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“I like to explain things.”—J.T. Schwartz
 Using Graphics for Graphing: A Moving Experience
· Graphics (graphos): anything written or drawn.
· Computer graphics: any image other than text.
· Interactive experience: software and student respond to each other’s actions.
· Interactive graphics: responses include generating/modifying images.
· Dynamic graphics: moving images 
· Star Wars?
· Video games? 
· PreCalculus: Movies showing families of functions.
 Using Graphics for Graphing: A Moving Experience

· Q: What sorts of interactive and dynamic graphics applets are most useful for pre-calculus and calculus instruction?
· A:  Three examples:
· Calculus II: Trapezoidal Rule (exploration)
· Pre-calculus: Graphing periodic functions (interaction for homework/tutorial system)
· Differential equations: Forced vibrations (explanation)
Using Graphics for Graphing: A Moving Experience 

This is work in progress. Applets will be linked with or included in a Maple-TA based homework system being implemented at CCNY under a CUNY IML grant: 
An Internet-Based Homework System to Improve Student Performance in Precalculus   (and beyond…)
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Example 1:   The Trapezoidal Rule in Calculus II
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This estimate approximates ()  by a piec

ewise linear function joining

evenly spaced points   (,()) : .
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Error Bound:  Suppose () is continuous a

nd for . 

()

Then the absolute error()  is  .
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Allium trapezoid demo 
Using Graphics for Graphing: A Moving Experience

Example 2:   Sketching trig functions in pre-calculus

Design Goals:
· Text: clear and brief

· Graphic: contains instructions for user interaction

· Pedagogy: Provide appropriate  feedback in multistep problems 

Allium sinedemo5 
Example 3: Forced Vibrations in ODE courses
Undamped spring-mass system 
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 = mass of object hanging from ceiling;

() = displacement at time ; 

 spring stiffness;

cosperiodic forcing function with freque

ncy; 

/natural frequency of spring-mass system
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Initial conditions: (0)(0)0. Assume .
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Solution: ()sinsin
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Analysis in Boyce and DePrima: 
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    If 0 is small, the motion is a rapid

(??) oscillation

 with frequency , but with slowly varyin

g sinusoidal

2

 amplitude. This type of motion is calle

d a "beat."  

   If  , the forcing fu
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nction is a solution  of the 

homogeneous  equation. Then the motion i

s described by 

 ()sin(), which is unbounded as .
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In either case, the response to the forc

ing function may be quite 

lar
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ge.  This phenomenon is known as "resona

nce."  
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Insights from the movie: Allium forced vibrations.  
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For     but  , the solution () is an osc

illation (with 

 frequency) modulated by a large sine wa

ve whose size grows

 inversely as .  

For = , () is an oscillation (with  freq

uency
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  modulated by a linear function.  

For a long time after  = 0,  solutions i

n both cases above are

essentially identical, |()| is large, an

d the DEQ is no longer valid

(the spring breaks).  
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Exercise for the inquiring student:

The solutions  () for  =.99 and for =1 a

re given by very different

looking formulas, namely:

2()()

Case .99:()sinsin  (
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Case 1:()sin()                          

                     (2)
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However, the graphs of the two solutions

 look very much alike. Why? 

()()

Hint:  Use the approximation sin
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For what values of  0 is this a good app

roximation?
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Sites to explore:

www.flashandmath.com (Ensley-Karkosz)
Flash programming for mathematics instruction.

www.ccnymath.net  (Ocken, Schwartz) 
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