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Momentum, Energy and Collisions


Momentum, Energy and Collisions

The collision of two carts on a track can be described in terms of momentum conservation and, in some cases, energy conservation. If there is no net external force experienced by the system of two carts, then we expect the total momentum of the system to be conserved. This is true regardless of the force acting between the carts. In contrast, energy is only conserved when certain types of forces are exerted between the carts.

Collisions are classified as elastic (kinetic energy is conserved), inelastic (kinetic energy is lost) or completely inelastic (the objects stick together after collision). Sometimes collisions are described as super-elastic, if kinetic energy is gained. In this experiment you can observe most of these types of collisions and test for the conservation of momentum and energy in each case.

objectives

· Observe collisions between two carts, testing for the conservation of momentum.

· Measure energy changes during different types of collisions.

· Classify collisions as elastic, inelastic, or completely inelastic.

Materials

	computers
	cart collisions movie clip

	Logger Pro
	


Preliminary questions

1.
Consider a head-on collision between two billiard balls. One is initially at rest and the other moves toward it. Sketch a position vs. time graph for each ball, starting with time before the collision and ending a short time afterward. 

2.
As you have drawn the graph, is momentum conserved in this collision? Is kinetic energy conserved? 

Procedure

 Elastic collisions

1. Open Logger Pro program.  Click Insert->Movie and find a directory Elastic collisions in Movies folder .

2. Open movie clip “Elastic collision 1.mov”.  Enlarge movie window.

3. Record the masses of your carts.  

4. Click “Enable video analysis” button in the bottom right corner of the window.  Click “Set scale” button (fourth from the top on the right).  Define the scale unit.

5. Click “Set origin” button (right above the previous one).  Define the initial position of the left cart as the origin.

6. Click “Add point” button (right above the previous one).  Click at the position of the left cart.  Movie advances to the next frame.  Keep clicking at the position of the left cart until the end of the movie.  Minimaze movie window.  You will see a graph of x-coordinate vs. time for the left cart.  A table on the right side of the screen shows time, x- and y-coordinates, and x- andy-components of velocities of the left cart.

7.  Open movie clip “Elastic collision 1.mov” the second time.  Enlarge movie window.

8. Repeat steps 14 and 15.  Then repeat step 16 for the right cart.

9. Copy your table to MS Excel file (you will need only x-coordinates and components for your analysis).  Name and save your Excel file.

10. Copy your graphs to MS Word document (don’t forget to keep them in a right order). Name and save your file.

11. Close Logger Pro.  Do not save it.

12. Reopen Logger Pro.  Repeat steps 12-21 for files “Elastic collision 2.mov” and “Elastic collision 3.mov”.  Copy your tables and graphs to the same files as in steps 19-20.

Analysis

1.
Determine the momentum (mv) of each cart before the collision, after the collision, and the total momentum before and after the collision. Calculate the ratio of the total momentum after the collision to the total momentum before the collision. Enter the values in your data table.

2.
Determine the kinetic energy (½ mv2) for each cart before and after the collision. Calculate the ratio of the total kinetic energy after the collision to the total kinetic energy before the collision. Enter the values in your data table.

3.
If the total momentum for a system is the same before and after the collision, we say that momentum is conserved. If momentum were conserved, what would be the ratio of the total momentum after the collision to the total momentum before the collision?

4.
If the total kinetic energy for a system is the same before and after the collision, we say that kinetic energy is conserved. If kinetic were conserved, what would be the ratio of the total kinetic energy after the collision to the total kinetic energy before the collision?
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