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1. Coarsening key factors 

Methods of Mathematical Modeling 

? 

Mechanics  
Fluid dynamics 



2. Averaging particle movements 

 
Spatially-temporally continuous distribution function 

Ichikawa-Rouzi-S. 12   

Einstein formula 

Smoluchowski equation 

statistic mechanics thermodynamics 

diffusion 
coefficient 

space dimension 



Model (B) equation Helmholtz fee energy 

particle density  field potential  duality 

isolated  

 

closed  

 

open 

entropy  

 

Helmholtz free energy 

 

Gibbs free energy  

energy  

 

temperature  

 

pressure 

micro-canonical 

 

canonical  

 

grand-canonical 

system  consistency dynamics ensemble 

3. Realizing fundamental laws 

S. Mean Field Theories and Dual Variation, 2nd edition, Atlantis Press, 2015 

Legendre transformation 



aggregating cells moving clustered cells 

1. Cell Movement  



2. Kinetic Point Vortex Mean Field 

Euler-Smoluchowski-Poisson equation 

Fokker-Planck equation 

High-energy limit 



3. Thermodynamics   

Sire-Chavanis  02  

motion of the mean field of many self-gravitating 

Brownian particles 

kinetic equation +  maximum entropy production   

1. Smoluchowski Part 

2. Poisson Part 

a) Debye system (DD model) 

b) Childress-Percus-Jager-Luckhaus 

model (chemotaxis) 

other Poisson parts 

Chavanis  08  

relaxation to  the equilibrium in the point vortices   

BBGKY hierarchy +  factorization  

global-in-time existence with compact orbit 

Biler-Hebisch-Nadzieja 94   

blowup threshold  

a. Biler 98, Gajewski-Zacharias 98, 

Nagai-Senba-Yoshida 97  

b. Nagai 01, Senba-S. 01b  

transport 

potential 

closed system 


