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Projectile Motion – Gravity & Air Resistance:

Teacher Information

Prior Learning’s:  This is an activity for projectile motion and requires some basic knowledge of velocity, acceleration and force prior to its use.  In my class we have already looked at 1-dimensional motion and drawn vector diagrams for velocity, acceleration, and force.

This is the second of three activities using the projectile motion applet.  The first activity is titled “Projectile Motion – The Basic Flight Path:”.  Each of these activities builds on the others.
Activity & Simulation Instructions:  
· This activity is designed as a team activity and the instructions ask for both individual and group answers to questions

· Setting the initial velocity to zero effectively makes the projectile a dropped object.

· Have the students change the projectile they are launching, as some of the projectiles do fun things.

· Be sure to discuss with the students the scientific method and how to focus the experiment on one specific variable.  
· After the activity is completed by the students you should have an entire class discussion going over the experiment that was done on the moon.  If you want to see a film clip of this experiment you can find it at http://nssdc.gsfc.nasa.gov/planetary/lunar/apollo_15_feather_drop.html.
Learning Goals:  In this lab the students will predict how gravity and air resistance affect a projectile

Student Directions
Background:  In 1971 during the last Apollo 15 moon walk, Commander David Scott performed a live demonstration for the television cameras. He held out a geologic hammer and a feather and dropped them at the same time. What do you think happened?
Pre-Lab Questions:

1. Read the background and predict which hit the ground first, the hammer or the feather and state your reason for your prediction
2. If you were to throw a ball horizontally and at the same time drop an exact copy of the ball you threw, which ball would hit the ground first and why is this so?

Learning Goals:  In this lab the students will predict how gravity and air resistance affect a projectile

Procedure:
1. Go to the following web site

http://www.colorado.edu/physics/phet/simulations/projectilemotion/projectile.swf
2. For the first part of the activity you need to focus in on certain aspects of what this simulation can show you, so please set the variables on the simulation to the following values:

· keep air resistance off

· drag the cannon so that it is above the ground.  A good distance would be to raise it up to about the middle of the screen.

· Set the angle of the cannon at 270 degrees.  
· change the initial speed to 0 m/s

· Leave air resistance off and 
· leave the mass and diameter at their default settings.  

Mass = 2kg and diameter = 0.1m

If you set all of the conditions above correctly you will see the projectile behave as if it were just dropped.

3. You and your partner should fire the projectile several times and since we want to compare data for different conditions your group will need to make a data table like you see below so you can record your data for every time you fire the cannon.
	Air resistance is left off

Mass = 2kg and diameter = 0.1m

	Firing #
	Initial speed

(m/s)
	Angle

(degrees)
	Range

(m)
	Height

(m)
	Time (s)
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4. Having fired the cannon several times with out changing any of the conditions discuss with your partner any changes you observed in the variables the simulations shows you. As a group write a brief description of what this tells you about what should happen to an object if it is always dropped from the same height? 
5. Next keeping the height the same and setting the angle to 0 degrees vary the initial speed and fire the cannon several times recording the data for each firing in your data table. While you are gathering your data look for relationships between the following: 
· initial speed of the projectile and the range of the projectile 

· initial speed of the projectile and the time of the projectile in the air?

· initial speed of the projectile and the height the projectile moved downwards?

6. Working with your partner develop and write down several general rules that you can use for projectile motion.  An example of a general rule might be:

EXAMPLE: Whenever you increase the initial velocity of a projectile that is launched horizontally, the time the projectile is in the air will always __________.

7. For this part of the activity, set the simulation to the following conditions:

· leave the mass, drag coefficient and altitude at their default settings, Mass = 2 kg, Drag coefficient = 1 and altitude = 0 m, 
· vary the diameter of the projectile, 
· turn air resistance on and off for each diameter used, 
Then fire the cannon several times making observations on how the changing diameter affects the flight path of the projectile. Also note how air resistance being turned on and off changes the affect of the changing diameter.  Please note that you can make the projectile so large it fills up the entire screen so you might want to keep your diameters smaller then 10 m.
8. With your partner write down a description of what happens to the flight path of a projectile while changing the diameter of a projectile with air resistance on, and compare that to what happens when air resistance is turned off?

Deep Thought Questions: 
1. The moon has a mass, therefore it has gravity, but it only about 1/6th that of earth’s gravity.  What the moon lacks is air.  When the Apollo 15 astronauts dropped both a hammer and a feather at the same time they both hit the ground at the same time.  Why do you think this happened? You must support your answer by citing specific relationships you observed in the experiment above.
2. If you were to throw a ball horizontally and at the same time drop an exact copy of the ball you threw, which ball would hit the ground first and why is this so? You must support your answer by citing specific relationships you observed in the experiment above.

3. Consider the situation in question #2 again, but this time what would happen if the ball you threw were 5 times larger then the one you dropped.  Which one would hit the ground first now?  You must support your answer by citing specific relationships you observed in the experiment above.







