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Momentum and Impulse

• By definition,

F =
dp

dt

where momentum p = mv.

• Impulse is defined as the accumulated effect of force over time:

J = Ft

• If F is a function of time, impulse = area under F vs. t graph

Impulse-Momentum Theorem

• Analogous to work-energy theorem; always holds

J = Ft = ∆p = ∆(mv)

• Can be applied to one object or system of objects

• Impulse and momentum are vectors, define and keep track of sign/direction

Practice Problems
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Conservation of Momentum

• If there is no net external force, momentum is conserved

If Fnet = 0, then ∆p = 0

• Unlike energy, must be applied to a system of interacting objects

For a system of collisions, the impulse on each object is nonzero, and individual momentum
changes. However, summing individual changes, the impulses from internal force pairs can-
cel. Thus in the absence of external forces, total impulses is zero, and total momentum for
the collision system is conserved.

Practice Problems
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Collisions

• In any type of collision, momentum is always conserved.

• In elastic collisions, the objects bounce off each other, and energy is also conserved

• In perfectly inelastic collisions, the objects stick together, and energy is not conserved

• In real life, most collisions are somewhere in between these two extremes.

Elastic Collisions

• Total energy is conserved: use conversation of momentum and energy equations

• Shortcut replacing somewhat complicated energy equation:

v1 − v2 = v′2 − v′1

We can derive the velocity of the two particles after an elastic collision:

v′1 =
m1m2

m1 +m2
v1 −

2m2

m1 +m2
v2

v′2 =
2m1

m1 +m2
v1 +

m1m2

m1 +m2
v2

Perfectly Inelastic Collisions

• Objects stick together after collision

m1v1 +m2v2 = (m1 +m2)v
′

Practice Problems
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Challenge Problems
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