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Teaching Assistant Seminar

3/26/2007

Tutorial 7 – Green group

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.
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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?

II.  Lifting a book
In this problem, you’ll use the formal definition of work to figure out some stuff.  Work is done when a force F acts on the object over a distance ∆x.  When the force points in the same direction that the object moves, the work is given by W = F∆x.  (In lecture, you’ll deal with “misaligned” forces and displacements.)

E. [image: image2.bmp]A student holds a book of mass m in her hand and raises the book vertically at constant speed.  Sketch a free-body diagram for the book.  As the book rises at steady speed, is the force exerted by the student on the book greater than, less than, or equal to mg?  Explain briefly.

F. Suppose the student does 25 joules of work lifting the book.  

i. Does the book lifted at constant speed gain potential energy, kinetic energy, or both?  Explain.

ii. Is the potential energy gained by the book greater than, less than, or equal to 25 joules?  Explain.

2. Watch the first video (about 2 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: Green 7-3
S4:  If it’s lifted at a constant...

S4:  If something’s moving at a constant speed, is it not gaining...

S2:  Kinetic?

S4:  Kinetic energy?

S2:  I don’t think so.  I think it’s only gaining potential.

S4:  I don’t know.  I wouldn’t think it would.

S1:  ... student does 25 J of work lifting a book.  If the book...

S3:  It’s not really changing kinetic energy, is it?

S4:  Yeah, like, it has a kinetic energy... does a book lifted at constant speed gain potential energy?

S3:  I would say just potential.

S4:  Yeah, I would...

S2:  It’s conservation of energy, right?

S4:  Yeah.

S1:  It’s gonna gain potential energy.

S2:  So it would be 25.  Right?

S1:  Is it greater than, less than, or equal to 25 J?

S4:  Yeah, I guess equal.

S2:  Equal, right?

S4:  [to TA] If something’s moving at a constant rate...

TA (offscreen) Mmhm?

S4:  You aren’t increasing the kinetic energy, right?  I mean, it has a kinetic... I don’t know if you can say it has a kinetic energy, but...

TA:  Well, what’s your idea of kinetic energy?  Test that against what you’re observing is going on.

S4:  I mean, it’s energy derived from movement

TA: Mmmhmm.

S4:  but I would think that if it’s moving at a constant speed [TA: OK] you’ll have an energy that’s not gonna increase.

TA: It’ll have an energy but not increase.  Do you all buy that?

S3:  Yeah.

S2:  Yeah.

S3:  That’s what I think.

TA:  OK.

S4:  All right.

TA:  If you run into trouble with it later, that’s fine, but if you buy it now, go ahead.

S3:  ‘ello.

S3:  That was the worst answer I’ve ever had in my entire life.

S4:  Yeah, I know.
3. Consider the following questions about the episode you just watched.
A. S4 asks the TA questions and the TA doesn’t answer them.  What does the TA do instead?  (List several specific things.)  What’s good about what he does?

B. S3 and S4 don’t like the TA’s response at all.  What do you think they dislike about it?  

C. Consider the following exchange between three TAs in a TA development session.

Avra:
The TA didn’t help the students, as you can see from what they said when he left.  Next time he should not play games with them – if they’re right, just tell them they’re right.
Belinda:
I don’t really care if the students like what the TA did; I care that they learn as much as possible.  I think the TA gave them some good medicine by encouraging them to develop their own judgment.  If it’s a little bitter tasting on the way down, fine.
Charles:
I think the students have to like their TA in order to be honest with him or her, and that honesty (or lack of it) will affect their learning.  

What do you think of what the TA did?  If you think he could have done better, what do you suggest?

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 (about 5 min).

Transcript: Green 7-4
S3:  Well, my intuition is that yes, but she does not, because the wall does not move.

S4:  Yeah.  No.  No displacement.  I read this in the book.

S2:  You said no?  [S1:  Student pushes...] No, there’s no work?

S4:  Cause work equals...

S3:  No, there’s no work, cause it doesn’t move.

S4:  Force times change in x.  She’s exerting a force on it, but it’s not doing any work.

S1:  You said no, you said yes.  Why did you say yes and you say no?

S3:  Cause that’s what my intuition says, that, like,

S1:  Oh, I see, OK.

S3:  Normally you’d think if you break a sweat, it’s work, but I know it’s not true.

S1:  I understand what you’re saying.

S1:  The physics definition of work... W = F delta x.

S2:  Gotcha.

S3:  Give the wall any energy?  Yes.

S4:  I’m confused about what energy is, like, what... is it work, or is it a force?

S3:  It’s not a force.

S4:  Yeah.

S3:  It’s not work.

S4:  It’s just like...

S3:  It’s a component of both.

S2:  Like something weird.  It’s...

S4:  But if you do a force, you give something energy.

S3:  Yeah.

S2:  Yeah, but you do work, too.

S3:  Like, you might not be able to tell, but, like, this table’s changing when I push on it.

S4:  Yeah.

S3:  So’s the wall [S4: yeah] when she does, even though it’s just a little bit.

S4:  Oh, that’s true.

S3:  So she is giving it energy.

S2:  Crap.  So does she give the wall energy?

S3:  I think yes, [S1, S4: Yeah] cause if it were a really flimsy wall, it would fall over.

S2:  Eventually.

S3:  Yeah.

S1:  Does the student expend energy, use up chemical energy stored in her body?

S2:  Maybe it’s like friction, you have to reach that maximum.

S3:  Yeah.  It’s different for every material.

S1:  Well, probably, yeah, because she’s pushing.  She’s doing work.

S4:  Yeah.

S2:  Yeah.

S4:  It is lost as heat.

TA:  What do you guys think about that?

S3:  What, lost as heat?

S2:  Well, it can’t be lost, right?

S3:  Yeah, yeah.  It can’t be lost.

S1:  Transfer...

S3:  Transferred to heat energy, which is released from our body.

S4:  I really cannot think today.  Can’t even spell transfer.

S3:  And isn’t part of it kind of going to the wall, like, just...?

TA:  Yeah, well, in the case of... kind of going into the wall, it’s just like when I jump off the earth, the equal and opposite thing...

S3:  Mmmhmm.

TA:  I’m exerting the same amount of force on the earth as it is on me, but it’s so much bigger than me that it moves very slightly.

S3:  Yeah.

TA:  The wall has such... like, you could think that the wall maybe has some springiness to it [S3: yeah], so if I push on it, it might bend a little, and... but the coefficient, the spring constant [S3: is just so great] is so big that you’re not going to notice it, and all my work is only going... it’s not going to do much.  But most of my work is gonna just end up being sweat, heat...  To use the word “loss” isn’t necessarily [S4: yeah] wrong.  A lot of times, they use that because...

S3:  Cause you can’t use it anymore.

TA:  Exactly.  So, even though energy isn’t lost in the sense that it disappeared, it’s nothing useful, it’s lost in, like, “what are you going to do with that?”

S4:  Someone (capture it?)  So energy... I was asking them, it’s not, it’s just when you do... apply a force to something, you’re applying energy to it?  I know... even if it doesn’t move?

TA:  Well, are you giving the wall energy if you’re losing energy to heat?

S4:  Yeah.

S2:  No.

S4:  Or no, no.

TA:  Right.  So, applying force to something isn’t necessarily equivalent to giving it energy.

S2:  Oh.

TA:  It’s only if you’re able to do work on it.  I don’t know, you could heat the wall up, if I ever put a fire next to the wall

S4:  Yeah

TA:  that would be giving the wall some heat energy, but not necessarily all of the energy would go into the wall.

S3:  And it’s not doing work anyway if it’s just heating it up.

TA:  Right, but that would still count as my giving energy...

S3:  Yeah.

TA:  That would be a case of my not necessarily applying force [S4: yeah], lighting a fire.  So they’re not... I would be very wary to say that...

S4:  All three of them aren’t related at all.  I’ll figure it out.

TA:  Except that they’re conserved.

S4:  Yeah.

TA:  By applying a force to something you can, if you do it in the right context, give it energy.

S4:  All right.

6. Consider the following questions about the episode you just watched.
A. How is the students’ behavior just after the TA comes over different from just before, when they are alone?

B. S3 asks the TA a question and the TA doesn’t evade her.  What does he do instead?  (List several specific things.)  Does he answer the question that she asked?

C. In lines 107-111, the TA asks a question, S4 answers, then S3 answers, and S4 changes his mind.  What’s your interpretation of what happens there?

D. The clip ends without our seeing what happens after the TA leaves.  What’s your guess – are the students likely to be satisfied with this TA interaction?  Why or why not?

E. The same three hypothetical TAs discuss the TA behavior in the recent episode.

Avra:
Thank goodness, a TA that is actually trying to help.  What a relief for the students. 
Belinda:
I think this TA is giving the students candy.  It’s what they think they want, but it’s not actually going to help them and it might even hurt.  
Charles:
It’s great that the TA is so engaged and enthusiastic, but I don’t follow half of what he’s saying myself.  I wonder what the students make of what he says.
What do you think of what the TA did?  If you think he could have done better, what do you suggest?
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