Chapter V.

                                 MOMENTUM

Definition of linear momentum

The linear momentum is characterizing the effort required to stop the object.

· both mass and velocity is important!

linear momentum defined as:
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(the “linear” word distinguish this from another kind of momentum…, unless there is a possibility of confusion this adjective will be omitted)
· vector quantity( direction the same as for the velocity vector

· units in SI( 1 kg.m/s
· momentum is an additive quantity: 

   the net momentum of a system is the sum of the 

   momentum vectors of it’s constituents:


[image: image2.wmf]n

p

p

p

p

r

r

r

r

+

+

+

=

....

2

1

 

Changing an Object’s Momentum

What is the relation between the applied force and change in the momentum?

- We can answer it by rewriting Newton’s second law
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if m is constant( 
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· the rate of change for the momentum gives the net force acting on the system

· equation (2) is more general than equation (1)

(it can be applied also when the mass changes!)

-  for constant mass gives Newton’s second law

· (2) can be applied on both the whole system or on 

   it’s constituents   
Impulse ( 
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The change in the momentum equals the net impulse acting on the system.

· The same impulse can be achieved with forces of different strength

· For the same impulse you undergo the same change in momentum

· the same change in momentum can be achieved with different forces acting different time intervals

(many applications: bumpers, air bags, falling on air bags, shock absorber packing etc….)
Conservation of linear momentum

· internal and external forces

if we have a system composed of many particles the forces acting between the particles are internal ones.

From Newton’s third law( the vector sum of internal forces = 0

Forces acting from objects that are outside from the system are external ones.

In order to know if a force is external or internal one we must clearly define what is the system!

· The net impulse of internal forces is zero (The net force of internal forces is zero)(
    Internal forces cannot change the total linear 

    momentum of the system.

· External forces can change the total linear 

    momentum of a system.
the law of conservation of linear momentum:


-  Examples: man on a skateboard, recoil of a rifle ….

   Applications for the conservation of linear momentum

I. Calculate the recoil of a rifle:

The system is rifle (mass M) + bullet (mass m). 

During the fire only internal forces between the bullet and rifle( Linear momentum has to conserve.

Initial momentum of the total system (riffle + bullet) 
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From conservation ( final momentum of the system 
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Let 
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be the final velocity of the bullet
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be the final velocity of the rifle (recoil velocity)
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1. the velocity of the rifle should be inversely oriented relative to the velocity of the bullet

2. 
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II. Collisions

· during collisions there are only internal forces acting between the two particles ( the total momentum of the system is conserved: 
[image: image17.wmf]i

f

p

p

r

r

=


· momentum is conserved independently from the nature 

    of the collision (elastic, inelastic, etc…)

a. collision with standing objects
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all vectors are in the direction of the motion 

(we can work with scalars)
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since all velocities are in the same direction we can write up a scalar equation:

mv=mu +MU

b. collision with a moving object:
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since all velocities are in one direction we can work with scalars
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since all velocities are in the same direction we can write up a scalar equation:

mv+MV=mu +MU

Home-work assignments:

123/3-4; 123/7-9; 123/12; 123/14; 123/19; 123/21;

124/25;  124/27-30; 127/1; 127/4; 127/7; 127/9; 

127/13-17;

The total linear momentum of a system does not change if there are no net external forces acting on it
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