Constructing a set of Momentum and Energy demonstration carts. 

Often great simple demonstrations of the basics of momentum and energy conservation in collisions can be quickly and effectively demonstrated without the use of an elaborate air track or other expensive equipment.  Even if there is friction and the results are not perfect, the fact that the essential idea behind the different collisions can be quickly demonstrated in front of the class will help to make these ideas much more understandable.   These carts are discussed in the web page www.physics.ucla.edu/HighSchoolPhysics under Standard 2g.
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Shown below are the details of the construction of the carts:
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Suggested materials for the construction of the carts and track:
¾” x 1” Neodymium Cylindrical magnet.  $2.50 each. www.magnet4less.com “Applied Magnets”

Wheels from “Pitsco” best price: package of 100 for $11.00    www.shop-pitsco.com
6D common nails and #4 flat washers can serve to support wheels.  Advise pre drilling nail holes.

1/2” x1/2” x 8’ Aluminum Channel  $9.00   www.mcmaster.com  Cat. #  9001k31

(A smaller and less expensive Polycarbonate Channel is being investigated.  Cat# 1753K63  See note 2 on the next page.)

Cart bodies made from 2x4 lumber and track base from 1x6 lumber.

Hints and suggestions for construction of the cart and track apparatus:

Track suggestions:

1.  If you have access to a table saw with a dado blade, the slots could easily be milled into the track lumber.  Multiple cuts with an ordinary blade can work too, with more effort. 

2.  Lacking this equipment, ½” x ½” aluminum channel can be carefully placed on the track board and cemented in place using silicon or other appropriate adhesive.  Even if you can dado the slot, an insert of aluminum channel might decrease the friction.  Recent work on the track suggests that the polycarbonate channel suggested at the bottom of the previous page is actually better than the aluminum.  Since the polycarbonate is slightly smaller than the aluminum, it clears the wheels better.

3.  A 4’ long track should be sufficient.   If the table on which the demonstration is performed is too low for the entire class to see, arrange to elevate it with ring stands.   However, make sure they are securely attached to the table and that the track is level.

4.  To prevent the carts from falling off the end of the track, attach two small pieces of wood at each end of the track to stop the cart motion.

Cart suggestions:

1.  Build the carts first so that the spacing between the slots in the track can be carefully determined.

2.  The Pitsco wheels work well using 6D common nails for axles.  However, it is strongly suggested that the holes for the nails be carefully drilled in the 2X4 cart body using a drill press.  The holes should be slightly smaller than the diameter of the nails and slightly shorter than the final depth of the nail.  #4 steel washers (stainless steel would be even better) should be placed on either side of the wheel to minimize friction.  The nail should NOT be driven tight to the hub of the wheel.  All nails are scored near the head to insure tight holding in normal usage.  Try to smooth out these scoring lines with a file to reduce the friction they might cause.

3.  The Pitsco wheels will need slight sanding.  There are slight problems with the molding process that leave slight rough spots on the outside of the wheel and on the hole for the axle.

4.  When weights are added to the cart, they should not slide around during collisions (since this will result in a loss of energy).  The cart drawing suggests drilling shallow holes (using a Foristner bit if possible) of a size that will insure a tight fit with your weights.

5.  When you attach Velcro to the backside of the cart, do not use too much.  Inelastic collisions can be insured with even a small amount of Velcro.  Too much can be a pain to separate.  Since the adhesive on the back of Velcro will not last, it is advised that four small nails be used at the corners of the material to insure a long time holding. 

6.  Crashing magnets together when they are opposing one another seems like a bad idea.  I suggest that too much of this could decrease the strength of the magnets.  One way to prevent direct magnet-to-magnet collisions (believe me, students will try this) would be to sink the magnets slightly below the front surface of the cart.

Using the carts and track for quick demonstrations.
Simple inelastic collisions:
Inelastic collisions problems are the easiest to solve and either before or after solving a particular problem, the carts can be used to show that the general solution makes sense.  It can be quickly demonstrated that when one cart moving collides with an equal mass cart at rest, the two move off together at half the original speed.  This is a good time to point out that although this conserves momentum, kinetic energy is “lost”.  A simple computation of momentum and KE before and after the collision will illustrate this.

Elastic collisions:
Students are delighted to see the momentum transfer through the repelling magnetic interaction without any actual contact.  This might be a good time to discuss that due to the electrostatic repulsion between all objects, even when contact seems to be taking place, there is always some space between the interacting objects.  (This is discussed in www.physics.ucla.edu/HighSchoolPhysics under Standard 5e at the bottom of the first page.)

If you begin the demonstrations with a moving cart colliding with a stationary cart of the same mass, it is easy to see that the momentum is “magically” transferred from one to the other.  However, a careful examination of the initially moving cart after the collision will show that it always bounces back a little.  This is true no matter, which cart is initially in motion.  Ask the class if they can explain why this always happens.  (Since the track is not frictionless, no matter which direction is the carts initial motion, during the collision some of the momentum must be transferred to the earth and causes the initially moving cart to account for this.

When a lighter cart collides with a more massive cart, the lighter cart will always bounce backward.

When a heavier cart collides with a less massive cart, the heavier cart will continue in its original motion and the lighter cart will bounce away with a much greater speed that the larger cart originally had.

Show that in elastic collisions momentum as well as kinetic energy is conserved.  (This is discussed in detail in www.physics.ucla.edu/HighSchoolPhysics under Standard 2g.)

Explosions:
Simple demonstrations can be done with the carts and track to show that in an “explosion” the center of mass of the system continues moving at the same velocity before, during and after the collision.  Demonstrate by balancing the track and two carts on a fulcrum while you hold them close together.  If you carefully release both carts at the same time, the track will stay in balance.


This will take some practice and you must release the carts as the same time.  Also, if the fulcrum is slightly flat on top, you will have better success.  Unequal friction will almost always result in a tip in one direction or the other but the basic concept can be demonstrated with some success.

This demonstration can lead to the interesting discussion that a rocket in outer space will have the center of mass of the rocket body and fuel still retain the same velocity even after the blast.
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Shown on the right is the essential idea behind the carts and track.  The track could be about 4 ft long and the two slots in the track would be spaced to exactly equal the spacing of the wheels on the cart.  Two strong magnets are placed in the holes on the front of the carts and are set to repel one another.  The slots in the track could have aluminum ½ x ½ inch channel to slightly decrease the force of friction.  The purpose of the slots in the track is to hold the carts in a straight line during collisions and explosions.
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The circles shown in the top view are suggested shallow holes to hold weights to be placed on the carts.  The weights should fit snugly in these holes to prevent slipping and energy loss during collisions.  A strong cylindrical magnet is inserted into the hole in the front and a small section of Velcro  (mating pairs) will be attached to the back of the chart. 
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Do this first with two equal carts and then follow up with carts of different mass.  Make sure you are balanced before release.








