
  328  Москва, МГТУ им. Н.Э. Баумана, 7–10 июля 2025 г.   

УДК 530.12 

Гравитационные волны, связанные со сферической электромаг-
нитной волной 

Сизов Вячеслав Андреевич vasizov@bmstu.ru 

 Фомин Игорь Владимирович  ingvor@inbox.ru 
SPIN-код: 4676-2672 

МГТУ им. Н.Э. Баумана, Москва, Россия 

Аннотация.       -      
             

    ,    

. ,       -

       - .  -
     ,     -

 .  

     Ключевые слова:     ,  , 
  ,  ,   

     Введение.       ,   

        -,     

  [1].      ,  

     -  
0

h g
 

   .  

              

     
1

x x     
     - (TT): 

yz
 h , 

yy
 h , 

zz
h      [2].        0T


       

       (LL): tth , txh , xxh ,  - 

(LT): 
ty
 h , 

tz
h , 

xy
 h , 

xz
h ,  [3]. 

  [4, 5]   LL   , 

     ,   . 

               , 

               
         .  

Методы  и материалы; результаты.        
              

       -

            .    

            -
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   ,     -

    .  

     ,  ,   
          - 

.        

. 
         -

 ,        ,   ,  

     .     - ,   
           , 
     , -   . 

Заключение.      -     
             - 

      .      
   -        -

            
.  
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Abstract. Solutions of perturbed Einstein equations in the Schwarzschild space-time are 

considered for the propagation of spherically symmetric electromagnetic and gravitational 

waves corresponding to perturbations of the Schwarzschild metric. It is shown that spheri-
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cal electromagnetic waves have longitudinal gravitational wave components coupled with 

them. A description of the basic properties of gravitational waves coupled with spherical 

electromagnetic waves is proposed. 

Keywords: Einstein gravity, Schwarzschild space-time, coupled gravitational waves, elec-

tromagnetic waves, metric tensor  

Introduction. Methods of perturbation theory are often used in the study of a grav-

itational wave propagating in a curved space-time [1]. In this case, gravitational 

waves are considered as small perturbations of the background space-time. 

0
h g

  
   .  

In Minkowski spacetime, when a gravitational wave propagates in empty 

space along the direction 
1

x x , the nonzero components of the perturbation ten-

sor are only transverse–transverse (TT): 
yz
 h , 

yy
 h , 

zz
h  [2]. However, in the pres-

ence of a source 0T

 , coupled gravitational waves can have both longitudinal-

longitudinal (LL): tth , txh , xxh , and longitudinal-transverse (LT): ty
 h , 

tzh , xy
 h , 

xzh  

components [3]. 

In [4, 5], the LL components of a gravitational wave coupled with a plane 

electromagnetic wave in Minkowski space were obtained. The purpose of this work 

is to analyze the components of a gravitational wave coupled with a spherical elec-

tromagnetic wave in Schwarzschild spacetime based on the solution of perturbed 

Einstein equations. 

Methods and materials; results. To achieve this goal, the perturbed Einstein 

equations in Schwarzschild spacetime were solved for the case of propagation of a 

spherically symmetric electromagnetic wave in the radial direction. From the con-

dition of spherical symmetry of electromagnetic waves and isotropy of space-time, 

it was assumed that the diagonal transverse components of metric perturbations are 

equal to each other. 

Based on the exact solutions obtained, it was shown that a spherical electro-

magnetic wave has purely longitudinal gravitational wave components. These solu-

tions are even perturbations of the Schwarzschild metric.  

The resulting coupled gravitational waves carry information about space, 

namely, the mass of the black hole, in amplitude coefficients, as well as in phase 

multipliers. It was also shown that the amplitudes of coupled gravitational waves in 

the space with the Schwarzschild metric are greater than in the Minkowski space 

due to the presence of a gravitational mass. 

Conclusion. An analysis of coupled gravitational and electromagnetic waves 

is presented, taking into account perturbations of the Schwarzschild space-time 

metric. The results obtained allow us to consider the influence of the gravitational-

wave component on the propagation and interaction of electromagnetic waves in 

the field of compact gravitating objects. 
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