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Defects dynamics Courtesy of Z. Dogic



Cytoskeletal fluids

Dense mixtures of microtubules and kinesin behaves as fluids of mutually propelled 
rods: active liquid crystals.
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Reynolds number = 10-5 - 10-4



Richardson cascade

Big whorls have little whorls
That feed on their velocity;

And little whorls have lesser whorls
And so on to viscosity.

energy injection

energy dissipation
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Modeling active LCs

In nematics, a material element is characterized by four physical quantities:

Density ⇢

Nematic order parameter S

Nematic director n

Flow velocity v

n
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Active and passive stresses

The flow velocity obeys to the Navier-Stokes equation:

Pedley & Kessler (1992), 
Simha & Ramaswamy (2002)

passive stress (viscous + elastic)
Active stress:

Fa ⇠ n

⇢
Dv

Dt
= r · (�p + �a)

�a = ↵Q

Activity constant
(= biochemestry)



Contractile vs extensile active stress

Contractile Extensile
↵ > 0 ↵ < 0



Nematic tensor equation

An hydrodynamic equation for the nematic tensor Q is obtained phenomenologically 
(Olmsted & Goldbart ’92):
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Nematic tensor equation
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flow-alignment parameter

An hydrodynamic equation for the nematic tensor Q is obtained phenomenologically 
(Olmsted & Goldbart ’92):
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Active nematic hydrodynamics

Pedley & Kessler (1992), Hatwalne et al. (2004), Voituriez et al. (2005), Liverpool & 
Marchetti (2006), Marenduzzo et. al. (2007), Edwards & Yeomans (2009), Giomi et al. 
(2011).
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 defects core 
radius

`a =

s
K

|↵|

active length scale

where active and elastic 
stresses balance 



Stationary

Dynamics of active nematics

Laminar
Flow

Turbulence
Periodic

Flow

`a ⇠ L`a � L `a ⌧ L

Activity



 Extensile:     γ = 10, α = - 3
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Topological defects play a pivotal role ! (Thampi, Golestanian & Yeomans 2013)
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Vortex statistics

Vortex areal density: n(a)

dan(a) = # of vortices whose area is in [a, a+da]
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Vortex statistics

amin = a⇤ ⇠ `2a



Average vorticity

Average vorticity of a individual vortices: !v ⇡ ↵/⌘



Velocity and vorticity PDF



Energy and enstrophy

Notice that for active laminar flows: v ⇠ ↵
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Using the vortex areal density:
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⇠ !2
v ⇠ ↵2=

A
2L2

!2
v

total area occupied 
by the vortices



Energy and enstrophy spectra

For 2D inertial turbulence ⌦(k) ⇠ k�1, E(k) ⇠ k�3



Mean-field theory
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Correlation function



Topological defects

⌘r2v �rp+ ↵r ·Q = 0

The local vortex geometry is intrinsically coupled with the topological structure of the 
director.  Thus, topological defects have the same statistics of active vortices.



Defects statistics



Defects density

N
defects

⇠ N
vortices

⇠ `�2

a

⇠ ↵



Where n(a) comes form?

Let’s think about the active flow as an “ensemble” of vortices:
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Where n(a) comes form?

Let’s think about the active flow as an “ensemble” of vortices:

{ai}1i=1
{ni}1i=1  vortices of area

As the vortices are indistinguishable:
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entropy

so that:

1X

i=1

ni = N
1X

i=1

niai = A



Where n(a) comes from?

Maximizing W yields the original exponential distribution:

n(a) =
N

a
e�a/a

where: a = A/N ⇠ `2a



Where n(a) comes from?

Maximizing W yields the original exponential distribution:

n(a) =
N

a
e�a/a

where: a = A/N ⇠ `2a

Very naive argument and yet very fascinating and it suggests a connection between 
the simplest and the most complex form of matter.



Where n(a) comes from?

Maximizing W yields the original exponential distribution:

n(a) =
N

a
e�a/a

where: a = A/N ⇠ `2a

Very naive argument and yet very fascinating and it suggests a connection between 
the simplest and the most complex form of matter.

http://wwwhome.lorentz.leidenuniv.nl/~giomi

Th
an

ks
!


