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ïá3¯�À.?. Ó�, Hajicek[12], Hiscock[13],
Collins[14] �<K@�çÉ9åÆAïá3L*À
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�A^
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r
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¯�À.
rH =
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,
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−
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r3
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r2

]
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3©z [3] ¥, }Á
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1
2κ

ln
[r − rH(v)

rH(v0)

]
, (3)

v∗ = v − v0, (4)

Ù¥ v0 �~ê, κ ´Ø¹ v �~ê, rH(v) Ú κ Ôn
¿Â�½. d�, ÅÄ�§�
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∗
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r(r − rH)[2κ(r − rH) + 1]
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r2
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∂ρ

∂r∗
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2κ(r − rH) + 1[2m

r3
+ µ2 +

l(l + 1)
r2

]
ρ = 0. (5)

,��¦TÅÄ�§3 r → rH, v → v0 �z�I
OÅÄ�§�/ª. 1��Xê�©1w,�",
Ïd7L�¦©f�ªu"

lim
r→rH

{(r − 2m)[2κ(r − rH) + 1] − 2rṙH}

= 0 ⇒ rH =
2m

1 − 2ṙH
, (6)

ù�´"­¡�§. ��T�{gÄ�Ñ
 rH �
Ôn¿Â, =¯�À.� �. Ó�, 1��Xê�
Nªu 1 �^��Ñ κ ��

lim
r→rH,v→v0

(r − 2m)[2κ(r − rH) + 1] − 2rṙH

2κr(r − rH)

= 1 ⇒ κ =
1 − 2ṙH

4m
, (7)

du�
 v → v0 �4�, ùp� κ ´ v0 �¼ê

� v �¼ê. v0 �±�?Û��, ��ØÓu­�
�/, ùp� κ ´��mCz�. �±�y, T�§
®²z�IOÅÄ/ª

∂2ρ

∂r2
∗

+ 2
∂2ρ

∂r∗∂v∗
= 0, (8)

κ �¿Â�±ÏLO�Ë�Ì�Ñ. þãIOÅÄ
�§�)�

ρin = e−iωv∗ ,

ρout(r > rH) = e−iωv∗+2iωr(r − rH)
iω
κ ,

ρin(r < rH) = e−iωv∗+2iωr(rH − r)
iω
κ e

πω
κ ,

�� v0 Ôn¿Â�Ë�lmçÉ���. À.S
	o�Ñ�Å

ρω = Nω[Y (r − rH)ρout(r > rH)

+Y (rH − r)ρout(r < rH)],

d8�z^���ÑË�Ì

−1 = (ρω, ρω) = N2
ω(1 − e

2πω
κ )

⇒ N2
ω =

1
eβω − 1

, (9)

Ù ¥ β =
1

kBT
, T =

κ

2πkB
. n þ ¤ ã, κ �

´ r → rH, v → v0 �Ë��§Ý, ?¿ v0 ��
uÑ�Ë��§ÝÑ�±dd(½, Ïd κ ´ v0

�¼ê.
�d|^T�{®²¦Ñ
Ä� Vaidya çÉ

�Ë�ÌÚË�§Ý, 
��Ñ
uÑË�� �,
�´¯�À.. T�{�­� Domour-Ruffini �{
�'�«O3u, κ ´��m v0 Cz�.

3 ¿9�I�{�L*À.�A^9
Ù(J

3ò¿9�I�{�L*À.A^�}Á¥,
Ñy
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r∗ = r + 2m(v0) ln
(

r − 2m(v)
2m(v0)

)
, (10)

v∗ = v − v0, (11)

ÅÄ�§3d�Iez�

(r − 2m + 2m(v0))[4m2 − 4m(r + m(v0)) + r(r + m(v0)(2 − 8ṁ))]

r(r − 2m)2
(
1 +

2m(v0)
r − 2m

) ∂2ρ

∂r2
∗

+
8m3 − 8m2(r + m(v0)) + 2rm(r + 4m(v0)) + 2r2m0(−1 + 4ṁ)

r2(r − 2m)2
(
1 +

2m(v0)
r − 2m

) ∂ρ

∂r∗

+2
∂2ρ

∂r∗∂v∗
+ −r(l + l2 + µ2r2) + 2m

r3
(
1 +
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r − 2m

) = 0. (12)
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·�k

lim
r→2m,v→v0

{(r − 2m + 2m0)[4m2 − 4m(r + m0)

+r(r + m0(2 − 8ṁ))]} = −32m3ṁ|v=v0 , (13)

��©f´Øªu"�, T�XêuÑ. ù�uÑ
�5��±o(Xe:

1) m Ø¹���¹euÑ��, �=­��
/;

2) du ṁ � r Ã', ÏdØUÏ"k��AÏ
/ª� ṁ, 3 r ªuL*À.�Ú©1ÓÚ~�l

;�uÑ.

òù«¿9�IÓ¯�À.NC�aq�O
��'é´k¿Â�. ·���, 3¯�À.NC
æ^Xe¿9�I�±òÅÄ�§z�IO/ª

vk?ÛuÑ(J:

r∗ = r +
1

2κ(v0)
ln

[r − rH(v)
rH(v0)

]
, (14)

v∗ = v − v0. (15)

�öé'�±uy, þ©L*À.NC¤æ^�¿
9�I, ==´ò rH Ú κ �^ m L«, gCþ¹ v

½¹ v0 ��¹¿�UC. ==PÒ�«Ow,Ø
¬Úåù�»É�(J, �ö�ØÓ3u rH Ú κ

´�	Ú\��½PÒ, m %´ÅÄ�§p®k�
AÏþ, §�ü��´L*À.� �.

¯¢þ, ÅÄ�§z�IO/ª�¦ rH I÷
v"­¡�§, ¿� κ =

1 − 2ṙH

4m
´�§ (7) ��

�). ù¿�XØ÷vþã^�� rH Ú κ 7,Ã
{òÅÄ�§z�IO/ª, 
òü��½ëê^
����(½�ëê m 5L«, w,Ø¬÷v�
§, Ï
ÑyuÑ.

�Ìù��g´, 3e�!¥^�½ëêI

PÑ��a¿9�I, ¿O�`²Ù¥=kéA
¯�À.���a¿9�I´÷vIOÅÄ�§
^��.

4 U
�ÑIOÅÄ�§�¿9�I

�Ä���¹ 3 ��½ëê�¿9�I, ÏL
òÅÄ�§z�IO/ª, éÑëêAT÷v�^
�. (JL², ÅÄ�§z�IO/ª���gÄ
�¦ r ªu¯�À., Ï
3Ù¦ �Ï¦�E¿
9�I�}Á´Ã)�.

�
rNC�¥��½ëê�Ð¿vk?Û
Ôn¿Â, ·�^ α, β, γ IPëê, =�ëê�½
e5��, §�â�UäkäN�Ôn¿Â

r∗ = r +
1

2γ(v)
ln

[r − α(v)
β(v)

]
, v∗ = v − v0. (16)

�©�f�C�'X�
∂ρ

∂r
=

(
1 +

1
2γ(r − α)

) ∂ρ

∂r∗
, (17)

∂2ρ

∂r∂v
=

(
− γ̇

2γ2(r − α)
+

α̇

2γ(r − α)2
) ∂ρ

∂r∗

+
(
1 +

1
2γ(r − α)

) ∂2ρ

∂r∗∂v∗

−
(
1 +

1
2γ(r − α)

)( ln
(r − α

β

)
γ̇

2γ2

+
α̇β + (r − α)β̇

2βγ(r − α)

)
∂2ρ

∂r2
∗
, (18)

∂2ρ

∂r2
= − 1

2γ(r − α)2
∂ρ

∂r∗

+
[
1 +

1
2γ(r − α)

]2 ∂2ρ

∂r2
∗
, (19)

C��ÅÄ�§
∂2ρ

∂r2
∗

��Xê�

(1 + 2γ(r − α))
[
− 2(2m − r)γ2β − 2r ln

(r − α

β

)
βγ̇ +

γβ(−2m + r − 2rα̇)
r − α

− 2γrβ̇
]

2rγ3
[
2(r − α) + 1

γ

]
β

, (20)

- r → α, v → v0, XJØé β Ú γ ��
�
�, TXêò¬uÑ. ©1k�, ©fþü�uÑ�
¥, du β 3¿9C��©1þ, Ø�±�", Ïd
U
¦� −2r ln

(r − α

β

)
βγ̇ k����ÀJ´-

γ̇|v=v0 = 0. (21)

γβ(−2m + r − 2rα̇)
r − α

¥©f©1Ñ´ r ��g¼

ê, ÏdI-ëê÷v

α − 2αα̇ − 2m|v=v0 = 0 (22)

âU;�uÑ, ùp α ÷v��´"­¡�§, �
��k3"­¡þÅÄ�§âUz�IO/ª, Ù
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¦ ��)L*À.3S, ÑØ÷v�¦. ù�,
∂2ρ

∂r2
∗

�Xê Cr∗r∗ 3�4��z�

lim
r→α,v→v0

Cr∗r∗ =
−2(2m − α)γ2β − 2γαβ̇

2αγ2β

+ lim
r→α

γβ(−2m + r − 2rα̇)
2γ2βr(r − α)

=
α − 2m

α
− β̇

γβ

+ lim
r→α

r − 2m − 2rα̇

2γr(r − α)

= 1 − 2m

α
− β̇

γβ
+

1 − 2α̇

2αγ
,

-þªªu 1, K�Ñ

γ|v=v0 =
mβ − α2β̇

2mαβ
|v=v0 . (23)

ÅÄ�§Ù{A��Xê

Cr∗ =
mγ(r − α) + 2mγ2α(−r + α)

r2γ
[
γ(α − r) − 1

2

]
α

r→α−→ 0,

Cr∗v∗ = 2,

C = −4m + 2r(l + l2 + µ2r2)

r3
[
2 +

1
γ(r − α)

] r→α−→ 0,

Ù¥ Cr∗ , Cr∗v∗ , C ©O�
∂ρ

∂r∗
,

∂2ρ

∂r∗∂v∗
±9"�

�ê��Xê. �d, ÅÄ�§®�z�IO/ª.
d±þO��±w�, ·�^�ad 3 �ë

ê α, β, γ ¤I£�¿9�IéÅÄ�§?1
C
�, (J=k÷v (21), (22) Ú (23) ªâUòÅÄ
�§z�IO/ª:

γ̇|v=v0 = 0, α − 2αα̇ − 2m|v=v0 = 0,

γ =
mβ − α2β̇

2mαβ
|v=v0 ,

ù 3 �^�©OéAu1 1 !¥� κ Ø¹ v, "­
¡�§±9 κ � v0 ���L�ª.

Ð©b½p¿vk�½4 r ªu��p?Û
AÏ �, ==´ªu���½ëê α; �´�ª
(J%L², ÅÄ�§Xê�k�5�¦ α 7L´
"­¡. Ïd, ��3·�¤�Ä�ùa��2�
�¿9�Ip, O�Ñ5�Ë�Ñ´5gu"­¡
�. ù`², aq

r∗ = r + 2m(v) ln
(r − 2m(v)

2m(v)

)
,

v∗ = v − v0

ù��¿9�I¥7,¬ÑyuÑ. òëê α, β, γ

�� m �¼ê±�	L*À.NCË��}ÁØ
�1.

,��¡, T�{3L*À.?���, ´Ä
¿�XÃ{3L*À.?ïá9åÆ½Æºù�
´��û'�. ù�(J�´3Eâþé¿9�I
�/ªÚA^���
�½, Ïdù�(JÿØU
üØ3L*À.?ïáçÉ9åÆ��U.

5 ( Ø

ÏL©Û¿9�I�{A^�L*À.�¤
���(J, JÑ
�|Ün¿9�I¤7L÷v
�^�. ÏLù�|^��±wÑ, ¿9�I�{
�U3¯�À.þ�ÑË�, Ï�ÅÄ�§�k3
d?âUz�IOÅÄ/ª.
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Discussion on applying tortoise coordinates to a
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Abstract
Applying generalized tortoise coordinates with undetermined parameters to a dynamical Vaidya black hole, we find the interesting

condition for reducing the wave function into its standard form without divergence. It is shown that the Damour-Ruffini method with
tortoise coordinate can be applied only to the event horizon rather than the apparent horizon in a dynamical space time.
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