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Abstract
Electrostatic Rayleigh-Taylor (ERT) mode/instability is studied in a non-uniform quantum magnetoplasma, whose constituents are electrons and positrons with fraction of ions. The effects of quantum corrections (i.e. Bohm potential and temperature degeneracy) and magnetic field on ERT mode are investigated with astrophysical plasma application. A generalized dispersion relation is deduced under the drift wave approximation. The presence of positron makes the dispersion relation a cubic equation. Different roots of both
real and imaginary parts of the RT mode are examined by applying the Cardano’s method of solving the cubic equation. The dispersion relation and the
growth rates of RT instability are examined both analytically and numerically
with effects of electron and positron density, and magnetic field variations. It
is shown that the magnetic field and positron density have stabilizing effectuates on ERT mode while due to electron density the mode becomes unstable. The present work is anticipated to be of physical relevance in the studies
of laboratory laser-produced plasmas as well as in the study of compact magnetized astrophysical objects like white dwarfs.

Keywords
Rayleigh-Taylor Instability, Drift Wave Approximation,
Quantum Magneto Hydrodynamics, Cardano’s Method

1. Introduction
Classical plasma is usually considered to have low densities and high temperature plasmas. But some technologies have made it possible to produce plasma
having densities comparable to the solid state, and this type of plasma cannot be
explained properly by using the laws of classical mechanic and therefore laws of
quantum mechanics will be applied. Contrary to classical plasmas, quantum
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plasma exhibits the property of low temperature and high number density, and
in nature there are many examples where such behavior of plasma is observed
like in astrophysical environments e.g. in the crust of white dwarfs, brown
dwarfs, Neutron stars and Magnatar etc. [1] [2] and in the core of giant planets
(e.g. Jovian planets) [3] [4]. Dense quantum plasmas may also occur in the next
generation of laser-based matter compression schemes [5] [6] [7], in which the
plasmon frequency is measurably shifted due to quantum effects. Other applications of dense quantum plasmas which are relevant to the collective dynamics of
degenerate electrons/positrons include: the electron-hole plasma in quantum
wires [8], metallic nanostructures and thin films [9], the dense quantum diode
[10], nanophotonics and nanowires [11], nano-plasmonics [12], high-gain quantum free-electron lasers [13], quantum wells and piezomagnetic quantum dots
[14].
There are a few physically unlike results which may be marked “quantum”,
first referable to distinguishability of the particles, and the equilibrium distribution then changes from the Maxwell-Boltzmann to the Fermi-Dirac. The interFermion distance being smaller than the thermal de-Broglie wavelength in such
cases, along with temperature degeneracy (a consequence of Pauli Exclusion
Principle) and tunneling effects, give rise to new collective phenomena and the
role of quantum corrections begins [15]. This also changes the dynamics by preventing two particles to be in the same state via exchange interaction. Second the
particles will have the dispersive effects due which those particles are not located
in phase space. Third some particles like electrons and positrons have an intrinsic magnetic moment or spin. The spin interacts with magnetic field via the dipole force thus affecting the dynamics [16]. There has recently been a surge in
the interest of dense quantum plasmas for example see the Refs. [15] [17]-[25].
Altogether these studies include the effects of quantum corrections like Bohm–
de Broglie potential, the zero temperature Fermi pressure and spin magnetization like properties which can significantly modify the dynamics of the plasma.
The above literatures mainly focus on perturbations in homogeneous quantum plasma backgrounds. However, some time quantum plasmas can have the
non-uniform density features when brought into practice, which frequently occur in a real (e.g. in astrophysics) or effective (e.g. in inertial confined fusion)
external gravitational field. The Rayleigh-Taylor (RT) instability is an important
hydrodynamic effect that occurs at the plane interface between two fluids of different densities when a heavy fluid is accelerated into a lighter one. This type of
instability for a fluid in a gravitational field was first investigated in his famous
paper in 1882 by Rayleigh [26] and later Taylor in 1950 had applied it to all accelerated fluids [27]. Since then, this instability problem has been investigated by
several investigators under varying assumptions [28]. The detailed description of
this instability problem with other parameters and assumptions has been given
e.g. in the Ref. [29].
The hydrodynamic instabilities in quantum plasmas have been an important
field of study of research in the last few years. Assuming a quantum hydrody637

S. Ali, M. Ahmad

namic model for quantum plasmas, various authors have shown that the delicate
interplay between dissipation and dispersion leads to a variety of instabilities like
two stream instability, Kelvin-Helmholtz instability and Rayleigh-Taylor instability etc. [30] [31] [32]. The effect of quantum mechanism on the internal waves
and the RT instability in plasma is considered by Vitaly in [32]. The effects of
the quantum mechanism and magnetic field on electromagnetic mode of RT instability have been investigated in ideal incompressible plasma by deriving the
linear growth rate in the presence of fixed boundary conditions [33]. The effect
of quantum corrections on RT instability for a finite thickness layer of incompressible viscoelastic plasma through porous media was investigated recently in
[34]. The RT instability in vertical/horizontal inhomogeneous rotating plasma
with quantum effects is investigated by [35] [36]. The electrostatic RT instability
is studied in a dense electron-ion quantum magnetoplasma [37], where ions are
assumed cold and classical while electrons are dense and quantum mechanical. It
has shown that density gradient and quantum speed significantly modify the RT
instability growth rate. Comparative to classical in the case of dense quantum
magnetoplasma the RT instability linear growth rate is significantly higher and
highly localized.
On the other side it is well known that electron-positron plasmas appear in
the polar cap regions of pulsar magnetospheres, in the early universe, and in the
inner region of the accretion disks surrounding the central black holes in active
galactic nuclei, in the polar regions of neutron stars, at the center of our own galaxy, solar flares and have also been found in intense laser pulse propagating in
plasmas [38]-[45]. However, some authors [46] [47] have suggested that electron-positron plasmas also contain a small fraction of heavy ions. Recent investigations [48] [49] 50] have shown some new and interesting linear and nonlinear phenomena in three component electron-positron-ion plasmas.
In this work we investigate the electrostatic RT mode by using the QHD model of quantum electron-positron-ion plasma. A dispersion relation is obtained
under the assumption of drift density in homogeneity. The dispersion relation
and growth rate of instability are studied by using the Cardano’s method of
solving the cubic equation.

2. Basic Formulation and Governing Equations
Consider an electron-positron-ion (e-p-i) plasma with magnetic field B0 = B0 zˆ ,
where B0 is the external magnetic field. In equilibrium condition density gra-

dient and gravitational field presumably in opposite direction i.e. ∇n = − ∇n xˆ
and g = gxˆ . This shows the fact that density and gravitational field is along
x-axis and magnetic field applied from external source is along z-axis. Electric

field and wave propagation are taking place along y- axis i.e. E = ( 0, E y , 0 ) and

K = ( 0, K y , 0 ) . In order to study the RT-instability in quantum e-p-i plasma, we

use the following linearized quantum magneto hydrodynamic equations i.e.
momentum equation
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 ∇2 n j
m j n j ( ∂ t + U j ⋅ ∇=
) U j qn j ( E + U j × B0 ) + m j n j g − ∇PFj + 2m ∇  n
j
j



 (1)



n j 2

The continuity equation
∂ t n j + ∇ ⋅ ( n jU j ) =
0

(2)

where q, m j , g, n j and U j are electrostatic charge, particle mass, acceleration due to gravity, density and velocity of the jth species respectively, where “j”

represents electron, positron and ion respectively. The quasi-neutrality condi-

ne 0 and ħ is the Plank constant divided by
tion in equilibrium reads nio + n p 0 =

2π , and e is electronic charge. The quantum force term i.e. the last two terms of

Equation (1) are appearing due to quantum mechanical effects of jth species and
denote the quantum correlation between density fluctuations and the temperature degeneracy factor due to Fermi-Dirac statistics. The equation of state for

( 3π )
=
2

degenerate electrons and positron is PFj

23

5m j

 2 n5j 3 known as Fermi

2ε Fj ∇n j with
pressure and the pressure gradient force ∇P=
Fj

ε Fj =

(

 2 3π 2 n jo
2m j

)

23

is being the jth Fermi energy on the Fermi surface. The

quantum mechanical effects for ions are neglected due to large mass of ions
compared to electrons and positrons we assume. Thus Equation (1) for cold
streaming ions in linearized form can be written as

mi ni ( ∂ t + U i ⋅ ∇=
) U i qni ( E + U i × B0 ) + mi ni g

(3)

In the equilibrium state, we find the ions drift as

U io =
where Ωci =

−g
yˆ
Ωci

(4)

eB0
is known as ion cyclotron frequency. The electrons and posimi

trons have drifts (opposite and parallel) but can be neglected in the limit
me, p
→ 0 . The equation of motion for Fermionic electron/positron is
mi

me ne ( ∂ t + U e ⋅ ∇ ) U e =−ene ( E + U e × B0 ) − 2ε Fe ∇ne +

2
∇ ∇ 2 ne
4me

m p n p ( ∂ t + U p ⋅ ∇=
) U p en p ( E + U p × B0 ) − 2ε Fp∇n p +

2
∇ ∇2 n p
4m p

Following the procedure given in [51] for low frequency

( ∂t  Ωci )

(

(

)

(5)

)

(6)
elec-

trostatic perturbations, the perpendicular first order components of the ion fluid
velocity can be obtained as

U=
VE + VPi
i⊥

(7)


E × zˆ 
where VE  = −
 represents E × B drift while
B0 
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1
VPi  =−
( ∂ t + U io ⋅ ∇ )(U i1 × zˆ )  is the polarization drift of ion. Further simΩci


plification of VE and VPi gave
VE = −
V=
Pi

Ey
B0

xˆ

(8)

E
1
( ∂ t + U io ⋅ ∇ ) y yˆ
Ωci
B0

(9)

In the above equations U io represents the ions streaming fluid velocity.
Since polarization drift directly proportional to inertia, so compare to ions, it
can be neglected for both electrons and positrons, therefore, from Equation (5)
the perpendicular component of velocity vector for quantum mechanical and
Fermionic electron is

 Ey

2ε Fe
2
U e⊥ =
+
∇
−
∇ ⊥ ∇ 2 ne1  xˆ
n

⊥ e1
4eB0 neo me
 B0 eB0 neo


(

)

(10)

Similarly the perpendicular component of positron, from Equation (6) is

 Ey
2ε Fp
2
U p⊥ =
∇ ⊥ n p1 +
∇ ⊥ ∇ 2 n p1
 −
4eB0 n po m p
 B0 eB0 nep

(



) xˆ


(11)

Due to the absence of polarization drift, electron and positron streaming
terms are not appearing in Equations (10) and (11). In linearized form the continuity equations for ions, electrons and positrons are

∂ t ni1 + (U io ⋅ ∇ ) ni1 +

∂ t ne1 +
∂ t n p1 +

∂nio
xˆ ⋅ VE + nio ∇ ⋅ V pi =
0
∂x

(12)


2ε Fe
∂neo  E y
2
0
∇ ⊥ ne1 −
∇ ⊥ ∇ 2 ne1  =
 +
4eB0 neo me
∂x  B0 eB0 neo


(

∂n po  E y
2ε Fp
2
−
∇ ⊥ n p1 +
∇ ⊥ ∇ 2 n p1

∂x  B0 eB0 nep
4eB0 n po m p

(

)



0
) =


(13)
(14)

All the above Equations (7)-(13) are valid for long wavelength limit, i.e.
k λFj  1 , where λFj is the Fermi length of electron and positron. Also we have
assumed that phase speed of electrostatic RT mode is greater than quantum
Bohm potential speed and much smaller than the Fermi speed of electron and
K
ω
positron i.e.
  VFe, p . We have neglected the terms ( ∇ ⋅ U eo ) and
mj
k

(∇ ⋅U )
po

in Equations (13) and (14) by assuming that constant streaming ve-

locities of electron and positron are not spatial functions. Assuming a plane
wave solution of the form exp ( iky − iωt ) to all the perturbed quantities and

using the drift approximation Ωci2  (ω − kU io ) , we obtain the number density
for ions as
2

in 
ω k  Ey
ni1 =
− i 0  κ ni + D 
ωD 
Ωci  B0
where ω=
D
640

(ω − kU i 0 )

is known as Doppler shifted frequency and
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κ ni =

1 ∂nio
is the inverse inhomogeneity scale length for ions. The electron
nio ∂x

continuity Equation (13) leads to the perturbed electron density as
ne1 = −i

where κ ne =
V∗e =

U qe2 κ ne
Ωci

neoκ ne E y
ω
( − kV∗e ) B0

(16)

∂ne 0
is the inverse inhomogeneity scale length for electrons, and
∂x
is the quantum corrected modified diamagnetic drift velocity of

U qe
electrons with =

Csq2 +

 2k
2mi me

2

is the modified quantum ion acoustic ve-

2ε Fe
is the well-defined quantum ion acousmi

locity due to electron and Csq =

tic speed. Similarly, if Equation (14) is utilized to determine the density of positron by employing the same procedure as used for finding the density of electron
we have the following relation
n p1 = −i

n p 0 knp

Ey

∗p

With κ np =

(17)

(ω + kV ) B

0

∂n p 0

is being the inverse inhomogeneity scale length for posi∂x
U2 κ
tron, and V∗ p = qp np is the quantum corrected modified diamagnetic drift
Ωci

 ε Fp
Csq2 
 ε Fe
quantum ion acoustic speed due to positron.
velocity of positron =
with U qp

  2k
+
 2mi me

2

is another modified

2.1. Dispersion Relation and ERT Instability
Under the assumption kλFp ≪ 1 we can write the perturbed quasi neutrality con-

dition

ni1 + n p1 =
ne1

(18)

instead of Poisson equation. Using Equations (15)-(17) in Equation (18) leads to
a generalized dispersion relation as

 Ωci kni

(1 − p ) 

 ωD

Here p =

np0
ne 0

 pΩci knp
Ω k
0
+k+
− ci ne =
 ω + kV∗ p ω − kV∗e

(19)

represents the ratio of positron to electron. If we ignore the

positron concentration i.e. p = 0 then we get exactly dispersion relation of RT
in electron-ion quantum magneto plasma of [37] i.e.



ωωD =
−κ ne ΩciU i 0 + κ neU qe2  κ ne +


kω D 

Ωci 

(20)

641

S. Ali, M. Ahmad

In order to discuss the instability analysis by incorporating the streaming of
ions, we solve Equation (19) in detail and arrive to the following form

(1 − p ) kω 3 − ω 2  k 2 (V*e − V∗ p − U i 0 ) − (1 − p ) Ωciκ ni − pκ np Ωci + κ ne Ωci 
(1 − p ) Ωciκ ni k (V∗e − V∗ p ) + (1 − p ) k 3 (V∗eV∗ p + U i 0V∗e − U i 0V∗ p ) 

−ω 
 + pκ np Ωci k (U i 0 + V∗e ) − kκ ne Ωci (U i 0 − V* p )




(21)

− (1 − p ) Ωciκ ni k 2V∗eV* p + (1 − p ) k 4U i 0V*eV∗ p + pκ np Ωci k 2U i 0V*e
+κ ne Ωci k 2U i 0V* p =
0

( −ΩciU i 0 = g ) ,

the above equation in cubic

ω 3 + aω 2 + bω + c =
0

(22)

Introducing gravitational field
form can be written

where the constants a, b and c all are real and are defined as


g 
a k  V∗ p − V∗e −
=

Ωci 

gV∗ p

 p 
Ω V κ
2  V∗e g
b=
− ci ∗e ne − 
−
− V∗eV∗ p 
 κ np ΩciV∗ p − gκ ni + k 
Ωci
(1 − p )  1 − p 
 Ωci

κ
κ
V*eV* p k
pV
V


*e np
* p ne
c=−
gk 2 + Ωci2 κ ni − gk 
+

1
1
p
Ωci
−
−p 


(

(23)

)

Employing the following normalized parameters

ωr
γ
gκ
k
, γ
ωr =
, g = 2ne =
k =
,
,
Ωci
Ωci
κ ne
Ωci
=
ρs

κ neCsq 
κ np
κ ni
ε
=
, λFe λFeκ ne , α = Fe , =
β
=
,Γ
,
Ωci
κ
κ
ε Fp
ne
ne

The above Equations (22) and (23) in normalized form can be written as

ω 3 + aω 2 + bω + c =
0

(24)





H 2 λ2 k2 
H 2 λ2 k2 
a = k αβρs2 1 + e Fe  − ρs2 1 + e Fe  − g  ,
4α 
4





2 2
 ρ 2  
 p 
H 2 λ2 k2 
H e2 λFe
k 
2
−  s  1 + e Fe  − αβ 2 ρs2 
b =
 − gΓ + k
 1 +
4
4α 
1− p 
1− p 

2 2
2 2
2 2
2 2 
 2
H e2 λFe
k 
H e2 λFe
k 
H e2 λFe
k 
H e2 λFe
k 
2
4
 g ρs 1 +
 − α g ρs 1 +
 − αβρs 1 +
 1 +

4
4
α
4
4






 



H 2 λ2 k2  
H 2 λ2 k2 
 2 αβρs4 1 + e Fe  1 + e Fe 
c = −k Γ + gk
4α  
4


2 
2 2 2


g ρs k β
H e λFe k 
−
(1 + p ) 1 +
 + α + p
1 − p 
4




(

)

 ω pe 
Here the normalized Bohm parameter H e  =
 represents the ratio of
 2ε Fe 
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 2ε Fe  2
plasmon energy to Fermi energy and λFe = 
is the electron Fermi
2 
 4πn0 e 
C sq
shows the ion-sound gyro-radius. Equation (24) is the
length while ρ s =
Ωci
normalized dispersion relation. Let us consider a simple case where ω 2  1
which makes the ω 3 term to be negligible in Equation (24) and hence

aω 2 + bω + c =
0

(25)

This is quadratic equation and instability will occur when b ² − 4ac < 0 (we
shall omit the notation for simplicity). We use ω
= ωr + iγ (where ωr is the
real frequency of the wave mode and γ the growth rate) in Equation (25) and
solve it we get

b
2a

b2
c
+
4a 2 a

ωr =
− ,γ =
−

(26)

It is clear that quantum mechanical effects depend on the particle number
density, so using the data of neutrons stars, magnetars and white dwarfs (as
mentioned in Results and discussion section), Figure 1 shows the plot of normalized real frequency ωr versus the normalized wave number k for different
values of positron concentration i.e. p = 1 6 (solid line) and p = 1 8 (dashed
line). It is seen that the electrostatic R-T mode is well separated. The growth rate

γ of the propagating wave is depicted in Figure 2 for different values of positron
concentration i.e. p = 1 6 (solid line) and p = 1 8 (dashed line). It is obvious
that γ increases for low wave numbers k , till a threshold wave number k ≡ kc ,
then γ decreases and the system tends to have less instability. The growth rate γ

Figure 1. Solution to Equation (25), the normalized real wave frequency ωr , versus the
scaled wave number k κ ne in EPI quantum magnetoplasma for different values of positron concentration i.e. p = 1 6 (solid line) and p = 1 8 (dashed line). Other Physical
parameters are taken as ne 0 = 6 × 1027 , κ ne = k 10 , Γ =20 ,

gWD = 1000000 and

B0 = 10 .
6
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Figure 2. Solution to Equation (25), the normalized growth rate γ Ωci , versus the
scaled wave number k κ ne in EPI quantum magnetoplasma for different values of positron concentration i.e. p = 1 6 (solid line) and p = 1 8 (dashed line). Other Physical
para- meters are taken as ne 0 = 6 × 1027 , κ ne = k 10 , Γ =20 , gWD = 1000000 and
B0 = 106 .

is affected by the positron concentration and in fact decreases with respect to p .
Therefore, the number of positrons would lead to lower the instability of R-T
mode in electron-positron-ion system.

2.2. Instability Analysis by Cardano’s Method
The Cardano’s formula (named after Girolamo Cardano 1501-1576), which is
similar to the perfect-square method to quadratic equations, is a standard way to
find a real root of a cubic equation. It provides a technique for solving the general cubic equation in terms of radicals. The other two roots (real or complex) can
be found by polynomial division and the quadratic formula. The solution has
two steps. We first “depress” the cubic equation and then solve the depressed
equation.
By using the Cardano’s method of solving the cubic equation, we will discuss the
RT instability analysis of Equation (24). In order to address the instability process,
again ω
= ωr + iγ (where ωr is being the real frequency of wave mode and γ
2
is the growth rate) in Equation (25) and solve it for that γ ²  ωr we get real and
imaginary parts as (we shall omit again the notation for simplicity)

ωr3 + aωr2 + bωr + c =
0
γ=

3ω 2 + 2ωr a + b

(27)
(28)

For the solution of cubic equation here we use Cardano’s method: by introducing ωr= z −
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2a 3 − 9ab + 27c
the equation (27) then reduces to reduced cubic equation
27
having no second degree term i.e.
q=

z 3 + zp + q =
0

(29)

If p and q are zero, then z is zero. Otherwise, we can consider the cases
when the value of p or q is zero and when both aren’t zero. We will consider
the case when both these are not zero. Consider, that, for two numbers u and v:
3
3
if z= u − v , p = 3uv and −q = u − v then solving for u and v we have

(u − v )

3

+ 3uv ( u − v ) = u 3 − v3

(30)

By finding the values of u and v, we will be able to solve the cubic.

u 3 =−

q
+ ∆
2

q
+ ∆
2
q 2 p3
∆=
+
4 27

v3 =

where the discriminant ∆ is defined as

(31)

The nature of the Cardano roots can be described with the help of the discriminant Δ as follow.
1. If ∆ =0 , then all the roots are real, and at least two are equal.
2. If ∆ > 0 , then ∆ is a real number, and so one root (the principal root)
is real, and the other two are complex numbers.
3. If ∆ < 0 , then ∆ is imaginary, so all the roots are real, and u and v will
be complex numbers. This is the so called irreducible case. We will consider case
(2) and (3) only.
For case (2), Δ is not negative, so the square root is a real number. In this case
the real root is determined as

ωr 1 =

3

−

q
q
a
+ ∆ −3 + ∆ −
2
2
3

(32)

The other two roots are complex and of no interest. Regarding to this real root
we have the following growth rate for RT instability

γ 11 =

3ωr21 + 2ωr1a + b

q
q
+ ∆ and v= 3 + ∆ , so in this case
2
2
an imaginary number i.e. ∆ < 0 which implies that
For case (3), since u = 3 −

u3 = −
v3=

(33)

∆ is

q
+ i −∆
2

q
+ i −∆
2

Using the trigonometry concept of complex analysis we find the following
three normalized real roots of RT mode
1

φ  a
=
ωr 21 2r 3 cos   −
3 3

(34)
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1

 φ + 2π  a
=
ωr 22 2r 3 cos 
−
 3  3
1

 φ + 4π  a
ωr 23 2r 3 cos 
=
−
 3  3

(35)
(36)





q


 p
where =
. The corresponding three
r
 −  and cos φ =  −
3 
 3
 2 − p  



 3  

normalized growth rates for R-T instability are as follow
3

γ 21 ≈ 3ωr221 + 2aωr 21 + b

(37)

γ 22 ≈ 3ωr222 + 2aωr 22 + b

(38)

γ 23 ≈ 3ωr223 + 2aωr 23 + b

(39)

One out of these three modes will be growing, which will determine the R-T
instability growth rate.

3. Result and Discussion
To see the complete view of quantum effects that include the tunneling through
Bohm potential and the Pauli-exclusion principle through the Fermi degenerate
pressure on the growth rate of R-T instability (31)-(38) along with coefficients
are numerically analyzed. For numerical scheme we may use values given in [52]
for a typical white dwarf with number density no ∼ (1025 − 1028 ) cm −3 and p < 1
and =
B0

(10

8

)

− 1014 G [53]. Other physical parameters in cgs system are given

mi 1.67 × 10−24 ,
9.1 × 10−28 , =
as c= 3 × 10 , me=
,p
10

k B 1.38 × 10−16 . It should be noted that all the
e=
4.8 × 1010 , h =
1.05 × 10−27 , =
above equations are in dimensionless form.

3.1. Analysis of R-T Instability of Equation (33)
In this particular case, the growth rate (33) is based on the real frequency (32)
that explicates the RT instability in electron-positron-ion quantum plasma. Using the above-mentioned data in normalized coefficients of Equation (24) the
normalized growth rate (33) is plotted for electrostatic RT mode of instability
with effects of density, and ambient magnetic field variation (Figure 3 and Figure 4). It is observed from all these three figures that the growth rate is damping,
which means that inhomogeneity in plasma here acts as sink and taking energy
from perturbation. The consequence of such analysis (i.e. damping phenomena)
in nonlinear regime then gives shocks in such system which is beyond from the
scope of present study. It is shown in Figure 3, and Figure 4 that the damping
rate increases with increasing density, and decreases with respect to B₀. This
means that increased density acts like source of sink and absorbs energy from
perturbation while with B₀ opposite effects occurred.
646
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Figure 3. Solution to Equation (33), the normalized damping rate γ Ωci , versus the
scaled wave number k κ ne in EPI quantum magnetoplasma with electron density
variation i.e. ne 0 = 5 × 1027 (solid curve) and ne 0 = 6 × 1027 (dashed curve). Other
Physical parameters are taken as n p 0 = 1027 , κ ne = k 10 , Γ =0.6 , gWD = 1000000 and
B0 = 106 .

Figure 4. Dampping curves of normalized growth rate γ Ωci

versus normalized

wavenumber k κ ne (given by Equation (33))in EPI quantum magnetoplasma for
different values of magnetic field variation i.e. Ωci =
108 (solid curve) and Ωci = 1.5 × 108
(dashed curve). Other Physical parameters are taken as n p 0 = 1027 , κ ne = k 10 , Γ =0.6 ,

gWD = 1000000 and ne 0 = 6 ×1027 .

3.2. Analysis of R-T Instability of Equations (37)-(39)
Using the Cardano method of solving the cubic Equation (27) for the condition
where all the roots are real and different, we then get the real mode of Equations
(34)-(36) and regarding to that we get three growth rates Equations (37)-(39),
647
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for ERT instability. Using the above-mentioned data the normalized growth rate
(37) is diagrammed for RT mode of instability with effects of electron density,
and ambient magnetic field as shown in Figure 5 and Figure 6. Figure 5 and
Figure 6 show that the growth rate increases (decreases) with increasing

Figure 5. Normalized growth rate γ Ωci

versus normalized wavenumber k κ ne

(given by Equation (37))in EPI quantum magnetoplasma for different values of electron
density i.e. ne 0 = 6 × 1027 (solid curve) and n=
6.5 × 1027 (dashed curve). Other
e0
Physical parameters are taken as n p 0 = 1027 , κ ne = k 10 , Γ =20 , gWD = 1000000 and
B0 = 106 .

Figure 6. Normalized growth rate γ Ωci

versus normalized wavenumber k κ ne

(given by Equation (37)) in EPI quantum magnetoplasma for different values of magnetic
field variation i.e. Ωci =
108 (solid curve) and Ωci = 1.2 × 108 (dashed curve). Other
Physical parameters are taken as n p 0 = 1027 , κ ne = k 10 , Γ =20 , gWD = 1000000 and
neo = 6 × 1027 .
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number density (magnetic field B₀). Thus magnetic field B₀ suppresses the instability as it confines the particles more in the center than at periphery for localized mode. Also the frequency of wave mode is less than Ωci , so by increasing

B₀ makes this comparison more obvious and hence decreases the growth rate.
On the other hand by increasing the number density of electrons makes the
plasma more dense and shrinks which means more particles are available to give

ω

< VFe . This consequently increases the growth
k
rates and makes the RT mode unstable. Similarly the stabilizing effect of the po-

energy to wave perturbation as

sitron concentration on growth rate variation (37) is demonstrated in Figure 7,
which shows that the growth rate of RT instability decreases with respect to p
variation. It indicates that positron concentration plays a stabilizing role in the
instability analysis. It means that growth rate decreases with increased values of
p.

The similar behavior of growth rate as of Figure 7 is shown in Figure 8 for
second root (Equation (38)) with variation of positron concentration. It signifies
that growth rate decreases with increased values of p . Similarly Figure 9 and
Figure 10 respectively exhibit the growth rate variation of second root (Equation
(38)) for different values of electron density and magnetic field B₀. These two
figures demonstrate that the growth rate increases (decreases) with increasing
number density (magnetic field B₀). The growth rate variation of the second root
is of standard trend and shows the same behavior as mentioned in different literature. The third root (Equation (39)) shows a damping trend.

Figure 7. Normalized growth rate γ Ωci

versus normalized wavenumber k κ ne

(given by Equation (37)) in EPI quantum magnetoplasma for different values of positron

1.2 ×1027 (dashed curve). Other
concentration i.e. n p 0 = 1027 (solid curve) and n p=
0
Physical parameters are taken as ne 0 = 6 × 1027 , κ ne = k 10 , Γ =20 , gWD = 1000000
and B0 = 106 .
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Figure 8. Normalized growth rate γ Ωci

versus normalized wavenumber k κ ne

(given by Equation (38)) in EPI quantum magnetoplasma for different values of positron

1.2 ×1027 (dashed curve). Other
concentration i.e. n p 0 = 1027 (solid curve) and n p=
0
Physical parameters are taken as ne 0 = 6 × 1027 , κ ne = k 10 , Γ =20 , gWD = 1000000
and B0 = 106 .

Figure 9. Normalized growth rate γ Ωci

versus normalized wavenumber k κ ne

(given by Equation (38)) in EPI quantum magnetoplasma for different values of electron
concentration i.e. ne 0 = 6 × 1027 (solid curve) and n=
6.5 × 1027 (dashed curve). Other
e0
27
=
n p 0 10
=
, κ ne k 10 , Γ =20 , gWD = 1000000 and
Physical parameters are taken as,

B0 = 106 .

4. Summary and Conclusion
To summarize, we have analytically and numerically studied the Rayleigh Taylor
instability in quantum E-P-I magneto plasma whose constituents are the electrons and positrons with fraction of ions. We have used the quantum hydrody650
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Figure 10. Normalized growth rate γ Ωci versus normalized wavenumber k κ ne
(given by Equation (38)) in EPI quantum magnetoplasma for different values of magnetic
field i.e. Ωci =
108 (solid curve) and Ωci = 0.9 × 108 (dashed curve). Other Physical
parameters are taken as

n p 0 = 1027 , κ ne = k 10 ,

Γ =20 ,

gWD = 1000000 and

neo = 6 × 10 .
27

namic equation where ions were dealt cold and classical while electron and positron are considered inertialess and quantum mechanical with their respective
Fermi temperatures. General dispersion relation for RT instability was deduced,
under the drift approximation. The presence of positron makes the algebraic
equation a cubic one. In simplified form the real and growth rate of RT mode
was discussed with effect of positron concentration. The Cardano’s method of
solving the cubic equation was used to deduce the real and imaginary roots of
RT instability. The real part of wave gives the dispersion relation and the imaginary one defines the growth rate of the RT mode. The growth rate of RT instability is examined in detail with essence of pair plasma density and magnetic
field variation. It is found that quantum speed and density gradient have modified the RT instability significantly. It was shown that the growth rate of Rayleigh-Taylor instability in E-P-I quantum plasma increases with increasing of
electron density while decreasing with increasing of magnetic field

( Bo )

and

positron concentration. We have discussed the examples of celestial body (like
white dwarf) that suggests the presence of RT instability in electron-positron-ion
quantum magneto plasma.

References
[1]

Guillot, T. (1999) Science, 286, 72. https://doi.org/10.1126/science.286.5437.72

[2]

Koester, D. and Chanmugam, G. (1990) Reports on Progress in Physics, 53, 837.
https://doi.org/10.1088/0034-4885/53/7/001

[3]

Horn, H.M. (1991) Science, 252, 384. https://doi.org/10.1126/science.252.5004.384

[4]

Chabrier, G., Saumon, D. and Potekhin, A.Y. (2002) Journal of Physics A: Mathe-

651

S. Ali, M. Ahmad

matical and Theoretical, 14, 9133.
[5]

Lindl, J. (1995) Physics of Plasma, 2, 3933. https://doi.org/10.1063/1.871025

[6]

Fortov, V.E. (2009) Physics-Uspekhi, 52, 615.
https://doi.org/10.3367/UFNe.0179.200906h.0653

[7]

Shukla, P.K. and Eliasson, B. (2011) Reviews of Modern Physics, 83, 885.
https://doi.org/10.1103/RevModPhys.83.885

[8]

Barak, G., Steinberg, H., Pfeiffer, L.N., West, K.W., Glazman, L., von Oppen, F. and
Yacoby, A. (2010) Nature Physics, 6, 489.

[9]

Crouseilles, N., Hervieux, P.A. and Manfredi, G. (2008) Physical Review B, 78, Article ID: 155412. https://doi.org/10.1103/PhysRevB.78.155412

[10] Ang, L.K., Kwan, T.J.T. and Lau, Y.Y. (2003) Physical Review Letter, 91, Article ID:
208303. https://doi.org/10.1103/PhysRevLett.91.208303
[11] Barnes, W., Dereux, A. and Ebbesen, T. (2003) Nature, 424, 824.
https://doi.org/10.1038/nature01937
[12] Ozbay, E. (2006) Science, 311, 189. https://doi.org/10.1126/science.1114849
[13] Serbeto, A., Monteiro, L.F., Tsui K.H. and Mendonc J.T. (2009) Plasma Physics and
Controlled Fusion, 51, Article ID: 124024.
https://doi.org/10.1088/0741-3335/51/12/124024
[14] Abolfath, R.M., Petukhov, A.G. and Zutic, I. (2008) Physical Review Letter, 101, Article ID: 207202. https://doi.org/10.1103/PhysRevLett.101.207202
[15] Manfredi, G. (2005) Fields Institute Communications, 46, 263.
[16] Haas, F. (2011) Quantum Plasmas: A Hydrodynamic Approach. Springer, New
York. https://doi.org/10.1007/978-1-4419-8201-8
[17] Haas, F., Manfredi, G. and Feix, M.R. (2000) Physical Review E, 62, 2763.
[18] Haas, F. (2005) Physics of Plasmas, 12, Article ID: 062117.
https://doi.org/10.1063/1.1939947
[19] Mushtaq, A. and Khan, S.A. (2007) Physics of Plasmas, 14, Article ID: 052307.
https://doi.org/10.1063/1.2727474
[20] Marklund, M. and Brodin, G. (2007) Physical Review Letter, 98, Article ID: 025001.
https://doi.org/10.1103/PhysRevLett.98.025001
[21] Brodin, G. and Marklund, M. (2007) New Journal of Physics, 9, 277.
https://doi.org/10.1088/1367-2630/9/8/277
[22] Shukla, P.K. and Eliasson, B. (2006) Physical Review Letter, 96, Article ID: 245001.
https://doi.org/10.1103/PhysRevLett.96.245001
[23] Mushtaq, A. and Vladimirov, S.V. (2011) The European Physical Journal D, 64, 419.
https://doi.org/10.1140/epjd/e2011-20374-x
[24] Maroof, R., Ali, S., Mushtaq, A. and Qamar, A. (2015) Physics of Plasmas, 22, Article ID: 112102. https://doi.org/10.1063/1.4934924
[25] Maroof, R., Mushtaq, A. and Qamar, A. (2016) ,Physics of Plasmas, 23, Article ID:
013704. https://doi.org/10.1063/1.4939807
[26] Rayleigh, L. (1882) Proceedings of the London Mathematical Society, 14, 170.
https://doi.org/10.1112/plms/s1-14.1.170
[27] Taylor, G.I. (1950) Proceedings of the Royal Society of London A, 201, 192.
https://doi.org/10.1098/rspa.1950.0052
[28] Bodner, S. (1974) Physical Review Letter, 33, 761.
https://doi.org/10.1103/PhysRevLett.33.761
652

S. Ali, M. Ahmad
[29] Chandrasekhar, S. (1961) Hydrodynamic and Hydromagnetic Stability. Dover, New
York.
[30] Mushtaq, A. and Khan, R. (2008) Physica Scripta, 78, Article ID: 015501.
https://doi.org/10.1088/0031-8949/78/01/015501
[31] Zeba, I., Yahia, M.E., Shukla, P.K. and Moslem, W.M. (2012) Physics Letter A, 376,
2309.
[32] Vitaly, B., Marklund, M. and Modestov, M. (2008) Physics Letter A, 372, 3042.
[33] Cao, J., Ren, H., Wu, Z. and Chu, P.K. (2008) Physics of Plasmas, 15, Article ID:
012110. https://doi.org/10.1063/1.2833588
[34] Hoshoudy, G.A. (2011) Journal of Modern Physics, 2, 1146.
https://doi.org/10.4236/jmp.2011.210142
[35] Hoshoudy, G.A. (2009) Physics of Plasmas, 16, Article ID: 024501.
https://doi.org/10.1063/1.3080202
[36] Hoshoudy, G.A. (2009) Physics Letters A, 373, 2560-2567.
[37] Ali, S., Ahmed, Z., Mirza, A.M. and Ahmad, I. (2009) Physics letters A, 373, 2940.
[38] Rees, M.J. (1971) Nature, 229, 312. https://doi.org/10.1038/229312a0
[39] Rees, M.J. (1983) What the Astrophysicist Wants from the Very Early Universe. In:
Gibbons, G.W., Hawking, S.W. and Siklos, S., Eds., The Very Early Universe, Cambridge University Press, Cambridge, 29-58.
[40] Michel, F.C. (1982) Reviews of Modern Physics, 54, 1.
https://doi.org/10.1103/RevModPhys.54.1
[41] Miller, H.R. and Witta, P.J. (1987) Active Galactic Nuclei. Springer-Verlag, Berlin.
[42] Rizzato, F.B. (1988) Journal of Plasmas Physics, 40, 289.
https://doi.org/10.1017/S0022377800013283
[43] Surko, C.M. and Murphay, T. (1990) Physics of Fluids B, 2, 1372.
https://doi.org/10.1063/1.859558
[44] Murphay, T.J. and Surko, C.M. (1992) Physical Review A, 46, 5696.
https://doi.org/10.1103/PhysRevA.46.5696
[45] Berezhiani, V.I. and Mahajan, S.M. (1995) Physical Review E, 52, 1968.
https://doi.org/10.1103/PhysRevE.52.1968
[46] Hoshino, M. and Arons, J. (1991) Physics of Fluids B, 3, 818.
https://doi.org/10.1063/1.859877
[47] Hoshino, M., Arons, J., Gallant, Y. and Langdon, A.B. (1992) The Astrophysical
Journal, 390, 454. https://doi.org/10.1086/171296
[48] Berezhiani, V.I., Tskhakaya, D.D. and Shukla, P.K. (1992) Physical Review A, 46,
6608. https://doi.org/10.1103/PhysRevA.46.6608
[49] Greaves, R.G. and Surko, C.M. (1995) Physical Review Letter, 75, 3847.
https://doi.org/10.1103/PhysRevLett.75.3846
[50] Zhao, J., Sakai, J.I. and Nishikawa, K.I. (1996) Physics of Plasmas, 3, 844.
https://doi.org/10.1063/1.871784
[51] Chen, F.F. (1984) Introduction to Plasma Physics and Controlled Fusion. Plenum,
New York. https://doi.org/10.1007/978-1-4757-5595-4
[52] Ali, S., Moslem, W.M., Shukla, P.K. and Schlickeiser, R. (2007) Physics of Plasmas,
14, Article ID: 082307. https://doi.org/10.1063/1.2750649
[53] Moslem, W.M., Ali, S., Shukla, P.K., Tang, X.Y. and Rowlands, G. (2007) Physics of
Plasmas, 14, Article ID: 082308. https://doi.org/10.1063/1.2757612

653

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:
Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service
User-friendly online submission system
Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact jmp@scirp.org

