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A) B)
C) D)

1. A -kilogram car travels at a constant speed of
20. meters per second around a horizontal circular
track. The diameter of the track is meters.
The magnitude of the car's centripetal acceleration is

A) radius of the path is increased
B) mass of the object is increased
C) direction of motion of the object is reversed
D) speed of the object is increased

2. The magnitude of the centripetal force acting on an
object traveling in a horizontal, circular path will 
decrease if the

A)

B)

C)

D)

3. A body, B, is moving at constant speed in a horizontal
circular path around point P. Which diagram shows
the direction of the velocity (v) and the direction of
the centripetal force (Fc) acting on the body?
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4. The diagram below represents a ball projected horizontally from a cliff at a speed of 10 meters per
second. The ball travels the path shown and lands at time t and distance d from the base of the cliff.
[Neglect friction.]

A second, identical ball is projected horizontally from the cliff at 20 meters per second. Determine the
distance the second ball lands from the base of the cliff in terms of d.

Base your answers to questions 5 and 6 on the information and diagram below and on your
knowledge of physics.

     A toy airplane flies clockwise at a constant speed in a horizontal circle of radius 8.0 meters.
The magnitude of the acceleration of the airplane is 25 meters per second squared. The diagram
shows the path of the airplane as it travels around the circle.

5. State the direction of the velocity of the airplane at the instant the acceleration of the airplane is
southward.

6. Calculate the speed of the airplane. [Show all work, including the equation and substitution with
units.]
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Base your answers to questions 7 and 8 on the information below and on your knowledge of physics.

     A ball is rolled twice across the same level laboratory table and allowed to roll off the table and
strike the floor. In each trial, the time it takes the ball to travel from the edge of the table to the
floor is accurately measured. [Neglect friction.]

7. In trial B, the ball is traveling at 5.00 meters per second when it reaches the edge of the table. Compare
the time it took the ball to reach the floor in trial B to the time it took the ball to reach the floor in trial 
A.

8. In trial A, the ball is traveling at 2.50 meters per second when it reaches the edge of the table. The ball
strikes the floor 0.391 second after rolling off the edge of the table. Calculate the height of the table.
[Show all work, including the equation and substitution with units.]

Base your answers to questions 9 through 11 on 
the information below and on your knowledge of physics.

     Pluto orbits the Sun at an average distance of  meters. Pluto's diameter is 
 meters and its mass is  kilograms.

     Charon orbits Pluto with their centers separated by a distance of  meters. Charon
has a diameter of  meters and a mass of kilograms.

9. State the reason why the magnitude of the Sun’s gravitational force on Pluto is greater than the
magnitude of the Sun’s gravitational force on Charon.

10. Calculate the magnitude of the acceleration of Charon toward Pluto. [Show all work, including the
equation and substitution with units.]

11. Calculate the magnitude of the gravitational force of attraction that Pluto exerts on Charon. [Show all
work, including the equation and substitution with units.]

12. A toy rocket is launched twice into the air from level ground and returns to level ground. The rocket
is first launched with initial speed v at an angle of 45° above the horizontal. It is launched the second
time with the same initial speed, but with the launch angle increased to 60.° above the horizontal.
Describe how both the total horizontal distance the rocket travels and the time in the air are affected
by the increase in launch angle. [Neglect friction.]
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Base your answers to questions 13 and 14 on the information and diagram below and on your
knowledge of physics.

A  car is driven at a constant speed of 12 meters per second counterclockwise
around a horizontal circular track having a radius of 50. meters, as represented below.

13. Calculate the magnitude of the centripetal acceleration of the car. [Show all work, including
the equation and substitution with units.]

14. On the diagram above, draw an arrow to indicate the direction of the velocity of
the car when it is at the position shown. Start the arrow on the car.

A) the acceleration of the ball
B) the momentum of the ball
C) the horizontal component of the ball's velocity
D) the vertical component of the ball's velocity

15. A ball is thrown with a velocity of 35 meters per
second at an angle of 30° above the horizontal.
Which quantity has a magnitude of zero when the
ball is at the highest point in its trajectory?

A) 7.71 m/s B) 9.20 m/s
C) 15.7 m/s D) 18.7 m/s

16. A baseball is thrown at an angle of 40.0° above the
horizontal. The horizontal component of the
baseball's initial velocity is 12.0 meters per second.
What is the magnitude of the ball's initial velocity?

A) vx = 40. m/s and vy = 10. m/s
B) vx = 40. m/s and vy = 30. m/s
C) vx = 20. m/s and vy = 10. m/s
D) vx = 20. m/s and vy = 30. m/s

17. A projectile is launched at an angle above the
ground. The horizontal component of the projectile's
velocity. vx, is initially 40. meters per second. The
vertical component of the projectile's velocity, vy, is
initially 30. meters per second. What are the
components of the projectile's velocity after 2.0
seconds of flight? [Neglect friction.]

A) 0.654 s B) 1.53 s
C) 3.06 s D) 6.12

18. A soccer ball kicked on a level field has an initial
vertical velocity component of 15.0 meters per
second. Assuming the ball lands at the same height
from which it was kicked, what is the total time the
ball is in the air? [Neglect friction.]
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A) B)

C) D)

19. Four identical projectiles are launched with the same initial speed, v, but at various angles above the
level ground. Which diagram represents the initial velocity of the projectile that will have the largest
total horizontal displacement? [Neglect air resistance.]

A) 2.5 x 102 J B) 5.0 x 102 J
C) 2.2 x 103 J D) 4.9 x 103 J

20. What is the kinetic energy of a 55-kilogram skier
traveling at 9.0 meters per second?

A) The kinetic energy increases and the
gravitational potential energy remains the same.

B) The kinetic energy increases and the
gravitational potential energy decreases.

C) The kinetic energy decreases and the
gravitational potential energy remains the same.

D) The kinetic energy decreases and the
gravitational potential energy increases.

21. A shopping cart slows as it moves along a level
floor. Which statement describes the energies of the
cart?
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A) B)

C) D)

22. Which graph represents the relationship between the kinetic energy and the speed of a freely falling
object?

A) B) C) D)

23. Two objects, A and B, are held one meter above the
horizontal ground. The mass of B is twice as great as
the mass of A. If PE is the gravitational potential
energy of A relative to the ground, then the
gravitational potential energy of B relative to the
ground is

A) B)

C) D)

24. Which graph represents the relationship between the gravitational potential energy (GPE) of an
object near the surface of Earth and its height above the surface of Earth?
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A) Kinetic energy decreases and total mechanical
energy increases.

B) Kinetic energy decreases and total mechanical
energy remains the same.

C) Kinetic energy remains the same and total
mechanical energy increases.

D) Kinetic energy remains the same and total
mechanical energy remains the same.

25. Which statement describes the kinetic energy and
total mechanical energy of a block as it is pulled at
constant speed up an incline?

A) 5.0 x 101 N/m B) 1.0 x 102 N/m
C) 2.5 x 102 N/m D) 5.0 x 102 N/m

26. A spring stores 10 joules of elastic potential energy
when it is compressed 0.20 meter. What is the spring
constant of the spring?

A) 14 m/s B) 6.0 m/s
C) 3.0 m/s D) 2.6 m/s

27. A 7.0-kilogram cart, A, and a 3.0-kilogram cart, B,
are initially held together at rest on a horizontal,
frictionless surface. When a compressed spring
attached to one of the carts is released, the carts are
pushed apart. After the spring is released, the speed
of cart B is 6.0 meters per second, as represented in
the diagram below.

What is the speed of cart A after the spring is
released?

A) 60.0 J B) 30.0 J
C) 15.0 J D) 7.50 J

28. When a mass is placed on a spring with a spring
constant of 60.0 newtons per meter, the spring is
compressed 0.500 meter. How much energy is stored
in the spring?

A) 9.36 N/m B) 18.7 N/m
C) 37.4 N/m D) 74.9 N/m

29. A spring gains 2.34 joules of elastic potential energy
as it is compressed 0.250 meter from its equilibrium
position. What is the spring constant of this spring?

A)

B)

C)

D)

30. Which graph best represents the relationship
between the potential energy stored in a spring
and the change in the spring's length from its
equilibrium position?

A) 1.1 N B) 15 N C) 50. N D) 65 N

31. A vertical spring has a spring constant of 100.
newtons per meter. When an object is attached to the
bottom of the spring, the spring changes from its
unstretched length of 0.50 meter to a length of 0.65
meter. The magnitude of the weight of the attached
object is

A) 40 J B) 100 J
C) 200 J D) 1000 J

32. A horizontal force of 20 newtons eastward causes a
10-kilogram box to have a displacement of 5 meters
eastward. The total work done on the box by the
20-newton force is
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A) 1700 W B) 340 W
C) 180 W D) 7.0 W

33. What is the rate at which work is done in lifting a
35-kilogram object vertically at a constant speed of
5.0 meters per second?

A) 8.0 W B) 40. W
C) 96 W D) 2400 W

34. A motor does a total of 480 joules of work in 5.0
seconds to lift a 12-kilogram block to the top of a
ramp. The average power developed by the motor is

A) 0.28 m/s B) 0.36 m/s
C) 2.8 m/s D) 3.6 m/s

35. A 5.8 x 104-watt elevator motor can lift a total
weight of 2.1 x 104 newtons with a maximum
constant speed of

A) the same B) twice as great
C) half as great D) four times as great

36. Two elevators, A and B, move at constant speed.
Elevator B moves with twice the speed of elevator A.
 Elevator B weighs twice as much as elevator A.
 Compared to the power needed to lift elevator A, the
power needed to lift elevator B is

A) 3.2 102 W B) 5.0 102 W
C) 4.9 103 W D) 3.2 104 W

37. If a motor lifts a 400.-kilogram mass a vertical
distance of 10. meters in 8.0 seconds, the minimum
 power generated by the motor is

A) 3.0 J B) 15 J C) 20. J D) 75 J

38. A block initially at rest on a horizontal, frictionless
surface is accelerated by a constant horizontal force
of 5.0 newtons. If 15 joules of work is done on the
block by this force while accelerating it, the kinetic
energy of the block increases by

A) decreases by 5 J B) increases by 5 J
C) decreases by 35 J D) increases by 35 J

39. A motor does 20. joules of work on a block,
accelerating the block vertically upward. Neglecting
friction, if the gravitational potential energy of the
block increases by 15 joules, its kinetic energy

A) 11 J B) 94 J C) 110 J D) 920 J

40. A pendulum is made from a 7.50-kilogram mass
attached to a rope connected to the ceiling of a
gymnasium. The mass is pushed to the side until it is
at position A, 1.5 meters higher than its equilibrium
position. After it is released from rest at position A,
the pendulum moves freely back and forth between
positions A and B, as shown in the diagram below.

What is the total amount of kinetic energy that the
mass has as it swings freely through its equilibrium
position? [Neglect friction.]
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41. The diagram below represents a 35-newton block hanging from a vertical spring, causing the spring
to elongate from its original length.

Determine the spring constant of the spring.

Base your answers to questions 42 through 44 on the information and diagram below and on your
knowledge of physics.

     A jack-in-the-box is a toy in which a figure in an open box is pushed down, compressing a
spring. The lid of the box is then closed. When the box is opened, the figure is pushed up by the
spring. The spring in the toy is compressed 0.070 meter by using a downward force of 12.0
newtons.

42. Identify one form of energy to which the elastic potential energy of the spring is converted when the
figure is pushed up by the spring.

43. Calculate the total amount of elastic potential energy stored in the spring when it is compressed.
[Show all work, including the equation and substitution with units.]

44. Calculate the spring constant of the spring. [Show all work, including the equation and substitution
with units.]
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Base your answers to questions 45 and 46 on the information below and on your knowledge of
physics.

     An electron traveling with a speed of  meters per second collides with a photon having a
frequency of  hertz. After the collision, the photon has  joule of energy.

45. Determine the energy lost by the photon during the collision.

46. Calculate the original kinetic energy of the electron. [Show all work, including the equation and
substitution with units.]

47. Regardless of the method used to generate electrical energy, the amount of energy provided by the
source is always greater than the amount of electrical energy produced. Explain why there is a
difference between the amount of energy provided by the source and the amount of electrical energy
produced.

Base your answers to questions 48 through 51 on 
the information and diagram below.

     A 30.4-newton force is used to slide a 40.0-newton crate a distance of 6.00 meters at constant
speed along an incline to a vertical heights of 3.00 meters.

48. State what happens to the internal energy of the crate as it slides along the incline.

49. State what happened to the kinetic energy of the crate as it slides along the incline.

50. Calculate the total increase in the gravitational potential energy of the crate after it has slid 6.00
meters along the incline. [Show all work, including the equation and substitution with units.]

51. Determine the total work done by the 30.4-newton force in sliding the crate along the incline.



Page 11

52. Base your answer to the following question on 
the information below.

     A runner accelerates uniformly from rest to a speed of 8.00 meters per second. The kinetic
energy of the runner was determined at 2.00-meter-per-second intervals and recorded in the data
table below.

A soccer player having less mass than the runner also accelerates uniformly from rest to a speed of
8.00 meters per second. Compare the kinetic energy of the less massive soccer player to the kinetic
energy of the more massive runner when both are traveling at the same speed.
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53. Base your answer to the following question on the information below.

 
     A vertically hung spring has a spring constant of 150. newtons per meter. A
2.00-kilogram mass is suspended from the spring and allowed to come to rest.

Calculate the total elastic potential energy stored in the spring due to the suspended 2.00-kilogram
mass. [Show all work, including the equation and substitution with units.]

A) more mass and more inertia
B) more mass and the same inertia
C) the same mass and more inertia
D) less mass and more inertia

54. A 15-kilogram cart is at rest on a horizontal surface.
A 5-kilogram box is placed in the cart. Compared to
the mass and inertia of the cart, the cart-box system
has

A) moves at constant speed to the right
B) moves at constant speed to the left
C) accelerate to the right
D) accelerate to the left

55. Four forces act concurrently on a block on a
horizontal surface as shown in the diagram below.

As a result of these forces, the block

56. Base your answer to the following question on the
information below and on your knowledge of
physics.

     A cannonball with a mass of 1.0 kilogram is
fired horizontally from a 500-kilogram cannon,
initially at rest, on a horizontal, frictionless
surface. The cannonball is acted on by an
average force of 8.0 x 103 newtons for 1.0 x 10-1

 second.

A) 1.6 N B) 16 N
C) 8.0 x 103 N D) 4.0 x 106 N

What is the magnitude of the average net force acting
on the cannon?

A) 4.0 x 103 m/s2 B) 4.0 x 102 m/s2

C) 9.8 m/s2 D) 4.0 m/s2 

57. On the surface of planet X, a body with a mass of 10.
kilograms weighs 40. newtons. The magnitude of the
acceleration due to gravity on the surface of planet X
 is
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A)

B)

C)

D)

58. Which graph represents the relationship between the
magnitude of the gravitational force exerted by Earth
on a spacecraft and the distance between the center
of the spacecraft and center of Earth? [Assume
constant mass for the spacecraft.]

A) 0.24 B) 0.42 C) 0.60 D) 4.1

59. A 0.50-kilogram puck sliding on a horizontal
shuffleboard court is slowed to rest by a frictional
force of 1.2 newtons. What is the coefficient of
kinetic friction between the puck and the surface of
the shuffleboard court?
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60. Base your answer to the following question on the information and diagram below and on your
knowledge of physics.

     As represented in the diagram below, a constant 15-newton force, F, is applied to a
2.5-kilogram box, accelerating the box to the right at 2.0 meters per second squared across a
rough horizontal surface.

Determine the magnitude of the force of friction on the box.


