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Recently, in the work of S. V. Peletminskii and A. A. Yatsenko (1), a quantum
theory of kinetic and relaxation processes was developed, based on a generaliza-
tion of N. N. Bogolyubov’ s ideas on the existence of different relaxation-time
scales (2, 3) to quantum systems of a definite, but fairly general, type. On the
other hand, there exists a general theory of irreversible processes, developed
most consistently in the works of D. N. Zubarev with the use of local integrals
of motion (*) and in the works of MacLennan, in which nonconservative forces
are introduced to describe the influence of a thermostat (°). These works lead
to identical results, although they differ methodologically. The general the-
ory of irreversible processes has been successfully applied to the solution of a
number of problems (4, 6-11). In the present work we shall obtain generalized
kinetic equations for quantum systems by the methods of the general theory of
irreversible processes (4, °) and show that it leads to the same results as (1).
Consider a quantum system with Hamiltonian H = H, + V, where V is an
interaction assumed to be small. Suppose that there are two time scales 7; and
Ty, Ty K Ty, and that during the time 7; a reduction occurs in the number
of parameters necessary to describe the state of the system, while at times
71 < t < T, the macroscopic state is determined by specifying the mean values of
some set of dynamical quantities P,. We shall seek kinetic equations describing
the time evolution of the mean values of these dynamical quantities:

d(Py)/dt = Ly(... (P ), (1)

where L, are the functions to be found.

For this purpose, following (%), we write the nonequilibrium statistical operator
which, in the limit € — 0, satisfies the Liouville equation,
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p=0Q lexp {—Z F,(t)P,+

k

0 . . dF,(t+t,
+/oo dte zk: [Fk(t +11)Py(t1) + k(dt)Pk(tl)] } ) (2)

where F(t) are certain parameters; @ is the statistical sum; the time argument
of the operators denotes the Heisenberg representation. The statistical operator
(2) satisfies the Liouville equation for any dependence of the parameters F} on
t. Therefore we define this dependence by means of the additional conditions

(Py) = sp Pyp = (Py)o = sp Pypo, (3)

where p, is the quasiequilibrium statistical operator

po = Q "exp {_ZFk(t>Pk} ) Qo = spexp {_ZFk(t>Pk} - (4)
k

k

Next we can write

= (D) = (ih) ([P, H]), ()

where (...) is averaging over the ensemble (2). It follows from (5) that d(P,)/dt
depends on the ensemble parameters Fy (t), which in turn, by virtue of (3), are
determined through (P,). Thus, relations (2), (3), and (5) already determine,
although in implicit form, the desired kinetic equations (1). We shall seek an
expansion of the right-hand side of (1) in powers of the interaction

Ly (P =L + LV + L + .. (6)

For this purpose we write

by, = (ih) '[Py, H] = —(ih) ‘ay, P, + (ih) '[Py, V], (7)

where, as in (1), we assume that [H, P,] = ayP;; ay are certain coefficients
(summation over repeated indices is implied). This condition is satisfied in most
of the problems considered. With the aid of conditions (3) one can eliminate
the derivatives dFy,(t 4+ ¢,)/dt in (2). We have

dF,(t)  OF, 1 OF,

. 1 OF,
dt oy T ey ]

* i am,)

W (P (B, VD). (8)
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Next note that

Fray(P) = ([Hy, Fy,pkl)o = 0. 9)
Hence, differentiating with respect to Fj, we obtain

a(P,

Taking into account that

oP)  ?WQ, (P,

- _ = 11
oF, OF0F,  OF (11)
we multiply (10) by 0F;/0(P,) and sum over k. As a result we obtain
OF;
m%z@% + Fntp; = 0. (12)
With the aid of (12) we bring (8) to the form
dF,(t) 1 1 OF,
= —a Fi(t) + — P . 1

Substituting (7) and (13) into (2), we obtain the nonequilibrium statistical op-
erator in the form

_ -1 ety (i1)—1 OF,(t+1,) 1
=0 exp{;Fk<t>Pk+ [ anetin (Wi, Bl + 1)+ S R VD, R J

0
- (14)

where the index ¢ 4 ¢; on the averaging sign means that the averaging is per-
formed with the statistical operator (2) taken at the time ¢+ ¢;. It is seen from
(14) that the integral term in the exponent is of first order of smallness in the
interaction.

Substituting (7) into (5) and expanding the statistical operator (14) in the

interaction, we obtain the expansion (6), in which

LY = —(ih) Lay(P), (15)

LY = —(ih) [V, Py))o, (16)
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L?=r®4r17?, (17)

, L 1
Lk<2) = _ﬁ/ dtleatl / X <[V7 Pk]ei)\A {[V(tl)v-Pl(tl)]_
50 0

—<[V(t1),1—"l(t1)]>0}e/\‘4>Fl(t—i—tl), (18)

1[0 '
0= [ anes [ arq.px
s 0

MBI [ (t), Pt (P = BN (19
A= ZFk<t)Pk7
k

where, in the Heisenberg representation, one may omit the interaction in the
evolution operators and, when calculating Fj(t +t;) and the analogous term in
(19) that depends on two times, the evolution may be regarded as free. Therefore
in (18) one may put

Zﬂﬂwﬂ ZEI% (20)

since, when the interaction is neglected, this sum is an integral of motion. Noting
also that

d

Ze_’\A[V(tl),PlFl(t)]e)‘A = ae_AAV(tl)e)\Aa (21)
l
we obtain
1 0
r® = [ anen v v Bl 22

Having calculated, with the interaction neglected, the time derivative of the
matrix

1
T = [ M P E = (), (23)

which, by virtue of (13) and (9), is equal to
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dt OF, ih

oot == (e S+ an SRR, (21)

one can show that

d OF(t+1)
i, (P

m

(V(t1), P (t)])o(Bi(t1) = (B(t1))) = 0. (25)

Therefore in (19) we may omit ¢, everywhere except in V'(¢;). Noting also that

1 Py
[ v Bl @ = B, = in (26)
0 OF,
we can write (19) in the form
G (1)
ey b et oLy,
Lk: - h[oo dtle < V(tl)vpm8<Pm>]>0a (27)
or, combining (22) and (27), we obtain
0 (1)
2 __ 1 et o OL
L = 2 /oo dt,e <[V(t1)’[V’P’“]+um8<Pm>}>0' (28)

Relations (15), (16), and (28) give the desired expansion of the right-hand side of
the generalized kinetic equation (1) in powers of the interaction. They coincide
entirely with the results of !. This proves the equivalence of the Peletminskii-
Yatsenko method to the Zubarev-McLennan method, accurate up to terms of
second order in the interaction.

In conclusion I express my gratitude to D. N. Zubarev for his constant attention
to the work.
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