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According to the Le Chatelier's principle the spontameous processes induced by ,~ 
deviation from equilibrium are in a direction to restore the system to equi|ibrium. We gire 
tlfis principle in detailed and explicit forra. 

1. Introduction 

It is important to know �91 a physical system whether it is stable or not. If 
it is in equilibrium state then it is known th �91 the conditions of stability �91 ds = 0 
and d2S < 0 where S is the entropy function of the system [1]. Now we considera  
systcm that  is taken out of equilibrium by some imposed perturbation. According 
to the Le Chatel ier-Braun principle the perturbation directly includes a process 
that reduces the perturbation. 

The most generalized thermostatic form of this principle is due to F› and 
Tisza and is in close connection with the following inequality series [2, 3] 

0y1[~2 ..... x .  > Oyt [~2 ~3 x ,  Oyl lu~ y. , x~ Oyl ly, ~. 
a~, ~ . . . . . .  > ~ . . . . . . .  > ~ ..... (1) 

Oz1 Oz1 Oz1 Oz1 

which refer to the initial state of the perturbed system, where xi are the exten- 
sive parameters and Yi the intensive ones. These are consequences of the entropy 
maMmum principle. 

We characterize the departure from equilibrium state with parameters ai[4,5] 

X i - -  Xio 

Zn+l 
i =  1 ,2 . . . ,n ,  (3) 

then the thermodynamic forccs are: 

0a~ 0a~ o 
X i -  Oa--~i O,~i ' 

i =  1 , 2 . . . , n ,  (4) 
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380 P. SAMU 

where o~s is the ~ parameter  of the entropy as the function of the other oq param- 
eters. 

By means of parameters o~i and forces X i  I. Kirschner gave another way to 
characterize the per turbed system initial state [6]. 

Ixllc,2 ..... ~ .  > IXl[x=,~~ ..... ,~. > I X x I x = , x : , .  ..... a .  > - . .  > [Xl[x= ..... x .  (5) 

and by fluxes: �91 = 

la~lx= ..... x .  > I~~l~~,x~ ..... x .  > [&x]~~,~.,x. ..... x .  > ." > ]&l[~~ ..... ~. (7) 

where X1 -~ 0 and 

[XIl&2,...,&,, > [Xl[x:~,dta ..... &. > [X, lx~,xa~, ..... a . ,  > " "  > [XaIx~ ..... x . ,  (8) 

where &l # 0. 

2. Ef fec t  o f  p e r t u r b a t i o n  to  t h e  t h e r m o d y n a m i c  s y s t e m  

The parameter o~ of the entropy is: 

Gs = O~s(OClO~2 . . . .  ~n)-  (9) 

We can expand o~s in powers of the parameters c~i 

0a,  1 02oc, 
~. -- - , ( 0 ) +  E ,  --(~'Os, + 2 . ~  OcqOC~ko a, ak + ... .  (10) 

We introduce the positive definite symmetric matrix gi~ 

O2~s 
gik - OakOoti (11) 

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

�9 i -" - - E g i k ~ k  , 
k 

i =  1 , 2 , . . . , n .  

From Eq. (4) it follows in ser approximation 

1 ~w-'~gikOqOtk = 1 .  A a s  = ---6 - ~ g ~ ~ .  

i,k 
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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 

cr = A&, = Z g i k & , a ~  = Z & q  = d~X. ( 1 4 )  
i ,k  i 

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

b = ~X + ~X, (15) 

= LX, (16) 

where the Onsager theorem states that  Li~ is a positive definite symmetric matrix 
[9]. 

Assuming that  L is constant the acceleration can be written as follows 

= L:~. (17) 

Inserting this Eq. (15), we obtain 

b = L:XX + ]~xx ,  (18) 

where the two terms on the right hand side are equal. Thus 

b = 2f, X X  = 2a_' X. (19) 

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

= 221~1 (20) 

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

X 1  = - g l l & l  - g 2 2 6 2  . . . . .  g l , , , - ~ & , , - k ,  

0 : - g 2 1 ~ 1  - g22(~2 . . . . .  g2,n_k~n_k, 
0 : - -g31&1 --  g a 2 •  . . . . .  gn-k,n-k&n-k, 

(21) 

0 = --gn-k,l~l -- gn-k,2Ot2 . . . . .  g3 ,n-k �91 
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where we have written out the first n - k equations explicitly. 

D~_~ Xx, (22) Otl = Dn-k 

where notation Dn_~ stands for the principal minor of the gi~ matrix with n - k 
rows and columns and D~_~ is obtainable from Dn_~ omitting the first row and 
column. Because: 

D__.k~ = D~_~ D~_~ DO', (23) 
D~ DJ_~ DJ 

where 

D O  I = 

gi,~ gz,2 �9 . .  g~,~-t 
g2,~" 

D~_I 

t D L 1  

g k - 2 .  - - - gk-l,k .gk,k 

gk,~. 
g k , 3  

g~,k-1 
gk,1 

(24) 

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

l a x l x ,  ..... x .  > Ia~lx~ ..... x . _ , , a .  > I a l l x ~  ..... J t . _ . , ~ . _ , , ~ .  > " "  > Iax la .  ..... ~ .  (25)  

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

I~ lx , , . . . , x .  > I~lx~ ..... x ~ _ , , ~ .  > I~ lx ,  ..... x . _ ~ , ~ ~ _ , , ~ ~  > " > I~1~= ..... ~ . .  (26)  

Similarly, if the initial state is a l  ~s 0 and the bound conditions �91 as in 
Table I, we obtain: 

1211, ,  ..... ~ .  > I)�91 ..... ~,, > {~'llx~,x~~.. ..... ~ .  > . . .  > 1211x~ ..... ~:. (27)  

and from Eq. (19) it follows: 

I~1~,,,...,~. > I~ lx ,~~  ..... ~ .  > I ,~ lx:x~s,  ..... ~,. > " "  > I ,Hk: . . . , x . .  (28)  

We would like to state that  the inequality series (25), (26), (27) and (28) refer to 
the initial state 0f the perturbed system, and give information about the velocity 
of decrease of the deviation from equilibrium. 
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