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The Bouncing Ball
	Concepts

· Scatterplots

· Tracing functions

· Linear and Exponential regression

· Functions modeling real world situations

Materials

· TI-84 Plus
· CBR 2™ with cable

· EasyData™ Application
· A ball that bounces (a handball 
works well)
	Overview

In this activity, data of the movement of a bouncing ball will be collected and analyzed in two ways.


[image: image1.wmf]2

r

[image: image2.wmf]2

r


[image: image3.wmf]2

r

[image: image4.wmf]2

r

[image: image5.wmf]t

ab

t

f

=

=

)

(

distance

[image: image6.wmf]=

=

)

(

t

f



[image: image7.emf][image: image8.bmp][image: image9.bmp]




Introduction


In this experiment, you will collect data on a bouncing ball and then look at the data in two different ways. The two data collected are (1) the data of the height of a ball above the floor versus time, and (2) the height of the ball versus the bounce number.


In one case, the model is a linear function; in the other, an exponential function.





Height vs. Time: Collecting the Data


Connect the CBR 2™ to your calculator.


Press (, and open the EasyData APP.


At the bottom of the screen, select Setup by pressing ( (the function key just below the word “Setup” on the screen).


Select 4: Ball Bounce (Figure 1).


Start the Ball Bounce data collection by pressing ( for ‘Start’ and following the directions on the screen (Figure 2).


Quit the EasyData™ APP after the data has been transferred and the graph displayed.


Press the key below the word “Main,” and then the key under the word “Quit” to quit.


Notice that the EasyData™ APP stores the elapsed time data in L1 and the distance data in L2.





Displaying the data


Set up a scatterplot using the ( menu.


Graph the scatterplot of the Ball Bounce data with the appropriate graphing window.


Use ( to record the coordinates of the maximum points on the graph.


The first coordinate is the elapsed time.


The second coordinate is the distance of the ball above the floor at that time (Elapsed Time, Distance).
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Open the List Editor (( (), and erase L3 and L4 by highlighting the label at the top of the list, pressing (, and then pressing (.


Enter the coordinates of the points you recorded in Step 9 into the List Editor—the first coordinates (Elapsed Time) into L3 and the second coordinates (Distance) into L4.


Graph this new data using the settings given in Figure 3.


Calculate the linear regression line for these points by entering the following line on the Home Screen and pressing (.


LinReg L3, L4,Y1


LinReg is found by pressing (, CALC menu, ( for 4:LinReg(ax+b).


Y1 is found by pressing (, Y-VARS, ( for 1:Function, ( again for Y1.








Press ( to graph the recorded data points and the linear function (now in Y1) that models the maximum values versus the elapsed time.


The maximum height versus elapsed time is not graphed, and it appears to be a straight line. Visually, how good is the fit?





Height vs. Bounce Number


In this part, the height of each bounce versus its bounce number is graphed.


Enter the bounce numbers 0 to 3 into L3 (or higher depending upon the number of bounces you have recorded with the initial height as the 0th bounce). 


You need to have the same amount of numbers in L3 and L4.


Graph the scatterplot in an appropriate window.


Answer the following questions:


Do these points appear to be in a straight line?


Would a linear regression line be an appropriate model?


To find an appropriate model, enter the following line on the Home Screen, press (, and record the r2-value.


LinReg L3, L4, Y1 			


� EMBED Equation.3  ��� value ________________


Although this r2-value is quite high, try an exponential regression line by entering the following line on the Home Screen, pressing (, and recording the �� EMBED Equation.3  ���-value.


ExpReg L3, L4, Y2				� EMBED Equation.3  ��� value ________________


Compare the � EMBED Equation.3  ��� values. Which one is larger? 




















At this point, it is important to understand the situation to determine which of these models is the correct one. 


If you assume that the ball bounces some percentage of its previous maximum height each time it bounces, then it is an exponential situation and the exponential model is correct.


It is not sufficient to say that the r2-value is larger; some reason related to the situation or phenomenon under discussion must be used because for small changes in the input variable, many functions appear quite linear.


This idea is used many times in calculus.


Write down the formula (use 3 decimal places only) for the exponential regression in the form:


� EMBED Equation.3  ���


distance � EMBED Equation.3  ���_________________


What does the base of this exponential function tell you about what percentage each bounce is of the previous bounce?


 							


							


							





Extensions


Why are the slopes of both linear models negative while the base of the exponential model is positive? 


How do the initial values of both models compare? 


Should they be the same or nearly the same?


Why is this when one has the elapsed time as the input variable and the other has the ball bounce number as the input value?








Figure 1














Figure 3





Figure 2
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