
We mentioned in Example 6–14 that only part of the energy output of a car
engine reaches the wheels. Not only is some energy wasted in getting from the
engine to the wheels, in the engine itself most of the input energy (from the burning
of gasoline or other fuel) does not do useful work. An important characteristic of
all engines is their overall efficiency e, defined as the ratio of the useful power
output of the engine, to the power input, (provided by burning of gaso-
line, for example):

The efficiency is always less than 1.0 because no engine can create energy, and 
no engine can even transform energy from one form to another without some
energy going to friction, thermal energy, and other nonuseful forms of energy.
For example, an automobile engine converts chemical energy released in the burn-
ing of gasoline into mechanical energy that moves the pistons and eventually the
wheels. But nearly 85% of the input energy is “wasted” as thermal energy that
goes into the cooling system or out the exhaust pipe, plus friction in the moving
parts. Thus car engines are roughly only about 15% efficient. We will discuss 
efficiency in more detail in Chapter 15.
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Work is done on an object by a force when the object moves
through a distance d. If the direction of a constant force 
makes an angle with the direction of motion, the work done
by this force is

(6;1)

Energy can be defined as the ability to do work. In SI units,
work and energy are measured in joules

Kinetic energy (KE) is energy of motion. An object of
mass m and speed v has translational kinetic energy

(6;3)

The work-energy principle states that the net work done on
an object (by the net force) equals the change in kinetic energy
of that object:

(6;4)

Potential energy (PE) is energy associated with forces that
depend on the position or configuration of objects. Gravitational
potential energy is

(6;6)

where yis the height of the object of mass m above an arbitrary
reference point. Elastic potential energy is given by

(6;9)

for a stretched or compressed spring, where x is the displacement
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from the unstretched position and k is the spring stiffness con-
stant. Other potential energies include chemical, electrical, and
nuclear energy. The change in potential energywhen an object
changes position is equal to the external work needed to take
the object from one position to the other.

Potential energy is associated only with conservative forces,
for which the work done by the force in moving an object from
one position to another depends only on the two positions and
not on the path taken. Nonconservative forces like friction are
different—work done by them does depend on the path taken
and potential energy cannot be defined for them.

The law of conservation of energy states that energy can
be transformed from one type to another, but the total energy
remains constant. It is valid even when friction is present,
because the heat generated can be considered a form of energy
transfer. When only conservative forces act, the total mechanical
energy is conserved:

(6;12)

When nonconservative forces such as friction act, then

(6;10, 6;15)

where is the work done by nonconservative forces.
Power is defined as the rate at which work is done, or the

rate at which energy is transformed. The SI unit of power is 
the watt (1 W = 1 J!s).

WNC

WNC = ¢ke + ¢pe,

ke + pe = constant.

Summary

1. In what ways is the word “work” as used in everyday lan-
guage the same as it is defined in physics? In what ways is
it different? Give examples of both.

2. Can a centripetal force ever do work on an object?
Explain.

3. Why is it tiring to push hard against a solid wall even though
you are doing no work?

4. Can the normal force on an object ever do work? Explain.

5. You have two springs that are identical except that spring 1
is stiffer than spring 2 On which spring is more
work done: (a) if they are stretched using the same force;
(b) if they are stretched the same distance?

6. If the speed of a particle triples, by what factor does its
kinetic energy increase?

7. List some everyday forces that are not conservative, and
explain why they aren’t.

(k1 7 k2).
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