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Chapter 8 
Potential Energy and 

Conservation of  Energy 

ü  8.01 Distinguish a conservative force from a 
nonconservative force. 

ü  8.02 For a particle moving between two points, 
identify that the work done by a conservative force 
does not depend on which path the particle takes. 

ü  8.03 Calculate the gravitational potential energy of  
a particle (or, more properly, a particle–Earth 
system). 

ü  8.04 Calculate the elastic potential energy of  a 
block–spring system. 



What Is Physics? 
ü Potential Energy U 
 
Potential energy is energy that can be 
associated with the configuration 
(arrangement) of  a system of  objects 
that exert forces on one another. 



Conservative and non-
conservative forces  

Gravity and friction forces  



   Potential Energy  

�  The potential energy change is the work done 
against the conservative force 

 



Work and Potential Energy  
 

�  Potential energy function: 



 Work in closed loop 
�  Consider the work done in going from point r1 to point 

r2, W12. If  we go, now, from point r2 to r1, we have  
W21 = −W12 since the total work  

    W12 + W21 = (U2 − U1) + (U1 − U2) = 0. 

 

 

�  𝑭 is a conservative force if  

its integral cover any closed 

path is zero. 

 

W12 +W21 =

Z r2

r1

F · dr+
Z r1

r2

F · dr

W12 +W21 =

I
F · dr = 0



Work in closed loop 

�  𝑭 is a conservative force if  its integral cover any 
closed path is zero. 



Non-conservative Force 

s2 > s1



 Determining Potential 
Energy Values  

�  Freedom in choosing the origin  

   U ----à U + C (constant)   F -----à F   

dU = �F (x)dx



Gravitational Potential 
Energy  

Fz = �dU(z)

dz
= �mg



 Elastic Potential Energy  

Fx = �dU(x)

dx
= �kx



Conservation of  Mechanical 
Energy  
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Reading a potential Energy 
Curve  

U(x2)� U(x1) = �
Z x2

x1

F (x) dx



Elastic potential curve  
�  Turning Points: K=0  E=U(x),       ’ s = turning 

points 
xi



Potential Curve 
�  Extremums of  potentials:  



Stability analysis  
�  neutral equilibrium 

�  unstable equilibrium 

�  stable equilibrium 







Example 
�  Potential vs. Force 



Example 
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Example 

U(x) = �2x2 + x4
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Example 
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Example 





Example 
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Two Dimensional Potentials  

U(r) =
1

2
k r2 =

1

2
k (x2 + y2)



Example 



Saddle Point 



Energy Landscape 





Example 













Work Done on a System by 
an External Force 



No Friction Involved  



Friction Involved 





Conservation of  Energy  



Isolated System 





Example 
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Example 



�K +�U +�Eth = 0

�Ug +�Us +�Eth = 0

�Eth = fkh = (µkn)h = µkm1gh

�Ug = Ugf � Ugi = 0�m2gh

�Us = Usf � Usi =
1

2
kh2 � 0

�m2gh+
1

2
kh2 + µkm1gh = 0

µk =
m2g � 1

2kh

m1g



Example 
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a = �µk g x

L
, v =

p
µk g L
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