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ABSTRACT

Whistler mode instability having propagation vector oblique to ambient magnetic field has been
studied for pitch angle loss-cone unperturbed distribution function for inhomogeneous
ionospheric plasma. Dispersion relation and growth rate have been derived and calculated for
ionospheric plasma having in homogeneity in perpendicular AC electric field, loss-cone and
temperature anisotropy. The growth rate of electromagnetic circularly polarized VLF wave has
been founded to be enhanced by free energy source like temperature anisotropy and loss- cone
up to a limited angle of propagation. It is also inferred that perpendicular A C electric field
modifies the resonance freguency condition.
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INTRODUCTION

Electrons can be scattered into the Loss-cone lvg warticle interaction between whistler mode
radiation and energetic electrons in the magnetrgpThe whistler mode radiation responsible
for this pitch angle diffusion may take the form @ther incoherent or coherent emissions.
Incoherent whistler mode radiation can result frovstabilities driven by anisotropies in the

velocity distribution of the hot electrons [1, ZJoherent whistler emissions can result from
phase bunching of energetic electrons triggereexigrnal emissions or by incoherent whistler
waves [3]. The scattering electron into the lossecdy incoherent whistler radiation was

considered by Kennel and Petschek[4], while thehpdngle scattering caused by coherent
whistler emissions was treated by Inan et al [Shistfer waves are believed to play an important
role in the generation of the pulsating auroras Ihow firmly established that the glow of the

pulsating aurora is caused by the quasi-periodimdi of the loss-cone and the subsequent
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precipitation of energetic electrons into the atphese [6]. Based on electron energy
measurements obtained from sounding rockets expatsn the scattering mechanism is
believed to occur in the equatorial plane. The smh@re is believed to play some role in
determining the spatial characteristics of the gtitg aurora because the drift rate of the auroral
patches appears to be related to the movemeneaofdahtral atmosphere [7]. Oguti [8] proposed
that local enhancements in the ionospheric plasemsity may explained to fill adjacent flux
tubes with different plasma densities, there byting the conditions needed at the equator to
trigger auroral pulsations.

Huang et al [9] calculated the characteristicshefincoherent whistler mode waves generated in
the magnetosphere along the L = 5 geomagnetic fiigddwhich intersect the atmosphere in the
region where the pulsating aurora is frequentlyeolesd and considered their implications for
the pulsating aurora. They observed for the loseayiven Whistler instability, the growth rate
along the L = 5 field line in largest just above tbnosphere where the loss-cone angle is also
large.

A spatially distributed mode current of Whistlerwegaoscillating at the modulation frequency of
the ground transmitted powerful HF wave can be ¢eduin the E-region of the high-latitude
ionosphere through the coupling between HF wawdutated electro jet current and induced
density irregularities. These density irregulastigenerated by the HF wave via a thermal
instability vary periodically along the geomagndield. This current produces whistler waves
directly rather than through an antenna radiatioocgss. This mechanism generates whistler
waves in the VLF range (3-30keV) with reduced harimacomponents. The frequencies of
produced whistler waves depend on the Polarizafrequency, power and modulation scheme
of the HF wave .It is predicted that whistler wasfrequency around 25KHz.can be most
favorably excited. During sub storm expansion, regrastimulated electromagnetic emission
(SEE) at the harmonic of the down shifted maximuegdiency has been found. It is believed
that SEE is accompanied by excitation of the VLR/@gapenetrating into magnetosphere and
stimulating the precipitation of the energetic &lees (10-40KeV) of 1-min duration due to
cyclotron resonant interaction of the natural gation electrons (1-10KeV) with the heater-
induced whistler waves in the magnetosphere. Inrélcevery phase of the auroral sub storm
emissions at the heater second harmonics frequensythe large decay time up to several
minutes after the heater turn—off. The possibldanation for these emissions can be found from
the linear conversion process when the pump waveOgohode may directly convert to
electrostatic waves in the region of the HF plasesmnance .The large decay time may result
from electromagnetic instability growth in the hevat modified ionosphere at the downward
field-aligned currents.

Strong variations of auroral hiss intensity and oft frequency correlating with auroral
dynamics were observed well pole ward from the @lroval. The auroral hiss intensity bursts
correlated with intensifications of aurora arcsaetl as with magnetic disturbances. The cut off
frequency of auroral hiss depends on the distasceedses and vice-versa. Such behavior of cut
off frequency can be explained by propagation ex\thhistler mode at wave normal angles near
the resonance cone from a moving spatially locdlsmurce.
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In this paper Whistler mode instability having pagation vector to ambient magnetic field has
been studied for pitch angle loss-cone unperturdisttibution function for inhomogeneous
ionospheric plasma. Dispersion relation and groratie have been derived and calculated for
ionospheric plasma having in homogeneity in perpehar AC electric field, loss-cone and
temperature anisotropy. The growth rate of elecagmetic circularly polarized VLF wave has
been found to be enhanced by free energy souregdikperature anisotropy and loss-cone up to
a limited angle of propagation. It is also in fedritnat perpendicular AC electric field modifies

the resonance frequency condition.

I1. Dispersion Relation

A spatially homogeneous an isotropic, collisionslesagneto plasma subjected to an external
magnetic field B = By . and an electric field &&(Ey sinv t &) has been considered in order to

obtain the relation .In case, the Vlasov-Maxweluaipns are liberalized. The linear zed

equations obtained after neglecting the higher roteélens and separating the equilibrium and
non- equilibrium parts, following the techniquesRandey et al [10, 11] are given as

of, e o of
v—=.+—|E sinvi +(vxB 2 1=0 (1
o el s+, T @
afSl+v.%+ il =5(r,v,1) ..(2)
ot or m, )\ ov

where force is defined as F= mdv/dt
F =e_[Eosin(v X B)] ..(3)

The practical trajectories are obtained by solvimg equation of motion defined in equ.(3) and
S(r,v,t) is defined as.

v _ , , T invt - vsinot
xO:x+(—yJ+(ij[Vx5'n®cst _VyCOS’JCSt]-"( Xj{mcss 2 - 2 = }

Ocs Wcs Ocs 02—V
2 ' 2 '
v 1 ' . : r VSCO0S0.el - mECOSU
Yo =y+(_x]—(—J Vy COS0 st —Vysm(ocst _( X J 1+ c; ;:s
Ocs Ocs VO s 02—V
20 =2-vyt (4

and the velocities are

2 2

vy (cos/c - cosncst')

Vy0 = VxCOSvcst —VySinwegt +{
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2 2

(DCS -V

V,0 = Vy (5)

eB, . . e E L
whereo_ =——2 is the cyclotron frequency of species s ahd=——2 and a.c. electric field
m m

is varying ask = Esinvt , v being the angular a-c frequency.
e of ..(6)
S(rv,t)=| —— |E, +vxB =
(rv.9) [ msjll J(avj

where s denotes species and,lzand f; are perturbed and are assumed to have harmonic
dependence insfB; and B =~exp I(k, reot).The method of characteristic solution is used to
determine the perturbed distribution functigndvhich is obtained from eq. (2) by

farvat) = [ SEro(rvit ) vo(rv t ) t-tat. (7

The phase space coordinate system has been traesfdrom (r,v,t) to @vo,t-t).The particle
trajectories which have been obtained by solving3g@dor the given external field configuration
and wave propagatiok = [kDex,O,kH eZJ.After doing some lengthy algebraic simplificatiand

carrying out the integration, the perturbed disttion function f is written as [12]
& $ Jp02)3m (103 (g)e kT Ur

)
Mso o ioa - kH v - (N+qQ)ocs+ pv} L

- iEly{J'anc:l + JnJ'pDz}+ ElZJanWD]

fgq(r,v,t) = -

n
Elian{(k—)uD + Dﬂ%)}
1 2

where the Bessel identity
ei/lsinH - Z\]k (/1 )eike
k=—0c0

has been used, the arguments of the Bessel fuadiien

2 _kpvp A\ = kglyxv 2 _kpl'yocs
1~ 2T 8T T o

Ocs Wcg —V Wes —V
where

C = Lo Nk, vy )+ Lo,
v\ ov, ov,
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UP=cyfvg —1—Tx
1[VD {(Dgs_VZH
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Following Pandey et al [11] the conductivity tenga} is written as

3 ei ol J (X3)S|-d3v
”G”__Zmanj(o—kvq—(n+(Jq)(o +pv
s mn,p.q cs
where
VD}%(\]n)ZJpA v JnB VDW*%J%JD
1 1
S, = VDJpAJnJ'n VD‘JnB )Y DW*JpJnJ'ﬂ
2 ; 2
ny .. p . ,
A=|—|U +|—|D,, B=J,J,C, +J,J.D,
1 >\‘2

From J=|o|.E, and two Maxwell’s curl equations for the perturlseeantities, we have

[kz—k k—w—zs(k m)}E =0
k=" e(k0) |,

where

g(k,0) = 1—?—n||o(k, )| is dielectric tensor
0

The Maxwellian distribution function with loss-coaagle 8, taken from Huang et al [9] is
written as
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2 v 2
fsoz%ex (Yo | | L —= > tand,
M= opoy oy o V|
where normalization constant M is given as
M = !
1+tan®0,
A, +1
Anm? I, (5)[S; |dv
ey (ko) =1+ > = [——22 S
ms® 0‘)_k\/_(r]"'q)(l)cs-'-pv
The generalized dielectric tensor may be written as
2 2 :
N cos.29l teqq 8212 N coselsmel te1q
, €21 N5 , 8223
N cosals|n01+831 €33 N“sin 91+s33

If we remove the contribution of AC electric fiebthd set normalization constant M=1 above
dielectric tensor is similar to Sazhin [13] and Misand Pandey [14]. After using the limits
kg =ksind; -~ 0 and k; =kcod), the generalized dielectric tensor becomes sineplitensor

and dispersion relation reduce as

2
-N +811 2812 0
~€51 -N +822 0
0 0 833

This is rewritten in more convenient form. Now f@histler wave
-N*=-2¢, ,N?+¢e2 +¢2,=0

for electrostatic waves,, = 0
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Neglecting the higher power of N the resulting tielabecomes as
e te, =N’

Now the dispersion relation of oblique whistlerwgas obtained from above for
n=1p=landJ =1, =1

k?*c?

=1+ m—[ at ] Z(E(+ A (1+EZ(8)); +tan’
® © ag /| MK a

{(] (1+a2@)+ 5 §(1+§Z(§))]H

where

Xoe = erz X3:& )(4=__V Ks =1=X5+ X, 0 Ky &
®. ~V o, O k3

k, =k

The required expression for growth rate and remjudency are obtained as

2 2
VA (1, X (AT_k4)+(tarﬂck3j Xt s s [ Ky
y _ Mk, o Mk a Mk, Mk,

- 2 + 2,2 2
®, (1+ X, J{“X M AT(12 X,) M (A, _k4)}+ X tard,
o 2k3 K, 20,
) M?A.B 1+& )
_k; g X, tamb. ‘M
Xy =1+ X, 2 +
2B (1+X4) 2aDk1(1+X4)
where
k TH Noko
B

RESULTSAND DISCUSSION

Following plasma parameters studied to the arooamlosphere has been adopted for the
calculation of the growth rate and the real freqyerfior the loss-cone Driven Whistler
instability. Ambient magnetic field 8=1 x10°T, electron density g¥1x1F m® electron energy
Kg T11=10ev.Temperature anisotropyr As supposed to vary from 0.25 to0.75 and loss-cone
angle 8°%is to vary from 0 to 2D.AC electric field has been considered equal ter®m and
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its frequency to vary from 2 kHz. The angle of @gation has been taken to vary between zero
to 60.

Fig. 1 shows the variation of the growth rate amel teal frequency for various values of the
temperature anisotropy in the presence of the &ld f =20 mV/m with a frequency of 2 kHz.

It is observed that the growth rate increases bseasing the value of temperature anisotropy it
means that it behaves like a free energy sourds.dlso observed that in the presence of AC
field, the growth rate and also the bandwidth moeceeases in comparison to the case when the
AC field is absent, this shows that the AC field lzalditive effect. Thus a minimum of electric
field magnitude is enough to trigger the Whistlerigsion and the existing growth of the wave to
a higher value, increasing the power by a few @sis in comparison to that without the AC
signal. These triggered emissions have been olsbgéenstruments on board satellites [15, 16]
and if these emissions are ducting along the fiees they may be recorded by ground stations.
Fig. 2 shows the variation of growth rate and fesjuency with respect tk for various values

of AC field frequency in the case when temperatanisotropy is 1.5.In this case it is observed
that the growth rate and also the bandwidth ineredth the increase of the AC field frequency.
It shows that AC field frequency introduces a sngaflwth and provides some free energy to
make the plasma unstable sustaining the growthlogifér waves.
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Fig. 1: Variation of Growth rate and real frequency with respect K tofor various values of Temperature
anisotropy at other fixed Plasma Parameters.

In Fig. 3 the growth rate and real frequency istptbagainstk for various values of the loss-
cone angle in the presence of temperature anisofasther fixed plasma parameters. It shows
that with the increase of the loss-cone anglegtioaith rate goes on increasing simultaneously
increasing the bandwidth. This indicates that tbeslcone angle is supposed to provide
additional energy for generating Whistler waveaf ffrequencies.

Fig. 4 shows the variation of the growth rate ama frequency withk k for various values of
the magnitude of the electron eneﬂgéﬂ It is observed that with the increase of the miagia
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of the electron energy, the growth rate increasesb@oadens the range kf.That is emission is
possible for extended valueskof Fig. 5 shows the variation of growth rate and fesquency

withk for various values of angle of propagation .Wiik tncrease of the angle of propagation
the growth rate increases slightly and the changebiiqueness broadens the wave spectrum
over wide range. This is in agreement with the plz®n due to the change in resonance

condition.
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Fig. 2: Variation of Growth rateand real frequency with respect K tofor variousvalues of AC field
frequency at other fixed Plasma Parameters.
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Fig. 3: Variation of Growth rate and real frequency with respect K tofor various values of Loss-cone angle
at other fixed Plasma Parameters.
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Fig. 4: Variation of Growth rate and real frequency with respect IZ tofor various values of Electron energy

KgT at other fixed Plasma Parameters

g
=

1.000E-03 g

il 001 &

+ 1.000E-03

1.000E-04 1.000E-04
o} 0.2 04 [ 06 0.8 1

Fig. 5: Variation of Growth rate and real frequency with respect K tofor variousvalues of Angle of
propagation at other fixed Plasma Parameters.
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