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lon-acoustic solitarywaveshave been investigated theoretically in presencpositive and negative ions with non-
thermal electrons by pseudo-potential method. Tfecteof concentration and temperature of both tpasiand negative
ions on non-thermal electrons are discussed infdhmation of solitary wave structure in which batbmpressive and

rarefactive solitary waves are found.

1. Introduction

In plasma physics, ion-acoustic solitary waves
(both compressive and rarefactive) have been
studied by various authors [1-5] for the last two
decades under different physical situations. The
presence of non-thermal electrons in plasma gives
rise to many interesting characteristics in non-
linear propagation of waves including excitations
of ion-acoustic solitary waves in plasma. Cairns et
al. [6] took the ions to be cold and neglected the
effect of the streaming velocity on electrons. They
did not consider the temperature of ions and static
magnetic field. Rarefactive and compressive
solitary waves are found in presence of positive
ions, negative ions and warm electrons in
unbounded plasma. Cairns et al. [6] found
compressive solitons in a plasma having positive
ions only. Recently, Cairns et al. [6] have shown
that solitary waves exist in the plasma consistifig
non-thermal electrons and an excess of energetic
particles and ions. This investigation was motidate
by a recent observation of solitary wave structures
with density depletion made by Freja satellite [7].
Subsequently, Mamun [8-9] considered the effect
of non-thermal electrons for the study of ion-
acoustic solitary waves. In a series of papers,
Bandopadhyay and Das [10-14] investigated the
stability of solitary waves in un-magnetized and
magnetized plasma consisting of non-thermal
electrons together with positive ions and obtained
very interesting results. Bhattacharaya et al. [15]
studied theoretically the effect of noedtal
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electrons on cold negative and positive ion, and on
ion-acoustic solitary waves in a bounded plasma
using pseudo-potential technique, and obtained
both compressive and rarefactive solitons for any
value of the non-thermal electron paramefer
They analyzed the structure of the solitary wawes a
a function of non-thermal electron paramefer
which measures the deviation from the thermalized
state. However they did not consider the
temperature and drift velocities of the ions. Petul

al. [17] studied analytically the plasma consisting
of non-thermally distributed electrons and warm
positive ions with streaming motion. This type of
distribution arises in space plasmas such as solar
wind and cometary plasmas from the force field
present there. They obtained exact analytical
solutions with some necessary and sufficient
conditions for the existence of ion-acoustic sol#o
with special attention to the critical values ofnno
thermal electron parameter, ion temperature and
velocity of the solitary wave. But, in this papes
discuss the unbounded plasma with non-thermal
electrons and warm negative as well as positive
ions with drifts. The profiles of ion-acoustic
solitary waves (first and second order) are shown
for the plasma (Hg O) with different negative ion
concentrations, ionic temperatures of both ions and
non-thermal electron parameter.

The present paper is organized in the following
way. In Sec. 2, the basic equations for plasma
having warm positive ions, warm negative ions and
non-thermal electrons in an unbounded system are
given. Sagdeev potential is calculated in this
section with valid expression of and n Sec. 3
contains the condition for solitary wave solution f
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non-thermal electron plasma from which critical
value of B is obtained. In this section, first and
second order solitary wave solutions, amplitudes
and widths are also calculated. Dispersion relation
for the non-thermal plasma is calculated here. The
most important and interesting phenomenon
“stability” is discussed in detail and the natufe o
solitary waves is analyzed in this section very
carefully. Discussions are kept in Sec. 4 and
concluding remarks are given in Sec. 5.

2. Formulation

In our present study, we consider collisionless un-
magnetized plasma consisting of warm positive and
negative ions with streaming motion in the
presence of non-thermal electrons. We also assume
that the velocities of ions and electrons are both
non-relativistic. The normalized basic equations in

unidirectional propagation for such types of
plasmas [16] are:
For positive ions
2+ (nu) =0 (1)
dup L w  oidp _ 00
at %Gy +nl- ox dx @
apl apl aul —
o Tuig + 3p; o =0 3)
For negative ions
on;
—L (n]u]) 0 (4)
ked SO REL) ). R
ot * ox +nj ax  ox ®)
9pj 9pj ou; _
at L re ax *30 50 ax =0 ®6)
Poisson’s equation
az—“1’7:n -n; +7Zn; (7)
ax2 e 7

The non-thermal electron distribution function can
be taken as [6]

fol) =—"2— [1 + a7 — 20?]

(1+3a) 271:178

o35 -20)

8)
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KpTe

Where,V,

, m, is the mass of electrof(

is the Boltzmann constant and i$ the temperature
of electron.

In this case, the subscriptj denote positive
and negative ions.; N4, p; o; and .y, p;, g; are,
respectively, the concentration, velocity, pressure
and temperature of positive and negative ions.
Again n, is the concentration of non-thermal
electrons connected with the paramefierwhich
measures the deviation from thermalized state.
Also, a determines the presence of fast particles in
the model,d» denotes the electrostatic potential, Q
(= m/m) is the ratio of the masses of negative to
positive ions and Z is the charge.

In the above equations, the velocities are

normalized by/KBTe, the densities by the
equilibrium ion density § all the length by the

Debye length / KBTe , and the potential byB—Te

Where, K is the Boltzmann constant,. Ts the
absolute temperature of electron andarthe mass
of positive ion and e is the charge of electrone Th
electron density is also normalized by the
equilibrium ion number density, 130 that we get

ne = (1= B +pg°) e? 9)

Where,

4a
1+3a

p= (10)
[with @ > 0 and & <§].
For solitary wave solution from Eqns. (1) to (7),
we use the Galilean transformation
n=x-Vt (11)

Where, V is the velocity of the solitary waves.
We also assume the boundary conditions

n; - n,, n]- d njo,ui = Ui, u]- d u]-O,

pi~1,p;>1,d-0 at|x] > (12)
The charge neutrality condition of the plasma is
o = 1+Z7 njo .
By using Eqn. (11) and boundary conditions in
Eqgn. (12), we get from Egns. (1) to (3) as

V-ujo\3
Vu)

I G (13)
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i3o 30
o= Moo J{(V—uw 22— 29 -

j{(v — g — [z - 29} 1 (14)

From (14), we observe thaf is non-negative if

and only if \/{(V—uio—i- ?)2—2(1)} and

\]{(V — U — %)2 - qu} are both real, and this
will be possible if{(v — g+ [22y2 - qu} and

{(V —Up —

negative. As a consequence of this,S%(V—

Ui + /ﬂ)z andd <= (V—u,— 2292 and
Nio 2 Nio

these two conditions hold simultaneously if and

only if

. (1 30700 1
D < Mln.{E(V—uw+ /n—Z)Z,E(V—u
fﬂz
nio) }

Also, it is easily seen tha%t(V — U — ?)2 <
Lo

?)2 - qu} are both real and non-

(14a)

Tov—uw 39%iy2
SV —u + nio)'

Thus Eqgn. (14a) gives,
1 30
O (V - = [37H?

The relation in Eqn. (14) gives theoretically valid

expression oh? if p< %(V — Uy — /?)2 T

not possible to get the correct value pfram Eqn.
(14) for small values of;. After removingo; from
the denominator of Eqn. (14) we get

2nio(V-ujp)

j(v {v-uior 22} j(v—u- —J:)Z—zf/)}

(14b)

n; =

Eqgn. (14b) gives both theoretically and also
numerically correct expression of even for

o; = 0 whenp< ~(V —uy — )2,
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Similarly using Eqn. (11) and the boundary
condition in Egn. (12) we get from Egns. (4) to (6)
as

V- u]o

ll Crwn )3 (15)

2 _ Qn]‘?-’o 30'] 2 zz(j;
n; = 120; [ (V- Ujo + )

[

By the similar argument as before the theoretically
and numerically correct expressionmgfis

_ 2njo(V-ujo)

le— T ]
U{(V_uj0+ )2+zg¢} j{(v—ujo_ 031‘:]{0)2+%}J|

(16a)

2
3 .

Where, < - < (V - ujp + i ) even when;
2Z anO

=0.
Again by using Egns. (11), (14), (16) and (9)
we get finally from Eqn. (7) as

3

LL=(1- B+ B*)e? - m

[J{(V—uw + [22 - 20} -
J{(V—uio - [y qu}]
M e

J{(v—ujo— 3”’)2 ”"’} 1? (17)

Eqgn. (17) can be written in the form

¢ _ oy
= ag (18)

Where, ¢i(¢) is known as the sagdeev potential
and is given by

w(qb) =(1+3B) —[(1 +3B) — 3B + B’ e? -

o (- + 22— 20— (7 — o -

6 301
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30} 30
/nj’o) qu}z = V= + [9° 4+ (V —ugo —

30; 30 22(1)
n_io)S] [{ V Yo ¥ Jon ']o) o
50/)" 4 22
{(V - Ujp — /Qn’ ) d’}z - ( - Uj +

3 3
ﬂ . 3¢Tj
\‘ ano) + (V u]o ano) ] (19)
The Sagdeev potentigy(¢) in Egn. (19) will be
reduced to that potential which Cairns et al.
obtained for g =0, n, = 1 and = 0. When p =
0, we get that form off(¢) that Paul et al. [17]

got. The functionp(¢) will be valid for such value
of ¢ whered satisfies the inequality

2
30']'
ZZ (V ujo B \ ano) < (1) <
1 30
2 V= — [ (20)

2

3. (A) Existence of Solitary Wave Solution
For solitary wave solution, the Sagdeev potential
Y () must satisfy the following conditions:
i) W@ =0= "’for all V at = 0.
ii) Yl =0 for somedb=¢, ., P,

maximum value o .

i) P(p) <0in0<lp| <|p, |

is some

a0 =22 [Q(V = w0)" + Z(V — u30)?]

, 20(V —uy)" -

3Z0; + Z(V — u;)* —
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In addition to that for localized soliton
solutions, we require the condition
% < 0ath=0
a¢? -
Which, implies the inequality
Nio Zznfo
- <1 (21)

+
30; 30
V—u;)2 -2 —ui)2——A
( io) o QW u]o) o

Inequality in Eqn. (21) gives the condition for the
existence of a potential well. In the absence a@i-no
thermal paramete (3 = 0), Egn. (21) reduces to
Refs. [18, 21] and for cold ion plasmg € o; = 0)
inequality in Eqn. (21) reduces to Ref. [19]. Fgr n
= 0, inequality in Eqn. (21) follows Ref. [17].
Again for critical negative ion concentratign;. ),
we get from the above inequality in Egn. (21) as

1+Znjc Z%nj;

+

30; _1B

2_°7]
QV—1ujo) e

(21a)

35;
Veui )2 ——2i
( io) 1+Znjc

After simplifying some steps, we get the cubic
equation inn;. as

agn

jc+ a,;n?

e (21b)

+azn.+a; =0

Where,

3ZO',: - Q(V - uio)z(V — u]'())z

+BQ(V — u)2(V — uy0)”

2
azzQ(V_ujo) '620-]_qv
az = 30;[(V —uy0)® — 1= 30; —

This is a more general cubic equation of critical
negative ion concentratiomy) for non-thermal
plasma. The above cubic equatiomjp reduces to
isothermal case wheh= 0. From the above cubic
equation inn;. after simplifying some steps we get
finally the solution fom;. as

—u;0)?(V - ujo)2+3ZUj(V — ;0)?+3Qo;(V — uj0)2
BQU — u)*(V — w;0) "~ 3pZa;(V —

U;p)? - 3BQoy(V — ujo)z

BV —uy)? + 3 Bo;]

lec =

1({aja, 2a3 oa;
2\ 3a3 27a} a,

+1 aa, 2ad} a;\’ 4 a? 3a,\’
2\ 3a2 27a} a, 729\a3 a,
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This will give three values of the critical negativ
ion concentrationr;.) and all these values will be

real if the inequality

wa, 28 a5\ S 4 (a? 3a,\’
3a2  27a3 a, 729\aZ a,
holds.
Again, from the inequality (21), the critical
values of soliton velocities V (i.e., phase

velocities) are obtained from the equation given
below as

2,
Nio Z7njo

= 1P

leo

(21c)

- +
(Ve uip)? —% Qe ujo)2-
Eqgn. (21c¢) can be written in the following as

Qnionjo(1 — PIVe* - 2Q nipnjo (1 — B) (wio + 1j5)
Vc3 + [(1 - .B)(Qnionjoujzo + Qnionjouizo +
4Qn;Njo Uil — 3QN5o0; — 3150;) — Qniyny, —
Zznionjzo ch + 2 [(1 - B)(3niouioaj +
3QMoUjo0; — QMipNjoUioUfy — QMM UL U, ) +
Qnizonjoujo + Zznionjzouio]vc+

[(1- ﬁ)(Qnionjouizoujzo — 3n;,uf,05 —
3Qnj,0uf, + 90,0;) — Qni,njous, + 3nf,0; —
Z*noniub, + 3Z%n;0; = 0

We are now discussing and analyzing the
critical phase velocities Mrom Eqgn. (21c) under
three different situations.

(i) Critical phase velocitiesfor equal ion drifts
Foru;, =u;, = u (i.e., motion with equal ion drifts)
ando; — 0, g; - 0 (cold ion), we get from Eqn.
(21c)

Mio 4 Zznfo - _B
(Vc_u)z Q(Vc_u)z
. _ 1 Z2nj,
From this we get V. = ut Mo Ny + 2

whenp< 1.
The above relation gives two different phase
velocities of the motion (slow and fast). This is
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more general form than Ref. [21] and it will be
reduced to Ref. [21] fo}= O (i.e., isothermal
plasma).

(if) Critical phase velocities in the absence of
negativeion

For uj, — 0,njp — 0,n; — 1andg; - 0 (i.e., in
absence of negative ions), we get from Eqn. (21c)

1
(Vc—ui0)2—3ai

Thus V, = u;p + fgai +$ which is the critical

soliton’s velocity or phase velocities in presente
positive ion drift only with non-thermal electrons.
It is the general form of Ref. [21] and is turnetbi
Ref. [21] wheng; - 0 andp — 0 (i.e., cold
isothermal plasma). The above equation ¥pr
supports work in [17].

=1-p

(iii) Critical phase velocitieswithout ion drifts
For u;, —» 0 and uj, — 0 (i.e., without ion drifts)
we get from Eqn. (21c¢)

PO P U U Zznfo)] 2 4 3
v [3 (nio+ ano> + 1-B (nlo + Q Ve Q

[3aia]- +L<ani0 +Zzainj0>] -0

njonjo 1-B\ njo Mo

This is general form than Refs. [16, 21] and it
supports Ref.[21] fo; - 0 ,0; —» 0 andf — O.
Two cases now arise.

Case (a): For warm non-thermal plasma, the four
values of critical phase velociti€g.) are given as

14z§[\/11+2m+\//11—2\//1_zj

14:-5[le+2\/1—2+le—2\/1—2]

V'C:%[\/)ll+2\/)l_2—\//11—2\//1_zj

14:-5[le+2\/1—2—le—2\/1—2]

Where,

=[3 (4 2) 4L (n, ZZ"J'O)]
& [3<nio+Q"jo)+1—ﬁ(nm+ Q
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3 [30;0; 1 (ojng  Z%oinjg
2—2 -2 [ J + _( J + J
Q [nponjo  1-B\ njo Mo

Case (b): For cold non-thermal plasma whep—
0 and g; — 0 then we get finally

Zznjo
Q

Vo=t = o+
In this case, the actual value of the critical teoli
velocity (i.e., linear velocity), is the positivalue

of V, in presence of positive and negative ion with
non-thermal electron and it supports Ref. [16]for
— 0. The other value o/, (i.e., negative value) is
absurd in this case. In all the cases, the most
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Now from Eqgn. (21a), the critical value of the
non-thermal paramet@. (B =S,.) is

2,
Mo Z"njo

.BC =1- 30, ~ 30;

—uj,)?2 —t _y.N2__1
(V=1uio) o QV—-1ujo) o

(22)

This . is more general than the one given in Ref.
[17] and it will be reduced to that in Ref. [17]rfo
leo =0 andnio =1.

Expandingi(¢) in power series o, we get
from Eqn. (18)

CL =S+ S, + 537 + 54 + 550"+ (23)

important restriction of isp < 1. Where,
. Z%n;
S =(1—B) - Nio - Jjo
1= (1-p) (V= u;0)? _731_i; Q- u}g)z "]o
R o e e N P
1 Lo
2 =5 : -3 -3 |
73n2 - X
| 37110 {(V - u]0 + 39 ) - (V - ujo + 39 ) } |
| 202 /35, o o) |
3
+ + Up+ [T =V -y — 7D -
(1+3p) V -+ [ - )
53 :_
6 4 2 -5 -5
3Z . .
| So ((v—u+ 2] —(v—w+ [2L) 3|
L 20255 ! Qmjo ! Qmjo |
J
3
15n 300\ — 30\ —
1 (1+8ﬁ)——r{(v wo = 27— (v - + 27+
54_ =—
24 -7 =7
15 ’2" (V=wo— [2ZL) —(V-up+ 2L }
207 [357 70 enjo 70 Nang,
]
3
_ 105n 30i\—9 _ . 30iy-9
|arise -5 A — o = [0 - o+ [+
SS_E 105260 3 3o\ ° 307\ 24
2V =0+ o ) (== Jart) )
ZQZ\/F jo jo

Taking terms up tap® from Eqgn. (23), we get the
first order K-dV soliton solution [20] as

b, = zz:Se ﬁ(\/7>

(25)

Again for higher order non-linearity effect after
taking terms up t@p® we get the higher order M-
KdV solitary wave solution [20] from Eqn. (23) as

= 6% (26)

¢2 -
255+ /4522—185153 2Cosh2< /54—117>—1]
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For small amplitude solitary wave, the fifgp,,)
and second¢,,) order amplitudes of the solitary
wave solution, respectively, are

_ 351

d)()]_ - 25, (27)

and
6S;

d’oz - 2
2S,+ |452-185;53

The first(§;)and secon@,) order width of that
solitary waves, respectively, are

(28)

6, = Ne (29)
and
1.3815,

85, =8, Cosh™{] + 1.6905]z¢ (30)

/4522—185153

(B) Dispersion Relation

For the solitary wave solution, the dispersion
relation is very essential. The dispersion relat®n
obtained fromp(¢) = 0 atd = ¢,, where ¢, is

some maximum value df. Thusy(¢, ) = 0 gives

(1+38) - [(1+3B) =3B, +Bd,,°| e?m -

nizo 30i\2 2
S [ w292 20, - (-
30; 3 30;
Uijp — n_‘;)z - Zd)m}z - (V —Up T n_jo)3 +
3 3
3 i anzo
V=, - %)3] - 6 3;], [{<V — Ujo +

2 2
/ﬂ 224 3 ( e 3“1’)
ano> + Q Y=V = wo Qnjo +
3
2Z¢my: (v _ o 39; ey
0 12 (V uj, + ano) +(V Ujg

\/%)3] =0 (31)

(C) Stability of Solitary Wave Solution

From Eqgn. (18), we get
@b () =
@ =0 (32)

Integrating Eqn. (32) and using the boundary
condition, we finally get
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SCH+ w(@) =0 (33)

From the energy integral (Eqn. (33)), the firstrier
can be regarded as the kinetic energy (K.E.) of a
particle of unit mass at positiajn and timen with

velocity (g), whereas the second tepr{¢) is the

potential energy (P.E.) of the same particle at tha
instant. As the kinetic energy is always non-
negative, so is P.EW(p) <0 for the entire
motion. It is found from Eqgn. (33) that the
maximum value of P.Egi(¢) is zero. Also, from
Egn. (32), the force acting on the particle at
position¢ is -y/ (). We now assumgs(¢) = 0 =
Y/(p) atd = 0 and as a consequence of this, one
may say that the velocit@%) as well as the force
a%p
dn?
simultaneously equal to zero. §§ = 0 can be
considered an unstable position of equilibrium, the
particle is then slightly displaced from its undéab
position of equilibrium and continues its motion

until its veIocity(g) is equal to zero, whereas the

acting on the particle athp = 0 are

force acting on the particle of unit mass ig/{dy,)
atdg =¢,, forsomep =+ 0.

Now for ¢, > 0, the force acting on the particle
atd =¢,, is directed towards the poift= 0 when
- /(@) < 0 ie., ifY/(p,) > 0, the particle
reflects back again t¢ = 0. Also forg, < 0, the
force acting on the particle gt = ¢ , is directed
towards the pointp = 0 if - ¥/(¢, ) > 0 i.e., if
z/)/(qu) < 0, the particle in this case reflects back
again ath = 0. Moreover, iip(¢) = 0 =y/(dp) atd
=¢_ then the velocit)(@) and the forcedz—(’) are

m dn dn?
simultaneously equal to zero @t= ¢, and as a
result of this, the particle cannot be reflectedkba
again ath = 0. Actually, ify/(¢, ) >0 forg >0
or z,b/(qu) < 0 for¢,, < 0 the particle takes an
infinitely long time to move away from the
unstable position of equilibrium continuing its
motion until ¢ takes the valuep, and again it
takes an infinitely long time to come back to its
unstable position of equilibrium. Thus for the
existence of a solitary wave solution of the energy
integral (Eqn. (33)), we must have the following
two conditions:
(i) Position of unstable equilibrium of particle:
¢ = 0 where P.Eys(¢) attains its maximum value

i.e.,g%’ < 0 along withys(¢) = 0.
(ii) Condition for oscillation of the particle:
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¥(p,) = 0, 9/(¢,) > O for some ¢ > 0
(positive potential solitary wave) gr/ (¢,,) <0 for
someg, < 0 (negative potential solitary wave)
within the interval min. (0, ) < ¢ < max.
0.¢,,)-
(iii) Condition for negative value ofs(¢) : P(¢)
<Oforall0<d <g, org, <o <O0,whichisthe
condition to define the energy integral (Egn. (33))
within the interval min. (0, ) < ¢ < max.
©.¢,,)-

Again, if P.E.@(¢) of the particle attains its

minimum value ath = 0 i.e.,—— > 0, then it is

impossible to make any OSC|IIat|on of the particle
even when it is slightly displaced from its posgitio
of stable equilibriumd= 0) and as a consequence

2
of this solitary waves are formed f%‘%’ > 0. In
other words, for unstable equilibrium of the pdetic
2
atp=10 i.e.,% < 0, the functiomf(¢p) must be

convex within a neighbourhood (n.b.h.) @& 0
and in this case both type of solitary waves
(negative or positive potential) may exist if other

.. . ik
conditions are fulfilled. We now assume trga(r/)\% =

3y _ — 0% —
0 andm = 0 atd= 0, then IfW < 0 atd= 0, the

potential energyy(¢), of the particle attains its
max. value athp= 0 and consequentky= 0 is the
position of unstable equilibrium. On the other hand
if "’a‘;“’) =0, "’61’;“’) =0 nd" "’“’) >0, P.EW(¢)
of the particle attains its min. value(pt 0 and so
¢= 0 is position of stable equilibrium of the paleic
and in this case there is no question for the
existence of solitary of solitary wave solution of
the energy integral (Eqn.(33)).

It is evident from the fact that {(0) = alg((;) =

3
VO = g andZ¥D < 0 then we can say that
ag* ¢

Y(¢) is a concave function in @_, 0) and also
convex function in (0,¢,), where ¢, is a
sufficiently small strictly positive quantity. Thuf

a particle be slightly displaced from the plase O
towards the positive potential side it falls wittihe
interval (0,¢p,) and due to convexity it moves away
from ¢= 0 and continues its motion until its
velocity is equal to zero i.e., untfl takesdp = ¢,

>0 wheredi(,,) = 0 and in this case@ >0,

one may obtain a positive potential solitary wave
(PPSW) solution of the energy integral (Eqn. (33)).
On the other hand, if the same patrticle is slightly
displaced fromp= O towards the negative potential
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side, it falls within the interval (¢,, 0) and due to
concavity it moves towardp= 0, and consequently
no solitary wave solution is found in the negative
potential side. We can conclude in the same way

that if gr(0) = "’W’) = "’61’;(") 0 anqm > 0 then

one may obtam a negative potentlal solitary wave
(NPSW) solution of the energy integral (Eqn. (33)),
whereas there does not exist any positive potential
solitary wave (PPSW). In this situation, it is very
important to note that we cannot expect the
coexistence of both negative and positive potential

2
solitary waves af’% = 0. Hence, the necessary
conditions for the existence of PPSW &r€0) =

oY) _ 621.0(0) 239(0)
o0 - o - 0 and YR < 0 whereas for
2

NPSWarap(O)—aIS—gD—%—O nq‘ﬂw

2
at 20 w(O) =0.

g’

4. Discussion

In this paper, by using the Sagdeev’'s pseudo-

potential approach, we investigate the structure of
first (¢4,) and secondd,) order solitary waves,
first (6;) as well as the second,() order widths of
the waves that are shown in Figs. 1-5.

The effect of p on first @@,) and secondd,)
order solitary wave solutions are studied carefully
and are shown graphically in Fig. 1. It is
understood from this figure that the values oftfirs
order (,) solitary waves are decreasing and
rarefactive in nature while secondp,) order
solitary waves are compressive with spiky form at
lowest n, for (He',0) plasma when negative ion
concentrations {g) are increasing . The maximum
value ofg, or ¢, is obtained for smallest value of
negative ion concentration;{n Again as negative
ion concentration () increases the firsg( ,) and
second ¢, ,) order amplitudes increase against the
non-thermal electron paramefer

Fig. 2 shows the structure of firstp) and
second ¢,) order solitary waves with the variation
of different ionic temperatures;(o;) of positive (i)
and negative (j) ions. When the temperature of both
the ions §; # o;) increases, the first order
amplitude §,,) decreases with rarefactive nature
for the plasma (HeO) and the secondyy,) order
amplitude increases due to increase of the
temperature of ions of,0;). Again, when the
temperature of positive and negative ions are equal
(0; = aj:%), the first order K-dV amplitudef(,)
is maximum and is rarefactive in nature but the
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second order solitary waves are compressive in
nature for the said plasma.

Fig. 3 represents the structure of firgt X and
second ¢,) order to an increase of waves with the
variation of the non-thermal electron paramefr (
for (He",O) plasma. It is evident from this figure
that the values o, are decreasing upto a certain
value of n beyond, theng, increases wherp
increases, but the interesting result occurs when t
non-thermal electron parametd) takes the value
B = 0. The non-thermal case then reduces to
isothermal case (fgs = 0) and in this situation the
first order K-dV amplitude is maximum with
respect to the other values of the non-thermal
parameter ff). The secondd,,) order amplitude
increases when non-thermal electron paramg@jer (
increases from 0 to 0.2 except m{,=0.5. For
(He',0) plasma compressive solitons exist in
second order solution.

The first ¢,) and second &) order widths
verses negative ion concentration)(rwith the
variation of the temperature of positive and
negative ionsd;,0;) are shown in Fig. 4. The first
order width §;) increases when temperature of
positive and negative ions;(o;) increases and for

equal ion temperature(ai = og; = %) the first

(6,) and secondég) order width increases due to
increase of negative ion concentration for a
particular= 0.2. For increasing value of ,g; , the
second §, ) order width decreases at first upto a
certain value of jp and then increases normally for
increasing values ofgfor (He",O") plasma.

Fig. 5 shows the firsts{) and secondd) order
widths against the negative ion concentratigg) (n
with the variation of the non-thermal electron
parameter f{) for the plasma (HeO). When n,
increases, the first§() order width increases
gradually for increasing values @f but §; gets
smaller values forp = 0, which shows an
isothermal situation. It is also shown that second
(6,) order width increases whénincreases. Also it
is important to note that the first,() order width is
always greater than the secodd)(order width for
some values of;,.

5. Concluding Remarks

In this paper, we have investigated theoreticdiéy t

propagation of ion-acoustic solitary waves
(compressive and rarefactive) with the analysis of
the first and second order widths and amplitudes in
an unbounded plasma consisting of positive ions,
negative ions and non-thermal electrons. The
influence of negative ions, temperature of both
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positive and negative ions and non-thermal electron
parameter f{) have been discussed and represented
by the respective Figs. 1-5. The structures of both
compressive and rarefactive solitary waves
(¢p,and ¢,) are shown in Figs. 1-3 for different
values of negative ion concentration jXn
temperature of positives() and negatived) ions
and non-thermal electron paramet§) for the
plasma (H&O). We observe from those figures
that for the above plasma, the firsp,§ order
solitary wave is rarefactive, but the seconfl,)(
order solitary wave is compressive in nature. It is
also important to note that the amplitude of second
(¢,,) order compressive soliton is higher than that
of first (¢,,) order rarefactive soliton. The second
(¢,) order compressive soliton has a peculiar spiky
form with respect to the first ordep ) rarefactive
soliton. From Figs. 4-5, it is seen that the f{tg!)

and secondd&,) order widths vary directly witlfs

and 1. On the other hand, the first ordéy X width
varies directly with the temperature of ions angl th
second §,) order width decreases at first, but after
that &, increases. The existence of both
compressive and rarefactive solitons is observed
from Freja satellite [7] in the auroral zone ansoal
by Cairns et al. [6] with non-thermally distributed
electrons and cold ions. Our motivation is to
establish the generalized form of the Sagdeev
potential including positive and negative ion drift
and their different ionic temperatures with thestfir
and second order solitary wave solutions. In many
space and laboratory plasmas, non-thermal electron
distribution is observed where electron tail is
produced by wave damping. We shall develop in
future a plan for a third order solitary wave smint
near the critical density of the negative ion with
non-thermal electron together with positive and
negative ions and electron drifts.
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Figure Captions

Fig.1: Structures of first¢ ) and second d,)
order solitary wave solutions verseswith the
variation of negative ion concentrationyfrfor V =
1.55, 4= 0.02, 4 = 0.40,0; = 5=, 0; =—, Q = 4
andp = 0.2.

Fig.2: Structures of first¢;) and second ¢,)
order solitary wave solutions verseswith the
variation of the temperature of positive;) and
negative §;) ions for V = 1.55, y = 0.02, y =
0.40,Q=4,p=0.1an=0.2.

Fig.3: Structures of first¢;) and second ¢,)
order solitary wave solutions verseswith the
variation of the non-thermal electron paramefr (

for V = 1.55, y, = 0.02, y = 0.40, Q = 4g;= % ,
oj =% and i, = 0.1.
Fig.4: First §,) and Secondd() order width verses
negative ion concentration;gnwith a variation of
the temperature of positiver;j and negative o)
ions for V = 1.55, 4 =0.02, y,= 0.40, Q = 4 and
=0.2.

Fig.5: First ¢;) and Second ;) order width
against negative ion concentrationg)rwith the
variation of the non-thermal electron paramefr (
for V = 1.55, y, = 0.02,u, = 0.40, Q = 4g;= % ,
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