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MomentumMomentum
““The Big MoThe Big Mo”” Momentum

� Which would be harder to stop? …a large 
truck or a roller skate…why?

Momentum

� “momentum” is often used in everyday speech…
on the move and going to be hard to stop
� a winning sports team has the “momentum”
� a politician winning in the opinion polls has the 

“momentum.”

Momentum

� In physics, it has a very special meaning
� Newton said… “quantity of motion”
� It’s not just mass or inertia, but it is

“mass in motion”

� Momentum (p) = mass (m) x velocity (v)
p = m v

� Units:    kg m/s
� It is a vector quantity that has the same direction

as the velocity of the object.

Momentum

� If velocity is constant, then…
� momentum is constant. 
� acceleration = 0
� there is no NET-FORCE acting on the object

� If you want to change the momentum or velocity
of an object, then…
� a NET-FORCE has to be applied over a time interval 
� This is known as an IMPULSE ( F DDDDt )

� Units:    N s  = kg m/s

Momentum

� Which would be harder to stop? …a large 
truck or a roller skate…why?

� Common sense…right?  
� you have to “decelerate” it and that will take a 

lot of force…why?
� because it has a lot of mass…
� and Newton’s second law

F = m a
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Impulse-Momentum Theorem
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Impulse = change in momentum

DDDD

DDDD

Small FORCE if TIME interval is long!

Large FORCE if TIME interval is short!

Impulse = change in momentum Impulse = change in momentum

Impulse = change in momentum

� A force applied over a longer 
time interval results in a 
smaller, “survivable” force

Impulse = change in momentum
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� Sling-shot…pull way back for two reasons
� larger force, longer time � larger � mv
� F� t = � mv

� Cannons have long barrels …why?

Impulse = change in momentum
Two-Particle Collisions

Click image to view the movie.

Conservation of Momentum

Conservation of Momentum

� Net impulse = 0
� Net change in momentum = 0
� Momentum before = Momentum after

mAvA + mBvB = mAv�A + mBv�B

Conservation of Momentum

Conservation of Momentum

� The momentum of any closed, isolated
system does not change; it is conserved

� closed: no objects leave or enter

� isolated: not acted on by external (outside) 
forces, such as friction 

Conservation of Momentum

� No system on Earth can be said to be 
absolutely isolated, 
� there will always be some interactions 

between a system and its surroundings. 

� Often, these interactions are small enough
to be ignored when solving physics 
problems.
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Elastic Collisions

� A collision in which objects collide and bounce
apart without lasting deformation or generation 
of heat

� Momentum before = Momentum after
mAvA + mBvB = mAv�A + mBv�B

Elastic Collisions

� Collisions are governed by Newton’s laws
� 3rd law : forces of collision are equal in 

magnitude and opposite in direction

� 2nd law : acceleration is dependent on 
both force and mass

mAvA + mBvB = mAv�A + mBv�B
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Inelastic Collisions

� objects collide and stick together
� Momentum before = Momentum after

mAvA + mBvB = (mA+mB) v�


