cart on incline lab for low-level students (instantaneous velocity)

COMPILATION. Unit 3: cart on incline lab for low-level students (instantaneous velocity)

Date:    Fri, 29 Feb 2008 
From:    Matt Greenwolfe 
Subject: Ball down a ramp 9th grader style ... suggestion
     For a ball-on-ramp lab 9th grader style, here's a suggestion that has worked well for me with low-performing 11th graders (some of whom have had trouble passing algebra II, for example).
    Using this procedure, the students are able to visualize the limiting process and the tangent lines in a very concrete situation.  They see it happening right in front of them.  Afterwards, when anyone is confused about instantaneous velocity, I can refer to it in concrete experimental terms.  Rather than avoiding tangent lines, the basic idea is to help the students visualize the tangent lines in a concrete fashion so that they (the tangent lines, I mean) just aren't mathematical abstractions. 

     I have 8ft long tracks made from whiteboards.  I prop the track up at one end with just one copy of Conceptual Physics by Hewitt (finally, a good use for a physics textbook!).  I start the unit by having a cart race a constant velocity buggy down the ramp.  The incline is just about
right so that the buggy starts out by getting a lead, but the cart catches it just before the end of the ramp.  I get a discussion going to compare and contrast the two motions, but after a while I focus attention on the questions "When does the cart have the same velocity as the buggy?"   and "For how long does the cart have the same velocity as the buggy?"  I make the students observe the motion repeatedly and actually draw a line across the whiteboard where the cart and buggy have the same velocity.  This discussion establishes the major question for the lab, "How do you measure the velocity of something when it only has that velocity for an instant ... which is only zero seconds long?"
     Then we do the cart on incline lab, but using the metal tracks and a steeper incline.  Once we've established the quadratic curve and groups have presented results to the class, I return to the whiteboard ramp and review the initial discussion.  (In the interest of keeping things
simple, I never have students at this level linearize graphs.  Too many of them find it more confusing and almost none of them find it helpful. I just want them to graph the data, and perform a curve fit.  I do some extra work with them on proportionality once we have the function.)  I ask them to draw the position vs. time graph for both the cart and buggy on one set of axes, and we discuss where the instant might be on the graph when they have the same velocity.  There are generally lots of answers here and no one is really sure. (Perhaps that's a comment on the level of the students.  I don't know what would happen with a more mathematically prepared bunch.) I let the discussion run awhile, but usually don't achieve any consensus.
     Then I move the buggy ahead of the cart by a few centimeters, so that they no longer start at the same place.  I release the cart first, wait until it is even with the buggy, and then release the buggy at the exact instant when the cart catches it.  I ask them to revise their current whiteboard to show the buggy and the cart for this motion.  This is a real challenge for them, and we get several different answers and it takes some discussion until we settle on the correct idea.  The cart's graph is the same, the point where they have the same velocity has not moved, but the buggy’s line has moved down so that if we extended it, it would have a lower y-intercept than it did previously - the point being that it wasn't actually moving at t = 0.
     You can guess what happens next.  I keep moving the starting point of the buggy forward a couple centimeters at time, judging the rate based on how easily they revise their previous board so that I see how much more practice they need.  Eventually, I am releasing the buggy *at the
point where the buggy and the cart have the same velocity*, and the buggy's line is now tangent to the cart's graph.  Sometimes, I then move it beyond that point if I think they need some more clarity. Sometimes a student in the class figures out that we are headed to the tangent line
before we get there.   The question then is, "Which choice of starting point for the buggy helps us the most in determining the exact instant when the cart and buggy have the same velocity?"  By this time, it is clear to almost all of them that the tangent line is the best choice.  I push them on this until they can clearly explain why.  We then conclude that you can't measure an object's velocity - at least directly - if it only has that velocity for an instant, but measuring the velocity of the constant velocity buggy and determining the instant when the cart and buggy have the same velocity accomplishes everything we need to do.
     After that, we discuss what would happen had we repeated the above sequence with a slower or faster buggy, and each time I ask them to revise their whiteboards to show it.  Then we move on to construct the velocity vs. time graph and define acceleration.  From there on out, when students have trouble with instantaneous velocity, I have a very concrete example to refer to.  Those tangent and secant lines on the graph are not just mathematical abstractions, but the graphs of actual buggies in a race with the cart.
     This has been a rather long post.  I didn't know how to shorten it. Since a picture is worth a thousand words, you can find my handouts for this version of the lab at the link below.  If anyone has trouble getting to the link, let me know.  Sometimes people are unintentionally
blocked from the site.

    http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/cart-on-ramp.zip
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