
Chapter 8 

Potential Energy & 

Conservation of Energy 



8.1 Potential Energy 

 

 

Technically, potential energy is energy that 

can be associated with the configuration 

(arrangement) of a system of objects that 

exert forces on one another. 

 

Some forms of potential energy:  

 

1. Gravitational potential energy,  

2. Elastic potential energy 



8.2 Work and Potential Energy 

The change ΔU 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: 
 

• A system consists of two or more objects. 

 

• A force acts between a particle-like object in the system and the rest of the system. 

 

• 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. 

 

• 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 & the force is said to 

be a conservative force. 

 

• Examples: 

• Gravity 

• Elastic force (ideal spring) 

• Static electric force 

• A force that is not conservative is called a 

non-conservative force.  

 

• Examples: 

• Kinetic frictional force 

• Drag force 

• Electromagnetic force 



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, 

 

0W F dr  



Example: slippery cheese Calculations: Let us choose the dashed 

path in Fig. 8-5b; it consists of two straight 

segments. Along the horizontal segment, 

the angle f is a constant 90°. Even though 

we do not know the displacement along 

that horizontal segment, the work Wh done 

there is: 

 

 

Along the vertical segment, the 

displacement d is 0.80 m and, with and 

both downward, the angle  is a constant = 

0°. Thus, for the work Wv done along the 

vertical part of the dashed path, 

 

 

 

The total work done on the cheese by Fg 

as the cheese moves from point a to point 

b along the dashed path is then 

 

 

This is also the work done as the cheese 

slides along the track from a to b. 



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: 

 

     

• ΔU is the “stored work” associated with a conservative force & is called potential 

energy. As with all manifestations of energy, the unit is the joule (J). 

 

• Potential energy is stored energy – energy stored in the gravitational field -- that can 

be released as kinetic energy. 

 



8.4 Determining Potential Energy values: Gravitational Potential Energy 

• A particle with mass m moves vertically along a y axis.  

• Let the positive direction be upward.  

• As the particle moves from point yi to point yf, the gravitational force does work on it. 

• Potential energy change is independent of path. 

• Only changes in potential energy matter. 

• The zero of potential energy can be set at any convenient point. 

• 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.  



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.  

• As the block moves from point xi to point xf, the spring force 

Fx = - kx does work on the block.  

• 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: 



Example: Gravitational potential energy 



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. 

 

The mechanical energy Emec of a system is the sum of its potential energy U and the 

kinetic energy K of the objects within it: 

 

 

 

 

With     and    

 

We have:  

 

  

K + U = constant = Ki + Ui 



• A pendulum swings back and forth. 

• During one full cycle the values of 

the potential and kinetic energies of 

the pendulum–Earth system vary as 

the bob rises and falls, but the 

mechanical energy Emec of the 

system remains constant.  

• The energy Emec can be described 

as continuously shifting between the 

kinetic and potential modes.  

• In stages (a) and (e), all the energy 

is kinetic energy.  

• In stages (c) and (g), all the energy 

is potential energy.  

• In stages (b), (d), ( f ), and (h), half 

the energy is kinetic energy and half 

is potential energy.  

• If the swinging involved a frictional 

force then Emec would not be 

conserved, and eventually the 

pendulum would stop. 

8.5 Conservation of Mechanical Energy 



Clicker question 

A bowling ball is tied to the end of a long rope and suspended 

from the ceiling. A student stands at one side of the room, 

holds the ball to her nose, and then releases it from rest.  

Should she duck as it swings back? 

A. She should duck! 

B.  She does not need 

to duck. 
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• A spring-loaded dart gun 

– What’s the dart’s speed? 

• A spring and gravity 

– How high does the block go? 

• K + U = K0 + U0 becomes: 
 
 

 

• Thus:  

 

• Where x is the initial spring compression. 
 

  
1

2
mv2  0  0 1

2
kx2

 v  k m x

• Usf + Ugf = Ugi + Usi  : 
 
 

 

• So: 
 

  
0 mgh  0 1

2
kx2

  
h 

kx2

2mg

http://www.physicsclassroom.com/mmedia/#work 8.5 Conservation of Mechanical Energy 

http://www.physicsclassroom.com/mmedia/


Example: water slide 



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. 



8.6 Reading a Potential Energy Curve 

The U(x) plot with three possible values of 

Emec shown.  



8.6 Potential Energy Curve: Equilibrium Points 

• At any point to the right of x5, the system’s 

mechanical energy is equal to its potential 

energy, and so it must be stationary. A 

particle at such a position is said to be in 

neutral equilibrium.  

 

• x3 is a point at which K =0. If the particle is 

located exactly there, the force on it is also 

zero, and the particle remains stationary. 

However, if it is displaced even slightly in 

either direction, a nonzero force pushes it 

farther in the same direction, and the particle 

continues to move. A particle at such a 

position is said to be in unstable 

equilibrium. 

• If we place the object at x4, it is stuck there. It 

cannot move left or right on its own because 

to do so would require a negative kinetic 

energy. If we push it slightly left or right, a 

restoring force appears that moves it back to 

x4. A particle at such a position is said to be 

in stable equilibrium. 



Example: Potential energy curve for a molecule 

• Potential energy curves help determine the structure of systems, from molecules to 

engineered systems to stars. 

• The potential-energy curve for a pair of hydrogen atoms shows potential energy as 

a function of atomic separation. 

• The minimum in the graph 
shows the equilibrium 
separation of the H2 molecule. 

• It is convenient to take the zero 
of potential energy at infinite 
separation. 

• Then negative energies 
represent bound states of the 
hydrogen molecule. 

• Positive states represent 
separated hydrogen atoms. 

8.6 Potential Energy Curve 



Example: Reading a potential 

energy graph 



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 



Example: Change in thermal energy 



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. 
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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 — that is, without transferring energy to the object. Instead, the 

force is responsible for transfers of energy from one type to another inside the object. 



8.8: Conservation of Energy: Power 

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 generated by the force is: 

 

 

 

 

 

 

The instantaneous power generated by the force is 



Example: Energy, friction, spring, & tamales 

Forces: The normal force on the package from the 

floor does no work on the package. For the same 

reason, the gravitational force on the package does no 

work. As the spring is compressed, a spring force does 

work on the package. The spring force also pushes 

against a rigid wall. There is friction between the 

package and the floor, and the sliding of the package 

across the floor increases their thermal energies. 

System: The package–spring–floor–wall system 

includes all these forces and energy transfers in 

one isolated system. From conservation of 

energy, 

 


