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Introduction and Context

Active Materials
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e A soft material

e Each “molecule” is an engine locally coupled to others

e Collectively do work at the macroscale
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Introduction and Context

A theoretical approach that is “don’t care” on the
particular microscopics — think Navier-Stokes

Classify fluids based on symmetry

e Symmetry of activity
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Polar _ Dipolar/Nematic
e Symmetry of interactions
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Introduction and Context
Examples

Polar drive
/isotropic
interactions

Polar drive
/Polar

Interactions (Movie) Experimental movie

Nematic drive
/Nematic
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Part 1 : Hydrodynamics of active nematics

MR

Hydrodynamic Description

Density of Particles Nematic Order Parameter Fluid velocity
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Part 1 : Hydrodynamics of active nematics

e Start with an equilibrium nematic fluid
OF
00, 8

e Gradient descent dynamics on some free energy landscape
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e Under some imposed inhomogeneous flow
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Part 1 : Hydrodynamics of active nematics

e Start with an equilibrium nematic fluid
OF
00, 8

e Gradient descent dynamics on some free energy landscape

athn,B D

e Under some imposed inhomogeneous flow

OF
0Qap

e Now to confront the equation for the flow
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Part 1 : Hydrodynamics of active nematics

Start with Navier-Stokes
du+u-Vu=-Vp+nViu +V .77

V-da=10
Add reactive stresses : chosen to make theory dissipative
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Part 1 : Hydrodynamics of active nematics

e Start with Nematohydrodynamics
du+u-Vu= —Ver-r;VQu-JrV-?T

N id=D

e Particles are exerting forces
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Part 1 : Hydrodynamics of active nematics
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Part 2 : Phenomenology of the theory
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Part 2 : Phenomenology of the theory

* Basic phenomenology of the theory

Experimental movie

118™ Statistical Mechanics Conference, Rutgers University, December 2017



Part 3 : Confined Active nematics

e Want to put these things in a box

e Two cases : channels and circular confinements

Topologically requires +1 defect
e The walls are no slip for the fluid — they tame vorticity
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Part 3 : Confined Active nematics

Vorticity and Flow Field, o = 0.25(Activity)
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Part 3 : Confined Active nematics

o Vorticity and Flow Field, o = 0.11(Activity) w :
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Part 3 : Confined Active nematics

10 Vorticity and Flow Field, o = 0.1(Activity) v
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Part 3 : Confined Active nematics

Static Dipole Yin-Yang Turbulent
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