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Abstract­ the main objective of present study is to understand the effect of ion-electron beam velocity on the Alfven waves in 

multi-component magnetospheric plasma by using method of particle aspect approach and using different plasma parameters in 

auroral acceleration region. Here one component is electron and other three components are the Hydrogen, Helium and Oxygen 

is mixed. We develop the dispersion relation and field-aligned currents of the Alfven waves with the help of General loss-Cone 

distribution function. The waves propagating in the direction of the ambient magnetic field along the z-axis are considered. The 

whole plasma has been considered to consist of resonant and non-resonant particles. It is assume that the resonant particles 

participate in energy exchange with the wave, whereas non-resonant particles support the oscillatory motion of the waves. 

Dispersion relation and associated field-aligned currents are evaluated for Alfven waves in the auroral region using particle 

aspect approach. The estimated results are shows the applications of Alfven waves in multi-component magnetospheric plasma 

in the auroral acceleration region of interplanetary space plasma as well as the magnetospheric plasma and astrophysical 

plasmas. 
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I.  INTRODUCTION  

 

Firstly, the reality of such waves was theoretically estimate 

by H. Alfven is called Alfven waves in 1942. This theoretical 

estimate was of great significance because it created new 

achievability to transport energy in a one form to another or 

medium, particle acceleration. An Alfven waves are establish 

to be prevalent in the universe or nature and laboratory 

plasmas [1]. An Alfven waves are basically physical 

phenomenon in magnetized plasma that contribute to a large 

variety of physical activity in space plasmas that is 

turbulence plasma heating and acceleration through the 

magnetic field lines, wave particle-interactions and 

generation of geomagnetic perturbations. An Alfven waves is 

the dominant low point­ frequency transverse way of 

magnetized plasma. This wave propagates with the magnetic 

field and displays a continuous spectrum even in bounded 

plasma.  An Alfven waves play key roles in many naturally 

occurring interactions. For example, „changes in the auroral 

current magnitude‟, „spatial configuration‟, or „changes in 

the magnetosphere configuration‟, propagation of 

information and An Alfven wave emissions may interact 

with communication signal, in space plasmas. The study may 

be applicable in communication system. The observations of 

many rockets and satellites will be undertaken to explain our 

theoretical findings.       

 

Measurement from the Fast Auroral Snapshot satellite and 

the Polar spacecraft have been postulate the existence of 

small-scale Alfven waves that carry a wide net pointing flux 

with magnetic field lines towards the earth, in spacecraft 

measurements[2].The phenomena associated with the Alfven 

waves in auroral acceleration region can also be examined by 

in Situ measurements [3]. However, satellite observations, 

both Fast Auroral Snapshot and Polar satellites are very well 

suited for studies of auroral acceleration region, field aligned 

or parallel currents, plasma flow and Alfven waves [4]. 

These satellite orbits between the upper ionosphere and the 

lowest reaches of the auroral acceleration region and is 

theoretically located for performing this study. 

 

Aurora‟s are created by electrons and protons string earth‟s 

atmosphere, when oxygen, hydrogen, helium and nitrogen 

atoms are hit by these energetic particles, they become 

excited as they relax to their main state, the emit light is  of a 

characteristic colors, in the auroral acceleration region. The 

most important aspect of Alfven waves observed in the 

auroral oval and more recently in the high latitude 
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magnetosphere is their ability to accelerate electrons to 

energies and in fluxes sufficient to cause visible aurora [5].     

 

Recently, particle aspect approach has been developed for 

the Alfven waves which are based upon Dawson‟s theory of 

Landau damping which was further extended by [6&7] to the 

analysis of electromagnetic instabilities.  

 

The investigation of charged particle trajectories in the 

presence of wave study the excitation of wave, their 

dispersion relations current driven by the waves and the 

transfer of energy to the particles and hence heating the same 

sequence of analysis which is referred to as the particle 

aspect analysis. The main advantage of this approach is to 

consider the energy transfer between waves and particles, 

along via the discussion of dispersion relation and growth 

/damping rate of the waves. In particle approach analysis, a 

better understanding of particle orbits in the presence of 

wave is important for predicting confinement, high energy 

particle loss, heating efficiency and current flow in the 

presence of waves. 

 

The ion beam in the direction of the wave motion may damp 

these waves if the ion beam velocity is smaller than the phase 

velocity of the wave; however, the ion beam opposite to the 

wave motion may excite the waves, as reported in this paper. 

The electron beam are inject from the tail side of the 

magnetosphere at the sub-storm times constituting field- 

aligned currents and auroral acceleration [8&9]. In the same 

event, the Alfven waves are also observed by various rockets 

and satellites, therefore, the electron beam may be the cause 

of Alfven wave generation which modifies the wave 

frequency, the anisotropy of the plasma sheet, auroral 

acceleration region may affect the field aligned current and 

wave spectrum. 

      

The theory and findings of the investigation are applicable to 

magnetosphere­ ionosphere coupling where parallel current 

and auroral acceleration are explained in terms of Alfven 

waves.    

 

II. RELATED WORK  

 

Our previous research work, we have study of Alfven wave 

in cold magnetized plasma. The wave is assumed to 

propagate parallel to the static magnetic field. Dispersion 

relation of Alfven waves are measured in multi-component 

magnetosphere plasma consisting of mixture of hydrogen 

(H+), helium (He+) and Oxygen (O+) ions in magnetized 

cold plasma. It is observed that the effect of multi-ions for 

different plasma densities on Alfven waves is to enhance the 

wave frequencies. The results show that ions can be 

significantly heated and electrons accelerated by Alfven 

wave. We also reviewed some applications in space and 

astrophysical plasma. Showing the importance of Alfven 

waves in multi-component plasma these studies.  

 

An Alfven waves have been studied in auroral acceleration 

region using plasma kinetic theory. The wave dispersion 

relation, growth/damping rate and growth length are 

evaluated for Alfven waves in multi-component 

magnetospheric plasma. It is observed that the effect of 

temperature anisotropy on Alfven wave. Our finding is 

satisfied by the Polar spacecraft and Fast Auroral Snapshot 

satellite. The effect of parallel electric field with temperature 

anisotropy on Alfven waves in multi-component 

magnetospheric plasma by using the method of kinetic 

approach and using different plasma parameters in auroral 

acceleration region.  

 

III. METHODOLOGY 

 

We consider plasma under static magnetic field (B0) in which 

collisions between particles is neglected. We shall discuss 

the behavior of an Alfven wave of plane polarization in the 

form. An Alfven waves is assumed to that at t=0 when the 

resonant particle are not disturbed. The trajectories of 

particles are then evaluated within the theoretical of linear 

theory. 
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These wave electric fields (EF) considered along the X- axis 

is of the form 
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Where Ex and By are the electric and magnetic fields of wave. 

The main interest lies in the behavior of those Alfven waves 

which satisfy the conditions 
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+
 ions, VTIIiα  and VTIIe are the mean 

parallel velocity  of multi-ions and electrons along the 

magnetic field , Ωiαe are gyration frequencies. The equation 

of motion for the plasma particles is   
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Then the electric field vanishes and the magnetic field has 

the form  
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We start with the trajectories of free gyration which is given 

as 
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Where, Z0 is the initial position of the particles in the Z 

direction. The Gaussian system of units is adopted in this 

paper and interaction between particles is neglected. The 

electric field on the right hand side considered to be small 

perturbed and v can be expressed as a sum of the unperturbed 

velocity V and the perturbed velocity u, that is v=V+u, u is 

determined by the following set of equation [10].   
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Where u1 = ux+iuy represents the velocity in transverse 

direction and uII represents the velocity in parallel direction 

and Ωα is a multi ion cyclotron frequency that is 
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Equation (6) is solved for perturbed velocity of charged 

particles in the presence of Alfven waves which is given as  
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Where, δ=0 for the non-resonant and δ=1 for resonant 

particles 

And   
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The resonant particles condition is given by VIIKII-ω=0. 

These equations (9) represent the perturbed velocities of the 

charged particles in the presence of Alfven waves and have 

vast application in plasma heating processes, confinement 

device and the space plasma. 

To evaluate the density perturbation affected by velocity 

perturbation due to Alfven waves, we consider particles with 

the same initial condition and let its number density by 
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                                       (10)                                                                                                                               

 
Where, n1is perturbed density which can be derived from the 

equation (10) 
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On integration  
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The quasi-neutrally yields to the equation  
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Thus we evaluate the density perturbation association with 

the particle velocity  
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For non-resonant particles  
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Similarly, for resonant particles 
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To evaluate the current, dispersion relation, we use the zero 

order distribution function [11&12] N (V) of the form
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And  
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From equation (14-16) 

 












 








2

2

2

2

22/30

)(
exp

1
)(

ITIi

bII

TTIIiT V

VV

V

V

VV
NVN


(17)

                                                                                  

Where, VT┴ and VTII are the perpendicular and parallel 

thermal velocity. Vb is beam velocity and N0 is the 

background plasma density.  

 

Current 
To evaluate the perturbed current per unit wavelength in the 

multi- component on Alfven waves, we use the following set 

of equations  
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Where, ds represent the length of magnetic field line 

elements and ks= k.r. Equation (18) considers current per unit 

wavelength and not the current density per square centimeter 

[13]. The right hand side terms of equation (18) involves 

density perturbation n1and the velocity perturbation u which 

contain the oscillatory terms. If the integral ʃ ds are not 

performed, the evaluated current will be oscillatory. To find 

out the average values, the current is evaluated per unit 

wavelength. These currents represent the distributed currents 

over the entire wavelength and equation (18) represents the 

average value of this distributed current over a wave length 

of the Alfven waves. We obtain the multi-ionic and electron 

current per unit wavelength with the help of equations (9, 

13&18). 

The multi-ionic current per unit wavelength can be written as 
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The electron current per unit wavelength can be written as 
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Thus, the multi-component current per unit wavelength 

flowing along the magnetic field in the presence of Alfven 

waves is given as  
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The average values of perpendicular currents become zero in 

the first order. Here q=+e for ions and q=-e for electrons is 

used and ωpiα,e=(4πN0e
2
/miα,e)

1/2
 is the plasma frequency. 

VT┴iα,e=(2T┴iα,e/miα,e)
1/2

 is the perpendicular component of 

thermal velocity where the temperature T is expressed in the 

unit of energy, Ωiα,e is the cyclotron frequency. 

 

Dispersion relation  

The dispersion relation is evaluated with help of wave 

equation in the form  
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The time derivative 
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ik, we obtain the following equation  
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Substituting the value of Jz in terms of perturbed velocity ux 

and perturbed density n1, the dispersion relation for Alfven 

wave is evaluated as     

Dispersion relation for electron particles  
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Dispersion relation for multi-component particles
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Here, the dispersion relation for multi-component particles 

shows in equation (24). We notice that the dispersion relation 

of Alfven wave is modified by thermal and beam velocities 

of multi-particles. In case five the terms are zero, the 

dispersion relation reduces to well-known form. The current 

driven by Alfven wave is modified through the dispersion 

relations. In this model, the wave frequency ω is considered 

as real and the principle part of plasma dispersion function is 

used and coupling of compressional mode is not considered 

[14]. 

  

Again from equation (23-24), modified temperature 

anisotropy dispersion relation of Alfven waves in multi-ions 

magnetospheric plasma are evaluated. 
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Where,  

Ae= TIIe/T┴e  ,  AH= THII/TH┴,    AHe= TIIHe/T┴He  , AO= ToII/T┴O  
 

IV. RESULTS AND DISCUSSION 

 

The following plasma parameters are used to estimate the 

wave frequency and field -aligned current per unit 

wavelength which may be suitable to auroral acceleration 

region [15-19].  

 

 

 

 

 

 

Figure 1 shows the variation of wave frequency (ω) with 

propagating wave vector (kII) for different values of electron 

beam velocity (Vb). It is clearly seen that the effect of 

electron beam reduces the frequency when the electron beam 

is along the magnetic field and in the direction of 

propagating wave vector (kII) and wave velocity gets 

modified in the presence of beam in the plasma which is 

dispersion less medium for the Alfven wave.  
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Figure 1.Variation of wave frequency (ω) versus wave 

number KII for different values of electron beam velocity 

(Vb). 

 

Figure 2 shows the variation of wave frequency (ω) with 

propagating wave vector (kII) for different values of multi-

component beam velocity (Vb). It is clearly observed that the 

effect of multi-component beam reduces the frequency when 

the multi-component beam is along the magnetic field and in 

the direction of propagating wave vector (kII) and the wave 

velocity which gets modified in the presence of beam in the 

plasma which is dispersion less medium for the Alfven wave.  
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Figure 2 Variation of wave frequency (ω) versus wave 

number 

(KII) for different values of multi-component beam velocity 

(Vb) 

 

Figure 3 show the variation of field-aligned current per unit 

wavelength with propagating wave vector (kII) for different 

values of electron beam velocity. It is observed that current 

decreases with increases of propagating wave vector (kII)as 

well as Vb. The effect of electron beam parallel to magnetic 

field is to decrease the parallel current by diverging it to the 

perpendicular current. Thus, the closer currents may be 

constituted towards the ionosphere and the field aligned 

current reversal may occur during the auroral acceleration 

processes. 
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 Figure 3 Field-aligned current per unit wavelength JZ versus 

wave 

 number (KII) for different values of electron beam velocity 

(Vb) 
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Figure 4 show the variation of ionic current per unit 

wavelength with propagating wave vector (kII) for different 

values of multi-component (one component is electron (e) 

and other three components are the Hydrogen (H+), Helium 

(He+) and Oxygen (O+) ions are mixed) beam velocity. It is 

observed that current decreases with increases of propagating 

wave vector (kII) as well as multi-beam velocity (Vb). The 

effect of multi-component beam parallel to magnetic field is 

to decrease the parallel current by diverging it to the 

perpendicular current. 
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Figure 4 Field-aligned current per unit wavelength (JZ) 

versus wave number (KII) for different values of multi-

component beam velocity (Vb) 

 

 

Figure 5 shows the variation of wave frequency (ω) with 

propagating wave vector (kII) for different values of 

temperature anisotropy (Ae). We notice that the wave 

frequency increases with propagating wave vector (kII) but 

decreases with the increases of temperature anisotropy. Thus, 

the temperature anisotropy observed in the distant 

magnetotail and the auroral acceleration region also modifies 

the wave spectrum.  

 

Figure 6 shows the variation of wave frequency (ω) with 

wave number (kII) for different values of temperature 

anisotropy (Ae, AH
+

, AHe
+

 and AO
+
). We notice that the wave 

frequency increases with kII but decreases with the increases 

of temperature anisotropy. Thus, the temperature anisotropy 

observed in the distant magnetotail and the auroral 

acceleration region also modifies the wave spectrum.  
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Figure 5 shows the variation of wave frequency (ω) with 

wave       

   number (kII) for different values of temperature anisotropy 

(Ae) 
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 Figure 6 shows the variation of wave frequency (ω) with 

wave number (kII) for different values of temperature 

anisotropy (Ae, AH
+

, AHe
+

 and AO
+
). 

  

V. CONCLUSION AND FUTURE SCOPE  

 

In the present investigation, we have using the trajectories of 

particles which is evaluated within the theoretical of linear 

theory and found that the effect of electron beam reduces the 

frequency when the electron beam is along the magnetic field 

and in the direction of propagating wave vector (kII) and 
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wave velocity gets modified in the presence of beam in the 

plasma which is dispersion less medium for the Alfven wave. 

It is observed that current decreases with increases of 

propagating wave vector or wave number propagating wave 

vector (kII) as well as multi-beam velocity (Vb). The effect of 

multi-component beam parallel to magnetic field is to 

decrease the parallel current by diverging it to the 

perpendicular current. We notice that the wave frequency 

increases with kII but decreases with the increases of 

temperature anisotropy. Thus, the temperature anisotropy 

observed in the auroral acceleration region also modifies the 

wave spectrum. We have analyzed the dispersion relation of 

propagating waves in plasma comprising electrons and ions 

which will be mile stone in future in plasma world. . In many 

astrophysical and laboratory plasmas more than a single ion 

species is present. In multi-species plasma due to the 

occurrence of multiple resonances and cutoffs the 

propagation of Alfven waves is strongly affected. The results 

are interpreted for the magnetosphere in space plasma. Result 

shows in figure 1­6. 

  

ACKNOWLEDGMENT 

 

The financial assistance from the Rajiv Gandhi National 

Fellowship, University Grants commission, Delhi, India is 

gratefully acknowledged.  

 

REFERENCES 

.   
[1] H. Alfven,“Existence of Electromagnetic-Hydrodynamic Waves”, 

Nature, Vol.150, Issue 3, pp 405- 406, 1942 

[2] K.  Rahbarnia,  S. Ullrich, A.  Stark, O. Grulke, K. Thomas,  

Alfven waves in multi-component plasmas, J. Plasma Fusion Res., 

17, 032102­1, doi:10.1063/1.3322852, 2009 

[3] L. C. Woods, Hydromagnetic waves in cylindrical plasma, Journal 

of Fluid Mechanics, Vol. 13, Issue 4, pp 570-586, 1962 

[4] J. R. Wygant, A. Keiling, C. A.  Cattel, M. Johnson, R. L. Lysak, 

M. Temerin, F. S. Mozer, Polar spacecraft based comparison of 

intence electric fields and pointing flux near and within the plasma 

seet- tail lobe boundary to UVI image: An energy source for the 

aurora, J. of Geophysical Res., 105, 0148-0227, doi: 

10.1029/1999JA900500, 2000 

[5] D. Schriver, “FAST/Polar conjunction study of field-aligned 

auroral acceleration and corresponding magneto drivers”, J. of 

Geophysical Res., 108, 0148-0227, doi: 10.1029/2002JA009426, 

2003. 

[6] J. R. Wygant, A. Keiling,C. A.  Cattel, M. Johnson, R. L. Lysak, 

M. Temerin, F. S. Mozer, “Polar spacecraft based comparison of 

intence electric fields and pointing flux near and within the plasma 

seet- tail lobe boundary to UVI image: An energy source for the 

aurora”. J. of Geophysical Res., 105, 0148-0227, doi: 

10.1029/1999JA900500, 2000  

[7] N. Shukla, R. Mishra, P.Varma, M. S. Tiwari, “Kinetic model of 

Alfven waves in dusty plasma”, Indian J. Pure & Applied Phys., 

Vol. 44, Issue 11, pp 834-844, 2006  

[8] S. P. Gray, E.  Borovsky, “Alfven- cyclotron fluctuations: Linear 

vlasov theory”, J. of Geo. Res. 109, A06105, doi: 

10.1029/2004JA010399, 2004 

[9] L. Gomberoff, “Electromagnetic ion­beam­plasma instabilities”, 

IEEE Transaction on Plasma Sci., Vol. 46, Issue 11­12, pp1683-

1687, 1998 

[10] A. Baronia, M. S. Tiwari, Particle aspect analysis of Alfven waves, 

Indian J. Phys., Vol. 73(B), Issue 3, pp 499­507, 1999 

[11] S. Patel, P. Varma, M. S. Tiwari, N. Shukla, “Effect of ion beam 

electromagnetic ion cyclotron instibilty in hot anisotropic plasma­ 

Particle aspect analysis”, Ann. Geophys.,Vol.29,Issue30,pp 

1469­1478, 2011 

[12] S. P. Duan, Z. Y. Li,  Z. X. Liu, “ Kinetic Alfvén wave driven by 

the density inhomogeneity in the presence of loss-cone distribution 

function—particle aspect analysis”,  Planet Space Sci.,Vol.  53, 

Issue 11, pp 1167-1173,  2005  

[13] A. Baronia, M. S. Tiwari, “Particle aspect analysis of Alfven 

Wave”, Indian J. Phys., Vol. 73B  Issue 3, pp499-507, 1999  

[14] G. Ahirwar, P. Varma, M. S.  Tiwari, “Study of electromagnetic 

ion-cyclotron waves with general loss-cone distribution and multi-

ions plasma ­ particle aspect approach”, Indian J. of Pure & 

Applied Phys., Vol. 48,  Issue  334 -342, 2010    

[15] J. Shrivastava, P. Varma, A. Baronia, M. S. Tiwari, “Effect of 

electron beam and temperature anisotropy on Alfven waves”,  

Indian J. Phys.  Vol. 75 (B), Issue 2, pp117-121, 2001 

[16] J. Shrivastava, M. S. Tiwari, “Alfven wave in the presence of 

parallel electric field in the magnetospheric plasma”, Indian J. of 

Radio &Space Phys. Vol. 34, Issue 12, pp 17-22 , 2005 

[17] R. P. Shandilya, P. Varma,  M. S. Tiwari, “Kinetic Alfven waves 

in inhomogeneous anisotropic dusty magnetoplasma with 

inhomogeneous electric field – Particle aspect analysis”, Indian J. 

of Radio&Space Phys., Vol. 33, Issue 13, pp 13­24, 2004 

[18] P. Agrarwal, P. Varma, M. S. Tiwari, M. “Effect of electron and 

ion temperature ratio in kinetic Alfven waves with homogeneous 

plasma by kinetic approach”, Indian J. Pure & Applied Physics 

Vol. 49, Issue 15, pp 91-98, 2011 

[19] D. J. Southwood, W. J.  Hughes, “Theory of Hydromagnetic waves 

in the Magnetosphere”, Space Sci. Rev., Vol. 35, Issue 4, pp 301-

366, 1982  
 

 

AUTHOR PROFILE 

Mr. V. P. Ahirwar pursed B. Sc., M.Sc., M. Phil. and Ph.D. 

pursuing School of Studies in Physics from Ujjain (M. P). 

Now presently, I am working as Guest faculty in B. K. S. N. 

Govt. P. G. College, Shajapur (M.P.). I published four 

research papers in reputed international journals and attend 

the three international conferences. My main research work 

focuses on Space Plasma Physics. I have three years of 

teaching experience and four years of research experience. 
 

 

  


