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7 Which object has the greatest inertia? 

(1) a 0.010-kg bullet traveling at 90. m/s  (3) a 490-kg elephant walking with a speed of 1.0 m/s 

(2) a 30.-kg child traveling at 10. m/s on her bike (4) a 1500-kg car at rest in a parking lot 

 

8 An 8.0-newton wooden block slides across a horizontal wooden floor at constant velocity. 

What is the magnitude of the force of kinetic friction between the block and the floor? 

(1) 2.4 N  (2) 3.4 N  (3) 8.0 N  (4) 27 N 

 

9 Which situation represents a person in equilibrium? 

(1) a child gaining speed while sliding down a slide (3) a man standing still on a bathroom scale 

(2) a woman accelerating upward in an elevator (4) a teenager driving around a corner in his car 

  

10 A rock is thrown straight up into the air. At the highest point of the rock’s path, the magnitude of 

the net force acting on the rock is 

(1) less than the magnitude of the rock’s weight, but greater than zero 

(2) greater than the magnitude of the rock’s weight 

(3) the same as the magnitude of the rock’s weight 

(4) zero 

 

11 The diagram below shows a compressed spring between two carts initially at rest on a horizontal, 

frictionless surface. Cart Ahas a mass of 2 kilograms and cart Bhas a mass of 1 kilogram. A string holds 

the carts together. 

 
The string is cut and the carts move apart. Compared to the magnitude of the force the 

spring exerts on cart A, the magnitude of the force the spring exerts on cart B is 

(1) the same  (2) half as great  (3) twice as great    (4) four times as great 

 

 

 

 



12 An 8.0-newton block is accelerating down a frictionless ramp inclined at 15° to the horizontal, 
as shown in the diagram below. 

 
 

13 At a certain location, a gravitational force with a magnitude of 350 newtons acts on a 70.-kilogram 

astronaut. What is the magnitude of the gravitational field strength at this location? 

(1) 0.20 kg/N   (2) 5.0 N/kg   (3) 9.8 m/s
2
   (4) 25 000 N•kg 

 

38 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 

(1) moves at constant speed to the right  (3) accelerates to the right 

(2) moves at constant speed to the left  (4) accelerates to the left 

  

 

40 A 4.0-kilogram object is accelerated at 3.0 meters per second
2
 north by an unbalanced force. The 

same unbalanced force acting on a 2.0-kilogram 

object will accelerate this object toward the north at 

(1) 12 m/s
2
   (2) 6.0 m/s

2
   (3) 3.0 m/s

2  
(4) 1.5 m/s

2
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7 Which situation describes an object that has no unbalanced force acting on it? 

(1) an apple in free fall  (3) a hockey puck moving at constant velocity across ice 

(2) a satellite orbiting Earth   (4) a laboratory cart moving down a frictionless 30.° incline 

 

9 An unbalanced force of 40. newtons keeps a 5.0-kilogram object traveling in a circle of radius 2.0 meters. 

What is the speed of the object? 

(1) 8.0 m/s  (2) 2.0 m/s  (3) 16 m/s  (4) 4.0 m/s 

 
11 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? 

(1) 0.24 (2) 0.42   (3) 0.60  (4) 4.1 

What is the magnitude of the net force causing the 
block’s acceleration? 

(1) 0 N      (2) 2.1 N  (3) 7.7 N     (4) 8.0 N 

 



12 A number of 1.0-newton horizontal forces are exerted on a block on a frictionless, horizontal surface. 
Which top-view diagram shows the forces producing the greatest magnitude of acceleration of the block? 

 
 

42 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.] 

 
 

47 A 100.0-kilogram boy and a 50.0-kilogram girl, each holding a spring scale, pull against each other as 

shown in the diagram below. The graph below shows the relationship between the magnitude of the force that 

the boy applies on his spring scale and time. 

 



 
 

Which graph best represents the relationship between the magnitude of the force that the girl applies on 

her spring scale and time? 

 

 
 

Base your answers to questions 51 through 53 on the information below. 

A student produced various elongations of a spring by applying a series of forces to the spring. The graph 

below represents the relationship between the applied force and the elongation of the spring. 



 
51 Determine the spring constant of the spring. [1] 

 

 

52–53 Calculate the energy stored in the spring when the elongation is 0.30 meter. [Show all work, including 

the equation and substitution with units.] [2] 

 

 

 

 

 

58–59 Calculate the magnitude of the average gravitational force between Earth and the Moon. [Show all 

work, including the equation and substitution with units.] [2] 
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6 A student is standing in an elevator that is accelerating downward. The force that the student exerts on the 

floor of the elevator must be 

(1) less than the weight of the student when at rest 

(2) greater than the weight of the student when at rest 

(3) less than the force of the floor on the student 

(4) greater than the force of the floor on the Student 

 

 

 

 

 

 

 

 



12 Two forces act concurrently on an object on a horizontal, frictionless surface, as shown in the diagram 
below. 

 
 

What additional force, when applied to the object, will establish equilibrium? 

(1) 16 N toward the right   (3) 4 N toward the right 

(2) 16 N toward the left   (4) 4 N toward the left 

 

 

13 As shown in the diagram below, an open box and its contents have a combined mass of 5.0 kilograms. 

A horizontal force of 15 newtons is required to push the box at a constant speed of 1.5 meters per second 

across a level surface. 

 
 

The inertia of the box and its contents increases if there is an increase in the 

(1) speed of the box 

(2) mass of the contents of the box 

(3) magnitude of the horizontal force applied to the box 

(4) coefficient of kinetic friction between the box and the level surface 

 

 

 

 

 

 

39 A child pulls a wagon at a constant velocity along a level sidewalk. The child does this by applying a  

22-newton force to the wagon handle, which is inclined at 35° to the sidewalk as shown below. 



 
 

What is the magnitude of the force of friction on the wagon? 

(1) 11 N  (2) 13 N  (3) 18 N (4) 22 N 

  

41 A space probe is launched into space from Earth’s surface. Which graph represents the relationship 

between the magnitude of the gravitational force exerted on Earth by the space probe and the distance 

between the space probe and the center of Earth? 

 
51–52 A 0.50-kilogram frog is at rest on the bank surrounding a pond of water. As the frog leaps 

from the bank, the magnitude of the acceleration of the frog is 3.0 meters per second
2
. Calculate the magnitude 

of the net force exerted on the frog as it leaps. [Show all work, including the equation and substitution with 

units.] [2] 

 

 

 

Base your answers to questions 53 through 55 on the information below. 

A student and the waxed skis he is wearing have a combined weight of 850 newtons. The skier travels down a 

snow-covered hill and then glides to the east across a snow-covered, horizontal surface. 

 

53 Determine the magnitude of the normal force exerted by the snow on the skis as the skier glides across the 

horizontal surface. [1] 

 

54–55 Calculate the magnitude of the force of friction acting on the skis as the skier glides across the snow-

covered, horizontal surface. [Show all work, including the equation and substitution with units.] [2] 

 

 

 



Base your answers to questions 70 through 73 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. 

 

70–71 Calculate the elongation of the spring produced by the suspended 2.00-kilogram mass. [Show all work, 

including the equation and substitution with units.] [2] 

 

 

 

 

 

 

72–73 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.] [2] 
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5 Which body is in equilibrium? 

(1) a satellite moving around Earth in a circular orbit 

(2) a cart rolling down a frictionless incline 

(3) an apple falling freely toward the surface of Earth 

(4) a block sliding at constant velocity across a Tabletop 

 

8 A student pulls a 60.-newton sled with a force having a magnitude of 20. newtons. What is the 

magnitude of the force that the sled exerts on the student?  

(1) 20. N (2) 40. N  (3) 60. N (4) 80. N 

  

9 The data table below lists the mass and speed of four different objects. 

 
Which object has the greatest inertia? 

(1) A (2) B  (3) C  (4) D 

 

10 The diagram below shows a horizontal 12-newton force being applied to two blocks, A and B, initially at 

rest on a horizontal, frictionless surface. Block A has a mass of 1.0 kilogram and block B has a mass of 2.0 

kilograms 

.  

The magnitude of the acceleration of block B is 

(1) 6.0 m/s
2 

(2) 2.0 m/s
2
  (3) 3.0 m/s

2 
(4) 4.0 m/s

2
 

 
 

 

 

 



Base your answers to questions 61 through 64 on the information below. 
In a laboratory investigation, a student applied various downward forces to a vertical spring. The applied forces 

and the corresponding elongations of the spring from its equilibrium position are recorded in the data 

table below. 

 

 
 

 

Directions (61–63): Construct a graph on the 

grid in your answer booklet, following the 

directions below. 

 

61 Mark an appropriate scale on the axis 

labeled “Force (N).” [1] 

 

62 Plot the data points for force versus 

elongation. [1] 

 

63 Draw the best-fit line or curve. [1] 

 

64 Using your graph, calculate the spring 

constant of this spring. [Show all work, 

including the equation and substitution 

with units.] [2] 

 



Base your answers to questions 65 through 68 on the information below. 
An ice skater applies a horizontal force to a 20.-kilogram block on frictionless, level ice, causing the block to 

accelerate uniformly at 1.4 meters per second
2
 to the right. After the skater stops pushing the block, it slides 

onto a region of ice that is covered with a thin layer of sand. The coefficient of kinetic friction between the 

block and the sand-covered ice is 0.28. 

 

65 Calculate the magnitude of the force applied to the block by the skater. [Show all work, including the 

equation and substitution with units.] [2] 

 

 

 

 

66 On the diagram in your answer booklet, starting at point A, draw a vector to represent the force applied to 

the block by the skater. Begin the vector at point A and use a scale of 1.0 centimeter = 5.0 newtons. [1] 

 
67 Determine the magnitude of the normal force acting on the block. [1] 

 

 

68 Calculate the magnitude of the force of friction acting on the block as it slides over the sand-covered ice. 

[Show all work, including the equation and substitution with units.] [2] 
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2 The vector diagram below represents the horizontal component, FH, Vx and the vertical component, FV, Vy of  

a 24-newton force (24 m/s velocity) acting at 35° above the horizontal. 

 
 

 

What are the magnitudes of the horizontal 
and vertical components? 

(1) FH = 3.5 N and FV = 4.9 N  

(2) FH = 4.9 N and FV = 3.5 N  

(3) FH = 14 N and  FV = 20. N  

(4) FH = 20. N and FV = 14 N 



 Base your answers to questions 7 and 8 on the information below. 

A go-cart travels around a flat, horizontal, circular track with a radius of 25 meters. The mass of the go-cart with the 

rider is 200. kilograms. The magnitude of the maximum centripetal force exerted by the track on the go-cart is 

1200. newtons. 

 

7 What is the maximum speed the 200.-kilogram go-cart can travel without sliding off the track? 

(1) 8.0 m/s   (2) 12 m/s  (3) 150 m/s  (4) 170 m/s 

 

8 Which change would increase the maximum speed at which the go-cart could travel without sliding off this track? 

(1) Decrease the coefficient of friction between the go-cart and the track. 

(2) Decrease the radius of the track. 

(3) Increase the radius of the track. 

(4) Increase the mass of the go-cart. 

 

 

10 Two forces, F1 and F2, are applied to a block on a frictionless, horizontal surface as shown below. 

 
If the magnitude of the block’s acceleration is 2.0 meters per second2, what is the mass of the block? 

(1) 1 kg  (2) 5 kg  (3) 6 kg  (4) 7 kg 

 

11 Which body is in equilibrium? 

(1) a satellite orbiting Earth in a circular orbit 

(2) a ball falling freely toward the surface of Earth 

(3) a car moving with a constant speed along a straight, level road 

(4) a projectile at the highest point in its trajectory 

 

12 What is the weight of a 2.00-kilogram object on the surface of Earth? 

(1) 4.91 N  (2) 2.00 N  (3) 9.81 N  (4) 19.6 N 

 

16 A spring with a spring constant of 4.0 newtons per meter is compressed by a force of 

1.2 newtons. What is the total elastic potential energy stored in this compressed spring? 

(1) 0.18 J  (2) 0.36 J (3) 0.60 J  (4) 4.8 J 

 

51 A baby and stroller have a total mass of 20. kilograms. A force of 36 newtons keeps the 

stroller moving in a circular path with a radius of 5.0 meters. Calculate the speed at which the 

stroller moves around the curve. [Show all work, including the equation and substitution with units.] [2] 

 

 

 

 

 

52 A 10.-newton force compresses a spring 0.25 meter from its equilibrium position. Calculate the spring constant 

of this spring. [Show all work, including the equation and substitution with units.] [2] 
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2 An unstretched spring has a length of 10. centimeters. When the spring is stretched by a force of 16 newtons, its 

length is increased to 18 centimeters. What is the spring constant of this spring? 

(1) 0.89 N/cm  (2) 2.0 N/cm   (3) 1.6 N/cm   (4) 1.8 N/cm 

 

3 What is the acceleration due to gravity at a location where a 15.0-kilogram mass weighs 45.0 newtons? 

(1) 675 m/s2   (2) 9.81 m/s2   (3) 3.00 m/s2   (4) 0.333 m/s2 

 

Directions (36–46): For each statement or question, write on the separate answer sheet the number of the 

word or expression that, of those given, best completes the statement or answers the question. 

 

36 The weight of a typical high school physics student is closest to 

(1) 1500 N   (2) 600 N   (3) 120 N   (4) 60 N 

 

37 The diagram below shows a 1.0 105-newton truck at rest on a hill that makes an angle of 8.0° with the 

horizontal. 

 
 

 

38 Which graph best represents the motion of an object in equilibrium? 

 

 

 

 

 

 

 

 

 

 

 

What is the component of the truck’s 

weight parallel to the hill? 

(1) 1.4 103 N    

(2) 1.0 104 N    

(3) 1.4 104 N   

(4) 9.9 104 N 
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9 Which diagram represents a box in equilibrium? 

 
 

12 An 80-kilogram skier slides on waxed skis along a horizontal surface of snow at constant velocity while pushing 

with his poles. What is the horizontal component of the force pushing him forward? 

(1) 0.05 N   (2) 0.4 N   (3) 40 N  (4) 4 N 

 

15 A carpenter hits a nail with a hammer. Compared to the magnitude of the force the hammer exerts on the nail, 

the magnitude of the force the nail exerts on the hammer during contact is 

(1) less  (2) greater  (3) the same 

 

 39 A block weighing 10.0 newtons is on a ramp inclined at 30.0° to the horizontal. A 3.0-newton force of friction, 

Ff , acts on the block as it is pulled up the ramp at constant velocity with force F, which is parallel to the ramp, as 

shown in the diagram below. 

 

 
 

 

40 A 25-newton horizontal force northward and a 35-newton horizontal force southward act concurrently on a 15-

kilogram object on a frictionless surface. What is the magnitude of the object’s acceleration? 

(1) 0.67 m/s2   (2) 1.7 m/s2   (3) 2.3 m/s2   (4) 4.0 m/s2 

 

 

What is the magnitude of force F?  

 

(1) 7.0 N  

(2) 8.0 N  

(3) 10. N  

(4) 13 N 

 



41 The diagram below represents two concurrent forces. 

 

 
Which vector represents the force that will produce equilibrium with these two forces? 

 
 

Base your answers to questions 68 through 71 on the information and data table below. The spring in a dart 

launcher has a spring constant of 140 newtons per meter. The launcher has six power settings, 0 through 5, with 

each successive setting having a spring compression 0.020 meter beyond the previous setting. During testing, the 

launcher is aligned to the vertical, the spring is compressed, and a dart is fired upward. The maximum vertical 

displacement of the dart in each test trial is measured. The results of the testing are shown in the table below. 

 
 

Directions (68–69): Using the information in the data table, construct a graph on the grid provided, following the 

directions below. 

68 Plot the data points for the dart’s maximum vertical displacement versus spring compression. [1] 



 
 

69 Draw the line or curve of best fit. [1] 

 

70 Using information from your graph, calculate the energy provided by the compressed spring that causes the 

dart to achieve a maximum vertical displacement of 3.50 meters. [Show all work, including the equation and 

substitution with units.] [2] 

 

 

 

 

 

 

 

 

 

 

 

71 Determine the magnitude of the force, in newtons, needed to compress the spring 0.040 meter. [1] 


