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2. The laws of conservation of energy and momentum provide a way to predict and describe the movement of objects.       As a basis for understanding this concept:

g. Students know how to solve problems involving elastic and inelastic collisions in one dimension using the principles of conservation of momentum and energy.

Momentum-Energy Demonstration Carts and Track.

Explaining the basics of momentum and energy conservation during elastic and inelastic collisions can be much enhanced with two carts on a low friction track.  The carts can be fitted with repelling magnets on one end and Velcro on the other to help with the demonstrations. Pasco sells excellent examples of tracks and carts for this purpose but they are not cheap.  Cynmar has several carts that could be modified for this purpose such as their “General Purpose Cart” (095 1851) but it would still require constructing a track.  Pitsco sells wheels at a very reasonable price but this would require construction of both the carts and the track.  However, the educational value of having a track with two carts that can be weighted differently and that can be made to interact elastically or inelastically is so valuable, every effort should be made to obtain such equipment.  The essential specification for this equipment is that the two carts should have low friction wheels, they should be able to be weighted differently, they should have elastic and inelastic “bumpers” and they should be confined to move in one direction with a linear track.  It is useful if the track can be easily elevated and leveled so the entire class can see it.

Explosions and rocket basics.
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Since the magnitude of the impulse on each cart is the same, they will each receive the same momentum in opposite directions and will move at the same speed.  Now repeat this “explosion” only with one of the carts weighted.  This time the impulse will still be the same on each cart hence the change in momentum will be the same but the speeds of each will be different, in inverse proportion to the masses.


Elastic Collisions.

It is important to stress that in elastic collisions, kinetic energy as well as momentum is conserved.  The forces that act between the colliding bodies are conservative and will return all of the energy that was temporarily stored when the bodies were at their closest distance separation. (Another way of saying a spring or magnet interaction is “perfectly elastic” is to say the force depends only upon separation.  Springs are elastic since their restoring force depends only on the distance they are compressed or stretched.  Balls of putty exert one force when they are compressed but do not return this force and do not elastically expand again.) Students might appreciate the following argument involving work to show that the kinetic energy that is temporarily stored as potential energy when the objects are at minimum separation will all be returned if the bumpers are perfectly elastic.


Momentum is always conserved since the force and time are the same no matter how far each object moves during the interaction.  The elastic collision transfers both momentum and kinetic energy.  The inelastic collision also observes momentum conservation but not kinetic energy conservation.  It is also interesting to note that during the heart of the elastic collision, even kinetic energy is not conserved since some energy is temporarily stored in the spring as potential energy.

Solving elastic and inelastic collision problems. 
Solving inelastic collision problems in one dimension is fairly straightforward since the two objects stick together after the collision, therefore move at the same velocity.  A simple example would be:  

Find the final velocity if a mass m1 moving at velocity v1 collides inelastically with a mass m2 moving at velocity v2.  Since they stick together, we apply momentum conservation:

m1v1  +  m2v2 = (m1 + m2) v’       and solving for v’ is simple algebra. 

However, if the same problem is said to be a perfectly elastic collision, the masses will be moving at different velocities after the collision and will involve solving two equations in two unknowns.  Although this is not impossible, it will involve a little messy algebra.  We will do this solution here because the final result is interesting and useful.  Again, mass m1  moving at velocity v1  collides with mass m2 moving at velocity v2 and the collision is perfectly elastic.  The problem is to find the final velocity v1’ of mass m1 and the velocity v2’ of mass m2 after the collision.

From KE conservation:   1/2m1(v1)2  +  1/2m2(v2)2  = 1/2m1(v1’)2  +  1/2m2(v2’)2     Eq. (1)  

and from momentum conservation    m1v1  +  m2v2  =  m1v1’  +  m2v2’

Eq. (2)

Rearrange equation (1) so all terms in m1 are on one side of the equation and m2 on the other:

1/2m1(v1)2  -  1/2m1(v1’)2  =  1/2m2(v2’)2  -  1/2m2(v2)2  

Dividing both sides by ½ and factoring m1 and m2 :      m1[v12 – (v1’)2]  =  m2[(v2’)2 – v22]

From the difference of two squares:  m1 (v1 + v1’)(v1 – v1’)  =  m2(v2’ + v2)(v2’ – v2)    Eq. (3)

Rearranging Eq. (2)   m1v1 – m1v1’  =  m2v2’  -  m2v2   or:  m1(v1 – v1’)  =  m2(v2’  - v2)  Eq. (4)

Dividing equation (3) by equation (4) yields:  v1 + v1’  =  v2’ + v2

Rearranging this equation gives an interesting result:                                                      Eq. (5)

This is not yet the solution to the problem but it says something very important.  This equation says the relative velocity before the collision equals minus the relative velocity after the collision.  This is always true in all perfectly elastic collisions.  If the baseball is perfectly elastic, the velocity the ball and bat approach one another before collision will always equal the velocity of separation after the collision.  A “super” ball should bounce up with the same speed it had just before striking the floor.  This equation also makes it easy to solve the original problem.  Now with equation (2) and equation (5) we have two simple linear equations that can be easily solved simultaneously for  v1’  and v2’

Perfectly elastic problem can be a mess to solve using simultaneous solutions of kinetic energy and momentum equations but the result that the velocity of approach before the collision must equal the velocity of separation after the collision can make these problems much easier to solve.

Using two carts of the same mass with magnets repelling, press the carts together and release them at the same time.  Discuss how the repulsive forces must be equal (Newton’s 3rd Law) and the times the carts act on each cart must be equal, hence each must receive the same impulse in opposite directions. 





�





      		F∆t  =  - F∆t





�





A very interesting demonstration can be performed with this apparatus by carefully balancing the carts and track on a fulcrum before the explosion and then releasing the carts.  If carefully done, they will remain balanced for a short while showing that the center of mass is unchanged—an important concept when discussing rocket propulsion.
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Distance M1 moves during interaction


























Distance M2moves during interaction














Force no longer acts.





The important point to realize is that if the spring is perfectly elastic, the force applied on M1 while it slows down will always be equal and opposite to the force that speeds up M2 for the entire distance of the complete interaction.  Since force and distance represent work, the work “done” in slowing M1 exactly equals the work done in speeding up M2.  The kinetic energy lost by M1 is transferred to M2.  If, on the other hand, the spring had been inelastic (say a coil of soft solder) it would not have returned the energy after compression and more energy would have been lost by M1 than would have been gained by M2.





   v1 – v2 = v2’ – v1’








