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Abstract—The influence of nano- and microscale particles (dust grains) on the global electromagnetic (Schu-
mann) cavity has been studied in the context of two possible mechanisms. First, the presence of charged micros-
cale particles in the ionospheric plasma modifies the dispersion properties of the upper boundary of the Schu-
mann cavity and, thus, affects its eigenfrequencies and quality factor. Second, there is a relation between the
dust concentration in the atmosphere and lightning discharges, which excite Schumann resonances. Therefore,
dust grains can enhance the energy pumping of the cavity, thereby increasing the amplitude of electromagnetic

oscillations in it.
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1. INTRODUCTION

In recent years, processes in dusty (complex) plas-
mas have received much attention [1-3], primarily
because of their widespread occurrence in nature.
Charged dust grains are present in planetary magneto-
spheres and ionospheres, atmospheres of comets, and
interstellar medium. Many investigations have been
devoted to natural processes involving nano- and
microscale particles [4]. In the Earth’s atmosphere, dust
from natural and anthropogenic sources is present at
different altitudes. In the near-Earth layer, this is
anthropogenic dust, mineral aerosols, ice and snow
grains, sea salt, volcanic dust, and organic microscale
particles. Anthropogenic particles include industrial
dust and soot (with grains larger than 1 um), as well as
submicrometer sulfate and nitrate grains and anthropo-
genic organic molecules. Sea-salt and mineral aerosols
and volcanic dust grains are, as a rule, larger than one
micrometer in size, whereas the sizes of natural sulfate
and nitrate grains are less than 1 pm. The dust can
ascend to the stratosphere and ionosphere in the course
of violent volcanic eruptions, rocket launchings, and
high-altitude flights and also as a result of convective
processes [1, 5, 6]. Into the ionosphere, microscale par-
ticles get due to the bombardment of the Earth by
micrometeorites, which are burnt in the upper part of
the middle atmosphere, at altitudes of 80-100 km. The
dust present in the mesosphere and lower ionosphere
manifests itself in the form of noctilucent clouds, polar
mesospheric summer echoes, and meteorite traces [1,
7]. In the ionosphere, dust grains are charged due to
photoelectric effect and the absorption of electrons and
ions from the surrounding plasma. Therefore, the
plasma of the dusty ionosphere can be considered as a
dusty (complex) plasma [1, 7]. This also concerns the
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plasma of lightning discharges containing nano- and
microscale particles. In the present paper, we consider
the influence of nano- and microscale particles occur-
ring at different altitudes on the characteristics of elec-
tromagnetic oscillations in the Schumann cavity (SC).

Schumann resonances (SRs) represent global elec-
tromagnetic oscillations excited by lightning dis-
charges in a concentric spherical cavity formed by the
Earth’s surface and the lower ionosphere [8]. About one
hundred lightning discharges per second occur in the
Earth‘s atmosphere. As a rule, four or five first reso-
nance peaks are recorded. The peak frequencies vary
within several tenths of a hertz near frequencies of
about 8, 14, 20, and 26 Hz.

The propagation of VLF and ULF electromagnetic
waves in the Earth—ionosphere cavity is of interest from
the standpoint of investigating the lower ionosphere,
radio wave propagation, sources of electromagnetic
radiation, and resonance phenomena. The fact that the
eigenfrequencies of the cavity depend on the electro-
magnetic properties of its walls allows the ionosphere
to be investigated by analyzing SRs. Interest in SRs
increased in the early 1990s, after it had been found that
they can be used as a global tropical thermometer [9].
SRs are stable, rather long, global oscillations, which
represent the typical natural daytime background of the
biosphere. They are also of interest because their fre-
quencies fall within the range of eigen oscillations of
the brain biocurrents, specifically, the alpha (8-13 Hz)
and beta (13-30 Hz) rhythms, and, therefore, may be of
biological significance [10]. SRs can also be observed
on other planets, in particular, on Mars, where they can
be excited by electric discharges in dust storms or as a
result of geological activity [11].
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It is of considerable interest to investigate the influ-
ence of nano- and microscale particles, which are
present in all of the atmospheric regions, on the SC
parameters. First of all, the presence of dust affects
thunderstorm activity, which is the source of SRs.
Thunderstorm activity is related to the processes of
charge separation in clouds and the accumulation of
dust particles in the atmosphere. Second, charged nano-
and microscale particles can substantially modify the
dispersion properties of the plasma [1-3]. A change in
the dielectric permittivity of the ionospheric plasma can
alter the properties of the SC. The influence of nano-
and microscale particles on the SC parameters has not
yet been studied.

The paper is organized as follows. In Section 2,
basic relations describing SRs are presented. In Section 3,
the relation between global electromagnetic oscilla-
tions and the presence of nano- and microscale particles
in the Earth—ionosphere cavity is discussed and the
influence of these particles on the dispersion properties
of the ionosphere and the SC parameters is considered.
In Section 4, we discuss the results obtained. Finally, in
the Conclusions, the main results of this study are sum-
marized.

2. BASIC RELATIONS FOR SCHUMANN
RESONANCES

The equations describing SRs can be derived in a
standard way [12]. The basic equations are Maxwell’s
equations in spherical coordinates. The boundary con-
ditions correspond to the zero tangential component of
the electric field on the Earth’s surface and continuous
tangential components of the electric field E and mag-
netic field H on the cavity—ionosphere interface (r = b,
where b is the distance between the Earth’s center and
the lower boundary of the ionosphere). Moreover, the
emission condition at > b is imposed, which means
that, in this region, there are only waves propagating
away from the lower boundary of the ionosphere, while
waves arriving from infinity are absent.

In order to estimate the quality of the cavity, it is
necessary to take into account the finite conductivity of
the ionosphere and its dispersion properties (in this
case, the approximation of a perfectly conducting
Earth’s surface is quite appropriate). In the simplest
model of a homogeneous cavity [12], the dielectric per-
mittivity is described by the formula

1, for a<r<b,
e(r) ={ (1

e, for r=b,

where a is the Earth’s radius and € is the dielectric per-
mittivity of the lower ionosphere (which is assumed to
be homogeneous and isotropic).

The properties of the medium are taken into account
through the dielectric permittivity €(, r), entering into
the equation D = g(w, r)E.
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In spherical coordinates, the basic equation deter-
mining the eigenfrequencies and quality of the SC has
the form

1n
b-al Z a
ka~ D[1-2=¢|_£
a {n(n+ )[ P } 4(b—a)2} .

where Z = 1/./e , k, = ®,/c, and ®, = 27f,. The quality
is defined by the formula Q, = Ref,/2Imf,. Equation (2)
implies that the resonant frequency f, has a real and an
imaginary part.

The quality can be estimated by the approximate
formula Q, = 2V/(dS) [13], where V is the cavity vol-
ume, S is the surface area of the ionospheric wall, and

d= Im(l/(k,,A/é )) is the skin depth.

The dielectric permittivity of a homogeneous isotro-
pic ionosphere is defined as

2
()

€ = 1— pe , 3
(Vo) ¥
where ®,, is the electron plasma frequency, ® is the SR
frequency, and v is the frequency characterizing the
dissipation rate in the system (in the absence of dust,
this rate is determined by electron—neutral collisions).
The presence of charged dust can change the dissipative
properties of the lower ionosphere. To find the parame-
ters of the cavity, it is necessary to determine € for a
homogeneous isotropic dusty ionosphere.

Let us consider forced oscillations in the SC [12].
Since the impedance of the ionosphere in the frequency
range under study is low (on the order of 1072), we can
employ the perturbation method. We denote by E,,, and
H,,, the normalized fields of a perfect cavity (a cavity
bounded by perfectly conducting walls); by ®, the res-
onant frequencies of the perfect cavity; and by E, H,
and o the corresponding parameters of the actual cav-
ity. We expand the fields E and H in the complete
orthonormal system of the basis functions E,,, and H,,,,,

S n
Z Z a‘annm’

n=0m=-n (4)

> D Bunkone

n=0m=-n

H

E

Integrating the system of Maxwell’s equations over
the volume with allowance for the currents j and the
boundary conditions, we obtain a set of equations,
which, in the case of a homogeneous isotropic cavity,
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yields (hereafter, we are interested only in the electric
component of the cavity field)

o,
(xnm = . s ’ (5)
co,f + —LC——O)Z((D) o
b-a

where J,,, = 4niIVJ (r) - EX dV is the function of the

field sources, J(r) = Ji j (r, e ™®dt is the Fourier com-

ponent of the field source, and Z(®) is the impedance of
the ionosphere.

Let the source of oscillations be a thunderstorm cen-
ter. We represent it as a vertical electric dipole with the
current moment M, which is defined as the integral of
the discharge current over altitudes. We choose the
spherical coordinate system in such a way that the
source is situated at the pole (r = a, 6 = 0). Substituting
expression (5) into the second of Egs. (4), we obtain the
expression for the electric field of this dipole,

E o M(®)v(V+ 1)[PV(—COS(9)]

(D(b—a)a2 SinvT
This formula implies that, for a solitary discharge, the

SR amplitude is proportional to the current moment of
the discharge, E « M(m). Each ith discharge supplies

(6)

the SC with an energy proportional to E ,2 , so the energy
supplied by n discharges is proportional to nM>.

3. INFLUENCE OF NANO- AND MICROSCALE
PARTICLES ON THE PARAMETERS
OF SCHUMANN RESONANCES

Let us consider possible mechanisms for the influ-
ence of nano- and microscale particles in the atmo-
sphere on the SC parameters.

SRs are mainly excited by vertical (cloud-to-ground
and intracloud) thunderstorm lightnings. The length of
lightning is typically several kilometers. Lightning usu-
ally develops in two stages. It starts as a leader, which
propagates from a cloud to the ground along the path
corresponding to the maximum field strength or the
maximum number density of water drops. After the
leader reaches the Earth’s surface, the main stage of
lightning—the return stroke—begins. Lightnings most
often occur in cumulonimbus clouds; however, they can
also occur during snow or sand storms, volcanic erup-
tions, earthquakes, and even nuclear explosions [12]. At
middle latitudes, the height of a thundercloud is 8-
12 km, whereas in tropical regions, it can reach 20 km.
Clouds form in regions dominated by intense convec-
tive processes. The electric charges are separated due to
the motion of cloud particles (ice, snow, and aerosols)
relative to one another. When the electrostatic field
strength reaches the breakdown value, a thunderstorm
discharge occurs. Thus, a change in the parameters and
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number density of dust grains in the atmosphere can
affect the intensity of thunderstorms.

The SC upper boundary is located in the ionosphere.
Nano- and microscale particles can be present there due
to meteorite bombardment, violent volcanic eruptions,
or convective particle transfer from the lower atmo-
sphere. Dust grains in the ionosphere are charged due to
microscopic electron and ion currents to them, photo-
electric effect, collisions with other grains, and so on.
Charged nano- and microscale particles substantially
enhance the dissipative properties of the system [2].
Thus, the presence of dust grains in the lower iono-
sphere can influence the SC quality, which character-
izes the efficiency of energy supply to the cavity and its
dissipative properties.

3.1. Eigenfrequencies and Quality of the SC

The eigenfrequencies and quality of the SC are
mainly influenced by processes involving nano- and
microscale particles in the ionosphere. Charged dust in
the ionospheric plasma provides new dissipation mech-
anisms, such as charging of dust grains, absorption of
electrons and ions by them, and transfer of the electron
and ion momentum to a dust grain due to absorption
and Coulomb scattering of plasma particles (electrons
and ions) by the grain. Microscopic electron and ion
currents to dust grains can be calculated using the orbit-
limited model [1, 2, 14, 15]. In this model, cross sec-
tions for the interaction of ions and electrons with a
charged dust grain are determined from the conserva-
tion laws of energy and angular momentum. The condi-
tion for the electron and ion currents to a dust grain to
be equal to one another determines its equilibrium
charge, while the equation of the dynamic charging of
a grain yields the charging frequency, which character-
izes the time during which the grain charge relaxes to
its equilibrium value.

The set of linearized hydrodynamic equations for a

plasma consisting of electrons, ions, and dust grains has
the form [2]

O _ikwy+9,2M = o9,

(iom+Vv,)
e nd

on, B
(0 +V) (k- u;) + V4 = _§v,,
n; ng

5
02 _jk-uy) = 0,
ng

(7
. = 2 . 67’1(, e
(io+vou,— vy ik—+—E = 0,
ne me
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(io+V)u, — vyik— — —E = 0,
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(io+Vau, — —Vv,u, — —vu; — dag _ 0,
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where u, and u, are the electron and ion flow velocities;
vy, and vy; are the electron and ion thermal velocities;

v, and Vv, are the frequencies characterizing absorption
of electrons and ions by dust grains,

_ VchP(T+Z) S Ve
Z(1+1T+2) B

e

\ ; 8
! 1+P ®)
and V. and V; are the frequencies characterizing
momentum transfer between electrons and ions and
dust grains,

2

Y PM(4+z+2Tzexp(z)ln(g)),

e (1+T+2)

<l

€))

=V P ( +4—t1+%z—21n(51))
P Y Pzl +t+ )" 3 T3t \a))

Here, P = N,Z,/N,, N, is the electron (dust) number
density; d is the Debye radius of the dusty plasma; and
V., is the charging frequency of dust grains,

<l

w,a

Vg = —=—(1+T+72),
" o xm( )
where ®,, is the ion plasma frequency, a is the dust
grain size, Ap, is the ion Debye radius, t = T,/T,, T, is
the electron (ion) temperature, z = Z*/aT,, —e is the
electron charge, and g, = —Z,e is the grain charge. It
should be noted that these formulas are valid either for
the nocturnal ionosphere or when the photoelectric
work function is sufficiently large (larger than 7.3 eV),
i.e., when photoelectric effect is absent. In the presence
of photoelectric effect (i.e., when the photoelectric
work function of dust grains is smaller than 7.3 eV [1]),
the problem is solved in a similar way.

(10)

Supplementing set of Eqs. (7) with the equation

—A—“—t—ienu +é-m——ienu +4'1t—i n;,u
ee o (At (qu a¥d (11)
+(€-1E = 0,

which is a consequence of Maxwell’s equations, we
obtain the expression for (m):

2 2 2
e o1 o, o, 0,4

O(®—iV,) O(®—-iv) O®—iva)

)

2 =
O‘)pdVe O‘)pdvi

+

Z,0(0— i) (i0 + Vo) Z,0(0—iVa)(io+ V)

where ®,, is the dust plasma frequency. Finally, ignor-
ing small quantities, we obtain the following expres-
sion for the dielectric permittivity of a homogeneous
isotropic dusty ionosphere:

2

0

€ =1 - —"+=. (13)
o(®-1iV,)

PLASMA PHYSICS REPORTS  Vol. 33 No.2 2007

This expression has the same form as Eq. (3); however,
in a dusty ionosphere, dissipation is determined by the

frequency V., which characterizes momentum transfer
between electrons and dust grains. Thus, in order to
estimate the effect of nano- and microscale particles, it
is necessary to compare the electron—neutral collision

frequency with the frequency V.. These frequencies
become comparable at a dust density on the order of
103 cm™, the dust grain size being on the order of

10 um. The frequency V. increases with increasing
number density and size of dust grains. Hence, for the
dust to significantly affect dissipation, the grain size
should exceed a certain critical value. The dust density
can reach sufficiently large values in noctilucent clouds
[7]. Catastrophic events, such as volcanic eruptions,
can also increase the dust density in the lower iono-
sphere to values substantially exceeding the critical
density. In the model of a homogeneous ionosphere, the
presence of dust with critical parameters in the lower
ionosphere can reduce the resonant frequencies by sev-
eral percent: from 7.8 to 7.0 Hz for the first mode and
from 14.5 to 13.3 Hz for the second mode. Simulta-
neously, the SC quality decreases from 1.1 to 0.8 for the
first mode and from 1.5 to 1.1 for the second mode.

3.2. Effect of Volcanic Eruptions
on the SR Amplitude

Nano- and microscale particles get into the atmo-
sphere as a result of various natural and anthropogenic
processes. Let us consider volcanic eruptions, which
can pollute sufficiently large regions with high-density
dust. During the Krakatoa eruption (1883), a hot gas—
ash cloud ascended to altitudes corresponding to the
lower ionosphere (up to 80 km). The most violent erup-
tion among those previously observed was the Mount
Tambora eruption (1815), during which about 150 km?
of pyroclastic material [16] was thrown into the atmo-
sphere.

The formation and propagation of volcanic clouds
can be accompanied by intense electric processes. Elec-
tric phenomena can also occur during dust storms. For
instance, on Mars, SRs are excited just in this way [11].
In a cloud of volcanic ash, the following mechanisms
for charge separation can operate: thermoemission and
thermoelectric emission in the initial stage of ejection,
contact and induction charging in the interaction of
grains in a cooled cloud, and ion charging by atmo-
spheric ions. Space charge in an ash cloud is accumu-
lated due to charging of large and small grains with
charges of opposite signs and their subsequent spatial
separation under the action of gravity [17]. At suffi-
ciently large volumes of the erupted material, the elec-
tric field voltage in a volcanic cloud reaches a few hun-
dred megavolts. The frequency of powerful lightnings
in thunderclouds is on the order of 0.1 s~!. During vol-
canic eruptions, powerful lightnings can occur every
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second. In regions covered by a volcanic cloud, more
frequent spark discharges with a length about 10 m and
intense corona radiation can also be observed [18].
Electric processes in volcanic clouds are very similar to
those in thunderclouds; therefore, one can use quantita-
tive characteristics of the processes occurring in thun-
derclouds to estimate the discharge parameters in vol-
canic clouds.

For an electric discharge to occur in a volcanic
cloud, it is necessary that the electric field strength in
some macroscopic volume become larger than the
breakdown value. Charges are macroscopically sepa-
rated due to gravitational separation of grains with dif-
ferent masses. Larger grains in a volcanic cloud usually
carry a positive charge. Thus, a positively charged
region forms in the lower part of the cloud.

The frequency of discharges is to a large extent a
random value because it depends on local field fluctua-
tions. The time during which the breakdown electric
field is restored after lightning can be estimated from
the following considerations. Let us assume that the
charge carried away from the cloud by lightning is
restored by the flux of positive particles to the lower
part of the cloud. The charge transferred over the time ¢
is equal to pvSt, where p is the space charge density, v
is the sedimentation rate of larger grains, and S is the
area of the active region of the cloud. Then, the dis-
charge frequency can be estimated as follows:

n= Qv _ Qv
~ AQV  AQR’

where Q is the charge of the upper dipole region (the
charge of the lower region is the same in magnitude but
opposite in sign), AQ is the charge carried away by
lightning, V is the cloud volume, and R is the radius of
the charged region in the cloud. In order to determine
the sedimentation rate of dust grains, let us consider the
equation of motion of a grain. The equation describing
stationary motion of a grain with allowance for the
electric field, which is directed from top to bottom (the
upper part of the cloud is charged negatively), has the
form

(14)

2
3tmvD + ?vaﬂ% —-mg—keE =0,

(15)
where D is the grain diameter, 1) is the gas viscosity, and
p is the gas mass density. Here, the first term is the
Stokes viscous force, the second term is the gas drag
force, the third term is the gravity force, and the fourth
term is the Coulomb force acting on a grain containing
k excess electrons. The solution to this equation,

8n ( J P
v=—r—, [+ (mg+keE)—1]|, (16)
3pD 4mn’
allows one to determine the sedimentation rate of dust

grains. The correction caused by the electric field is sig-
nificant only for the smallest particles. From Eq. (15),
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we find that, e.g., a grain with a size of 100 um
descends with a velocity of about 1 m/s.

The charge carried away from the cloud by lightning
can be estimated from the following considerations.
Simultaneously with a descending leader, an ascending
leader of opposite polarity develops [19]. Thus, when a
negative leader originates in the lower part of a nega-
tively charged region of the cloud, it propagates down-
ward, whereas the positive leader propagates upward
and traverses the charged region. When treating the cur-
rent flowing along a solitary leader channel, the
charged region of the cloud cannot be considered con-
ducting. However, most lightnings are branched. In the
case of a highly branched lightning, the negatively
charged part of the cloud is penetrated by many con-
ducting channels; therefore, it be regarded as a solid
conducting sphere, whose charge is displaced to its sur-
face. The total charge of the system comprised of such
a sphere and a descending leader attached to it remains
unchanged and equal to the initial charge Q. If we
ignore the voltage drop along the channel of the
descending leader, then the electric potential U is the
same over the entire system. When the leader contacts
the positively charged sphere (or the ground), this
potential is equal to U = Q/(C. + C;), where C-= R is
the capacitance of the charged sphere and C; =

mL/[2InL/r(L/d)"~ "] is the capacitance of the branched
descending leader, which can be represented as m sim-
ilar conductors of radius r and length L, separated from
one another by the distance d.

The charge flowing through the leader channel in the
main stage of lightning is transferred to the positively
charged part of the cloud or to the ground. This charge
is equal to AQ = UC;. Hence, the relative charge carried
away from the cloud by lightning depends only on the
geometric parameters of the cloud-lightning system,
AQ/Q = C;/(Ce + C;). Assuming that the length of
lightning is equal to the size of the active region of the
cloud and that the number of branchings is equal to 10,
we obtain AQ/Q = 0.25. For v=1 m/s and R = 10> m,
we find that the frequency of discharges is on the order
of 0.005. However, the observed frequency of light-
nings is much higher; this may be related to the fact that
the above model ignores turbulence. Due to turbulent
mixing, a thunderstorm cloud is divided into puffs of
different size, in which discharges can occur indepen-
dently.

Due to thermoelectric electrization of ash grains,
electrons are transferred from large hot grains to small
cooled ones when they touch one another. When two
grains with the temperature difference A7, correspond-
ing to the thermoelectric voltage AU, contact one
another, the potential difference decreases due to the
transfer of the charge Ag from the larger to the smaller
grain. If the capacitance of the smaller grain is C, and
that of the larger grain is C,, then we have Ag =
AU/(1/C, + 1/C,). It can be seen from this formula that
the charge transferred due to thermoelectric electriza-
PLASMA PHYSICS REPORTS  Vol. 33
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tion is mainly determined by the capacitance of the
smaller grain. The process of thermoelectric charging is
almost completely governed by collisions of grains that
are larger than 5—-10 pim in size with micron-size grains,
whose temperature is equal to the temperature of the
surrounding air [20]. Since the rate of electric processes
is higher than that of thermal processes, we may
assume that, at each instant, the charge of a grain is
unambiguously determined by its size and temperature.
Thus, the separated charge is proportional to the num-
ber of grains N in the active region of the cloud.

Taking into account that the discharge current [ is
proportional to the separated charge [19] and ignoring
turbulent mixing, we find that the discharge current
moment M is proportional to the charge of the entire
cloud and, therefore, to the number of particles, N : M o<
I o< Q o< N (it is assumed that the length of lightning is
determined by the geometry of the cloud). When turbu-
lent mixing is taken into account, it is more reasonable
to assume that the number of puffs (i.e., the frequency
of discharges) increases with number of dust grains,
while the average current moment remains unchanged:
n o< N and M = const.

Let us estimate the contribution from a volcanic
eruption accompanied by thunderstorm discharges to
the SR amplitude. For the sake of simplicity, we assume
that there is only one thunderstorm center and that the
volcanic cloud is located just near this center. The fre-
quency of lightnings in the volcanic cloud is equal to n,,
and the average discharge current moment is equal to
M,. The energy emitted by lightnings in the volcanic
cloud is added to the energy generated by the world

thunderstorm activity, E* < nM? + nVMf , and the rela-

tive energy increment is on the order of n,M V2 /nM? o< N.
Thus, the ejection of ash with a total mass of about
10* tons (it is assumed that the number of ash grains is
proportional to the mass of the ejected material) can
result in a twofold increase in the SR amplitude.

Dust grains obviously influence thunderstorm dis-
charges in meteorological clouds; however, an analysis
of all the possible mechanisms for such influence is a
subject of a separate study. During the formation of a
thunderstorm cloud, dust grains play the role of con-
densation sites; hence, an increase in their number den-
sity promotes the cloud formation. If we assume that
the atmospheric humidity is constant, then an increase
in the number of condensation sites leads to an increase
in the number of small drops that cannot grow to the
size of a hailstone; as a result, the probability of a thun-
derstorm decreases. In experiments on preventing thun-
derstorms, thunderstorm clouds were seeded by
coarsely dispersed aerosols [21]. In this case, large
drops form in the upper part of the cloud; as a result, the
ascending flows are attenuated, convection is sup-
pressed, and the cloud is dissipated.
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3.3. Influence of Nano- and Microscale Particles
on the Temperature of the Earth’s Surface
and the SR Amplitude

There are also mechanisms for the influence of
nano- and microscale particles on the SC that are not
related to plasma processes. Let us consider the influ-
ence of dust on the average temperature near the Earth’s
surface. On the one hand, the presence of greenhouse
gases makes the atmosphere less transparent to long-
wavelength radiation, thereby increasing this tempera-
ture [4]. On the other hand, the presence of dust, as well
as sulfate aerosols, in the atmosphere changes the opti-
cal properties of clouds. As a result, the reflecting
power of the atmosphere increases and the Earth’s sur-
face is less heated. Some organic aerosols can also con-
tribute to a decrease in the temperature near the Earth’s
surface [4]. Violent volcanic eruptions can lead to a
decrease in the average temperature by several tenths of
a degree over subsequent years. Such a decrease in the
average temperature was observed, e.g., after the
Mount Tambora (1815), Krakatoa (1883), and Agung
(1963) eruptions. After the Mount Tambora eruption,
the average annual temperature in the Northern Hemi-
sphere decreased by 0.7°C [16]. Such a change is com-
parable with random deviations; however, taking into
account the positive trend in the average annual temper-
ature at that time, a decrease in the temperature due to
the eruption is estimated to be 0.4-0.7°C. Global
changes in weather after this eruption are explained by
the fact that about 2 X 10* tons of aerosols (mainly, sul-
fur oxide) were suspended in the atmosphere.

Williams [9] proposed that SRs be used as a global
tropical thermometer. He noticed that there is a correla-
tion between variations in the monthly average temper-
ature and the monthly average magnetic field of the SC
fundamental mode. According to [9], the intensity of
convective processes in the atmosphere depends, first of
all, on the temperature near the Earth’s surface, rather
than on the altitudinal temperature distribution. Charge
separation, which leads to thunderstorms, is governed
by convective processes. Thus, the temperature near the
Earth’s surface is related to thunderstorm activity. Fig-
ure 1 illustrates fluctuations of the monthly average
temperature and the magnetic field of the fundamental
mode over 5.5 years, according to the results of obser-
vations performed at the University of Rhode Island
(Kingston, RI, United State).

4. DISCUSSION

There are two mechanisms for the influence of the
dust grains present in the atmosphere on global electro-
magnetic oscillations. First, the presence of nano- and
microscale particles can cause additional dissipation.
Second, the efficiency of energy pumping of SRs can be
enhanced due to an increase in the source intensity.
Nano- and microscale particles participate in convec-
tive processes in the cloud and intensify charge separa-
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Fig. 1. Fluctuations of the monthly average temperature and the magnetic field of the fundamental mode [9].

tion, thereby increasing the number of thunderstorms.
Since thunderstorm activity is the main source of SRs,
this leads to an increase in the energy density in the cav-
ity and, therefore, in the SR amplitude.

When the number density of nano- and microscale
particles in the atmosphere increases abruptly, e.g., dur-
ing volcanic eruptions, the average temperature on the
Earth’s surface can decrease by several tenths of a
degree over subsequent years. Since there is a correla-
tion between the monthly average temperature and the
fundamental mode of the SC magnetic field, the ampli-
tude of the first harmonic should decrease significantly
after volcanic eruptions (as the temperature decreases
by 1°C, the amplitude halves). Thus, the presence of

Nano- and microscale
particles

Dissipative
properties of the dusty
ionosphere

Temperature

\
[ SR amplitude

SR quality )

Fig. 2. Possible mechanisms for the influence of nano- and
microscale particles in the atmosphere on SRs. The dashed
arrow indicates correlation between the temperature and the
SR amplitude.

nano- and microscale particles in the atmosphere can
lead to a decrease in the energy density in the SC.

When dissipation introduced by the dust present in
the ionosphere is more intense than that caused by elec-
tron—neutral collisions, microscale particles can sub-
stantially influence the SC parameters. This takes place
when the number density of dust grains is higher than
10° cm™, the grain size being on the order of 10 pm.
The presence of dust with such parameters in the lower
ionosphere leads to a decrease in the SC quality and an
insignificant decrease in the resonant frequencies. In
spite of the fact that the number density of microscale
particles in the ionosphere is usually lower than the
above critical value, situations can occur (e.g., after a
volcanic eruption) in which such frequency shifts due
to the presence of a finely dispersed phase can be
observed.

Summarizing the aforesaid, we present a scheme
illustrating possible mechanisms for the influence of
nano- and microscale particles on SRs (see Fig. 2).

5. CONCLUSIONS

Thus, we have studied the influence of nano- and
microscale particles on the SC parameters. It is shown
that the presence of dust grains in the Earth—ionosphere
cavity can significantly enhance thunderstorm activity.
Since this activity is directly related to the SR ampli-
tude, an increase in the concentration of nano- and
microscale particles in the atmosphere can raise the
efficiency of energy pumping of the cavity. For exam-
ple, during violent volcanic eruptions, the SR ampli-
tude can increase severalfold. The presence of dust par-
ticles in the atmosphere also influences the annual aver-
PLASMA PHYSICS REPORTS  Vol. 33
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age temperature near the Earth’s surface. For instance,
violent volcanic eruptions are accompanied by an
appreciable decrease in the annual average tempera-
ture. Since the SR amplitude is related to the surface
temperature, a decrease in the temperature can lead to a
decrease in the energy density in the cavity. It is shown
that the presence of microscale particles in the lower
ionosphere affects its dispersion properties, decreasing
the frequencies and quality of the resonances. The first
modes of SRs, probably, have a biological effect; there-
fore, changes in their parameters may influence human
health.
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