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Abstract. Electromagnetic measurements of a general relativistic gravitomagnetic effect 

can be done within the conductor embedded in a rotating gravitational object’s spacetime. 

Neutron stars are rotating gravitational object that have strong magnetic field. The 

gravitomagnetic effect in a neutron star can be determined from the distribution density in 

the conductor. Neutron star is assumed as a conductor and it rotates rapidly. The 

distribution density inside the conductor is obtained from the electromagnetic contravariant 

tensor and the relativistic rotational speed of the conductor. It has obtained the distribution 

density inside the conductor for the rapidly rotating neutron star. The results are compared 

to the slowly rotating neutron star which depends on the angular velocity and the 

gravitational field. 
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1 Introduction 

Many astrophysicists have studied the magnetic field and the magnetism of neutron stars 

[1]. The discovery of neutron star as a pulsar has a strong magnetic field. Pulsar is a rapidly 

rotating neutron star  [2]. The magnetic field of pulsar can be seen from the emission of the 

electromagnetic waves in the form of radio waves and X-rays [3]. Radio pulsars  have magnetic 

field of               [2]. X-rays pulsars have magnetic field of         [1]. The 

maximum magnetic field of an X-ray pulsar is         [4]. In general, the maximum magnetic 

field of a neutron star is         [5].  

The magnetic field of a neutron star undergoes a change or magnetic evolution [4-8]. The 

magnitude of the neutron star’s magnetic field can be reduced to the order of        than 

before [9]. The cause of this change in magnetic field is the accretion process [6-14]. 

Theoretically, the magnetic field dynamics equation has been formulated for the slowly rotating 
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neutron star [15] and the rapidly rotating one [16]. In the formulation of the magnetic field 

dynamics equation, the neutron star can be assumed as a conducting object.  

Apart from that as a conductor, neutron stars have very strong gravity.  The energy of 

gravity is           ⁄                     , with the gravitational acceleration on its 

surface is       ⁄              [1]. As conductors and gravitational objects, neutron 

stars have gravitmagnetic field. There have been many studies on general relativistic 

electromagnetic effects arising from the gravitomagnetic field in conductor without the external 

magnetic field [17]. There have also been studied for the same case but with the external 

magnetic field [18]. The conductor is the slowly rotating gravitational object. The results 

obtained indicate the form of charge density in the conductor with the external magnetic field. 

This charge density is affected by the angular velocity Ω, gravitational field. The metric used in 

this study is a metric for  slowly rotating gravitational object [18], which can be used for the 

slowly rotating neutron stars. The rapidly rotating neutron stars are also conductors and 

gravitational objects. Therefore, it is necessary to know the general relativistic electromagnetic 

effects arising from the gravitomagnetic field of this rapidly rotating neutron star, and how it is 

compared to the slowly rotating neutron star. 

2 Methods  

The method used in this research is analytic theoretical-mathematical analysis. In order to 

determine the gravitomagnetic effect, it can be seen from the charge distribution in the 

conductor     . The metric used is the rapidly rotating neutron star metric. Metrics are used to 

formulate the Christoffel symbol     
 

 , the 4-velocity vector for conductor     , and the 

contravariant component of the electromagnetic tensor (   ). The 4-velocity vector for 

conductor      is used to formulate the absolute acceleration of the conductor (  ). The 4-

velocity vector for conductor      and the absolute acceleration of the conductor (  ) are used 

to formulate the relative rotational velocity of the conductor (   ). The charge distribution in 

the conductor      is formulated from the contravariant component of the electromagnetic 

tensor (   ) and the relative rotational speed of the conductor (   ). The research procedure is 

shown in Figure (1). 
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Figure 1. The research procedure  

 

2.1 Metric, Christtofel Symbol, 4-velocity Vector for The Conductor 

Equation (1) is a rapidly rotating neutron star metrics 

                                                               ,  (1) 

With the functions of      , and   depends on the   and   [19]. The metric component is 
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and the inverse is 
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with 

The rapidly rotating neutron 

stars metric  𝑑𝑠   

The Christoffel symbol 

 Γ𝑎𝛽
𝛾

  

The 4-velocity vector for 

conductor (𝑢𝜇  𝑢𝜇) 

The absolute acceleration 

of the conductor (𝑤𝑎) 

The contravariant component of the 

electromagnetic tensor (𝐹𝛼𝛽) 

The relative rotational velocity 

of the conductor (𝐴𝛽𝛼). 

The charge distribution in the conductor  𝜌   
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 Metric equation (1) is used to formulate the Cristoffel symbol, including  
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Metric equation (1) is also used to formulate the 4-velocity vector for conductor, as 

follows [16] 

   
 

√ 
(      √ ),      (6) 

with the contravariance component is   

   (( √   √
 

 
 )      ( 

 

√ 
  √ )).   (7) 

2.2 The Contravariant tensor of the Electromagnetic Field  

The relationship between the electric 4-vector field    and magnetic    is shown by the 

electromegnetic field tensor. The covariance component of the electromagnetic tensor is  

        [   ]        
            (8) 

where    is the 4-velocity vector, and       is the pseudo-tensorial. The equation (8) 

produces a covariant tensor component of the electromagnetic field of rapidly rotating 

neutron star [20] 
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                            (9.a) 

                             (9.b) 

                             (9.c) 

                         (9.d) 

                        (9.e) 

                         (9.f) 

                       (9.g) 

and the contravariant tensor of the electromagnetic field are 

                            (10.a) 

                         (10.b) 
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with 

            (           ) √        (11) 

and 

                √     .   (12) 

2.3 Relativistic Rotation Speed in The Conductor 

The absolute acceleration of the conductor (  ) satisfies the equation (13)  

          
  (        

 
  )   .    (13)  

Equations (5), (6), and (7) are substituted into the equation (13), obtained as follow  
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(14.c) 

              (14.d) 

The absolute acceleration of the conductor in the slowly rotating neutron star is only the 

component      [21]. Meanwhile, for the rapidly rotating neutron star component is 

          .  

The relative rotational speed of the conductor (   ) satifies the equation  

               [    ]     (15)  

Equations (6), (7), and (13a-13.d) are substituted into the equation (15), obtained as 

follows 
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2.4 The Charge Density inside The Conductor  

The charge distribution inside the conductor in general relativistics is  
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where     is the conduction current,   and μ is the parameter for the conductor,    is the 

electrochemical potential per unit charge,               is the parameter for a conductor 

called as galvano-gravitomagnetic one,   is the consentration of conduction electrons, λ is the 

electrical conductivity,    is the Hall constant, and   
  denotes the spatial part of the covariant 

derivative [18][21].  

The charge density    in a conductor that has no conductive current       but is 

embedded in the external magnetic field B is [18][21] 

   
 

  
{                    }.    (18)  

Equation (18) has two contributions, the first is due to the absolute acceleration    and the 

second is due to the relativistic rotation rate of the conductor    , and   is the parameter for the 

conductor [18][21]. In this case, it does not consider the redistribution of charge arising from the  

absolute acceleration of the conductor because it does not depend on the characteristics of  

electromagnetic field so that the charge density inside the conductor is assumed to be [18, 21].  
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Equation (10.a-10.g) and (16.a-16.g) are substituted into the equation (19), obtained as follows 
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If it is compared to the slowly rotating neutron star shown in the equation (20), then the 

equation (19) has more complex shape. For the slow rotation, the charge density in the 

conductor depends on the angular velocity   and the gravitational field [18]. For the slowly 

rotating general relativistic effect can be amplified by the interaction between the 

gravitomagnetic field and the magnetic field. In this study, it uses a test or trial, which is an 

Earth’s gravitational field using a conductor embedded in an external magnetic field [18]. The 

conclusion is that there is a galvano-gravitomagnetic effect (interaction between the 

gravitomagnetic field and the electric current). This new effect occurs when the current carrying 

conductor is placed in the gravitomagnetic field and the conduction electrons move inside the 

conductor [18]. The equation (19) contains an angular velocity   (i.e. in a function of  ) and a 

gravitational field. However, because the equation (19) has more complex shape. So, in order to 

determine the gravitomagnetic effect in the future, a certain measurement method is needed. In 
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this article, it only presents the theoretical study of a rapidly rotating spacetime as the 

comparison for the slowly rotating spacetime.  

3 Conclusion 

The electromagnetic measurements of the general relativistic gravitomagnetic effects can be 

done inside the conductor embedded in a rotating gravitational object’s spacetime. The deep 

gravitomagnetic effect can be discovered from the distribution density in the conductor. In this 

case, the conductor embedded in the rotating gravitational object’s spacetime is the rapidly 

rotating neuron star. The distribution density in the conductor for the rapidly rotating neuron 

star is shown in the equation (19). The obtained results are compared to the slowly rotating 

neutron stars. If it is compared to the slowly rotating neutron star shown in the equation (20), 

then the equation (19) has more complex shape. However, the distribution density in the 

conductor still depends on the angular velocity and the gravitational field which the same as the 

slowly rotating that indicates the galvano-gravitomagnetic effect. In the slow rotation studies, it 

has been proven using test or trial of the Earth’s gravitational field using the embedded 

conductor in the external magnetic field. For the future study, it is desirable that certain 

measurement methods are required for the rapidly rotating neutron stars.  
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