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Abstract 

We formulate a direct generalization of the Prigogine’s principle of minimum entropy production, 
according to a new isoperimetric variation principle by classical non-equilibrium thermodynamics. 
We focus our attention on the possible mathematical forms of constitutive equations. Our results 
show that the Onsager’s reciprocity relations are consequences of the suggested variation principle. 

Furthermore, we show by the example of the thermo-diffusion such reciprocity relations for 
diffusion tensor, which are missing in Onsager’s theory. Our theorem applied to the non-linear 
constitutive equations indicates the existence of dissipation potential. We study the forms of general 
reciprocity with the dissipation potential. This consideration results in a weaker condition than Li-
Gyarmati-Rysselberhe reciprocity has. Furthermore, in the case of electric conductivity in the 
magnetic field, our theorem shows the correct dependence of the Onsager’s kinetic coefficient by 
the axial vector of magnetic induction. We show in general that the evolution criterion of the global 
entropy production is a Lyapunov-function, and so the final stationer state is independent of the initial, 
time-independent boundary conditions. 

Keywords: General Reciprocal Relations, Minimum-Entropy-Production, Bertalanffy’s 
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Introduction 

The first formulation of the minimum entropy production for the non-continuous system was firstly 
formulated by Prigogine [1], [2]. This theorem was generalized by introducing the order of stationarity 
by de Groot [3]. The present theorem valid also for continuous systems and dealing with the 
dynamics and stability of the stationer systems was formulated by Glansdorff and Prigogine [4], [5]. 
Their work shows that the entropy production in the frame of linear Onsager’s thermodynamic 
theory both the dynamics and the stability of the system correctly described, ranging the entropy 
production in the thermodynamics of linear stationer systems like the entropy in thermostatics. 
However, in the case of non-linear constitutive equations, this significant role of the entropy 
production vanishes and only the partial derivatives of entropy production by thermodynamical 
forces have such attributions like the entropy production itself in the linear Onsager’s theory. 
Gyarmati had proved [6] that a realistic generalization of Onsager’s principle of last dissipation of 
energy is equivalent to the above Glansdorff-Prigogine theorem. These considerations feature again 
the dissipation potentials introduced by Rayleigh and Onsager. The theories mentioned above 
emphasize a strong correlation between the existence of minimum entropy production and the 
possible form of constitutive equations of dissipative forces and currents. 

Onsager proved the symmetry-relations and the potential dissipation behavior of entropy production 
by methods of fluctuation-theory. Hence the properties of constitutive equations connected to the 
extremal behavior of entropy production are not consistent with the field theory formulation of the 
non-equilibrium thermodynamics. In non-linear cases, unfortunately, such a generalized method 
does not exist to prove the potential behavior of the entropy production, (like for example to prove 
the higher-order Onsager’s relations). However, by the strong correlation of the stationary behavior 
of the entropy production and the mathematical form of the constitutive equations, an interesting 
question arises: when we accept the extremal behavior of the entropy production what the 
consequences on the form of constitutive equations of non-linear thermodynamics are? 

To study this, we investigate the constitutive equations with condition fix the extreme (more general 
stationer) behavior of the entropy production. 
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Materials and Methods 

Formulation of the extremum principle 
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