One-Dimensional Motion
Kinematics / Graph Interpretation
Overview:

[image: image3.jpg]


Your task in this activity is to analyze, predict and control the motion of a motorized vehicle as it travels in one direction along a one-dimensional path. This type of motion is the fundamental building block for understanding all motions, both natural motions (such as the path of a football after it is kicked or the motion of the Earth as it circles the Sun) and controlled motions (such as the path of an automobile as it moves down a crowded street or the path of electrons as they move to light the thousands of pixels on a TV screen.

The CNC (computer-numerical controlled) router shown above provides an example of how three separate one-dimensional motions can be combined to produce complex, controlled motions. The router (shown cutting a part for SAM Robots) can be programmed to cut a countless variety of shapes by coordinating the motion of its four motors—the left to right movement of the cutter along the beam, the forward and backward movement of the beam across the table, the up and down motion of the cutting tool, and the rotational motion of the tool itself.
PART 1   ANALYZING MOTION
The two graphs attached to the Report Form show the instantaneous
 position and velocity of the vehicle as it was powered for one second.

Work with the other members of your team to answer each of the questions on the Report Form.
One-Dimensional Motion
REPORT FORM (Part 1)
NAME(S)  ____________________________________________________________________

1) Why doesn't the vehicle go exactly twice as far when the motor is turned on for twice as long?

2) The motion shown in the graphs occurred when the vehicle’s motor was powered for one second. Why does the graph show more than one second of motion?

3) In the motion shown by the graph, how much time is required for the cart to reach essentially a constant speed?

4) How far does the cart travel while its speed is increasing?

5) Calculate the cart’s average acceleration as the rate of change in velocity (a = (v/(t) while the speed is increasing.

6) How much time is required for the cart to stop after power to the motor has stopped?

7) How far does the cart travel after power to the motor has stopped?

8) Calculate the cart’s negative acceleration as the rate of change in velocity (a = (v/(t) while the speed is decreasing.

9) On your group’s copy of the velocity vs. time graph, draw 3 line segments which show the general trend of the velocity, and label the segments as indicated below:

a. Positive acceleration

b. Constant speed

c. Negative acceleration

10) Do the 3 line segments describe the actual motion reasonably well?  If not, what is the smallest number of segments that would match the data closely?

11) On your group’s copy of the position vs. time graph, mark the segments, which correspond to each of the same 3 intervals (positive acceleration, constant speed, negative acceleration).  

12) Describe the shape of the position vs. time graph in each of these 3 segments.  

a. Positive acceleration:

b. Constant speed:

c. Negative acceleration:
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PART 2   PREDICTING MOTION
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The SIGNAL program for TI-83 or TI-84 calculators allows you to control the time during which electrical power is delivered to the vehicle’s motor. The program can control up to 4 motors. The variable S determines which motor is activated and must be set to “1” for this activity. The variable T is the time (measured in seconds) during which power is delivered to the motor.
1. Use your graphs and measurements to predict how far the vehicle will travel if it is powered for 3 seconds. Record your prediction and your justification for that prediction on the Report Form before proceeding. When you are ready, the instructor will help you to test your prediction.
To test your prediction, run the program, SIGNAL, on the calculator, as follows:

· Press the [PRGM] key.

· Use the down arrow key to highlight the number of the SIGNAL program from the on-screen menu.

· Press the [ENTER] key twice to start the program.

· Select "SET S AND T" option.

· Enter “1” for the signal, S.

· Enter “3” for the time, T.

· Verify that the vehicle is ready and press the [ENTER] key to start the motion.

2. Use your graphs and measurements to predict how far the vehicle will travel if it is powered for 0.500 seconds. Record your prediction and your justification for that prediction on the Report Form before proceeding. When you are ready, the instructor will help you to test your prediction.

One-Dimensional Motion
REPORT FORM (Part 2)
NAME(S)  ____________________________________________________________________

1) Based on the graphs and measurements, predict how far the cart will travel if the motor is turned on for three seconds.  Justify your answer clearly.  

How well does your prediction agree with the measured result?

2) Based on the graphs and measurements, predict how far the cart will travel if the motor is turned on for 0.500 seconds.  Justify your answer clearly.
How well does your prediction agree with the measured result?

PART 3   CONTROLLING MOTION
Scientists typically strive to understand motion, while engineers and technicians are more often trying to control motion. Effective control, however, depends upon understanding the possibilities, the laws and the relationships which govern all motions. Physicists and mathematicians talk regularly about position as a function of time, or x = f(t), where “t” represents the instantaneous time.and “x” represents the instantaneous position of the object An engineer or technician seeking to move an object through a total displacement, D, may know the value of D and need to find the powered time, Tp, where Tp is the time interval during which electrical power should be delivered to the motor.  In this part of the activity, you are to examine the relationship between displacement, D, and powered time, Tp, so that you can control the motion of the vehicle and make it stop where you want it to stop. 
1. Use your graphs and measurements to determine the powered time, Tp, which will make the vehicle stop after moving 0.75 meter. Record your result and your justification on the Report Form before proceeding. When you are ready, the instructor will help you to test your prediction.
2. Use your graphs and measurements to determine the powered time, Tp, which will make the vehicle stop after moving 0.45 meter. Record your result and your justification on the Report Form before proceeding. When you are ready, the instructor will help you to test your prediction.
CHALLENGE ACTIVITY -- Determine a formula that will calculate the powered time, Tp, which the motor should run in order to move the cart any required distance, D.

One-Dimensional Motion
REPORT FORM (Part 3)
NAME(S)  ____________________________________________________________________

1) Based on the graphs and measurements, determine how many seconds the motor should be run to make the vehicle travel 0.75 meter?  Justify your answer clearly.

How well does your prediction agree with the measured result?

2) Based on the graphs and measurements, determine how many seconds the motor should be run to make the vehicle travel 0.45 meter?  Justify your answer clearly.

How well does your prediction agree with the measured result?

CHALLENGE ACTIVITY -- Determine a formula that will calculate the powered time, Tp, which the motor should run in order to move the cart any required distance, D.

Test your formula for a variety of distances.  Does the cart stop where it should?
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�  Like all real measurements, each point on the graphs is actually based on data recorded during a finite time period. The sampling period here was 0.05 s, or 20 samples per second. This period is small compared to the rate at which the vehicle’s velocity was changing, so the results are quite close to the instantaneous values.
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