DOI: 10.22059/jesphys.2017.234404.1006902

YN —¥BY oo VYAV Sl oF o ladi (FF 0,95 (Lad g o) s.Q,}

Il 33 $ S &BIF sl by L (glo lwile sl s S dle C‘yﬂ

e Lo g

#Y

. . . \ .
Ol ;5 slge 5 L moledes e

Ol w33 w30 SRS gl gy 55 55 A o(lawodl 05,5 I3 5 oodl L2 1555 gpmiily )
Ol i w35 SRS agle sy 5 b ATy ol 09,5 S35 ool it ybolias] ¥

QFINY 5 ales o pdy SEIVIYY 26l o)

oS>

> 3 G0t g and e Slojliwple slowdly )3 (Jpo (S (adpé Soidle glsel blo Lanl dlie nl >
lie cpl )3 ol 04 adllae 4l 2als MBT o9y dwg: (55 @i b) alefS s slagg Sl g (e 5 e sl
ol sdal Cand 4wl Sl Zlgel Jole Jlisl Llgs 1l a5 (Korteweg-de Vries) KAV b ;9 (o3-S 5,5 dlal,
oM Jto 2boyiell I Grzren 5 oy Sl glsel sling 9 aleh ) 1) 2leS e Glopg Sl 5 s sy
1 (ol Jla oy daleo (S, 45) LSS,y Aoleo 45 ptsnsy omsDs 2] 4 Lo orlod S adllns | Loygs IS 5 smaboline
il Lo &5 s o L3 (o338 Slslre 5 091 dnl5s gl gge Jlag dgry e 4 ol A Jlea g el Ay ez
Sl 4 diaoly A5 S 31 dgzg dllie (pl )3 ez ,S Jlaid (clawdl () (1S g AT Mo ) g Sg e £ 9 ol Ay 93
Al g dssbre |y lapygidls (551 iopen Cusl 0259838, do il & Aty WS 30 &S b 3 el (Site lagigillo
s gmuiblino oo 5 zse 0 o dugly GBI L gl £ 9 o Al maled ) ) o Loy (sl
o5l £95 93 5 pliSor dials ¢ ublise (i )35 b o Gl (aloS e pl)ly 9 (e (2 S O e B
ey Jy wl ol sl &b (s (o Gg oy GRal3EN L amd o Sl ) lag T (slig Lol amd e 525 1,

Al pialS ol

KdV dsleo ¢l 6,k Ol lewdly ( Jeo Je E‘?"I :‘5.\.:.15 el

Sloslwiln Ui 5 (Sl 5 Jhuadl )3 (e ) sbay
G & Vsame o b Glajlsle sk e sdalis
Ygone &S 8 dials oy 5 53 igh o gy SOl
mKAV U KAV e et o il is ¥slae
O8AF ) b5l 4T o s & (modified KAV)
5 bl sl abor 5 08 iy 5 51 6345 Sl 3l
Lles S eslizul @dldMel i, 51 (V4AR) NS 42
only e s oIl (198Y) Lols 5 4lsl
Je ol b Ledly &8 sls 0lis (V4AA) 5155 s S
S gt 09 5 Cota SO g esdle s
3ok 3 (G Sl S (o Sl sline
Wl ) (sloslmils gledly slaodyy dha I 5o

5 08V (KD JT 05 il oS (19A4

Aaddo L\
O lawdy ghie 5 e 05 G5 53 8 b LSy
23 ol Sl Sl LBy 7 50 cl 3 58 o0 0dell ke
ol 3y IS 5 Dy ple glaws,
Sre Su skosIl (s gl Ok
oo lewdly Olidew 53 (o b Sy o S
(3o s O wl Gloyladle Glewdl
b o5 e 105 S 5 0y e ST B
Lol s o OLE o b LB 555 3l il S
ST s 035 55 e OT S s
s Slowy s o Lok 1y o gl by o
gl 5 ) 255 0 8L lumse 51 (Goles )2
3L s ghyls S (G550, S eSS L L(1aY:

lzad Sl Vo b Sl /Y ssd s Sk

mehdi.sharifian@yazd.ac.ir

Ll 033)55°



APAY Ol oF o lod FF 095 (Lad g o) &)33 roy

sl 035 (g p 0 8 G008 3 2 3F

5 S 03,28 e LHls (glaj e (ke gla tas
dlde ol 53 Gl ol e sd o poas Sk Ll S L L
ES5n o kel 4 ¢SS Al 4 1y s tagl
ploni AT lawdly o 5 (slo)lwils (slewdl
2 Gre Ga el e 5ol s mlesls
e a0 5 b0y S Jols Cand el Sl
S ol bl .l odd sy WO 25 b L
SLOs S (blitn Olbe (e SOy s>
G5l gl Sl pas Loy ey b S 0
Tl o i (al 53 dasor 2K 1) G pe (S
S S Sy 53 S S S
GS @35 D) @S b sbos S Jels Canss
plels y Jio e A5l e e b e 5 e Gla0
4 1) KAV Dslee al zalS sl Sy, oSaS 4
slde Tl gl o0y Gy pl b .v—i‘GbJJT Cwd
Gieer 3 g o e ety 5o & Sl £l
caals 6oy p bl sla el 56 i 75 ol
.(.J_u.uu) ¢l?gt4f@,::5u C‘f” oA s le

Sl Jlw bl SYslas 9> A 3 Wlas cpl s
b0 3l o3zl b KAV Dslan cp g 25 55555 o0
Gl (el D303 S B L il sl IO
S Gl an Gl rimmes 5 5T 0 Do
5l s 5 Lon '('iJﬁTua“ Cws 4 KAV dsles
AUl 5 poler o tdw 53 5 @ (S s

A sl g

ool OY¥slae Y
bl S 557 aals b G0 G0 ol Uil el ol o
Sy 55 gy (gmbline Glo)liun o Glawdly 53 jatei
5ot s e glly i S and ol
sl os a3 &L s ool bS8 slany S
4 Sl ble Gl b 5 25 X dmio )3 7 5e LS
(Gl Z (glwly 53 48) B wblin Ol (sl

a3 s Gy OAVA Oy D L5 2Ses
P Sy Sa gl LSl Sa)  Crrd s O
5o glewdly gl KAV Dslas 31 eslizal b s &K
WDl s o) Sl ol sy 09 S 3 O
Ll bogdle sy (1448) 0L 5 IS .(19A0
o p BOs S 6y e YelS Dslee 03 5 bl
il SV 5T (1840) Glad 5 SWUI les S
PGB e Sn gl b3 s VL
5 08 Sx Jee Jlb Caas aes cled
g5 S eslimal L1y 08 Glesgn b (slas SN
OLer 5 W los ST a4l ialST S|
2 S Sa G glel s (1447)
Lol 36 S > Cand i 05 Sladly
L3S gy Bl talS Dl 665 S eslanal
P Gre Sa glel s SV Ll K5 ol
Jreilyad 05T wsa b (mod Jiw 52 ety
by Oltadils (sl okl gy 5 (VAAY) = g Lo 5
oF Lo b p S Gloy i sl slaudl
adlos LOT Sy zio S5 @l |y LS8
@5 & b e skl o5
Sl br s ol il wtsly L0y Lo S
(ol osde dms ga P 1y Lty 53 sl L]
ol 4 Sdbe gl S8 Gl L s Ll
5 (Freja) e loylsmle ol wls bS5
S L Gl e sla,bsle (Viking) oSuSSly
OLSen 5 5sls) &l o5 S Ao, Lab s |y JEs
e 6§ (ol glado, ol ulal s (V44F
52Ut i b e0s S s oy Jeld gl
T sl o)y 2 wis Bl BB A4Sty
5 (Yoo) Ogele (V499-1440) OLSKer 5 55 Lbuy
oo s S eslamal (Yor)) Ll 5 Lo il
Sl Gl 8 S o iS5 S e
el Sl 3 (e G Sl Zlael (V211)

by Lo mie (ol S oy S Jols Cams



vor S B0 b 53 55 w55 )1 S0 Kb e ykadls Slawdly 53 S sl 7l sal

sy ol ek G Q= Do
POl .l (s 5 e S5 Jbw p o e Sa am
Ly O 095 L dju (gldd Olaa
05 bs b 5wy = (4me’nyo/my)
S, 7 Kleds g Ap; = (KT,/4me?n o) /?
Ay .l FBp2) B cwblian Oldw g 55 4|y
Wpi & Dy e 5 Sode Oy (A W55 o
C UKCL g 4SSy, =1—ub/c? .l
Sl B=4a/(1+3a) .Cwl L5 Csm
@=0) =0 &l 5 cul b0, LS 2
ssbe Ay @5 4 S Loy S &S
o g S st E S o = /Mo
linly 5o Ltd by gy Baw Co Sl o SO p
Ly Sl odd S 53 e bl Ol

Al i 8 (Z 55 5 508) nad 3

KdV dsles ¥
b5 e sl dallae gl Bl alS IS ) )
e Opoper 5 Sl 0l odliel (Sse S
OLSer 51 i) Sl ady Ha 5 Lo Sliatses

:(V44¥
1
£ = ez(k.r — At) =
1
€z2(x sinf + zcosf — At), #)
T = €3/%¢, V)

%L&w‘cy)m‘éb‘))}&)léjk‘\f
T 3B e oy 3l 0 0 &l publite Ol

035 bas 55 Doy gots s ite ST o0 edeia |y Oy

g s
ny =1+en® +e2n® + -, (W)
n_=v+en® +e2n® + .. @)
Uty = fg/zuf&,w tTe zu-(i-z()x,y)
+es2u® 4 ()

+(xy)

I eSS st aabeta (ISl ods )
5 O (Gyro frequency) wbliae s o W 3
Sl 4 Old Ll Cs Sl i w3 S L
S ol Gl edd 5 S S wblias
2 03 S o ) el oy S Gl g iS5
L0 S 5 ol ok 5 (5 Oy (’_,?L:%uiu.a
b disd o ledie 557 m5s Ay 4 g
Ol oo 1yl s ylonigy gulil S¥slas cdaol 5 o
(1848 (She) b g ) Oy sy
2 (raw) + (. V() =
aaiti+V. (nyuy) =0, )

9
5 r-u) + M) =

—Vop+Au, X2, ()
QVp—A_u_ xz )
Vip=n_+n,—n,, (f)

Ao 385 QLS wis L koS
Z.b.b 3.1.:..4} @ ny Sl ol w;
N, [+ac] [ (%)2]

exp | — =

@nv?)V?2 1+43a 2

Los S J&s Jols ldie Ny 5 oL S Copw
sl S e D3 Camer S ol byl @ 5
a0 3 S o ylomigy o LS o Ladiia |y (6550

4 g Sopen (Lo gldd gy, 6,;&,&:5‘ L

Ve 5)}.3‘5» QL;.:F(U) =

T o S
ne = u(1 = o + *p?) exp(9), ©®)
ke oy JE o gu e sny YL Ly, 5
S s 8 Calaiy S JEs 5 e s
ui.CMA ol )l>=~€4 Nio aMJZiAJ:..o LSL“"“M‘.

1
4@ el el ol g Cs = (KT, /m,)?
Te (rds b kg & ol sl kpTe/e il

e e 03U b e s 05, gles



VAY 3Ll ¥ o ylod (FF 0,95 cLab g swe) Sy 5 rof

O 515 (/€ 3U/C) i $l25 586 ¢ i JEr
2yl Ko (B) gL 5 8 el s

oA el LOT (6551 o gl lhawsein 51 S
S 4T o s 4 [77 W% (9)dI a1 05l
3 Y)Y sles > L el 9=E—Ut OT ,»
(s Ol 551 daly 4 S J S

24U3/2\yB
==, (YF)

Oy A 5 WV CVslee dhwsy & S35 4B 5 A &S

A

@Lﬁ)bsi«:q.f
S s ST sbosall oKT (il cie A S
Sy osbs r._.:nljs- ol pi 58, slag gl (il it
o Obboyaml O5d) ie opl 3 s 2l Al
o Sl Vg =y S f":‘{u‘“ oo (e IS

T e 03 5 O oty 5B dlal

A = cosb (uoi /M) (yo)
a1¥1M

CaMe g ST sosdle ¢l S LMl oS
o oary LSl slshd) ol Gl i
de glp A s oyl Y 5 YY Y0 Yl
30 ol O g dileer (Bl Cte (Fpe G T
55 A5 de BT sls s s el 3 oS 0l
Opbo i A oy 8 LT Sloss @ L
Lph iz Lewdly 3 Lol 5 o o p033 5 sl sl
O Jos o llax (gl e o LKAV Wslas
LsolS6) S ga ol 1y i sa 335 (slao sl Les

VY0 0,6 5 uls VAP ¢ 2L pus
ol £8 55 a gl 5 Odle il Sl
LOs (e Opw S 4 (nd (S0
Gl ) S s s ol &7 515 Saww (F = /)
Q=1 5 f=01 w=04 H=30° st ke

ol el eds sl Ol (0448 (eSe)

Uy = €Ul ) +etull

e Ul + O
Uiz = Ut fufrl()z) + ezuiz()z) + -, a4y
U_(z) = Vo + Eu(_l()z) + ezugz()z) + e )
@ =ecp® + 2@ + ..., OF)

T s 4 5 ) ot 5B s

—QBcos?6 cos?6 _
N1 (A-vgcos8)2  y1(A—ugcosh)? ta = 0, (10)

5 s Vo @ F SYslae SIKAV Dslas Sulg 5o s

:J.:TGA Cowd 4 V0 Aslxa

a(p(1) ) a(p(l) 63(p(1) B
"y
(3Y1(1—uocuse)zcgs4g 3171 802 (A—vgc0s8)2cos*0
RS Ry3
2y2(A-ugcos8)3cos36 | 2n, BQ? (A-vocos8)3cos30 az)
A= R Ry 2
ZCosze(QBnl(A‘“Ocose) ; V1(l—uocose)) )
R R}
v)
I*Bn%(l_uocoseﬁqﬂ'"z9¢V%(A—HOC059)4sin26
— ' Ry%A2 j RyZAZ
b= Zcosze(Qﬁr’l(’l_UOCusg) =1’1(/1—u0m59)) , (W)
R R?
Ry = y1(A — upcos6)?, (19)
R, = 11(4 — vyc0s6)?, )

oD = @ysech? %, (YY)
9o =2, A)

Sligy 3P0 Als .ol Sl g0 Cb s ,u U S

w=2 | (y)

<=

6 B) Sasl, 5 A) b M o

(s pr bmblae Ol dile gilee sla el



1Y) e SO s )3 55 @35 6hls w0 b lojkdls slewdly 53 (g sidlo ) g0l

s & &S 8Ly Ulg e Wo = U bya 5 IV
Oln (Slialy 2 3 goe Sugor 53 50 HLasl (slowl ) &S
St L b OT dals 2,8 4 15 publiie
Ly oxl 4 phee AL plmil 5 3sb e
2SS A b s b ey S Cwl OT I S
L g r 005 o 4 s A s ) s
bl mmmen (59 00 420 4 S 4 515 S By)
QY:W@@}J\{JA;QS:W)W%SJJlQ
b lie Oln Sy8 4 0 sl Lals ST WV YY

.})‘-\.; ;Lw

()

Al

By oy Sl L aals com) Y gl IS
Oyl sl 7=V I8 3 &8 Jlo )3 el o 1530
Lals Koy b 2l Gaw Com LRIBL

ol Sl 0 5385 5 (0S| e (g0 szl
YUK s Hlasl Gl 4 S alsls ST Sl
o313 0l Q=1 3 =01 w =04 F =028 gl ,
wsly RlBl L Sl mSls I sl s
Sl e Sl (o s 38,) oS 2 O sl dials
S o S5 S50 sl &als (695 2 a5l e

et 5SU 5IBL d ds ) (F/U) e 55586 4 nd (0 0 g3, ol dals ST 5 () 081 20 O gl dals ST Y IS

e S gy e S R L sl ek el DL (F/U) i 555 L 0520l sy St 5 bl (oo ial5 Laials



VYAY Sl ¥ oyled «FF 090 AW}W} “-i!)-:ﬁ

Loosdle she Sl ppmmer bbb
B b S e ol alisee slie sl 15 el &l
L hss) B=02 (gl 555 B=0.1
2ol sl s (el Hlssd) B=03 (des
s v=02 5 A, =02 Q=1 F =028 <.t
SRIP L ol gl elesls Ol -0 S
S SE Al b GBI @b el
AV s Sl &S das e Ol -0 5 ko
sl Slad oy » e S b B L awlas
S5 Dl el DL laasls sl Ol
Q=1 P=01 gl 5 JS& 55 sl 4505 L ol
s (k) F=028 5, v=04 A, =02
S5l edd esls Ol (dee L) F =0.35
5 Ak S Osdle e I L Ol
Wl a5 LI Lasl & 505 b O sl (651 Ol s
Sl ol e oK asl Sl b dusl 1
e ol 5 2 asls RIB L e 5 e
55 6 S ams Olg oo AT salin 1l o S2alS
OLSS 55 ol Dol Sl Al s sl S

r.:&L ails

Yos

Sl L sl glg oS a5k e edalin ¥ S s
3N OVslae bl il o S2alS bl Olds
WS o S ¥ OIS 4 bl Ol e sSae b gy YT
Syhsr i Opdle Sy f (o o el Rl L
@S w5 0 05l Gl & e S )
polis ca p Ogdle Kby Sl F O SE o
b slie gl B gl S e el Calie
Wl ol sl Olas AL = 0.2 5 Q=1 F =10.28
GRIFIL edisd 385 5 eSOl 53 p il
bl GIPIB 2l S Ak

Lol L ool b Shuw ke S s
v=20.3 G(AIM L )‘}j.u) v=20.2 d‘j )LLZJ‘
B=0.1 3 A, =02 Q=1 F =028 ot ,slis
ui;_ll;él (RTY lAC)}Z:jLﬂ Lgl;ﬁ Sl e eals OlES
A A R R S RC N
L 6 Ly & emes OT Lals wsly i
Vo 0y S SR L g oimes s

A
w
A

Q=1,p=01w=04F =028 sl 53 g sln ksl sl 4 Po/U ol s Slas ol i ¥ K&



rov o Sl p iz 33 5,5 @55 )5 Sl 2L Gl jkeile Slawdly 53 S sidle 2154l

0.1 0.2 0.3 0.4 0.5
A +

&l Gl s 503) B = 0.2 5 (dew bt Jls505) f = 0.1 Jlade 53 <l 2 Wy & s O 528 ) AL 4 ol sl Sy ."JS.'&

el sl el 0L Q=1 4V = 0.4 F = 0.28 ot slo il L

dala

n

0 0.1 0.2 0.3 04 0.5

B
e odd s Ap = 0.2 5 Q=1 F = 0.28 b olie 512 B e S, il L a8 053l (@0/U) ials 1o S i ¥ K2

v=0,2
..... v=03
e )

X X 3z x 35x 3= x & ix = Sk 3ix
16 % 16 3 16 ® % % 6 T %03
e 0
(0 ()

L 5 50) V= 0.4 ((labis 5350 V= 0.3 W(dee bt o) V= 0.2 il slie sl (il SLiasl &l b ol sl s 0SS
V=02 5 (o b s B =03 (bt lsp0) B=0.2 (slai s 50) B= 0.1 ciliee slie sy (. B=0.1 5 (e
AL =02 ,Q=1 F =0.28 b sls el sl



QY Ol ¥ o led oFF 0595 cLiad 5 o Kb *OA

5 1
uh

9n Sm
32 16

A
~J
A

& x 3x m 53
32 16 32 8

LIS
32 16 32 4
0

Mosed @l F =035 5 st Slspei 1 F =028 ;v =04 A, =02 .Q=1 $ =01 gl jLazl sl o Cod 053l 55,07 S

Lwlptv=1
AJSE 53 publiin Ol & Ol 5551 (Sl
o315 0L F = 0.28 v =04 Q=1 $=0.1 sl ,
Olr SISty Ol 631 Sl o
25 65 B U5 o L 5 bl A pbline
b sl sligy ol 5 on smblie Olkee 2131 L S
5 S 4 e Ol GBIBE Iy s SRl

B sh e Ol 55

364,

264

e

e O SE Lol 31 Sl v S s
el ok o3ls QL F = 028 534, = 0.2 Q=1 I,
5l el sl () e 0SB b 0l (55
OT 5l g5 &7 ol gime s il by oo 13 (o
Ls Sl v=10.65 Ool bl s aneS Hlide S5 (sl
05l (6551 Gldie 4 S v AT L 2150
ALl GRIPE L rmes G351 ke R
Sy sl mlE bbb SR LS
tﬁjw,l;,mﬂ(u)uo,;iju@{gd;ﬂuma;

v

0 01 02 03 04 05 06 07 08 09

sAp = 0.2 Q=1 b slis gl 5 (e Lot Jlo503) f= 0.2 (lakis Jls503) f = 0.1 gl e 05 JK{Q%QHQ&})!.\/J&&

Al gr 28 e Sy L e 1BV L (6551l e oy F = 0.28



¥a4 e SOy s )3 35 @35 613 w05 b lojkudl slewdly 53 (g sidlo ) g0l

504

204

0.1 0.2

0.3 0.4

et oy F =028 ,v =04 Q=18 =01 1, Ay L olis AJSS

b oo A wgly i Rl B L e (Js b o
R e 0y J&e IB L gy s
u:.alf u““‘l’l‘” Ol & y8 u:.ii;,él Loy .b.lidn
e 3 Os e GRG0l (655 Al e
b 5 B gL S L SR L
W) e O & L s ol 65
lp gl 53 b Bl e (S5 b Al
Maog S J&s e Ol 551 O
Sl 015 o s i S v =1 Aol s

.A_«.m‘}

&

Arons, J., 1979, Some problems of pulsar physics
or I'm madly in love with electricity. Space
Science Reviews 24(4), 437-510.

Bandyopadhyay, A. and Das, K. P., 2001,
Stability of Ion-Acoustic Double Layers in a
Magnetized Plasma Consisting of Warm Ions
and Nonthermal Electrons. Physica Scripta
63(2), 145.

Bhattacharyya, B., 1983, Dominance of ion
motion over electron motion in some
intensity-induced wave processes in a
magnetized plasma. Physical Review A 27(1),
568-571.

Bharuthram, R. and Shukla, P., 1986, Large
amplitude ion-acoustic double layers in a
double Maxwellian electron plasma. Physics
of Fluids (1958-1988) 29(10), 3214-3218.

Cairns, R. A., Mamun, A. A., Bingham, R. and
Shukla, P., 1996, Ion-acoustic solitons in a
magnetized plasma with nonthermal electrons.

& S a0
sl S0l & s ysT s 4 1, KAV ol L
Sl glawdly 3 Sse Gn sbosdl
5 93 Lol e (i b 5 25 7 3 Ok ¢ mblite
3 (oS 0sdl) Saw S G e gl e
Lwdly 53 (elisd3d) Ogdle) Ssw Ss AS e
Wl DL (S5 slols OT (glaaals 5 Lyls 345
Gy Lo G2l L Ol 65 55 8 dals ST
5B 2L S e sl ozse Sl dsls O (e
Shey Lb GBI V) e O JEa L ras
SRl ol gl eSS B0 &l 1L sl O gl

Physica Scripta 1996(T63), §0.

Cairns, R. A., Mamun, A. A., Bingham, R,
Bostrom, R. Dendy, R. O., Nairn, C. M. C.
and Shukla, P., 1995, Electrostatic solitary
structures  in  non-thermal  plasmas."
Geophysical research letters 22(20), 2709-
2712.

Das, G. and Paul, S., 1985, Ion-acoustic solitary
waves in relativistic plasmas. Physics of
Fluids (1958-1988) 28(3), 823-825.

Das, G. C. and Tagare, S. G., 1975, Propagation
of ion-acoustic waves in a multi-component
plasma. Plasma Physics 17(12), 1025.

Dovner, P. O., Eriksson, A. I., Bostrom, R. and
Holback, B., 1994, Freja multiprobe
observations  of  electrostatic  solitary
structures. Geophysical Research Letters
21(17), 1827-1830.

El-Labany, S. K. and Shaaban, S. M., 1995,
Contribution of higher-order nonlinearity to



VYAV Sl oF o leds oFF D)})LW}Q:&_} &)33 s

nonlinear ion-acoustic waves in a weakly
relativistic warm plasma. Part 2. Non-
isothermal case. Journal of Plasma Physics
53(2), 245-252.

El-Labany, S. K., Nafie, H. O. and El-Sheikh, A.,
1996, Ton-acoustic solitary waves in a weakly
relativistic warm plasma at the critical phase
velocity. Journal of Plasma Physics 56(1), 13-
24,

Grabbe, C., 1989, Wave propagation effects of
broadband electrostatic noise in  the
magnetotail. Journal of Geophysical Research
94, 17299-17304.

Ikezi, H., 1973, Experiments on ion-acoustic
solitary waves. Research report 149, 1-36.
Kalita, B. C., Barman, S. N. and Goswami, G.,
1996, Weakly relativistic solitons in a cold
plasma with electron inertia. Physics of

Plasmas 3(1), 145-148.

Kaw, P. and Dawson, J., 1970, Relativistic
Nonlinear Propagation of Laser Beams in
Cold Overdense Plasmas. Physics of Fluids
13(2), 472-481.

Mamun, A. A. , 2000, Rarefactive ion-acoustic
electrostatic solitary structures in nonthermal
plasmas. The European Physical Journal D -
Atomic, Molecular, Optical and Plasma
Physics 11(1), 143-147.

Malik, H., 1996, Ton acoustic solitons in a weakly

relativistic magnetized warm plasma. Physical
Review E 54(5), 5844.

Mishra, M. K., Chhabra, R. S. and Sharma, S. R.,
1994, Obliquely propagating ion-acoustic
solitons in a multi-component magnetized
plasma with negative ions. Journal of Plasma
Physics 52(3), 409-429.

Nakamura, Y. and Tsukabayashi, 1., 1984,
Observation of Modified Korteweg-de Vries
Solitons in a Multicomponent Plasma with
Negative Ions. Physical Review Letters
52(26), 2356-2359.

Nejoh, Y., 1987, A two-dimensional ion acoustic
solitary wave in a weakly relativistic plasma.
Journal of Plasma Physics 38(3), 439-444.

Pakzad, H. R., 2010, Ion acoustic solitons of KdV
and modified KdV equations in weakly
relativistic plasma containing nonthermal
electron, positron and warm ion, Astrophysics
and Space Science 332(2), 269-277.

Rizzato, F., 1988, Weak nonlinear
electromagnetic waves and low-frequency
magnetic-field generation in electron-positron-
ion plasmas. Journal of plasma physics
40(02), 289-298.

Yadav, L. L. and Sharma, S. R., 1991, Obliquely
propagating ion-acoustic double layers in a
multicomponent magnetized plasma, Physica
Scripta, 43(1), 106.



rs e B0 Hpam 53 5,5 035 61 Slal s SN b Sl kil Slewdly 43 sl £l 50l
Wio o33 (5u 051 SVlan o3 1) lie p g 25N F G A SYslae KdV Dsles 5SS, Aol 0355T s 5l

j‘w:‘QLéJ:jr:{@ |.J>- ‘Jew:mdho‘jjr;@ oslazn! dJlie r_’.w JouVj?QY)WJ‘ ‘V':'“@)‘J;
IV.UJT@QMJAa'bﬂj.la{b)c‘_;&\i)sbgw&(l?d‘

@ _  ¢Wcos?

+ 7y (A—ugcos6)? Sy
@ _  ¢Wcoso

Uiy = y1(A-ugcosh) m
@ _ sinfap®

Ue) = A, oz AR

az(p(l) 2 2

ez = n® —n@ 4 a,(1-Be@ + ao® ©®)
(1) — —@BpMcos?e

n- N1 (A-vocos6)? )
@ _ —QeWMcoso

U = n1(A-vgcosh) v
(1) _ Qsing ap® W)

Yoy = Al 98¢

ul(x) =0 @)
@) _ (A—ugcos)sind 3%p™)

Uiy = A2 a¢2 0
2 —Q(A—vgcosB)sing 82p®

ulf, == o O

n® —n® 4 a,9® =0 QA

3jvg . _ 3iuo
2¢2 Y1

. . 3j 2
S e o 170 51 = e =1+ cay =Ly =p(1-p) &

AT



Journal of the Earth and Space Physics, Vol. 44, No. 2, Summer 2018, P. 7

Solitary wavesin interstellar plasmawith Cairnsdistributed electronsin the
presence of negativeions

Salmanpoor, H.! and Sharifian, M.*

1. Ph.D. Sudent, Atomic and Molecular Division, Physics Department, Faculty of science, Yazd University, Yazd, Iran
2. Assistant Professor, Atomic and Molecular Division, Physics Department, Faculty of science, Yazd University, Yazd, Iran

(Received: 11 Jun 2017, Accepted: 24 Oct 2017)

Summary

Plasma with both negative and positive ion species and electrons is called negative ion plasma
This type of plasma has a great importance in various fields of plasma science and technology.
Among the nonlinear structures, ion-acoustic solitons present the most important aspect of
nonlinear phenomena in modern plasma research. When the velocity of the ions and the electrons
is much smaller than that of the light, an ion-acoustic soliton exhibits the non-relativistic behavior
in the plasmas. But, when the electron and the ion velocities approach the velocity of light in the
plasma, relativistic effects dominantly change the soliton behavior. Relativistic plasmas can be
found in many situations. Nonlinear structures are usually investigated by using some form of
perturbation method. In small amplitude approximation, we usualy derive nonlinear partia
differential equation like Korteweg—de Vries (KdV) or modified KdV and etc.

A great numbers of authors used the reductive perturbation technique, Bharuthramand and Shukla
(1986); Yadav and Sharma (1991) studied ion-acoustic solitons. Rizzato (1988) showed that
plasmas with components such as positrons in addition to electron and positive ions behave
differently. The positrons can be used to probe particle transport in tokamaks and since they have
sufficient lifetime, the two-component (e-i) plasma becomes a three-component (e-i-p) one (Surko
and Murphy 1990). We know that when the ion velocity approaches the velocity of light,
relativistic effects may significantly modify the behavior of the solitary waves. Relativistic
plasmas occur in a variety of situations, such as, space plasma phenomena (Grabbe 1989), laser—
plasma interaction (Arons 1979), plasma sheet boundary layer of earth’s magnetosphere (Vette
1970) and describing the Van Allen radiation belts (Ikezi 1973). The weakly relativistic effects on
ion-acoustic wave propagation in one dimension using the KdV equation for cold plasma without
electron inertia have been investigated (Das and Paul 1985). Nejoh (1987) has investigated the
same results in the warm plasmas. Kalita et a. (1996) have investigated the existence of solitons
considering the complete fluid equation of electrons. EL-Labany (1995) investigated the
contribution of higher-order nonlinearity to nonlinear ion-acoustic waves in a weakly relativistic
plasma consisting of a warm ion fluid and hot non-isothermal electrons by using reductive
perturbation theory. EL-Labany et a. (1996) have investigated ion-acoustic solitary waves in
weakly relativistic warm plasma at the critical phase velocity by reductive perturbation theory.
Large amplitude Langmuir and ion-acoustic waves in relativistic two fluid plasmas deriving the
pseudo potential has been considered by Nejoh (1987). The oblique propagation of nonlinear ion
acoustic solitary waves (solitons) in magnetized collision less and weakly relativistic space plasma
with positive and negative ions and non-thermal (Cairns distributed) electrons is examined by
using reduced perturbation method to obtain the Korteweg-de Vries (KdV) equation that admits an
obliquely propagating soliton solution. We investigated the effect of ions velocity and non-thermal
electrons on amplitude and width of solitary waves and also other effective parameters on them.
We find out that four modes exist in our plasma model but the numerical analysis showed that only
two types of ion acoustic modes (fast and slow) exist in the plasma. The fast mode corresponds to
the propagation of compressive solitons, whereas the rarefactive solitons exist for the slow mode.
We & so calculated the energy of soliton and discussed the effect of plasma parameters on it. The
amplitude of both types of solitons increases with the angle between the wave vector and magnetic
field, the relativistic ion drift velocity, negative ion density and also with non-thermal parameter.
The strength of the magnetic field doesn’t change the amplitude of soliton (for both types) but
makes its width smaller. With increasing relativistic ions drift velocity the amplitudes of solitons
become larger but their widths become smaller.
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