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LEARNING CONTEXT 

Purpose or Focus of Experience

Students examine typical polar curves using graphing utilities.  Students predict and test the effects of parametric and boundary changes on functions and graphs.  Students experience some of the problems associated with using graphing utilities to plot curves.

Connection to Standards

Mathematics/Science/Technology:  Standard 3 Mathematics

Commencement - Uncertainty

1. Students use ideas of uncertainty to illustrate that mathematics involves more than exactness when dealing with everyday situations. Students:

· Judge the reasonableness of a graph produced by a calculator or computer.

Commencement - Patterns/Functions

1. Students use patterns and functions to develop mathematical power, appreciate the true beauty of mathematics, and construct generalizations that describe patterns simply and efficiently.  Students:

· Represent and analyze functions using verbal descriptions, tables, equations and graphs.

· Analyze the parametric changes on the graphs of functions.

· Use computers and graphing calculators to analyze mathematical phenomena.

Essential Questions

 How is your perception of truth affected by the depth, breadth and accuracy of the information you have and your point of view? 

Content Knowledge: Declarative, Procedural

· Students will know or understand that:
Parametric changes can change the shape of curves.
There are inherent problems associated with using digital computers and calculators to model analog functions.
What you see is not always truth.

· Students will be able to: 
Use the graphing utility MathGV to plot functions.
Describe the effects of parametric changes on graphs.
Recognize patterns in repeated parametric changes and predict the results of further changes.
Select an appropriate data granularity and view-port that will result in a truthful depiction of a graph.
PROCEDURE

1.  Pre-Knowledge: Students study polar coordinates and standard polar-form curves as part of a commencement level trigonometry or pre-calculus course.  Topics covered include: the polar coordinate system; plotting points in polar coordinates; converting between polar and rectangular coordinates; graphing points on a polar curve using table values; analyzing symmetry and rotations in polar-form equations; and recognizing and graphing standard polar-form curves such as spiral, cardioid, limacon, lemniscate and rose curves. 

2. Skill Training: The teacher presents a brief lesson on using the graphing utility MathGV.  This program is available for free download at the website: www.mathgv.com and should be installed by the technician at all student workstations prior to the lesson..  Students are shown how to open a polar graphing window, how to enter a polar function, and how to change the boundaries for function variables.  Students are also shown how to zoom in and out on the coordinate display and how to save a graph image to the clipboard. Use the equations for the limacon and the rose curves as examples.  Allow students time to play with these equations. Approximate time: 20-25 minutes.

3. Guided Experimental Inquiry:  Students are given a Microsoft Word worksheet to complete on-line.   The worksheet asks them to use the MathGV software to plot the polar curve called "The Spiral of Archimedes".  Students are given a number of tasks which require them to recognize patterns and predict results based upon those patterns.  Students suggest causes for improper results produced by the graphing utility when a small number of sample points are used.  An example worksheet appears at the end of this submission. 

INSTRUCTIONAL/ENVIRONMENTAL MODIFICATIONS

Assistance: If students are having trouble identifying and interpreting the errors induced by the graphing utility, have them view the tutorial "Graphing with Technology" at the Visual Calculus website. http://archives.math.utk.edu/visual.calculus/0/technology.1/index.html.  Students click on the link to view the Discussion[Using Flash] tutorial.  Students see how computer programs and graphing calculators plot graphs of functions.  Students are also acquainted with the problems associated with computer plotting.

Unguided Inquiry: Eliminate the worksheet and tell students to explore, record and explain what happens to the Spiral of Archimedes when each of the parameters in the function definition dialog is changed in several ways.  Observe student efforts and provide informal direction, as required, to lead them to the graphing errors.  

Extension:  Students completing the task early may make a poster showing one of the standard polar curves - including it's name, its standard equation and two to three plots of its graph with varying parameters.  Information on the history of the curve and the mathematicians that studied it may be found at one of the two supplemental web sites above and included, if desired.

Fun Time: Students use the area fill tool to color a Spiral of Archimedes and display as art work. 

TIME REQUIRED

 This lesson is a supplement to a regular classroom unit on polar coordinate graphing.  80 minutes of class time should be allowed for completion of this learning experience - 15 to 20 minutes for the demonstration of the MathGV software and approximately 60 minutes for exploration and using the utility to complete the worksheet.  The tutorial "Graphing with Technology" takes about 5 minutes.  

RESOURCES

 MathGV - Mathematical Function plotting software. www.mathgv.com
Visual Calculus - Graphing with Technology. . http://archives.math.utk.edu/visual.calculus/0/technology.1/index.html
For further information on polar curves and advanced topics, see:

Famous Curves Index: http://www-groups.dcs.st-and.ac.uk/~history/Curves/Curves.html
Special Plane Curves: http://xahlee.org/SpecialPlaneCurves_dir/specialPlaneCurves.html
ASSESSMENT PLAN
(Include samples of rubrics, checklists, etc.)
Student work will be assessed on completeness and accuracy in the graphing tasks(50%), and argument, insight and validity in predictions and analyses (50%).

 

	Indicator
	1
	2
	3
	4

	Graphing
	Graphs were attempted but student was  unable to complete assignment.
	Graphs were completed but were inaccurate or did not satisfy the assignment.
	Graphs were complete and accurate as specified in the assignment.
	Graphs were complete, accurate and provided information beyond the assignment.

	Predictions and Descriptions
	Student did not attempt to make predictions or analyses.
	Student made predictions and provided analyses but they did not reflect logic and understanding of the concept.
	Student made accurate predictions and gave appropriate analysis.
	Student made accurate predictions and  analyses and  gave logical explanations for reasoning.


STUDENT WORK


 A key is available as part of the Title III  written submission or available from the author.

REFLECTION

 
I am the Technology Coordinator at our school.  Unfortunately, I do not have a class to try this experience with.  I wrote it as an example of the kinds of math experiences that can be created using freely available graphing tools from the Internet.    If someone uses either this lesson or the MathGV software in a classroom, I would welcome your comments.  Thank you.

Name: _________________________                         Date: _______________________

SpiralGraph Worksheet
Today you will use the MathGV utility to plot polar-form equations and to analyze and predict changes to the graphs as a result of changing the parameters in the equations.

 1:  Using MathGV: Plot the graph of "The Spiral of Archimedes" which has the equation r = a*(.  

Use a value of .5 for the parameter a.   Plot over a range of  0 ( ( ( 2 (.

Copy and paste your graph here.

2. Describe the graph.  Include direction of rotation, intercepts, etc.

3.  Predict what will happen if you modify the function to graph the Spiral of Archimedes over a range of: 0 ( ( ( 8 (.

4.  Plot the graph described in Task 3 and paste it here.

5. How accurate was your prediction?   How did the curve change?

6.  Zoom out and take another look at the graph above.  How many times does the graph loop around (i.e. Cross each axis)?

7.  In a new window, plot a graph of a Spiral of Archimedes that loops 10 times and rotates counter clockwise.   

Use an "a" value with a magnitude of .2 

Write your equation on the graph. Paste your graph below.

8.  Change the number of samples from 1000 to 500, then to 200, then to 120, then to 80.  Describe the changes or patterns you notice.

9.  Predict what will happen if you change the number of sample points to the values listed. 

60:


50:


40:


30:


20:

10.  Use MathGV to check your predictions for task 9.  Are these plots of the "Spiral of Archimedes?" Why or why not?

11. Change the number of samples to 57.  Plot the graph and paste it below.

12. Describe what happened.

13.Make a statement about the accuracy of using computers and graphing calculators to draw plots.   What can you do to assure that your graphs are as accurate as possible?  What trade-off would you expect to make for increased accuracy?

