Tutorial 7 – Work and Energy
Instructor’s Guide

Overview


This tutorial is designed to connect the ideas of work and energy.  If your students haven’t learned anything about kinetic and potential energy before, that’s OK: definitions are given right at the beginning.  Although we do not try to “explain” formulas like KE = ½*mv^2, we do have the students work through something that should help them “get”
U = mgh.

Click here to see the tutorial homework.



 HYPERLINK "../../../Student_Materials/07_Work_and_Energy/Tutorial_07_HW_Sol.doc" \o "Tut 7 HW solutions" 

Click here to see the tutorial homework solutions.


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

The definitions start this section off.  You can refer back to them if a group seems stuck with the language.
A.

We ask this question because some students are only familiar with the context of potential and kinetic energy “trading off.”  

B.

The idea behind this question is that students should see “energy comes from somewhere” is consistent with “energy is conserved”.  Likewise, if someone loses some energy, we should be able to figure out where it went.  See video clip Orange 1 for an interesting discussion of this point triggered by the tutorial’s next question.    
C.

Since we teach this to biology majors, we get some complicated answers to this question (for example, involving the ATP cycle).  An answer like “the 100 calories come from food” would, of course, be sufficient.  
II.

This section motivates the potential energy formula, but it does so in the context of work.  The standard Fx is introduced at the beginning.
A.

A previous tutorial deals with the net force of something moving up at constant speed.  That doesn’t mean the students will recall it perfectly, but you at least have something to refer back to.
B.

We’ve found that most students don’t have trouble with the idea that a book moving at constant speed has kinetic energy and is not gaining it, but it’s still the most common problem you will encounter with this question.  See video clip Green 3 for an example.
C.

Part 2 of this question depends on the fact that they understand the book gained only potential energy.  Therefore, all of the “mgh” goes into potential energy.

Checkpoint 1
There are plenty of prior questions to check.  One thing you might want to “be curious” about is their answer to II.D.  Many college students have seen the mgh formula before.
III.


By saying we’ll “clarify” the meaning of work, we mean here that this page should help students distinguish and reconcile the physics definition of “work” and their common sense definition, like they discuss in video clip Orange 5.
A.

We tell students to neglect the compression here because some (correctly) acknowledge that some energy goes into the natural springiness of the wall.  It’s very common here for students to “intuit” that work is being done on the wall, but not according to the physics definition.  See video clip Green 4 as an example.
B.

The point of this question is to distinguish between “useful work” and “wasted energy,” we follow up on this in the next questions.

IV.

This question can take groups a while, so that’s why it’s OK if they don’t finish.  The accompanying homework has a nearly identical problem.

You can solve part B of this question with kinematics and a kinetic energy formula, but you shouldn’t mention that or encourage students to try it.  The idea here is to reinforce the connection between work and energy.

A.

7000 J of work is done by the engine.

B.

The goal here is to get students to say 5000 J is converted to potential energy, so the remaining 2000 J becomes kinetic energy.

C.

We chose the wording here because the previous wording (that didn’t explicitly hint that B’s answer was 2000 J) got students thinking their answers were wrong.  Therefore, the question phrasing is designed to validate students that get it right.

This question gets at “real world” ideas regarding the rocket: there will be air friction on the nose cone, for example.  “Heat” is a correct answer, but if that’s all you get, you’ll want to press the issue and ask “where did that heat come from?” or “what caused it?’
