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5.3 The Work-Energy Theorem: Kinetic Energy 149 

r may not be zero. Writing the magnitude of the force in the form 
--ond law and substituting in the expression for a from the previous 

(
v2 

- v2) 
F=ma = m 2x

0 

_ ·-ssion in the equation for work, we have 

(
v2 - v2)

W = Fx = m 
2x 

O 

x 

= 
lmv2 - lmv2 

2 2 o 

- ;o define ½ mv2 as the kinetic energy (K) of the moving object:

K = ½mv2 (kinetic energy) 

SI unit of energy: joule CT) 

(5.5) 

_ is often called the energy of motion. Note that it is directly propor­
re of the (instantaneous) speed of a moving object, and therefore 

--�,·e. 

of kinetic energy, the previous expression for work can be writ-

W = 

1mv2 - 1mv2 
= K - K = aK

2 2 0 0 

W = aK (5.6) 

-�tood that Wis the net work if more than one force acts on the object,
ple 5.3. This equation is called the work-energy theorem, and it
one on an object to the change in the object's kinetic energy. 

- ·rk done on a body by all the forces acting on it is equal to the change
: i1ze body. Both work and energy have units of joules, and both
es. Keep in mind that the work-energy theorem is true in gen­
·orces and not just for the special case considered in deriving

-� :nat net work is equal to the change in kinetic energy, recall that in
:orce of gravity did +44 J of work on a book that fell from rest 
e of y = 3.0 m. At that position and instant, the falling book had 
rgy. Since v0 = 0 in this case, ½mv2 

= mgy. Substituting this ex­
equation for the work done on the falling book by gravity, we get 

mv2 

W = Fd = mgy = - = K = aK2 

us the kinetic energy gained by the book is equal to the net work 
this case. (As an exercise, confirm this fact by calculating the 

and evaluating its kinetic energy.) 
ergy theorem tells us that when work is done on an object, 
in or a transfer of energy. In general, then, we might say that 
. the transfer of kinetic energy to the object. For example, a force 

object that causes the object to speed up gives rise to an in­
._ ect's kinetic energy. Conversely, (negative) work done by the 
- friction may cause a moving object to slow down and decrease
::::·· So for an object to have a change in its kinetic energy, net
..; c,ne on the object, as Eq. 5.6 tells us.
'ect is in motion, it possesses kinetic energy and has the capability
- example, a moving automobile has kinetic energy and can do

a fender in a fenderbender-not useful work in that case, but 
... _er example of work done by kinetic energy is shown in ►Fig. 5.10. 

Teaching tip: Emphasize that net work 
done causes a change 1n kinetic energy. 
Discuss the process of pitching and 
catching a baseball. Catching a 
baseball involves negat,ve work. which 
decreases kinetic energy. Toss a ball to 
a student to ir,tiate the discussion. 

Work-energy theorem 

• FIGURE 5.10 Kinetic energy and

work A moving object, such as a 
wrecking ball, processes kinetic 
energy and can do work. A massive 
ball is used in demolishing 
buildings. 
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5.5 Conservation of Energy 155 

U2 = mgy U2 = 2mgy
11l 

---------------- ----------------

y y 

-- = 0 �J __ _I \'.'JU, = �gy<, :() llU u, - mgy \�l l __ _l __ 2y
Potential 

y -
1
y 

I energy well 

-- I "-111) 
U1 = -mgy \,,

m

) I - j_-h-o I U
0 = mgy0 = 0

(al /lU = U2 - U7 = mgy- (- mgy) = 2mgy (bl llU = U2 - U0 
= 2mgy - 0 = 2mgy

r 

qeference Point 

portant point is illustrated in Example 5.9, namely, the choice of a zero ref­
-e point. Potential energy is the energy of position, and the potential energy at 
·cular position (U) is meaningful only when referenced to the potential ener-

• 5<>me other position (U0). The reference position or point is arbitrary, as is the
of a set of coordinate axes for analyzing a system. Reference points are usu­

•kosen with convenience in mind-for example, y
0 

= 0. The value of the po­
energy at a particular position depends on the reference point used. 

·wr, the difference, or change, in potential energy associated with two positions is
:e regardless of the reference position.

• in Example 5.9, ground level had been taken as the zero reference point, then
• :he release point would not have been zero. However, U at the maximum
• would have been greater, and LiU = U - U

0 
would have been the same. 

-�cept is illustrated in .Fig. 5.16. Note in Fig. 5.16a that the potential energy
negative. When an object has a negative potential energy, it is said to be in a
·a1-energy well, which is analogous to being in an actual well: work is needed

the object to a higher position in the well or to get it out of the well.
• is also said that gravitational potential energy is independent of path. This means

tly the change in height Lih (or Liy) is the consideration, not the path that leads
change in height. An object could travel many paths leading to the same Lih.

Conservation of Energy 

_ ___ . __ s: To (a) distinguish between conservative and nonconservative forces, 
and (b) explain their effects on the conservation of energy. 

1Tation laws are the cornerstones of physics, both theoretically and prac-
�ost scientists would probably name conservation of energy as the most 

.md and far-reaching of these important laws. When we say that a physi­
antity is conserved, we mean that it is constant, or has a constant value. Be­

o many things continually change in physical processes, conserved 
ties are extremely helpful in our attempts to understand and describe the 
-e. Keep in mind, though, that many quantities are conserved only under
conditions.

:e of the most important conservation laws is that concerning conservation of
'ou may have seen this topic coming in Example 5.9.) A familiar statement 

• the total energy of the universe is conserved. This statement is true, because

A FIGURE 5.16 Reference point 

and change in potential energy 

(a) The choice of a reference point
(zero height) is arbitrary and may
give rise to a negative potential
energy. An object is said to be in a
potential-energy well in this case.
(b) The well may be avoided by
selecting a new zero reference. Note
that the difference, or change, in
potential energy ( /lU) associated
with the two positions is the same,
regardless of the reference point.
There is no physical difference,
even though there are two
coordinate systems and two
different zero reference points.

Teaching tip: Make sure students 
understand that potential energy is a 
scalar quantity; however, unlike kinetic 
energy, it can be either positive or 
negative, depending on the choice of 
the zero pos1tIon. 

Demonstration/activity: Consider 
using this demonstration as an 
introduction to the conservation of 
energy. Suspend a 1-kg mass on a 
string 1-2 m long so the mass is about 
chest high. Pull the mass back through 
an angle of several degrees to a point 
nght underneath your chin or just in 
front of your nose. Then release it from 
rest. The mass. conserving energy, w0 II 
not hit you on return. (Don't give it a 
push. and don't move!) 
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