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Formulas of Freedom



Joseph de Lagrange

(1736 – 1813)

Formulas of freedom: Lagrange function (neg. free energy)

N : System of  N elements (,, A,        ) 

L : Lagrange function, neg. free energy

E : constraint, bond energy, capital, law

p : pressure, social or military pressure

V : volume, free space, freedom

 : probability 

ln  : entropy, measure of disorder

 : Lagrange parameter, temperature,                             

mean energy, mean capital,  tolerance

 : dynamics
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L  =  E  + p  V +   ln   maximum!



Stochastic atomic system: Solid

 small:  collective order  large:  individual
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L  =  E  + p  V +   ln   maximum!



 large:  individual small:  collective order

Stochastic social system: Army 
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L  =  E  + p  V +   ln   maximum!



Political systems
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L  =  E  + p  V +   ln   maximum!

 small:  collective order  large:  individual freedom



Phases in homogeneous

stochastic systems

L(T) = E  + T lnP
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Phases or states in stochastic systems with constraints (Gibbs) 

L  =  E  + p  V +   ln   maximum!



Phases in homogeneous

stochastic systems

L(T) = E  + T lnP
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Phases or states in stochastic systems with constraints (Gibbs) 

L  =  E  + p  V +   ln   maximum!
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Dynamics of Political Systems



World GNP distribution (after Barro)

0

5

10

15

20

25

0 1000 2000 3000 4000 5000

Number in millions

G
N

P
 i
n

 U
S

 k
 $

 /
 p

e
rs

o
n

democratic, capitalistic

non democratic, non capitalistic 

N. America, 

W. Europe, Japan, Australia 

C. Africa, E. Asia

”Econophysics and the Arab World”

 small: collective order, hierarchy  large: individual, democracy

Hierarchy  democracy 

2006



Atomic state,  temperature T= E / N  and cohesive energy E

melting and cohesive energy of 

elements
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Political order, standard of living T = E / N and fertility of 90 countries (2006)

World GNP and fertility
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Phase transformation in homogeneous political systems

GDP/Capita Spain and Portugal
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Phase transformation in homogeneous political systems

GDP per capita for Argentina, Chile, Uruguay and year of democratic change

GDP time series S. America
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Europe “melting” from hierarchy to democracy

Europa 1940

transition

democracy

hierarchy

Homogeneous systems with two simultaneous phases
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aggression



Europa 1960

hierarchy

transition

democracy

Homogeneous systems with two simultaneous phases

Europe “melting” from hierarchy to democracy
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aggression



Europa 1980

hierarchy

transition

democracy

Homogeneous systems with two simultaneous phases

Europe “melting” from hierarchy to democracy
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aggression



Europa 2000

aggression
transition

democracy

Homogeneous systems with two simultaneous phases

Europe “melting” from hierarchy to democracy

hierarchy
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Application to the Arab World
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Phase transformation in homogeneous political systems

GDP per capita for Tunesia, Egypt, Marocco and year of democratic change

GDP / capita in US $ in N. Africa

-1000

0

1000

2000

3000

4000

5000

6000

2002 2004 2006 2008 2010 2012 2014 2016 2018

GDP / capita in US $

Y
e
a
r

Tunesia Egypt Marocco Transition



Table 1. Countries ordered Table 2. Countries ordered 

by GDP/C in US $ 1 by fertility 2. 

Hierarchy  democracy  (of Arab countries without oil)
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Table 3.

Arab countries ordered 

by  %  of oil in GDP 1, 

GDP / capita, fertility 

and chance of 

democracy. 

Hierarchy  democracy  (phase transition)

Countries under (oil) pressure by Ahmadinejad, Gaddafi, etc.   
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Conclusion



”Chemistry of Social Bonds”

World distribution of GDP / capita and chance for democracy 2008

Hierarchy  democracy  (phase transition)
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China GDP/capia extrapolation
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Thank you for your attention
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