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Hydrodynamics of electronic plasma at presence of correlation of charge density is considered. Equations of ideal

hydrodynamics with such condition for the case of immobile ions are received. It is shown that a new variable —

second moment of charge density is included in Euler equation, for which temporal equation is received on the basis

of equation of continuity in approximation of large radius of equilibrium correlations. Langmuir oscillations in this

system are studied, an addition term to frequency of oscillations is found, arising up due to the account of correlation

of charge density.

PACS: 52.35.Fp, 71.45.Gm

1. INTRODUCTION

We will consider high-frequency oscillations of nonrel-
ativistic coulomb plasma taking into account correla-
tion of charge. We will carry out description of elec-
tronic components by the local values of the first and
centered second moments of charge density of elec-
tronic component ρ, pressures P and velocity �v, on a
background of immobile ionic components (model of
jelly [1]). Except for these clean hydrodynamic val-
ues usually the state of environment is characterized
by strength �E of the electric field, which has the zero
value in the equilibrium state. We will show that an
term quadratic on the density of charge is included
in standard Euler equation, for which we will build
temporal equation in the hydrodynamic approxima-
tion.

2. ELECTRONIC PLASMA

We will write out standard equations of ideal hydro-
dynamics, ignoring all dissipative effects (viscidity,
heat conductivity and electric resistance) [2]. Thus
effects from the presence of electric charge show up
most brightly. Continuity equation ∂tσ + divσ�v = 0
within a multiplier e/me gives the law of charge con-
servation

∂tρ + divρ�v = 0, (1)

Euler equation is

dσ�v/dt = −∇P − ρ �E. (2)

In addition, we will write down the Poisson equation
for the potential electric field

div �E = 4π (ρ0 − ρ) , (3)

where ρ0 is charge density of compensating ionic
background, ρ > 0 is charge density of electronic

components. Using the condition of potentiality of
the field rot �E = 0, coming from the theory of poten-
tial [3], nonaveraging strength is

�E (x) = ∇
∫

d3x′ ρ0 − ρ (x′)
|x − x′| . (4)

Then, ignoring ionic correlations, we have after aver-
aging for pondermotive force

〈
ρ �E

〉
0

= −
∫

d3x′〈ρ (x) ρ (x′)〉0∇
1

|x − x′| . (5)

In an equilibrium there is no selected direction and
this term is

〈
ρ �E

〉
0

= 0.

3. SMALL OSCILLATIONS

We will be interested only in small oscillations in this
system. It allows to produce linearization on small
amplitude of deviations from the equilibrium values.
We will ignore thermal fluctuations. Putting (4) in
(2) we will obtain

〈
ρ �E

〉
=

∫
d3x′ (− 〈

ρ2 (x − x′, x′)
〉)∇ 1

|x − x′|
=

∫
d3x′ (−〈ρ (x)〉 〈ρ (x′)〉 − 〈

δρ2 (x − x′, x′)
〉)

×∇ 1
|x − x′| , (6)

where for the centered correlation of density deno-
tation

〈
δρ2 (x − x′, x′)

〉
is used. The first term will

give standard plasma frequency [1]. For a variable〈
ρ2 (x − x′, x′)

〉
we will write equation, starting from

the law of charge conservation (1), multiplying by a
density in the proper point and linearizing

∂t

〈
ρ2 (x − x′, x′)

〉
+

〈
ρ2 (x − x′, x′)

〉
0
(∂ivi + ∂′

ivi
′)

+ (vi∂i + vi
′∂′

i)
〈
ρ2 (x − x′, x′)

〉
0

= 0. (7)
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We will assume that the equilibrium centered corre-
lation of charges poorly depends on distance between
points (differences of coordinates) and it is possible to
neglect this dependence

〈
δρ2 (x − x′, x′)

〉
0
≈ 〈

δρ2
〉

=
const. It can be named the smoothed correlation (ho-
mogeneity of equilibrium is implied). Then instead of
(7) we have

∂t

〈
ρ2 (x − x′, x′)

〉
+

〈
ρ2

〉
0
(∂ivi + ∂′

ivi
′) = 0. (8)

For simplicity we will ignore thermal effects P = 0.
And differentiating linearized averaged equation (2)
at times, we will obtain equation

σ0∂
2
t ∂ivi =

〈
ρ2

〉
0

∫
d3x′ (∂ivi + ∂′

ivi
′)∇ 1

|x − x′| .
(9)

The first term applies in a zero by standard appear-
ance on the Ostrogradsky-Gauss theorem as integral
on an infinitely remote surface [4]. We will take di-
vergence from linearized equation (9)

σ0∂
2
t ∇�v = −∇

〈
ρ �E

〉
(10)

=
〈
ρ2

〉
0

∫
d3x′ (∇′�v′)Δ

1
|x − x′| = −4π

〈
ρ2

〉
0
∇�v.

From where we find frequency of longitudinal
plasma oscillations

ω2 = 4π
(
ρ2
0 +

〈
δρ2

〉
0

)
/σ0 = Ω2

e +
〈
δΩ2

〉
e
, (11)

where standard electronic plasma frequency Ωe [1, 5]
and correlation addition

〈
δΩ2

〉
e

= 4π
〈
δρ2

〉
0
/σ0 are

distinguished.

4. CONCLUSIONS

Thus, evolution of electronic coulomb plasma in ap-
proximation of ideal hydrodynamics is studied. The
research made in the present work allows to extract
the following results:

• The linear system of temporal equations for ve-
locity and second moment of charge density is
obtained.

• In approximation of weak dependence of the
centered correlation function of charge density
from coordinates, correction of frequency of
plasma oscillations is found, arising up due to
the presence of equilibrium correlation with the
indicated descriptions.

• When equilibrium value of the centered second
moment terns to zero then frequency of oscilla-
tions passes to ordinary Langmuir frequency in
electronic plasma.
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