Department of Physics

Video discussion

Teaching Assistant Seminar

3/26/2007

Tutorial 3 – Orange 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.


Previous tutorials and Interactive Lecture Demonstrations introduced strategies for reconciling common sense with physics concepts when they seem to contradict each other.  You’ll practice those strategies here.

I.  “Timmy’s fallen down the well!”
To rescue a child who has fallen down a well, rescue workers fasten him to a rope, the other end of which is then reeled in by a machine.  The rope pulls the child straight upward at steady speed.  The child weighs 250 newtons, which means gravity pulls him downward with 250 newtons of force.

A. (Work together)  Draw a diagram of this situation that you can refer to during subsequent discussions.

B. (Work individually)  As the child is pulled upward at constant speed, does the rope exert an upward force greater than, less than, or equal to 250 newtons?  Explain.  If you have competing arguments, give them both!

C.  (Work together)  If you didn’t do so in part B, give an intuitive argument that the rope exerts a force greater than 250 newtons.

D.  (Work together)  If you didn’t do so in part B, use Newton’s second law to determine whether the rope exerts a force greater than, less than, or equal to 250 newtons.  (Hint:  The rope pulls the child with constant velocity.  So what’s the acceleration?)

E.  (Work together)  Are you 100% comfortable with your understanding of this scenario, or is there still something that needs to be reconciled?  Explain.

II.  Refining intuition to reconcile Newton’s laws with common sense
Most students have, or can at least sympathize with, the intuition that upward motion requires an upward force, in which case the upward rope force must “beat” the downward gravitational force to make the child move up.  Can we reconcile that intuition with the Newtonian conclusion that the upward force merely equals the downward force?

In a previous tutorial and in lecture, you learned about Refining intuition as a reconciliation strategy.  That’s how we reconciled Newton’s third law with the intuition that a lighter object reacts more during a collision.  Let’s see if refining intuition works here.

A. 
(Work together)  Consider the child, initially at rest, right when the rope first starts to pull him upward.  During that initiation stage of the motion, is the upward force from the rope greater than, less than, or equal to 250 newtons (the child’s weight)?  

1. What does Newton’s second law say about this question?  (Hint:  Is the child accelerating during the initiation of the motion?)

2. Does the Newtonian answer here agree with common sense?

2. Watch the video (about 6 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 3-6
TA:  So how're you guys doing?

S1:  Makes no sense.

S4:  It doesn't.

S1:  Nothing.  We don't understand a thing.

TA: Well, have you started working on number two?

S1:  We tried that, to see if it could help us figure it out, but it's not helping.

TA: So what... what are you having trouble with?

S4:  Everything.

S1:  All we have is F = ma

S4:  That's it.

S1:  And we don't know anything else, and we don't know how that's supposed to help us answer the question.

TA: Do you need that for this one?

S4:  Yeah / S1:  It's Newton's second law.

TA: OK.  So, try...

S1:  So, Newton's second law says F = ma.

TA: Right.

S1:  How's that supposed to help us figure out the force of the rope?  Cause you just told us that the mass of the rope is negligible, it doesn't matter.

TA: Right, you don't need...

S1:  So it doesn't really... we can't apply that equation

TA: There's a force being exerted on Timmy.

S1:  Right.

TA: It doesn't matter what's doing for what this problem's asking for.  It could be, like, I don't know, some magic spirit.  But the point is, Timmy's a mass.

S1:  Yeah.

TA: And there's a force on him.

S1:  Yeah.

TA: Is he accelerating, or is he not accelerating?  And if he is accelerating, does that mean that there's a force on him or not?

S1:  But he's accelerating...

S2:  He's accelerating, he's going from zero to moving.

S1:  Well... he's accelerating in different ways.  He's accelerating at 9.8 meters per second down... meters per second squared downward.

S2:  That's just velocity.

S1:  Which is his gravity.  And when he starts moving up, does that completely cancel out?

S4:  Yeah, it would have to.

S1:  Yeah, when he starts moving in a different direction, what happens to the gravity?

TA: Well that, that is...

S3:  He's going against gravity.

TA: You've hit an important issue on the head.  So, he's got not one force pulling on him, not just the rope.

S3:  There's gravity.

TA: There's gravity pulling on him.  Now, when you guys did F = ma, what was the problem you were running into?

S1:  We don't have numbers to plug into it.

TA: Well, you guys came, if I remember correctly, you guys figured out what his acceleration would have to be for him to go constant velocity, right?

S2:  be zero.

S3:  zero.

S1:  zero.

TA: Zero.  What...

S1:  That would mean no force.

S4:  Exactly.

TA: What happens if gravity's pulling him one way, and the rope's pulling him the other way, at an equal...?

S1:  Oh, so, (S4: it's a different acceleration, it's a, like a positive acceleration) then he's moving upwards at 9.8 meters per second acceleration.

TA: Well, 9.8 times...

S1:  Because the net force is zero?

TA:  Right.

S1:  So his upward force cancels with his downward force... meaning that the force upward is equal to the downward force meaning that they're equal forces.

TA: Right.

S1:  OK.

TA: Now that... that's kind of where we're going with this.  But the issue now is, that was when he was going at a constant speed.  Now we're talking... before he was going at that constant speed, he was originally at rest.  What can you say about the force given that he went from being at rest to going at a constant speed?  Well, that's what the question's asking.

S1:  But why is he moving?

TA: Well, that's what the question's asking.

S1:  No, but if it's an equal force, he shouldn't be moving.

S2:  Maybe because the mass... I think cause the mass of the machine's greater than the mass of Timmy.

S1:  Yeah, but that doesn't matter.

S3:  Yeah, that doesn't matter.

TA: OK, let's imagine... let's imagine...

S1:  What is exerting the force doesn't matter in this situation.

TA:  Well, that brings in Newton's First Law.  Did you guys learn Newton's First Law?

S4:  Mmmhmm.  S1:  Yeah.

TA: What is it?

S4:  I dunno.  I don't remember it.

S1:  We learned it.

TA: OK, let's say we live in a world without any friction, without any air resistance.

S1:  Oh, if it's moving, it stays moving.

TA:  Right, unless there's a force.

S1:  Unless a force acts on it.

S3:  Unless something else acts on it, yeah.

TA: Right, so when you don't have a force, what are the possibilities you could have with Timmy?

S2:  He can move forever.

S1:  He could be moving forever, or he could be staying still forever. (S3: until he reaches the machine and kills him)

TA: Right.  Either one of those two.

S1:  But when he was sitting still on the ground, he still had a force on him.

TA: Right.

S1:  Gravity.

TA: Right.

S3:  Gravity, yeah.

S1:  A greater force than...

S3:  An equal force.

TA:  An equal force?

S4:  No, it'd have to be greater.

S3:  No, cause equal moves...

S1:  It'd have to be greater initially.

S3:  Equal moves, so it'd have to be greater initially.

TA: That's what this question is getting at.

S1:  His acceleration has to change.

S3:  From -9.8?

TA: You guys are on the right track.

S4:  Mmmm... you say that all the time, I don't think you really mean it.

TA: No, you pretty much, I mean... the question is what would the force need to do initially in order to get him to go from zero to, um, to the speed he was at?  This is qualitative, I mean, we don't have to give a number cause...

S1:  He has, uh... well, common sense tells me that it needs to be a greater force to get him moving.

TA: Right, so that the total, the net force, the combination of the two would be...

S1:  Zero.  Or no... positive.

TA: Well, discuss, guys.

3. Consider the following questions about the episode you just watched.

A. This TA is in a typical teaching situation:  He has not heard the discussion that took place before his arrival at the table.  What does he do to get the students to fill him in?

B. Based on what you see in the episode, what is the TA’s diagnosis of these students?  That is, what is he thinking their problem is, and what help does he think they need? 

C. What do you think S1 means when she says Timmy is “accelerating in different ways”?

D. The TA interacts primarily with S1 in this clip.  What are the risks of speaking only to her?  What good reasons might the TA have for having done that?

E. Do you think the students are in good shape at the end of this clip?  Does the TA think so?  Why does he leave?

4.  Now watch an earlier episode of the same students (about 40 sec).   

Transcript: Orange 3-5
S3:  Is he accelerating during the initiation of the motion?

S4:  Yes, he has to be.  He's going (S3: wait...) from zero velocity to that velocity.

S1:  Yes.  The... no.  He's accelerating downward.  Timmy...

S4:  During the initiation?

S1:  has a negative acceleration when it first starts.

S3:  Because the force is...

S1:  9.8 meters per second down.

S3:  OK.

S1:  Cause that's what... right now, we are all 9.8 meters per second down.

S3:  Down.  

S1:  Yeah.

S3:  OK.

S1:  So as it starts to get lifted, that's his acceleration.

5. Consider the following questions about the episode you just watched.

A. Explain S1’s conviction regarding acceleration in your own words.

B. What new light does this earlier conversation shed on the later conversation with the TA?  Does S1’s issue arise in that conversation?  Is it addressed? 
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