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Abstract

The first part of this paper is a condensed synthesis of the matter presented in
several previous ones. It begins with an argumentation showing that the first
and second laws of thermodynamics are incompatible with one another if
they are not connected to relativity. The solution proposed consists of insert-
ing the Einstein mass-energy relation into a general equation that associates
both laws. The second part deals with some consequences of this new insight
and its possible link with gravitation. Despite a slight modification of the
usual reasoning, the suggested hypothesis leads to a simplification and exten-
sion of the thermodynamic theory and to the idea that relativity is omnipre-
sent around us.
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1. Incompatibility of the First and the Second Laws in
Conventional Thermodynamics

1.1. Irreversibility and Reversibility in the Case of a
Work Exchange

Let us consider a system defined as a gas enclosed in a cylinder fitted with a fric-
tionless piston. If this system is concerned by a mechanical work exchange with
its surroundings, the equation describing the general case of an irreversible pro-
cess is:

aw,

T

Rdv (1)

DOI: 10.4236/jamp.2022.107146

Jul. 15, 2022

2141 Journal of Applied Mathematics and Physics


https://www.scirp.org/journal/jamp
https://doi.org/10.4236/jamp.2022.107146
https://www.scirp.org/
https://doi.org/10.4236/jamp.2022.107146
http://creativecommons.org/licenses/by/4.0/

J.-L. Tane

where dV represents an elementary volume change, P. the external pressure and
dW the corresponding change in work.
In the case of a reversible process, Equation (1) becomes:

dw,,, =-Rdv ()
where P, represents the internal pressure.
Therefore, for a given value of dV; the difference dW,, —dW,, can be writ-
ten through the relation:
dW,, =dW,,, +dV (R - R,) 3)

Since dVis positive when P, > P, and negative when P, <P,, the term
av (Pe -P ) is always positive, and we get in all conditions the relation:

CIWirr > dWrev (4)

Keeping in mind this information, let us imagine an isolated system made of
two gaseous parts designated 1 and 2, separated by a diathermic piston. If the in-
itial pressures P, and P, are different, the piston will move until they become
equal. Applying Equation (1) to both parts, we get:

dW,,, =—P,dV, (5)

dw, ., =—RdV, (6)

Since dV, =-dV,, the value dW/,gs: Of the whole system is:
dW, . =dV, (R —P,) @)

irrSyst

Knowing that dV; is positive when P, > P, and negative when P <P,, we

have in all cases:
dw

irrSyst

>0 (8)

In the conventional interpretation of the first law, it is admitted as a postulate
that the internal energy U of an isolated system cannot vary, and therefore im-

plies the relation:

du =0 9

irr,Syst

To reconcile this result with the one given by Equation (8), the only possible
solution is in admitting that the positive value of dWj.s is compensated by a

negative value of another energetic term. Referring the well known formula:

dU =dQ +dw (10)

we are spontaneously tempted to think about a heat exchange and imagine that

it must obeys the condition:

inrrSySt <0 (11)
and more precisely:
inrrSys = _dWirrSys (12)
in order that we can get:
dUirrSyS = desyS + dWirrSyS =0 (13)
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The existence of a heat exchange within the system can be explained by the
fact that the temperature tends to increase in the compressed part and to de-
crease in the expanded one. In such a case, the heat exchange (through the dia-
thermic piston) is the natural response of the system to restore the equalization
of the temperatures.

Is it really possible that the heat exchanges occurring within the system are

characterized by the condition dQ < 07? This important question is discussed

irrSyst
below.

1.2. Irreversibility and Reversibility in the Case of a
Heat Exchange

The subject is closely related to the state function S, called entropy, and to the

second law of thermodynamics, Ze. to the expression:

dS =dQ/T +dS, (14)

whose precise meaning is:
dS =dQ,, /T, +dS; (15)
Equation (15) being an entropy equation, the corresponding energy equation

takes the form:

T.dS =dQ +T.dS, (16)
whose meaning is:

dQirr = erev +Tedsi (17)

In Equation (17), the term dS; is known to be positive (fundamental informa-
tion linked to the second law) and the term 7. too (absolute temperature).

Therefore the term 7.dS; is itself positive, so that we have necessarily:

inrr > erev (18)
This last formula can equally be written:
inrr = erev + dUadd (19)

where dU,qs means dUqaiona and has a positive value.

Applying Equation (19) to part 1 and part 2 successively, leads to:
inrrl = erevl + dUaddl (20)
inrrZ = erevZ + dUaddZ (21)

where both terms dU,4a and dU,qs are positive
By addition, the value dQisy of the whole system is:
inrrSyst = erevSyst + anddSyst (22)

In Equation (22), we have dQ
implies the equality dQ,,, =—-dQ.,,)-

revsyst =0 (because the condition of reversibility

Observing that dQudds is positive (being defined as dQ,qgyr = AU 441 +dU 144, ),

the resulting conclusion is:

inrrSyst > erevSyst (23 )
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that implies itself:
inrrSyst > 0 (24)

This result being in disagreement with the expected one (cf. the last two lines
of section 1.1), we are led to the conclusion that something is wrong is the basis

of the discussion and needs to be revised.

1.3. Irreversibility and Reversibility in the General
Case of an Energy Exchange

If the conclusion just obtained is recognized as valid, it seems that the only
possible solution of the problem is in admitting that the adequate formulation of
the first law of thermodynamics is not dU =dU

but :

as usually admitted,

irrSyst revSyst

U s = AU gy + AU s (25)

irrSyst revSyst

In Equation (25), the term dU,ausy has a positive value when the system is
concerned by internal energy exchanges (irreversibility) and a zero value if it is
not the case (reversibility). Knowing that real processes always contain a part of

irreversibility, the practical significance of Equation (25) is

du >dU

irrSyst revSyst

(26)

Of course, the insertion of the term dU,aus in the theory raises the question
of the origin of this additional energy. The answer suggested in previous papers
([1] [2]) refers to relativity. According to the Einstein mass-energy relation £ =
mdc, it can be imagined that the energy created is linked to a correlative disinte-

gration of mass, giving to dU,qas the significance:
dU 4556 = —C°dM (27)

and to Equation (26) the significance:
du,, =du,, —c*dm (28)

In Equations (27) and (28), the minus sign placed in front of the term cdm
appears as a necessary condition to give dU,quss a positive value, in the same
manner as a minus sign is inserted in Equation (1) to give dWa positive value.

Among the immediate implications of this new conception is the fact that the
terms dQ;r and dQ,., can be defined by equations similar to those used for dW,,
and dW,., (Equations (1) and (2)). This leads to write as introductive definitions
the relations:

dQ,, =T.dS (29)
dQ,,, =T,dS (30)

Since Sis a state function, dS has the same value whatever is the level of irre-
versibility of the heating process, so that the difference dQ;, — dQ.., can be writ-

ten:

dQ,, —dQ,,, =dS (Te -T;) (31)
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The terms 7. and 7 being positive (absolute temperatures), Equations (29)
and (30) imply that the sign of dS is always that of dQ (which is evidently the
same for dQ;-and dQ.).

Having dQ > Owhen 7. > T;and dQ < 0 when 7. < T, the same is true for ds.

Therefore, the term dS(T. — 7)) is always positive and implies the relation:
inrr > erev (32)

This result being identical to the one already obtained with. 23, it gives an in-

direct confirmation of the validity of Equations (29) and (30).

2. The Omnipresence of Relativity

2.1. Preliminary Remarks

It is often admitted that the need of relativity is restricted to processes implying
very high speeds. Taking into account the considerations examined above, it ap-
pears on the contrary that relativity plays a fundamental role in the thermody-
namic theory. Combining this data with the wide usefulness of the laws of ther-
modynamics, we are led to the conclusion that relativity is omnipresent and can
never be neglected.

The important point to keep in mind is that Equation (28) covers both the
first and the second laws. The first law, usually understood as meaning
(Equation (26)).
Correlatively, the second law whose classical transcription is the entropy equation
dS = dQ/T, +dS;, takes now the form of the energy equation T,dS =dQ +T,dS;
(Equation (16)) whose precise meaning is dU,, =dU ,, — c’dm (Equation (28)).

du,, =dU,,, is understood here as meaning dU,, >dU,_,

As can be seen through the references quoted below, the existence of a link
between thermodynamics and relativity has been suggested for a long time ([3]
[4]) and remains an actively studied subject ([5] [6] [7] [8] [9]). The originality
of the argumentation presented above is probably its simplicity, with the advan-
tage of being accessible to a large scientific readership, not necessarily highly
specialized in physics and chemistry. The matter that will be discussed now is
pursued in the same perspective. It deals with some possible consequences of the

suggested hypothesis in the fields of physico-chemistry, astronomy and biology.

2.2. Possible Consequences in Physico-Chemistry

The aim of this section is to show that a simple and general relation can be pro-
posed between the term dU.auss and the differential dG of the thermodynamic

function G (Free Energy). This relation is:

dG =—dU 4y, =+C2dM (33)

For an easier derivation of Equation (33), the discussion is divided into two
steps.

1) First step

Let us come back to the gaseous system considered in the first lines of Section

1.1. If its volume varies from an initial state V; to a final state V5, the corres-
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ponding work exchange obeys the following peculiarities:
If the process is irreversible (practical case) we have to integrate Equation (1)

and we get:

V.
AW, = jvf —-Pdv (34)

If P.is constant, Equation (34) becomes:

V2

AW, =-PR,[AV ]/ (35)
If P.is not constant, it can be written:
AW, =P [AV]? (36)

where P is the average value of 2. during the process.

For a given process, the term P, represents a mathematical constant. There-

fore, even if its value is not known, we have necessarily:
dP, =0 (37)
If the process is reversible (limited theoretical case), the same reasoning leads
to the conclusion:
dP =0 (38)

In a similar way, the integration of Equation (29) leads to:

AQ,, = jssf T.dS (39)

If 7.is constant, Equation (39) becomes:

AQ, =T,[AS] (40)

If 7.is not constant, it can be written:

Sz
St

AQirr = Te* [AS] (41)

where T, is the average value of 7, during the process, and implies the condi-
tion:

=0 (42)
The same situation is true for 7;and leads to the relation:

dT" =0 (43)

As a preliminary result of the discussion, the terms dUy,, dU.., and dU,4q cor-

responding to a thermomechanical process can be written under the forms:

dUirr = dWirr + inrr (44)
du rev = dWrev + erev (45)
du,, =dU,, -dU,,, =-c*dm (46)

Then taking into account Equations (1), (2), (29) and (30) (and respecting the
fact that the expression dU =TdS —PdV is more in use than
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dU =—PdV +TdS ), we see that another possible formulation of the triplet just

evoked is:
du,, =T, dS-PdVv (47)
dU,, =T, dS-Pdv (48)
dU, = (T, dS —PdV )~(TdS - P"dV ) = —c’dm (49)

Therefore, an alternative writing of dU., is:

du,,, = (T, dS—P/dV )+c’dm (50)

2) Second step
The function free energy G, is defined by the relation:

G=H-TS (51)
where:
H=U+PV (52)
Consequently, the expression of dG'is given by the well-known relation:

dG =dU + PdV +VdP —TdS —SdT (53)

whose meaning is:

dG =dU,,, +P.dV +VdP, - T,dS — SdT, (54)

rev

Taking into account the considerations already discussed (first step), another

possible transcription of Equation (54) is:
dG=dU,, +P dV +VdP, -T,dS - SdT, (55)

Now, entering in Equation (55) the value dU., given by Equation (50), we

obtain:
dG =(T,/ds - PdV )+ c*dm+ P dV +VdP, ~T,'dS - SdT, (56)

After simplification and knowing (from Equations (37) and (42)) that dPe*

and dTe* are zero, we are led to:
dG = +c*dm (57)
whose detailed meaning can also be written as:

dU g4 = —0G = —cdm (58)

It is a fundamental point of thermodynamics that a negative value of dG'is the
condition of evolution of a system. Presented under the form of Equation (58),
this information shows more clearly that the negative value of dG'is the sign that
an additional energy has been created, which is directly related to a negative
value of dm, ie. to a disintegration of matter.

From the theoretical point of view, this information is of great interest. From
the practical point of view, that is to calculate dG, the value dU,., that needs to be
inserted in Equation (55) is not the one given by Equation (50), as already done,
but the one given by Equation (48). In such a case, Equation (55) takes the form:
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dG =T dS-P'dV +P'dV +VdP, - T, dS - SdT,’ (59)

Then taking into account that dP, and dT, are zero, Equation (59) reduc-
es to:

dG =ds (T, -T,")+dv (P -P") (60)

whose integrated form is:
AG =AS(T) =T, )+AV (R -F) (61)

Some elementary examples of the use of Equation (61) have been given in

previous papers ([1] [2]).

2.3. Possible Consequences in Astronomy

As noted above, Equation (28), whose expression is dU,, =dU,, —c’dm, ap-
pears as a general formula covering the first and second laws of thermodynam-
ics, thanks to their connection with the Einstein mass-energy relation. The im-
portant point of the discussion presented below is that the physico-chemical
processes occurring within a system imply a decrease of its mass. One of the ef-
fects of the geological events, for example, is a decrease of the mass of the Earth.

When a system evolves from an initial state 1 to a final state 2, an important
question is the nature of the symptoms that can be an indicator of the level of
irreversibility of the process.

We easily conceive that, for a given process, the decrease in mass is more im-
portant in conditions highly irreversibible than in conditions slightly irreversi-
ble. The problem is that, in an experimental context, the change in mass is so ti-
ny that it cannot be detected. It is therefore impossible for its own variations to
be measured.

A symptom more easily observable is the duration of the process, that must be
all the more restricted that the level of irreversibility is higher, all other condi-
tions remaining the same. From this point of view, it seems not excluded that the
measure of the duration could give information about the additional energy
created and the correlative decrease in mass.

Another possibility is that the mass variation of an object modifies the gravi-
tational energy of the larger thermodynamic system (for example a planet) to
which this object belongs.

Coming back to an example evoked in a previous paper ([10]), let us consider
the gravitational relations between the Earth and the Moon. Their respective
masses (noted M and M), their distant apart (noted R) and the gravitational
constant (noted G) have the following values:

M, =5.98x10* kg

M, =7.35x10% kg

r = 385000000 m
G=6.67x10"N-m?.kg™
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Entering these data into the gravitational equation:

Ep -1 (62)

gives:
Epyya = —7-614714545%10% ]

This result represents the potential energy of the Earth-Moon system.

Now let us imagine that the average distance Earth-Moon is increased by one
meter (385,000,001 m instead of 385,000,000). From Equation (62), we get for
the potential energy the new value:

Ep o = —7.614714526x10% ]

The change in potential energy is therefore:

AEP =EP i — EPpiiar =1.978873943x10%° )

This value is positive and, according to the relation dE = —c2dm, the corres-

ponding change in mass is:

Am =-2198.748 kg

This change in mass concerns the whole Earth-Moon system and can be lo-
cated inside both bodies or only one. Related to the mass of the Moon, and even
more to that of the Earth, such a change appears negligible (respectively 2.99.
1072° and 3.67 x 1072). For this reason, Equation (62) gives the same value for Ep
whether the term dm is inserted in it or not. The situation is different for the
change in distance, because related to the initial value 385,000,000 m, an in-
crease of 1 meter represents a change of 2 x 10™. As observed above, this is
sufficient for Equation (62) to exhibit a change in potential energy. Neverthe-
less, if we admit that a change in distance implies a correlative change in mass,
we must admit that, reciprocally, a change in mass—even very small—implies
a change in distance. Its value can be calculated writing Equation (62) in the

form:

r= _GMm (63)
Ep
By designating Ar =r, —I, the change in distance, we get from Equation (63)

the simplified formula:

Ar=r,—r, =GMm(i—iJ (64)
Ep, Ep,

If the previously obtained values Ep; and Ep, are entered in Equation (64), we
get approximately the expected result Ar = 1 m. The relative invariability of the
term GMm, compared with the variability of the potential energy Ep and of the
distance ris an illustration of the contrast between the concept of “frozen ener-
gy”, and that of “liberated energy” ([11]).

Although very simple, is seems that this kind of reasoning opens a possibility

to extend towards astronomy the link between thermodynamics and relativity

DOI: 10.4236/jamp.2022.107146

2149 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2022.107146

J.-L. Tane

suggested by Equation (28).

2.4. Possible Consequences in Biology

It is a matter of fact that the behavior of a living body is not the same after its
death as it was before. Knowing that after its death, this behavior is the one cor-
responding to inert matter, that is to Equation (28), it can be expected that, on
the contrary, living matter does not obey Equation (28).

The thermodynamic difference between living matter and inert matter has
been studied for a long time by many scientists and has led to the concept of ne-
gentropy. Referring to Equation (14), Ze. to the conventional expression of the
second law, it consists of the idea that a living system is characterized by a de-
crease in internal entropy (dS; < 0), instead of the usual increase (dS; > 0) that
constitutes the characteristic of inert systems. Introduced in the middle of the
XXth century ([12]), this concept is still a subject of active scientific discussion
([13]).

Examined under the light of Equation (28), the problem remains the same,
except that the condition dS; < 0 takes the form dU.,qs < 0, implying dm > 0. Si-
milarly, the condition dS; > 0 takes the form dU,q > 0, implying dm < 0.

A few years ago, experiments were performed ([14]) showing a positive change
in mass for a closed thermodynamic system made of a mixture of living an inert
matter. It is well known, in thermodynamics, that when a closed system is exclu-
sively made of inert matter (a gas contained in a cylinder for example), its ex-
changes of energy with the surroundings never lead to a detectable change in
mass. As a consequence, the observations reported were interesting from a double
point of view. The first one because the change in mass was sufficient to be mea-
surable, the second because it was positive.

Curiously, it seems that the results presented by this author have neither been
confirmed nor contested. Taking into account the potential incidence of such an
information, it would surely be interesting that new experiments be performed.

Referring to Equation (28), a confirmation of the increase in mass would sug-
gest that living matter is able to convert energy to matter. Such a behavior would
contrast with that of inert matter, which is supposed here to be characterized by

an ability to convert matter to energy.

3. Conclusions

It is important to note that the hypothesis advanced in this paper is not a rejec-
tion of the thermodynamic theory, but an extension and simplification. Both are
made possible by the insertion of relativity in the discussion.

The links towards astronomy and biology, briefly evoked above, are examples
among others of the kinds of extensions that can be imagined. The idea that
every process occurring in nature implies a correlative change in mass is equiva-
lent to say that relativity is omnipresent around us. It is an invitation to search

for a close link between thermodynamics and gravitation.
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As often felt by students and explicitly mentioned by some authors of text-
books ([15] [16]), the conventional conception of thermodynamics raises con-
ceptual difficulties. Thanks to the simplification allowed by its connection with
relativity, it can be expected that the theory would appear more easily accessible
to a large scientific readership. Due to the increasing use of the thermodynamic

tool in earth sciences, geologists are particularly concerned.
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