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The Landau-spectrum in the theory of normal Fermi liquid 
has been derived for a classical system under two assump-
tions: Bogoliubov's functional Ansatz and functional expan-
sion Ansatz. A correlationless form of Boltzmann-Landau 
equation for such a system has also been given. 

In recent years 1 much work has been devoted to the 
problem of deriving an adequate kinetic equation for a 
dense gas, which describes the irreversible nature of 
the system and its approach to equilibrium. Some ap-
proaches to the problem2' 3 seem to indicate that the 
kinetic equation proposed by LANDAU 4 in connection 
with the theory of a normal Fermi liquid can be suc-
cessfully applied to derive the transport coefficients of 
a moderately dense quantum gas at a temperature 
higher than the critical temperature of degeneracy. 
A direct derivation of L A N D A U ' S equation for such a 
quantum system has been recently presented by B A E R -
WINKEL and GROSSMAN 5 where they assume the long 
wave length limit and lowest order in the scattering 
amplitude. However, the PRIGOGINE school 8 has extend-
ed L A N D A U ' S quasi-particle ( Q P ) concept to classical 
systems. This method is based on perturbation theory 
and the asymptotic limit approach to equilibrium. We 
shall show in this paper how the collisionless form of 
the Landau equation may be derived in a formal man-
ner from Bogoliubov's Ansatz for a classical system 
of N particles enclosed in a volume V interacting with 
a two-body potential However the problem of ap-
proach to equilibrium and existence of QP's has not 
been discussed in this note. Rather, these results have 
been interpreted in such a way as to agree with the 
definition of QP's. (See e. g., Ref. 7.) The problem of 
approach wil be dealt with in a separate publication. 

Our method is based on two assumption (for notation 
and details see Ref. *) : (i) Bogoliubov's functional An-
satz, which states that after a time which is longer than 
the duration of a single collision but short compared 
to the time between successive collisions, the time de-
pendence of the s-particle distribution Fs is functionally 
dependent on the one-particle distribution Fx. Then Fs 

1 See e. g. TA-YOU WU, Kinetic Equations of Gases and Plas-
mas, Addison-Wesley Publishing Company, 1966. 

2 S . GROSSMAX, Z . N a t u r f o r s c h g . 2 0 a , 8 6 1 [ 1 9 6 5 ] ; Z . P h y s . 
1 8 2 , 2 4 [ 1 9 6 4 ] . 

3 S. MITRA, Marburg Dissertation 1966. 

can be written as 

Fs(X1,...,Xs\F1)= f l (Fx (Xi) )PS (XU...,X,\FJ. 
i = 1 

(1) 

where X j = ( r j , p , ) describe the particle positions in 
phase space, (ii) functional expansion ansatz, that a 
functional of the form K(XlX2 \ Ft) can be expanded, 
in the thermodynamic limit, as 

K(X1X2\F1)=Z^r V! 

• f K, (X, X2 I Yt... Yv) FJ (FT (Yi) dYi). 
i = l 

This corresponds to the assumption of a virial expan-
sion. We shall hereafter use the normalized distribu-
tion F\ . Then by definition 1 

FA(XU . . . ,X, | FT) = VsJFN(X1 . . . XN) DXS+U . . dXN 

• f Ps(Xi,...,Xs\Fi) n (Ft (Xi) d Xi) = Vs. (3) 
i=1 

Then the total energy E (defined as the average of the 
Hamiltonian 

over the distribution Fx) can be written, in the thermo-
dynamic limit, as 

E = n \ - ^ F 1 ( X , t ) d X + - f 

• J$(\ri- r21) F2(XuX2,t) dX,dX2 (4) 
(/i = lim N/V, F - ^ o o , oo). 

Though Eq. (4) is exact, nothing is practically 
achieved without special assumptions. In the present 
case we shall use the assumptions (i) and (ii). As-
sumption (i) will make E a functional of Ft only, 
whereas assumption (ii) enables us to develop E(F1) 
in an explicit functional series in F t . The pair correla-
tion P2(XtX2 | Ft) in the expression of F2 in Eq. (1) 
takes also the multibody processes into account through 
its functional dependence on Ft . If we define 

K=h<P(\ri-r2 \)P(X1,X2\Fi) 

in (2) then E(F1) can be developed in a functional 
series with kernels Kv and thus all Kv are symmetric 

4 L. D. LANDAU, Sov. Phys. JETP 3, 920 [1957]. 
5 K . BAERWINKEL a n d S . GROSSMAN, Z . P h y s . 1 9 8 , 2 7 7 [ 1 9 6 7 ] . 
6 F . HENIN, I . PRIGOGINE, P . RESIBOIS, a n d M . WATABE, P h y s . 

Letters 16,253 [1965]. 
7 F . MOHLING a n d E . R . TUTTLE, P h y s . R e v . 1 5 3 , 2 6 3 [ 1 9 6 7 ] , 
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in Xx and X2 . One could also assume that KV be sym-
metric under the interchange of any two F's in its ar-
gument. But KV X2\Yx... Yv) may not in general 
be symmetric under the interchange of any one of X t 
or X2 with one of Ylt...,Yv. However, we shall be 
interested in E(F1), in which the integrations have to 
be over all the variables X2 Yt ... Yv) in KV. Then 
we may use, instead of KV, a symmetrized kernel 
H,.(X1X2 Yx ... Yv) as well without affecting E(F1) 
in Eq. (4) at all. We shall take, 

HS(X\ ...XS) = JR£PKS(XLX2XZ... XS) (5 ) 

all permutations. 

We further note from Eq. (1) that / Fx(X) dX=V, so 
that f f(X) dX = N where f = nF1. Thus, in terms of 
/, E(f) takes the functional form, 

E ( f ) = Z T , \Hs(XUX2,..., XS) HFIXI) d XT, s s- i=1 
(6) 

where Ht (Xi) = Pf 

2 m 

E (/) contains all interactions through Hs. The re-
sult of Eq. (6) can be interpreted as follows: A system 
of A -̂particles interacting with a two-body potential is 
equivalent in the thermodynamic limit to a system with 
an equal number of particles interacting via multibody 
forces Hs and whose one-particle distribution is the 
same as that for the original system, the 5-particle dis-
tributions being uncorrelated. This equivalent system 
is the classical analog of LANDAU'S Q P ensemble. The 
QP's interact with multibody forces which are momen-
tum dependent, the Hamiltonian of this system being, 
in accordance with Eq. (6), 

H=£Hi(i)+ £H2(iv)+ZH3(ivk)+... . (7) 
i i < v i < v < k 

Thus, there is a one-to-one correspondence between 
the N QP's described by correlationless distributions 
with the original system of N particles. The quasi-
particle energy e (X) is defined by 4 

DE= JE(X1) df(X1) dXt 

where from Eq. (6) we have 

• • • n ? ( f ( X i ) d x^. 

(8) 
i=2 

This result is also similar to that obtained by MORITA 
et al. for a quantum system 8. Before deriving a kinetic 
equation for f(X), we would like to point out how the 
various quantities £ (X) and Hs can be determined 
phenomenologically. It can be shown2 that the inter-
actions Hs are related to the virial coefficient in equi-
librium theory 2. For example, in the binary collision 
approximation, can be written as 

e(X)= F + l m H2(X,X1)f(X1) dXt 

where H2 can be determined from the second virial 
coefficient 2 

B(T)= 2\t\h2 (X, Xx) /0 (X) /0 (.X0 dZ d* t 

where f0(X) is the normalized equilibrium distribution. 
Similarly the higher virial coefficients will be related 
(in addition to the binary collision term) to higher or-
der collision terms. The correlationless form of Lan-
dau's kinetic equation for f(X) can now be easily de-
duced from the Liouville's equation for the quasi-par-
ticle system interacting with multibody explicitly mo-
mentum dependent forces. Replacing the s-particle dis-
tribution by the product of one-particle distributions, 
one readily obtains the kinetic equation 

3/_ 3e 
3« 3jp 

3/ 
dr 

Be 
dr 

IL 
dp 

= 0 (9) 

Such an equation has also been derived by KADANOFF 
and B A Y M for a quantum system using Green's func-
tion technique 9. On the other hand, based on the Wig-
ner distribution and von Neumann's equation, BAERWIN-
KEL and GROSSMAN have derived the Landau theory un-
der certain assumptions which are contained explicitly 
in their work 5. They obtained the general solution for 
the quantum two-particle distribution F2, and then 
using the functional Ansatz derived the Boltzmann-
Landau equation. (For details and further references 
see Ref. 5.) 

The natural extension of (9) to include the collision 
integral for a classical system will be the subject of 
further investigation. The results of such investigations 
will be presented at a later date. 
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8 T . MORITA a n d T . TANAKA, P h y s . R e v . 1 3 8 , A 1 0 8 8 [ 1 9 6 5 ] . 9 L. P. KADANOFF and G. BAYM, Quantum Statistical Mechanics, 
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