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Tutorial 2 – Green 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.  (These questions are from the middle of the tutorial.  In the first part of the tutorial, students make predictions and do experiments for a number of velocity and acceleration graphs.)


II.
Review of basic concepts:  Velocity and acceleration graphs
A. Which feature of a velocity graph indicates your acceleration?  Specifically, from the velocity vs. time graph, how can you tell whether the acceleration is small or large?

B. From the velocity vs. time graph, how can you tell whether the acceleration is positive or negative?

C. Which, if either, has more acceleration:  a car cruising steadily at 60 miles per hour or a rocket drifting steadily at 6000 miles per hour?  Explain.

2. Watch the video (about 4 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 2-5
S2:  Don’t they both have the same acceleration?

S1:  Yeah, right?

S2:  I think so.

S2:  Oh, wait, but…

S1:  If it’s cruising steadily at 60 miles, would it have zero accel…

S4:  Drifting…

S2:  Would the velocity be the same?

S2:  Because even though the line’s constant, if it’s on a different place then there may be more of it.

S1:  Yeah, right.

S1:  But which, if either, has more acceleration, the car… if something’s going at a steady pace…

S2:  But they both are (S3: Then the acceleration is constant.)

S1:  It’s not zero.

S2:  So the acceleration is constant for both of them.

S3:  No… yeah.  You’re right.  Wait.

S1:  See, this new thing, yeah, it’s confusing me.

S2:  No, because all you have to do is look at the velocity graph, and if you’re going steadily at sixty miles an hour, right…

S3:  Yeah.

S2:  Then what does your velocity graph look like?

S3:  It’s gonna be a straight line up cause you’re cruising steadily.

S2:  It is.

S4:  But are you increasing?

S3:  Yeah, so then the acceleration is a straight line (S2:  But your velocity is not increasing, is it?)

S3:  No, it’s the same.

S4:  See, it doesn’t say your velocity is increasing, it says you’re cruising steadily.

S3:  So then velocity is like this, and acceleration is zero.

S1:  Yeah.

S3:  Cause you… you’re only accelerating if you have your foot on the gas.

S2:  Right.

S3:  If you like change the way that your foot is on the pedal.  So acceleration is zero if it’s constant velocity.

S2:  Right, because your velocity is like that, and the slope of that…

S3:  Is zero.

S2:  Yeah.  So I guess it would be the same.

S1:  Yeah, yeah.  Cause the velocity graph would just be straight.

S2:  Right, yeah.

S1:  I keep thinking that since velocity is, like, displacement over time, that in the distance, but…

S2:  Yeah, the position graph would be…

S1:  The position would be straight up.

S2:  Right.

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

A. These questions probably seem very basic to you, and students take quite a bit of time thinking through them.  What is your “gut response” as you watch them work?  Do you cringe at how slow they are, or are you impressed with their careful thinking (or both)?  Do you think they need help or are you glad no one interferes with them?  What other instinctive responses do you have?

B. What are these students doing well?  What tutorial goals are they attaining?

C. Are there places where you think the students just say the wrong word, but aren’t necessarily misunderstanding the physics?  Point those out specifically.

4. The students continue with the following tutorial exercises.  Do them collaboratively with your partners before we watch the next video clip.  The “motion detector” refers to a sonic ranger that records the distance to whatever’s in front of it and displays position, velocity, and/or acceleration graphs on the computer screen – ask your leader for an explanation if you need one.


III. Up & down a ramp
In this experiment, the motion detector sits at the bottom of a ramp.  The cart starts near the bottom.  You’ll give it a brief push up the ramp.  So, after you let go, the cart rolls up the ramp, reaches its peak (highest point), and then rolls back down.   The following questions refer to the cart’s motion after you let it go but before you catch it after it rolls back down.

A.
Velocity Predictions:  

(Work individually)  Prediction:  Sketch the cart’s velocity vs. time, using a dotted line.  (Don’t do acceleration until later.)  Hint:  Break this into two “subproblems,” the cart’s motion up the ramp, and then the motion down the ramp.

Compare/discuss.  Graph your group consensus predictions with dashed lines.

A. Acceleration at the peak 

(Work individually) Now let’s start thinking about the acceleration.  At the moment the cart reaches its peak, is its acceleration positive, negative, or zero?  Briefly explain.  Instead of hashing out this issue with other students today, you’ll do so Friday in lecture.

5. Watch the next video clip (about 5 minutes).

Transcript: Green 2-6
S1:  All right, let’s start thinking about the acceleration at the moment the car reaches its peak.

S3:  The acceleration starts out fast, like high…

S4:  It’s gonna be going from positive to negative

S1:  So it’s zero, (with S3: zero at the peak).  Yeah.

S3:  That we know.

S2:  Right, because the slope… (?)

S2:  Yeah, we figured it out.

S1:  We fixed it.

TA:  What does it look like?  Hm.

S1:  Cause it’s going the opposite direction, so thus it would have a negative velocity.

TA:  I see.

S1:  We’re guessing.

TA:  Do you guys agree that it’s curved like that?

S2:  (laughs) We did.

S4:  (?)

TA:  I’ll let you guys discuss.  That’s an interesting question to consider.

S2:  Torture.  This is torture.

S4:  Where’s that other guy?

S3:  Wait, let’s just think about this.

S2:  Yeah, let’s.

S4:  It starts out fast, and then goes slow.

S2:  But it holds, it holds… (S4: at first the accel…) at the peak.

S3:  Yeah, that part’s right.

S2:  So it can’t just be like that (S3:  Oh, nonono) unless it goes like that.

S3:  I think it’s whether or not it’s (S1:  It’s just a straight line?) like this or like this.

S1:  Oh.

S3:  It’s definitely gonna curve.

S4:  Well you can see it goes up and down.

S1:  Yeah.

S2:  In fact, there is acceleration, so it can’t be just a straight line.

S3:  Right, but…

S1:  I think it (S3:  Which way does it curve?) would have to be how we had it, cause like, the slope of it is getting steeper there, which means it’s like… you know what I mean?

S3:  It’s getting… I think the bottom part is right.

S2:  Speeding up towards the end.  Right, so this part the slope is (S1:  This too, the slope’s decreasing, like…) decreasing.  And that’s what it should be doing.

S3:  Yeah.

S2:  Cause the acceleration is decreasing, and then it holds here.

S3:  Yeah.

S4:  And then it slopes down.

S1:  Oh no, we’re running out of time.

S3:  Let’s stick with it.

S1:  Yeah.

TA:  So you guys…

S2:  Yeah, we’re sticking with it.

TA:  What was that?

S2:  We’re sticking with it.

TA:  You still discussing?

S1:  We think it’s…

S2:  We think we’re right.

TA:  What’s your… what’s the reasoning?

S1:  Cause… well, it’s decreasing, but it’s going the right direction, so it’s… well, basically (?), the way down, it’s easier.  We know it’s speeding up, just cause gravity, so like the slope is increasing, like if it was… you know what I mean?

TA:  Right, but let me ask you this.  It was speeding up in the other graphs you drew, did you have it curved in the other graphs?

S1:  No, it was straight, that’s right.

S2:  But we thought that the acceleration was constant for the other ones, and for this one that it’s not, maybe.

TA:
Well, let me ask you this.  What causes the acceleration?

S3:  Gravity going down.

TA:  Why is the acceleration constant, that’s the big question.

S3:  Because gravity’s constant?

TA:  I don’t know, you’re supposed to tell me.

S3:  Well, obviously gravity doesn’t change.

TA:  OK.

S3:  So it should be a straight line.

TA:  I don’t know.

S1:  I guess.

S3:  Yeah, because the initial force… like, there’s no… once we push it, there’s no other forces acting on it to make it (S1: Yeah) you know?  Except for the fact that it just slows down because of gravity (S1:  the ramp).

S3:  And when it rolls back down, there’s nothing else acting on it except for gravity, which doesn’t change either.  So it is a straight line. (laughs)

S1:  That makes sense.

S2:  But what about the period of rest when it brakes?

S3:  Then that’s (S1: that’s zero) where it hits zero at the peak.  Velocity is zero.

S1:  That’s (S3:  the acceleration is still the same) where the force of gravity cancels out the… our pushing force.

S2:  But it sat there for a long time and we’re just making it one little point.

TA:  Did it sit there for a time or was it just that it was slowing down the one way and speeding up the other way?

S2:  Ohh.

S1:  If you figure, we were always thinking this is curved, but maybe that’s just kind of our push, and it like starts just there, but it’s so small that like (S4: you can’t see it) it’s really just like a curved line and you can’t see it.

TA:  Is that the graph?

S2:  Yeah, see why we’re all messed up?

S3:  The acceleration… the acceleration is…

TA:  The acceleration looks like zero almost.  Oh, OK.  Let’s try graphing that again, let’s try actually getting a measurement.
6. Consider the following questions about the episode you just watched.

A. At the beginning of the clip, the students are using the word “acceleration,” but they might mean “velocity.”  What do you think?

B. When the TA says “Do you guys agree that it’s curved like that?” the briefly-confident students are tipped off that their answer is wrong.  What effect does that have on them?

C. Why does the TA leave just after asking about the curve?  How do the students respond to his leaving?

D. At one point student 1 suggests a straight line for the velocity graph, but students 2 and 3 are convinced the line is curved: student 3 says “I think it’s whether or not it’s like this or like this,” demonstrating two different curvatures, and student 2 says “In fact, there is acceleration, so it can’t be just a straight line.”  What do you think they are thinking?  

E. What curvature do they decide on?  In what sense is their graph correct?

F. By the end of the clip, students seem to have decided on the correct graph.  What do they say about why this graph seemed to them to be different from the previous ones (curved instead of straight)?  Do you believe them?  (The suggestion is not that they’re being intentionally misleading – just that they might not know their own minds.)
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