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Abstract—We consider Small-Scale Ionospheric Dynamo, its role in near-Earth space physics and interaction with
conducting Earth. For complete multilayer model we calculate the electric fields, currents, the magnetric fields and
nonuniformities of density charged particles excited by ionospheric winds. Perspectives of their practical use are
analyzed.

1. Introduction

The customary dynamo theory [1-5], establishing relationship between the wind distribution
in ionosphere and resulting system of fields and currents, deals with tide winds caused by
gravitational forces and thermal effect of the Sun. The theory thus considers global-scale motion
which to a certain degree of approximation may be considered the same in conjugated points of
ionosphere in the northern and southern hemisphere, lying on the same force line of magnetic field
H. The initial equations of consistent dynamo theory [3—5] become very complicated in the case
when conditions in conjugated point are not identical, i.e. when the current along the magnetic force
lines is possible. Therefore the problem of electromagnetic connection between the conjugate points
remained open in the dynamo theory.

However, for the small-scale gas motion where plane geometric model is applicable this
problem was first solved in the paper [7]. Such motion of gas may be caused by inhomogeneous
heating of atmosphere, from day and night sides, when Besnard type cells are formed. As shown in
the paper [8], an additional motion, namely rotation around the cell axis, can originate in the
Besnard cells positioned on horizontal rotating plane. In the case when rotation axis and
temperature gradient are normal to the basis plane, the parallel component of velocity rotor is
proportional to the angular velocity. When rotation effect is strong enough, the horizontal
component of velocity may be dominant relative to vertical one, as a result of which
"geostrophyzation" takes place inside the cells. The same phenomenon should be observed in the
gas shell of rotating sphere [9, 10]. Therefore we shall consider below the motion of neutral
component of ionosphere as taking place parallel to the Earth surface.

Ascending electric currents were detected experimentally, having characteristic dimension
200 to 300 km [11]. It would be natural to relate their origination with dynamo mechanism action

inside the cells of corresponding size. Electrodynamic link is established through magnetosphere



Armenian Journal of Physics, 2011, vol. 4, issue 1

plasma between ionosphere in the northern and southern hemispheres. Due to small thickness of
neutral atmosphere, this connection will affect the inner layers of the bulk Earth. Thus, the
corresponding theory should consider the self-consistent problem for the whole magnetic force line

passing through the conducting Earth and its surrounding space.

2. Small-Scale Ionospheric Dynamo for the complete multilayer model of Near-Earth Space
at high and medium latitudes in the approximation of infinitely conducting Earth

It is known that the upper layers of the Earth exhibit good conductivity, and that the radius Rg
and height of the ionosphere layer are much greater than the thickness of the neutral atmosphere. It
is clear from this that the electromagnetic processes that take place in the upper layers of the
ionosphere and in the Earth's interior should interact via the atmosphere and should be mutually
reflected.

The ionosphere is a region of inhomogeneous weakly-ionized plasma, which contains free
electrons in such an amount that affects the propagation of radio waves. Contemporary science
divides the ionosphere into the layers, reckoning from the Earth, D, E, F;, F,, having minor maxima
(as compared to the principal one) in the distribution of electron concentration and different
thicknesses where physicochemical and dynamic processes, specific for each region, are taking
place [12-15].

All the processes that take place in the ionosphere can be subdivided into two groups:
photochemical processes and transfer processes. In the F region, both groups of processes are
comparable in importance, in contrast to the D and E regions, where the electron distribution is
primarily determined by photochemical processes.

In the F region, historically subdivided into the F; and F, layers, in contrast to the E region,
atomic ions are primary, and therefore ion-molecular reactions determine both the region's
photochemistry and the rate of electron annihilation. The F; "bulge" in the electron distribution is an
ion-formation maximum; as the height increases, however, there is an increase in the part played by
the diffusion process, until eventually, in the region above the F,-layer maximum, this process
begins to determine the ion distribution even during the daytime. In the region of the F,-layer
maximum, the rate of ion and electron diffusion through neutral gas (ambipolar diffusion) is
roughly equal to the rate of annihilation of ions in photochemical processes, so that transfer
mechanisms affect the concentration of both ions and electrons simultaneously, i.e., there is no
fundamental difference between the photochemistry of the F; and F, layers. The basic difference
between the F; and F; layers involves the contribution of the ambipolar diffusion process. In the
neutral atmosphere, in the case of slow processes, we can disregard not only conduction currents
but also displacement currents. Consequently, the electric field potential will satisfy the Laplace

equation Ay =0.
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It is evident from the above that the structure and properties of the ionosphere vary markedly
with height; the horizontal part of the system of ionosphere currents flows mainly in the E region,
where the Pedersen and Hall conductivities have their maximum values. At these heights, the
contribution from electrons and ions to the total current along lines of force of the Earth's magnetic
field is not the same everywhere. At the lower ends of the magnetic force tube, where their ratio is
governed by the mobility, currents oriented along the magnetic field are transported chiefly by
electrons. At high levels, gravitation and the pressure gradient also play role, and the relationship
may be entirely different. Certain particular consequences derive from this [16].

At present it is confirmed that the Earth and its gaseous shell constitute a physical unity, at
least in the sense of electrodynamics. This is a complex physical system consisting of the solid
inhomogeneous part, the Earth, and the surrounding gaseous part stretching up to the upper
boundary of the magnetosphere. The magnetosphere is known to be the region of the
circumterrestrial space which is formed by compression by the solar wind of the Earth’s magnetic
field. Therefore the Earth and its gaseous shell, up to the outer boundary of magnetosphere, are
pierced by the Earth’s magnetic field and have good conductivity. In such a system, having a good
conductivity, any electromagnetic disturbances should naturally be transferred from one part to
another and have mutual reflection. It follows that the electrodynamic state of the gaseous shell of
the Earth should be mapped inside it and, vice versa, the processes in the Earth’s interior should
leave an “electrodynamic trace” in the state of its gaseous shell, i.e., it looks like there exist an
unambiguous equilibrium electrodynamic state correspondence between the Earth and its gaseous
shell on which disturbances are imposed and transferred from one part of the system to another. It is
clear that any horizontal (perpendicular to the Earth’s magnetic field) motions in ionosphere lead,
by the dynamo mechanism, to appearance of electric fields and currents flowing in
electroconductive layers of the system. Thus, it is necessary to solve a self-consistent problem for
the entire length of a line of force of the Earth's magnetic field which penetrates the conducting
Earth and the space that surrounds it.

Note, however, that ionosphere perturbations, whose sizes are smaller than the height of the
homogeneous atmosphere, damp in the gaseous shell [17] and do not affect the Earth.

In this paper, in conformity with the above, we propose a multilayer model of the near-Earth
space, in which the Earth, the neutral atmosphere, and the E and F; and F; layers of the ionosphere
and the magnetosphere are represented, respectively, as ideally conducting, by a neutral gas, and by
layers of neutral gas with an admixture of charged particles, and by an ideally conducting plasma
(see Fig.1).

The D-layer was not considered because of the low concentration of charged particles and

small thickness as compared to the typical sizes of the problem (< 200 km).
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Within the framework of this model, we consider the effect of the small-scale "atmospheric
dynamo" [7, 18] on the electrodynamic state of the near-Earth space, with allowance for processes
of ambipolar diffusion in the upper layers of the ionosphere.

Since the characteristic dimensions of the phenomenon under consideration are small as
compared to the Earth's radius, we can consider a plane problem for the following multilayer
system that is symmetrical with respect to the axis z=0 (only the southern hemisphere is shown in

the accompanying figure). A layer of infinitely conducting plasma (the magnetosphere) lies

between the surfaces z=+(d—-a—1-p), and is in contact with weakly ionized gas in the layer

d—a-Il-p<d, the planes z==+d, are boundaries between weakly ionized and neutral gas (i.e.,
the atmosphere). The E, F, and F, layers of the ionosphere are separated from one another by the

planes z=+(d-a), z=+(d-a-l), respectively, while the boundaries between the atmosphere

and the Earth are specified by the planes z= i(d + f ) The magnetic field H is perpendicular to

the interfaces (for a substantiation of this model, see [18]).

Theoretical analysis of the problem of ionosphere and magnetosphere heights was performed
in [19] in the quasi- and magneto-hydrodynamic approximation by considering the system of
momentum-transfer equations for the three components, ions, electrons, and neutral particles, as
well as ionization recombination and diffusion processes. Arbitrary small-scale motions of neutral
gas in the ionosphere in southern- and northern-hemisphere conjugated points of a magnetic line are
expanded into antisymmetric and symmetric. In other words, a cell involving electroconductive part
of the system is considered as a liquid multilayer unipolar inductor consisting of the E, F;, F, layers
and magnetosphere if its outer layers rotate in the same or opposite directions. In this statement of
the problem the analytical solutions of [19] for the electrodynamic quantities are given below in

relation to the boundary values between the system layers [20].
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It is assumed that the weakly ionized gas of the ionosphere consists of electrons, positive ions
of the same kind with unit charge, and neutral molecules with perturbing horizontal constant
velocity W (this type of geostrophic motion, which is known from observations, may be caused by
appropriate physical factors [7]).

Then, if we assume that the condition of quasi-neutrality N, = N,, is observed, and the ion

and electron temperatures are equal, T. =T,, then the equation of motion for ions and electrons

readily fields expressions for the "background" electric field in the case of diffusion equilibrium (in

the absence of a velocity for neutrals) [14]:
11
= +m.), 1
B =259(m+m) 1

where g is the acceleration due to gravity; m and m, are the ion and electron masses, respectively.

In other words, the field that arises as a result of charge separation doubles the height scale of the
neutral mixture.

Then the equations of motion, linearized with respect to perturbation of the physical
parameters (with allowance for the "background' field), for ions and electrons respectively,
disregarding inertial, nonlinear terms, the Coriolis force, and the frequency of collision between
electrons and ions (the requisite conditions for this are readily satisfied in the ionosphere) [17, 21,

22] have the following form:
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In these equations, V,, v, and n, n, are respectively the velocities and perturbations of the

equilibrium concentrations N, and N/, of ions and electrons; the perturbations of their pressures

Pi = nkT, Pe= nKT,, since processes are assumed to be isothermic; K is Boltzmann's constant, y
is the potential of the electric field, g is the acceleration due to gravity; y,,, Y., are the collision

frequencies of ions and electrons with neutral gas particles; and W is the velocity of neutral
particles.

Processes that take place in the ionosphere (ionization, recombination, and so on), which are
closely related to the wave and corpuscular emission of the Sun, are highly diverse and vary greatly
with height, because of the diversity of the chemical composition of the ionosphere and of
ionization agents. Therefore, system (2) should be supplemented by charged-particle continuity

equations that are suitable for each region.
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Photoionization is the basic factor in ion formation over the entire layer of the ionosphere. In
the E region, however, where molecular ions predominate, ion loss takes place as a result of
dissociative recombination. In the F region, in contrast to the E region, the primary part in physical
and chemical processes is played by atomary ions, and ion loss takes place through charge transfer
from primary to secondary ions, and also through particle transport [13, 14]. Consequently, the

continuity equations for ions and electrons will have the following form in the E and F regions,

respectively:
divN, v, = J —aN,N, =—aN, (n +n,), )
divN,.v, = J —aN,N, =—aN, (n +n,).
and
divN,V, =J -BN, =—-a,N,n,, 4@

divN,v, =J —BN, =—-a, N n..
where J is the Chapman ion-formation function, which is evidently valid here as well, since we are
considering the elementary case of photoionization of a single-component isothermic atmosphere
by monochromatic radiation; a is the recombination coefficient of positive-ions with electrons; and

B is the formal (since there is no sticking reaction in this region) sticking probability of electrons to

neutral atoms, which depends linearly on the neutral-particle concentration, i.e., B =a N,
To these equations we should also add the Poisson equation Ay = 4Tce( n— ne), since even

the smallest charge separation in a quasi-neutral plasma, as a result of differences in the friction
forces between charged plasma components and the neutral gas, as well as photochemical, etc.,
factors, can excite large electric fields [23].

Assume that the force of gravity and the temperature of all the types of particles making up

the weakly ionized gas are independent of the height z then the collision frequencies vy, ., (which

are proportional to the density of neutral molecules, expressed by the barometric formula

oi.e Will have the form

N. =N,,exp [—(1/ H,) Z] and the unperturbed charged-particle density N

YVien =Yoie exp[—(l/Hn)Z], Ny e = Ny exp [—(I/Hm) Z].
Here H, =KT,/m,g is the height of the uniform atmosphere; T, and m, are the temperature and
mass of neutral particles; v,;, and N, are, respectively, the collision frequencies and charged-
particle concentration at the initial height corresponding to each layer; H  is the approximation

constant for the exponential charged-particle concentration (this approximation is quite satisfactory
for most problems). It should be noted here, however, that these parameters are different in the E

and F layers because of the nonuniformity of the ionosphere.
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Furthermore, taking into account only vertical changes in regular ionospheric parameters, we
can expand the electric field potential y, the velocity of neutrals W, and the perturbations of the

density n and n, in a Fourier integral in the coordinates X and Yy, and consider the individual
components:
W=V, (z)exp|i(kx+ky)], w=w(z)exp|i(kx+ky)],
n =n (z)exp|i(kx+ky)], n,=n;(z)exp[i(kx+ky)],
If we assume that the velocity of neutrals W is independent of z, and the components W, =0,
then, using the continuity equation for an incompressible fluid divW =0, we can break down the
terms W,, W), of the Fourier expansion into pairs, and solve the problem for each pair separately.

As this pair we take [7]

W, . . W,
W, :?‘)sm kxsink,y, W, =k—°cos k xcosk,y

1 2

in which case the electric potential ¥ and density perturbations n and n, can be represented as
follows:
Y = f sink Xcosk,y, n = f,sinkxcosk,y, n,=f,sink xcosk,y.
Substituting the velocities V, and Vv, obtained from (2) into (3) and (4), we obtain equations

that comprise closed systems (together with Poisson's equation) for determining the potential y and

n, n, inthe E and F layers, respectively:

z n m ylenNme
aN,), ¢ A,
o)~
oi z .
al® (z) -T-LLL(T n g(m_I_me)j’
i eEF om Ny H e
+ KT, .
o ()= (20N ), (), ST KT
0i,e , H, i en Y en
LKW
A,e,E,F = kkkoz kO k2 + kz
|

10
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In this unified notation for the equations, the first and second subscripts refer to ions and electrons,

respectively; subscripts E and F refer to the E and F Ilayer of the ionosphere; and

hie = (eHzn],eC) / (1/ yi’e) = /Y is the ratio of the Larmor rotation frequency of ions (electrons)

to the frequency of their collisions with neutrals.

As can be seen from (6), the model employed takes account of the system of ionospheric
winds, comprising not only the E region but also the F region of the ionosphere. Winds can play a
significant role in generation of dynamo fields and currents in the F region as well [24]. However,
allowance for the force of gravity of charged particles and of terms responsible for ambipolar

diffusion leads to a system of three second-order equations for y, n, n,; reduction of this system

e’
to one equation in the electric potential y is extremely complicated in the general case [17].

Therefore, using the condition of quasi-neutrality, we set f, = f, in (6), after which we obtain a
two-equation system for f and f, (which can be used, together with Poisson's equation, to
determine f, as well [25].

Making the substitution f =u(t)t™, f, =N exp(z/H,)u, (t)t", where t=€7*, E=2/H ,
we can readily eliminate u(t) from (6) and obtain a fourth-order equation in U, (t) for the F, layer

and a third-order equation for the F; and E layers (disregarding diffusion terms). However, on the
basis of numerical estimates of real physical quantities and parameters:

_12(2—}_3 Hn/Hm)+ an (m}\’eOYeO + m}\’iO’YiO)
4 kTi}\‘eoyeO + kTe%’iO'YiO

in the F; layer,

2 aN.v Mg A
__Hy aNoiote (o + 7o) in the F; layer,
4 kTi7\‘eOYe0 + kTeA“O’YiO

a, =a Ny, H VioYeo (Mio + 20 )/IM (AegYeo + XioYio ) in the Fy layer,
a, =—8a/N,H, (A, +A, )/gMA,, in the E layer,
characterizing the layers in question, we can reduce the order of the equations in the F layer by one,
taking into account the relation A; . >1 (when the horizontal dimensions of the problem are greater
than or on the order of the height of the uniform atmosphere) (here we omit a numerical analysis of
the coefficients of equations, because the expressions are unwieldy) and we can write the equations
as follows (in the E layer as well, taking into account the condition A, >1, A, <1)

d'y’ du? oy
+

t
dt’ dt’ dt

—2(3+m)%u52+q ~0, (7)

3,,F1 F1 Fl1
du, adu1 _3+may

+ 0, 8
dt? G 2t ®

11



Armenian Journal of Physics, 2011, vol. 4, issue 1

d’u’  at’-15d’u” 30t7+at du” 21

p— + —_—

dt’ 4 dt? 4? dt 4

The solutions of (7)-(9) in the F,, F; and E layers will have, respectively, the following form:
U =3°4/3 1'% [AJ6 (2”2, )+ BY, (2t'/2\/gﬂ+c1 L, +CL,

(I-I-H—z/H)%’ ulE =CF (t)+C7t‘l/4 +G;,

a itk =0. )

u' =C,+C,exp(-at)+

where

a

t—1/4

1 R B B a, \""
—Eajlnt‘/“rt‘/zz — (t_;/;j.

1
F(t)==t"-at ™"l
(1) 2 A S1-nn(n+1)!

Here J; and Y, are the Bessel functions of the first and second kind, respectively; Ly and & are

the Lommel functions, for which we have

3 (1 1) n (2 1 1
L,,=>T|—=+3 0| —==3 3 (-a,)"t"?/T| == +3+n+1|T| ——=3+n+1],
1/32(6M6]§(82) /(6 )(6 J
L=3r[Le3ln[io3)S "gem9)s (] IhE
= ot B > (-a,)'t r §+3+n+ r 5—3+n+1 :

n=0

A, B, C,_ are arbitrary constants that are determined from the boundary conditions (continuity of

the electric field potential and normal current on the interfaces).
Now, using (6), (10), and the Laplace equation, we can readily determine the electric field

potential in the individual layers of the ionosphere and the atmosphere:

F2 -2 -1 F2 -1, 1F2 nE2
f, :a][(oczt +a,t )u1 +ao,tT U+ o) ]+oc6,

F1 -2 -1 F1 -1, rF1
f, :ocl[(oc;[ + ot )u1 +atu, }+oc6,

£ = g 2 (1 ! )(1 ! )[(%t_z " Ocllt—7/4)ulE + ocgt‘lul’f}r O,

z

o, =—2= , o

] C ko2 7‘?0_7‘20 ’ 4 H, Yio Yeo
kTi7\'e0 kTekio

> T E
Yiehio  Yeoleo

= H ! }\‘io}\‘eo 71 1 ! |:gm (me+mi)+Hi(kTi7\’EOYEO+kTe7\‘i0’YiO) 4

n

o :aTNOn(;LiO +7‘e0)+k02(

I 1 1 2
o, =———| M (0, +®, )+ —(KT: Ay Ve + KT AoV },
) Hn Yio Ye0|: m( ) Hn( v ' 0)
41 1 H, W
as:_H_ﬁy_iog(k-rikeo’YeO+kTe7\‘iOYi0)’ O =~ k1|22’
a7=—ZLLL9m (we+0)i)a (XS:arNOn(?\‘iO_*_;LeO)’
4 H, Vi Yeo (11)
o :Liigm(m +(0) o :iL 1 o,, =2aN (}\, +A )
’ Hn Yio Yeo ) . N ¢ k(f }\‘io}\‘eo (7\‘|20 _7\‘20), ! ' "’ “
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atm
f]

and =2C,shkz. Here we have used the condition that the electric field potential vanish on the

infinitely conducting surface of the Earth.

We would like to observe that the author of the present survey managed to solve the complete
system of quasi-hydrodynamic equations for the F; layer of the weakly ionized ionosphere plasma.
He took into account the members caused by ambipolar diffusion, gravity force of particles, and the
Earth magnetic field effect. As a result, the author obtained analytic expressions for electro-

dynamic quantities, provided that parameters A;,A, > 1, which is rather difficult problem [26].
After this, we can also determine the electric current j =eN, V. —V, in the ionosphere, whose

components will have the following form on the basis of Egs. (2):

J, =eN, —Hi(ocl‘l”x+oc2‘P’y)+oc3TJ,'X+a4r)i'y—a2WX+a1Wy}
J, =eN, —Hi(ocz‘P’x—al‘P'y)+a3ﬁ’y—a4ﬁ'x—oc1Wx+a2Wy}, (12)
J =eN, —i(x.m )Y St (ﬁ' +Dg(m+me)j ,
z OI_ HZ i e z NOi xin ken 1z 2
where
o (M) (AN, " - A=A
b (1+x$)(1+x§) ’ 2_(1+kf)(1+ki)’
—yo (T+A2)+90 (1+A7
ol 147)

NorVinyen (1447 ) (1+22)
111 Yeh (1#R2)+7ph (1427
N_mﬁﬁ (1+kf)(1+k§)

o, =—

For simplicity, the indices E and F that indicate the corresponding layers have been omitted in (12).
It is known that the magnetic hydrodynamics is out of limits of the usual hydrodynamics
because of the “remote action” in electromagnetic phenomena. Hence, it should not be limited with
consideration of the region of conducting liquid; the conditions in the remaining part of the space
should also be taken into account. So, it is clear that in the magnetic hydrodynamics difficulties
arise associated with the outer and boundary conditions for the variables of interest and their
derivatives at the boundaries occupied by the liquid, at interfaces between the regions, and outside
the conducting region. Every equation produces corresponding condition, therefore it is practically
impossible to give a full guide on which boundary conditions are required for each conceivable
problem of the magnetic hydrodynamics. In solution of every problem the researcher must decide
on his own how many boundary conditions are needed and which necessary and sufficient boundary

conditions must be imposed. According to these rules, in [7, 18, 19] the boundary conditions have

13
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been established for the physical quantities which define unambiguously the formulated problem.
The details of physical considerations for justification of these conditions will not be given again
here. Only the boundary conditions will be given for the corresponding physical quantities between
the layers in the figure of the work [19] for the complete model of near-Earth space.

These conditions will be presented for the cases of both anti-rotation and co-rotation [7].
Anti-rotation case. If the motion of neutral gas in conjugated points of the northern and the

southern hemispheres is opposite, for the electric field potential the following boundary conditions

take place: f2=0 at z=+(d-a-l-p) on the boundary between the F,-layer and
magnetosphere, f> =f" at z=+(d-a-1) on the boundary between the Fi- and F,-layers,
f = f" at z=+(d—a) on the boundary between the F;- and E-layers, f" = f* at z=+d on the
boundary between the E-layer and neutral atmosphere, f*=0 at z=+(d+ f) on the boundary
between the neutral atmosphere and the Earth surface. For the electric current j the following
boundary conditions should be satisfied: JZF2 = |, at z=4(d—a-I-p) on the boundary between

the F,-layer and magnetosphere, and the current in the magnetosphere is directed along the Earth’s

magnetic field, it is constant and equal to the boundary value j* [7], j©* =ji at z=+(d-a-I)

on the boundary between the F;- and F,-layers, jZF‘ = jf at z=+(d —a) on the boundary between

the F;- and E-layers, j© =j!=0 at z= +d on the boundary between the E-layer and neutral

atmosphere.
Co-rotation case. If the motion of neutral gas in conjugated points of the northern and the southern

hemispheres is similar, the boundary conditions are the same as in the anti-rotation case, except for
the condition j>=0 at z=#(d-a-l-p) on the boundary between the Fj-layer and

magnetosphere, i.e., there is no current in the magnetosphere.
Substituting into these relations the boundary values of physical quantities and analytical
solutions for electric field potentials and currents determined in each layer in [19], the following

system of equations is obtained in the case of anti-rotation:

F | esa-ai-p) =a1(Aﬁl (t)+BB, (t)+CB, (1) +C,B, (t )+ +(d-a-t-p) = 05
5% o = (A8 (1) BB (1) CB (0)+ B (0))| s =0 (13)
2|01 =8N {AGI (1) + BG: (1) + €8x (1)+C,G (1) } oty =0

on the boundary between the F,-layer and magnetosphere — the regions of weakly ionized gas
(where in photochemical processes ion—molecular reactions are predominant and in the distribution

of charged particles the ambipolar diffusion also plays a role) and infinitely conducting plasma;

14
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0| oestaeay = 0 (AB, (1) + BB, (£) + CBy (1) + CoB, (1)) + | 4-sgaasy =

= g = o, (CBs (1) +CyBy (1) +CB, (1)) + ot )

A (xl(AB(t)+B[32 (6)+CBs (1) + Caa (1)) oy =0,

15 eN, [ AG,(t)+BG, (t)+C,G,(1)+C,G, (t) ] sdont) = (9
= 3| sesgaan) = BNo [ CG5 (1) + C,G, (1) + CG, (1) | 1sig

£ sy =8N | AG (1)+BGa (1) + €8x (1) +C,Gu (1) || g0 =0

on the boundary between the F;- and F,-layers of the weakly ionized gas where photochemical
processes of creation and annihilation of ions and electrons almost coincide (except for ambipolar

diffusion which is absent in the F;-layer);

lel z=+(d-a) — %1 [C3BS (t) +C,Bs (t)+ CsB, (t)] T O oi(da)™ =" z=+(d-a)
0B (t) |:C6B9 (t) +C.By, (t) +GiBy; (t):l T O | ot(d-a)> (15)
Jz z=*(d-a) =eN I:C G +C4G6 (t)+CSG7 (t):l z=*(d-a) = jz z=+(d-a) =

=eN,[C,G,(t)+C,G, (t)+C,G, ()]

z=+(d-a) >
on the boundary between E and F,-regions of the weakly ionized gas where in photochemistry of

charged particles processes of, respectively, dissociative recombination and ion—molecular reactions

are predominant;

flE 7=+d :ang t [C Bq t +C B1o (t)""Can(t)]""as z=+d —
= 1?],.q=2C9shk(d+ f -[Z]) (16)
jz |z:id = eNo [C6G8 +C7G9( )+CSGIO (t):Hz:id = J: z=+d =0

on the boundary between the layers of neutral atmosphere and the layers of E-regions where,
respectively, charged particles are absent and the processes of dissociative recombination are
predominant;

f2 =2C9shk(d + f -[2)) =0

) ’ Jz z=+(d+f)

=0

z=+(d+f)

on the boundary between the Earth surface and neutral atmosphere from where the electric field
penetrates into interior regions of the Earth.

For the case of co-rotation the first equation in system (13) is replaced by the equation

=eN, (AG, (t)+BG, (t)+CG;(t)+C,G,(t))

Jz +(d-a-l1-p) Z:i(d—a—l—p).

Here f, j* and fD

z lad.”

ji  are the singled-out parts of electric fields and currents in the

F2-layer, which are responsible for, respectively, photochemistry, wind motion, and ambipolar
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diffusion in the ionosphere, A, B, C, o are arbitrary constants, 3 10(t) are known

..........

functions of t = exp[—Z(d + f —|Z|) / H n] involved in the analytical solution of the problem [19].

The quantities o, o enter B;_11(t) and G;__jo(t) linearly. The notations for the physical

......

parameters are the same as in [19]. It follows from this that B, 10(t) may be, with

............

allowance for (11), represented as sums of two terms BIMH(t):BL_”Jl(t)+[§1’m’11(t) and

len(t):51,.‘.,11(t)+a,._.,11(t) where each pair (1), Ei (t) and G (1), G (t) contain,
respectively, the terms describing the photochemistry, the motion of winds, and the ambipolar
diffusion in the ionospere. Just this sense B, (t), Ei (t) and Gi(t), G (t) have in the system of

equations (13), (14).

It is obvious that equations (13), (14), (15), (16), (17) constitute a complete system of linear
algebraic equations with respect to the constants A, B, C,,...,9 contained in the analytical solutions
of the problem [19]. This means that the formulated problem [19] in the approximation of infinitely
conducting Earth is defined unambiguously in interconnection of different physical processes in
each layer. It should be noted here that these equations are written with allowance for the condition
of vanishing of the potential of electric fields and of the normal component of currents, caused by
the ambipolar diffusion, on the boundaries between the Fr-layer of the ionosphere and the
magnetosphere and the F-layer, as well as with allowance for the linearity of the problem by means
of dividing the potential of electric fields and the currents into the terms responsible for
photochemistry, motion of neutral gas, and ambipolar diffusion.

The perturbation of the magnetic field h corresponding to current (12) is determined from the

equation rotH =(4n/c) j, with the requirement that the field be continuous on all boundaries and

that h vanish at infinity.

We should note that the requisite information regarding the structure of near-Earth space are
given here in extremely compressed form for the following parameter values: distance along line of
force of the Earth's magnetic field between conjugate points, at 65° latitudes, d = 4x10* km; height
of the atmosphere from the Earth's surface f = 100 km; thickness of E layer a = 40 km; thickness of
F; layer | = 60 km (occupying the region from 140 to 200 km); F, layer extends above 200 km to a
provisional height of 400 km; and p is 200 km. The ion and neutral components in the E and F
layers consist of 0,",0,and 0", O, respectively.

It is assumed that the temperature of neutrals T, = 300 K in the E layer and 1000 K in the F
layer; the temperature of ions (electrons) in the F; layer Tije = 1000 K. The height of the uniform
atmosphere H, = 8x10° ¢m in the E layer and H, ~ 8x10° in the F layer, H,/H,=12; o= 107

cm’/sec, & = 107 cm’/sec. The concentration of neutral and charged particles at the initial
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provisional heights in the E and F layers, respectively, are Nop = 10'* at cm™, Ny = 10° and
Non = 4x10'" at.cmf3, N, = 4x10°. The collision frequencies for ions and electrons with neutrals at
the same heights yip = 10* sec_l, Yeo = 3% 10* sec”! in the E layer and yip = 2% 10° sec_l, Yeo = 10% sec”!

in the F layer. The amplitude of the wind speed W, /k, =200 m/sec; the cell size | = 200 km.

Furthermore, approximating the experimental curve for the charged particles concentrations (taken

from [15]) by the formula N, , = NOeZ/Hm, we determine the currents and the variations of the fields

0i,e
and densities.

Thus, it is considered a multilayer model of near-Earth space at high and medium latitudes,

with allowance for the electrical conductivity of the Earth. The F region of the ionosphere is
subdivided into F; and F; layers, where ambipolar diffusion plays a significant role in the dynamics
of the processes involved. In the approximation of an infinitely conducting Earth, and disregarding
the frequency of collisions between electrons and ions in the upper layers of the ionosphere [19], in
all the region of space considered (including the region near the surface) we have calculated the
electric and magnetic fields excited by ionospheric winds, the currents, and the charged particles
density nonuniformities.
Subsequent study. In this formulation, the problem is of great interest for comparison of satellite
and terrestrial measurements with theoretical values, and for studying the physical phenomena that
take place in the Earth's interior and mantle. Since the Earth is a laminated conductor, variations of
the primary terrestrial magnetic field caused by excited currents can be used for magnetotelluric
sounding and investigation of the deep structure of the Earth, while ionospheric nonunifonnities
play a major role in long-term prediction of space radiocommunica-tions. However, the diversity of
factors at work in space, and the difficulties involved in evaluating their relative role, obliges us to
confine ourselves to order-of-magnitude estimates in making quantitative calculations.

It is clear that the condition of perfect conductivity of the Earth at the boundary with the
neutral atmosphere significantly simplifies the problem. However, in this case the studied
electrodynamic system turns to be shielded from the external actions, which does not allow

determining magnetic fields outside this system, which is sometimes necessary.

3. Small-Scale Ionospheric Dynamo for the complete multilayer model of Near-Earth Space
and the internal stracture of the Earth at high and medium latitudes

However, the model, where the Earth is considered, in electrodynamical sense, as a
homogeneous, infinitely conducting medium, does not allow to judge, even theoretically, about a
penetration of electric fields into the interior regions of Earth and the arising of currents and
magnetic fields, forecasting of various natural phenomena (earthquakes etc.), as well as physical—

chemical composition of the Earth’s interior.
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This is the fact because surface charges appearing at the neutral atmosphere-superconducting
medium boundary hinder the penetration of electric fields from atmosphere into the Earth, i.e., the
electrostatic potential on the atmosphere-Earth boundary becomes constant (say, zero).

Furthermore, with taking into account these considerations, for the complex model [19] of the
near-Earth space and the Earth consisting of plane layers of crust, mantle, and liquid and solid core

[27] (see Fig. 2),

A
H
Near cosmic space
—-d
Atmosphere
—(d+f)
Crust of the Earth
—(d+f+h)
Mantle
—(d++h+hy)
Liquid core
—(d+f+h+h+hy)
Solid core
—(c+f+h+hy+hs) >

Fig. 2.

The same problem of the dynamo mechanism has been considered and it was shown that electric
fields produced by ionosphere winds and having sizes larger than the height of the homogeneous
atmosphere are transferred to neighboring regions almost without damping and, propagating
through the atmosphere, penetrate into the Earth, which has a certain electroconductivity, and create
there electric currents and magnetic fields. For each region of the near-Earth space and the internal
structure of the Earth the systems of equations describing the considered processes in every layer
have been solved and the general-form analytical solutions were obtained for electrodynamic
quantities [19, 27].

However, the solution of the Laplace equation for the electric potential y in neutral
atmosphere obtained as a Fourier-expansion harmonic at a closed lower boundary, i.e., when the
electric potential is joining to the infinitely conducting Earth, goes to zero. The model under
consideration here, according to what has been said above, allows the penetration of the field inside
the Earth. If follows that the potential must be determined from the system of equations for all
arbitrary constants of the obtained electrodynamic quantities. As it has been said above, the motion
of neutral gas in conjugate points is expanded into a co- and antirotation. It is also known from the
previous investigations that these two cases of motion impose certain conditions on the symmetry

of solutions in Southern and Northern hemispheres [7]. This results in boundary conditions between
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the ionosphere and magnetosphere for the electric field potential, and in possibility of the electric
currents appearance in ionosphere and their flowing along the Earth's magnetic lines through the
magnetosphere between the two hemispheres. The symmetry of solutions of basic equations of the
Earth's gaseous shell affects as well the electric phenomena inside the Earth, since they are caused
by perturbations in the ionosphere. This will be mathematically obvious when the electric potential
will be joint at the boundary between the neutral atmosphere and the crust of the Earth in both cases
of motion (co- and antirotation).

The electric currents in terrestrial layers excited by ionospheric winds can be written in a
general form

. [HE]
j=oE +0c,E +o, Tt (19)

where E/, E, are the components of the electric field parallel with and perpendicular to the

magnetic field, H is the Earth's magnetic field, and 6;, ©,, G, are termed as the longitudinal

p b
conductivity, the Pedersen conductivity, and the Hall conductivity, respectively. This equation with
the corresponding values of the conductivities is true for all layers of the Earth (including, with
certain restrictions, the solid part of the core) except for the outer liquid layer of the core, which is

considered as infinitely conducting and described by the Euler equation Vp=(1/c)[jH]. Note that

in the rectangular coordinate system employed here the z-axis is, as in [19], directed along the
magnetic field of the Earth. In this case the Cartesian components of the electric current and the

conductivity tensor are represented as follows:

6, —oy4 0
jx=0,E,-0,E .j,=0,E,+6 E j,=cE,,c=l0, o, 0] (20)
0 0 o

Since we consider a stationary case, the closeness of the currents is expressed by a relation

divj =0. Assuming that the conductivities vary only along the z-axis (or, equivalently, along the
Earth's radius) and having in mind the relation E =—-Vy , we have
2 2
divj=o, 8\5_'_8\1/ +£(G|8—W]:0, (21)
ox~ oy 0z 0z

i.e., the Hall conductivity containing term is absent. Further, requiring the continuity of the current's

normal component j, and of the potential y on the boundaries between the layers we state

boundary conditions for determination of y from Eq. (21).

Since the conductivities G, G,, O, have been assumed to vary only with z we can seek the

p’

solution to Eq. (5) as a Fourier expansion y = f (z)é*"Y Substituting this into (21) we have
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o, fZ'Z'(Z)+G"‘ZfZ'(Z)—ka2f(Z)=0, (22)
where k* =k’ +k: . Note that Kk, are, according to problem's conception, the same as in [19] for

the gaseous cover of the Earth. Making a change of variable izj.ﬂlcp /GHdZ in Eq. (21) and

approximating the expression ¢, =,/c 0, by an exponential function o = c,e™, we determine

the function f and, hence, the electric field potential y to have a form

v=e 2 (A€t +Ae)sinkxcosk,y. (23)

Here t:(l/ 2)\/ m’ +4k> and A, A are arbitrary constants (which are, in general, different for

each layer) determined by boundary conditions.

Now, from the Poisson equation —Ay=4np, the polarization charge density
p= —(1/47t)(\|/§Z - k2\|/) is readily determined.

The components of electric current, with account of Egs. (20) and (23), are

i = eﬁEa(Ae@ﬁLA&e_tg) '(_ka1 cosk1Xcosk2y—csHk2sinkIXsinkzy),

iy = eji(Aeti +AE") -(—GH k; cosk xcosk,y—o k, sink Xsin kiy), (24)

i.=-o°, \/% {(t —?J Ae[tr;ji - (t + gj Aze(wr;ji } sink Xxcosk,y.

Under realistic conditions of existence of the terrestrial core (high temperature and high
pressure) its solid part may be considered as a highly conducting homogeneous sphere consisting of
iron atoms [28, 29] together with the outer liquid part of the core. Then we can, to a certain degree
of accuracy, neglect the horizontal currents as flowing along the magnetic lines of the Earth and

(taking into account the condition of continuity of j, on the liquid core-solid core boundary) as

coinciding with the normal currents in the liquid part of the core.
Magnetic fields produced by these currents can be determined from the equation

—Ah = (4x/c)rot j, which is obtained by taking a curl of both sides of the equation roth = (4x/c)j.

However, this equation determines h to an accuracy of an arbitrary function y which must satisfy
the Laplace equation, since divh =0. Having this in mind we can choose the function y so as to
satisfy all boundary conditions for the magnetic field h [7].

The disturbance of the magnetic field h which corresponds to the current (24) has, in general, the

following form:
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h,=Q(z0,,6,,04,K.k,,m A)coskxcosk,y+Q,(z,06,,6,,6,,K,k,,m A)sink xsink,y,
h,=Q;(z,6,,6,,0,4,k,k,,m A)coskxcosk,y+Q,(z,6,5,,0,,K,k,,m A)sink xsink,y, (25)
h,=Q,(z,6,,6,,0,,k,k,,m A)sinkxcosk,y.

These expressions with corresponding values of the conductivities, the constant m, and arbitrary
constants A (i = 1,2,...) refer to, respectively, layers of the crust and mantle.
The magnetic field h in the liquid and solid cores appears as
h,=Q,(z.5,,6,,0,,K.k,,m A)coskxcosk,y+Q,(z,0,,6,,6,,K,k,,m A)sink xsink,y,
h, =Q(z0,6,,0,4.k,k,,m A)coskxcosk,y+Q,(z,6,5,,6,,K,k,,m A)sink xsink,y, (26)
h, = QIO(Z,GH,Gp,GH .k, k,,m, A)sink XcosKk, Y.
The expressions for Q are cumbersome, so we will give these expressions and their detailed

analysis in a subsequent paper. The polarization charge density in the crust and in the mantle is

determined from the Poisson equation:

p=—<1/4n>{Ae“-"ﬁ>@ (t-y2) o, /o, +(t-m2)( o, far ) K |+

- Z 27)

"'Aze_(wnﬁ)i _(t + m/2)2 Gp/GII _(t + m/z)(‘\/ GP/GH )'z K }

In [19, 27] the boundary conditions are established for physical quantities which

unambiguously define the formulated problem. Here also the boundary conditions between the
layers will be given for the figures of [2, 3] in the complete complex model of the near-Earth space
and of the Earth’s structure for the cases of both anti-rotation and co-rotation [30].

Anti-rotation case. If the motion of neutral gas in conjugated points of the northern and the

southern hemispheres is opposite, for the electric field potential the following boundary conditions

take place: =0 at z=#(d-a-l-p) on the boundary between the F,-layer and
magnetosphere, flFz = fIF‘ at z=+(d—a-I) on the boundary between the F;- and F,-layers,
f =" at z=+(d—a—1) on the boundary between the F- and E-layers, f"=f" at z=+d on
the boundary between the E-layer and neutral atmosphere, f*=f' at z=+(d+f) on the
boundary between the neutral atmosphere and the Earth surface, f, = f" at z=+(d + f +h) at the
boundary of Earth’s crust and mantle, f," =0 at z=+(d+ f +h+h) at the boundary between the

mantle and the liquid core, and = f* =0 atz=+ (d+f+ h+ h; + hy) at the boundary between

the liquid and the solid cores of the Earth. For the electric current j the following boundary
conditions should be satisfied: j>=|" at z=+(d-a—l—-p) on the boundary between the

F,-layer and magnetosphere, and the current in the magnetosphere is directed along the Earth’s
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magnetic field, it is constant and equal to the boundary value j* [7], ji2 =) at z=+(d—a-1)
on the boundary between the F;- and F,-layers, jZF‘ = jZE at z=+(d —a) on the boundary between
the F)- and E-layers, j©=j®=0 at z= +d on the boundary between the E-layer and neutral
atmosphere, |5 = jfz =0 at z=+(d+ f) on the boundary between the neutral atmosphere and the
surface of the Earth’s layered structure, ji, = ji» at z=+(d+ f +h) on the boundary between the

Earth’s crust and mantle, ji% = ji at z=+(d+ f +h+h) on the boundary between the mantle and
the liquid core, and j&! = js& at z=£(d+ f +h+h +h,) on the boundary between the liquid and
the solid cores of the Earth. It should be noted that the current in the liquid core as in
magnetosphere is directed along the Earth’s magnetic field and equals j;,, the value on the

boundary between the mantle and liquid core.
Co-rotation case. If the motion of neutral gas in conjugated points of the northern and the southern

hemispheres is similar, the boundary conditions are the same as in the anti-rotation case, except for
the condition j>=0 at z=#(d-a-l-p) on the boundary between the Fj-layer and
magnetosphere, i.e., there is no current in the magnetosphere.

Substituting into these relations the boundary values of physical quantities and analytical

solutions for electric field potentials and currents determined in each layer in [19, 27], the following

system of equations is obtained in the case of anti-rotation [30]:

A . (ABI( )+ BB, (t)+Cp, (t)+C,B, (t))+a6 rsfdatp =05
fas | o +(d-a-1-p) (Aﬁl( )+ BEz (t)"‘ClEs (t)+C2§4 (t)) rs(deatp =00 (28)
i ssiaan g =N, {Aa (t)+BG: (1) +C,Gs (1) +C,Gs (1) } ot =0

on the boundary between the F,-layer and magnetosphere — the regions of weakly ionized gas
(where in photochemical processes ion—molecular reactions are predominant and in the distribution

of charged particles the ambipolar diffusion also plays a role) and infinitely conducting plasma;

LIl P (ABI( )+ BB, (t)+CB, (t)+C,B, (t))+oc6 pr(dat) =

= £ g = o, (CBs (1) +C,B, (1) +CiB, (1)) t{dad)?

5 |t =al(AE(BEQ (1) () + CoBa (1)) + | ey =0,

1 gan) eN, [ AG, (t)+BG, (t)+CG,(t)+C,G,(t)] s(doa) = *)
= 3| sesaa) = &N [C,G,(t)+C,G,(t)+C,G, (1) ] t{dal)?

. =eNO[AE1 (t)+BG: (1) +C,Gs (1) +C,Gs (t)} toan =0,
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on the boundary between the Fi- and F,-layers of the weakly ionized gas where photochemical
processes of creation and annihilation of ions and electrons almost coincide (except for ambipolar

diffusion which is absent in the F;-layer);

B psaay = O [ CBs (1) + CyBg (1) + CoB, (4) [+ 0t | psq o= B | ssiaey =
= aloﬁs (t)l:CGB9 (t) + C7BIO (t) + CSBII (t):l 0 z=+(d-a) > (30)
K- (d-a) = EN [C G;(t)+C,G(1)+CG, (t)] res(doa) = Jz | 2os(d-a) =

=eN,[C,G,(t)+C,G, (t)+C,G, ()]

z=1(d-a)
on the boundary between E and F-regions of the weakly ionized gas where in photochemistry of
charged particles processes of, respectively, dissociative recombination and ion—molecular reactions

are predominant;

f

7=+d :aloBS (t)[csﬁ9 (t)+C7B10 (t)+C8Bll (t)]"'as z=+d —
={C, exp[ k(d+  ~|2) |+ Cyexp[—k(d+ f ~[2) ]} ,-a 31)
Jf |z:id =eN, |:C6G8 (t)+C7G9 (t)+CsGlo (t)]|z:1d =J; =0

on the boundary between the layers of neutral atmosphere and the layers of E-regions where,

f

z=4d —

z=+d

respectively, charged particles are absent and the processes of dissociative recombination are

predominant;
0] ) = {C9 exp[k(d + f —|z|)]+C10 exp[—k(d+ f —|z|)]} ety = T Lo =
={Ak exp(to—%j§+/¥exp{—(to+%j§}} ,
z=+(d+f) (32)
Jz z=t(d+f) — —eN GII\/GP/GH
x{Ak(to—%jexp(to——jé Az( jexp{ (to+%j§}} =0
z=+(d+f)

on the boundary between the Earth surface and neutral atmosphere from where the electric field
penetrates into interior regions of the Earth.

Before proceeding to the boundary relations between the layers of the Earth structure it should
be noted that the z-axis of the coordinate system of [19] is continued to the center of the Earth and
h, hy, hy, hs; ¢, m, |, sare, respectively, thicknesses and superscripts of constants and functions in the
layers of the crust, mantle, liquid and solid cores of the Earth.

In the inner structure of the Earth the following equations should be satisfied:
H(d+fh) = {A exp(t, —”B/Z)@H%GXP[ +”B/2)<i]}
oeron = { AT exp(t, —m, /2) &+ Al exp[ (1, +m /2) €]}

£,

z=+(d+f+h)
(33a)

1 d+f+h
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JZ 7= +(d+f+h) —eN GH \IG /GH
x{ A (t,—my/2) exp(t, - M, /2) &= A (t, +m, /2)exp[ —(t, + M /2)E ]| i =
33b
= Jz |ss(arton= —EN GH\/GP/GH (330)

{rle Dol Bl Bl 2

on the boundary between the crust and mantle of the Earth;

+(d+f+h)

f" z=(d+f+h+h) = {A\m exp(to _%)é-l- A" exp{—(to +%j [:} } ros{dsfshihy) = fl“- =0,
, (34)
J;n z=t(d+f+hth) = fzc'l',
on the boundary between the mantle and the liquid core of the Earth;
fCl d+f+h+ + = f1C‘S- = 0,
h+hy) (35)

i

+(d+f+hrh+hy) Jz

on the boundary between the liquid and solid cores of the Earth.

In case of co-rotation the first equation in (1) f,” =0 should be replaced by the

z=+(d-a-1-p)
equation

" =eN,[ AG,(t)+BG, (1)+CG, (t)+C,G, (t)

z |z=t(d-a-I-p)

=0. (36)

z=+(d—-a-1-p)
Here f, j and f,, j2, are the extracted parts of electric fields and currents in the F,-layer,
which are responsible for, respectively, photochemistry, winds, and ambipolar diffusion in
ionosphere, A, B, C, o are arbitrary constants which are determined from the boundary

conditions, a, . ¢ are constants determining the processes of ambipolar diffusion and consisting of

regular physical parameters of the structure of near-Earth space. They enter the known functions

Bi. 1), G ) (t= g 24+ fHa / H,) entering linearly and additively the analytical solutions of the
problem [2]. Hence, B, 11(t) and G, 11(t) may be represented as the sums f3, (t) =Bi (t)+§i (t) and
GM)= C_BI L+ (:3, (t), where each pair B, (t), E (t) and G (1), C:-l, (t) contain, respectively, the terms
describing photochemistry and winds in ionosphere and ambipolar diffusion. This is just the
meaning of B, (t), Ei (t) and G (1), Cz-ll (t) in the systems of equations (28) and (29).

In equations (32), (33a,b), and (34) A‘, A’ and A", A" are 4 arbitrary constants (generally

different for different layers) determined from the boundary conditions, o, and &, are the

longitudinal and Pedersen conductivities (also different for different layers), t, =(1/2)\/ng +4k*, my
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is the constant of approximation of the expression o, =,/c/c, by an exponent, o, =c,eME,

§= J. |o,c,dz, and k* =k +k; with k and k, being the same as in [19].

It is easy to see that equations (28)—(35) constitute a complete system of linear non-uniform

.....

solutions of the problem [19, 27]. This means that the problem of the mechanism of “atmospheric
dynamo” for a multilayer complex model of the near-Earth space and conducting Earth represented
in the form of a multilayer unipolar inductor where every layer has specific physical, chemical, and
dynamic properties, has an unambiguous solution. In other words, penetration of electric fields from
the gaseous shell into the inner regions of the Earth is unambiguously possible. Electric fields
excited by ionosphere winds, whose sizes are larger than the height of the homogeneous
atmosphere, penetrating into the conducting layers of the Earth produce there electric currents and

magnetic fields.

,,,,,

values of relevant parameters: the distance, along the Earth’s magnetic field line, between the
conjugated points of the northern and southern hemispheres in latitudes 65° is d = 40,000 km; the
height of the neutral atmosphere from the Earth’s surface f =100 km; thickness of the E-layer
a = 40 km; thickness of the Fi-layer | = 60 km (the region from 140 to 200 km). At altitudes from
200 km up to conventionally accepted 400 km there is the F»-layer, so its thickness is p = 200 km.
The ionic and neutral components in the E- and F-layers consist, respectively, of O>", O, and O",0.
Temperature of neutrals T, in the E- and F-layers are taken to be, respectively, 300 K and 1000 K
and temperature of ions / electrons in the F-layer is Tje = 1000 K. The height of the homogeneous
atmosphere H, = 8x10° cm in the E-layer and H, = 8x10° cm in F-layers. The coefficient of
recombination of positive ions and electrons in the E-layer is . = 107 cm’/s; the coefficient of
annihilation of charged particles in the F;- and Fo-layers is taken a = 10™"> cm’/s and the Chapman
distribution of the ionization rates is (o = 100 cm/s. The concentrations of neutral and charged
particles at the initial conventional heights is accepted to equal N, = 10> atoms/cm® and Ny = 10°
at/cm’ in the E-layer and Ny, = 4x10' atoms/cm’® and Ny = 4x10° at/cm’ in the F-layers. The
frequencies of collisions of ions and electrons with neutral particles at the same heights are
Yio = 2x10° s_l, Yoo = 10* s! in the E-layer and vip = 10* s_l, Yoo = 3x10% 7!
amplitude of the speed of wind is w, /k , =200 m/s, and the size of a cell 27/k, , =200 km.

in the F-layers. The

The concentration of charged particles is approximated by the formula N .= N, exp(z/ H.)

and the magnetic field strength at the Earth surface is taken to be H= 0.5 G.
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It is furthermore accepted that for radii of the Earth Rz = 6370 km, of its solid core Rs = 1250
km, and of its liquid core Ry = 3450 km, the crust, the mantle and the liquid and solid cores have the
corresponding thicknesses: h = 40 km, h; = 2880 km, h, = 2200 km, and h; = 1250 km. Magnetic

fields produced by the electric currents of the whole system are determined by the equation
Ah = (4m/c)rot j.

Electric fields induced in conjugate points of the crust by a magnetic line going inside the
Earth in the Northern and Southern hemispheres, propagating into inner layers, will produce electric

currents and magnetic fields. Moreover, the electric currents between the conjugate points of the

crust must be closed along the magnetic lines through the inner core and the horizontal crust-layer,

since the conductivity G, along magnetic lines is essentially higher than that in perpendicular

direction, i. ., 6, and Oy, . The latters have their highest value in upper layers of the Earth.

So, it is shown above that the electric processes in near-Earth cosmic space interact with the
electroconducting Earth and affect its internal electrodynamical state. Particularly, we have studied
the problem of the electric field and current generation in the interior of the Earth under influence of
the dynamo of ionospheric small-scale processes. In this case we have calculated the electric fields,
currents, and the magnetic fields induced, as well as the polarization charge density in each of the
layers in dependence on the longitudinal conductivity and on the Pedersen and Hall conductivities.
The excited magnetic fields contribute to the magnetic variations of the field of the Earth and can be
used to examine the natural resources (geological investigations), since the methods of separation of
different-type disturbances are well developed [31]

As is seen from the expressions for the magnetic field h, they contain the conductivities which
characterize the electrical properties of corresponding layers. Assuming that we know (with a
certain reserve) the conductivities of the core and mantle, i.e., of the iron and silicates [29, 31]
which are the main components of these layers, we obtain then the magnetic field disturbance in
dependence on the crust conductivity.

This, in its turn, will allow drawing important physical conclusions — it is possible, by
measuring the fields, to determine the characteristics of the studied object producing these fields,
i.e., to solve the inverse problem of geophysics.

In conclusion, it was succeeded in the present work to obtain analytical solution, within the
framework of the proposed mathematical model of the considered problem, which is unique and
valid for the overall volume of the system. The problem is, however, non-correct according to
Hadamard, as are the majority of geophysical problems. Because of instability of the inverse
problem it is possible, with the approximate values of the input data, to obtain a solution strongly

differing from the true one. But how should be solved such unstable problems. This question is
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answered in the mathematical theory of regularization, the basic concept of which is that of the
conditionally-correct (or Tikhonov-correct) formulation of problem. The results of this theory are
applied widely in all the fields of contemporary physics where solution of inverse problems is
needed [32].

So, with use of the regularization theory, it is possible to solve the inverse problem proposed
here: to study the physical-chemical composition of the Earth’s crust from the results of the direct
problem. Since, as mentioned above, the geophysical methods are indirect methods to study the
structure and composition of the Earth. For this purpose, the obtained formulas must be applied to
gauge magnetometers in testing ranges and to process the results of magnetic measurements. But
this is the problem of exploration geophysics which requires a separate study.

In addition, magnetic variations of the field of the Earth can give information on its seismic
state, since the problem under discussion is stationary, i.e., it is reversible and the ionosphere
disturbances can be considered as a consequence of the disturbances in the bowels of the Earth.

There are many works concerning questions of electromagnetic probing of the Earth. Among
these works [32—35] may be cited. A number of authors performed, based on the theory of skin-
effect, investigations of the electroconductivity of the Earth at various frequencies and penetration
depths of electromagnetic waves. The proposed multilayer model allows involving in the
investigation of natural resources wider (corresponding to sizes of ionosphere winds) regions of the
surface and deep-lying layers of the Earth.

However, the proposed model requires a further study and improvement with allowance for
physico-chemical properties of each of the strata and for physical conditions of their existence. This

will lead to more accurate practically important results.

4. Conclusions

We would like to observe that the author of the present survey managed to solve the complete
system of quasi-hydrodynamic equations for the F; layer of the weakly ionized ionosphere plasma.
He took into account the members caused by ambipolar diffusion, gravity force of particles, and the
Earth magnetic field effect. As a result, the author obtained analytic expressions for electro-

dynamic quantities, provided that parameters A,,A, > 1, which is rather difficult problem [26].

1. While the physical and chemical processes running in the gaseous shell of the Earth are
well known, in the same way as numerical values of the real physical parameters used in our
suggested model, one cannot say the same thing about the internal structure of the Earth hidden for
observations. Therefore initially the FEarth is considered as infinitely conducting and
electrodynamics of the near space is studied in this approximation, determined by ionosphere

winds. We have done it in the first manuscript [19]. Namely, the direct problem of geophysics was
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solved: numerical values of the fields, currents and charge-density perturbations were found, being
excited by ionosphere winds, provided that real parameters of the Earth's gas shell are known. The
obtained results, as mentioned in the manuscript, may be utilized for interpretation of radar and
satellite measurement data for electromagnetic fields and currents in ionosphere and magnetosphere
of the Earth.

2. The second work [27], by its formulation, actually represents an inverse problem of
geophysics for completely different model. Namely, one has to determine the characteristics of the
Earth-core electrical conductivity on basis of complete multi-layer model of the Earth's gaseous
shell and its internal structure, as well as analytic expressions obtained by the author. However, the
inverse geophysical problems are usually incorrect, in the sense of J. Hadamard. Therefore the
analysis should be performed by means of mathematical regularization theory, namely under the
"conditionally correct”" statement of the problem, due to A. N. Tikhonov. However, this is actually a

problem of exploration geophysics.
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