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Abstract
[bookmark: _Hlk42660881]Underlying all of thermodynamics is the definition of the sort of system to which thermodynamic arguments truly apply. In a holistic approach the tradition is modified, that First and Second Law must be applied first for equilibrium systems. Every physical system obeys these laws. However a holistic approach to thermodynamics provides non-equilibrium state variables, which give new questions and answers to the study of the process of  evolution.
Most important result is the proof of the existence of an  entropy function for all thermodynamic (physical) systems, as well as the non-equilibrium pressure and temperature. The simplicity and generality of the result is due to the fact, that the law governing the non-equilibrium word is not directly applied to equilibrium world. Though Clausius solved the impossible task to overcome the difficulties, however in non-equilibrium foundation these difficulties do not arise. 
We define entropy for non-equilibrium systems, but it does not depend on the non-equilibrium state variables present in the system. Extropy is a state function characterizing the non-equilibrium. Nevertheless, it has properties which can be studied only in an evolutionary framework. 
In the present lecture I propose a non-equilibrium foundation of thermodynamics.
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Nomenclature
E		energy
X		extensive parameter 
V		volume
N		mole numbers
Y		intensive parameter 
T		temperature
p 		pressure
x		non-equilibrium variable
S		entropy
P		extropy
x		non-equilibrium variables


1. INTRODUCTION
Underlying all of thermodynamics is the definition of the sort of system to which thermodynamic arguments truly apply. In a holistic approach the tradition is modified, that First and Second Law must be applied first for equilibrium systems. Every physical system obeys these laws. A holistic approach to thermodynamics provides non-equilibrium state variables, which give new questions and answers to study the process of  evolution.
The exact meaning of "holism" depends on the context. Smuts [1] originally used "holism" to refer to the tendency in nature to produce wholes from the ordered grouping of unit structures. Equilibrium thermodynamics in this context is an example for such holistic description wherein the holistic approach suggests that the equilibrium is a sufficient but not necessary condition for a holistic description. We have double aim in this investigation. Some results, methods of holism in physics can be utilized in other fields too. To exploit the holistic method in thermodynamics, we start from a system from a theoretical point of view. 
A system is a separable part of the Universe. The Hungarian word for system (created by Dugonits András) „rendszer” reflects the essence of the concept. As „rend” means order and „szer” is for manifold. We have two ways to describe systems, namely the manifold or order approach. In the manifold approach the system (in theory) has a full description, and all the constituents of the system are described, in detail. There are two ways- the “atomistic model” and the “global description”. Global description is derived from the atomistic one by the method of statistical physics. 
	What is described in the holistic approach is “the order” inherent in the system. The essence of the system is reflected by the holistic state variables. 
	The holistic approach becomes scientific if the objective description of the system is established by essential parameters, or state variables, further task is the determination of the best choice of independent state variables and the determination of the constitutive equations.
	Cornerstone of holistic thermodynamics is the Kelvin’s  1852th work. Kelvin (William Thomson) formulated the Second Law as the law of dissipation of mechanical energy.[2] Nevertheless thermodynamics selected the equilibrium foundation, and Kelvin's work that seems to have been forgotten constitutes the present work, which is the continuation of his work. As nowadays mechanical energy has several connotations, we will define the active energy and formulate the active energy dissipation principle, and this makes the introduction of entropy very easy. Nevertheless entropy does not depend on active energy. We show that the slow process of entropic description will suffice, that is in such cases active energy can be neglected. For slow processes local equilibrium thermodynamics yields a satisfactory description. 
Similarly, extropy will be introduced, as it depends on the active energy too, thereby making it  the right state variable for  non-equilibrium.

2. THERMODYNAMICS IN HOLISTIC APPROACH
Equilibrium thermodynamics did the task: Equilibrium state variables are holistic one. Holistic state variables are (U,V,N, T,p, S,..) Constitutive equations for some systems are established in the form: T=T(U,V,N), p=P(U,V,N).
Irreversible thermodynamics (local equilibrium hypothesis) is a manifold description. 

2.1 Holistic approach to non-equilibrium systems
For the sake of simplicity, we start from the global description of a system wherein spatial inhomogeneity is also described by global parameters (moments).
Global variables for non-equilibrium systems are: E, V, N, x, where E is the total energy contained within the system, x is the symbol for non-equilibrium variables. 
The energy conservation law is:
		dE =dQ +dW +dL 		 (1) 	 where dL is the thermodynamic work and dW is the mechanical work, dQ is the heat transfer
Theorem I: E can be split into two parts: A=A(x), called active energy and U* (independent of x) called holisitic internal energy.
Proof: We introduce a well-known, but less used process, the  apparatus, which was used by Joule,  we call it Joule process: dQ=0, dL=0.  In this process there is only mechanical work interaction.
Definition: Active energy: A is the maximum of dW, the maximum work, which can be obtained from a system in Joule process. 
Definition: Holistic internal energy: U* = E-A, 
is the internal energy of the equilibrium state reached by reversible mechanical work. Active energy and the holistic internal energy are variables, which are defined only for the whole system. They do not have the additivity property of energy. If we unite two equilibrium systems (E1,U1=E1, A1= 0; E2,,U2=E2, A2= 0). For the united system:  E12 =,E1+E2, U12 < U1 +U2 , A12 >0. For addition of systems active energy is super-additive, while holistic internal energy is sub-additive. 
Defintion: T*=T*(U*,V,N) is the thermodynamic temperature of the non-equilibrium system.. Similarly the holistic pressure is p* =p*(U*,V,N). Here the functional relation is the same constitutive equation, which is valid for equilibrium states.
Theorem II. The holistic temperature are holistic state variables.  
For the proof we write the energy balance equations. Heat transfer can be split to active heat (Q*) and passive (“heating heat) (dE=dQ, dA = dQ*, dU*= dQ-dQ* )
In equilibrium thermodynamics the temperature difference defines the direction of heat flow, and dQ* > 0 if the heat source has higher temperature. 
In non-equilibrium systems the heat flow can be positive, if the temperature is higher than the minimum local temperature, but it is easy to show, that the positivity of Q* requires that the source temperature is higher than the holistic temperature. So it is a real temperature governing the heat transfer. If T < T* then dQ*=0. The same argumentation is valid for the volume work. 
Active energy is not a conserved quantity. In an isolated system it is decreasing. Second law of thermodynamics can be formulated in a form, which takes into account the energy conservation: Active energy is transformed into internal energy through dissipation (D)..
In a general process the energy change is the heat flow and the work, but except the mechanical work they will be divded between the active and internal energy, namely

		dA = dW +dL* + dQ* - D 	 (2) 	

	dU *= (dQ-dQ*) + dL-dL* + D	 (3)

For the sake of brevity we introduce the notation, Qeff . Effective heat: dQeff = dQ - dQ* +D. 

Holistic basic law of thermodynamics
		dU* + p* dV =  dQeff	 	(4) 

Effective heat reflects the equivalence of heat and dissipation of active energy. That is the real meaning of the heat work equivalence. The total heating effect is the result of heat transfer and dissipation. Equation 4. reveals the fact that effective heat depends on the holistic parametrs but the non-equilibrium ones. 

Theorem: Effective heat equals the reversible heat, which arises in the hypothetical reversible process resulting in the same holistic parameter change.

We got this equality partially taking into account the dissipation, and also dividing the heat into two parts- the part, which is transformed into internal energy directly (heating) and the part which is transformed to active energy. 
In a general case, when there are further extensive quantities, as state variables – the basic law can be written as:
		dU* + ∑ Yi* dXi=  dQeff	(5)

In this form left-hand side of the equation is a Pfaffian. 
Theorem: T* is an integrating factor of the Pfaffian. We can define a new state variable, called entropy
		dS =(dU* + ∑ Yi* dXi)/T*	(6)
To prove the theorem first we notice that effective heat equals the  heat transfer in a reversible process. As the left hand side does not depend on the non-equilibrium variables, it is the same for all processes - reversible and irreversible ones as well as. 
For a cycle of reversible heat transfers the Clausius inequality will be an equality.
The famous Clausius inequality in the equality form can be stated as: “For heat engines, the ratio of the heat input Q1 to the rejected heat Q2 is consistently equal to the ratio of the Absolute temperatures of the high and low Temperature reservoirs”.
With the well-established methods it follows, that entropy is a state variable.
Nevertheless the Clausius theorem in our formulation leads to entropy, without any further mathematical need. Every equilibrium and non-equilibrium thermodynamic system has an entropy function defined as:
		dS = (dU + pdV)/T		(7)

S will be a holistic state variable, and a Lipschitz function, that is, a function with bounded first derivatives; if the Third Law of thermodynamics ensures the unattainability of absolute zero, thereby fulfilling the Lipschitz condition. 
Entropy is function of holistic state variables, so it is also a  holistic state variable. Nevertheless entropy is independent on active energy, it is a holistic measure of equilibrium.

[bookmark: __DdeLink__729_776562124]Active energy.	
There are two problems with the application of active energy. It is not a user friendly quantity as it is super-additive, further it is a very difficult quantity for calculation. Thermodynamics offers a further holistic state variable, which contains the information embedded in active energy. 


3. EXTROPY
We expect from the  holistic state parameter characterizing the living systems, that it increases, when the living system is growing or developing, and the aging, starvation leads to the decrease. Active energy satisfies the above criteria, but it is not a user friendly quantity. It is almost impossible to estimate its value, and it is not an additive quantity. (It is superadditive.) 
 Classic paradigm of thermodynamics states that  entropy is the only concept to describe irreversibility.  However, as pointed out Poór Veronika [3], it follows only from the assumption that the quantity describing irreversibility is constant in a reversible adiabatic process. This assumption is not required neither physically nor mathematically. Releasing this assumption we get functions which depend on active energy too, so they describe non-equilibrium. Besides entropy all the “ekaentropies” in the form 
		dS* = KdS + aE + bV + cN	(8)

K, a,b,c are is constants. This transformation yields a new termodynamic temperature, called  ekatemperature:
		1/T* =K(1/T + a			(9)	
The zero point of 1/T* defines the position of the maximum of ekaentropy. We are free to select the physical state to which the maximum belongs, nevertheless the additivity criteria requires, that the same constant is selected for all systems. It must be a special state. 
For physicists, who deal with the whole Universe, there is only one natural position for the maximum, As entropy is an increasing function of internal energy the only choice is the unavailable infinite energy state. In this case “a” is zero and “K”=1. It is the Kelvin scale and the ekaentropy will be the entropy. It gives back the property, that entropy does not change in quasi-static-adiabatic process. 
Nevertheless for humans, who live on the Earth- there is an other specific reference system. We live in the anthroposphere. Is that part of the environment that is made or modified by humans for use in human activities and human habitats. 
We can select the constant reflecting the propertie of anthroposphere. Let a =T0 average temperature of the anthroposphere, b=p0 the average pressure for the antroposphere, annd so on … an K=-1. Then the minimum of ekaentropy will be zero, and the system will reach the minimum value, if it will be in equilibrium with this average antropospheric system. That is, when it is not distinguishable from the environment. We get  ekaentropy in the form
	P = E/To + p0/ T0  .- S 		(10)
We call P extropy [4]. Using the fact that entropy is homogeneous of degree 1 function we get:
P=U*(1/T0-1/T)+V(p0/T0–p/T)+.. +A	(11)
It is closely related to exergy, B.
		P =B/T0 + A/T0		(12)
It can be rewritten in a more transparent form:
	P=(U*-U*0) (1/T0-1/T)+. +A	(13)
Second Law states that if P > 0, then there will be processes, which tend to decrease extropy. In this form one can see, that extropy can be written as a sum of positive terms. 

Extropy is increasing with increasing order and growth.  Second Law states that if P > 0, then there will be processes, which tend to decrease extropy.
The extropy increase of living organism reflects the fact that they do not only overcome the compulsory entropy production, but they move away from the equilibrium state. Extropy measures this distance, by characterizing the degree of organization level. 
A living organism is a non-equilibrium structure, so its extropy is non-zero, P > 0.  If P > 0, than  extropy is continuously decreasing. To maintain the steady state, to ensure a constant level of P an extropy influx is needed. 
Extropy, as a holistic state variable, reflecting the essential properties of the system. Nevertheless it has properties, which are not present in equilibrium parameters. While entropy is a scalar, extropy is a vector in the thermodynamic state space. For living systems the direction is also vital. 
An important side of evolution must be the learning of the recognition of direction and value of extropy.  




4. CONCLUSION
Holistic thermodynamic approach showed some hidden properties of non-equilibrium systems. The holistic formulation of heat-law equivalence provided the proof of the existence of entropy for all physical systems. 

For human thermodynamics, which is for processes in the antroposphere the extropy is better candidate to understand the Second Law constraints.
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