
Andy Ilachinski
andy.ilachinski@gmail.com

571-217-8198

http://www.sudden-stillness.com
http://tao -of-digital-photography.blogspot.com

Photography, Physics, and Complexity:
Strange Bedfellows or a New Aesthetic?

Morrison House Presentation, August 2011

ΧǿƛǘƘ Ƨǳǎǘ ŀ ƭƛǘǘƭŜ ōƛǘ ƻŦ tao sprinkled in!



What am I here to talk about?

Preamble

.ȅ ŘŀȅΧ

I am a physicist, specializing
in chaos, complex systems.

and mathematical modeling
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At all other times
όǘƘŀǘ ƻŦǘŜƴ ƛƴǘǊǳŘŜ ƻƴ ǘƘŜ ŘŀȅύΧ

I am a photographer, who forgets 
all about physics, complexity, 
ǇƘƻǘƻƎǊŀǇƘȅΣ ŜǾŜƴ Ƴȅ άLέ
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LΩƳ ƘŜǊŜ ǘƻ όŀǘǘŜƳǇǘ ǘƻύ ŘŜǎŎǊƛōŜ ǿƘŀǘ ǘƘŜ
world that exists at the cusp of these two realms looks like

from the Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ƻŦ ƻƴŜ ƛƴŜŦŦŀōƭŜ άLέ 
(and to show a few photographs along the way ;-)



Photography
The art of capturing what ŀ άǘƘƛƴƎέ is
to communicate what elsea thing is

Physics
The science of distilling perceived
order into simplest possible form

Complexity
Self-organized emergence of global

order that arises from local simplicity

What is this talk about?

Å²Ƙƻ ŘŜŎƛŘŜǎ ǿƘŀǘ ƛǎ άƻǊŘŜǊέΚ

Å!ŜǎǘƘŜǘƛŎǎ ό άƻǊŘŜǊ ǇǊƛƴŎƛǇƭŜέύΣ ǇŀǘǘŜǊƴǎΣ ŜƳŜǊƎŜƴŎŜ
local vs. global, self-reference/organization, dynamics, 
multidimensional spaces, objective vs. subjective

ÅWhat does observed order say about the observer?

Themes /
Questions



[ŜǘΩǎ Ŏǳǘ ǊƛƎƘǘ ǘƻ ǘƘŜ ŎƘŀǎŜ 
Physics and photography both define and revel in

categories, divisions, groupings, labels, orders, and partitions;
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Complexity and Tao
remind us of the

absurdity of dividing
the world in this way! J

Tatsuya Ishida (http://sinfest.net/comikaze/comics/2010-02-01.gif)



²Ƙŀǘ 5ƻ L ƳŜŀƴ ōȅ άbŜǿέ !ŜǎǘƘŜǘƛŎΚ
Speculations spurred by a provocative question by a blogger friend

Q: How does solving a difficult problem is physics
compare to capturing a great image in photography?

A: Theexperienceςin each context ςis exactlythe same !

Half the talk is a discussion about 
ǿƘŀǘ L ƳŜŀƴ ōȅ άŜȄŀŎǘƭȅ ǘƘŜ ǎŀƳŜέ

The other half is about the potential 
implications if this is really so; 

psychologically, creatively,
and spiritually 



aƻǎǘ ǇƻǇǳƭŀǊ ŜƴǘǊƛŜǎΧ

ÅErgodicityand (Abstract) Art
May 2006

ÅLearning to See from the Blind
January 2009

ÅUnconscious Influence and the Creative Process
February 2009

ÅSting, Goethe, and the Creative Process
August 2010

ÅImplicate Order, Enfolded Centers
January 2011

ÅToward an Aesthetic Grammar
April 2007

ÅTraversing an N-Dimensional Aesthetic Space
March 2009

ÅThe Click of the Shutter Button...
and A Deep Mystery
November 2008

http://tao -of-digital-photography.blogspot.com



Outline
Part 1: Andy as photographer-physicist 

Å²Ƙƻ ŀƳ άLέ ςTake #1 / Take #2
ÅA few lessons from a physicist, photographer, and taoist
ÅWhat a physicist does vs. what a photographer does
ÅAesthetics ςŀ ǇƘȅǎƛŎƛǎǘΩǎ ǘŀƪŜΤ ŀ άōŀōȅ ǎǘŜǇέ ŜȄǇŜǊƛƳŜƴǘ
ÅEvolving landscapes (take #1 / #2 / #3)
ÅComplexity ςa gentle introduction
ÅSteps Towards a Universal Language of Aesthetics?
Å²Ƙƻ ŀƳ άLέ ςTake #3

Part 2: Andy as physicist-photographer
! ǎŀƳǇƭƛƴƎ ƻŦ ǇƻǊǘŦƻƭƛƻǎΥ ŜȄŀƳǇƭŜǎ ƻŦ Ƙƻǿ ƻƴŜ άǇƘƻǘƻƎǊŀǇƘƛŎ ŜȅŜέ
is informed / shaped by physics, complexity, and Tao

ςChaos, Order, Complexity, Entropy  όά{ǳŘŘŜƴ {ǘƛƭƭƴŜǎǎέ ōƻƻƪύ
ςMicro Worlds
ςAbstract Glyphs
ςSwirls, Whorls, and Tendrils
ςTao
ςά!ǎ !ōƻǾŜΤ ǎƻ .Ŝƭƻǿέ(latest project: Luray caverns, VA)

Physics, Complexity, and Photography: One Last Take
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Who Am I? ςTake #1
Å1960: Born / Glen Cove, Long Island, NY

Å1970: First camera
Polaroid instamatic / Christmas gift
First picture: (abstract?) closeupof my right toe

Å1978: First encounter with Tao
Chuang-Tzu: Inner Chapters

ÅмфунΥ CƛǊǎǘ άǎŜǊƛƻǳǎέ ŎŀƳŜǊŀ
Canon AE-1

Å1988: Ph.D. / theoretical physics
Discrete Complex Systems

Å1998: First digital camera
Nikon Coolpix950

Å2001: First  published book 
Cellular Automata (physics)

ÅнллнΥ CƛǊǎǘ άǎŜǊƛƻǳǎέ 5{[w
Canon D60

Å2007: First Solo Show
Coral Gables, Florida

Å2007: First Lensworkportfolio
DVD Edition #71 / July-August

Å2008: First self-published book 
Hawaii, Blurb.com (photography)

Å2008:First art co-op
One of 14 founding members
of Lorton Arts, Occoquan, VA

Whatever I may know 
about light, tone, 
texture, form, and 

composition
I learned by

watching my dad

He was not a 
photographer, 

But was an artist
par excellence



Who Am I? ςTake #2
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Physicist

Complexicologist

Photographer

Andy

?



Who Am I? ςTake #2

Physics

Building the objective world
out of imagined parts

Dissolving distinctions 
between inner and 
outer experiences

Complexity

Photography

Seeing imagined worlds
in objective realities

Who am I ?

Physicist

Complexicologist

Photographer

Andy

?



Sometimes I ponder about physics when something catches my eye



Sometimes I ǇƻƴŘŜǊ ŀōƻǳǘ ŎƻƳǇƭŜȄƛǘȅ Χ



Sometimes I use my physics to steer my eye / camera



Sometimes I use my complexity to steer my eye / camera



ώ!Ǌǘ ƛǎ ŀ ǇǊƻŎŜǎǎϐ άΧƛƴ ǿƘƛŎƘ ǿŜ ƎƛǾŜ ƻǳǊǎŜƭǾŜǎ ǎƻ ŘŜŜǇƭȅ ǘƻ ƻǳǊ ǎŜŜƛƴƎ ǘƘŀǘ ǿŜ ǘŀƪŜ
things right into ourselves and then give forth a new version of them from inside, tinted by all
ƻŦ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ǳǎΣ ǘǊŀƴǎŦƻǊƳŜŘ ǘƘŜ ǿŀȅ ŀƴ ƻȅǎǘŜǊ ǘŀƪŜǎ ƎǊƛǘ ŀƴŘ ƳŀƪŜǎ ŀ ǇŜŀǊƭΦέ

τSEAN KERNAN, Photographer(Lenswork, May 2004)

Lƴ ǘǊǳǘƘΣ ǘƘŜ ŎƻǊŜ ά!ƴŘȅέ ƛǎ ŀ άŎƻƳǇƭŜȄέ nested creative processΧ 



Who Am I? ςTake #2

Physics

Complexity

Photography

Dissolving distinctions 
between inner and 
outer experiences

Seeing imagined worlds
in objective realities

Building the objective world
out of imagined parts

άLέ ŀƳ ŀ ŎǊŜŀǘǳǊŜ ƻƴ ŀ 
creative journey, whose 
path is both informed by 
ςand shapesςmany 
άǎǳōƧŜŎǘƛǾŜέ ŀƴŘ 

άƻōƧŜŎǘƛǾŜέ ŎŀǘŜƎƻǊƛŜǎ

Who am I ?Who am I ?

Hypothesis

The best way to discover
ǘƘƛǎ άLέ ƛǎ ǘƻ ŜȄŀƳƛƴŜ ǿƘŀǘ

it has spent a lifetime creating 
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A Lesson from a Physicist

ά²Ŝ ŀǊŜ ƴƻǘ ƻƴƭȅ ƻōǎŜǊǾŜǊǎΦ
We are participators.

In some strange sense this is
a participatory universe...

Χƴƻ ǇƘŜƴƻƳŜƴƻƴ ƛǎ ŀ ǊŜŀƭ 
phenomenon until it is

an observedǇƘŜƴƻƳŜƴƻƴΦέ

τJOHN ARCHIBALD WHEELER
Physicist(1911 - 2008)



A Lesson from a Complexicologist

ά¢ƘŜǊŜ ƛǎ ŀ Ŏƻƴǎǘŀƴǘ ŀƴŘ ƛƴǘƛƳŀǘŜ 
contact among the things that 

coexist and coevolve
in the universe;

A sharing of bonds and messages 
that makes reality into

a stupendous network of

ƛƴǘŜǊŀŎǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΦέ

τERVIN LASZLO
Philosopher & Systems Theorist (1932 - )



ά¢ƘŜǊŜ ƛǎ ƴƻ ŎƭƻǎŜŘ ŦƛƎǳǊŜ ƛƴ ƴŀǘǳǊŜ
Every shape participates with another.

No one thing is independent of another,
and one thing rhymes with another,
ŀƴŘ ƭƛƎƘǘ ƎƛǾŜǎ ǘƘŜƳ ǎƘŀǇŜΦέ 

τHENRI CARTIER-BRESSON, Photographer / Artist (1908 - 2004 )

A Lesson from a Photographer



ά.ŜŦƻǊŜ L ƘŀŘ ǎǘǳŘƛŜŘ ½Ŝƴ ŦƻǊ ǘƘƛǊǘȅ ȅŜŀǊǎΣ 
I saw mountains as mountains, and waters as waters...

When I arrived at a more intimate knowledge, I came to the point where I saw 
that mountains are not mountains, and waters are not waters. 

But now that I have got its very substance I am at rest.
For it's just that I see mountains once again as mountains, 

ŀƴŘ ǿŀǘŜǊǎ ƻƴŎŜ ŀƎŀƛƴ ŀǎ ǿŀǘŜǊǎΦέ 

τChing-te Ch'uanTeng-luόά¢ǊŀƴǎƳƛǎǎƛƻƴ ƻŦ ǘƘŜ [ŀƳǇέύ

A Lesson from Taoist Master



All partitions are arbitrary

ά¢ƘŜ ŘƛǾƛǎƛƻƴ ƻŦ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ǳƴƛǾŜǊǎŜ
into parts and wholes is convenient

and may be necessary, 
but no necessity determines
Ƙƻǿ ƛǘ ǎƘŀƭƭ ōŜ ŘƻƴŜΦέ

τGREGORY BATESON
(Anthropologist, 1904 ς1980)

Takeaway #1



There are no things, just processes

ά!ƭƭ ƛǎ ǇǊƻŎŜǎǎΦ ¢Ƙŀǘ ƛǎ ǘƻ ǎŀȅΣ ǘƘŜǊŜ ƛǎ Ψƴƻ ǘƘƛƴƎΩ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜΦ 
Things, objects, entities, are abstractions of what is relatively constant 

from a process of movement and transformation. 

¢ƘŜȅ ŀǊŜ ƭƛƪŜ ǘƘŜ ǎƘŀǇŜǎ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ƭƛƪŜ ǘƻ ǎŜŜ ƛƴ ŎƭƻǳŘǎΦΦέ

τDAVID BOHM
(Physicist, 1917 ς1992)

Takeaway #2



All is organized energy

ά{ŎƛŜƴŎŜ ǎƘƻǿǎ ǳǎ ǘƘŀǘ
the visible world is

neither matter nor spirit; 
the visible world is the

ƛƴǾƛǎƛōƭŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅΦέ

τHEINZ PAGELS
(Physicist, 1939 ς1988)

Takeaway #3
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Χ Χ

What Does a PhysicistDo?
¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ ǎŜƭŜŎǘƛƻƴ κ ǇŀǘǘŜǊƴ ǎǇŀŎŜǎ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

Dimensions
of Physicist

(Local) Order
Dimensions

Dimensions
of Reality

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎ)

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

Dimensions
of Reviewer

Χ Χ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

ÅIƻǿ ŘƻŜǎ ǘƘƛǎ άǎƻƳŜǘƘƛƴƎέ Ŧƛǘ ƛƴǘƻ ǿƘƻƭŜ ōƻŘȅ ƻŦ ǿƻǊƪΚ
Χ ǘƘŀǘ ǘƘŜ ǇƘȅǎƛŎƛǎǘ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ƭƛŦŜǘƛƳŜ

(Global) Order
Dimensions

x
y

z



Χ Χ

What Does a PhysicistDo?
¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ ǎŜƭŜŎǘƛƻƴ κ ǇŀǘǘŜǊƴ ǎǇŀŎŜǎ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

Dimensions
of Physicist

(Local) Order
Dimensions

Dimensions
of Reality

x
y

z
ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎ)

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

Dimensions
of Reviewer

Χ Χ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

ÅIƻǿ ŘƻŜǎ ǘƘƛǎ άǎƻƳŜǘƘƛƴƎέ Ŧƛǘ ƛƴǘƻ ǿƘƻƭŜ ōƻŘȅ ƻŦ ǿƻǊƪΚ
Χ ǘƘŀǘ ǘƘŜ ǇƘȅǎƛŎƛǎǘ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ƭƛŦŜǘƛƳŜ

(Global) Order
Dimensions

What Does a PhotographerDo?
¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ ǎŜƭŜŎǘƛƻƴ κ ŀŜǎǘƘŜǘƛŎ ǎǇŀŎŜǎ

Χ Χ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ŀ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ȅƻǳ ǿƛǎƘ ǘƻ ŎŀǇǘǳǊŜΣ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅCƻŎǳǎ ǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘƻǘƻƎǊŀǇƘ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

ÅIƻǿ ŘƻŜǎ ǘƘƛǎ άǎƻƳŜǘƘƛƴƎέ Ŧƛǘ ƛƴǘƻ ǿƘƻƭŜ ōƻŘȅ ƻŦ ǿƻǊƪΚ
Χ ǘƘŀǘ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘŜǊ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ƭƛŦŜǘƛƳŜ

Χ Χ

Dimensions
of Photographer

(Local) Aesthetic
Dimensions

Dimensions
of Reality

Dimensions
of Viewer

(Global) Aesthetic
Dimensions

x
y

z



Χ Χ

What Does a PhysicistDo?
¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ ǎŜƭŜŎǘƛƻƴ κ ǇŀǘǘŜǊƴ ǎǇŀŎŜǎ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

Dimensions
of Physicist

(Local) Order
Dimensions

Dimensions
of Reality

x
y

z
ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎ)

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

Dimensions
of Reviewer

Χ Χ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ǘƘŜ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅFocus reǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ όǇŜŜǊ ǊŜǾƛŜǿύ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘȅǎƛŎǎ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

ÅIƻǿ ŘƻŜǎ ǘƘƛǎ άǎƻƳŜǘƘƛƴƎέ Ŧƛǘ ƛƴǘƻ ǿƘƻƭŜ ōƻŘȅ ƻŦ ǿƻǊƪΚ
Χ ǘƘŀǘ ǘƘŜ ǇƘȅǎƛŎƛǎǘ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ƭƛŦŜǘƛƳŜ

(Global) Order
Dimensions

What Does a PhotographerDo?
¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ ǎŜƭŜŎǘƛƻƴ κ ŀŜǎǘƘŜǘƛŎ ǎǇŀŎŜǎ

Χ Χ

ÅExperience / view the world ςexperiment / interact

ÅCƛƴŘ άǎƻƳŜǘƘƛƴƎέ ƛƴǘŜǊŜǎǘƛƴƎ
Χ ƛƴ ŀ ƎƛǾŜƴ ŎƻƴǘŜȄǘΣ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜŀǎƻƴόǎύ

Å{ŜƭŜŎǘ άǎƻƳŜǘƘƛƴƎ ƻŦ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎέ 
Χ ȅƻǳ ǿƛǎƘ ǘƻ ŎŀǇǘǳǊŜΣ ŘŜƭƛōŜǊŀǘŜƭȅ ŜȄŎƭǳŘƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ŜƭǎŜ

ÅCƻŎǳǎ ǾƛŜǿŜǊΩǎ ŀǘǘŜƴǘƛƻƴ
Χ ƻƴ ǘƘŜ ƳŜǎǎŀƎŜ ȅƻǳ ǿƛǎƘ ȅƻǳǊ ǇƘƻǘƻƎǊŀǇƘ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ

ÅIƻǿ ŘƻŜǎ ǘƘƛǎ άǎƻƳŜǘƘƛƴƎέ Ŧƛǘ ƛƴǘƻ ǿƘƻƭŜ ōƻŘȅ ƻŦ ǿƻǊƪΚ
Χ ǘƘŀǘ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘŜǊ Ƙŀǎ ǇǊƻŘǳŎŜŘ ƻǾŜǊ ŀ ƭƛŦŜǘƛƳŜ

Χ Χ

Dimensions
of Photographer

(Local) Aesthetic
Dimensions

Dimensions
of Reality

Dimensions
of Viewer

(Global) Aesthetic
Dimensions

x
y

z

Χ Χ

¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ άŀǊǘέ ƻŦ selection/ aesthetic spaces

ÅSelecting where to look

ÅSelecting what to take a picture of

ÅSelecting camera, lens, aperture, exposureΣ Χ 

ÅSelecting what to emphasize in post-processing

ÅSelecting who / where to show

ÅSelecting what to keep in (long-term) portfolio

Χ Χ

Aesthetic

!ƴ ŀǊǘƛǎǘΩǎ 
pattern of 
selections

(in some
n-dimensional
feature space)

x
y

z

Core of
Creative Process

Is Selection



Outline
Part 1: Andy as photographer-physicist 

Å²Ƙƻ ŀƳ άLέ ςTake #1 / Take #2
ÅA few lessons from a physicist, photographer, and taoist
ÅWhat a physicist does vs. what a photographer does
ÅAesthetics ςŀ ǇƘȅǎƛŎƛǎǘΩǎ ǘŀƪŜΤ ŀ άōŀōȅ ǎǘŜǇέ ŜȄǇŜǊƛƳŜƴǘ
ÅEvolving landscapes (take #1 / #2 / #3)
ÅComplexity ςa gentle introduction
ÅSteps Towards a Universal Language of Aesthetics?
Å²Ƙƻ ŀƳ άLέ ςTake #3

Part 2: Andy as physicist-photographer
! ǎŀƳǇƭƛƴƎ ƻŦ ǇƻǊǘŦƻƭƛƻǎΥ ŜȄŀƳǇƭŜǎ ƻŦ Ƙƻǿ ƻƴŜ άǇƘƻǘƻƎǊŀǇƘƛŎ ŜȅŜέ
is informed / shaped by physics, complexity, and Tao

ςChaos, Order, Complexity, Entropy  όά{ǳŘŘŜƴ {ǘƛƭƭƴŜǎǎέ ōƻƻƪύ
ςMicro Worlds
ςAbstract Glyphs
ςSwirls, Whorls, and Tendrils
ςTao
ςά!ǎ !ōƻǾŜΤ ǎƻ .Ŝƭƻǿέ(latest project: Luray caverns, VA)

Physics, Complexity, and Photography: One Last Take



ά¢ƻ ƳŜΣ ǇƘƻǘƻƎǊŀǇƘȅ ƛǎ ŀƴ ŀǊǘ ƻŦ ƻōǎŜǊǾŀǘƛƻƴΦ 
LǘΩǎ ŀōƻǳǘ ŦƛƴŘƛƴƎ ǎƻƳŜǘƘƛƴƎ ƛƴǘŜǊŜǎǘƛƴƎ ƛƴ ŀƴ ƻǊŘƛƴŀǊȅ ǇƭŀŎŜΧ

LΩǾŜ ŦƻǳƴŘ ƛǘ Ƙŀǎ ƭƛǘǘƭŜ ǘƻ Řƻ ǿƛǘƘ ǘƘŜ ǘƘƛƴƎǎ ȅƻǳ ǎŜŜ
ŀƴŘ ŜǾŜǊȅǘƘƛƴƎ ǘƻ Řƻ ǿƛǘƘ ǘƘŜ ǿŀȅ ȅƻǳ ǎŜŜ ǘƘŜƳΦέ

- Elliot Erwitt, Photographer(1928 - )

!ŜǎǘƘŜǘƛŎǎ όŀ tƘȅǎƛŎƛǎǘΩǎ ¢ŀƪŜΧ Τ-)

ÅWhy this instead of that?

ÅAn ordering principle

Is this really 
random?

Change
perspective

Rotate axes

Seeing with
ŀ ƴŜǿ άŀŜǎǘƘŜǘƛŎέ



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Dialectic
Transition

Figure / Ground
Repetition
Distinction 

Stability
Balance

Organization
Coherence
Geometry



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Extrusion
Fine / Course
Dislocation

Stability
Modularity
Planarity

Opposition
Overlap

Geometry
Proximity



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Geometry
Gestalt

Dissonance
Dominance
Organization

Interlock
Assembly

Connection
Angularity

Scale



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Most Common Features

Harmony
Interlock

Interpenetration
Stillness
Unity



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Most Common
Feature-Feature Pairs

Figure-Ground / Geometry
Coherence / Harmony

Dialectic / Gestalt
Dynamics / Stillness

Distinction / Interpenetration



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy

Most Common
Feature-Feature Triplets

Balance / Coherence / Synergy
Dialectic / Gestalt / Resonance
Interlock / Unity / Unfolding

Dynamics / Stillness / Process
Balance / Interpenetration / System



! ά.ŀōȅ {ǘŜǇέ 9ȄǇŜǊƛƳŜƴǘ

http://www.blurb.com/bookstore/detail/245471

Chaos Order Complexity Entropy



Photography in 100 Words: David Clark

David Bailey
Henry Benson
Y.-A. Bertrand
Steve Bloom
Nick Brandt
Joe Cornish

David Doubilet
Elliot Erwitt

Ralph Gibson
David Hurn

Michael Kenna
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Outline
Part 1: Andy as photographer-physicist 

Å²Ƙƻ ŀƳ άLέ ςTake #1 / Take #2
ÅA few lessons from a physicist, photographer, and taoist
ÅWhat a physicist does vs. what a photographer does
ÅAesthetics ςŀ ǇƘȅǎƛŎƛǎǘΩǎ ǘŀƪŜΤ ŀ άōŀōȅ ǎǘŜǇέ ŜȄǇŜǊƛƳŜƴǘ
ÅEvolving landscapes (take #1 / #2 / #3)
ÅComplexity ςa gentle introduction
ÅSteps Towards a Universal Language of Aesthetics?
Å²Ƙƻ ŀƳ άLέ ςTake #3

Part 2: Andy as physicist-photographer
! ǎŀƳǇƭƛƴƎ ƻŦ ǇƻǊǘŦƻƭƛƻǎΥ ŜȄŀƳǇƭŜǎ ƻŦ Ƙƻǿ ƻƴŜ άǇƘƻǘƻƎǊŀǇƘƛŎ ŜȅŜέ
is informed / shaped by physics, complexity, and Tao

ςChaos, Order, Complexity, Entropy  όά{ǳŘŘŜƴ {ǘƛƭƭƴŜǎǎέ ōƻƻƪύ
ςMicro Worlds
ςAbstract Glyphs
ςSwirls, Whorls, and Tendrils
ςTao
ςά!ǎ !ōƻǾŜΤ ǎƻ .Ŝƭƻǿέ(latest project: Luray caverns, VA)

Physics, Complexity, and Photography: One Last Take



Evolving Landscapes: Take #1
Å1960: Born / Glen Cove, Long Island, NY

Å1970: First camera
Polaroid instamatic / Christmas gift
First picture: (abstract?) closeupof my right toe

Å1978: First encounter with Tao
Chuang-Tzu: Inner Chapters

ÅмфунΥ CƛǊǎǘ άǎŜǊƛƻǳǎέ ŎŀƳŜǊŀ
Canon AE-1

Å1988: Ph.D. / theoretical physics
Discrete Complex Systems

Å1998: First digital camera
Nikon Coolpix950

Å2001: First  published book 
Cellular Automata (physics)

ÅнллнΥ CƛǊǎǘ άǎŜǊƛƻǳǎέ 5{[w
Canon D60

Å2007: First Solo Show
Coral Gables, Florida

Å2007: First Lensworkportfolio
DVD Edition #71 / July-August

Å2008: First self-published book 
Hawaii, Blurb.com (photography)

Å2008:First art co-op
One of 14 founding members
of Lorton Arts, Occoquan, VA

Color Slides

Transition #1

Transition #2

Transition #3

B&W / Photoshop
ά{ŜǊƛƻǳǎέ ǇǊƛƴǘƛƴƎΥ outsourced

Photography: Things/ Places

B&W / Photoshop
ά{ŜǊƛƻǳǎέ ǇǊƛƴǘƛƴƎΥ self

Photography: 
Feelings / Mood / Projects

Started entering juried contests

B&W / Darkroom

Photography: Everything
(that catches the eye)
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anything & everything

Stage 1: Joyful snapshots of anything
and everything

­ First camera, excited about
anything & everything

Stage 2: A passive stirring of
aesthetic value

­ Certain objects draw a deeper
attention than others

Stage 1: Joyful snapshots of anything
and everything

­ First camera, excited about
anything & everything

Stage 2: A passive stirring of
aesthetic value

­ Certain objects draw a deeper
attention than others

Stage 3: Willful engagement of the
aesthetic environment

­ Photographer activelyseeks out
images of interest

­ .ƻǘƘ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜŜ ϦŦǊƻƳ ǘƘŜ ƻǳǘǎƛŘŜέ 
and dramatic 

Stage 1: Joyful snapshots of anything
and everything

­ First camera, excited about
anything & everything

Stage 2: A passive stirring of
aesthetic value

­ Certain objects draw a deeper
attention than others

Stage 3: Willful engagement of the
aesthetic environment

­ Photographer activelyseeks out
images of interest

­ .ƻǘƘ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜŜ ϦŦǊƻƳ ǘƘŜ ƻǳǘǎƛŘŜέ 
and dramatic 

Stage 4: Recognition of the power
of expression
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attention to the object

Stage 5: One picture is not enough
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as a patchwork; a tapestry of images
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Stage 7: Portfolios of Portfolios
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order of the external world
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Stage 6: Need to tell a story
­ Focus on portfolios of interrelated

images as elements of narrative
­ Interested in telling a story about
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Stage 7: Portfolios of Portfolios
­ ²ƻǊƪ ōŜƎƛƴǎ ǘƻ ǘǊŀƴǎŎŜƴŘ ŀ άƳŜǊŜέ

aesthetic impression of the world
to an imprint of a deeper aesthetic
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of the world by observing her own work

Stage 8: Self-discovery
­ Outwardly similar to Stage-7 (to others)
­ LƴǿŀǊŘƭȅΣ ǇƘƻǘƻƎǊŀǇƘŜǊ άŘƛǎŎƻǾŜǊǎέ 

truths about her own soul

Stage 5: One picture is not enough
­ Photographer begins to see the world

as a patchwork; a tapestry of images

Evolving Landscapes: Take #2
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If so, then these features describe
ά!ƴŘȅΩǎέ ŎƻǊŜ ƳŜǘŀ-pattern ςƘƛǎ άLέ ! 
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Interactive Map ­ http://www.art -sciencefactory.com/complexity-map_feb09.html

Complexity: Timeline
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Complexity: Timeline

Bertalanffyκ ²ƛŜƴŜǊ κ !ǎƘōȅ κ Χ
(Cybernetics & Systems Theory, 1940s-1950s)

Shifted focus from mass, energy, and force to feedback, 
control, information, and communication

­ Introduced nŜǿ άŀŜǎǘƘŜǘƛŎέ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ
a new (and still evolving) worldview of nature
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Complexity: Timeline

Bertalanffyκ ²ƛŜƴŜǊ κ !ǎƘōȅ κ Χ
(Cybernetics & Systems Theory, 1940s-1950s)

Shifted focus from mass, energy, and force to feedback, 
control, information, and communication

­ Introduced nŜǿ άŀŜǎǘƘŜǘƛŎέ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ
a new (and still evolving) worldview of nature

Varela / Maturanaκ YŀǳŦŦƳŀƴ κ Χ
(Complexity Science, 1970s-1990s)

Autopoiesis= Self-Creation
(Greek: autoҐ άǎŜƭŦέ ŀƴŘ poiesisҐ άŎǊŜŀǘƛƻƴύ

1. Dynamic form is only incompletely 
ǎǇŜŎƛŦƛŜŘ ōȅ ǇǊƻǇŜǊǘƛŜǎ ƻŦ άƻōƧŜŎǘǎέ

2. Systems defined by self-referential 
form-preserving transformations



Complex Systems: A Gentle Introduction

http://www.idiagram.com/examples/complexity.html
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(self-assertive)
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(integrative)

Arthur Koestler (1967)
The Ghost in the Machine 
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you can look into your own heart. 
Who looks outside, dreams; 
who looks inside, awakens." 

ςςCARL JUNG
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Properties

ωDiverse heterogeneity
­ Components defined by many properties and behaviors

ωNonlinear interactions
­ Small perturbations may cause a large effect 

ωLocal information processing / decentralized 
­ Components ƻƴƭȅ ƪƴƻǿ ŀ ǎƳŀƭƭ άǇŀǊǘέ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 

ωRelationships contain feedback loops
­ Both negative (damping) and positive (amplifying) feedback

ωMultiple simultaneous scales of resolution
­ Agents, meta-agents,  .... system

ωSelf-organization & phase transitions

ωEmergent behavior
­ Global patterns cannot be deduced from  local behavior 

ωOpen to the environment
­ Nonequilibriumpatterns & order;

boundaries difficult to define; observer dependent

ωAdaptive
­ Prior states influence present states; learning

ωUnderstanding requires both analysis & synthesis
­ /ƻƳǇƻƴŜƴǘǎ Ƴŀȅ ǘƘŜƳǎŜƭǾŜǎ ōŜ άŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎέ

http://www.idiagram.com/examples/complexity.html



Complex Systems: A Gentle Introduction

Examples

ωBrain / nervous system (Kandel& Squire, 2000)

ωBiological cells, organisms

ωBiosphere (Levin, 1998)

ωCombat dynamics (Ilachinski/ CNA, 2000+)

ωCommunication networks (Barabasi, 2000)

ωEconomies / financial markets (Arthur, 1994)

ωEcosystems (Sigmund 1993)

ωGene-regulatory networks (Kauffman, 1993)

ωGlobal climate (Lovelock, 1995)

ωHuman culture  (Luhmann, 1984)

ωImmune system (Segel, 2000)

ωInsect colonies (Bonabeau, 1999)

ωInternet / WWW (Mayer-Kress,1995)

ωNatural evolution (Smith & Szamary, 1995)

ωOrganizations (Forrester, 1960s)

ωPedestrian / vehicular flow (Still, 2000)

ωSocial networks (Wasserman & Faust, 1994)

ωTerrorist networks (Ilachinski/ CNA, 2007+)



! άǎƛƳǇƭŜέ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ 
how complexity arises
ŦǊƻƳ ǎƛƳǇƭƛŎƛǘȅΧ



1-Dimensional Cellular Automata
¦ǎƛƴƎ ǾŜǊȅ ǎƛƳǇƭŜ άŀƎŜƴǘǎέ όōǳƛƭŘƛƴƎ ōƭƻŎƪǎύ ǘƻ ƎŜƴŜǊŀǘŜ ŎƻƳǇƭŜȄƛǘȅΧ
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1-Dimensional Cellular Automata
¦ǎƛƴƎ ǾŜǊȅ ǎƛƳǇƭŜ άŀƎŜƴǘǎέ όōǳƛƭŘƛƴƎ ōƭƻŎƪǎύ ǘƻ ƎŜƴŜǊŀǘŜ ŎƻƳǇƭŜȄƛǘȅΧ

Pretty simple! 

.ǳǘΣ ǿƘŀǘ ƘŀǇǇŜƴǎ ŀŦǘŜǊ ŀ Ǌƻǿ ƻŦ ǊŀƴŘƻƳ ŎŜƭƭǎ άŜǾƻƭǾŜǎέ ƛƴ ǘƛƳŜΚ



[ŜǘΩǎ [ƻƻƪ ŀǘ ŀ CŜǿ {ǘŜǇǎ ΦΦΦ

Still pretty simple..nothing interesting yet! 

What if we look at many cells evolving for longer times?



Simplicity Breeds Complexity!

!ƭǘŜǊƴŀǘƛǾŜ άŜȄǇƭŀƴŀǘƛƻƴέ ­ ParticlesƻŦ ŦƻǊƳΧ



Other Rules: A Universe in 1-5ƛƳŜƴǎƛƻƴΧ

Wolfram CA-Classification:

Fixed State Periodic State Chaotic State Complex State

9ǎǇŜŎƛŀƭƭȅ ƛƴǘŜǊŜǎǘƛƴƎΧ

Conjectured to be
Universal Computers!


