
ME 274: Basic Mechanics II
Lecture 21: Particle Kinetics – LIM, Central Impact



LIM equation

Impacts occur over a very short time interval
• The impact force between particles is referred to as the impulsive force – large magnitude, short duration
• We neglect the contributions of non-impulsive forces (for example, due to weight or springs during our

impact interval Δ𝑡)

Applying LIM to Impacts

𝑚𝑣⃗ - linear momentum of the particle

∫ 𝑅𝑑𝑡
ଶ

ଵ
- impulse from the net force acting on the particle

https://www.ck12.org/physics/impulse-1501903747.79/lesson/Impulse-Physics-Intermediate/



Central impact of two particles

Objective: relate the velocities of particles 𝐴 and 𝐵 immediately before (𝑣⃗஺ଵ, 𝑣⃗஻ଵ) and immediately after (𝑣⃗஺ଶ, 𝑣⃗஻ଶ) impact

Definitions: 
Plane of contact: The plane tangent to the surfaces of A and B
Line of impact: The line perpendicular to the plane of contact for A and B
Central impact: an impact in which the line of impact passes through the center of mass of each body

Note: in these problems you will be using the 𝑛 − 𝑡 coordinate axis



Systems within a contact problem

Tangent direction:
∑𝐹௧ = 0 

𝑚஺𝑣஺௧ଶ = 𝑚஺𝑣஺௧ଵ      ⇒ 𝑣஺௧ଶ = 𝑣஺௧ଵ

Normal direction:
∑𝐹௡ = 𝐹஺஻ ≠ 0 

Tangent direction:
∑𝐹௧ = 0 

𝑚஻𝑣஻௧ଶ = 𝑚஻𝑣஻௧ଵ      ⇒ 𝑣஻௧ଶ = 𝑣஻௧ଵ

Normal direction:
∑𝐹௡ = −𝐹஺஻≠ 0 

Tangent direction:
∑𝐹௧ = 0 

𝑚஺𝑣஺௧ଶ + 𝑚஻𝑣஻௧ଶ = 𝑚஺𝑣஺௧ଵ + 𝑚஻𝑣஻௧ଵ

Normal direction:
∑𝐹௡ = 0

𝑚஺𝑣஺௡ଶ + 𝑚஻𝑣஻௡ଶ = 𝑚஺𝑣஺௡ଵ + 𝑚஻𝑣஻௡ଵ

Coefficient of restitution (COR):

𝑒 = −
𝑣஻௡ଶ − 𝑣஺௡ଶ

𝑣஻௡ଵ − 𝑣஺௡ଵ



Central impact problems – Discussion

• Equations 1-4 can be used in cases where the impact force is the only impulse force between A and B
• The COR equation is only valid in the normal direction.
• Mechanical energy in system AB is not conserved during impact  - you should never use work-energy in impact analysis

What is the coefficient of restitution?
The COR is a measure of the elasticity of a collision
• COR = 1 – perfectly elastic collision – energy is conserved (non-physical)
• COR = 0 – perfectly inelastic collision – particles stick together



Demo: Calculating the coefficient of restitution (COR) of two balls

We drop a tennis and ping-pong ball from the same height and measure their max height after bouncing. How do we 
determine the COR?

ℎଵ

ℎଶ

Weight tennis ball: – 0.125 lbf
Weight ping-pong ball: – 0.006 lbf
Drop height, ℎଵ = 3′








