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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 find the
electro-magnetic wave equation and the electro-magnetic wave function in Rindler
space-time. 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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In this time, the tetrad @7, is
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The vector transformation is
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Therefore, the transformation of the electro-magnetic 4-vector potential (¢, A=A is
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Hence, the transformation of the electro-magnetic 4-vector potential (¢ A) in inertial frame and the
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eletro-magnetic 4-vector potential (¢§ , /45) in uniformly accelerated frame is

1 &°
(5—5-Vig=4
c? ot* ¢ =a7p
1 62 o\ A 47[ <
Y _v))4="1
(02 ot? ) c’
= ax“
4-vector (Cp,/) = Py
dr

¢ = cosh(==— Og )1+ 5 "¢ + sinh( A )A.,

c’ c c
0
A, = sinh(=2=— 05 )1+ §)¢§+C08h( o5 JA,
c* c
A=A A=A ©
1
(1+%5) 0 0 0| (-1000
c
- 0 10 0lyo|0 100
0 01 0 0O 0 10
e’.8," =6% , e’ue, =6,

e’y =09, > AnA=g

HO



€,"€," 00 =1y —> (A ) gA" =(A) A nAA" =1

& =1"g,,8," > AV AnA=A=nA) g

a,&° a 'y . a,El
car) | cosh( Oc )1+ 22) Slﬂh(07) 00 Cdéo
ax L a ko a,&’ a,&° aé
a | sinh( Of )(1+2—§) cosh(%) 00 e
oz 0 0 10 g
0 0 0 1

cat’

1

aE?

az®

cot 1504 oy o0z

« 06" _aa_| ot ox oy oz
o ox* o&® o0&t a&t ot
cot oX oy o0z
o0& o0& aEt gl
cot oX oy o0z

0 0
cosh(%) sinh(%)
vl 801 00
EE 25) (1+ gf)
- 0 0
—sinh(ﬂ) cosh(ﬂ) 00
c c
0 0 1 0
0 0 0 1

(12)

(10)

(11)



I 1o 1o
c ot c gfo c 05"
Kl 0 0
U || % | %
A 0 0
8ay agz &2
0 0
0z o’ o
0
COSh(%)
c Y- N
Y —sinh(==) 0 0
(14 D) ¢
02
0
= sinh(ﬂ) 0
- C1 cosh(ao‘f) 00
(14 %5 ) ¢
CZ
0 0 1 0
0 0 0 1
10 &1 8 o
cot cot ¢ o&° " oot O&!
0
cosh(a"gg )
B c 0 a,c%, o
= - =~ —sinh(—=2—) —
(1+30§) co& c o0&
c
o _o 1o e
ox  0x coE’  ox o'
0
sinh(a(’é: )
_ C 0 (aoéEO 0
=— + cosh —
(1+30§‘) co&° c )6§‘
c
o0 _0 90 _20
oy ogt oz agt
2
10 e 1 ( 0 2 _vy.?

c® ot
i+ % g1y o

(13)



G_(0 0 0 o o 0

(=, =, =2) V.= , ,
(ax oy az) SoaE  aE? pE® 9
2. Electro-magnetic Field in the Rindler space-time
The electro-magnetic field (1_5, é) is in the inertial frame,
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Hence, we can define the electro-magnetic field (1_55 , éé) 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
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3. Electro-magnetic Field Equation(Maxwell Equation) in the Rindler space-time

Maxwell equation is

V.-E=4np

(27-i)

(27-ii)

(27-iii)

(27-iv)

(25)

(26)



0 0
E,=E. c:osh(ach )+5’§3 sinh(aog ),
c c

0 0
E,=E. cosh(%s )-B.. sinh( &5
c c

o0E
Arp = Ot +—L+ OF,

oX oy 0z
T N
sinh(==—) 0
=[- ¢ 60 + cosh(%e )iJEI
(1+ 25y D¢ cou
CZ

+i2[E , cosh(ao—fo)+5’ . Sinh(ao—‘):o)]
aé: 4 C ¢ C

+i3[E , cosh(ao—fo)—B , sinh(ao—éo)]
aé: 3 ¢ C

C
oL o8, 08, oF
zcosh(ifo)(vg- §)+Sinh(a—ofo)[ i 53 1 3 50
o0& o0& (1+c’1‘0§ co&

CZ
Zﬁxézﬁ 4—ﬂﬁ
cot ¢
E)’Xzz_%’g1

0 0
B. =8B c:osh(aocCf )+ E sinh(%)

08, B 0B,
0z

X-component)

- % (8. c:osh(ao(’go )+E, sinh(ao—go)]
o¢ c c

—LS [B.. cosh(Z5) - E, sinh(%£)]
o& c ¢

(28)



0 0E. OF.
- sin( R[S

o et
0 aB 3 aB 2 aEl
.)+cosh( %o )] s - ! =1 @)
c ot a&e 4+ 3051) co&°

Sh(a(’éco)ij-[E’é_,8 cosh(a°§O)+E sinh( O(’KO)]
c o0& c c

0

nh(ao(”g ) ] [E cosh( Oé:O)+15’ sinh(=2=— oS )]
o' c C




1 o0E .,
1 d gy Cgpatey 1 T
(1+ag 51)65 c (1+ig§1)8§ c (1+agg)caé
c c c
(30)
Z-component) 95, —aBX
oy
0
sinh(aog ) 0 0
=[= a; e (3095 ) ] [5’ cosh(=2=— Fos )— E . sinh(=2=— o5 )]
0
( 02)
815’51
_ o
OF, 4z .
cot C/Z
0
cosh(aoeg ) 0 0
- ; caifo (ao(”g) —1- [E cosh( O5) B.. sinh(=2=— o5 )]
(1+a°2 )
c
4 .
=/,
c
4ﬂjz :85’5:2 85’21 . 1 &5’52 ~ 1 OE .2
T L
1 oE .,
1 CgarBen-— 1 g1 T
(1+ig§1) o0& c (1_'_?(;51) o¢ C ( 30 5)065
(31)
3V-8=0
v. 595 08, 08B,
oX oy 0z
a,&°
__smh( - ) 5 (aoggo) |
(1 30§1) Cago c 851 g



+i2[15’ , cosh(ao—fo) = sinh(ao—go)]
8§ 3 C g C

+i3[3 , cosh(ao—fo) +E, Sinh(ao—éo)]
8§ g C g C

o . 0 oE., OE. 0B,
=cosh(£)(vg- §)+sinh(80§ A-—+—)- ! 1=
c C o0& o0& ay .1\ CO&
(1+2.&1
c
(32)
4 @xE = —ﬁ
cot
EX :Eggw y
0 0
E,=E. c:osh(aoccf )+ B, sinh(aosg ),
0 0
E,=E. cosh(a‘f )-B.. sinh(%)
0E, OE,
X-component) -
oy 0z
0 0
__9 £, cosh(Cinég )-B.. sinh(%)]
652 3 C 3 C
0 0
_L (£, (;osh(ao§ )+ B, Siﬂh(aO§ )]
853 13 C ¢ C
oE .. OE. o 0B, 0B,
= cosh(Z &%) : ——i]—sinh(a()g —+—]
c” et ok c o aE ok
__GBX
- oot
a,&°
:_COSh( ¢’ o (@08 9
1 0 C 1
(14 85y % %



0. OF | o8B

—sinh(ﬁ)(@ B.) + cosh( OéZO)[( S ) “1=0 (39
c c o0& &t R a,&' o0&’
+02)
c
Y-component) - @
oX
:8561
853
0
sinh(ao'f ) 0 0
[ c 0 (305 ) ] [£+ cosh(=2=— fo$ )= B, sinh(==— oo )]
( aocf) COE g
CZ
08,
cot
0
cosh(aocf ) 0 0
- C; 0 (aocf ) ] [B cosh(=2=— oS )— E. sinh(=2=— o5 )]
a5y @0
(1+702)
c
8E§1 8E§3 1 iE 1 85’52

0E, oF

Z-component)

Sinh(aogo) 0 a,%, o a,&° a,&°
=[- 01 = +cosh(Z2-) —_]-[£,. cosh(==-) + B,, sinh(=>— LY
(1+aocf) co& c o0& C c

62




cot
a,&°
cosh(=-) 0 0 0
=] c 0 —sinh(ﬁ)i]-[é’g cosh(aocf )+ £ sinh(=2=— Zos )]
a,&', co&° c a&" ¢ c c
(1+=22-)
C
6E§2 _GEsﬁ . 1 &E . 1 85’53
1 2 2 & 0
e P R (P MO
C c
1 0 a 1 0 a,¢! 1 0B,
PR {E§2(1+C—2§‘)}— PR 1E.0+ 22 )} + PRy
(1+C—g§‘) (1+=2£1) (1+C—g§1)
=0 (35)
Therefore, we obtain the electro-magnetic field equation by Eq (28)-Eq(35) in Rindler spacetime
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4. Electro-magnetic wave equation in Rindler space-time
The electro-magnetic wave function is

E,=E,sSn®,B, =8,,snd,
E.=E,B.=5,

E.=Ey=Eynsin®=E£,,SND-C,.B, =8, =8 sIND =By, sin®-C

0 0
E.=E, cosh(%2) - B, sinh(%5),
c c

= (£, SN D) c:osh(a(f0 ) — (B4 sin @) sinh( a‘fo )

0 0
~ (£, sn®-C..)cosh(22) — (8,, sin@-C',, )sinh( )
C C

0 0
B. =8, cosh(%5) 4 £, sinh(%5)
c c

=(B,, sin®) cosh(a‘fO )+ (£, sin®)sinh( aofo )

0 0
=(B,,sin®-C, ycosh(2e5-) 1 (£, sin Q)'—Cés)sinh(%)
c c

0 0
E.=E, cosh(%) + B, sinh(%5)
c c

= (£, sin®) c:osh(aoccfo )+ (B, sin @) sinh( aofo )

0 0
= (£, sin Q)'—Cfs)cosh(aog )+(B,,sin®-C', )sinh(&ee)
c c

0 0
B, =8, cosh(Ze5) - E, sinh(%)
c c

=(8,, sin®) cosh(a‘fO )= (E o sin ®)sinh( a‘fo )

0 0
=(B,, sin o-C, )cosh(a(’g )~ (£, sin CD'—Céz)sinh( aoccf )

o
In this time,
( 0 )2®..8(Exosind)') o' _( 0 Yo
& & o0& ag F
(0 yeq A0 SNP) 00 (8 o

0&° 0&° o0& og -t



0 2(D.-a(z_fzosind)') oD’ 0 \»

0 0 0 = ( o) Ggs

PE 0& FERPY:
( 0 Y. oB,,sin®') , od' _ (0 po
o£° 0&° o0£% &0 ¢

O \ ,.a(ByOsincD') oD 0\~
(ago @ 0&° 0&" _(ago) Co

0 2. 0B,,sin®') , o' _ (0 2o
o£° o&° &% o0 d

0 2 A 8 2 A 6 2 A ral
(8—51) C. =(¥ C. =(¥) C.=0

(e, =2 pe, =2 )xE, =0 (38)

’ P &= PYe ¢ 0&°

= ol S (14 2y sinh(2) s cosh(BED - m - n €
c c c c ¢ a

et = (€ 4 Ysinn(@Sy x (€ 4 £ cosh(@s ) €
C ao c aO

,y:§2’Z:§3

/2 +m?+n® =1 (39)




b 0 \» SR
_[CE( 2 oy (ago) 1By, sin®-C', 1=0
L (9 v,

(14 % gy O

S b (% Ve, sna-C.1=0
C ( a(; 51)2 8(§
L1 (9 v/

2 0
C 4+ Dy 0
C

1 1 0 p) 2 . | I _
=[?( % ay (&fo) -V 1B, sin@-C.1=0
1 (%y v e,

2 0
C 4+ Dy 0
C

ah 31 (650)2 1[£,, sind®-C..1=0
C ( 251)2 (f
1 1 0 2 2
[? (14 Z0 g1y2 (350) Ve B
CE
L (%y vAs, sn®-C . 1=0 (40)

2 0
C a 1\2 6
(1+ 0 g1y 05
cC
The electro-magnetic wave equation is in vacuum

vX(1+ 0 &N, {E}(na—ga)}

= V.04 Og)xv <A1+ 20 N} + (14 22 20, x T, < {£,(1+ 22 £}
C C C
= V.0+ C”'Og)w(n 0 ) E

+(1+C—‘;§‘)65(1+%§‘)x?§x5§



+(1+%§‘)65xv5(1+%§‘)x,§§
+(1+%51)2§§X§§XE§
me%a)x@m%g*)xg+(1+%g1)265xv xE.
:me%a) E{sm(n%a) [@m%g*) vgn%;)}@
a = 2 22
+(1+C—g§‘)2[v§(v§ E.)-V.E,]
1 0 3 1,0 vz
:_C@[Vi {35(14‘ 22 )}] —?(@2 £
Inthis time, ¥/, (1+ C”'Og) (jg 0.0)
Hence,
= a = = a 1,0 vz
Véx(1+c—g(§1)Vg,x{E§(1+C—Z§‘)}+?(@)ZE§
:me%a)- ;W;(n%a)-[@u+%gw).v§ 14+ £1)]
+(1+%(§‘)Z[§§(65 .Eg)_v;éfhiz(%) E,
2 2 a
—(£..00) == (6. E. E)+ (+—g§‘)2[—2 (—;
-t c* c c (1+@§1)2 o¢
2
2
B (0-£,-E)+0+ B — L (Ty v E
= T2 E s > > 0 s s
C4 C C (1+jgé:1)2 &f
=0
Hence, the magnetic wave equation is in vacuum
?éx(1+%§‘)§§x{§g(1+%§1)} %(f)zé‘j
=W§(1+%§‘) BIV.(0+ 2 ) - [9,( 5) % )]

(41)

(42)



2

4y 3y ciyer | 1 0 2 215
% (0-8,-8.)+01+Z gL V.15
04( 2—B.) +( +CZ§) [02 2% oy 550) : 1B,
C2
=0 (43)

The electromagnetic wave function, Eq(38),Eq(39) satisfy the electromagnetic wave equation,
Eq(42),Eq(43).

5. 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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Hence, this article say the accelerated frame is Rindler coordinate (1) that can treat electro-magnetic field
equation.
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