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Energy plays an essential role both in everyday
events and in scientific phenomena. You can no doubt name many forms of energy, from that provided by our foods,
to the energy we use to run our cars, to the sunlight that warms us on the beach. You can also cite examples of what
people call energy that may not be scientific, such as someone having an energetic personality. Not only does
energy have many interesting forms, it is involved in almost all phenomena, and is one of the most important
concepts of physics. What makes it even more important is that the total amount of energy in the universe is
constant. Energy can change forms, but it cannot appear from nothing or disappear without a trace. Energy is thus
one of a handful of physical quantities that we say is conserved.

Conservation of energy (as physicists like to call the principle that energy can neither be created nor destroyed) is
based on experiment. For example, scientists Willem ’s Gravesande and Émilie du Châtelet undertook (separate)
experiments where they dropped heavy lead balls into beds of clay. Du Châtelet showed that the balls that hit the
clay with twice the velocity penetrated four times as deep into the clay; those with three times the velocity reached
a depth nine times greater. This led her to develop a more accurate concept of energy conservation, expressed as

. Even as scientists discovered new forms of energy, conservation of energy has always been found to
apply. Perhaps the most dramatic example of this was supplied by Einstein when he suggested that mass is
equivalent to energy (his famous equation ).

From a societal viewpoint, energy is one of the major building blocks of modern civilization. Energy resources are

FIGURE 7.1 How many forms of energy can you identify in this photograph of a wind farm in Iowa? (credit: Jürgen from Sandesneben,
Germany, Wikimedia Commons)
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key limiting factors to economic growth. The world use of energy resources, especially oil, continues to grow, with
ominous consequences economically, socially, politically, and environmentally. We will briefly examine the world’s
energy use patterns at the end of this chapter.

There is no simple, yet accurate, scientific definition for energy. Energy is characterized by its many forms and the
fact that it is conserved. We can loosely define energy as the ability to do work, admitting that in some
circumstances not all energy is available to do work. Because of the association of energy with work, we begin the
chapter with a discussion of work. Work is intimately related to energy and how energy moves from one system to
another or changes form.

Click to view content (https://openstax.org/books/college-physics-2e/pages/7-introduction-to-work-energy-and-
energy-resources)
7.1 Work: The Scientific Definition
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Explain how an object must be displaced for a force on it to do work.
• Explain how relative directions of force and displacement determine whether the work done is positive,

negative, or zero.

What It Means to Do Work

The scientific definition of work differs in some ways from its everyday meaning. Certain things we think of as hard
work, such as writing an exam or carrying a heavy load on level ground, are not work as defined by a scientist. The
scientific definition of work reveals its relationship to energy—whenever work is done, energy is transferred.

For work, in the scientific sense, to be done, a force must be exerted and there must be displacement in the
direction of the force.

Formally, the work done on a system by a constant force is defined to be the product of the component of the force
in the direction of motion times the distance through which the force acts. For one-way motion in one dimension,
this is expressed in equation form as

where is work, is the displacement of the system, and is the angle between the force vector and the
displacement vector , as in Figure 7.2. We can also write this as

To find the work done on a system that undergoes motion that is not one-way or that is in two or three dimensions,
we divide the motion into one-way one-dimensional segments and add up the work done over each segment.

7.1

7.2

What is Work?

The work done on a system by a constant force is the product of the component of the force in the direction of
motion times the distance through which the force acts. For one-way motion in one dimension, this is expressed
in equation form as

where is work, is the magnitude of the force on the system, is the magnitude of the displacement of the
system, and is the angle between the force vector and the displacement vector .

7.3
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FIGURE 7.2 Examples of work. (a) The work done by the force on this lawn mower is . Note that is the component of the
force in the direction of motion. (b) A person holding a briefcase does no work on it, because there is no displacement. No energy is
transferred to or from the briefcase. (c) The person moving the briefcase horizontally at a constant speed does no work on it, and transfers
no energy to it. (d) Work is done on the briefcase by carrying it up stairs at constant speed, because there is necessarily a component of
force in the direction of the motion. Energy is transferred to the briefcase and could in turn be used to do work. (e) When the briefcase is
lowered, energy is transferred out of the briefcase and into an electric generator. Here the work done on the briefcase by the generator is
negative, removing energy from the briefcase, because and are in opposite directions.

To examine what the definition of work means, let us consider the other situations shown in Figure 7.2. The person
holding the briefcase in Figure 7.2(b) does no work, for example. Here , so . Why is it you get tired just
holding a load? The answer is that your muscles are doing work against one another, but they are doing no work on
the system of interest (the “briefcase-Earth system”—see Gravitational Potential Energy for more details). There
must be displacement for work to be done, and there must be a component of the force in the direction of the
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motion. For example, the person carrying the briefcase on level ground in Figure 7.2(c) does no work on it, because
the force is perpendicular to the motion. That is, , and so .

In contrast, when a force exerted on the system has a component in the direction of motion, such as in Figure 7.2(d),
work is done—energy is transferred to the briefcase. Finally, in Figure 7.2(e), energy is transferred from the briefcase
to a generator. There are two good ways to interpret this energy transfer. One interpretation is that the briefcase’s
weight does work on the generator, giving it energy. The other interpretation is that the generator does negative
work on the briefcase, thus removing energy from it. The drawing shows the latter, with the force from the generator
upward on the briefcase, and the displacement downward. This makes , and ; therefore,
is negative.

Calculating Work

Work and energy have the same units. From the definition of work, we see that those units are force times distance.
Thus, in SI units, work and energy are measured in newton-meters. A newton-meter is given the special name joule
(J), and . One joule is not a large amount of energy; it would lift a small 100-gram
apple a distance of about 1 meter.

EXAMPLE 7.1

Calculating the Work You Do to Push a Lawn Mower Across a Large Lawn
How much work is done on the lawn mower by the person in Figure 7.2(a) if he exerts a constant force of at
an angle below the horizontal and pushes the mower on level ground? Convert the amount of work from
joules to kilocalories and compare it with this person’s average daily intake of (about ) of food
energy. One calorie (1 cal) of heat is the amount required to warm 1 g of water by , and is equivalent to ,
while one food calorie (1 kcal) is equivalent to .

Strategy

We can solve this problem by substituting the given values into the definition of work done on a system, stated in the
equation . The force, angle, and displacement are given, so that only the work is unknown.

Solution

The equation for the work is

Substituting the known values gives

Converting the work in joules to kilocalories yields . The ratio of the work
done to the daily consumption is

Discussion

This ratio is a tiny fraction of what the person consumes, but it is typical. Very little of the energy released in the
consumption of food is used to do work. Even when we “work” all day long, less than 10% of our food energy intake
is used to do work and more than 90% is converted to thermal energy or stored as chemical energy in fat.

7.4
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