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Entropy: A concept that is not a physical quantity
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ABSTRACT

This study demonstrates that "entropy” is not asgta) quantity, i.e., there is no physical
guantity called "entropy". When heat engine efficigis defined asj=W/W;, and the reversible

cycles is decided to be Stirling cyclqﬁin/T:O is established, we can prg%N/T:O amf

d/T=0. If consideringng/T=0,yﬁW/T:0 and y{dE/T=O have defined new system state variables,

It would be ridiculous to show such a definitiomeTfundamental error of "entropy" is that the
polytropic process function Q is not a single-valdenction of T in any reversible process, P-V

figure should be P-V-T figure, $8(4Q)/T)] becominddQ/T is untenable. As a resgﬁlQlT:O,
de/T:O anqlde/T:O are all untenable, namely, there is not sdoimula agfdQ/T:O,f

dW/T=0 amﬁjE/T:O at all. Since the "absolute entropy" of Bolann is used to explain

Clausius’ "entropy" and the unit (J/K) of Boltzmanfientropy" is also transplanted from the
Clausius’ "entropy", it is at the same time denied.
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INTRODUCTION
What is "entropy" ? This is a controversial questiebated for more than 100 years.

Historically, based on the results obtained frora thversible cycle of any thermodynamics
system thaﬁfidQlT =0, Clausius put forward a conclusion that there isesv system state

variable in 1865: "Entropy" (indicated by the syrhif®), and considered that "entropy"
difference for any two equilibrium states in a systis:
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AS=S,-S, = [ dQ/T

And thermodynamics can only calculate the diffeeer& well-known "entropy" increment law
was put forward accordingly.

In 1872, Boltzmann put forward an absolute "entfofiymula, S=kInQ, where k is the
Boltzmann constantQ) is the thermodynamic probability, and "entropy“censidered as the

degree of system confusion, or the measure marKerder”. This is considered as the best
interpretation of "entropy”, and people still ubestinterpretation today.

The above conclusions are still be widely acceptatilearned. We can find the above content in
any textbooks of thermodynamics and statisticalspisy "Entropy” has been widely used as an
important physical quantity although we are notaiarwhat "entropy" really is.

There are many unresolved problems or conflictsclwhare difficult to justify in above
conclusions, which indicates that "entropy" is peatatic.

Il "Entropy" is not a physical quantity
8 2.1 The origin of "Entropy"

To illustrate "entropy" is not a physical quantitye should first review the origin of "entrépy
briefly:

First, the heat engine efficiency is definedasW/Q,, that is, taking the ratio of W t®, as
a heat engine efficiency, where W is the net wbidt the heat engine cycle generated to the
external world andQ, is the heat the system absorbed from the outsidd; Carnot cycle
n=W/»Q, :1—Q%1, n has nothing to do with the system working substanand it only

relates to the two constant temperature heat seufterefore, the definition of thermodynamics
temperature scale &6 6,/6, =Q,/Q,. When the system working substance is ideal gas;am
prove that:

Q,/Q =T,/T, thatis 6,/6,=T,/T,

stil use symbol T to show the thermodynamic terapee scale, i.e.,
Q,/Q =T,/T,=Q/T, +Q,/T, =0, where Qs the heat release and which is negative itself.
Thus, for any reversible cycle, an infinite numibérCarnot cycles is used to approximate and

substitute arbitrary reversible cycles processn thgen, get§dQlT =0 , therfore, people

believe that dQ/T is a complete differential atﬁdQ/T =0is used to determine a system status
guantity, that is entropy.
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§ 2.2 "Entropy" is not a physical quantity
"Entropy" came from§dQ/T =0, therefore, if we want to prove that "entropyhigt a physical

quantity, we only need to prov§dQ/T =0 cannot define a physical quantity or itself is
untenable .

We know iﬁdQ/T:O is from the constar®,/Q, =T,/T, in Carnot cycle, which is the

method used to define the thermodynamic temperatake. The basis of its existence lies in the
combination of the definition of heat engine effiety and the Carnot cycle. We should know
that the heat engine efficiency formula is a dé&fni, while the Carnot cycle is different from
other reversible cycles just in forms, so it shawtd occupy a higher status than other forms of
cycles, and the role of defining the thermodynat@mperature scale should not be unique.

Let us prove thafIdQ/T = 0cannot define physical quantity and itself is uatead as follows.

Above all, We redefine the heat engine efficiency.

The heat engine efficiency is only meaningful te tbserver, how to define the efficiency of
heat engine has nothing to do with the objectivacgss of heat engine system. Therefore, we
can use other means to define the heat engingegitic in a reasonable way. Now the efficiency
of heat is redefined as the ratio of the net wbek the heat engine system has done to external
world in a cycle to the work that the system hasedim external world,

That is, the workW, that the system has done to the external worttlercycle will take place
of the heatQ, that the system has absorbed from the externabviorihe original definition of
n=W/Q,. Because the workV, that the system has done to the external worlthéncycle
cannot be totally transformed into the net wdkk, this is just like the heat that the system has

absorbed from the external world in a cycle carlvetome all the net work to the outside

according to the expression of Kelvin's second ltweyefore, these two definitions have the
same meaning. Here the second law can be givemoither way: there can be no such engines,
all its work done to external world in the cyclendae transformed into the net work done to the
external world. Obviously, this expression is eqlewt to the Kelvin expression.

Now, there is a heat engine that uses a certairuaimad working substance to do woi, to
the external world in a cycle, and the externallevavill also do work W, to the system for
system recovery. Thus,

W =W, -W,
From (2.2.1) we can see:
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Now take the Stirling reversible cycle shown indg 1 as the unit cycle and it plays the role of
Carnot cycle during the process of eIicitir§ng/T =0

a:\_\,
b

\FC

Figure | TV (Stirling) Cycle W

abeda consists of two reversible isochoric proceqgse. bc and da), and two reversible
isothermal processes (i.e. ab and cd).

Here, we call the heat source that exchange emmger with system in the isothermal process
as the work source in order to facilitate the ustderding of the followings. Here the cycle is
referred to as the TV cycle for short, and the leeagine doing TV cycle(namely stirling cycle)
is TV engine.

It is proven below that all reversible engines.(iT& engine) that only work between two
constant temperature work sources have the sameeptfy, and irreversible engines have lower
efficiency than reversible engines.

Take two engines, E and E ', E is reversible endings any engine, they both work between
constant temperature work souréesndf,, and they have arbitrary working substance. @4se
and6,to show the high temperature and low-temperatund wources respectivel§;>0,, here
0 could be any temperature scales. Assume that EE'athal the same net work to the external
world in a cycle, i.eAW; andAW,, and it is alwayd\W;=AW, = W (a situation similar to the

Carnot cycle). Use Wand W' to show the work done by the E and E ' in a gydlgand W'
are the works that the external world has done andEE 'n andn' are the efficiencies of E and

E . Firstly we prove thatn ' < n by contradiction,

Assume n'> n

Since E is invertible, so E can reverse movemeheénTW is the work that E has done to the
external world, and s the work the external world has done to E, &Nl is the net work the
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external world has done to E, and W=;-W,, W is provided by E' ; the hediQ=W
(=AW,=AW,) that E' absorbed in the cycle is provided by E,

w W

Therefore —>—=W, >W)'
1 1
Also, because
W2 - W]_— W
W2 '= W;LI -W
Then W, >W,'

Assume that E 'and E which run in reverse direstimtorporated into a heat engine, after a
combined cycle, the system will recover and the oaesult will be the system absorbs waW/

= W,-W,' from the low-temperature work source (i.e. heairee 6,) and automatically does
work AW= W;-W;' = Wo-W5' to the high-temperature work source (i.e. heat@,) . That is,
the heat equal tdAW= W;-W;' = W,-W5' is sent from the low-temperature work source f{ieat
source6,) to the high-temperature work source (i.e. heatre®6; ) automatically. This is
directly in contradiction with the expression okteBecond law of Clausius, that ig,> n is
untenable, thus, there must be:

If E 'is also reversible engine, Similarly, take €' engines to run in the reverse directiors it i
proved that) > 'is untenable. That is, if E and E' are both inbégtitheny >n 'andn'>n are
both untenable, thus, there must be:

n=n'" ... (2.2.4)

If E' is an irreversible engine, i.e., it is noT ¥ engine, then the equal markrn<n cannot hold,

according to the usual method of proof in Carnafegituation, becausenfn’, obviously after
the combined cycle of E which runs in reverse dioecand E', the system and the external
world will complete recover, then E' can only beegersible engine, this is contradictory to the
fact that E' is a reversible engine, thus, if EEla$ a reversible engine, there must be

n'<nn .o (2.2.5)

In this way, we can prove that under the definitadn(2.2.1), all reversible engines (i.e. TV
engine) that only work between two constant tentpeesavork sources have the same efficiency;
the efficiency of irreversible engine is less thia@ efficiency of reversible engine, has nothing to
do with the working substance .
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As the efficiency of TV engine has nothing to dahamvorking substance, the thermodynamics
temperature scale (absolute thermometric scalepeatefined as

N
N

That is to say that the ratio of two thermodynateimperatures is the ratio of the worlk @bne
by the TV engine that work between the two tempeeatvork sources(namely, heat source) and
the work W that the outside did to the TV engine.

When the working substance is ideal gas, and tsiesydo TV cycle, then,

Vi URT Inv—2
S We IVZ PV =1- v L 227
[7_ W = Vl ' I— —V— T_ ......... ( . )
: fVZ P dv URT, |n\72 '

1

Comparing (2.2.6) and (2.2.7), we know, to the lidgas g,/6,=T,/T,, that is, the

thermodynamic temperature scale which is define@®:6) is equivalent to the thermodynamic
temperature scale which is defined lgy/ g, = Q,/Q,. Habitually, we still use the symbol T to

represent the thermodynamic temperature scaldlas/§

T W
R (2.2.8)
2 WZ
It can be deduced from (2.2.8) that
W, W,
— +—= =0 i, (2.2.9)

[y
N

W, is the work that the external world has done &gystem and it is negative.
It is exactly the same with the process of deduoiﬁrtg;)/T =0, useing a serial element TV

cycles to split and replace any reversible cycfab® system, as shown in Figure 2,
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v
Figure 2 A Series of TV Cycles Split and Replacern®y Reversible Cycle

On the two isochoric processes of TV cycle, theralwaysAW=0, i.e. dW=0, so when the
number of element processes is infinite, namelyilemMystems and infinite work sources (i.e.
heat sources) exchanging work (equivalent to tla¢) hhere occurs

W g (2.2.10)

T

Again, this result has nothing to do with the warksubstance of the system.
Obviously, as for the irreversible cycle, we canaxthe conclusion‘tdeW <0

At this point, we get a conclusion th§tdW/T =0, which is paratactic witfmdQ/T =0. Then

according to the first ladE = dQ + dW, we can also get, for any reversible cycle of
thermodynamic system, there is

E = E + _W =0
T T T )
Over the past hundred years, people think pflaQ/T = defines a system state variable,

namely, "entropy". Then we can deduce that
§— =0  And §— =0

inevitably defines new system state variables.him reversible adiabatic process for example,
while the system reaches another different equilibrstate 2 from equilibrium state 1:

QL AW (2.2.11)
1 T 1 T
IZdQ jsz ............... (2.2.12)

149
Scholars Research Library



Shufeng-zhang Arch. Phy. Res,, 2011, 2 (4):143-152

during the system reversible isochoric processdifiterent equilibrium states 3 and 4, there is

AW L 9B (2.2.13)

3T 3T

E =0

T

define new system state variables, then they dferelit from each other and their dimensions
are the same, i.e. JJK . Therefore the system hgsame state variable, but various values; or
the system has three different state variableeersame unit. Although different state variables
with the same unit can exist in one system, buthaee already no idea about one S, thus
obviously this should be ridiculous now to havédefine" three.

According to (2.2.11) ~ (2.2.13), we can know tlifafc_ll_—Q:O , iﬁdTW =0 and §

d
Thus, the conclusion is§ ?Q = Ocannot define physical quantities.

Similarly, §dTW =0 and f% =0 cannot define physical quantity either.

i iﬁdQ/T =0 is a wrong formula based on a wrong calculus deuyc

So, what igﬁdQ/T =0?

In the textbooks, it is emphasized thétlQ/T =0 is a physical result rather than a
mathematical conclusion. That i§,dQ/T =0 can not be obtained by mathematical derivation.
If there is this result ofﬁdQlT =0, then it must define a system state variable,thrsdstudy
has already demonstrated the absurdity tifpaQ/T =0could define the physical quantities.
This means that this conclusiofdQ/T =0is untenable.

The key error of "Entropy" is that we cannot deduites mathematical conclusion
§dQ/T = 0from physics, that is, the conclusion gSﬂQ/T =0 is untenable. The key question

is, in the process of deducing the relational esgion of §dQ/T =0, AQ/T-dQ/T is taken for
granted in the proce§§(AQ)/T)] becomingdQ/T is false.

Because:

1. The prerequisite for the establishment of diffei@nts the existence of differentiable
function. Here we need to chand®)/T into dQ/T on the premise of the existence of a
differentiable function Q=f(T), but there is no esponding differentiable function here.

2. As for the element calculus, we know that elemeitudus is the application of calculus
under the premise of the existence of differenéidbhction.
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3. As for the element calculus, when Q is a functessume Q is a single-valued function of T,
i.e. Q=f (T), then it can be deduced that 1/TdQ=(8Fand|+1/TdQ=[+dF(T). In this cases

Q/T-dQ/T is tenable .

However, we know that for any reversible processs Qot a single-valued function of T, but
Q=f(T,V,P), here, between two different states, (@f,P) has innumerable forms, it is process
guantity depending on path, but to given path e process, the form of Q=f(T,V,P) is
unique. So, 1/TdQ=dF(T,V,P). For any reversiblecpss, generally speaking, P, V and T are all
variables, in fact, P-V figure should be P-V-T figuin P-V-T figure it is clear that only ¢

v Ie 1TdQ3t Jv [p dF(T,V,P) is meaningful, in P-V-T figure, it issal clear that a series of
Carnot cycles spliting and replacing any reversitjele in P-V figure is absurd at afipr
example, reversible adiabatic process could bersile adiabatic cycle, to reversible adiabatic
cycle, Carnot cycles spliting and replacing it istanable, the so called process AP(in
reversible isothermal processes) replacing dQ(Jnrawersible process) is untenable at all either,
and so on. What doek1/TdQ3dF(T,V,P) mean? Obviously, it is meaningless. Tisis

meaningful only to three variablgsgenerally speaking, two of the three variables are

independent variablg. integral, but it is meaningless to the formulaocok variable integral.
dQ/T (i.e. df(T,V,P)/T) itself is meaningless.

Therefore, 2Q/T—dQ/T is the misuse of the element calculus, anceisence of dQ/T (or say,
as some people likeQ/T) is df (T,V,P)/T, but this is meaningless. Peogo not follow the

principles of calculus, resulting in the illusiomat the variablecQ which only plays a role of
qguantity in the Carnot cycle reversible isothermpadcess and the polytropic process function

Q=f (T,V,P) in any reversible process have the saat@re, as a result, people tooR/T—
dQ/T for granted.

CONCLUSION

"ﬁ?dQ/T:O" is neither a mathematical conclusion nor a phaisiesult, the formula

§dQ/T = 0is untenable, similarly,§ dW/T = Oandﬁ?dE/T =0 are untenable either.
There is no so-called physical quantity as "enttopy

IV About Boltzmann’s "entropy”

So, what is Boltzmann’s "entropy"?

Boltzmann’s "entropy" is used to explain the Clagsi"entropy” and the unit (J/K) of
Boltzmann’s "entropy” is also taken from the Classi "entropy”, for Boltzmann’s
"entropy”S=kInQ is the artificial combination of a purely digit®Q and Boltzmanconstant

k which has unit (J/K), this formula is a man-mdaoienula. This study has demonstrated that the
Clausius "entropy" does not exist, and then théZ&whnn "entropy" is denied at the same time.
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It is impossible to try to deduce "entropy" in &#atal physics directly. On one hand, it also has
to go through a key step that translates infimbasiinto differential, but as the above mentioned,
this step is untenable; on the other hand, thesu@tK) of statistical physics "entropy
"(Boltzmann’s " entropy ") are transplanted froma@ius’ "entropy ", so if Clausius’ "entropy"
does not exist, there would be no the transplantceoof the unit (J/K) of Clausius’ "entropy".
As a result, statistical physics "entropy"” is ifth only a pure digital, and there is no physical
meaning.

In addition, even if we do not consider the isstihe unit, from a pure probability point of view,
in the S=kif2, Q is the so-called thermodynamic probability, anel ¢alculation of2 should use
the phase cell division in surpassing spacélhe phase cell is 2i-dimensional, i is the total
degree of freedom of the molecule within the systdime essence of calculatirtg is the
discretization of the continuous space, and giving it an objective meaning. In  fdbts
approach does not work, regardless of how much wedple have done so far, there will be no
objective conclusion, the reason being that ther@d objective and with physical meaning
criteria for the division phase cells, that@shas no objective meaning in physics. Afterwards in
light of Combine Liouville theorem and the conctuss of this paper, Boltzmann’s "entropy”
can be seen as a technique for displaying irreviéitgifrom a purely probabilistic point of view.

V  About the second law of thermodynamics

The second law of thermodynamics is expressed \mrakequivalent statements. Although they
have been proved by numerous facts, we can noteebnihe fact that they are the

phenomenological laws. Just as we express the iaragity as: any object can not move from

the lower place to high place spontaneously, th@ows expressions of the second law are
statements of specific phenomena, which fails veakthe unified and essential law of resulting
in these phenomena. The second law of thermodysamiicbe re-described by a new method.
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