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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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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.

A. (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.

B. (Work together)  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.

C.  (Work together)  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?

2. Watch the video (about 5 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: Blue 5-4
TA:  So what's the question asking again?

S3:  Does it get transmitted

S4:  To box B

S3 and S1:  To B?

S1:  Well, if there's no force on A, then it can't transmit any force to B?

S4:  That's right.

S1:  Is that right?  Is that what... is that what it's trying to get at?  or...  See, we're not sure what the... what the answer... would be.

S3:  I'm just confused.

S2:  Wait, I'm not sure... so, why would this be zero, because isn't this 200? 

S3:  I was just about to say that!  (S4:  I was wondering...)

S2:  So these two cancel out, (S3: I was just thinking that) but this is 200, right? 

TA:  That one's 200, but the question is... if it's the case... if... big if... if all the force from the student gets transferred to box B, what's the force B on A, and you said 200.

S3:  Mmmhmm.

TA:  So if that's the case, if that's true, what does that say the net force on box A is?  It says it's zero.

S3:  Mmmhmm.

S1:  OK.

TA:  So you have to remember what you're doing.  You're saying "if this is true, let's see if it's true, what does that imply?"

S1:  Well then, so, basically if we just go by what it says here...

TA:  If that's true...

S1:  we would say, I guess we would reject the notion that the force on A is transmitted to box B, cause there's no net force on A.  

TA:  And how would you...

S1:  Oh wait, hold up...

S3:  What?  I'm so confused!

TA:  Can you state that again?  What were you just saying?  Can you try to say it again?

S1:  OK, so basically we have... if we just go by what it says here, ignoring that force right there... basically, cause what we're looking at here is we have a force A on B, so A on B, this is 200 Newtons, right?  So that means we assume B on A

S4:  This is 200.

S1:  would be 200.

S3:  200, OK.

S1:  So therefore, the... so we would assume from that that A would have no net force.

S4:  Zero.

S3:  But how do you assume that when you have a whole... pushin... like 200 dollars... 200 dollars... 200 Newtons.

S1:  I think it's just trying... trying to focus on

TA:  So it's saying... the question is asking if this whole force is getting transferred to that, then it leads you to something which you're feeling like "that doesn't make any sense," right?  I mean, you're seemingly confused about that.

S3:  Mmmhmm.

TA:  Because we started with the assumption that this one... this force from

S3:  Transferred to B.

TA:  got transferred.

S3:  OK.

TA:  And that leads you to something that's really confusing and doesn't make any sense.  So then it's asking you does it make sense to assume that?  Does it make sense to assume that that force gets transferred?  Because it's leading you to something...

S1:  So I guess it doesn't.

TA:  that you're not making sense of, you can't make sense.  It doesn't fit together.

S4:  Cause we're just, like, kind of like ignoring this...

S3:  Yeah, and... what's the net force on B?

S1:  That's what we're trying... we're trying to figure that out through the questions.

TA:  What would the net force on B... be?

S3:  I don't know, I just don't feel like it's equal to A because A has two forces working on it and B only has one.  That's how I keep looking at it.

TA:  So what would the... I mean, what would the net force on B turn out to be? 

S1:  Can't get away from that, huh?

TA:  I can't.  I keep on sayin' it.  How did you get the net force for A?

S1:  By comparing force backwards...

S3:  We're assuming a lot, we assume that this got transferred to this, and so therefore, it's equal and opposite, and cancels out.

TA:  OK, so how'd you find the net force on A, what did you do?

S3:  Canceled the 200 Newtons out...

TA:  Someone said earlier you add up the forces.

S3:  Right.

TA:  So you found the net force on A by adding up all the forces.

S1:  Right.

TA:  If you added up all the forces on B, what would that tell you the net force would be?

S1:  Just by this diagram, it would be 200.

TA:  Just... that's what that would tell you.  It would be 200.

S1:  Right.

TA:  If you're asking how you find the net force on B, that's how you'd do it.

S1:  So it would be 200, but... looking at, we're saying here... we have... there would be no net force on A, so how would that...

TA:  So there would be no net force on A, and if there was no net force on A, what would Newton's 2nd law say?

S4:  There's no net force on B.

S1:  There's no force on B.  Oh, wait, hold up.

TA:  What is Newton's 2nd law?

S4:  F = ma.

S1:  F = ma.

TA:  F = ma.  So if there's no net force on A, what would that say?

S2:  It's not moving.

S1:  It's not moving.

TA:  There's no acceleration, it's not moving.

S1:  There's no acceleration, right.

TA:  And earlier you already found that the acceleration was 2 m/s.

S3:  Mmmhmm.

S1:  Uh huh.

TA:  So you're leading yourself to a contradiction here.

S1:  OK.

S4:  So we're just saying it's not being transmitted.

S1:  So it shouldn't be transmitted, then.  Oh, OK.

TA:  I'm gonna let you digest that.

S1:  OK.  I think maybe the whole point of that whole thing was just to get us to that contradiction that it doesn't make sense.

S2:  This is a roundabout way, yes...
3. Consider the following questions about the episode you just watched.

A. Near the beginning of the clip, S2 says, “Why would this be zero, because isn’t this 200?  These two cancel out, but this is 200, right?”  Interpret her pronouns.  What is the “this” that she doesn’t think would be zero?  What are the “these two” that cancel?  What, if anything, does that have to do with what S1 just finished saying?

B. This tutorial tries to teach a particular reasoning strategy, which is the “implications game.”  It’s easy enough for us to follow the tutorial’s logic, but it seems to be quite difficult for many students.  Please share any insight you have about why this game might be hard for students to understand and/or play.

C. S3 gives the impression of having her own questions, questions that don’t follow the logical progression suggested by the tutorial; it seems like she needs to think it through her way, rather than the way the tutorial tries to lead her.  The TA makes the choice to try to help her with the tutorial’s logic.  What would you do if you wanted to go the other way – to encourage the student’s own line of reasoning?  What might you say?

D. We think the TA is doing an extraordinarily good job in this clip.  (That’s not to say there aren’t other equally excellent things that a different TA might do.)  List some of the good things he does.

E. The TA manages not to get sucked into doing all kinds of bad things that any normal person would be highly tempted to do in these circumstances.  List some bad things he doesn’t do.

F. How do the students seem at the end of the clip?  They have the right answer; do you think they have a healthy understanding at this point?  Or is there something less than healthy about them?
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