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Abstract. Transport solutions of Maxwell equations at pre- and superluminal speeds are considered. 
The Green tensor and generalized solutions are constructed in analytical form over the entire speed 
range, from sublight to superluminal. At superluminal velocity, electromagnetic shock waves occur in 
the medium. The conditions for the jumps of their fronts are obtained. Formulas for calculating the 
electromagnetic fields of mobile radiators of various types, useful for radio engineering applications, 
are given. 
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1 Introduction 

 
The basis of modern electrodynamics are Maxwell's 
equations, which make it possible to determine the 
electromagnetic field with knowledge of the active 
charges and currents (radiation sources) and vice 
versa. Among the existing sources, the most 
common are mobile ones located on platforms of 
various vehicles. Research in this area is not so 
numerous and is associated with a certain type of 
radiation source 
 
 In this paper, we construct fundamental and 
generalized solutions of Maxwell's equations for a 
radiation source moving at an arbitrary constant 
speed V . It can be less than or greater than the 
speed of light 1/c  ,  which affects the type 
of Maxwell's transport equations in a moving 
coordinate system, from elliptical to hyperbolic, 
depending on the ratio McV / - the Mach number.  
 
 Therefore, the construction of solutions to these 
equations, as well as their properties, requires 
separate study for each speed range: 11M   and 

1M . 
 

 

 

 

 

 

 

2 Maxwell transport equations. 

Statement of the task 
 
 Mobile transport sources of electromagnetic waves 
are considered, which do not change their form, but 
move with a constant velocity V along axis

3X . 
They can be described by currents of the form 

)(x,zJ
, where 

zVTx 3
. In a moving 

coordinate
)(x,z
,

1 2( )x ,xx , the system of 
Maxwell equations for currents has the form [1]: 
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where the following designations are introduced: 
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the differential matrix operator ),,( z21 M  is 
equal to  

1 2 z( , , )

0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0

z 2 z

z 1 z

2 1 z

z z 2

z z 1

z 2 1

=

μV

Vμ

Vμ

Vε

Vε

Vε

  

    
 
    
    
 

   
   
     

M

 

 

Received: July 23, 2023. Revised: April 12, 2024. Accepted: May 15, 2024. Published: June 21, 2024.

Kanymgaziyeva I. A., Alexeyeva L. A.
Journal of Electromagnetics 

http://www.iaras.org/iaras/journals/je

ISSN: 2534-8833 1 Volume 7, 2024



here ( ),zE x , ( ),zH x are the vectors of  electric 
and magnetic strengths of EM field; m ( ),zj x , 

e ( ),zj x  are the magnetic and electric current 

densities, z ,     j

jz x

 
 

 
. 

It is required to construct solutions of equations (1) 
for any Mach numbers. 

2 The Green tensor of Maxwell 

transport equations 
 

Using the Fourier transform of generalized 
functions, the Green tensor is constructed ( ),zU x , 
which satisfies (1) and the radiation conditions at . 

( ) ( ) ( ) ij,z z  J x x , .6,..1, ji  It has the 
following form [1]: 
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  Here the basic functions ),(0 zf x , ),(1 zf x  have 
different values depending on the Mach number [2]. 
At 1M   (sublight speed): 
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where 21m= M , 2
2

2
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At 1M   (superlight speed):  
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where 2 1m= M  . 

At 1M  (light speed): 
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Here ( )H z is Heaviside step function 

 

3 Electromagnetic shock waves. 

Conditions on the fronts  
      
At light and superluminal speeds, the system of 
Maxwell's transport equations (1) is strictly 
hyperbolic. The radiation source generates shock 
electromagnetic waves, at the fronts of which the 
following conditions are met for jumps in the 
intensity of the electromagnetic field: 

[ ( , )] [ ] ( , ),F FV z z  H x E n x         (6) 

[ ( , )] [ ] ( , ),F FV z z  E x H n x         (7) 
 

where on the right in the equations are the vector 
products of the jumps of the intensity vectors at the 
front F of the EM wave to the ( , )zn x  - normal to 
the front (wave vector). 
 
It follows that the electric field and magnetic field 
strength jumps are orthogonal to each other and 
orthogonal to the normal to the wave front. If in 
front of the wave front ( , ) 0,z E x 0),( zxH  
then (6), (7) follows: 
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1( , ) [ ( , )] ,

F F
z z

V
 E x H n x  

 
That is, the shock electromagnetic waves are 
transverse and the vectors of electric and magnetic 
intensity at the front of the shock electromagnetic 
wave are orthogonal to each other and lie in a 
tangent bundle to it. 
 

4 Construction of solutions to 

Maxwell's transport equations 
 The solution of equations (1) satisfying the 
radiation conditions has the form of a tensor-
functional convolution of the Green tensor with 
the right side of equation (1): 
 
                    ( , ) ( , ) ( , )z z z u x U x J x ,        (7)   
From here follow 
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  The integral representation of this solution depends 
on the type ( , )zJ x . Integral representations for 
radiation sources are obtained, which are described 
by regular functions, as well as by singular simple 
layers on the surfaces of S: ( , ) ( , )Sz zJ J x x  and 
curves L:  ( , ) ( , )Lz zJ J x x  (see [1]).  

This makes it possible to study the EM fields of 
moving emitters focused on surfaces and curves. 
 

5 Conclusion 
  
The results obtained can be used to study the 
electromagnetic fields of various light emitters and 
radio wave emitters located on mobile objects 
(trains, cars, ships, etc.), as well as to solve transport 
boundary value problems of electrodynamics in 
limited areas based on the method of boundary 
integral equations, which the authors plan to do in 
the near future using the method of generalized 
functions, similar to [3,4]. 
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