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I.  Problem:  Conservation of Momentum and Kinetic Energy in Perfectly Elastic Collisions

A hockey puck with mass m slides frictionless on ice at speed +v and “squarely” hits another puck with mass m going in the opposite direction with speed -2v.  If the collision is perfectly elastic, what are the speeds and directions of both pucks after the collision?
II.  Solution:   Both kinetic energy (K) and momentum (ρ) are conserved in a perfectly elastic collision.  

ρb =  ρa


m1v1i  +  m2v2i  =  m1v1f  +  m2v2f


Eq 1

Kb  =  Ka

½m1v1i2  +  ½m2v2i2   =   ½m1v1f2  +  ½m2v2f2

Eq 2
Now, cancel out ½ in the energy equation and rearrange the expressions for mass as follows:
ρb =  ρa


m1 (v1i - v1f)    =    m2 (v2f - v2i)



Eq 3

Kb  =  Ka

m1 (v1i2 - v1f2)    =    m2 (v2f2 - v2i2)


Eq 4

The energy equation can be factored as follows:

m1 (v1i + v1f) (v1i - v1f)  =   m2 (v2f + v2i) (v2f - v2i)

Eq 5

Divide Eq 5 by Eq 3 to get the following:

v1i  +  v1f   =   v2f  +  v2i
and thus  


v1i - v2i  =  - (v1f - v2f)

Note that the relative velocities before the collision equal the negative value of the relative velocities after the collision.  

Now, back to the hockey pucks.  Since the relative velocity of the two pucks is reversed in direction but with the same magnitude, the puck with the initial speed of +v now travels with a velocity of -2v and the other puck of initial speed -2v now travels with a speed of +v.

