ILD 2 – Velocity and acceleration

Instructor’s Guide
Overview

Picking up where the velocity/acceleration graphing tutorial leaves off, this lesson focuses entirely on what’s going on at the peak of the motion (for a cart rolling up and down a ramp).  The lesson leads students through two different ways of understanding that the velocity is changing at the peak:  the usual graphical method (“the velocity vs. time graph keeps it slope even when cutting through the zero-axis.”) and the velocitometer introduced in section III.  This conceptual overkill is in the service of the epistemological point that it’s possible to make sense of initially-counterintuitive ideas.

It’s good to do this lesson not too long after students have completed the velocity/acceleration tutorial, while they have the cart up-and-down the ramp experiment still fresh in their minds.

This lesson may take more than 50 minutes.

I
After eliciting the usual “misconception” that a = 0 at the peak, this section asks students about their stance toward that intuitive idea and the correct physics answer, illustrated experimentally, that the acceleration remains negative throughout the motion.

A. & B.   
Most students have or at least sympathize with the idea that a = 0 at the peak.

Experiment:  Set the software to graph both velocity and acceleration vs. time.  In a class discussion, help students figure out at what moment on the graphs the cart reached its peak, and what the acceleration is at that moment. 

C. & D.  
It’s hard to get students to take these kinds of questions seriously, but you can help a lot by giving lots of time to the class discussion.  If you take these sorts of questions seriously week after week, and on homework and exams, students will learn to do so, too.


Students have a whole host of opinions about, but may be afraid to verbalize opinions they think you would disagree with.  A standard move here is to ask students to say not just their own views but “a view you heard from someone else” or even “a view you can imagine someone else saying.”  We’ve seen this move work well in some cases and fail in others.


At the end of this class discussion, don’t try to converge on a “right” answer, but announce that the remainder of the lesson will bear on the issue.

II
The point of this section is to help students see that checking for coherence — specifically, looking for consistency between the velocity graph and the predicted acceleration at the peak — not only leads to a correct prediction but can also help make sense of that prediction.  So, we don’t just want students to accept that a must be nonzero at the peak because the velocity graph is sloped.  We want that result to make at least some intuitive sense to them.  In the class discussion, it’s important to discuss both parts A and B, to make sure students get the connection between the slope of the velocity graph and acceleration.  the discussion about part B might not be too rich; it’s a very hard question, and only a few students (if any!) might have anything to say.  Here are some emergency prompts you could use.  “For how much time does the cart’s velocity remain at v = 0?”  “At that moment, is the velocity constant or changing?”  It’s OK if students come out of this discussion not feeling completely intuitively satisfied; the next section is supposed to help with that, and you should announce this fact.

III

This section introduces the velocitometer, a speedometer that registers both positive and negative velocities).  The presence of an acceleration corresponds to when the velocitometer needle is moving (sweeping).  The idea is that, at least for some students, visualizing the velocitometer needle sweeping through v = 0 will make it more intuitive that the cart has an acceleration at that moment, just as it does at any other moment during the cart’s motion.

A.  In the class discussion, if there’s extra time and you feel students got the main points, you can ask something like, “Does clockwise sweeping of the needle indicate positive acceleration even when the velocity is negative, like when the needle sweeps from –3 to –2?”  The ensuing discussion could give students another way of understanding why a decreasing negative velocity — the car heading toward the detector but slowing down in tutorial #2 — corresponds to negative acceleration.

B.  This may be trickier for students than you’d expect — the whole idea of infinitesimal times has tripped up a lot of smart people over the past 3000 years!  That’s why we suggest a class discussion after question 3 instead of waiting until the end.
