Tutorial 6 – “Oomph” and common sense
Instructor’s Guide

Overview


This tutorial is designed to teach the concept of momentum.  It does so by having the students use their common sense to come up with a formula for it (we call it “oomph” at first).  Then, students are given examples where their common sense gives a right answer and their “invented” formula p = mv can be used to check their guesses.
All this is possible because of momentum’s proportional relationship with mass and velocity.  A similar tactic would probably not work with a concept like kinetic energy.

Click here to see the associated ILD.
Click here to see the tutorial homework.
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Click here to see the tutorial homework solutions.


Click here to see the video documents for the Orange and Multi groups.
I.

This is, again, the type of question where TAs will want to float around and make sure the students are discussing it.  You can get a lot of interesting results.  Many students will agree with more than one answer.  Some pairs of answers will seem to conflict in the minds of some students, but not in others.  See video clip Orange 1 for an example.  You’ll want to be sure that a dissenting student isn’t silenced in the interest of blowing through this section quickly.
II.

This section is mathematically simple.  The biggest danger is that students may have seen the p = mv formula before, and that might interfere with people learning it for the first time.
A.

Of course, a large rock has more oomph than a pebble with the same speed.  We emphasize the word intuitively to prevent students from “overthinking” on question two.
B.

These are questions similar in spirit to part A.  We haven’t tried any other imaginary “factors” for multiplying the speed, although it’s probably a good idea to keep it different than two for variety’s sake.
C.

Here’s where p = mv appears for the first time.  Since there’s no formal checkout here yet, it’s a good time to float and make sure the groups are getting that formula.  When they do, ask them if they’ve seen it before the class.  You want to be sure those that didn’t know it understand how it relates to their common sense.  Video clip Blue 1 shows this informal check being done.
III.
A.
This is the simpler of two collision cases, and the final velocity should be 3 m/s.  If the students use their formula, the momentums should be the same.

B.

The old version of question 1 read something like “Again using intuitions, not formulas, guess the post-collision speed of the 3 kg cart.  If your group has competing intuitions, write them both down.”  We eliminated the reference to formulas because we don’t want people who use formulas as a sort of “formal intuition” to feel they’re wrong.  Also, we have never noticed competing intuitions on this question.  You can reinsert that sentence if you would like to look for them.

C.

Many times, students will say the momentum goes up or down in a collision, despite the fact that their equation gives equal “before” and “after” momentums.  Video clip Orange 5 shows students answering a previous version of this question:  “According to your part A and part B intuitions (where they agreed), does the total oomph (momentum) of the two-cart system go up, go down, or stay the same during the collision?”

D.

This section is crucial for teaching students about the vector nature of momentum.  No one has trouble predicting that the blocks will stop once they stick together, the tricky part is getting them to think about one of these blocks as having negative momentum.

Checkpoint 1

Check here to see if your students have decent intuitions about the collisions.  Also, check their “rule” about how momentum changes, and see how they accounted for the direction change in question D.  See video clip Orange 6 for an example student response.
IV.


The lead-in to this part contains the momentum conservation formula.  You might change that to whatever notation your class uses.  We also give away the “answer” to the previous section about the Velcro™ blocks.


A.

There are a few good “first steps” a group could conceivably do.  They might decide to draw a picture of the situation.  They may also decide on a direction to consider “positive.”  If they choose the picture and forget to pick a positive direction, they might make a mistake, but you don’t need to catch that right away.  (The most common wrong answer is 9 m/s.  You get that if you don’t include negatives in any of the momentums.)
Checkpoint 2

Regarding question 4, you can start a discussion about how you check intuition about direction.  The mathematical sign contains the relevant information, but see if your students get that.


B.
This is after the checkpoint, but you shouldn’t let your students leave until you’ve heard their responses to this debate.
