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FIGURE 6-2 'The person does no
work on the bag of groceries since
Fp is perpendicular to the displace-

ment d.

’CAUTION

Force without work

.cnuunom

State that work is done

on or by an object

A force can be exerted on an object and yet do no work. For example, if
you hold a heavy bag of groceries in your hands at rest, you do no work on it.
You do exert a force on the bag, but the displacement of the bag is zero, so the
work done by you on the bag is W = 0. You need both a force and a displace-
ment to do work. You also do no work on the bag of groceries if vou carry it as
you walk horizontally across the floor at constant velocity, as shown in
Fig. 6-2. No horizontal force is required to move the bag at a constant velocity.
The person shown in Fig. 6-2 does exert an upward force Fy on the bag equal
to its weight. But this upward force is perpendicular to the horizontal
displacement of the bag and thus has nothing to do with that motion. Hence,
the upward force is doing no work. This conclusion comes from our definition of
work, Eq. 6-1: W =0, because ¢ = 90 and cos90° = 0. Thus, when a
particular force is perpendicular to the displacement, no work is done by that
force. (When you start or stop walking, there is a horizontal acceleration and
you do briefly exert a horizontal force, and thus do work on the bag.)

When we deal with work, as with force, it is necessary to specify whether you
are talking about work done by a specific object or done on a specific object. It is
also important to specify whether the work done is due to one particular force
(and which one), or the total (net) work done by the net force on the object.

Work done on a crate. A person pulls a 50-kg crate 40m
along a horizontal floor by a constant force F, = 00N, which acts at a
37 angle as shown in Fig. 6-3. The floor is rough and exerts a friction force
Fiy, = SON. Determine (a) the work done by each force acting on the crate,
and (b) the net work done on the crate.

APPROACH We choose our coordinate system so that X can be the vector that
represents the 40-m displacement (that is, along the x axis). Four forces act on the
crate, as shown in Fig. 6-3: the force exerted by the person Fy; the friction force F,
due to the floor; the crate’s weight mg; and the normal force F_\- exerted upward
by the floor. The net force on the crate is the vector sum of these four forces,
SOLUTION (a) The work done by the gravitational and normal forces is zero,
since they are perpendicular to the displacement x (# = 90" in Eq. 6-1):

W = mgxcos90” =0

Wy = Fyxcos90” = (.
The work done by F, is

Wp = Fpxcos® = (100 N)(40 m) cos 37° = 3200J.
The work done by the friction force is

Wi = Frxcos 180° = (SON)(40m)(—1) = —20001].

The angle between the displacement ¥ and the force Fy, is 180° because they
point in oppaosite directions. Since the force of friction is opposing the motion
(and cos 180° = —1), the work done by friction on the crate is negative.
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