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Work, Energy and Power 
 
 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑑𝑑𝑊𝑊𝑑𝑑𝑑𝑑 = 𝐶𝐶𝑊𝑊𝐶𝐶𝐶𝐶𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶 𝑊𝑊𝑜𝑜 𝑜𝑜𝑊𝑊𝑊𝑊𝑓𝑓𝑑𝑑 𝑖𝑖𝑑𝑑 𝑑𝑑𝑖𝑖𝑊𝑊𝑑𝑑𝑓𝑓𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑 𝑊𝑊𝑜𝑜 𝐶𝐶𝑊𝑊𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑 × 𝐷𝐷𝑖𝑖𝐷𝐷𝐶𝐶𝐷𝐷𝑑𝑑𝑓𝑓𝑑𝑑 𝐶𝐶𝑊𝑊𝑚𝑚𝑑𝑑𝑑𝑑 𝑖𝑖𝑑𝑑 𝑑𝑑𝑖𝑖𝑊𝑊𝑑𝑑𝑓𝑓𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑 𝑊𝑊𝑜𝑜 𝑜𝑜𝑊𝑊𝑊𝑊𝑓𝑓𝑑𝑑 
 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑑𝑑𝑊𝑊𝑑𝑑𝑑𝑑 𝐷𝐷𝑎𝑎𝐷𝐷𝑖𝑖𝑑𝑑𝐷𝐷𝐶𝐶 𝑎𝑎𝑊𝑊𝐷𝐷𝑚𝑚𝑖𝑖𝐶𝐶𝑔𝑔 = 𝐶𝐶𝑎𝑎ℎ 
𝐶𝐶 −𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝑜𝑜 𝐶𝐶𝐷𝐷𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝑝𝑝𝑑𝑑 

𝑎𝑎 − 𝐷𝐷𝑓𝑓𝑓𝑓𝑑𝑑𝑝𝑝𝑑𝑑𝑊𝑊𝐷𝐷𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑 𝐶𝐶𝑊𝑊 𝑎𝑎𝑊𝑊𝐷𝐷𝑚𝑚𝑖𝑖𝐶𝐶𝑔𝑔 
ℎ − 𝑚𝑚𝑑𝑑𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝐷𝐷𝑝𝑝 𝑑𝑑𝑖𝑖𝐷𝐷𝐶𝐶𝐷𝐷𝑑𝑑𝑓𝑓𝑑𝑑 𝑊𝑊𝐷𝐷𝑖𝑖𝐷𝐷𝑑𝑑𝑑𝑑 

 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑑𝑑𝑊𝑊𝑑𝑑𝑑𝑑 = 𝐶𝐶ℎ𝐷𝐷𝑑𝑑𝑎𝑎𝑑𝑑 𝑖𝑖𝑑𝑑 𝑊𝑊𝑖𝑖𝑑𝑑𝑑𝑑𝐶𝐶𝑖𝑖𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑊𝑊𝑎𝑎𝑔𝑔 =
1
2
𝐶𝐶(𝑚𝑚2 − 𝑑𝑑2) 

 
 

Work Energy Principle  
 

𝐶𝐶ℎ𝐷𝐷𝑑𝑑𝑎𝑎𝑑𝑑 𝑖𝑖𝑑𝑑 𝐶𝐶ℎ𝑑𝑑 𝐶𝐶𝑊𝑊𝐶𝐶𝐷𝐷𝑝𝑝 𝑑𝑑𝑑𝑑𝑑𝑑𝑊𝑊𝑎𝑎𝑔𝑔 𝑊𝑊𝑜𝑜 𝐷𝐷 𝐶𝐶𝐷𝐷𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝑝𝑝𝑑𝑑 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑑𝑑𝑊𝑊𝑑𝑑𝑑𝑑 𝑊𝑊𝑑𝑑 𝐶𝐶ℎ𝑑𝑑 𝐶𝐶𝐷𝐷𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝑝𝑝𝑑𝑑 

 

Kinetic energy 𝐾𝐾.𝐸𝐸 =
1
2
𝐶𝐶𝑚𝑚2 

Potential energy 𝑃𝑃.𝐸𝐸 = 𝐶𝐶𝑎𝑎ℎ 
 
 
 
 
 

Conservation of Mechanical Energy 
 
 

When no external forces (other than gravity) do work on a particle during 
motion, the sum of the particle’s potential and kinetic energy is constant. 

𝐾𝐾𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑃𝑃𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐾𝐾𝐸𝐸𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑃𝑃𝐸𝐸𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 
1
2
𝐶𝐶𝑑𝑑2 + 𝐶𝐶𝑎𝑎ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =

1
2
𝐶𝐶𝑚𝑚2   + 𝐶𝐶𝑎𝑎ℎ𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 

 

𝑃𝑃𝑊𝑊𝑃𝑃𝑑𝑑𝑊𝑊 =
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑑𝑑𝑊𝑊𝑑𝑑𝑑𝑑

𝑇𝑇𝑖𝑖𝐶𝐶𝑑𝑑
= 𝐹𝐹𝑊𝑊𝑊𝑊𝑓𝑓𝑑𝑑 × 𝑉𝑉𝑑𝑑𝑝𝑝𝑊𝑊𝑓𝑓𝑖𝑖𝐶𝐶𝑔𝑔 
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Momentum and Impulse 
 

𝑀𝑀𝑊𝑊𝐶𝐶𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝐶𝐶 = 𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷 × 𝑉𝑉𝑑𝑑𝑝𝑝𝑊𝑊𝑓𝑓𝑖𝑖𝐶𝐶𝑔𝑔 
𝐼𝐼𝐶𝐶𝐶𝐶𝑑𝑑𝑝𝑝𝐷𝐷𝑑𝑑 = 𝐹𝐹𝑊𝑊𝑊𝑊𝑓𝑓𝑑𝑑 × 𝑇𝑇𝑖𝑖𝐶𝐶𝑑𝑑 

 

 
Impulse-Momentum Principle 

 

𝐼𝐼𝐶𝐶𝐶𝐶𝑑𝑑𝑝𝑝𝐷𝐷𝑑𝑑 = 𝐶𝐶ℎ𝐷𝐷𝑑𝑑𝑎𝑎𝑑𝑑 𝑖𝑖𝑑𝑑 𝑀𝑀𝑊𝑊𝐶𝐶𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝐶𝐶 = 𝐶𝐶𝑚𝑚 −𝐶𝐶𝑑𝑑 

 
Conservation of Momentum  

 

𝑇𝑇𝑊𝑊𝐶𝐶𝐷𝐷𝑝𝑝 𝑀𝑀𝑊𝑊𝐶𝐶𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝐶𝐶 𝐵𝐵𝑑𝑑𝑜𝑜𝑊𝑊𝑊𝑊𝑑𝑑 𝐷𝐷 𝐶𝐶𝑊𝑊𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑖𝑖𝑊𝑊𝑑𝑑 = 𝑇𝑇𝑊𝑊𝐶𝐶𝐷𝐷𝑝𝑝 𝑀𝑀𝑊𝑊𝐶𝐶𝑑𝑑𝑑𝑑𝐶𝐶𝑑𝑑𝐶𝐶 𝐴𝐴𝑜𝑜𝐶𝐶𝑑𝑑𝑊𝑊 𝐷𝐷 𝐶𝐶𝑊𝑊𝑝𝑝𝑝𝑝𝑖𝑖𝐷𝐷𝑖𝑖𝑊𝑊𝑑𝑑 

𝐶𝐶1𝑑𝑑1 + 𝐶𝐶2𝑑𝑑2 = 𝐶𝐶1𝑚𝑚1 + 𝐶𝐶2𝑚𝑚2 

 
 
 

Elastic Collisions in One Dimension 
 

 

Newton’s law of restitution 
(𝑑𝑑 − 𝑓𝑓𝑊𝑊𝑑𝑑𝑜𝑜𝑜𝑜𝑖𝑖𝑓𝑓𝑖𝑖𝑑𝑑𝑑𝑑𝐶𝐶 𝑊𝑊𝑜𝑜 𝑊𝑊𝑑𝑑𝐷𝐷𝐶𝐶𝑖𝑖𝐶𝐶𝑑𝑑𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑) 𝑆𝑆𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 𝑊𝑊𝑜𝑜 𝐷𝐷𝑑𝑑𝐶𝐶𝐷𝐷𝑊𝑊𝐷𝐷𝐶𝐶𝑖𝑖𝑊𝑊𝑑𝑑 𝑊𝑊𝑜𝑜 𝐶𝐶𝐷𝐷𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝑝𝑝𝑑𝑑𝐷𝐷

𝑆𝑆𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 𝑊𝑊𝑜𝑜 𝐷𝐷𝐶𝐶𝐶𝐶𝑊𝑊𝑊𝑊𝐷𝐷𝑓𝑓ℎ 𝑊𝑊𝑜𝑜 𝐶𝐶𝐷𝐷𝑊𝑊𝐶𝐶𝑖𝑖𝑓𝑓𝑝𝑝𝑑𝑑𝐷𝐷
= 𝑑𝑑 

 𝑚𝑚𝑏𝑏 − 𝑚𝑚𝑖𝑖
𝑑𝑑𝑖𝑖 − 𝑑𝑑𝑏𝑏

= 𝑑𝑑 

 
For the collision of a particle with a smooth plane: 

𝑆𝑆𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 𝑊𝑊𝑜𝑜 𝑊𝑊𝑑𝑑𝑟𝑟𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑
𝑆𝑆𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 𝑊𝑊𝑜𝑜 𝐷𝐷𝐶𝐶𝐶𝐶𝑊𝑊𝑊𝑊𝐷𝐷𝑓𝑓ℎ

=
𝑚𝑚
𝑑𝑑

= 𝑑𝑑 

 
0 ≤ 𝑑𝑑 ≤ 1 

𝑑𝑑 = 0 𝑑𝑑 = 1 
Perfectly inelastic collision Perfectly elastic collision 

 
 

 
Loss of kinetic energy due to impact: 

�
1
2
𝐶𝐶1𝑑𝑑12 +

1
2
𝐶𝐶2𝑑𝑑22� − �

1
2
𝐶𝐶1𝑚𝑚1 +

1
2
𝐶𝐶2𝑚𝑚22� 
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