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ABSTRACT— From the perspective of statistical physics (Boltzmann equation), configurational entropy can be
calculated using the study of the microstates of the system. When a physical process isperformed, identifying the entropy
production can be used to investigate the irreversibility, but fromthe perspective of the Boltzmann equation, to study
entropy production, both all microstates and macrostates must bestudied. Therefore, a verylargevolume of calculations
will be needed. In this report, using a new innovative energy structure equation, a new macroscopic component
modeling is extracted to investigate the configurational irreversibility. To investigate the irreversibility in physical
systems, the energy structure equation of the system can be studied in different paths. During performing a physical
process, someactivated energy components relatedto the reversible processand remain will berelated to theirreversible
process. Inthis report, alsousinga quasi-statistical approach, thestructure of irreversible components is studied. When
macroscopic energy components are the base of the equations, a very large volume of the needed calculations will be
less than Boltzmann equation and in fact, studying all particles isn’t needed, but it is enough that a few macroscopic
components to be investigated. Also, considering the theories of dissipated energy, the extracted equations have the
same base as the differentformulations of the second law of thermodynamics.

Keywords— Thermodynamics; Statistical physics; Configurational entropy; generated entropy; Energy structure; Energy
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1. INTRODUCTION

The only physical law thatconsiders the conceptof direction of physical processes is the second law of thermodynarmics
[1]. In fact, this law introduces reversible and irreversible processes [2]. In the classical form, the second law of
thermodynamics has been presented as follows [3]:

5Q
gﬁ7 <0 D
Where §Qis the heatexchanged at temperature T'.

One of the other formulation forthis lawis: ds,.,, = 0, which s,,,, is the generated entropy. This statement take this
concept that irreversibility is one of the most important quality onthe physical processes.

Also, to studythe irreversibility fromthe classical thermodynamic point of view, equation (2) can be known as one of
the most important relevant equations [4]:

L =2, LiFy 2

Where 1_,; is a set of general currents and ﬁl is thermodynamic forces. L, is also a matrix of kinematic coefficients. .
Also, the L,; matrixis required to satisfy thesymmetry equations in the OSAGER equations [5].

The second law of thermodynamics is the mostimportant physical law that must be applied to all performed processes
[1,6]. This physical law defines the physical quantity as entropy. Accordingto this law, the entropy of an isolated system
will be increased always [1]. However, in the material structures point of view, increasing entropy increases irregularity
[3]. Also, from statistical mechanics perspective, increasing entropy means increases the probability [7], and from a
statistics quantumpoint of view, it means increase the number ofenergy levels [8]. In fact, increasing generated entropy
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defines the physical direction of a physical process and must be established in all performed processes. Of course, some
cases pose challenges to the second law [9].

Entropy is the quantity that is defined by the second law of thermodynamics. This quantity is extracted to different
problems and has different types. One of the most important types of entropy is configurational entropy [10]. There are
several methods to investigate configurational entropy [11,12]. In some of the materials this type of entropy is the most
important type of entropy that must be investigated [13,14]. Of course, because of the exiting methods need to study all
sub-structures of the system, calculating the configurational entropy needs a large volume of calculations [14,15].

In this report, using the macroscopic energy components of the system, the energy structureis extracted, and based on
it, the irreversibility is investigated using a new macroscopic quasi-statistical approach. Finally, new macroscopic modeling
of the irreversibility components is extracted.

2. ENTROPY FROM THE PERSPECTIVE OF THE QUANTUUM-STATISTICAL PHYSICS

From the perspective of the statistical physics, as studying entropy, all particles must be studied. Also, based on the
Boltzmann equation, entropy is considered as a function of the probability [16,17]:

S=fw) (©)
Where S is entropyand W is the probability.
Due to the expected properties to the entropy:

S=85,+5, @)

fAW.Wy) = f(W) + fF(W2) ®)
Therefore:

S = kin(W) + constant (6)

That k is auniversal constant. Equation (6) takes the general dependence between the absolute value of the entropy and
probability. There are several equations, using the quantum concepts, for W as a function of the number and weighting
factorofthe energy levels of the particles [18]. For example, equation (7) states Fermi-Dirac equation of W:

w=[—% )

J(gj-1)Njt

That N; is the number of particles with the weighting factor ofenergy level g ;.

To investigate irreversibility in physical processes fromthe point of view of the statistical physics, non-equilibrium
statistical operator method canbe used[8,17].

3. ENERGY STRUCTURE MODELING

The dissipation of the energy can be investigated by studying the dynamics of the particles [19-22]. One of the nmost
important results that can be concluded fromthese references, is that when a physical process is performed, due to the
condition of the energy applying, some dependent energy components can be activated. Therefore, equation (8) can be
presented innovatively as the energy structure equation of the system, with a quasi-statistical base:

Ur = )+ g+ [h]+ U, ®)
Where:

9i=9:Wy) ©)

h;=h;@) (10

That functions g; and h;are dependentenergy components activated in the performed physical process.

Using the different formulations of the second law, it can be concluded that equation (8) has the same base as these
formulations [23].
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4. IRREVERSIBILITY ANALYSIS AND COMPONENT MODELING

To irreversibility analysis, it is supposed that some energy is applied to the systemwith differentconditions [4]. In fact,
the systemcan experiencedifferentpaths. In this case, we use a quasi-static path (i; = 0) as the reference tostudy general
paths (u; # 0).

Therefore, it should beassumed thatthe componentu; is an independent component activated in the performed process,
as can be seenin figure 1.

2' 2
Quasi-Static Path General Path
w =10 i =0
Initial state

Figure 1. Scheme of the performed process
Variation of the equation (12) can be calculated as follows:
6UT =6(ul+gl+hl+UTo) (11)

If in path 1 — 2’ the independent componentofenergy changes to the amountof §u’;, Therefore equation (11) can be
written as follows:

8Uy =bu' i+ “Zsu’, (12)
Andinpath1 —2:
agi ohj .
SUy = Su, +a_f¢i§ui+a_u,-6u" 13)
Therefore, equation (14) must be satisfied:
(1 + ag‘) (bu;— 6u'))=— (ZZ) Su; (14)

The value (6u; — du';) can be considered as the variation between quasi-static and general paths, as can be seen in
figure 2.

SU;
2! 2
Quaszi-Static Path General Path
du'; du;

Initial state

Figure 2. The variation between quasi-static and general paths

Therefore, equation (14) can be written as follows:
9gi _ _[(0h) or
(1+52) 60) == (55) 80 (15)

Due to the second law ofthermodynamics, du’; = du; forthe conditions §U; > 0and 5u ; < 6u; for the conditions
6Ur < 0. Also, becauseofthe function g; will beae}lctlvated in allpossible paths, thear,efore 29i> 0 Therefore based on the
equation (15), |fa(2UT > 0, it can be concluded (—)5U > 0andif §U; < 0,50 (—)60a < 0. Also, in the quasi-static
path (i1, = 0), (% )5U =0,

And by defining:
(s
= (16)

So ¢; = 0 always. Therefore, ¢;can be usedas a quantity to investigateirreversibility in physical processes. Because
of ¢, is afunction of the macroscopic energy component, so it depends on the macrostate of the system. Also, Due to the
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kinematic theory ofthe dissipated energy [19,22], equation (16) has the same base with the different formulations of the
second law of thermodynamics.

5. CONCLUSIONS

During performing a physical process, identifying entropy production can be used to study the irreversibility. The
Boltzmann equation investigates the microstates of the systemto calculate theentropy. Also, the Boltzmann equation can
be used for physical systems in that particles have no many degrees of freedom, as configurational entropy. From the
perspective of statistical physics (Boltzmann equation), configurational entropy can be calculated using the study of the
microstates of the system. Therefore, a large volume of calculations will be needed.

From the perspective of the energy structure, one of the most important results can be concluded fromthe theories of
dissipated energy, using the macroscopic energy component, is formulated by equation (8). This innovative formulation
has thesame baseas different formulations of the second law of thermodynamics and can be used to study the irreversibility
without the needto investigate all sub-structures.

To studyirreversibility, the energy structure equation is investigated in different paths. In fact, it is assumed that sonme
equal energy is applied to the systemin different conditions, then the variation of the energy structure equation between
these paths is examined. Finally, equation (16) takes a physical quantity to study the irreversibility (¢; = 0). Because the
quantity ¢;depends on the macrostates of the system, it needs very little calculation than investigating all sub-structures
of the system.
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