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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:
e. Momentum is a separately conserved quantity, different from energy.

Momentum and energy are both conserved quantities, meaning that they can be neither created nor destroyed.  These conservation properties are not always obvious and the fact that momentum and energy are different and are conserved separately needs to be stressed. Emphasize that it takes force times time to change momentum and that force acting through a distance changes energy. Another difference is that momentum is a vector and energy is a scalar.  The following familiar situation can be discussed to help get an intuitive feel about the transfer of momentum and energy:
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A car racing down the road at a high speed slams on its breaks and comes to a stop.  What happened to the car’s kinetic energy?  What happened to the car’s momentum?

This straightforward question can begin a discussion of how energy can change form yet still be conserved and how momentum can be transferred to the earth and still be conserved.  Students can be helped to understand where the energy went if they are asked what do they think they would feel if they jumped out of the car and felt the breaks.  The momentum transfer to the earth may be harder to appreciate but suggest what might have happened if the car had been racing on a huge skateboard.

Newton’s cradle or the “click clack device”.
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An interesting demonstration is to use a small rubber band and hold two balls together on the right side and only lift one ball on the left side.  It is easy to hear the rapid clacking of the two balls as they use a different method to get rid of the extra kinetic energy.  






Be sure to set this device at a place where students can easily play with it.  This play will teach them much.
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This device can be purchased at novelty stores as well as scientific equipment supply houses.  It is a wonderful demonstration of the conservation of momentum and kinetic energy.  After you experiment with lifting and releasing a given number of balls and observing the same number rise on the opposite side, drop one from one side and two from the other and observe the result.  Lift one high and one low on the opposite side and observe the result.





After demonstrating how the device always mirrors the initial conditions on the other side ask why, when you lift one on the left side, two never come out the right side at half the speed?  This surely would conserve momentum.  Hopefully the realization that this would not conserve kinetic energy will be discovered.
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If one comes in at v, you will never see two go out at v/2.
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Force two balls to stay together on the right side with a tight rubber band.





Also show that if you start with say two balls on the left side drop it on to the main collection and then let the action continue without interaction for a long time, all the balls will be swinging together with a fraction of the motion of the original two balls.  Momentum has been conserved but kinetic energy has been converted to heat and sound.
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After some time, all the balls will be moving at reduced speed.





However, if you lift the balls equally from each side making the original vector sum of momentum zero, when the full collection of balls finally come together, there will be no motion.  Demonstrating that momentum is conserved as a vector.
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Equal launch from both sides leads to no final motion.









