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Variations of electrical fields and currents in the lower ionosphere are considered. The variations appear due
to air conductivity growth near the ground. Two models of conductivity perturbations are investigated: a) a flat
layer with high conductivity, b) semispherical region above the future earthquake centre.

1. Introduction

There are some processes which lead to the air
conductivity growth near the ground in periods of
preparation and during earthquake (EQ). First of all,
we have to mention radioactive gases (radon) emana-
tion from the earth crust. It produces an additional
ionisation which increases the air conductivity. Be-
sides, additional charged microparticles appear in the
air due to acceleration by the piezoelectric fields pro-
duced in the earth crust.

The air conductivity growth leads to variations of
the current which flows between the Earth and iono-
sphere. In its turn, it produces influence on iono-
spheric processes. This mechanism was considered, in
particular, in papers [1,2].

The aim of the present publication is to carry out
some calculations which connect the air conductivity
near the ground with measurable ionosphere parame-
ters.

Point is that the growth of the air conductivity it-
self does not give rise to electrical fields and currents.
However, it is necessary to take into account that the
space between Earth surface and the ionosphere
forms peculiar spherical capacitor. This capacitor is
under the voltage about some hundreds kV. It is as-
sumed that the capacitor is charged due to the global
thunderstorm activity. Recently, another charging
mechanism is also discussed in the literature. It is
connected with the effect of unipolar induction which
arises due to different velocities of the rotation of the
Earth's core and plasmasphere [3].

Here, we are not interested in the nature of the ca-
pacitor charge. We proceed now simply from the ex-
perimental fact that there is an electric field in the gap
between the Earth and the ionosphere. It is so called
the electric field of fair weather and its intensity near

the ground E,(0) = 10V I m.
The air conductivity near the ground is equal

c,=10""S/m.  Therefore, the current
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Jo=0,E, = 1072 4/ m? flows in the air near the
ground.

2. The estimation of electric field and current variations
in the model of a flat-layer medium

The air conductivity growth near the ground due
to a radioactive emanation gives birth to variation of

the current J and electric field £ on the background

of their unperturbed values Jj and E;. In order to
obtain the proper estimates it is necessary to know the
air conductivity 6(z) at any heights (the conductiv-
ity of the ground is considered as infinite large). Gen-
erally speaking, the air conductivity depends not only
on the height z but on the distance from the epicentre
of the future EQ as well. But the vertical scale of the
conductivity variations H =10 +10°m is much

less than horizontal scale L =10* +10°m . It permits
to consider the air as a flat-layer medium.

We shall use in calculations the model of exponen-
tially growing conductivity which is often met in the
literature:

c(z)=o,exp(z/H). )}

When considering electrical processes in atmosphere
it is necessary to take into account not only conduc-
tivity of the air G but its relative permittivity € also.

But difference € from 1 is about 107, and for fre-

quencies o, which satisfy inequality

ol (@ygy)>>1 (8,=9-107"F/m is electric
space constant) the air may be considered as a con-

ductor. It means that an approximation of a conduc-
tive medium is valid for electrical processes with

characteristic time scale 7'=2m /@, >>6-10°s. We
will assume farther that this condition is fulfilled. The
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distribution of electric fields and currents is described
by followmg set of equatxons

. div] =0, J =cE, rotE =0. )

The solution of these equations for the undis-
turbed field of fair weather and o from (1) is

» Z
J=J =J,, E=FE =F ex (——),
z 0 z o €XP H

Jo =0.E,. 3
It is possible to consider the Earth potential as zero.
Then at z — o0 the potential

Uy = [Eyexp(~z/ H)dz = EH .

The total resistivity of the infinite pillar of the air
with unit cross-section is

R, = [dz/o(z)=Hlo,.
0

Apparently,J, =U, / R,.

It is not difficult to find what happens if conduc-
tivity of the air layer with thickness # would grow
from G, to G, >>G,. The total resistivity of the
infinite pillar of the air will be equal
R, =R,(exp(-h/H)+ho,/(Ho,)), and the
current
J =U,/R =
=U, I[R,(exp(-h/ H) + ho, [ (Hc)))].

If we shall use the optimistic values (in the sense of

the effective influence of resistivity growth on electric
fields and currents), it is possible to put A~H and

o, ~10c,. Then J,

electric field will grow at
E(z)=J,/c(z)~2E(z).

But near the ground (z</) the field intensity will
decrease. Really,

E(z<h)=J, /o, =Eyexp(-h/ H)+

+ho, 1 (Ho,)) "o, /6, ~0.2E,.

It means that the decrease of the fair weather field
at low heights may be considered as EQ-precursor in
the cases when EQ-preparation is followed by radio-
active gas emanation. But if fair weather field varia-
tions are produced by the electric charges in the bow-
els of the Earth then increase or decrease of E de-
pends on the charge sign.

The abovetaken values of G, and / are in reality

uncertain enough. Nevertheless, it is possible to as-
sume that up to heights z =60+ 70km the intensity

~2J, and in the same way
any height z>h

of electric field E,(z) will be noticeable larger than
undisturbed fair weather field.

But we have not taken into account very impor-
tant circumstance, namely -the definite dimensions L
of the area of resistivity perturbation. Inequality
which was spoken about (L>>H) justifies the flat

layer approximations only for altitudes z < L , where
it is possible to neglect border effects. The condition

z < L may be not valid for the ionosphere and the
estimations carried out above ought to be reconsid-
ered.

The influence of finite dimensions of the area
where air conductivity increases will be accounted by

simple model of G (z,X) perturbations (x - is a hori-
zontal coordinate).

3. The semispherical domain of the air conductivity
perturbations

We will assume that the region with high conduc-
tivity o, = const is restricted by semisphere with
radius R above the centre of a future EQ (Fig. 1). If
radius R is not too large (R < H ~ 10*km) it is pos-
sible to consider the surrounding medium as almost
homogeneous with ¢ =o, and J =J, = const.

Under such assumption we can obtain the necessary
data by well known analogy between set (2) and clec-

trostatic equatlons for dielectric medium: divD = 0,
D=c¢E, rotE=0. Obviously, these equanonQ co-
incide with (2) if we change € to ¢ and DtolJ.
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Fig. 1.

Let us consider the polarization of a sphere with
permittivity €, which is immersed in the medium

with permittivity €, and homogeneous electric field
Eo- It is known that homogeneous field E‘ parallel

Eo arises inside the sphere. The electric induction
D, =3¢,D,/(2e,+¢€,), where D, =¢,E;. As

far as the electric field outside of the sphere is con-
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cerned, this field coincides with the field produced by
dipole p=D,R*(g, —€,)/[€,(2€, +€,)] in the

centre of the sphere with orientation parallel .

These data are directly connected with our prob-
lem. It is not significant that in our case we have not
sphere but semisphere because it is situated above an

“infinite conductive plane. Its influence leads to the

~condition J =J, at z=0. It is easy to fulfil this con-
dition by mirror reflection of all charges in the plane
z=(. In the case under consideration it is necessary to
reflect all parameters of the upper medium: at z<0
" the semisphere with ¢ = ¢, is immersed in the non-

homogencous medium with ¢ =o,exp(—z/H).

The direction of current J, is not changed at z<(0
under mirror reflection of charges.

As it was already said the radius of the semisphere
is assumed small enough and we will neglect altera-
tions of air conductivity at z < R. Then, in accor-
dance with the analogy mentioned above perturba-
tions of field and current outside the sphere near its
boundary are produced by central dipole

3
_ JyR (6, -0,)
c,(20,+0,)

with vertical orientation.

4

4. The electric field produced by point charge in the
nonhomogeneous atmosphere

We need to calculate the action of dipole p at

heights z >> H , where nonhomogeneity of the air
clearly displays. Therefore, we come back to the ini-
tial set of equations (2). Let us assume first that elec-

tric field E and current J are produced by point

charge ¢q. The exact solution of the problem was
found not long ago for a spherical capacitor with an
exponential height profile of the atmosphere conduc-
tivity [4]. But in our case, when we do not consider
global effects, it is possible to confine ourselves with
flat gap between the Earth and ionosphere. Then the
equations (2) can be solved in such a way [5]. Substi-

tuting E= —V@ and taking into account (1) we can
write the following equation for @ :

lacp
Hoz

In cylindrical coordinates z, X, 6, ¢ does not de-

Ag +-

pend on O and it is convenient to use new function
v =@ exp(z/2H). The proper equation is

=0.

v
4H*

Its solution for point charge ¢ in the origin of coordi-
nates, which vanishes aa z—>o is

y =qexp(—r/2H)/r,
Accordingly,

B gex ( r+z)
¢ = Y SH )
and electric field components £ and E, are
e )
SING o)\ ol )
®
E:g(z l)ex( r+z)
: 20 2m) "\ 2 )

By means (6) it is possible to draw schematically
the picture of electric force lines (they are also the

where r=+x%+2z>

lines of current J =GE ) in the air. The differential

equation for E force line is following:

(E_ EL _ z(1+r/2H+r2/22H)

dx E, x(1+7/2H) '

Near the source where z << H

dz z

dx = X and z = xctgh,. )
We have designated by ctg6, the constant of integra-

tion in accordance with its geometrical sense. It is
seen that near the source where nonhomogeneity of
the air does not manifest itself the lines of electric

forces E and current J form a "fan" of straight lines
going out under different angles 6.

A T J 7
\\ z~Cx?
1 I/ /
\ \ ! ¥4
\ \\ \ 90 [} /

7/
. R ,,’ P
\ Vs Ve
\\\\\ F // s
\M/ z = xctgh,
+q X

Fig. 2

At large altitudes where z >> H the picture
changes drastically. Let us restrict ourselves with a

region almost above the source where x* <<zH .
Here,

dz 2z

— =~ and z = Cx’. ®)
dx = .
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where C is an integration constant. It determines one

of the E - force lines which form a totality of pa-
. rabolas stretching themselves along Z - axis in the di-
rection of & growths (Fig. 2).

5. The dipole field in the nonhomogeneous atmosphere

Let us consider a dipole formed by two charges
+q in the points z, =8 . We will estimate the
"point" dipole field by means of equation (5) and lim-
its ¢ > 00, 8 — 0 with p=20q = const .

For dipole situated on a ground (z, = 0)

_r (HL) ox (_ r.:z] .
o=\ )P ol ) @

2
pxz r r ( r+ z)
T -—=
E="5 [3( +2H)+4H2]CXP 2H )’

(10)
p 322(1 1) r ( z )
E=5—|—"+—7|+77\55"
r{r r+2H +2H 2H *

+—~Z—+—ZZ—— lex ( I—ﬁ) 11
o i P 2E ) (h
At small distances 7 << H the formulas (10), (11)

transform themselves into known equations for a di-
pole field in a homogeneous medium:

3 372 —7?
E E_lriii?’ E, _:.f-(~—3-5~—r~ : (12

X

The current components J_, J differ from (12) only
by factor G :

3pc,xz 6,(32° -r?)
J, = —%5";—, = —EL}TM» G

P

Now we should come back to our main problem of
influence of air conductivity growth in the semi-
spherical region (Fig. 1). In accord with electrostatic
problem we should search the solution of the equa-
tions (2) in a form:

a) inside the semisphere a homogeneous current
J, flows along z - axis;

b) outside the semisphere two currents flow: the
initial current J, along z - axis and the additional

current with components (13).
At the boundary of the semisphere conductivity

o jumps from ©, (inside) to G, (outside), but the
normal (radial) current component and tangential
field E, component ought to be continuous:

J,cosB =J, sin® +J, cosB +J, cosH,
J,sin® J,cos® J, sin6 J,sin®
o, o, G, o,
Using these formulas and (13) we should obtain two
algebraic equations for two parametres p and J, with
following solution:

3/,

" 20,+0,

- JoR’ (0, ~0,)
c,(20,+0,)
The value p coincides with (4) which was written by
electrostatic.analogy.
So far as we assume G, >> G,
JR’
J 23, pe " S—=ER’. (14)
Gy
One can see that the current in the perturbation re-

gion grows about three times, but electric field inten-
sity decreases here, because

E =Jlc,23],/0,=3E0c,/c,=03E,

(we put as earlier o, = 100,). The found solution of
the initial set of equations satisfies all necessary con-
ditions: J_ =0 atz=0, J = 0 at r — », and J,

1

and F, are continuous at the semisphere boundary.

Now we can calculate fields and currents at all
heights using the complete formulas (10) and {il;

because the value of p'is known. If z>>H and
x* << zH itis possible to take r = z and

_ PxX (_}__)

E.2 7 g)
P z |

E = (—-—).
=g P H (1)

Obviously, the main components of electric field and
current almost above the semisphere are E, and J,
which are equal

_v__'{QBi._ex (__Z_)_ (Z)_I}_}__
= s, O\ 7)) T 4 e

R3
J , = J 0 i;H_i . (i6)
These variations of E, and J, arise on the back-
ground of the initial values Eq(z) and J,. There-
fore, the relative variations are
E(z) J,(z R’
- .:z.g_ul - - Z_(___) = — _;.i‘ = 10'2 (17)
E(z) J, 4zH
(we have taken R = H , z=10H).
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6. Discussion

Let us begin with some numerical estimations. The
unperturbed fair weather field at z = 60 km is equal

~E,(0)e™" =5-107 V/m. Aninfluence of E on the
ionosphere may be characterized by so called plasma
field £,. If £ 2> E, electrons are heated and their

temperature 1, exceed markedly the temperature of
heavy particles T(Te - T)/T = EZ/E; . It leads to
variations of collision frequency and ionization bal-
ance in the ionosphere. For the lower ionosphere
Ep =3.10"'V/im and perturbed field, as follows

from sec. 2, is equal ~2FEo(Z = 60 km)=10-2 V/m. It
means that the electron temperature 7, will be
changed at AT ~TE2/E§ ~30 K. In principle, such
heating may produce noticeable variations in the
ionosphere but the effect will be disguised by natural
fluctuations of Eo(z) which are not connected with
EQif we would turn out attention to the second

model under consideration (semisphere with increased
conductivity) the result will be much worse because

the expected disturbances of Eg are about ~102 of
initial value, i.e. ~5-10-5 V/m at z = 60 km. This value
is too small as compared with E » and cannot pro-

duce noticeable variations in the ionosphere parame-
tres.

Fig. 3

In such a way we come to two opposite conclu-
sions concerning possibility of ionosphere heating due
to air conductivity growth over the future EQ. Obvi-
ously, this contradiction is connected with the model
of air conductivity. But what may be expected in re-

ality? There are no measurements of ¢ which are nec-
essary to choose the model with complete certainty.
Nevertheless, it is possible to imagine the real model
in general.

If gas emanation around epicentre of a future EQ
is more or less homogeneous, the region of increased

o and the structure of current lines resembles the pic-
ture in the Fig. 3a. The current lines are almost par-
allel in the central part of the picture and here the
conclusions of Sec. 2 are valid. The boundary effects
are described approximately with equations (16).
Here, the current density decreases. The picture in
Fig. 3b seems to be more realistic. Irregularity of gas
emanation gives rise to wavelike structure of the
boundary which surrounds the region with

G, >> 06, . Current lines bend in different directions

and it leads to increase or decrease of current density
in different regions of the ionosphere. The picture in a
whole resembles the scattering of light rays after
passing through the glass plate with distorted thick-
ness. In this case the regions of light focusing and de-
focusing arise.

For the exact calculation of E(z) and J(z) distur-
bances one needs to know (at least in the statistical

sense) the structure of region with increased . How-

ever, the mean value J (excluding boundary effects)

will be approximately equal Jo. It means that the con-
clusions of Sec.2 may be considered as realistic

enough if they will be applied to mean values of J :

and E .-
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MaMeHenus 3JieKTPHYECKHX MO0JIeH ¥ TOKOB B HIDKHEH
uoHocdepe NpH BO3pacTaHNM NPOBOAUMOCTH B NP~
3eMHOM CJI0€ BO3XyXa Haj 006JacThIo Oyxyiuero
3eMJIeTpACEeHus

ILB. Banox

PaccmaTpuBaloTca BapHalid TOKOB H JIEKTPHYE-
CKHX nojeil B HIOKHell noHochepe, BhI3bIBaEMBIE BO3-
pacraHHeM NPOBOAUMOCTH B MPU3EMHOM ClIO€ BO3AY-
Xa B MepHOj MOATOTOBKH 3emierpaceHus. Q6cyxaa-
10TCA JIBE MORENH: a) IMIIOCKO-CIOUCTOE BO3MYLIEHWE
npoBoguMocTH, 0) momychepuueckas obmacTe Hax
SMUIEHTPOM 3eMJIETPACEHHS.

. 3miHH eJIEKTPHYHHX TOJIB i CTPYMIB B HIXKHIl
ionocdepi npn 3pocranni HpoBixHOCTI B NpH3eMHOMY
wapi noBiTpA Hax 00aacTi0 MalHGyTHBEOTO
3eMIIeTpyCy

I1.B. Baiox

PosrnanaroThed Bapiauil CTpyMiB Ta eIeKTPUYHHX
MoJiiB B HWXKHIH ioHOcdepi, W0 BUKIMKAIOTHCH 3pO-
CTaHHSM TPOBIZHOCTI Y NPU3EMHOMY IIapi NOBITPS B
nepiox miAroToBKH 3emiierpycy. OBroBoprooThes IBi
MO a) IIockoumapyBare 36ypeHHA MPOBITHOCTI,
6) niscepuuHa oONAcTh HaZX eMILIEHTPOM 3EMIIETPY-
cy.
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