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What is active matter and why is it interesting?
Background 1: low Reynolds number hydrodynamics
Background 2: nematic liquid crystals

Active nematics and active turbulence
Self-propelled topological defects

Confining active turbulence

Bacteria: the hare and the tortoise

Eukaryotic cells as an active system



Active matter: takes energy from its surroundings on a single
particle level and uses it to do work.
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Active propulsion:
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Active turbulence: bacteria
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Dense suspension of microswimmers




Active turbulence: eukaryotic cells










Why study active matter:
1. to understand biological systems: biomechanics and self-assembly
2. To create new types of micro-engines

3. As examples of non-equilibrium statistical physics
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Stokes equations




Purcell’'s Scallop Theorem

A swimmer strokes must be non-invariant under time reversal

recovery stioke




Green function of the Stokes equation (Stokeslet)




Far flow field of a swimmer

Swimmers have dipolar far flow fields because they
have no net force acting on them
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Dipolar far flow field




Far flow field of a swimmer

Swimmers have dipolar far flow fields because they
have no net force acting on them




Swimmer and colloidal flow fields
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Flow field has nematic symmetry
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nematic symmetry
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nematic symmetry
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Tensor order parameter, Q
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Landau-de Gennes free energy
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F = E(ainj)z'l' EQij Qji + §Qij QikQxi + Z(Qij Qji)°

An ‘elastic liquid’
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liquid crystals

cosmic strings in the early universe

crystal dislocations

magnetic monopoles in spin ice

topological insulators

guantum vortex in a superfluid



