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1. In this workshop, we’re going to watch video of students working on a mechanics tutorial.  Boxed below are the questions they’re discussing:  work through them collaboratively with your partners before we watch the video.

Energy is never created nor destroyed; it just transforms from one kind to another, and from one object to another.  This tutorial introduces you to energy conservation and its connection to the concept of work. 

I.  Introduction to work, kinetic energy, and potential energy
Here are some basic definitions, phrased informally:

Kinetic energy = The energy something has because of its motion.   The heavier or faster something is, the more kinetic energy it has.

Gravitational potential energy = The energy “stored” in an object because it’s been lifted.  The energy is “potential” because it has the potential to turn into kinetic energy—for instance, if the object gets dropped.  The heavier or higher an object is, the more potential energy is stored up. 

A. A child pushes a loaded wagon up a hill, starting slowly but gradually getting faster and faster.  Is the wagon gaining kinetic energy, gravitational potential energy, both, or neither?  Explain.

B. Suppose the wagon gains a total of 50 joules of energy.  (A joule, like a calorie, is a unit of energy.)  According to energy conservation, energy is never created nor destroyed.  But the wagon just gained 50 joules!  Does this scenario contradict conservation of energy?  Explain why or why not.

C. When you say something like “the jogger just burned 100 calories” of energy, what does that mean?  Where exactly do those 100 calories come from?  In other words, what form of energy is depleted by 100 calories?  Hint:  This is as much a biology or chemistry question as it is a physics question.

D. Roughly speaking, work is the mechanical energy—the kinetic and potential energy—given to an object by exerting a force on it.  How much work did the child do on the wagon?
2. Watch the first video (about 1 min).  The transcript is provided below.  Student 1 (S1) is in the left foreground, S2 is on the left in the back, S3 is on the right in the back, and S4 is on the right in the front.

Transcript: Orange 7-1
S1:  Jogger used 100 calories, where did it transfer the 100 calories to?

S4:  Where'd it transfer to?

S3:  Where'd it transfer to?  Where are you reading that?

S1:  Well, I'm asking... it's... I'm not reading it.  Like, because if energy is conserved and he burned 100 calories, that means he got rid of 100 calories.

S4:  Yeah, where did it go to?

S1:  But where did it go?

S2:  The environment.

S1:  You're like “uh huh.”

S3:  Did he perspire it?

S1:  No, like, it left his body, it's not like “how did it leave his body?” it's like “where did it go?”  Like, into the road?

S4:  Yeah, the force on the road?  I guess.

S1:  Giving your energy to the street?

S3:  The force on the r... I don't think you can answer that question in this case.  That would be hard.

S4:  Probably goes to a bunch of different places.

S3:  Mmmhmm.

S1:  Oh, it does go to the road.

S4:  It'd have to!  

S1:  Cause he's pushing off the road.

S4:  That's the only force, yeah, that's the only force that he's exerting is on the road, I mean, think about it...

S3:  Or on a sidewalk if he's walking on the sidewalk.

S4:  If you run enough you will eventually wear down the road.

S3:  You will?

S4:  That's why there are potholes.

S1:  From runners.  It's the joggers that create the potholes.

S4:  They're just running for a very long time.
3. Consider the following questions about the episode you just watched.
A. Students 3 and 4 seem initially surprised that student 1 is asking a question that’s not in the tutorial.  Do they get over it?  That is, do they go along with student 1 in trying to genuinely make sense of the material, or are they just trying to get the worksheet done with the least possible effort?

B. Student 3, in trying to come up with where the jogger’s energy went, says, “Did he perspire it?”  A few lines later she cracks up at the idea that the jogger’s energy might have dripped onto the road (suggested by her gesture).  How does she seem to be thinking of energy (perhaps partly in jest)?

C. Student 1 decides that the jogger’s energy must go to the road.  Why does she think so?

D. Why do the students think that giving energy to the road would result in potholes?  Do you think so?

E. Where do you think the jogger’s energy goes?

4. The students continue through the rest of the tutorial.  As the next clip begins, they are discussing the following questions.  Do them yourself before we watch the next video clip.


III. Pushing on a wall
In this section we’ll clarify the meaning of work.

A. A student pushes hard enough on a wall that she breaks a sweat.  The wall, however, does not move; and you can neglect the tiny amount it compresses.  Does the student do any work on the wall?  Answer using:

i. your intuition.  

ii. the physics definition of work.

B. Apparently, some reconciliation is needed.  We’ll lead you through it.

i. In this scenario, does the student give the wall any kinetic or potential energy?

ii. Does the student expend energy, i.e., use up chemical energy stored in her body?

iii. If the energy “spent” by the student doesn’t go into the wall’s mechanical energy, where does it go? Is it just gone, or is it transformed into something else?  Hint:  How do you feel when you’ve expended lots of energy?

C. Intuitively, when you push on a wall, are you doing useful work or are you “wasting energy”?

D. A student says,

“In everyday life, ‘doing work’ means the same thing as ‘expending energy.’  But in physics, work corresponds more closely to the intuitive idea of useful work, work that accomplishes something, as opposed to just wasting energy.  That’s why it’s possible to expend energy without doing work in the physics sense.”

In what ways do you agree or disagree with the student’s analysis?

5. Watch the next video (almost 5 min).

Transcript: Orange 7-5
S3:  My intuition is yes, but physics doesn't say...  it's not, it's not work, cause it's not moving...

S2:  Hm?

S3:  Physics says it's not work.  Isn't work defined as movement?

S4:  No, kinetic, um...

S3:  I know, but kinetic and potential energy make up for it.

S4:  She'd have to do work, though.  She's changing... she's losing energy.  (briefly off topic)

S1:  But energy isn't part of work.

S4:  It isn't?

S3:  It isn't?

S1:  Work is F delta h.  I mean F delta x.  There's no change in... the wall doesn't move, so work hasn't been done.

S4:  No work.

S3:  There's no work?

S1:  There's no kinetic energy, and there's no potential energy, so she really didn't use any energy.

S3:  Physics is so *whew*.

S4:  Physics definition of work?

S3:  Just write she didn't use kinetic and potential energy.  (S4:  Isn't it the same thing?)

S1:  There's no acceleration, therefore force is zero anyway, and there's no delta x, cause nothing moves, so that's zero, so there's no work.

S4:  So why does she break a sweat?

S3:  She's breaking a sweat, but it's not moving anywhere.

S4:  Is she exerting the force on herself?

S1:  She's exerting a force [S4: she's doing work on herself], but she's not using energy.  No.

S4:  She's not using energy, how comes she sweats?

S3:  If it would be on the table...

S1:  Because energy isn't what we think of as energy.

S3:  Yeah.

S4:  OK...

S1:  Cause when we think energy [S4: it's not, like, the biological...], we do something, and then we get tired.

S4:  OK.  OK, what's the physics definition of work?  W = F...

S1:  (with S3) F delta x.

S4:  Does the student give the wall any energy?  Yeah.  No.  Yes...

S3:  No.

S1:  No.

S4:  The second one is yes, right?

S3:  She does use chemical energy...

S1:  No, she doesn't.

S3:  stored in her body.

S1:  Oh.  Expend energy.  She does expend energy, but she doesn't give any energy [S3: into the wall] into the wall.

S3:  Yeah.

S4:  It's transformed, but into what?

S3:  Where does it go?

S4:  How do you feel when you've expended lots of energy?  You feel tired.

S3:  It goes...

S4:  It goes into the sweat.

S1:  You feel...

S2:  It stays within the body, like, ATP is broken down into ADP...

S4:  Well, I mean...

S1:  This isn't...

S4:  No, but we do...

S3:  Actually, that is muscle contraction stuff, wouldn't it?

S1:  It IS like that, then.  But the energy goes somewhere.

S4:  Energy goes into the muscles.

S3:  Energy goes to the muscles, and the muscles get tired, and that's why you get tired.

S1:  It's going into... it's not going into the wall?

S3:  Of course it's not going into the wall!

S4:  It really does go into... [it really does go into the muscles.]

S1:  Oh, but you know what?  This is the jogger question, too!  The energy from the jogger doesn't go into the ground, cause the ground doesn't move.

S3:  Hm.

S4:  Yeah, but remember how he said, like, if you're walking, you're pushing against the ground, and it's like you're moving it behind you.

S1:  But the ground isn't actually moving.  You can't measure... [S2: it's not energy, it's force] [S4: technically, no, but...] you can't measure a delta x on the ground.

S4:  Right, like I said, [S2: it's friction] it's force, but it's not, like, and energy.

S1:  Force is not energy.

S2:  Right.

S4:  I really want... I really want to answer this biologically.

S1:  Yeah, I know, well, [S4: that's something I actually know for sure!] ATP is broken down into ADP [S3: uh huh] and energy is released.

S4:  Hey, I know that for sure, it's... I feel much better about that than this.

S1:  So less energy is stored within the body.

S3:  Uh huh, exactly.

S1:  Until it is regenerated by the body through... [S4:  Seriously, though, where does it go?] oxidated phosphorylation...

S3:  I wanna know.

S1:  I don't know.  I don't know where it goes.

S4:  Isn't it given off in the form of heat?

S3:  From the sweat?

S1:  Well, I know C is you're wasting energy.

S4:  Well, her body's gonna get hotter.

S3:  You're wasting energy, cause the wall's not gonna move anywhere.

S1:  Well,  you're not building kinetic or potential energy.

S4:  Exactly, you're not...

S1:  I feel like I'm doing something useful when I push on the wall for an hour and break a sweat!

6. Consider the following questions about the episode you just watched.
A. In lines 10-13, student 4 says “She’d have to do work; she’s losing energy,” and student 1 says, “But energy isn’t part of work.”  Explain how each of them is correct or incorrect.

B. What is student 1 thinking when she says “There’s no acceleration, so force is zero anyway” (lines 29-30)?

C. The students variously propose that the energy the student generates in pushing the wall goes into her sweat; stays within her body; goes into the muscles; goes into the wall.; or is given off as heat.  Which of these is (are) correct and which incorrect?

D. What criteria to the students seem to be using to gauge whether an object (the wall, or the road in the case of the jogger) has gained energy?  How do they know whether it has or hasn’t?

E. Does the biology help these students with the physics, or does it distract them from it? 
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