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According to the Le Chatelier's principle the spontaneous processes induced by a
deviation from equilibrium are in a direction to restore the system to equilibrium. We give
this principle in detailed and explicit form.

1. Introduction

It is important to know about a physical system whether it is stable or not. If
it is in equilibrium state then it is known that the conditions of stability are ds = 0
and d®S < 0 where S is the entropy function of the system [1]. Now we consider a
system that is taken out of equilibrium by some imposed perturbation. According
to the Le Chatelier—Braun principle the perturbation directly includes a process
that reduces the perturbation.

The most generalized thermostatic form of this principle is due to Fényes and
Tisza and is in close connection with the following inequality series [2, 3]
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which refer to the initial state of the perturbed system, where z; are the exten-
sive parameters and y; the intensive ones. These are consequences of the entropy
maximum principle.

We characterize the departure from equilibrium state with parameters a;{4,5]

Li — Tio
o = ———,
Tatl
i=1,2...,n, 3)
then the thermodynamic forces are:

o Jda, Ja,
YT 60’.' 60,‘ 0,
1=1,2...,n, (4)
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where o, is the o parameter of the entropy as the function of the other «; param-
eters.

By means of parameters «; and forces X; I. Kirschner gave another way to
characterize the perturbed system initial state [6].

| X1laz,an > 1 X1]X3,08,.0n > 1 X11X0, X004, 0000 > - > [ X1xs,. %0 (D)

IallXQ,...,Xn > Iallag,rs,...,X,. > Ialla;,as,Xg,...,X,. > e > |a1|ag,...,a“ (6)
and by fluxes: &; = id@?x
lé1|xs,. X0 > 101 ]as,Xs, 0 X0 > 016068, X0, X0 > - > Ja1]ag, 060 (T)

where X1 # 0 and

[X1lag, an > 1 X1lx5,00, 40 > [ X11X5, X560, 06m > - > 1 X1x0 o x0y (8)

where a; # 0.

2. Effect of perturbation to the thermodynamic system
The parameter a of the entropy is:
as = ay(arag ..., ap). 9)

We can expand «, in powers of the parameters «;
da 8%
0)+Z acr, 226——"——a;ak+.... (10)
i,k o

We introduce the positive definite symmetric matrix g;

8%a,

Jik =—(')Tka_a_i (11)

and by inserting Eq. (10) in Eq. (4), we find in second-order approximation

Ti = — Z ik Ok,
k
i=12,...,n. (12)
From Eq. (4) it follows in second-order approximation

1
Aa, = —= ik = —Egaa. (13)

ik
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The entropy production is the sum of products of each force with its conjugated
affinity (7, 8] and in this case, we have

oc=Aa, = Zyikd.'ak = Zd.-X,- = aX. (14)
i,k 3

Differentiating the entropy production ¢ with respect to the time, we have:

o

aX + X, (15)
a=LX, (16)

where the Onsager theorem states that L;; is a positive definite symmetric matrix

[9].

Assuming that L is constant the acceleration can be written as follows
a=1LX. (17)
Inserting this Eq. (15), we obtain
&= LXX + [XX, (18)
where the two terms on the right hand side are equal. Thus
& = 2LXX = 2aX. (19)

It is remarkable that this result was obtained already in 1963 by Gyarmati and Olah,
however, in a different way [10]. From Table I substituting any initial condition into
Eq. (19) we find

o= 2X1d1 (20)

and substituting the K-th initial condition into Egs. (12) we have

X1 = —g1101 — 92202 — - = J1,n—kOn_k,
0= —go161 — ga202 — - — g2 n_kQn_p,
0= —ga101 — 93202 — - ~ Gn—k,n-kGn_k,
(21)
0= —gn-#,101 — gn_k,202 — ** — g3 n_kOn_k,
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where we have written out the first n — k equations explicitly.

Dy
o) = ==X 22
1 Dn_k 1, ( )
where notation D, _; stands for the principal minor of the gy matrix with n — k
rows and columns and D}_, is obtainable from D,_; omitting the first row and

column. Because: .
Dy Diy Dy,

_ = — - DD', 23
Df =~ DL, D] %)
where
9k,2
gi.1 91,2 g1,k-1 9k,3
g D,
DD' =| Juk k-1 (24)
Di-—l gk, k-1
9k—-1,k Qk-2.~— — Gk Gk,

Thus by the help of positive definitivity of matrix g;; from Eq. (22) it follows:

la1lx, k. > lanlx, ka0 > 10lx, X sduoran > > l01lag,. 6. (25)

Inserting this in Eq. (19), we have:

101%,. 0 > 1015, % ran 2 19l%, X sdn_ran > > [0las,an- (26)

Similarly, if the initial state is @; # 0 and the bound conditions are as in
Table 1, we obtain:

1 X1las,..cn > IXIIJE,,d,,...,&. > |X1|x,,)'r,d.,...,a. > > lXxlx,,...,x.. (27)

and from Eq. (19) it follows:
0las,ndn > 105,05 a0 > 10 kaRsa0, a0 > 0> lolx,... x..- (28)
We would like to state that the inequality series (25), (26), (27) and (28) refer to

the initial state of the perturbed system, and give information about the velocity
of decrease of the deviation from equilibrium.
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