocity, and inversely related to the time. So any change in mass will result in the same change in force; and any change in time will result in the inverse effect upon the force. In this case, halving the mass (from M to 1/2-M) will halve the force and quadrupling the time (from t to 4t) will quarter the force. The combined effect of these two changes will make the new force eight times smaller (i.e., one-eighth the size) than the old force. This is a case of where equations can be a guide to thinking about how a change in one variable (or two variables) impacts other dependent variables.

49. A 0.5-kg ball moving at 5 m/s strikes a wall and rebounds in the opposite direction with a speed of 2 m/s. If the impusle occurs for a time duration of 0.01 s, then the average force (magnitude only) acting upon the ball is 

	a. 0.14 N
	b. 150 N
	c. 350 N
	d. 500 N
	e. none of these


Answer: C

This is a relatively simple plug-and-chug into the equation

F*t = m*(Delta vel.)

with m=0.5 kg, t=0.01 s and Delta vel.=-7 m/s. (The change in velocity is -7 m/s since the ball must first slow down from 5 m/s to 0 m/s and then be thrown back in the opposite direction at 2 m/s.) Using these numbers and solving for force yields -350 N. The magnitude of the force is 350 N and the "-" sign indicates the direction of the force.

50. If mass and collision time are equal, then impulses are greater on objects which rebound (or bounce). 

	a. TRUE
	b. FALSE


Answer: A

The impulse is equal to the momentum change. And when there is a rebound, the momentum change is larger since there is a larger velocity change. For instance, a ball thrown at a wall at 5 m/s may rebound at -3 m/s yielding a velocity change of -8 m/s. An egg thrown at the same wall at the same speed of 5 m/s hits and stops, thus yielding a velocity change of -5 m/s. More velocity change means more momentum change and thus more impulse.

51. An unfortunate bug strikes the windshield of a bus in a head-on collision. Which of the following statements are true?

. The magnitude of the force encountered by the bug is greater than that of the bus. 

A. The magnitude of the impulse encountered by the bug is greater than that of the bus. 

B. The magnitude of the momentum change encountered by the bug is greater than that of the bus. 

C. The magnitude of the velocity change encountered by the bug is greater than that of the bus. 

D. The magnitude of the acceleration encountered by the bug is greater than that of the bus. 

Answer: The true statements are D and E.

In any collision between two objects, the force, impulse, and momentum change are the same for each object. (This makes statements A, B, and C false.) However, the smaller mass object encounters a greater acceleration and velocity change. (This makes statements D and E true).

52. A 0.80-kg ball strikes a wall moving at 5.0 m/s and rebounds in the opposite direction at 3.5 m/s. If the collision with the wall endures for a total time of 0.0080 s, then determine the average force acting upon the ball. PSYW

Answer: -850 N

	Given: m=0.80 kg; vi = 5.0 m/s; vf = -3.5 m/s; and t=0.0080 s

Find: F

Useful Equation: F*t = m*(Delta v)

	Rearranging the equation to solve for F yields

F = m*(Delta v)/t

Substituting yields

F = (0.80 kg)*(-8.5 m/s)/(0.0080 s) 

F = -850 N

(NOTE: The velocity change is always found by from vf-vi.


53. A 16.0-kg ball is thrown with a speed of 22.0 m/s to a 55.0-kg clown who is at rest on ice. The clown catches the ball and glides across the ice. Determine the velocity of the clown (and ball) immediately following the catch. PSYW

Answer: 4.96 m/s

Momentum conservation principles must be used to solve this collision problem. Set the initial momentum of the system equal to the final momentum of the system and solve for the unknown velocity. The information can be organized inside of a momentum table as shown below. (NOTE: units have been left off quantities to avoid "messiness".)

	
	Before Collision
	After Collision

	Clown
	0
	p=(55 kg)*v 

p= 55*v

	Ball
	p=(16 kg)*(22.0 m/s) 

p= 352
	p=(16 kg)*v 

p= 16*v

	Total
	352
	55*v + 16*v


352 = 55*v + 16*v 

352 = 71*v

v = (352/71) = 4.96 m/s

54. A 16.0-kg ball is thrown with a speed of 22.0 m/s to a 55.0-kg clown on ice. At the time that the clown catches the ball, she is moving with a speed of 3.00 m/s in the same direction as the ball. The clown catches the ball and continues to glide across the ice. Determine the velocity of the clown (and ball) immediately following the catch. PSYW

Answer: 7.28 m/s

Momentum conservation principles must be used to solve this collision problem. Set the initial momentum of the system equal to the final momentum of the system and solve for the unknown velocity. The information can be organized inside of a momentum table as shown below. (NOTE: units have been left off quantities to avoid "messiness".)

	
	Before Collision
	After Collision

	Clown
	p=(55 kg)*(5.0 m/s) 

p= 165
	p=(55 kg)*v 

p= 55*v

	Ball
	p=(16 kg)*(22.0 m/s) 

p= 352
	p=(16 kg)*v 

p= 16*v

	Total
	517
	55*v + 16*v


517 = 55*v + 16*v 

517 = 71*v

v = (517/71) = 7.28 m/s

55. A 0.050-kg billiard ball moving at 1.2 m/s strikes a second 0.050-kg billiard ball which is moving in the same direction with a speed of 0.40 m/s. If the faster ball slows down to a speed of 0.65 m/s, then what is the speed of the second ball? PSYW

Answer: 0.95 m/s

Momentum conservation principles must be used to solve this collision problem. Set the initial momentum of the system equal to the final momentum of the system and solve for the unknown velocity. The information can be organized inside of a momentum table as shown below. (NOTE: units have been left off quantities to avoid "messiness".)

	
	Before Collision
	After Collision

	1st Ball
	p=(0.05 kg)*(1.2 m/s) 

p= 0.060
	p=(0.05 kg)*(0.65 m/s) 

p= 0.0325

	2nd Ball
	p=(0.05 kg)*(0.40 m/s) 

p= 0.020
	p=(0.05 kg)*v 

p= 0.05*v

	Total
	0.080
	0.0325 + 0.05*v


0.080 = 0.0325 + 0.05*v 

0.0475 = 0.05*v

v = (0.0475/0.05) = 0.95 m/s

56. A 0.050-kg billiard ball moving at 1.5 m/s strikes a second 0.050-kg billiard ball which is at rest on the table. If the first ball slows down to a speed of 0.10 m/s, then what is the speed of the second ball? PSYW

Answer: 1.4 m/s

Momentum conservation principles must be used to solve this collision problem. Set the initial momentum of the system equal to the final momentum of the system and solve for the unknown velocity. The information can be organized inside of a momentum table as shown below. (NOTE: units have been left off quantities to avoid "messiness".)

	
	Before Collision
	After Collision

	1st Ball
	p=(0.05 kg)*(1.5 m/s) 

p= 0.075
	p=(0.05 kg)*(0.1 m/s) 

p= 0.005

	2nd Ball
	p=(0.05 kg)*(0.0 m/s) 

p= 0
	p=(0.05 kg)*v 

p= 0.05*v

	Total
	0.075
	0.005 + 0.05*v


0.075 = 0.005 + 0.05*v 

070 = 0.05*v

v = (0.070/0.05) = 1.4 m/s

 57. A 70.0-kg hockey player moving at 5.6 m/s collides head-on with an 80.0-kg player who is heading in the opposite direction with a speed of 3.5 m/s. The two players entangle and move together across the ice. Determine their after-collision speed. PSYW

Answer: 0.75 m/s

Momentum conservation principles must be used to solve this collision problem. Set the initial momentum of the system equal to the final momentum of the system and solve for the unknown velocity. The information can be organized inside of a momentum table as shown below. (NOTE: units have been left off quantities to avoid "messiness".)

	
	Before Collision
	After Collision

	70-kg Player
	p=(70 kg)*(5.6 m/s) 

p= 392
	p=(70 kg)*v 

p= 70*v

	80-kg Player
	p=(80 kg)*(-3.5 m/s) 

p= -280
	p=(80 kg)*v 

p= 80*v

	Total
	112
	70*v + 80*v


112 = 70*v + 80*v 

112 = 150*v

v = (112/150) = 0.747 m/s

58. Calculate the work required lift a 2.5-kg object a height of 6.0 meters. PSYW

Answer: 150 J

The work done upon an object is found with the equation

W = F*d*cos(Theta)

In this case, the d=6.0 m; the F=25 N (it takes approx. 25 N of force to lift a 2.5-kg object), and the angle between F and d (Theta) is 0 degrees. Substituting these values into the above equation yields

W = F*d*cos(Theta) = (25 N)*(6 m)*cos(0) = 150 J 

59. In the It's All Uphill Lab, a force of 21.2 N is applied parallel to the incline to lift a 3.0-kg loaded cart to a height of 0.45 m along an incline which is 0.636-m long. Determine the work done upon the cart and the subsequent potential energy change of the cart. PSYW

Answer: 14 J

There are two methods of solving this problem. The first method involves using the equation

W = F*d*cos(Theta)

where F=21.2 N, d=0.636 m, and Theta=0 degrees. Substituting and solving yields

W = F*d*cos(Theta) = (21.2 N)*(0.636 m)*cos(0) = 13.5 J.

The second method is to recognize that the work done in pulling the cart along the incline changes the potential energy of the cart. The work done equals the potential energy change. Thus,

W=Delta PE = m*g*(delta h) = (3 kg)*(10 m/s/s)*(0.45 m) = 13.5 J

60. An 800.0-kg car skids to a stop across a horizontal surface over a distance of 45.0 m. The average force acting upon the car is 7000.0 N, then determine

. the work done upon the car. 

a. the initial kinetic energy of the car. 

b. the acceleration of the car. 

c. the initial velocity of the car. 

Answers:

. W = -315000 J 

a. KEi = +315000 J 

b. a = -8.75 m/s/s 

c. vi = 28.1 m/s 

a. The work done upon the car can be found using the equation

W = F*d*cos(Theta)

where F=7000 N, d=45 m, and Theta=180 degrees (the force is in the opposite dir'n as the displacement). Substituting and solving yields -315000 J.

b. The initial kinetic energy can be found using the work-energy theorem. The eq'n reduces to

KEi + Wext = 0

(PEi and PEf = 0 J since the car is on the ground; and KEf = 0 J since the car is finally stopped). Rearrange the equation and it takes the form KEi = -Wext . So KEi = +315000 J.

c. The acceleration of the car can be found using Newton's second law of motion: Fnet = m*a

The friction force is the net force (since the up and down forces balance) and the mass is 800 kg. Substituting and solving yields a = -8.75 m/s/s.

d. The initial velocity of the car can be found using the KE equation: KE = 0.5*m*v2 where m=800 kg and KEi=315000 J. Substituting and solving for velocity (v) yields v = 28.1 m/s. (A kinematic equation could be also used to find the initial velocity.)

61. A 50.0-kg hiker ascends a 40.0-meter high hill at a constant speed of 1.2 m/s. If it takes 400.0 s to climb the hill, then determine

. kinetic energy change of the hiker. 

a. the potential energy change of the hiker. 

b. the work done upon the hiker. 

c. the power delivered by the hiker. 

Answers:

. Delta KE = 0 J 

a. Delta PE = +2.0 x 104 J 

b. W = +2.0 x 104 J J 

c. P = 5.0 x 101 Watts 

a. The speed of the hiker is constant so there is no change in kinetic energy - 0 J.

b. The potential energy change can be found by subtracting the initial PE (0 J) from the final PE (m*g*hf). The final potential energy is 20000 J [from (50 kg)*(10 m/s/s)*(40 m)] and the initial potential energy is 0 J. So Delta PE = +20000 J.

c. The work done upon the hiker can be found using the work-energy theorem. The eq'n reduces to

Wext = PEf
(PEi = 0 J since the hiker starts on the ground; and KEi = KEf since the speed is constant; these two terms can be dropped from the equation since they are equal). The final potential energy is 20000 J [from (50 kg)*(10 m/s/s)*(40 m)]. So W = +20000 J.

d. The power of the hiker can be found by dividing the work by the time.

P=W/t=(20000 J)/(400 s) = 50 Watts

62. Neel, whose mass is 75-kg, ascends the 1.6-meter high stairs in 1.2 s. Determine Neel's power rating. PSYW

Answer: P = 1.0 x 103 Watts

Neel's power is found by dividing the work which he does by the time in which he does it. The work done in elevating his 75-kg mass up the stairs is determined using the equation

W = F*d*cos(Theta)

where F = m*g = 750 N (approx.), d=1.6 m and Theta = 0 degrees (the angle between the upward force and the upward displacement). Solving for W yields 1200 Joules. Now divide the work by the time to determine the power:

P = W/t = (1200 J)/(1.2 s) = 1000 Watts

63. A 500-kg roller coaster car starts at a height of 32.0 m. Assuming negligible energy losses to friction and air resistance, determine the PE, KE, and speed of the car at the various locations (A, B, C, D, and E) along the track.  (Ignore sig figs)

	Location
	Height 

(m)
	PE 

(J)
	KE 

(J)
	velocity 

(m/s)

	Start
	32.0
	160 000 J
	0 J
	0

	A
	28.0
	140 000 J
	20 000 J
	8.9 m/s

	B
	11.0
	55 000 J
	105 000 J
	20.5 m/s

	C
	20.0
	100 000 J
	60 000 J
	15.5 m/s

	D
	5.0
	25 000 J
	135 000 J
	23.2 m/s

	E
	15.0
	75 000 J
	85 000 J
	18.4 m/s

	F
	0
	0 J
	160 000 J
	25.3 m/s


Answer: See above table 

The potential energy for every row can be found using the equation PE = m*g*h where m=500 kg and g = 10 m/s/s (approx.). In the first row, the total mechanical energy (KE + PE) equals 160 000 J. Since no work is done by external forces, the total mechanical energy must be 160 000 J in all the other rows. So the KE can be computed by subtracting the PE from 160 000 J. The velocity can be found using the equation:

KE = 0.5*m*v2
where m=500 kg.

 

64. Use the information in the above table to explain what is meant when it is said that the "total mechanical energy is conserved." 

Answer: The total mechanical energy is the same in each row of the table. If the kinetic energy and the potential energy is added together, then the sum will be the same throughout the ride.

65. Use the work-energy theorem to determine the force required to stop a 1000.0-kg car moving at a speed of 20.0 m/s if there is a distance of 45.0 m in which to stop it. PSYW

Answer: F = 4.44*103 N

The work energy theorem can be written as

KEi + PEi + Wext = KEf + PEf
The PEi and PEf can be dropped from the equation since they are both 0 (the height of the car is 0 m). The KEf can also be dropped for the same reason (the car is finally stopped). The equation simplifies to

KEi + Wext = 0

The expressions for KE (0.5*m*v2) and W (F*d*cos[Theta]) can be sustituted into the equation:

0.5*m*vi2 + F*d*cos[Theta] = 0

where m=1000 kg, vi=20 m/s, d=45 m, and Theta = 180 degrees. Substituting and solving for F yields 4.44*103 N.

66. A 60.0-kg skier accelerates down an icy hill from an original height of 500.0 meters. Use the work-energy theorem to determine the speed at the bottom of the hill if

. no energy is lost or gained due to friction, air resistance and other external forces. PSYW 

a. 140000 J of energy are lost due to external forces. PSYW 

Answers:

. v = 1.00  x 102 m/s 

a. v = 73.0 m/s 

a. Use the work energy theorem:

KEi + PEi + Wext = KEf + PEf
The PEf can be dropped from the equation since the skiier finishes on the ground at zero height. The KEi can also be dropped since the skiier starts from rest. The Wext term is dropped since it is said that no work is done by external forces. The equation simplifies to

PEi =KEf
The expressions for KE (0.5*m*v2) and PE (m*g*h) can be sustituted into the equation:

m*g*h = 0.5*m*vf2
where m=60 kg, h=500 m, g=10 m/s/s (approx.). Substituting and solving for vf yields 100 m/s.

b. This equation can be solved in a similar manner, except that now the Wext term is -140000J. So the equation becomes

m*g*h - 140000J = 0.5*m*vf2
Now substituting and solving for vf yields 73.0 m/s.

67.  A bullet of mass 10.0 g traveling horizontally at a speed of 112 m/s embeds itself in a book of wood of mass 990 g suspended by a string so that it can swing freely.  Find the vertical height through which block rises?

Answer:  0.064 m

First you need to use conservation of momentum to find the initial velocity of the block plus bullet combination. From that you can get the initial kinetic energy. And that energy is conserved as the block/bullet combination swings in an arc to its highest point.

The collision is the inelastic type because the bullet doesn't bounce off -- it stays with the block. 


Momentum before = momentum after.


m1*v1 + m2*v2 = (m1+m2)*v
where m1 and v1 are mass and original velocity of one body, m2 and v2 are the data for the other body, and v is the velocity of the combination immediately after the collision.

0.01*112 + 0 (0.01+ 0.99)v

v = 1.12 m/s

From velocity, v, you can calculate the kinetic energy, and then set that equal to the final gravitational potential energy when the combination comes to a stop at the peak of its swing.


(1/2)*(m1+m2)*v^2 = (m1+m2)*g*h
where g = 9.8 m/s^2 and h is the height when it stops.

½*(0.01+ 0.99)1.122 = (0.01+0.99)*9.8*h

h = 0.064 m
68.  A 13.8 kg block and a 25.3 kg block are resting on a horizontal frictionless surface. Between the two is a spring.  The string is cut and the spring applies an impulse to both boxes, setting them in motion. The 13.8-kg box is propelled backwards and moves 0.60 meters to the end of the track in 0.60 seconds. With what speed does the 25.3 kg block move when the system is released?

Answer: 0.20 s

For the sake of the discussion, the 13.8 -kg box will be referred to as Box 1 and the 25.3 -kg box will be referred to as box 2.

Given: mbox 1 = 13.8 kg; mbox 2 = 25.3 kg; dbox 1 = 0.60 m; tbox 1 = 0.60 s

Find: vbox 2 = ???

The two boxes are initially at rest. The total system momentum is initially 0. After the cutting of the string and the impulse of the spring, the total system momentum must also be 0. Thus, Box 1's backward momentum must be equal to the Box 2's forward momentum. The distance and time for Box 1 must be used to determine its velocity. 

v = d/t = (0.60 m) / (0.60 s) = 0.36 m/s

 

Now the principle of momentum conservation can be used to determine Box 2's velocity.

mbox 1 • vbox 1 = mbox 2 • vbox 2 

(13.8  kg) • (0.36 m/s) = (25.3  kg) • vbox 2
vbox 2 = (13.8  kg) • (0.36 m/s) / (25.3  kg) = 0.1963 m/s

 

69.  A 15,000 kg tugboat is moving East at 6.0 m/s.   A 1.2 x 105 kg barge is moving South at 1.2 m/s.  Determine the magnitude and direction of their post-collision velocity.?

Answer: 1.3 m/s at 32 degrees east of south 

The difficulty of this problem lies in the fact that the collision occurs between two objects moving at right angles to each other. Thus, vector principles will have to be combined with momentum principles to arrive at a solution to the problem. The same conservation of momentum principle will be used; but when summing the before momentum values of the two objects, the fact that they are at right angles to each means that they will have to be added using the Pythagorean theorem. The collision is perfectly inelastic with the two skaters moving at the same speed after the collision. For communication sake, the 1.2 x 105 kg barge will be referred to as A and the 15,000 kg tugboat will be referred to as B. A vector diagram will likely assist in the solution of the problem.
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The individual momentum of the two objects is first determined.

pA = mA • vA = (1.2 x 105 kg) • (1.2 m/s, South) = 144000 kg • m/s, South 

pB = mB • B = (1.5 x 104 kg) • (6.0 m/s, East ) = 9.0 x 104 kg • m/s, East
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Now the Pythagorean theorem can be used to add these two vectors and thus determine the pre-collision system momentum. The diagram at the right shows the vectors being added in head-to-tail fashion. The resultant is drawn from the tail of the first vector to the head of the last vector. The resultant is the hypotenuse of a right triangle whose sides are the pA and pB vectors.

psystem = pA + pB (where pA and pB are right angle vectors) 

psystem = SQRT(pA2+ pB2)

psystem = SQRT[(144000 kg • m/s)2+ (9.0 x 104 kg • m/s)2]

psystem = 169811.66 = 1.7 x 105 kg • m/s 

The direction of this total system momentum vector can be determined by using a trigonometric function. As shown in the diagram above, the angle theta is the angle between the system momentum vector and the vertical. This angle can be determined using either the tangent, cosine or sine function. The tangent function is used below.

tangent(Theta) = opposite side / adjacent side 

tangent(Theta) = pB / pA
tangent(Theta) = (9.0 x 104 kg • m/s) / (144000 kg • m/s)

Theta = 32.0053 degrees

Before the collision, the total system momentum is 1.7 x 105 kg • m/s in a direction of 32.0053 degrees degrees east of south. Since total system momentum is conserved, the after-collision momentum of the system is also 1.7 x 105 kg • m/s in a direction of 32.0053 degrees After the collision, the two objects move together as a single unit with the same velocity. The velocity of each object can be found by dividing the total momentum by the total mass.

psystem = msystem • vsystem 

vsystem = ( psystem ) / (msystem )

vsystem = (1.7 x 105 kg • m/s) / (135000 kg)

vsystem = 1.3 m/s at 32 degrees east of south 

