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Abstract. Modern seismology attaches great importance to the methods of 
short-term earthquake forecasting. One of these methods is a method based 
on the registration of disturbances of the atmospheric electric field and the 
field arising in rocks before earthquakes. Until now, this problem is discussed 
at the level of hypotheses. The mechanism of perturbations is unclear and the 
literature does not provide any convincing evidence of the explanation of the 
observed phenomena – flashes and columns of light, breakdown of electric 
cables in the earth a few hours before the earthquake and other phenomena. 
In the present article on the basis of the phenomenon of fast cracks loading 
discovered in the nineties of the last century [1] the explanation of these 
phenomena is offered by the solution of a direct problem about an electric 
field of the hearth of technogenic earthquake in the atmosphere. 

1 Introduction 
Over the past twenty years in the Kuzbass observed increase in seismic activity of the earth's 
crust, resulting in an increased number of dynamic manifestations of rock pressure in mines, 
and also did not appear earlier provoked by mining induced earthquakes of small force 
(mostly fifth to seventh energy class). Moreover, the depth of most of the foci of these 
earthquakes according to the Altai – Sayan geophysical service did not exceed one kilometer. 

The modern point of view links the seismic event with the focal area for which the 
following definitions can be given  

1) the focal area of the seismic event is a certain volume the area of rocks surrounding 
the place of the incipient rupture and corresponding to the area of irreversible deformations 
and maximum variations of mechanical stresses; 

2) the effective focal area of the seismic event is the volume area of rocks including the 
focal area, and also a area of possible aftershocks. 

These focal areas are associated with displacements on large tectonic faults in the earth's 
crust. From the very beginning, the process of their accumulation is scattered, but with the 
formation of larger cracks, the process of occurrence of microcracks is localized in a narrow 
area, which is a zone of growing trunk rupture. When the stress in the hearth reaches a critical 
value, the fault boards are formed, they slip relative to each other and a seismic event occurs. 
At the same time, the elastic energy stored in the surrounding rocks partially passes into heat, 
and partly into the energy of propagating seismic waves. It is along the faults that the relative 
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displacements of rigid lithospheric plates often occur. In this case, the faults are divided into 
exploits when the maximum value of the tectonic component of the stresses is compressive; 
normal discharges, in the case where the maximum component of the tectonic stresses is 
tensile; and faults with displacement along the stretch (shifts). 

Currently, there are many scientific articles devoted to the description of experiments on 
the relationship between the seismic event and harbingers of different nature: acoustic, 
electric, magnetic [2 – 13]. In [14] a large review of electromagnetic earthquake precursors 
is presented: local changes of electroconductivity of the earth, anomalies of telluric currents 
and geoelectric potentials, low-frequency variations of the earth's atmospheric electric field, 
low-frequency variations of the earth's magnetic field, low frequency electromagnetic noise 
in the ULF-band, radio emission and optical phenomena before earthquakes, release of 
radioactive gases from the earth's bowels, change in the content of subsurface hydrogen. 

In the preparation of mining-tectonic shocks and man-made earthquakes, the focus of 
which is located at a relatively shallow depth, both on the earth's surface and in the 
atmosphere there are noticeable anomalies of the natural electric field, due to the charging 
state of cracks when they accumulate in the area of the hearth. In [1] was presented the 
mechanism, caused by the birth and rapid spread of microcracks where each microcrack in 
the process of propagation carries a charge of one sign in its vertex. This mechanism explains 
the long-term existence of the charging state in rocks due to the ability to continuously 
resume rapidly relaxing charges. 

In this article we obtain estimates of the potential and intensity of a quasi-stationary 
electicity field generated by a three-dimensional object. 

2 Result and discussion 

2.1. Potential and intensity of a field 

Let us assume that the containing space is the homogeneous isotropic triplex with plane-
parallel borders and the specific resistance 321 ,,   and the field source is in the first layer. 
Let us first calculate the field of a point source (Fig. 1) in the coordinate system Oxyz, which 
is located in the 1st layer. 

 
Fig. 1. To calculation of electromagnetic disturbance in the atmosphere from the focal area of mining 
– tectonic shocks and man-made earthquakes. 

From geodynamics and seismology it is known [15] that earthquakes are associated with 
differences of the type of feat, discharge and displacement along the stretch. The formation 
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of large faults in the earth's crust is due to the multiple accumulation of microcracks in the 
focal zone, their association and the formation of large cracks (forks), the connection of 
which occurs by breaking the bridges between them (the earthquake itself), as well as with a 
discontinuous displacement of the rupture sides, called intermittent sliding [15]. 

As well as known, the solution of this problem for the potential of a point source in the 
atmosphere (3rd layer) looks like: 
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K  is the reflection 

coefficient of the second layer; )(0 mrJ  is the Bessel function of zero order; I  is the point 

source current; 22 yxr  is the polar radius; h  is the thickness of the second layer. 
In [16  – 18] we calculated the potential for a flat shape and a cylinder. In this paper we 

will consider the general case of a three-dimensional body and ellipsoid for example.  
Denoting through Dj3  the volume density of currents in the source of destruction and 

integrating (1) the volume of an ellipsoid with semiaxis A, B, C, we obtain the following 
expression for the potential of the focal zone in the atmosphere: 
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where 22 )()( pMpM yyxxr  , pM zzz  , pV
 

– three-dimensional body 

(ellipsoid Fig . 1); ppp zyx ,, – the coordinates of the point P inside the focal zone, which in 

(2) is the external integration; MMM zyx ,,  – the coordinates of the observation point in the 
atmosphere). 

Let us transform the expression in (2) integrals to a dimensionless form by notations 
whw / , where the dimensions of a quantity of w is the meter. After such change the 

elementary volume pdV  is converted to the following dimensionless quantity 

pp VdAdV 3  and the remaining quantities will be converted with the changes pmh   and 

hdpdm / . Here and then for simplicity we will not use line over variables. The expression 
(2) can be represented as 
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To calculate the inner improper integral let us turn to the Taylor series as follows. Since 
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Substituting (4) in (3) and changing the order of summation and integration, we obtain: 
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To calculate the three dimensional integral, we define the boundary of the region as a 
function ),( R  in the spherical coordinate system as follows:  cossinpx , 

 sinsinpy ,  cospz ,  20 , 0  and  ddddV p sin2 .   
Bellow we will modeling the focal area of earthquakes as ellipsoid with the axes 

CBA  . The dimensionless equation of the inclined ellipsoid in spherical coordinate 
system will look like  

2
3

2
2

2
1

),(
TTTh

ABCR


 ,   (6) 

 where BCT )sincoscoscos(sin1  , ACT  sinsin2 , 

ABT )coscossincos(sin3  ,  is the angle from intervals 00 4523   or 
00 6545  .  

Thus we can write the 3d integral from (5) as 
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 To calculate the intensity of a field we can use the difference schemes of 2nd order of 
accuracy: 
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Let us calculate dimensionless potential and intensity for the ellipsoid as the field source 
with parameters 50A , 25B , 10C , 50h , 100H  m, 000 60,45,30 , 

6,01 K  and measurement point with coordinates 0y , ]600;600[x  m. Let us to 
make a calculation in free mathematical tool Scilab. The graphical results of it are in Fig 2. 

2.2. Calculation the volume density of currents 

The volume density of currents in the focal zone can be found in accordance with [1] 
according to the formula 

pD tNLQj 
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where L – the linear size of the formed microcracks, (m); N' – the rate of microcrack 
formation, (m -3s -1); pt  – the time of relaxation of charges at the top of the crack, (s.); Q – 
the linear charge density per unit length of the crack front, (C/m); ε0ε1 – the absolute dielectric 
permeability of rocks in layer 1, (F/m); 1 – specific electrical resistivity of rocks 1 layer 
(Ohm·m). 

Let us do the dimensional analysis of (9): 
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The number of microcracks accumulated by the time of the earthquake in the volume unit 

can be determined from the concentration destruction criterion [1]: LN 33
1




 and  hence 
3037,0  LN .        

The average rate of micro-cracking at the first longest stage of earthquake preparation can 
be determined by the formula: t

NN  , where t is the time of the formation of the hearth 

of destruction in seconds (the time between two subsequent events of one energy class) . 
We can calculate the time in two ways: following M. A. Sadovsky-K. Tsuboi [19] and 

following S.N.Zhurkov [20].  
Let us consider the first way. The time value which is determined from the seismic law 

of repeatability of M. A. Sadovsky-K. Tsuboi [18] as: 

5,3lg
3
1lg  Wt ,    (10) 

where t – time of formation of the hearth of destruction in years, W – the allocated seismic 
energy, J. 

Thus, for the average rate of microcrack formation we obtain an estimate: 

33
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610761,3  LWN ,   (11) 
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According to the empirical laws of seismology, the size of the earthquake source is 

associated with the energy released as 3
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Fig. 2 The values of the dimensionalless potential and the intensity of field. 

                                                                 
Using (10 – 11) and typical values for granodiorite, sandstone, quartz diorit 410L  m, 
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 Let us consider the second way. The lifetime t is determined from the kinetic concept of 
strength by S.N. Zhurkov: 
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where 0t  is the period of atomic thermal vibrations, s.; Ω is the activation volume, m3; U0 is 
the activation energy of fracture, J; k is the Boltzmann's constant, J/K0; T is the absolute 
probability the rock temperature, K0; p - stress, removed by the quakes, Pa. 

Using typical values for granodiorite, sandstone, quartz diorite 19
0 105,1 U  J, 

271087,3   m3 and 293T  K0, 4105,4  p  N/m2, 13
0 10t  s and 410L  m, 

11106 Q  C/m, 510pt  s, 12
10 10854,8   F/m rewrite the (9) as 
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Hence If 1002  , 4
1 10  Ohm·m, 50h  m, then the dimensional ratio for potential is
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h
KK U

E  V/m. If we 

change the value p  from 4105,4  p  N/m2 to 6105,4  p  N/m2 then dimensional ratio 

will transform to 841,796UK  V and for intensity is 937,15EK  V/m. 

3 Conclusion 

Thus, at the last stage of preparation of a large man-made earthquakes, the electric field 
intensity in the atmosphere can reach quite high values-from 100 – 300 mV/m which can be 
registered by rather simple measuring instruments such as conventional electrometers and 
serve as a short-term harbinger of an earthquake. 
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