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Limits to what’s possible:

Universality (|H):

» The property that the macroscopic aspects of a
system do not depend sensitively on the system’s
details.

» Key figure: Leo Kadanoff (H).

Examples:
» The Central Limit Theorem:
1 2 2
P(x; u,0)dx = e (/2% gy
(x; p,0) s

» Navier Stokes equation for fluids.

» Nature of phase transitions in statistical mechanics.
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Universality

» Sometimes details don’t matter too much.
» Many-to-one mapping from micro to macro

» Suggests not all possible behaviors are available
at higher levels of complexity.

Large questions:
» How universal is universality?

» What are the possible of long-time states (attractors)
for a universe?

Fluids mechanics

» Fluid mechanics = One of the great successes of
understanding complex systems.

» Navier-Stokes equations: micro-macro system
evolution.
» The big three: Experiment + Theory + Simulations.
» Works for many very different ‘fluids’:
» the atmosphere,
oceans,
blood,
galaxies,
the earth’s mantle...
and ball bearings on lattices...?

vyvyvYyVvyy

Lattice gas models

Collision rules in 2-d on a hexagonal lattice:

=2l % z”
N

» Lattice matters...
» No ‘good’ lattice in 3-d.

» Upshot: play with ‘particles’ of a system to obtain
new or specific macro behaviours.
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Hexagons—Honeycomb (M)

» Orchestrated? Or an accident of bees working hard?
» See “On Growth and Form” by D’Arcy Wentworth
Thompson (). 491

http://newdesktopwallpapers.info

Hexagons—Glants Causeway (/)

http://www.physics.utoronto.ca/
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carbon molecules in a perfect
hexagonal lattice (super strong).

» Chicken wire (H) ...
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iy Compiexty? Whimsical but great example of real science:
Unhersaly “How Cats Lap: Water Uptake by Felis catus” ()

ety Reis et al., Science, 2010.

The Big Theory A Study of Cat Lapping
Adult cats and dogs are unable to
create suction in their mouths and
must use their tongues to drink. A
dog will scoop up liquid with the
back of its tongue, but a cat will
only touch the surface with the
smaoth tip of its tongue and pull

a column of liquid into its mouth.
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Symmetry Breaking

Philip Anderson (8)—

“More is Different,” Science, 19721
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» Argues against idea that
the only real scientists
are those working on
the fundamental laws.

» Symmetry breaking —
different laws/rules at
different scales...
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Symmetry Breaking wwemes  More is different:
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» X » Y Final words [ Final words
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Universality ) ) Universality
Symmetry A real theory of everything anything: Symmetry
Breaking . o Breaking
The Big Theory 1. Is not just about the ridiculously small stuff... The Big Theory
Anderson: Final words 2. It's about the increase of complexity Final words
» [the more we know about] “fundamental laws, the For your For your
consideration consideration
less relevance they seem to have to the very real Feforances s K Meforence
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. . Accidents of histor
» Scale and complexity thwart the constructionist y

hypothesis.
» Accidents of history and path dependence (£) » Second law of thermodynamics: we're toast in the
matter. & IOng run.
» So how likely is the local complexification of structure
we enjoy?
» How likely are the Big Transitions?
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Next:

Spring 2013: Complex Networks (CSYS/MATH 303)
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Branching networks (rivers, cardiovascular systems)
Redistribution networks (airlines, post)

Structure detection for complex systems

Contagion

Random networks-arama

Distributed Search

Organizational networks

Deeper investigations of scale-free networks

and more...
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