Teacher Key Activity Worksheet:  Punting and Projectile Motion

Name: _____________________________ Date: ___________________
1. Define the following terms:

a. Projectile:

Definitions can vary.

b. Initial Speed:

Speed at which a projectile is launched.

c. Launch Angle:

Angle of launch measured from the horizontal.

d. Range:

Horizontal distance traveled by a projectile.

e. Air Resistance:

Force of air on a projectile as it travels.

f. Drag Coefficient:

A variable that quantifies the amount of air resistance an object will experience under given situations.  It is determined by the object’s shape and size.

2. What objects were particularly difficult to toss into the target? Why?

Answers will vary.
3. Use a drawing to describe the paths (trajectories) of different objects.

Answers will vary.
Watch the NBC Learn Video THE SCIENCE OF NFL FOOTBALL – Projectile Motion and Parabolas.

Part II.  Go to the PHET web site http://phet.colorado.edu/web-pages/simulations-base.html.  Go to the Physics Page and scroll down to select the Projectile Motion simulation.  Spend a few minutes familiarizing yourself with the simulation.

4. Air Resistance (Drag Coefficient) vs. Range:  Create and conduct an investigation to determine how air resistance (drag coefficient) affects the range of a projectile.
a. Briefly describe the technique you will use. What variable(s) will you change and what variable(s) will you measure?  

b. Make a table to record your results.
Record the variables that will be held constant:    Initial Velocity_______    Angle_______  Mass_______ Object______

	Drag Coefficient
	Range

	
	

	
	

	
	

	
	

	
	

	
	


c. Reflect upon your data table and explain what you found about the effect of air resistance (drag coefficient) on the range of a projectile.
Answers will vary, but students should find that increasing the drag coefficient will decrease the range.

5. Initial Speed vs. Range:  Create and conduct an investigation to determine how initial speed affects the range of a projectile.

a. Briefly describe the technique you will use. What variable(s) will you change and what variable(s) will you measure?  

Answers will vary.
b. Make a table to record your results.

Answers will vary.
c. Reflect upon your data table and explain what you found about the effect of initial speed on the range of a projectile. 

Answers will vary but students should find that increasing the initial velocity will increase the range.  
6.
Launch Angle vs. Range:  Create and conduct an investigation to determine how the launch angle affects the range of a projectile. (Note:  You are encouraged to try many angles between 0( and 90(.)

a. Briefly describe the technique you will use. What variable(s) will you change and what variable(s) will you measure?  

Answers will vary.
b. Make a table to record your results.

Answers will vary.
c. Reflect upon your data table and explain what you found about the effect of launch angle on the range of a projectile.
Answers will vary, but students should find that the maximum angle is 45 degrees (this is with no air resistance, and will be slightly less if air resistance is present).  
7. With no air resistance:

a.  Find the angle that will produce the maximum range and record this angle:

45 degrees.
b. Is this angle different for different objects?

No, if there is no air resistance.
8. With Air Resistance:

a. Find the angle that will produce the maximum range and record this angle:

Slightly less than 45 degrees depending upon drag coefficient.

b. Is this angle different for different objects?

Yes.
9. For a football, find 2 different angles that produce the same range.  

a. Record these two angles and the range:

Answers will vary.
b. Compare the time in the air for each of these angles, and explain any difference.

Answers will vary.
10. What advice about angle and kicking speed would you give to a punter who wants to maximize the distance of a punt? Why?

Kick hard, at around 40-45 degrees, spiral.
11. What advice about angle and speed, would you give a punter that is not trying to maximize distance, but instead wants a long “hang time” to allow his teammates as much time as possible to “get downfield”.

Choose an angle greater than 45 degrees and kick hard.
