
This whimsical piece of art is called an audiokinetic sculp-
ture. Balls are raised to a high point on the curved blue
track. As the balls move down the track, they turn levers,
spin rotors, and bounce off elastic membranes. The energy
that each ball has—whether associated with the ball’s
motion, the ball’s position above the ground, or the ball’s
loss of mechanical energy due to friction—varies in a way
that keeps the total energy of the system constant.
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WHAT TO EXPECT
In this chapter, you will learn about work and
different types of energy that are relevant to
mechanics. Kinetic energy, which is associated
with motion, and potential energy, which is
related to an object’s position, are two forms 
of energy that you will study.

Why it Matters

Work, energy, and power are related to one
another. Everyday machines such as motors are
usually described by the amount of work that
they are capable of doing or by the amount of
power that they produce.

CHAPTER PREVIEW

1 Work
Definition of Work

2 Energy
Kinetic Energy
Potential Energy

3 Conservation of Energy
Conserved Quantities
Mechanical Energy

4 Power
Rate of Energy Transfer
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DEFINITION OF WORK

Many of the terms you have encountered so far in this book have meanings in

physics that are similar to their meanings in everyday life. In its everyday

sense, the term work means to do something that takes physical or mental

effort. But in physics, work has a distinctly different meaning. Consider the

following situations:

• A student holds a heavy chair at arm’s length for several minutes.

• A student carries a bucket of water along a horizontal path while walking

at constant velocity.

It might surprise you to know that as the term work is used in physics,

there is no work done on the chair or the bucket, even though effort is

required in both cases. We will return to these examples later.

Work is done on an object when a force causes a displacement 
of the object

Imagine that your car, like the car shown in Figure 1, has run out of gas and you

have to push it down the road to the gas station. If you push the car with a con-

stant horizontal force, the you do on the car is equal to the magnitude of

the force, F, times the magnitude of the displacement of the car. Using the sym-

bol d instead of Δx for displacement, we define work for a constant force as:

W = Fd

Work is not done on an object unless the object is moved with the

action of a force. The application of a force alone does not consti-

tute work. For this reason, no work is done on the chair when a stu-

dent holds the chair at arm’s length. Even though the student exerts

a force to support the chair, the chair does not move. The student’s

tired arms suggest that work is being done, which is indeed true.

The quivering muscles in the student’s arms go through many small

displacements and do work within the student’s body. However,

work is not done on the chair.

Work is done only when components of a force are parallel 
to a displacement

When the force on an object and the object’s displacement are in

different directions, only the component of the force that is parallel

to the object’s displacement does work. Components of the force

perpendicular to a displacement do not do work.

work

SECTION OBJECTIVES

■ Recognize the difference
between the scientific and
ordinary definitions of work.

■ Define work by relating it to
force and displacement.

■ Identify where work is being
performed in a variety of
situations.

■ Calculate the net work done
when many forces are
applied to an object.

work

the product of the component of
a force along the direction of dis-
placement and the magnitude of
the displacement

Figure 1
This person exerts a constant force on the car 
and displaces it to the left. The work done on the
car by the person is equal to the force the person
exerts times the displacement of the car.
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For example, imagine pushing a crate along the ground. If the force you

exert is horizontal, all of your effort moves the crate. If your force is at an

angle, only the horizontal component of your applied force causes a displace-

ment and contributes to the work. If the angle between the force and the

direction of the displacement is q, as in Figure 2, work can be expressed as

follows:

W = Fdcosq

If q = 0°, then cos 0° = 1 and W = Fd, which is the definition of work given

earlier. If q = 90°, however, then cos 90° = 0 and W = 0. So, no work is done on

a bucket of water being carried by a student walking horizontally. The upward

force exerted by the student to support the bucket is perpendicular to the dis-

placement of the bucket, which results in no work done on the bucket.

Finally, if many constant forces are acting on an object, you can find the net

work done on the object by first finding the net force on the object.

Work has dimensions of force times length. In the SI system, work has a unit

of newtons times meters (N•m), or joules (J). To give you an idea of how large a

joule is, consider that the work done in lifting an apple from your waist to the

top of your head is about 1 J.

NET WORK DONE BY A CONSTANT NET FORCE

Wnet = Fnetdcosq

net work = net force × displacement × cosine of the angle between them

F

d

W = Fd cos    

θ

θ 
Figure 2
The work done on this crate is
equal to the force times the dis-
placement times the cosine of the
angle between them.

The joule is named for the British
physicist James Prescott Joule
( 18 18– 1889). Joule made major
contributions to the understanding
of energy, heat, and electricity.

Did you know?

SAMPLE PROBLEM A

Work

P R O B L E M
How much work is done on a vacuum cleaner pulled 3.0 m by a force of
50.0 N at an angle of 30.0° above the horizontal?

S O L U T I O N
Given: F = 50.0 N q = 30.0° d = 3.0 m

Unknown: W = ?

Use the equation for net work done by a constant force:

Only the horizontal component of the applied force is doing work on the

vacuum cleaner.
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Example 1  

Find the work from A to B 
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Example 2 

A boy holds a 4 kg weight at arm’s length for 10 s. His arm is 1.5m above the ground. The work done by the 

force of the boy on the weight while he is holding it is: 

A. 0 

B. 6.1 J 

C. 40 J 

D. 60 J 

E. 90 J 

Example 3 

A crate moves 10m to the right on a horizontal surface as a woman pulls on it with a 10-N force. 

Rank the situations shown below according to the work done by her force, least to greatest. 

Example 4 

An object moves in a circle at constant speed. The work done by the centripetal force is zero because: 

A. the displacement for each revolution is zero 

B. the average force for each revolution is zero 

C. there is no friction 

D. the magnitude of the acceleration is zero 

E. the centripetal force is perpendicular to the velocity 
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Example 5 

An object of mass 1 g is whirled in a horizontal circle of radius 0.5m at a constant speed of 2 m/s. The work 

done on the object during one revolution is: 

A. 0 

B. 1 J 

C. 2 J 

D. 4 J 

E. 16 J 

Example 6 

A 2-kg object is moving at 3m/s. A 4-N force is applied in the direction of motion and then removed after the 

object has traveled an additional 5m. The work done by this force is: 

A. 12 J 

B. 15 J 

C. 18 J 

D. 20 J 

E. 38 J 

Example 7 

A sledge (including load) weighs 5000 N. It is pulled on level snow by a dog team exerting a horizontal force 

on it. The coefficient of kinetic friction between sledge and snow is 0.05. How much work is done by the dog 

team pulling the sledge 1000m at constant speed? 

A. 2.5 × 104 J 

B. 2.5 × 105 J 

C. 5.0 × 105 J 

D. 2.5 × 106 J 

E. 5.0 × 106 J 
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Example 8 

Camping equipment weighing 6000N is pulled across a frozen lake by means of a horizontal rope. The 

coefficient of kinetic friction is 0.05. The work done by the campers in pulling the equipment 1000m at 

constant velocity is: 

A. 3.1 × 104 J 

B. 1.5 × 105 J 

C. 3.0 × 105 J 

D. 2.9 × 106 J 

E. 6.0 × 106 J 

Example 9 

Camping equipment weighing 6000N is pulled across a frozen lake by means of a horizontal rope. The 

coefficient of kinetic friction is 0.05. How much work is done by the campers in pulling the equipment 1000m 

if its speed is increasing at the constant rate of 0.20m/s2? 

A. −1.2 × 106 J 

B. 1.8 × 105 J 

C. 3.0 × 105 J 

D. 4.2 × 105 J 

E. 1.2 × 106 J 
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The sign of work is important

Work is a scalar quantity and can be positive or negative, as shown in Figure 3.
Work is positive when the component of force is in the same direction as the

displacement. For example, when you lift a box, the work done by the force

you exert on the box is positive because that force is upward, in the same direc-

tion as the displacement. Work is negative when the force is in the direction

Figure 3
Depending on the angle, an applied
force can either cause a moving car
to slow down (left), which results in
negative work done on the car, or
speed up (right), which results in
positive work done on the car.

F F

F F

d

dd

d

Negative (–) work Positive (+) work

PRACTICE A

Work

1. A tugboat pulls a ship with a constant net horizontal force of 500  N and
causes the ship to move through a harbor. How much work is done on the

ship if it moves a distance of 100 m?

2. A weight lifter lifts a set of weights a vertical distance of 2.00 m. If a con-
stant net force of 150 N is exerted on the weights, what is the net work done

on the weights?

3. A shopper in a supermarket pushes a cart with a force of 30 N directed at

an angle of 37° downward from the horizontal. Find the work done by the

shopper on the cart as the shopper moves along a 50.0 m length of aisle.

4. If 2.0 J of work is done in raising a 100 g apple, how far is it lifted?

Integrating Biology
Visit go.hrw.com for the activity
“Muscles and Work.”

Keyword HF6WRKX
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opposite the displacement. For example, the force of kinetic friction between

a sliding box and the floor is opposite to the displacement of the box, so the

work done by the force of friction on the box is negative. If you are very care-

ful in applying the equation for work, your answer will have the correct sign:

cos q is negative for angles greater than 90° but less than 270°.

If the work done on an object results only in a change in the object’s speed,

the sign of the net work on the object tells you whether the object’s speed is

increasing or decreasing. If the net work is positive, the object speeds up and

work is done on the object. If the net work is negative, the object slows down

and work is done by the object on something else.

SECTION REVIEW

1. For each of the following cases, indicate whether the work done on the

second object in each example will have a positive or a negative value.

a. The road exerts a friction force on a speeding car skidding to a stop.

b. A rope exerts a force on a bucket as the bucket is raised up a well.

c. Air exerts a force on a parachute as the parachutist falls to Earth.

2. If a neighbor pushes a lawnmower four times as far as you do but exerts

only half the force, which one of you does more work and by how much?

3. A worker pushes a 150 kg crate with a horizontal force of 500 N
a distance of 20.0 m. Assume the coefficient of kinetic friction between
the crate and the floor is 0.1
a. How much work is done by the worker on the crate?

b. How much work is done by the floor on the crate?

c. What is the net work done on the crate?

4. A 1 kg ball in a kinetic sculpture moves at a constant speed along a

motorized vertical conveyor belt. The ball rises 2 m above the ground. A
constant frictional force of 0.5 N acts in the direction opposite the

conveyor belt’s motion. What is the net work done on the ball?

5. Critical Thinking For each of the following statements, identify

whether the everyday or the scientific meaning of work is intended.

a. Jack had to work against time as the deadline neared.

b. Jill had to work on her homework before she went to bed.

c. Jack did work carrying the pail of water up the hill.

6. Critical Thinking Determine whether work is being done in each of

the following examples:

a. a train engine pulling a loaded boxcar initially at rest

b. a tug of war that is evenly matched

c. a crane lifting a car

www.scilinks.org
Topic: Work
Code: HF61674
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