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2 âÔ[»"�>ÄåÆ

|^Û�Ie|nØ5ïáâÔ[»"�²;>

ÄåÆ. 3Ie|nØ¥, |^Ieϑa
µ �±3��6

/�?¿�:��CÜþ|��I©þTλµν···ÚT:

Û�Ie|©þTabc··· �mïáéX

Tλµν··· =ϑa
λϑ

b
µϑ

a
ν · · ·Tabc··· . (1)

3�IÄe, ���Ý5�gµν , 
3Û�Ie|

¥, ��Ý5�D¼Ý5ηab = diag(1,−1,−1,−1).

y3Ú\dS��Ú§�Ý5. dS��SR �±

w�´��i\35�D¼��¥ (Ý5�ηAB =

diag(1,−1,−1,−1,−1))�4��­¡

SR : ηABξ
AξB =−R2 , ds2 = ηABdξAdξB , (2)

Ù¥A,B = 0, · · · ,4, w, (2)ª3SO(1,4)+��^

e´ØC�, dS���Ý5U
�¤
[14]

:

ds2 = ηµνdξµdξν − K(ηµνξ
µdξν)2

1+K(ηµνξµξν)
, (3)

Ù¥µ,ν = 0, · · · ,3, K =
1

R2
=
Λ

3
, Λ´�»~ê. dÝ

53±eü«C�e´ØC�(�[�ë�©z[14]¥

�1387�), Ù¥�«´âÔ[C�:

ξ
′µ =Lµ

νξ
ν , (4)

,�aC�´“[²£”,

ξ
′µ = ξµ +aµ[(1+Kηρσξ

ρξσ)1/2 +bKηρσξ
ρaσ]

b=
1−(1+Kηρσa

ρaσ)1/2

Kηρσaρaσ
.

(5)

AO/, ù
C�r�: ξµ = 0C�?¿aµ. é

u(3)ª�Ñ�Ý5, U
����IC�¦�C��

“�mÃ'”:

xi = ξi =x′ i exp(K1/2t′) ,

ξ0 =
1√
K

[

Kx′2

2
cosh(K1/2t′)+

(

1+
Kx′2

2

)

sinh(K1/2t′)

]

, (6)

t = t′− 1

2K1/2
ln[1−Kx′2 exp(2K1/2t′)] .

u´ (3)ªC¤

ds2 = (1−Kx2)dt2−dx2−K(x •dx)2

1−Kx2
. (7)

dÝ5��mÚ�m©l, Ï
kÐ��m½Â, 


��mÜ©�Ð´4�î¼�m�3�¥¡, ÿÀ�

duE1 ×S3. §´²wâÔ[»"�, 5¿�3C

�(5)Ú(6)ªeÝ5(7)ª�±ØC, Ïd�±^ùü

�C�r�m�:x= 0C��?¿�a. ÀJ¥�I,

�±rÝ5(6)�¤

ds2 =σdt2− 1

σ
dr2−r2dθ2−r2 sinθ2dφ2 , (8)

Ù¥σ = 1−Kr2, Ïd�±½ÂÛ�âÔ[Ie:

ϑa
µ,a= 0,1,2,3. Ù¥:

ϑa
µ = diag

(√
σ,

1√
σ
,r,r sinθ

)

. (9)

32Â�éØ¥, �*ÿþ´Û�âÔ[�I¥

�¥þÚÜþ©þ. 3ùp�±aq�½ÂD¼��

¥�*ÿþÒ´dS��¥éAÔnþ�¥þÜþ|

�Û�Ie|©þ, ùp'5�´>|rÝE Ú^a

ArÝB.

�d, ½Â4�>^³

Aµ = eµ
aA

a =

(

1√
σ
ϕ,

√
σAr,

1

r
Aθ,

1

r sinθ
Aφ

)

. (10)

Ù¥

eµ
a = ηabg

µνϑb
ν = diag

(

1√
σ
,
√
σ,

1

r
,

1

r sinθ

)

,

Aa = (ϕ,Ar ,Aθ ,Aφ) ,

ùp�Aa ´4�“ÊÏ¥þ”�©þ
[14]

. “ÊÏ¥þ”�

´·�¤Ïé��*ÿþ. Ïd�C1/ªU
�

¤(3d½Âxµ = (t,r,θ,φ)):

A=Aµdxµ =
√
σϕdt− 1√

σ
Ardr−rAθdθ−r sinθAφdφ .

(11)

y 3 � ± Ú \ > ^ | r � C 2 / ª: F = dA =

1

2
Fµνdxµ∧dxν . �dÄk½Â“ÊÏ”>^|rÜþ�

©þFab, §U
��¤��Ý
�/ª:

Fab =













0 −Er −Eθ −Eφ

Er 0 Bφ −Bθ

Eθ −Bφ 0 Br

Eφ Bθ −Br 0













, (12)

u´Fµν Ò´:
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Fµν =



























0 −Er −r√σEθ −r sinθ
√
σEφ

Er 0
r√
σ
Bφ −r sinθ√

σ
Bθ

r
√
σEθ − r√

σ
Bφ 0 r2 sinθBr

r sinθ
√
σEφ

r sinθ√
σ
Bθ −r2 sinθBr 0



























. (13)

>^|��^þ�±��

IM =

∫
(−F ∧∗F −A∧∗j) , (14)

ÎÒ“∗”´Hodge�f.

,	, ·�5¿�Ý5úª(7)��mÜ©�E


����­��IX, Ïd�±Ú\FÝ, ÑÝÚ^

Ý��C½Â:

∼

∇ψ= d′ψ=
√
σψ, rϑ

1 +
1

r
ψ, θϑ

2 +
1

r sinθ
ψ, φϑ

3 , (15)

∼

∇ •f = ∗′d′ ∗′ f =
2

r

√
σfr +

√
σfr, r +

cosθ

r sinθ
fθ +

1

r
fθ, θ +

1

r sinθ
fφ, φ , (16)

∼

∇×f = ∗′d′f =

(

cosθ

r sinθ
fφ +

1

r
fφ,θ−

1

r sinθ
fθ,φ

)

ϑ1 +

(

1

r sinθ
fr, φ−

√
σfφ, r −

√
σ

r
fφ

)

ϑ2 +

(√
σ

r
fθ +

√
σfθ, r −

1

r
fr, θ

)

ϑ3 , (17)

∼

∇
2

ψ = (d′
δ
′+δ

′d′)ψ=

√
σ

r2
∂

∂r
(r2

√
σψ, r)+

1

r2 sinθ

∂
∂θ

(sinθψ, θ)+
1

r2 sin2 θ

∂2
ψ

∂φ2
, (18)

3±þ�ªf¥^ÎÒ“∼”Ú“ ,”L«ùp�FÝ, Ñ

ÝÚ^ÝÑ´3f6/S3 þ�, 
f �´f6/S3

þ�“ÊÏ¥þ”, f = frϑ
1 +fθϑ

2 +fφϑ
3 = (fr,fθ,fφ),

§�Ð´4�“ÊÏ¥þ”fa ��mÜ©. 
�5Õá

Äϑi =ϑi
µdxµ, i= 1,2,3Ò�Ñ
d3�“ÊÏ¥þ”�

��.

5¿�d (11)—(13)ª, �±��E ÚB �Ie

/ª. ÏL�
Ä��$�, �±��Xe'Xª

E =− 1√
σ

∼

∇ (
√
σϕ)− 1√

σ

∂A

∂ t
(19)

Ú

B =
∼

∇×A , (20)

Ù ¥A = (Ar,Aθ,Aφ), E = (Er,Eθ ,Eφ), B =

(Br,Bθ,Bφ).

,	, 5¿�F = dA´���Ü2/ª,Ïdá�

�±��Bianchið�ª: dF = d2A ≡ 0ÚÄåÆ�

§: δF = ∗d∗F = j= jµdxµ, Ù¥½Â

jµ =ϑµ
aj

a =

(

1√
σ
ρ,
√
σjr,

1

r
jθ,

1

r sinθ
jφ

)

, (21)

ja = (ρ,jr, jθ , jφ). “ÊÏ”>6�Ý�±�±c��½

Â: j = (jr, jθ , jφ). u´·�dS��¥�>^|�§

Ò�±�¤
∼

∇ •B = 0, (22)

∼

∇×(
√
σE)+

∂B

∂ t
= 0, (23)

∼

∇ •E = ρ, (24)

∼

∇×B− 1√
σ

∂E

∂ t
= j. (25)


 · � dS � � ¥ � � C 5 � ^ � � ± � �:

δA= 0�¤·�ÙG�/ªÒ´

∼

∇ •(
√
σA)+

∂ϕ
∂ t

= 0 (26)

ù�dS5�3�¡?n·^|¯K��ÿAO­�.

3 UþÄþÜþÅð

y3�Ä>^|ÚÔ���p�^, �=Ú��

·�dS��¥�Ö6 jµ �p�^. XÚ�.¼þ�

±�¤

LM = LE +L ′
M =−1

4
F µνFµν −jµAµ, (27)

Ù¥LE = − 1

4
F µνFµν ´X>^�, L ′

M ´�p�^

�. u´>^å�±ÏL�^þ�n5��

fµ = F µ
γj

γ =

(

e
v •E√
σ
,
√
σfr,

1

r
fθ,

1

r sinθ
fφ

)

,

f = (fr,fθ,fφ) = e(E +v×B) .

(28)

�K→ 0, âÔ[»"�>ÄåÆÒC¤âÔ[�C

�, >^å�ÒÓ�C�âÔ[å. XJ�Ï~@�

½ÂUÄÜþ�X>^�:

T αβ
em ≡F α

γF
αβ − 1

4
gαβFλδF

λδ , (29)
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��

T
αβ
em ; β =−F α

βj
β =−fα , (30)

ÎÒ“;”´�C�ê� �. r§�¤Ie/ª:

1√
σ

∼

∇ •S +
1√
σ

∂ω
∂ t

=−j •E , (31)

S =σ(E×B),ω=
1

2
(E2 +B2),

∼

∇ •

⇀⇀

J +
1√
σ

∂g

∂ t
−K(r×E×E) =−f , (32)

⇀⇀

J =−EE−BB+
1

2

⇀⇀

I (E2 +B2),g = E×B ,

Ù¥S, ω,
⇀⇀

J Úg ©O´XÚ�U6�Ý (·<Ë¥

þ), Uþ�Ý, >^AåÜþÚÄþ�Ý.
⇀⇀

I ´S3 ¥

�ü Üþ. ù
�§²wØÓuD¼��¥�Åð

�§.

4 ·>|Ú·^|

��·�dS��¥>^|�§���A^, ïÄ


?ur0 = (r0,θ0,φ0)���:>Ö (>Ö�q)�·

>|. �Äk7L½ÂÛ�Ie|þ�:>Ö, ù�

¯K�9�·�dS��¥�>6ÅðÆ, =δj = 0,

�¤Ie/ª�

∼

∇ •(
√
σj)+

∂ρ
∂ t

= 0 . (33)

23ëê�mrù��§��¥�I�/ª:

∇ •

∼

j +
1√
σ

∂ρ
∂ t

= 0 , (34)

Ù¥
∼

j= (
√
σjr, jθ, jφ). ÏdS3 þr0 ?�δ¼êÒ�

± � �: δ′ 3(r − r0) =
√
σδ3(r − r0), y 3 � ± �

ρ = qδ′ 3(r − r0). |^c¡���|�§, ·>³

�§ÒC¤

−
∼

∇ •

(

1√
σ

∼

∇ (
√
σϕ)

)

= qδ′ 3(r−r0) . (35)

|^¥�I, rþª�¤ÙG�/ª, =

−∇2ϕ+K
∂

∂r

(

r2
∂ϕ
∂r

)

+3Kϕ+

2Kr
∂ϕ
∂r

+
K2r2

σ
= qδ′ 3(r−r0), (36)

5¿�ù��§7L´dS�C�, 
·�o�±3·

�dS�m¥���Ü·�“[²£”4�m��:l

x= 0C�?¿a, Ïd�o�±ÀJ*ÿ:Ò´�m

�I�:, =3(36)ª¥4r→ 0, Òk

−∇2ϕ+3Kϕ= qδ3(r−r0) . (37)

XJkÜ·�>.^�, ù��§ÒéN´). 3D

¼��¥, ÀJ>.^�´: �r0 →∞�, ϕ→ 0. (3

dS��¥r0 ØUª�uÃ¡, �dudS���À.

�»R�~�, ¤±d�E,�±`ù�>.^�C

q¤á.) ��

ϕ=
q

4πr0
e−

√
3K r0 , (38)

w,, ù�·>³'3âÔ[�C�>^nØ¥�P

~�¯�:. 
*ÿ:?�|rE ÒC¤

E =−q r0

4πr30
e−

√
3K r0 +q

√
3Kr0

4πr20
e−

√
3K r0 , (39)

ù�/ªw,Ú¥Õ½ÆØÓ. ?�Ïf��3¦�

·>³���)A³, 
ù��Aò3�|C�­�,

éé�ºÝ��»*ÿ�òk�½�K�. ,
, d

uK =
1

R2
=
Λ

3
, R´���~��ålëê, �Ò´

�»�“À.�»”, 3yk�¢�^�e, ù��ê

P~��AA��±�Ñ.

�e5�Ä
·�dS��¥�>6�·^|. 3

�m�,?r0 �����>6 (>6rÝ�I , �»�

a, �%3r0 ?), *ÿöE,Úc¡��?u�m�

:. �d�Ú·>|k�:ØÓ, 3�Ä·>|��

ÿØI��Ä5�^�, �3·^|�/e, 7L�

ÀJ5�^�, Xc¤ã, (26)ªÒ´·�I��5�

^�, |^d5�, �±��

∼

∇ •A =
K√
σ

r •A . (40)

UìâÔ[»"�>^|�§, ¥³A��©�§Ò

�±�¤
∼

∇×(
∼

∇×A) =
∼

j (r). (41)

,��¡, l(34)ª,

∼

j (r) =
√
σj(r), j(r) = jrϑ

1 +jθϑ
2 +jφϑ

3, (42)

Ò ´ Û � � I e � Å ð > 6. , 
 7 L � r ¥

³ � � © � § � ¤ ¥ � I � / ª â � � X Û �

) ù � � © � §. � d, u yS3 þ �“Ê Ï ¥ þ”

f = frϑ
1 + fθϑ

2 + fφϑ
3 �Au��3�î¼�m¥

�¥þ: f =
1√
σ
frer +fθeθ +fφeφ, |^ù�éA'

X, ½ÂA′(r) =
1√
σ
Arer+Aθeθ +Aφeφ, u´5�^
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�(40)ª�¤¥�I�/ªÒ´

∇ •A′ = 4KrA′
r +Kr2A′

r, r, (43)


¥³��©�§�Ò�±�¤¥�I©þ�/ª

−(∇2A′)r +4KA′
r +6KrA′

r, r+Kr2A′
r,r ,r =

1√
σ
jr,

(44)

−(∇2A′)θ +[K(r(rA′
θ),r),r +3KA′

r,θ] = jθ, (45)

−(∇2A′)φ +[K(r(rA′
φ),r),r +

3

sinθ
KA′

r,φ] = jφ .

(46)

,
, 3d¿vk?Ûnd`

(

1√
σ
jr, jθ, jφ

)

Ò´�

�¥�Ie�Åð6. ¯¢þ, ·�dS��¥�Åð

6�Ud(34)ª5½Â, dd½Â, ��ÏL���¡

�>6rÝI�¥�IL�ª

I =

∫
(
√
σj) •dS′ =

∫√
σjrrdθ

′∧r′ sinθ′dφ′ +

∫
jθdr

′∧r′ sinθ′dφ′ +

∫
jϕdr′∧r′dθ′ . (47)

Ï d ¥ � I e Å ð > 6 � L � ª Ò ´: j ′′(r) =
√
σjrer + jθeθ + jφeφ. 3d½Âe, (44)ªI�¦þ

��σÏf. 3r → 0�, �±Xey²(44)—(46)ª

�é¡)Ò´��¥þ�§�). N´wÑ�K ª

u0�, �±|^.c–ix�½n��¥%3�:

��>6�¥³, ,�ò
�£�r0, Ò�±���

:3|:?�¥³A′
r,A

′
θ ,A

′
φ. u´b�3�: u

�>6¥%�¥�I¥�)´A′
r′ ,A′

θ′ ,A′
φ′ , N´y

²���3�¥³©þ´A′
φ′ �A′(0) = A′

φ′eφ′ =

−A′
φ′ sinθ sin(φ−φ0)er − A′

φ′ cosθ sin(φ−φ0)eθ −
A′

φ′ cos(φ−φ0)eφ, Ù ¥ (r0,θ0,φ0) ´ 3 r0 ? � ¥ �

I, rù�)�\�(44)—(46)ª¥�¹K��¥, ¿

5¿��r→ 0�σ→ 1, Ò�±��¥þ�©�§:

−∇2A′(r)+4KA′(r) = j′(r), (48)

d � § 3 ë ê � m � C � e ´ Ø C �, � ¦ )

d � § � ± 3 r0 ? ï á � � ± r0 � � : � ¥ �

I (r′,θ′,φ′). Ó � 3 d � I e, ¥ ³ ¥ � � �

3 � � " © þ � � kA′
φ′ , � ¥ � I � m � C �

'XªA′(0) = A′
φ′eφ′ = −A′

φ′ sinθ sin(φ−φ0)er −
A′

φ′ cosθ sin(φ−φ0)eθ −A′
φ′ cos(φ−φ0)eφE,�±Ø

C, Ù¥

A′ = A′
φ′eφ′ =

Ia

4π

∮2π

0

cosϕdϕ
√

r20 +a2−2r0asinθ′ cosϕ
×

e−
√

4K
√

r2

0
+a2−2r0asinθ′ cosϕ eφ′ , (49)

�2r0asinθ′ � r20 + a2 �, =3�|(r0 � a)ÚC¶

|(r0 sinθ′ � a)«�, þ¡�È©U
�CqÐm�

n?:

A′
φ′ =

Ia

4π

∫
dϕcosϕ

[

P
r0asinθ′ cosϕ

(r20 +a2)3/2
+

N
r30a

3 sin3 θ′ cos3ϕ

(r20 +a2)7/2

]

=

Ia

4π

[

P
r0asinθ′

(r20 +a2)3/2
+

3

4
N

r30a
3 sin3 θ′

(r20 +a2)7/2

]

, (50)

Ù¥

P =
e−

√
4K(r2

0
+a2)

2

(

1+
√

4K(r20 +a2)
)

,

N =
e−

√
4K(r2

0
+a2)

48
{15+15

√

4K(r20 +a2)+

24K(r20 +a2)+[
√

4K(r20 +a2) ]3},

r�:C£�3*ÿ:?, -θ′ = π−θ0,φ′ = φ0 −π,

u´*ÿ:?��>6�¥³AÒ´

A(0) =A′(0) =A′
rer +A′

θeθ +A′
φeφ =

−A′
φ′ sinθ sin(φ−φ0)er−

A′
φ′ cosθ sin(φ−φ0)eθ −A′

φ′ cos(φ−φ0)eφ .

(51)

ù�)L²¥³¥Ó�k���êP~Ïf, Ï
^

|rÝ�½��kÓ���êP~Ïf. ù��AÚ

·>|��AÑ�±w�´âÔ[»"��A, 3é

�ºÝ�*ÿ¥, ù�âÔ[»"��AÒC�­�.

5 o(Ú?Ø

o)�©, ò·�dS��¥�C�>ÄåÆw�

´3D¼��¥���$UâÔ[»"�²;>Äå

Æ�.. ,	, rÔn�Üþ|�Ie|©þ½Â�

�*ÿþ, 3Ie|/ªe, ��
>^|�§¿ï

Ä
3dâÔ[»"��.e�UþÄþÅðÆ. �

���âÔ[»"�>^|nØ�A^¿�D�Tn

Ø¢�¿Â, ·�©OïÄ
ü�Ä��¯K: :>

Ö�·>|Ú�>6�·^|. ·�uy3ü«�¹

eÑk��aq��êP~Ïf, ù��A�±w�

´��;.�âÔ[»"��A, éé�ºÝþ�*

ÿòk­��K�.
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Lorentz-Violating Electrodynamics Model

WU Jian-Feng XUE Xun1)

(Department of Physics and Institute of Theoretical Physics East China Normal University, Shanghai 200062, China)

Abstract We propose an effective Lorentz-violating electrodynamics model via static de Sitter metric which is deviated

from Minkowski metric by a minuscule amount depending on the cosmological constant. We obtain electromagnetic field

equations via the vierbein decomposition of tensors. In addition, as an application of the electromagnetic field equations

obtained, we get the solutions of electrostatic field and magnetostatic field due to a point charge and a circular current

loop respectively. We also make some discussion on the implication of the Lorentz violation effect in our electromagnetic

theory.

Key words cosmological constant, Lorentz-violation, de Sitter space-time, vierbein, electromagnetic field
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