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Lab: Interpreting and Matching 
Displacement vs. Time Motion Graphs 
Objectives: 
1. Create a Displacement vs. Time graph.
2. Gain competence in the use of motion detector and related equipment.

3. Understand the relationship between position vs. time, velocity and acceleration.
Materials:

TI-84 Calculator-Based Lab Unit (CBL-II)

Motion detector

Meter stick

Computer with LoggerPro software
Procedure:

1. Develop a position vs. time story that describes a body in motion incorporating at least the following four types of motion.
i. standing still
ii. moving with constant velocity 
iii. moving with variable negative velocity
iv. moving with variable positive velocity 
2. Illustrate the story on a position vs. time graph.  Use a legend to cross reference sections of the graph with the corresponding sections of the story.
3. Create instructions for another group to follow to recreate the graph.
Example: 
 

 

 

 

 

 

 

 

 

 

 

 

 


 

 

 

Motion instructions for partner: (Sample Example)
A) Start with your back to the sensor at a position 2 meters away from the motion sensor.
 

B) For the first two seconds, walk backwards toward the motion sensor with slow constant velocity and stop 0.5 m from the sensor.
 

C) For t=2 to t=4, accelerate forward away from the sensor stopping at 3 m from the sensor.
 

D) Stop for 1 second, then go backwards 2 meters in 1 second at a constant velocity.
 

E) etc.
Data/Analysis:
A Typical Band Practice

1) Cody Lovick was standing at attention, when it slipped—he called Jeff ‘Baldy.’ Without thinking, he took off running, trying to get away from one angry Marching Director. He looks over his shoulder, sees that Jeff is almost literally flying toward him, and he sped up. A lot.

2)  He went a whole 50 yards until he ran into the one car in the parking lot—somebody hadn’t listened to the numerous announcements and had left their car in the lot.  Jeff finally caught up with him and forced him to do 30 push-ups.

3) Tired and sore, he slowly ambles toward his original position. But after 20 yards, Mitchell yells at him to GET THERE NOW, so Cody accelerates to a jog, then a run, until he reaches his spot. 

4) The instant that Cody gets to his spot, Jeff calls the end of practice. Cody, depressed, exhausted, and embarrassed, walks at a constant speed toward the band room.

After creating our story, we acted out our scenario.  We scaled down our experiment by moving one second to represent 16 seconds in real time.  Each yard moved represented about 40 yards in real life.  This is the graph that the motion sensor detected.
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1. Start at a position close to the motion detector, start walking then quickly speed up to a run for .625 seconds.

2. Stop as quickly as possible and stay still for 2.8125 seconds.
3. Start walking towards the motion detector then quickly speed up to a run for .9375 seconds.
4. After reaching the original position, slowly back away from the motion detector at a constant speed for .625 seconds.
Conclusion:
Modeling the story through movement made us think through every step taken.  In order to create a graph, we had to understand how the movement we write on paper translates to real life. 

Using the motion detector equipment allowed us to become familiar with how it worked.  We learned how to get the best results with the least amounts of unwanted blips of data.  

The graph shows many things, from position to speed to acceleration.   The position is easily seen and understood, as position gets more positive when one moves farther from the motion detector.  Speed can be determined by the slope of the lines.  This slope can be steady, as at the end of the graph, or changing, as at the beginning.  Acceleration is nonexistent when the slope is constant, but increases if the slope increases.

Looking at the graph, it is possible to analyze the motion in every segment of the story.  For the first ten seconds in the story, Cody is accelerating in the positive direction.  The motion detector shows this with a curve that looks exponential.  Coming to a dead stop quickly should keep the position steady at one position, as it should have between 10 seconds and 55 seconds.  However, stopping suddenly is impossible to do, and our graph shows a slowing down period.  Again, Cody accelerates, but in the negative direction, between 55 seconds and 70 seconds. This also resembles an exponential curve.  Immediately, Cody is supposed to walk away from the original position.  The transition is not a point, but rather a smooth curve.  This is because changing directions in an instant is impossible.
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