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Objectives:  
1.  Students will learn how to graph parametric equations on either TI-Interactive or a TI-83 or 84 series calculator to solve vector problems.

2. Students will develop an understanding of the independence of horizontal and vertical components in 2-D motion.

3. Students will observe the relationship between linear equations and the motion they describe.
This activity covers the following Virginia Standards of Learning for Physics:

PH.2.a
The student will investigate and understand how to analyze and interpret data. Key concepts include:  a description of a physical problem is translated into a mathematical statement in order to find a solution.
PH.2.e
The student will investigate and understand how to analyze and interpret data. Key concepts include:  analysis of systems employs vector quantities utilizing trigonometric and graphical methods.

PH.5.a
The student will investigate and understand the interrelationships among mass, distance, force, and time through mathematical and experimental processes. Key concepts include linear motion.

Teacher Background
Students should be familiar with vectors and vector components before beginning this activity.  Those who are unfamiliar with parametric equations may need guidance in completing part 1.  
Using the parametric mode of your calculator and TI Interactive!
The parametric graphing mode allows you to graph and animate the motion of objects over time in both the x- and y-directions at the same time.  
To use the parametric mode on your calculator, follow these instructions.  (Screen shots are from the TI-84 plus, but TI-83 screens are similar.) 


1.  Press  
[image: image1.emf]
2. Press [image: image2.png]


.  You will notice that the window looks different than usual.  Each plot requires you to enter one equation for the x-coordinate of the position as a function of time and another equation for the y-coordinate as a function of time.  For swimmer 1 in the lab, for instance, you would enter the equations shown below because she swims 0.2m west each second and 0.1 m south each second.
[image: image3.emf]
3.  Press [image: image4.png]


.  If your graph looks different than the one below, try changing your 

window settings.  Press [image: image5.png]


.  DO NOT make Tstep too small as this is the intervals at which your calculator calculates x- and y-positions and a small Tstep will cause the plot to display very slowly.
[image: image6.emf]      [image: image7.emf]
4.  To find the time at which the object reaches a particular position, use either [image: image8.png]


 or [image: image9.png]




INCLUDEPICTURE "C:\\Documents and Settings\\T. B. NORRIS\\Local Settings\\Temp\\Graph.png" \* MERGEFORMAT [image: image10.png]


.  Note that if you use the TRACE function, you must use the right-arrow key to move along the plot.  Even though the path of the swimmer goes down and to the left, time moves forward.  Tracing the function shows you how position changes with time.

Using parametric mode in TI-Interactive is similar:
1. Use the pull down graph menu to select the parametric mode.
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The third choice is the parametric mode.  [image: image12.png]



2. Once you are in parametric mode, clicking on a graph will bring up a window like the one shown below.  You will have a space to enter separate equations for the x- and y-positions each in terms of time.  I have entered the equations for part 1 in the Functions window.
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3. The [image: image14.png]Format



 button is similar to the WINDOW button on your calculator.  It opens the window shown below.  Students will need to experiment with the parameters in this window to make a plot that will help them answer the questions.  For instance, the time must be longer than the default value or the swimmer will stop in midstream.  I have changed the default values so that her whole trip will show.
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Once you have entered the desired values, press OK to apply the changes to your graph.

4.  TI Interactive! allows you to animate your graphs and watch the path of the swimmers over time.  IT is a great tool to “see” who wins the race.  To animate the graphs, open the graphing window and press the [image: image16.png]


  button.
