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Dissipation due to interaction of particles of different species adds Langevin sources to the 
Landau-Lifshitz sources in the hydrodynamic equations. It is shown that the intensities of the 
sources are determined by the temperatures of the components and by the Spitzer transport 
coefficients. 

I. INTRODUCTION 

Hydrodynamic fluctuations are of great interest in the 
study of scattering and transformation of electromagnetic 
waves in a conducting medium. Information obtained by the 
study of scattering can be used to determine properties of the 
medium such as density, temperature, conductivity, viscos- 
ity, and others. The most suitable way of describing fluctu- 
ations in both equilibrium and nonequilibrium systems is to 
introduce Langevin sources into the equations of motion. ' 
This method was used, in particular, by Rytov and Levin in 
the theory of electromagnetic  fluctuation^.^ The Langevin 
approach was first used to describe hydrodynamic fluctu- 
ations in a single-component equilibrium gas or liquid by 
Landau and L i f ~ h i t z , ~  who introduced an extraneous stress 
tensor into the Navier-Stokes equation and an extraneous 
heat-flux vector into the heat-transport equation. The corre- 
lators of the extraneous quantities have been obtained by an 
entropy method for the thermodynamic equilibrium state, 
and are determined by appropriate dissipative characteris- 
tics (viscosity and heat-conduction coefficients) and by the 
system temperature. 

The hydrodynamic equations of a multicomponent sys- 
tem (e.g., a fully ionized plasma) contain additional dissipa- 
tion sources, viz., the relaxation of the momentum and ener- 
gy of one component relative to the other. The 
thermodynamic equations should therefore contain addi- 
tional Langevin sources correponding to the new dissipation 
sources. Another question is that of the dissipative quanti- 
ties and temperature which determine the correlators of the 
extraneous stress tensors and of the extraneous heat-flux 
vector in multicomponent systems with components of une- 
qual temperature. 

2. LANGEVIN SOURCE IN THE HYDRODYNAMIC EQUATIONS 
OFA FULLY IONIZED PLASMA 

We begin with a linearized kinetic equation for the fluc- 
tuations Sf, of a distribution function with a Langevin 
source y, : 

where 

is a linearized operator of collisions with a nucleus, which 
takes into account the dynamic screening of the potential 
E ( w , ~ )  (Ref. 4), and 

eozebzkik, 
Qi ib=2  1 6 (kv-kv') dk. 

k4 1 E (kv, k) 1 

The intensity of the source y, is given 

where 

In contrast to single-component gasdynamics, in a mul- 
ticomponent plasma the contribution of a Langevin source 
to the momentum balance and kinetic-energy balance equa- 
tions is not z&o. In fact, in multicomponent systems the 
conservation laws for both the average quantities and the 
fluctuations are satisfied only for the system as a whole, and 
not for the individual components. A convolution of expres- 
sion ( 3 ) with the corresponding polynomials suffices to cal- 
culate the intensity of the Langevin sources. 

Using for an arbitrary function the identities 

we can represent the expression for the hydrodynamic inten- 
sity moments of the Langevin sources (y,y, ) in the form 
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for arbitrary p, (p)  and 11, (p) .  This expression, summed 
over all the particle species, can be rewritten in the form 

which satisfies the conservation laws for the number of parti- 
cles, the momentum, and the energy of the entire system as a 
whole. Expression (6 )  vanishes i f p  or $are equal to 1, p, and 
p2/2m. 

Putting in ( 5 )  p = 4 = p and integrating over the mo- 
menta, we obtain an expression for the intensity of a ran- 
dom source in the momentum-density balance equation for 
the component a: 

where 

L is the Coulomb logarithm, 0, and 0, are the tempera- 
tures of the respective components in energy units, aV is the 
extraneous stress tensor, and 

It is easy to verify that 

ob 

In a two-component plasma the expression for the source, 
for example in the equation of motion for the electrons, takes 
the form 

Putting in ( 5 )  g, = =p'/2m we obtain an expression 
for the source intensity 5. in the balance equation for the 
kinetic-energy density of the component: 

from which it follows that 

(5"ge) ,k= ( b i t i )  ,k=- (geti) ,k=3v,iTne8,8i, 

Putting in (5 )  

we obtain an expression for the extraneous stress-tensor in- 
tensity in the form 

Substituting the values of the viscosity coefficients of a two- 
component plasma 

qe=5/ePe/ (vee+vei) r~i=~IsPi/vii~ 

we get 

(6nij.6nkie) o~=2AijR1qeBet (14) 

(6nij'6nbii) ,r=2AUR1qi@i, (15) 

(6nije63tui) o~=2AijRlqieePa/Pir (16) 

(6nu'6nhle) ,r=2Aijk'qeBiPi/P,. (17) 

We obtain similarly an expression for the intensity of 
the extraneous heat-flux vector in a multicomponent plas- 
ma: 

( Sq;Sq:<*k 

(18) 

(x, is the Boltzmann constant). In an electron-ion plasma 

Thus, 
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It follows from ( 14) ,  ( 15) ,  ( 19) ,  and ( 2 0 )  that the cor- 
relators of the extraneous quantities within any one compo- 
nent are described by Landau-Lifshitz equations that differ 
only in the fact that the dissipative parameter, be it /1 or 7, is 
determined both by collisions within the component and by 
collisions of different particle species. So definite a result 
could not possibly be obtained without taking into account 
the nonequilibrium terms I,, and 6 , ,6 (p ,  - p, )I ,  in the 
expression for the source intensity in the kinetic equation. 
Without these terms, the expressions for the source intensi- 
ties and p in the nonequilibrium state would likewise not 
be as compact and lucid. 

Note that in multicomponent systems there exists also a 
cross correlation of the sources in the balance equations for 
the velocity and for the extraneous heat-flux tensor 

In a two-component plasma (a ,b  = e,i) 

The reason for this fact is that Eq. (7 )  for the momen- 
tum density contains both the relaxation of the average ve- 
locity and the relaxation of the heat-flux vector. A similar 
dissipation is present also in the equation for the heat-flux 

vector. The contribution of the heat flux q",o the equation of 
motion means allowance for the second Chapman-Enskog 
approximation. As shown first by Braginskii,' allowance for 
the higher Chapman-Enskog approximations leads to cor- 
rections to the kinetic coefficients. Exact values of the coeffi- 
cients were obtained by Spitzer and Harm8 by numerically 
solving an integral equation. Thus, for example, for a fully 
ionized plasma with singly charged ions, the Spitzer results 
lead to a numerical factor 0.5 1 in the expression for the fric- 
tion coefficient. In the second Chapman-Enskog approxi- 
mation this factor is 0.52 (Ref. 7 ) .  The linkage of the sources 
in the hydrodynamic equations leads, by analogy with the 
Spitzer renormalization of the kinetic coefficients, to a re- 
normalization of the intensity of the Langevin sources. Com- 
bining the source P with Sqa in Eq. ( 7 ) :  

we have for a two-component plasma (a,b,c = e,i), for ex- 
ample, 

( c k e E l e )  a k = 2 6 k l m e n a @ e ~ e i ' 0 . 5 2 ,  

The intensity of a Langevin source in the equation of 
motion is thus determined by a dissipative parameter with a 
Spitzer correction coefficient. Similar correction factors will 
appear also in expressions ( 14),  ( 15),  ( 19),  and ( 2 0 )  when 
account is taken of higher moments. 
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