
 

 

 

 

 Electro-Magnetic Field Equation and Lorentz gauge in Rindler 

spacetime 

 

                                             

                                   Sangwha-Yi 

                   Department of Math , Taejon University  300-716  

                    

 

                                                

                                       ABSTRACT 

In the general relativity theory, we find the electro-magnetic field transformation and the 

electro-magnetic field equation (Maxwell equation) in Rindler spacetime. We treat 

Lorentz gauge transformation in Rindler spacetime. Specially, this article say the 

uniqueness of the accelerated frame because the accelerated frame can treat electro-

magnetic field equation.  
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1. Introduction 

In the general relativity theory, our article’s aim is that we find the electro-magnetic field equation in 

Rindler space-time. 

The Rindler coordinate is 
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About y -axis’s and z -axis’s orientation   
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The other unit vector )( 0
1 e is        
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The vector transformation is 
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Therefore, the transformation of the electro-magnetic 4-vector potential 
 AA ),(
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Lorentz gauge transformation is in Rindler spacetime, 
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Lorentz gauge fixing condition is in Rindler spacetime, 
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Hence, the transformation of the electro-magnetic 4-vector potential ),( A


  in inertial frame and the 

eletro-magnetic 4-vector potential ),(  A


in uniformly accelerated frame is 
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2. Electro-magnetic Field in the Rindler space-time  
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Hence, we can define the electro-magnetic field ),(  BE


 in Rindler spacetime. 
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Lorentz gauge transformation is in Rindler spacetime, 
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Lorentz gauge fixing condition is in Rindler spacetime, 
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We obtain the transformation of the electro-magnetic field. 
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The inverse-transformation of the electro-magnetic field is 

xEE 1 , xBB 1  
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3. Electro-magnetic Field Equation(Maxwell Equation) in the Rindler space-time  

Maxwell equation is 

        4 E


                                  (34-i) 

j
ctc

E
B




 4





                              (34-ii)      

0 B


                                    (34-iii)   

tc

B
E









                                 (34-iv) 

1. 4 E


 

1
EE x   ,  



)sinh()cosh(
0

0
0

0
32

c

a
B

c

a
EE y




 , 

)sinh()cosh(
0

0
0

0
23

c

a
B

c

a
EE z




  

z

E

y

E

x

E zyx














4  

1])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0









E
c

a

c

c

a
c

a












  

)]sinh()cosh([
0

0
0

0

2 32

c

a
B

c

a
E



 







)]sinh()cosh([
0

0
0

0

3 23

c

a
B

c

a
E



 





  

]

)1(

1
)[sinh())(cosh(

0

2

1
0

32

0000
123



























c

E

c

a

BB

c

a
E

c

a 
    (35) 

2. j
ctc

E
B




 4





   

1
BBx   

)sinh()cosh(
0

0
0

0
32

c

a
E

c

a
BBy




  

)sinh()cosh(
0

0
0

0
23

c

a
E

c

a
BBz




  

X-component)
z

B

y

B yz









  

2


 )]sinh()cosh([

0
0

0
0

23

c

a
E

c

a
B




  

3


 )]sinh()cosh([

0
0

0
0

32

c

a
E

c

a
B




  



])[sinh(])[cosh(
32

0
0

32

00
3223






























EE

c

aBB

c

a
 

x
x j
ctc

E 4





  

xjc
E

c

a

c

c

a
c

a












4
])sinh(

)1(

)cosh(
[ 11

0
0

0

2

1
0

0
0













  

Hence, 

    xjc

4
 

]

)1(

1
)[cosh())(sinh(

0

2

1
0

32

0
0

0
0

123



 



















c

E

c

a

BB

c

a
E

c

a 
   (36) 

Y-component)
x

B

z

B zx









  

     
3

1









B

 

])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
23

c

a
E

c

a
B




  

y
y j
ctc

E 4





  

])sinh(

)1(

)cosh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
32

c

a
B

c

a
E




  

    yjc

4
  

0
1

2

0
2

0

1

2

0
13

2

3

31

)1(

1

)1(

14






 


























c

E

c

a
B

c

a

c

a

BB
j

c y  

       



0
1

2

0
2

1
0

1
1

2

0

1

2

0

3
1

2

0

2

31

)1(

1
)}1({

)1(

1
)}1({

)1(

1






































c

E

c

ac

a
B

c

ac

a
B

c

a

 

(37) 

 Z-component)
y

B

x

B
xy









  

])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
32

c

a
E

c

a
B




  

   
2

1









B

 

z
z j
ctc

E 4





  

])sinh(

)1(

)cosh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
23

c

a
B

c

a
E




  

zjc

4
  

0
1

2

0
2

0

1

2

0
21

3

2

12

)1(

1

)1(

14






 


























c

E

c

a
B

c

a

c

a

BB
j

c z

0
1

2

0
2

1
0

2
1

2

0

1

2

0

1
1

2

0

3

12

)1(

1
)}1({

)1(

1
)}1({

)1(

1






































c

E

c

ac

a
B

c

ac

a
B

c

a

 

(38) 

3. 0 B


 

z

B

y

B

x

B
B zyx

















 



     1])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0









B
c

a

c

c

a
c

a












  

       )]sinh()cosh([
0

0
0

0

2 32

c

a
E

c

a
B



 





  

)]sinh()cosh([
0

0
0

0

3 23

c

a
E

c

a
B



 





  

0]

)1(

1
)()[sinh())(cosh(

0
1

2

0
23

0
0

0
0

132
























 


c

B

c

a

EE

c

a
B

c

a 
 

(39) 

4.
tc

B
E









  

1
EE x   ,  

)sinh()cosh(
0

0
0

0
32

c

a
B

c

a
EE y




 , 

)sinh()cosh(
0

0
0

0
23

c

a
B

c

a
EE z




  

X-component)
z

E

y

E yz









  

2


 )]sinh()cosh([

0
0

0
0

23

c

a
B

c

a
E




  

3


 )]sinh()cosh([

0
0

0
0

32

c

a
B

c

a
E




  

])[sinh(])[cosh(
32

0
0

32

00
3223






























BB

c

aEE

c

a
 

tc

Bx



  



1])sinh(

)1(

)cosh(
[

1

0
0

0

2

1
0

0
0









B
c

a

c

c

a
c

a












  

Hence,    

))(sinh(
0

0



B

c

a 
 0]

)1(

1
)) [ (co s h (

0

2

1
0

32

0
0

123





















 

c

B

c

a

EE

c

a
    (40) 

Y-component)
x

E

z

E zx









  

     
3

1









E

 

])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
23

c

a
B

c

a
E




  

tc

B y



  

])sinh(

)1(

)cosh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
32

c

a
E

c

a
B




  

0
1

2

0
2

0

1

2

0
13

2

3

31

)1(

1

)1(

1
































c

B

c

a
E

c

a

c

a

EE
 

       

0
1

2

0
2

1
0

1
1

2

0

1

2

0

3
1

2

0

2

31

)1(

1
)}1({

)1(

1
)}1({

)1(

1






































c

B

c

ac

a
E

c

ac

a
E

c

a

0                                                                               

(41) 

 Z-component)
y

E

x

E
xy









  



])cosh(

)1(

)sinh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
32

c

a
B

c

a
E




  

   
2

1









E

 

tc

Bz



  

])sinh(

)1(

)cosh(
[

1

0
0

0

2

1
0

0
0





















c

a

c

c

a
c

a

)]sinh()cosh([
0

0
0

0
23

c

a
E

c

a
B




  

0
1

2

0
2

0

1

2

0
21

3

2

12

)1(

1

)1(

1
































c

B

c

a
E

c

a

c

a

EE

0
1

2

0
2

1
0

2
1

2

0

1

2

0

1
1

2

0

3

12

)1(

1
)}1({

)1(

1
)}1({

)1(

1






































c

B

c

ac

a
E

c

ac

a
E

c

a

0                                                                              

(42) 

Therefore, we obtain the electro-magnetic field equation by Eq (35)-Eq(42) in Rindler spacetime  . 
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Generally, the continuity equation is in Rindler spacetime, 
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We treat Lorentz gauge transformation about the electro-magnetic field equation in Rindler spacetime. 
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If we apply Lorentz gauge transformation to Eq (46), 
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In this time, 
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Hence, Eq(43-i) is 
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Eq(43-i) is invariant about Lorentz gauge transformation in Rindler spacetime. 
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If we apply Lorentz gauge transformation to Eq (52), 
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Therefore, 
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Hence, Eq(43-ii) is invariant about Lorentz gauge transformation in Rindler spacetime. 



Eq (43-iii) is 
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Eq (43-iv) is 
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Hence, Eq (43-iii), Eq (43-iv) are invariant about Lorentz gauge transformation in Rindler spacetime. 

Hence, the electro-magnetic field equations(Maxwell Equations) in Rindler spacetime are invariant about 

Lorentz gauge transformation. 

4. Conclusion 

We find the electro-magnetic field transformation and the electro-magnetic equation in uniformly 

accelerated frame.  

Generally, the coordinate transformation of accelerated frame is  
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(II) )sinh()exp(
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Hence, this article say the accelerated frame is Rindler coordinate (I) that can treat electro-magnetic field 

equation. 
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