Unit 9: a better momentum paradigm lab

COMPILATION. Unit 9: a better momentum paradigm lab
Date:    Mon, 10 Dec 2007 
From:    Lou Turner 

Subject:  A NEW MOMENTUM EXPERIMENT
     This experiment is the brainchild of Volker Krasemann of Suffield Academy in Suffield, CT.  It is designed to follow Newton's laws instead of energy.


     OBJECTIVE: To find a pattern between the variables (and ultimately a relationship between the variables) that can be measured using available equipment.


     AVAILABLE EQUIPMENT: Two low-friction carts with Velcro on one end, grooved track, two picket fences, two photogates, various weights. (Vernier Software/Technology has weights that are equal to the mass of its carts.  This is convenient and very helpful in finding a pattern.)


     A TYPICAL RUN: Cart A is given an initial velocity.  The cart collides with a stationary cart B and they stick together after the collision.  The distance between the photogates is set so that Cart A collides with Cart B immediately after its speed is determined from its picket fence, and so the speed of both carts is determined by the picket fence of Cart B immediately after the collision.  This minimizes the effect of friction, which is most important at low speeds.


     VARIABLES THAT CAN BE MEASURED: The mass of each cart (MA, MB).  The speed of Cart A before the collision (Vi).  The speed of both carts after the collision (Vf).


     DATA TABLE: Should record the measurements in 4 columns.  With a given MA and MB, several runs should be taken.  (This will show that the pattern is independent of Vi.)
                 MA, Vi      MA +B, Vf
(Please note the commas separating the two variables.)


What the student will discover is that when MA = MB, then Vf = 0.50 Vi.  If MB = 2MA, then Vf =0.33Vi.  By recording the data this way, the students should recognize that the product of mass and speed before the collision equals the product of total mass and speed after the collision.


     What appeals to me about this approach is that one doesn't have to say that the objective is to look for conserved quantities.  I think momentum is typically studied after energy as an example of another conserved quantity, but I have not liked to say in the prelab discussion that the objective is to search for conserved quantities. This approach brings up the use of the word "conserved" at the end of the experiment.  Arranging the measurements as indicated is a good way to suggest that multiplying mass and speed before and after the collision will give the same number.  In the measurements Volker made, if MA = MB, then the measurements of Vf were all almost exactly equal to one-half Vi.  Same comment for MB = 2MA, that is, Vf = one-third Vi.
     A follow-up experiment should include a greater variety of collisions, like both carts moving, carts colliding and not sticking together, but this experiment tells the students what they should be looking for.


******************************************************************************Date:    Tue, 11 Dec 2007 

From:    John Barrere 
     I have done exactly this in past years and can vouch that it works quite well in both inelastic and elastic collisions. An additional benefit of the experiment is that it provides an opportunity to inform your class that many times experiments are done just this way. Do something that you think might be interesting, measure what you can, and see if you can find any any pattern(s) in the results - noting that patterns may show up as products of two or more of the variables but never as sums of variables. (We can't add apples & oranges but we CAN multiply them). 

     This also leads more or less naturally to the subject of two-level factorial design of experiments (FDOE) which you can throw out as a teaser and/or extra credit opportunity for students to report on. FDOE is a very powerful technique that is employed when many variables (say >3) are present and has the additional advantage that variables need not be quantifiable. It's really cool; I never learned about it in college though.
******************************************************************************Date:    Tue, 11 Dec 2007 
From:    Jeff Steinert 
     I have long shared many of Lou Turner's concerns regarding the introduction of momentum concepts in the materials in Unit 9.  His post regarding a revised paradigm experiment reminded me that our Leadership Modeling Workshop at the University of Maryland came up with a nice alternative in 1998.  It involved plotting the ratio of the velocities of two carts (dependent variable) as they fly apart versus the ratio of their masses (independent variable).  The PasCars work well for this because they, too, have masses nearly identical to the 250 g supplementary masses included with them.
     Mark Schober's post from 2003, available in the Modeling listserv archives, <http://modeling.asu.edu/listserv/U9_ImpulseParadgmLab03.pdf> describes a method to measure the ratio of the velocities using an old PSSC trick from the days before photogates and motion detectors.  He also describes how to analyze the results to derive the law of Conservation of Momentum, with students finding for themselves that this quantity "mv" is significant before a name is attached.  I have successfully used a very similar method with my students and with other teachers in Modeling workshops for many years and recommend it highly.


[Editor’s note: visit http://modeling.asu.edu/listserv.html for this and other improvements to Units 7, 8, and 9.]
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