Collisions and Momentum Conservation

Purpose: To investigate the conservation of linear momentum and energy in one dimensional collisions.

Equipment: Air track, rubber band launcher, two large gliders, one small glider, timer, photogate, balance, and supports for the photogate.

Theory: 

The momentum of a moving body is given by 

 It’s kinetic energy is given by 

 Assuming that there is no loss due to non-conservative forces, the conservation of energy will apply to an isolated system of two bodies undergoing collisions. If  the total kinetic energy is conserved the collision is called elastic. There is also a conservation law for the total momentum of the system when there are no external forces acting on the system. 

In this lab we will be colliding a moving object with one which is at rest. In two cases the collisions will be elastic and both conservation laws will apply, while the last case will involve an inelastic collision. In each of the cases we can determine the final velocities of the objects through a simple application of these principles. In the figures below we display the appropriate equations and provide solutions for the final velocities in terms of the known masses and the initial velocity of mass 1. In all cases mass 2 is assumed to be at rest initially.

Elastic Collision: 
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Conservation of linear momentum: 


Conservation of energy: 


Solutions: 
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Inelastic Collision: 
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Conservation of linear momentum: 


Solution: 



Instructions: 

1.  Weigh all three gliders plus flags and record the results. Measure the width of each flag. 

2.  Place one glider on the air track and level the track using the adjusting screw on the bottom of the track. 

3.  Test the timer by turning it on and interrupting the light beam with your hand. Make sure that the gliders actually turn the time on and off as they pass through. Also, make sure that the bumpers on all of the gliders line up. If not, ask the instructor to adjust it for you.

4.  Place a rubber band on the center post of the launcher. Practice releasing one large glider until you consistently get the same time as the glider goes through the photogate.

For the elastic collisions you will launch the same large glider into the other gliders in several sets of experiments. Since you have one timer, you will first send the glider by itself. You will then collide it with the other large glider, using the same initial speed. Finally you will use this initial speed to collide it with the small glider. 

5.  In the first step you will put the launching mass on the track with the bare spring facing the photogate. Take five readings of the time the glider takes to pass through the photogate.

6.  Place the second large glider on the track just before the photogate with its bare spring facing the launching glider. Make five measurements of the speed of the second glider after the collsion.

7.  Place the small glider on the air track, replacing the second large glider. Again, the spring should face the launching glider. In this run you will need to time both the small glider and the large one coming through shortly afterwards. You need to catch the small glider after it has passed the photogate to prevent it from going back and interfering with the measurements. Make five measurements and record the data in the two tables provided.

8.  In the last run, you will need to collide the two large gliders so that they stick together upon impact.  You will need to launch the first glider to get new initial readings, since the orientation of the glider affects the speed through the photogate. Take five measurements and then do the experiment five times to get the reading for both gliders for the collision. Note that the two gliders will connect and go through the photogate together. Make sure that the flag of the second glider does not go through the photogate.

Data and Anlysis:

Mass of Large Glider #1 __________________ 
Mass of Large Glider #2 __________________

Mass of Small  Glider     __________________ 
Width of Flags                __________________

Run
Glider
Time 1 (s)
Time 2 (s)
Time 3 (s)
Time 4 (s)
Time 5 (s)
Average

Time (s)
Velocity (m/s)

Elastic Large/Large
Init. Large









Final Large








Elastic Large/Small
Final Small









Final Large








Inelastic Large/Large
Init. Large









Final: Both








Experiment #1

Compute Final Velocity of the large glider: 


Velocity __________ Percent Error __________

Experiment #2

Compute Final Velocity of the large glider: 


Velocity __________ Percent Error __________

Compute Final Velocity of the small glider: 


Velocity __________ Percent Error __________

Experiment #3

Compute Final Velocity of the combination: 

Velocity __________ Percent Error __________
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