Newton’s 3rd law (force sensors vs force plates; collision lab)

COMPILATION: Newton’s 3rd law (force sensors vs force plates; collision lab)

Date:    Thu, 15 Nov 2007 
From:    Lindsey Nelson 
Subject: Collision Lab Question
     I am working with the lab where students collide different cars together with force sensors attached.  Even though they are zeroing the sensors between trials, they are collecting data that does not agree with Newton's 3rd Law.  Any suggestions about how to deal with these discrepant events?
******************************************************************************Date:    Thu, 15 Nov 2007 
From:    "Park, Nicholas" 
    Have them reverse the carts. In other words, switch which cart plays which role in the collision, and duplicate the exact same collision. Compare the two experiments. This should show them that the difference they are seeing is due to the calibration of the force sensors, and not to a difference in the force measurement as measured by each cart..
******************************************************************************

Date:    Sat, 17 Nov 2007 
From:    SULLIVAN, PETER

     What types of sensors do you use for this demo then?  I've had similar problems with the Vernier student force sensors, but it’s not been so bad as to stop me from using it.  Still if there was a better probe I'd use it.
****************************************************************************** 
Sent: Fri, 16 Nov 2007

From: Andy Edington
    My experience:  The force sensor does not usually hit the cart (or the other force sensor) "dead on."  You may be measuring a force component.  Since the metal flex piece inside the sensor is not flexed straight on, the force measurement is not accurate.  I have Vernier force sensors circa 1997; these sensors have significant "play."  Trying to use these sensors to illustrate equal simultaneous forces during an interaction only reinforces my student's misconceptions.
******************************************************************************
Date:    Sat, 17 Nov 2007 
From:    Rob Spencer 
    For 3rd Law demonstrations, I have switched from the force probes to the force plates.  The data has been much more consistent.  I simply open the Logger Pro file called Newton's 3rd Law with the force plates plugged into the LabPro instead of the force probes.  So far, it has worked like a charm.
******************************************************************************
Date:    Sun, 18 Nov 2007 
From:    John Barrere 
    Regarding force sensors and collisions, here's a mod that worked quite well for me. Remove the hook from the sensor (it unscrews) and get yourself a couple of FH machine screws with the same thread. Drill a very tight clearance hole in a small cork stopper (rubber works also but it's heavier) and countersink the hole at the large diameter end. Screw the FH screw thru the hole, install a flat washer and nut to lock the stopper on the screw, and attach to the sensor. Since you'll never get the holes exactly on-axis thru both corks, when you have the sensor/"bumper" assemblies mounted to both carts, adjust the bumper alignment by turning the screw(s) until  the colliding surfaces are parallel. And the approach velocities need to be quite slow or you'll easily over-range the sensors. It may also be helpful to glue the FH screw in the "bumper".


     While I'm on the cart subject, here's a collision cart mod that provides a very nice model of the energy changes in the chemical bonding/unbonding processes. Remove the magnet-end end cap from one cart and reverse the magnets. Replace the cap. Get yourself four strong 1/2" diameter disc magnets and place on the ends of the two carts. Now you'll have two carts that attract each other. Get yourself some small steel compression springs and grind the ends parallel if they're not already. You'll have to experiment with which pair works best (they need to be "mates"). Place one spring on each disc magnet on ONE cart. Roll the carts towards each other on a track. If the system KE is too high, the "cart-atoms" will collide and bounce apart.
If the KE is in the correct range, the "atoms" will "bond". Now you have a "two-atom molecule" with less system energy than before the "bond" was formed. Gently push the "atoms" towards each other. With just a small E input, the "atoms" will oscillate. Put in more E compressing the "bonds" further. and the "atoms" fly apart. It's a pretty cool model to demonstrate that energy must be added to break a chemical bond. And the oscillating "atoms" are awesome! 

     I came up with this idea at an energy workshop at Fresno State a few years ago. Jamie Vesenka and I were gonna write an article for The Physics Teacher, but we never got around to it.
******************************************************************************

Date:    Mon, 19 Nov 2007 
From:    Rob Spencer 
    With respect to the 3rd Law demo:  It was hit or miss for me from year to year using two force sensors.  I have yet to not have the demo work if the force sensors are replaced by force
plates.
     Also, the interaction concept or simultaneous forces concept is easily seen from a system schema analysis.  A line joins two objects in an interaction. One end of the line is the force on A by B...the other end of the line is the force on B by A.  The simultaneity is actually pretty intuitive for students who have been using these system schemas as a preliminary step before force diagrams.
******************************************************************************
Date:    Mon, 19 Nov 2007 
From:    Art Woodruff 
     I have good success with the dual range force sensors by pulling against each other and putting a doubled rubber band between the hooks. Not only does this prevent interference with the sensors, but it smooths out the graphs. For push, we take off the hooks and put a small block of wood between them. By the time we do push, the kids have figured out the importance of keeping the sensors lined up. As long as they are careful, they do well. One way to force careful [data taking] is to reduce the scale so that they have to use small forces. 

     After the experiments with each group using the sensors, I follow up with the big push demo using the force plates.
******************************************************************************
Date:    Tue, 20 Nov 2007 
From:    mitchell johnson 
    We just finished the lab but I give them worksheet 4 with all of the pushing and pulling with masses on top of the force sensors and have them plot force 1 vs force 2.  the graph is always within a few tenths of 1 for the slope but the y intercept is all over the place until they learn to understand that you do not zero a scale while you are standing on it.
     We go from start to finish in one day (80 minutes) with a half hour reserved for traditional whiteboarding.  Even after they repeat the mantra "equal and opposite forces" I can trip them up with the train hitting them problem, to which I rub in "even if you can say it, it doesn't mean you understand it".  I cannot imagine trying to teach 3rd law without this lab for experience, as every student will instinctively slip up on this. But with that lab I can always ask, "is that what we found in our lab?"
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