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If you toss a ball straight up into the air with no air resistance, the time it takes the ball to rise equals the time the ball is falling.   The speed of the ball at the instant it leaves your hand equals the speed as it returns to the same height.   The speeds on the way up equal the speeds on the way down at the same height.  This is called symmetry.  The times and speeds on the way up “mirror “ the times and speeds on the way down.  


You will go outside and toss a tennis ball straight up into the air three times.  Be careful not to let the ball hit you or anyone else as it returns to Earth.   You will time your partner’s throws from the time it leaves their hand until it hits the ground and record on their data sheet.   Then they will do the same for you.

	Trial #
	Time (s)

	1
	

	2
	

	3
	

	average
	



The table at right is for your times, recorded to the nearest 0.01 s.


Find the average time.


Use the average time for the rest of the calculations in this lab.




Now, time your partner’s throw.  They should record the time for their own throws on their own lab sheet.
I.    Base your answers to the following questions on your own time.  Assume no air resistance.


How much time did the ball spend going up?              


_________ s

       
How much time did the ball spend coming down?   



_________ s

        
What was the speed of the ball when it reached the top?   


__________ m/s


What was the acceleration on the way up (mag. and dir.)?
   

_________ m/s2

What was the acceleration at the top?  (mag. and dir.)?

   
_________ m/s2

What was the acceleration on the way down?  (mag. and dir.)? 

 _________ m/s2

How does the maximum height reached by the ball compare to the distance that the ball falls?

II.   
A.   Use one equation to find the velocity of the ball as it left your hand.  Show work (equation used, substitution with units, and answer with units).   Circle your answer.

B.  What is the velocity of the ball when it returns to the height it had when it left your hand?

C.  Use one equation to find the maximum height that the ball reaches.    Show work (equation used, substitution with units, and answer with units).  Circle your answer.
III.   On the diagram below, graph the velocity (y-axis) as a function of time for your average throw.  

To do this, follow these steps:

A.   Look at the total time of flight for your average toss.  Choose a time scale for the x-axis on the graph below so that it stretches out the graph at least half of the graph.


B.   Look at your initial velocity.  Choose a velocity scale for the y-axis on the graph so that you use most of the positive, upper half of the velocity.


C.   Plot three points:  1/  the velocity when the ball left your hand, 2/  its velocity at the top, 
and 3/ its velocity as it returned to a height equal to when it left your hand.


D.   Use a ruler to connect the three points with a straight line.


   v
(m/s)
                                                                                                                                                            t (s)




1.   
a/   What is the numerical value (with units) of the slope of your line?
     
b/  What quantity does the slope represent?
2.    
a/   What is the numerical value (with units) for the area between your straight line and the time axis for the time when your line is above the time axis?


b/  Shade in that area with a colored pencil.   What quantity does that area represent?
        
c/    What is the numerical value (with units) for area between the time axis and your line for the time when the line is below the t axis?


d/  Shade in that area with a differently colored pencil.   What quantity does that area represent?

e/   Why do the two differently colored regions have the same area?

3.    Describe two ways in which your graph would differ if your throw had had a greater initial velocity.

a/

b/
4.   Describe one way in which your plotted data points would be the same if your throw had had a greater initial velocity.
IV.   A ball is shot vertically out of a cannon.   Neglect air resistance.   The ball lands 14 sec later.   For questions A/, B/ and C/ below, show all work (equation used, substitution with units, answer with units).    Assume g = 10. m/s2 for all calculations in this section.   See the problems at the bottom of the first page of this lab if you are not sure how to proceed.   Circle your answers. 
A/  Determine the velocity with which the ball left the cannon.  Circle your answer.
B/  Use your answer to A/ to determine the velocity it has when it returns back to the cannon.  
C/   Use one equation to determine the maximum height the ball reaches.  Circle your answer.
D/   Number the axes of the graph below to fit this problem.  Plot the height of the ball as a function of time as you did in the other graph.  Fit a straight line to the points with a ruler.   Shade in the same areas that you shaded in the other graph.

 
  v

(m/s)
                                                                                                                                                                    t (s)





E/   What is the slope of the line you drew?

F/   What is the area of the first 7.0 sec?


What is the area of the last 7.0 s?

      What do these areas represent?
G/   On the graph, mark and label the point where the projectile reaches its maximum height.
      What is the velocity at that point?


What is the acceleration at that point?

