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Abstract. We considered direct problem of pulsed electrical prospecting, which is based on 

approximation model of a polarizable electrically conductive plate (plane S), according to well-

known Cole-Cole polarization model. Vertical electric lines are used as a source and receiver 

of a pulsed electromagnetic field, which are relatively new receiving and generating devices in 

pulsed electrical prospecting and fairly easy implemented in marine search and mapping of oil 

and gas deposits, deposits of non-ferrous metals and other mineral and raw materials sources, 

especially in hard-to-reach and/ or deep water areas of the World Ocean, e.g. under the ice of 

the North Arctic ocean, in Russian exploration areas, in rift valley of Mid-Atlantic ridge. We 

developed analytical model of unsteady electromagnetic field of polarized plane S, excited by a 

vertical electric dipole. According to the Pearson hypothesis and numerous experimental data, 

obtained by different researchers, the polarizability of the plate is a relatively new indicator of 

the oil and gas deposit, which is identified by EMF induction sign change. To increase the 

depth of the study, we present an analytical model of integral characteristics of the pulsed 

electromagnetic field of polarized plate, excited by a vertical electric dipole. In this case, the 

magnetic flux induction, as well as EMF, changes charge. 

1. Introduction 

Prospects of the mineral reserves growth are mainly related to the geological study and mineral 

deposits development (MDD) of the World Ocean [2,3,10,15,17,18,19,20,29]. At the same time, an 

important source of information on the geological structure of a particularly deep-water part of the 

ocean floor is data obtained by geophysical studies, including electrical prospecting 

[2,4,6,7,9,10,14,15,17,18,24]. 

While carrying out marine electrical exploration studies, horizontal electric dipoles (lines) are 

usually used as sources and receivers of an electromagnetic field, but vertical electric ones can easily 

be used as sources and receivers in the search for oil and gas deposits, polymetallic and other deposits 

in the seas and oceans [8,14,17]. Moreover, to increase the depth of the investigation, it is expedient to 

observe the pulsed flux of magnetic induction [13,21,23,26,27]. 

2. Relevance 

The main results of electromagnetic studies, as a rule, are the maps of longitudinal conductivity "S" of 

horizontally layered sections. However, according to Pierson's hypothesis, because of numerous 
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researches of different researchers [7,11,12,16,19,25,28] it is shown that the indicators of oil and gas 

deposits can serve as zone halos of hydrocarbons dispersion that generate induction-induced 

polarization (IIP) of rocks, marked by a change in the sign of the unsteady electromagnetic field, i.e. 

an almost direct criterion for the forecast of oil and gas deposits was found [5,8,9,11,16,19,25,28,29]. 

The same IIP also occurs with the electromagnetic excitation of copper-pyrite ores [11,24,25]. In this 

regard, it seems relevant to develop the technology of prospecting and exploration of MDD within the 

World Ocean based on a combined engineering-analytical pulse model of the magnetic induction flux 

of a polarizable electrically conductive formation when it is excited by a vertical electric dipole. 

3. Analytical analysis technique 

We represent the object of research in the form of a polarizable electrically conductive plate, 

approximated by the plane Sη - polarized longitudinal conductivity, an analog of the widely approved 

Cole-Cole model, modernized with concern to the known model of the S0 plane [12,16,22,28]: 

(1)                   ]))(1/[(])(1[)( 0

kk iiSS    

where S0 is the longitudinal conductivity of the plate, independent to the frequency ω, τ is the 

relaxation time, η is the polarizability of the object (0≤η≤1), i is the imaginary unit, k is the coefficient 

of the relaxation time distribution, for simplicity, k equals 1 (Debye model) [16,23]. 

The vertical electric dipole (VED) with the moment 𝑃∋ is placed at a height h = -z from the plane S 

^ η to the origin of the cylindrical coordinate system (r, φ, z) and directed along z axis. The medium 

containing the plane S ^ η is described by the Laplace equation 02  zA . 

The boundary conditions are represented as: 
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According to the field source, the vector potential zA is introduced by the relation 

,rotAH   

The solution of the Laplace equation on both sides of the plane 
S has the form: 
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where )(0 mrJ  is the Bessel function of zero order, m is the separation variable, 0C and 1C are the 

coefficients determined from the boundary conditions. 

Solving the system (4) with allowance for the boundary conditions, we obtain: 
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We enter 0C  and 1C  coefficients into Cole-Cole polarization model. 
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By entering 1C coefficient into equation (1), we get: 
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Confining momentum field determining over polarizing plane 
S , substituting 0C coefficient in the 

corresponding equation of the inverse Laplace-Carlson integral transformation, we get: 
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4. Research results 
We define the vertical component and its integral model of the pulsed electromagnetic field of a 

vertical electric dipole. According to the laws of electrodynamics, we have:  
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where R  is the radius of the contour, permeated by the magnetic flux. 

Let's find: 



International science and technology conference "Earth science"

IOP Conf. Series: Earth and Environmental Science 272 (2019) 022245

IOP Publishing

doi:10.1088/1755-1315/272/2/022245

4

}

])2[(

)2(82)2(5

)1(4
])2[(

)2()2(6

])2[(

2)2(8

)1(4
{}

])2[(

2
)2(

])2[(

2
)2(2

])2[(

)2(

)1(4
)(

)1(4
{

2

1
(

8
)(

2

7

22

222

0

2

7

22

23

2

5

22

22

02

2

5

22

2

2

5

22

2
2

2

3

22

0

2

3

22

02
2

rkta

ktakkrktaRrS

rkta

ktakrktak

rkta

krktakS
e

rkta

r
kta

rkta

r
kta

rkta

ktaS

ra

aS
e

R

Idl
tE

t

t

z








































































 

}

])2[(

2
)2(

])2[(

2
)2(2

])2[(

)2(

)1(4
)(

)1(4
{Re

2
)(

2

5

22

2

2

5

22

2
2

2

3

22

0

2

3

22

02

rkta

r
kta

rkta

r
kta

rkta

ktaS

ra

aSIdl
tФ

t

z





































 

where ./104,2,
1 7

0

mHzh
S

k 


 



 

Figures 1 and 2 show the curves )(tEz and )(tФz , respectively. 

 

 

Figure 1. Unsteady electromagnetic field of electrical component of vertical electric )(tEz . 
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Figure 2. Integral characteristic of the electrical vertical component of the unsteady electromagnetic 

field of a vertical electric dipole )(tФz . 

 

It can be seen from the figure that both functions change the sign of the pulsed electromagnetic 

field, noting the object polarization. According to the principle of permutational duality, the 

components of the pulsed electromagnetic field of an electrically conductive layer excited by a vertical 

electric dipole are equivalent to the corresponding known field components when the same magnetic 

layer is excited by a vertical magnetic dipole. In this case, the field )(tEz is equivalent to )(tB z



 and 

)(tФz  to )(tФ [23]. 

5. Conclusion 

Combined engineering and analytical model of technological support of VED is shown with reference 

to observations of unsteady field in elementary functions: induced EMF and flux of magnetic 

induction of an electrically conductive polarizing layer. The model can be used for prospecting and 

mapping studies of the World Ocean bottom. 
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