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Abstract-In the Earth’s ionosphere wide range of instabilities are observed due to presence of free energy sources. Wave-wave 

and wave-particle interaction processes may take place here. Through wave-particle interaction process wave energy can be 

pumped up from the system for amplification of high frequency non-resonant wave where low frequency turbulence is present. 

In this study we have considered ionosphere as homogeneous medium and wish to investigate probable amplification of non-

resonant Langmuir wave in the presence of resonant Lower hybrid wave through nonlinear wave-particle interaction. We have 

estimate growth rate of Langmuir wave using satellite observational data.  
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 I. INTRODUCTION 

 

Ionospheric plasma is found to be thermodynamically non 

equilibrium and from ground and space based observatories, 

turbulence and instabilities are observed in this region. Solar 

wind is the main source of energy and momenta of this open 

plasma system. This region supports variety of electrostatic 

and electromagnetic plasma waves. In space and in 

laboratory plasma system it is observed amplification of high 

frequency plasma wave for the interaction with low 

frequency plasma wave turbulence.  

 

Within the framework of parametric theory, Davis [1] 

studied amplification of non-resonant wave but the growth 

rate was not large. On the basis of linear response theory, 

Tsytovich et. al [2] were studied growth rate of Langmuir 

wave in the presence of ion acoustic wave. A different type 

of non-linear wave-particle interaction called plasma maser 

effect was developed by Nambu [3] on the platform of 

nonlinear theory of turbulent plasma and it predicts energy 

up conversion (/down conversion) of non-resonant wave in 

the presence of resonant wave. Here, plasma maser 

instability arises from the interaction between particles and 

the nonlinear modulating electric field. This electric field 

occurs for the coupling between resonant and non-resonant 

plasma mode. For this nonlinear field the charged particles 

are accelerated nonlinearly to generate amplified electrostatic 

wave and electromagnetic radiation through modulated field. 

 

II.RELATED WORKS 

 

In the polar ionosphere region naturally occurring Langmuir 

turbulence was predicted in several studies [4, 5, 6, 7].Ergun 

et al. [8] discussed on the generation of modulated Langmuir 

wave packets in the auroral ionosphere. It was found that the 

frequency of electrostatic Langmuir waves in the ionosphere 

was affected to be by the photoelectrons or auroral secondary 

electrons [9].The low frequency electrostatic lower hybrid 

wave was detected in the ionospheric plasma and electrons 

were found to be accelerated by this wave along the auroral 

field lines [10]. Pasmanik et al.[11] studied properties of 

lower hybrid wave propagation in the auroral ionosphere 

taking inhomogeneity both along and across the Earth's 

magnetic field. Kelley [12] found lower hybrid wave played 

a vital role in ionospheric turbulence processes. Lizunov et 

al.[13] studied wave-wave interaction between Langmuir 

wave and lower hybrid wave to explain Freja satellite 

observational data in the polar ionosphere and found from 

frequency spectra both secondary Langmuir wave and lower 

hybrid wave were parametrically connected. Within the 

nonlinear wave-particle interaction framework in several 

studies were carried on  plasma maser instabilities  in both 

space and laboratory plasma environment associated with 

different physical parameter gradients [14,15,16,17].In space 

plasma system, in addition with free energy sources, the 

wave energy of non-resonant mode was found to be 

enhanced in presence of resonant wave. Deka [18] studied 

amplification of upper hybrid wave in presence of lower 
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hybrid wave turbulence through plasma maser effect for the 

Auroral Kilometric Radiation (AKR) phenomena in 

magnetospheric plasma.  

 

In this paper, we present our theoretical investigation on 

growth of Langmuir wave in presence of lower hybrid wave 

in the polar ionosphere region through plasma maser 

instability and estimate by using Freja satellite data. 

 

III.FORMULATION 

 

We consider electrostatic lower hybrid turbulence to be 

present in the magnetised plasma where the direction of the 

external magnetic field is taken in the z-direction. Here the 

lower hybrid wave has propagation vector 

( ,0, )k k k where  and represent perpendicular and 

parallel direction to the external magnetic field. We assume 

in this open plasma system high frequency Langmuir wave 

has propagation vector (0,0, )K K along the direction of 

the magnetic field. In this problem it is neglected the 

temperature variation and their anisotropy. 

 

For this system the zero order particle distribution function 

for j
th

 species is considered as 
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here ‘j’ refers electron (e) and ion(i). 

 

IV.MATHEMATICAL ANALYSIS 

 

The interaction of non-resonant Langmuir wave with 

resonant lower hybrid wave is governed by the Vlasov-

Poisson system of equations 
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and 
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The unperturbed distribution function for j
th

 species and the 

unperturbed electric field and magnetic field are taken as 
2

0 0 1 2F f f fj j j j                                              

2

0 2E E El l  
                                                               (4)

 

0B Bl       

 where 
0f j

is the space and time averaged part of the 

distribution function, 
1f j

and 
2f j

are the fluctuating parts due 

to the low-frequency lower hybrid turbulence ,  is the 

ordering of the low-frequency turbulence, El is the lower 

hybrid turbulent field, 2E is the second order electric field 

and the confining magnetic field 0B is taken along z-

direction. 

 

Using equation (4), equation (2) can be written as 
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To the order of  we obtain 
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Applying Fourier transform and the method of integration 

along unperturbed orbit [19] under the assumption E El 
, 

we obtain from equation (6) as 
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Here we are using cylindrical co-ordinates are 

 

cos , sin ,v v v v v vx y z    
 

 

and transformation equations are 
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and the unperturbed particle orbits are 
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where 

t t                                                                              (8)  

                                                                                                                                   

Let resonant lower hybrid turbulence has wave field as 

( , 0, )E E El l l 
and to this quasisteady state we apply 

perturbation wave field  Eh  of high frequency Langmuir 

wave field (0, 0, )E Eh h  where   .For this perturbation 

the total perturbed particle distribution function, the electric 

field and the magnetic field are     
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                                                                                            (9) 

where flh and f are distribution functions for the 

modulated fields, fh is fluctuating part due to low frequency 

lower hybrid wave, Elh and E  are modulated fields. 

 

Let the operator 

                    
0ˆ . .

e v Bj j
L v jt r m vcj j

   
   
   
 

 
 

Using equation (9) in Vlasov equation (2) for the perturbed 

state we get 
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To the order of  we have 
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To the order of 
2

 and applying random phase 

approximation [20] to omit second order quantities we have 
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To obtain different fluctuating parts, using Fourier transform 

and the method of integration along unperturbed orbit [19] 

we get after calculation from equation (11) 
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and from equation (12) 
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and applying Bessel’s Recursion formula 
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We obtain after calculation 
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From equation (13) we have 
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By using Poisson equation 
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To obtain the nonlinear dielectric function of the electrostatic 

Langmuir wave with frequency  in the presence of the 

Lower hybrid wave by using Poisson equation 

 

. 4 [ ]E e n f f dvh j j h
      

 
 

which takes the form 

 

 , 0K Eh h  
 

 

The dispersion relation is written as  
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where  ,0 K  is linear part,  ,Kd  is direct coupling part 

and  ,Kp  is polarisation coupling part. 

 

Here after calculation we obtain 
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and the form of bulky expression of polarization coupling 

term 
p as 
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                                                                               (28) 

 

where 
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j




 
  

We consider plasma maser effect for in the Langmuir wave 

in the presence of low frequency Lower hybrid wave. To 

estimate the growth rate of Langmuir wave we are using the 

following expression 
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                                                                                          (29) 

 

where Im represent the imaginary part of the dielectric 

function. 

 

By using large argument series of the plasma dispersion 

function   Z
K v

 
 

 
 
 

in equation (26) we have 
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                                           (30) 

 

Where ek is the Debye wave number. 

 

After calculation we obtain 

22( , )
0

3

K pj
 


 

                                                         (31) 

 

From previous studies on wave energy upconversion of 

Langmuir wave in presence of resonant wave through 

nonlinear wave-particle interaction in homogenous space 

plasma [18], it was found that the most dominant 

contribution comes from the polarization coupling term for 

the growth of nonresonant Langmuir wave. For estimation of 

growth rate of Langmuir wave in this study on homogeneous 
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ionospheric plasma we consider polarization coupling term 

only. 

 

From equation (28) we have  
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                                                                                           (32) 

 

Here, due to causality principle A and C are reals and B and 

D are complexes. 

 

We consider here the part  ImA D act as dominant term for 

the Im p . After integrating by parts and using small 

argument expansion of Bessel functions and considering 

dominant terms only we have  
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where Vlh is the velocity of lower hybrid wave. 

 

After lengthy calculation and taking  dominant terms only  

and considering  j=e for Langmuir wave, we obtain the 

approximate expression of growth rate as 
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                                                                                           (33) 

 

 

V. RESULT AND DISSCUSSION 

 

From earlier investigations using space based observatories it 

is found emission of modulated Langmuir wave in the 

auroral ionosphere, in the solar wind , in the magnetosphere 

and in space plasma. In the topside auroral ionosphere it was 

reported parametric decay of Langmuir wave to lower hybrid 

wave. In our study we consider wave energy upconversion of 

Langmuir wave through nonlinear wave-particle interaction 

and obtain its growth rate through plasma maser instability in 

the presence of lower hybrid wave. 

  

To obtain an estimation of the growth rate of Langmuir 

wave, we consider the following observational data: 

1)The Plasma parameters of topside polar ionosphere 

according to Freja satellite observations [13]: 

Average velocity of electron 
83 10 / secev m   

Velocity spread of electron 
82 10 / secev m  

 
2) Lower hybrid wave parameters in space [21]: 

5 5
2 10 / sec, 10 / seck cm k cm

 
    

From calculation the estimated growth rate of Langmuir 

wave is 

2
10

 


  
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