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ILD 5	Name:  ____________________    Tutorial section _______
Circular motion:  Checking for coherence & reconciling
[bookmark: I]Discontinued circular motion:  ReconcilingTOP-DOWN VIEW
(ball & track as seen looking down from the ceiling)


Dr. _______ will roll a ball along a curved track, as pictured here.  The dotted line represents the ball’s path of motion while it’s on the track. 
(Prediction)  What is the ball’s path of motion after it leaves the curved track?
(Work alone) Draw your prediction on the diagram.  
(Work together)  Discuss your answer with a neighbor.
	Class discussion.  RAD polling.  Experiment.
(Work together)  Many people think the ball keeps curving after it leaves the track, because it “keeps doing what it was doing.”  Does the “keeps doing what it was doing” intuition not apply here?  Or can we refine that intuition—applying it in a different way—so that it agrees with the experiment?


	Class discussion.
[bookmark: II]What forces act?  Checking for coherence TOP-DOWN VIEW



 	A ball is attached to the end of a string.  Someone grabs the other end of the string and whips the ball around in a horizontal circle, as drawn here.
What forces act on the ball as it moves around its circle?
(Work alone)  On the diagram, draw force arrows to indicate the horizontal forces acting on the ball at that moment.  Leave out vertical forces such as gravity, since they point “into the page” and “out of the page.”  
(Work together)  Discuss your answer with a neighbor.
	Class discussion.  RAD polling.
(Work together)  By checking for coherence with Newton’s 2nd law (Fnet = ma), we can narrow down the list of possible free-body diagrams.
At the moment pictured above, what is the direction of the ball’s acceleration?
By checking for coherence with Newton’s 2nd law, determine which of the free-body diagrams on the blackboard are ruled out by the answer you just gave about the acceleration.  Explain.


	Class discussion.
(Work together)  We can further narrow the possibilities by checking for coherence with the basic definition of force.  It’s a push or pull exerted by one object on another through direct touching or through a fundamental “field” such as gravity.  Do any of the “forces” on the blackboard not satisfy this definition?  Explain.

	Class discussion.
(Work together) We just established that “centrifugal force” doesn’t exist. Are we done with the whole issue of centrifugal force, ready to move on? Or is there something about “centrifugal force” that you don’t yet understand? Discuss, and summarize your answer here.



	Class discussion.
[bookmark: III]Why does it feel like there’s centrifugal force?  Reconciling
Let’s start with a simpler example of when you “feel” a force that isn’t there.
(Work together) You’re a passenger riding in a car.  Suddenly, the driver slams the brakes.
In which direction do you feel “thrown” when the brakes are slammed?
Are you “thrown” in that direction because a force pushes you that way, or for some other reason?  Explain.




	Class discussion.
 (Work together) Again, you’re riding in a car.  In this top-down view diagram, the white rectangles are “snapshots” of the car, which starts at the bottom of the page and comes “up.”  At point A, the road starts curving into a circular arc. The gray dots inside the car represent your head.  The dotted line shows your path of motion up to point A.
From your everyday experiences, in which direction do you feel “thrown” when the car starts veering left at point A?  Is this a centrifugal effect, i.e., do you feel thrown outward from the center of the circular path followed by the car?


	Class discussion.
What would happen to you if no horizontal forces—no seat belt, no friction from the seat—acted on you after the car reached point A?   On the diagram, draw the path your body would follow.A

By comparing the line you just drew to the snapshots of the car, explain why you feel centrifugally “thrown” rightward in the car.  Is a force throwing you rightward or do you get thrown that way for another reason?  Explain.



	Class discussion.
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