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ABSTRACT 

 
Gravitational sedimentation of charged dust and its subsequent discharging by ionospheric electrons and/or ions results 
in a peculiar plasma capacitor and a vertical polarization of electric fields within the upper mesosphere. This mechanism 
predicts the electric fields from several tens to a few hundreds of  mV/m at altitudes 85-95 km.  
 
 
INTRODUCTION 
 
Since the late 1980s there is an increasing interest in the role of meteoric dust in the mesospheric plasma. Observations 
clearly show that dust layers are preset at mesospheric altitudes (85-95 km), where the meteoric stall and ablation occurs 
[1-4]. In addition, when dust particles are immersed in plasma and radiative environments, they inevitably become 
charged and thus introduce new features in the plasma electrodynamics. These particles have much larger masses than 
the plasma electrons and ions, can have multiple charges and introduce strong inhomogeneities on scales of the Debye 
length. Dust can act as a source or a sink for the electrons or ions introducing compositional changes. Moreover, dust 
particles are subject to non-electromagnetic forces (e.g. gravity, friction etc.). So one can expect meteoric dust to be 
especially important in the mesosphere, and first of all in view of its role in the generation of mesospheric vertical 
electric fields [5-8].  
In this paper we present a simple model for the generation of electric fields in mesospheric plasmas. We build our 
treatment on the existence of a dust layer at upper mesospheric altitudes (85-95 km), and an assumption that the dust 
particles are electrically charged mainly by the same charging mechanism. We show that a charge separation in the 
Earth's gravitational field gives rise to a peculiar plasma capacitor and to a plasma polarization in the electric field. The 
latter is strongly dependent on the dust size and its density. By using reasonable parameters for the dust component, we 
found that the electric field strength is between several tens and a few hundreds of mV/m, which is comparable with the 

local plasma threshold field,  mVeTmE ep /10/3 422 −≈= νδκ .  Here, κ  is the Boltzmann constant, em  and 

e  denote the electron mass and charge, 310−≤δ  is the fraction of energy lost by electron in a collision with a heavy 
particle, ν  is the effective collisional frequency of electrons.  

 
A MODEL OF THE ELECTRIC FIELD GENERATION 
 
We assume that there is a dust layer of a thickness kmd 1~  located at the mesospheric altitudes between 85 -95 km. 
Of course, a very low-density dust component is present throughout the bulk of the ionosphere and atmosphere but some 
special conditions cause a concentration of the fine dust particles at fixed mesospheric altitudes. The dusty plasma layer 
is quasineutral, namely  

0=++ ddiie NqNqeN ,     (1) 

where iq  and dq  are the ion and dust charges; ie NN , and dN  are the equilibrium electron, ion, and dust densities of  
the layer (for simplicity the latter is characterized by a mono-sized grain population). We will specify the sign and 



values of dq  later, when considering particular regions of the mesosphere. The electron and ion plasma densities 

outside the dust layer are assumed to be equal: 0NNN ie == .  
Since the grains are so massive, the dust is essentially non-magnetized, and slowly sediments downward through the 
atmosphere, directly responding to gravity, whereas the magnetized electrons and ions move along the magnetic field 
lines. As a result, the ensuing charge separation and the arising electric field will be strongly dependent on the direction 
of the geomagnetic field. Having formulated these conditions, we can consider special cases corresponding to the 
horizontal and oblique geomagnetic field 0H and to different signs of the dust charge.  

Case A: Tropical Mesosphere. First of all, we start with a tropical mesosphere, assuming that 0H  is horizontal and 
parallel to the dust layer. The charged dust drifts to the Earth under the action of gravity and carries away its electric 
charges, while electrons and ions are not free to follow them. The charged dust particle cannot penetrate far away into 
the underlying ionospheric plasma because of the collisions with electrons or ions, whose number densities are much 
higher than those of the dust particles. The grain becomes a neutral particle by swallowing up electrons (ions) thus 
producing a charge imbalance ( ie NN ≠ ) below the initial altitude. The distance D  that the charged dust particle can 

travel depends on its velocity dV  and the neutralization time ct  and can be roughly estimated as Cd tVD ≈ . The dust 

velocity dV  for a spherical particle of radius a is given by [9] 

mdd mT
p

gaV 2/
2

πκρ= ,     (2) 

where p  is the ambient pressure, dρ  is the mass density of the grain, g the acceleration due to gravity, and mm refers 

to the mass of a typical atmospheric molecule. The timescale ct  is just 
 

( ) 124 −=
ααπ TC VNat .      (3) 

 

Here e=α , when 0>dq   and i=α ,  for 0<dq .  
The spatial charge separation due to the dust motion in the gravitational field produces a peculiar ''plasma capacitor'', 
when the two parallel oppositely charged layers ("plates") are separated by some distance, which is of the order of either 
the thickness of the initial dust layer d  (in the case when Dd >> ) or D  (when Dd << ). The "upper plate" carries 
an excess of ionospheric particles having the opposite sign compared to the dust charges, whereas the «lower plate» has 
the charge of the same sign as the charged dust grains. As a result, the vertical electric field is polarized in the direction 
of the gravitation force for the negatively charged dust or in the opposite direction for the positive charged dust. The 
electric field between the "plasma capacitor plates" can be estimated as:  
 

0/ εσ=E ,       (4) 
 

with an effective surface charge density given by either DNq dd=σ  (if Dd >> ) or dNq dd=σ  (for Dd << ).  
To apply the analysis to real plasmas we use the observational data for the tropical region [3], which imply that the 
probability for acquiring the minimum excess charge by a dust particle is not very high. The meteoric dust model 
predicts dust sizes of a ~1-10 nm at a density of dN ~103 cm-3 at the altitudes of about 90 km. In order not to 

overestimate the role of the charged dust, we assume that 310~ −cmNd  and 0>−= eqd . This case is relevant to 
the daylight hours, when the particles can be positively charged due to photoemission. The electron density and thermal 
velocity are about 104 cm-3 and 104 m/s, respectively and ct  ranges from a few seconds to a few minutes, depending on 

the particle size. Table 1 lists the vertical electric fields (4) corresponding to the grains of different size in daytime 
conditions. It turns out, that the dust grains with a size of a few nm, can easily generate local electric fields of several 
tens or even of hundreds of mV/m.  



Table 1.  Tropical mesosphere, the 90 ±±±±2 km altitudes, qd = -e 
 

α, nm tС, s Vd, cm/s D, m E, V/m 
1 199 1.3 2.56 0.46 
2 49.8 2.6 1.29 0.23 
4 12.4 5.2 0.645 0.12 
6 5.53 7.8 0.431 0.08 
8 3.11 10.4 0.323 0.058 

10 1.99 13 0.258 0.046 
 
The situation can be totally different during the nighttime. Now, the dust charge is expected to be negative: 

0<= eqd .  The neutralization time  (3) is increased considerably reaching  ct ~ 102 - 104 s, mainly because of 

TeTi VV >> . As a result, D  increases and the resulting imbalance in charge densities causes electric fields, much 
stronger than in the daytime. The field is directed downward, to the Earth.  The parameters and electric fields used are 
listed in Table 2. 
Case 2: Polar Mesosphere.  In the case of magnetic field oblique to the dust layer, the plasma electrons and ions, 
moving along the field lines, follow the sedimented charged dust particles till the split between their paths will not 
exceed the plasma  Debye length. Dλ . It is easily to verify, that the charge separation starts, when the dust particles 

reach distances of χλ cosDD =∆  that depends on the tilt of the geomagnetic field χ. Hence, the "plasma capacitor" 
may exist only inside the dusty layer. In contrast to the tropic case, the polar capacitor carries a smaller effective charge 
density [ ]DDeNd ∆−=σ , and thus the generated electric fields (4) are reduced. Obviously, the vertical electric 

field cannot be generated in the immediate vicinity of the magnetic pole where 2/πχ →  giving ∞→∆D , 

0→σ , and 0→E .  
We estimate the vertical electric field, generated in the polar mesosphere at the altitudes of 82-85 km by assuming that 

080~χ  and the ionosphere is characterized by 0N  = 5 × 103 cm -3, TeV  = 2.15 × 104 m/s, and TiV  =5 × 102 m/s. 
According to measurements in the polar mesosphere summer echoes (PMSE) conditions, the dust charge density is 

eqN dd / ~102 cm-3 [1,5], and a ~10-50 nm. The computed electric fields (4) are listed in Table 3 and Table 4. 

 
Table 2. Tropical mesosphere, the 90 ±±±±2 km altitudes, qd = e 
 

α, nm tС, s Vd, cm/s D, m E, V/m 
1 7.96 × 103 1.3 103.48 18.62 
2 199 × 103 2.6 51.74 9.31 
4 49.7 × 102 5.2 25.84 4.64 
6 12.4 × 102 7.8 17.23 3.1 
8 5.53 × 102 10.4 12.9 2.3 

10 79.6 13 10.35 1.86 

 
 
Table 3. Polar mesosphere, the 82 - 85 km altitudes, qd = -e 
 

α, nm tС, s Vd, m/s D - ∆D, m E, V/m 
8 12.44 0.1 1.12 0.43 

10 7.96 0.13 0.93 0.33 
20 1.99 0.26 0.31 0.13 
30 0.88 0.39 0.25 0.08 
40 0.5 0.52 0.15 0.06 
50 0.32 0.65 0.1 0.03 



 
 
Table 4. Polar mesosphere, the 82 - 85 km altitudes, qd = e 
 

α, nm tС, s Vd, m/s D - ∆D, m E, V/m 
10 636.8 0.13 82.69 14.87 
15 282.67 0.195 55.01 9.91 
20 159.2 0.26 41.29 7.43 
30 70.76 0.39 27.48 4.94 
40 39.8 0.52 20.59 3.69 
50 25.47 0.65 16.45 2.92 

 
CONCLUSIONS 
 
The mesospheric plasma contains layers of charged grains whose motions can be responsible for the generation of 
mesospheric electric fields. Using reasonable parameters for the dust component, we have obtained values for the 
electric field strength between several tens and a few hundreds of mV/m as was frequently reported in experiments. 
The simple approach outlined in this paper points to several effects. 1). The vertical electric field resulting from 
sedimentation of charged dust can substantially exceed the value of the plasma threshold field in the lower ionosphere. 
2). The direction and magnitude of this field can vary with the time of day. Quite possibly, this may cause mesospheric 
electric currents flowing at relevant latitudes. Such electrification and the currents may be different at low and high 
latitudes.  
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