Chapter 9

Linear Momentum and
Collisions
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Units of Chapter 9

ALinear Momentum

AMomentum and Newt onos
Almpulse

AConservation of Linear Momentum

Alnelastic Collisions

AElastic Collisions

ACenter of Mass
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O-1 Linear Momentum

Definition of Linear Momentum, p

p = mv
SI unit: kg - m/s

Momentum IS a vector; its direction Is the same as the
direction of the velocity.
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O-1 Linear Momentum

Change in momentum:
Before 0
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E F = ma
Is only valid for objects that have constant mass. Here is a more general form,
also useful when the mass is changing:

Newton's Second Law

N Ap
2F =3
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9-3 Impulse

—_

Definition of Impulse, |

—

I=F, At
Sl unit: N+s = kg-m/s

Impulse is a vector, in the same direction as the average force.

10/7/2008



O-3 Impulse

—_—
We canrewrite S
Fav

as —

So we see that

Theimpulse is equal to the change in momentuomentuminpulsetheorem)
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O-3 Impulse

Therefore, the same change il
momentum may be produced
by a large force acting for a

short time, or by a smaller forc
acting for a longer time.
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O-4 Conservation of Linear Momentum

The net force acting on an object is the rate of change of its momentum:

. AP
SF=+,
At
If the net force Is zero, the momentum does not
change:

Conservation of Momentum

[f the net force acting on an object is zero, its momentum is conserved; that is,

ﬁf :ﬁi
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O0-4 Conservation of Linear Momentum

Internalforces cannot change the momentum of a system.

Conservation of Momentum for a System of Objects
Internal forces have absolutely no effect on the net momentum of a system.

¢ [f the net external force acting on a system is zero, its net momentum is con-
served. That is,

PLet Pyt pPast - =PLitPitpPait -

However, the momenta of components of the system may change.
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O-4 Conservation of Linear Momentum

An example of internal forces moving components of a system:
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O-5 Inelastic Collisions

Collision: two objects striking one another

Time of collision is short enough that external forces me
be ignored

Inelastic collision: momentum Is conserved but kinetic
energy Is not

Completely inelastic collision: objects stick together
afterwards
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O-5 Inelastic Collisions

A completely inelastic collision:

Before
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O-5 Inelastic Collisions

Solving for the final momentum in terms of the inimbmentaand masses:
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O-5 Inelastic Collisions

Ballistic pendulum: the heighitcan be found using conservation of mechanical energy
after the object is embedded in the block.

®
v=_0
. o 20
———- - /// h
m-—-- M -—————————————- M+m==——————- 1
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O-5 Inelastic Collisions

For collisions in two dimensions, conservation of momentum is applied separately alor
each axis:
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