ILD 3 – The Springy Desk

Instructor’s Guide
Overview

This lesson addresses the intuitive idea many students have that a “passive” force such as the normal force exerted by a desktop on a book is a different kind of thing from an “active” force such as a person pushing a book.  This is a particularly well-hidden “misconception” because students are more than happy to use the normal force when solving problems.  However, some of the standard mistakes students make, such as setting N = mg even when that’s not true, may stem from their failure to make sense of what the normal force is and how it arises.  

The conceptual flow is stolen, uh, I mean borrowed from Jim Minstrell and John Clement’s lessons on the same topic.  The basic idea is to get students to see rigid objects as springy (i.e., even a desk can compress a little) and thereby to activate students’ “springiness” intuitions, which mesh naturally with push/pull intuitions.  If you don’t have equipment for measuring tiny compressions of “rigid” objects, read section IIA now.

I

The ideas here are to validate the intuitive idea that a passive force isn’t really a force and to show how that idea runs afoul of Newton’s 2nd law.

A. & B.  
This is an epistemology question, worth a fair amount of time if you’re emphasizing epistemological issues.  Students are likely to know that we want them to think Maria and Carlos are asking good questions, so it’s important for you to validate the idea that they are  *not* good questions, even offering your own arguments along those lines if students fail to do so.  Maria is just nitpicking about a concept that’s actually pretty simple to use in problem-solving.  Worrying about this issue won’t help her solve problems.  And Carlos is creating a difficulty here none exists; how can it help someone learn to make things more difficult than they have to be?  In addition, you can try to get students to articulate why they think Maria’s and Carlos’ questions are good.  

C.  
The idea we’re looking for here is that, since the book is motionless, it must feel zero net force, which means there must be an upward force canceling the downward gravitational force.  In the ensuing class discussion, you can get at the belief/understanding distinction (see ILD #3!) by asking something like, “Does the coherence argument of part C a reason to accept that the normal force is really a force, a way to understand how the desktop exerts a force, or both.  We think it’s a strong reason to accept that N is a force but doesn’t address the mechanism of how a desktop can push.


At the end of this discussion, you can announce that the next section of the tutorial will try to give students an intuitive sense of how a desktop can push.

II
In this section, you’ll demonstrate that a rigid desktop (or block or whatever) is actually springy and hence microscopically compressible.  Then students will explore their intuitions about springiness, with the conclusion (we hope!) that a compressed springy object can push against whatever is compressing it.  So, the normal “force” exerted by a desktop really is a push — a force — in an intuitive sense.

A.  
You might not have the equipment to pull off this experiment.  We at Maryland are honestly not sure how to proceed, or whether to proceed, in that case.  You could simply tell students that the desktop compresses, but that could be epistemologically iffy.  You could give students the relevant compressibility coefficient (bulk modulus) and have them do a quick-estimate calculation of how much the desktop compresses in response to a book lying on it.  But that’s a big tangent and students might lose the main conceptual thread of this lesson.  PLEASE LET US KNOW WHAT YOU DID.

B.  
This section is meant to be very quick. The four quick demos corresponding to the first four subsections are 

1.  Horizontal spring, fixed at one end; cart is used to compress spring, and then cart is released.  All students will view the compressed spring as pushing the cart.

2.  Same thing, but now the cart is held in place against the compressed spring rather than released.  Students should still see the spring as pushing, even though there’s a counter-push that prevents the cart from moving.

3.  Now the spring is vertical with its bottom end fixed, and the belly of the cart of pushed down and released so that it pops up.

4.  Now the cart is balanced on the top of the spring.  It needs to be clear that the spring is compressed; make sure students see that the top of the spring comes down from its equilibrium position.  The hope is that the first three demos will set students up to see the spring as pushing.  If no one points it out in the class discussion, you can note that this is just like demo #2, except the spring is vertical and the force holding the cart in place against the compressed spring is gravity rather than your hand.

C. & D.  
After discussing parts C and D, you might raise something like the following question:  “Even before you walked into lecture today, you all knew that the book on the desktop feels an upward normal force from the desk.  So what was the main point of today’s class?”  We predict that some students will say it’s the fact that even a desktop compresses, although this lesson introduces that fact in the service of the broader lesson that passive forces aren’t really passive.

