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(Presented by Academician N. N. Bogolyubov, January 8, 1966)

In (1), the asymptotic form (for ¥ < 1/L and w <« 1/T, L and T being the
characteristic length and relaxation time) of the basic correlation functions was
obtained by comparing the solutions of the ordinary linearized hydrodynamic
equations and the expressions that follow directly from the theorem on the vari-
ation of the mean (see, for example, (?)). In this approach, the chosen variation
of the Hamiltonian has a complicated form and does not admit a simple physical
interpretation. It seems more natural to us, following N. N. Bogolyubov (34),
to take the Hamiltonian of the system in the second-quantization representation
in the form

o= % / VU (L, 1) VU2, 1) drt

—I—%/fbﬂr—r’\)\lﬁ( )Wt (e )U(t, ' ) (¢ ) drdr’+

+/U(t,r)\1/+(t, )0 dr——/ (t,r)A(t, 1) dr—

—% U (t,r)A2%(t,r)¥(t,1) dr,

(1)

where the current-density operator

jt,r)= % [V (t,0)U(t,r) — Ut (¢, r)VU(tr)] — O (¢, r)U(t,r)A(t 1),

and U(t,r) and A(¢,r) are the potential and vortex components of the external
field, satisfying the condition div A = 0. Then the equations of motion for the
field operators have the form
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2_3\116(;, ) = —%\D(t,r) + /@(\r—r/|)\I/+(t,r’)\I/(t,r’) dr’ U(t,r)+
UML) T) + %V\I!(t,r)A(t, r)— %xp(t,r),

(2)

,8\Il+(t,r) - A + + ’ + / ’ ’
iy = %\I/ (t,r)— T (t,r)/CI)(|r—r NP (¢, )U(t,r")dr’—
_ )+ gt Atr) o
U(t,r)¥*(t,r') + mV\II (t,r)A(t,r) + 5m Ut (t,r).

With the aid of (2) one can obtain the hydrodynamic equations, which, after
linearization, take the form

%nT(tt,r) +n,V-V(t,r) =0,
mn()% = —ViP +nAV(t,r) + (%n + f) VV-V(t,r)—
—noVU(t,r) — n0%7 Y
naf 25T ot ).

where

5P = (‘?;)95n(t,r)+(86§)n59(t,r), 55 = (ﬁ)eén(t,r)—k(gg) 50(t, 7).

n

If the velocity is represented in the form

V=V, +V_, rot V, =0, divv_=0

and we pass to Fourier components, we obtain

—win(k,w) + n, Z E*Ve(k,w) =0,

mngwVe (k,w) = k* [(ZP)O on(k,w) + (%—?) 50(/@,(«1)} —i (%n + c) > " kekPVL (k, w) + ko ngU (k,w),
n B

(4)
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Y 1260(k,w),

0S 0S
— | on(k — | 0(k =—i
w|:<an>6 n( ’w>+<89>n ( 7w>:| ZnOHO
mnywVe (k,w) = —ink?*Ve (k,w) — nogwA® (k,w).
The solution of (4) gives
A% (k
Vo) = -2 A9 (5)
M w+i——Fk?
mng
Cp o
ngh? w+ zc—Dek
(k) = M — o Ulkw) (©
nok? w(9S/0n),(0S/00),!
50(k,w) = =2 - 2 Uk
( ,OJ) m Q(k,(.d) U( 70‘})7 (7)
c
o Wt ic—pDeka
Vi (k,w) = ‘m Q(k, w) U(k,w), (8)
where
Qk,w) = w® + ik (Dl + C”D9> W2 — (k202 + c’”k4D9Dl) w—ik*C2D,,
C'U C'U
4
3N+ 1 (0P
D=3t p- 02:f<—> . )
mny noCp m\on/g
A(t,r) =0,

Let us now put
U(t I‘) _ efiwt+st+ikrU<k w) _|_eiwt+stfikrU(_k. _w)

e>0, €—0.

Then, by the theorem on the variation of the mean, for the quantity B(r) we
(10)

Machine Translation

have
0{B(k,w)) = 27U (k,w) /eik(rl’r) (B(r); T (x)T(r)) dr’
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27U (k,w)

=0 [ e v e), dear = (Bii i)l

If, as B,, we take the Fourier images of the operators of particle density, flux
density, and internal-energy density,

{e%

) k
szzaﬁ%w J?:Z<pa+7) a;)rapHc’
P

P

1 1
ep =5 Pp+kafa, o= D> v(q —q)afazayay,
2m 2V p
p p’+q'=p+q+k

and use (6)—(8), then for the Fourier transforms of the retarded Green functions
we obtain the expressions

P Dyh?
r ngk?V W e
(% /Lk>>w = Dy— Qk,w) )
w? + ikQC—pDaw
. r kanov C
a . — v 11
<<]l (k)?pfk»w 27_(_ Q(k,w) I ( )

.C Oe
gV Eow + zc—pDekQ |:€0 + (871)9]

v

<<€k;p7k>>w = orm Q(k, w) )

where ¢ is the mean internal energy per particle in the state of thermodynamic
equilibrium.

To find the tangential component of the tensor Green function current—current,
we set

A (t, T) — eiWHEtHkTAa(k,w) 4 eithrEtf’ikTAa(_k’ _w)7

Ult,r) =0,

where A%(k,w), as before, are quantities of first order of smallness. Then

o i fovT LoV N
mn Ve (t,r) =46 <2 ((‘37“0‘ v -y 87“X>> —ngA*(t,r)
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and, by virtue of the same theorem on the variation of the mean,

27 ) . r
gV (k) 4 g A% (k) = 0 S (2 (k): FAR)) ., A ),
B
whence, in accordance with (5),
) . r |4 ink? kokP
(72 (k)3 32 ( k)>>w 27 i T 12 <6aﬂ 2 ) (12)

mnyg

To find the correlation functions, we define the corresponding advanced Green
functions, which are most simply obtained from (11) by the following reasoning.
The formal replacement in (3) t - —t, A — —A is equivalent to changing
the signs in front of the coefficients of viscosity and thermal conductivity and,
consequently, not to damping but to “pumping” the system, which at ¢ = +o0
was in a state of thermodynamic equilibrium. For this case, in the theorem on
the variation of the mean one must take not the retarded, but the advanced
Green function. Thus, to find the advanced Green functions, in (11) and (12)
one must make the replacement

Dl — 7Dl’ D9 — *De, n — —1).

Then

_i%p g2
kv @ T g Dok

<<Pk§ﬂ_k>>z,— Dy O (k,w)

. EngV w? — ik;Qc—pDew
<<]l (k)7p7k>>w = ot Q*(k,W) )

¢ Oe
—iPDk? e, + (2=
" k2 oW — 1 0 { 0 ( ) ]
(ew o) = Y /o) (13)
w 2m Q (k,w)

, , « Vo ink? ko kP
« B — - -
<<]T(k)7j‘r( k)>>w o N 12 <6aﬂ 12 )

mny

Now, according to the well-developed procedure (), it is not difficult to find the
corresponding Fourier transforms of the correlation functions:
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ngk {Dle + 102D, (2 - 1) + (2) k4D9Dl} v
mm |Qk,w)[? (ew/? — 1) ’

Jpp(ksw) =

2
k*k2ngw? [Dle +k2C?Dy (2 —1) + (2) k4D§Dl] 1%
7m |Q(k,w)[? (e«/? — 1) ’

(14)

nk*wV koK

T k) = (80 " )
l v [wr o (k)] (e~ 1) W

nok*wV c Oe
I (kw) = 0 D,—-2D (—) 2
ep( ,OJ) m |Q(k,w)|2 (ew/G _ 1) { |:E() l cy 0 on , w

+ (C” - 1) K202 Dy + 2 Dyk2C? (ﬁ)
Cy Cy on/,

(=) (s ()}

In the approximation of weak dissipation, expressions (14) coincide with the
results of (1)) and (11) with the results of ).

In conclusion, the author expresses deep gratitude to Acad. N. N. Bogoliubov
for his constant attention to the work, and also to I. A. Kvasnikov and V. D.
Kukin for useful discussion.
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Note: Figure translations are in progress. See original paper for figures.
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