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x�
1)

A`�
2)
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Á� l ’t HooftòçÉ��pÝ{¿�þf��nØÑu, �ÄçÉ�þf�A, du°Ü�ÿØ

O�n, �ÑÀ.¡þ����I´�é´�. |^�é´|Ø��{, ïÄ
���l4à�¹�

Reissner-NordströmçÉ, ¤õ�Ó�í�ÑçÉ�§ÝÚ�. �ýó
|�ÄåÆgdÝ�ê8,

Tê8|±
���é¡IO�..

'�c °Ü�Ø(½�n O½�(Quasilocal)Uþ HawkingË� çÉ� ’t Hooft<p�.

1 Úó

3©z[1—3]¥, ’t HooftòçÉw¤þf�, |

^þfåÆ�Ä��ní�ÑSchwarzschildçÉ�

�L�ª, ù�·�&?çÉ��ÚOåÆå¯K

Jø
éu. 3�©¥, òí2ù��{, ¦�U·^

u�l4à�¹���Reissner-NordströmçÉ, ¿

ò·�JÑ�çÉþfÀ.�.
[4, 5]

5O�çÉ�§

ÝÚ�, l�����«çÉþf��Ôn. çÉ

�Ý5�

ds2 =−B(r)dt2 +B(r)−1dr2 +r2(dθ2 +sin2(θ)dϕ2) ,

(1)

ùp�B(r)= (r−r+)(r−r−)/r2, r± = M±√M 2−Q2.

r = r+ ?�çÉ�¯�À.. �l4à�¹��çÉ

^�¿�Xr+ ≫ lp, Úr+− r− ≫ lp, ùp� lp =
√

G

´Planck�Ý(3�©¥, ~ = c = 1). çÉ�Hawking

§Ý�TBH =(r+−r−)/(4πr2
+). éu���ú$Ä�

��éØ5Ñ�âf, Ñ��¡σ Cq�

σ = πr2
+ , (2)

éu�½�þf�, 3��NÈV = L3 ¥,d�âf

�u�AÇWdt�

Wdt =
σ(K)v

V
e(−ω+V0q)/TBH , (3)

ùp�K ´�yþf��Åê, v ´âf��Ý, q ´

âf�>Ö, ω ´âf�Uþ, V0 = Q/r+ ´3À.¡

r = r+ ?�>³.

y3, b�TL§dÅ½
�§¤£ã. ù�¿

�X�3þfåÆ��[�Ì.

Tin =BH 〈M +ω, Q+q| |M,Q〉BH|ω,q〉in ,

Tout =BH 〈M, Q|out〈ω,q| |M +ω,Q+q〉BH , (4)

ùp� |M,Q〉BH L«äk�þM Ú>ÖQ�çÉ�

þf�, |ω,q〉L«�k>Öq Uþ�ω �âf. |^

¤��75K, �¡Úu�AÇ���

σ = |Tin|2ρ(M +ω,Q+q)/v , (5)

W = |Tout|2ρ(M +ω)/V , (6)

ùp�ρ(M,Q)´äk�þM , >ÖQ�çÉþf�

�U?�Ý. w,Tin ÚTout ´CPT�üØC�. @o

|^�ª(3), (5)Ú(6), k

ρ(M +ω,Q+q)

ρ(M,Q)
= e(ω−V0q)/TBH . (7)

5¿�ρ(M,Q)= exp(S), Ïdk

S(M+dM,Q+dQ)−S(M,Q)=
1

TBH

dM− V0

TBH

dQ, (8)

@o�í�Ñ

∂S(M,Q)

∂M
=

1

TBH

= 2πG

(
2M +

2M 2−Q2

√
M 2−Q2

)
, (9)
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∂S(M,Q)

∂Q
=− V0

TBH

=−2πGQ

(
M√

M 2−Q2
+1

)
.

(10)

d�§(9)Ú(10)ª)�

S(M,Q)= Gπ
(
M +

√
M 2−Q2

)2

+C =
A

4l2p
+C, (11)

ùp�A/(4l2p) = SBH ´çÉ�Bekenstein-Hawking

�, A = 4πr2
+ ´çÉÀ.�¡È, C ´È©~ê, �-

C = 0. ù�, ’t HooftçÉ´þf��nØ�í2�

�>çÉ, ¿�çÉ�9åÆ1�½n�¤õ�í�

Ñ5. 3dnØ�Ä:þ, ’t HooftJÑ
<p�.,

O�
3�½Ý5eIþ|�gdÝ. duçÉÀ.

�3��IÛ:ÚåË�âf�gdÝ3T?uÑ,

’t HooftïÆÚ\��b	�äh (½<pþÝ). �Ä

��Iþ|3�½Ý5(1)ª¥$Ä, Ù�^þ�

I =
1

2

∫
dx4

√−ggµν ∂µ φN′

∂ν φN′

, (r+ +h < φ< L),

(12)

ùp�N ′ �Iþ|φ�õ�ê8, >.^���

r > L ½ r < r+ + h �φ(r) = 0. ÏLé|�C©

δI/δφN′

= 0�����¥�Klein-Gorden�$Ä

�§

∂µ(
√−ggµν ∂ν φN′

)= 0 , (13)

�φN′

= e−iωt+i
∫

k(r)drYlm(θ,ϕ), ùp�ω �φ|�U

þ, k(r)�Åê. |^WKB Cq, )�φ|�Åê

k(ω, r, l, m)�

k2 =
r2

(r−r+)(r−r−)

(
r2

(r−r+)(r−r−)
ω2− 1

r2
l(l+1)

)
,

(14)

Uþω e��ê8g(ω)�

g(ω) = N ′

∫
dl(2l+1)

∫L

r++h

drk(r)=

2

3
N ′

∫L

r++h

dr
r6ω3

(r−r+)2(r−r−)2
, (15)

dd�±¦�gdU�

πβF =

∫
dg(ω) ln(1−e−βω)=−

∫∞
0

dω
βg(ω)

eβω−1
=

− 2N ′

3

∫
∞

0

dω
βω3

eβω−1

∫L

r++h

dr
r6

(r−r+)2(r−r−)2
,

(16)

ùp�β = T−1
BH �çÉ�_§Ý. çÉÀ.égdU

�Ì��z�

F ≈−N ′
2π4

45

r6
+

(r+−r−)2β4h
, (17)

ddN´��çÉ���

S = β2 ∂F

∂β
=

N ′(r+−r−)

360h
. (18)

� â ç É 9 å Æ, ç É � Bekenstein-Hawking �

� SBH = A/4. ò O � � ( J Ú I O Bekenstein-

Hawking ��'�, uy�

h =
N ′(r+−r−)

360πr2
+

l2p (19)

�, S = SBH. w�<pþÝhØ=�6uIþ|õ

��ê8N ′,���çÉ�ëê�'.

2 À.¡þ�é´�I��Ñ

é ’t Hooft�<p�.kü:µØ. Äk, du

À.¡�3��IÛ:ò��O��(Jò´uÑ

�(=h→ 0��¹), Ïd ’t Hooft�<p�.¥Ú\


<pþÝ, �´T<pþÝØUdnØ��¤�

Ñ, ´ÏL�5z�çÉ�Bekenstein-Hawking�

���. �lþ¡�í�L§wÑ, XJØÏL

�5zL§, ÙO�(J¿ØU�«çÉ��¡È¤

�'ù��(J. Ùg, �.O�¥�|^��ç

É§ÝØUd�.�Ñ. Ï��3çÉ�<p, Ã{

��À.þ�Å¼ê�5�, ÏÃ{O�çÉ§Ý.

e¡r ’t HooftòçÉ��þf�nØ?1í2, F

"U
)û�<p�.¤�k�(J, �d�'�ï

Äó��ë�©z [4,5].

XÚó¤ã, çÉA�w¤´äkpÝ{¿�þ

f�Ø´²;��N. �âù�nØÚþfåÆ�

Ä��n, A�@�çÉ�UþÚ§¤éA����

mØU�Ó�ÿþO((°Ü�ÿØO�n). ù¿�

X�E Ú t�w¤´�Î�, k [t, E] = i. ,��¡,

<�ÊH�&þf�Ì�8¥3À.¡þ, 3À.	

���ÝòC�é�. Ï, çÉþf��UþEA

Cq��u½�3À.NC�çÉ�ÚåUØ´

3Ã¡��. éÈ±c�[Ò@£�32Â�éØ

¥Uþ´O½��. 3�©¥, UìBrown-York�O

½�Uþ(QLE)�½Â(�©z [6]), ¿�çÉ�Uþ

EQLE ´�6�I�. @o, þf��UþE B¤�

E = EQLE(r = r+).

UìBrown-York�O½�Uþ�½Â
[6]

, çÉ¤

éA�Uþ�

E (r)
QLE

= r
(
1−
√

B(r)
)

/G. (20)

� ? 3 À . ¡ þ, = r = r+ �, � ª B = 0 d �

E(r+)QLE = r+/G¤á, @oçÉ3À.?�Uþ
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�E = EQLE(r = r+) = r+/G. �âù��ª, rØ(

½'X¥�UþE O��À.?¤3��Ir+, @k

Xeé´'X:

[t,r]|r=r+
= il2p . (21)

þª¿�X3À.¡þ»��IÚ�m�Iª�é´

�. §��m�Ø(½'X´ (∆t)(∆r)|r∼r+
∼ l2p. a

qù����Ø(½'X¿�3·��nØ¥ÄgÑ

y, 3unØ�¥�Ñy
�q�'X
[7]

. ,��¡,

éAuþfåÆ¥�*ÿ�A, r+ ¬k���Ñ�«

�{r+−∆,r+ +∆}, 3ùp�
{üå�, IPXe

'X: ∆r = ∆, �Ñ�«��R., 3�Ñ«��	�

R/. Xd, kc�²;À.Ò�Ñ¤�þfÀ., ¿

��ª(21)��*Ð� [t, r]|r∈R.
= il2p. 3R. ¥�þ

f|Ø´�é´�. 3�é´«mR. �	Ü, òæ�

��Å��Ý, =@�þf|qò£�Ï~�é´�

¹ [t, r]|r∈R/
= 0.

3 �^þÚ$Ä�§

UìXþ�?Ø, ò�E�����¥�þf

|Ø�., Ù¥�	|φ3R. «¥´�é´�, 3

R/ «¥´é´�. XÛ(½TR. «ÚR/ «�>.

´T�.¤á�'�. ·�uyR. «ÚR/ «�>

.òd�.�ÄåÆ¤(½, ´�.S3�á5. 3

�é´�µe�φ|�$Ä�§ØÓuÏ~���

�¥�Klein-Gorden�§. òR. «¥�$Ä�§Ú

�ö�'�, �������Ý5 g̃µν. ��5¿�

´, ò¬w���Ý5 g̃tt �3ü�#�Û:, �Ò´

`3Û:þ g̃tt(rH±∆0(ω))= 0. ù¿�XéäkUþ

ω �|φ(ω, r), ù£3 (rH±∆0(ω))¡þ´Ã��. X

©z [4]¥¤?Ø�, ùü�Ã�ù£¡Ò´R. «Ú

R/ «�>., Ïdk∆= ∆0(ω).

y3�Ä��&ÿ|$Ä3äk�é´���µ

�R. «. ����I�é´'XXe:

[xi, xj ] = iΘεij, (i,j = 0,1), (x0 = t,x1 = r),

[xk, xµ] = 0, (k = 2,3;µ = 0,1,2,3) , (22)

ùpΘ = l2p ¿�εij ´��é¡�(ε01 = 1). ü�¼ê

f(x)Úg(x)�(¦ÈdMoyal/ª¤�Ñ
[8, 9]:

(f ⋆g)(x)= exp

[
i

2
Θεij ∂

∂xi

∂
∂yj

]
f(x)g(y)

∣∣
y=x

. (23)

Uì±þ¤½Â�ÎÒ, 3äkþfÀ.����

¥�þf|Ø�^þXe:

I = IR.
+IR/

, (24)

ùp

IR.
=−1

2

∫
d4x

√−g⋆ ⋆ gµν ⋆ (∂µ φn ⋆ ∂ν φn), r∈R.,

(25)

IR/
=−1

2

∫
d4x

√
−ggµν(∂µ φn ∂ν φn), r∈R/, (26)

ùp�g⋆ L«Ý51�ª�O�¥A¦^(¦È, n

L«Iþ|φ�õ��ê8, n = 1, · · · ,N . |^(

¦È�5K(23)ªO��^þ(24)ª, ¿ò�^þ=

z�ÊÏ¦È. ù�, �é´�Aò�áÂ���Ý

5¥. �é{`, Äk�Ä�²;þf�A. ù��A

ÏL�é´AÛ�±¢y. ,�, ù��A?�Ú�

N3Ï~AÛ���Ý5�¥.

ÏLδI/δφn = 0 í�Ñ$Ä�§. 3R/ «¥,

(d� r ∈ R/), δI/δφn = δIR/
/δφn = 0, ù��$

Ä�§Ò´Ï~����¥�Klein-Gorden�§

X(13)ª.

3R. «¥ (d�r ∈ R.), ÏLδI/δφn = δIR.
/

δφn = 0��$Ä�§, ���O�(JXe

∂µ(
√
−ggµν ∂ν φn)+

∂r

[
1

2!

(
iΘ

2

)2

(
√−ggrr),rr∂2

t ∂r φn

]
+

∂t




∞∑

n=1

1

2n!

(
iΘ

2

)2n

(
√−ggtt),r · · ·r︸ ︷︷ ︸

2n

∂t · · ·∂t︸ ︷︷ ︸
2n

∂t φ
n


= 0,

(27)

ùp� (
√−ggtt), r · · ·r︸ ︷︷ ︸

n

L«∂r · · ·∂r︸ ︷︷ ︸
n

(
√−ggtt). 5¿�

ª(27)�¹
Moyal¦ÈÐm¥�¤k�, ÏdT�

ª´î��. Xþ?Ø, �Ñ«�R. A3ÊK��Ý

���, Ïd3±e�O�¥ò¦^CÀ.Cq. |

^�l4à�¹��çÉ^�òÝ5¥�B(r)Cq

�B(r)≈ (r−r+)(r+−r−)/r2
+. �¡�O�¤�Ñ(

¢«�R. Ø�uÊK��Ý, ÏdTCq´Ün�.

òIþ|�(¦ÈÐml��WKBCqÅ¼ê:

− sinθr4
+

(r+−r−)(r−r+)

(
1− ∆̃(ω)2

(r−r+)2

)−1

φn,tt +

sinθ(r+−r−)(r−r+)

(
1+

2∆̃(ω)2

r+(r−r+)

)
φn,rr +

∂θ(sinθ∂θ φn)+
1

sinθ
φn,ϕϕ = 0 , (28)

ùp� ∆̃(ω) ≡ Θω/2, þ¡�O�¥, ¦^
Xe/
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ª

∞∑

n=0

(
∆̃(ω)

r−r+

)2n

=

(
1− ∆̃(ω)2

(r−r+)2

)−1

. (29)

3�é´R.«¥, ½Â���^þ�

Ieff =−1

2

∫
d4x
√
−g̃ g̃µν(∂µ φn ∂ν φn), r∈R.. (30)

ÏLT���^þ, ��Ñφ|�$Ä�§�

∂µ(
√
−g̃ g̃µν ∂ν φn)= 0 , (31)

'��§(28)Ú�§(31), �±��

sin2 θg̃θθ = g̃ϕϕ, g̃ttg̃rr =−1 , (32)

g̃tt = − (r+−r−)(r−r+)

r2
+

×
√√√√
(

1− ∆̃2

(r−r+)2

)(
1+

2∆̃2

r+(r−r+)

)
, (33)

g̃θθ = r2

√√√√√√√√

1+
2∆̃2

r+(r−r+)

1− ∆̃2

(r−r+)2

. (34)

Ï L ) � § g̃tt(r) = 0, u y k ü � # � Û : 3

r = r+ ± ∆̃(ω)?, @o, k∆ = ∆0(ω) = ∆̃(ω). ù

�þfÀ.��Ñ«�Ò�(½e5
. ,	��

5¿�´ g̃θθ 3ùü�:þä�, ù¿�XÇIþ

3d?���". ÏdTÛ:=´�IÛ:. 3©

z [2]�?Ø¥, Iþ|φ�Uþω AØ¬��, Ïd

∆(ω)= Θω/2 = lp(lpω/2)òØ¬�uPlanck�Ý lp.

4 çÉ§ÝÚçÉ��í�

|^WKBÚS ÅCq, �Ò´Yl,m = Y0,0, ò$

Ä�§(27)Údé´«¥��^þ(26)ª¤�Ñ�Ú

Ñ'X, ��3�é´«¥��½Uþω �Åêk(r)

k(r)R.
=± iωr2

+

(r+−r−)

(
∆(ω)2

(r−r+)4
− 1

(r−r+)2

)−1/2

.

(35)

5¿�3R.«¥�Åêk ´Jê. ùL²þf

�BL§u)3�é´«�. 3çÉÀ.S	φ|�

Ñ�Å¼ê��Ì�'� exp(2i

∫r
+

−∆

r
+

+∆

k(r)dr), ù�

'�£ã
φ|BL�é´«��þf�B�A. ¦

^(35)ªO�XeÈ©

Im

(
2

∫
k(r)dr

)
=± 2ωr2

+

(r+−r−)

∫+1

−1

dx√
1−x2

=

± 2ωr2
+

(r+−r−)
arcsin(x)

∣∣1
−1

=± 2πωr2
+

(r+−r−)
. (36)

ùp�x= (r−r+)/∆(ω)´�Ãþjëê, ¿�(36)ª

� O � ( J � � é ´ ë ê Θ Ã '. � â Dammur-

Ruffini
[10]

ÚSannan
[11]

�nØ, çÉ�§Ý�±ÏL

çÉS	�Ñ�Å¼ê��Ì'í�Ñ5, �Ò

´ exp(|2i

∫r+−∆

r++∆

k(r)dr|) = exp(ω/(2TBH)). ù�, Ï

L(36)ª, ��
·�Ï"�(JXe

TBH =
r+−r−
4πr2

+

, (37)

çÉ�Hawking §Ý�¤õ�í�Ñ5. 3d

�Ñ, éçÉ§ÝTBH í���{'��©z¥[10,

12]J���\g,.

c¡?Ø�φ|3r = r+ +∆(ω)?Ã�ù£. Ï

d, duÑy
#�À., *ÿöØUÿþ3«�

r 6 r++∆(ω)¥�φ|, Ïd�k3R/ «¥�φ|â

éþk�z. y3UìaqÚó¥Øã� ’t HooftJ

Ñ��{^·���.�O�çÉ�. �2grN

y33·���.¥®vkÃ��<pþÝhÑy,

∆(ω)´d�.���ÄåÆí�Ñ5�. w,3é

´«R/ ¥�WKBÅ¼ê/ª�(14)ª�Ó. 3Uþ

ω e��ê8�

g(ω)= N

∫
dl(2l+1)

∫L

r++∆(ω)

dr
√

k2(r)R/
, (38)

N´��dÀ.�Ñ�égdUF �Ì��z�

F ≈− 8Nζ(3)r4
+

3π(r+−r−)2l2pβ
3
, (39)

ùp� ζ(3)´iù ζ ¼ê, ζ(3) =
∑

∞

n=1
1/n3 ≈ 1.202.

y3, O�¤��çÉ��

S = β2 ∂F

∂β
=

Nζ(3)A

8π4l2p
. (40)

5 ?Ø

e¡òéçÉ��O�(J?1?Ø. Äk, é

ì(18)ªÚ(40)ª, ·��(J��φ|õ��ê8

N ù��ëê�', ·���φ|õ��ê8N

´ÕáuçÉëê�, Ïd¤���çÉ�(40)ªw

,´�'uçÉ¡È�. 3·���.¥φ|3À.

¡NC��ä∆(ω)´�6u|�Uþ�,  ’t Hooft

¤¦^��äh%Ó|�UþÃ'. e¡5O��ä
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∆(ω)�9åÆÚO²þ�

∆(ω)=
l2p
2

∫
∞

0

dg(ω)ω/(eβω−1)
∫∞
0

dg(ω)/(eβω−1)

≈ 3ζ(3)(r+−r−)

2π3r2
+

l2p .

(41)

ùp�g(ω)d(38)ª¤�Ñ, ·�w�, ∆(ω)�ÚO

²þ�(¢�(19)ª¤�Ñ�h��¤�'. Ïd<

pþÝhk�U´∆(ω)�9åÆ²þ�A.

® ² O � 
 ç É � § Ý Ú �, í � Ñ � ( �

Hawking§ÝÚçÉ��¡È¤�'ù��5�,

��, ò?ØçÉ���5z¯K. çÉ9åÆ�

¦çÉ�7L�5z�Bekenstein-Hawking/ª, =

S = SBH = A/(4l2p). ù�, l(40)ªÑu, ��|a.

�ê8Xe:

N = 2π4/ζ(3)≈ 162 . (42)

¤klÀ.¡NC�ý�¥u��|Ñ�Úå|Í

Ü, Ïd, §��ÄåÆgdÝÑò¬éçÉ���

Ñ�z. ���{ü��Ä, �©þ^þ|é���

zA´ü©þIþ|�ü�. ÏdCq�@�ê8N

A´ý�¥-u�|�ÄåÆgdÝ�ê8. Ï�

í�L§¥¦^
�
Cq�{('XWKBCq�),

ùp�N vU´���ê, �ù�Ø�A�'��.

�ª(42)´é�.¥φ|ê8���éÐ��O. 5

¿�duÙ¦aq�<p�.¥�3�	�ëê, Ï

ØU�Ñ|ê8��. ¯¤±�, 3À.NCrÚ

å�µeÔný�¥���(äkKUþ)âfé�)

�A��
HawkingË�. du3çÉÀ.NC�Ú

å�^Xd�r±�uÏ~âf�m��p�^�±

�Ñ, Ïd3çÉNCÚå�µ|e�Ô��þfÄ

þÆ�±{z�X(25), (26)ª@��Ã�þgdI

þ|�^þ, �´|�ê8A�±ØC, Tê8A�

�vk4àr�Úå�µ���¹�Ó. �X, 3·

���.¥ÏLO�çÉ�¿ò(J�5z�SBH,

��|�ê8N , ¿�Tê8´dÄ�ÄåÆ¤û½

�. ùp��'5�´3nØþùü�ê87L��,

Ï�ý�¥¤k���âfé�)7,áuÄ��Ô

�|nØ, �Ò´`, 3nØ¥Ñy�¤kâfÑò

�4àr�Úå�p�^�-u�). ù�, |ê

8N A�ÕáuçÉ�ëê, =N �y
ý��S3

á5. ¤O��Ñ�|�ê8N (¢´�çÉ�ëê

Ã'�. ù�çÉÔn�(J�Nò¬kÏuÏé�

�IO�.�#Ôn.

£�O�(J(42)ª. w,, N ≃ 162���L


IO�.¥|�ÄåÆgdÝ�ê8, 3IO�.¥

Tê8�82(�L1). ,, 3PlanckºÝ�Ôn¥,

IO�.´Ø·^�, A�k��IO�.�#Ôn

nØ. éu���é¡IO�., |�ÄåÆgdÝ

ê8�164(�L1), ù�~�C·��ýóN = 162.

Ïd. ·���.���u|±���é¡IO�.

´����IO�.�#ÔnnØ.

L 1 ���é¡IO�.¥ÄåÆgdÝ�ê8
[13]

IO�. �é¡

âf
¶¡ ê8

âf
¶¡ ê8

q=u,d, s, quark q̃L, q̃R scalar-quark

c,b, t (×3color) 36 (×3color) 36

l=e,µ,τ lepton 6 l̃L, l̃R scalar-lepton 6

ν= νe,νµ,ντ neutrino 6 ν̃ scalar-neutrino 6

g gluon 16 g̃ gluino 16

W± 4 W̃± wino 4

Z0 2 Z̃0 zino 2

γ photon 2 γ̃ photino 2

H+
1 H0

1 H̃+
1 H̃0

1

H+
1 H0

1 higgs 8 H̃+
1 H̃0

1 higgsino 8

gµν graviton 2 g̃µν gravitino 2
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Generalize ’t Hooft’s Quantum State of the Black Hole Theory *

BAI Hua1) YAN Mu-Lin2)

(Department of the Modern Physics, University of Science and Technology of China, Hefei 230026, China)

Abstract Stating from ’t Hooft’s theory in which the black hole is treated as quantum states with high degeneracy

with considerations of the quantum effect of the black hole and the Heisenberg uncertainty principle, we find out that

the coordinations near horizon are noncommutative. Using the noncommutative field method, we study the non-extreme

Reissner-Nordström macro-black hole, and successfully calculate the black hole entropy and the Hawking temperature.

We also predict the number of the dynamical freedom of the field and our quantum horizon model supports the Minimal

Super-symmetric Standard Model.

Key words Heisenberg uncertainty principle, quasilocal energy, Hawking radiation, black hole entropy, ’t Hooft’s brick

wall model
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