
Physics Workshop: 
Conservation of 
Mechanical Energy 
ARC Staff Workshop Sessions 



Introduction 

• The method of conservation of Mechanical Energy helps us to 
simplify various physical problems that would otherwise be 
too complicated to solve using just equations of motions of 
Newton’s laws. 

• Take a simple example: 

• If a body is sliding along a series of slopes, sometimes going up, 
sometimes coming down, how do you examine its motion and 
find its velocity at a particular time? 

 

This method simplifies all those calculations using the Principle of 
Conservation of Mechanical Energy. 



What is this Principle About? 

• It says that when there are a number of conservative 
forces acting on a body and moving it around, then the 
total mechanical energy of the body is the same at 
various points. 

• That is, it remains constant or is CONSERVED 

 

• Mathematically, 

• 𝐾𝑖 + 𝑈𝑖 = 𝐾𝑓 + 𝑈𝑓 

• 𝐾 = 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 

• 𝑈 = 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 

• The subscripts ‘i’ and ‘f’ denote initial and final points.  

 



Requirements to apply this 
principle 
• All forces MUST be conservative!! 

• How do you know if a force is conservative? 
• Move the body around in a closed loop. If the total work done is 

0, then the force is conservative. 

• Often, you might deal with forces that exist but don’t do work on 
the body. These forces then do not upset the balance of energy. 

• Checklist: 

• Gravity is conservative. 

• Spring forces are conservative. 

• Any form of friction is non-conservative. Examples are drag, 
dynamic/kinetic friction. 



How to set up a problem? 

• A picture always helps; draw a picture. 

• Isolate the body to study. 

• Pick two points, one initial and one final. 

• Find all forces on body. 

• Determine whether the forces are conservative. 

• Set up zero-reference points for any potential energy. 
• Free to choose for gravitational potential energy 

• Must be natural spring length position for springs. 

• Find expressions for U and KE. 

• Equate initial and final energies. 

• Solve for variable. 



Presence of Non-Conservative 
forces 
• If a non conservative force is present, find the work it does on 

the body when the body moves from initial point to final. 

• That work gets added to the final side of the energy equation. 

• 𝐾𝑖 + 𝑈𝑖 = 𝐾𝑓 + 𝑈𝑓 + 𝑊𝑛𝑜𝑛−𝑐𝑜𝑛𝑠. 

• Where 𝑊𝑛𝑜𝑛−𝑐𝑜𝑛𝑠.is the work done by the non conservative force. 

• This is because the non-conservative force “eats up” some of 
the initial energy of the body. So the final is less by exactly 
that amount. 

 



Example Problem 

• You push a 2.0 kg block against a horizontal spring, compressing it by 
15cm. You then release the block and it slides across the table. It 
stops 75cm from where you released it. The spring constant is 
200N/m. What is the co-efficient of friction? 

• This is what a picture would look like: 

 
𝑈𝑠 = 0, by definition 

15cm 

75cm 

𝑈𝑠 = 0 

Initial 

Final 

𝑈𝑠 = 0, by choice 



Example Problem (contd.) 

• 𝐾𝑖 = 0;  (Body begins at rest.) 𝐾𝑓 = 0; (Body ends at 
rest.) 

• 𝑈𝑔,𝑖 = 0;  (By choice.)  𝑈𝑔,𝑓 = 0; (The body does 
not        change 
height.) 

• 𝑈𝑠,𝑖 =
𝑘𝑥2

2
;   (Equation.)  𝑈𝑠,𝑓 = 0; (Spring is 

relaxed.) 

 

• Work done by friction 
• 𝑊 = 𝑓𝑘 |𝑑| cos 𝜃        (Work is a dot product) 

• = 𝜇 × 𝑑 × (−1)  (vectors are anti-parallel; cos(180)=-
1) 

• = −𝜇𝑚𝑔𝑑   (N=mg) 

 



Example problem: 

• Assembling the terms into the equation: 

• 0 + 0 +
𝑘𝑥2

2
= 0 + 0 +( −𝜇𝑚𝑔𝑑) 

• Solving for 𝜇, 

• 𝜇 = −
𝑘𝑥2

2𝑚𝑔𝑑
 

• Since 𝜇 is a co-efficient, it must be an absolute value, 

• 𝜇 = −
𝑘𝑥2

2𝑚𝑔𝑑
 

    =
200×(0.15)2

2×2.0×0.75
 

     =0.20 



References and for further 
problems 
• Fundamentals of Physics, Halliday and Resnick (2004)  


