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Three many particle systems
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Joseph de Lagrange

(1736 – 1813)

Stochastic systems with constraints (Lagrange LeChatelier principle)
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L = T ln P  – p V  + E  → maximum!

L : Lagrange function, free energy, utility

P : probability, 
ln P: entropy, individual disorder

E : constraint, bonds, interaction law, order 

T : Lagrange parameter, temperature                      
mean energy, mean capital,  tolerance

p : pressure

V : individual freedom
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L(T) = E  + T lnP
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Stochastic systems with constraints (Lagrange LeChatelier principle)

L = T ln P  – p V  + E  → maximum!

T small, p high :  collective order T large, p low:  individual



T large, p low:  individualT small, p high :  collective order
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Stochastic systems with constraints (Lagrange LeChatelier principle)
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The three states of materials
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L = T ln P  – p V  + E  → maximum!



E AA E AB

EAB            E AB         E BA

E BB E BA

E BB E BA                   E AB

E BA E AB

x  =  N B / N 

ε = E AB + E BA - E AA - E BB

ε >  0     partnership, cooperation 

ε =  0     integration, independence

ε <  0     segregation, competition
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L = E0 + ε x (1-x) – p V + T ∗{x ln x + (1-x) ln (1-x)} → maximum!

Bond model: Regular solutions (Bragg Williams)



One nucleus determines the direction of the whole system
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Application to collective state: crystal growth or opinion formation

L = T ln P  – p V  + E  → maximum!



Simulation of segregation 
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Application: Phase diagram for binary alloys (Au Pt)
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Catholic - Non Catholic intermarriage in German states 
1999
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Network structure of bonds
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Network structure of bonds

Coulomb law:

E  =  C AB / d

d   :  distance
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Network structure of bonds Holyst: d = A - B log (ki kj)

Coulomb law of social bonds:

E  =  C AB / d

d   :   social distance

Coulomb law:

E  =  C AB / d

d   :  distance



Vapor with atomic bonds

Stochastic systems with constraints (Lagrange LeChatelier principle)

L = T ln P  – p V  + E  → maximum!

Society with telephone bonds
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