ILD 5 – Circular motion and reconciling

Instructor’s Guide
Overview

This worksheet consists of three independent sections; you can pick and choose which sections you do without losing coherence.  Section I addresses in an intuitive way why an object moving in a circle starts going straight when the centripetal force is turned off (instead of continuing to curve).  Section II uses the idea of checking for coherence — making sure all your pieces of knowledge fit together into a coherent whole — to show why there’s a centripetal but not a centrifugal force.  Section III intuitively addresses why an object in circular motion feels as if it felt a centrifugal force.  If you want to work through all three of these sections, you may need more than a 50-minute slot.

I
The experiment here is crucial, because students who expect to see curved motion will tend to see it.  In a large lecture, one possibility is to have a TV-style camera projecting the experiment onto a screen.  In any case, after running the experiment, you might want to run it a second time with a meter stick placed next to the ball’s trajectory after it leaves the curved track, so that students can see that the ball stays next to that straight stick.  Although it takes more time, the techies among you could take digital video of the experiment and then use Videopoint to track the trajectory, showing that it’s a straight line.

A.  
If a student “knows” that she is supposed to say the ball goes straight, she might be unwilling to articulate her intuition that it curves.  You could use the standard trick of asking not for the student’s own opinion but for an opinion she heard someone else say or might expect someone else to say — or even “What’s another reasonable, intuitive answer that no one has yet said?”

B. 
Ideally, students’ ideas here will be summarizable as an intuition refinement diagram (see the Newton’s 2nd law tutorial with Timmy in the well).  The raw intuition is “the ball keeps doing what it was doing.”  Two refinements are “the ball keeps curving” vs. “the ball keeps its final direction of motion.”  The experiment, of course, favors the second refinement, but it’s worth asking students for an intuitive explanation of why that refinement “wins.”  At Maryland, we emphasize the idea that the ball doesn’t “remember” what it was doing a few moments ago; it only “knows” what it’s doing right now, i.e., its current velocity.  So, the ball can’t know that it was curving, because knowing that would require the ball to compare its past and present motion.

II
This is more of a tutorial than an ILD; there’s no experiment.  The point is to establish that centripetal force, but not centrifugal force, is consistent with the previously-discussed ideas that (i) the acceleration of a circularly-moving object is directed inward toward the center, and (ii) a force is a push or pull exerted by one object on another.  Please don’t try this section until you have covered those two ideas.

A.
List the candidate free-body diagrams on the board.  Some of them must involve a centrifugal force--ask for “roommate answers” if needed.  Number those possibilities for RAD polling and for later reference.  We hope to see at least three possibilities:  centripetal force only, centrifugal only, and both.

B.  
Students may think the fact that a is centripetal rules out all diagrams that include a centrifugal force.  But really, the direction of a does not rule out a force diagram in which Fcentripetal and Fcentrifugal both exist, as long as Fcentripetal is stronger.  To help students reach this realization, you can ask something like “Is there a version of this diagram, with both forces, that is not ruled out by…”

C.  
In this discussion, students may start to wonder why you feel a “centrifugal” force.  At this point, direct them to part D and continue the conversation after they’ve taken a few minutes to answer it.

D. 
This is the main epistemological “teachable moment.”  You really want to draw out students who feel the need to reconcile the non-existence of centrifugal force with the kinesthetic perceptions.

III
This is another tutorial-like (free-free) section.  The idea is to get students to see that they feel a “centrifugal” force for the same reason they feel thrown force in a braking car (or thrown backward in an accelerating car).  If this section is students’ first exposure to these sorts of pseudo-forces, you may want to devote extra time, and may even want to add an extra question before the “punch line” with the swerving car.  Possible additions would be the accelerating car (“why do you feel thrown backward”) or an analogous accelerating or decelerating elevator.  The point is just to make sure students are somewhat comfortable with the idea of inertia masquerading as a force before they apply that idea to circular motion.

A.  Again, spend lots of time on this if needed.  Students really need to get that they feel thrown forward not because of a force but just because of their inertial tendency to keep traveling in a straight line at steady speed.

B.  These questions are hard, and you might want to draw correct answers on the board.  Specifically…


1.  Students will generally get that they feel thrown to the right, but they might not get that rightward is also centrifugal.  On the board, you could draw the circular arc followed by the car after it passes point A, mark the center of that circle and re-ask whether the passenger feels thrown centrifugally (outward from the center).


2.  Again, in going over this during class discussion, you might want to draw your own reasoning and answer.  It’s hard for students to draw a sufficiently accurate diagram to see that the student would travel rightward, but not significantly forward or backward, relative to the car.  As long as students see your diagram as just a better rendition of their diagrams, they won’t be reverting to “accept information from authority” mode.


3.  Good prompts are,  “is this the same or different form why you felt thrown forward in the braking car,” and “if you already knew that there’s no such thing as centrifugal force, what was the point of this whole section?”

