Department of Physics

Video discussion

Teaching Assistant Seminar

3/26/2007

Tutorial 8 – Purple 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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I.  Beds
A. A bed of nails is not especially comfortable.  However, it’s a lot more comfortable than draping your body over a single spike.  Explain why this is so, especially since the force involved (your weight) is the same in either case.

B. Lying on the floor is even more comfortable than lying on a bed of nails.  Why?  Draw a diagram to illustrate your answer.

C. Lying on a soft bed is the most comfortable of all.  Why is it more comfortable than the floor?  Again, draw a diagram to explain this phenomenon.

When we are interested in the overall motion of an object, we can think of any forces as being “on the object,” without worrying about where exactly the forces act.  When we’re interested in what’s going on within the object (such as whether you’re comfortable when lying down), it can be useful to think about whether and how any forces are spread over the object’s surfaces.

In physics, the quantity force per unit area is called “pressure.”
D. Explain how the pressure is different in the four situations described above.  

2. Watch the first video (less than 1 min).  The transcript is provided below.  Student 1 (S1) is on the left in the back, S2 is on the right in the back, and S3 is in the right foreground.

Transcript: Purple 8-1
S3: This is, cause pressure equals mass divided by volume

S2: Force divided by area, right?

S3: Well, yeah, that’s the same thing as mass divided by volume

S2: Is it?  I don’t know.

S3: Oh, I guess area, yeah.  

S2: The force is spread over a greater area

S3: So if you have a single spike, the area is a lot less?  Therefore, the pressure, er the force is a lot higher.
3. Consider the following questions about the episode you just watched.
A. S3 starts out by claiming that pressure equals mass divided by volume.  Do you think there was something behind her saying that, or was it just a careless mistake?  What do you think her thinking might have been?

B. Did S2’s correction cause her to change her mind?  What makes you think so, either way?

C. Explain what mistake you think S3 is making in lines 9-11.  Do you think this mistake is likely to be important, or not a big deal?

4. In the second video (less than 1 min), the students continue their discussion of the above questions (in particular, part C, about the why the soft bed is the most comfortable).

Transcript: Purple 8-2
S2: Why, because of the springs?  I don’t know.

S1: Because there’s a nice cushiony softness.  Or in the case of my bed, there’s memory foam.  I guess there is-

S3: Maybe it’s cause of the force.

S1: There’s force, cause the cushion of the bed is less force than the, or is it?

S3: Cause, yeah, cause it sinks in so the force is less?

S1: Yeah, yeah…the exerting force.

S3: I guess you, there’s more of the bed

S1: Well it has to do with density

S3: Well, it’s greater area, cause more of the bed, more of the, your surface is on the bed, you know what I mean?

S1: Well not necessarily, I mean if you lay on the

S3: Because if you are like on top of it, or if you’re like sunken into it

S1: Well I’m thinking like density, like the density of the bed is a lot less than the floor.

S3: But this doesn’t have anything to do with density

S2: No, like even when you’re laying on the floor, not every single part of your body’s touching the

S3: Right, but if you have a mattress that like

S1: So more of your body surface area is in contact with the bed than the floor?

S3: Yeah.
5. Consider the following questions about the episode you just watched.
A. It’s common for students to say that the bed is more comfortable because it’s “softer,” and leave it at that.  It can seem odd to do a physics analysis of something so obvious.  If you were a TA, how would you encourage students to explain the comfort in physics terms?  Why should they do so?

B. Does the cushioniness of the bed reduce the force the bed exerts on the person, compared to the hard floor?  Why might someone say it does?  Why might someone say it doesn’t?

C. S3 says “this doesn’t have anything to do with density” even though in the last clip she said that pressure was mass divided by volume.  Do you think she has moved on from that earlier idea?  Or do you think she was referring to something else in the earlier clip?

6. In the next video (less than 1 min), the students discuss their reasoning on the above questions with a TA.

Transcript: Purple 8-3
TA: I like your diagrams.

S3: Well, he’s happy now.

TA: I can see that.

S1: Mine says, “Aaaahh.”

TA: Good…and what’s the difference?

S3: The area keeps increasing.

TA: Okay, and what does that do for our traveler?

S3: So force is less.

TA: So the force is less, so he weighs less?

S3: Yeah, so there’s less pressure, so he’s more comfortable.

S2: Not, not

S3: Well, he doesn’t weigh less.

TA: He doesn’t weigh less, right.

S3: Right

TA: So the force isn’t less.

S2: But since it’s divided by area

S1 and S3:  there’s less pressure

S3: Right

S1: So he’s more comfortable.

TA: But that’s an important distinction to make, between force and pressure, to [??] them apart.  Does that make sense?  No, you’re absolutely right, this is great, it’s just important to sort of keep those ideas separate in some way, right?  Okay, this looks great.

7. Consider the following questions about the episode you just watched.
A. The very first thing S3 says to the TA is essentially the right answer.  The TA responds with a pretty neutral probe for more information.  (Actually he nods and says “Okay,” but as we see later in the clip, he does that for wrong answers too, and the students probably know that since it’s late in the semester.)  What might have happened differently if the TA had affirmed that S3’s response was correct?

B. In line 10, the TA restates S3’s answer – but he also does a little more than that.  Explain what he does, and what you think his purpose may have been in doing that.

C. There are at least two ways that we might assess the students’ level of understanding in this clip: 

i. They get it.  They might make a slip or two here or there, but they correct themselves easily, which shows their underlying understanding.  The TA is right to compliment them, and to just caution them to watch out for little slips.

ii. They don’t get it.  They fact that they happen to say most of the right words with the TA present is just as likely to be accidental as anything else.  If the TA thinks they have a solid understanding, he’s been duped.  Hopefully the TA is doubting their sophistication and will check on them again soon.

Which of these resonates with you?  What are the benefits, and risks, of overestimating the students’ understanding versus underestimating it?

8. The students continue with the following tutorial exercises.  Do them yourself before we watch the next video clip.


II.  Containers
A. Imagine a water balloon filled with water.  How could you demonstrate that the water is pushing outwards on the balloon, rather than just sitting there like stuffing?  (Hint:  You might try a pin.)

B. Suppose you had two water balloons, each filled with one cup of water so that they are the same size.  However, one of the balloons was a bigger balloon to begin with.  How could you tell which balloon started out larger?  (Again, the pin might help.)

C. In a beaker of water, does the water exert forces on the sides of the beaker?  Where?  How could you demonstrate the direction of those forces?  How could you demonstrate their relative magnitude?

III.  Water squirting out of holes
Imagine that a container filled to the brim with water has small holes opened in its side, labeled A, B, and C as shown at right.  
A.
Using a dashed line, sketch the path you think the water from each hole will take when it leaves the container.  Where do you think the water will squirt out the hardest, and where the most weakly (or will it be equal)?

i. Conduct the experiment using one of the containers provided.  Use a solid line to sketch your observation.

ii. What causes the water to squirt harder from some places than from others?  Explain the idea that you think should guide your predictions from now on.

B.
Imagine a container wider than the one you used above, but with the holes A, B, and C still at the same depth.  Before you do the experiment, consider the following exchange between two students.

Wendy:
“The water above the hole pushes down on the water next to the hole, pressing it out.  The strength of the squirting is determined by the weight of the water above the hole.  There’s more water above point A for this container, so the water will squirt out of that hole more strongly than it did with the other containers.”
Doug:
“I think the strength of the squirting is determined by the depth of the hole.  The depth of point A is the same as for the other containers, so the water will squirt out the same.”
With whom do you agree?  Or do you have a different idea?

9. Watch the video (almost 4 min).

Transcript: Purple 8-5
S2:  When he was talking about depth, what’d he mean by depth?

S3: Depth is the h  [drawing]

S1: Isn’t that the height?

S3: [on her drawing]  That’s the depth.

S2: But then, like, I thought depth was, that he was also incorporating the surface pressure and this…er, I don’t know.

[TA joins table]

S1: I’m thinking it means, like literally how deep it is from the top to point A, to point B, and to point C.

S3: I think that’ll be the second one because if you use this equation, only h is changing, er h doesn’t change.  Density doesn’t change, and g doesn’t change.

S2: I have a question, I know depth is height, but the way he explained it in lecture is, he was using height until he mentioned surface pressure, and then after that he started using the word depth.  So is depth, does that include the surface pressure plus the height?

TA: Well usually, I’m not sure what happened in lecture, usually the word depth refers to sort of your distance from the surface.

S1: That’s what I was thinking, like depth refers to, it’s a different depth, so you’re gonna have, this is the depth between the surface and A, B, so like the only thing that is changing is height, like p and g would stay the same.

S2: I was asking based on what he explained in lecture.

S3: Well it’s saying like

S1: So therefore the pressure is increasing as you get deeper.

TA: mmm-hmmm

S1: Which makes sense.

S3: Well it’s asking if, compared to this one, if you make this thing wider, will it shoot out different

TA: Right

S3: So h isn’t changed, though

S2: I think it’ll shoot out the same, it’ll just shoot out less,

S1: It’ll shoot out the same

S2: less uhh,

S1: With less force?

S2: Like it won’t shoot out as far.

TA: OK, so you say, so you’re saying it won’t shoot out as far, so this will do something different than the little

S1: It’ll be like weaker, the acceleration of the water leaving the hole won’t be as fast.

S2: Actually, no it won’t.

TA: OK, won’t be as

S1: Because there’s more area to contend with so

TA: Good, so here you’re saying there’s more area here, so there’s more area to contend with because it’s wider,

S1: mmm-hmm

TA: so it should shoot out less fast than the narrow one, that’s your stand

S1: yeah

TA: or your claim.

S3: Okay.

TA: Good, do you all agree or disagree? It sounds like you want to disagree.

S3: Well sort of because, okay, so this is density which is mass over volume, 

TA: okay

S3: and even though the volume is greater, the mass is greater too, so the density, like the density of water doesn’t change depending on what size it’s in.

TA: Okay, so the density from this one to the other container is the same,

S3: yeah

TA: little g from this container to the other container is the same,

S3: The same.  And the h is the same.

TA: Okay, so what’s the conclusion?

S3: I think it’ll stay the same.

TA: So that this container and the little container should shoot out the same,

S3: yes

TA: because based on this equation, the pressure should be the same.

S3: Right

TA: Okay.  Yes, no, maybe?

S2: Makes sense.

S1: It makes sense, but I also think that like, height, the, like if you took a container that had the same holes, and one was this wide and one was this wide

TA: mm-hmm

S1: the one that was this wide is gonna like

TA: Is gonna shoot not as far

S1: Exactly

TA: Cause there’s more area, right?  Cause you’re using this formula, right?  But we know that pressure is force over area, right?

S1: Mm-hmm

TA: So if I make the area [with S1:  bigger] the pressure should be smaller.  What do you say to that, right?  What do you think?  [pause]  Nothing?

S1: Like they both make sense.

10. Consider the following questions about the episode you just watched.
A. As in the previous clip we watched, the first thing that S3 says to the TA (lines 13-16) is essentially the right answer (though it’s not the line of reasoning suggested by the tutorial).  We know from real-time experience that this isn’t unusual for S3 – she often states a correct answer first in her group.  Her partners, though, don’t acknowledge what she said; S2, in particular, doesn’t respond to her.  Why do you think he doesn’t pick up what she put on the table?  Is his ignoring her a good thing, or a bad thing?

B. The TA is even more likely than S2 to have heard and understood S3’s first statement, but he doesn’t acknowledge what she said either.  Why do you think he doesn’t?

C. S2 is trying hard to relate the tutorial question to what he heard in lecture.  Is that a good effort on his part?  Or is he trying to take the easy way out by remembering what answer was given in lecture, rather than doing any real thinking now?

D. In line 31, S1 says “p” instead of “rho,” an understandable mixup for someone unfamiliar with Greek letters.  Does her error cause her any problems?

E. Summarize S3’s argument that the water will shoot out of the holes the same way no matter the width of the container.  Her prediction is the same as Doug’s; is her reasoning essentially the same, or significantly different?

F. Summarize S1’s argument that the water will shoot out more weakly from the holes in the wider container.  How does her prediction compare to Wendy’s?

G. In what way(s) are S1’s and S3’s arguments similar (even though they make contradictory predictions)?

H. The TA plays a big role in prompting S1 and S3 to articulate the two contradictory arguments.  How does he do it?  Does he show any favor for one argument or the other?

I. The beginning of this clip was mostly about S2’s question about depth.  Whatever happened to that?  Can you tell what S2’s prediction would be about the wider container?

J. In line 110, the TA waits silently for the students to answer his question.  Does it feel like he waits a long time?  (Clock it if you want to know how long it actually is.)

11. The next video clip (6 min) picks up immediately where the other one left off.

Transcript: Purple 8-6
TA: Nothing?

S1: Like, they both make sense.

S2: Yeah, cause you have to multiply this pressure you got here by the area.

TA: Okay.  What about the force?

S2: That’s equal to the force, right? Cause if you do like, PA = F.

TA: PA = F, okay…so how is, okay,

S2: And then you calculate this pressure based on

S1: Based on this equation?

S2: Yeah, yeah

S3: How do those two equations relate?

S1: Well I’m thinking the way he has it, cause it’d be, if pressure equals

S2: Well I thought it was like P-o plus rho g h

S3: Oh, but could you do, but like this…

S1: So it’d be pgh times A would equal force, right?  [S3: is equal to F over A]  Cause couldn’t you just substitute that in for that?

S3: Are these two equal?

S1: Cause is p equals rho delta h

S2: Is that equal to, like the

TA: Does rho g h equal, yeah I mean they’re both the pressure, they’d better be equal, right?

S3: So…

S1: So like changing the

S3: The force

S1: The force will change if you change any of these variables. Won’t it?

S2: Well, this is all the same

S1: Yeah, this is one

S2: But the area’s different

TA: Well, what is this force?  In this equation.

S2: Buoyant force.

TA: So in this equation, what does A mean?  What area are we talking about?

S2: The area, like

TA: Can you draw me the area?

S1: The volume.

TA: EHNH!  Thank you for playing.  Have a nice day.  Which area are we talking about?

S2: The area…well the area the water takes up.

TA: Well, you’re the one that told me the area is increasing, what area is increasing?

S1: There’s, cause I think, 

TA: Right

S1: It’s wider, so there’s more area.

TA: Where?  What area?

S1: Like if this is the original cylinder, there’s more [with S2: width] but there’s also more, the height’s the same.

TA: Well, OK, so let’s go back to the guy in the bed for a minute, right?  Here’s the dude, say he’s on the bed, right, so his whole…maybe I should draw it like this…here’s a guy, and he’s on some bed, right?  And I want to say that pressure is force over area, right?  Which force am I talking about and which area?

S3: The force is the force of the guy on the bed, and the area is [S2: surface area] what touches his body.

S2: Yeah, what touches

TA: What touches his body, so somehow there’s this area of touching, right?

S3: Like, in this picture, it would only be like, this,

TA: Good, right.

S3: And that.

TA: Good, I agree with that.  That seems fine. Is that okay?  So now here’s the thing of water, here’s point A, right?  So which force am I gonna talk about, and which pressure, uhh, which force and which area?  What’s causing the pressure at point A?

S1: Okay, well if this is the area, wouldn’t this be the force?

TA: Wouldn’t what be the force?

S1: Just the, the hole.

TA: Just the hole, the force of the hole?

S1: Mm-hmm.

TA: So the hole is pushing on the water? [with S1: doesn’t make sense] Right…so what

S3: So the area above that’s pushing?

S2: Yeah, and the force that’s pushing down

TA: So what force?  So here it was the weight of the guy pushing down on the bed right?

S2: It’s the weight of the other molecules, pushing on other molecules

TA: So which other molecules?

S2: So like this molecule, this molecule pushing this molecule.

TA: So like all of these?

S2: Yeah.

TA: So like would all these molecules count?  Like all this water?

S1 and S2:  Yeah.

TA: So all these molecules is the force.

S2: And that’s the area that all those molecules take up.

TA: And then the area…and which area?  This area?

S2: Yeah, like this area

TA: Like this area.  So here’s some area, right?  Some circle, and then here’s the weight of all this water above that circle.

S2: Mm-hmm.

TA: Right, it’s like this is the bed…and then the water, you know, below here is the bed and the stuff above here is the guy, right?

S3: So the area doesn’t change for A, B, and C, but the force increases as you go down.

TA: That’s right.  That’s right, I agree with that.

S3: So…if you’re comparing it to this one, the force on A [TA: Mmm-hmm] on this one is less than the force on A on this one because there’s more water.

TA: Okay, so pressure equals force over area, so now what are you saying?  Say again.  So what’s, so say this is the little one and I go to the big one.  How does force change?  Force from the little one…how does force of the little one compare to the force of the big one?

S3: The force of the big one would be greater because there’s more weight of the water.

TA: Okay, do you all buy that?  Is that okay?

S2: What do you mean little and big?

TA: Well, little and big like, the big container [S3: no this is big, this is little], little container, so maybe we’ll do it like this, here’s the little container,

S3: So like if you look at these two together

TA: here’s the big container.  So how do the forces compare?  Which one has the bigger force?

S2: That one because it has more water molecules.

TA: Right, so this one’s gonna have the bigger force, right?  Which one has more area?

S1 and S3: The bigger one.

TA: The bigger one, right.  So pressure is force divided by area, so what’s happening here?

S3: So they stay the same, cause it’s relative.

S1: Okay that makes sense.

S2: Because force is increasing by the same amount that area is increasing.

TA: Right, so then what happens to the pressure?

S2: Stays the same.

S1: It’s the same for each, so they both squirt out the same.

TA: Right.  So right, I mean this is really similar to what you were saying, right?  You were saying the area gets bigger, which should make the pressure go down.  And that’s all true, the area does get bigger, because the area’s bigger that sort of suggests there’s less pressure, but then at the same time the area’s getting bigger, the force is also getting bigger.  So I think the pressure’s going to stay the same, which agrees with this, right?  So somehow there’s some agreement there between everything you all are saying.  Does that make sense?  You can try it, we have them right over there.  This isn’t really hypothetical.  So if you want to sort of look at it and see.  Great.  Good job.

12. Consider the following questions about the episode you just watched.
A. Most physicists would not set PA = (gh; it’s not a standard way to think about what’s going on.  But the students aren’t aware of that standard.  Do you think there’s anything revealing about their doing that, or are they just harmlessly unaware of our normal practices?

B. The TA responds briefly to the PA = (gh proposal in lines 25-27, and then asks two followup questions (one in line 36 and one in line 38-39).  What thought process do you think the TA must have had to go through in order to be asking those followup questions?

C. Why do you think S2 says “buoyant force” in line 32?

D. What is up with the TA giving S1 the buzzer in line 43?  Is that okay?  What is he trying to convey by doing that?

E. The TA makes a beautiful analogy between the guy in the bed and the beaker of water, one that’s not explicitly laid out by the tutorial.  Explain the analogy he makes.

F. In line 86, the TA seems to be using a strategy he also used in the last clip.  What is that strategy?

G. Give evidence that these students are not keeping weight, volume, and area straight in their minds.  Does it matter?  Does the TA engage them about this issue or does he tend to let it pass?  Why do you think he does that?

H. We like to identify an instructor as “leading too strongly” if we think the students would be unable to reproduce what they were led through after the instructor was gone.  Do you think this TA leads the students too strongly, or is his leadership appropriate?  Why do you think so?
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