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Jeans instability of a Dusty Plasma with Superthermal lons and Electrons
Narges Afshari, Hossein Hakimi Pajouh and Mahmoud Reza Rouhani
Department of Physics, Alzahra University, Tehran

Abstract- In this paper the Jeans instability of dust grains in a self-gravitating dusty plasma with a Superthermal ions and
electrons is investigated. It is shown that the excess of superthermal particles decreases the repulsive electrostatic force
between dust particles. Therefore the dusty plasma becomes more unstable and the Jeans instability started for shorter
wavelengths of perturbation.

Keywords: Dusty Plasma, Kappa Distribution, Jeans Instability.

ﬁ
WSl g yiwd BB WWW.OPSILIT Col (o aS cunl Jliel glls a0 0 dlis )


http://www.opsi.ir/
https://opsi.ir/article-1-452-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

5o aid Ol ded dS 0iS 0 2,8 el yo all e
Al X bl
5l el SHle a=i,e g5 0,5 Gl LI a9 @b

f o) = N0 I'(x+1)

(rx62)32 F(K_%)

—(x+1)
v2+Pladl )

K@é

®

1+

(K—(S/z) 2kgT,
6, =

1/2
j 5 ol JB& ngo
K m

a
Tl a=ie g9 0,3 a8l pres Sl e pw
K>3/28L 0, 09 pi slp ablboe LE &b
9 0% S sl oy o 4 S we &by 0l
Al Wl 2l 65l Gle a cans (g2l
B oS e iz g (Sl xSl 655l
Lcwl ol a=ie £ 0,0

Ne = [ fie(va) v,
1
=na0(1+ %J_Hz
s S s o sl K (il o] IS Ul s
Sld &S miSe 2R bril o (Jy wdbioe pln
S sle arls 18 (Sealnge i Jobss o Lewdly
3Ty e ol yo sl 0 Te =Ty g K =K =K
wsds ot e S¥ole o b g 00,5 £, Jobs
Jobs Sl o mpsliee Cews @ 1) (Sasaly b,
S e 5 ol @ =ied gg 0, Jols JEx
e e e
ol zZg.cwl L85 (Njg =Ngg +ZgNgo) o9
@) laeS plod wdlbioe )l mhaw 53, slags S
Ol 33 & pramgier (AL <<Ag) A=A +A1 S50
A oS (L) Jobs e (5) jio wdll
SlacesS Jol e (8,5 Sl 0 b ass e plas
oS oo b 1 (7 5 (F) X S¥oles o IS

*)

2
9 '/;1 :47szd Ng1 (V)
OX
%

> =—4r[e(nj; —Ng) + dgNg1] M
OX
2k -1 qa¢_|_ i

n..—-_n Ha¥1 =i,e Q)]
al aO(ZK_:gj kBTO{ o

‘eikx—ia)t Lé)b‘ lcuaS og canlie 2,8 L

St S e oKssls N YAY oLo..{O YO LYY

doddio —)

Ol gl oo Jgie 55 S5 slopl (gy0 5l e ol
LS oy Sl e s &5 eslul s 4 bl
Ngbge B LlE am o g 0ad Jlubl lisgs
Sl cpl Webee o)l Gy 4 hos b b )l
e ge alil [V] 3z (g,lbL ol

S O sl 5l ki 555 slanl
(5 5B ol Wlgs oo aSly cenl onis LSS
Sox » odle D90 cnl joadl Ledl 5 e D)3
Ly poee peebline 5 (S slag s (218
bl ples 13U bl (pl g,ll

79l eel) Comex l)ls LAl sogms slalensd
@i @b bl Ohd ol S g gjei il 551
et K ginb il b oas [$-Y] (el LIS
&l a b ol i =0 0> o s o lid gl e
S o0 Ty Sl (JguSTlo 20595

ook clawdl Ky o 1, i o, lubl i ol 4o
S s o baos Sl ol 5o o8 Calet 5 (Sen
S (58 (o i LB 8

by Jo (B yxe =Y

S ol i 1) gladlge aw g)le slowdly S
5 09l g cie )b S g (09 <0) paie JL L
5 <l ke ol b eSS PR S LB
aiye o2 il gl (Sliwg iSIl g ilS glag
slesdly Sslns 0] sl (GG /ad ~0@)
D9l o0 oy pj OYslae vy 5 le

(ana/at)_'_v'(nava):o QD)
av, kgT,

Mg, T =0q E2 + Mgy El - (i—a)vna M

V. El =47erd Ny X

V.Ep =4r [e(nj —ne)+0gng] )

dolas 5 (Stwg dole s 4 (F) b (V) &Volas
5 S Gyly dolas ca=ied gy 08 oS,
Ol Ep=-Vyasbe Solig Sl auls
5 Silwg xSl o Ep =V L o3 ouil )3
(s Sy ( IBz i @ Uy T My Vg eNy,
Looslal e el a=ied g4 0,0 b g Lo o>
GlS el Gy ey ol Kp o 9 09


https://opsi.ir/article-1-452-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

‘;ML’ &{‘) ‘sw)ﬁ —‘—Y
sl Sy 5l SsS ojl5an (V) &jle 10 @5g e pd
o b @7 <0 olyen olSST c@pg <@g S

o2l Ikl
;a5 @%(kodp) =0 oK1 @pg > @yg 5

e — \/[(2:«—1) 2k — o3y OA)
@ha — @3y

2,15 8429 cl> g0 kg =27/ Ag S

& pene gl 507 >0 Sl Gl s iA< 20

(DA) Sgo —)L}.é T )L...MJ‘ Sy A ol 0)19 J)Lo‘

el sl Jobs el g aibe @ LS5 L

JULl g s @2 <08 00 opl o 14> A9 (F

P 51,5 a8 cenl ol 6,lubl 5l L slais il o

O90s> 53 5 oad e ol Sl 5l i 00l 0y

D3t 92

Gouse Jo ¥

oS o0 S 50 p) 9o a1y Ll sl il )y
Nio =10%cm=3, Neg = 7608cm
Ngo = 976cm 3 ddqo = 4.8x10 "esu
T =Te =3x103K, m; =6.67x1024gr
mg = 4.63x10"%gr, a=3x10"2cm
Ledls ol o sl JLe 0,3 gl @ Gl o oS
2ol e @pg > @34
2 DA 50 plag (uilS 3 Joges gl Jolas > o
GeSle cdl> 5 lizee slox Gl zao v o>
el 00l o,V JSS jo (K> 0)

Y/wpd

0.8}
0.6

0.4

s K
0.5 1.0 1.5 2.0 2.5 3.0

Tor 398 > p Do —)Lé zao Glug (W52 Jlogei ) S

ey VOUSE o labl Jols b jo o) F5 loges

St S e oKssls N YAY oLo..{O YO LYY

S eSS oy W58 @y zge dack)
o3l o0 Cewd 45 () g (A) SYolae 5l (!

47dgNg1

¢ = )
2 2 2k —1
[k +(J/AD)(2K_3H

S oo By 3 Sose |y Apy

1

2k —3)\5
Ape =4 2 )Y
Dx D[ZK_J QRY;
6ok slewdy jo b Job Ap,e «(VY) akal, o

Sy iy S s 2SIl g lagyss o] jo a5
Db 0 098 5 o3 sl JeSle

11,1
b Abi  ADe

1

- . kgT, =

ool @ =i,8 845 0,3 b Jsb Apg :(B—aZ)Z

4m 08
5l el O yle ouls o e oS > g Shwgw aolee
on ov

b+ Ngo — =0 0

Nd1 __9d 9k Oy (\f)
ot my OX OX

e @S a8 sl snd 8 (VF) Wolae yies o
O (V) g (V) OYolao b azgi L g aid 5 giie e &
m)jisn Cawd

2
2 — 9dNdok 4 — 2y (\0)
Mg

‘5‘).3 poo u...:lSJS (@39 =+/42GMyngo u] BN a5
S8 OV0) doles o (V+) doleo 5l gy sl Jle @l 3

:i"'l)ﬁ]u;" Cewd A 5e3) Q)}c 4 ‘) ;ML; d.b.;‘) 9 ool
2 2 52
k a)pdlD

2
— @jd
2k —1
k212 +
[ D (2/<—3)}

oy S 5 pg = [A7Ngod] /Mg o 53 4

il oo ,Lé 6,5 gy

6()2:

%)

ngj‘ﬁ.‘c 30 g Sygay (Saasl alal, ST ek —> 0 S
2 _ kza’rznd’% w2
kZAZD +1 %

255 b ks gledy lp (Sadly aaly ploa o5
L0] wilbiee 09259 5 32 e JoSe

A\Y)

AR


https://opsi.ir/article-1-452-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

Wil s oy e Gyl 4z e ol S
Sghes FSHn sbs Job

&5 b oele gledy o ol Sl ey
Sl ol Oyl JouSle

2kgT, 0

m

Vihae =
a

9 Oy 8L podd Sl Copu el 4 axg L
(S e (12) ala

0, - /wvﬂw )
K

Q‘)é slaws as @L?uT )‘ ML;G,Q 90[ <Vth,0{ S )

ol S 3l T G o SIS ) 655l
L moje b lalewdl jo (Wb 55,5 slaw oo
(FeSle @595 @b b slalewdl 4 Cos 2,3 sl
oy 9 o0 SSxeS sbo Jsb amis jo el pii
lowdly & Cond 0655 Jolsd jo (Sesliwy 2SI

S5 se bl JguSLo

S5 azs —F

St e oy S 5 5 sl lie ol
oSl g lagyg wpeols S13 (owyp o590 1) Calein
Ll sl 1) LS mjer ol g 48,8 )i p0 ()l ol
b oy Joles G2ls (s 45 aols ol euiy
Ere b S ) ASrsS b sad oy DES 250
2 Ol Camar Ll izan il (Ag) b

9 00l (Slinwg iSUl andls (69,5 halS 4 e (65,
WS oo ol ) Lewdl (6,lLL ol

&=y

[1] E. W. Kolb and M. S. Turner, The Early Universe
(Addison-Wesley, Reading, MA, 1990), p. 342.

[2]1 V.M. Vasyliunas, J. Geophys. Res. 73, 2839 (1968).

[3] G. Livadiotis, D. J. McComas, Understanding Kappa
Distributions: A Toolbox for Space Science and
Astrophysics, Space Sci. Rev., 175, 183-214 (2013)

[4] V. Pierrard, M. Lazar, S. Poedts, R. Schlickeiser,
Modeling space plasma dynamics with anisotropic Kappa
distributions, Astrophys. Space Sci.Proc. 33 (2012) 97-107
(2012)

[5] B. P. Pandey, K. Avinash and C. B. Dwivedi, Jeans
instability of a Dusty plasma, Phys. Rev. E 49, 5601
(1994)

[6] Francis F. Chen, Introduction to Plasma Physics and
Controlled Fusion, vol 1, Plenum Press, New York, 1984

[71 J. A. Bittencourt, Fundamentals of Plasma Physics,
Springer-Verlag New York, 2004

\Y

St S e oKssls N YAY oLo..{O YO LYY

0.3

I
[}
1

1

wow

= = ox o=

!
8

. . . Iy
04 0.6 0.8 1.0

Z9o 938 > 5 bl as ) 5 jloges sV s

oSBR a5y pleg W2 dajloges o
oSl sbe Job 4 zoe due 5 s)le sladl
S b lal Jobss prals ol el oads o llo 5
LS Gy b DS Glee (Sisbiwg iSUL asdls
adls o Az e il aib ale Ll ke
DA oo plug o0 2 il Sood (Seliwg sl
Wlr gy GRIP L e Gees 4wl
@ ez boalioe SRl bl il g olS
Sl & gals b oas cuS e (VA) aloles
g 4l all 55 g jlade L3l S Cunex
U Wl oe 5 Il Gl 09h o 5 5lbl s
So ol Ly LT e MBS
il (Sliwg 2SI

3 sl JEs ade a5 00,8 658 Lo beiyl 4o
ISl 5 L @iss g8 90 o sln d(Ng1) HLe
ke (V) dslee @y azgi byl 5l adle GLSy
> gopi amt j0 y (P Qw5 il
R T R R R
el Gy JoSe

Sy Ol (LB @l 950 GO OeSe 4 4z L
asils (55,0 IS 4 285 amti g cn psbocnl L
SILL aB) 25 Gl ys el Jule (Sesbiwg xSl
il oo JoaSlo @i 4 Cuns LIS @je5 50

@ o Ape O Sz () akly 4 azg
FoS o Sliwg iU Joilty oS Cesline cpl & o Ap
i 50 g 03,5 3985 Lewdly (Al axl gy @
by Fhand Loadly 21 5o (Siliwg iS55
2 oS lgige [VE] Gbo Jsb hyed @ azxgi b
Pl 4 b Jeb ojlal  plie sles b slaleandl

logs xSl g lagyg ()l oy 4 Sile 5 Syl


https://opsi.ir/article-1-452-en.html
http://www.tcpdf.org

