PHYSICS 100 
MOMENTUM,  IMPULSE,  COLLISIONS,  and  ROCKETS

The quantity of motion is called the linear momentum and is equal to the product of mass times velocity.

(1) p = mv

Newton’s second law for the quantity of motion states that a net external force causes the momentum to change over time.

(2) F = 
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p / t

A net force that acts on a system for a finite amount of time is called an impulse.  The effect of this impulse is to change the momentum of the system.

(3) I = Ft = 
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p = p - p
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During a collision between two or more objects, large forces can act for small time periods.  By Newton’s third law, the force that object 1 exerts on object 2 is equal and opposite to the force that object 2 exerts on object 1.  Thus, the impulse received by object 2 is equal and opposite to the impulse received by object 1.  The change of momentum experienced by the two objects are equal and opposite.  The total change in momentum for our two- object system, due to the collision, will be zero.  The collision forces conserve the system’s momentum. 
The linear momentum of the system will be conserved when comparing the momentum immediately before and after the collision if there isn’t net external force acting on the system.  Two objects moving horizontally on a level rough table will not conserve momentum when they collide because of the force of kinetic friction.  If the initial momentum was large and the collision lasted a microsecond or some other small time interval, then the linear momentum would be approximately conserved as measured immediately before and after the collision.  Linear momentum is seldom 100% conserved in real collisions, but for large initial momentums and very small interaction times, it can be approximately conserved.

Collisions can be characterized by the external kinetic energy lost or gained, resulting from the collision.  Collisions can also be characterized by the coefficient of restitution (CR) which describes how elastic or explosive the collision is.  The CR is the ratio of the relative speed of separation to the relative speed of approach for the collision.  An elastic collision has a CR of 1 and no change in kinetic energy.  An inelastic collision has 0 < CR < 1 and the kinetic energy of the system after the collision is less than the kinetic energy before the collision.  A totally inelastic collision is when the objects stick together after the collision.  The totally inelastic collision has a CR of zero and the final kinetic energy is less than the initial kinetic energy.  An explosive collision has a CR >1 and the post collision kinetic energy is greater than the initial kinetic energy.  The list below summarizes the 4 types of collisions.

ELASTIC


CR =1 





[image: image4.wmf]D

k = 0

INELASTIC


0 < CR < 1
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k < 0

TOTALLY INELASTIC
CR = 0
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k < 0

EXPLOSIVE


CR > 1
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k > 0

A rocket can accelerate a system without an external force being present.  Newton’s second law of motion for momentum allows for the possibility of the mass changing over time.

(4) F = 
[image: image8.wmf]D

 p / t = m(
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v/ t) + v(
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m/t)

The mass, 
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m, leaves or enters the system at a velocity, v.   For a rocket, that velocity is called the exhaust velocity.

The second term in equation (4) is called the thrust.

(5) Thrust = v
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m/t)

The impulse of the rocket is:

      (6)   I
[image: image14.wmf]rocket

 = v
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m)
= 
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