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Bacteria 1

Chakrabartu, Das, Dasgupta,Ramaswamy, Sood PRL (2004)



Bacteria 2
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Discrete simulations

SPR model (2D)
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Endothelial cells

vorticity plots
near a dividing cell

Lene B. Oddershede

Niels Bohr Institute
University of Copenhagen
Denmark




Active turbulence

* What are the mechanisms that drive active turbulence?
* What determines the flow patterns and characteristics?
* Can we identify generic properties and universal

features among different systems
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“There's a door."

"Where does it go?"

"It stays where it is, | think.”
— Terry Pratchett, Eric
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Liquid crystals
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Liquid crystals
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Tensor order parameter, Q
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J
Qij = (ninj — =)
~1/3 0 0
nematic with director aligned along z: Q — 0 —1/3 0
0 0 2/3

Landau-de Gennes free energy
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Elasticity of liquid crystals
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Landau-de Gennes free energy

K A B C
F = E(@k@ij)2 + 5@@7@%@ + g@ij@jk@ki + Z(Qiiji)Q



topological charge

1
—— [ ap
m 27T/dS

Idea courtesy:A Seupta, MIT



T N v, a s

X 2 of
Nl L
~ v -

A g -
A o//," A
S
e

’,
v 5

Tyler Shendruk, MPCD



crystal dislocations

magnetic monopoles in spin ice
topological insulators

guantum vortex in a superfluid

cosmic strings in the early universe



Tumbling and aligning liquid crystals: response to a shear




Continuum equations of liquid crystal hydrodynamics




Continuum equations of liquid crystal hydrodynamics

(O + updp)Qij — Sij = THy,
// )

couples nematic order and shear flows

relaxation to minimum of Landau-de Gennes free energy

p(af T ukak)ui — OJHU
P
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viscous + passive stress




Continuum equations of liquid crystal hydrodynamics

(O + updp)Qij — Sij = THy,
//7 )

couples nematic order and shear flows

relaxation to minimum of Landau-de Gennes free energy

p<8f + ukak)u-i — a}HU

/

viscous + passive + active stress

ctive
H?J we __ _CQz’j




Active contribution to the stress _CQ

Gradients in the magnitude or direction of the
order parameter induce flow.

Hatwalne, Ramaswamy,
Rao, Simha, PRL 2004



Hydrodynamics of active systems

Swimmers are force free => flow field is dipolar
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“In fact, the mere act of opening the box will determine the state of the
cat, although in this case there were three determinate states the cat
could be in: these being Alive, Dead, and Bloody Furious.”

— Terry Pratchett, Lords and Ladies



Active contribution to the stress _CQ

Gradients in the magnitude or direction of the
order parameter induce flow.

Hatwalne, Ramaswamy,
Rao, Simha, PRL 2004



Active contribution to the stress _gQ

Gradients in the magnitude or direction of the
order parameter induce flow.

‘ nematic state is unstable to vortical flows
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Instabilities in active nematics
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continuum simulations
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defect creation
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defect annihilation
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<vv>: simulations
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Summary of active turbulence

Active contribution to the stress —CQ

ydrodynamic
instabilities

defects annihilate
and restore
nematic order

walls, that
fluctuate and
decay into

topological

defects




