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Abstract

Propagation of large amplitude ion-acoustic solitary waves and small amplitude double layers have been investigated in a
two-temperature non-isothermal electron plasma consisting of warm positive ions, warm negative ions and warm positrons by
Sagdeev pseudopotential method (SPM).Small amplitude double layer solution(¢p,;)is also discussed theoretically in this paper
for further investigation. Fully non-linear large amplitude compressive solitary waves and small amplitude compressive double
layers are presented graphically by the corresponding figurs 1 — 14 under the variation of different values of the mass ratios (Q)
of negative to positive ions, phase velocities (V) of solitary waves, negative ion concentrations (n;,), positron densities () and
temperature ratios (o) of electrons (7,)and positrons(Tp).Consequently this large amplitude electrostatic solitary waves and
small amplitude electrostatic double layers in complex plasmas have broad applications in space plasma Physics, Astrophysics,
Fusion technology, Plasma — based devices and Fundamental wave research, offering tools for exploring wave-particle
interactions, stability and energy transfer in multi-species plasmas.
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1. Introduction

Propagation of large amplitude ion-acoustic solitary waves
and small amplitude ion-acoustic double layers have been in-
vestigated theoretically in a plasma consisting of warm positive
ions, warm negative ions and warm positrons along
withisothermal,non-isothermal and non-thermal electronsby
many authors [1-11]. A large number of physicists [12-16] in-
vestigated various types of solitary waves for warm or cold ions
with magnetized or unmagnetized plasmas in presence of
two-temperature or single-temperature non-isothermal electrons.

Solitary waves became more interesting when negative ions are
found in space plasmas. This negative ions are observed in D and
F regions of the earth’s ionosphere, in Saturn’s moons and in
Halley’s cometarycomae. Wong, Mamas and Arnush [17] dis-
cussed a method for producing plasmas with total replacement of
electrons by negative ions. On the other hand, non-isothermal
electrons [18-20] give rise many interesting results in the prop-
agation of waves. It is also found that two-temperature Maxwel-
lian distribution of electrons [21, 22] presents a better result
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nearer to the experimental datafor the formation of solitons and
double layers. lon-acoustic double layershave been extensively
studied theoretically [23-25] as well as experimentally [26-28]
by many plasma physicists. Das et al [29], Watanabe [30] and
Tagare [31] investigated theoretically and Cooney et al [32]
investigated experimentally the ion-acoustic solitary waves in a
multispecies plasma. Mishra et al [33] studied the ion-acoustic
compressive and rarefactive double layers in a warm plasma by
reductive perturbation method. Consequently Merlino and
Loomis [34] discussed strong double layers experimentally for
(Ar*, SFe) plasma.Chattopadhyay et al [35, 36] also studied the
effect of negative ions on the formation of ion-acoustic solitons
for cold and warm ions in relativistic and in non-relativistic
plasmas by Sagdeevpseudopotential method [37].In magnetized
plasma with or without negativeions, Ghosh et al and Das et al
[38, 39] studied the ion-acoustic solitary waves by a new ana-
Iytical method and reductive perturbation method. In the auroral
and magnetospheric plasmas, ion-acoustic double layers have
been observed for two-electron species [40, 41]. It is therefore
interesting to investigate the ion-acoustic double layers in
aplasmawhere negative ions and two-temperature electron dis-
tributions present simultaneously. Again, the electrostatic waves
show a significant change and behave differently when positrons
are introduced in addition to three component plasmas. Popel et
al [42] found that the amplitude of ion-acoustic solitary waves
could be considerably reduced when hot positrons were present.
We are now wishing to study the ion-acoustic solitary waves and
double layers when positrons are included in our system for
two-temperature non-isothermal electron plasmas. In presence of
warm negative ions, warm positive ions and warm positrons, the
present author in recent year [4, 18] discussed critically the soli-
tary waves and small amplitude double layers under the variation
of different plasma parameters for two-temperature
non-isothermal electron plasmas by SPM.

The aim of this paper is to discuss the large amplitude
ion-acoustic compressive solitary wavesand small amplitude
ion-acoustic compressive double layers in a multicomponent
plasma consisting of warm positive ions, warm negative ions,
warm positrons and two-temperature non-isothermal elec-
trons by SPM. By taking some plasmas containing ion species
(Ar", SF¢), (H",0,)and (He®,0"), the profiles of Sagdeev
potential function y(¢) for large amplitude ion-acoustic
compressive solitons and small amplitude compressive dou-
ble layers are drawn under the variation of negative to posi-
tive ion mass ratios (Q),phase velocities (V) of solitary
waves, negative ion concentrations(n;, ), positron density (x)

ne:1+¢_£[ﬂbl ‘i‘l/bhﬂ12j¢2 +1 (,u+V512)
3 (urB) 2(urvA)
ny,=y e % (10)
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and temperature ratios of

trons(Ty,).

The plan of this paper is arranged in the following ways:

The basic set of normalized fluid equations for positive
ions, negative ions along with Poisson’s equations, concen-
trations of two-temperature non-isothermal electrons and
warm isothermal positrons are given in Sec.2. The Sagdeev
potential function y(o) for soliton is given in this section. By
using the double layer conditions, the profiles of Sagdeev
potential function y(¢) for small amplitude compressive
double layers and double layer solutions(¢,,) are stated
clearly in this part. In sec.3,the entire problem is discussed
critically under the variation of different plasma parameters.
Concluding remarks are given in sec.4.

(o)

electrons (T,)

2. Formulations

In presence of warm positrons, the set of normalized fluid
equations for a collisionless, unmagnetized, non-relativistic
plasma containing warm positive ions, warm negative ions
and two-temperature non-isothermal electrons along with
charge neutrality condition are given in the following ways:

on;

i o0 _
% Tox (mjuy) =0 (1)
aui % ﬁ%_ _a_(l)
at L 0x+ n; dx  ox (2)
ap; dpi ou; _
? Uu; ax -t 3 LE =0 (3)
% +i (n.u.) =0 (4)
at ox ~ 177
ou; w9 % z09
E-‘- T 9x  Qnj dx  Qox ®)
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Charge neutrality condition is
l+znj0:ni0 +X (8)
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For non-isothermal plasma 0 <b;, or by<
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In this case, T, = temperature of free electrons in low
temperature,T,, , = temperature of free electrons in high
temperature, T, , = temperature of trapped electrons in low
temperature, T,,, = temperature of trapped electrons in
high temperature,T, s, = effective temperature of electrons,
T,, = temperature of positrons, T; = temperature of positive
ions, T; =temperature of negative ions.

The concerned plasma parametersn;,n;,ne, ny, U;,u;, D;.pj,
01,05, &y Z.Q, 10p% 4 1, V.81, Br.by, b, bMand b in
equations (1) to (10)are respectively the density of positive ions,
negative ions, electrons and positrons, the velocity of positive
ion and negative ions, the pressure of positive ions and negative
ions, the temperature of positive ions and negative ions, the

3
— 1 bj+vbpB2 S 2
W) = [~p— gLt A uF 3w v
(u+vB1)2

+- |12
6\ 30;

3
6 (u+vp1)? ¢+

electrostatic potential, charge of ions, mass ratio of negative to
positive ions, density of positron at ¢ = 0, temperature ratio of
electrons and positrons, distance, time, the unperturbed number
density of low temperature and high temperature electrons, the
temperature ratio of free electrons in low and high temperatures,
the temperature ratio of free and trapped electrons in low tem-
perature, the temperature ratio of free and trapped electrons in
high temperatureand the normally used conventional
non-isothermal parameters related with 8, and gy,.
In this paper the boundary conditions for our systems are

Ny = Ny M = Mo, U = Ujg, Uj = Wi, p; = 1, pj 2
1n, -1, np > x andd — Oat|x| —» oo

In equations (1) to (7), the Galelian transformation 1 = x —
V tis used where V is the velocity of the solitary waves.

Following Chattopadhyay [4], the expression for Sagdeev
pseudopotential ~ function wy(¢p) for two-temperature
non-isothermal electron plasmas with warm positive ions,
warm negative ions and warm paositrons, is obtained as

5
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105 >
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Where

The requirements to yield soliton solutions from Sagdeev
potential function y(¢) are

(i) w(¢) = 2 L=0ato=0.

o 9%Y(9) _
(i) 202 <0Oate=0.
(iii) y(¢) =0atp= ¢, andy($)<0 for 0 < <@y,
3
(iv) RO ¢ = 0 for positive (compressive) potential

o¢3

(12)
(13)
solitons.
oY (¢) _ - .
(v) W> 0 at ¢ = ¢, for positive (compressive) poten-
tial solitons.

And the restriction on ¢ is

2

2
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Now by using the Galelian transformation and the neces-
sary boundary conditions, it is found from equations (7), (9),

(10), (11), (12) and (13) after expansion of y(¢p) in power
series

a’¢ _ 3 5 _ v
e = Md—Hyp2 * Hyp? — H,¢z + Hs¢® = = 5 (15)
And
1 2, 2 51 3,2 71 4
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In order to get the small amplitude double layer profiles
. . . 5 1
from Sagdeev potenFlal functiony(¢) and small amplitude H =2 Hsypy and H, = g Hy 2, (19)
double layer solutions (¢p.) ,

the Sagdeev potential
y(d)should satisfy the following conditions [4]:

y(dp)=0atp=0and ¢ = ¢y

4
) =0atp=0and ¢ = ¢y

%y — —
ﬁ<0at¢—0andq>— bar

v(@) <0 for0 <o < ¢y and ¢ > ¢y (18)
where ¢4,( > 0) is some extreme value of the electrostatic
potential ¢at which double layer isproduced.

Now taking terms uptog? in equation (15) and ¢3 in
equation (16), we get finally after using the above boundary
conditions for double layers as

115

In terms of H; we get finally from equations (15) and (16)
after simplification as

W($) = - THp? (Vo - Joa) (20)
WO 1y
2o = - 3M0(é — o) (3Vd - 2\ba) (21)

2
$oL = da [1 - tanh( /”%‘“ n)] (22)

Where H;> 0 represents the stable structure of double
layer. Equations (20) to (22) give us the first order double
layer profile and first order double layer solution.
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3. Results and Discussions

In this section, the profiles of Sagdeev potential function
y(d) against electrostatic potential ¢for large amplitude sol-
itons and small amplitude double layers are drawn under the
variation of different plasma parameters.

In Figure 1, the profiles of Sagdeev potential function y(¢)
against electrostatic potential ¢for large amplitude solitary
waves are drawn under the variation of the mass ratios (Q) of
negative(m;) to positive (m;)ions in presence (x # 0)of
positrons.

0005 1 o .Q=1912;a;: Q=3.997;a, : Q=31.746

0.004 - X=0.1701 a a

0.003 - a,

0.002 -
0.001 -

0 -

-0.001

-0.002 -

0003 | |

()

-0.004 -

Figure 1. Profiles of Sagdeev potential function y(¢) against ¢ for
large amplitude solitary wavesin two temperature non-isothermal
electron plasma under the variation of the mass ratios (Q) of nega-
tive (m;)and positive (m;)ions in presence of positronsfor V =
1 1
1601, u;, =04, uj, =02, g; = 500 = oMo = 0.0501, ny,
=088 x=0.1701, o, = 0.4101, u = 0.15, v = 0.85, by = 0.15,
by, =04, B, =025 b =024, b =051, Z=1whenQ =
1.912, 3.997, 31.746.

In presence of positrons(y = 0.1701) the curves a, for
Q = 1912, a; for Q = 3.997 and a, for Q = 31.746 are
shown in Figure 1, represent the solitary waves. The maxi-
mum value of the electrostatic potential (¢,,)for large am-
plitude solitonsis increasing for increasing values of the mass
ratios Q. The Sagdeev potential profiles y(¢) against ¢ for
well shaped solitary waves denoted by a,,a; and a, cut
the ¢ axis at ¢, = 0.277666, 0.284871 & 0.287948 respec-
tively in Figure 1.

Figures 2, 3, 4 and 5 show the profiles of Sagdeev poten-
tial function y(¢) against electrostatic potential ¢for large
amplitude solitary waves under the variation of the phase
velocities (V) of solitary waves in presence (y # 0)of posi-
trons.
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Figure 2. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitary wavesin two temperature non-isothermal
electron plasma under the variation of phase velocity (V) in presence

of positrons for u;, = 0.4, w;,, = 0.2, 0; = % 9 = 5
0.0501, ny, = 0.88 , x = 0.1701, 6, = 0, 0.4101, u = 0.15, v =
0.85, b, =0.15, b, =04, B; =0.25, b =0.24, b{" =051,

Z=1,Q=3.997 when V = 1.601.

1njo -

0.1 0.2 03 0.4 0.5

-0.002 -
gV =1,69445, x=0.1701

-0.004 - U, =0.4,u;, =02

-0.006
Qg

-0.008

-0.01
1

()

-0.012 -

Figure 3. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitary waves in two temperature non-isothermal
electron plasma under the variation of phase velocity (V) in presence
. _ _ _ 1 _ 1
of positrons for u;, = 0.4, u;, = 0.2, o; = 0% = 5
0.0501, ny, = 0.88,x = 0.1701, o, = 0.4101, u = 0.15, v = 0.85,
b, =0.15, b, =04, B, =0.25 b =024, b’ =051,2=1,
Q =3.997 when V = 1.69445.

|njo_

The Sagdeev potential function y(¢) against ¢ for large
amplitude solitary waves denoted byas in presence of posi-

trons(y = 0.1701)for V = 1.601 with o; %,O_j _ %is
shown in Figure 2 whereas the curve a4 in presence of pos-

itrons(y = 0.1701) for V = 1.69445 with ¢; = Zio,aj =

%isshown in Figure 3. It is seen from Figure 3 that the curve
ae does not show any actual well shaped solitary waves for
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V = 1.69445 whereas the curve asin Figure 2 cuts the ¢
axisat ¢,, = 0.284871showing the actual well shaped soli-
ton nature.In Figure 3, the curve ay does not cut the ¢ axis
which shows no solitonic structure.Under this different val-
ues of V, Figures 2 and 3 present whether the well shaped
nature of soliton will form or not.

0.014 a,

a; :V=1.601,x=0.1701

0.012
1

ao

Uy, =05, Ujp = 0.3; a;

G-

,0) =
0.01

0.008 -

0.006 -

0.004

0.002 -
- ¢

0 .
0 0.3
-0.002

1 005
i)

0.35

Figure 4. Profiles of Sagdeev potential function y(¢) against ¢ for
large amplitude solitons in two temperature non-isothermal elec-
trons under the variation of phase velocity (V) in presence of positron
1 1
for u;, =05, uj, =03, g; = 350 = 5o = 0.0501, n;, =
0.88,y = 0.1701, o, = 0.4101, p = 0.15, v = 0.85, b, = 0.15, by
=04, B, = 025, b =024, bV = 051, Z = 1, Q =3.997
when V = 1.601.

0.006 a
ag :V=1.69445;=0.1701 8

0.004 U, =0.5, U, =0.3;0; =

0.002 4

-0.002 -

-0.004 -

1
b(g)

-0.006

Figure 5. Profiles of Sagdeev potential function y(¢) against ¢ for
large amplitude solitary waves in two temperature non-isothermal
electron plasma under the variation of phase velocity (V) in presence
. 1 1
of positrons for w;, = 0.5, uj, = 0.3, g; = 3500 = 25Mo =
0.0501, ny, =0.88,x =0.1701, g, =0.4101, u = 0.15, v = 0.85,
b, =0.15, b, =04, B; =025 b =024, bV =051,2=1,
Q =3.997 when V = 1.69445.
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In Figure 4, the sagdeev potential profile y(¢) against
electrostatic potential ¢for large amplitude solitary waves in
presence of positrons(y = 0.1701) is denoted by the curve
a, when the temperature of positive (o;)and negative(a]-)
— and o; = — with V = 1.601, u;, = 0.5,
30 25
uj, = 0.3. The curve a, cuts the ¢ axis at¢,, = 0.17862
showing their soliton nature.

In Figure 5, the profile of sagdeev potential function y(¢)
against electrostatic potential ¢for large amplitude solitons
in presence of positrons (y = 0.1701)is denoted by ag
when the temperatures of positive (o;) and negative
(g;)ions are a; 3—10 and o; % with V = 1.69445u;, =
0.5, u;, = 0.3. In presence of positrons(y = 0.1701) the
curve agcuts the ¢ axis at ¢,, = 0.342575 showing the
actual well shaped soliton nature.

Similarly it is further found that the profiles of sagdeev
potential function y(¢) against electrostatic potential ¢for
large amplitude solitons in presence (y = 0.1701)of posi-
tronsdo not form the actual well shape for any value of ¢
within the limit for the solitary wave condition when the
temperature of positive (o;)and negative (a]-)ions are g;
— and ¢; = - with V = 1.701, 1.801, 1.901& 1.99631,
u;, =04, u;, =0.2,%x=0.1701, o, =0.4101.

Figure 6 represents the Sagdeev potential profiles y(¢d)
against electrostatic potential ¢ for large amplitude solitary
waves under the variation of the concentrations of negative
ions (mj,) inpresence (x # 0)of positrons.

ions are o;

0.006
€1 1Mo =0, ¢; 1y, =0.0501, x =0.1701 c,

0.005 -

0.004 -

0.003

0.002 -

0.001 -
- ¢

0 -+ 1

0.35

-0.001

-0.002 -

-0.003

-0.004 - 1

0005 - ()

Figure 6. Profiles of Sagdeev potential function y(¢) against ¢ for
large  amplitude  solitary ~ wavesin  two  temperature
non-isothermalelectron plasma under the variation ofthe negative

ion concentrations(njo) in presence of positrons for u;, = 0.4, uj,

1 1

=02, 0; = 550) = 55 1 = 017010, = 04101, i = 0.15, v =
0.85, b, =0.15, b, =04, B; =0.25, b =0.24, b{" =051,
Z=1,Q = 1912, V = 1.601,n;,, = 0.8299, 0.88 when n;, = 0,

0.0501.
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In presence of positrons(y = 0.1701), the sagdeev poten-
tial profiles y(¢) against the electrostatic potential ¢for large
amplitude solitary waves are denoted by ¢, for n;, =0and
c; for nj, =0.0501whenV =1.601,u;, =0.4, u;, =0.2,0;

1

=500 = 2—15 The curvesc; and c, cutthe ¢ axis at ¢, =
0.297416 and¢,, = 0.277660 respectively showing their
well shaped soliton nature. This shows the effect of concen-
trations of negative ions on Sagdeev potential function
y(d)in presence of positrons.

0.01 -
€3 1 My, = 0.0101, ¢, : My, = 0.0901; X = 0.1701

0.008 -
0.006 -
Cy

0.004 -

0.002 +

-0.002 -

-0.004 -

b(g)

Figure 7. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitary wavesin two temperature non-isothermal
electron plasma under the variation of the negative ion concentra-
tions(n;,) in presence of positrons for u;, =0.4, w, =02, 0; =
07 = 52 1= 017016, = 04101 = 0.15,v = 0.85, b, =0.15,
by, = 04, B; = 025, b =024, b =051, Z =1, 0; Q =
1912V =1601, n;, =0.84, 0.9 when n;,= 0.0101, 0.0901.

In Figure 7, the sagdeev potential function y(¢) against the
electrostatic potential ¢ for large amplitude solitary wavesin
presence (y = 0.1701)of positronsare denoted byc; for n;,
=0.0101 and ¢, for ny, =0.0901 whenV =1.601,u;, =0.4,
1
%1
the curve c; for n;, =0.0101 cuts the ¢ axis at a larger dis-
tance than the curve ¢, for ny, = 0.0901 with x = 0.1701
where the curvec, cuts the ¢ axis at ¢, = 0.259325. The
Figures 6 and 7 show the characteristics of the sagdeev poten-
tial function under the variation of the concentration of nega-
tive ions(n;,) in presence (y = 0.1701)of positrons.

In Figure 8, the profiles of Sagdeev potential function y(¢)
against the electrostatic potential ¢ for large amplitude soli-
tary waves are drawn under the variation of the concentra-
tions of positrons(y). For different values of the concentra-
tions of positrons(y), the sagdeev potential function y(¢)
cuts the ¢ axis at different values. The sagdeev potential
function y(¢) at y = 0.0801 denoted by cs cuts the ¢ axis

Uj, =02,0; = —,0; = % It is evident from this figure that

118

at ¢,, = 0.213413 and at y = 0.1201, the sagdeev potential
function  (¢)denoted by ¢, cuts the ¢ axis at ¢, =
0.246681. The curve c, represents the sagdeev potential
function y(¢)cuts the ¢ axis at ¢, = 0.277660 for y =
0.1701 which is larger than all other values.

0.012 cs
¢5 1 x=0.0801; ¢g 1 x=0.1201; ¢7 : x =0.1701
0.01
0.008
0.006
0.004
0.002
0
0
-0.002
1
0,004 - ()

Figure 8. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitary waves in two temperature non-isothermal
electron plasma under the variation of the concentrations(y) of
positrons for V. = 1.601, u;, = 04, uj, = 02, g; = 2—10,aj =
%,nja =0.0501, n;, =1.0501, 0.97, 0.93,0.88,0,, =0, 0.4101,p=
0.15, v = 0.85 b, = 0.15, b, = 0.4, B; = 0.25, b = 0.24,

bV =0.51,7 =1,Q = 1.912 when x =0.0801, 0.1201,0.1701.

0.006 - ¢y 0,=04101; ¢ : 0, = 1; x=0.1701

0.004

Co

0.002 4

-0.002 |

-0.004 -

1
0006 | W)

Figure 9. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitons in two temperature non-isothermal elec-
trons under the variation of the temperature ratios (a,) of electrons

and positrons for V = 1.601, u;, = 0.4, uj, = 0.2, g; = %,aj =

— Mjo = 0.0501, ny, =0.88 x =0.1701p = 0.15, v = 0.85, b,

0.15, b, =04, B, =025, b =024, b =051,Z=1,Q =
1.912 when g, =0.4101, 1.
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In Figure 9, the Sagdeev potential profiles y(¢p) against
the electrostatic potential ¢ for large amplitude solitons are
drawn under the variation of the different temperature ratios
(0,)of electron(T,) and positron (T,). It is observed from
Figures 9 and 10 that the Sagdeev potential profiles cut the ¢
axis at larger distances as long as the temperature rati-
os(a,)ofelectron(T,)and positron (T,) is increasing. The
Sagdeev potential profiles y(¢) against ¢pfor solitary waves
are denoted respectively by the curves ¢y for o, = 0.4101,
¢yo for o, =1inFigure 9 and ¢y, for o, =1.301,cy5 for
o, =1.9501 in Figure 10. In Figure 9, the Sagdeev potential
curves for actual well shaped solitary waves denoted by cq
fora,, = 0.4101 cuts the ¢ axis at ¢,,, = 0.277660, c;, for
o, =1 cuts the ¢ axis at ¢,, = 0.307871 but in Figure 10,
fora,, = 1.301 and 1.9501 no solitary waves for actual well
shaped are found and thus it is concluded that for ,> 1 no
proper solitary waves are found in two-temperature
non-isothermal electron plasmas in presence of negative
ions.
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0008 4 g,:4,=1301

0005 | ¢4:0,=1.9501
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b(e)
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Figure 10. Profiles of Sagdeev potential function w(¢) against ¢ for
large amplitude solitons in two temperature non-isothermal elec-
trons under the variation of the temperature ratios of electrons and

1 —
209 =

~njo = 0.0501, ny, =0.88 =0.1701, u = 0.15, v = 0.85, b,
0.5, b, =04, B =025 b =024, b =051,Z=1,Q
1.912 when g, =1.301, 1.9501.

positrons(a,) for V = 1.601,u;, = 04, uj, = 02, 0; =

In the next part, we are now presenting graphically the
profiles of small amplitude double layers in presence
(x = 0.1701)of positrons under the variation of some plas-
ma parameters.

In Figure 11, the profiles of Sagdeev potential function
y(¢) against the electrostatic potential ¢ for small ampli-
tude double layers are drawn in presence(y = 0.1701) of
positrons under the variation of the phase velocity (V) of
solitary waves. In presence of positrons (xy = 0.1701), the
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Sagdeev potential profiles y(¢) against ¢ for small ampli-
tude double layers are denoted by p, for V = 1.6501, p,
for V = 1.6801. It is evident from the figure that for in-
creasing values of V, the maximum values of the electro-
static potential (¢,;) where the respective curves cut the ¢
axis are larger.
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Figure 11. Profile of Sagdeev potential functiony(¢@) against ¢ for
small amplitude double layers in presence of positrons under the
variation of phase velocity (V) of solitary waves for w;, = 0.4, u;,

=02, 0; = 5507 = oomj, = 0.0501, ny, =0.88, x =0.1701,0,
= 04101y = 0.15, v = 0.85, by = 0.15, b, = 0.4, B; = 0.25,
b® =024, b =051, Z=1,Q = 1.912 when V = 1.6501, V =

1.6801.
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Figure 12. Profile of Sagdeev potential function y(¢) against ¢ for
small amplitude double layers in presence of positronsunder the
variation of the concentration of negative ions(n;, )forV = 1.6501,
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Figures 12 and 13 show the profiles of Sagdeev potential
function y(¢) against the electrostatic potential ¢ for small
amplitude double layers in presence of positrons (y =
0.1701)under the variation of the concentrations of nega-
tive ions(n;, ).In Figure 12, when the concentration of neg-
ative ions is n;, = 0.0401, the Sagdeev potential profile
y(¢) against ¢ for small amplitude double layers is repre-
sented by the curve psfor y =0.1701 whereas in Figure 13,
when the concentration of negative ions is nj, = 0.0501,
the Sagdeev potential profile y(¢) against ¢ for small am-
plitude double layers is denoted by the curve p, for y =
0.1701. In Figure 12, it is observed that the curve p; in
presence of positron (y = 0.1701) cuts the ¢ axis at ¢4 =
0.020621 while in Figure 13, the Sagdeev potential profile
y(d) against ¢ for small amplitude double layers denoted
by the curve p, for x = 0.1701 cuts the ¢ axis at ¢
0.342005 when the concentration of negative ions is n;, =
0.0501.
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Figure 13. Profile of Sagdeev potential function w(¢) against ¢ for
small amplitude double layersin presence of positronsunder the
variation of the concentration of negative ions(n, )forV = 1.6501,

1 1
04, uj, = 02, 0; = 50 = 500 X =0.1701, o, =
0.4101,u= 0.15, v = 0.85, b, = 0.15, b, = 0.4, B; = 0.25, bV

= 024, b = 051, Z =1,Q = 1.912,n;, =0.88 when n;, =
0.0501.

Uijo

Figure 14 shows the profiles of Sagdeev potential function
() against the electrostatic potential ¢ for small amplitude
double layers under the variation of the temperature ratios
(0,) of electrons(T,) and positrons(T,). The Sagdeev po-
tential profiles y(¢$p) against ¢ for small amplitude double
layers in presence of positron (y = 0.1701)denoted by p, for
o, =0.1501 and p, for g, =0.4101 cut the ¢ axis at ¢g;
= 0.322136 and 0.342005 respectively. In this case, it is
found that as o,, increases ¢, also increases.
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Figure 14. Profiles of Sagdeev potential function y(¢) against ¢ for
small amplitude double layers in presence of positrons under the
variation of the temperature ratios (o, )of electrons and positronsfor

1 1
V= 16501, u;, =04, w =02, 0; = 5505 = somj, = 0.0501,
N =0.88, x =0.1701, 4 = 0.15, v = 0.85, b, = 0.15, b, = 0.4,
B, =025, b =024, b =051,Z=1,Q=1912when o, =

0.1501, 0.4101.

i

From Figure 14, it is observed that in presence of
tron(y = 0.17), the Sagdeev potential profiles y(¢p)against
¢ for small amplitude double layers cut the ¢ axis at larger
values of ¢, for higher values of g, while for the smaller
values of o, the respective Sagdeev potential curves for
small amplitude double layerscut the ¢ axis at smaller values
of ¢4

4.Conclusion

In this paper, the present author investigated the large am-
plitude ion-acoustic compressive solitary waves and small
amplitude ion-acoustic compressive double layers in
two-temperature non-isothermal electron plasmas consisting of
warm negative ions, warm positive ions and warm positronsby
Sagdeev pseudopotential method under the variation of dif-
ferent plasma parameters. In presence (y # 0)of positrons, the
nature of Sagdeev potential function y(¢) for large amplitude
ion-acoustic compressive solitary waves are shown in Figures
1 to 10 under the variation of the mass ratios (Q) of negative to
positive ions, phase velocities (V) of solitary waves, concen-
trations(njo)of negative ions,concentrations of positrons(y)
and temperature ratios (o,) of electrons (T,) and
trons(T,,). In Figures 11 to 14, the profiles of Sagdeev poten-
tial profiles y(¢p)against electrostatic potential ¢for small
amplitude double layers are presented graphically under the
variation of the phase velocity (V) of solitary waves, concen-
tration of negative ions (n;,) and temperature ratios (o) of

electrons(T,) and positrons(Tp). In presence of positrons, the
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author studied and discussed the effect of positronsfor large
amplitude solitons and small amplitude double layers. Gener-
ally solitons are important in understanding energy transport in
space plasmas and have been considered in plasma—based
devices for signal transmission without dissipation. On the
other hand, double layers are relevant in the context of space
weather phenomena and are important for understanding en-
ergy dissipation and particle acceleration mechanisms in as-
trophysical plasmas. The present study has been used in the
experimental investigation of strong double layers for
(Ar*,SF¢)plasma and will be helpful for the investigation of
ion-acoustic waves in space and in laboratory experiments.
The author’s future plan is to solve the fully non-linear dif-
ferential equations for relativistic warm positive and negative
ions, two-temperature isothermal electrons and warm isother-
mal positrons to investigate the ion-acoustic compressive (rar-
efactive) solitary waves, double layers and supersolitons.

Abbreviations

SPM  Sagdeev Pseudopotential Method

Acknowledgments

The present author would like to thank Dr. S.N. Paul for
his valuable suggestions and discussions in the preparation of
this paper to its present form.

Funding

Thus this research work did not receive any specific grant
from any funding agencies in the public, commercial, or
not-for-profit sectors.

Conflicts of Interest

The author declares no conflicts of interest.

References

[1] M. K. Kalita and S. Bujarbarua, Can. J. Phys. 60, (1982) 392 -
396. https://doi.org/10.1139/p82-057

[2] S.G. Tagare and R. V. Reddy, J. Plasma Phys. 35, (1986) 219.
https://doi.org/10.1017/S0022377800011296

[3] S. G. Tagare and R. V. Reddy, Plasma Phys. and Controlled
Fusion, 29(6), (1987) 671 — 676.
https://doi.org/10.1088/0741-3335/29/5/008

[4] S. Chattopadhyay, Brazilian Journal of Physics, 52(4), (2022)
117. https://doi.org/10.1007/s13538-022-01120-9

[5] R.V.Reddy and S. G. Tagare, J. Physical Soc. Japan, 56(12),
(1987) 4329 — 4335https://doi.org/10.1143/JPSJ.56.4329

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

S. Chattopadhyay and S. N. Paul, The African Review of Phys.
7:0033, (2012) 289 — 299.

K. P. Das, S. R. Majumdar and S. N. Paul, Phys. Rev. E 51,
(1995) 4796. https://doi.org/10.1103/PhysRevE51.4796

S. Chattopadhyay, The African Review of Phys. 9: 0041, (2014)
317 - 331

B. N. Goswami and B. Buti,Phys. Letts. A, 57,2, (1976) 149 —
150. https://doi.org/10.1016/0375-9601(76)90195-X

S. Chattopadhyay, Sri Lankan Journal of Phys. 29, (2019) 1 —
16. https://doi.org/10.4038/Sljp.v20i0.8062

T. S. Gill, P. Bala, H. Kaur, N. S. Saini, S. Bansal and J. Kaur,
The Euro. Phy. J. D31,(2004) 91.
https://doi.org/10.1140/epjd/e2004-00121-4

M. Tajiri and M. Tuda, J. Phys. Soc. Jpn. 54, (1985) 19.
https://doi.org/10.1143/JPSJ.54.19

G. C. Das, B. Karmakar and S. N. Paul, IEEE Trans. Plasma
Sci. 16(1), (1988) 22 — 26. https://doi.org/10.1109/27.3785

M. K. Mishra, R. S. Chhabra and S. R. Sharma,J. Plasma Phys.
52(3),(1994) 409 — 429.
https://doi.org/10.1017/S0022377800027227

S. Chakraborty, A. Roychowdhury and S. N. Paul, Inter. J.
Theor. Phys. 32,(1993) 1465.
https://doi.org/10.1007/BF00675208

S. G. Tagare, Phys. Plasmas, 7(3) (2000) 883 — 888.
https://doi.org/10.1063/1.873885

A.Y.Wong, D. L. Mamas and D. Arnush, Phys. Fluids 18(11)
(1975) 1489 — 1493. https://doi.org/10.1063/1.861034

S. Chattopadhyay, Sri Lankan Journal of Phys. 23(2), (2022)
93 — 124. https://doi.org/10.4038/Sljp.v23i2.8090

S. Chattopadhyay, Jurnal Fizik Malaysia 43(1), (2022) 10214 —
10243.

S. Chattopadhyay, Brazzilian Journal of Phys. 53, (2023) 6.
https://doi.org/10.1007/s13538-022-01205-5

G. C. Das, S. G. Tagare and J. Sarma, Planet Space Sci. 46(4),
(1998) 417 — 424.
https://doi.org/10.1016/S0032-0633(97)00142-6

R. Roychowdhury, G. C. Das and J. Sharma,Phys. Plasma 6(7),
(1999) 2721 — 2726. https://doi.org/10.1063/1.873228

K. S. Goswami and S. Bujarbarua, Phys. Lett. A, 108(3), (1985)
149 — 152. https://doi.org/10.1016/0375-9601(85)90847-3

R. Bharuthram and P. K. Shukla, Phys. Fluids 29, (1986) 3214.
https://doi.org/10.1063/1.865839

L. L. Yadav and S. R. Sharma, Phys. Scr. 43(1), (1991) 106.
https://doi.org/10.1088/0031-8949/43/1/018

A. N. Sekar and Y. C. Saxena, Plasma Phys. Controlled Fusion
27(2), (1985) 181.
https://doi.org/10.1088/0741-3335/27/2/007


http://www.sciencepg.com/journal/ajpa

American Journal of Physics and Applications

http://www.sciencepg.com/journal/ajpa

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

N. Hershkowitz, Space Sci. Rev. 41, (1985) 351 — 391.
https://doi.org/10.1007/BF00190655

G. Hairapetian and R. L. Stenzel, Phys. Rev. Lett. 65, (1990)
175. https://doi.org/10.1103/PhysRevLett.65.175

G. C. Dasand S. G. Tagare, Plasma Phys. 17(12), (1975) 1025.
https://doi.org/10.1088/0032-1028/17/12/002

S. Watanabe, J. Phy. Soc. Japan 53(3), (1984) 950 — 956.
https://doi.org/10.1143/JPSJ.53.950

S. G. Tagare, J. Plasma Phys. 36, (1986) 301.
https://doi.org/10.1017/S0022377800011776

J. L. Cooney, M. T. Gavin and K. E. Lonngren, Phys. Fluids B
10, (1991) 2758 — 2766. https://doi.org/10.1063/1.859912

M. K. Mishra, A. K. Arora and R. S. Chhabra, Phys. Rev. E 66,
(2002) 046402. https://doi.org/10.1103/PhysRevE.66.046402

R. L. Merlino and J. J. Loomis,Phys. Fluids B 2, (1990) 2865 —
2867. https://doi.org/10.1063/1.859355

S. Chattopadhyay, S. K. Bhattacharaya and S. N. Paul, Indian J.
Phys. 76 B (1), (2002) 59 — 65.

122

[36]

[37]

[38]

[39]

[40]

[41]

[42]

S. Chattopadhyay, S. N. Paul and D. Ray, Fizika A (Zagreb) 18,
3, (2009) 89 — 106.

R. Z. Sagdeev, Reviews of Plasma Physics, Consultants Bu-
reau, New York, 4, (1966) 23.

K. K. Ghosh, D. Ray and S. N. Paul, Int. J. Theoretical Phys.
31(1), (1992) 75 — 80. https://doi.org/10.1007/BF00674342

G. C. Das and A. Nag, Assam Univ. J. Sci. Technol. 5, (2010)
169.

M. Temerin, K. Cerny, W. Lotko and F. S. Mozer,Phys. Rev.
Lett. 48, (1982) 1175.
https://doi.org/10.1103/PhysRevLett.48.1175

R. Bostrom, G. Gustafsson, B. Holback, G. Holmgren, H.
Koskinen and P. Kintner,Phys. Rev. Lett. 61, (1988) 82.
https://doi.org/10.1103/PhysRevLett.61.82

S. I. Popel, S. V. Vladimirov and P. K. Shukla, Phys. Plasmas 2,
(1995) 716 — 719. https://doi.org/10.1063/1.871422


http://www.sciencepg.com/journal/ajpa

