
ME 274: Basic Mechanics II
Lecture 21: Particle Kinetics – Angular Impulse Momentum
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Consider a particle 𝑃 of mass 𝑚 constrained to rotate about a fixed point 𝑂 with a velocity of 𝑣⃗.

Remember from LIM:

𝑚𝑣⃗ଶ = 𝑚𝑣⃗ଵ + න 𝑅𝑑𝑡
ଶ

ଵ

If 𝑅 = 0, 𝑚𝑣⃗ଶ = 𝑚𝑣⃗ଵ → Linear momentum is conserved

In this scenario, the speed 𝑣 of the particle is constant but the direction 
is changing.

→ a net force 𝑅 must be acting on the particle.
→ Linear momentum is not conserved.
→ LIM does not simplify the problem.

Remember from ME 270 that changes in rotational motion are caused by moments (the 
effect of a force about a point).

→ How do we adapt this knowledge to find a rotational analog of the LIM equation?
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Deriving the Angular Impulse Momentum Equation 

Starting with Newton’s 2nd Law: 

The moment of the force 𝑅 about point 𝑂 is found as:

Substituting into Newton’s 2nd Law: 

Recall the time derivative of the cross product of two vectors is:

Substituting into our moment equation:

Integrating with respect to time:

Key Takeaways

→ 𝐻ைis the angular momentum about 
point O, 𝐻ை = 𝑟௉/ை × 𝑚𝑣⃗௉.

→ Note 𝐻ை is a vector. For 2D rotation, it 
will always be pointed in or out of the 
page (𝑘෠).

→ AIM is the rotational equivalent of LIM.

→ AIM relates the time integral of the 
moment to the change in angular 
momentum of a particle rotation about a 
point.
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Calculating the Angular Momentum of a Particle

For our particle 𝑃 rotating about the fixed point 𝑂, angular momentum 
is calculated as 𝐻ை = 𝑟௉/ை × 𝑚𝑣⃗௉.

To calculate in the cartesian description:
𝐻ை = 𝑟௉/ை × 𝑚𝑣⃗௉

To calculate in the polar description:
𝐻ை = 𝑟௉/ை × 𝑚𝑣⃗௉

Note: the polar description is 
frequently the most useful form for 
angular momentum.
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Key Takeaways

→ Angular momentum only gives info about the 
rotational component 𝑟𝜃̇ of velocity 𝑣⃗ = 𝑟̇𝑒̂௥ +

𝑟𝜃̇𝑒̂ఏ.

→ if the total velocity is needed, you will need to 
also use WE to find 𝑟̇.
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Central Force Problems and Conservation of Angular Momentum

A “central force” problem is a special case where our resultant force 𝑅 is 
aligned with our 𝑒̂௥ direction → 𝑅 point directly towards/away from the 
fixed point 𝑂.

The moment of this central force will always be zero!

From our angular impulse-momentum equation:

This means the angular momentum of the particle is constant!

Key Takeaways

→ In central force problems 𝐻ைଶ = 𝐻ைଵ

→ Angular momentum is conserved!
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Olympic gold medalist Alyssa Liu enters a spin rotating slowly. As the spin progresses her rate of rotation 
increases. How does Alyssa speed up during her spin?

By using conservation of angular momentum!

(and years of flexibility and balance training…but mostly 
angular momentum.)

In polar form:

When angular momentum is conserved:
𝐻ைଶ = 𝐻ைଵ

Key Takeaways

→ Angular velocity 𝜔 must decrease (or increase) 
as the radial distance 𝑟 increases (or decreases) 
when angular momentum is conserved.
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To find radial component, use WE!

T. - V. + UTI = True

T, = ½ MV

T, = 0 (elastic band cannot be in compression)
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