Constant and Accelerated One-Dimensional Motion
VideoPoint 2.5 video analysis software (http://www.lsw.com/videopoint/) is one of several extremely versatile and relatively inexpensive software programs that allow users to quickly and precisely study the motion of any object(s) that can be captured on tape or disk and opened by the computer program.  You can investigate several other video analysis programs by going to http://www.science.tamu.edu/CMSE/videoanalysis/index.asp.  
You will learn how to use VideoPoint 2.5 as you examine constant and accelerated motion of toy vehicles traveling in a straight line.
Constant Velocity

Procedure:

1. Open VideoPoint 2.5.  Close the About
            VideoPoint window by clicking on the
            red x in the upper right hand corner.

2. Click Open Movie from the Startup
            Window and click on the movie
            dunebuggy from the CD drive.

3. When the Number of Points window
      opens, select 1 and click OK.

4. You should now see the video window where you will “mark” the location of the battery-operated toy dune buggy in each frame of this video clip.

5. Notice that the coordinate origin is located in the lower left-hand corner of the movie window.  This can be moved to any desired location.  Also notice that a meter stick is located in the movie frames.  This will be used for distance scaling after you have “marked” the frames.

6. Choose a spot on the dune buggy to “mark” in each frame.  Either of the two wheels are   

            recommended.
7. Use the computer mouse to move the cursor over the place to “mark.”  “Mark” this location by left-clicking with the mouse.  VideoPoint 2.5automatically advances the movie one frame (1/30 sec) after a frame has been “marked.”
8. If you do not wish to “mark” all 118 frames of this video clip, click on Movie and Set Step Size from the task bar at the top of the program.

9. If you select Step by: Frames, Size 3, and OK, you will only have to “mark” every 3rd frame.  Choosing not to mark every frame is recommended for movie clips of objects with relatively slow speeds since most digital cameras record at 30 frames per second.

10. Once you have “marked” the entire video, click on the meter stick icon on the left side vertical task bar.  Since we have a known length of 1.0 meter, click continue.

11. Click on the left end and then the right end of the meter stick.  All values in the data table have now been converted from pixels to meters.

12. Run the movie back to the first frame. Click on the origin of the coordinate axes and drag it so that the origin is moved to the location of the first “mark.”

13. You now have a data table with precise times and locations of the dune buggy as it moved.  You should be able to view this data table in the VideoPoint 2.5 program window.
14. In order analyze this data in graphical form, click on the graph icon on the left task bar.

15. Select position, x-component, and OK in order to produce a position-time graph of the dune buggy.  You can change the size and shape of this graph window by clicking on any side and dragging with your mouse.
16. In order to find the best fit equation of this graph, click on any data point and then the pink F in the upper right hand corner of the window.
17. To get the equation of the best fit line, click OK.  You should now see a line passing through your points and the equation of that line above your graph.  The coefficient of the t term in this equation is the velocity of the dune buggy (in meters per second).  The constant term is the initial position of the dune buggy.  It should be very close to zero.  The closer the R2 value is to 1.000 or -1.000, the better the equation fits the data.

18. According to this graph, what is the velocity of the dune buggy? 

19. Paste the position-time graph in the following box.


20. Repeat these procedures to obtain a velocity-time graph of the motion of this dune buggy.
21. Find the best fit equation of this graph and paste the graph in the following box.  The closer the R2 value is to zero, the better the equation fits the data.  The data points for this graph likely do not “line up” as neatly as did the data points on the position-time graph.

22. This graph should make a horizontal line with the constant term equal to the velocity of the dune buggy. The coefficient of the t term in the equation is the acceleration of the dune buggy (in meters per second per second).
23. According to this graph, what is the velocity of this vehicle?
24. Why might the velocity of the car from the position-time graph be different from the velocity from the velocity-time graph?

25. Now construct an acceleration-time graph and find its best fit equation.  Since the dune buggy moved with a constant velocity, the equation for this graph should be very close to y = 0.  The data points for this graph also probably do not line up neatly.
26. Paste this graph in the following box.


27. Now that you have the motion graphed, go back to the movie window and select the coordinate axes origin.  Move the origin around and record what happens to these three graphs. 
Accelerated Motion: Part 1 

You will now examine the motion of a toy

truck that is not maintaining a constant velocity.

Procedure:

28. Open the movie greentruck.

29. Repeat the same “marking” procedures

            you used in the dunebuggy video.
30. Once the frames have been marked, the

            scale set, and the origin moved to the

            initial point marked, you will produce

            position, velocity, and acceleration graphs for the motion of this toy truck.
31. This position-time graph should curve.  You should choose a second degree polynomial type of fit when you find the equation that best fits this data.  Paste this graph and its equation in the following box.


32. The coefficient of the t2 term should be ½ the value of the toy truck’s acceleration (in meters per second per second).  The coefficient of the t term should be the initial velocity of the truck.
33. According to this graph, what is the initial velocity of this vehicle?
34. According to this graph, what is the acceleration of this vehicle?
35. Now construct a velocity-time graph and find its best fit equation.

36. Paste this graph and its equation in the following box.


37. This linear graph should have an equation such that its slope is the acceleration of the vehicle and its y-intercept is the initial velocity of the vehicle.
38. According to this graph, what is the initial velocity of this vehicle?
39. According to this graph, what is the acceleration of this vehicle?
40. Now construct an acceleration-time graph and find its best fit equation.

41. Paste this graph and its equation in the following box.


42. According to this graph, what is the acceleration of this vehicle?
43. Now that you have the motion graphed, go back to the movie window and select the coordinate axes origin.  Move the origin around and record what happens to these three graphs. 

Accelerated Motion: Part 2 

You will now examine the motion of a toy

truck that is speeding up.

Procedure:

44. Open the movie incline.

45. Repeat the same “marking” procedures

            you used in the previous videos.

46. Once the frames have been marked, the

            scale set, and the origin moved to the

            initial point marked, you will produce

            position, velocity, and acceleration graphs for the motion of this toy truck.  Rotate the 
            origin so that the positive x-axis is along the slope.

47. This position-time graph should curve.  You should choose a second degree polynomial type of fit when you find the equation that best fits this data.  Paste this graph and its equation in the following box.


48. The coefficient of the t2 term should be ½ the value of the toy truck’s acceleration (in meters per second per second).  The coefficient of the t term should be the initial velocity of the truck.
49. According to this graph, what is the initial velocity of this vehicle?
50. According to this graph, what is the acceleration of this vehicle?
51. Now construct a velocity-time graph and find its best fit equation.

52. Paste this graph and its equation in the following box.


53. This linear graph should have an equation such that its slope is the acceleration of the vehicle and its y-intercept is the initial velocity of the vehicle.

54. According to this graph, what is the initial velocity of this vehicle?
55. According to this graph, what is the acceleration of this vehicle?
56. Now construct an acceleration-time graph and find its best fit equation.

57. Paste this graph and its equation in the following box.


58. According to this graph, what is the acceleration of this vehicle?
59. Now that you have the motion graphed, go back to the movie window and select the coordinate axes origin.  Move the origin around and record what happens to these three graphs. 

Questions:

How could you quickly determine by looking at a position-time graph whether the object moved with constant or changing speed?
How could you quickly determine by looking at a velocity-time graph whether the object moved with constant or changing speed?

What would the position-time and velocity-time graphs look like if the object was speeding up instead of slowing down? 

What effect does moving the location of the origin have on:

· position-time graphs?

· velocity-time graphs?

· acceleration-time graphs?

Can you now:
· state the initial position, initial or constant velocity, and acceleration of an object if you know its position equation?

· state the initial or constant velocity and acceleration of an object if you know its velocity equation?

Even though this activity greatly reduced the possibilities for error that existed in the similar activity using stopwatches, there is still some amount of uncertainty in the results.  What sources of error limit the certainty of any results using the video analysis procedures?

Paste a frame from the movie window in this box.





Position-time graph





Velocity-time graph





Paste a frame from the movie window here.
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Paste a frame from the movie window here.
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