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By using the Sagdeev pseudopotential method, ion-acoustic solitary waves are stud-
ied in a collisionless, unmagnetised single electron-temperature plasma with adi-
abatic positive and negative ion drifts having equal ion-temperatures (particular
case). The effect of ionic temperature and negative ions on solitary waves is dis-
cussed for the plasmas having (He™, O~), (He™, C17) and (HT, O™) ions.
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1. Introduction

Linear and non-linear characteristics of electron and ion-acoustic waves through
a plasma consisting of single electron temperature, positive as well as negative ions
with electron - inertia [1-2], warm magnetized plasma [3—4] and with relativistic
plasma [5—6] have been the object of intense research in past few years and many
interesting physical phenomena have been studied by many groups of physicists
[7—24]. The evolution of small but finite-amplitude solitary waves has been studied
by K-dV equation for warm ions and hot electrons in a collisionless, unmagnetized
plasma. But this method is not suitable for large amplitude solitary waves [25].
Nakamura et al. [26] used the pseudopotential method for large-amplitude soli-
tary waves in a plasma with positive and negative ions. In order to explain the
experimental results, many authors have incorporated different important plasma
parameters, e.g. temperature of ions, density gradient, temperature gradient, ion
beam, non-isothermality, instability, two-temperature electrons, Landau damping,
wave-parameter shift, magnetic field etc. Moreover, solitary waves (compressive
and rarefactive) have interesting characteristics in presence of negative ions to-
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gether with positive ions in plasma. The existence of solitary waves depends on
finite ion-temperature effect, while both laboratory and space plasmas have the
same effect. Tagare and Tappert [27—28] used the reductive perturbation method
for small-amplitude solitary wave solution in a warm plasma with single electron
species. Sakanaka [29] has also found the solitary-wave solution by Sagdeev pseu-
dopotential method for warm ion fluid corresponding to warm ion density. But the
warm ion density has a transcendental form while solving the adiabatic fluid equa-
tions. Ghosh et al. [30] have been able to solve analytically this transcendental form
by a simple algebra and thus get the exact form of the pseudopotential which de-
termines the nature of the solitary wave structures. We solved earlier [31] this type
of transcendental form analytically for cold positive and negative ion plasma and
thus obtained the exact pseudopotential form of both compressive and rarefactive
solitary waves for a single temperature electron plasma without using any approxi-
mations. In the present paper, we investigate mainly the effect of ionic temperature,
drift velocities and mass ratios on the formation of ion-acoustic solitary waves with
warm positive and negative ions. In Section 2, we derive the required formulations
of the exact pseudopotential. Section 3 contains the conditions for existence of the
solitary wave solutions, while Section 4 gives the fully non-linear amplitudes (first
and second order) of the solitary wave solutions. In Section 5, we discuss the en-
tire problem regarding the Sagdeev pseudopotential nature, amplitudes (first and
second order) and minimum value of the Mach number (M;). These are shown
graphically with the variation of different parameters. Finally, concluding remarks
are given.

2. Basic equations and pseudopotential approach

We consider a plasma consisting of warm electrons and two types of ions (pos-
itive and negative ions) with drift velocities. The plasma is assumed to be ho-
mogeneous, infinite, collisionless, unmagnetised and isothermal. In this case, the
temperature of ions is much lower than that of electrons (i.e. T; < T.) so that
Landau damping is neglected. Thus the basic equations of such a plasma for the
study of ion-acoustic waves in unidirectional propagation in dimensionless form are

[32]7

ong, 0 B
T + %(naua) =0, (1)
Oug OUug, 0o Opa  Zo 09
ot " ox " Qung 0z Qu Oz’ )
Ipa Opa Oug -
ox2 e - Z alla s (4)
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where ng, Uq, P, Qo, Zo and o, are the number density, velocity, pressure, mass
ratio, charge and temperature of the ions, respectively.

Here Qo = m;j/m; (m; = mass of positive ion, m; = mass of negative ion),
0o = To/T. (To = temperature of ions, T, = temperature of electron); Z, = 1,
Qo = 1 for positive ions (i), while Z, = —Z, Q, = Q for negative ions (j), ¢ is
the electrostatic potential and the subscript a = ¢ is for positive ions and o = j for
negative ions.

In the above equations, we have normalized the velocities by the characteristic
velocity /kTe /mq where m,, is the mass of ion and & is the Boltzmann constant, all
densities are normalized by the equilibrium value ng, the distances by the Debye
length +/kT./4me?ng, whereas the potential is normalized to kT, /e, pressure by

ion equilibrium pressure py = ngT,, time t by reciprocal ion plasma frequency wp_al

(Wpa = V/4mnge?/my,), so that the equations appear totally in dimensionless form.

Transforming to stationary wave frame for solitary wave solution, we introduce
a single independent variable 1 defined by

n=x-Vt, (5)

where x and ¢ have their usual meanings and V is the velocity of the solitary waves.
The boundary conditions are:

Uy = Ua0, Mo =MNa0, Pa =PpPao, and ¢—0 as x — Foo, (6)

and the charge neutrality condition of the plasma is

ZnaOZa =1. (7)

From Egs. (1) to (4), after using (5),(6) and (7), we get

a0\ Ua0d — V 3
po = Peolla0 1) ®
(ua = V)
[ Qund, 27,4 2%\’
o =] — bl — —— _ blg — —2 — b2 ,
" 6Pa00a Q. ¢ Q. ¢ 2 ©)
where
3Uapa0
b a — - U 2 -~ 1
! (V " O) * Qanao ( 0)
120

B, = ﬁ(v o), (11)

and

o2 o3 27, 27, 2
e (e )
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Now for n,, to be real the following restrictions on ¢ must be fulfilled

2 2
(;) 30'jpj0 1 301‘}91‘0
V =y — 4| =220 |V =g — | 22 1
Ujo "o <P < 5 ;0 . (13)

27
Relation (13) is the more general form and is similar to the condition obtained
by Ghosh et al. [33] for warm positive ion only (when negative ion concentration
njo = 0)

Equation (12) can be written in the form

o o
v 14
5 =5 (14
where 1 is the Sagdeev pseudopotential function. Integration of Eq. (14) gives “the
energy law” L /06 5
—(Z= = 1
5 (50) +u@=o. (15)
where
1 n3. Q3 27 3/2
— (1 —e?) = = al0voa b a_J boe,
“o = (=)~ > 3%0%[(1 o g b
27, 3/2 f :
- <b1a—Q¢—b2a> + (b1 = b2a)*"* = (b1a + b2a)*? | (16)

In the absence of negative ion (njo = 0), the Sagdeev pseudopotential function ¢ (¢)
in Eq. (16) exactly reduces to the result in Ref. [42] for single electron temperature
plasma and this Sagdeev pseudopotential function ¥(¢) is always real within the
range of ¢ defined in Eq. (13).

In our present case, the compressive ion acoustic solitary waves are found
where ¢ > 0 is maintained everywhere for this compressive mode. The bound-
ary condition on Sagdeev potential for compressive soliton is ¥'(¢) > 0, where
»=1(1/2) [V — Ui — \/SUipio/uio]Q. By using Eq. (16), the above condition, when
simplified, gives

30ipi0)2 9 1 ) 1
1 M_ 3 o 2 T 2
eQ( U40 _Hl Mo (M— /?mpzo>_¢ — (M—|— m)_qg

4\ 3aipio Nio Nio
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where M =V — u;, is the Mach number in the ion rest frame (see Ref. [30]).

In order to keep the ion density real, and thus prevent wave break-
ing, we impose the following extra condition [33], ¥(¢) > 0, where ¢ =

2
; [V — U0 — \/30ipi0/ni0} . This condition gives

303pio \ 2 3/2
(M_\/ ) 1 n3,Q Z Bopn \
_ U0 _ § a0 _ T _ ﬂ
1 (§ 6 k bla +b2a (M i >

3pa00a «

2N 3/2
Zo 3oip; f
{bmme(M,/ nfz(’) } +(bmb2a)3/2(bm+bga)3/21 >0,

After simplification, the above inequality gives

30ipio\ 2
%(M_ ) o 4.3 1/4 4 r3/2
e U0 <1+ noM* — §(3ni001pi0) M2 4 0iPio

5 5 3/2
30;ipj0 Z ( 301‘1%‘0)
V—ujo+ | 7= | +5 (M- 17
< 70 an0> Q 140 (7
3 7 3 ) *? 3 303p?
0;Pj0 0;iDi0 0;Pj0 ;P50

L V—ujo— | 222000 +(M—,/> —6 (V—u, 3P0 o, |20 |,
< 50 anO > Q Nio ( ]0) ano anio

Inequality (17) gives us the idea about the upper limit for M. With o; = 0; = o,
the above condition (17) reduces to

(a— [ 3oPio)?
A - 2 4,03 1/4 5 r3/2
e Ui <14+n;ogM*— 3 (3ni00pi0) M°'% + opio

2 2
1 Q3n?o 3opio Z( 30pi0>
=V g+ 0) + 2 (M-

6\ 3opjo 70 Qnjo Q N0
3 ‘7 3 2) ¥ 3 303p3
op;o opPio op;o 0°Pio
v —ujo— +(M—,/ ) —6(V—u, 2 .
< 70 Qnijo > Q 740 ( ) Qnjo Q3n3,
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In absence of negative ion (n;, = 0), the above condition reduces to

. 30pio\ 2
3 (M_ W ) 5 4 3 1/4, :3/2
e 30 <14+ niOM — g (3nioapio) M + opio,

which exactly reduces to the result of Ref. [33] for n;0 — 1 and p;o — 1, and when
o — 0, the above condition reduces to the result of Ref. [31].

3. Solitary wave solution

For solitary wave solution the pseudopotential ¢)(¢) in Eq. (16) must satisfy the
following conditions [34],

w(¢):alggb):0 for ¢=0; 82{;/;5(2¢)<0 for ¢=0,
Y(p) =0 for ¢=odm, (18)

¥(¢) <0 in the region 0 <|[¢| < |pm],

where |¢,,| is the amplitude of the solitary wave.

2
Again, from 9 1/}(2@ < O‘ we get
99 o
Z2n2,
> <1. 19
Z Qa(v - ua0)2na0 - 3Uo¢pa0 ( )

[e3

This gives the condition for the existence of a solitary wave solution from which we
get

Z%n? n2

j0 10
+ <1, 19a
Q(V —ujo)?njo — 30;pj0  M?nio — 30ipio (19a)

or
_ 1/2
Z2n i0 } ! 3Uip1'0

M=V —wu;g> [nip<1l— J + . 20
0 [ ° { Q(V - Uj0)2 - 3Ujpjo/nj0 n40 ( )

This relation gives us the lower limit of M (say M) for warm positive and negative
ion plasma. In the absence of negative ion, the inequality (20) reduces to

3Uipi0] 1/2

M > |:TLZ‘0 +
N0
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This is more general form than those in Refs. [30,33,34]. When n;o — 1, pio — 1
and o; = o, then M > /1 4 30, which exactly reduces to the warm-ion condition
[30, 33] and Sagdeev’s cold ion (o = 0) condition [34].

Assuming (particular case) o; = 0; = o, we get from (19a)

2,2 2
Z 1o n

+ <1.
Q(V —ujo0)?njo —3opjo (V= uio)? nio — 30pio

The critical ion temperature (o.) is obtained from the above inequality as

_ 1
6piopjo

(21)

Oc

x |Dy £ \/D%+D2{_Q(V_Ui())2(V_Uj(])2+22(V_Ui())2+Qni()(V_uj0)2} )

where
Dy = Qnjopio(V — ujo)? + niopjo(V — wio)?® — nipjo — njopioZ>
and

Dy = 4piopjonion;o -

4. Amplitude of the solitary wave solution

For the determination of soliton amplitude, we have from (16) 9 (¢,,) = 0, where
®m is the amplitude of the solitary waves. Thus we get,

n>/? 30;p 2 o2 30D 2 G
1_ bm _ 30 V_ ; 1710 _2 m . V— i0— 1710 _2 -
¢ 6+/30; {( wio 140 ¢ o 40 ¢
3 3
30;pi 30,pi
—(V—Uio-i- Upo> —I—(V—Uio— O’po) 1 (22)
N0 T30
2 3/2 2 3/2
Q3/2n%2 3oipjo \ , 22 3oipjo \ 27
o V*U 4 Iy 4= m o V*U _ I 4= m
6+/30; 70 Qnjo Q ¢ 70 Qnjo Q ¢

3 3
30;ipj0 30;pjo
|V —ujo+ | FEE )+ [V —uge -y | 22 —0.
( 70 Qnjo ) < 70 Qnjo
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This is an exact and nonlinear equation in ¢,, which gives a fully nonlinear am-
plitude (¢,,) showing nonlinear curves only and from this, the first (®p;) and the
second order (®p2) K-dV amplitudes are obtained after truncation of the Sagdeev
pseudopotential (¢) function up to third order. For this we expand ¢(¢) in power
series of ¢ and taking terms up to third order (¢®) we have from (12) and (14)

o 9 2 3
W__%_A¢_B¢ +C¢%, (23)

3
11 i 30ipi 30:p;
B==3+1\ 50 <V“Z° Upo) (V“Z” 0p0> 1
0;iPi0 0 10
_L [ 2 Vw270 )y [BTaPi0
4\ 3Q30;pj0 ! Qnjo ! Qnjo ’
1 i 30ip; 30ip;
C:*—* 7’”10 V—uio— JiPio — V—UZ‘0+ 7ibio
6 4\ 3o;pio nio 40

-5 -5
1 Zgngo 3o iPio 30 iPio
——y [_— 39 V — g — 4 | —2202 |V —wuy+, | =22
4 3Q5a'jpj0 70 anO 70 anO

Now, the first order K-dV amplitude [25] of the solitary wave solution is

3A
Py = — 25
01 2B7 ( )

and the second order amplitude of the solitary wave solution is

6A
Dgo = .
2B +vV4B2 — 18AC

38 FIZIKA A (Zagreb) 19 (2010) 1, 31-46



CHATTOPADHYAY: EFFECT OF IONIC TEMPERATURES ON ION-ACOUSTIC SOLITARY ...

5. Discussion

We have investigated the occurrence and characteristics of the existence of ion-
acoustic solitary waves and amplitudes (the first and the second order) with positive
and negative ion drifts for single-temperature electron plasma using Sagdeev’s pseu-
dopotential approach. We have also done the numerical calculation for the following
three cases:

(i) (He™, O™) — plasma corresponding to Q = 4.

(1) (Het, C17) — plasma corresponding to @ = 8.875.

(i77) (HT, O7) — plasma corresponding to @ = 16.

For different values of the parameters, the results of our calculations are shown
in Figs. 1-9.

Figure 1 shows the nature of the Sagdeev pseudopotential curves [¢(¢) vs. ¢] for
compressive solitary waves (¢ > 0) with the variation of negative ion concentration
(njo) for some fixed values of (V —uq0), 0 (0 = 04 = 0;), Qas Za and peo. It is seen
from the figure that the amplitude (¢,,) decreases as the negative ion concentration
(njo) is increased, while the other parameters are kept fixed.

¢

0 0.02 0.04 0.06 0.08
0 1 1 Il

-0.000002
-0.000004 - o007
-0.000006
-0.000008

5 0.000010
-0.000012
-0.000014
-0.000016
-0.000018 -
-0.000020

I

nj=0.06

L

1

1= 0.05

Fig. 1. Solitary wave profiles (1) versus electrostatic potential (¢) with the variation
of negative ion concentration (n;o) for some fixed values of (V — uq0), 04 and Q.

Figure 2 shows the Sagdeev pseudopotential curves [¢)(¢) vs. ¢] for compressive
solitary waves (¢ > 0) with the variation of (V — uqg) for o = 0, = 0; = 1/30,
Q =4, njo = 0.05, pijo = pjo =1 and Z = 1. As the values of (V — u,o) increase,
the amplitude increases while keeping the other parameters fixed.

Figure 3 shows the Sagdeev pseudopotential curves [¢)(¢) vs. ¢] for compressive
solitary waves (¢ > 0) with the variation of mass ratio Q. (= m;/m;) for some
particular values of (V —uq0), 0 (0 = 0; = 0;), njo, pio =pjo =1l and Z =1. It is
also seen from the figure that the amplitude of the solitary waves increases when
@, increases.
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¢
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-0.0015
V-u,=12

-0.002 1 V=13

-0.0025

-0.003
V=uy=12, V-u,, =17

-0.0035

Fig. 2. Solitary wave profiles (1) versus electrostatic potential (¢) with the variation
of (V — uqo) for constant values of njo, 0, and Q.

¢

0 0.02 0.04 0.06 0.08 0.1
0 Il 1 | 1

-0.000005 -
-0.00001 -
-0.000015

=l
-0.00002 Q=8875

-0.000025

-0.00003

-0.000035

Fig. 3. Solitary wave profiles (1) versus electrostatic potential (¢) with the variation
of mass ratio (Q,) for some particular values of (V — uq0), 0o and njo.

Figure 4 shows the typical Sagdeev pseudopotential curves [1)(¢) vs. ¢] for
compressive solitary waves (¢ > 0) for (V —w;o) = 1.1, (V —ujo) = 1.3, Q = 4,
njo = 0.05, pio = pjo = 1 and Z = 1 with the variation of the ion temperature
o (0 = 0; = 0;). It is observed from this figure that as the value of o is lowered
(remembering the forbidden region because the value of ¢ may be taken in such
a way that no solitary wave solution is found for such a particular value of o;
the region where no solitary wave solution is found is known as forbidden region),
the amplitudes of the solitary waves increase, but that amplitude is maximum for
cold ion (¢ = 0; = o; = 0) plasma only. This is consistent with the results of
Refs. [31, 33, 34] for positive ions only (cold and warm).
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0 0.05 0.1 0.15 0.2 0.25

0 1 | L L
=1/3
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-0.0002 -
o =1/100
-0.0003 -
e -0.0004 ¢
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-0.0006

-0.0007 -

-0.0008

Fig. 4. Solitary wave profiles (1) versus electrostatic potential (¢) with the variation
of ionic temperatures (o) for some fixed values of (V — uq0), Qo and njo.

From Eqgs. (25) and (26) we have that the first order (®¢1) and the second
order (®g2) amplitudes decrease when the negative ion concentration (nj,) is in-
creased for some fixed values of (V — uqg), Qo and o. In Fig. 5, both ®g; and Pgs
are decreasing for increasing negative ion concentration (nj,) for different values
of Qn (Qa = 4,8.875,16) for some fixed values of (V — uno), 0, pao and Z,. It
is also found that as @ increases, ®y; and ®go are increasing, which is consistent
with the results of Ref. [31]. The first (®g;) as well as second-order (®g2) amplitudes

T T T T T T T T
0.16 | —=—0o forQ=4 .

L \ --D--®OzforQ:4
014} —— forQ=16 |

3 '\.\\ --0--@ forQ=16
012 Bss \ —A— o forQ=8875|]

L e ‘\ --A--® for Q=8.875

cDOI
<o
—
=)
T
r
1
(DOZ

0.01 0.02 003 004 005 006 0.07
Njo

Fig. 5. Variation of amplitudes (first and second order) of solitary waves versus
negative ion concentration (n;o) with different values of negative to positive ion
mass ratios (Q,,) for some fixed values of (V — uqg) and o4.

increase when the ionic temperature o (0 = o; = 0;) decreases, which is consistent
with the results of Refs. [22,27]. This is shown in Fig. 6.
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0.60 ———r———————

0.55 —=—0 foro=0 [
0.50 [ --0--O 02for =0
0.45 i _\ —A—CDMfor 0:0.01_
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040 \-\ —— @ for 6=0.03]
035 | \ '\. - 4--0 for 5=0.031

s 030 A ~ 1 =
S sk 1°
020 F ]
015 ]
010 ]
0.05 F ]

0.00
0.00 001 002 0.03 004 005 006 007 008 0.09

Njo

Fig. 6. Variation of amplitudes (first and second order) of solitary waves versus
negative ion concentration (n;o) with three different values of ionic temperature
(o) for some fixed values of (V — uq0) and Q.

From Eq. (20), we obtained the minimum value of the Mach number (M7) and
the variations of the Mach number (M;) against the negative ion concentration
(njo) for different values of negative to positive ion mass ratios (@), velocities of
negative ions including drifts (V' — u;,) and temperature of ions o (0 = 0; = 0;),
as shown in Figs. 7-9.

1.07 | ]

—=—Q=4 /.

—e—Q=8.875 -

1.06 A Q=16 /.\//;
1.05 /.
1.04 /; A
1.03 %
~

1.02 4 L]

Min.value of Mach no.(M,)
N

0.00 0.02 0.04 0.06 0.08 0.10

Fig. 7. Variation of minimum value of the Mach number (M;) versus negative ion
concentration (n;o) for three different values of negative to positive ion mass ratios
(Q) for V.—ujo =1.3 and o = 0.01.

In Fig. 7, the minimum value of the Mach number (M;) against the negative

ion concentration (n,o) with the variation of negative to positive ion mass ratios
(Q) is shown for some particular value of the velocity including negative ion drift
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(V — ujo) and temperature of ions ¢ (¢ = 0; = 0;). When njy increases, the
minimum value of the Mach number (M;) also increases for all values of @), and
when @ increases (Q = 4, 8.875,16), then the minimum value of the Mach number
(M) gradually decreases for all values of njo. The minimum value of the Mach
number (M;) against negative ion concentration (n;o) with the variation of the
velocity including negative ion drift (V —wu;o) for Q@ = 4 and ¢ = 1/100 is shown in
Fig. 8. When the values of (V — u;o) increase (V — ujo) = 1.3,1.7), the minimum
value of the Mach number (M) decreases for @ = 4 and o = 0.01.

1.07 A +(V-up)=1.3 o
+(V—ujo)=1.7

[ S ™ g

1.06 /
7

1.05+ /'/

1.04 1

1.03+ /’

1.02 4 v

Minimum value of Mach number (M)

0.00 0.02 0.04 0.06 0.08 0.10

Fig. 8. Variation of minimum value of the Mach number (M) versus negative ion
concentration (njo) with the velocity including negative ion drift velocity (V —w;o)
for Q@ =4 and o = 0.01.

1.10 —=— sigma = 0.01 "
1.09 4 —— sigma = 0.03 '/'
—#A— sigma =0 o«
1.08 4 o
—~ /o/
= _
= 1.07 /'/o ./-
£ 1,061 * -
g / -/ A
. .
= 1.05+ - A
s — A
o 104 - A
=] - A
]
S 1.03 — a
C Ll
£ 1] o T
1.01- A7
.
100 T T T T T
0.00 0.02 0.04 0.06 0.08 0.10
n.

Fig. 9. Variation of minimum value of the Mach number (M;) versus negative
ion concentration (njo) with different values of the temperature of ions (o) for
(V - Ujo) = 1.3 and Q =4.

Figure 9 shows the minimum value of the Mach number (M;) against the neg-
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ative ion concentration n;o for three different values of the temperature of ions
o (o0 = 0; = 0;) for some values of Q and (V —u,o). As njo increases, the minimum
value of the Mach number (M) also increases. Moreover, the value of the Mach
number (M) is minimum for cold ion (¢ = 0; = 0; = 0), and when o increases
(0 =0,0.01,0.03), then the value of the Mach number (M) also increases for some
particular value of @ and (V' — u;o).

6. Concluding remarks

We investigated the effect of warm positive and negative ions with warm elec-
trons on the existence of solitary waves, amplitudes and minimum value of the Mach
number (say M) using Sagdeev’s pseudopotential technique. We have derived here
an exact form of the pseudopotential function (1)) for a single temperature electron
with warm positive and negative ion plasma. From the exact form of the Sagdeev
pseudopotential function, we have derived the analytical condition for the lower
limit of M (say M) by the inequality (19a) for a compressive solitary wave con-
taining single temperature electron with warm positive as well as negative ions. This
gives us a better result than that of Ref. [33] for a single electron-temperature and
warm positive ions only. Also, this result exactly reduces to the result of Ref. [31] for
cold positive and negative ions with single-temperature electron and also Sagdeev’s
condition [34] for a single temperature electron with cold ion plasma only. The
value of the lower limit of M (say M;) increases with the increasing value of an
appreciably large finite ion-temperature o (0 = 0; = o). From the inequality (17)
with o #0 we obtained similarly the upper limit of M for a compressive solitary
wave containing single-electron temperature and warm positive as well as negative
ions. The basic set of Egs. (1) to (4) is in normalized form. In all cases of plasma
dynamics, it is our advantage to use these non-dimensional or normalized plasma
parameters which are used in Egs. (1) to (4) rather than dimensional parameters.
From Egs. (1) to (4), the unnormalized or dimensional plasma parameters are easily
obtained by using the following substitutions:

kT, - [kT, kT, _ kT,
d) = ‘¢7 Uq = mieﬂaa E=- £ gra‘dd)a T = -

z
e e 4dme2ng

ma s — — —
t= 47T€2n0 t, Pa =DPoDa =NoTlaPas Na = NoNg -

All above parameters under the bar denote have normalized form, while the non-
bar parameters have unnormalized form. We have omitted this bar for simplicity
reasons in Egs. (1) to (4) and in the following equations.

We studied the effect of ionic temperature of the plasma having positive ion,
negative ion and warm electron. This type of model plasma has significant role
for some application in laboratory or space plasma. The theoretical investigation
gives some new ideas on solitary waves to develop further the infra-structure for the
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study of solitons in a warm plasma with negative ions. That would be of interest for
the laboratory and space plasmas. In laser-induced laboratory plasma, our present
investigation of soliton would be relevant from which we get new information about
the propagation of waves in such types of plasmas. Our future plan is to develop
the pseudopotential curve (1) of relativistic plasma for two-temperature electrons
with drifting positive and negative ions and electron drifts.
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UCINAK TONSKE TEMPERATURE NA IONSKO-ZVUCNE SOLITONSKE
VALOVE U POSMICNOJ PLAZMI S NEGATIVNIM IONIMA I JEDNOM
ELEKTRONSKOM TEMPERATUROM

Proucavaju se ionsko-zvuéni solitonski valovi u bezsudarnoj nemagnetiziranoj plaz-
mi s jednom elektronskom temperaturom i s adijabatskim pomacima pozitivnih i
negativnih iona koji imaju jednu temperaturu (poseban slu¢aj) primjenom Sagdeeve
pseudopotencijalne metode. Razmatra se uc¢inak ionske temperature i negativnih
iona na solitonske valove u plazmi s (He™, O7), (He™, C17) i (H", O™) ionima.
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