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2 ����#�2,(n�� [21]

∆x∆p ≥ h̄ +
λ

h̄
(∆p)2. (1)K dV d3p 	`!d�kqWNN� -�N�D

dV d3p

(2πh̄)3(1 + λp2)3
, (2)Dd λ F�\T4_Nk^�j�[N>W�E [22,23]

dS2 = −
(

α2ρ2 −
2(M + Ω)

αρ
+

4Q2

α2ρ2

)

dt2 −
16J

3αρ

(

1 −
2Q2

(M + Ω)αρ

)

dtdϕ

+

[

ρ2 +
4(M − Ω)

α3ρ

(

1 −
2Q2

(M + Ω)αρ

)

]

dϕ2

+
(

α2ρ2 −
2(3Ω − M)

αρ
+

(3Ω − M)4Q2

(Ω + M)α2ρ2

)

−1

dρ2 + α2ρ2dz2,

(3)

Dd M, Q � J F�[K z ilÆGty_Nbk�T��.Xk� Ω =

√

M2 −
8J2α2

9
,

α2 = −
1

3
Λ. IT��.Xkqp>�>W�Eq

dS2 = −
(

α2ρ2 −
4M

αρ

)

dt2 +
(

α2ρ2 −
4M

αρ

)

−1

dρ2 + ρ2dϕ2 + α2ρ2dz2. (4)�[N Hawking s7u_F
TH =

α2(ρ+ − ρ2)(ρ+ − ρ3)

4πρ+
=

α

2π

3

2
(4M)1/3. (5)Dd ρ+ =

3
√

4M

α
, Fl9

α2ρ2 −
4M

αρ
= 0 (6)NA��q�[NJ8ta� ρ2 � ρ3 Fl9 (6) Nj{ ���[K z ilÆ�Gty_NJ8�!q

AH = 2παρ2
+. (7)
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T =

TH

χ
, (8)Dd χ =

√

α2ρ2 −
4M

αρ
, F�,4q�A$1�`��gN�qNq

lnZ = −
∑

i

giln(1 − e−βεi). (9)<l9 (2) Y�KGt`!
�fqNs7�u�AQA v NkqWNq
g(v) = j

4πp3

3(2πh̄)3(1 + λp2)3
= j

4πv3

3(1 + λ4π2v2)3
, (10)Dd j qfqNs!*"_�>W (4), Gty_K*1 ρ SN*s��q A(ρ) =

∫

dA

=
∫

αρ2dϕ, U/�K�[J8m�*1 ρ S*1�_NQ.
�gN�qNq
lnZ = −

∫

A(ρ)
√

gρρdρ
∑

i

giln(1 − eβεi) = −
∫

A(ρ)
√

gρρdρ

∫

∞

0

dg(v)ln(1 − e−βhv)

= j

∫

A(ρ)
√

gρρdρ

∫

∞

0

4πβh

3(1 + λ4π2v2)3(eβhv − 1)
v3dv

= jβ0

∫

A(ρ)
√

gρρdρ

∫

∞

0

4πh
√
−gtt

3(1 + λ4π2v2)3(eβhv − 1)
v3dv.

(11)

Dd β = β0

√
−gtt.TH =

1

β0
F�[Ns7u_�<s<�B�qNN��RL

F = −
1

β0
lnZ = −j

∫

A(ρ)
√

gρρdρ

∫

∞

0

4πh
√
−gtt

3(1 + λ4π2v2)3(eβhv − 1)
v3dv. (12)4A��gN{R q

Sb = β2
0

∂F

∂β0
= jβ0

∫

A(ρ)
√

gρρdρ

∫

∞

0

4πβvh2√−gtte
βhv

3(1 + λ4π2v2)3(eβhv − 1)2
v3dv

= j
1

6π2β3
0

∫

A(ρ)
√

gρρ

(−gtt)3/2
dρ

∫

∞

0

exx4dx

(1 + λ x2

β2

0
(−gtt)

)3(ex − 1)2
.

(13)�d x = βhv, :
I1(gtt) =

∫

∞

0

exx4dx

(1 + λ x2

β2

0
(−gtt)

)3(ex − 1)2
≈

∫

∞

0

(x2 + x3)dx

(1 + λ x2

β2

0
(−gtt)

)3

=
π

16
β3

0

(−gtt

λ

)3/2

+
1

4
β4

0

(−gtt

λ

)2

.

(14)K (13) Dd�xz ρ N!q�) [ρH , ρH + ε]. Æ (14) F. (13) D�RL
Sb =

j

6π2β3
0

∫ ρH+ε

ρH

A(ρ)
√

gρρdρ

(−gtt)3/2

[

π

16
β3

0

(−gtt

λ

)3/2

+
1

4
β4

0

(−gtt

λ

)2
]

= j
A(ρH)

6π2

[

π

16λ3/2

√

2ε

κ
+

1

4
β0

ε

λ2

]

.

(15)
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√

λ, /AvqW)�ENu�4_�N>
2
√

λ =

∫ re+ε

re

dr
√

f
≈

∫ re+ε

re

dr
√

2κe(r − re)
=

√

2ε

κe
, (16)�d κ F�[J8N �5h� κ = 2πβ−1

0 . <AxzRL{N DDq
Sb = j

3A(ρH)

16λπ
, (17)Dd� A(ρH) F�jKGty_ z ilÆ6NJ8�!�

3 Fermi ��#A Fermi �g��qN
lnZ =

∑

i

giln(1 + e−βεi). (18)< (10) D�RL
Sf = β2

0

∂F

∂β0
=

∫

iβ0A(ρ)dρ

∫

∞

0

4πβveβhvh2

3(1 + λ4π2v2)3(eβhv + 1)2
v3dv

= i
1

6π2β3
0

∫

A(ρ)dρ

χ2

∫

∞

0

exx4dx

(1 + λ x2

β2

0
χ
)3(ex + 1)2

.

(19)

I2(χ) =

∫

∞

0

exx4dx

(1 + λ x2

β2

0
χ
)3(ex + 1)2

=

∫

∞

0

exx4dx

(1 + µx2)3(ex + 1)2

=
1

2

∂2

∂µ2

∫

∞

0

exdx

(1 + µx2)(ex + 1)2

= −
∂2

∂µ2

∫

∞

0

µxdx

(ex + 1)(1 + µx2)2

≈ −
∂2

∂µ2

∫

∞

0

µxdx

(x + 2)(1 + 2µx2)

= −
∂2

∂µ2

∫

∞

0

[

µ

(1 + 2µx2)
−

2µ

(x + 2)(1 + 2µx2)

]

dx

= −
∂2

∂µ2

[
√

µ

8
π −

µ

2(2µ + 1)

(

ln(2 + x)2 − ln(1 + 2µx2) + 4

√
µ

√
2

arctgx

√

µ

2

)

∞

0

]

≈
1

4
µ−2 =

1

4
β4

0

(χ

λ

)2

.

(20)

<A� Fermi 0N{
Sf = i

1

6π2β3
0

∫ ρH+ε

ρH

A(ρ)dρ

χ2

1

4
β4

0(
χ

λ
)2 = i

A(ρH)

6π2

1

4
β0

ε

λ2
= i

A(ρH)

6πλ
. (21)Dd� i qo|qs!*"_�
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Entropy of Cylindrical Black Hole

1,2Zhang Zizhen 2Zhang Lichun 2Zhao Ren
(1Department of Physics, Shanxi University, Taiyuan 030006)

(2Department of Physics, Yanbei Normal Institute, Datong 037009)

Abstract: Using the new equation of state density motivated by the generalized uncertainty

relation, the authors derive the entropy of the black cylinder on the background of the cylindri-

cally symmetric spacetime. When the new equation of state density is utilized to obtain that

the entropy of the black cylinder is proportional to the horizon area, the divergence appearing

in the brick wall model is removed, without any cutoff. It is shown that black cylinder’s entropy

is the entropy of quantum state on the surface of horizon. The black cylinder’s entropy is a

kind of quantum effect. It is the intrinsic property of the black cylinder. Via the method of

quantum statistics, the authors directly derive the partition functions of Bosonic and Fermi

field in black cylinder. The authors also avoid the difficult to solve the wave equation of various

particles. The authors offer a new simple and direct way of calculating the entropy of black

cylinders of different complicated spacetime.

Key words: Quantum statistics; Generalized uncertainty relation; Statistical entropy of black

cylinder.
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