Yoyo Rotational Energy Video Lab

Names:___________________________

 ___________________________

___________________________
Purpose :  To use video-analysis to analyze the motion of the center of mass and the motion of a point on the edge of a falling disk.
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Procedure:  
====================================================================

1. Open the file FallingYoYoVideo from the Physics Lab Folder.
2.  Setting the scale of the movie:

You need to tell the program what the scale of the movie is.

To do this, select the fourth button down from the top.   [image: image2.jpg]


It looks like a horizontal ruler.

Use the mouse to select the length of the vertical meterstick.

A pop-up box should appear. Type in 1 for the length of the meterstick.
3. SAVE FILE AS “YOURNAME_YoYo” so my template remains ready for another group!!

4. Taking Data for the Center of Mass:

a. Click the “Add Point” button.   [image: image3.jpg]


    (The second button down from the top)


b. You will use the mouse to click on the center of the disc in each frame.


(The center is  marked with a red dot—center the cross-hairs over the red dot and click.)


c. Each time you click a frame, the program will automatically advance to the next frame.

           As far as I know, there is no way to “undo” a data point—so be careful!!


e. Take data from frame 1 to frame 15.  (This data will be stored on Page 2.)
5. Setting the Origin:

a. Use the “rewind” button to move the video back to the first frame.


b. Click the “Set Origin” button    [image: image4.jpg]


           (The third button down from the top).


c. Click on the center of the disc. You should see a yellow horizontal and vertical axis. Ignore the large yellow dot—you could use this to rotate the axis—but we aren’t going to do that. Move the axis if necessary to align the origin of the axis with the center of the disc.

d. Use the mousepad to move the center of the axis to the red dot. 
6.  Taking Data for the Edge of the Disc:

a. Move the video back to frame 1.


b. Click and hold the “Set Active Point” button to start a new data set.  [image: image5.jpg]Al




 This button is the 6th one down from the top. 

c. Click the “Add Point” button   [image: image6.jpg]


    to take data.

Use the mouse to click on the black dot at the edge of the disc. As you click, the points you mark should trace out a “clycloid” of data points whose color differs from those taken for the center of mass.
=====================================================================

7. Graphing the Vertical Motion of the Center of Mass:
a. Move to the third page: the vertical position versus time graph.

b. Double-click on the graph. Select the back tab “Axes Options” from the pop-up menu.

Make sure that only the vertical position (Y) for the first data set is checked.

Uncheck anything else that might be checked. Close the dialogue box.
c. Choose Analyze/Curve fit from the top drop down menu bar.


Select Quadratic from the options.


Record the vertical position function of the center of mass below:

             (Replace the constants with the values provided by the curve-fit.)
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8. Graphing the Horizontal Velocity of the Edge of the Disc:
a. Move to the fourth page: the horizontal position versus time graph.

b. Double-click on the graph.

In the front tab menu options, make sure “Connect Points” is off and “Point Protectors” is on.


Select the back tab “Axes Options” from the pop-up menu.


Make sure that the only box that is checked is X Velocity 2.
c. The curve fit for this graph is a little crazy but quite interesting!!!


A point on the edge of the disc is affected by two motions:

  

1—it is on the edge of a record player moving faster and faster since omega is increasing with time. This is going to cause its linear velocity to speed up.



2—it is headed away from the origin as it rotates from 90 degrees to 0 degrees.




It is headed back towards the origin as it rotates from 0 degrees to -90 degrees.




It is headed away from the origin in the negative direction as it rotates from

   


      -90 degrees to -180 degrees.



It is headed toward the origin as it rotates from -180 back to the starting point.




This is a sinusoidal motion.

Proof of Formula:
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So: 

1—the motion of the edge of the disk is getting faster and faster in general as the disc speeds up.

2---BUT it goes through TWO horizontal turnarounds each rotation, so the increasing speed is said to be “modulated” by the cosine function.

3—As fast as the video footage is, I got a better curve fit if I put in a term for initial angular speed and position. If you watch the video closely, you will see that the edge of the disc begins to the left of the origin and so has a negative initial angle.

SO…. You will define your own function that matches the formula above:

Choose: Analyze/Curve fit. 

Select “Define Function”. Type in the function below:
[image: image9.jpg]§ User Defined Function

Define Custom Function:
f(t)= | (a+bt)*cos(c+dt+et~2)

Description: ||
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Click “OK”. If the computer decides to fit a function that oscillates WAY too fast, you can fix this by converting from radians to degrees: Go to File/Settings for FallingYoYo. Click the Degree or Radian button to try to resolve the issue. Call your teacher over if you get stuck.

=============================================================

THE PART WHERE YOU DO SOME CALCULATIONS:
==============================================================
Given information:
Mass of disc: _________ kg



Radius of disc: _________ m
a. Use the information above to calculate the rotational inertia of the disc. 


Begin with the formula and include units.

b. Use the conservation of energy to calculate the linear speed of the center of mass of the disc after falling 1 meter:

c. Use “Don’t Know, Don’t Care” [
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] to determine the (constant) linear acceleration of the disc during its descent:

d. Use the curve fit you got for the center of mass to determine the linear acceleration of the center of mass of the disc (You do not need to show work):

e. Calculate the Percent Error for the two values: 
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f. Calculate the angular speed of the point at the edge of the disc after it has fallen 1 meter. 

g. Use linear or angular information to calculate the time it took the disc to fall one meter.

i. Draw a Free-Body diagram for the Yo-Yo and calculate the tension in the string.
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