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Plan 

ÅWhat are incompressible active fluids? 

ÅConcept of universality 

ÅUniversality of incompressible active 
fluids 
ïCritical order-disorder transition 

ïOrdered phase (2D) 

ÅActive polymer networks 

ÅOutlook & summary 



What are incompressible active fluids? 
    



Wound healing assay 

https:// www.youtube.com/watch?v=v9xq_GiRXeE  
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Navier-Stokes description? 
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bƻǘ ŜƴƻǳƎƘΗ 
Missing elements: 

ÅCells are motile -> Need active terms like ὥ ὦὺ ὺᴆ 

ÅFluctuations can be important -> Gaussian noise  Ὢᴆ 

ÅNo Galilean invariance -> prefactor of ὺᴆϽὺᴆ may not be 1 

 

 

 
 

 



Lƴ ŦŀŎǘΣ ǘƻ ōŜ ŎƻƳǇƭŜǘŜƭȅ ƎŜƴŜǊŀƭΧ 

There can be infinitely many more red terms 
 

ὺᴆ ” ὖ Ὢᴆ ‗ὺᴆϽὺᴆ ὥ ὦὺ ὺᴆ ‘ὺᴆ 

        ὧὺὺᴆ ‚ ὺᴆ Ễ 
 

 



The perils of parameter fitting 

ÅJohn von Neumann: άWith four 
parameters I can fit an elephant, and 
with five I can make him wiggle his 
trunk.έ 

1903-1957 

Mayer, Khairy & Howard (2010) Amer. J. Physics 



With so many parameters, can we 
ever say something meaningful 
about the phenomenon? 

 

 



Concept of universality 



Universality in physics 
Ferromagnetism with an easy axis at 
criticality  

 

Phase separation in multi-component 
lipid membrane at criticality 

 

tΦ /ƻƭƻƴΩǎ ƘƻƳŜǇŀƎŜ 
Honerkamp-Smith  
et al. (2009) BBA 

As the measurement is at a larger and larger 
length scale (ὰO Њ)  

Ising model: Ὁ ὐВ ίȢ ί 

Proved by renormalisation group methods 

Kenneth Wilson, Nobel prize 1982 



Renormalisation group transformation 

1. Coarse grain out short wavelength (Ὧ ὰ ) fluctuations  
2. Rescale 
3. Renormalise 



1. Coarse grain  
 

2. Rescale 

3. Renormalise 

Repeat 

Data from Hugo Duminil-Copin 


