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Abstract: For an un magnetized partially ionized three-component dusty plasma contains thermal and non thermal
dust particles with Boltzmann distributed electrons and ions,the dispersion relation of dust waves with Lennard-
Jones potential have been derived. Also by using the continuity and the momentum equations with Lennard- Jones
potential for dust particles the phase velocity of dust-ion- acoustic wave (DIA) obtained, from which we have
reached to the dispersion relation for dust wave. More over, for this we assumed that Magneto Hydro Dynamics
(MHD) procedure,mean while dust particles in thermal and non thermal position assumed.
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Introduction particles and Boltzmann distributed electron and
A dusty plasma is a multicomponent system ions.Then by means of a set of equations together
consisting of electrons, ions and dust charged with (L-J ) potential at last we reached to dispersion
mesospheric particles together with neutral atoms or relation of dust particles. More over, the ( L-J)
molecules that in this ‘unusual’ state of matter stems potential effects on the phase velocity of dusty waves
from the ubiquity with which it is found in the is considered. It is clear that when the order of the
laboratory, in space, and in astrophysics [1]. Dusty particle separation in (L-J ) potential is about(4: 10
plasmas may be formed due to the existence of dust "m - 7x%10"°m), the phase velocity of particle is less
particles with sizes ranging from one nanometer to than the phase velocity of order of (3= 10710 m)
one micrometer having large masses. The charged particles separation.
dust particles in the plasma bring about many It should be noted that in this paper we proceed
significant changes in the behavior of the system into 2 parts:
including the creation of new waves modes. Many 1- In the first part we calculated the dispersion
types of waves can exist in the plasma environments relation of the dusty wave with taking on account
that characterize the media that here is ionosphere. In the Lenard-Jones potential and thermal velocity
dusty plasmas, then it is well known that the two of dust particles in the fluid form while in the
normal modes of un magnetized, weakly coupled second part :
plasmas are of the dust acoustic (DA) and dust ion 2-  We calculated the dispersion relation of the dusty
acoustic (DIA) wave types[2,3]. Dust acoustic waves plasma wave with taking on account the Lenard-
have been reported theoretically in un magnetized Jones potential without thermal velocity of the
dusty plasma by [Rao et al 1990]. In recent years dust particles.
research on various low-frequency electrostatic Description of ionospheric E-layer plasma model
waves in dusty plasmas reached to the momentum. We assume E- layer plasma as a model with
[Rao, 1990] have demonstrated theoretically a low- 85—100km height above the earth surface as a multi—
frequency acoustic-like mode in un magnetized dusty component, weakly ionized plasma consisting of
plasma, called dust-acoustic (DA) mode.[ Shukla plasma particles, with icy dust and neutral particles.
&Silin,1992] also have reported another low- Measurements suggest the presence of large amount
frequency acoustic-like mode called dust-ion- of dust particles in the Earths lower atmosphere. The
acoustic (DIA) mode supported by a dusty plasma visible manifestations of these phenomena are clouds
with negatively charged stationary dust particles[4]. of icy particles called Polar Mesospheric Clouds
By using ( L-J ) potential we can see this potential (PMC) when viewed from space and Noctilucent
applied to polar icy water molecules(as dust particles) Clouds (NLC) when viewed by observers on Earth
in the E-layer mid latitude plasma. it is assumed that [Vladimirov & Klumov, 2010], further dust is much
the medium is free of magnetic field, also we heavier than the plasma particles, and the mass varies

consider dusty plasma system with charged icy dust
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in range my (102 10™"® gr). We assumed that the dust
are all ice crystals so their temperature is about Ty
=150 “K. The number density Ny of dust is up to 10
em™ [5,6]. In addition the various ions containing
positive and negative ions viewed in dusty plasma
ionosphere so we again assume that the positive ions
can play an important role in charging process of icy
dust particles.So that when there is no geomagnetic
activity during a day,this layer reached to the lowest
region of ionosphere[7]. The main component of ions
in ionospheric E — layer is 03 . This layer is
generated by photo ionization of neutral atmospheric
species. Permanent interaction in this layer is [8]:

O, +hV=0z:+e" (1)
the datas used here all obtained from electron and ion
profiles for 90 km altitude above the earth surface of
ionospheric E-layer. It can be seen that all
emperaturest (* k ), converted in to joule.[7, 8,9].
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An Introduction to Lennard-Jones Potential

Lenard-Jones potential (known as, 6-12 or L-J
potential ) is a physically model that shows the
interaction of a pair of atoms or molecules. As it is
seen, in this model.the Lennard-Jones potential
applied to polar icy, in the form of water molecules.
The most common expressions for the ( L-J) potential
are:

V(L—J):4g|:(%)12_(%)6} (2)

Here we considered the (L-J ) Potential for two H20
molecules. With the parameters:[10]
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Fig-4.The Lennard-Jones Potential for two H,O

molecules[10]

Material and Method
Part 1, Dispersion relation by using thermal
velocity for dusty fluid
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let us consider dusty plasma system with
charged icy dust particles with Boltzmann distributed
electrons and ions. Then the electrostatic field
applied to this dusty plasma, and the condition with
dust particles thermal in momentum equation is
assumed for Vp #o.

The basic system of equation governing the dust fluid
is given by:

Electron and ions are taken to be Boltzmann
distributed [ 11]:
N C)

: “K,T, KT,

The continuity and the momentum equations in one
dimensional form :
The continuity equation:

ong, oV,

I’ld =o (5)
ot © Ox
The momentum equation:
o
an +Vdan :iqdunduai_ axp _ 1 —V
ot 0x myn, 0x  mgn, mgn,; 0x
(6)
an :+q7daigo 3th 8 _ 1 aV(L_/)
ot m, 0x  n, ax myn,  Ox

Here the convection term (¥4 %j is neglected.[12]
The Poisson equation also is:

2
Vi =4ne(ngt Z, ny —ny) (1)
With the Neutrality condition:

n,*Z,n, —n,=o (8)
Here, m, ny Z; and v, are, the dust mass, number
density, charge number and dust fluid velocity
respectively, vy, is dust fluid thermal velocity, V. is
also Lennard — Jones potential, p, is dust pressure @
is electrostatic potential which is related to the ion,
electron and dust charge densities through Poisson’s

equation. Further more T; T, T4 refer to the
temperature of ion, electron and dust respectively.

Derivation of dispersion relation

By using equations mentioned above in one
dimensional form and taking on account the
following :

Z=ik, 2=—iw ©)
dx at
From the continuity equation:

And the momentum equation:
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2
—iov, = +99 (i) - Vi (ifyn, -

d ny, mgn,
(11)
For the continuity equation the value of ng:
—qun, 9 +Vi (12)

[ N3 _ 2
md|:(k) 3V :‘

(KW (1)

nd =

And from the momentum equation the value of Vy:

—+—() ”’()d

(13)
By using electrons, ions, dusty fluid densities the
dispersion relation will be derived as bellow :

—q.n, o+V, _
: Z; = ‘niznio(Ke?)‘
md[(k)2 3Vz§:| w

k
(_)I/(L—J)
w

m,n,

nd:

1

ep
e eo Ef T ) ( )

BT e
it should be noted that:

r kB Te
=, exp(———) * = —
AD - e zd
T
y2=d (15
mg

Debye length for dusty plasma are taken to be as
bellow :[12,13]

AD AD

AD = it B
JAD2+ AD?
L
2
ﬂDe=69{T"} m ¢
ne
L
2
ﬂDi:69{T—’} m (16)
ni

Where 4 p, 4; 1. are Debye lengths for plasma
particles including, dust, electron and ion,
respectively.

By using Poisson equation:
Vi =dnme(n, +Zd nd, —
And for Neutrality condition:
n,*Zd,ndy—ny =o (18)
We reached to the following equation:

n,) (17)
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(19)
nm(;?)iZdu J_rqdnd¢’+V(H) +nm(_1(e¢; Y=o
sl md[&)z—w,ﬁ} i
K
Where: , — , exp( — —- (20)
¢ =¢.exp( ——)
Finally the dispersion relation would be:
r :
2
o Zd |:ndoKBTe exp( _E) + V(L,,;):| N 3(K3Td)
K m,|ln, +n (T") ex(—L) Ma
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Part 2, Dispersion relation by using non thermal
particles for dusty fluid

Now, let us consider dusty plasma system
with charged icy dust particles with Boltzmann
distributed electrons and ions. Then the electrostatic
field applied to this dusty plasma and the condition
with dust particles non thermal and momentum
equation is assumed for Vp =o .
Then the basic system of equation governing the dust
fluid is given by:
Electron and ions are taken to be
distributed [14] :

Boltzmann

10
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ey
n; =—ng n, eo
K,T, KT,
The continuity and the momentum equations in one
dimensional form :
The continuity equation :

(22)

=n

Onay oy Wa (23)
ot ° Ox
The momentum equation:
(24)

If we consider Vp = o then the momentum equation

would be :

v, ‘v, v, _ 494 Op 1 Wy
Ot ox m,n, ox m,n, ox
(25)

Here the convection term (¥4 %j is neglected.
Poisson equation also is :

Vip =4dre(n, + 7, g —ny)

With the neutrality condition:
n,*Z,n,—n,=o (27)

Here, m, n, Z; and v, are the dust mass, number

density, charge number and dust fluid velocity

(26)

respectively, p, is dust pressure, V.j also 1S (L-J)
potential and ¢ is electrostatic potential which is
related to the ion, electron and dust charge densities
through Poisson’s equation.  Further, T;T., Tg
referred to the temperature of ion, electron, and dust
respectively.

Derivation of dispersion relation
By using equations in one dimensional
form and taking on account the following :
= =ik, Z2=—i® (©8)
For the continuity equation :

—ion, +ny ((k)V; = (29)

And the momentum equation :

44
—lav, =—=(ik)p +—— (lk)V(L 5 (0
my mgn
For the continuity equation the Value ofng :
n;4q4
(—) (—) V(L 5 GD
m,

And from the momentum equation for V4 we will
have :
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By using electrons, ions and dusty fluid densities the
dispersion relation will be derived as bellow :

k
-y 6D
®

_ ep _—qn,p+ (L—J)
nen(i) s IO(_ d —
KT K, T m (9)2
K
(33)
It should be noted that :
r kB Te
¢ =p,exp(———) * -2 (4
AD - e zd
On account of Debye length for dusty plasma :
D - AD,AD;
JAD2+ AD}
- - L
T 2
AD, = 69 | —= m
— n e -
RE
“AD, = 69 | — m (35)
n i

Where A, 4; 4. are Debye lengths for plasma
particles,including dust, electron and ion
respectively.

By using Poisson equation:

Vi =dnme(n, +Zd nd, —
And for neutrality condition:
n,* Zd nd, (37)

We reached the following equation:

n,) (36)

—hnp=e

+q,n, P+ V(L—J)

md[(f)z}

(39)

eQ
+n,(————)=o0
ol KBT)

i

ey
n,(—)xZ
eo(KBTL) do

(38)
Where:

-
= €X' _——
® =9, exp( /w)

Finally the dispersion relation would be:
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2

’
Zd oz |:ndn (K ,T,)exp( — ﬁ) + V(ij):|

md|:” io
T,

)=

o
K

}exp( - i)



Life Science Journal 2013;10(5s) http://www.lifesciencesite.com

e LK, T
a Huiseer T T
Ve Vi _ 9™ Op af 1 9y _
5 g o =+ o o (L-J) Lo 1
L m,n, m,n, mn,
BT
. h=90 ), KBTd:D
= ‘ ey
Lt 4
T InsETS)
453122 of
T OnBETsY
'@ 43 G|
é UL
g etz il
5 I 1 1 )
it \ 1 ! ! r;q ! o
i
s 1 Fig-11.The frequency for wave number (k) according
to (L-J) potential in terms of distances between
P ! ! ! . .
= : T ] ’ particles, K ,7, =o(j),K =1/1x10 > (m ")
rim «®

Fig-9. The phase velocity according to( L-J)
potentialin terms of separation between particles i

KT, = °o(j)

he30jkm) K,

R

LIV N

H

TR,

T
3

Fig-12.The frequency profile for wave number (k)
according to (L-J) potential in terms of separation
between particles,

m)
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potential in terms of separation between particles
KT, =°(j), Conclusion Remarks

By means of the equations of continuity,
momentum and the conservation of charges in plasma
the Maxwell equations and dust particles distribution
function together with Lennard-Jones potential for
dusty fluid with dust particles considered in both
thermal and non thermal condition we reached the
dispersion relation of dusty waves (DIA) in these 2
positions. From which we calculated also the phase

657



Life Science Journal 2013;10(5s)

http://www.lifesciencesite.com

velocity of dust-ion-acoustic waves, our achievement
shows the effect of (L-J) potential on the phase
velocity of dusty waves. In one hand when the order
of the particle separation in (L-J) potential is about
(4=10"" m - 7:10"%m) this potential is negative
and it apply to the icy particle so the phase velocity
of particles is less than that when the order of
particles separations are about (3% 10" m).On the
other hand we can see the effects of temperature on
phase velocity which follows the dust particles
temperature.
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