Studio Physics I

Activity 08 – Work and Kinetic Energy
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Experimental Setup

Get the file Kinematics.xmbl.  You can get this from the Studio Physics CD (Physics1 folder) or from our web site on the Activities page under Activity 8 as LoggerPro File.  Copy the file to your hard drive.  Then double-click on it and launch LoggerPro with the file.

Observations:

1. Set up the equipment as shown above.  (Make sure the cart is empty for the first run.)  Figure out what you will use for the starting location of your cart – it must be at least 20 cm from the detector.  What is the location of the back of the cart (the part closest to the motion detector) when the hanging mass hits the floor?  What is the distance that the mass will fall?  Record your values.
2. You are now ready to take data.  Click collect and record data for the motion of the cart as the weight falls.  Don’t click on the stop button to stop taking data.  It is unnecessary and sometimes messes up your results.  We have done this type of measurement before, so you should know if you have good data or not.
3. Click on the “x=?” icon in the toolbar at the top of the page.  You can use this tool to determine exact values on your graphs by pointing your cursor to the point of interest.  Determine the maximum velocity.  Next, determine the cart's acceleration from the slope of the graph of velocity versus time by using the linear fit function in LoggerPro on the relevant part of the graph.
4. Now you should repeat the experiment an extra 495 grams on the cart (one of the black bars).  Start the cart at the same location as before.  Use the same procedure as steps 1-3 above.
Analysis:

5. State the “Work-Kinetic Energy Theorem” (discussed in lecture today).

6. Determine the value of the net force applied to your cart (without added mass) while the cart was moving and note it on your paper.  How will you do this?  Hint: Fnet = m a.  The mass of the empty cart is 0.500 kilograms.
7. What is the cart’s initial KE?  (Hint: Easy answer.)  What is the cart’s final KE?  What is the change in the cart’s KE?  Figure out the work done on the cart by net force (from step 6) times distance.  Record and compare the KE of the cart with the work done on the cart – they should agree within experimental error.
8. When you added the 495 gram mass to the cart, was the net force approximately the same as without the extra mass?  What two factors would change the net force on the cart when you add the extra mass?  Was the distance the object falls the same?  Was the work done on the cart approximately the same?
9. Determine the value of the net force applied to your cart (with extra mass) while the cart was moving and note it on your paper.  How will you do this?  Hint: Fnet = m a.  The mass of the cart plus bar is 0.995 kilograms.
10. Predict whether the final KE of the cart with the extra 495 grams will be the same, greater than or less than the value you found in question 6 for the cart without the extra mass.  Making use of the work-kinetic energy theorem, carefully explain your answer.
11. Determine the final KE and work done on the heavier cart.  Compare it with your answer to 5.  Is the KE much larger, much smaller, or about the same?  Is your result consistent with the Work-Kinetic Energy Theorem (within measurement error)?
Exercise

12. Use Newton’s 2nd Law to calculate the tension in the string when the hanging mass is dropping.  Consider only the following forces for this step: gravity, normal force from the track, and string tension.  Use 52.5 g for the hanging mass and calculate the tension with and without extra mass in the cart.  Are the two answers approximately or exactly equal?
[Note: If you think the answer is T = (9.8)*(0.0525), you should review your assumptions.]
13. Use the Work-Kinetic Energy Theorem to predict the final KE of the cart (with and without extra mass) when the hanging mass hits the floor.  Use the same distance as in step 2.
14. If you did the calculations correctly, your predicted KE will be greater than the measured KE.  What would account for that?  (Hint: The answer is fairly obvious.)  Calculate the KE difference: predicted minus measured.
15. Challenge:  Assume there was another constant force acting on the cart that we have not predicted in step 12, decreasing the net force on the cart.  Estimate the magnitude of this force using the result of 14 and the Work-Kinetic Energy Theorem.  What might this force be?  Would it change when you add more mass?  Is there another way to measure it more directly?  (Hint: Compare step 12 with steps 6 and 9.)
Important: If you did 1-12 but didn’t “get” 15, you need to think carefully about Individual Forces, Net Force, Newton’s Second Law, Work, the Work – Kinetic Energy Theorem, and the relationships among all of these.  Understanding this will be critical to doing well on Exam 2.
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