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Abstract 
The calculation of the precursor of the tectonic earthquake in the telluric current 
is carried out on the basis of the main equations of the telluric current and the 
theory of preparation of the tectonic earthquake. Results do not contradict data 
of field observations. Methodical significance of work is especially important. 
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1. Introduction 

Field observations of electric precursors of a tectonic earthquake are part of the 
general observations over telluric currents and are carried out long ago. Howev-
er, there are no well-founded theoretical works on this subject still. To calculate 
such precursor two components are necessary: The equations of telluric current 
and effective theory of a tectonic earthquake’s preparation. The equations of tel-
luric current are consequence of Maxwell’s equations and the corresponding 
material equations. These data are known and entered tens of textbooks and ref-
erence books. The theory of preparation was constructed later [1] [2] and is a lit-
tle used in the analysis of processes of earthquake preparation. 

The submitted article liquidates this gap. Article purpose is to receive real es-
timates of size of a precursor in telluric current. Calculations are made in SI. 

2. Main Equation of Telluric Current 

Main equation of telluric current is based on the continuity equation which is a 
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consequence of the equations of Maxwell, and has form 

div 0
t
ρ∂

+ =
∂

j                        (2.1) 

where j is current density, A/m2; ρ  is volume density of electric charges, C/m3; 
t is time. 

The Ohm’s law in which electric field strength is expressed through potential 
is used 

or gradVσ σ= = −j E j                   (2.2) 

where E—electric field strength, V/m; σ —specific conductivity, S/m; 
V—potential, V. 

Bringing the second Equations ((2.2) in (2.1)), we receive the known equation 
for time-constant telluric current 

2 grad grad 0V Vσ σ∇ + ⋅ =                    (2.3) 

where 2∇  is Laplace’s operator. 

3. Change of Conductivity at Earthquake Preparation 

Deformation of the medium causes conductivity change. We will assume that 
change of conductivity is proportional to volume deformation 

σ σγ∆ = −                          (3.1) 

where γ  is volume deformation, σ  is proportionality coefficient, S/m. 
The sign “minus” in (3.1) reflects the following assumption: the volume of the 

element of the medium increases at positive deformation and conductivity de-
creases. In this case σ  is positive. 

Process of preparation of a tectonic earthquake consists in formation of hete-
rogeneity in a bowels of the Earth [2]. It is always followed by deformation of the 
medium. Let’s consider the problem in the Cartesian axials (x, y, z) in half-space 
z ≥ 0. Let’s accept heterogeneity in the form of the sphere. In these conditions 
volume deformation of the medium is expressed by the formula [2] 

( )
( )

( ) ( )23
2

5 5 7 9 7
1 2 2 2 2

1 2 10 71 3 4 12
1 e

R H z H z H
xy R

r r r r r
ατ ν νγ δ

µ ν

  − + +  −  = + − + −   −      
 (3.2) 

where R is radius of spherical heterogeneity, μ is shear modulus out of hetero-
geneity, α  is relative change of the shear modulus in heterogeneity, τ are 
shearing stresses on infinity, H is depth of the center of heterogeneity, ν is Pois-
son’s coefficient; δe is characteristic function of area out of heterogeneity (δe = 1 
out of heterogeneity and δe = 0 in heterogeneity), ( )22 2

1,2r x y z H= + +  ; 
shearing stresses τ are directed on axes (x, y). 

Accepting 1 4ν = , we receive from (3.1) and (3.2) 

( ) ( )

3

23
2

5 5 7 9 7
1 2 2 2 2

2
3

10 72 1 2 1     2
3 e

R

H z H z HR xy R
r r r r r

ατ σσ ε
µ

ατ σ δ
µ

∆ = −

  + + 
  = − + − + −        

 (3.3) 
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where designation ε  is obvious. 
Radius of the sphere accepts the maximum value before the earthquake 

0.414 1.304
max 10 MR m+=                      (3.4) 

where M is the magnitude of future earthquake. Obviously maxH R≥ . 

4. Statement and Solution of the Problem 

We consider in half-space z ≥ 0 two problems. In the first problem the telluric 
current is described prior to earthquake preparation. In the second problem ini-
tial conductivity is broken by process of preparation of the earthquake and, 
therefore, there is the redistribution of the telluric current. The difference of so-
lutions of these problems is the earthquake harbinger in the telluric current. 
Boundary conditions in both problems are identical. 

We assume that in the first problem conductivity is constant  
( ) 0, , constx y zσ σ= =  and in the medium homogeneous current flows 
( ) { }0 0, , ,0,0 constx y z j= =j . On the half-space surface current does not pro-

ceed in the atmosphere. Proceeding from (2.3), such problem is described by 
system of equations for potential ( ), ,x y zϕ  

( ) { }
( )

2

0 0

0
, , ,0,0 const

, ,0
0

z j

x y
z

ϕ

ϕ

∇ =

±∞ ±∞ = = =

∂
=

∂

j j                (4.1) 

The system (4.1) has the solution 

0

0

j
xϕ

σ
= −                          (4.2) 

At earthquake preparation conductivity changes at the value determined by 
the formula (3.3) 

0eσ σ σ= + ∆                        (4.3) 

Thus, potential ψ  at preparation of the earthquake is defined by system 

( ) { }
( )

2

0 0

grad grad 0
, , ,0,0 const
, ,0

0

e

z j
x y
z

σ ψ σ ψ

ψ

∇ + ∆ ⋅ =
±∞ ±∞ = = =

∂
=

∂

j j               (4.4) 

If to designate q ψ ϕ= − , then for q we have system 

( )
( )

2 grad grad grad grad 0
, , 0
, ,0

0

e q q
z

q x y
z

σ σ ϕ σ∇ + ∆ ⋅ + ∆ ⋅ =
±∞ ±∞ =

∂
=

∂

j            (4.5) 

Let’s consider also the task for half-space z ≥ 0 

( )
( )

2 , ,
, ,0, , ,

0

G x y z
G x y

z

δ ξ η ζ
ξ η ζ

∇ = − − −
∂

=
∂

                  (4.6) 
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where δ is Dirac’s function. 
The solution of such task is source function 

( )
( )

( ) ( ) ( ) ( ) ( ) ( )2 2 2 2 2 2

, , , , ,

, , , , ,
4π

1 1 1=
4π

G x y z

F x y z

x y z x y z

ξ η ζ

ξ η ζ

ξ η ζ ξ η ζ

=

 
 +  − + − + − − + − + + 

  (4.7) 

Let’s bring (4.2) in the first Equation (4.5) 

( )2 0

0

1 grad grad
e e

j
q q

x
σ

σ
σ σ σ

∂ ∆
∇ + ∆ ⋅ =

∂
             (4.8) 

Thus, the system (4.5), (4.8) in view of (4.6), (4.7) is equivalent to the inte-
gro-differential equation of the II kind 

( ) ( ) ( )

( ) ( )( ) ( )

00

0

0 00

, , , , ,
, , grad grad , ,

, ,, , , , ,
              d , ,

z

z

G x y z
q x y z q dv

G x y zj
v

ξ η ζ
σ ξ η ζ

σ σ

σ ξ η ζξ η ζ
ξ η ζ

σ σ σ ξ

≥

≥

+ ∆ ⋅
+ ∆

∂ ∆
=

+ ∆ ∂

∫∫∫

∫∫∫
    (4.9) 

Deformations by preparation of the earthquake have small value. According 
to field observations [3] the maximum value of deformation has 10−4 in future 
focal area and decreases with distance from epicenter. Therefore 0σ σ∆ 

. 
Neglecting σ∆  in comparison with 0σ , from (4.9) we will receive simpler 
equation 

( ) ( ) ( )

( )
( )( ) ( )

0 0

0
2

00

1, , , , , , , grad grad d , ,

, ,
                 , , , , , d , ,

z

z

q x y z G x y z q v

j
G x y z v

ξ η ζ σ ξ η ζ
σ

σ ξ η ζ
ξ η ζ ξ η ζ

ξσ

≥

≥

+ ∆ ⋅

∂ ∆
=

∂

∫∫∫

∫∫∫
   (4.10) 

The Equations ((4.9) and (4.10)) are difficult and it is impossible to receive 
their exact solution. As we are interested in estimate of function q and there is 
the small parameter in (4.9) and (4.10) 0 1σ σ∆ 

, we will use the null ap-
proximation in the solution of the Equation (4.10) 

( ) ( )
( )( ) ( )0

2
00

, ,
, , , , , , , d , ,

z

j
q x y z G x y z v

σ ξ η ζ
ξ η ζ ξ η ζ

ξσ ≥

∂ ∆
=

∂∫∫∫    (4.11) 

Now the task consists in calculation of integral (4.11). If in (4.11) to make the 
integration by parts on ξ , then we will receive 

( ) ( ) ( ) ( )0
2

00

, , , , ,
, , , , d , ,

4π z

F x y zj
q x y z v

ξ η ζ
σ ξ η ζ ξ η ζ

ξσ ≥

∂
= − ∆

∂∫∫∫   (4.12) 

We bring in (4.12) value Δσ from (3.3) 

( ) ( ) ( ) ( )30
2

00

, , , , ,
, , , , d , ,

6π z

F x y zj
q x y z R v

ξ η ζατσ
ε ξ η ζ ξ η ζ

ξµσ ≥

∂
=

∂∫∫∫   (4.13) 

We enter into (4.13) dimensionless coordinates ( ) ( ), , , ,u v w x R y R z R=  
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and we make the change of integration variables  
( ) ( ) ( ), , , , , ,R R Rξ η ζ α β χ ξ η ζ= = . It means: we enter new integration va-
riables and designate them old letters. As data on the Earth’s surface have prac-
tical value, we suppose w = 0 (z = 0). As a result of (4.13) receives the form 

( ) ( ) ( ) ( )0
2

00

, ,0 , , , , , , d , ,
3π z

j R
q u v f u v v

ατσ
ξ η ζ ε ξ η ζ ξ η ζ

µσ ≥

= ∫∫∫     (4.14) 

where 

( )
( ) ( )( )

( ) ( )

( )

3 22 2 2

2

5 5 7 9
1 2 2 2

22 2
1,2

, , , ,

10 2 142

, 1

e

uf u v
u v

h h h

h h H R

ξξ η ζ
ξ η ζ

ζ ζδ
ε ξη

ρ ρ ρ ρ

ρ ξ η ζ

−
=

− + − +

 − + +
 = + − +
 
 

= + + = ≥

 
The integral (4.14) has singularity in the point ( ), , 0u vξ η ζ= = = . There-

fore, we do change of the integration variables ( ) ( ), , , ,u vα β ζ ξ η ζ= − − . In 
new variables we pass to spherical system sin cosα ρ θ ϕ= , sin sinβ ρ θ ϕ= , 

cosζ ρ θ= , in which the volume element is 2d sin d d dv ρ θ ϕ θ ρ= . Also we will 
consider surface earthquakes at h = 1 when the effect is maximum. For fast ap-
proximate calculation of integral in (4.14) there is one more obstacle: characte-
ristic function eδ  does the integrand discontinuous. It is possible to bypass this 
trouble in two ways. First, it is possible to make calculation in two areas, but it 
increases bulkiness of calculations, and secondly, to approximate function eδ  
by smooth function. Obviosly 

( )11 exp  n
e при nρ δ− − → →∞                (4.15) 

We will use expression (4.15) at n = 30. 
As the result the integral from (4.14) receives the form 

π 2 π

0 0 π

d d dω χ ϕ θ ρ
∞

−

= Φ ⋅ ⋅∫ ∫ ∫ Ε                  (4.16) 

where 

( )
( ) ( )

( ) ( )

( )

2

22

30 2
1

5 5 7 9
1 1 1 1

2 2 2
1,2

cos sin

0.5 sin sin 2 sin cos sin

1 exp 14 cos 12 10 cos 8

1 2 cos sin sin sin cos

v u uv

u v u v

ϕ θ

χ ξη ρ θ ϕ ρ θ ϕ ϕ

ρ ρ θρ θ
ρ ρ ρ ρ

ρ ρ ρ ϕ θ θ ϕ θ

Φ = −

= = + + +

− − ++
= + − +

= + + + + +

Ε



 
Expression (4.16) enters the new dimensionless function and we have 

( ) ( )0
2
0

, ,0 ,
3π

j R
q u v u v

ατσ
ω

µσ
=                  (4.17) 

Isolines of function ω are given in Figure 1 and they give the presentation of 
changes of potential in connection with earthquake preparation. 
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Figure 1. Isolines of dimensionless potential ω in the first quatrant. 

5. Results and Discussions 

By means of formulas (4.16), (4.17) and drawing of isolines it is possible to carry 
out numerical estimates of effect. For this purpose at first it is necessary to 
transform the formula (4.17) so that to make comparison in comparable units 
for different earthquakes. Let we measured ω∆  on dimensionless base ρ∆ . If 
to separate q∆  on R ρ∆  and to increase on 1000, then we will receive q∆  in 
V/km 

0
2
0

1000
 V km

3π
j

q
ατσ

ω
µσ ρ

∆ = ∆
∆

                  (5.1) 

Conclusion follows from the formula (5.1): the value of effect does not depend 
on the magnitude of future earthquake with other things being equal 

Now it is necessary to define coefficient σ . In [4] it is suggested that change 
of conductivity at preparation of the earthquake does not exceed 20%. In [3] it is 
told that on empirical data the maximum deformation at preparation of the 
earthquake does not exceed 410−  and it matches calculations for the formula 
(3.3). Considering these data we suppose 

01000kσ σ=                         (5.2) 

On this formula at the maximum deformation and k = 1 we receive change of 
conductivity for 10%. The value of k should not exceed 3. As result from (5.1) 
and (5.2) we have 

6
0

0

10
 V km

3π
kj

q
ατ

ω
µσ ρ

∆ = ∆
∆

                   (5.3) 

Follows from Figure 1 that the maximum value 0.14ω∆ =  is reached at 
0.1ρ∆ = . We accept also: 0.1α = , 810  Paτ = , 102 10  Paµ = × , k = 1, 

6 2
0 2 10  A mj −= × , 0 0.01 S mσ = . As result we receive Δq = 15 mV/km. Let’s 

remind that conductivity of crust changes over a wide range: 103 - 10–7 S/m. The 
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reader can carry out calculation with other set of parameters. We consider that 
detection of precursors of the tectonic earthquake in the telluric current is possi-
ble. 
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