
Chapter 8 Potential energy and 

conservation of energy 



8.1 Potential energy 

Energy that can be associated with the configuration 

(arrangement) of a system of objects that exert forces 

on one another. 

 

 

  Gravitational potential energy  

Some forms of potential energy:  

   Elastic potential energy 



8.2 Work and potential energy 

The change DU in potential energy 

(gravitational, elastic, etc) is defined 

as being equal to the negative of the 

work done on the object by the force 

(gravitational, elastic, etc) 

 

 

 

 

 

 



8.2 Conservative and non-conservative forces  

Suppose: 

1. A system consists of two or more objects. 

2. A force acts between a particle-like object in the system and the 

rest of the system. 

3. When the system configuration changes, the force does work (call it 

W1) on the object, transferring energy between the kinetic energy 

of the object, K, and some other type of energy of the system. 

4. When the configuration change is reversed, the force reverses the 

energy transfer, doing work W2 in the process. 

In a situation in which W1=-W2 

is always true, the other type of 

energy is a potential energy and 

the force is said to be a 

conservative force. 

A force that is not conservative is 

called a non-conservative force. 

The kinetic frictional force and 

drag force are non-conservative. 



8.3 Path Independence of Conservative Forces 

The net work done by a conservative 

force on a particle moving around 

any closed path is zero. 

If the work done from a to b 

along path 1 as Wab,1 and the 

work done from b back to a 

along path 2 as Wba,2. If the 

force is conservative, then the 

net work done during the 

round trip must be zero 

 

 

 

 

If the force is conservative, 

 







8.4: Determining Potential Energy values: 

For the most general case, in which the force may vary with 

position, we may write the work W : 



8.4: Determining Potential Energy values: 
 

Gravitational Potential Energy 

A particle with mass m moving vertically along a y axis  

(the positive direction is upward).  
 

The corresponding change in the gravitational potential 

energy of the particle–Earth system is: 

The gravitational potential energy associated with a particle–Earth system 

depends only on the vertical position y (or height) of the particle relative to 

the reference position y =0, not on the horizontal position. 
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8.4: Determining Potential Energy values: 
 

Elastic Potential Energy 

In a block–spring system, the block is moving on the 

end of a spring of spring constant k.  

The corresponding change in the elastic potential 

energy of the block–spring system is 

 

 

 

 

 

 

 

If the reference configuration is when the spring is at 

its relaxed length, and the block is at xi = 0. 





8.5: Conservation of Mechanical Energy 

Principle of conservation of energy:  
 

In an isolated system where only conservative forces cause energy changes, the 

kinetic energy and potential energy can change, but their sum, the mechanical 

energy Emec of the system, cannot change. 

Principle of conservation 

of mechanical energy 



8.5: Conservation of Mechanical Energy 

A pendulum swings back and forth.  

 

Potential and kinetic energies of  

the pendulum– Earth system vary, 

but the mechanical energy Emec  

of the system remains constant.  

 

The energy Emec can be described  

as continuously shifting between  

the kinetic and potential forms.  

 

If the swinging involved a frictional 

force then Emec would not be 

conserved, and eventually the 

pendulum would stop. 







8.6: Reading a Potential Energy Curve 

A plot of U(x), the potential energy 

function of a system containing a 

particle confined to move along an 

x axis. There is no friction, so 

mechanical energy is conserved. 

A plot of the force F(x) acting on the 

particle, derived from the potential 

energy plot by taking its slope at 

various points. 

roots 

maxima/minima 

inflection points 

maxima/minima 



8.6: Reading a Potential Energy Curve 



8.6: Potential Energy Curve, Equilibrium Points 

Emec = 4 J 

Emec = 3 J 

Emec=1J 

The U(x) plot with three possible values of Emec  

U = 4 J 

K = 0 

Neutral 

equilibrium 
Turning 

point 

Turning 

point 
Turning 

point 

Turning 

point 
Turning 

point 

U = 3 J 

K = 0 

Unstable 

equilibrium 

U = 1 J 

K = 0 

Stable 

equilibrium 
(can not move) 

U = 0 

K = 1 J 

(can move but only between 

the turning points) 







8.7: Work done on a System by an External Force 

Work is energy transferred to or from a system by means of 

an external force acting on that system. 



8.7: Work done on a System by an External Force 

FRICTION INVOLVED FRICTION NOT 

INVOLVED 







8.8: Conservation of Energy 

Law of Conservation of Energy 
 

The total energy E of a system can change only by amounts of 

energy that are transferred to or from the system. 

where:  

Emec is any change in the mechanical energy of the system,  

Eth is any change in the thermal energy of the system, and  

Eint is any change in any other type of internal energy of the system. 

The total energy E of an isolated system cannot change. 



8.8: Conservation of Energy 

External Forces and Internal Energy Transfers 

An external force can change the kinetic energy or potential energy of an object 

without doing work on the object, i.e. without transferring energy to the object. 

Instead, the force causes transfers of energy from one type to another 



In general, power P is the rate at which energy is transferred by a force 

from one type to another. If an amount of energy E is transferred in an 

amount of time t, the average power due to the force is 

 

 

 

and the instantaneous power due to the force is 

8.8: Conservation of Energy: Power 

8.8: Conservation of Energy 

External Forces and Internal Energy Transfers 




