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A kinetic approach to the problem of wave propagation in dusty plasmas, which takes into

account the variation of the charge of the dust particles due to inelastic collisions with electrons

and ions, is utilized as a starting point for the development of a new formulation, which writes

the components of the dielectric tensor in terms of a finite and an infinite series, containing all

effects of harmonics and Larmor radius. The dielectric tensor for a dusty plasma can be divided

into two parts, one which is denominated “conventional” and which is formally similar to the

dielectric tensor of dustless plasmas, and another which appears due to occurrence of the in-

elastic collisions between electrons and ions and the dust particles, and which is denominated

as the “new” contribution. Both the “conventional” and the “new” contributions can be written

in terms of double series, formally containing all harmonics and Larmor radius contributions.

These general expressions depend on a small number of integrals which depend on the distri-

bution function. The formulation is quite general and valid for the whole range of frequencies

above the plasma frequency of the dust particles, which are assumed motionless.

Using this basic framework, we arrive to expressions for the components of the dielectric

tensor which can be separated into two kinds of contributions [1],εi j = εC
i j + εN

i j . Explicit ex-

pressions for the componentsεC
i j andεN

i j can be found in Refs. [1, 2]. Particularly, in Ref. [2]

the expressions appear according to the formulation and definitions to be used in the present

paper. According to this novel formulation, the components of the dielectric tensor can be writ-

ten in terms of a double summation, one finite and another infinite, in which the contribution of

harmonics and Larmor radius terms is shown explicitly. For the ‘conventional’ contribution, a

componentεC
i j can be written as follows

εC
i j = δi j +δizδjzezz+N

δiz+δ jz

⊥ χi j , (1)

while a componentεN
i j is written asεN

i j = UiS j .

We present here only the explicit expressions for thezzcontributions to the dielectric tensor.

The others can be obtained in similar way. For general distributions and arbitrary directions of
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propagation, the contribution to the ‘conventional’ part appears as follows
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with the dimensionless variables
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,

where the inelastic collision frequency between plasma particles and dust particles is given by

ν0
βd(u) =

πa2nd0v∗
u

(

u2−
2qd0qβ

amβv2∗

)

H

(

u2−
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)

.

The quantitiesΩ∗ andv∗ are a characteristic frequency and a velocity, respectively, which are

considered convenient for normalization in the case of a particular application. For the present

application, we useΩ∗ = ω0
pe0 andv∗ = cs, wherecs = (Te/mi)

1/2 is the ion-sound velocity

and ω0
pe0 is the equilibrium electron plasma angular frequency in the absence of dust. The

quantityqd0 is the equilibrium value of the charge of the dust particles, which we will denote

asqd0 = −Zd0e.

The contribution of the ‘new’ part, for general distributions and directions of propagation,

appears as follows,

Uz =
1
z

1
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with ν̃1 = ν1/Ω∗ andν̃ch = νch/Ω∗ .

Further development can be made in the particular case of bi-Maxwellian distributions for

ions and electrons,
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In this case, and assuming that the collision frequency is replaced by the average value,
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The cases ofh= 0 and 2, also necessary, are obtained in similar way [2]. Moreover, we obtain

Jνν (n,m; fβ0) =

( ν̃β

z

)2

(m!)(
√

2)2m+1(1−∆β
)

nβ0u2(m−1)
β⊥ uβ‖ ζ 0

β

[

1+ ζ̂ n
βZ(ζ̂ n

β)
]

,

Jν0( fβ0) = 0 ,

Jch( fe0) =
2ne0

(2π)1/2ue‖∆e

∫ 1

0
dµ

∆e

1+ µ2(∆e−1)
e−|χe

‖ |[1+µ2(∆e−1)]/∆e ,

Jch( fi0) =
2ni0

(2π)1/2ui‖∆i

∫ 1

0
dµ

∆i

1+ µ2(∆i −1)
,

ezz=
1
z2 ∑

β

ω2
pβ

Ω2∗

(

1−∆β
)

∆β
+

1
z2 ∑

β

ω2
pβ

Ω2∗

1
nβ0

[

J(0,0,2; fβ0)+ i Jν (0,0,1; fβ0)

]

.

The normalized average collision frequencies, are given by
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where
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and where∆β = u2
β⊥/u2

β‖ = Tβ⊥/Tβ‖, and whereuβ⊥ = vβ⊥/v∗ anduβ‖ = vβ‖/v∗, with vβ⊥ =
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The equilibrium charge of the dust particles, for a given value of the dust densitynd0 =

εni0, can be obtained from the condition of equilibrium for the collisional charging of the dust

particles, which can be expressed as∑β qβnβ0ν̃β = 0. Using the average collision frequencies,

which are given by Eq. (9), the equilibrium condition is written as follows,

∑
β

qβnβ0
uβ‖
∆β

Iβ = Z
ui‖
∆i

I i − (Z− εZd0)
ue‖
∆e

Ie = 0 , (10)

where we have used the ion chargeqi = Ze, and the electron density is obtained from the

neutrality conditionne0e= ni0Ze−nd0Zd0e.
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