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Abstract: Early development of marine electromagnetic 

methods, dating back about 80 years, was driven largely by 
defense/military applications, and use for these purposes 
continues to this day. Marine controlled source 
electromagnetic geophysical surveys employ moving sources. 
In this paper the electromagnetic field of a moving horizontal 
electric dipole is obtained. The source velocity has on the 
space and time variation of the electromagnetic fields is 
necessary. The horizontal electric dipole moving at a constant 
speed along a horizontal line in a homogeneous medium 
separated from two homogeneous half-spaces by horizontal 
boundaries both above and below the dipole. The 
displacement current between the source and the medium is 
neglecting, and redefine the concepts of time and frequency 
domain for electromagnetic systems with moving sources. 
The results represented graphically and illustrated by 
figures. 
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I. INTRODUCTION  

 
Electromagnetic surveys may employ moving sources. 

In some of them, the receivers remain stopped while the 
transmitter is dragged such as in Marine controlled-source 
electromagnetic methods (MCSEM), which are important 
tools for several uses in shallow seawaters such as: 
protection against explosive sea mines (Pinheiro and 
Sampaio [1]; Rayner[ 2]),determination the electrical 
conductivity of the sea layer and of the sea floor (Souza 
and Sampaio [3]; Scholl and Edwards [4]),and mineral 
exploration of the sea floor (Wolfgram et al. [5]; Wynn 
[6]). 

The utilization of Marine controlled-source electro-
magnetic method (MCSEM) surveying has been gained 
tremendous interest for moving sources. The last twenty 
years saw the development of MCSEM application 
towards offshore crustal investigation by (Cheesman, 
Edwards and Chave [7]; Edwards and Cheesman [8]; 
Constable and Cox[9]), and exploration for oil by 
MacGregor and Sinha [10] and  Eidesmo et al. [11]. These 
MCSEM surveys employ sources moving in a conductive 
medium. So, it is important to evaluate the role that the 
relative velocity between the source and the receivers as 
well as between the source and the medium has on the 
variation of the electromagnetic energy. Edwards [12] 
defined the principles, methodologies for Marine 
controlled source electromagnetic. Considerable interest 
has been given to the study of electromagnetic field of 
moving sources. Some of these studies 
(Cheesman,Edwards and Chave [7]; Edwards and 

Cheesman [8]; Ellingsrud et al. [13]), the marine 
controlled source electromagnetic which the receivers 
remain stooped while the transmitter is dragged. De Hoop 
[14] and Sampaio[15-16] studied the behaviour of the 
primary field for the case of a moving source and fixed 
observers in a conductive medium. Recently, [17] studied 
(MCSEM), and [18] but in shallow water. In this paper, 
we are computing and analyzing the vertical component of 
electric field due to a moving source. The source is a 
horizontal electric dipole moving at a constant speed along 
a horizontal line in a homogeneous medium. A horizontal 
electric dipole for the source, its algebra is the most 
amenable to analysis and computation. The geometry 
comprises a homogeneous and conductive medium 
separated from two homogeneous half-spaces by 
horizontal boundaries both above and below the dipole for 
the MCSEM case. The layer contains a horizontal electric 
dipole source, which moves at a constant speed along a 
horizontal line. The time variation of the cinematic and the 
static quantities are distinct. So, it is necessary to redefine 
the concepts of frequency and time domain for systems 
with moving sources. 

 
II.  DESCRIPTION OF THE CONFIGURATION  

 
In Figure 1, the source is a horizontal electric dipole 

moves horizontally with a velocity vo at the plane z = 0, 
inside a horizontal layer of thickness d1 + d2. The electric 
dipole moment is P pointing in the z-direction while 
moving in the x-direction with a constant velocity at the 
plane zo. The initial position of the dipole is at (xo, yo, zo), 
The free-space dielectric permittivity is ∈� , everywhere 
the free space magnetic permeability is µ� , and the 
conductivities of the sea water and of the sea substratum 
are σ� , σ�, respectively. 

The layer d1< z < d2, represents a medium with a wave 
number u1. Two half-spaces bound the layer: z < d1, for a 
medium with a wave number uo and z > d2, for a medium 
with a wave number u2. 

 
III.  METHOD OF THE SOLUTION  

 
The basic form of the Maxwell's equations are as 

follows: 
 ��� ∙ 	���
�, � �  �,     

 ��� ∙ ���
�, � � 0, 
���� � ���
�, � � �����
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When the entire source of the electromagnetic field is a 
prescribed distribution of oscillatory electric dipole 
moments per unit volume and activated by an external 
source, as given by the vector field ���
��, �, we can write, 
following Stratton [19], 

 
 	���
��, � �∈�∈ ���
��, � � ���
��, �,    (2) 

  

���
��, � �  � ����
��, �. 
 
It is noted that the electric dipole moment �����
��, �  is 

confined to a finite volume within a finite distance from 
the arbitrary origin of coordinates.  

In terms of the propagation constant !  for plane 
homogeneous waves, as given by Wait [20]: 

ooo
∈= µωγ 22

is the propagation constant of the air 
and 

ii o
σωµγ i2 −=

isthe propagation constant of the two 
medium , where i = 1, 2. 

 
Therefore, the wave number is: 
 

,
222
jju γλ −= j= 0, 1, 2.    (3) 

 
The development of Maxwell’s equations, yields the 

following inhomogeneous wave equation for the primary 
Hertz potential 

 

"�� � oµ o∈ #$
#%$ � oµ � &&%' (��
��, � � � )�
*�,%�

o∈
+
, � ,� �

-..                        (4) 
 
The magnetic and electric fields according to the Hertz 

vector are: 

x

z

Z = d1

Z = d2

vo

Electric dipole

(x, y, z)

(xo, yo, zo)

 
Figure 1.Configuration of the problem. 
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 ���
��, � � � oµ 23�4 #1���
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According to Sampaio[16], the solution of equation (4) 
for the primary Hertz potential of a moving electric dipole 
in medium 1 can be written as: 

 ()
,, 5, 6, 7� �89�:1; < =>? @A>?|C| < D
E�F�GH �
E�I@AJKL∞A∞ 0E 0H∞M ,  (8) 

 
where 
 �
E� � N
, � ,� � -�E�� � 
5 � 5���,  (9) 
 
andD
E�   is the dipole current. The secondary Hertz 

potential as a function of (x, y, z) and ω inside medium 1 
is: 
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(c) 
 

 
(d) 

 
Figure 2(a-d) represent the amplitude of the component �O� at ov = 0, 2 m/s, 10 m/s, 100 m/s, respectively. 

Continuous line at 
2σ = 1 s/m,short-dashed line at 2σ = 0.1 

s/m, long-dashed line at 2σ = 0.01 s/m.  
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Using inverse Fourier transformation in equations (7) 

and (9), we get 

(O�
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By solving the correspondent wave equation for a Hertz 

potential in equation (13) due to the horizontal electric 
dipole, under the quasi-static assumption the expression of 
the secondary electric field in medium 1 is the following: 

 �O�
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IV.  NUMERICAL RESULTS 

 
The electromagnetic field of a moving horizontal 

electric dipole can be expressed in analytical form. The 
source is a horizontal electric dipole moving at a constant 
speed along a horizontal line in a homogeneous medium. 
The results represented graphically and illustrated by 
Figure 2 (a-d), which describe the amplitude of the 
secondary electric field component �O� at vo= 0, 2 m/s, 10 
m/s, 100 m/s, respectively. In Figure 2 (a-d), the 
continuous line, short-dashed line, and long-dashed line 
show that the secondary electric field component �O� at 
σ�= 1 s/m, σ�= 0.1 s/m, and σ�= 0.01 s/m, respectively. 
The electric moment of the dipole is P(t) = Po@AJK%, where 
Po =  8.7π x 10-29 e.cm5. The difference between the 
values of the amplitude of the secondary electric field 
component �O� depends on the values of the conductivities 
of the sea substratum σ�  and the source velocityvo. In 
Figure 2(a), we obtained that with increasing in 
conductivities of the sea substratum  σ� , indicate to 
increase in the values in the amplitude of the secondary 
electric field component �O� at vo= 0. Figure 2(b), show 
that with increasing in conductivities of the sea 
substratum  σ�, corresponding increasing in the values of 
the amplitude of the secondary electric field 
component �O�  at vo= 2 m/s. Figure 2(c), represent that 
with increasing in conductivities of the sea substratum σ�, 
corresponding increasing in the values of the amplitude of 
the secondary electric field component �O� at vo= 10 m/s. 
Finally, Figure 2(d), show that with increasing in 
conductivities of the sea substratum  σ� , corresponding 
increasing in the values of the amplitude of the secondary 
electric field component �O�  at vo= 100 m/s. From the 
results, we obtained that with increasing in both the 
velocity voand conductivities of the sea substratum  σ� , 
indicate to increase in the values in the amplitude of the 
secondary electric field component �O� . The following 
parameters have been chosen to draw the curves in Figure 
2, (x – xo )= 20m, d1= 80m, d2= 20 m, y = 0, and z = 20 m. 
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From a physical point of view, this means that the 
results show that both the velocity voand the conductivity 
of the sea substratum σ�may cause a measurable variation 
relative to the static condition even for this simple 1D 
model of the Earth. 

 
V. CONCLUSION 

 
The electromagnetic field of a moving horizontal 

electric dipole can be expressed in analytical form. The 
horizontal electric dipole moving at a constant speed along 
a horizontal line in a homogeneous medium separated 
from two homogeneous half-spaces by horizontal 
boundaries in the x-direction. The displacement current 
between the source and the medium is neglecting. We 
conclude that, from the present analysis and results that it 
is necessary to adapt the concepts of time and frequency 
domain for electromagnetic systems with moving sources. 
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