Studio Physics I

Activity 03 – Newton's Laws in One Dimension 

Observations

The LoggerPro software should already be loaded into your laptop from Activity 1 or 2.  Plug the LabPro USB cable into your laptop and wait 60 seconds for the device to be recognized by Windows.  If you are unable to connect, please get help early or use a different laptop in your team.  Do not start the LoggerPro software until the LabPro device has been recognized by Windows or it will not work.

We will be using a LoggerPro file that is not on the CD, and so you will need to download it from the course web site.  Go to the Activities page and click on the LoggerPro file under Activity 3.  It is called “Newton2.xmbl”.  Download it to your laptop and store it in your Physics I folder.  Then double-click on it to run LoggerPro.  If you get the message, “AUTOID Sensors not detected,” click OK – it is not a problem.
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1. The first step in this activity, and all activities that use a force probe, is force calibration.  This simply means applying two known forces to the force probe so that the LoggerPro software can determine the relationship between the force pulling on the probe and the voltage produced by the probe.  The two known forces are 0.00 N (nothing connected) and 0.51 N (a hanging mass of 52 g).  On your activity write-up, show why the force of gravity is 0.51 N (easy answer) and then do the following:

Find the icon in LoggerPro that says “LabPro” and click on it.  You should see a window showing the sensors.  Click on the picture of the force probe in CH1 (Channel 1) and you will get a menu of options.  Click on the first option, “Calibrate…”  Next, click on “Calibrate Now”.

Start with zero force as shown on the left.  Enter “0.0” as the force and click “Keep.”  Then attach the hanging mass as shown on the right.  Enter “0.51” as the force.  When the motion has subsided, click “Keep” and “Done.”  Detach the hanging mass and put the probe aside.

2. The next step is to find the force of friction for the moving cart with the fan installed but switched off.  We will do that by giving the cart a gentle push and measuring its velocity and position with the motion detector, as we did in Activity 1.  DO NOT let the cart get closer than 20 cm from the detector.  Click on Collect, listen for the clicking of the motion detector, give the cart a gentle push, and wait for the data to be captured.  You should see graphs of position and velocity versus time.
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We are interested in the graph of velocity versus time from when you released the cart until it bumped the end of the track.  The graph should look like a straight line with a negative slope.  Use the mouse to click and hold the button down at the beginning of the straight line, drag the mouse to the end of the straight line, and then release.  This will mark a portion of the graph for analysis.  Click on the “Linear Fit” icon or select the menu Analyze / Linear Fit.  LoggerPro will find the linear equation that best fits the line and give you the slope.  The mass of the cart+fan = 725 g.  From the information you have just obtained, find the force of friction on the cart (assumed constant) and explain how you got it.
3. In this step, we will measure the force produced by the fan when it is switched on.  Place the force probe in a horizontal position and connect it with a string to the cart with the fan switched off.
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The force probe readings are continuously updated near the top of the display.  With the fan off, the reading should be approximately 0.0 N.  Since the force probe shifts it’s zero reading from vertical to horizontal orientation, we need to reset zero with the fan off.  Click on the “Zero” button, click on “DIG2 Motion Detector” to un-highlight it (so we don’t zero that also), and click on “OK”.

Turn the fan on and read the force, holding the probe in place if necessary.  It is normal for the force reading to jump around a bit.  The value (again assumed constant) should be somewhere between 0.05 and 0.2 N.  If you did not get a number in that range, ask for help.  Turn the fan off after the reading.  Be careful not to get your fingers in the fan when it is moving – it will hurt!
4. Now set up the cart and track as shown in the picture below.  Turn on the fan, click “Collect,” release the cart when you hear clicking, and let it bump against the end of the track.  Your graph of velocity versus time should be a straight line with a positive slope in the region of interest.
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Start from rest


Using the same linear fit method as step 2, find the acceleration of the cart.

Analysis

5. What two forces were acting on the cart?  What was the net force on the cart?  State Newton’s 2nd Law as a vector equation, explaining all terms.  Do your measurements support this law (in one dimension) within experimental error?  To answer that, you might want to repeat steps 2-4 a few times to get a range of values for the quantities you measured.  This should be quick once you know how to do it.

6. State in words the relationship between the direction of the velocity vector of the cart and the direction of net force on the cart when the cart is speeding up.  State the relationship between the directions when the cart is slowing down.

7. Is there ever a situation where the net force on an object and its acceleration are not in the same direction?  If your answer is yes, give an example and have your instructor or TA check it.  If your answer is no, use a principle of physics to justify your answer.

Exercise
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An empty elevator car is supported by a cable with tension T.  The weight of the elevator (W) is 10,000 N.  The plot to the right shows T as a function of t (time).  Use g = 9.8 N/kg for the constant of gravity.
You will use Newton’s Second Law in one dimension to find the acceleration of the elevator car.

8. Identify the forces on the elevator car.  (Ignore friction and air resistance.)

9. Choose a coordinate system.

10. Draw a free-body diagram.

11. Determine for each force whether it is in the positive or negative direction for your coordinates.

12. Write Newton’s Second Law for your free-body diagram.  Make sure all forces are on the left of the equation and m a is on the right.  Make sure the signs on your forces agree with 10 above.

13. Solve the equation from 12 for a, the acceleration of the elevator car.  You will get an algebraic expression involving T, W, m.  You will use this expression in 14.

14. Draw a graph (not a sketch) of a versus t.  Label the axes and make sure the shape of the curve(s) you draw and the values of acceleration are clear.

15. The elevator is moving down at t = 0.2 seconds.  Does that change any of your analysis in steps 9-15?  At that instant, is the elevator speeding up or slowing down?  Explain your answer.
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