Drop It!
Think about the motion of a bouncing ball.  As the ball bounces, how does the height change as a function of time?  How does the velocity of the ball change?  We’ll explore these ideas in this activity.
[image: C:\Users\Linda\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\0M7O7V01\MP900430446[1].jpg]Materials:
CBR2TM	TI-NspireTM		Balls (bouncy)
Predictions:
Drop the ball.  Predict the graph of the position of the ball from the CBR2TM as a function of time.  Then predict the graph of the height of the ball from the floor as a function of time. Make a sketch for each one and then compare with the other people in your group.   
Are both graphs the same? It would be nice if you could place the motion detector on the floor and drop the ball so that you could use the ground as the reference level but it is impossible.  You can however, use a set of transformations to change the graph so that it seems to be measured from the ground.  Explain the transformations you would use.
Assume that you are making measurements from the ground (you use those transformations). Predict the shape of the graph of velocity versus time for the bouncing ball.  Make a sketch and then share it with your group members.
Data Collection:
1. Drop the ball so that it bounces straight up and down.  Find a good floor or table spot where this will happen and try it a few times.  
2. Connect the CBR2TM to the TI-NspireTM. In this activity, you will hold the CBR2TM at least 1.5 meters above the ground or table. The default time setting will work well, but you must zero and reverse the motion so that when you view the data, the floor will be at the bottom.  
3. Choose Set Up Sensors ► Zero from the [image: Experiment_BW] Experiment menu.  Be sure to keep the CBR2 at this height once you zero it.  
4. Now, choose Set Up Sensors ► Reverse from the [image: Experiment_BW] Experiment menu.
5. Drop the ball and collect the data. View both the position and velocity graphs.  Have your teacher check your data before you begin the analysis.
Analysis:
1. Sketch the position (now height since we reversed) versus time graph.  Choose at least two characteristics and relate them to the motion of the bouncing ball.
2. Sketch the velocity versus time graph.  Again, choose at least two characteristics and relate them to the motion of the ball’s motion.
3. Look for relationships between the two graphs.  List as many as you can.  For example, what is the velocity of the ball when the ball is at the maximum height?  Try to explain these relationships based upon the motion of the ball.
4. Examine one particular bounce.  Select the region of the graph for one particular bounce by clicking on the left side of the region and dragging the cursor with double arrows across to the right edge of the region you want to analyze. Be sure that your region includes only the data while the ball is in the air for one bounce.  Choose Strike Data ► Outside Selected Region from the Data menu.  You now have the height and velocity for only one bounce.
5. What is acceleration?  Explain how the acceleration due to gravity can be calculated from the velocity versus time graph.  

6. Now calculate the acceleration from the velocity graph in with at least two methods.  Explain your methods and record your results.


7. Can you find the acceleration due to gravity from the position versus time graph?  Use the vertex form of the parabola equation to make this calculation.

8. How does it compare with the values you calculated from the velocity graph.

9. What is the value for the acceleration due to gravity from your data?  Analyze all of your work and write an analysis.  Compare your value to the accepted value and calculate the % error.  


Extension
1. Why does the maximum height of each bounce decrease with time?  
2. Calculate the total mechanical energy in the first bounce.  Explain your method.
3. Calculate the total mechanical energy in the second bounce.  Find the difference.
4. How do the differences in total mechanical energy change for each bounce?
5. What happens to the energy that is lost for each bounce?
6. How does the surface of the floor or table affect the loss of energy?
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