8. LINEAR AIR TRACK  II

1. Object: 

To study the conservation of momentum of systems during collisions and explosions when no external forces are present.

2. Apparatus: 

Air track, gliders, photo-cell, and timers.

3. Experiment:

When the resultant external force acting on a system is zero, the linear momentum P = mv is a constant of the motion. Thus, on an air track, (negligible friction) any group of gliders can be considered as a system with constant linear momentum as long as none hits the end of the track where an external force does act on the system .

4. Collisions:

        Collisions take place when two masses interact (exert forces on one another) with each other for a relatively short time .If two gliders are considered as a system, the only forces acting on this system during a collision are internal forces .The external forces are zero. Momentum is therefore conserved during the collision. If in addition the kinetic energy is conserved , the collision is called elastic.If the kinetic energy is not conserved during the collision , the collision is called inelastic. 

           The forces with which the gliders interact are conservative in the first case and non-conservative in the second. In the following experiments you will perform collisions with one of the gliders (target) at rest .If  i and f denote the initial and final velocities and 1 and 2 denote the incident and target glider respectively , then from conservation of momentum one has:

                       


 m1V1i  = m1V1f  + m2V2f



(1)

If the collision is elastic, conservation of energy lead to:
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(2)

Eqs. (1) and (2) can be solved for V1f and V2f to obtain:
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(3)

If the collision is completely inelastic and the two gliders stick together. The maximum possible kinetic energy is lost and eq. (1) becomes:

m1V1i = (m1 + m2)Vf 




(4)

Where Vf is the velocity of the two gliders that are now moving together .

A. Elastic collisions:

1. Level the track.

2. Fit two gliders with magnets so that the magnets repel each other (magnetic forces are conservative ). The magnets should be fixed securely. Make sure that the magnets are at the same height .If the magnets or the gliders move vertically some energy will be lost and the collision is no longer elastic.

3. You will first perform elastic collisions with gliders of equal masses. However, two gliders that look identical do not necessarily have equal masses .The masses can be made equal by taping weights to the lighter glider. Thus, start by making the masses of your apparently identical gliders equal. 
4. Measure the speed of the incident glider V1i by launching the glider a number of times and measuring the time T it takes to travel its length L .

5. Place the target glider between two photo-cells and make sure it is at rest.
6. Launch the incident glider and measure the final velocities of both gliders. Do not choose V1i too large. If the gliders touch, some energy will be lost and the collision is no longer elastic.

7. Repeat a number of times and compare your results with those of Eq. (3).

8. Repeat steps 4 through 6 using a glider of different mass for the target glider.

9. Measure the masses of both gliders and compare your results with those of Eq.(3).

B. Inelastic Collision:

1. Fit two gliders with “velcro” tape so that they stick together when they collide.
2. Launch one glider and measure the velocity of the stuck gliders.
3. Compare your results with Eq. (4)
C. Explosions:

An explosion takes place when some internal energy of a system is released so that parts of it fly away. Our explosion will be mild but it has all the features of a real one.

1. Mount magnets on two gliders so that they repel each other.

2. Place the gliders on the track with the air flow turned off.

3. Tie the gliders together with a thread .

4. Turn the on and make sure that the velocity is zero(P=0).

5. The explosion is initiated by burning the thread.

6. Measure the final velocities of both gliders and calculate the final momentum and kinetic energies. Is momentum conserved?

7. The magnetic forces are conservative (there exists a potential energy function). The final kinetic energy of the system is energy which was stored as magnetic potential energy. Repeat the explosion with different magnet separation d . Plot the total kinetic energy (magnetic potential energy) of the system against d.
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