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Abstract

In this paper, the effect of electrons and positrons trapping on positive and negative

ions are analysed in collision-less magnetised system. Relying on the widely used reductive
perturbation technique (RPT), a three-dimensional (3D) modified trapped Korteweg-de
Varies Burgers” (mTKdVB) equation is governed due to the presence of trapped positrons,
trapped electrons, and both kinematic as well as bulk viscosity. This study examines the

influence of different parameters, such as negative ion number densities, electron ion

densities, and positron ion density on dynamical and structural properties. Also, the impact

of the viscosity coefficient and magnetised parameter of the small-amplitude shock waves
has been examined. The current theoretical research may be helpful to understand the shock
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wave structure in space environments related to astrophysics such as white dwarfs, neutron
stars etc.
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1. Introduction

Research on nonlinear studies has gained attention from physicists
and applied mathematicians because to its broad implications in natural
phenomena and astronomical space environments. Plasma can generate
numerous types of nonlinear waves and structures when different
properties are appropriately balanced. Therefore, a range of nonlinear
wave structures can help in better understanding of these plasma
behaviours. In various plasma the behaviours of nonlinear wave such as
solitary waves, shock waves, rough waves, double layers and wave
modulations have extensively investigated by many researchers [1-10].
Ongoing research focuses on the characteristics of the nonlinear wave
processes in plasmas with ions having opposite charge polarity.
Comprehending shock wave structures is crucial for grasping various
astrophysical events since shock waves are believed to accelerate the speed
of charged particles in the universe, contributing to the formation of
cosmic rays.

Mace and Hellberg [11] performed an empirical investigation on
development of shock waves. These wave structures depend on
nonlinearity and dissipation of the system. This structure is generated
through many factors such as wave particles, landau damping and
viscosity. The behaviour of a nonlinear wave in a medium with dissipation
and dispersion can be accurately described by the Korteweg-de Vries
Burger (KdVB) equation. The shock wave is produced due to the Burger
term. During problematic conditions, the Burger term in the KdVB
equation decreases to a very tiny amount. The KdVB equation can be
converted into the Korteweg-de Vries (KdV) equation, which allows for
the existence of solitons. Studying the KdVB equation in various plasma
settings becomes more interesting. The KdVB equations were used to
investigate shock wave production in various plasma settings by a group
of researchers [12-15]. Saha and Saeed [16] investigated ion-acoustic shock
waves (IAShWs) in an electron-positron-ion (EPI) plasma by establishing
the KdVB equation. They noticed that steepness (amplitude) of the
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IAShWs becomes less with increased positron density. However, it does so
in direct correlation with the dissipation coefficient occurs due to kinematic
viscosity. The plasma consists of negatively charged Maxwellian ions that
have trapped electrons, as well as positively charged and nonthermality of
ions. In a multicomponent electron-ion plasma performed a theoretical
investigation on IAShWs and ion-acoustic solitary waves (IASWs) [17].
The investigations derived the KdVB equation and observed that the
amplitudes of both waves rise with negative ion concentrations as well as
the temperature ratios, but dropped with rising ion concentration. In a
collisionless dusty plasma, the impact of temperature ratio on shock wave
propagation in heavy negative ions and cold positive ions are studied by
Dev et al. [18]. Considering the effect of dissipation and dispersion,
Masood et al. [19] investigated on IAShWs phenomenon in plasmas having
trapped ions and electrons. They reached the KdVB equation, which
included terms representing fractional nonlinearity. In a plasma system
containing trapped electrons both solitary and shock waves is observed in
magnetized plasma by Orani, Akter, and Mamun [20]. In their observation
they conclude that the amplitude expanded by raising the strength of
magnetic field and trapped electrons. Guo et al. [21] studied the influence
of electrons and viscosity on the profile of IAShWs. They investigate that
the amplitude of the wave profile increases by rising viscosity of the
medium, while the width of the medium remains same. Adhikary et al.
[22] has recently examined the attributes of dust acoustic shock waves in a
uniform, non-magnetized, collisionless dusty plasma that includes
positive and negative ions. The width of the shock profile is influenced by
the coefficient of viscosity is observed when phase speeds are constant.
Hussain, Rehman, and Mahmood [23] examined the impact of a dense
magnetic field and viscosity on shock waves when a trapping effect is
present. The increase in viscosity increases the strength of the shock wave.
In a study Yeashna et al. [24] shown that the viscosity of the medium does
not affect the amplitude of the IAShWs profile. However, the steepness of
the shock wave profile decreases. Berbri, Younsi, and Laghbeche [25]
investigated the effect of magnetic field on magnetized dusty plasma.
They observed that the amplitude of the IAShWs profile grows as the
influence of magnetic field increases. Willington and Venugopal [26]
studied the development of IAShWs in a magnetised plasma with
anisotropy. They found that the magnetic field significantly influenced the
breadth and propagation of the IAShWs. Higher magnetic field leads to
decreased shock wave diameter. In a magnetised dissipative plasma, a
theoretical investigation on periodic, solitary and shock waves are
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observed by Ozah and Deka [27]. In their observation the shock profiles’
amplitude remains steady, but their width fluctuates due to changes in the
viscosity of ions. EL-Moonier et al. [28] investigated the amplitude and
width of the oscillatory shock wave structure in magnetized plasm, and
they concluded that due to the existence of a restoring force, the amplitude
and width of the wave decrease.

To our knowledge, there has been no research conducted on the
complex mTKdVB equation in pair of ions with trapped electrons and
positrons, considering both kinematic and bulk viscosity. This study
focuses on magnetized collisionless with kinematic and bulk viscosity,
resulting in the development of the complex mTKdVB equation. The
presence of dissipation terms in this equation leads to the development of
shock waves.

2. Theoretical Model

In the present plasma model, we study the JAShWs in a 3D plasma
having positive ion and negative ions along with electron and positron is
considered. Without violating the charge neutrality, we have u +u, =
1+ H,, where u =n / ny, M, =1, / n, and M, =1, / n, are the ratios
of negative ion, electron and positron density normalised with their
equilibrium values . The fluid dynamics of ions governed by continuity
and momentum equations ions are

on, .
g"rV(l’ljUj):O (1)

(%+6jvjﬁj 2%(0‘%’”7; XB)_ VP +nV’, +(”f “‘J‘W(WJ)

mmn,
] 7
2
Overall system is closed by the Poisson’s equation as
Vz(p:4ne(ne +Zn —-Zn, —np) (3)

In the above equation, n,(j=%) stands for concentration of ion
species, v, stands ion fluid velocity, m, for mass and P] stands for pressure
of ions respectively; e is the electric charge and Z, is the charged state of
ions. The kinematic and bulk viscosities of ions are denoted by 7, and p,
respectively. The adiabatic state for momentum equation i.e. for Eq. (2)
P]. / P].0 = (n]. / n].o)]r and PjO = njDKBTe. Y (adiabatic index), which describes
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how pressure changes with density in the plasma and defined as
Y=(2+D,/3) =5/3, where D, is the degrees of freedom of the system.
Here, a=+1 (-1) for positive (negative) ions.

The physical quantities electrostatic potential function scaled by
Boltzmann constant ¢ = e¢ / K,T, , thedensity of ions scaled by equilibrium
value n,, as N, =n, / n,, and the ion fluid velocity with acoustic speed
(C,) along x, y and z direction is scaled by V, =, / C,. The space variable

(x) is scaled by Debye length 4 (= (KBTE/47meeZ)%)as X/2,, time

variable () scaled by wave plasma frequency o, (= Jarn e* /m.)  as

T/ ®,, and the induced magnetic field is given by Q,=Z eBA,, / mC, . So,
using Egs. (1) — (3), we get the normalized equations as follows
N, 3(NY,) o(NV,) o(Nv,) W
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9 ¢ 0%
y—'—w-kﬁ_(‘uez\]e+‘umZ—N—_Z+N+_ﬂpNP> (8)
We have defined mass ratio y = m, / m_.

The expression for trapped electron and positron number densities is

provided after normalization as:

NE:1+¢—VE¢% +%¢2— .................. )
N, =150(-0)=,0" (-0)* +207 (0) —ov (10)

Where v, =4(1-8,)/3Vx, o =T, /T, and v, =4(1-B,) /3Vr.

With trapped electron efficiency B, =T, / T, and trapped positron
efficiency B, =T, / T,, T, is the free (trapped) electrons temperature
& T, is the free (trapped) positrons temperature.

3. Derivation of Complex mTKdVB Equation

This section explains how the complex mTKdVB equation is derived
by introducing the well-established reductive perturbation approach from
Egs. (4)-(8) to illustrate the dissipative as well as dispersion effects in the
presence of both trapped electron and positrons. Hence the independent

variables in terms of space and time coordinates £ and 7 such that

5:8%(LXX+LyY+LZZ—),T), T:S%T,n;:e%nj and uj=£%u (11)

]

In which the direction cosines of the vector along the parallel (x-axis)
and perpendicular (v (z)- axes) are L, and Ly(LZ) respectively which must
satisfy the relation L. + Lzy +I? =1, & is the small dimensionless parameter
(0 < £ <1) which determines the strength of the perturbed amplitude and
Ais the velocity of the wave (known as phase velocity) normalized to ion
sound speed.

Further, the different dependent quantities suchas N ,V, and ¢ are

expanded in terms of € as:
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N, = 1+sN£1) +e2N? +£3N£3) Foeeereeeeeeeene

j

Vo=V ey ey
jx

jx jx jx
v =2Vl eyl g 2yl (12)
# 42yt pL S

Substitute Egs. (11) & (12) into the normalized Egs. (4)-(8), write the
terms of lowest powers of € and after simplification, we obtain the relation
between the first order expression as:

v :i N(l), N = i ¢(1), (1 _ ﬂ ¢(1)
L [Az_gcﬁj (lz_gﬂi]
A zr 7 L (13)
vt =L—Nf1) N =%¢“’,VQ) _ 75— o
x (12 _307/Li] (lz —36}’L§)

Similarly, from the lowest order & of Eq. (8) i.e. from Poisson’s
equation, we get

9"+, Z N =Z N® -y o (-9") =0 (14)

Using Eq. (13) in Eq. (14), we found the following expression for the

wave phase velocity:
1
lz[pir,lpz—4qr/2q}é (15)
where, p= (ZZL2 +u ZZL2)+(/,1 + U G) EO’ r +Eo y[> ||,
+x mT-"x e P 3 +7x 3 - X

q=(n,+u,0),

5 5 25
r={|=Zc y!'+ZZ*w o I! |+=0c. 0 yL'(u +u.0)|.
([3 + :y 'y 3 ,Wm + Xj 9 + —’}/ x('ue 'uP )j

On the other hand, next higher order terms of , are collected from the
normalized Egs. (4)-(10) and accordingly we obtained the expression for
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the perturbation terms N'®, V¥ and ¢®. Finally removing the higher
order perturbations terms, with the help of first order expression one can
obtain the differential equation of the form of the complex mTKdVB [29]

equation as:

(1) (1) (1) 3. (1) 2.(1)
a¢_+A¢(l)%a¢ +B¢)(1)a¢ +Fa¢ _G6¢ -0

= 16
ot o o o0&’ o0&? (16)
Where, A, =b1/a, A, =b2/a, B=c/a, sz/a, sz/a and
A= JAlz +A22,
e Z)LZfLi lemeLi
- 2 2 (7
226 A’ —EO'_}/LZ
3 + X 3 X
3 3 3
bl :_E#eac’bz :_Eﬂpapo-A’
3427° §G+Z2Li 3u A7 5#70'7)/32313
c= ’ue_‘uﬂo.;+ +x _ 9 + - - —x 9 i

3 3 3 3
A? —EO' I A? —EO' I A2 —écU/L2 A? —éafyLz
3 + X 3 + X 3 X 3 X

Az AZi(n )L awyZUn  wyZi(n +u )L

2 2 2 2
[ e =

5 5
i 7z (1-12) +§120'+Z3L2X(17Li)+ WAz (1-12) +§/12“—‘777223Li(1*§)_1 |

2 2
A _§6+L2x Q [pbsp|e @2 _§0'J’LZX Q*| A —§677L2
3 3o+ + 3 3 x

7

In Eq. (16), A and B stands for nonlinear coefficients, F(G) stands for

the dispersion (dissipation) coefficients.
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4. Results and Discussion

For the numerical investigation based on Egs. (15) & (16), we analyse
the dynamic effect of distinct plasma parameters on shock wave
propagation specially in astrophysical environments. For this purpose, we
choose the density of charge particle as 10*° —10"cm™, the strength of
magnetic field as 10°-10"”Gauss and we find the viscosity for those
parameters in the range 1, =0.01-0.1, n_=0.01-0.1 [8, 23, 30, 31]. The
fixed values of all other parameters are Zj =1, m_ =40, m_ =146,
B,=0-09, B,=0-09 [1,3].

(a) (b)
0.02850 - 0.02850 -~ = = = - - o o _ _ _

0.02800 1 o.02800f

< <
S p=0.8, Pp=0.3 :
0.027751 =08, e 0.02775 | S =06, pp=0.T
—— Hn =08, §p=0.5

0.02750F 0.02750

0.02725- T e 1

Figure 1

Variation of lower phase velocity 4 with (a) y, and (b) ¢ for different com-
binations of u,  and M, The specific values of others parameter are L =0.11,
0,=01and o_=0.1

Figure 1 (a) (Figure 1 (a)) explore that the variation of lower phase
velocity A (small positive roots of Eq. (15)) of the wave for different values
of u, and M, Wort o, (the symbols have usual meanings). Further, the
variation of lower A for certain combinations of u, and u wrt
temperature ratio (o) is shown in Figure 1 (b). It is noticed from Figure 1
(a) and (b) that the lower phase velocity varies up to 4 =0.02850 for the
values of the parameters. Figure 1 (a) shows that as u, increases the A of
the wave decreases. However, for a certain value of u, inplasma, increasing
u,, increases the 4 of the wave for a chosen set of plasma parameters.
This is due to the increased restoring force of the plasma environment due
to the increase of negative ions in plasma. Also, this figure shows that for
a certain value of u, in plasma increase in positron density reduces 4 of
the wave. This is may be due to increased efficacy of energetic trapped
electrons, positrons in plasma. However, the variation in the A causes by
the modify in the value of u  is found to be more effective than that of
change in the value of u, in plasma. From Figure 1 (b), it is seen that as the
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increases the phase velocity of the wave decreases. Also, we noticed that
as the u increasesthe A increases which is decrease with increase in K,
[18, 30].

(b)

0.275-

N — — Un=08, pp=0.3
030 ~ ——— Hm=0.8, Pp=0.5

0.250[
0.225[
< 0.2001
0.175F
0.150F~

0.125-

Figure 2

Variation of higher phase velocity 4 with (a) u, and (b) ¢ for different com-
binations of 1, and . The specific values of others parameter are L, =0.11,
0,=01and o =0.1.

Figure 2 (a) & (b) is plotted for the variation of higher A (large
positive root of Eq. (15)) for different valuesof u _, M, M, and temperature
ratio o respectively. From Figure 2 (a), it is shown that raising the values
of u, rises the A, while raise the values of 1, and u, decreasesthe 4. As
the p grows, the A decreases, while increasing the ratio of u, and u,,
also reduces the 4. On the other hand, increasing the values of u u,
and o decreases the phase velocity. It may be due to the same physical
scenario like the case of Figure 1.

Figure 3 (a) & (b) illustrates that the efficacy of trapped electron (f3,)
and positron (ﬁp) on the profile of IAShWs for (a) lower phase velocity
and (b) for higher phase velocity. From both the figure, the magnitude of
amplitude of the rarefactive shock wave potential profile ¢ is minimum
for flat-topped distribution of electron and positron. However, it is
maximum when electrons and positrons move towards thermal
equilibrium. From both the figures we clearly see that the influence of
electrons trapping is stronger than positrons trapping. Furthermore, the
graph clearly demonstrates that when the trapping parameter increases,
there is a noticeable rise in potential and width of the rarefactive shock.
Greater amount of inertia is observed in the wave propagation once the
flat-trapped distribution of electrons and positrons are increased and thus
the system becomes less nonlinear, resulting in a significant increase in
IAShWs potential [30, 31].
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(a) A=0.05386 f1,,=0.4 1,=0.7
T ——

(b) A=0.29825 i, =0.4 1,=0.7
£T T T T
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~0.000025

~0.000050 —
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Figure 3

The plot of the potential function ¢ as a function of ¥ of complex mTKdVB
equation for different combinations of 8, and B,, for (a) lower A and (b)
higher A. The specific values of other parameter are L =011, Q =05,

Q =013, 0,=05,0 =03, n, =007, n. =0.05 and 0=0.2.

(a) A=0.0538, p,,=0.7, p,=0.4 (b) A=0.2982, ppn=0.7, pp=0.4
T T T N B e S S S A e

ET LE|
S T
o | [
-0.021- -0.00002-
~0.04 — A 4 -0.00004
N [mernnrnnnnnnnnnenna, o S e — 0050203 1 ¢ [ — 02050203
-n.as} e 0,2050.205 7 -0.00008 e 0,2050.205
[ : 0,07 0.=03 ] E 0,207 0.=0.3
-0.08 ; 1 -0.00008 P ]
L R 0,207 0.=0.7 Lomimizimizinmssinsiti e 0,=0.7 0.=0.7
YT R N 1 -0.00010/ b
fy | e L | N CL L L L L
e T e o . . o
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Figure 4

The plot of the potential function ¢ as a function of y of the complex mTK-
dVB equation for different combinations of temperature ratios o, and o_
for (a) lower A and (b) higher A. The specific values of other parameters are
L, =011, u, =07, p =04, B,=05 B =05 Q =05 Q =013, n, =007,
1n.=0.05 and 0=02.

The variation of potential function ¢ wr.t y using the complex
mTKdVB equation for observing the effect of temperature ratios of O,
and 0_ is depicted in Figure 4. Figure 4 (a) and Figure 4 (b) represents the
cases of low and high phase velocity respectively. In Figure 4 (a), it is found
that enhancing the values of 0_ increases the magnitude of amplitude as
well as steepness of the IAShWs. However, increasing O, declines the
amplitude and steepness of the wave. On the otherhand, Figure 4 (b)
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shows that as the temperature ratio of both ion increases the magnitude of
amplitude declines. From both the figures we observed that the influence
of temperature is stronger for slow acoustic mode and negligible in fast
acoustic mode. Both images depict the development of rarefactive IAShWs
profiles [30].

Figure 5 represents the role of magnetic field affects the propagation
of rarefactive IAShWs profile ¢ w.r.t y. From Figure 5 (a) & (b) and we
see that as magnetic field acting on the positive and negative ion increases
respectively i.e. increasing € and _, both potential as well as steepness
of the JAShWs profile increases. The impact is assessed using the coefficient
of dispersion, which is measured w.r.t cyclotron frequency.

(a) A=0.0538, 1,,=0.7, 1,=0.4
S it ik A

— (b) A=0.2982, 1, =0.7, 1,=0.4
e

1.00000x 405 r e : ]

— 02020005 ] o — 0,20.20.20.05
frremsmessmmnnnnnnnne, L0 0 0,-030.007 1 -0.00002| 77T e L 0,2030.2007 -
B o 004001 ] Y . 0,2040.201
0,=0.50.20.13

[ 050013 1 -0.00003
—ooab 0,-050-013 1

tl L | !
-200 -100 0 100 200

1 - Ll L 1]
-200 -100 0 100 200

Figure 5
The variations of potential function ¢ against of complex mTKdVB for differ-
ent combinations external Q and Q_for (a) lower A and (b) higher A. The
specific values of other parameterare u =07, u =04 S =02, ﬁp =0.2,
n,=0.07,n.=0.05 o0,=05 0 =03 and c=0.2

In Figure 6 (a) & (b), the influence of both the viscosity parameter 7,
and 7)_ on the wave solution of complex mTKdVB equation is depicted by
choosing the valueas f,=02, ,=02, 0, =05, 0_=0.1, Q, =05, and
Q_=0.13. Figure 6 (a) and Figure 6 (b) represents the cases of lower and
higher phase velocity. From Figure 6 (a) & (b), It can be inferred that the
magnitude of amplitude and steepness of shock structure grows with
growing the effect of viscosity for both ions. Further from Figure 6 (a), it
displays that a rapid change in shock wave potential occurs due to the
change in viscosity of positive ions and by increasing the negative ion
density declines the shock wave potential. But from Figure 6 (b), it displays
that the rapid change in the potential function ¢ occurs due to negative
ion viscosity instead of positive ion viscosity. This rapid change in shock
wave potential in Figure 6 is due to viscosity because viscosity of ion is
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source of dissipation in the plasma system and it dominate over dissipative
terms of the medium [30, 31].

‘ ‘ fa) A=0.05386 f’mf°~4 u,,=0-7| (b) A=0.2982 piy=0.4 1p=0.7
£ v —————
or / )=
-0.02 ; :: i ~0.000025 —
r -0.000050
o 0041 _ — n=0050.005 7 o — .=0.05 n,=0.05
------ 7.=0.057,2007 |  -0.000075 N e 1.=0.050,=0.07 ]
006 ] F i
_____ 1.0.07 =005 B —eees .=0.07 1,=0.05
~0.000100 3 B
_ 1n.=0.07 1,=0.07
e T n=0.07 1,007 1 [ e, -~
[ 1 -0000125 Ll
L I L L 1 L 1 n L L 1 L I I
200 100 [) 100 200 -20 -100 ° o0 200
M X
Figure 6

The plot of the potential function ¢ as a function of 7y of the complex mTK-
dVB equation for different combinations of 7. and 7, for (a) lower A and
(b) higher A. The specific values of other parameterare L =0.11, 8, =0.2,
B,=02 Q =05 Q =0.13,0 =05 0 =01and 6=0.2.

(a) A=0.0538 1, =0.05 .=0.07
o e

T (b) A=0.2982 1,=0.05 _=0.07
£ o athemte o e e

o

002 8,000 |5 34853 ks ans’ A ]

— He=0.1 Pp=0.5 p,=0.6 | o ~000004 { = pe=0.1 py=0.5 pp=06

- B He=0.1 =07 yp=0.4 - e He=0.1 pp=0.7 p,=0.4

-0.06— - o L : ]
I L — He=0.2 =05 pp=07 | 0L i He=0.2 in=0.5 ,=0.7
0.2 p1=0.8 1,=0. 3 0.2 =08 1p=0.4

He=0.2 piy=0.8 pp=0.4 1 ool He: Hm Hp 1

£l PRI - | R | |

o R TI NP PR RS
~-200 =100 0 100 200 =200 =100 o 100 200

Figure 7
The plot of the potential function ¢ as a function of y, for various combina-
tions of 1, u, and u, for the complex mTKdVB equation. The specific
values of other plasma parameter are L =0.11, 8 =02, ﬁp =02, n,=0.05 and
n =007, 0,=05 6 =03, Q =05 and Q =0.13 for (a) lower A and (b)
higher A.

Figure 7 demonstrate that the potential profile ¢ w.r.t y for observing
theinfluenceof 4, u, and u, withother parameters remaining constant.
Figure 7 (a) & (b) displays for two situations i.e. for lower/higher phase
velocity respectively. In Figure 7 (a), we can see that the magnitude of
amplitude and steepness of the rarefactive IAShWs goes down with
enhancement(diminution) of H (,up). As we increase U, and M, by
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keeping M, as constant value (blue solid-black dashed curve) the
dimension of amplitude and steepness declines, this result remain same if
we increase U, and U, by keeping p, as constant (red dotted-orange
dashing curve). From Figure 7 (a), we conclude that increasing the density
ratios decrease the amplitude and steepness of the IAShWs. On the
otherhand, from Figure 7 (b) i.e. for higher phase velocity, we can see that
as weincrease values of [, and yi, by keeping U, constant the magnitude
of amplitude increases, while in other cases as we discussed in Figure 7 (a)
the amplitude of magnitude decreases. This is because as the number
density increases in slow acoustic waves the nonlinearity of the plasma
increases, which will result in decrease in magnitude of amplitude and
steepness of the rarefactive IAShWs profile. However, increased phase
velocity with increasing electron and negative ion density enhances the
system’s nonlinearity, which will result increases the magnitude of
amplitude decreases. Additionally, increasing positron ion density ratio
reduces the system’s nonlinearity, which will result in increasing the
magnitude of amplitude and steepness [30, 31].

5. Conclusion

In the present plasma system, a theoretical investigation on the wave
dynamics of electrostatic shock wave have been carried out in magnetized
containing pair of ions, dissipation and trapped electrons as well as
trapped positrons. The kinematic and bulk viscosities term. The dissipation
term in our basic model is accountable for the development of shock wave
structure, due to the presence of both types of viscosities. The traditional
methodology of reductive perturbation is used for derivation of evolution
equation. From the numerical solution of complex mTKdVB equation the
several characteristics of shock wave is investigated for various parameters
such as ion density ratios, trapping effect, external magnetic field and
viscosity.

The main finding from our analysis can be concisely described as
follows. The A4 ie. phase velocity is a function of multiple variables,
including u, , the u, u, and temperature ratios 0, and 0. We
observed that the phase speed supports both slow and fast acoustic mode.
The trapping of electron and positron is responsible for obtaining the
fractional nonlinear term, which enhance the shock wave amplitude.
Based on this observation, we infer that the potential (width) of the
oscillatory shock wave becomes stronger (wider) as magnetic field
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increases. The positive ions temperature ratio and negative ions
temperature ratio controlling the behaviour of the shock waves for slow
acoustic mode is studied. We have observed that, for the slow acoustic
mode the shock structure is depend on positive ion viscosity, while it
depends on negative ion viscosity for fast acoustic mode.

Conflict of Interest

The authors declare that they have no financial or personal connections
that could have influenced the research presented in this paper.

Funding Source

Siksha ‘O’ Anusandhan Deemed to be University, Bhubaneswar,
Odisha, India.

Data Availability

The authors declare that all the data related to the present work is
provided in the manuscript. Our manuscript has no other associated data.

References

[1] B. Boro, A. N. Dev, B. K. Saikia, and N. C. Adhikary, “Nonlinear ion
acoustic solitary wave in collisional pair ion plasma with trapped
electrons,” The European Physical Journal Plus, vol. 136, no. 8, pp. 1-12
(2021).

[2] H. Ikezi and R. ]J. Taylor, “Perturbed ion distributions in ion waves
and echoes,” The Physics of Fluids, vol. 13, no. 9, pp. 2348-2352 (1970).

[3] A.N. Dev and M. K. Deka, “Effect of non-thermality of electron and
negative ion on the polarity of shock waves in a relativistic plasma,”
Physics of Plasmas, vol. 25, no. 7, Art. no. 072117 (2018).

[4] A.N. Dev and M. K. Deka, “Complex Burgers” equation: Evolution
of shock waves with a pair of non-isothermal ions in an arbitrarily
charged dusty plasma,” Brazilian Journal of Physics, vol. 47, pp. 532—
543 (2017).

[5] B. Mustapha, L. A. Gougam, and M. Tribeche, “lon-acoustic rogue
waves in magnetized solar wind plasma with nonextensive elec-



1894 B. PRADHAN, A. N. DEV AND M. K. DEKA

trons,” Physica A: Statistical Mechanics and its Applications, vol. 466, pp.
199-210 (2017).

[6] S. Shalini, N. S. Saini, and A. P. Misra, “Modulation of ion-acoustic
waves in a nonextensive plasma with two-temperature electrons,”
Physics of Plasmas, vol. 22, no. 9, Art. no. 092124 (2015).

[7] M. Farooq, A. Mushtaq, and J. Qasim, “Dissipative ion acoustic soli-
tary waves in collisional, magneto-rotating, non-thermal electron—
positron—ion plasma,” Contributions to Plasma Physics, vol. 59, no. 1,
pp. 122-135 (2019).

[8] B.Boro, A. N. Dev, B. K. Saikia, and N. C. Adhikary, “Nonlinear dust
ion acoustic shock wave structures in solar F corona region,” Physics
of Plasmas, vol. 27, no. 12, Art. no. 122901 (2020).

[9] N.C. Adhikary, M. K. Deka, and H. Bailung, “Observation of rarefac-
tive ion acoustic solitary waves in dusty plasma containing negative
ions,” Physics of Plasmas, vol. 16, no. 6, Art. no. 063701 (2009).

[10] A. P. Misra, N. C. Adhikary, and P. K. Shukla, “Ion-acoustic solitary
waves and shocks in a collisional dusty negative-ion plasma,” Physi-
cal Review E—Statistical, Nonlinear, and Soft Matter Physics, vol. 86, no.
5, Art. no. 056406 (2012).

[11] R. L. Mace and M. A. Hellberg, “Higher-order electron modes in a
two-electron-temperature plasma,” Journal of plasma physics, vol. 43,
no. 2, pp. 239-255 (1990).

[12] G.H. A.I Yashika, N. Kaur, K. Singh, and N. S. Saini, “Dust acoustic
shock waves in magnetized dusty plasma,” Plasma Science and Tech-
nology, vol. 20, no. 7, Art. no. 074005 (2018).

[13] ]J.F. Zhang and Y. Y. Wang, “Nonplanar dust-acoustic shock waves for
two-temperature ions in dusty plasma with dissipative effects and
transverse perturbations,” Physics of Plasmas, vol. 13, no. 2, Art. no.
022303 (2006).

[14] M. Shahmansouri and A. A. Mamun, “Dust-acoustic shock waves in
a magnetized non-thermal dusty plasma,” Journal of Plasma Physics,
vol. 80, no. 4, pp. 593-606 (2014).

[15] A. M. El-Hanbaly, E. K. El-Shewy, M. Sallah, and H. F. Darweesh,
“Linear and nonlinear analysis of dust acoustic waves in dissipative

space dusty plasmas with trapped ions,” Journal of Theoretical and Ap-
plied Physics, vol. 9, no. 3, pp. 167-176 (2015).



COMPLEX MODIFIED TRAPPED KORTEWEG-DE VARIES BURGERS" EQUATION 1895

[16] A. Shah and R. Saeed, “Ion acoustic shock waves in a relativistic
electron—positron—ion plasma,” Physics Letters A, vol. 373, no. 45, pp.
41644168 (2009).

[17] M. Haider, N. Tasnim, J. Nasrin, S. Khatun, I. Sultana, and O. Rahman,
“Non-linear propagation of ion-acoustic solitary and shock waves in
three component plasmas with nonthermal and trapped electcrons,”
International Journal of Modern Physics and Application, vol. 4, no. 5, pp.
34-43 (2017).

[18] A.N. Dey, R. K. Kalita, M. K. Deka, K. Goswami, and J. Sarma, “Effect
of trapping of heavy negative ions on the evolution of shock wave
in a dust charge fluctuating plasma: A trapped KdV-Burger’s equa-
tion,” IEEE Transactions on Plasma Science, vol. 47, no. 7, pp. 3271-3280
(2019).

[19] W. Masood, N. Hamid, I. Ilyas, and M. Siddiq, “Nonlinear dissipative
and dispersive electrostatic structures in unmagnetized relativistic
electron-ion plasma with warm ions and trapped electrons,” Physics
of Plasmas, vol. 24, no. 6, Art. no. 062308 (2017).

[20] M. M. Orani, J. Akter, and A. A. Mamun, “Electrostatic ion-acoustic
waves in a magnetized positively charged dust plasma in the pres-
ence of trapped electrons,” IEEE Transactions on Plasma Science, vol.
51, no. 9, pp. 2705-2716 (2023).

[21] S. Guo, L. Mei, Y. L. He, H. Guo, and Y. Zhao, “The effect of trapped
electrons on the three-dimensional ion-acoustic shock wave in mag-

netized ionic-pair plasma,” Europhysics Letters, vol. 114, no. 2, Art. no.
25002 (2016).

[22] N. C. Adhikary, A. P. Misra, M. K. Deka, and A. N. Dev, “Nonlinear
dust-acoustic solitary waves and shocks in dusty plasmas with a pair
of trapped ions,” Physics of Plasmas, vol. 24, no. 7, Art. no. 073703
(2017).

[23] S. Hussain, H. U. Rehman, and S. Mahmood, “The effect of magnetic
field quantization on the propagation of shock waves in quantum
plasmas,” Physics of Plasmas, vol. 26, no. 5, Art. no. 052105 (2019).

[24] T. Yeashna, R. K. Shikha, N. A. Chowdhury, A. Mannan, S. Sultana,
and A. A. Mamun, “Ion-acoustic shock waves in magnetized pair-ion
plasma,” The European Physical Journal D, vol. 75, no. 5, pp. 1-7 (2021).



1896 B. PRADHAN, A. N. DEV AND M. K. DEKA

[25] A. Berbri, S. Younsi, and M. Laghbeche, “Dust acoustic shock waves
in a warm magnetized dusty plasma with kappa distributed electrons
and ions,” Physics of Wave Phenomena, vol. 30, no. 6, pp. 378-386 (2022).

[26] N. T. Willington and C. Venugopal, “Ion acoustic shock waves in a
magnetized cometary plasma containing warm ions,” IEEE Transac-
tions on Plasma Science, vol. 51 (2023).

[27] J. Ozah and P. N. Deka, “On the bifurcation of dust ion-acoustic non-
linear waves in a magnetised plasma with energetic electrons and
positrons,” Brazilian Journal of Physics, vol. 54, no. 1, Art. no. 13 (2024).

[28] S.Y. El-Monier, A. S. El-Helbawy, M. M. Elsayed, and M. Saad, “The
role of superthermal electrons and positrons on magnetised oscilla-
tory shock waves,” Pramana, vol. 98, no. 1, Art. no. 13 (2024).

[29] M. G. Mousa and H. O. Altaie, “Study on approximate analytical
methods for nonlinear differential equations,” Journal of interdisciplin-
ary mathematics, vol. 25, no. 8, pp. 2623-2629 (2022).

[30] B. Pradhan, B. Boro, M. K. Deka, A. N. Dev, J. Manafian, and N. A.
Alkader, “Effect of trapping of electrons and positrons on the evolu-
tion of shock wave in magnetized plasma: A complex trapped KdV-
Burger’s equation,” Results in Physics, vol. 59, Art. no. 107617 (2024).

[31] B. Pradhan, B. Boro, A. N. Dev, J. Manafian, and N. A. Alkader, “Ef-
fect of ion anisotropy pressure in viscous plasmas: Evolution of shock
wave,” Nonlinear Dynamics, vol. 112, no. 19, pp. 17403-17416 (2024).

Received March, 2025



