
ME 274: Basic Mechanics II
Lecture 31: Rigid Body Kinetics – Impulse-Momentum



Impulse-Momentum comes from integrating Newton–Euler wrt time 

Remember our Newton-Euler equations for rigid bodies:
∑𝐹⃗ = 𝑚𝑎⃗ீ

∑𝑀஺ =
𝑑

𝑑𝑡
𝐻஺,    𝐻஺ = 𝐼஺𝜔

Integrating both equations with respect to time:

න ∑𝐹⃗𝑑𝑡 = 𝑚𝑣⃗ீଶ

ଶ

ଵ

− 𝑚𝑣⃗ீଵ

න ∑𝑀஺𝑑𝑡 = 𝐻஺ଶ − 𝐻஺ଵ = 𝐼஺𝜔ଶ − 𝐼஺𝜔ଵ

ଶ

ଵ

If the point A is not on the body, we can solve for the angular momentum 𝐻஺ as:
𝐻஺ = 𝐻ீ + 𝑚𝑟 /஺ × 𝑣⃗ீ = 𝐼ீ𝜔 + 𝑚𝑟 /஺ × 𝑣⃗ீ

This gives a final angular momentum equation of:

න ∑𝑀஺𝑑𝑡 = 𝐼ீ𝜔ଶ + 𝑚𝑟 /஺ × 𝑣⃗ீଶ + [𝐼ீ𝜔ଵ + 𝑚𝑟 /஺ × 𝑣⃗ீଵ]
ଶ

ଵ

Note: if A is not on the body, 𝑟 /஺ can change over time and the 
integral can get messy – we will not use this commonly in this course

Note: we don't separate into angular &
linear approach like for particles,as rigid
body has both translation & rotation
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Important considerations for impulse-momentum

• We generally want to make our system as large as possible to eliminate internal forces

• Only external forces and moments result in a change in momentum

• Internal impulses (for example from impact) cancel

• If there are no net external impulses in a direction, momentum is conserved in that direction

• Generally, this solution method is used to find changes in speed over a change in time; however, in cases where 
momentum is being conserved, it can relate velocities at different positions without needing time explicitly
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Demo: Stunt Cyclist
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S, [3F-(MTM)g]dt = (mm) (v02-Vo,)

I
③ F- (m + Mg] (t.-t.) -(m + M) (Voz-Vo,) (I)

→ solve for V02 → V02)

J,²Σ Modt = Io . - I. ,

(Er-Er)dx → mk.tw.- .)

Frat = mko² (wa-W,)

→ solve for we → Wok
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ΣÑo-0 ← angular momentum

conserved

(Fo), = (Hol.

time Is just bullet (particle)

(Fo), = ñ. mñ
=-hp x Mt-⅓,/I = - hmu, k

time 2 → bullet & pendulium

(Holz = IoWzk

- Io - Io, p + Io, - MRo²+mh²

Hole = (MRI + mm²) wak

> solve for 
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→ why dont we include the stop in our system?

The stop is fixed to ground → unknown moments
& reactions
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Impact Rule: e = VADY I WX3

✓ abxi - VANY
= - VAbX2

Vab X I
(3)


