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Subject:
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I am frustrated by the experiments that I have come up with to demonstrate work and energy. Last year, we used inclined tracks, low-friction carts, and motion detectors to have the students discover that v2 is proportional to x (given a constant force) as opposed to t, which is what they tend to naturally expect. The slight amount of friction and the limited care in handling the experimental details makes this a very tricky proposition. Only my most focused and patient students teased out the relationship all by themselves.  What experiments do others use to lead students to a conceptual understanding of work and kinetic energy?


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

Date:
Fri, 2 Feb 2007

From:
"Park, Nicholas" 


I have taken a slightly different tack in introducing these ideas. Having already established that knowledge of force and time enables one to predict change in momentum, I lead them to see that in many practical situations, it is more straightforward to measure force and distance, and ask what can be predicted from this. Either theoretically or experimentally, they then derive the expression for kinetic energy, and we go from there. This past fall, I used a modified Atwood's machine set-up for this, mainly because it was set up for another class at the time and they were familiar with it from their force and momentum analysis.


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

Date:         Sat, 3 Feb 2007

From:       Michael Crofton 


I have a suite of 4 labs that my classes do. Each group does a different lab so that at most, only two groups are doing the same lab. Each group whiteboards their lab to the others.

1) Determine the relationship of the work the earth does on a cart (energy transferred from the earth's gravitational field to the cart) and the velocity of the cart.


Much like the lab you do. Track is tilted, instead of motion detector the cart has a 2.5cm blocker that passes through a photogate. Data is angle of track, distance cart travels and time for blocker through photogate.  Students calculate work the earth does (weight of cart times sin x) and velocity of cart at the position of the photogate (it is an average velocity, however for a 2.5cm blocker it is very close to instantaneous).  Students graph work versus velocity and after linearization get a slope of 1/2 the mass of the cart. (Students usually notice this on their own after determining the units of the slope are kg.) Results are very good. Work =1/2mv2.


These 3 labs are preceded with a Hooke's Law lab using a Pasco mechanics spring. We whiteboard that and talk about the area of the graph being the energy stored in the spring at any position.

2) Determine the relationship of the work the spring does on a cart (energy transferred from the spring to the cart) and the velocity of the cart.


A horizontal track tilted slightly to balance friction, a Pasco mechanics spring and a Pasco mechanics cart with a 2.5cm blocker on it. The spring is hooked to the cart by placing the spring loop over the vertical pin for the plunger, and the cart is pulled back. It is then released and the cart accelerates toward the end. When it gets to the end, the spring pops off (an older flexible spring works best) and the blocker then travels at a constant speed through a photogate. Students graph energy stored in the spring and the velocity of the cart. Slope of linearized graph is once again, 1/2 the mass. Results are very good. Work = 1/2mv2.

3) Determine the relationship of the energy stored in a spring and the vertical height of a cart's trip.


An inclined track is set up. Students place a cart at the top of the track and then hook their Pasco mechanics spring to the cart and the pin at the top of the track. Spring is at no stretch position. Cart is released and maximum x along the track is recorded. To change the x, the angle of the ramp is varied. Students calculate energy stored in spring using their Hooke's Law graph and get height by sin times x.  Slope of the graph is the weight of the cart. Works well. Energy = weight x height. I use this to bring out the energy stored in the spring is the same as the gravitational energy from the earth.

4) Determine the relationship of the energy stored in a spring and the work that the earth does on a cart (energy transferred from the earth's gravitational field to the cart) as it goes down a ramp.


An inclined track is set up. Students place a cart at the top of the track and then hook their Pasco mechanics spring to the cart and the pin at the top of the track. Spring is at no stretch position. Cart is released and maximum x along the track is recorded. To change the x, mass are added to the cart for each trial.  Students graph energy stored in spring vs. work earth did on the cart. Students calculate energy stored in spring using their Hooke's Law graph and get work by sin times x times weight of cart.  Slope of the graph is usually somewhere in the .9 to 1 range.  Works well.  Energy from earth's gravitational field = energy stored in spring. This is my intro into conservation of energy.

If you have any more questions just ask off list and I will try to help.

Michael Crofton

Physics Teacher

Spring Lake Park High School

Spring Lake Park, MN


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

Date:         Sat, 3 Feb 2007

From:         John Clement 


The demonstration labs in the Interactive Lecture Demonstrations by Thornton and Sokolof work very well.  I have found that while some labs work well for students, some do have sufficient difficulty that they are not good enough.  But there are simulations that can be used as virtual labs.  There are a number on the web, notably the PHET site: phet.colorado.edu.  I have also referenced a number of virtual labs, and made a number available that I have created on my site.  www.hal-pc.org/~clement/science.htm  While many in the physics community believe that actual physical labs are superior to virtual labs, some research by the creators of PHET showed slightly better results with virtual labs.  Indeed they found that students who exclusively experimented on virtual circuit simulations were faster at being able to wire up a circuit than students trained with real wires, batteries, and bulbs.  Of course the simulations were designed to have elements of physical circuits.


I would always show students the actual equipment you could use, before having them do a virtual lab, as part of the concrete preparation for the lab.  All of my simulations are designed to be used as labs, and have no theory, or instructions attached.  The MOP simulations are designed to be used with the text, and only one or two have general questions.


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

Date:         Sat, 3 Feb 2007

From:         Chris Horton 


What we just did in my low-tech low-math low-enrollment college physics class is to take a bag of lead shot (25 lb for $25 from a local gun store), raise it to a height of 1 meter and drop it to the floor 100 times.  The bag was placed in a canvas bag with a handle so students could lift the lead without transferring body heat to it during the experiment.  The students were able to measure a temperature change of 5.8oC, from which, using W = mgh and Q = mcT, they were able to calculate the mechanical equivalent of heat as about 5 Joules per calorie.  Primary source of experimental error, recognized by the students: they kept lifting the bag of lead too high.


The students seemed firm in their understanding that the potential energy stored in the bag would equal the kinetic energy just before it hit the floor. They got a good kinesthetic sense of how much energy is involved in producing a small temperature change.  The experiment was good for about an hour of discussion, which suggested more calculations we could do.  Topics included how heating a few brake  pads absorbs enough energy to stop a speeding car (calculation  followed), how the heat produced by burning a little bit of gunpowder  can propel a bullet, and why more of the energy produced didn't go into the floor or the air.  They are unlikely to forget this experience quickly.


With a little more planning, the students could have first measured the specific heat of lead instead of taking it from a book.  That could have been done by heating some lead shot, dropping it into water and measuring the temperature change of the water.  (Worked well with steel bb's, without calorimetry equipment.)  I didn't want to  break the bag of lead open to get a sample, because I am not set up to  do the heavy duty stitching needed to sew it closed again.


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

Date:         Sun, 4 Feb 2007

From:         mitchell johnson 


My applied students use a real Atwood with a pasco smart pulley, giving distance * force vs velocity from which, with their limited math skills, it is easy to square the velocity.  My honors students use spring energy vs velocity, and my APC students find the power of friction of an air-track with the glider hooked to a spring on each side and set in motion.  If I want to be real mean I put the track on an incline.  I use Hewitt for applied, Minds on Physics for honors supplemented by some modeling worksheets, and Serway-Beichner for AP (although until this year we used Halliday-Resnik).


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

Date:         Mon, 5 Feb 2007

From:         WILLIAM JAMESON 


I have my AP-C students use a pendulum to find the relationship between change in height and speed at the bottom of the swing. Using a photogate and 1-gate timer, they can get the speed of the object, and with care in measuring the height change, the relationship of h to .5 v2 is easy to see. 

