The African Review of Physics (201@):0033

255

Electromagnetic Field Equation and L orentz Gauge
in Rindler Space-time

Sangwha-Yi
Department of Mathematics, Tagjon University, South Korea

In this paper, we derived electromagnetic fielcdhsfarmations and electromagnetic field equationdviakwell in
Rindler space-time in the context of general theafryelativity. We then treat the Lorentz gauge sfanmation and the
Lorentz gauge fixing condition in Rindler space-timad obtained the transformation of differentialeigtion, the
electromagnetic 4-vector potential and the fietdadidition, charge density and the electric curdemisity in Rindler space-
time are derived. To view the invariance of the ggtransformation, gauge theory is applied to Mdeguations in
Rindler space-time. In Appendix A, we show that ¢fextromagnetic wave function cannot exist in Rindfgace-time. An
important point we assert in this article is théqueness of the accelerated frame. It is becansheiaccelerated frame, one

can treat electromagnetic field equations.

1. Introduction

In 2007, del Castillio and Sanchez [1] discovered
Maxwell equations in vacuum in a uniformly
accelerated frame and Maluf and Faria [2] derived
electromagnetic field transformations in Rindler
space-time in 2011 [3]. They used Maxwell
equations for gravity field but we disagree with
their approach because Maxwell equations for a
uniformly accelerated frame have to be treated in
flat Minkowski space-time and not in the curved
space-time, which implies the presence of
gravitational field.

In this work, our aim is to find electromagnetic
field equations in Rindler space-time, also in
vacuum, but not in vacuum of the general relativity
theory. In Sec. 2, after working out electromagneti
field equations in Rindler space-time, we derive th
Lorentz gauge transformation and the Lorentz
fixing condition, in addition to transformationsrfo
electromagnetic 4-vector potential in Rindler
space-time. In Sec. 3, we define the
electromagnetic field in Rindler space-time and we
find the transformation of the electro-magnetic
field. In Sec. 4, we obtain the electro-magnetic
field equation in Rindler space-time and apply the
gauge theory to Maxwell equations (worked out in
earlier sections) in Rindler space-time for viewing
the invariants of the gauge transformation.

We think it is important to know the
electromagnetic wave function (radiation) in
Rindler space-time but it is known that it doe$ no
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satisfy electro-magnetic wave equation
mathematically (see Appendix A). Hence according
to our arguments, many results published during
the period 2007 - 2011 (see Refs. [1] and [2]),
especially the computation of electro-magnetic
wave function, were incorrect. However, we do
understand that electromagnetic wave function can
exist in inertial frame as shown by Maxwell and
Einstein.

2. Transformation of the Electro-magnetic
4-vector Potential, L orentz Gauge
Transformation and Lorentz Gauge Fixing
Condition

The Rindler coordinate transformation is

ot =+ ysinnE)
a, c

X:(C—2+51)C05hﬁ)—i,nyz,szs
3 ¢ a
@)

The tetrad@? is (see Refs. [4,5])

dr? = dt? —C—lz[dxz rdy? +d2]
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The orientation of y -axis and z -axis is given as

a

o) = 0%

= (0010),

a

ea3 (fo) = g):t:g

= (000)) (4)

Where, the unit vectore”1(°) is given as

e1(£9) = (smh(aofo) cosh&) 00) (5)

Therefore,
0 0
cdt = ccosh%‘t)dfo @+ 2o g +sinh(a'%)dg‘1
C

dx = csinh(aoT{o)d{O a+2sm 4 cosh%{o)d{ﬂ
C
dy=dé?, dz=dé& )

Now, the vector transformation is

W a
vu=0Cye g 20y 7)
ox“ ox#
Therefore, the transformation of the electro-

magnetic 4-vector potentia(g, A)=A" is given
by the following equations:

pr = O X p o pn e, = X
XM YA PYL
(8a)

The transformation of differential coordinates is

ox“ ox“ ox”

dx? =——dx'*==——d&* =e”,dE* &7, =
ox* ogr 1 OIS
(8b)

And, the equation of electro-magnetic 4-vector

256
potential (¢, A) = A7 is

190%> _,

— -0 =4

(C2 e )p=4mp

10° _, - 4m-

R A:_

¢’ ot? ) c )

svector (cp,7) = gy & (©)

Lorentz gauge transformation in Rindler space-time
is given by

AP o A +OAN = A+ g0, N
Where, A is a scalar function.

00 1

g% =- o gi=gZ=g®=
(1+7)2
1 oA 1 = - =
% — % _EF—%{]- Ag — A{ +Dg/\
0+ 25y
(10)

Here, A is a scalar function.
Therefore, the Lorentz gauge in Rindler space-
time can be written as

oA
a&"
r}lﬂp - rOOl _ 1 00(6900) 1
2 0{ C (1+ <(1)

Ay = +H A7,

900=_ a](;gl '911:922:933:1
(1"‘?)2

0

S

A
cOR=2% L0 R+ fla“—lfl
@5

0=
t co&°

8

11)

Hence, Lorentz gauge transformation and Lorentz
gauge in Rindler space-time are as follows:

u
Ay;,u = g?/‘ +r/1,upAp —
0, (A" +g"9,N) +T (A + 0?1



The African Review of Physics (201@):0033

=0, A +(g"0,0,)A +T oy A +:—:(\1)

a@( - A{laﬂ 1
O0=—S+U A +— .
(1+?)
109 - . 1 1 . 2
L2 A [ (57 -0 IA
0 3 4 2 1 0 '3
coé c 1+ aof )2 o0&
c
A3
e 1 +a_/\i;1=o(11-i)

)
C

“arde ¥

Hence, one can obtain Lorentz gauge fixing
condition in Rindler space-time as

1 1 0 2
2 1 ( o)z_Dc‘ IA
c 1+ agf )2 o0&

ot cosh%{)(1+ag—f) sinh("’"%c) 0 0 (cge0

257
oA a, 1
AN B Y (12)
1 2 1
% a(';f )

From the result obtained above, we found the
transformation of the electro-magnetic 4-vector

potential (;0,,5\) in an inertial frame and the
electro-magnetic 4-vector potentiz(lz%,,&{) in a

uniformly accelerated frame, which can be written
as

)AL

0 0
9= cosh(%)(h%{l)gag + sinh(a‘f '

A = sinh(aOTfo)(H%fl)(o{ + cosh(aOT{O)AEl

A, =Au A, = Ay (13)

If we take the matrix of the transformation in the
differential coordinate, then we have

cdé®
dx ) aofo aofl 50 dgtl dfl
= h——)a+ h(ao— 00 = 14
dy sinh( . ) < ) cos o ) e e (14)
dz 0 0 10 d4&? d&
0 0 01
The inverse matrix of Eqn. (14) [4] and [5] can be
obtained as
0&° 00&° & ¢’ &0 o a,é°
ot ox oy oz cosh%) smh(T)
ot o8 of of Y
e = afa =Al= cot 0X ay 0z - (1+ c2 ) (1+ c2 ) (15)
‘T o 0§ 0’ o0&t o0& b BoE” i
e x oy P —smh(a'%) cosh%{) 00
o a8 o of 0 0
cot ox ay 0z 0 0 01

Hence, we can obtain the matrix of transformation
of differential operation as
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0
cosh@{) 0
1 9 10 c smh(aog) e
- - 0 1 0
cat 9&° coé 14 26 c 0&
: 0 0 ) o
W ~ F ~ a 1 ) 0 a 1
X =y =] %0 =) s o 1 as
- 5 5 - ¢ cosh&) 00 5
oy 0& 9& 8,¢" c o¢
Kl 9 9 +=z) 9
0z 0&° & 0 0 1 0|\ a&®
0 0 01
Therefore, the transformation of differential 1 92 ) 1 ( 0 20,2
operation is 232 & 0 3
C at C2(1+:(2)<(l)2 6{
10 _cdé®1 0  a& o 9 9 9 9 a4 9
= — b - .
D: A v~ v~ ) D =\ = 18
Cat Cat Ca{o Cat 6{1 (6X ay az) é (agl 662 653) ( )
{O
cosh&
_ c ) —sinhfa"{o)i 3. Electro-magnetic Field in the Rindler
(1+£) co¢” ' o& Space-time
2 -~ =
o c . Given the electromagnetic fieldE,B) in the
0 _cé 1 0 o0& 0 N
— = + inertial frame as
ox 0x caf® ox oft
s .. A . - -
sinh( ) 0 E=-Op-—,B=0xA (29)
= - Cl 9 5 +Cosh(a()<‘T il cot
1+ 506"y OF o0&
c? We need to perform computation in order to define
9 _ a4 o0 _ 0 17) the electro-magnetic field in Rindler space-time,

The above differential operation satisfies the

following equations:

which requires that we calculate electromagnetic
field transformations in Rindler space-time. The
computation is straightforward by using the
electromagnetic 4-vector potential transformation,
Egn. (13) and the transformation of differential
operation (Eqgn. (17)). One therefore obtains

__09_0A
* ax cot
. a,&°
sinh ) 0 0 1 0
- c ,ao{ d 0§ 3¢ Y
| a+ aoztl) cdé&° +cosnt )651]m05h%)a+ c? )9, *sinh¢ c YAl
c
{0
cosh@) 0 0 1 0
c 0 cp A6y 0 806 3¢ §
- —sinh@* )2 ifsinh 1+ +coshf2)A
[(1+a0§1) e ~SIMNE )5 TS A+ =) +coshE A, ]
c
0A 1
1 ¢ 428000 L) 8
- Cafo (1+ C2 )afl 2% C2

@+ 20
C
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oA,
a0 B )
ar) aE)

They-component of the electric field in the inertial
frame is given as

{0
i [cosh(aﬂ—)(1+ &) +sinh)A, ]

cosh@) Py
c

8¢’
-[ inh(—=—) ]A
<1+a°fl> ¢’ T e Tod
=-+ 25 ) cosn) 2% - T cosnfit’) ¢ +sinn® e = 6521
@)
Ctl 1 OA ao aA{l
= cosh £)-———-_{p @+ 257 - 55 +sinn 2 o ey
(1+ 51) 0¢é c 1+ { )ca{ 6{ oé
The zcomponent of the electric field in the inertial
frame can be written as
__0p_0A __ ! 3¢’
NN [cosh(a°—)<1+ g +sith(E)A, ]
cosh@)
-1 :‘1 caafo hraOg‘O)afl]A53
%)
_ aofl 1 268", P 3, 2 0Aa
-+ )cosh&) cosh¢ ) +5|nh( ]
a 3 1 Ca 0 a 3
f @+ agf ) ¢ ¢
0 aofl 2 1 aAE A ro 6A€1
= cosh £°)[- —(1+ - afslwg( %1 ” gﬂ)cﬁfol sinh& f)[agl o)
c?
Now, for the magnetic field, the;, y and z oA, OA 0A, O0A,
components are given by Egns. (23) to (25) as B,=—%—-—= ‘(2 - ‘(3
follows: oy 0z 09§ 0§
_OA oA oA %
YT oz ax 98 ox
a¢”
o &0 . sinh(——)
=a—£3[smh(aoc %5)¢{+cosh(a°T)Al] —[—T { cosh(ao—)a—{l]

c?

259

(20)

(21)

(22)

(23)
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0A

aA Ctl 1 3
-cosh&f")[ S -1 -sinh2 £ ——3[@( + 20 )2 - ——
c
(24)
o _on e oA
o9x 90y oOx 9¢?
. ayél
sinh( )
— C 0 )ao{ aof A
=[- + cosh¢ — smh— 1+ +cosh A
o : )651] 652[ )@+ 2 g, (aO—) al
@+ 2)
0A 1 0A
1 aof 2 1 &
= cosh¢° oo - 2 inn o gy 0 Lo+ 257 - —
6{ & c (1+ & o0& c 0+ aof ) cd&
c
(25)
Hence, we can define the electromagnetic field B Ego a2l
(E;,B;) in Rindler space-time. This is given as B, =B,, cosh c )~ E g sinh( c )
0 0
3 B, =B, coshf®) + E , sinh@e*) @27)
. 1 - a, &, 1 0A ¢ c ¢ c
Ee=—F7 Uda+—)7} - 1 0
a, a,&t, caé , : .
+—=) +—=) Hence, we can find the matrix of the transformation
¢ ¢ of the electro-magnetic field.
B, =0, x A E,=E,.B, =B,.
Now, E, E.
P Ey =H Ec‘z
= ’ 1 26 z 3
6{ 6{ af (51 \e2 3) (26) B st
z 3
We then obtain the transformation of the COSh&{O) 0 0 sinh@go)
c c

electromagnetic field as

1 a aofl\ 2 1 aAgl

E,=- Ao l+—)} -
0 aof)af SR aof af| 0E°

=E 1
¢
0 0
E,=E, cosh) + B, sinh@),
¢ c ¢ c
0 0
E, = Eg3 cosh(ﬁ) - Bg2 sinh(a'i)
o o

B, =B,

0 coshﬁ) —sinh&o) 0
0 —sth) cosh@) 0
EO cosh%‘to)

sth) 0 0
(28)

Similarly, we can obtain the matrix of the inverse-
transformation of the electromagnetic field.
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{l X {1
Efz E,
sz =H -1 By
EE3 E,
B{3 B,
0 0
cosh&) 0 0 —sinh(a'i)
c c
0 0
0 cosh(ﬁ) sinh(a'i) 0
H™= c, c, (29)
0 sinh(a'i) cosh@) 0
c c
0 0
—sinh(a'i) 0 0 cosh&)
c c
(see also Ref. [2]). Hence, the inverse- é{ = ﬁ{ x A{ + ﬁ{ xﬁ{/\ = ﬁ{ x A{ (32)

transformation of the electromagnetic field is
If we apply Lorentz gauge transformation, Eqn.

Eél =Eo le =B (10) to the transformation of the electromagnetic 4
&° . &0 vector potential, and Eqn. (13), then we can obtain
E.=E, COSh(aOT) -B, Slnh(aoT) : the following results.
<(0 ) aofo
B , =B, cosh +E, sinh(—— 10N 1
2 = By OSEC) + B, i) p-2 00 = cosnE )12 g, -2 2 B gy )
B &  a.&l @+ =52
Ee_3 =E, cosh%) +B, smh(T)
. aofo
0 0 +sinh +—
B, =B, coshfes) E, sinh®S)  (30) oty
o c

10N 1

Y
co& 1+ aof %

a 0
_ AK+——S|nh(a°£ )(1+ 0 £ g -
If we apply Lorentz gauge transformation, Eqn. 0x

(10) to electromagnetic field, Eqn. (26) in Rindler

space-time, then we get
P 9 +cosh&)(A —
o g-1oh_ 1 A — A+ TN A L 0N ga/\af LA
e > % TS0 ~a o e ATl
cod A +—=A LA +—=A 33
¢ (1+7agf )2 oy TR g et TR T pe (89)
(31) o .
4, Electromagnetic Field Equation in the
Where, A is a scalar function. Rindler Space-time
Maxwell equation is
- 1 - 2, , 1 = OA
Ee=———F 0 @+—) 3+ g .
T ar 3y O OE=4m (342)
C2 2
1 0A 1 9 = . - OE 4nm-
T ad el e BT (340)
a+25) @5
c
= Om=0 (34c)
1 & 1 0A
=-——Odea+2) % - & ca;o B}
@+ @+ .~ 0B
2 OxE=-— (34d)

¢ ¢’ cot
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We shall now perform computation to derive
Maxwell equations in Rindler space-time. For this
purpose, we shall compute it by using the electro-
magnetic field transformation, Eqn. (27) and the
transformation of differential operation as given i
Eqgn. (17).

Let us first deal with the transformation of 4-
vector, the charge density and the electrical ciirre

a

. - dx -
density (cp, j) = p, and (co;, |¢)

dr
Where,

p=pp (4% a" )cosh(a°—)+

0
o=, cosh(%wcp{ (1+%sl>sinh("’"%) ,
i< (35)

smh(aofo)

EZ'jz:j{S

a

Now, 4-vector (cpg,fg):po% is defined in
T

Rindler space-time.
The first of the Maxwell equations is given in
the inertial frame as follows:

arp

1. OE
E =E

&
0 0
E,=E, cosh&) +B, sinh(a'i) ,
I3 c ¢ C
0 0
E,=E, cosh%g) - B{2 sinh(a'%)

%,

Y4

0z

+ cosh@)—]E

a&!

[E., cosh(a°—50) +B, sinh@ )]
¢ C ¢ c

[E, coshf) ~B _ sinh¢y]
I3 C ¢ C

0650

= cosh%{o)(i{ E,)
0B , 1 OE,
+sinh(*® f)[az—a‘;— ey
'3 '3 (1+a0€) '3
C

(36)

262
2. OxB=9E 475
ct ¢
B, = B{l
0 0
B, =B 2 cosh&) -E 3 sinh(a'i)
0
B, —B cosh(a"—)+E smh(aof ——)
The x-component is:
0B, 0B,
dy 0z
0 0
= iz [B€3 cosh(ﬁ) +E, sinh("’"i)]
0 0
6{3 cosh@{) E smh(aof —)]
0B,
=cosh <
Foer yard 5 52 o]
o OE oE
+sinh(a°£ i e, ‘(3]
c 662 653
OE, 4.
= +_Jx
ct ¢
60
sl I P
1 Ca 0 a 1 I X
c
Hence,
£° L
0
— J, =sinh( )0, [E;)
ﬁofo 0B , _c?B{2 ) 1 6E<r1
oS e T T e @
@+=3-)
c
(37)
They-component is:
o, a8, _%Ba
0z  ox a¢&3
0
sinh(aogr )
-[- 1 0+cosh@) T
0+ ) 0¢
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18,4 coshﬁ) +E, sinh(aOT{o)]

E,, cosh%go) +Bg Sinh(ao{0 —I +— Iy

A _05{1 _6853 B 1 a, 5
T o 8y 1, C2 &
e
a+2 gy 9
1 0 a,
-1 9 s ar2ey
a . a 3 & 2
e % ¢
1 OE ,
s ey L
1+ 20 g1 0¢ © ol ¢
C
(38)

And, thez-component is given as:

%, o8,
ox oy

sinh(aof 0)

=[- +cosh@)

co&° 0&!

a+ a0‘(1)
C

<ro _ ) aofo _ aB{l
B, cosh%) Es smh(T)] rra
_OE, 4T,

ct ¢ I
0
cosh@) Py
c

ar ¥ OF

_ ,aof"
=[ )afl

0E,, cosh&) B, smh(aogo)]*'—lz

Therefore,

263
4_]7.J :6852_68‘{1_‘_ 1 & 2
z 1 2 2
©% N e
a+2 g O

_ 1 ao 1

(1+aofl)a£{ B, 1+ 2}
_ 1 l B (1+ aoc'cl)} _ 1 0E{3

L% s d ey ¢

The third law described by Maxwell equations in

inertial frame is:

3. OB=0
ﬁuﬁ—&+@+&
ox ody o0z
0
sinh®2%) 5 £ 3
o cosh(®® 5er]
@+

2 €y _E _sinh@
+a£2[B{2cosh%) E€3smh( . )]

B, coshfed )+ E , sinh@ )]
& c & c

(39)

0';(0 - - ) ao';(o OE 2 OE 3
:cosh%)(ﬂgr [B, ) +sinh( . M-(- 6;3 + 6;2 )
S S
a2
(40)

Now, the fourth equation of Maxwell in the inertial

frame is given as:

oo

0
v

I'I'Il
||
(=%
~—+

4. [x
E,

II
m

’

51

0 0
E,=E, cosh ) + B, sinh@),
¢ C ¢ C

0 0
E,=E, cosh(%) -B, Sinh(a'%)
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Thex-component is given as: aE{l _aE{3 ) 1 ay . 1 68{2
o, %, W et age®™
dy 0z 1 ¢ a ¢
_ 9 &€ n sinpdoy 0 - e a2
=8 [Efscosh(%T) B SINEE) — 55 " aO o gy 06 c
(E 2cosh£)+83sinh(%—go)] 1 o a,&’ 1 9B,
c g {EQ+— )+ 5
fo gyt R R A T e R
=cosh c c
= coshe ¢ )[ 662 653] =0 (42)
0 aB 0B ,
—sinh( 2¢ —+ "3]
B ¢ 6{ ¢ Thez-component is given as:
cosh@{) P £ ox oy
= c —sinhe )—] : aofo
aofl cd&° c “o& sinh(
@+ =[—C hf‘ﬂ_
C2 [ {1 c@fo 0s )a{l
a+%)
Hence
, 0 OE ,
i E zcosh(ao—)+53sinh(a°‘( ) -—=
—sinh(aof ¢ c ¢ c ¢
_98,
0o 0E, OE, 0B, T cot
+coshﬁ°{ ]l P o Y ° o
087 o¢ 1+ 208 ¢ cosh®-) 0
? =~ im0
(41) @+ 28y @8 e ol
C2
They- tis: 0 0
ey-component Is [ﬂBgs cosh%{HE{z sinh(a‘%)]
E—E = aE‘rl aEgZ 6E¢’1 1 Q, 1 6853
0z  Ox a&° T oz T _2E;2 + 0
. W0 B T e
sinh(®e% £ ¢
S reoshf) O - HE. M 2 )
@) ¢ % e o

0E , coshfd ) , sinh@ )]
¢ o ¢ C

_98y
e
60
:_[cosh%) 3 - (aofo) 9
(1+a0<(1) Cag(O ag(l
C2

18, cosh@) — € _ sinn@))
I3 [ ¢ C

1 0B,

(E,
(1%51)"4‘2 S (1+ % g1y D¢

=0 (43)

Therefore, we obtain the electromagnetic field
equation from Eqgns. (35)-(42) in Rindler space-
time (see also Ref. [1]), which is given as

1
0, (E, = 47p, (1+aZ—f) (44a)



The African Review of Physics (201@):0033

1
Tlfm *{B, 1+ 2{ )}
(1+072)

¢ . (44b)

1 OE, +4_77]

s aofl) & ¢ ¢

c?

0, B, =0 (44c)
1 1 0B

1

— =0, %{E @+ azfl)}z_

1 Ca 0
(44d)
Ez = (EfliEgziEgs) -5_; (B{l ,Bgz ,B ),
7 -9 0 0
He _(651'652 ’053)

We know that del Castillio and Sanchez [1] already
discovered Maxwell equations in a uniformly
accelerated frame in vacuum.

Hence, the transformation of 4-vector

a

is

- dx
(co,]) = py r

1 0 Ja 0
P =ps (1+az—§) cosh%{) +%Sinh(a°%)

0 0
j = cosh®) +op, 1+ 2 &) sinh S
C

by =g = (45)
dé?
dr
For instance, we know that the spherical charge

density p, of a stationary accelerated frame in a

Now, 4-vector (cp;, j{) Po——

265

charged huge sphere is

t=£°=00<sx=¢&"y=8%z2=%<R,
=_=_Q. _ _Q_ 3
EeR s PP TR
T:?{:O
Generally, the continuity equation (i.e.,

conservation laws for the charge density and the
electrical current) in Rindler space-time is gil®n

We now treat the Lorentz gauge transformation
by using Eqn. (10) for the electromagnetic field
equations and Egns. (44a) to (44d) in Rindler
space-time. The computation is straightforward by
using the Lorentz gauge transformation, Eqgn. (10)
and the Lorentz gauge fixing condition, Eqn. (12).
Eqn. (44a) is

. - 1 0A
O By =0, [{]_;51 e{‘/’f(l*'azf)z}_ adl Ca;o}
@+ 20 @+ 200
C C
) ) oA
= O} 0, {g 0+ agf\2}+ . L 0 aO‘t) }+ { (@, TA)]
@+ 20 1+ 25
C C
1 d &, A,
=% e
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1 , 1 1 051
-—— 0 - ( 0; o @+—) %
(1+az‘r) ¢ q+ a"f)z ¢
1 0 1 A;lao]
L+ aofl) co&° 1+ aofl) c?

The Lorentz gauge in Rindler space-time is given
as

10¢ - 1 a
& Démé‘_—{l_ pal
@+ 20
c?
Hence
a, 1 1 2 1 1

1

6A‘r 3y

1

266

2 1 1 1 3
¢ (1+a27§() ‘ (1+ag—f) (1+ % g1y

&,
(050, 1{@<1+ag } o+

1
= 4,0+ 22
1 oN 1 - -
If we apply Lorentz gauge transformation to Eqn. %~ % a5 aofl A - A
(46), then we have @+
Where, A is a scalar function.
1 1 1 1
:_%—fl a _—gl[ 52_ (ago) He @+ aOE) }
a0y T o dy S key
c c
L1 [Dz_i Dyylon 1 Maay, 1 aoaa/\
1 ¢ 0 0 1 0_2 1 0 771
@+ agf) (1+a°<‘)2 0§ cod (1+a°‘() DS e ag‘( )2° ¢ 0¢
__% 1 1 1 a,&* ,
___—E - - 2__— S 0
2 T Ea — 0 - ( 0) ]{¢7;(+ ) %}
Tae®) Ty ety ¥
PR S IS S S SR Rty ORI SR AR Aa a,
1 ca 0 2 a 0 a 1 1 Ca 0 .2
sy 94 Cardigys 00 BE) S HT Al e
c c c
1 1 0 vo_2in
Now, the Lorentz gauge fixing condition, Eqgn. [? a, &t (650) ¢
(12) in Rindler space-time, (]-‘*((;72)2
1 a, 0N _

@+

a,ét c? &t
c

el B
C2

(47)

(48)
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Hence, Eqn. (44a) is

ap EJ:_&%E&
a+25)
C

1 2 1 aof

- S0 - — (ﬁ N a+)3
1+ 28 a+d . A

C

1 Mg

e
C2
= 4mp, L+ ag—f) (49)

Eqgn. (44a) is invariant under Lorentz gauge
transformation in Rindler space-time and Eqn.
(44b) is

1 - - 1
——— U x{B. A+ aof

a+ agz

1 - - ~ 1

= ad D{X{D{XAE(1+agf

@+—)
c

1 —
= U+
a+ a;f )

%{1) x{lflgx,&{}ﬂflgxi{x,&{

1

_Tao 100) x B, +{-0, A +0 (D DA\)}
@+

:;ao(o B

1 3-Bz)+{_D52A{+|j{(|j.{ DB‘{)}
(1+ az{ ) 3 3

1 0B 4rm.

C2

1 06
== 1 0[Dg{ @ (1+—=2) %)
1+ aof ¢y , CO& c?

c?

1 1.0 .z +47f;

et oo N
2

0 - 1
=- e -

28, 99,
1 C2 ca 0
(1+7a2§ ) ¢

100
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- at{l Cl(a‘;o)z/&ﬁ“’gf (50)
@+22-)?
Therefore,
5
c ¢

1 & L5 M R
——1—2(0,—B{S,sz)+{—D52Af+DE(D5DA{)}
1+ 25 ©

C

1 C2 Ca 0
a+ agf y ¢ o

(L00)

(51)

1 2a, 0¢:

a,
(1+C%fl)
1 1 0 =

O 4 29714,
(1+a°€)2 0¢

1 3%

+ 0[5 A4l
(1+az§)C f

(52)
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If we apply the Lorentz gauge transformation to 1 oA 1 - - =
o ->-p———— A S5 A+ONAN
Egn. (52), we get ¢ ¢ 0 1 ¢ ¢
qn. (52), we g cos a+%f)2
Where, A is a scalar function.
4n - _ @ 1 1 2a, 09 1 2a, 1, 0
%1520—27(0,‘353-552)*' a c_zocag:" @.00) ‘TC—?C—Z(F)z/\(lO,O)
@+—2-) (1+C%61) (1+7<’1)3
c
e o B e e )
S ey % Cardey
= 1 1 oN
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a 1 1 2a g 1 2a, 1, 0
= OB B 100) —
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1 1 1 1 0 -
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1 1 =
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@+—5)? @+ x )
1 a,” A 1 a 0 =
0 —— (100 ~———( 5 UA (53)
1 c* 9&t 1 62 g&t 3
a2y © % a2y © O

Now, the Lorentz gauge fixing condition, Eqn.
(12) in Rindler space-time, is
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a,’ 1 1 a 0 -
- %0 (54)
“arey % 1+ B gy ¢ 08
Therefore, Eqn. (53) is
dn. _a, 1 1 2a, 09
My =% (0-B,,B,)+ i} (100)
3 CZ (1+ aozl) 4"3 52 (1+ig€1) C2 cago
C C
e G N0 0 (R IA AL 000)
(1+i'—;<‘1)3 ¢’ ¢t 0¢ 1+ 20 g1z 04 a+ aof)
C
1 a - 1 a,° oA 1 a 0 =
- SOeAs T 100 3 DA
0 aofl) 2 ¢ 0+ aoi % c* af (1+a22{1) c? o0&t
1 1 d 1 a, 9
+0H-07+= )"~ e 24
Tl % 250
C C
2
e )N 00 < B S 00+ &
a2y ey % e
a, 1 1 2ao 09: 1 1 0 \21%
=== (0-B,,B,)+ — - 00) +[-O; +—2 =) 1A
e N A ar ey o8
C
1 ao2 1 a -
— A, 100) ———— 3 0A, (55)
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Hence, Eqn. (44b) is invariant under Lorentz gauge [, (B, =0, {0, x A, +0, x0,A) =0, x[J, [A, =0
Cr R : &P = He R 2 A T M1, L A
transformation in Rindler space-time. (56)

Now, Eqn. (44c) is And, Eqn. (44d) is

o DeE e )

@+
SO S N T L E O, AL AR A, 0 & )
(1+ a-o ) §LFE C 3 Ca{O Cag(O CagtO
C2
_ 1 - 0A 1 00, xA) 1 9B,
=- 0 =- =- 57
(1+£) fxca{() (1+£) Cagto (1+a0<(1) Cagto ( )
c? c? c?

Hence, Eqn. (44c) and Eqn. (44d) are invariant time, Eqns. (44a)-(44d) are also invariant under
under Lorentz gauge transformation in Rindler Lorentz gauge transformation.

space-time. Hence, the electromagnetic field

equations (Maxwell Equations) in Rindler space-
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5. Conclusion

Since del Castillio and Sanchez already calculated
Maxwell equations in uniformly accelerated frame
in vacuum, and Maluf and Faria obtained electro-
magnetic field transformation in Rindler space-time
[5] (see ArXiv preprint), we computed the
electromagnetic field transformation and the
electro-magnetic equation in a uniformly
accelerated frame in a single theory.

Generally, the coordinate transformation of
accelerated frame (see Ref. [6]) is

) o=+ )sinn@)
a, c

x=(C +Ecoshf ) - Y=g g2
3, c ' a
(58)
any ct =C—2exp&;51)sinhf‘°—fo)
a, c c

: X
E{1 =E, = E,,Sinaft _E)

270

2 0 2
x:C—exp(ﬁ;g‘l)cosh&)—C—,
8, = c ¢ a

y=£&4z=¢° (59)

If one uses Eqgn. (59) to find Maxwell equations in
Rindler space-time, one fails to do so. In Einssein
article (see [7]), he obtained Lorenz
transformations for Maxwell equations in inertial
frame and did not use Galilei transformations in
inertial frame. In an accelerated frame, we think
our choice of Rindler coordinate (1) is a betteeon
can treat electromagnetic field equations in a
manner similar to Einstein’s choice.

Appendix A
In 2-dimensional Rindler space-time, if we use
incorrect calculation, we think that the

electromagnetic wave function will look like the
expression given below:

= £ sind -+ expe 2 £+ O = B sine (A1)
8 c 3
=S+ )sinh@) | x= (S + Eycoshed )y -
3 c 2 c ' a
Now,
- exp(—%fo) = sinh(a"%o) - cosh%fo) (A2)
(A1) must satisfy the following equation.
1 .
=9 ysino A3
s B € (g sin® =G Fsin (A9
C
9,0 S e B0y 4 S
GV o= 5o s+ Jent- 28+ 7
=2 {(cos) Erm—exp(—i £} = (~sin®) G“—’jexp(—zi £ (Ad)
o0& c c [ c

But this computational situation is different.

1 1,0 1 1 0

) sind = {

s ao‘ﬂ)z < lor L+ ao‘d)z ¢ ""wla‘w

smaﬁ—{

+exp B e+ S
c c a,
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= 12a"o{(cos¢)mi+i}3exp(—ﬁf°>}
(1+%)2c 3 a ¢’ ¢ c
C

Now, D(aB)=pDa+aDp

1 1, 5
= T 2 5 (cosD) Dh,{
@+ aof B¢ 2 f

c

} o expt- a°5°) *(coSD) U+ 32 0o a°€°))}

0{0

:_atgl SO+ o2 o+ ene ey o)
1+ 25y

Hence, if we compare Eqn. (A4) and Eqn. (A5),

(il)z sin® = (-sin®) EIK%ZEXp(—ZEEO) # —sin® Dwzizexp(—zﬁfo)
af C C c c

—%(cosﬂb)m)%c—];exp(—%fo)= atf 1(65)SInCD (A6)
(1+7) (1+T)

We conclude that it cannot exist as the
electromagnetic wave function in Rindler space-
time.
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