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Graph Matching


Graph Matching

One of the most effective methods of describing motion is to plot graphs of distance, velocity, and acceleration vs. time. From such a graphical representation, it is possible to determine in what direction an object is going, how fast it is moving, how far it traveled, and whether it is speeding up or slowing down. In this experiment, you will use a Motion Detector to determine this information by plotting a real time graph of your motion as you move across the classroom.

The Motion Detector measures the time it takes for a high frequency sound pulse to travel from the detector to an object and back. Using this round-trip time and the speed of sound, you can determine the distance to the object; that is, its position. Logger Pro will perform this calculation for you. It can then use the change in position to calculate the object’s velocity and acceleration. All of this information can be displayed either as a table or a graph. A qualitative analysis of the graphs of your motion will help you develop an understanding of the concepts of kinematics.
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objectives

· Analyze the motion of a student walking across the room.

· Predict, sketch, and test distance vs. time kinematics graphs.

· Predict, sketch, and test velocity vs. time kinematics graphs.

iNSTRUCTIONS

· Follow the procedures.  Your write-up (one per group) is electronic, and must be emailed to Mr. Frankel ( frankel_s@4j.lane.edu ) by the due date, with group members’ last names in the title: ( Jones_Markham_Needham Lab.doc )

Materials

	Macintosh or Windows Computer
	Vernier GoMotion Detector

	Logger Pro Software
	Clamp (for detector)

	meter stick
	masking tape (for marking meters on floor)


Pre-laB questions

1. Before using the detector & computer, sketch the following predictions on this graph sheet. You’ll create three graphs with time on the x-axis and three other variables (d, v, a) on the y-axis.  Start by sketching a distance vs. time graph for each of the following situations (WU):

a. An object at rest

b. An object moving in the positive direction with a constant speed

c. An object moving in the negative direction with a constant speed

d. An object that is accelerating in the positive direction, starting from rest

An Object at Rest


      An object moving in pos. direction, const speed
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Object moving in - direction, const. speed      Object accelerating + direction, from rest

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


2. Now, switch color pencil, pen, or use a dashed line and sketch the velocity vs. time graph for each of the situations described above on the same four graphs. 
3. Finally, switch colors (or type of line) again and sketch the velocity vs. time graph for each of the situations described above on those same graphs.
Procedure

Part l:  Preliminary Experiments

1. Connect the Go!Motion Detector to a USB port on your computer, then find Logger Pro in the applications folder and start that program. While the computer is starting up…(see #2)

2. Place (and clamp) the Motion Detector so that it points toward an open space at least 4 m long.  Use short strips of masking tape on the floor to mark the 1 m, 2 m, 3 m, and 4 m distances from the Motion Detector.

3. Go to “File” and then “Open”. Open the Experiment 1 folder from Physics with Computers.  Then open the experiment file Exp 01a Distance Graph.  One graph will appear on the screen.  If necessary, adjust the vertical axis to have distance scaled from 0 to 5 meters and the horizontal axis to have time from 0 to 10 seconds.

4. Using Logger Pro, produce a graph of your motion when you walk away from the detector with constant velocity.  To do this, stand about 1 m from the Motion Detector and have your lab partner click [image: image2.wmf]. Walk slowly away from the Motion Detector when you hear it begin to click. Do this as many times as needed, until your group has a graph with no breaks (“anomalies”). Go to Experiment, and choose “save latest run”. 
5. Here, predict (by describing in words, what the distance vs. time graph will look like if you walk faster:PLEASE KEEP YOUR ANSWERS IN ALL CAPS SO I CAN EASILY SPOT THEM                        __________________                         _____        _____              ____ Now, check your prediction with Motion Detector. Were you correct? .                                      . Copy the position vs. time graph (with both slow and faster walks) and past it below here:
Reminder: Do a “Save As” and save your file with all your last names in the title. Save frequently as you work.
Part II:  Distance vs. Time Graph Matching

7. Look at the distance vs. time graph shown here.
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8. Predict (in detail) how you will walk to produce this target graph:  .                                       . 
9. To test your prediction, open experiment file Exp 01b Distance Match One.  Then, choose a starting position and stand at that point. Start data collection by clicking [image: image4.wmf]. When you hear the Motion Detector begin to click, walk in such a way that the graph of your motion matches the target graph on the computer screen.

10. If you were not very close, discuss with your group how to modify your movements. Repeat until your graph closely matches the graph on the screen. Paste the graph of your best attempt here:
11. If you walked at all differently than your prediction (#8), describe your walk: .                             .
Reminder: Save your file now!
12. Open the experiment file Exp 01c Distance Match Two  (you’ll repeat Steps 8 – 11, with this new target graph). 
13. Predict how you would walk to produce this target graph:  .                                           . 
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14. Practice to match this graph closely, then paste your very best attempt here:
15. If you walked at all differently than your prediction (#13), describe your walk: .                  
16. Explain the significance of the slope of a distance vs. time graph of positive slope:   ___________________________________                          .
17. Explain the significance of the slope of a distance vs. time graph of negative slope: ___________________________________                          .  

18. What type of motion is occurring when the slope of a distance vs. time graph is zero? ___________________________________                          .
19. What type of motion is occurring when the slope of a distance vs. time graph is constant? ___________________________________                          .       

20. What type of motion is occurring when the slope of a distance vs. time graph is changing? Test your answer to this question using the Motion Detector, then write your answer: ___________________________________                          .
Part III:  Velocity vs. Time Graph Matching

17. Look at the following velocity vs. time graph that appears on the next page.
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18. Remembering that this isn’t a position graph, predict (in detail) how you would walk to produce this target graph. .                                           .
19. Open the experiment file Exp 01d Velocity Match One to test your prediction. Choose a starting position and stand at that point. Start Logger Pro by clicking [image: image7.wmf]. When you hear the Motion Detector begin to click, walk in such a way that the graph of your motion matches the target graph on the screen. It will be more difficult to match the velocity graph than it was for the distance graph. Repeat until you’ve done as well as you can, then paste your best attempt here:
20. If you had to walk differently than predicted, describe how you walked here: 

21. Open the experiment file Exp 01e Velocity Match Two. 

22. Predict how you will walk to match this graph. .                                           .
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21. Paste your best match here:

22. If you walked differently, describe how you actually walked here:.   .
23. Using the Logger Pro velocity vs. time graphs, predict and sketch (paste a sketch below) the distance vs. time graph for each of the graphs that you matched.  After you have sketched your prediction, switch to a distance vs. time graph on Logger Pro to check your answer.  Do this by clicking on the y-axis label and unchecking “Velocity”; then check “Distance”. Click [image: image9.png]OK




 to see the distance graph.  Comment on how correct your prediction was.                   . 
24. What does the area under a velocity vs. time graph represent? Test your answer to this question using the Motion Detector and describe what you did to test your answer. .               .
25. What type of motion is occurring when the slope of a velocity vs. time graph is zero? .             .
26. What type of motion is occurring when the slope of a velocity vs. time graph is not zero?  Consider both positive and negative slopes.  Test your answer using the Motion Detector. .   .
27. Why don’t the last two velocity vs. time graphs have any portions of the curve that are completely vertical?  Is it possible for an object to move so that it produces an absolutely vertical line on a velocity vs. time graph?  Explain. .             .
28. Remove your group’s masking tape strips from the floor and get Mr. F’s virtual initials: ___
Part IV:  Bonus Challenge (One only)

28. Create a distance vs. time graph by walking in front of the Motion Detector. Store the graph by choosing Store Latest Run from the Data menu.  Select another lab group to attempt to match your graph.  Mr. Frankel will select a student from the other group to attempt to match your graph.  With Mr. Frankel watching the attempt, if the graph is reasonably close (up to Mr. F’s judgment), the lab group you selected will receive 3 bonus points.  If they are not, your group will receive 1 bonus point.

29. Create a velocity vs. time graph by walking in front of the Motion Detector. Store the graph by choosing Store Latest Run from the Data menu.  Select another lab group to attempt to match your graph.  Mr. Frankel will select a student from the other group to attempt to match your graph.  With Mr. Frankel watching the attempt, if the graph is reasonably close (up to Mr. F’s judgment), the lab group you selected will receive 4 bonus points.  If they are not, your group will receive 2 bonus points.
Reminder: Save your file to your server space, as well as to your laptop’s desktop!
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