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Date: Thu, 13 Apr 2006

From: Bob Bogenrief 

Subject: Use of motion maps

I would appreciate knowing in more detail how you help students see the ratio of x to t from the motion map. Are the marks made at regular time intervals in the lab? Do they calculate the ratio from different sets of position points? Is there some way they see a ratio without a calculation from the motion map? Thanks for the insight.

-----------------

Date: Fri, 14 Apr 2006

From: Brenda Royce 

I encouraged the kids to run their lab with time as the independent variable and mark positions on paper tape at equal time intervals. The regular distribution of marks was readily recognized as demonstrating the same displacement for equal time intervals. Many students chose to make marks each second, some each two seconds. To compare, we conclude we must describe the displacement for the same time interval. To make it easy, we compare the displacement for each 1 second. After being sure the students can relate the ratio to the motion of their buggy, we define this x/t ratio as velocity.   Students can see that any two points should give the same ratio, hopefully within a reasonable margin of error. Although I've seen some students very unconvinced if there is ANY difference from one calculation to another no matter how slight, it could be done. I hadn't thought to do that. Then again, slight variations in the ratio between neighboring points vs. the ratio found between first and last points could set up a discussion of average velocity. 

With my 9th graders I also ran the Unit 3 lab by collecting x and t data in a similar fashion to Unit 2 using a free rolling car on a very modestly sloped table or long ramp (must be flat). Data can be a bit rougher than some other methods because they need to have a sense of rhythm. We used an amplified metronome for the entire class set at 120 beats/sec. This really demonstrates what changing speed 'feels' like as they physically move along with the car to keep up with its changing speed to make the marks. The resulting 'strobe diagram' shows changing displacement clearly (except maybe the last two marks when the car can get away from them, literally). 

I would follow up this data collection with a demo of an accelerating car using a motion sensor (which they already used for motion matching) to show a true parabolic graph. Once they can describe what is happening to the speed by examining the slope of the parabola, we looked at the v-t graph to discuss and define acceleration (remember, they've developed all the representations during Unit 2). 

By the way, flipping the data tape around gives you 'slowing down' or 'speeding up in the other direction', both of which look identical until vectors are added. This can make for some interesting dialog. 

Another useful tool I discovered working with 9th graders was to discuss motion from the perspective of a speedometer needle, since they have experience seeing speedometers while experiencing car motion. I would have them demonstrate what the needle of the speedometer would be doing for various motion situations by letting their forearm be the needle and physically moving (or not moving) their arm in an arc to show constant speed, steadily changing speed, high speed, low speed, fast and slow acceleration. A steadily moving needle is an indication of steadily changing speed. It can also become a 'velocity meter' by making the vertical position to be v=0 with needle positions to the right of zero +v and needle positions to the left -v. Then they can physically demonstrate the connection between sign of acceleration (i.e. sign of v) and the observable speeding up/slowing down for demonstrations or homework problems. It’s just one more door for communicating motion concepts with younger, more concrete thinkers that I found useful.
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