FIGURE 6-7 A constant net force

Fpe accelerates a bus from speed v,

to speed v, over a displacement d. The
net work done is W = F. d.
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connection between work and energy. We now define and discuss one of the
basic types of energy, kinetic energy.

A moving object can do work on another object it strikes. A flying cannon-
ball does work on a brick wall it knocks down; a moving hammer does work on
a nail it drives into wood. In either case, a moving object exerts a force on a
second object which undergoes a displacement. An object in motion has the
ability to do work and thus can be said to have energy. The energy of motion is
called kinetic energy, from the Greek word kinetikos, meaning “motion.”

To obtain a quantitative definition for kinetic energy, let us consider a rigid
object of mass m that is moving in a straight line with an initial speed »,. To
accelerate it uniformly to a speed #;, a constant net force F, is exerted on it
parallel to its motion over a displacement d, IFig. 6-7. Then the net work done on
the object is W, = F,.d. We apply Newton’s second law, F,., = ma, and use
Eq. 2-1lc, which we now write as v3 = »{ + 2ad, with v, as the initial speed
and v, the final speed. We solve for a in Eq. 2-1lc,
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then substitute this into F,, = ma, and determine the work done:
, % - o) 0} = o}

W, = Fooud = mad = m T d=m T,
ar

Woe = tmod = tmel, (6-2)

We define the quantity $mv’ to be the translational kinetic energy (KE) of the
object:
KE = L m’, (6-3)

(We call this “translational” kinetic energy to distinguish it from rotational
kinetic energy, which we will discuss in Chapter 8.) Equation 6-2, derived
here for one-dimensional motion with a constant force, is valid in general for
translational motion of an object in three dimensions and even if the force varies.
We can rewrite Eq. 6-2 as:

W, = KE; — KE,
or

W = AKE. (6-4)

Equation 6-4 (or Eq. 6-2) is an important result known as the work-energy
principle. It can be stated in words:

The net work done on an object is equal to the change in the object’s
kinetic energy.

Notice that we made use of Newton’s second law, F,., = ma, where F,, is the
net force—the sum of all forces acting on the object. Thus, the work-energy
principle is valid only if Wis the net work done on the object—that is, the work
done by all forces acting on the object.

The work-energy principle is a very useful reformulation of Newton’s laws.
Tt tells us that if (positive) net work W is done on an object, the object’s kinetic
energy increases by an amount W. The principle also holds true for the reverse
situation: if the net work W done on an object is negative, the object’s kinetic
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