Name:_____________________
                 Lab Partners:________________
                        Date:_____________


                                                           ________________  


                                                           ________________


Chapter 1: Introduction to Motion – Constant Motion
Objective:
To make your own Position (Distance) – Time graphs by walking away or towards the motion detector.


To discover how your motion looks as a Position (Distance) – Time graph


To make your own Velocity – Time graphs by walking away or towards the motion detector.


To discover how your motion looks as a Velocity – Time graph.


To discover the relationship between Position and Velocity graphs.

Materials:
Logger Pro software


Motion Detector


Lab Pro interface


2-meter stick for marking starting and ending positions on the floor (optional)

Investigation 1: Position (Distance) – Time Graphs

Introduction:
In this investigation you will use a motion detector to record your own position (distance)-time graph as you move towards or away from the detector. The motion detector is a device that emits an ultrasonic signal (50,000 Hz), and then waits to receive the reflection from the closet object to it. The signal is transmitted at an angle of approximately 15o, so you should be careful to clear anything within that range that might interfere with the signal unintentionally. The detector is calibrated to recognize signals at a minimum distance of 0.4 to 0.5 m. So, you should start your motion at least 0.5 m away from the detector. 

For all the activities that a motion detector is used, "Position (Distance)" is short for "Position (distance) from the motion detector."  


      The motion detector is the origin from which distances are measured.


Tips for getting the best results:

1. Move with short shuffling steps instead of your regular walking pattern.

2. Keep your hands close to your sides. The motion of your hands may cause the detector to produce erroneous points (spikes).

3. Loose clothing or open jackets may also produce spikes.
4. Wool or other sound absorbing clothing may not reflect a strong signal for the detector to detect. In that case wrap a piece of cardboard around your waist for better reflection of the signal.
Activity 1:

1. Connect the motion detector to the DIG/SONIC 2 port on the Lab Pro interface. 

2. Double click the Logger Pro icon on the windows desktop to open the program.
3. On the main toolbar click on File and from the dropdown menu choose Open. In the Experiments folder double click the Physics_110_AVC subfolder. 
4. Double click the Inv_1_Act_1 to open the file for this activity. A position – time graph opens. The position (distance) axis has a range from 0 to 2.5 m, and the time axis has a range of 0 to 10 s.

5. When you are ready to start graphing click once on the Collect button on the main toolbar. The computer will stop collecting data after 10 s. If you would like to stop earlier, click once on the same button which now changed into Stop.
6. Studying constant position. Create the following graphs by performing the necessary motion: (Record data for only 3 or 4 seconds.)

a. A constant 60-cm position.

b. A constant 200-cm position.

Draw both graphs on the axes provide below. Use a dashed line for graph “a” and a solid line for graph “b”. 
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Questions:

1. What motion did you perform to create graphs a and b?

2. How do the graphs look like?

3. How are the two graphs related?

4. How do the graphs differ?

5. Consider the “60-cm” mark as your initial position, and the “200-cm” mark as your final position. 

What is the distance between the two positions?
What is the change in position between the two marks?

6. Consider the “200-cm” mark as your initial position, and the “60-cm” mark as your final position. 

What is the distance between the two positions now?

What is the change in position between the two marks now?

Note: Distance is the absolute value of the total length between two positions, and change in position is the straight line difference between the final and initial positions. The change is position is called Displacement = Final position – Initial position.
7. Are the distances in questions 5 and 6 the same? Explain.
Are the displacements in questions 5 and 6 the same? Explain.



Discuss your answers with your instructor. 
Instructor’s Initials:_________________
7. Studying changing position. Make the following Position – Time graphs. Each group member should attempt it more than once if necessary. Draw the best effort on the provided graph.
a. Start at the 0.5-m mark, and walk away from the detector slowly and steadily.
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b. Start at the 0.5-m mark, and walk away from the detector medium fast and steadily.
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c. Start at the 2.5-m mark, and walk towards the detector slowly and steadily.
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d. Start at the 2.5-m mark, and walk towards the detector medium fast and steadily.
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Questions:

8. Describe in your own words the difference between graphs a (walking away slowly) and b (walking away faster).
9.  Describe in your own words the difference between graphs c (walking towards slowly) and d (walking towards faster). 
Prediction:
Predict the Position – Time graph produced by a person that moves as follows:
Starts at the 0.5-m mark and remains there for 2 seconds, then, walks away from the detector, slowly and steadily, for 4 seconds, then stops for 2 seconds, then moves towards the detector fast and steadily for 2 seconds. Draw your prediction on the “Prediction” graph below. 
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Discuss your prediction with your partners and compare your graph to their graphs. When you reach a consensus, draw that graph with a dotted line next to your prediction above.

Test your

Prediction:
It is now time to test your prediction. Experiment file “Inv_1_Act_1” should still be open. From the main toolbar choose Data and then choose Delete Data Set to erase the previous graphs. Move the way described above and produce a graph of your motion. Draw on the “Final Result” graph below the best graph produced by your group.
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Question: 
10. Does the final result agree with your prediction? If not, discuss how it is different and how you would have to move to produce a graph similar to your prediction.

Activity 2:
Matching a Position – Time Graph



In this activity you will try to match a predetermined graph with your own motion.
1. Open the experiment file “Inv_1_Act_2” file from the Physics_110_AVC folder.
The position – time graph appears on the screen. 
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The graph is permanently stored in the computer. Every new run is stored in the computer as Latest Run and it can be displayed on the graph without erasing the preset graph. This way you can easily compare your own graph against the preset graph your are trying to match. 
2. Try to match the graph as close as possible. Every member of the team should try a few times. The preset graph is an ideal situation; no human could duplicate it perfectly. Try to do the best you can. You can erase any of your runs by choosing Delete Latest Run from the Experiment pull down menu. 
3. Draw your group’s best effort on the graph above.
Questions:
11. Describe what was different in the way you moved to match the two different sloped parts of the graph.
12. Discuss with your group why it is difficult to duplicate the graph exactly. At which part(s) of the graph you had the most difficulty? Write your thoughts below.

Before continuing with the next activity, discuss your answers to questions 11 and 12 with your instructor.
Instructor’s Initials:_______________
Activity 3:
Match Your Own Position-Time Graph
Open the file “Inv_1_Act_3” from the Physics_110_AVC folder. A position – time graph with ranges of 4 m for position and 15 s for time appears. 

1. Collaborate with your partners and design your own position – time graph. Draw it with a dashed line on the axes provided below. 
2. Each member of the group should try to match the graph. Draw the best effort on the same graph using a solid line.
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Activity 4:
Other Position – Time graphs

Now let’s try some different position – time graphs. Try to make each of the curved graphs shown below.
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Graph 1



Graph 2


Graph 3


Describe how you must move to produce a distance-time graph with each of the shapes shown.


Graph 1 answer:


Graph 2 answer:

Graph 3 answer:
Investigation 2: Velocity – Time Graphs

Introduction:
In this investigation you will extend the study of motion by producing your own velocity - time graphs. In the previous investigation you examined how far your position (distance) was from the origin (detector) as a function of time. In the following activities you will produce graphs that represent how fast you are moving away or towards the detector. In everyday language we call “how fast” as speed. The term velocity represents both “how fast” and in what “direction”. When you move in a straight line speed is always positive, but velocity can be positive or negative.
CAUTION!
The software program draws fairly smooth lines for position graphs because it translates the positions taken from the detector in real time. However, the velocity graphs are produced by internal calculations of the ratio of very small position and time intervals. Thus, velocity graphs appear “jaggedy” and “spiky”. You can minimize the spikes by following the “Tips for getting best results” described at the introduction of Investigation 1.  
Activity 1:

1. From the Physics_110_AVC folder open the Inv_2_Act_1 file. A velocity – time graph appears on the screen with ranges of -1 to 1 m/s for velocity and 0 to 5 s for time.
2. Make the following Velocity – Time graphs. Each group member should attempt it more than once if necessary. Draw the best effort on the provided graph.

a. Start at the 0.5-m mark, and walk away from the detector slowly and steadily.
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b. Start at the 0.5-m mark, and walk away from the detector medium fast and steadily.
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c. Start at the 2.5-m mark, and walk towards the detector slowly and steadily.
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d. Start at the 2.5-m mark, and walk towards the detector medium fast and steadily.
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Questions:

1. How do graphs a and b differ? 

2. How do graphs c and d differ?

Discuss your answers with your instructor. Instructor’s Initials:________________
Activity 2:
Predict a velocity – time graph. 
1. Discuss with your group, the velocity – time graph produced if you,
a. Walked away from the detector for 5 seconds slowly and steadily.
b. Stopped for 3 seconds.
c. Walked towards the detector twice as fast and steadily.


On the graph provided below draw your individual prediction with a dashed line, and the group prediction, if different, with a solid line. 

Note: At this point it is not important that you reach consensus as a group. You will be testing your prediction immediately below. However, it is very important that you discuss and critique each other’s predictions constructively. Use your experience gained from making the graphs a through d to defend your own prediction.
2. Test your prediction. You will be using the same file as above; Inv_2_Act_1. Adjust the time scale to 10 seconds by double clicking the horizontal axis and clicking the “Axes Options” tab from the “Graph Options” dialog box. Adjust the X-Axis scale from 0 to 10 seconds. From the Experiment menu choose Extent Collection to increase the collection time.

3. Draw your group’s best effort on the Final Result graph above.
Activity 3:
Matching a Velocity – Time graph.


In this activity you will try to match a predetermined Velocity – Time graph.

1.
Open the file Inv_2_Act_3 from the Physics_110_AVC folder. The following graph appears.
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2. Try to match the graph above. Try as many times as you like until you are satisfied. Each member of your group should try at least once. Draw the best effort of your group on the same graph above. 
Questions:


3. Describe how you moved to match each part of the graph.
4. Is it possible for you or an object in general to move so as to produce an absolutely vertical line on a velocity – time graph? Explain.



Before continuing with the next investigation discuss your results with your instructor. 




Instructor’s Initials:_____________
Investigation 3:  Distance and Velocity Graphs

Introduction: 
In this investigation you will investigate the relationship between Position – Time, and Velocity – Time graphs.
Activity 1:
Predicting Velocity Graphs from Distance Graphs

1. Open the “Inv_3_Act_1” file. A Position – Time and a Velocity – Time graph appear on the display. 
2. Study the Position – Time graph below and predict the velocity graph that would result from such a motion.

3. Draw your prediction for the corresponding velocity – time graph on the axes below. Use a dashed line.

4. Now it is time to test your prediction. Walk so as to produce the position – time graph. Sketch the group’s best effort on the position – time graph above (use a solid line).
5. Draw the resulting velocity – time graph, using a solid line, next to your prediction on the graph above (keep your prediction)
Questions

1. Does your prediction for the velocity graph agree with the actual graph? If not, describe how it is different.

2. How would the velocity graph look like if you moved faster?

3. How would the velocity graph look like if you moved slower?


Discuss with your instructor your answers to the above questions before proceeding with the next activity. Instructor’s Initials:_______________________
Activity 2
Estimating and Calculating Velocity


In this activity, you will estimate an average velocity from the velocity graph in Activity 1 and then calculate an average velocity using your position graph.


1.
Estimate your average velocity from your velocity graph in Activity 1.  Highlight the part of the velocity graph that corresponds to the position graph between 2 and 4 seconds. Most likely the velocity graph will be an almost horizontal line corresponding to constant speed but with some curvature in the beginning and ending segments of 2 to 4 second period. Be careful to choose only the straight part of that period. From the Analyze menu, choose Statistics. A dialog box appears on the display with a “mean” value among other statistics. That is the average velocity corresponding to the highlighted part.


Average value of the velocity: v1=_______m/s

2. Repeat step 1 for the time period between 6 and 10 seconds



Average value of the velocity: v2=_______m/s

Comment
Average velocity during a particular time interval is the change of distance divided by the change in time.   By definition, this is also the (average) slope of the distance-time graph for that time period.  


As you have observed, the faster you move, the more inclined is your distance-time graph.  The slope of a distance-time graph is a quantitative measure of this incline, and therefore it tells you the velocity of the object.

3. Calculate your average velocity from your distance graph in Activity 1 for the time period between 2 and 4 seconds.  Use Examine to read the distance and time coordinates for two typical points while you were moving.  For a more accurate answer, use two points as far apart as possible but still typical of the motion, and within the time interval over which you took velocity readings in (1).  


Point 1
Distance _______ m
Time ________ sec



Point 2
Distance _______ m
Time ________ sec



Calculate the change in distance between points 1 and 2.  Also calculate the corresponding change in time (time interval).  Divide the change in distance by the change in time to calculate the average velocity.  Show your calculations below. 

  

Change in distance:_______m

Change in time:_______sec



Average velocity:v1=_______m/s

4. Repeat step 3 for the 6 to 10 second time period.



Point 1
Distance _______ m
Time ________ sec



Point 2
Distance _______ m
Time ________ sec



Change in distance:_______m

Change in time:_______sec



Average velocity:V2=_______m/s

Questions:

4. Does the average velocity you just calculated from the distance graph agree with the average velocity you estimated from the velocity graph?  Do you expect them to agree?  How would you account for any differences?  


Discuss with your instructor your answers to the above questions before proceeding with the next activity. Instructor’s Initials:_______________________
Activity 3
Predicting Distance Graphs from Velocity Graphs


1.
Predict a distance(position)-time graph from a velocity-time graph.  Carefully study the velocity graph below.  Using a dotted line, sketch your prediction of the corresponding distance graph on the bottom set of axes.  (Assume that you started at the 0.5-meter mark.)







2.
Make the graphs. Clear all previous data by choosing Data and New Data Set. After each person has sketched a prediction do your group's best to duplicate the top (velocity-time) graph by walking.  Reset the Time axis to 0 to 10 sec before you start. (Click on the 5 on both of the graphs and enter the new time).



When you have made a good duplicate of the velocity-time graph, draw your actual result over the existing velocity-time graph.



Use a solid line to draw the actual distance-time graph on the same axes with your prediction. (Do not erase your prediction.)

Questions


5. How can you tell from a velocity-time graph that the moving object has changed direction?  

6. What is the velocity at the moment the direction changes?  

7. Is it possible to actually move your body (or an object) to make the vertical lines on the velocity graph you were trying to match?  Why or why not?  

8. Is it possible to actually move your body (or an object) to make vertical lines on a distance-time graph?  Why or why not?  What would the velocity be for a vertical section of a distance-time graph?  

9. How can you tell from a distance-time graph that your motion is steady (motion at a constant velocity)?  

10. How can you tell from a velocity-time graph that your motion is steady?  


Discuss with your instructor your answers to the above questions before leaving the 
lab.

 
Instructor’s Initials:_______________________
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