RHHS                                             Unit 1: Two Dimensional (Projectile) Motion                        

Name _________________________
ceiling height =_______ m
Learning Goal:  I will conduct an inquiry into the projectile motion of an object, and analyse, in qualitative and quantitative terms, the relationship between the horizontal and vertical components
In this activity you will bounce a superball from the floor up to and as close to the ceiling as possible 
without touching the ceiling.  This will take some practice. The time of the superball’s trip up and down 
will need to be recorded. Repeat for several trials to obtain an average time for the trip. Record below:

	Trial 1
	Trial 2
	Trial 3
	Average time UP and DOWN
	
	average time UP [only]
	average time DOWN [only]

	
	
	
	
	
	
	














  UP       DOWN
Now let us begin our analysis. We are only attending to the motion of the superball the instant it is no longer in contact with the floor as it ‘bounces up’ until the instant before it touches back down on the floor. We will also divide the trip into two intervals: Interval 1 - the trip up  and Interval 2 - the trip down.

Interval 1
The trip UP [only]

Time for interval 1 (trip up only) is _____ s

The average velocity for interval 1 is _______  m/s [up] which occurred at a time of _____ s and a position of ____ m.

The final velocity at the top of the arc is ________ m/s

Therefore, the initial velocity of the superball, V1, (the instant after leaving the ground) was ______ m/s [up]

Interval 2
The trip DOWN [only]

Time for interval 2 (trip down only) is _____ s

The average velocity for interval 2 is ______ m/s [down] which occurred at a time of _____ s and a position of  ____ m.

The initial velocity at the top of the arc is ________ m/s

Therefore, the final velocity of the superball, V2, (the instant before hitting the ground) was ______ m/s [down]

Determining the value of the acceleration due to gravity:  (use V1, V2 and the t for the entire trip Up and DOWN)
ag = V2-V1    =
t
Position-Time graph for the entire trip Up and Down
Plot and label the following positions on the graph   i) maximum height     ii) position at midpoint in time (UP)   
iii) position at midpoint in time [down], iv) start and end positions. Then draw a smooth curve to fit these data points   








      
 Does the graph shape make sense? Justify.

Position
(m) [up]







                  Time (s)

Velocity time graph     use your values to complete this graph.

Plot and label the following points  i) initial velocity, V1 [up]  ii) average velocity [up]  iii) velocity at top of arc

 iv) average velocity [down]  v) final velocity, V2 [down]. Then draw a smooth line to these data points 


                                                                                              Does the graph shape make sense? Justify.

  Velocity 

 (m/s) [up]

                                                                                              Time (s)








  Find the slope of the graph. What is its meaning?

Superball Physics in 2-D (vertical plus horizontal motion)
      In an earlier experiment you bounced a superball vertically and analyzed the motion up and down. This was 1-D motion. Today’s experiment will extend the analysis to combined vertical and horizontal motion.
     You will compare the time it takes for a superball to bounce vertically up to the ceiling (just slightly less, actually) with the time it takes for the superball to bounce up to the ceiling AND  to simultaneously travel a distance horizontally. This is 2-Dimensional motion.



   1-D
       dvertical





    2-D

dVertical








dh, horizontal displacement
Step 1   Predicting the outcome

Discuss with your group members the expected outcome of the experiment. There are three hypotheses:

· Hypothesis 1: it will take more time for the superball to bounce up to the ceiling and travel horizontally compared to simply bouncing horizontally.

· Hypothesis 2: it will take the same time for the superball to bounce up to the ceiling and travel horizontally compared to simply bouncing horizontally.

· Hypothesis 3: it will take less time for the superball to bounce up to the ceiling and travel horizontally compared to simply bouncing horizontally.

Select the hypothesis you consider most likely and outline your reasoning below:

I predict hypothesis # ___  because ___________________________________​​​​​​​​​​​​​​___________________
__________________________________________________________________________________

Results  Bouncing a superball up to the ceiling while it also travels a distance horizontally

	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Average time up and down
	average time up [only]
	average time down [only]

	
	
	
	
	
	
	


Analysis

Was your hypothesis verified or rejected by your data? What about other results from your class - did they have similar results? 

Does the vertical acceleration seem affected by the horizontal velocity of the superball? Would you expect the same results if we could bounce the superball down the hallway for 100 m, if it reached the same vertical height? What about 1000 m? 

A superball rolls off the edge of a shelf, 3.0 m above the ground, while travelling at 2.0 m/s. How far will it travel horizontally before it hits the ground? Assume ag= 9.8 m/s2 [down]. Include a diagram.
versus
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