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ABSTRACT

The excitation of electromagnetic whistler mode wanf low frequencies by loss-cone
distribution function has been studied in the aairoegion in the presence of perpendicular AC
electric field. Method of characteristics solutiamd kinetic approach has been adopted to derive
the dispersion and growth rate. In this paper fifeceof AC field frequency, loss-cone angle
and temperature anisotropy has been studied by tisenmethod of characteristics solution in
the auroral region of ionosphere.

INTRODUCTION

Whistler waves are believed to play an importate io the generation of the pulsating aurora.
Naturally occurring plasma waves associated wittiiEsaauroral ionosphere include whistlers.
The energy source for a whistler is a lighting desge where the waves are generated over a
wide frequency range in a very short time. Theseesagpropagate from their source in all
directions. Parts of their energy propagate ing¢aghs ionosphere wave guide with a velocity
close to the light and almost without frequencypdision. Another part of the wave energy
produced during a lighting discharge penetratesutyin the ionosphere into the magnetosphere.
Part of energy of these waves may propagate alparsilel to the magnetic field lines of the
magnetosphere in a duct of enhanced plasma demsityeven naturally reach the conjugate
point on the earth’s surface in the hemisphere.tidel time of the signal propagating through
the magnetosphere is much greater than the trewmel af the signal propagating in the earths
ionosphere wave guide and is of the order of fevoisds. Moreover, the time delay of the signal
is frequency dependent, which results in the cherstic whistler frequency/ time profile.
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Electrons can be scattered into the loss-cone e \particle interaction between whistler mode
radiation and energetic electrons in the magnetrgpiThe scattering of electrons into the loss-
cone by incoherent whistler radiation was considdre Kennel and Petschek [1] while the pitch
angle scattering caused by coherent whistler eamssivas treated by Inan et al [2]. The
scattering mechanism is believed to occur in theatgial plane. The ionosphere is believed to
play some role in determine the spatial charadiesiof the pulsating aurora [3]. While the
pulsating aurora is one of the most common typeswbra, it can vary considerably in
appearance. In general, it is characterized byutegly shaped auroral patches with quasi —
periodic intensity fluctuations [4].

The cyclotron wave patrticle interaction [5-10] susfaves provide a viable mechanism for
stochastic acceleration and pitch angle scattéasg of energetic trapped electrons in the earth
radiation belt [11]. Natural whistler mode emissohave been found in radiation belt
environment of all magnetized planets and analogowgher mode waves [12] they can easily
propagated over a wide range of magnetosphere.thimode waves can be generated by
cyclotron resonant interactions with anisotropiergetic electrons [8]. The cyclotron resonant
energies are capable of exceeding the electron mests under certain magnetospheric
conditions. The loss-cone driven whistler instapils an attractive device for explaining auroral
pulsations, because the instability is directlywen by the precipitation process [13, 14]. Huang
et al [15] have observed that for the loss-condeaisgalso large. Electric field measurements at
magnetospheric heights and shock regions have gwatmes of an a.c. field along and
perpendicular to Earth’s [16-18]. Electromagnetic +Cyclotron instability in the presence a.c.
electric field in the ionosphere with observed saffeermal electrons have been studied by
Pandey et al [19].

Motivated by these findings whistler mode instai@$, having frequencies much smaller than
the plasma frequency and gyro frequency have bemited in the magnetosphere, both in the
presence of a parallel A.C. electric field [20] aldo in presence of perpendicular A.C. electric
field [21] in a situation where energetic electrdresse a generalized distribution and positive
index representing the strength of the loss-conexnRecently Pandey and Misra [22] have
studied the generation of loss-cone driven whisitestability in the auroral region for an
anisotropic plasma having Bi- Maxwellian distrimrtiwith loss-cone in the presence of Parallel
A.C. electric field.

The purpose of this paper is to extend the invastig of the role of generating whistler mode
wave of low frequencies by loss-cone distributiorparticular and by other factors in general in
the auroral region in the presence of perpendicAfarelectric field. Method of characteristics
solution and kinetic approach has been adoptedrwealthe dispersion and growth rate.

I1. Dispersion Relation

A homogeneous collision less ionospheric plasmgestda to an external magnetic field 8By

e and an electric field &&(Ey sinv t &) has been considered in order to obtain the cglatn
case, the Vlasov-Maxwell equations are liberaliz€de linear zed equations obtained after
neglecting the higher order terms and separatiegetjuilibrium and non- equilibrium parts,
following the techniques of Pandey and Misra [22] given as:
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where force is defined as F= mdv/dt
F= eS[Eosian(VXBO)J ..(3)

The particle trajectories are obtained by solving e€quation of motion defined in equ.(3) and
S(r,v,t) is defined as.
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Where o = ——2 is the cyclotron frequency of species s dhd=——" and a.c. electric field
m

S S

is varying as E = E,sinvt , v being the angular a-c frequency.

S(r,V,t) = (_ ris J[El tvX Bl](afsoj (6)

s ov

where s denotes species and,zand £; are perturbed and are assumed to have harmonic
dependence in£B; and E, = expi(k.r - ot).The method of characteristic solution is used to
determine the perturbed distribution functigndvhich is obtained from eq. (2) by
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farvat) = [ Stro(rv.thvo(rvit ) t-tdt. (7)

The phase space coordinate system has been traesfdrom (r,v,t) to @Vvo,t-t).The particle
trajectories which have been obtained by solving3@dor the given external field configuration
and wave propagatiok = [kDeX,O,kH eZJ.After doing some lengthy algebraic simplificatiand
carrying out the integration similar to Pandey 8idra [22], the perturbed distribution function
f, is written as:

® i(kr-ot)
= U@l ae [Elian{(i)uD + Dl(ﬂ)}
Mo o iw - kH V| - (n+ Qo+ pv} L M Ao

- iEly{J'ancl +J3nJ,D 2}+ ElZJanWD]

fsq(r,v,t) = -

Where the Bessel identity
Msme Z ‘JK (/1 )e|ke

has been used, the arguments of the Bessel fuacien

Ocs 03(233—\/2 oags v?

where
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di (b)) o _dIp(r2)
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Jp =
Following [14] the conductivity tensdo] is written as
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From J=o|.E, and two Maxwell's curl equations for the perturleehntities, we have

2
[kz —kk —m—zs(k,co)}El =0
C

where
4n . .

e(k,0) =1-—|o(k, )| is dielectric tensor
i

The Maxwellian distribution function with loss-coramgle &_taken from Huang et al [15] is
written as:
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Where normalization constant M is given as
M= _
1+tan’0,
A +1
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€,X€,= N2
Now the dispersion relation of oblique whistler was obtained from above for
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where
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The required expression for growth rate and remjudency are obtained as
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RESULTSAND DISCUSSION

Plasma parameters suited to the auroral ionosptaerd&een adopted to calculate the growth rate
and real frequency of the loss-cone driven whistietability in the presence of perpendicular

AC electric field. Ambient magnetic field (B=1x10" T electron density to vary from
n, =1x10° m-3 to4x10°m-3 electron energyKB'I'H from 6eV t0 12 eV. Temperature

anisotropy is supposed to vary from 0.25 to 1. Vhlee of perpendicular AC electric field has
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been taken asoE20 mV/m having frequency varying from= 0 to 6kHZ and loss —cone angle
is supposed to vary frof = 0 to 30°.

Figl. shows the variation of growth rate and reafjfiency with respect to k for various values
of temperature anisotropy in presence of Perpetadi@AC field magnitude E20mV/m with
frequency = 2kHZ and other plasma parameters shown in thearapf the figure. It is obvious
from the figure that with the increase of tempamatanisotropy the growth rate increase of
temperature anisotropy the growth rate increasgsfsiantly, indicating that the temperature
anisotropy is main driving force proving energy the growth rate of instability. This effect is
more prominent in the presence of perpendicular. &l€ctric field, as compared to the case
when parallel A.C. electric field is present asompd by Pandey and Misra [22]. Fig 2 shows the
growth rate and real frequency with respect to kvarious values of loss-cone angle in the
presence of anisotropytAl.5 and A.C. Field £=20mV/m. It is obvious that as the loss-cone
angle increase, the growth rate goes on increasimg.value of pitch angle distribution is more
effective in the presence of perpendicular AC fieldomparison to parallel AC field as reported
by Pandey and Misra [22]. Pitch angle anisotropyrk&oas free energy source to drive
instability. Fig 3 shows the effect of AC frequenggriation in the presence temperature

anisotropy A=1.5 and loss-corfg =10° . The increase of frequency exhibits increaser@fvth
rate and shifting of the maxima of the lower valoé&. Resonance velocity is modified by the

— + '
of AC frequency as it is represented by the factere > as such the real frequency
('OC

decreases with the increases of AC frequency,Hauetfect of the magnitude of Ac Field has no
effect. Fig 4 shows the effect of frequency vaoatin the presence of temperature anisotropy
and in the absence of loss-cone. This figure shibasin the absence of loss-cone the role of
frequency variation is more prominent in comparisorthe case when loss-cone is present but
the value of the maxima of the growth rate is lessomparison to the case when loss-cone is
present, this shows that the loss-cone angle bshas/éree energy source. In fig 5 the effect of
frequency variation is shown in the presence o$-lame but the temperature anisotropy is
absent. In this case the maxima um value of the/ijroate is significantly reduced and although
the increase of frequency s the growth rate bwg dantribution is not that much effective.
Significant reduction in the growth rate maxima igades the major contribution of the
temperature anisotropy in the growth rate of tistahility rather than pitch angle anisotropy. In
fig 6 the growth rate and real frequency variai®ehown with respect to k for various values of
the density g It is obvious that as the density increases tbevip rate as well as the band width
increases significantly. This shows that the nuntmasity of plasma particle has important role
in this region of ionosphere. Fig 7 shows the glorate and real frequency with respect to k. As
the energy of the energetic electrons increasee tiseincrease of the growth rate and also the
increases in band width with gradual shift of thaxima towards higher wave length k. This
shows that in this region thermal energy is lef=céfe.
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Fig. 1: Variation of growth rate y/o)ci verses R for different value of Temperature anisotropy and others
parametersB, =1x107 T ,n, =1x10°m=,0_ =10°,

E, =2x10°v/m K, T, =10eVy = 2kHz.
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Fig.2: Variation of growthrate y/o, verses K for different value of loss-cone angle
and others parametersB, =1x107T,n, =1x10°m= A, =1.5,
E, =2x107°v/m KT, =10eV, = 2kHz.
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Fig.3: Variation of growth rate 1(/(0Ci versesE for different value of A.C. frequency
and others parametersB, =1x107'T ,n, =1x10°m™= A, =1.5,
E, = 2><10'3V/m,KBTH =10eV P, =10°.
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Fig.4: Variation of growth rate 1(/(0Ci versesE for different value of A.C. frequency
In the absence of loss-cone angle and others parametersB, =1x 10T,

n, =1x10°m™ A, =1.5,E, =2x107°v/m K T, =10eV.
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Fig.5: Variation of growth rate y/coci vers&sE for different value of A.C. frequency
In the absence of loss-cone angle and Temperatur e anisotropy, others parameters
B, =1x107T, n, =1x10°m™ E, = 2x107°v/m KT, =10eV.
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Fig.6: Variation of growthrate y/o, verses K for different value of number density
and others parametersB, =1x107'T,A; =1.5,E, =2x10°v/m, 6_ = 30°
KgT, =10eV, v=2kHz.
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Fig.7: Variation of growthrate y/o, verses K for different value of KB'I'H
and others parametersB, =1x107'T,A; =1.5,E, =2x10°v/m, 6, =30°
KgT, =10eV, n, =1x10°m, v = 2kHz.

CONCLUSION

Whistler mode instability has been studied for ain@pic plasma having bi- Maxwellian
velocity distribution with loss-cone in the preseraf perpendicular AC electric field. Method of
characteristic solutions has been used to deraligpersion relation and growth rate. The role
of the excitation of whistler instability has begiscussed by loss-cone in particular and by other
factors in general in the auroral region of theomphere. It is observed that the presence of
perpendicular AC electric field plays prominenterah providing additional energy for the
enhancement of the growth rate. It is not the ntadeibut the frequency of the AC field which
plays significant role in the growth of the wave.its presence the wave growth is obtained at
lower value of the wave number.
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