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Synopsis
Students throw a tennis ball in the air and the final goal is to find how high they threw the ball.  They will find the equation that models the throw using  
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EMBED Equation.DSMT36  and then find the maximum of the parabola to find the highest distance the ball was thrown.

Materials

Copies Tennis Ball Throw activity sheet.

Calculators

Stopwatches (1 per group)

Tennis balls (1 per group)

Metersticks (1 per group)
Teacher Directions
***Note, activity will take more than a traditional class period***


Suggested Timeline (traditional)

Day 1:  Do #1 (it should not take you the entire class period, so you can include other instruction)

Day 2:  Do  #2-7 and assign #8-10 for homework

Day 3:  Discuss #8-10, then do #11-12 in class


Day 1

Pass out the Vertex of Parabola activity sheet.   Have students break up into groups of 3 or 4.  Give each group a meterstick, stopwatch, and tennis ball.  For the first problem, students will be working in groups to find an estimate for the value of a.  Model one drop for them and point out where they will note the value for distance and time.  Have them drop the ball from three different distances.

Gather all of the “a” values that were calculated by each of the teams (there should be 3 from each team).  Take a class average of all of the values.    The value should be close to 9.8.  It is okay to use the rough estimate of 10, seeing that all of our calculations that follow are very much estimates.  If the class average turns out really off, discuss human error and how many similar but more controlled experiments have confirmed the number to be (to the nearest tenth) 9.8 m/s2.

Day 2

Outside

For problem 2, students must go outside in teams and take turns each throwing the ball in the air as high as they can.  Students will measure the time ball is in the air and record it on the sheet. Every student should have his or her own time.

Inside

Upon returning, lead a discussion on what each of the parts of the equation in #3 mean and fill out the chart.  Then have the students move on to #4, filling out the chart with values from their experiment.  The difficulty in the chart will be finding d (the distance when the ball hits the ground).  It is not as obvious as it may seem that the answer to that is 0, since the ball is on the ground....it is 0 meters from the ground.

In #5 students are also asked to take the values that they know from #4 and find the value for v, the velocity with which they thew the ball.  Students may have trouble with this, but remember... it is okay for student teams to struggle to extract prior knowledge they have of solving for a single variable (even if it is a different letter other than x ).

Student teams may need extra help with 6 & 7, and soon after you see most teams have gotten the answers, stop the class and discuss the questions, making sure the students understand what the equation generates (for any time t, you can find out the height the ball was from the ground).

Homework

It would be good to assign #8 - 10 as homework problems.

Day 3

Then come back the next day to discuss #8-10.  To be realistic, not everyone in the class completes their homework.  Rather then having those “non-homework-doers” have an excuse for now not working in class, have them draw a rough sketch of the parabola.  They then should be better able to be productive members of the discussion.

Go on to #11 in which the student teams work on finding the max height they threw the ball.  They should use  
[image: image2.wmf] to find the x-value of the maximum, then plug in their x-value to find the max height they threw the ball.  Alternatively, students can complete the square to find the maximum.
Tennis Ball Throw

1. The directed distance of a falling object from its starting point can be modeled by the equation:
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EMBED Equation.DSMT36 , where 

 d = distance from the starting point   


             


  t = time from release

 a = acceleration due to gravity 


Fill in the following table with three trials of the ball drop.  Pick three different distances and time how long the ball takes to hit the ground.

	d (in meters)
	t
	Calculated a

	
	
	

	
	
	

	
	
	



Class Average for a : 

Next part to be done outside, wait for teacher instructions before proceeding.

2. Throw a tennis ball straight up into the air as high as you can and have someone time how long it was in the air.  Also, pay attention where your arm was when you released the ball into the air.  Record both measurements below.


 Time:



 

3. Consider the equation of a falling object ...          
[image: image4.wmf]

 

	
	Physics definition
	Describe as applied to your situation:

	d
	distance from point zero at time t
	

	a
	acceleration due to gravity
	

	t
	time from release
	

	v
	initial velocity
	

	d0
	initial distance from point zero
	


4. You should be able to fill values for each of the spots in the following table from what you have done so far.

	
	a
	d0
	t 

(when ball hits the ground)
	d 

(when ball hits the ground)

	Value from experiment
	
	
	
	


5. Using the general equation, 
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EMBED Equation.DSMT36, and the values your wrote in #5,  find the velocity that you threw the ball.

6. Now you have the velocity, you can write the equation using 
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that models YOUR throw such that t and d are the only variables in the equation.

7. Plug in the value t = 0 into your equation above.  What do you get for d ?  What do these values mean?

8. On a piece of graph paper, graph your equation by plotting points, finding the x-intercepts, finding the y-intercepts, etc...

9. On your graph,  draw a line y = 3.  What do the intercepts of that line and your parabola mean?

10. At what time(s) was your ball at 3 meters from the ground?  Show your calculations below.

11. What is the maximum height that the ball was thrown?  What time did this occur?

Distance from you ground to point of release (in meters):











Tennis Ball Throw- Alg. 2
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