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1 . M A N D E L B R O T  A N D  J U L I A  S E T S

Mathematica allows for the 
creation of STL files:  

a = ParametricPlot3D[…] 
Export["mymesh.stl", a]

Complex numbers c such 
that 0 stays bounded under 

f(z) = z2 +c

Easy to define even for a 
high school student. The 
process is automated by 

Mathematica. A good topic 
when starting complex 
numbers. Leads to a 

discussion of iteration. Plenty 
of room to add sophistication 
even at the graduate level. 
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1 . M A N D E L B R O T  A N D  J U L I A  S E T S

The distance to 
the exterior of 

Mandelbrot set

The distance to 
the edge of the 
Mandelbrot set



1 . M A N D E L B R O T  A N D  J U L I A  S E T S

Number of iterates 
to divergence

Filled Julia set: set of  
points z that stays 

bounded under  
f(z) = z2 +c



2 .  I T E R AT E D  F U N C T I O N  S Y S T E M S

Number of iterates 
to divergence

A  type of fractal  
Examples from Fractal Worlds @ Yale 

Leads to discussion of transformations and dimension 
- even with high school geometry students. At the 

college level, can learn to compute fractal dimension 
and other dynamical concepts.



2 .  I T E R AT E D  F U N C T I O N  S Y S T E M S

Number of iterates 
to divergence

Each level is one iterate 

Generates a fractal using 
OpenSCAD 



2 .  I T E R AT E D  F U N C T I O N  S Y S T E M S

Number of iterates 
to divergence

parameters control transformation 



3 .  C H A O T I C  AT T R A C T O R S

Number of iterates 
to divergence

Mathematica NDSolve  solves 
a differential equation. We put 

a Tube around the solution 
curve to make it 3D.

This topic involves understanding of solutions to differential equations. It 
is a good lecture demonstration for an first ODE class, but further 
discussion would require learning about chaos and its properties.
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4 .  E V O L U T I O N  E Q U AT I O N S

Number of iterates 
to divergence

Computation beyond the capabilities of a 
standard interpreted code language. Generated 
by solving a partial differential equation using   
C++ code.  The data is a set of points in a solid 
set. Create a mesh from data using ParaView. 
Printed with dissolvable filament.

Spinodal decomposition for 
the Cahn-Hilliard equation. 



Dynamical systems and chaos 
Evelyn Sander esander@gmu.edu  
GMU Math Makerlab  
http://gmumathmaker.blogspot.com

Bring abstract concepts 
to life

GMU Math Makerlab

Accessible at all levels with broad 
appeal

Moving beyond 
traditional geometry

Synthesize multiple skills

Engaging students

T H A N K  Y O U !  
S P E C I A L  T H A N K S  T O  R AT N A  K H AT R I


