
conservation of linear momentum 
Objective

To measure momentum before and after collisions as a way of investigating momentum conservation.

Equipment

Balance, air track w/ blower, 2 – gliders w/ bumpers, 4 – glider masses, additional small masses, 2 – photogates, 2 – small plastic fence, Computer 2/ DataStudio, photogate port, USB link.

Introduction

This time we will return to the photogates to measure the velocity of the air-track gliders. Doing so will give us better synchronization than we get with the Motion Probes. Again we use the picket fence to chop the light signal from the gate.

When two objects (such as two air carts) collide elastically, we expect momentum to be conserved. We can express this idea mathematically by setting the momentum before the collision equal to the momentum after the collision:

total momentum before = total momentum after
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Procedure

1. Measure and record the masses of each glider and of the supplied mass cylinders.  If the masses are slightly different (less than 5 grams) do not worry about it.  If, however, the masses are greater than 5 grams different add mass to the lighter glider until the two are nearly equal.

2. Measure and record the spacing (in meters) of the most closely space bands on the picket fence.  Remember, you need the leading-edge to leading-edge distance.

3. Place one glider on the track and switch on the air.  If the track is level the glider should sit (nearly) still.  If needed, use pieces of paper as shims to level the track.  Turn off the air when you are satisified.

4. Start up DataStudio.  Like in the free-fall lab, we want to use the photogate and picket fence option.   This time, though, we have two photogates.  You will have to verify the band spacing for both gates, so do not be surprised when you are asked to do so.  When all is set to go, DataStudio should show position-, velocity-, and acceleration- versus time plots.

5. Place the photogates about 30-40 cm apart centered on the center of the track.  The height of the gates should be such that the most closely spaced bands of the picket fence breaks the infrared beam when the fence in on the glider.  A red light on the photogate is on when the beam is broken.

A note about the rest of the lab: You will be pushing one glider so that it collides with the other glider at rest.  We will refer to the gliders as "incident glider" or "incident" for the glider you push, and "target glider" or "target" for the other glider.

Equal Mass Gliders
6. Place one glider in the center of the track (target) and the other glider near one end (incident).  Make sure the rubber-band bumper of one cart meets with the knife edge of the other. 
7. Turn on the air and give the incident glider a gentle push toward the target.  Record qualitative observations.

8.  Reset the gliders.  Click Start in DataStudio and gently push the incident glider into the target.  When both gliders have passed through all photogates they can, stop recording data.

9. Determine the velocities of both gliders before and after the collision.  You can use the position vs time graph and highlight portions of the data to separate the gliders.

10. Repeat this collision four more times, recording velocities of both gliders after each collision.

Incident Mass Greater Than Target Mass
11. Reset the gliders so that the target is in the center of the track and the incident is at one end.  Place the four mass cylinders on the incident glider.  Record the total mass of the incident glider and the mass of the target glider.  Turn on the air and gently push the incident into the target.  Record qualitative observations.

12. Repeat steps 8-10 for this configuration, recording velocities at each point.

Target Mass Greater Than Incidnet
13. Reset the system with the target in the middle of the track and the incident at one end.  Move the mass cylinders to the target glider.  Record the total mass of the target glider and the mass of the incident.  Turn on the air and gently send the incident glider into the target.  Record qualitative observations.

14. Repeat steps 8-10 for this configuration, recording velocities at each point.

Error Analysis
15. With only one glider on the track, turn on the air and start DataStudio.  Give the glider a gentle push similar to those you used during the experiment.  Let the glider pass through both gates, then stop DataStudio.  Measure the speed at each gate and find the percent difference using
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Here, v1, and v2 refer to the speeds at each gate.  You can take this value as the percent uncertainty in your speed measurements.  This uncertainty will propagate to the momentum as follows:
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We can proceed in one of two ways from here.

Case 1
16. For each collision, calculate the momenta of the gliders before and after the collision.  Then, using the percent uncertainty above, determine the uncertainty in the momentum for each glider.

17. Calculate the total momentum before the collision and the total momentum after the collision, taking into account the uncertainties.  If the momentum before equals the momentum after for each collision within uncertainty you can claim momentum is conserved.

Case 2
16. Based on the conservation of momentum, we can show that
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Here, t stands for target, i stands for incident, 1 means before the collision, and 2 means after the collision (m and v stand for mass and velocity respectively).  Notice this is a vector equation.

For a given configuration, the ratio of the masses is constant.  Thus, the ratio of the velocities shown should be constant.

17. For each collision calculate the ratio of velocities given above.  Within a configuration (equal mass, target heavier, incident heavier) average the ratios, and compare with the ratio of masses for that configuration.  Do the ratios agree within three times the percent uncertainty in the velocities?  If so, you can claim momentum is conserved.

Graphs and Diagrams

1. Include a schematic of the set up used in each configuration.

Questions and Calculations
1. State which error analysis case you used, and show the calculations for one configuration.

2. Was momentum conserved in this experiment?  If not, what could account for the lost or gained momentum?

3. Which of Newton's Laws is most closely associated with momentum conservation?

4. Why are you not allowed to average all of your initial momenta and all of your final momenta for a configuration and compare these numbers?  (The answer to this question accounts for the lengthy, but relatively simple, error analysis.)
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