
The Beauty of Chaos



What is the Common Denominator in All of These Phenomena?
• Ant Colonies

• Earthquakes

• Cellular Phone Antennas

• Facial Recognition

• Cancerous Tumors

• Weather

• Sand Piles

• Evolution

• Heart Arrhythmia

• Computer Animation



The Exploding Field of Dynamical Systems Theory!
• Chaos Theory

• Fractal Geometry

• Self Organized Criticality



Chaos Theory
• Got a shout out in the 

first Jurassic Park 

Movie



Chaos Theory
• Got a shout out in the 

First Jurassic Park Movie

• !, iterated



Chaos Theory

• Got a shout out in the first Jurassic Park Movie

• !, iterated

• We ALWAYS get to 1.  Why?

• This is a Dynamical System – used to model any 

phenomenon that involves change.

• Does this ALWAYS happen, that we settle down to a 

fixed value?



Chaos Theory
• Does this ALWAYS happen, that we settle down to a fixed value?

• This is, essentially, the central question of Chaos Theory.

• Edward Lorenz, 1963, Meteorologist.

• James Yorke, 1975, Coined the Term “Chaos.”



Chaos Theory
• Edward Lorenz (1963, MIT): discovered the 

Lorenz Attractor.

o Weather is complicated because so many 

factors are interacting?

o NO!  Three factors is all that Lorenz built 

into his system, yet his system is AS 

COMPLICATED as the weather itself.



Chaos Theory
• The essence of chaotic behavior is SENSITIVITY TO 

INITIAL CONDITIONS.

• No matter how close together the initial state is, the 

behavior after a very short time can be completely 

different!

• This leads to a system whose behavior is practically 

impossible to predict.



Chaos Theory
• This means that unpredictability is not necessarily the result of MANY factors interacting.

• Chaotic, unpredictability is built into the universe at a very basic level.

• That is why we STILL cannot predict the weather very far in advance…but more on this a 

bit later.



Chaos Theory
• We can’t even predict far in advance the behavior of a double pendulum!



Chaos Theory
• We can’t even predict far in advance the behavior of a double pendulum!



Chaos Theory
• Should we despair, since our dreams or predicting behavior have been dashed?

• Yorke (1975, University of Maryland): this also means that we can

o model complicated systems with very simple formulas, and 

o control chaotic systems with minimal energy input.





Fractal Geometry
• Benoit Mandelbrot (1980, IBM): Euclidean geometry does not capture richness of nature, 

which is “musical.”

o Abundant variation precludes boredom à richness & variety

o Regular repetition precludes “noise” à regularity & order



Fractal Geometry
• Benoit Mandelbrot: made two discoveries.

o Simple formulas can give infinitely rich geometric objects.
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Fractal Geometry
• Benoit Mandelbrot: made two discoveries.

o Simple formulas can give infinitely rich geometric objects.

o Geometrically rich objects have a dimension that is not an 

integer – a Fractal Dimension.



Fractal Geometry
• Applications: Fractal Antennas

o To be effective, an antenna has to work at 

several different scales.

o A line, which is self-similar in a trivial way, will 

do, but it does not have much surface area.

o Fractals have the advantage of being self-

similar and having more surface area.
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Fractal Geometry
• Applications: Cancer Detection

o Biopsies are invasive and to be 

avoided if possible.

o Cancerous cells have an irregular 

boundary, which can be precisely 

characterized by its fractal 

dimension.

o Statistical analysis reveals the 

breakpoint.
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Fractal Geometry
• Applications: CGI

• Applications: Image 

Compression

Guardians of the Galaxy, Volume 2 (2017), Planet Ego



Fractal Geometry
• Applications: CGI

• Applications: Image 

Compression

• Music: overlapping, 

scaled replications



Fractal Geometry
• Applications: CGI

• Applications: Image 

Compression

• Music: Bach’s use of 

transposition, 

inversion, and 

retrograde inversion 

when composing 

fugues



Self-Organized Criticality (Emergencing Order)
• Canonical Example #1: Sand Pile

o Each grain of sand arranges its position based only on the few grains touching it.

o Always, a cone EMERGES, with base angle in a predictable range.

o Avalanches



Self-Organized Criticality
• Avalanches:

o Earthquakes

o Stock Market Crashes

o “Going Viral”

o Evolution



Self-Organized Criticality
• Canonical Example #2: Ant Colony

o At Individual Level – Mind-Numbingly Stupid

o Put 100,000 Together – Intelligence, Adaptability & Sophistication Emerge

o The intelligence belongs to no one individual, nor to the group, but rather emerges from the 

relatively simple interaction among them.



Self-Organized Criticality
• Emerging Order:

o Neural Networks & Machine Learning

§ Facial Recognition

§ Flocking or Swarming, Drones

o Lasers

o Predicting Weather



Self-Organized Criticality
• Canonical Example #2: Ant Colony

o The intelligence belongs to no one individual but rather emerges 

from the relatively simple interaction among them.

o The importance of free speech in academia and society.







Self-Organized Criticality
o The Importance of Free Speech in academia and society.

o Amala Ekpunobi, a former black activist turned conservative activist, was invited to speak at WSU 

during the fall semester of 2022.

o Faculty Senate wrote a letter to the editor of the Winonan opposing her appearance and 

encouraging professors to let students stay home from campus that day because they may not be 

“safe.”



Self-Organized Criticality
o The Importance of Free Speech in academia and society.

Winona Faculty Association
October 16, 2022

…“When the speech of political provocateurs like Ekpunobi is elevated on our 
campus, it creates a climate that is not inclusive and is not safe for our most 
marginalized faculty. To this end, we want to assure every single faculty 
member on this campus that you have your union’s full support if you decide 
to stay away from Winona State’s campus on the day of Ekpunobi’s next 
presentation.

“We also ask that you stand in solidarity with any students or staff who 
express a desire not to be on campus that day.”…

https://winonan.org/12740/lifestyle/letter-to-the-editor-statement-on-ekpunobi-event/


Self-Organized Criticality
o The Importance of Free Speech in academia and society.

https://winonan.org/12774/editorial/barry-peratt-response-to-wsufa-statement/


Self-Organized Criticality
o The importance of Free Speech in academia and society (and avalanches).

§ Alfred Wegener proposed "Continental Drift" in 1912 but was ridiculed by fellow scientists.

§ Einstein’s Theories of Relativity

§ Big Bang (Catholic priest Georges Lemaître)

§ Any revolution in thought.



Self-Organized Criticality
o The Importance of Free Speech in academia and society.

o Many scientists, many in the field of epidemiology and virology, and some Nobel Prize winners, 

disputed the lockdown approach to COVID.  Sweden was most famous for flaunting the 

conventional wisdom on lockdowns and masks.
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Self-Organized Criticality
o The Importance of Free Speech in academia and society.

o Many scientists, many in the field of epidemiology and virology, and some Nobel Prize winners, 

disputed the lockdown approach to COVID.  Sweden was most famous for flaunting the 

conventional wisdom on lockdowns.



Self-Organized Criticality
o The importance of Free Speech in academia and society.

o Ian Miller was a consistent critic of COVID mask guidelines during the pandemic and was accused 

of spreading misinformation, even though he supported his claims with voluminous data from 

official sources.
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Self-Organized Criticality
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The grasshopper said to the centipede, “My, 
what a large number of legs you have!  I don’t 
know how you do it.  Why, I only have six legs 
and I can barely manage them sometimes!”  
The centipede replied, ”I don’t manage them.”



Self-Organized Criticality
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Science, Youtube)



Self-Organized Criticality
• Emerging Order:

o Free Market Economics

“When	I	saw	those	shelves	
crammed	with	hundreds,	
thousands	of	cans,	cartons	
and	goods	of	every	possible	
sort,	for	the	first	time	I	felt	
quite	frankly	sick	with	
despair	for	the	Soviet	
people.”		(Boris	Yeltsin,	upon	
visiting	Randalls	supermarket	
near	Houston,	Texas,	in	
September	1989)




