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Match the Graph  (Describing Motion)

PURPOSE
The purpose of this activity is to explore the relationships between the position or velocity and time of a moving object – YOU. (This activity is easier to do if you have a partner to run the computer while you move.)

EQUIPMENT NEEDED
	Computer w/DataStudio  Software
	Pasco Interface (USB link, GLX, other)

	Motion Sensor (Multiple sensors-optional)
	Computer Projector (optional)


Note:  When possible, the students analyze the graphs (write paragraphs) for homework the night prior to the lab.  This will allow the students to spend more time using the motion sensors and software tools during the class.  

BACKGROUND

When describing the motion of an object, knowing where it is relative to a reference point, how fast and in what direction it is moving, and how it is accelerating (changing its rate of motion) is essential. A sonar ranging device such as the Motion Sensor uses pulses of ultrasound that reflect from an object to determine the position of the object. Can you think of any animals that have this ability?  As an object moves in front of the motion sensor, the change in position is measured many times per second. The change in position from moment to moment is expressed as a velocity (meters per second). The change in velocity from moment to moment can be expressed as acceleration (meters per second per second). The position, velocity and acceleration of an object at a particular time can be plotted on a graph. The graph becomes a technical picture or scientific shorthand of the motion of an object. For example, one position graph can show you when you are, where you are, what direction you are moving in, how fast you are moving and more.  For these reasons, it is important to understand how to read a graph of position, velocity, and acceleration versus time. In this activity you will translate several picture graphs into paragraphs, incorporating calculations of slope to determine speeds and accelerations.  Next, you will use your paragraphs as directions that allow you to reproduce the graph as you move in front of a motion sensor.  Your data will appear on the screen, live.  The challenge in this activity is to write directions that allow you to reproduce the motion that created the graph.  The test for your paragraphs is whether or not your motion will “Match the Graph” that is already plotted on the computer screen. 

GETTING STARTED: 
For each graph, complete the following steps before connecting the motion sensor. (If the graphs were analyzed and paragraphs were written for homework, skip to the section Using the Motion Sensor)
· For each graph, write a paragraph describing in your own words the motion that is required to match the graph.  Include as needed the starting position, changes in position or speed, the direction of motion --toward or away from the motion sensor, and stopping position. Also, include the rates of change found by looking at the slope of individual segments of motion. (Example:  “Constant speed of 0.2m/s for 2 seconds followed by no motion for 3 seconds,” etc.).  Complete all paragraphs for each graph before attempting to Match the Graph.  These paragraphs will become instructions that will help direct your motion when you turn on the sensor.  The better your paragraph, the better your chances of Matching your Graph.

Equipment Setup:

After your group has agreed to the paragraph description for each graph, set up the computer, USB Link, and motion sensor.  Take turns using your paragraph directions to match the graph while moving in front of the active motion sensor. If your paragraphs prove to be faulty, you should adjust your movements.  But, make sure you revise your paragraph to correct your misconceptions before you move to the next graph!
1. Open the computer and turn it on.  Launch the program DataStudio by double clicking on the shortcut found on the desktop. From the DataStudio home screen, select Open Activity.  From the ASIM folder, open the Match the Graph Folder.  Open the file mg.1.ds. (After working with mg.1.ds, repeat these steps to open each graph mg.2 through mg.4 in turn.  You will be asked to close the open activity before opening the next graph.  When prompted to save by the computer, please DO NOT SAVE your files to the ASIM computers unless otherwise instructed.)

2. Carefully align the Motion Sensor’s connector to the USB Link and press them together.  Plug the USB Link into one of the USB ports on the computer.  Again, be careful to check the alignment first. 

3. Make sure the slide switch on top of the motion sensor is set to people, long range.  See the back of the sensor for help.

4. Position the motion sensor on a table aimed at your midsection. Align the sensor in a direction that will allow you to move freely in one line of motion for 2 meters without tripping over or running into anything.  This will require walking backwards. Make sure your 2 meters does not intersect another group!  Make sure that the person moving in front of the sensor can see the screen in order to adjust their motion.  

Recording your Data using the Motion Sensor:

5. Work with a partner. One person should move in front of the sensor while another runs the computer recording.  When you press START, the sensor will begin clicking and a data symbol will appear trapped on the y-axis to indicate your starting point.  If you find that you cannot see your data symbol, use the zoom out tool to show x = 0 on the y axis. You will have 3 seconds to adjust your start position (shown by the data symbol) to match the graph start position before the data appears on the screen.  The sensor will stop automatically after 10 seconds of recording.
6. Each person should take a turn moving in front of the sensor.  Multiple runs will overlay in different colors on one graph.  Simply hit start again when the next person is ready. At any time you may use the experiment pull down menu to delete a run or all runs.  Also, you can use the data button in the graph window to remove a run.

7. For each graph, answer the questions below.

. 
QUESTIONS:

1. For each adjustment that you made, explain why a change was necessary.  Be thoughtful! (…to “match the graph” is NOT a good response to this question!) For example, did you move towards the sensor when you should have moved away?  Too fast or too slow?

2. For position vs time graphs, when you compare your motion to the original graph, how can you tell when you were moving too slow?  Too Fast?

3. For position vs time graphs, what does the slope represent?  What does the sign of the slope represent?  Be specific in your answer.  A positive slope means…..and a negative slope means….

Extension One: Start with a paragraph and generate a graph.

1. As a group, try creating a paragraph describing simple motion similar to the position graphs 1 through 3.  Do not have more than four changes over time. Keep to a minimum distance of 40 cm; maximum distance of 2.5 meters.  Also, there is a 10 second limit for the time axis.

2. Sketch the Position vs Time graph of your motion as well.  Exchange just your paragraphs only with one other group.  Do NOT show them the matching sketch/ graph at this time.

3. Now try to sketch the graph described in your neighbor’s paragraph.  Once your group agrees on the sketch, open the computer file extension1.mg and create the graph using the motion sensor. (You won’t have a score or a computer generated graph to match; use only the paragraph and sketch to guide you.) 

4. Answer the following questions:  What problems did you encounter?  Does your computer motion match the sketch? If not, explain why it did not match the paragraph. Was your sketch or your motion wrong? Why?

5. Discuss your results with the group that created the paragraph.  Compare both your sketch and the computer graph of your motion to the sketch created by the group that wrote your paragraph.  Do they all agree?  

Extension Two: In this section, you will use the software graphing tools to help analyze your motion.  To identify the tool needed, you can point to the tool using the mouse. A note screen will open to identify that tool.  
1. Open the graph file mg.2.  Have someone match the graph again.

2. Using the zoom select tool at the top of the graph window, magnify a segment of your motion that represents a constant slope (velocity) not equal to 0 on the original graph.  Be sure to pick a part of that segment that best matches the original graph.  Make sure your Run is selected for the next step by clicking on Run# in the Legend found on the graph display.  Your Run number should be highlighted.

3. Click on the Fit tool and select a linear curve fit for this highlighted section of your graph.  Notice that the slope of the highlighted section appears in a window.  Record the value of this slope and compare this to the slope of the original graph. Were you moving too fast?, too slow?

4. Experiment with the portion of the graph you selected by clicking and dragging a new box over this section.  What happens to the curve fit as you change the region selected?

Extension Three:  Adding velocity Graphs:  

1. Open graph mg.1.  Sketch the velocity graph that matches the Position 1.  Hint:  Find the slope of each uniform segment of the position curve.  You should have noted the slopes already in the first part of the activity.  Plot the values of the slopes for each segment of time.  For example, if the slope for the first two seconds was 0, plot 0 for the first two seconds on a velocity vs time graph.  Continue with the next time interval on the same graph.  At this point, you should recognize that the slope of a position curve gives you the velocity at that time.

2. Once your group agrees on the sketch of the velocity curve from the Position 1 curve, open the file extension3.mg1.  Notice that the velocity curve is shown directly below the Position curve.  Both graphs share a common time axis. Try to match the velocity graphs using the motion sensor.

3. Repeat this procedure for the remaining extension3 graphs (extension3.mg2, extension3.mg3, extension3.mg4).  Compare the velocity graph to the position graphs in each case.

4. Answer the following questions: Does starting position matter when trying to match position vs time graphs? Is the same true for velocity vs time graphs? Explain.
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