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Momentum

OBJECTIVES:

1. Define linear momentum and impulse.

2. State the law of conservation of linear momentum.

3. Derive the law of conservation of momentum for an isolated system consisting of two interacting particles.

4. Solve problems involving momentum and impulse.

A moving object has a property called momentum that is related to how much force is needed to change its motion.  Momentum depends on an object’s mass and velocity.  

The momentum p of a body of constant mass m moving with velocity v is, by definition is mv.
Momentum = mass x velocity 
p = mv

· It is a vector quantity 
· Its units are kg m s-1 or Ns 
· It is the property of a moving body

Suppose both trucks have the same speed. Truck [image: image1.png]


has more momentum than the smaller truck [image: image2.png]


because the larger truck has more mass. Under what conditions would the smaller truck have a momentum greater than the big truck?

From Newton’s second law:
F = ma

F = m (v – u / t)




F = mv – mu,    F =p


   

 t
         t 
Ft = mv – mu 

This quantity Ft is called the impulse of the force on the body and it is equal to the change in momentum of a body. 
· It is a vector quantity 
· Its units are kg ms-1 or Ns
The Law of Conservation of Momentum:

When bodies in a system interact the total momentum remains constant provided no external force acts on the system.
The momentum of an object does not change unless it’s mass, velocity, or both changes.  However, momentum can be transferred from one object to another.  If a group of objects exerts forces only on each other, their total momentum does not change.  Ex.  In pool, you “break” with the cue ball.  You give the cue ball a force, which is then transferred to the other balls to make them move, while the cue ball itself comes to a stop.  The initial momentum equals the final momentum.  The total momentum of all the balls just before and after the collisions would be the same.  Momentum is transferred in collisions. 
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At the start, the cue ball has all the momentum. The other balls have no momentum because they are not moving.
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When the cue ball strikes the other balls, it transfers some of its momentum to them.
To derive this law we apply Newton’s 2nd law to each body and Newton’s 3rd law to the system (the law is derived by applying Newton’s second law to each particle and Newton’s third law to the system):
Imagine 2 bodies A and B interacting.
If A has a mass of mA and B has a mass mB. If A has a velocity change of uA to vA and B has a velocity change of uB to vB during the time of the interaction t 
Then the force on A, given by Newton’s 2nd law, is, 
FA = mA vA – mA uA 


      t 
And the force on B is, 

FB = mB vB – mB uB 


                  t
But Newton’s 3rd law says that these 2 forces are equal and opposite in direction

Therefore,







mA vA – mA uA = - (mB vB – mB uB)


          t

               t
Therefore,

mA vA – mA uA = mB uB – mB vB







Rearranging,


mA vA + mB vB
= mA uA + mB uB





Total Momentum after = Total Momentum before
Momentum

