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swarming salmonella       

http://webmac.rowland.org/labs/bacteria/index.html 

Bacteria 

http://webmac.rowland/
http://webmac.rowland/


Bacteria 

vorticity 

Wensink, Dunkel, Heidenreich,  Dresher, Goldstein,  Lowen, Yeomans, PNAS 2012 



Discrete simulations 



Driven grains 

V Narayan, S Ramaswamy, N Menon - Science, 2007 



Fish? 



concentration 



Liquid crystals 

Tensor order parameter Q 



cholesterics 

Topological defects 



liquid crystals 

cosmic strings in the early universe 

crystal dislocations 

magnetic monopoles in spin ice 
 
topological insulators 
 
quantum vortex in a superfluid 
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Molecular motors 

YouTube –Inner Life of a Cell                                             Kodera, Yamamoto, Ishikawa, Ando 



Molecular motors 

Sanchez, Chen, DeCamp, Heymann, Dogic,  
Nature 2012 





Sanchez, Chen, DeCamp, Heymann, Dogic, Nature 2012 
L. Giomi, M.J. Bowick, Ma Xu, M.C. Marchetti, PRL 110, 228101 
 



Velocity increases with activity 
 
Length scale controlling decay of <vv> independent of activity 

Molecular motors 

Sanchez, Chen, DeCamp, Heymann, Dogic, Nature 2012 
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Continuum equations of liquid crystal hydrodynamics 
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Continuum equations of liquid crystal hydrodynamics 

extensile 
 
contractile 



Active term in the stress tensor 

Consequence of a dipolar source term 

 Active contribution to the stress - 
Hatwalne, Ramaswamy, Rao, Simha, PRL 2003 



Instabilities 











1D active flow 

Voituriez, Joanny, Prost EPL (2005) 
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Active turbulence in extensile suspensions 



Velocity increases with activity 
 
Length scale controlling decay of <vv> independent of activity 

<vv>: experiments 

Sanchez, Chen, DeCamp, Heymann, Dogic, Nature 2012 



<vv>: simulations 















Defect formation: bend deformation 



Low activities 



correlation functions of  
 
velocity 
 
vorticity and order parameter 

scaling of correlation functions with activity 


