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current ariven instability in eartin’s dusty mesospheric layer
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Measurements during the Polar Mesospheric Summer Echd&SE)Pconditions suggest the
presence of large amount of dust particles in the Earthsri¢w&0— 90 km) atmosphere with
average sizes- 0.1y, and number densities 103cm 3. The visible manifestations of these
phenomena are clouds of icy particles called Polar MesagpBéouds (PMC), when viewed
from space, and Noctilucent Clouds (NLC), when viewed byeolers on Earth [Vladimirov
& Klumov, 2010]. The ratio of charged to neutral dust pagscis about 5 to 10 percent of the
total dust number density implying that the most of the dastiple in the layer is neutral.

The presence of 10 30nm dust particles in the upper and lower mesosphere iswuareg
phenomenon and these patrticles are either neutral or caerglectronic charge. Further, since
dust is much heavier than the plasma particles (dust makd 8g—10-17g) it will lead to
relative drift between the plasma and dust. Thus presencbharfed dust changes the plasma
diffusivity at 85— 90km and causes a vertical current due to the accumulatigosifively
charged dust at the top and negatively charged dust at thentbof the layer. Such an electric
field has been observed in the past [Zadorozhny et al., 1993].

The cause of the ionospheric irregularities is often aited to the current driven, electro-
static instability and it is believed that the electrojetistable due to the relative streaming of
the plasma particles across the magnetic field. Note thégy=d8uneman instability treats the
magnetic field as passive dynamical quantity, notwithstamthe observed daily variation of
the magnetic fields in the narrow belt of the geomagnetic egad 90— 120km. In the present
work we shall investigate the current driven electromaigniestability where the ambient cur-
rent is aligned to the background magnetic field and is cabgetthe relative drift between
plasma particles.

The 80— 120km region of Earths ionosphere is weakly ionised withtradumumber density
(Nnh = 102 — 10%cm™3) far exceeding the ion number density & 10°cm3). The charged
dust number density is similar to the ion number densityZimy = 10°cm~3 and neutral dust
density is an order of magnitude larger than the charged musber density [Havnes et al.
1996]. In a weakly ionized medium, often plasma inertia igleeted and a linear relationship

between the electric field and plasma curre@dt E = 0 - J is derived, where is the conductiv-
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ity tensor. The neglect of plasma inertia implies that trespia dynamical response frequency

is much smaller than respective gyro—frequencies, implyfrat only low frequency wave can
be considered in such a framework. The weakly ionized, siotial plasma dynamics can be
investigated either in the multi—fluid or the single fluidrfrawork. Whereas multi—fluid frame-
work is well suited to describe the high frequency fluctuagicdhe multi—fluid set of equation
can be reduced to single fluid, MHD like equations to invegghe low frequency behaviour
of the medium. The collision not only leads to the dampinghef high frequency waves, but
in the low frequency limit it can alsgel the medium together. Clearly, when the dynamical
response time is much smaller than the collisional time ptlaéti—component set of equations
can be reduced to a single fluid description. We model the 880 km layer of the Earth as a
multi-component, weakly ionized plasma consisting of plagarticles, charged and neutral
dust and neutral particles. The multi—fluid equation can dslye reduced to the single fluid
equation.
We shall define the mass density of the bulk fluigbas p,. Then the bulk velocity isl =~ vp,.

The continuity equation for the bulk fluid becomes

ap
E+D~(pu)—0. (1)
The momentum equation can be derived by adding plasma egsati
du JxB
— =—-0P . 2
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We shall define the plasma Hall parameter

_ )
an,
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as the ratio of the cyclotroaxj = qj B/m; c to the collisionvj, frequency. The relative drift of
the magnetic field through the plasma can be quantified ingeintall parameter. Inverting
the generalized Ohms lalv—= 0| E|+0opE L+ OnE X B/B in terms of electric fieldE gives

2
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Hereny is Hall diffusivity, n is the Ohm diffusivity and Pedersen diffusivify = n +na where
na is the ambipolar diffusivity. The symbbl= B/|B|, the electric field is written in the neutral
frame and parallel and perpendicular components of thegtirefers to the orientation with
respect to the ambient magnetic field. Taking curl of abowggqgn, with the help of Maxwell
equationc[IxE = —¢ B, we arrive at the following induction equation
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Note that at a height of 806 100km, sincew; ~ 10°s *, for collision frequencw;, = 5.8 x

10t nn+14A;01/2 whereA is the mean neutral molecular mass in atomic mass unitsfage
A/20, Ny 14 = Np/10%cm™3, one getsB < 1. In this limit, we shall neglect all the diffusive
term and assume that the magnetic flux is frozen in the weakiged plasma.

We assume that the plasma is immersed in a uniform backgmagdetic field3 = (0,0, B).
Often, plasma inhomogeneities coupled with the field align@rent are thought to be respon-
sible for the wide range of waves and fluctuations in the Badhosphere. An electric field in
the lower mesosphere and in the vicinity of NLC has been ekskin the past [Zadorozhney
et al., 1993]. The typical value of such an field aligned eiedield is of the order of~ 1V /m
[Klumov et al., 2000]. The presence of field aligned curretyncause the lowering of the
threshold for lower hybrid waves . Thus, we shall assume ailiequm currentd = (0,0,J)
aligned to the ambient magnetic field.

Following standard procedure, we can arrive at followirgpérsion relation

w\? w\? 413\ ?
(&) 2(&) (&) = ©

Herewy is the Alfvén frequency. In the absence of current, preagdquation describes Alfvén wave
in the neutral medium where the inertia of the bulk fluid basthe magnetic fluctuations.
WhenJ # 0 the necessary condition for the instabilly < 0 becomes

cB

J
>4n

K, (7)

which implies that no matter how weak the strength of the ambcurrent density, this con-
dition can be always satisfied for sufficiently long wavel@rifuctuations. Therefore, we may
conclude that low frequency, long wavelength fluctuatiorhe medium will be suspect to the
current driven instability. Writingo = wy +1i wy, the growth rate of the instability becomes

1/2
G — <47TJ/C_1) -~ ®)

kB

Note that the expression in the bracket on the right handsierays positive for the instability

to exist. The growth rate, Eq. (8) can be also be written as

1/2
w = (J/ir;VA —1) A (9)

where ion skin deptd = va/ .
It is known that the presence of charged dust just below thetreljet region may affect the

electrojet currents. We shall assume that the charge nudasity~ 10°cm~2 and calculate
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o~ Cel'bBe} B for Be = 10"andB=0.3G. Thusfora 1 Qm electric field in the austy meso-

sphere, one gets froth= 0 E, 47J/cB= 2.2 x 10~° in cgs unit. Thus wavelength of the order
of km can destabilise the dusty layer. Therefore, a smatlldysr at the bottom of the E region
can excite the low frequency, long wavelength instability.

As has been noted above Farley—Buneman instability (FBdh@svn to create plasma irreg-
ularities in the E-region, at heights where the electroesstnongly magnetized. The interplay
of the Earths electric and geomagnetic field produces cigmehich give rise to the FBI. In
dusty mesospheric layer where the electrons are strongiyetaed, it would appear that the
collisional drag of the ions by neutral flows may cause thesttigyment of a similar instability.
However the necessary condition of the FBI, i.e. the redatirift between the plasma particles
must exceeds the acoustic speed of the bulk fluid would im@ir@ng current in the meso-
sphere which is not supported by the observations. Theregfd@! may not be important in the
lower mesosphere.

To summarise, the current driven instability in a collishrmagnetized, dusty medium has
been analysed in the present work. The low frequency, longle®agth waves in the magnetic
field aligned current medium can become unstable to the legquigncy fluctuations if the ratio
of the current to the background field is larger than the Iggged times the wavenumber. The
growth rate of the instability depends dpie neva. The instability could play an important role
in the Earths mesosphere.
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