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1. INTRODUCTION 

The dusty plasma is a three-component plasma system 

consisting of electrons, ions and charged dust grains. The dust 

grains are usually much heavier than the ions and electrons and 

get charged by the impact of electrons and ions. However, the 

charge acquired by the dust grains is influenced not only by the 

electron and ion currents flowing to its surface but also by 

various other processes. These include photoelectric emission, 

secondary emission, and several other factors. Dusty plasma 

occurs in planetary atmospheres (Musatenko et al. 2006; 

Tsytovich, 2008) circumstellar clouds, interstellar clouds and in 

various space environments such as asteroid zones, nebulae, 

cometary comae, tails and the lower ionosphere of the Earth. 

When a heavy fluid is supported by a lighter one and 

gravitational force acts in the direction of decreasing density, 

the   perturbation arising in the plasma becomes unstable. This 

instability is called Rayleigh-Taylor instability which is 

observed not only in space environments like the Earth’s 

magnetosphere and the F layer of the ionosphere but also in 

laboratory plasmas. Rayleigh-Taylor instability and Kelvin-

Helmholtz Instability are crucial in shaping astrophysical jets, 

the region around Saturn's rings, supernova remnants, and 

various other space plasma phenomena.  

D’ Angelo (1993) studied the RTI in dusty plasma and found 

that the presence of negative charged dust substantially reduces 

the range of unstable wave numbers while the opposite is true 

for positively charged dust. Sen et al. (2010) and Hoshoudy 

(2014) studied the RTI in an inhomogeneous dusty plasma in 

the presence of uniform magnetic field. The Rayleigh-Taylor 

instability of two superimposed conducting fluids in 

magnetized un-magnetized plasma has been examined by 

Sharma and Chhajlani, (1998), and Sharma et al. (2014). 

Prajapati et al. (2009) have examined the combined RTI and 

Kelvin-Helmholtz Instability (KHI) in a system of two 

superimposed magnetized fluids in the presence of suspended 

dust particles and they found that the magnetic field and particle 

density have stabilizing influence, while the density difference 

between the fluids has destabilizing effect on the growth rate of 

K-H and R-T configurations. Wang et. al. (2010) have explored 

the combined effects of KHI and RTI with continuous velocity 

and density profiles, highlighting the linear growth rates. Their 

findings reveal that the density gradient suppresses the linear 

growth rate of RTI for short perturbation wavelengths, while 

the growth rate of KHI increases due to the density gradient but 

decreases under the influence of the velocity gradient. Several 

researchers have investigated the growth rate of Rayleigh 

instability in Hall thrusters. Malik and Singh (2011) examined 

the influence of temperature on this instability, while Malik et 

al. (2019) explored the effects of dust accumulation in the exit 

region of the thruster channel. Verma and Malik (2023) 

developed a modified Rayleigh-Taylor (RT) instability equation 

based on a three-fluid Hall thruster plasma model, incorporating 

multi-ionized ions to examine the growth rate of the RT 

instability. 

In the present study, we examine RTI in an oblique magnetized 

streaming dusty plasma. It also includes a stability analysis of 

multilayer dusty fluids with varying magnetic field inclination.  

The paper is structured as follows. Section 2. presents the 

formulation of the mathematical model using fundamental 

equations for electrons, ions, and dusty fluids. In Section 3., 

analytical dispersion relation for RTI is derived. Results are 

disused for astrophysical applications near Saturn E ring in 

section 4. Finally, the results of the study are summarized in 

Section 5. 

 

2. Governing Equations 

We consider the three-component magnetized dusty plasma 

consisting of ions, electrons and dust grains coupled via 

downward gravitational acceleration field which acts on the 

plasma with gravity 𝒈 =  −𝑔 x ̂, where 𝑔 (−𝑔, 0, 0) is a 

constant and  x̂ is the unit vector along the +ve x- axis. The 

three components of dusty plasma are coupled via electric field, 

gravitational acceleration field, and collision forces between the 

charged species. The dusty plasma is streaming in y-z plane 

along y direction in the presence of equilibrium magnetic field 

𝑩𝑑0 given by 𝑩𝑑0 = (0, 𝐵0𝑐𝑜𝑠𝛼, 𝐵0𝑠𝑖𝑛𝛼), where 𝐵0 is constant 

and 𝛼 is the angle from positive y axis. A plasma density 

gradient exists along the positive x- axis and the equilibrium 

dust density is given by 𝑛𝑑0(𝑥) = 𝑛̃𝑑0𝑒
𝜆𝑥 , where 𝜆 is taken to 

be positive constant. 

In order to construct basic equations for considered system, we 

use same model as proposed by Avinash and Sen (2015) as 

follows

 

0 = −𝑒𝑛𝑒(𝑬 + 𝒖𝒆 × 𝑩) − ∇𝑝𝑒                                                             (1) 

 

𝑚𝑖𝑛𝑖
∂𝒖𝒊

∂t
=  𝑒𝑛𝑖(𝑬 + 𝒖𝒊 × 𝑩) − ∇𝑝𝑖 + mini𝒈 + 𝑭𝒊𝒛                                     (2) 

 

𝑚𝑑𝑛𝑑
∂𝒖𝒅

∂t
= −𝑒𝑍𝑑𝑛𝑑(𝑬 + 𝒖𝒅 × 𝑩) − ∇𝑝𝑑 + 𝑚𝑑𝑛𝑑𝒈 + 𝑭𝒅                                 (3) 

 

where 𝑚𝑖, 𝑛𝑖,, 𝑢𝑖 and 𝑝𝑖  is the mass, number density, velocity and pressure of the jth (𝑒, 𝑖, 𝑑) species and 𝑍𝑑 is the number of electrons 

residing on dust particle, 𝑭𝒅,𝒊 is the collisional frictional force on the dust particles and ions. 

From equations (1), (2) and (3), we get 

 

𝜌
𝑑𝒗

𝑑𝑡
= 𝐉 × 𝐁 − ∇𝑝 + 𝜌𝒈                                                           (4) 
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where 𝒗 = (𝑚𝑖𝑛𝑖𝒖𝒊 + 𝑚𝑑𝑛𝑑𝒖𝒅) 𝜌⁄ , 𝑝 = 𝑝𝑒 + 𝑝𝑖 + 𝑝𝑑 , 𝜌 = 𝑚𝑖𝑛𝑖 + 𝑚𝑑𝑛𝑑 and 𝑭𝒊 + 𝑭𝒅 = 0. The total current density 𝑱 = 𝑒𝑛𝑖𝒖𝒊 −
𝑒𝑛𝑒𝒖𝒆 − 𝑒𝑍𝑑𝑛𝑑𝒖𝒅 and related to magnetic field ∇ × 𝑩 = 4𝜋 𝑱 by Ampere’s law. Electric force vanishes due to the neutrality 

condition 𝑛𝑖 = 𝑍𝑑𝑛𝑑 + 𝑛𝑒. 

 

The mass conservation equations for ions and dust are given by 

 
∂𝑛𝑖

∂t
+ ∇ · (𝑛𝑖𝒗𝒊) = 0, (5) 

 

 
∂𝑛𝑑

∂t
+ ∇ · (𝑛𝑑𝒗𝒅) = 0, (6) 

 

Adding equation (5) and (6), we get 

 
𝜕𝜌

𝜕𝑡
+ ∇ ∙ (𝜌𝒗) = 0 (7) 

 

Since ions and electrons are lighter than dust grains, they do not contribute significantly in the momentum transfer and continuity 

equations, so we assume 𝜌 ≈ 𝑚𝑑𝑛𝑑 ≈ 𝜌𝑑 and dust velocity 𝑣 = 𝒗𝑑 . Momentum equation and induction equation for dusty 

magnetized plasma can be written as 

       

𝑚𝑑𝑛𝑑
∂𝒗𝑑

∂t
+ 𝑚𝑑𝑛𝑑(𝒗𝑑 ∙ ∇)𝒗𝑑 + 𝑚𝑑𝑛𝑑 𝐠 −

1

4π
(∇ × 𝑩) × 𝑩 + 𝐾𝐵  𝑇𝑑∇𝑛𝑑 = 0   (8) 

         
∂𝐁

∂t
= (𝑩 ∙ ∇)𝒗𝑑 − (𝒗𝑑 ∙ ∇)𝑩,  (9) 

 

The above basic equations are linearized assuming that each quantity is represented by the sum of their equilibrium and perturbed 

parts, as  𝑛𝑑 = 𝑛𝑑1 + 𝑛𝑑0, 𝒗𝑑 = 𝒗𝑑1+𝒗𝑑0,  𝑩 = 𝑩1+ 𝑩0. The quantities with subscripts “0” and “1” indicate equilibrium and 

perturbed parts. The perturbation components of dust flow velocity and magnetic field are 𝒗𝑑0 = (0,  𝑣0𝑦 , 0). 

The linearized perturbation equations of the system are as 

        
∂

∂t
𝑛̃𝑑 + ∇ ∙ 𝒗𝒅𝟏 +  𝜆x̂  ∙ 𝒗𝒅𝟏 + 𝑛̃𝑑 ∇ ∙ 𝒗𝒅𝟎 + ∇ 𝑛̃𝑑 ∙ 𝒗𝟎𝒚 = 0                      (10) 

 

 

 

  
∂𝒗𝒅𝟏

∂t
+ 𝒗𝟎𝒚 ∙ ∇𝒗𝒅𝟏 + 𝑛̃𝑑 𝒈 −

1

4𝜋𝑚𝑑𝑛𝑑0
[x̂  (B0𝑐𝑜𝑠𝛼

d𝐵1𝑥

dy
) + ŷ (−B0𝑠𝑖𝑛𝛼

d𝐵1𝑧

dy
) +       ẑ  (B0𝑐𝑜𝑠𝛼

d𝐵1𝑧

dy
)]+𝐶𝑑

2(∇ 𝑛̃𝑑 + 𝜆 𝑛̃𝑑x̂ ) = 0  (11) 

        

 

 
∂𝑩𝟏

∂t
= ( 𝑩0 ∙ ∇)𝒗𝒅𝟏 + ( 𝑩1 ∙ ∇)𝒗𝟎𝒚 − ( 𝒗𝟎𝒚 ∙ ∇)𝑩𝟏 − ( 𝐯𝐝𝟏 ∙ ∇)𝑩𝟎  (12) 

 

where 𝐶𝑑
2 =

𝐾𝐵 𝑻𝑑

𝑚𝑑
 , 𝐾𝐵 = 1.38 × 10−23m2kgs−2K−1 is Boltzmann constant,  𝑇𝑑  is temperature of dust particles and 𝑚𝑑 is mass of 

the dust particle. 

 

 3. Dispersion relation 

A dispersion relation can be obtained by Fourier analysing the first-order perturbed quantities. We assume perturbed quantities 

varying as  ei(𝑘𝑦𝑦+𝑘𝑧𝑧−𝜔𝑡) , where 𝑘𝑦 and 𝑘𝑧 are the wavenumbers in y- and z- directions and 𝜔 is the frequency. From equations 

(10)-(12), we have 

 

𝑖 𝜆𝑣𝑥 − 𝑘𝑦𝑣𝑦 − 𝑘𝑧𝑣𝑧 + Ω 𝑛̃𝑑 = 0 (13) 

Ω𝑣𝑥 + A(𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 + 𝑘𝑧𝐵0𝑠𝑖𝑛𝛼)𝐵1𝑥 + i(𝑔 + 𝜆𝐶𝑑
2)𝑛̃𝑑 = 0                        (14) 

Ω𝑣𝑦 + A𝑘𝑧𝐵0𝑠𝑖𝑛𝛼𝐵1𝑦 − 𝐴𝑘𝑦𝐵0𝑠𝑖𝑛𝛼𝐵1𝑧 − 𝑘𝑦𝐶𝑑
2𝑛̃𝑑 = 0                        (15) 

 

Ω𝑣𝑧 − A𝑘𝑧𝐵0𝑐𝑜𝑠𝛼𝐵1𝑦 + 𝐴𝑘𝑦𝐵0𝑐𝑜𝑠𝛼𝐵1𝑧 − 𝑘𝑧𝐶𝑑
2𝑛̃𝑑 = 0                          (16) 
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𝐵1𝑥 = −
1

Ω
(𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 + 𝑘𝑧𝐵0𝑠𝑖𝑛𝛼) 𝑣𝑥   (17) 

 

𝐵1𝑦 = −
1

Ω
(𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 + 𝑘𝑧𝐵0𝑠𝑖𝑛𝛼) 𝑣𝑦  (18) 

 

𝐵1𝑧 = −
1

Ω
(𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 + 𝑘𝑧𝐵0𝑠𝑖𝑛𝛼) 𝑣𝑧   (19) 

where Ω = 𝜔 − 𝑘𝒗0𝑦 and 𝐴 =
1

4𝜋𝑚𝑑𝑛𝑑0
. 

 

Using equations (17), (18) and (19) in equations (14), (15) and (16), we obtain 

 

 

(Ω2 − 𝐴𝐵2)𝑣𝑥 + 𝑖Ω(𝑔 + 𝜆𝐶𝑑
2)𝑛̃𝑑 = 0 (20) 

 

(Ω2 − 𝐴𝐵𝑘𝑧𝐵0𝑠𝑖𝑛𝛼) 𝑣𝑦 + 𝐴𝐵𝑘𝑦𝐵0𝑠𝑖𝑛𝛼 𝑣𝑧 − Ω𝑘𝑦𝐶𝑑
2 𝑛̃𝑑 = 0 (21) 

 

𝐴𝐵𝑘𝑧𝐵0𝑐𝑜𝑠𝛼 𝑣𝑦 + (Ω2 − 𝐴𝐵𝑘𝑦𝐵0𝑐𝑜𝑠𝛼)𝑣𝑧 − Ω𝑘𝑧𝐶𝑑
2 𝑛̃𝑑 = 0  (22) 

 

where 𝐵 = 𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 + 𝑘𝑧𝐵0𝑠𝑖𝑛𝛼. 

 

Equations (13), (20), (21) and (22) can be written in a matrix form as 𝐷𝑋 = 0, where D is a 4× 4 

square matrix and X is a 4× 1 column matrix, given by 

D =

[
 
 
 
 

𝑖 𝜆 −𝑘𝑦 −𝑘𝑧 Ω

Ω2 − 𝐴B2 0 0 𝑖Ω(𝑔 + 𝜆𝐶𝑑
2)

0 Ω2 − 𝐴𝐵𝑘𝑧𝐵0𝑠𝑖𝑛𝛼 𝐴𝐵𝑘𝑦𝐵0𝑠𝑖𝑛𝛼 −Ω𝑘𝑦𝐶𝑑
2

0 𝐴𝐵𝑘𝑧𝐵0𝑐𝑜𝑠𝛼 Ω2 − 𝐴𝐵𝑘𝑦𝐵0𝑐𝑜𝑠𝛼 −Ω𝑘𝑧𝐶𝑑
2

]
 
 
 
 

 

       

And X = [

𝑣𝑥

𝑣𝑦

𝑣𝑧

𝑛̃𝑑

] 

Non-trivial solution of it can be obtained by putting det. 𝐷 = 0, which gives the following 

 

𝑎1Ω
6 + 𝑎2Ω

4 + 𝑎3Ω
2 + 𝑎4 = 0 (23) 

were 

𝑎1 = 1 

𝑎2 = 2𝐴𝐵2 −  𝜆(𝑔 + 𝜆𝐶𝑑
2) + 𝑘2𝐶𝑑

2 

𝑎3 = −𝐴2𝐵4 + 𝐴𝐵2𝜆(𝑔 + 𝜆𝐶𝑑
2) − 2𝐴𝐵2𝑘2𝐶𝑑

2 

𝑎4 = 𝐴2𝐵4𝑘2𝐶𝑑
2 

 

where 𝑘𝑦 = 𝑘 𝑐𝑜𝑠𝜃, 𝑘𝑧 = 𝑘 𝑠𝑖𝑛𝜃 , 𝑘2 = 𝑘𝑦
2 + 𝑘𝑧

2 and 𝜃 is the angle between the wave vector k and y- axis. 

  

4. RESULTS AND DISCUSSION 

We now perform numerical calculations to determine the 

growth rate of Rayleigh-Taylor instability (RTI) in space 

plasma environments near Saturn’s E ring. For example, dusty 

RT structures formed under the influence of gravitational 

acceleration around the Saturn’s E rings. Taking parameters  

 

𝜆 ≈ 10−8 m, 𝑔 ≈ 11 ms−2, 𝐶𝑑
2 ≈ 2.28 × 10−9 T−2, 𝑚𝑑 ≈

7 × 10−10 kg,  𝑛𝑑0 ≈ 15 𝑐m−3 and the magnetic field 𝐵0 =
2.0 × 10−5 G. We have shown the variation of growth rate 

 𝜔𝑖  of Rayleigh-Taylor instability with wavenumber 𝑘 for 

different values of 𝛼 =  
𝜋

6
, 

𝜋

4
, 

𝜋

3
 (angle made by magnetic field 

with positive y-axis) and 𝜃 = 0,
𝜋

6
,

𝜋

3
,

𝜋

2
 in figure 1 to 4. 
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Fig.1: Growth rate 𝜔𝑖 of RTI vs wavenumber 𝑘 for  𝑣0𝑦 = 0.01 ms−1, 𝜆 = 10−8 m,  𝑔 = 11 ms−2, 𝐶𝑑

2 = 2.28 × 10−9 T−2 𝑚𝑑 = 7 × 10−10 𝑘𝑔,

𝑛𝑑0 = 15  𝑐m−3,  𝐵0 = 2.0 × 10−5 G, 𝛼 = 
𝜋

6
,  

𝜋

4
,  

𝜋

3
  and 𝜃 =   0 

 

  

 
Fig: 2 Growth rate 𝜔𝑖 of RTI vs wavenumber 𝑘 for  𝑣0𝑦 = 0.01 ms−1, 𝜆 = 10−8 m,  𝑔 = 11 ms−2, 𝐶𝑑

2 = 2.28 × 10−9  T−2 𝑚𝑑 = 7 × 10−10 𝑘𝑔, 𝑛𝑑0 =

15  𝑐m−3,  𝐵0 = 2.0 × 10−5 G, 𝛼 =  
𝜋

6
,  

𝜋

4
,  

𝜋

3
  and 𝜃 =  

𝜋

6
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Fig: 3 Growth rate 𝜔𝑖 of RTI vs wavenumber 𝑘 for  𝑣0𝑦 = 0.01 ms−1, 𝜆 = 10−8 m,  𝑔 = 11 ms−2, 𝐶𝑑
2 = 2.28 × 10−9  T−2  𝑚𝑑 = 7 × 10−10 𝑘𝑔, 𝑛𝑑0 =

15  𝑐m−3,  𝐵0 = 2.0 × 10−5 G, 𝛼 =  
𝜋

6
,  

𝜋

4
,  

𝜋

3
  and 𝜃 =  

𝜋

3
 

 

 

Fig.4. Growth rate 𝜔𝑖 of RTI vs wavenumber 𝑘 for  𝑣0𝑦 = 0.01 ms−1, 𝜆 = 10−8 m,  𝑔 = 11 ms−2, 𝐶𝑑
2 = 2.28 × 10−9  T−2 𝑚𝑑 = 7 × 10−10 𝑘𝑔, 𝑛𝑑0 =

15  𝑐m−3,  𝐵0 = 2.0 × 10−5 G, 𝛼 =  
𝜋

6
,  

𝜋

4
,  

𝜋

3
  and 𝜃 =  

𝜋

2
 

 

Figure 1 shows that the growth rate of instability 𝜔𝑖  increases 

with the decrease in the inclination of the magnetic field with 

respect to the positive y axis for 𝜃 = 0. For 𝜃 =   
𝜋

6
,  figure 2 

depicts a slight increase in the growth rates of instability in 

comparison to growth rates shown in figure 1 for similar values 

of 𝛼 from   
𝜋

3
 to 

𝜋

6
. Thus, from Figures 1 and 2, we conclude that 

the growth rate of instability increases as the magnetic field 

inclination angle 𝛼 decreases and 𝜃  increases  from 𝜃 =   0 to 

  

𝜃 =   
𝜋

6
. 

 

Figure 3 shows that the growth rate of instability 𝜔𝑖  increases 

with the increase in the values of the magnetic field inclination 

𝛼 for 𝜃 =   
𝜋

3
 . Figure 4 demonstrates that the growth rate of 

instability also increases with increasing values 𝛼 for  𝜃 =   
𝜋

2
. 

Thus, from figures 3 and 4, it is observed that the growth rate of 

instability increases with the   increases in magnetic field 

inclination angle 𝛼 and the decrease in 𝜃 from  
𝜋

2
 to  

𝜋

3
. 

From figures1 and 4, it is observed that the growth rates pattern 

exhibits a reverse trend when 𝜃 changes from 𝜃 =  0 to 𝜃 =   
𝜋

6
. 

The same behaviour of growth rates is observed in figure 2  

for 𝜃 =   
𝜋

3
 and figure 3 for 𝜃 =   

𝜋

2
. 
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5. CONCLUSIONS 

In this paper, we have investigated the effect of oblique 

magnetic field by considering different values of inclination 

angle of magnetic field on Rayleigh-Taylor Instability. The 

general dispersion relation is obtained using the normal mode 

technique. The present study reveals that growth rates of 

instability of Rayleigh-Taylor instability have linearly 

increasing behaviour with increasing wavenumber and 

inclination angle of magnetic field.  

It is found that the growth rate of instability increases as the 

magnetic field inclination angle decreases and 𝜃  increases  

from  0 to   
𝜋

6
. But, when 𝜃 changes from 

𝜋

2
 to  

𝜋

3
, the growth rate 

of instability increases with the   increases in magnetic field 

inclination angle 𝛼. It is observed that the growth rates exhibit a 

reversal pattern when 𝜃 changes from  0 to   
𝜋

6
  and  

𝜋

3
 to  

𝜋

2
 .This 

study might have application in understanding the Rayleigh-

Taylor instability in space dusty plasmas, dust outflows near 

Saturn’s E rings and other astrophysical dusty plasma 

environments.  
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