
ME 274: Basic Mechanics II
Lecture 21: Particle Kinetics – Angular Impulse Momentum



AIM equation: ∫ 𝑀ை
ଶ

ଵ
= 𝐻ைଶ − 𝐻ைଵ,  𝑀ை = 𝑟௉/ை × 𝑅, 𝐻ை = 𝑟௉/ை × 𝑚𝑣⃗௉ or 𝐻ை = 𝑚 𝑟ଶ𝜃̇ 𝑘෠

• The AIM equation is the rotational analog to the LIM equation. It relates a change in angular velocity to a moment 
applied over time.

• Angular momentum, 𝐻ை is a vector. For 2D motion, it will always be pointed in or out of the page (𝑘෠).

• The AIM equation only gives info about the rotational component 𝑟𝜃̇ of velocity 𝑣⃗ = 𝑟̇𝑒̂௥ + 𝑟𝜃̇𝑒̂ఏ. If you also need the 
radial component, use WE.

Overview: Angular Impulse Momentum

• In central force problems, 𝑅 points directly towards/away from 𝑂. The net 
moment in these problems = 0.

• When ∑𝑴𝑶 = 𝟎, angular momentum is conserved! ⇒ 𝑯𝑶𝟐 = 𝑯𝑶𝟏

• Angular velocity 𝜔 must decrease (or increase) as the radial distance 𝑟
increases (or decreases) when angular momentum is conserved.  
(𝑟 ↑, 𝜔 ↓  𝒐𝒓   𝑟 ↓, 𝜔 ↑)
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AIM for a system of multiple particles

Note: these equations will be useful in our next chapter on angular momentum 
of rigid bodies.

For a system of particles, we sum the contribution of the angular momentum of 
each point.

Here we use an arbitrary reference point 𝐴 (can be a moving point) to make 
these equations more general – later we will see how our selection of this point 
can simplify our solution process.
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discrete sum vs. integral
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AIM for a system of multiple particles

If we have a system of N particles, looking at the particle 𝒊
Kinematics:

𝑟௜/ை = 𝑟஺/ை + 𝑟௜/஺   ,   v୧ = v஺ + 𝑣⃗௜/஺

Newton’s 2nd law: 

The moment of 𝑅௜ about our reference point 𝐴:

Remember from last lecture: 
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AIM for a system of multiple particles

Now looking at the total for all 𝑁 particles (i.e. for 𝑖 = 1, 2, 3, … 𝑁)
Remember the definition of the center of mass for multiple particles:

𝑟 =
1

𝑚
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ே
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,   𝑚 = ෍ 𝑚௜

ே

௜ୀଵ

We sum the angular momentum equation of all particles:
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remember for AIM, make system as big as possible

On' > ox

Mg
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(Mtm)g
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Σ Mg = 0 > ang. Mo. cons.

lo, = Hoz

Ho, → ang-mo. of bullet before impact

= Tpro ✗ Mp VI

- -L J × mlip, sino it up. cos  ) =

Ho, → ang mo. of bullet, A&B after impact
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OH
↳ Ox

EM-O → H2o = Hio

To, → just bullet moving

= E R ✗ Miri,

= E R Mike
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= Lc + m (Vij) = -mu, Lk

= LI + 3m (Lwj) - (-2L 1) ✗ 4mL-2Lwij)

= 3mW, L" R + 16mW,L² R = 19mW, L-R
For

- Mv, L = 19mn28 wz = -V,
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