Lab 3 - Motion in Two Dimensions

I. Simulation: Projectile Motion
This section was written by Trish Loeblein with PhET Interactive Simulations.

Learning Goals: Students will be able to 

· predict how varying initial conditions effect a projectile path

· use reasoning to explain the predictions. 

· explain projectile motion terms in their own words. 
· describe why using the simulation is a good method for studying projectiles.

1. One day after school, you are enjoying a soda in the back yard. When the can is empty, you decide to throw it in the trashcan. What affects whether or not it gets in the can?

2. Use Projectile Motion to test your ideas about the things that affect the landing location of a projectile. 

· Make a complete list of things that affect the landing site of a projectile including your ideas from question #1 and any discoveries you made using the simulation. 

· Next to each item, briefly explain how each affects the landing location.
· Compare your list with another group, discuss your explanations and make modifications 

3. What is meant by the expression “flight path of a projectile”? Draw the flight path of your soda can and describe the shape. Use the simulation to investigate how the items you listed in #2 affect the shape of the flight path. Summarize your discoveries including explanations for the different flight paths.

4. Suppose your friend asks you to tell them about projectiles. You start to explain, but she interrupts. “Wait,” she says, “You’re using a lot of words I don’t understand. Can you explain in English?” Knowing that a picture is worth a thousand words, you draw a picture of a projectile path and label all the terms that are on the simulation page. Draw a picture like you would for your friend and write what you would tell her about the terms. 

5. Describe why using the simulation is a good method for studying projectiles. Clearly identify the error sources the simulation eliminates or minimizes. Also, run tests to determine how well the simulation represents projectile motion and identify limitations. 

Please neglect air resistance for the remaining sections of this lab.

Each group is to get two balls, a meter stick, a timer and carbon paper with tape.

II.  Drop/shooter

Play around with one of the drop/shooters: launcher that drops a ball and shoots another identical ball at the same instant.  
1. Do the two balls hit the floor at the same time? Try to explain your observations.

2. Draw a large diagram with the path of each ball – both the dropped and the shot.  

a. Put a mark at 4 equally spaced increments in time on each path.

b. Draw both the x and y-components of velocity for each increment of time.

c. Draw total velocity vectors for each increment of time for both paths.  
d. Draw acceleration arrows for each increment.

3. Carefully sketch a graph for position vs. time, velocity vs. time and acceleration vs. time for the ball that was dropped only - not the one that was shot. (One doesn’t need actual numbers on these graphs. The shapes are important.)

4. From your observations how does the vertical part of the motion of the ball that was shot compare to the motion of the ball that dropped? Please explain.
5. One might think of the motion of the ball that was shot as two dimensional. Part of its motion is horizontal (motion parallel to the floor) and part is vertical (motion perpendicular to the floor). From your observations, do you think that the horizontal and vertical parts of the ball’s motion depend on one another, or are they independent? (Does the vertical part of the motion change when the horizontal part does?) Please explain.

We are now going to actually put some numbers to our experiment to determine the velocity of the shot ball.
Equations of motion:

x = xo + vot + ½ at2
v = vo + at
v2 = vo2 + 2a(x-xo)

6. Measure the height of the table top from the floor. Use this information and the acceleration due to gravity given in the last problem to determine the time it takes for the ball that was dropped to hit the floor.

7. Use a piece of carbon paper to mark the landing point of a shot ball.  Measure how far the shot ball lands from the edge of the table. Determine the horizontal speed of the ball. Does this seem reasonable?

III. Variation of range with launch angle
1. Use the Projectile Motion simulation to determine what launch angle gives the largest range for a given initial velocity. Try at least three different velocities to verify your claim. Describe your method of investigation and results in your report, including any unsuccessful methods.
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Find at least two sets of launch angles that produce the same range for a given initial velocity. (Note:  The landing point for the simulation is shown by the crosshair on the cannon, not by the end of the trace!)

3. Check with calculations:

a. Choose an initial speed and calculate the range for the two angles in one of your matching sets.  
b. Use the same initial speed from a. to determine the maximum range for this launch speed.

c. Do your calculations agree with your simulation results? If not, what needs to be corrected?

4. How are pairs of angles with matching ranges related?
