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1 Ú ó

3ÚîåÆ¥, Úå|¥Á�âf�\�ÝÚ
Úå�m�éXd$Ä�§(½, |éÔN��^
oLy�Úå
vk½å. 32Â�éØ¥, Ø=
$Ä�§E,z
, 
�§��)º�E,z
,
Úå|¥�Á�âf��u�­��¥�gdâ
f÷ÿ/��.5$Ä [1], Ø�9\�ÝÚå�V
g. ��æ^ÛÜ Lorentz �¡5ïÄÔN$Ä�,
Òq£�
\�ÝÚå�Vg. Ï~©z¥��Ñ
\�Ý���CqL�ª, �©�Ñ
2Â�éØ
\�Ý�)ÛL�ª.

é u 2 Â � é Ø \ � Ý � í �, � © æ ^

 Landau Ú Lifshitz[2] �Ñ�'u���!�I
�±9�Ý!\�Ý��Ä�VgÚLã. �,À
�
ÛÜ Lorentz �¡, £�
\�ÝÚå�Vg,
�du¤kí��úª¥þ¹kT:�Ý5Üþ,
Ïd¤�(Jþ�Ä
Úå|��3, ½ö`þ3
�­��¥, ¤±���(Jþáu2Â�éØ,
�ÚîåÆ¥�(J�,ØÓ.

Úå|¥�\��A (¹½å�A) áu2Â
�éØÚå�A��«. IS	®kNõ©z?
Ø
�«2Â�éØ�Úå�A [3]. ©z [4,5]
?Ø
 Reissner-Nordstrom Úå|¥�K\�Ý�

A, ��
\�ÝCÒ��.¡� rc = e2/2m,
,	, �?Ø
 Kerr-Newman-Kasuga Úå|¥�
½å�A, ��
ÚåC½å��.¡� rc =
(e2 + q2)/2m, Ù¥ e, q Ú m ©O�¥%UN�>
Öþ!^ÖþÚ�þ.

@Ï�»��C¬�)NõÿÀ"�. ÿÀ
"��a.�6uý�6/ µ �ÿÀ. Barriola
Ú Vilenkin[6] ��
 Einstein �§���Cq),
T)£ã
��äk�Nü4f�çÉ. ù���
çÉ�±3�»@Ïd����ÜçÉó¿��
ü4f/¤. ,	, Mukunda Ú Vilenkin[7] ��

���¹�»u�ý�), T��äk��I/�
ÿÀ. éuùaçÉ�Úå�AIS	Nõ©ÙÑ
k?Ø [8]. �©Ì�?ØTa¹�Nü4fçÉ�
Úå|¥�\��A.

2 \�Ý�L�ª

3 � � � Ô n � � ¥, Ý 5 � � ¤ X e /
ª [2]:

ds2 = gij dxidxj + 2g0idx0dxi + g00(dx0)2, (1)

Ù¥ gij L«Úå|�Ý5. b���&Òl,
� B :Ñu, ����åÃ��� A :1?, ,�
á=dl A :�£� B :. éu1&Ò
ó, ��
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ü�¯��m� ds2 = 0, )'u dx0 ��§��

dx0(1) =
1

g00

[
− g0idxi

−
√

(g0ig0j − gijg00)dxidxj
]
, (2)

dx0(1) =
1

g00

[
− g0idxi

+
√

(g0ig0j − gijg00)dxidxj
]
. (3)

XJ x0 �&Ò�� A :�]m, @o&Òl B :
Ñu�]m� x0 + dx0(1), 
&Ò£� B :�]m
K� x0 + dx0(2). �âÓ�5�n, A :�]� x0

Ú B :�]� {[x0 + dx0(1)] + [x0 + dx0(2)]}/2 �
Ó�. �\ (2), (3) ª��3 A :�]� x0 Ú3 B

:�]� x0 − g0i

g00
dxi �Ó�. XJ��Á�âf

3 x0 ��l A :Ñu, 3 x0 + dx0 �����
�Ã��ål� B :, @oéu B :�*ÿö5
`, âf%´3 x0 − g0i

g00
dxi ��l A :Ñu, Ï

dé B :�*ÿö5`, ¯���mm��

(x0 + dx0)−
(
x0 − g0i

g00
dxi

)
= dx0 +

g0i

g00
dxi. (4)

ò (4) ª¦±
√

g00

c
, Ù¥ c �ý�¥�1�. ��

3 B :�*ÿö��mm�

dt =
√

g00

c

(
dx0 +

g0i

g00
dxi

)
. (5)

Ï�´3 Lorentz ÛÜ.5X¥, vi =
dxi

dt
Ú ai =

d2xi

dt2
©OL«�ÝÚ\�Ý, ¤±�â (5) ª�±

��

dx0 = cdt

(
1

√
g00

− g0i

g00

vi

c

)
. (6)

ÿ/��§�

d2xµ

dλ2
+ Γµ

αβ

dxα

dλ

dxβ

dλ
= 0, (7)

Ù¥ Γλ
µν =

1
2
gλτ (gµτ,ν + gντ,µ − gµν,τ ), λ �á§

�ëê, Á�âf�n�\�ÝL«�

gi =
d2xi

dλ2
. (8)

d (7) ª�� [9]

gi = − Γ i
αβ

dxα

dλ

dxβ

dλ

= − Γ i
00

dx0

dλ

dx0

dλ
− Γ i

0k

dx0

dλ

dxk

dλ

− Γ i
0j

dx0

dλ

dxj

dλ
− Γ i

jk

dxj

dλ

dxk

dλ
, (9)

cdt

dλ
=

cdt

cdτ
=

1√
1 − β2

β =
vi

c
. (10)

Ù¥ τ ����, ò (6) Ú (10) ª�\ (9) ª, ��
n�\�Ý�L�ª�

gi =
1

1 − β2

[
− Γ i

00

g00
− 2

√
g00

(
Γ i

0k − gok

g00
Γ k

00

)vk

c

−
(
Γ i

jk − goj

g00
Γ i

0k − gok

g00
Γ i

0j

+
gojg0k

g2
0

Γ i
00

)vk

c

vj

c

]
. (11)

dX�mÝ5

γij =
g0ig0j

g00
− gij (12)

��n��m�\�Ý

g =
√

γijgigj =
√(g0ig0j

g00
− gij

)
gigj . (13)

3 �¹���Nü4f�çÉÚå|

�¹���Nü4f�çÉ) [10]

ds2 =
(
1 − 8πη2 − 2m

r

)
dt2

−
(
1 − 8πη2 − 2m

r

)−1

dr2 − r2dΩ2, (14)

Ù¥ m �çÉ��þ, η �é¡»"�ºÝ. é
;.��Ú�ºÝ η → 1016 GeV, r �»��I,
dΩ2 = dθ2 +sin2 θdΦ2, θ Ú Φ �¥�I. �â (14)
ª��Ý5ÜþØ�"�©þ:

g00 = 1 − 8πη2 − 2m

r
, (15)

g11 = −
(
1 − 8πη2 − 2m

r

)−1

, (16)

g22 = −r2, (17)

g33 = −r2 sin2 θ, (18)

�\ Christoffel ÎÒL�ª

Γλ
µν =

1
2
gλτ

(
gµτ,ν + gντ,µ − gµν,τ

)
, (19)

��Ø�"� Γλ
µν ©þ:

Γ 0
01 = Γ 0

10 =
m

r2

(
1 − 8πη2 − 2m

r

)−1

, (20)

Γ 1
00 =

m

r2

(
1 − 8πη2 − 2m

r

)
, (21)

Γ 1
11 = −m

r2

(
1 − 8πη2 − 2m

r

)−1

, (22)

Γ 1
22 = −r

(
1 − 8πη2 − 2m

r

)
, (23)
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Γ 1
33 = −r

(
1 − 8πη2 − 2m

r

)
sin2 θ, (24)

Γ 2
12 = Γ 2

21 =
1
r
, (25)

Γ 2
33 = − sin θ cos θ, (26)

Γ 3
13 = Γ 3

31 =
1
r
, (27)

Γ 3
23 = Γ 3

32 = cot θ. (28)

4 �¹���Nü4fçÉÚå|¥
�\��A

ò (15)—(18) ª9 (20)—(28) ª�\ (11) ª�
��¹���Nü4fçÉÚå|¥âf�\�
Ý�L�ª

g1 =
1

1 − β2

[
− m

r2
+

m

r2

(
1 − 8πη2 − 2m

r

)−1

×
(v1

c

)2

+ r
(
1 − 8πη2 − 2m

r

)(v2

c

)2

+ r
(
1 − 8πη2 − 2m

r

)
sin2 θ

(v3

c

)2]
, (29)

g2 =
1

1 − β2

[
− 2

r

v1

c

v2

c
− sin θ cos θ

(v3

c

)2]
, (30)

g3 =
1

1 − β2

[
− 2

r

v1

c

v3

c
− 2 cot θ

v2

c

v3

c

]
. (31)

3�Ä�IX¥ (vi = 0), d (29)—(31) ª�±�
�\�Ý©þ�L�ª

g1 =
1

1 − β2

(
− m

r2

)
, (32)

g2 = 0, (33)

g3 = 0. (34)

ò (32)—(34) ª±9Ý5L�ª (15)—(18) ª�
\ (13) ª��

g = −m

r2

(
1 − 8πη2 − 2m

r

)− 1
2
. (35)

5 ( Ø

l (35) ªwÑ, � r → 2m

1 − 8πη2
�, \�Ý

×�O�, 3 r =
2m

1 − 8πη2
NCù��A�©²

w. �ÄÁ�âf÷»�$Ä (v1 = v 6= 0, v2 = 0,
v3 = 0), �\� (29)—(31) ª��»�\�ÝL�
ª

g1 =
1

1 − β2

[
− m

r2
+

m

r2

(
1−8πη2− 2m

r

)−1(v

c

)2]
,

(36)

g2 = 0, (37)

g3 = 0. (38)

�Úî\�Ý�', (36) ªÑy
�Ò��
m

r2

(
1 − 8πη2 − 2m

r

)−1(v

c

)2

,

ùL²du�Nü4f��3, �)
½å�A.
� v → c �,

m

r2

(
1 − 8πη2 − 2m

r

)−1

>
m

r2
. (39)

(39) ªL², Á�âfòÉ�½å��^, ù3Ú
îåÆ¥´vk�.
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Acceleration effect in the gravitational field of black
hole involving a global monopole∗
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Abstract
In this paper, we provide the analytical expression of acceleration of neutral experimental particle in the gravitational field of

black hole involving a global monopole and discuss the contribution of global monopole to acceleration effect. The results indicate that
the repulsion effect takes place due to the global monopole, and when v → c, neutral particle in the gravitational field is subjected to a
repulsive force, which does not exist in Newtonian mechanics.
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