COLLISIONS AND IMPULSES

A linear impulse (I) is the result of a time- dependent force that acts for a finite time on a system and produces a finite change in the linear momentum of that system. 
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The concept of a linear impulse is useful when dealing with collisions.  Collisions usually involve substantial contact forces that last for a small or a finite amount of time.  The contact force starts from a value of zero and returns to zero at the end of the collision.  During the time of contact, the force’s magnitude may vary in a non-uniform or a non-predictable manner.  As a practical matter, we are usually concerned with the effect of the collision on the momentum or energy of the interacting system and not in the details of 
F (t).  If we know the interaction time, we can calculate the average force that the impulse produced.
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By applying Newton’s third law to impulses and collisions, the impulse that object one applies to object two is equal and opposite to the impulse object two applies to object one.  The linear momentum of the system (objects one and two) will not be affected by the collision.  If we treat the two objects as a system for the time that they are experiencing non-zero contact forces, then the linear momentum of this system will not be affected by the colliding forces because they are inside the system.

The linear momentum of the system will be conserved when comparing the momentum immediately before and after the collision if there isn’t a net external impulse 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, 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 has the objects sticking 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.
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TOTALLY INELASTIC
CR = 0
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For a rotating system, an angular impulse (H) is produced by a time- dependent torque that acts for a finite amount of time and produces a finite change in the angular momentum.  
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If we know the interaction time, we can calculate the average torque the angular impulse produces.
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Applying the same reasoning used for linear momentum, we find that angular momentum of a system is conserved during a collision if the net external angular impulse acting on the system is zero.
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