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Nonstationary processes in two-component gaseous mixture are analysed. The
life-times of pairs of particles, formed in nonstationary processes, were found.
It was shown thatonly the pairs with parallel and antiparallel momenta have infi-
nite life-times. After certain time all other pairs disappear. This effect is due to
the dissipativity of nonstationary processes, and in this manner, the dissipativity
pauses the ordering of the system.

1. Introduction

The molecular gaseous mixture will be analysed in this paper. In order to
simplify calculations we shall consider the two-component mixture. It is assumed
that molecules are in a chemical reaction and consequently, the number of initial
particles is not conserved. In such a case the nonstationary processes can take
place in the system. These processes can be analysed with help of nonstationary
correlation functions which were introduced and analysed in many details in Ref. 1.

The kinetic energy of the whole system will be calculated, but the kinetic
energies of particle pairs will be the object of our special attention. It will be shown
that dissipativity, which is preseat in nonstationary processes, causes the ordering
of the system.
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2. Time dependence of operators in two-component gaseous mixture

We choose the model Hamiltonian of a two-component molecular mixture
in the analytical form, analogous to that of three-level scheme exciton Hamil-
tonian2:4+ %), The form of the model Hamiltonian is the following:

H= 3 X ) B (%) By () + - Yoo (B [B (B) B (— B) + B+ (— F) B, ()
ss'k

s, s €(1,2). (1.1

The Bose-operators B} (Z) and B, (15 in this Hamiltonian create and annihi-
late, respectively, a molecule of the mixture component s in the state with momen-

tum #k. It is necessary to note that, strictly speaking, the operators creating and
annihilating molecules in the given states do not obey boson kinematics, but they
can be considered as bosons in the harmonical approximation used here®.

The functions X, (7;) and Yo (I?) are defined as follows:

X (B) = A, 0590 + x50 (R (75 Ll
= A 04y Xoc? 5 X —_——_
= (%) w () < () 2 M; M,
Yo () = -—————hzvkz 1,2
= Yot —m——— 5,5 €(1,2). .
s (k) Y 2V M. M, (1,2) (1.2)
- K2 R?
It is seen from (1.2) that coefficients x;y (&) = S represent kinetic energies of

molecules of the component s. Mass of the molecule is denoted by M,. It is assumed
that the mixing of Bose-amplitudes is proportional to kinetic energies of molecules.
This is expressed by the non-diagonal terms x,¢ (k);s’ # s. The quantities 4,
are the Pauling’s activation energies. These energies are of the order of magnitude
of 1.— S interaction, i. e. about 10~22 J. From the analytical structure of the Ha-

miltonian, it is obvious that the coefficients Y,y (k) are related to virtual fusion
processes of two molecules into a pair and also to the processes of pair desinte-
gration. It is plausible to assume that the effects of these processes are proportional
to Kkinetic energies of molecules and it was the reason for defining the given form
of Y,y. Numbers y, are the probabilities of pairing and desintegration and they
can be calculated by quantum mechanical methods. We shall not make such a
calculation. In further, we shall take ¥ < 1. Taking into account that the molecu-
lar masses M, are of order of 10~22 g, we easily estimate order of magnitude of
different terms appearing in the Hamiltonian (1.1), i. e. 4, ~ 10 kg, X, ~ 1 kg,
Y,y ~ 1 kg, where k5 is Boltzmann’s constant.

The time evolution of the operators appearing in (1.1) can be found by the
following transformation to the new Bose-operators bt and b:

B, () =3 [t B) b (B) + v B BE(— B)] 5,0 €(1,2). (1.3)
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The energies E, as well as the functions  and v are defined by the'following
system of equations

B B) = 3 [Xow (B) thro (B) + Yoo (B) 00 (B)]
— BEvug (k) = T [X.r (B) 0o (B) + Yoo (B) t1 0 (B)]

3 [ty (B) tge (B) — 050 (B) 00s ()] = 8,0 5,50 €(1,2) (1.4)

The explicit form of energies and of the function « and » will not be quoted
here. These formulae are very clumsy and they are not necessary for further ana-

lysis. The functions # (Z) and v (Z) are the even functions of % and this is the essen-
tial fact for our further considerations. This follows from the fact that the functions
X (75) and Yo (}:) are the even functions of Z.

The transformation (1.3) leads to the diagonal form of the Hamiltonian (1.1):
H=3E®EFEbE® ocel,2). (1.5)
[

Since the Hamiltonian (1.5) is diagonal, the time dependence of the operators
b is the following

bo (ks £) = by (k, 0) e=it% ® o € (1,2); 52, (k) = E, () (1.6)

Combining (1.6) and (1.4) we obtain:
B (k,2) = 33 [BY (% 1) By (5, 0) + B2 (%, £) Bt (— k, 0)] s, % €(1,2)
D (% 1) = 3 [tea (B) thy (B) €52 Bt — g, (B) 0, (F) €195 (1.7)

D (B ) = 3 [t (B) 0,5 (B) €2 B¢ — g, (%) Dye (B) e=19. D7) 5, 9,0 € (1,2).

The. expressions for all necessary operator forms BtB, and BB can be easily
found by the use of (1.7). These expressions are long and will not be quoted here.

The operators B, (I:, t), given be the formula (1.7), satisfy the condition (1.3)
of energy conservation H {B (k,0), Bt(k, 0)} = H {B (%,¢), Bt (£, ). It is also
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seen from (1.7) that the time dependence of operators B is very specific, compared
to the usual dependence of the type (1.6). This specific time dependence of the
operators B causes some interesting effects, which will be analysed in the next
section.

3. Kinetic energies of particle pairs

In order to analyse the kinetic energy of the system we start from the position
vector of the center of mass of the system®. We can introduce the stationary vector

RO = 3wk~ 9B 1) B,(30) se(1,2) (2.1)
sk g
where:
B B

o

t
By(k,t)=ei% B,(k,0)e 1k

sk — ) =,%» Trne R ED; p4(0)=0 se(l). 22)
K] -

In the last formula 4, is the number of molecules of the kind s.
The coresponding nonstationary one is given by:

RO=SmGE—94t ;) a1 se(1,2) 2.3)
sk
where: !
- ﬁ‘ - _&t
A;(kyr)y=eib B, (k,t)e ik, 24)

The operator B, (-I;, t) is given by the formula (1.7). In further analysis only
the expression (2.3) will be used. The velocity components of mass-center are
given by:

PN =G REGEN=F RGN de@mna @9

In order to find the kinetic energy of the system, the Green'’s functions:
Dje() = <n (s, 4) | = (0, 4')> (2.6)

will be analysed. It should be noticed that z is obtained from p by the transformation:

stk —9) > pts (k — ) @ @7)

26 FIZIKA 16 (1984) 1, 23—29



MASKOVIC ET AL.: NONSTATIONARY PROCESSES AND ORDERING

Nonstationary kinetic energy of the system is given as:

T(0) = Tu {Cur ()} = X Car ()3 2 N e (%, 2) (2.8

where Cjx (¢) are the nonstationary correlation functions, corresponding to (2.6).

The functions Cjp (¢) are of the form:

PREHAEACEORHEHPNCEIES {CDINCE)
and
3z <4 (, 0) As (%, 0) A} (B, 1) Ay (b, £)) = D (F, ). (2.10)

The expressions of the type (2.9) and (2.10) are very complicated and will not be
quoted here. The detailed analysis of such correlation functions one can find in
Ref. 1. Here will be noticed that the imaginary part of I" increases linearly with
time, i. e.

Ot

ImI’(I_a:t)N—Z—E; O="kyT, (2.11)

-where T is absolute temperature. The other parts of I" and @ are the periodical
function of time. Consequently, after long time periods the part of I', given by
{2.11), becomes dominant.

The explicit expression for the kinetic energy will not be given here due to
-its tediousness. It is essentially to note that in the expression for the kinetic energy
.of the whole system the term proportional to (2.11) disappear. This result is phy-
:sically justified, since the kinetic energy in whole must be the real quantity.

The kinetic energies of particle pairs, proportional to (2.11) are the following:

O:

77 F G k) (2.12)

Tass (szz; )=—

“where:
F (R Ba) = {[1 + 7a(Ry) + 7 R 125 B + 20 R))® M, T2, (Ry) —
— o2, (Ba)] + [1 + 7z (R) + 2 ()] [Q2 (B) + 25 (B2 M, [o2, (R —
— o2, (B + (14 73 () + 72 (Ra)) [Q4 () + Q2 (B))? [M1 234 (Ry) —

— My 00, (o)) + (1 + 7y (o) + 53 (R [ (B + 25 BN (M o2, (B) —
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— My 03y ()] [Ty (Rr) — 7 (R)) [@4 (R)) — 2, (Bo)] X [M; 42, (R2) +
+ My w2, (By) +2 (M, Mo)Y2 uyy () tiay (R1)) + [7iy (Ro) — 2 (Ry)) [21 () —

— Q5 (B)] X [M, 2, (By) + My o, () + 2 (My M2y (By) g (R3]} X

£ (&)

-]
X X | g (hy—Ez; B2 n,('é)=[eT—1] 5 se(l,2). (2.13)
A

The life-times of pairs can be expressed troughout T, in the following way:

— 4
Im Ty Ry B2nt)  OF (Br k) °

Tk, by 150) = (2.14)

It is clear from (2.13) and (2.14) that only the pairs with 751 = I-e.z and I:, = —l?z

have the infinite life-times (4 and v are the even functions of k!). All other
pairs disappear after a finite time. That means that due to the dissipativity processes
the selection of pairs begins in the system and after a time there remain only pairs
with parallel and antiparallel momenta. This process of disappearing of pairs
whose momenta are not parallel or antiparallel is the ordering process caused
by dissipation.

The conclusion obtained is of interest for biophysics since the actual biophy-
sical theories are based on ideas that the dissipativity causes ordering of the system.

4. Conclusion

The analysis performed above can be summarized as follows:

1) Particle nonconservation leads to a sequence of dissipative processes.
The imaginary parts of correlation functions, responsible for dissipativity, are
linearly proportional to time.

2) Dissipativity of nonstationary processes does not change the total kinetic
energy of the system but makes the selection of pairs of particles. After a sufficiently
long time only the pairs with parallel as well as the antiparallel momenta remain
in the system. In this manner dissipativity causes the ordering of the system what
is in some manner compatible with Prigogine’s ideas?.
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Originalan nau¢ni rad

Analizirani su nestacionarni procesi u dvo-komponentnoj gasnoj smes$i. Pronadeno
je vreme Zivota parova koji se formiraju u nestacionarnim procesima. Pokazano je
da samo parovi sa paralelnim i antiparalenim impulsima imaju beskona¢no dugo
vreme Zivota. Svi ostali parovi posle izvesnog vremena nestaju. Ovaj efekat izazvan

_je disipativno$¢u koja karakteri$e nestacionarne procese $to znaci da disipativnost
zaziva uredivanje sistema.
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