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Walk the Line
	Concepts

· Slope (velocity) and vertical intercept

· Data gathering, display, and analysis

· Distance-time graphs

· Graphical interpretation

Materials

· TI-84 Plus
· CBR 2™
	Overview

This activity provides the opportunity to collect data that creates a graph of a linear piecewise-defined function.
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Introduction


Graphs of functions are the visual representations of abstract, symbolic formulas and are seen in many contexts such as in textbooks and in newspapers. True understanding of the relationship between the independent (input) variable and the dependent (output) variable of functions helps in interpreting the significance of the direction, shape, and location of the graph on the grid.


One part of this activity analyzes motion from a graph.


In “Walk the Line: Straight Line Distance Graphs” you use the calculator and the CBR 2™ (Calculator Based Ranger) to experience making some specific walks. 


The “Walk the Line: Piecewise-Defined Graphs” asks you to walk the given graphs that consist of 2-3 linear segments.


“Piecewise-Defined Functions,” has you write the piecewise-defined linear function for each walk that you completed using the coordinates of each piece to determine its slope and output intercept.


As you work through the problems, keep in mind that you are creating a relationship between two variables. 














Analyzing Motion from a Graph


The graph in Figure 1 shows a person's position in meters at a given time in seconds. The position is the person's distance away from a motion detector.


Describe the motion over the first ten seconds. Include approximate speeds.





Walk the Line: Straight Line Distance Graphs


Move in front of the motion detector as described below, and analyze the data each time. 


Set up the activity.


Connect your calculator to the CBR 2™ with the black unit-to-unit cable.


Open the ( menu, scroll to the CBL/CBR application, and press (.


Select 3: Ranger, and press (.


Select 2:Set Defaults from the menu, and press (. See Figures 2 to 5.


Press ( to start.


Walk away from the motion detector at a faster pace.


Walk towards the motion detector slowly.


Walk towards the motion detector quickly.


Stand still in front of the motion detector.





























Walk the Line: Piecewise-defined Graphs


Set up the application.


Follow the directions above except instead of selecting 2: Set Defaults, instead select �3: Applications (Figures 6 and 7).




















Select 1:DIST MATCH (Figure 8).


Follow the instructions given on the screen. The calculator will show a piecewise-defined linear graph similar to the one shown below.








Note that the screens will vary due to randomly generated graphs. See Figures 9 and 10.


Before pressing any keys, examine the graph on your calculator.


What is the input variable? What are the units?


Which axis represents time (in seconds)?


Is time the independent or dependent variable? How do you know?


What is the output variable? In what units?


Which axis represents distance?


Is distance the independent or dependent variable? How do you know?




















Example Walk


Examine the table below that analyzes the sample walk in Figure 11.


The action (speed and direction) corresponding to each segment is given using “stand still,” “speed up,” or “slow down” for speed and “no change,” “walk toward CBR,” or “walk away from CBR” for direction.





Segment a�
Start Time (sec)�
0�
Start Distance from CBR (m)�
3.25�
�
�
End Time (sec)�
7�
End Distance from CBR (m)�
3.25�
�
�
Elapsed Time (sec)�
7�
Total Directed Distance Traveled from CBR (m)�
0�
�
Action:�
Speed�
None�
Direction�
No change�
�
Slope = 0/7 = 0�
�



Segment b�
Start Time (sec)�
7�
Start Distance from CBR (m)�
3.25�
�
�
End Time (sec)�
10�
End Distance from CBR (m)�
1�
�
�
Elapsed Time (sec)�
3�
Total Directed Distance Traveled from CBR (m)�
- 2.25�
�
Action:�
Speed�
Speed up�
Direction�
Walk toward CBR�
�
Slope = - 2.25/3= - 0.75�
�



How is the starting position determined?


How is the total time determined?


How is the total distance determined?


Explain how the slope is determined.





To retry your walk, press (, and select 1: SAME MATCH. See Figure 12.


Repeat the directions for the new graph, and try to get a walk that is identical to the one shown on your calculator.





Walk #1 


Try a graph of your own. 


Stand in front of the CBR 2™, press (, and walk the graph shown on your calculator.


After you have finished your walk, compare your walk to the initial walk shown.


Using the graph pictured on your calculator, fill in the table “Analysis of Walk 1”.


Describe the action (speed and direction) that corresponds to each segment.


For speed use “stand still,” “speed up,” or “slow down.”


For direction use “no change,” “walk toward CBR,” or “walk away from CBR.”





Analysis of Walk #1 	


Sketch the walk shown on your calculator.


Label the axes with the appropriate labels of time and distance, and label each segment as (a), (b), (c), etc. as needed.


Fill in the table with the indicated data.


Segment a�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�



Segment b�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�



Segment c�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�



Walk #2


Try another graph by selecting 2: NEW MATCH, and repeat the procedure for this new ‘walk.’


Fill in the table “Analysis of Walk 2,” and complete the analysis before ‘walking.’

















Analysis of Walk 2	


Sketch the walk shown on your calculator.


Label the axes with the appropriate labels of time and distance, and label each segment as (a), (b), (c), etc. as needed.


Fill in the table with the indicated data.





Segment a�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�



Segment b�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�









Segment c�
Start Time (sec)�
�
Start Distance from CBR (m)�
�
�
�
End Time (sec)�
�
End Distance from CBR (m)�
�
�
�
Elapsed Time (sec)�
�
Total Directed Distance Traveled from CBR (m)�
�
�
Action:�
Speed�
�
Direction�
�
�
Slope =�
�
















































Piecewise-Defined Functions


Each of the walks is made up of two or more linear segments.


Each segment can be defined in the linear equation format of y = m*(x - x1) + y1, where m is the slope of the segment.


From this equation, the slope-intercept form �(y = m*x + b, where b is the output-intercept value) of a linear equation can be written.


For example in the sample walk, there are two segments.


Segment “a” begins with coordinates (0, 3.25) and ends at (7, 3.25).


The slope of segment “a” is � EMBED Equation.DSMT4  ���. 


The equation for this piece is defined as � EMBED Equation.DSMT4  ��� or y = 3.25.


Segment “b” begins with coordinates (7, 3.25) and ends at (10, 1).


The slope of segment “b” is � EMBED Equation.DSMT4  ��� and the equation for this segment is � EMBED Equation.DSMT4  ��� or � EMBED Equation.DSMT4  ���


The piecewise-defined function format is


� EMBED Equation.DSMT4  ���


Write a piecewise-defined function for your �Walk #2.


Write a piecewise-defined function for your �Walk #3.





Reflection


What are the mathematical concepts in this activity?


What could be done without the technology (the calculator and the CBR 2™)?


How does the use of the technology enhance your understanding to the concepts?
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Figure 9





Figure 12





Sketch of Walk #2





Sketch of Walk #1





Figure 10





Figure 11
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