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Abstract

Borchers classical remarks raise important aspects of the second law of classical
thermodynamics considering temperature as an integrating denominator as well as using
thermal and mechanical variables classes by an innovative structural-based statement for
the first law of thermodynamics.! However, he advised seriously that his remarks need to be
discussed using other approaches to entropy, and some further remarks will be very useful.
Of course, the possibility of applying Borchers approach on the other entropy definitions
is involved in various mathematical and physical challenges, and cannot be applied on a
wide ranges of them, for example Boltzmann entropy equation. Now, due to our current
knowledge on entropy, it is time that his approach and remarks be studied and developed
using more general point of views of entropy. In fact, in order to study more on the basic
foundations of them as well as getting closer to their standard form, it is necessary to
generalize the basis of these equations based on more advanced approaches on entropy. Due
to Borchers use of the classical definition of entropy to formulate his equations, he needed
to base the equations on internal energy. By using other definitions of entropy, Borchers
approach can be extended based on heat transfer and mechanical variables classes that can
be directly measured. In this paper, using an innovative separation to the general classes
of the Borchers variables, and considering Borchers thermo-dynamical system as well as
due to the featured aspects of the Boltzmann entropy equation, the second law is studied
using Borchers classical perspective as well as the quasi-statistical equation of entropy with
a common base as Boltzmann entropy equation as well as structure-based properties as
Borchers statement of the first law of thermodynamics. Finally, some further remarks are
extracted and discussed.
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Innovative development of borchers remarks on the
second law of thermodynamics using quasi-statistical

thermal variables classes, mechanical variables classes

Introduction

Borchers remarks on the second law show that in addition to
establishing the Clausius inequality, it is necessary to establish
some equations on the mechanical and thermal variables classes.!
Considering a structural-based statement of the first law of
thermodynamics, his remarks are based on the supposition of
temperature as an integrating denominator as well as using thermal
and mechanical variables classes. Borchers statement of the first law
of thermodynamics is:

dU = 50— Zé’idxi , (1)

Where (; and X; are mechanical variables classes, and 6Q
is the heat exchange. So, Eq.1 is not energy conservation principle
only, rather is dependent on the structure of the system as well as
some properties of the performed process. Two main of the Borchers
remarks are:
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That X;, & are mechanical variables, Y is extra coordinate to

describe the thermal properties of the system, U is internal energy,
and T is temperature. In order to apply Borchers approach on other
entropy definitions, we face different mathematical and physical

challenges. However, he seriously advised that his approach can be
developed, and some further remarks can be extracted that will be very
useful.! Borchers showed that although the second law of classical
thermodynamics has been established for heat exchange of energy,
due to the Borechers statement of the first law of thermodynamics,
the equations governing the mechanical variables as well as the
mechanical behavior of the system in general are equivalent to that.
Therefore, inspired of Borchers remarks as well as more general
approaches to entropy, it is expected that the proofs of mechanical
behavior are also available in the second law. In this regard, it is
necessary to take advantage of other relevant perspectives in order
to study the issue. Now, using other exiting definitions of entropy as
well as our current knowledge on entropy, it is time that his approach
be studied and developed. So, in the evolution and effort to clarify
of the second law, it is possible to express it in terms of variables
that can be directly measured, and also to consider as much as
possible the effective parameters in the analysis of thermodynamic
processes. In fact, one of the main philosophies of the development
and expansion of unified theories is to remove the ambiguities related
to the classical expression of the second law of thermodynamics.?
In nature, we generally encounter physical/thermodynamic processes
and not perfect thermodynamic cycles. The definition of thermal
entropy cannot provide the necessary conditions to consider other
effective variables, in addition to thermal variables, in the study of
physical processes. Also, expressing the second law in the form of an
inequality as well as classical definition of entropy may give the result
that the effects of various factors are not taken into account, and the
classical entropy definition tries to provide the governing condition by
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considering the heat energy exchange. Given our current knowledge
of more advanced systems,*!! other cases can be considered in the
definition of entropy. Among these can be the transfer of energy in a
way other than heat, as that is considered in MTD analysis. So, it is
obvious that the expression of the second law in its inequality form
is one of the main sources of related challenges, and it also somehow
indicates that only the thermal factor has been taken into account
and the attempt is made to consider the effects of other factors as an
inequality. Entropy as a vague concept has always been discussed and
many definitions as well as interpretations have been extended for
it.5!! The structure of the second law in Carnot’s approach includes
heat exchange as a type of energy transfer between the system and
the surrounding at the current temperature of the system. According
to this case, entropy is defined and used to express the second law.
However, Boltzmann studied entropy with a different attitude.'> '
In statistical physics, Boltzmann calculated entropy in terms of
accessible states for the statistical mechanics system. Therefore, the
interpretation of the second law is only related to statistical concepts,
which is an extraordinary development in the subject of knowing
entropy. But there are still many unknowns about entropy. In fact,
there have always been challenges to the classical form of the second
law. Boltzmann entropy equation, based on the basis of statistical
physics, obtains the general entropy equation, which has a special
place in applications related to statistical systems. But it is not possible
to apply Borchers approach and use his statement for the first law
of thermodynamics directly to Boltzmann entropy equation. In this
paper, in order to study entropy in terms of mechanical and thermal
variables classes, using an innovative separation to the general classes
of the Borchers variables, the quasi-statistical approach to entropy,
which has a common basis as Boltzmann entropy equation, is used by
considering Borchers variables as well as using Borchers approach to
extract new remarks on the second law.

Further remarks

An acceptable entropy equation must establish the general
properties are discussed in reference.!® Considering the highlights of
Boltzmann entropy equation in the field of understanding the concept
of entropy from the general point of view of statistical physics, in
this paper, Borchers thermo-dynamical system is considered and his
approach is studied to apply on this equation. Due to the fact that
Borchers approach is formulated based on the classes of mechanical
and thermal variables, it is not possible to directly apply it to Boltzmann
entropy equation. So, it is necessary to use other perspectives related
to this equation. In this paper, the quasi-statistical approach is used
due to the fact that it is directly based on the variation classes of the
activated energy components in the performed process. Therefore,
considering quasi-statistical approach to entropy with the same base
as Boltzmann entropy equation and structure-based properties as

Borchers statement of the first law of thermodynamics:!->!2-1418
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Where kMS is a constant, and u, uj' are dependent activated
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energy components in the general and quasi-statistical paths. So,
considering Borchers statement of the first law of thermodynamics for
any dependent activated energy component as well as by performing
the required calculations on Burchers expression:
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Eq.5 takes entropy as an integrated relation of thermal and mechanical
classes. Considering entropy as an integrating denominator, to apply
Borchers approach on the Eq.5, an innovative solution is needed.
According to the mathematical and physical properties of the classes of
thermal and mechanical variables in Borchers view, a general class can
be separated into classes of mechanical and thermal subspaces. In fact,
the general paths performed by the system in the exchange of energy
with the surrounding can always be achieved by two special processes
in one of which only mechanical variables are activated and in the other
only thermal variables appear in the path (Figure 1).
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Figure | Separation of the general path into two mechanical and thermal
paths.
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Eq.6 has outstanding features in terms of mathematical structure
and physical foundations, and it also provides the necessary conditions
for development Borchers’ point of view to Eq.5. In fact, considering
that the mechanical part of the Eq.6 is activated only in path 1 and is
not active in path 2, and also the thermal part is activated in path 2 and
not active in path 1, the mathematical structure desired by Borchers
can be applied on the mechanical and thermal parts of this equation.
Finally, considering Eq.6 as well as Borchers approach to the required
mathematical conditions for entropy:
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Eq.7 gives the general structure of the generalization of Borchers
remarks based on the statistical approach to entropy. Mechanical and

thermal classes are the basis of the physical structure governing the new

remarks. According to the number of mechanical and thermal variables
considered, the number of remarks extracted from Eq.7 is determined.
Also, for the special Borchers case with only X, ¥ as required
variables:
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Which is actually a direct development of Borchers remarks for
the statistical perspective to entropy. The physics of this subject is
very fundamental and actually provides a connecting line between
classical thermodynamics and statistical thermodynamics. On this
basis, it is necessary to pay special attention to these remarks in the
analysis of statistical systems. In fact, calculations related to statistical
systems need to establish new remarks. This allows system variables
to maintain their classical structure while having their statistical
nature.

i

Discussion and conclusions

The basic issues in this paper can be explained as an extension of
Borchers classical view and remarks, combining Borchers classical
view with a quasi-statistical approach with a common basis as
Boltzmann entropy equation, as well as extracting further remarks in
terms of heat exchange and work done in physical processes.

Remarks on the second law of thermodynamics have been developed
from both experimental and theoretical aspects. In fact, studies on
the different aspects of the second law have always been mentioned
as a necessary issue in the physical theories. The development of
various definitions for entropy can be one of the theoretical roots
for the relevant remarks. According to the general characteristics
that every definition of entropy must have, the issue of expanding
the relevant concepts can be pursued while using other scientific laws
and according to the first law of thermodynamics. Borchers classical
innovative expression of the first law of thermodynamics considers
the structural and behavioral aspects of the system with regard to the
performed process. In fact, this statement becomes the basis for the
formation and definition of the classes for the studied system in the
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space of mechanical and thermal change variables. The structure of
Clausius expression of the second law, and also assuming the entropy
as an integrating denominator along with Borchers expression of the
first law of thermodynamics forms the basis of Borchers remarks in
the classes of mechanical and thermal variables. Development of the
Borchers view for other definitions of entropy is generally associated
with many mathematical and physical challenges, and is not possible
in most cases. However, as Borchers has emphasized, extending his
remarks to other views of entropy can take valuable aspects of the
second law.

One of the most important and valuable views regarding entropy
is Boltzmann statistical view in statistical physics. Theoretically,
Boltzmann view can be applied to all physical problems without
restrictions. However, from a mathematical point of view, Borchers
classical view cannot be extended to it. So, it is necessary to use the
corresponding quasi-statistical equation with a common base with
Boltzmann’s point of view. In this way, considering that the quasi-
statistical approach has fundamental commonalities with Borchers
expression of the first law, considering the decomposition of the
vector of variables in the general space classes into its components
in the subspaces of mechanical and thermal variables, the necessary
mathematical process can be followed.

Although the basis of Borchers view is based on the laws of
classical thermodynamics, the generality governing one of its basic
hypotheses, which is the integrating denominator of entropy, makes
it possible to generalize it to other views on entropy. In this paper,
Borchers process is used with an innovative solution about the
decomposition of general variable classes and the related mathematical
process is followed. The extracted remarks have the basis of statistical
physics, and in fact, they are related to entropy in the perspective of
statistical physics. These remarks are part of the requirements of the
second law, and are written on the basis of heat transfer and work
done in physical processes, and at the same time include Borchers
mechanical and thermal variables. This issue leads to the expansion
of Borchers variables by paying attention to the statistical foundations
of entropy and the second law, and it is necessary to pay attention to
the application of the second law.

According to the development of Borchers classical view for the
statistical concept of entropy, as well as new remarks with classical
and statistical physical foundations for mechanical and thermal
classes, new remarks take new aspects of the second law in statistical
physics systems. New concepts need to be of special attention in the
study of statistical physics systems and can provide an outstanding
solution to indirectly apply the effects of the second law on the
system. Also, the solution of extracting new remarks can be followed
for the fundamental concepts of quantum mechanics and the quantum
aspects of Borchers view can also be studied. In fact, according to
the connection line created between classical thermodynamics
and statistical physics, a new solution is developed for the study of
statistical effects according to the classical nature of mechanical and
thermal classes in physical systems.
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