	
	Golf Range


	 
	The Golf Range Gizmo gives you control over the initial velocity and angle of a projectile, and the experiment can take place in a vacuum (no air) or a more realistic situation with air.
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screen shot of the Golf Range Gizmo

	 
	 

	 
	The figure above shows a case where we turned on the "trails" feature and launched the golf ball twice, once with air, and once without. Let's focus on the forces for this particular lesson. 

Before the students explore the Gizmo, ask them to think about the direction of the forces acting on a moving object. Which way does the gravitation force act on an object moving upward, downward, or thrown horizontally? Your student groups should conclude that the gravitational force always acts downward. 

Now have the students think about the drag forces. It is good to point out a few examples of this, such as running with a parachute attached to your body, trying to rapidly move a piece of paper through the air with your hands, or pucks sliding on a rough surface. With your students in groups, they will begin to realize the drag force will always act opposite the direction of motion.

Now let the students explore the Golf Range Gizmo. After some play time, have them focus on two launches with identical initial velocities and angles of launch, but one with air present and one without. There are a multitude of questions you can now ask: 

· Did air cause the golf balls to follow differing paths? 

· Did one ball travel a greater distance? 

· Did one ball reach a greater altitude? 

· For each question be sure to let the students discuss their answers with their groups and share their ideas with the classroom. 

After these initial observational questions, you can begin to ask the students to construct a graphical representation of the forces acting on the ball when it is traveling upward and downward (both with air and without). With the force diagrams and Newton's Second Law
(F = ma), have the students think about the acceleration of the golf ball. With no air present the acceleration of the golf ball is the well known gravitational constant (g = 9.8 m/s2). But what about the more realistic situation which has air present? Is the acceleration of the ball on the way up the same as the acceleration on the way down?

The students have already constructed the force diagrams for the upward and downward motion with air present, and from Newton's Second Law we know that the acceleration is proportionally related to the total force. Students can perform a vector addition on their force diagram sketches to determine the resultant vector due to the gravitational force and the force due to air drag. A picture is shown for a case where the golf ball is moving upward and was launched at a 45° angle.
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For students that would like an even greater challenge, you could pose many additional questions:

· Is the acceleration of the ball (during flight) ever greater than g? 

· When air is present, does the ball take a longer time to go from the ground to its maximum height, or from its maximum height back down to the ground? Why? Is this also true when no air is present? 

 


