
Lecture 3-2C: 
Conservative Forces & Potential Energy 



Work-Energy Theorem 

is the equivalent of                   but in scalar form  
 
In problems where force and/or speed is known or 
desired as a function of position, work-energy is a 
useful approach 
 
 



Steps to Solving an Energy Problem 
1.  Write down your knowns and what you are solving  
2.  Identify the type of problem and make predictions 
3.  Break down system into key interacting parts 
4.  For each part, draw an accurate force diagram and 

choose a convenient inertial coordinate system 
5.  Identify key times (initial, final) and write down 

expressions for the kinetic energies at these times 
6.  Calculate work done by forces along direction of motion 
7.  Use KEf = KEi + Work and solve for unknowns,  
8.  Check your answers for units and extreme values 
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Work along two paths 

For a constant force, the work is independent of the path 



Conservative Forces 
For many force laws, work 
depends only on the initial 
and final positions 
Such forces are called 
conservative because any 
kinetic energy lost can be 
gained by returning to the 
starting point, and vice-
versa  
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Potential & Total Mechanical Energy 

The amount of energy "stored" by a conservative 
force is the potential energy (PE) 

The sum of kinetic and potential energies is the 
total mechanical energy (E) 



Examples of Potential Energies 

Spring force: 

Local gravitational acceleration: 

Newtonian Gravity: 



Potential and Total Energies have 
arbitrary zeropoints 
We only measure the change in potential energy, 
so we are free to choose where PE = 0 and E = 0 
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PE = 0 

H 



Potential and Total Energies have 
arbitrary zeropoints 
We only measure the change in potential energy, 
so we are free to choose where PE = 0 and E = 0 
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PE = -mg(H-h) 

PE = 0 
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H-h 



Conservation of Mechanical Energy 

If only conservative forces are present, then the 
total mechanical energy is constant 

Energy conservation is one of the most 
fundamental and important laws of physics 



Example: Ballistic Motion 
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One of our original 
kinematic relations! 



Solving a Conservative Energy Problem 
1.  Write down your knowns and what you are solving  
2.  Identify the type of problem and make predictions 
3.  Break down system into key interacting parts 
4.  For each part, draw an accurate force diagram and 

choose a convenient inertial coordinate system 
5.  Identify key times (initial, final) and write down the 

kinetic and potential energies at these times 
6.  If there are only conservative forces, use 

     E = KEi + PEi = KEf + PEf 
and solve for unknowns,  

7.  Check your answers for units and extreme values 



Summary 
Conservative forces perform the same amount of 

work independent of path 
For these forces, a potential energy is defined: 

 
  
 

The total mechanical energy 
 
 

is conserved in these cases, and can be used to 
solve for motion at any time. 


