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On Being Bouncy
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties and changes of properties in matter

· Understanding motions and forces

· Develop abilities of technological design

· Develop understandings about science and technology

· Understanding science and technology in society

· Understand science as a human endeavor

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Form and function

Materials

· CBR™ Unit with long unit-to-unit cable and Clamp

· One ball from a collection of types (Racquet, Base, Basket, Golf, etc.)

· TI-73 Explorer with CBL/CBR App

· TI Connect with Graph Link cable

· Meterstick
	Overview

In this investigation your team will explore the “bounciness” of a ball. What can make a ball more or less bouncy? Why would one want to increase or decrease the bounciness of a ball? Why are some balls bouncy? Your team will design an experiment to adjust the bounciness of a ball and then collect data and show it graphically to demonstrate the increase or decrease in bounciness.
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Introduction


There has been a recent discussion of how some baseball teams are treating their baseballs before each home game in an effort to improve their chances of winning. When a ball is hit, or dropped, it will rebound with some enthusiasm. The level of this response will have a positive or negative effect in each situation. Discuss how a strong or weak response of a ball might add or distract from an event or competition. Don’t limit your thoughts to just baseball or sports. Share your thoughts with your neighbor and the class.


Report one situation where improving or reducing the bounciness of a ball would be a goal. Record this situation in the Data Recording part of this document.


If you wanted to change a ball’s bounciness without hurting or destroying it, what could you do? Brainstorm with a partner ways that might change a ball’s bounce.  Your ideas might not work, but suggest them if you think that there is a chance to increase or decrease the bounce of a particular type of ball. Collect the better ideas your team has and share them with the class. Write some of these ideas in the Data Recording part of this document.


Form a team of the size that your teacher instructs. Collaborate and develop a plan to test a theory about changing the bounciness of a type of ball. You will need to have access to the ball type you pick. The method of changing the ball, so that it will increase or decrease in bounciness, must be safe and possible in the school. Basically you will select a ball type, and do something to the ball that you think will increase or decrease the bounce in that ball. There could be a reason, or rationalization behind this act, or not. For example, I want to decrease the bounce in a golf ball so that it won’t go too far off of the course when I make a bad hit.


Describe what you plan to do to the ball in the Data Recording part of this document. Ask your teacher to approve the experiment and initial the plan on your paper.


Once you have received approval, obtain the ball of choice and the other required equipment. We will need to test the ball before we change it to determine if we have met our goal.


Set Up


Connect the TI-73 Explorer and CBR with the unit-to-unit link.


Run the CBL/CBR App by pressing ( and select the option for the CBL/CBR application. Highlight the number associated with the App and press ( or just press the number associated with the App. Figure 1


Press ( to pass the Logo screen (Figure 2) and then select option 3:RANGER from the CBL/CBR APP: menu. Figure 3. Press ( to pass the RANGER splash screen (Figure 4). You will need a bit of memory free to do this experiment, so if you get an error, you will need to switch handhelds with another student or free up some memory on your TI-73. Use TI Connect to save files that you need to keep and restore later.  Press ( ( ( to determine how much space you have free. About 15 000 bytes should be fine. Use the Delete option to free up space. Press ( ( (.


We are going to drop the untreated ball (Control) on a surface and record the heights of the first three bounces with the CBR (Motion detector). To do this we need to identify a place to set the motion detector up at a height of at least 150 cm above the floor or bouncing surface. We will then drop the ball from a height of about 100 cm. The ball should be aliened under the downward looking eye of the CBR. If we hit a “sweet spot” on the floor, the ball will bounce straight up for at least three times. You will need to locate a place to perform this experiment and do several trials to get the data. Try it without the CBR a few times and then continue with the RANGER set up as described below. You will need to use this exact set up for the treated ball, so either take notes on the location and positioning, or leave the CBR set up until you treat the ball and then repeat the drop with the treated ball under these conditions.


When you are ready, select option 3:APPLICATIONS from the MAIN MENU of the RANGER program (Figure 5). We want to collect our data in meters and then transfer it to centimeters, so select 1:METERS from the UNITS? menu by pressing ( (Figure 6). The application that we wish to use is option 3:BALL BOUNCE so select this from the APPLICATIONS menu by pressing ( (Figure 7). The program will now test your link to the CBR. If you get an error (Figure 8). Test the connecting cord at both ends and press (. If this doesn’t fix the problem, check the batteries on the CBR and then your calculator. See your teacher if you can’t get past this.


Procedure


Press ( when you get to Figure 9. Now you can unhook the CBR from the handheld and position it to do the drop (Figure 10). Press the ( button on the CBR just BEFORE you drop the ball from the 100 cm mark. If the CBR is not attached to the wall, hold it steady as the ball bounces. If you know the data is bad, just repeat the experiment, erasing the old data, by pressing ( again. When you think you have three good bounces from the untreated ball (Control), reconnect the handheld with the CBR and press ( to transfer the data to the handheld. Remember that each time you run the experiment the old data is erased unless you move it to another location or rename the lists.


If you get good data (Figure 11) then you may leave the RANGER program. Notice in this example we dropped the ball from about 90 centimeters. This will be OK, and should be the height of your drop for the treated ball. You need to press ( to get past this screen. From the PLOT MENU you may select 7:QUIT if you liked the results, or 5:REPEAT SAMPLE to repeat the experiment. You will finally leave the program from this screen - Figure 12. Notice that the list of interest is L2 – the height of the ball in meters (Figure 13). Press ( to get past this screen.


Press ( and ( to explore the data. Move your cursor to the peak of the first bounce (Figure 14). Report this value, and the other peak values in the Data Recording part of this document. Note that the Y= value is the height in meters at some time (X=). Be sure to move back and forth over the peak to get the largest Y-value for each peak.


Label the graph as the Control Drop by adding text from the graph screen. Press ( and select 7:Text( from the DRAW menu (Figure 15). Move the cursor to a place on the screen to start writing (this will be the upper left hand corner of the writing). Press ( ( to get the letters from the Text Editor (Figure 16). If you fill the line before you are done, highlight Done and press ( and then access the Text Editor as before. If you make a mistake on the graph, using the space from the Text Editor will erase, if the cursor is positioned correctly. When you are satisfied press ( (Figure 17) and move to the computer with TI Connect. Grab the screen shot and print it. Cut it down and place it in the space provided on the Data Recording part of this document.


Now you need to treat this ball as your plan indicated.


After the treatment is finished, the ball is now the Target. We need to repeat the drop as we did with the Control. Run the RANGER program and drop this ball as we did before. Report the drop height (this should be the same, or close to the drop of the Control) and the peaks in the Data Recording part of this document.


Label this graph and print it with the TI Connect. Paste it in the Data Recording part of this document.


Analysis


What was the effect of your treatment of the ball? Was it what you expected? Justify your statements with numbers and/or images.�___________________________________________�___________________________________________�___________________________________________�___________________________________________�___________________________________________


Now we want to look at the numbers we collected as lists in our handheld. First we need to convert the heights to centimeters and round them to the nearest tenth (mm). Go to the home screen and clear it off. Press ( ( ( to get Figure 18. To convert from meters to centimeters, key in the value of the height in meters (Figure 19), and then press ( ( to access the CONVERSIONS menu (Figure 20). Select option 1:Length… by pressing ( and then select the 3:m option from the LENGTH menu. This indicates that your initial value is in meters (m). Press ( (Figure 21). Change the meters to centimeters by pressing ( to select the 2:cm option. This throws you back to the home screen, and if this is what you want (Figure 22) press (. Repeat this process for all 8 values, round them as needed, and record them on the Data Recording part of this document. Hint: use the ( arrow to grab the old command and edit it for the next number (Figures 23-24).


Now we want to look at the data in a graph. To place the three lists in the handheld. Turn on the handheld and press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data (Figure 25). Create one list for the bounce status of the balls and two lists, one for the Control and one for the Target heights. Use the Text Editor by pressing (( and selecting the appropriate letters to name the lists as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word Done and press ( when you are finished with each word. See Figure 26.


Make the list for the bounce status Categorical. This requires that you put the first word (Start) in the list as a word, in quotes. Note the ‘c’ in the header. Once you have established the list type, you do not need to use quotes (Figure 27). You can get the numbers from the keyboard. Enter the height data in the second and third lists (Figure 28).


We now need to set up a plot to look at this data. Press ( ( ( to set up a Bar Graph (Figure 29).  Access the list names from the List of List by pressing ( (. Check the ( area to see that only this plot is ON and that there are no equations listed (Figure 30). Press ( and use ( with your cursor keys to move over the plot. Report this plot as before in the Data Recording part of this document. Reflect on what the Bar Graph shows about the treatment of the ball and how the bounce of the ball changed. Explain.�___________________________________________�___________________________________________�___________________________________________�___________________________________________


One way to look at this data is to compare the heights of successive bounce heights. The ratio of ending height to starting height would give a value that reflects the bounciness of the ball. From the home screen, press ( ( (, make the ratio of end to start heights using the heights from the lists, in millimeters. In the case shown. We started at 901 mm and ended at 648 mm for the first bounce (Figure 31). Use the ( key after you key in the first (ending) height and then use the ( to convert to a decimal. Multiply by 100 to get the percent (Figure 32). Report these values for both the Control and the Target in the Data Recording part of this document. Round off as needed. You might want to adjust the ( from Float to report 2 or 3 decimals.


What does this data tell about the bounciness of the two ball drops? Does this reinforce your ideas from above?  Explain.�_____________________________________________�_____________________________________________�_____________________________________________�_____________________________________________


What kind of graph could you make to show this ratio data?�____________________________________________�____________________________________________�


Data Recording


Describe a situation where changing the bounciness of a ball would be a goal.�_____________________________________________�_____________________________________________�_____________________________________________


Record some of the ideas you had in the brainstorming event below in the table.


Ball Type�
Action�
Increase/�Decrease?�
�
�



�
�
�
�



�
�
�
�



�
�
�
�



�
�
�
State your experiment in the box below. Tell what type of ball you plan to use, what you plan to do to the ball to change its bounce (increase or decrease) and list any safety issues you can think of. Determine what equipment you will need to have to change the ball. TEACHER OK ____________


























�
�
Report the heights in meters of the untreated ball (Control).�Drop Height = ________�First Bounce Height = _______�Second Bounce Height = _______�Third Bounce Height = _______


Place a copy of the graph of the untreated ball bounce in the space below. Label it and print it from TI Connect.�























�
�
Report the heights in meters of the treated ball (Target).�Drop Height = ________�First Bounce Height = _______�Second Bounce Height = _______�Third Bounce Height = _______


Place a copy of the graph of the treated ball bounce in the space below. Label it and print it from TI Connect.























�
�
Fill in the table below with the heights of the bounces for the Control and Target bounces. Use centimeters to the nearest tenth.


�
Control�
Target�
�
Starting Height�
�
�
�
1st Bounce�
�
�
�
2nd Bounce�
�
�
�
3rd Bounce�
�
�
�
Place a copy of the Bar Graph showing the heights of the Control and Target ball bounces. Label it and print it from TI Connect.























�
�
Report the fraction, decimal and percent that represents the ratio of the ending height to the starting height for the three bounces in the table below.


Control�
Fraction�
Decimal�
Percent�
�
Bounce 1�
�
�
�
�
Bounce 2�
�
�
�
�
Bounce 3�
�
�
�
�
Target�
Fraction�
Decimal�
Percent�
�
Bounce 1�
�
�
�
�
Bounce 2�
�
�
�
�
Bounce 3�
�
�
�
�
Conclusion


Knowing what you know now, how would you change the experiment that you did? �___________________________________________�___________________________________________�___________________________________________�___________________________________________�___________________________________________


What other ball and method of treatment appears to have greater potential for changing the bounce of a ball? Explain.�___________________________________________�___________________________________________�___________________________________________�___________________________________________


Write a paragraph to explain the meaning of the ratio of ending height to starting height and indicate which form of this ratio (fraction, decimal, or percent) would be most useful in discussing the bounciness of a ball.�___________________________________________�___________________________________________�___________________________________________�___________________________________________�___________________________________________ 


Going Further


Identify two balls of the same type that appear to have the same bounciness. Arrange with the Resource Room Officer to have them dropped at the same time from a very high place onto some rigid surface. Treat one of the balls before the drop and compare the bounces of the Control and Target. Videotape the experiment.


Research other ball users, like health clubs with a Racquet Ball court, and find out what they do to prepare the balls used for their particular event. How are they stored? Where are they stored?


Collect data on an untreated ball and a treated one, for more than three bounces. How does the pattern hold for multiple bounces and why would that be of interest?


INSTRUCTOR NOTES


Experimental Set Up and Procedures


Have a collection of balls to experiment with. Tennis balls are hard to use with the CBR, as are golf balls because of their surfaces. They can be picked up by the CBR with some practice.


As the students consider the type of experiment that they want to conduct and discuss why one would want to increase or decrease the bounce of a ball, avoid directing them to what you know is True. They will take what you suggest as directions for how to do the experiment. Look over the references to help get a better feel for the possibilities.


Heat, cold, light, humidity are typical “treatments.” You can use a Humidifier, or desiccants to adjust the dampness of a ball. A light or heat lamp can be used to dry out a ball, and to heat it up. 


Listen for plans that might be hard to do or dangerous. Also consider the time needed to treat the ball.


Make sure the students test the untreated ball (the Control) before the experimental treatment. As they return to the station to get the data from the CBR for the treated ball (Target), reinforce the fact that all the variables should remain the same except for the condition of the ball. 


Student Learning Goals and Objectives


Students will learn how to use the CBR, motion detector, TI Connect™, and TI-73 Explorer functions such as:


Changing the Mode Settings


Using the Text Editor


Using the CBL/CBR App


Using the RANGER program


Using the Convert Menu


Using the List Editor


Using the Fraction keys


Setting up Plots


Tracing on data


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Graphing data


Percent, Decimal, and Fraction


Recording data in a table


Interpreting data, drawing conclusions


Units conversion


Measurement


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to CBR, and/or TI-73 Explorer functionality and features that are:


Connecting the link correctly, both with the CBR and the TI Connect.


The minimum range of the motion detector is about 50 centimeters so make sure that the ball is held at least that far from the CBR eye, before it is dropped.


Get the baseline height, which should be close to the same for both drops, by Triggering the CBR first and then after the ticking starts, drop the ball.


Each time you press Trigger on the CBR, the data is overwritten, therefore the teams that get good data should capture the heights of the peaks for the first three bounces as soon as possible.


The CBR is attracted to metal; so if a door is used in to support the device, cover the latches, and knobs with a cloth or masking tape. That will allow the CBR to focus on the ball as it falls and bounces.


Creating Categorical list requires the use of quotes for the first item in the list. Also students will forget to move over to the next column, or to be in the header of the list as they add list or data to lists.
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