TABLE 6-1 Conservative
and Nonconservative Forces

Conservative Nonconservative
Forces Forces

Gravitational Friction
Elastic Air resistance
Electric Tension in cord
Motor or rocket
propulsion

Push or pull by
a person

In each of the above examples of potential energyv—Ifrom a brick held at a
height v, to a stretched or compressed spring—an object has the capacity or
potential to do work even though it is not yetl actually doing it. These examples
show that energy can be stored, for later use, in the form of potential energy
(Fig. 6-13, for instance, for a spring).

Note that there is a single universal formula for the translational kinetic
energy of an object, 3 mv”, but there is no single formula for potential energy. Instead,
the mathematical form of the potential energy depends on the force involved.

m Conservative and Nonconservative Forces

The work done against gravity in moving an object from one point to another
does not depend on the path taken. For example, it takes the same work
(=mgyv) to lift an object of mass m vertically a certain height as to carry it up
an incline of the same vertical height, as in Fig. 6—4 (see Example 6-2). Forces
such as gravity, for which the work done does not depend on the path taken but
only on the initial and final positions, are called conservative forees. The elastic
force of a spring (or other elastic material) in which F = —kx. is also a conser-
vative force, An object that starts at a given point and returns to that same point
under the action of a conservative force has no net work done on it because the
potential energy is the same at the start and the finish of such a round trip.

Friction, on the other hand, is a nonconservative force since the work it does
depends on the path. For example, when a crate is moved across a floor from one
point to another, the work done depends on whether the path taken is straight, or is
curved or zigzag, As shown in Fig. 616, if a crate is pushed from point 1 to point 2
along the longer semicircular path rather than along the straight path, more work
is done against friction. That is because the distance is greater and, unlike the
gravitational force, the friction force is always directed opposite to the direction of
motion. {The cos# term in Eq. 6-1 is always cos 180° = —1 at all points on the
path for the friction force.) Thus the work done by friction in Fig, 6-16 does not
depend only on points | and 2. Other forces that are nonconservative include the
force exerted by a person and tension in a rope (see Table 6-1).

FIGURE 6-16 A crate is pushed across

the floor from position 1 to position 2 via
two paths, one straight and one curved. \\
‘The friction force is always in the direc- :
tion exactly opposed to the direction of > Fy
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friction force, Wy, = — Fy,d. so if d is

greater (as for the curved path), then W is \\ \\ \\

greater. The work done does not depend

only on points 1 and 2.

PE I8 defined only for a conservative force

There is no PE for friction

| Ffr 2

Because potential energy is energy associated with the position or configu-
ration of objects, potential energy can only make sense if it can be stated
uniquely for a given point. This cannot be done with nonconservative forces
since the work done depends on the path taken (as in Fig. 6-16). Hence,
potential energy can be defined only for a conservative force. Thus, although
potential energy is always associated with a force, not all forces have a potential
energy. For example, there is no potential energy for friction.

EXERCISE C An object acted on by a constant force F moves from point 1 to point 2
and back again. The work done by the force Fin this round trip is 60 J. Can you deter-
mine from this information if F is a conservative or nonconservative force?

We can now extend the work-energy principle (discussed in Section 6-3) to
include potential energy. Suppose several forces act on an object which can
undergo translational motion. And suppose only some of these forces are
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