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❏ Definition:

❍ Fixed, hard obstacles –scatterers

❍ Non-interacting point particles collide elastically

❏ Motivation: transport processes

❍ electron gas in metal (Lorentz 1905)

❍ hard-sphere fluid (Sinai 1960s)

❍ one of simplest physical systems with macroscopic
transport
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❏ Properties depend on geometry of scatterers:

circular polygonal

Lorentz gas Ehrenfest wind–tree model

Lyapunov exponent> 0 Lyapunov exponent= 0
(“chaotic”) (“non-chaotic”)

many rigorous results few rigorous results

strong statistical properties numerically find
strong statistical properties

❏ Necessary microscopic conditions for macroscopic transport?

❏ Corners separate nearby trajectories: “randomising” effect
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❏ Channels: periodic inx, bounded iny (Alonso et al. 2002)

❏ Angles irrational multiples ofπ: no rigorous results

❏ Intuition: more likely to have good ergodic properties

❏ Jepps & Rondoni 2006
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❏ Statistical properties: average〈·〉 over initial conditions

❏ Diffusion: look at growth of second momentσ2(t) :=
〈

x(t)2
〉

condition σ2(t) asymptotic diffusion

generic t normal

infinite horizon t logt marginal anomalous

parallel scatterers tα , α > 1 anomaloussuperdiffusion
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❏ Diffusion: ‘spreading out’ of distributions

❏ Probability densityρt(x) of particle positions
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❏ What is reason for anomalous diffusion?

❏ Families ofpropagating periodic orbits

❏ Much more likely when parallel scatterers

❏ Model with continuous-time random walks
(DPS+HL 2006, Schmiedeberg & Stark 2006)
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