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Teaching Assistant Seminar
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Tutorial 5 – Yellow group

1. In a moment we’ll watch video of students working together 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.  Thoughts about free-body diagrams

Physics courses, including this one, make a big deal of teaching you to draw free-body diagrams.  But why? Two students are arguing about the purpose of drawing free-body diagrams and of labeling them in a particular way.

Velma:
The main point of the diagrams is to help the TAs see whether we understand what forces are present, so that they can see where we might need help.  That’s why it’s important to draw the diagrams the right way – so that other people can understand what forces I think are happening.  Besides, it’s part of the assignment.
Daphne:
I think the free-body diagrams are primarily for us, not for the TAs.  So, when it comes to solving a problem, I’ll only draw a free-body diagram if it’ll help me think about what’s going on. And if I don’t label it exactly the way it says to, it’s okay, as long as I know what I mean.
In a few sentences, describe to what extent you agree and/or disagree with each student.
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II.  Boxes on rollers

We’ll now start thinking about “multi-body” force problems, which commonly appear on homework and exams.

A student pushes two boxes, one in front of the other, as shown in the diagram.  Box A has mass 75 kg, while box B has mass 25 kg.  Fortunately for the student, the boxes are mounted on tiny rollers and slide with negligible friction.  The student exerts a 200 N horizontal force on box A.

B. (Work together)  Here are some questions about the blocks’ accelerations. 

1. Without doing any calculations, state whether the acceleration of block A is greater than, less than, or equal to that of block B.  How do you know?

2. Using any method you want, find the acceleration of the blocks.  (Hint:  It’s possible to do this quickly.)

3. There are two approaches to multi-body problems:  (i)  Lumping together the various objects and thinking of them as a single big mass, or (ii)  Thinking separately about each object.  Which approach did you just use to find the acceleration?

4. In this particular problem (finding the acceleration of the blocks), was it helpful or would it have been helpful to draw a free-body diagram?  Briefly explain why or why not.

2. Watch the video (about 7 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: Yellow 5-3
S2:  So is the acceleration of block A greater than, less than, or equal to that of block B, and how do you know?  I would say that they're equal... cause they're being pushed as one mass?  I could be wrong, though.

S3:  I would agree.  We did this, we did an example like this in class.  In lecture last week.

S2:  Yeah.

S3:  I think that they're moving the same... or have the same acceleration.

(long pause)

S2:  What do you guys think?

S1:  It sounds like equal should be the answer, but I can't puzzle it out quite yet.

S2:  Yeah.

S4:  What if there was one object?  Like...

S2:  Maybe if we did force diagrams, I dunno...

S4:  Well, if you push on B, like, A... B can't, like, accelerate away from it.

S1:  Thing is, how much force is A putting on B?

S2:  I would say it would still be the 200 Newtons.  It would just transfer down.

S1:  But then the accelerations would be different, wouldn't it?  Because the masses are different.  There's no friction.

S2:  Maybe... maybe they would be different.

S1:  So different force?  Oh... yeah, the forces are different.

S4:  It would be spread out based on the mass?

S2:  I'm guessing so, like, if we're... if we're saying that  that's true, and that both of them are gonna receive the 200 Newtons, then it would be different.

S1:  So it has to be... they'd have to have different forces.

S3:  Hold on...

S4:  Box A receieves 150 Newtons...

S1 (over S4):  Like, the 200 Newton accounts for both, but A or B is less.

S4:  What does a Newton equal?

S1:  I don't remember, it's like kilograms per meter second or something like that?

S2:  All right.  Acceleration of A equals 200 Newtons over 75 kilograms... equals...

S4:  That'd have to be 100.

S2:  What?

S4:  100 kilograms.

S2:  Why?  Oh, we're just doing for A.  Just for...

S4:  It only gets part of the force, though.

S2:  Well, hold on, let's look at it this way.  All right.  A is being pushed this way... and then this is the normal force of the person on A, and then it's being pushed backwards by a normal force of B on A.  And then B is pushed... this way... the normal firce, or, the normal force of the person on B, and then the normal force of A on B.  And then it's being pushed backwards by... nothing...

S3:  Yeah, but

S4:  It wouldn't, it wouldn't hurt(?) the person cause the person isn't touching it.

S2:  Oh!

S3:  He's not touching that one.

S2:  OK, that's a good point.  So would it just be the normal force of A on B?  (S3: Uh huh) Cause there's no friction.

S3:  I think so.

S2:  And these would cancel out right there, so these are an N3 pair, and they're equal and opposite.

S3:  So I think you could consider the whole thing as one unit.

S4:  Yeah.

S3:  Right?

S2:  All right, so it'd be 200 Newtons divided by 100 kilograms?

S4:  Is that how you do it?  What's the unit for a Newton?

S2:  Kilogram meters per second, so it's two meters...

S1:  No, it's kilogram meters per second.

S2:  That's what I just said.

S1:  Oh, no, for some reason I was thinking kilograms per meter, it's... that would... totally screw up my calculations.

S2:  I dunno, I'm still not thinking that you can include them as one object.

S3:  Well, I think, I didn't either, but now that we did this, and I see that the two, the equal and opposite forces

S2:  Mmmhmm

S3:  like, from A to B, to B to A, cancel out.

S2:  But that would mean that B was feeling nothing.

S3:  Well, like, it's feeling that, but like, the values cancel is what I'm saying.  Like, I'm not saying that, like, those two forces don't exist, cause they're opposite, I'm just saying that, like, the values would cancel, like, she's pushing 50 Newtons, and then it's pushing back 50 Newtons, the values cancel.  They still feel the forces, though.

S2:  OK, all right.  I sort of see.

S3:  So that's why I'm saying, like, the hand on A is really the only force that, like, the value ends up mattering, you know?

S2:  OK.  All right, I see.

S3:  So that's why I think that you can view them as one object.

S1:  Doing that, then I... so I cheated...

S1:  Would that be right?

S4:  Will what be right?

S1:  The term(?)?  Can I do that?

S4:  No, the accelerations have to be the same.

S1:  What?  They do have to be the same.

S4:  Yeah.  Cause they're both speeding up together.

S1:  Seven... So, I'll just have to use one calculation.

S4:  Yeah.

S1:  OK.

S4:  Or you could do 150 over 75 and then 50 over 25.

S1:  You mean, they get proportional forces?

S4:  Yeah.

S1:  OK.
3. Consider the following questions about the episode you just watched.

A. We meant for this question (about the relative accelerations of the two boxes) to be an easy one, but the students spend quite a bit of time on it, in spite of stating the right answer almost immediately.  What is their reasoning for the accelerations to be equal?  Why aren’t they satisfied with their answer?

B. Why does S2 start dividing 200 N by 75 kg?  What does that calculation have to do with the relative accelerations?

C. S4 seems to know what’s going on with the forces; he says the 200 N  “spreads out based on the mass” and that Box A “receives 150 newtons,” which can both be interpreted as correct and sophisticated answers.  Yet his statements don’t go much of anywhere with the rest of the group.  Why not?  What’s missing?
D. S2 is concerned that if the N3 pair forces cancel out, that leaves B “feeling nothing.”  Explain what you think she might be thinking.
E. Describe how well you think this group is working as a group.  For example:  Are there times when they are successfully collaborating?  Are there times when they’re talking past each other?  Is anyone in charge?  Is anyone mooching off the others? Are there moments when someone is faking it – saying they understand something when they probably don’t?  If you were their TA, what might you say to them to compliment them on and/or try to improve their teamwork?

F. At 3:23, the TA hangs out and listens for a moment and leaves without saying anything.  Why did he do that?  What message do you think it sends to the students?

4. The students continue with the following tutorial exercise.  Do it yourself before we watch the next video clip.


B. Box B contains kitchen stuff, including some poorly packed glassware that might break if the force pushing on the side of the box approaches 200 newtons. Recall that the student pushes on box A with a force of 200 newtons.  Is that force “transmitted” to box B?  In other words, is the glassware in the box in danger of breaking?  Don’t do any calculations; answer intuitively, and explain your thinking.

5. Watch the video (about 4.5 min).  The transcript is below.  

Transcript: Yellow 5-4
S2:  I would say that yes, it would be in danger of breaking, based on what we found before.

S3:  Yeah.

S1:  The entire force?

S2:  Well, that's what we found before.

S3:  Yeah, I think it would be.  I mean, just think about yourself doing it.  If you are pushing, like, this is the box, and you're pushing it with 200 Newtons of force, it's gonna be the same because if you take something and put it in your hand...

S1:  But they're talking about box B, right?

S2:  Let's think about this way: like, if you were pushing A and B together, and B felt less of a force, B would stop before A, and that can't happen.

S1:  If B was less massive, though...

S4:  Yeah.

S1:  It doesn't need as much force to move it.

S2:  Yeah.

S3:  I just think that, like, I just keep thinking about, like, doing it myself, like, if I'm pushing on the box, and I'm pushing it like this, and it's 50 Newtons of force that I'm pushing with, it doesn't make a difference if I take this, and put it in front, and then push again, like, it's gonna be doing the same thing.

S1:  What if you push that and have that strapped to the side? Would that still feel all the force?

S3:  I'd have to think like it would.

S2:  Yeah.

S3:  You're still pushing... you're still...

S1:  Thing is, if they're accelerating at the same rate, it would be just like pushing the calculator, wouldn't it?  And you don't need as much force for that.

S3:  Well...

S2:  But if we treat them as one object...

S3:  Yeah, like we were.

TA:  You're on the kitchen stuff, all right.

S1:  Yeah.

S2:  We're confused.

S3:  Yeah, but we're stuck.

TA:  Huh?

S2:  We're confused.

TA:  About what?

S2:  About, like, well, we thought that we figured out how to do the acceleration of the blocks...

TA:  K

S2:  cause we did free body diagrams.

TA:  Wait, so what did you do?  You kind of...

S3:  Well, here's what... here's what we thought.  I mean, we might not be correct in this thinking, but we wrote out two free body diagrams for each one

TA:  Yeah.

S3:  and then came up that there's an N3 pair

TA:  Mmmhmm

S3:  of forces and that box B is pushing on box A. (TA:  K)  A and B are the same forces exerting on each other.

TA:  OK.

S3:  So from those two free body diagrams for B and A, like, we kind of cancelled those out, because they're gonna be the same.

TA:  OK.

S3:  So what we were left with was the force of, like, your hand pushing on box A.

TA:  Uh huh.

S3:  So, that led us to kind of believe that that means we could count them, A and B, as the same object.

TA:  OK.

S3:  Feeling that force.

TA:  So that's perfectly allowed.  Lump them together, and...

S2:  So then we made an acceleration of 200 Newtons divided by 100 kilograms for both of these...

TA:  Yeah, if you treated it, like, if you glued them together.

S3:  Yeah.

TA:  Yeah.  OK.  So, what's the problem?

S2:  Well...

S3:  Ok, so, that's how we reasoned it out, but then we were saying that for

S2:  For the kitchen stuff...

TA:  Right.

S3:  this one, like, so we were trying to think, OK, is 200 Newtons, like, transferred from, like, A to B, or can we still think of it as, like

TA:  Well, remember, we told you there to not necessarily do any calculations with it, right?  Just come up with some intuition, some reason why it should break or not, and you'll have a chance to draw the diagrams and figure it out later.  At the end.

S2:  Well, we already did diagrams.

TA:  For A and B?

S2:  Yeah, for A and B.  That's how we figured out what would cancel.

S3:  That's what we did for the...

TA:  Oh, oh!  OK, I see.  So... um...  Right, so, if you're at that point, first of all, though, do you have an idea...?

S2:  I think they would break.

TA:  You think it would break?

S1 and S4:  I thought it wouldn't.

TA:  You think it won't.

S3:  We both think they will, and they both think they won't.

TA:  You think they will... (S4), what'd you say?

S4:  I think it won't.

TA:  OK.

S2:  I mean, like, imagine if you dropkicked a box of fluff, and then next to it was, like, a bunch of glass.  The glass would just shatter.

TA:  OK, so...

S1:  If it's the other way around... it's the lighter mass, that's the thing.

TA:  So question two here will help you decide for sure, so get started past the star, you've talked to me a little bit.

S2:  OK.

TA:  And see what you get.

6. Discuss the following with your group.

A. Student 3 makes an argument while pushing on the monitor with her calculator.  Summarize her argument.  

B. Student 1 makes a counterargument.  Summarize it.

C. When the TA passes by, the students get him to stop and help them.  What do you think – did the students need help?  Or were they fine on their own (whether they knew it or not)?

D. What does the TA do while he is there?  Describe some teaching strategies you see him using, or behaviors of his that seem to support the students’ learning.

E. Does the TA tell the students they’re right about lumping the boxes together?  Was that okay?  Why or why not?  

F. What is Student 2’s point about the box of fluff and the bunch of glass?  What is Student 1’s objection to her analogy?

G. Why did the TA leave?  Would you have left?

7. In this last clip, the students are working on the following tutorial questions.


C. We’ll now lead you through an intuitive, calculation-free way of figuring out whether box B feels a 200 newton force.

1. First, draw two separate free-body diagrams, one showing the forces acting on box A, the other showing the forces acting on box B.


2. Using those diagrams, we can play the implications game.  Specifically, we will tentatively assume that the force exerted by box A on the side of box B equals 200 newtons, and see where that assumption leads. 

If it’s true that FA on B = 200 newtons, then how strong is FB on A?

So, If it’s true that FA on B = 200 newtons, then what is the net force on box A?

Based on the implication you just identified, should we accept or reject the assumption that FA on B = 200 newtons?  In other words, should we accept or reject the assumption that the 200-newton force the student exerts on box A gets “transmitted” to box B?

8. Watch the video (2 min).

Transcript; Yellow 5-5
S2:  It should be negative 200 Newtons.

S3:  But the force of A on B is 200 Newtons.  Then, yeah, (S2: OK) it would have to be negative 200.

S3:  So if it's true that the force of A on B is 200 Newtons, then what is the net force...

S1:  Shouldn't that go this way?

S2:  Oh yeah, duh.

S3:  Zero.

S2:  Thanks.  It should be zero.

S1:  It's not lke we're turning this in.

S4:  Hmm?  Oh, yeah.

S1:  Yeah.

S3:  So... the force of A on B...

S2:  I dunno.

S1:  We reject it, cause then it's not moving.  I mean, it's not accelerating.

S2:  Ah!  All right.

S3:  Wait, no, I'm confused.

S2:  Well, we would have to reject it, because the... if there's 200 Newtons pushing back from box B, and the 200 Newtons from the person pushing that way, then that would have a zero net force...

S3:  OK.

S2:  and it has an acceleration, so it can't have a zero net force.

S2:  See, we decided that there's negative 200 Newton force pushing here, and if there's a 200 Newton force pushing there, that's zero.  And if F net equals zero, then that would mean acceleration is zero, and we know there's an acceleration, so that can't be the case.

S3:  Oh.

9. From what you can see here, have the students resolved the physics issues that this tutorial raised for them?  How, if at all, does the conclusion that Student 2 articulates bear on the analogy with the calculator and the computer monitor?  With the box of fluff and the glass?
Forces acting on Box B





Forces acting on Box A





Tiny rollers





Box B


25 kg








Box A


75 kg









Page 6 of 6

