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Effects of positron concentration, ion temperature, and plasma B value
on linear and nonlinear two-dimensional magnetosonic waves
in electron—positron—ion plasmas

A. Mushtag® and H. A. Shah
Physics Department, Government College University Lahore, P.O. Box 54000, Lahore, Pakistan

(Received 25 June 2004; accepted 9 September 2004; published online 23 November 2004

Magnetosonic waves are intensively studied due to their importance in space plasmas and also in
fusion plasmas where they are used in particle acceleration and heating experiments. This work
considers magnetosonic waves propagating obliquely at an ariglan external magnetic field in

an electron—positron—ion plasma, using the effective one-fluid magnetohydrodynamic model. Two
separate modegast and slow for the waves are discussed in the linear approximation, and the
Kadomstev—Petviashvilli soliton equation is derived by using reductive perturbation scheme for
these modes in the nonlinear regime. It is observed that for both the modes thedapgsitron
concentration, ion temperature, and plasgiaalue affect the propagation properties of solitary
waves and behave differently from the simple electron—ion plasmas. Likewise, current density,
electric field, and magnetic field for these waves are investigated, for their dependence on the above
mentioned parameters. 8005 American Institute of PhysiddOI: 10.1063/1.1814115

I. INTRODUCTION creases the maximum Mach number and decreases the am-
plitude of the ion-acoustic waves. The region of existence of
In contrast to the usual plasma consisting of electrongoliton structures sensitively depends on the ion temperature
and positive ions, it has been observed that nonlinear wavegd the positron density and temperature.
in plasmas having an additional component of positrons be- |on-acoustic waves propagating obliquely with respect to
have differently: Electron—positron—ion plasmas appear inan external magnetic field in a homogeneous magnetized
the early universé,* in the active galactic nucl@ipulsar  electron—positron—ion plasma were studied by Mahmebd
magnetospherésand also in the solar atmosphemnd in  al.,?? here the authors found that the amplitude of the solitary
fact most of the astrophysical plasmas usually consist otructure increases with the percentage presence of positrons.
ions, in addition to electrons and positrons, and it is pertinent  Berezhianiet al?® have investigated envelope solitons of
to study the behavior of nonlinear wave motions in anelectromagnetic waves in three-component electron—
electron—positron—ion plasma. When positrons are intropositron—ion plasmas, and it was shown that electromagnetic
duced in the plasma, the response of the plasma to disturadiation of arbitrary amplitude in presence of heavy ions, in
bances changes drastically. contrast to the case of pueep plasma, may be localized
Recently, there has been a great deal of interest in studywith the generation of a humped ambipolar potential in the
ing linear as well as nonlinear wave motions in electron-plasma, i.e., the driving field intensity creates intense soliton
positron plasma¥:** The nonlinear studies have been fo- in the plasma with the generation of double hump ambipolar
cused on the nonlinear self-consistent structfifesych as potentials. With increase of the value mf,/n,, they found
envelope solitons, vortices, etc. In Ref. 15 the solitary wavea tendency that a single hump soliton becomes a double
solutions propagating perpendicular to the magnetic fielthumped one. In their investigation they neglected the ion
were discussed. Effects of particle reflectitoy the mag-  dynamics.
netic field have been investigated both theoretically and nu-  |on-acoustic solitons in electron—positron—ion plasma
merically in Refs. 16 and 17. Korteweg-de VrigdV)  were also studied by Popet al,?* where they presented an
equation for magnetosonic waves and modified KdV equainvestigation of the nonlinear ion-acoustic waves in the pres-
tion for the Alfvén waves were also discuss&d? ence of cold ions and hot electrons and positrons. In this case
Nonlinear waves propagating in electron—positron—ionthe ion dynamics were shown to be governed by hydrody-
plasmas have also attracted a great deal of attention in exramic equations, whereas the electron and positron fluids
amining the nonlinear structurés?* Energy transfer in a follow the Boltzmann distribution. Accordingly, the phase
shock wave in an electron—positron—iGep-i) plasma was velocity of the oscillation is assumed to be smallarger
studied using particle simulation in Ref. 20, in which ionsthan the thermal velocity of the electrons and positrons
were assumed to be a minority population. The effect of thgions). It was found that the presence of the positron compo-
ion temperature on large amplitude ion-acoustic waves in anent in such a multispecies plasma can result in reduction of
electron—positron—ion plasma was studied theoretically byhe ion-acoustic soliton amplitudes.
Nejoh? where it was shown that the ion temperature in-  Nonlinear characteristics of magnetosonic waves have
been the subject of investigation by many autitrSdue to
dpermanent address: PINSTEGPRD), PO Nilore Islamabad, Pakistan.  their importance in space plasmas and also in fusion plasmas
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where they are used in particle acceleration and heating extuid MHD model for e-p-i plasmas we follow the work of
periments. Adlam and Allért and Daviset al?® found sta- Rad” and the basic equations ferp-i plasmas can be writ-
tionary solutions of finite amplitude magnetosonic wavesten as

propagating perpendicular to a magnetic field. Gardner and

Morikawa’’ showed that these waves propagating perpen- dv: - ne._. - =
dicular to a magnetic field can be described by the KdV miniaznieE+ ?(Ui X B)-Vp;, (1)
equation. Magnetosonic waves propagating obliquely to an

external magnetic field were also shown to obey the KdV

equationz._s'29 De Vito a_nd Pqntarf@ hav_e investigated the _ 0 =npeE+ Elf(,;p % |§) _ epp, 2)
propagation of two-dimensional nonlinear magnetosonic c

waves in a cold plasma where only one mode of this wave is

excited and it was shown that the propagation characteristics - ne .

of these waves is governed by the Kadomstev—Petvashvilli 0= -ngE+ —— (v, X B) = Vp,, 3
(KP) equation. Obliquely propagating nonlinear magneto- ¢

sonic waves in warm plasma were investigated by Shah angere £qs(1)~(3) are the equations of motion for the ions,
Bruno;” it was found that for both slow and fast modes thepositrons, and electrons, respectively, witg=m,=0.

governing nonlinear evolution equation is the KP equation. For number density conservation, we use the continuity

However, the study of obliquely propagatingith re- equations, which are given by
spect to an external magnetic figldvo-dimensional nonlin- ’

ear magnetosonic waves using the Kadomstev—Petviashvilli  gn, . R
(KP) equation has not yet been studied in an electron— — *V (nws=0 (4)
positron—ion plasmas. Hence in this paper, we theoretically
and numerically investigate two-dimensional linear and nonyng the Maxwell equations are given by
linear propagation of fast and slow modes for magnetosonic
waves in electron—positron—ion plasmas. It is shown that . .
propagation of such waves is also governed by the KP soli- VXB=—1, (5)
ton equation. The effects of ion temperature, plagnghe
ratio of kinetic energy to magnetic enejgyalue, and the \here
concentration of positrons modify the magnetosonic wave
dynamics both in the linear as well as in the nonlinear re- j‘: 2 qsnsv;
gimes. The main goal of the paper is to derive a compact sep,i
closed set of nonlinear equatioffer (e-p-i) hot plasmak
which would describe two-dimensional nonlinear magneto- -
sonic waves and provide a basis for further analysis. The ¢ « éz_l@_ (6)
organization of the paper is as follows c

In Sec. Il the basic set of nonlinear equations and dis-
persion relation are presented and the nonlinear KP equatidi€"vs Ns(Nso), andps are the fluid velocity, perturbe@in-
is obtained by using reductive perturbation technique. In Sed€rturbed particle density, and thermal pressuresaipecies,
Il the numerical results of linear and nonlinear magneto-"éspectively, whers=e,p,i stands for electrons, positrons,
sonic wavegMAW) are presented along with brief discus- @nd ions, respectivelps=nsTs, whereTs is the thermal en-
sion of these results. Finally in Sec. IV, conclusion of the®rdy,m is the ion massy is the charge os, eis the electron
results is presented. chargeg is the speed of light;: is the electric field vectoB

is the magnetic field vectol, is the current density, and
(d/dt)=(a/at)+(v- V) is the hydrodynamic derivative.

Il. BASIC EQUATIONS AND FORMULATION In order to derive the basic governing equations of the

Let us consider a magnetized three-comporiesp-i) ~ MHD model, we substitute fos, in Eq. (3) from Eq. (5) to
plasma. We consider a Cartesian coordinate system, whefdtain
the ambient magnetic fielB, lies in (x,y) plane making a
small angled with the x axis and propagation is considered
in the (x,2) plane. The basic equations that are used in this
paper are the effective one-fluid isotropic isothermal magne-
tohydrodynamic(MHD) equations. An effective one-fluid Using Egs(1), (2), and(7), we obtain the momentum equa-
MHD model for e-p-i plasma can be developed by starting tions for ions and positrons, respectively,
with the usual fluid equations for the electrons, positrons,

>

. 1 . R C > - -V
E:——(niyi+npyp——VXB>XB—ﬁ. (7)
NeC 4 Ne€

-

and ions. For low frequency motion one can neglect the elec- dv; n - - - nne . .
itron inerti in thei i . omn— = (V X B) X B+ —=(v;-v,)
tron and positron inertia term in their corresponding momen dt - cn, P
tum equations and due to the fact that we consider only low
frequency waves the displacement current term in Ampére’s % B - ﬁep _ §p. ®)
law is also neglected. To develop equations for effective one- Ne = a
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N Mo nne - . mathematical level, enables us to rescale both space and time
0=-Vp,- n Vpe- cn (v —vp) variables in the original equations of the system, thereby
¢ making it possible to consider long wave length phenomena.
- Ny o= - = i ing i -
X B+—2 (V x B) X B, 9) Th|s resc_almg |sol_ates from the system the relevant equa
4mng tions, which describes how the system reacts on new space

and time scales. The reduction process is slightly ill defined
in that it rests on experience in knowing how to pick the
N+ Ny =ng (10 relevant scales; however, a method on how to pick these
scales is given in Ref. 40, where it is used for deriving ion-
acoustic soliton. It may be noted that the reductive perturba-
tion technique is a special form of multiple scale expansion

and further by using the quasineutrality condition

and adding Eqg8) and(9) we obtain the effective one-fluid
momentum equation

dv: niovi R R R technique(e.g., Ref. 38 However in our case we follow
N~ =5 (VX B) X B=ci(1+0)Vn, Refs. 30 and 31, by expanding the variables in the following
dt Bo manner:
_Cg(l +p)Vnp (11) nS: nSO+ 6n51+ 62n32+ cee

On the other hand, eIiminatinE between Eqs(1l) and(6),

the magnetic field induction equation takes the form Vo= el + €U+ 1,

B - - Bofe du Vey= Vg1 + €V F o,
—:Vx(vixB)——"<Vxﬂ). (12) yos e
o Q; dt g 5
Usz= 2\N51+6 2W32+ U (15)
Here the subscript zero represents the background quantities,
va=B,/ (4mi;m)Y2 is the Alfvén velocity,c=(T./my)Y? is B, = B, COS#,
the ion sound speedl); =(eB,/m,c) is the ion gyrofrequency,
o=T;/T, i; the ratip of ion z_:md electron temperature, gnd B,=B,Sinf+eB,, + B+ -+,
=(Tp/T,) is the ratio of positron and electron temperatures.
From Eq.(9) we obtain B,=€?B, + 2B+ .
U, = izé X (0; X B) + M(g x ﬁpp) It is noted here tha.t all perturbed quantities are functions of
B nianBz X, z, andt, and € is a small parameter such that1.
c - . Stretched variables are introduced in the standard fashion
+ BXVpy)——=B
nieBz( Pe) 47renB? = A x~vp),
X [(V X B) X B]. (13 7= ez, (16)

Neglecting the positron fluid velocity component parallel
to the magnetic fieff and using Eq(13) in the positron T
continuity equation4), we finally obtain

=%

wherev,, is the phase velocity and its exact expression is

on, n, - - cn, - . evaluated below. This variable stretching proced(es.,
Zp p 5 . H Lo . .
ot VL BzB X (vi X B) 47-rer\BZB X [(V X B) X B] Refs. 35 and 3passumes the possibility of introducing new

coordinates and variables such that the slowness of coordi-
+ c(n; + 29)(§ % epp) + Ep_(é % epa -0. (14) nate dependence and sr_nallnes_s of some of the physical vari-
enB nep’ ables can be taken out in a uniform way.
Substituting Eqs(15) and(16) into ion continuity equa-
of Eq.(4) and in Egs(11), (12), and(14), and collecting
terms of lowest order i, i.e., (€% we obtain

Equations(11) and (14) together with the ion continuity tion

equation(4) and the induction equatio(l2) are the basic

governing equations of the effective one-fluid model for

electron—positron—iole-p-i) plasmas. aniq g _
We need a procedure which, in a systematic fashion, will ~ ~ UA)\[Q_g * nioa_g =0,

reduce the above sets of equations to simpler forms so that

linear and nonlinear analyses are possible. Such procedures ) g,

. 0By d Njy d Npp
are usually perturbative in nature and the one we use is sinfg— L +B1l+o)— = +B(1l+p— =

) . g 06 T 9EB dEM, No
known as the reductive perturbation method. The main sig- Un 9 ¢Bo €M 9% Mio
nificance of the reductive perturbation technique is that it N du JB
enables us to look in a natural way for long waves, that is, ——%=_cogp——-2 (17)

waves whose wavelengths are long compared to a typical VA 23 23

length scale. This technique has been extensively used in

plasma physic&>°and is mostly applied to small amplitude v NI B o M i
nonlinear wavese.g., Refs. 33 and 34This technique, on a A d¢ B, 1S 73
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INp1 _ ., g iy persion relation yields the correct results in the case when
UA}‘(y_gn = sirf ‘9(9_5 —sin ‘9005‘9(9_5' 6=0. We further mention that at=/2 we obtain a perpen-
bo dicularly propagating magnetosonic wave with the effect of
whereB=cZ/v4 and\ is the normalized phase velocity given positron concentration.
by N=vpn/va, and letny/nig=d, Np1/Npo=Np1, Npo/ Neo=P, The detailed calculations for further analysis of linear
Noo/ Nio=P/(1-p), By1/Bo=By1, (B;1/Bo)=B,1, Wi =(Wi1/va),  dispersion relation given by E¢L9) are found in the Appen-
U=(Ui1/vp), v1=(ir/vp), y=B(1+0), {=B(1+p), andj,  dix.

=j.lenqva (Whereu=x,y,2). To develop the nonlinear KP soliton equation for both
Using the set of Eqs(17), the fluctuating variables;,  the slow and fast modes of the two-dimensional magneto-
v1, Byg, andny; can be expressed in terms ¢fas sonic waves in electron—positron—ide-p-i) plasmas, we
U =\, substitute Eqs(15) and(16) into the ion continuity equation

[Eq.(4)] and in Egs(11), (12), and(14), and then collecting
terms of ordere? and €2, we have in ordeg?

2 AP
Ny g(l_p)smze

_ _Acosé w B By 9 an
U177 Tging p . A—lzsine—ﬂ—cosa—ﬂ+y—¢+§<L)—ﬂ,
1-p
B MWy Avp P
\2 )\—‘y—gl—_pSI 0 o & QO €
yL= sino ) p . (18) From Eqs(18) and(19), we get the following two equa-
AN+ T-p cog 4 tions forw; andB, in terms of¢ and:
3 2
\2= 5 cod My _ i A a_qﬁ_)\vAzsmecos’-zaaz_f,
Npy = dE  N2-cog0dn Oi(N\>-cog 0)? 3¢
A2+ §<L>co§ 6
1-p 2 3 -
By N2cos® dpy  Nvacosdsind P
Using Egs.(17) and(18) one can obtain o (\-co26) dn + Q02— co2 0)2 o8 (21)
I
1+y+ {(L>sin2 0 From term of ordere®2 we obtain the following set of
2_ 1-p equations:
M= 2
JB . au v,
4ycog 6 2 A—2 - sing—= + cos6—= = f,,
x|1+[1- 24 . (19) P P PR
{1 +y+ g(—l ? )sin2 0J
p _)\%"'%"'i%"'ﬁ +%—O
Equation (19) is the linear dispersion relation for two- € 9 vpdT ag(ul ) g
dimensional magnetosonic waves propagating obliquely, i.e.,
making an angled with external magnetic field in an
electron—positron—iofe-p-i) plasma. This expression shows )\UA% +up COSQ@LZ _ 0, (22
that the obliquely propagating low frequency magnetosonic =~ ¢ & ot
wave depends on the ang ratio of ion to electron tem-
peratureso, the plasmag (the ratio of kinetic energy to u J

. B an; an
—= —vpSin 9—2 — vA‘y—I2 —uAg(ll)—‘@ =f,,

magnetic energyvalue, and the relative positron concentra-Ava Py oE Py

tion p. For p=0, we get the relation given in Ref. 41 for two
component electron—ion plasmas. In expressid the up-

iti i an au 17
per (posmve). sign corresponds to the fast mode and the)\ 02 _ i g2U2 +sinecosaﬂzf3,
lower (negativg sign to the slow magnetosonic mode. We = g¢ JE €

note here that af=0, Eq.(18) shows apparent divergences

for v, andBy;. The reasons for this are the following. First at where  f1=1/v(dBy1/d7)+sin 6(ow,/ dn) + (] 9€)(u1Byy)
6=0, the wave decouples into a parallel propagating Alfvér+ (\va/ Qi) (W, / 9%) —(Nval Qi) (Pur/ dédn),  T,=(dusl a7)
wave (\?=1 or w=kv,) and an ion-acoustic wau@?=y or  +vaBy1(dBy1/3é), f3=(1/va)(dnyy/I7)+2 sind cos 6(a/ 9é)
w=k gp); for the former case;(vyy) and B,;#0 butn;  X(uBy;) + cosé (1-2 cos 6)(a/ 3é)(v4By,) + sir? 6 (3] 3€)
=Nng =Ny =0 and for the latter, which is an electrostatic X (u;ny)—sin 6 cos6(d/ 3¢)(vinyy) +f4, and fu=(owy/dn)
wave, v(vy;) =B,;=0, but the fluctuating number densities —(va/€);)cosésin 6(B,/ I&?) +cost(By,/ Inié)].

are not equal to zero. Thus the set of expressions given by By eliminating quantities with subscript 2 and terms
Eqg. (18) should not be used to obtain the limiting cases with-containingB,; andw; from Eq.(22) by using Egqs(18) and
out taking the above into account. However, the linear dis{19) we obtain
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J|ap b P P the KP equation, we point out that the expansion scheme that
a_g or + o€ (9_53 rﬁ_nz =0. (23 has been used is valid only in the long wavelength approxi-
mation (see, e.g., Refs. 40 and ¥8nd the KP equation is
Equation(23) is the KP equation for the propagation of mag- valid only for small angle of propagatiosince the coordi-
netosonic solitons in two dimensions for electron—positron-nate » is of a higher order than the coordinate We further
ion plasmas. KP equation considered the evolution of weaklyote that since we have considerkg,>T;, that is, the elec-
nonlinear long waves in dispersive media in which the transtrons and positrons are more energetic as compared to the
verse coordinatey is also taken into account. This KP equa- ions there by satisfying the general condition which is nec-
tion is considered to be a two-dimensional KdV equation. Inessary for magnetosonic waves;<(w/k,) <vte, (Where
the above Eq(23) the coefficientd, g, andr are given by v andu+,), are the thermal velocities of ions and electrons,
I =bla (24) positrons, respectively’ Here this is easily satisfied since
' both electrons and positrons are taken to be massless as com-
c pared to the more massive ions.
q=-, (25) The nonlinear dispersion relation is obtained by using
a Egs.(23) and(27), we get¢,=—(12q9/)KZ and

r=dla, (26) OK,+4qK; - K% = 0. (28)
wherea, b, ¢, andd are given by Equation(28) is the nonlinear dispersion relation which re-
a=\%21 +sirf 0) latesK,, K,, and(} to each other. In the expressions fpg,
andr the upper(positive) sign for\ represents the fast mag-
+ )\4{ y—2cog g+ g(i>co§ 0 sin? 9} netosonic solitons and the lowénegative sign represents
1-p the case of slow magnetosonic solitons with two dimensions

p in e-p-i plasmas. The magnetosonic soliton which makes an
+\%} (1 - 2y)cos 6+ §(1T)(1 +co$ ¢sir? 0) angled (6 is taken as small due to the way we have used the
P stretched variablgswith the x axis and propagates with a

h locity, i i li E
.\ (ycotz )- 1§_pp>cos’- bsir? 6. phase velocity, is obtained from E(8) as

Q_ Ky 4aKg |
K KdKE+KHYZ (KE+K2)Y2

(29)

7
b=3\"vssir? 0+ )\SUA{<£ - 2)co§ osir? 0+ Zy}
Using Egs(21) and(27) thew; andB,, in terms of¢ can be

2
+ AsUA{l—fF;(sinz 0 cod f)sir? 0 calculated as

A8 K
w2

+2 cog 0(1—'y)}, (\2-cog 0) K,

2M%Kwp cOS @sin @
\o0d o2 0sir? 6{(¢ + Dp - 1) T 0-cgr ) (30
_Nvpcos fsi - [
Q1 -p)(A\%-cog 0) eoss K
cos
p BZl:_(()\z—coée)?’7
>\5UA(>\2 + {(—)cosz 9)()@ -co< 0) ¢
d= 1-p _ 2\% 4K cos@sin @
(\2-2 cog 0) + (02— 002 0) tanha | ¢. (31)
1
Following Ref. 42, the solution of Eq23) can be writ- ) L .
ten as With the application of Eqs(7), (9), and(19), we find the

expressions for the normalized electric field components of
¢ = ¢, sech’e, (27)  the two-dimensional obliquely propagating magnetosonic

Where¢0:—(12q/I)K§ and a=K£+K, 7—7. HereK, and waves ine-p-i plasmas,
K, are the nonlinear wave number alorgand z axes, re-

U cE . 2v,K
spectively, such thaZ+K?=K?, and() is the nonlinear fre- B_X =w; sin 6+ vf[ﬁ(l -pl;
quency for the KP soliton. The KP equation and its solution, 0 i
which we have obtained, are for low frequency magneto- +11, sir? 6] ¢ tanhe, (32

sonic waves, which are partially electrostatic and patrtially

electromagnetic and, in the case considered here, incorporate .

the effect of positrons on the propagation characteristics —E¥=—W1 cos,o—(szKfn2 cosésin 0>¢tanha,
(which are discussed lajerFrom the point of view of the Bo O

reductive perturbation method that has been used to obtain (33
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FIG. 1. Linear dependency of phase velocity mFn,./ne,) for both slow and fast modes of the two-dimensional magnetosonic waspinplasmas.

cE -\3sino slow mode of the wave, by increasipdetween 0 and 1, the
= 34 i iton i
B (\2- cog 0)¢, (34) amplitude of soliton increases, however, the results are not
° valid atp~ 1. While the fast mode decreases in amplitude as
where the positron concentration increases. This behavior is also
N2+ p(¢ - y)cog @ evident in Figs. &1) and 2b2) for 8=0.01,0=0.2, p=1,

K¢=0.48x10°m™, and K,=0.12x10°m™ by varying
the value ofp from O to 0.4. In Figs. &1) and 2b2) the
2 2 solid curve shows the normalized nonlinear ion density
I, = (2)\— +pB+ p,8(2§’+ p2)(7\ y cos 0)>, hump in the presence of positrons, ifg=0.4 and the dashed
(A cos ) (\2=\?p+ {p cos’ 0) curve represents the density structure in the absence of pos-

Using Eqs(5), (18), (27), (30), and(31), we find the expres- itron, i.e.,p=0. A similar behavior qf variation of amp!itudg
sions for the normalized current density components of thdor Slow and fast modes, respectively, are shown in Figs.

two-dimensional obliquely propagating magnetosonic wave€(c1) and 2c2), and 2d1) and 2d2). We have found that for
in e-p-i plasmas, B<1 both the modes of magnetosonic waves are supersonic

(Ma=vp/cs>1), whereM, is the Mach number, and fq8

1= (N2=A\%p+{pcog o)’

i = 270K Simgd)tanha (35) =1 the fast mode of the waves are supersonic and slow
X 2 ’ . .
Q,(A\% - co¥ 6) waves are subsonidM,<1). The plots of Figs. @1) and
2(c2) and 2d1) and 2d2) have been obtained for the follow-
o 2)\2vAK§ cosé &t nh ing parameter@=0.1[for Figs. 2c1) and 2c2)], o=0.2[for
YT 02 cog gk, o Figs. 2d1) and 2d2)], p=1, p=0.4, K,=0.48x 105 m™,
, andK,=0.12x 10° m™. The set of Figs. 3 are the graphical
_ Ak 020505|n02(1—3tanﬁ @) | b, (36)  representation of the solution given by the Eg5) for x
O (\*-cog 0) component of current density as a functioneofFrom Figs.

3(al) and a2, 3(bl) and 3Ib2), 3(cl) and 3c2) it is clear
that the amplitude ok component of current density, in-
creases for slow mode and decreases for fast mode for nega-
tive values ofJ, by varying the values op, o, and g, re-
spectively. Set of Figs. 4 are the graphical results of(B6)
IIl. RESULTS AND DISCUSSION for y component of current density. The behavior of the plots
. . _ in Fig. 4 is the same as in the Fig. 3, i.e., for the fast mode

!Equatlons_(lg), (27), and_(35)—(37) are mvgstlgated U= for positive values ofe the values of the amplitude af,
merically for linear and nonlinear two-dimensional magneto-initially is negative and becomes positiveaincreases. The
sonic Waves_obli_quely pr.opagating atan .anglm). an exter- plots in the set of Fig. 5 show that the amplitude of the
nal magnetic field B, n eIectro_n_—p03|tron—|on(gp-|) omponent of current density as a functiomohcreases for
plasmas under the required conditions for the existence low mode and decreases for fast mode for positive values of

the localized solution. It is assumed in all cases that the, . amplitude. The plasma parameters for Figs. 3-5 are the
electron temperature is equal to the positron temperature, ' :

. . ) ame as in Fig. 2. Likewisk,, E,, E,, B,, andB, follow a

.., p=Te/Tp=1. The plot of linear phase veI_om(w/k) for ._similar behavior for fast and sfow modes; héwever, these

both slow and fast modes of magnetosonic waves aga'n?)tlots are not shown here.

P(=Nge/Neg) is shown in Fig. 1 for3=0.01, 0=0.2, andé

=15°. In_ this figure the phase velocity of slow wave_shows Ay CONCLUSION

decreasing trend and the fast wave shows an increasing

trend, as the positron concentration increases. We have theoretically studied linear and nonlinear
The results of Fig. 2 are obtained from the numericalpropagation of obliquely propagating magnetosonic waves in

solution of Eq.(27). The dependency of the amplitude of the a three componeng-p-i plasmas and have presented our

nonlinear ion densityp(p) of magnetosonic soliton on the results graphically. The linear dispersion relations of the two

fractional number ofp(=n,./n.) for both fast and slow modes have been discussed in detail and it is noted that when

mode is shown in Figs.(21) and Za2). It is found that for magnetosonic waves propagate obliquely to the magnetic

27 % 5K tanha

0\ -co€ ) @7

2=
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FIG. 2. Dependency of nonlinear normalized ion density as a functien(aflL, a3 on the fractional numbeg, (b1, b2 on positron concentration, i.e., when
p=0 and wherp=0.4,(c1, c2 on the variation of ratio of ion temperature to electron temperature(dhdi? on the value of3-parameter, for both modes
of the magnetosonic wave mp-i plasmas for small angle of wave propagation.

field the phase velocity of the waves becomes appreciablywave length magnetosonic solitons only. According to the
different from the case when purely parallel or perpendiculaperturbation technique we have used, the angle of propaga-
cases are considered. We assume that the angles at which timn will be small, because the effect of the perpendicular
waves propagate relative to magnetic field are small so thatirection is small and the maximum contribution comes from
the dispersion is determined by the fact that the ion Larmothe longitudinal directior(x axis).** It is also noted that for
radius is finite and also satisfies the limitations imposed byblique propagation of the magnetosonic waves, if the fre-
the reductive perturbation technique. It is also found that folquency is not very high and the wavelength is not very short,
B<1 both modes of the wave are supersori®, then in the whole range, excegt—7/2|<(m/my)*? (where
=vp/cs>1) and for =1, the fast mode is supersonic and m=m,=my), the contribution of the terms containing/ m is
slow one is subsonitM < 1). negligible, that ism/m;=0, and that is why under this limi-

In the nonlinear regime the solitons of these magnetotation, for #~0, no contribution from positron occurs, i.e.,
sonic waves are described by the KP equation given by Eqp~ 0 otherwise it can give some contribution everdatO.
(23), which are obtained by using reductive perturbation It has been observed that for small angles of propaga-
technique. This technique imposes restrictions on the ampliion, the fast magnetosonic soliton propagates as a negative
tude of the wave, which means that this method can be appulse and the slow soliton as a positive pulse. It has been
plied for small amplitude waves and not for arbitrary ampli- also found that the amplitude of the solitary structure de-
tudes. This technique also restricts us to investigate the longends in a complicated fashion on the different plasma pa-
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FIG. 3. Effects of thgal, a positron concentratior{p1, b2 ion temperature, angt1, c2 plasma pressure, on the amplitudeJpfor « for both slow and
fast modes of the two-dimensional magnetosonic wavespr plasmas for small angle of wave propagation.

rameters, i.e., the positron concentration, the ratio of ioPAPPENDIX: FURTHER ANALYSIS OF LINEAR

temperature to electron temperature, and the plgémalue =~ DISPERSION RELATION

fzv:lgr:hthvéa;rg;))r:icl:r;\llerzt;)gr:t;it;ioenasﬂIi?riswglljngf tr?;f.gfllin- We s:hall. analyzeT b_rieﬂy the dispersion relation given by

. ) ) : Eq. (19) in different limits.

creasing the values of positron concentration, ion tempera-

ture, and plasmg-value, for the slow mode, the amplitude

increases and the opposite is observed for the fast mode. We .

also note that fop3~0, we obtain only one mode of the 1- Parallel propagation (6=0°)

magnetosonic wave. In this case the dispersion relati¢io) is reduced to the
Nonlinear characteristics of magnetosonic waves in mulfollowing:

tispecies plasmas may find application in space plasmas and

also in fusion plasmas where they are used in particle accel- 2= {

eration and heating experiments2°Presently we have stud-

ied the case of two-dimensional magnetosonic waves by usyhen =0, then the fast mode of magnetosonic waves gives

ing effective one-fluid model, we think these results shouldihe ion-acoustic waves

be extended to include relativistic effects ép-i plasmas

1+yi<1—y)]
=R

2_
which are believed to exist in space and astrophysical plas- N=y
mas. or
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For #=0, the positron contribution vanishes; however, if
we considem, # 0 then the positron contribution would ap-

AZ =~ +

pear here. 5 + >
2. Perpendicular propagation (#=90°)
In this case the dispersion relati¢h9) implies that 2y cos @
o \?
p p 1 + v+ —
i) rered i) o)
2o 1-p/ 1-p/ |

2 - 2
(a) Fast ion-magnetosonic wave:

w_2 —\2 = (53/477) + (neoTe+ r1ioTi + npoTp)

=V
kz M miNio
2

The upper sign in the above equation corresponds to the (1 +y+ P ) -2ycos 0
usual fast magnetosonic wave in the long wavelength range. )2 - 1-
In this mode, all the three fluids are frozen to the magnetic 144 {p
field, that is, the perturbed quantities satisfy the relations Y 1-p

B _oni_one_ oy (b) Slow ion-magnetosonic wave:

Bo Nio Neo r1po

2 Y
3. Almost perpendicular propagation ~ (~90°) NT= (1 p ) cos’ 6.
+y+——
In this case the dispersion relati¢i®) is reduced to the 1-p

following:
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4. Low plasma pressure (B=c2/v5<1)

Under this condition the spectrufl9) takes an espe-
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