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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 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 2007 year, G.F.Torres del Castillio and C.l.Perez Sanchez already discover Maxwell equations in
uniformly accelerated frame in vaccum(see Ref [13]). In 2011 year, J.W.Maluf and F.F.Faria discover
electro-magnetic field transformation in Rindler space-time on ArXiv preprint(see also Ref[11]). But they
mistake they use the transformation in gravity field. Uniformly accelerated frame has to treat in flat
Minkowski space-time not in gravity space-time.

Our theory’s aim is that we find electro-magnetic field equation in Rindler space-time in vaccum also
not in vaccum in the general relativity theory. In Section 2, we prepare for finding electro-magnetic field
equation in Rindler space-time. In this section, we discover Lorentz gauge transformation and Lorentz
fixing condition, transformation of the electro-magnetic 4-vector potential in Rindler space-time. In
Section 3, we define the electro-magnetic field in Rindler space-time and we find the transformation of
the electro-magnetic field. In Section 4, we obtain the electro-magnetic field equation in Rindler space-
time and we apply the gauge theory to Maxwell equations (discovered by us) in Rindler space-time for
viewing invariant about the gauge transformation .

We think seriously electro-magnetic wave function (radiation) in Rindler space-time but we know it
doesn’t satisfy electro-magnetic wave equation in mathematically. We understand electro-magnetic wave
function can exist in inertial frame by J.C.Maxwell or A. Einstein.

2. Transformation of the electro-magnetic 4-vector potential, Lorentz gauge
condition and Lorentz fixing condition
The Rindler coordinate is
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In this time, the tetrad @7, is (see Ref [12])

dr? = at? - iz [ax? + ay? + dz?]
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Therefore, the transformation of the electro-magnetic 4-vector potential (¢ A) = A% is
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Lorentz gauge transformation is in Rindler spacetime,

A > A+ 0N =A" +g""0,A , A isascalar function.



g% =— 7 0= 0% = g% =1
(1+ 2y
c
Hence,
$: — P; 1 6/\0 ! — /ZL; —>AZ§ +§§A, A isascalar function.
¢ o (1+ a,5 )2
o2

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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3. Electro-magnetic Field in the Rindler space-time
The electro-magnetic field (1_E é) is in the inertial frame,
E=_v¢_%,é=m (19)
We have to calculate for define electro-magnetic field in Rindler space-time.
£ A
ox cot
T N
sinh(—%=-) 0 0 : 0
— ¢ 9 cosh(®2) . [cosh(PE )1+ R g, +sinh(F2)4, ]
a,¢'y coé c of c c c
(1+=22-)
C
a,&°
cosh(=%=-) 0 0 1 0
0 simn(®) 2 [sinh( RS ) (14 2 ), +cos HEE)A,]
a,&'\ coé c o& c c c ¢
(1+=2)
CZ
0A., NG
I
(1+;gg1)
0A.,
:_;1%[(”8_251)2%]_ 1 1 ago (20)
(1+ %oy 0 © (14 %) 0%
C C
dp 0A, 0 ay&’ dy g N
=Y _ =———[cosh(———)(1+— sinh(——)A,
Yoy oot agz[ ( c )(+02§)¢‘:+ ( c 22



3050)

cosh( 0
0 . ,,a 0
1+
CZ
0A..
-1+ 28 coon(®E) % -1 conn(®E)
(1+072)
c
rsinn(2 g0y e A
c oE" Lt
f 0A.
= cosh(Z2 £9)[- ; 622 [¢§(1+32§ )?1- ;51 Caéo]
1+ & (1+722)
c? c’
(@ gy P %
+sinn(Z2 )] TR 1)
0 0
= A _% foosh(BE) 1+ £, +sin(EE )4,
0
Cosh(aog ) 0
0 a 0
_ aoé Cago - nh( Of )8—51]/453
(1+ o )
0A.;
_ (1+0_‘§1)008h(a°§0)a¢§— 1 1 cosh(aogo) =
C c o0& (1+£) c co¢
CZ
(8o coyr T _%
+sinh( o6 )[561 o7
a 1 d ac'\ 1 0A
= cosh(% £%)[- 14 %5 )
cos (Ccf)[ (1+ao(§1)a§3 ¢ (1+ =22 (1+307§1)Ca§0
2 02
@ oy P A
+ sinh( o6 )[651 o

(22)



0A, 0A, 0As 0A. 23
ay az - 852 853 ( )
_ A, 0A, _0A,  9Aa
S0z ox o ox
[sinh(==— Oé )(1+ = §)¢ +cosbrﬁ) Al
8,0
__smh( - ) 5 aofo)i]/\
(14 95"y 0% c log ¥
CZ
— 0 £0 %_8/453
= cosh(=2¢& )[6683 o
, 1 0 ENA 1 0A.
—sinh(=2&°) [~ [, (1+ 225 )2] - :
e
c
g - 0A, 0A, _ 0A.. _0A,
©oox oy ox ot
8’
i _smh( - ) 5 aoéo)i]A
(1+aO§‘) co&° c ‘o
CZ
_i 05 ofo
o [sinh(=2=— - )1+ Cz‘f)¢ +cosh(Z&— : A,
A, A
- cosh(& éo)[a—i—a 2
Y
- 1 0 a,E'\, 1 0A..
+sinh(=2 &£9) [- 2[¢§(1+ 02 B |
R ffﬁ £ % c . 325 )c&fo

(24)

(25)



Hence, we can define the electro-magnetic field (1_55 , éé) in Rindler spacetime.
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Lorentz gauge transformation is in Rindler spacetime,
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The inverse-transformation of the electro-magnetic field is
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4. Electro-magnetic Field Equation(Maxwell Equation) in the Rindler space-time
Maxwell equation is
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Therefore, we obtain the electro-magnetic field equation by Eq (35)-Eq(42) in Rindler spacetime. (see

also Ref[13])
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We treat Lorentz gauge transformation about the electro-magnetic field equation in Rindler spacetime.
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Eq(43-i) is invariant about Lorentz gauge transformation in Rindler spacetime.
Eq (43-ii) is

_ 1
LR Y- Y ()
(14 %5 ¢
+ o
1
_ ;51 vix{vngémagf)}
(1+=2-)
c
e G0+ R )T, x A4V, <V, A
—( 3051) £ gﬁfx XA TV XV XA,
1+
62
i a B} 22 e 7
=( 3051)0_2(1’0’0)XB§+{_V§ A +V. (V. A}
1+
62
A0 B, 8.)+{V A +V.(V, AN
= 3051)? £ Bp) TV A+ VAV, - A
1+ E
c
_ Gl 4z -
R 3051)0850 cc
CQ
1 (3 - 3512 1 1 5 2 7
=— ¢.(1+22-) ] - —(—)A
(1 3051)2 Caggo é 3 02 (1+aoé:1)2 C2 850 4
c? c?
# 0 -
= aové¢§_ ! 1 2320 ¢§O(O’O)_ ! 1 i2( 80)2’45
eels (1 aoég)c o2l (1+30‘§ )2C o¢

(49)



(50)

Therefore,
;
C ¢
1 a 2 .
-— 5 C—g(O B, B.)+1-V. A + V. (V.- A}
(1+=2-)
C
— 0 -
+ aové¢§ ! 1 2320 ¢§0(,O,O) 1 1 iz( ao)zAé
co& ( aocf) c co& (1+aocf 2 c® o0&
c? c?
0
_% 1 (08,8, 2B % 45
c (1+ao(§) (1+ig§1)c co&
c? c
v L O - Ta]
¢ (1+Cg§‘)2 d (1+a2§)c
0 - -
li‘é+V§ A - 1 a—i@ (51)
C o0& a,s \c
(1+722)
C
7;
C ¢
0
_% 1 (08,8, 2B % 45
c? c
T T P
c
- 52)
(14 %5 €
C
If we apply Lorentz gauge transformation to Eq (52),
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In this time,
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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.

5. Conclusion



We find the electro-magnetic field transformation and the electro-magnetic equation in uniformly
accelerated frame in one theory.

Generally, the coordinate transformation of accelerated frame is (see Ref [9])

2 0
0) cz‘=(c—+§1)sinh(%)
a, c
2 0 2
X:(C—+§1)cosh(%)—c— y=E,z=¢£° (58)
aO c 0
2 0
(I cz‘:c—exp(a—gé‘)sinh(%)
a, c c
c® 8y . as’y ¢’ 2 3
X=—exp(—&')cosh(——)——,y =&,z = 59
2 D(sz) (c)aoy525 (59)

If You try to use Eq(59) for make Maxwell equation in Rindler space-time, You have to fail it.

In A.Einstein’s article (see Ref [10]), Einstein obtain Lorenz transformation by Maxwell equation in
inertial frame, Einstein give up Galilei transformation in inertial frame. In accelerated frame, we think our
article’s choice is Rindler coordinate (I) can treat electro-magnetic field equation likely Einstein’s election.
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