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(2).Randall-Sundrum Ü� (R-S).ı��â¥s_.°íÜ�«n, ?�#BbyÖ�Ék‡‹

Æ“ím7.

ú�Ö�Vúk‡‹*�5¦íh¿)ø, Bbí‡‹9õ,1Ýàl‡cqíµšÝ®²°

4, íüæÊO<�íÏæ4,∆T
T
' 10−5.¥v`BbZÇá25 ‡‹ÊøÇáív(u´YÍu

®²°4, COÊøÇáív`uÝ®²°4, 7ÛD‡‹í®²° 4í„WÉu%âÆ“7Ví
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øù·Ê G-R J£ R-S íÜ�-Z, 7 R-S Ü�-ZíÌ��Ü J£!�–1ªJÊ [1] [2]¥

s¹�d2vƒ. ªø¥, BbÑ7b„p‡‹ 9õ,Êo‚v1Ý®²°4, ]Bb²àBianchi

Type I J£ Bianchi Type V ¥s�.° íÝ®²°4�S_�çTBbû˝í!�, 1ùpÜ

;¼ñ_�,

p = (γ − 1)ρ; 1 ≤ γ ≤ 2

VçdBbÊ=Äg�j˙�2Ó”?¾,6ÿuF‚í?¾-�¾"¾ (Energy-Momentum Ten-

sor–T ν
µ ).¥³í p H[‡‹2Ó”í�¾¦¾,ρH[‡‹ÈÓ” í?¾ò�. QOBbþtOv

|Ê.°γMvw‡‹Æ“í¦j, ı�?�â¦j í$�Vv|‡‹Æ“ím7. càBb?R

J|‡‹Æ“í¦j, BbøªJv|Bb‡ ‹íêcÆ“8”, 1?üìÊ.°v‚)v`, Bb

í‡‹uJ5šíWÑÊê�. c_‡‹ Æ“íÝ®²°4 (Anisotropy) úvÈdÇ (A-t) J£

Á§Ää (Deceleration parameter) úvÈdÇ (q-t) 6ø}\Bb[Êd2TÑBbøá½b

ín�.

Bb‚àbM}&VçdBbû˝íj¶, �âbM}&Bbı�?v|Bb‡‹Æ“í 8”.

Í7Êd¥<û˝5‡, Bb.âl7j General Relativity J£ R-S Ü�í!…ø …, Q-V

BbZl�Ü G-R J£ R-S íÜ�*�J£dø<�Àí�Ü.
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1.1 � 2 ó ú � í – Ä

×�Êaj1900�5‡, �âí�‰Í$ªJj„ø<Îhí‡‹h¿Ûï. Í7 ÓO�xí

ê�, Ùdh¿xXính~æ6UBbÊrÍJ£c_‡‹íw…,, �yªø ¥íêÛ. ¥v

`�âF�í½‰Ü�˛%.?ÑBbF×)í‡‹’mdyÖíj„. �«íÊaj1916�5

(, 6ÿu=Äg�T|F‚í&2óú� (Special Relativity) 5( , Fyªø¥íø˛ÈDv

È!¯–V1T|BbF‚í�2óú� (General Relativity). úÙdçðJ£ÓÜçðVz,

�2óú�uøÆìhíç�J£úk‡‹çû˝Vz, TX 7ø_hí2&1éÓÜçªp7Ç

ø_híä�.

íl, Bb.âl7j=Äg�j˙� (Einstein Equation) ícñ-ZD–1. =Äg�j

˙�uâTà¾ìÜ (Action Principle) 2)|. 7Tà¾Sí�2$�ªJ[ýÑ

S = −
∫

d4x
√

g
(

R

16πG
+ Lmatter

)
(1)

Ê¥³ RFH[íu-��0"¾ (Riemann Curvature Tensor),GFH[íu½‰�b (Grav-

itational Constant) J£ Lmatter uF‚Ó”Òí Lagrangian. Í7, =Äg�j˙ �ªJ�O

új˙ (1) 2ígµνd‰}7), /ªJ[®A

Rµν − 1

2
gµνR = 8πGT µν − Λgµν (2)

Êj˙� (2) 2íTµνuF‚í?¾-�¾"¾ (Energy-Momentum Tensor) , FÊö˛‡‹2

ø}¾Ü. Bb˚ΛÑ‡‹�b (Cosmological Constant), ç�¥á�b Ê=Äg�j˙2Ÿ…

u.æÊí, OuFà‹.æÊ, Bbí‡‹|(ø}Øò. à¤øVZDh ¿í„W�F|p, k

u=Äg�|(øF‹ƒj˙�2JZkJ}c_‡‹Øòí	à. ¤vBb ZªJøÓ”Òí

Langrangian �pj˙� (1) 2ª7)ƒÝö˛2íTà¾, ªJ[ýÑ

S = −
∫

d4x
√

g
[

R

16πG
+

1

4
FµνF

µν +
1

2
∂µφ∂µφ + V (φ)

]
(3)

Êj˙� (3) 2íAµJ£φ}�FNíuÓ”F>§í²¾ÒJ£Ó¾Ò. 7�ä2íFµνuF‚

í²¾Ò# (Strength of Vector Field), …ªJ\ì2Ñ-�[ ý�.

Fµν ≡ ∂µAν − ∂νAµ

kuÊ=Äg�j˙�2í?¾-�¾"¾T µνø}J-�$�[ý

T µν =
1

2
F µ

α F να +
1

2
∂µφ∂νφ− 1

2
gµν

(
1

2
∂αφ∂αφ +

1

4
FαβF αβ + V (φ)

)
(4)
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;Wj˙� (2,3,4) íÉ[ªJû|Êö˛‡ ‹Õ”-í=Äg�j˙�, ÉbBbøj˙� (2)

2íT ν
µ IÑÉ1ÉG-‡‹�b (Λ) ¹ª×).

Í7úkÊ×��v˛!Z-, BbªJ�â‡‹*�5¦ (CMB) íh¿J£rÍÊr˛ 2

í}Ó’e7jƒBbí‡‹ux�ò�íÌG4J£®²°4. úkx�¥šÔ4 í‡‹, Bb

;bà/�Ô�í‡‹_�V[ý…, ª7ªJú…�y¿øµí7j. J ÛD7k,Friedmann-

Robertson-Walker(F.R.W) ‡‹_�ªJÑBb�Vóçßí·H. 7¥6uÄÑúk F.R.W

_�7k, F…™í�SÔ4ZuÌG/®²°4. BbªJÀ Uí*-Þí�äõƒFí$�

ds2 = −dt2 + a2(t)

[
dr2

1− kr2
+ r2dθ2 + r2sin2θdφ2

]
(5)

Ê,�2, Bb×Ií7jƒ¤_�í�S!Z, Ouw2íø<¡bºÛbªø¥í�Ü. a(t)u

Bb‡‹í��Ää, FH[íuc_‡‹�S!ZíÆ“4”. Í7úkh¿7 kè™uóç½

bíYW,Ê¥³Bbøh¿è™[ýÑ(t, r, θ, φ). Çø_½bí‰bk, Bb.âø−FH[íu

c_‡‹í˛È�0 (Spatial Curvature). úk˛È�0íÓÜ<2Vz,…bYW.°í�0M

x�.°í‡‹˛Èì2. çk = 1vFH[í uÇ[í‡‹,k = 0H[íu�òí‡‹J£k =

−1H[íu¥£í‡‹. 7…bFÑ5H [í‡‹_�}�Ñ Kantowaski-Sach,BianchiType I

J£ Bianchi Type III‡‹_�. 7;Wj˙� (5),BbªJ�âl� Christoffel symbol(Γi
jk),

Ricci "¾ (Rij) J£ Ricci Ó¾ (R) )ƒ=Äg�j˙�í�}$�. 7úkÌ�í l�B

bø}ÊË“2Ì‹�Ü, ¥³BbÉŸ|Fbí�“$�. %â�ÀíRû, Bb) ƒÝÉí

Christoffel symbol(Γi
jk), …b}�Ñ

Γi
jk =

1

2
gil [∂jgkl + ∂kgjl − ∂lgjk] (6)

Γt
ij =

˙a(t)

a(t)
gij , Γi

ti =
˙a(t)

a(t)
; i = 1 ∼ 3 (7)

7ÝÉí Ricci "¾J£ Ricci Ó¾ªJ*ÝÉí Christoffel symbol 2)|, …bø[ýÑ

Rtt = 3
¨a(t)

a(t)
Rij = −




¨a(t)

a(t)
+ 2

ȧ2(t)

a2(t)
+

2k

a2(t)


 gij (8)

|(BbªJ*j˙� (8) 2)ƒ Ricci Ó¾í[ý$�.

R = −6

[
ä(t)

a(t)
+

ȧ2(t)

a2(t)
+

k

a2(t)

]
(9)

|(BbªJâj˙� (8,9) J£=Äg�j˙� Rµν − 1
2
gµνR = 8πGTµν)ƒ�}�G í=Ä

g�j˙. ¤vBbøBb‡‹í?¾-�¾"¾eÑÜ;¼ñ, w2 ªJ}As¶}, ø¶}uD

9



vÈ�Éí?¾ò� (energy density); Çø¶}uD˛È�Éí�¾"¾ (momentum tensor).

à¤øVBbZªø�}$ �í=Äg�j˙}As¶}, ø¶}uDvÈ�ÉÇø¶}uD˛È

�É, ªJ[ýA-�É[.

ȧ2(t)

a2(t)
+

k

a2(t)
=

8πG

3
ρ +

Λ

3
(10)

2
ä(t)

a(t)
+

ȧ2(t)

a2(t)
+

k

a2(t)
= −8πGρ + Λ (11)

à‹BbÊ¥³É5??¾-�¾"¾í	à, µ‡‹�b (Λ) ZªJ�I. ¤v�âúj ˙�

(10;11) d�ÀíRû, BbªJ)ƒçTk�ò‡‹ (k = 0) v F.R.W _�íö˛j (de-

sitter solution). 7w2óç½bíÓÜ¡b, Wà: ö˛?¾ò� (Vacuum Energy Density

ρvac), é.�b (Hubble constant H) J£‡‹í��Ää (a(t)) �, …bªJ)ƒ-�íÉ[

�

ρvac =
λ

8πG
= constant ; H =

(
8πG

3
ρvac

)1/2

= constant ; a(t) ∝ exp(Ht) (12)

é.�bªJ\ì2AH ≡ ȧ(t)
a(t)

, /âj˙� (12) ªJÀUí7jBbí‡‹ÊøÇáívÈ, w

��Ääuóçíü. 7/…ø}JNb í$�ÓOvÈíÆ“Ø×ƒÌ¤×. J,í}&òQí

µsBb‡‹uTk�3ÕGí, 7¥ší!�6ªø¥íÅ—7h¿,í!‹.

1.2 Randall-Sundrum Ü � í – Ä

úk Randall-Sundrum Ü�í!…–1Vz, BbZbl*ü&v˛í–ÄÇáƒ–. oÊ

1919�, >˚gí�/bçð Kaluza Üjƒ½‰ªJàû&˛Èív˛©/ñí�0V8JÔ

„, µóÚ~Tà‰øš6ªJàü&˛Èív˛©/ñí�0V[p. [®Êü&v˛-Z-í

�2 óú�j˙�˙8½‰øà%�í·H, Dw°v|ÛíÇø j˙�Êbç,í<2†óç

kïs =níÚ~çj˙ . Bb˚û&v˛Ñ : 3-Brane, ¹uû&v˛\9òAø_ü&íø

_ Þq, 7µ�ü&†Êµü&v˛ (Bb˚Ñ bulk) q. Í7, Ñ7.°¥½‰íõð!‹, ¥�

ü&@v b”Ñ�üí (üƒ Planck Scale í��) ¸�˛h¿.ƒí. ¥vBb¢.âj„ø

-S‚ bulk, …Níu�ü&í˛È. Ê¥ší˛È2, FJíÓÜ<2J£m7·æÊw2. Ou

�ø_½bí h1u, ;W½‰õðí„WÊ¥_˛È2Ó”J£d¸Ò (gauge field) �˛Éæ

ÊBbFwøí íû&v˛, wF¶}�˛Éor½‰ÒíæÊ, 6ÿuN bulk í	à@vbÝ

�íü. 7Ê(V, :t ÓÜçð Klein †uz¾äÓÜçíhõ¯9k kaluza íü&˛ÈíÜ

�2, F½hŸ7Œ��j˙� , Jü_‰bH�ŸVíû_, *7„pvj˙�íj„ªJ\Ô„

ÑÅ-šÊ½‰ÒDÚ~Òù6	 à-5«�íí·H. .¬¤j¶(Vu\wÑW.¦.
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OuÊ1980�H‚È, âk$øÜ�í Kaluza-Klein hõ½h\T|V, ø<ÓÜçðwÑ

#Tà ‰DÿTà‰uªJ\–�–Ví. 7¡�Ö�VÊn�ü&v˛í�d2, J Randall-

Sundrum FT|í brane world scenario ;¶|Ñ½b. …bêÛç brane ‡‹Æ“ƒw‚í

v`, 9õ, DBbFwøíû&‡‹Êw‚ív(uó°í. 7/…b6êÛà‹?¾-�¾"¾

í$�uÜ;¼ ñ, µóÿÉ�ø<Ô�íÌG4‡‹_�ªJ\or.

à‹5b;byÖ7jrÖ�Ék brane world cenario íÌ��ÜDû˝, ªJ¡5Ë“2

í �d. ç� brane world scenario í|Ÿá–1uâ Randall J£ Sundrum FT|í, …

b· Hû&ív˛9õ,u\%Êü& anti de-sitter v˛2íø_�SÞ. …bT|ø�‰ çÍ

$, �â«nø<'üí�&� (extra dimension) Ûï, ª7 j²û&2Ì¶j² í½æ. '

QO Shiromizu,Maeda and Sasaki �A�|7ÊQ?¾¡N- (Ê¤Bb�I ?¾-�¾"¾í

ùŸjõ.áSµν J£ÀÓí bulk ^@Eµνí	à), x � brane –1í�^½‰j˙�. 7Ê

brane –1-í�^½‰j˙�ªJ[ýÑ :

Gµν = −Λgµν + k2
4Tµν + k4

5Sµν − Eµν (13)

Ê¥³í Gµν Níu�2í=Äg�½‰j˙�. w2íΛ,k2
4 J£ k4

5 }�ì2Ñ‡‹�b,

û&í½‰�bJ£ü&í½‰�b. Ê¥³ígµν˚5ÑÊ brane ^@-í�d"¾ (metric

tensor).Sµν J£Eµν}�˚Ñ?¾-�¾"¾íùŸjõ.áJ£ÀÓí bulk ^@, …ªJâ Ê

brane ^@-í Weyl "¾ì2|V.SµνªJ[ýÑ

Sµν =
1

12
TTµν − 1

4
Tα

µ Tνα +
1

24
gµν(3T

αβTαβ − T 2) (14)

j˙� (13) 2í,‡‹�bªJ[ýÑ,Λ = k2
5(Λ5 + k2

5λ
2/6)/2. 7û&½‰�bDü& ½‰�

bø}�É:,k2
4 = k4

5λ/6. 9õ,Ê ü&v˛2, úk½‰j˙	à|×íu bulk ^@ (Eµν)

íßÞ , âü&í Weyl "¾ªJ)ƒóÉ$�

Eµν = Cµανβnαnβ

CµανβuÊ bulk 2íü& Weyl "¾, 7λuÊ brane ,íö˛?¾.Tµν†uÊ brane ,Ó”í

?¾-�¾"¾, …ªJ[ýÑ

T 0
0 = −ρ , T j

i = δj
i p; i; j = 1 ∼ 3

Êj˙� (14) 2´�ø_½bí‰b T, Bb˚…Ñ?¾-�¾"¾í trace, ªJ[ýÑT = T ν
µ .

âj˙� (13) 2BbªJÀUí7jƒ=Äg�í�2óú�J£ Randall-Sundrum í

brane world scenario Ü�Ês¶}�'×íÏ�, �ø¶}uF‚�¶í?¾-�¾ "¾5ù
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Ÿj^£á (Quadratic Correction Term), …uâSµνF	àí; �ù¶}uF‚í�2í bulk

^@ (Eµν), …uâø<1„\ÌìÊ brane ,íÒ %â bulk ^@-í Weyl "¾FRû)|.

à‹BbøJ,¥s�Ïæ}�íIFbÑ-�É[�

Eµν = 0 ; k4
5 → 0

µ=Äg�í�2óú�ø}â brane world scenario 2)|. ÊBbí¥ø¹�d2 BbÉø

Bbín�ù·ÊF‚�òí�S bulk, ¥uÄÑ¥ší�S˛ÈªJ�œ� Àí½‰j˙�. 6

ÿuBbU Cµανβ = 0, à¤øV bulk ^@ø} ¾ÜEµν = 0. ªø¥Vz, Bb67jƒÊ

brane ,Ó”í?¾-�¾"¾è0 ì (conservation of energy-momentum tensor) YÍA

, 1ª[ýÑ

∇νT
µν = 0 (15)

Q-VBbøû˝s�ªJâv˛�S2)ƒí‡‹_�,}�u (a).Bianchi Type IJ£,(b).Bianchi

Type V. 7/¥šív˛�S.âbªJorø_�À/ªJ� ²íú& isometric ˇ G3æÊ

é˛�˛È(Space-Like Hyperspace) 2. BbF 5?í¥s_‡‹_�Ê˛ÈÔ4,uÌGí,

Oº.øìu®²°4. BbFø−íu, …bí��ÄäJ£�SÔ4É}ÓOvÈZ‰, .}Ä

Ñ.°íh¿67�.°í4”. ¥šøVBbí=Äg�½‰j˙ø}âµÆíR�}j˙‰Ñ

œÑ�Àí��}j˙. íl, Bb.âlø−Ê brane ,�2í�d (metric) vàS[ý. F

JBblø Bianchi Type I J£ Bianchi Type V ‡‹_�í line element [ýà-

ds2 = gµνdxµdxν = −dt2 + a2
1(t)dx2 + a2

2(t)e
−2ξxdy2 + a2

3(t)e
−2ξxdz2 (16)

Êj˙� (16) 2Bb7jƒ Bianchi Type I J£ Bianchi Tye V ‡‹_�í}�. çj˙�2

í ξ = 0 v, Bb)ƒ Bianchi Type I _�; ç ξ = 1ív`, B bªJ)ƒ Bianchi Type V

_�. Q-VBbZøÇá«n¥s__�Ê brane ,íÛï J£Ïæ. Ê¤Ñ7û˝n�,y

ÑjZJ£?yÀUí7j‡‹íÆ“. BbÊ¥³lù pø<ÓÜ‰¾, …bx�-�í$�.

V =
3∏

i=1

ai , (volume scale factor) (17)

Hi =
ȧi

ai

, i = 1 ∼ 3 , (directional Hubble parameters) (18)

H =
1

3

3∑

i=1

Hi , (mean Hubble parameter) (19)

4Hi = Hi −H , i = 1 ∼ 3 (20)

�âJ,íÉ[, BbªJ�âj˙� (17), (18) J£ (19) Vû|é.�bDñ	��Ää5È

íÉ[�,H = V̇ / 3V . |(\Bbù pís_Ê‡‹h¿,�àíÓÜ‰¾u (1). Á§Ää
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(Deceleration Parameter-q); J£ (2). �ÌÝ®²°4¡b (Mean Anisotropic Parameter-

A). …bx�-�íÉ[�

A =
1

3

3∑

i=1

(
∆Hi

H
)2 (21)

q =
d

dt
H−1 − 1 = −H−2(Ḣ + H2) (22)

%âj˙� (21)(22), BbªJN¬BbíÝ®²°4_�VüìBbí‡ ‹£ÊˇÙCuYò.

à‹Bb)ƒ£íqM, BbÿªJüì‡‹£ÊYò. à‹ )ƒŠíqM, Bbí‡‹ÿuÊˇÙ.

à¤øVBbZªJÀUí7j‡‹íÆ“ÕG.

1.3 û ˝ � œ

çBbèƒ�Ék brane world scenarioíóÉ�d [1] [2] [5] [6] [7]v, Bb¿¿wÑÊ‡‹

Æ “íû˝,,brane í^@uø_óç½bí–1J£;¶. 9õ,´�ø<û˝6Ê«nbrane

^@-5‡‹Æ“ [3] [4]. %â¥<�dû˝í�ÜJ£25 Bb;b 7júk=Äg�í�2

óú�-5‡‹¸brane ^@-í‡‹, …bÊÜ;¼ñí cq-u´�LSí.°, J�.°†

wÏæ4Ê¨³.

Bb3bíû˝j²O½Ê‡‹Æ“íÝ®²°4 (A), Á§Ää (q) J£ñ	��Ää�j

Þ. N¬bM}&j¶íû˝, Bb;bv|Ê.°^@½bív‚…b˛¤íñ	��Ää¡N

j, Bb6øBbv|í¡NjDbM}&T¡N, tOøÏÏ−„Ê20%J-ÑBb¤û˝íÜ

; ÏÏ, ı�N¬¥šíû˝?v|ø<Ê‡‹Æ“,hí’m. Bb;yŸ½CøŸ, Bbû˝

í ‡‹_�u Bianchi type I J£ Bianchi type V. l‡ C.M Chen,T.Harko and M.K.Mak

[3]˛%d¬7�É¤_�íû˝, BbYW¤¹�dí!�ª7‹pø<hí j¶J£hõVTÑ

hí!�. 7C.M Chen and W.F Kao [4] 6û˝¬7Bianchi type I Êc_ brane ^@-‡

‹Æ“í ì4n�. J,s¹�dZuTÑBbû˝í3b¡5 ’e. çÍ, BbYÍÛbyÖ

híø…J£hí–1VçTBb;¶íVÄ, à‹5bú k¥jÞíû˝�E�, ªJ¡©J-

�d.Brane v˛í!…–1ªJ¡5�d [1] [2],Brane^@-í=Äg��^½‰j˙�íRû

J£û˝ªJ¡©�d [5] [6] [7].J,ZuBbc®û˝í�œJ£;¶.

|(Bb;�Üø-c¹�dí3b-Z;Bianchi type I J£Bianchi type V _�Ê brane

^ @-íÌ�Ü�RûJ£l�ø}\[Ê Section 2, Ê¥ø¶}Bbø}zpàSâBb=Ä

g�í½‰j˙�ª7)ƒø<¦jJ£�|¦jí$�. úk Bianchi type I _�Ê�2óú
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�J£ brane ^@-°)íñ	��Ää¦jø}\�Ê¥ø¶}, OuBbÉ?v|çγ = 1, 2

-Ôìí¦j. 7 section 3ø�ÜBbû˝}&J£n�, Bb}Ÿ|Bbc_û˝í }&¬˙

J£–á‘K. Bbí!�ø}\[Ê section 4. J5;ÀUø− Bianchi type I J£ Bianchi

type V Ê=Äg�j˙�,íRû, ~¡©Ë“ A J£ B.
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2 l � D Ü � R û

2.1 Bianchi Type I í ‡ ‹

Ê¥øı�2, BbøÇán� Bianchi type I í‡‹_�. BbªJâj˙� (16) 2I ξ = 0

 )ƒ¥šíø_‡‹_�. 7BbFùpíÜ;¼ñcqªJø?¾-�¾"¾J -�$�[ý

5

T 0
0 = ρ ; T i

i = (γ − 1) ρ , 1 ≤ γ ≤ 2 , γ = constant (23)

ÊÜ;¼ñícq-, ?¾ò�ρJ£�¾¼¾pcèø�(4íbarotropic ÕGj˙, 7¥šíÕ

Gj˙˛%\[ýkj˙� (23). QOBb.âblø− Bianchi type I ‡‹ _�í(jÖÉ[

� (line element) u5ší[ý¶. à¤øVBbnªJ‚à(jÖÉ[2�d (gµν) V)ƒ=Ä

g�í½‰j˙�. (jÖÉ[�ªJ[ýÑ

ds2 = −dt2 + a2
1(t)dx2 + a2

2(t)dy2 + a2
3(t)dz2 (24)

øÇáBblÊ section (2.1.1) 2Rû�2óú�cq-í=Äg�j˙�. QOÊ section

(2.1.2) 2Bby./Rûx� brane ^@-í=Äg��^½‰j˙�.

2.1.1 � 2 ó ú � í h õ

9õ,, �2óú�ªJâbrane ^@í�^½‰Òj˙� (13) 2°), ÉbBbøk4
5 J£Eµν¥

s_ÓÜ‰¾IFbÑÉ. 7=Äg�j˙�J£?¾-�¾è0ìªJ [�A-�É[

Gµν = −Λgµν + k2
4Tµν , ∇µT

µν = 0 (25)

j˙� (25) 2íGµν ,Λ J£ k2
4 }�H[íu=Äg�í ½‰"¾ (gravitational tensor), ‡‹

�bJ£½‰�b. ø,øı�2F�ÜíÓÜ‰¾ (17)∼(19) J£ (24) ùàƒ Bianchi type I

‡‹_�J£�2óú� 2, BbªJ)ƒÊ=Äg�í½‰Òj˙�J£F‚í Bianchi Ô4,

ªJ[ýA

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ (26)

1

V

d

dt
(V Hi) = Λ− γ − 2

2
k2

4ρ , i = 1 ∼ 3 (27)

ρ̇ + 3γHρ = 0 (28)
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;Wj˙� (28), BbªJ)ƒÓ”?¾ò�ívÈÆ“ƒb (ρ(t)), …ªJŸA

ρ = ρ0V
−γ , ρ0 = constant > 0 (29)

Q-V, Bbøj˙� (29) �p˙� (26) J£ (27) 2, 1ø j˙� (27) 2í‰bi = 1 ∼ 3T

bçíL‹, ¥v`BbZªJ×)ø_�} $�íj˙�, ¥u=Äg�j˙�Ê�2óú�c

q-í�}�“$�.
1

V

d

dt
(V H) = Λ− γ − 2

2
k2

4ρ , (30)

à‹Bbøj˙� (30) J£j˙� (27) ø–úÎø-, Bbø}êÛ ,é.�b (H) D®�é

.�b (Hi) ø}�ÔìíÉ[, ªJ[ýÑ

Hi = H +
Ki

V
, i = 1 ∼ 3 (31)

Êj˙� (31) 2íKi…uÊªœj˙�(30) J£ (27) 5(, F ßÞ|Ví	}�b. Q-VB

bZªJ�Ol�j˙� (30) ª7°)Ý®²°4‡‹ wÊ�2óú�-í�‰Æ“j˙�, ª

J[ýAà-

V̈ = 3ΛV − 3(γ − 2)

2
k2

4ρ0V
1−γ (32)

9õ,Bb)ƒí¥_ù¼�‰Æ“j˙�1Ì¶�#BbØÖíÓÜ<2, Bbı�?l�| ‡

‹í��Ää…™í�‰j˙�, 6ÿuF‚í�2í�üj. kuBbZøj˙� (32) 2íñ	

��ÄäúvÈd	}, BbêÛªJ°)œÑ�À/ÀUíø¼�‰j˙�, ªJ [ýà-.

V̇ =
(
3ΛV 2 + 3k2

4ρ0V
2−γ + C

)1/2
(33)

Ê,�2�ø_�bC, 7¥_�buj˙� (32) úvÈ	}(F)ƒí	}�b. ÊBb)ƒj

˙� (34) (, 9õ,¥uø‘Ý�õÆí�ä, Ñ7J(íl�jZ BbÊ¥³ì2ø_ñ	��

Ääíƒb, …ªJ[ýÑ

T (V ) = 3ΛV 2 + 3k2
4ρ0V

2−γ + C (34)

Y�Oj˙� (34) íì2, BbZªJ½hì2|��Ää (ai), Ý®²°4 (A) J£Á§Ää

(q), …b·_¯vÈ�ÉíÓÜ¾1ªJ[ýAJ-É[

ai = a0iV
1/3exp

[
Ki

∫
(3ΛV 4 + 3k2

4ρ0V
4−γ + CV 2)−1/2

]
(35)

A = 3K2T (V )−1 (36)

q =
(18γ − 12)k2

4ρ0V
2−γ − 12ΛV 2 + 8C

4T (V )
(37)
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Ê¥³ía0i, K2 J£ C·u®A[Hí	}�b,K2Dl‡í	}�b Ki �ÔìíÉ[,K2 =
∑3

i=1 K2
i . øK2DKiíÉ[��p j˙� (35) J£ (36) 2BbªJª7í°|K2DCíÉ[

�, K2 = 2
3
C.à¤øVBbZ)ƒ7©_	}�b˛¤5ÈíÉ[, Bb6ÿªJ Çá./l�

�2óú�-Ý®²°4‡‹í�2Æ“j (V(t)). QOBbZtO�p.°í γM, 1þtj|

‡‹í¦j. Ou%âBbíþt(, BbêÛÊ Bianchi type I í‡‹_�-, BbÉ?°|

çγM�k1Cu2ív`n?)ƒF‚í¦j. FJBbÉ?°)ÔìγM-íñ	��Ääí¦

j. úkγ = 2í¦jªJ[ý A-��ä

t− t0 =
∫ dV√

3ΛV 2 + C
(38)

7Êγ = 2-, �2óú�cq-‡‹Æ“íñ	��ÄäíêcjªJ[ýA

V (t) =
1

2
e−

√
3Λ(t−t0)

(
e2
√

3Λ(t−t0) − C

3Λ

)
(39)

*j˙� (39) 2, BbêÛBbíñ	��Ääí�áMø}vÈ¡bx�J-$�v ‰ÑÉ.

t = ts = t0 +
1

2
√

3Λ
ln

C

3Λ

kuBbø…dø<�², U)t0�-�É[vªJ)ƒçvÈ¡bÑÉív`wñ	��Ä äÑ

É

e−2
√

3Λt0 =
C

3Λ

½høj˙� (39) �p (35) ∼ (37) 2, BbªJ)ƒÇø$�íÝ ®²°4J£ÁbÄä.

A = 9ΛK2

[(
1

2
e
√

3Λ(t−t0) − C

6Λ
e−

√
3Λ(t−t0)

)2

+
C + α

3Λ

]
(40)

q = 2−
9Λ

(
1
2
e
√

3Λ(t−t0) − C
3Λ

e−
√

3Λ(t−t0)
)2

C + α + 3Λ
(

1
2
e
√

3Λ(t−t0) − C
3Λ

e−
√

3Λ(t−t0)
)2 (41)

BbI3k2
4ρ0 = α, JZ)ƒy�“íƒb$�. QOBbªJ‚àó°íl�¬˙)ƒçγ = 1v

í‡‹Æ“, …bªJ[ýA

t− t0 =
∫ dV√

3ΛV 2 + 3k2
4ρ0V + C

(42)

Ê¤BbIα = 3k2
4ρ0, à¤øVñ	��Ääí¦jøªJ\j|

V (t) =
1

2
e−

√
3Λ(t−t0)

[(
e
√

3Λ(t−t0) − α

6Λ

)2

− C

]
(43)
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j˙� (43) YÍµsBb, BbªJ�âøvÈ¡bJ-Þí$�[ýJZk)ƒ �áMÑÉí

ñ	��Ää

t = ts = t0 +
1√
3Λ

ln
(√

C +
1

6Λ

)

Bb6ªJ²®hõVõ, càBbIe−
√

3Λt0 =
√

C + α
6Λ

, BbøªJ)ƒçvÈ¡bÑÉív

`wñ	��ÄäÑÉ. 7càBbd¥ší�², Ý® ²°4J£Á§Ääø}Êγ = 1ív`

x�J-í$�.

A = 3CK2 +
9ΛK2

4
e−

√
3Λ(t−t0)

[(
e2
√

3Λ(t−t0) − C +
α

3Λ

)2

−
(

α

3Λ

)2
]

(44)

q = −1−
3

(
αJ(t) + 4Ce

√
3Λ(t−t0)

)

3ΛJ(t)2 + 2αJ(t) + 4Ce
√

3Λ(t−t0)
(45)

J(t) =

[(
e
√

3Λ(t−t0) − α

6Λ

)2

− C

]
(46)

BbþtO v|ö£í¦j, 6ÿu.à5?γíM. OuBbá�Ì¶j²IA õÆíbç½

æ.

2.1.2 Brane ^ @ í h õ

Q-VBbb* Randall-Sundrum Ü�íhõªW«n, BbªJâ T.Shiromizu,K.Maeda

and M.Sasakií�d2[5][6])ƒF‚ü&˛È-í�^½‰j˙�,Ì�$�ª¡©j˙�(13,14).

Ê¤BbøBbíü&˛ÈcquæÊF‚í anti de-sitter ˛È21Uwü&˛Èí	à¡Nk

É (Eµν). 7‡‹2Ó”?¾-�¾í}ÓuJÜ;¼ñ í$�æÊ, àj˙� (23). à¤øVB

bZª�âj˙� (17∼19) J£ Bianchi type I _�í(j)ƒ½‰j˙J£?¾-�¾è0ì

, ªJ[ýà-

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ−
3γ − 1

12
k4

5ρ
2 (47)

1

V

d

dt
(V Hi) = Λ− γ − 2

2
k2

4ρ−
γ − 1

12
k4

5ρ
2 ; i = 1 ∼ 3 (48)

ρ̇ + 3γHρ = 0 (49)

Q-VBbªœø-j˙� (47,48) ¸ (26,27), BbªJÀUíêÛ �2óú�J£ brane í.

°ÊkÖ|7?¾-�¾"¾íùŸjáSµν . FJBb7jƒ JIk4
5 = 0, †ªJ)ƒ�2óú�

-í½‰j˙. 7?¾-�¾è0ìús67k·Ì LSÏ�, ·Jj˙� (29) [ý. Q-VB
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b‚àD)ƒj˙� (30) øšíl�¬˙ øj˙� (48) ªWZŸ, ª)ƒ½‰j˙�“$�.

1

V

d

dt
(V H) = Λ− γ − 2

2
k2

4ρ−
γ − 1

12
k4

5ρ
2 (50)

øj˙� (48) J£ (50) ªúø-, BbZª)ƒDj˙� (31) øšíÉ[�. |(, ‡‹Æ“í

ù¼$�ªJ[ýÑ

V̈ = 3ΛV − 3(γ − 2)

2
k2

4ρ0V
1−γ − γ − 1

4
k4

5ρ
2
0V

1−2γ (51)

øj˙� (51) úvÈdøŸ	}, ‡‹Æ“íø¼$�ZªJ\)ƒ.

V̇ =
(
3ΛV 2 + 3k2

4ρ0V
2−γ +

1

4
k4

5ρ
2
0V

2−2γ + C
) 1

2

(52)

Ê¥³í C YÍu	}�b, ¡ø¥íøj˙� (52) úvÈÊdøŸ	}, BbZªêÛ Æ“v

ÈJ£ñ	��ÄäíÉ[�,t − t0 =
∫

G(V )−1/2dV . 7¥³íƒb G(V) u Jñ	��Ää

Ñ‰b

G(V ) = 3ΛV 2 + 3k2
4ρ0V

2−γ +
1

4
k4

5ρ
2
0V

2−2γ + C (53)

|(úk Bianchi type I _�Vz, ½‰Òj˙í¦jªJ[ýAJ-í¡b$�

ai = a0iV
1/3exp

[
Ki

∫ 1

V
G(V )−1/2dV

]
; i = 1 ∼ 3 (54)

A = 3K2G(V )−1 (55)

q = 2− 36ΛV 2 + 18(2− γ)k2
4ρ0V

2−γ + 3(1− γ)k4
5ρ

2
0V

2−2γ

12ΛV 2 + 12k2
4ρ0V 2−γ + k4

5ρ
2
0V

2−2γ + 4C
(56)

Ê¥³ K2 =
∑3

i=1 K2
i = 2

3
C 1/

∑3
i=1 Ki = 0. ¤v, BbÌ¶l�ñ	��Ääí¦jOuB

bªJÊγ = 1J£γ = 2í‡T-) ƒÔ�‘K-í¦j. à‹BbIγ = 2(‡‹k½O−ñ),

BbªJøj˙� (52) ZŸÑ

t− t0 =
∫ V dV√

3ΛV 4 + λV 2 + α
(57)

Ê¥³íλx�/�É[,λ = 3k2
4ρ0 + C, α6ªJ[ýÑ α = 1

4
k4

5ρ
2
0.à¤øV, ñ	��Ääí

¦j (V(t)) Zª\j|

V (t) =
1

2
√

3Λe
√

3Λ(t−t0)

√(
e2
√

3Λ(t−t0) − λ
)2 − 12Λα (58)

Q-VBbl�|çñ	��ÄäÑÉív`, çvíÆ“vÈ.â[ýÑ

t = tb = t0 + ln
(
2
√

3Λα + λ
)
/2
√

3Λ
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Ou¥ší–á‘KN˛.Ø¯Ü, kuBb;U)çÆ“vÈÑÉív`, ñ	��Ää6ÑÉ

í–á‘K, kuBbZøt0J-�$�¦H,

exp(−2
√

3Λt0) = λ + 2
√

3Λα

ø,Hj˙��pÝ®²°4J£Á§Ää2, BbªJ)ƒçγ = 2ví[ý$�

A(t) =
12K2e2

√
3Λ(t−t0)

[(
e2
√

3Λ(t−t0) − λ
)2 − 12Λα

]

(
e4
√

3Λ(t−t0) − λ2 + 12Λα
)2 (59)

q(t) = 12e2
√

3Λ(t−t0)
λe4

√
3Λ(t−t0) + (λ2 − 12Λα)

(
λ− 2e2

√
3Λ(t−t0)

)

[
e4
√

3Λ(t−t0) − λ2 + 12Λα
]2 − 1 (60)

IøjÞ, çBbIγ = 1ív` (Ó”k½Ê‡‹2), j˙�(52)ªJ[ýÑ

t− t0 =
∫ dV√

3ΛV 2 + αV + β
(61)

¥³í α = 3k2
4ρ0J£β = 1

4
k4

5ρ
2
0 + C, C u	}�b. øj˙�(61)j|(, ñ	��Ääí¦

jZªJ[ýÑà-

V (t) =
1

2
e−

√
3Λ(t−t0)

[(
e
√

3Λ(t−t0) − α

6Λ

)2

− β

]
(62)

°ší, BbêÛçñ	��ÄäÑÉív`, –Æ“vÈ9õ,.uâÉÇá, …x�-�É[

ts = t0 +
ln(
√

β + α
6Λ

)√
3Λ

kuBbø t0²_j�[ý, ÿªJ)ƒçñ	��ÄäÑÉív`, ‡‹uâvÈÑÉÇá Æ

“,t0í[ýuà-

e−
√

3Λt0 =
√

β +
α

6Λ

à¤øVBbZªJ)ƒçvÈÑÉív`, ñ	��Ääí�áMÑÉ. ¥6H[Ê¥_8” 5

-í‡‹øÇáu.æÊí, wñ	��ÄäÑÉ. 7çγ = 1víÝ®²°4J£Á§Ää ªJ

[ýA

A(t) =
4K2e

√
3Λ(t−t0)

Λ
(
e
√

3Λ(t−t0) − β + α
6Λ

)2
+ 4β

3
e
√

3Λ(t−t0) − α2

9Λ

(63)

q(t) = 2−
3

(
e
√

3Λ(t−t0) − β − α
6Λ

) (
e
√

3Λ(t−t0) − β + α
6Λ

)
(
e
√

3Λ(t−t0) − β − α
6Λ

) (
e
√

3Λ(t−t0) − β + α
2Λ

)
+ 4β

3Λ
e
√

3Λ(t−t0)
(64)

Ê¥³íK2 =
∑3

i=1 K2
i ,α = 3k2

4ρ0 J£β = 1
4
k4

5ρ
2
0 + C.9õ,úk brane ‡‹-íÆ“¦j,

BbøšÌ¶)ƒ. OuI AjPíu, Ôy‘K-í¦jYÍuªJjí.
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2.2 Bianchi Type V í ‡ ‹

BbIj˙� (16) 2íξ = 1, JZk°) Bianchi type V _�í(j$�. 7úk Bianchi

type V ‡‹_�7k, w(jí[®�ªà-

ds2 = −dt2 + a2
1(t)dx2 + a2

2(t)e
−2xdy2 + a2

3(t)e
−2xdz2 (65)

Q-VBbøÊ section (2.2.1) 2«n�2óú�-‡‹í�‰Æ“, tO v|…bÊbç$�

, í¦j; J£Ê section (2.2.2) 2«nÊ brane v˛-‡‹í�‰Æ“¦j. 7…bÊ?¾-�

¾} Óí,YÍUàÜ;¼ñ (23).

2.2.1 � 2 ó ú � í h õ

âË“B2, Bb7jƒ Bianchi type V DË“ A 2í Bianchi type I …bÊ�S$�,í[

ý u.ó°í. âj˙� (135∼138) 2ªø, =Äg�í½‰j˙�J£?¾ -�¾è0ìªJ

[ýAà-

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ (66)

1

V

d

dt
(V Hi)− 2

a2
1(t)

= Λ− γ − 2

2
k2

4ρ ; i = 1 ∼ 3 (67)

2H1 −H2 −H3 = 0 (68)

ρ̇ + 3γHρ = 0 (69)

j˙� (69) µsBbÊ�2óú�hõ-í‡‹Ó”}ÓρªJ�-�É[

ρ = ρ0V
−γ

7j˙� (68)µsBb‡‹Æ“í��ÄäÊ Bianchi type V _�-˛¤Ë�-�É[ ,a2a3 =

a2
1, à¤øVñ	��ÄäZªJZŸÑV = a3

1. ø,Hí‘K �pj˙� (67) 2, ½‰j˙í

�}$�ªJ[ýÑ
1

V

d

dt
(V H) = Λ + 2V −2/3 − γ − 2

2
k2

4ρ (70)

øj˙� (67) J£ (70) óÁ, BbYÍªJ)ƒHiDH5ÈíÉ[, Hi = H + Ki

V
, Ê¥³

íKiFH[íusj˙�óÁ(F)ƒí	}�b, 7….â¯¯J-É[,
∑3

i=1 Ki = 0. øJ,

É[��pj˙� (70) 2, BbÿªJ)ƒ�2óú�-‡‹íù¼Æ“j˙.

V̈ = 3ΛV + 6V 1/3 − 3(γ − 2)

2
k2

4ρ0V
1−γ (71)
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ª7øj˙� (71) úvÈd	}, ø¼�}$�íñ	��ÄäÿªJ\[®A

V̇ =
[
3ΛV 2 + 9V 4/3 + 3k2

4ρ0V
2−γ + C

]1/2
(72)

âkj˙� (72) ¬jí$��õõÆ, Bbì2ø_ƒbΩ(V )VH[, …ªJ[ýA

Ω(V ) =
[
3ΛV 2 + 9V 4/3 + 3k2

4ρ0V
2−γ + C

]
(73)

|(‡‹í��Ää, Ý®²°4J£Á§ÄäZªJ\ŸAJ-$�

ai = a0iV
1/3exp

[
Ki

∫ 1

V
Ω(V )−1/2dV

]
, i = 1 ∼ 3 (74)

A = 3K2Ω(V )−1 (75)

q =
−2V γ(8 + 3ΛV 2/3) + k2

4ρ0V
2/3(−6 + γ)

6V γ(3 + ΛV 2/3) + 6k2
4ρ0V 2/3

(76)

âJ,É[ªø,K2 = 2C/3 =
∑3

i=1 K2
iJ£

∑3
i=1 Ki = 0. BbêÛÊ Bianchi type V _�

-, BbÌ¶)ƒF‚íÆ“¦j, ÝB©ÔyγM 6Ì¶°|, ¥uD Bianchi type I �F.°

5T, ÄÑ…Ö|7øá, 9V 4/3.

2.2.2 Brane ^ @ í h õ

Ê¥ø_ section 2, Bb;b«nÊü&v˛- Bianchi type V ‡‹íÆ“¦j. íl=Äg

� ½‰j˙í&}$�ªJÊË“ B 2\vƒ. Ê¥³BbòQRû|½‰j˙í�}�“�, …

b ªJ\ŸA

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ−
3γ − 1

12
k4

5ρ
2 (77)

1

V

d

dt
(V Hi)− 2

a2
1(t)

= Λ− γ − 2

2
− γ − 1

12
k4

5ρ
2 (78)

2H1 −H2 −H3 = 0 (79)

j˙� (79) 6µsBbñ	��ÄäªJ\�²AV =
∏3

i=1 ai = a3
1. à¤øVÓ”í?¾ò�

ZªJ\[ýA

ρ̇ + 3γHρ = 0 (80)

%âl�, ?¾ò�í¦j$�ªJ[ýÑρ = ρ0V
−γ. Q-VBbøj˙� (80) �p (80) 2,

ü&‡‹-íù¼Æ“¦jZªJ\°|

V̈ = 3ΛV + 6V 1/3 − 3(γ − 2)

2
k2

4ρ0V
1−γ − γ − 1

4
k4

5ρ
2
0V

1−2γ (81)
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7wú t 	}(í$�à-

V̇ 2 = 3ΛV 2 + 9V 4/3 + 3k2
4ρ0V

2−γ +
1

4
k4

5ρ
2
0V

2−2γ + C (82)

càBbø¡biâ1‹ƒ3, ½‰j˙í&}uªJ\^ZA

1

V

d

dt
(V H) = Λ + 2V −2/3 − γ − 2

2
− γ − 1

12
k4

5ρ
2 (83)

Ê¥__�2,HJ£HiYÍ�ó°íÉ[,

Hi = H +
Ki

V
; i = 1, 2, 3 (84)

7,�2íKi¥_	}�b6�ó°íÉ[,
∑3

i=1 Ki = 0. à¤øVü&v˛ -í‡‹Æ“¦j

ZªJ[ýA

t− t0 =
∫ (

3ΛV 2 + 9V 4/3 + 3k2
4ρ0V

2−γ +
1

4
k4

5ρ
2
0V

2−2γ + C
)−1/2

dV (85)

Ê¥³í C [ýíu	}�b. |(BbªJ)ƒü&v˛-‡‹í��Ää, Ý®²°4J£ Á

§Ää. …bªJ�-�í¡b[ý�.

ai = a0iV
1/3exp

[
Ki

∫ 1

V
H(V )−1/2dV

]
; i = 1, 2, 3 (86)

A = 3K2H(V )−1 (87)

q = 2− 72V 4/3 + 36ΛV 2 + 18(2− γ)k2
4ρ0V

2−γ + 3(1− γ)k4
5ρ

2
0V

2−2γ

36V 4/3 + 12ΛV 2 + 12k2
4ρ0V 2−γ + k4

5ρ
2
0V

2−2γ + 4C
(88)

Ê,�2, BbhôƒK2DKi�É[, K2 =
∑3

i=1 K2
i . 7�ä2í H(V )�BbFhì2|V

í, …x�J-[ý�

H(V ) =
(
3ΛV 2 + 9V 4/3 + 3k2

4ρ0V
2−γ +

1

4
k4

5ρ
2
0V

2−2γ + C
)

(89)

|(BbYÍtO Rû‡‹Æ“í¦j, OuIAÜ�íuBbÌ¶)ƒ¦jÝB©Ôìγ M6

Ì¶)ƒ.

Ê¥ø_ section í|(, BbFbÅHíuÊ¥s_‡‹_�,, ‚àbçRûíj¶ÄIõ

Vu .ª?)ƒöííÆ“¦j, É� Bianchi type I ÊÔìγM,}�Ô�íj, FJÊ-ø

sectionBbøZàbM}&íj¶ õ Bianchi type I J£ Bianchi type V ¥s__�íÆ“,

J£ q¶v|…b}�Ê brane ^@Ñ3,3ΛV 2Ñ3,1
4
k4

5ρ)2V 2−2γ Ñ3J£3k2
4ρ0V

2−γÑ3v

‚í¡NÆ“j. 7Bb6}‡úÊ.°Õ”-¡N jDbMjFßÞíÏÏ8J«n, ²¦|Ñ

ªÔíÏÏ (|ýbük25%) VçTÑ3v‚í‘K. 7Ê|(ø_ section, BbZøF�n�

d|(í,!VTÑ…¹�dí!�.
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3 û ˝ n � D } &

BbøÊ¥øı�2«ns_‡‹_�w brane ‡‹Æ“íWÑ, 1ùpbM}&j¶Vv|

®_ v‚Ñ3í¡Nj˙�. Êı� (3.1.1), J£ (3.1.2) 2Bbø«n Brane ‡‹Æ“íW

Ñ, 6ÿu Bianchi type I J£ Bianchi type V Êγ = 3/2vâbM}&2v|¡Nñ	�

�Ää í¡Nj. å| brane ‡‹Æ“íÇ1/#|Ê¯ÜÏÏ¸ˇqíÆ“vÈõ, |(n�

ç3k2
4ρ0Ê.°Ibvúk‡‹Æ“íWÑ�Bó	à. ı� (3.2.1) 2Bbøn�.°‡‹_ �

Ê.°γMvúwÝ®²°4�S	à, 1ø�2óú�-íWÑD brane ‡‹-íWÑ# 8j„.

ı� (3.2.2) 2, Bbª7n�Á§ÄäwÊ.°‡‹_�/.°γM-í Ï�, çÍBb´u}Ê

|(ú�2óú�J£ brane ‡‹.°v˛íWÑªW}&, õõ�S.øšíËj.

ÊªWn�5‡, Bblbø−ñ	��Ääí�}[ý�, ªJ[ýÑ

V̇ (t)2 = 3ΛV 2 + 9fV 4/3 + 3k2
4ρ0V

2−γ +
1

4
k4

5ρ
2
0V

2−2γ + C (90)

çÊ Bianchi type I _�v, f=0 ; Ê Bianchi type V _�v, f=1 . Bb‚àj˙� (90) V

çTBbv|¡Njí!Ä, 1‚à¡NjDbM}&)|íjT¡N, ª7 v|Æ“ívÈõJ

£ÏÏM. Ê©__�ín�2Bbø}å|¡NíÇ$, ‚àÇ$F�#Bb ím7VTÑBb

n�í„W. 7BbF5?íÏÏx�-�É[

Error(%) =
∣∣∣∣
VN − VA

VN

∣∣∣∣× 100% (91)

¥³íVNJ£VAFNíubM}&-íñ	��ÄäJ£<¥wF.½bíáb(F)ƒí ¡N

jñ	��Ää, �7J,íj˙�(, BbZªú¥s__�ªWn�7.

3.1 Brane ‡‹Æ“í«n

3.1.1 Bianchi Type I

úk Bianchi type I _�Vz, BbUàbM}&Vú…ªWn�. Bbcqñ	��Ääí

�áM ÑV (t = 0) = 10−3, J£®á¡bqìÑ3Λ = 1, 3k2
4ρ0 = 1J£1

4
k4

5ρ
2
0 = 1.|(Bb}

Z‰3k2
4ρ0í×ü, UwÓ×102, 103I, õõu´}�L S	à. ¤vBbêÛÊj˙� (90) 2

�ß�áƒb, }�u3ΛV 2, 3k2
4ρ0V

2−γJ£1
4
k4

5ρ0V
2−2γ. ]BbZú¥�á ƒbd®AÑ3í

¡N, IFbÑ3vBý×kwFá10 ∼ 104I, ÝBy×òƒBbv|¯ ÜíÏÏ¸ˇÑ¢. í

lBblv|®áÑ3ví¡Nj, yúk®_¡Njv|w¯ÜíÆ“vÈ ¸ˇJ£¯ÜíÆ“

�áM, |(Bbø}zc_‡‹íÆ“ÇJ£®_Ñ3víÆ“Ç[Êø–d ªœ.
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1. Ç$Dªœ

Ê¥øı�2, Bbø‡‹íÆ“ÇJ£®áÑ3íÆ“Ç[,, Ê¤BbÉø¡N^‹|ß

í¶} (ç 3k2
4ρ0 = 103) �|, 1|(úwdÌ�íjz£}&. BbJ-íÇîuâbM

}&Få |Ví, ÊbM}&í–áMJ£¡b,, BbSàJ-qì

V (0) = 10−3; 3Λ = 1; 3k2
4ρ0V

2−γ = 103;
1

4
k4

5ρ
2
0V

2−2γ = 1

• Figure 1FH[íu Bianchi type I _�Ê brane v˛-íñ	Æ“Ç, BbêÛ…

ÊvÈ õüív`Æ“í1.pé, OuçvÈ�V�×5(, ñ	��Ää}�3í

�V�0. ¥[ý7 Bianchi type I _�Ê brane v˛-}��3í�V�0í�‘.

6ÿH[‡‹Ê Brane v˛-íÆ“x��V�0í�‘.

• Figure 2F[ýíuç3ΛV 2Ñ3ív‚ (™(), …DbM}&íÇ$ (õ() d¡

N J£ÏÏíÆ“Ç (õ(). wÆ“¡NvÈ�Ñti = 3.05, ñ	��Ää–áM

ÑV (ti) = 2154.89. BbêÛs6í ¡NWÑóçíß, %âÏÏl�)øwÏÏ0

�ÑE% = 0.34%.

• Figure 3H[íubM}&íñ	Æ“Ç (õ() D1
4
k4

5ρ
2
0V

2−2γ Ñ3v‡‹íÆ“¡

NÇ (™()J£ÏÏíÆ“Ç (õ(). âÇ2Bb7jƒ¥s6í¡N^‹³�3ΛV 2Ñ

3 vVíß, OuwÏÏ0É��E% = 4.15%. âÇ27jƒbMjíÆ“œ06u

¯Üí, ÄÑ…´�wFáí	à, ÿ�ªJ<¥O´u}�	à.

• Figure 42F·Híu3k2
4ρ0V

2−γÑ3í‡‹Æ“Ç (™() DbM}& ñ	Æ“Ç

(õ() í¡NJ£ÏÏíÆ“Ç (õ(). âÇ26uªJõ|´u�FÏÏ, wÏÏ�

ÑE% = 13.85%. ¥ší¡N^‹´�ªJQ§,OuBb.âb7jƒ3k2
4ρ0V

2−γÑ

3 í‡‹wvÈÈ½óçs. ¥6ÿH[3k2
4ρ0V

2−γí^@Ê Brane v˛‡‹ íÆ

“,1.u½bí	à.
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Figure 4: Brane v˛-, Bianchi type I ç3k2
4ρ0V
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2. 3ΛV 2Ñ3ví‡‹

âj˙� (90) ªJ)øç3ΛV 2¥á^@Ñ3v, ‡‹íñ	j˙�ªJ[ýÑ

V (t) = Vie
√

3Λ(t−ti) (92)

ViJ£ti}�H[ñ	��Ääí�áMJ£¥áÑ3ví�ávÈ.Bb‚àJ-É[�t

Ov|¯Ü/Äüí�ávÈõ, …ªJ[ýÑ

3k2
4ρ0V

2−γ + 1
4
k4

5ρ
2
0V

2−2γ

3ΛV 2
≤ M

¥³í M FH[íuF‚íIb, 6ÿuwFá.âükBb;bõFu´Ñ3íµøáí

Ib. ÄÑwFá.âDüBbn?<¥…b. ªø¥Bb65?Z‰3k2
4ρ0í×ü, Uw ‰

×õõu´}ú‡‹Æ“�F	à, Ê¤Bb|×Ó‹ƒ103I, BbÊ¥³íÓ‹Ib.â

¯¯ bM}&í–áMcq. âl‡íÇýJ£û˝2, BbªJ¦Ñ�õbõ. â Figure

(2) J£û˝bW2)ø, úk3ΛV 2Ñ3í‡‹Æ“BbªJ¦Ñ|J-� õ!�.

• BbêÛç	ì3k2
4ρ0í×üv, ÓO M Mí‰üBbªJ)ƒ�Äüí¡Nj, 7w

Æ“vÈõ6ÿ�w, FJBb7jƒ‡‹w‚íÆ“}J3ΛV 2¥ø ^@Ñ3, /v

Èõ�w3ΛV 2�½b.

• âû˝bW2Bb7jƒ, ç3k2
4ρ0íM�×ív`, BªJÊ M Mœ×ív`ø wF

á<¥, 7U)c_‡‹J3ΛV 2¥øáÑ3. 6ÿuz3k2
4ρ0í M�×,3ΛV 2..ª

wFá×'Ö¹ªøwFá<¥.

• ç3k2
4ρ0Ó×ív`,3ΛV 2^@Ñ3í¯ÜÆ“vÈõ}ôb.

3. 1
4
k4

5ρ
2
0V

2−2γÑ3ví‡‹

BbªJâj˙� (90) 2)ø, ç1
4
k4

5ρ
2
0V

2−2γ¥ø^@Ñ 3v, ‡‹íñ	��ÄäªJ

[ýÑ

V (t) =
[√

wγ(t− t′)
]1/γ

(93)

¥³í w FH[íu1
4
k4

5ρ
2
0, 7t′FH[íu t′ = t0 − vγ

0

γ
√

w
.FJçBb5?γMÑ3/2v,

BbªJ)ƒÊ¤‘K-íÆ“¡Nj, ªJ[ýà-

V (t) =
[
2

3

√
w(t− t′)

]2/3

(94)

Q-VBb‚àJ-É[�$Çv|ç1
4
k4

5ρ
2
0V

2−2γÑ3v‡‹íÆ “$�.

3ΛV 2 + 3k2
4ρ0V

2−γ

1
4
k4

5ρ
2
0V

2−2γ
≤ M
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%âbM}&íl�, Bbı� M ?D�ü�ßOu×�üƒÖýuªJQ§íbM, ¥º

uBb.? …²ìí. FJBbþtd M ªâ10−1 ∼ 10−4ÝByÖ, Oà‹?vƒ¯

Üí¡ N¸ˇ, BbZ.y./%-d.�âJ-Æ“Ç$BbªJtOv|ø<‡‹Æ“í

m7J£©_ ¡bF�Ví	à.¤ø^@½bívÈuât = 0 ∼ tf , tfH[BbFv|í

¯ÜÆ“vÈ�õ. FJBbø− ¥_Æ“vÈuÊªœo‚í‡‹. Ê¥³Bbíñ	�

�Ää–áMYÍÑV0 = 10−3, ø¤M �pbM}&2, ı�?)ƒø<Æ“ím7.

â Figure (3) J£û˝!‹)ø, úk1
4
k4

5ρ
2
0V

2−2γÑ3í‡‹Æ“B bªJv|�õ!�.

• Êû˝bW2, BbêÛ3k2
4ρ0í×ü9õ,úk

1
4
k4

5ρ
2
0V

2−2γÑ3 ví‡‹Æ“¡N

	à.×, 6ÿuzç3k2
4ρ0×ƒ103v, úk 1

4
k4

5ρ
2
0V

2−2γÑ3v‡‹íÆ“vÈõ1

.}¨A½×í	à.

• çBb	ì3k2
4ρ0íMv, ÓO M M�ü, Æ“¡Ní�Äü/vÈõ6�o. ¥ÿµ

sBb1
4
k4

5ρ
2
0V

2−2γ¥øáí^@}Ê‡‹o‚[Û |V, vÈ�o^@�pé.

• çBb	ì M í×üv, ÓO3k2
4ρ0í‰×, ‡‹íÆ“¡N�Äü. ¥6ÿH [Oà

‹3k2
4ρ0¥øáíM'×, B.àé1

4
k4

5ρ
2
0V

2−2γ ªwFá×'Ö¹ªvƒ.˜í¡N

j.

4. 3k2
4ρ0Ñ3í‡‹

âj˙� (90) )ø, ç‡‹uJ3k2
4ρ0^@Ñ3ív`, ‡‹Æ“íñ	��Ää ªJ[ý

Ñ

V (t) =

[
γ
√

Q

2
(t− t′)

]2/γ

(95)

¥³í Q H[íu3k2
4ρ0, 7t′FH[íut0 − 2

γ
√

Q
V

γ/2
0 . Ê¥³BbÉdçγ = 3/2ví

«n, øγ = 3/2�pj˙� (95) BbªJ)ƒ¡Ní ñ	��Ääj˙�, ª[ýÑ

V (t) =
34/3(Q)2/3(t− t′)4/3

28/3
(96)

J,j˙�É�ÊÅ—-�É[vn}�œßí¡N, .Í}ßÞ'×íÏÏ. ¤É[�ªJ

[ýÑ

3ΛV 2 + 1
4
k4

5ρ
2
0V

2−2γ

3k2
4ρ0V 2−γ

≤ M

Ê¤Bb7jƒÉ�Êç3k2
4ρ0V

2−γ¥øáªwFá×ív`, Bbn?øj˙� (95) “V

çd¡Nj, 1“…V�Êó°Æ“vÈíbM}&jªœ. Ê¤Bb‡úÆ“WÑí Ç$

VªWn�. â Figure (4) J£û˝bW)ø, Ê3k2
4ρ0V

2−γÑ3ví‡‹, BbªJví
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Wä .Ö1/v|Ví¡NjwÏÏ6.Dü, O·uÊÏÏí¸ˇq. Bbb·<íuB

b.?é 3k2
4ρ0¥øáÌÌ„í‰×, ÄÑ¥š}¨ABbÊbMj¶í�áM,ßÞ.¯

ÜíÛï. FJBb.â¦¯¯�áM‘KíIb, à¤øVn?d|�<2íbW. Ouà

‹ø�áM‰í yü, CrBbªJU3k2
4ρ0íMy×, Ou¥šÿ.âZ‰Bbíc_bM

}&í-Z, Ê¤Bbl.«n. Í7â Figure (4) J£û˝bWBbªJõ|�á!�.

• BbêÛç3k2
4ρ0íM.D×ív`, Ì¶)ƒœÄüí¡Nj. FJ 3k2

4ρ0í×ü}

	à3k2
4ρ0V

2−γu´?Ê‡‹Æ“í¬˙2 ×)3ûíËP.

• 3k2
4ρ0í×ü.?ÌÌ„Ó‹, .â¯¯bM}&j¶í�áMÌ„, .Í}¨A Ê<

2,íÃ½˜Ï.

• 3k2
4ρ0V

2−γ^@Ñ3í‡‹Æ“, wÆ“vÈõ�k3ΛV 2J£1
4
k4

5ρ
2
0V

2−2γÑ3‡‹5

È.
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3.1.2 Bianchi Type V

Bb./ú Bianchi type V _�d¸ Bianchi type I _�ó°í«n, ª7ı�?v|…b

˛¤Èí .°5T. Í7BbYÍUà¸ Bianchi type I _�ó°í�á‘K, V (0) = 10−3J

£ó° í¡bqì.Bbøj˙� (90) 2í f IFÑ1†ªJ)ƒ Bianchi type V _�íñ	

��Ää É[�, QO1Z‰3k2
4ρ0í×üVõu´�S	à, �âJ,É[�BbªJÿ 3ΛV 2,

3k2
4ρ0V

2−γJ£1
4
k4

5ρ
2
0V

2−2γÑ 3í^@ªW«n, J-BbZªW®áín�.

1. Ç$Dªœ

Ê¤ı�2, Bbøå| Bianchi type V _�Ê Brane v˛-íÆ“ÇJ£¡NªœÇ.

7wñ	�� ÄäJ£¡bqìîJ-�$�[ý.

V (0) = 10−3; 3ΛV 2 = 1; 3k2
4ρ

2
0V

2−γ = 103;
1

4
k4

5ρ
2
0V

2−2γ = 1

• Ê Figure 52, Bbõƒc_‡‹íÆ“WÑ. êÛƒ Bianchi type V _�í‡‹w

Æ“óçí0 , Êó°ívÈõÆ“íª Bianchi type I _�Ví0, O½bíuw

‚í‡‹YÍuc_‡‹Æ “í½bv‚, …}�3íóç0.

• Figure 6FNÐ|Vím7u,ç3ΛV 2¤^@Ñ3ív`u‡‹œw‚ív‚.Ç2¡

Nj (™() Få|Ví�(DbMj (õ() å|Ví�(¡Ní³� Bianchi type

I _�íß. ¤v‚í Æ“vÈõ�Ñti = 4.58/ÏÏ0�É�E% = 2.04%. FJB

b7jƒ Ê Buanchi type V _�2, ‡‹íÆ“u?DJ3ΛV 2¤^@Ñ3í.

• Ê Figure 72, BbêÛ1
4
k4

5ρ
2
0V

2−2γÑ3ví¡N (™() DbM }& (õ() íÆ

“�<|p, wÆ“vÈ�õ�Ñtf = 1.037 × 10−5/ÏÏÉ�E% = 3.78%. Ê¥

ší¡N-, çÆ“vÈÊt = 0 ∼ tfÈBb·ªJz‡‹Æ“uJ
1
4
k4

5ρ
2
0V

2−2γÑ3.

• Figure 8FH[íu3k2
4ρ0V

2−γÑ3í‡‹DbM}&‡‹í¡N. BbªJ ÀUí

õƒ,Bianchi type V _�Ê¥ø^@í¡N-1³�'ßí^‹. BbtOø¥ší

Ûï j„Ñ Bianchi type V _�Æ“íØ0, û_Ê3k2
4ρ0Ñ103v´Ì¶)ƒ3û

í ËP.BbtOd|¡NíÉ[Ç, O·)ƒ.ª¦íÏÏM, ]BbÊ¤Z.yn�

¤Ûï.
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2. 3ΛV 2Ñ3ví‡‹

Ê¤áÑ3ívÈq, w¡NjDj˙� (92) í$�øš, 6ÿuz_�í.°1.} 	à

¡Njí$�, ]Bbùàj˙� (92) VªW«n. BbêÛà‹Bbb)ƒ¤á Ñ3í‡

‹v, .âÅ—J-.��.

3k2
4ρ0V

2−γ + 1
4
k4

5ρ
2
0V

2−2γ + 9V 4/3

3ΛV 2
≤ M

MFH[í<2YÍuø_ük1íM, OuBbÌ¶²ìwƒ�uÖý, |(BbbâÏÏ

MV ²ì¯Üí¡Nj. â Figure (5) J£û˝bWªø, úk Bianchi type V _�7k

ªJêÛø<D Bianchi type I _�.°í !�

• â Figure (5) J£û˝bWªø3k2
4ρ0í×üúkwÆ“ívÈõ, 1ÌØ×í	à.

Bb6ªJz Bianchi type V _�ÊÆ“,uóç0§í, 7Æ“vÈõ¦í�×,

úk ¡Njí¡N^‹�ß. FJYW,HÔ”, BbêÛ‡‹Êw‚ív`, }J

3ΛV 2¥øá^@Ñ3.

• úk¤bM}&‘K-,BbêÛç3ΛV 2ví‡‹Æ“vÈ�4.58,wÏÏ0�Ñ2.04%.

3. 1
4
k4

5ρ
2
0V

2−2γÑ3ví‡‹

ç‡‹Æ“uJ1
4
k4

5ρ
2
0V

2−2γÑ3v, Bb%âÜ�l�ªJ)ƒ …íñ	��ÄäÉ[�u

¸j˙� (94) øší. ç¥øáÑ3v, Æ“vÈõ í²¦.âÅ—-HÉ[�.

3ΛV 2 + 3k2
4ρ0V

2−γ + 9V 4/3

1
4
k4

5ρ
2
0V

2−2γ
≤ M

�O M Mí.°, Bbv|¡NíÆ“õ1Z‰3k2
4ρ0í×ü «nvÈõDÏÏMí	à.

â Figure (6) J£û˝bW27jƒ1
4
k4

5ρ
2
0V

2−2γ¥øáÊ BV _�2Ñ 3v, ø�J-�

õ!�.

• ç M M�üív`, BbªJ)ƒ�ßí¡N^‹ÏÏ6�ü7wÆ“vÈõ6�ü.

H[O1
4
k4

5ρ
2
0V

2−2γÑ3í^@uêÞÊ‡‹o‚.

• ç3k2
4ρ0íM�×ív`, BbêÛ¡Njí^‹}‰ß, ¥6ÿH[ 3k2

4ρ0í×ü}	

ào‚‡‹íÆ“WÑ, O1.u"úí	à.

• BbêÛÊ¤_�-,bM}&F)ƒíÆ“vÈõ�Ñ9×10−6, 7ÏÏM�Ñ 6%./

ç3k2
4ρ0íM�×v, BbªJÊ M M.µóüív`øwFáeÑ.½b.
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4. 3k2
4ρ0V

2−γÑ3ví‡‹

ç‡‹Æ“uJ3k2
4ρ0V

2−γÑ3ív`, BbªJv|Æ“í¡NjDj ˙� (96) �ó°

í$�. N¬ó°í�á‘KJ¡bqì, BbªJ°)bM,í}&. 7ç¤^@Ñ3ív

‚, .âbÅ—J-É[�

3ΛV 2 + 1
4
k4

5ρ
2
0V

2−2γ + 9V 4/3

3k2
4ρ0V 2−γ

≤ M

MMí²¦YÍ²ìOBbbÊSv<¥wFáí	à. OuBbêÛ, Ê Bianchi type V

_�2, 3k2
4ρ0V

2−γÑ3í‡‹bMjD¡Njí¡N^‹Ý�íÏ, ç M Müƒ�10−3

/3k2
4ρ0íM˛%Ó×7103, ÏÏM§Í´�60%˝¬. Ê¤BbÌ¶./%-d, ÄÑ Ê

5‡˛%zp3k2
4ρ0í×ü.â¯¯bM}&í�áMcq, ÎÝBbZ‰c_}&í- Z.

.¬Bbó]úk Bianchi type V _�Vz, w3k2
4ρ0V

2−γÑ3ví‡‹Æ“ , @vx�

D Bianchi type I _�øší!�, É.¬ Bianchi type V íÆ“Ø0, JBkÊBbí

c q-¥øáÑ3í‡‹Ì¶vƒ¯Üí¡NÏÏ, ] Brane ‡‹íÆ“BbZn�ƒ¤,

¤ø¶}í, !�ø}[Êı� 42.
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3.2 Ý®²°4(Anisotropy) ín�

BbªJâj˙� (21) )ø‡‹Ý®²°4íÉ[�, 1‚àbM}&Vå|.°γM íÆ“8

$. Ê¤, BbI3Λ = 1,3k2
4ρ0 = 1,1

4
k4

5ρ
2
0 = 1 ,K2 = 2C/3J£C = 1. ÊγMí²¦,, Bb²

Ïγ = 2(™-õ(),3/2(õ(),4/3 (™() J£1(õ(). úk c_í‡‹íÝ®²°4Vz, Bb

å|�2óú�-J£ Brane v˛-íÆ“Ç, 1ú…bíÇ$ Ô48Jj„, QOBbªJ¦Ñ

AJ-�õ!�.

• â Figure 9,Figure 10,Figure 11J£ Figure 12)ø, Ý®²°4úk.°í‡‹_� V

z1³�ÊÆ“í�‘,�F.°, Ouúk�2óú�J£ Brane ¥s_v˛Vz, x�

.°íÆ“$�. BbêÛÊ�2óú�v˛-, ‡‹íÆ“uâÝ®²°4Çá1ÓOv

ÈíÆ“U)‡‹MM‰A®²°4, 7úk Brane v˛Vz‡‹íÆ“uâ®²°4Çá

Ó OvÈÆ“MM‰AÝ®²°4, òƒƒ®tavÈõvÝ®²°4®ƒ|×, ÊMMí‰A

®²°4.

• BbêÛy�2óú�v˛-,γ = 2�ø_Ôyí8”, …DwFγMíÝ®² °4Æ“–

áM.°. BbªJ7jƒ¥uÄÑ3k2
4ρ0V

2−γÑÉF¨AíÛï. FJBbR�çÊ�2

óú�v˛-ív`,3k2
4ρ0V

2−γí^@}Êo‚‡‹ ¨A½×í	à.

• BbêÛÊ Brane v˛-/.°γMí²¦,,γ = 1uø_Jæí8”. wFí γM·}U

Ý®²°4â°ø_MÆ“–, Ouγ = 1íMº.°. FJBbR� çÊ Brane v˛-í

v`,1
4
k4

5ρ
2
0V

2−2γí^@uo‚‡‹í 3b	à^@.

• BbêÛ‡‹íÝ®²°4Æ“Ê‡‹w‚v·}‰A®²°4, kuBbZ7jƒBbí

‡‹|�}Æ“A®²°4í‡‹.

à‹;b7jyÖÉkÝ®²°4‡‹íû˝J£yÌ�íÜ�RûªJ¡©�d [3]J£ [4].
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Figure 9: �2óú�-Bianchi type I _�íÝ®²°4Æ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,K2 = 2C/3J
£ C=1.
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Figure 10: Brane ‡‹- Bianchi type I _�íÝ®²°4Æ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,1
4
k4

5ρ
2
0 = 1

,K2 = 2C/3J£ C=1.
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Figure 11: �2óú�-Bianchi type V _�íÝ®²°4Æ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,K2 = 2C/3J
£ C=1.
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Figure 12: Brane ‡‹- Bianchi type V _�íÝ®²°4Æ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,1
4
k4

5ρ
2
0 = 1

,K2 = 2C/3J£ C=1.
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3.3 Á§Ää(Decelerating Parameter) ín�

âj˙� (22) ªJ)ƒ‡‹Æ“íÁ§ÄäÉ[�, �âbM}&å|.°γMíÆ“ Ç$. Bb

IγMÑ2(™-õ(),3/2(õ(),4/3(™()J£1(õ(),1qóÉ¡bÑ 3Λ = 1,3k2
4ρ0 = 1,1

4
k4

5ρ
2
0 =

1,K2 = 2C/3J£C = 1. â Figure 13,Figure 14,Figure 15,Figure 162ªJ)ƒ½bí!�.

• ‡‹Æ“í�‘âÇ$2ªJø−uÚÚ‰0, 6ÿu‡‹}�3í�V�0, ¥š !�6

ªJâ‡‹Æ“íñ	��Ää2×)„p, ~¡© Figure 1J£ Figure 5.

• ‡‹ÊÆ“í¬˙2, BbêÛJøvÈõøò%(, †FíÁ§Ää|(}�¡°ø_M,

¥6ÿµsBb, ‡‹íÆ“.uÌ¤¢`í‹§�3- , F|(}Jø_ìMí‹§�

VªW�3Æ“.

BbªJÊ�d [3], [4] 2vƒÉkÁ§ÄäíÜ�Rû.
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Figure 13: �2óú�-Bianchi type I _�íÁ§ÄäÆ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,K2 = 2C/3J
£ C=1.
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Figure 14: Brane ‡‹-- Bianchi type I _�íÁ§ÄäÆ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,1
4
k4

5ρ
2
0 = 1,

K2 = 2C/3J£ C=1.
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Figure 15: �2óú�-Bianchi type V _�íÁ§ÄäÆ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,K2 = 2C/3J
£ C=1.
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Figure 16: Brane ‡‹-- Bianchi type V _�íÁ§ÄäÆ“Ç : ™-õ( (γ = 2) , ™(
(γ = 4/3), õ( (γ = 3/2) J£õ( (γ = 1). ¡b qìÑ:3Λ = 1,3k2

4ρ0 = 1,1
4
k4

5ρ
2
0 = 1,

K2 = 2C/3J£ C=1.
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4 ! � D � �

Ê…�2, Bbøú…¹�dd_,!. ú‡‹Æ“í8$#8j„1zp�2óú�-J£

Brane v˛-ÊÝ_²°4J£Á§Ää,íÏ�, J-BbZ}�_bõçT…¹�dí!�.

• Ê Brane ‡‹íÆ“,, à‹BbU)3ΛV 2Ñ3, †Ê Bianchi type I _�2í Æ“vÈ

(�s”ÑªÔívÈ) }ªÊ Bianchi type V _� (�û”) 2Vío. 6ÿuz Bianchi

type V -, ç3ΛV 2 Ñ3víÆ“vÈ}ôb. ¥6uÄÑ Bianchi type V _�íñ	�

�Ää}Æ“íœ0, FJnU)¡NvÈõôb. ÓO M M‰ü/3k2
4ρ0�×, )ƒí¡N

^‹�ß.

• à‹‡‹Æ“Ê1
4
k4

5ρ0V
2−2γÑ3ív‚v, Bb7jƒ¥.âb ÊÝ�o‚í‡‹n}ê

Þ. /ÓO M M‰ü/3k2
4ρ0�×, )ƒí¡N^‹�ß.

• ç‡‹J3k2
4ρ0V

2−γÑ3ív`, ¤vÈÈ½óçís, ÝBÊø<8”- .æÊ, FJBb

7jƒ3k2
4ρ0V

2−γ¥øáí	àúc_‡‹íÆ“1.½b.

• ÊÝ®²°4jÞ (Figure 9, Figure 10,Figure 11 J£ Figure 12), Bbõƒúk�2ó

ú�-í‡‹ (Figure 9J£ Figure 10) wøÇáuâÝ®²°4ÇáÆ“7‰Ñ ®²°

4, Ou Brane v˛-í‡‹ (Figure 11 J£ Figure 12) øÇáuâ®²°4ÇáÆ“,

Ê/vÈõív`}®ƒ|×Ý®²°4, Í(ÊMMí‰Ñ®²°4. ¥6ÿ„p7B b

‡‹Ê Brane v˛íÆ“øÇá�ª?u®²°4í. DÛD‡‹íÔ4øš.

• Á§ÄäíÆ“Ç (Figure 13, Figure 14, Figure 15J£ Figure 16) µsBb, .�Ê

¨ �v˛J£¨�‡‹_�-, Bbí‡‹·uMMÊ‹§�3í. ¥6�„7‡‹�3í

z¶.

• |(Bbbú‡‹Æ“d_,!, 3ΛV 2Ñ3í‡‹wvÈõ�w†Æ“¡Ní�Äü; 1
4
k4

5ρ
2
0

V 2−2γÑ3íí‡‹wvÈõ�o†Æ“¡Ní�Äü; 3k2
4ρ0V

2−γÑ3í‡‹wÄüívÈ

–�óçís, 6ÿuz¥øáÊ‡‹ Æ“,.uµó½b, ÿ�x�	à, wÆ“vÈú‡

‹cñvÈVz6uóçís.

ó]%âJ,úk Brane v˛íû˝BbªJy‹7j Brane v˛úk‡‹Æ“í½b4, O

´�rÖ ˚Ø.âbs�, WàÊbM}&–áõí²¦,BbCr@vIFy�¡DÉ, ¥šB

bZªJI çvÈõÑÉív`, ñ	��ÄäÑÉ. ¥šBbÿªJy�Äíø Bianchi type V
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íÆ“¡N|V. 7Bb6‰?y‹íÀU7j‡‹íÆ“WÑu´x�ø_íó°Ô4. J?ø

J,í˚Ø§Î, BbZ ªJøbM}&Dh¿,F)ƒíÁ§ÄäVªWªú, ª7‡iBbí

¡bqìbàSnu¯Üí, 1ªJ)ƒy�üí‡‹Æ“.
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Ë “

A Binachi Type I _ � í R û

A.1 � 2 ó ú � í c q

Here, we want to complete the procedure of deriving Einstein equation by Christoffel

connection symbol Γi
jk, Riemann curvature tensor Rσ

αβγ, Ricci curvature tensor Rµν and

Ricci scalar tensor R. Starting from the line element of Bianchi type I model

ds2 = gµνdxµdxν = −dt2 + a1(t)
2dx2 + a2(t)

2dy2 + a3(t)
2dz2 (97)

The metric tensor gµν can be show as below forms, without no-diagonal terms.

g00 = −1 ; g11 = a1(t)
2 ; g22 = a2(t)

2 ; g33 = a3(t)
2 (98)

g00 = −1 ; g11 =
1

a2
1

; g22 =
1

a2(t)2
; g33 =

1

a3(t)2
(99)

The Christoffel connection symbol Γi
jk can be expressed as

Γi
jk =

1

2
gih[∂jghk + ∂kghj − ∂hgjk] (100)

By ways of simple calculation, we will acquire the non-zero Christoffel curvature symbol

Γi
jk as below terms.

Γ0
ii = −

˙ai(t)

ai(t)
g00gii ; i = 1 ∼ 3 (101)

Γi
0i =

˙ai(t)

ai(t)
giigii ; i = 1 ∼ 3 (102)

Hence, by relation of Ricci tensor Rµν and Riemann tensor Rα
µνβ, we can obtain the non-

zero Ricci tensor from the non-zero Christoffel symbol(101)(102). And from the character

of geometry we only get the diagonal elements.

Rµν = Rσ
µσν = Γσ

µν,σ − Γσ
µσ,ν + Γβ

µνΓ
σ
βσ − Γβ

µσΓσ
βν (103)

R00 = g00

3∑

i=1

äi(t)

ai(t)
(104)

Rii = gii


 äi(t)

ai(t)
+

3∑

j 6=i;j=1

ȧi(t)ȧj(t)

ai(t)aj(t)


 ; i = 1 ∼ 3 (105)

R =
3∑

i=1

giiRii = 2
3∑

k=1

äk(t)

ak(t)
+

3∑

j 6=i;j=1

3∑

i=1

ȧj(t)ȧi(t)

aj(t)ai(t)
(106)
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The Einstein field equation could be represented as differential forms via Ricci tensor(104)(105),

scalar tensor(106). But, we must figure out the right part of below equation in the G.R.

Gµν = −Λgµν + k2
4Tµν (107)

Now, we must discuss this issue as two parts with different energy-density assumptions,

(a) the perfect cosmological fluid, p = (γ − 1)ρ, γ = constant and 1 ≤ γ ≤ 2 ; (b) the

scalar field, ρφ = φ̇2/2 + U(φ) andpφ = φ̇2/2− U(φ).

⊙
The Perfect Cosmological Fluid

By the assumption of perfect cosmological fluid model obeying the barotropic form, p =

(γ − 1)ρ, we could show the complete Einstein field Eq(107) as much simpler form by

substituting Eq(18)(19) in Eq (107) neglecting the second order term of γ. First, the

non-zero energy-momentum terms could be showed as

T00 = −ρ ; Tii = p = ρ(γ − 1) , i = 1 ∼ 3 (108)

Then we could substitute above equation into the Einstein equations as below forms.

H1H2 + H2H3 + H1H3 = Λ + k2
4ρ (109)

Ḣ2 + H2
2 + Ḣ3 + H2

3 + H2H3 = Λ + k2
4ρ(1− γ) (110)

Ḣ1 + H2
1 + Ḣ3 + H2

3 + H1H3 = Λ + k2
4ρ(1− γ) (111)

Ḣ2 + H2
2 + Ḣ1 + H2

1 + H2H1 = Λ + k2
4ρ(1− γ) (112)

In order to let the analysis much simpler, we could sum equation (110)(111)(112) then

minus(109) to obtain (26) and sum equation (109)(111)(112) then minus (110) to get

(313) as i = 1. Finally, we had derived the complete procedure of Einstein field equation

in the G.R so that we could use them to analyze the dynamical evolution of our Universe.

We could show the equations representing the dynamical evolution as below forms.

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ (113)

1

V

d

dt
(V Hi) = Λ− γ − 2

2
k2

4ρ , i = 1 ∼ 3 (114)

ρ̇ + 3γHρ = 0 (115)
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A.2 Brane ^ @ í h õ

In fact, we can connect the G.R and Brane world scenario by adding the additional

brane effect term, k4
5Sµν and Eµν , into the gravitational field equation (Gµν) then the

Einstein field equation with brane effect can be show as

Gµν = −Λ + k2
4Tµν + k4

5Sµν − Eµν (116)

The terms of Gµν , representing the geometrical structure, are still the same with the left

parts of equation (109)(110)(111)(112). In my analysis, I don’t consider the bulk Weyl

tensor, Eµν , in the course of concise mathematical form.

(♣). The Perfect Cosmological Fluid

We still make the same assumption of perfect cosmological fluid. So that we can get

the Einstein field equations easily through equation (18)(19). First, the non-zero energy-

momentum (Tµν) and nero-zero quadratic forms (Sµν) could be expressed as

T00 = −ρ ; Tii = p = ρ(γ − 1) , i = 1 ∼ 3 (117)

S00 =
1

12
ρ2 ; Sii =

1

12
ρ2(1− 2γ) , i = 1 ∼ 3 (118)

From above equations, we could get the Einstein’s equation as below forms.

H1H2 + H2H3 + H1H3 = Λ + k2
4ρ +

1

12
k4

5ρ
2 (119)

Ḣ2 + H2
2 + Ḣ3 + H2

3 + H2H3 = Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (120)

Ḣ1 + H2
1 + Ḣ3 + H2

3 + H1H3 = Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (121)

Ḣ2 + H2
2 + Ḣ1 + H2

1 + H2H1 = Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (122)

We still can sum equation (120)(121)(122) then minus (119) to acquire equation (47);

sum (119)(120)(121) then minus (122) to gain (48) when i = 3. They could be showed as

below forms.

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ−
3γ − 1

12
k4

5ρ
2 (123)

1

V

d

dt
(V Hi) = Λ− γ − 2

2
k2

4ρ−
γ − 1

12
k4

5ρ
2 ; i = 1 ∼ 3 (124)

ρ̇ + 3γHρ = 0 (125)

Equation (125) is the differential form of energy-momentum conservation law.
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B Bianchi Type V _ � í R û

B.1 � 2 ó ú � í h õ

The line element of Bianchi type V is more complicate that Bianchi type I. Then we

still obtain the non-zero Christoffel connection symbol Γk
ij, Ricci tensor Rµν and scalar

tensor R via the line element of Bianchi type I in order to derived the gravitational field

equation. First, the metric tensor was expressed as the forms.

g00 = −1 ; g11 = a2
1(t) ; g22 = a2

2(t)e
−2x ; g33 = a2

3(t)e
−2x (126)

g00 = −1 ; g11 =
1

a2
1(t)

; g22 =
1

a2
2(t)e

−2x
; g33 =

1

a2
3(t)e

−2x
(127)

The non-zero Christoffel connection symbol Γk
ij (100) take the form

Γ0
ii = −g00gii

ȧi(t)

ai(t)
, Γi

0i =
ȧi(t)

ai(t)
; i = 1 ∼ 3 (128)

Γ1
jj = g11gjj , Γj

1j = g00 ; j = 2 , 3 (129)

Comparing with equation (128)(129) and (101)(102) we understand that geometrical mode

of Bianchi type V is more complicate with Bianchi type I. Replacing equation (128)(129)

for (103), the non-zero Ricci scalar tensor Rµν and scalar tensor R take the forms, the

diagonal terms.

R00 = g00

(
ä1(t)

a1(t)
+

ä2(t)

a2(t)
+

ä3(t)

a3(t)

)
(130)

R11 = g11

(
ä1(t)

a1(t)
+

ȧ1(t)ȧ2(t)

a1(t)a2(t)
+

ȧ1(t)ȧ3(t)

a1(t)a3(t)
− 2

a2
1(t)

)
(131)

R22 = g22

(
ä2(t)

a2(t)
+

ȧ1(t)ȧ2(t)

a1(t)a2(t)
+

ȧ2(t)ȧ3(t)

a2(t)a3(t)
− 2

a2
1(t)

)
(132)

R33 = g33

(
ä3(t)

a3(t)
+

ȧ1(t)ȧ3(t)

a1(t)a3(t)
+

ȧ2(t)ȧ3(t)

a2(t)a3(t)
+

2

a2
1(t)

)
(133)

R = Rµ
µ = 2




3∑

i=1

äi(t)

ai(t)
+

3∑

j 6=i

3∑

i=1

ȧi(t)ȧj(t)

ai(t)aj(t)
+

−1

a2
1(t)


 (134)

Using variables (18,19) Substituting equation (130∼134) for (107) with the supposition of

perfect fluid and neglecting the Weyl tensor, flat Universe Eµν = 0. We still discuss this

issue for two different models, as the explaining in the Bianchi type I model.
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(
⊙

) The Perfect Cosmological Fluid

We still neglected the quadratic term of γ in the Einstein field equation and took the

forms by the variables of (17∼19).

H1H2 + H1H3 + H2H3 − 1

a2
1(t)

= Λ + k2
4ρ (135)

Ḣ2 + Ḣ3 + H2
2 + H2

3 + H2H3 +
1

a2
1(t)

= Λ + k2
4ρ(1− γ) (136)

Ḣ1 + Ḣ3 + H2
1 + H2

3 + H1H3 +
1

a2
1(t)

= Λ + k2
4ρ(1− γ) (137)

Ḣ2 + Ḣ1 + H2
2 + H2

1 + H2H1 − 3

a2
1(t)

= Λ + k2
4ρ(1− γ) (138)

Sum equation (136 ∼ 138) and minus (135), we could obtain equation (a). Equation (b)

in the situation of i = 1 still can be gotten by summing (137,138) and (135) then minus

(136). They can be expressed as below forms.

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ (139)

1

V

d

dt
(V Hi)− 2

a2
1(t)

= Λ− γ − 2

2
; i = 1 ∼ 3 (140)

2H1 −H2 −H3 = 0 (141)

ρ̇ + 3γHρ = 0 (142)

We could understand that the energy-momentum conservation law of Bianchi type V is

the same with it of Bianchi type I cosmology.

B.2 Brane ^ @ í h õ

The Christoffel connection symbol Γk
ij, Ricci tensor Rµν and scalar tensor R are the same

with G.R under Bianchi type V cosmology. So we still use the same quantity of Einstein

field equation, Gµν = Rµν − 1
2
gµνR. We still discussed two different models of matter field

assumptions for analysis.

(♠). The Perfect Cosmological fluid

According to the perfect cosmological fluid and the geometrical forms of space-time under

the Bianchi type V cosmology, we could express the equations as below forms. The non-

zero energy-momentum tensor (Tµν) and non-zero quadratic forms (Sµν) are the same as
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the derivations in appendix A, the perfect cosmological fluid.

H1H2 + H1H3 + H2H3 − 1

a2
1(t)

= Λ + k2
4ρ +

1

12
k4

5ρ
2 (143)

Ḣ2 + Ḣ3 + H2
2 + H2

3 + H2H3 +
1

a2
1(t)

= Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (144)

Ḣ1 + Ḣ3 + H2
1 + H2

3 + H1H3 +
1

a2
1(t)

= Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (145)

Ḣ2 + Ḣ1 + H2
2 + H2

1 + H2H1 − 3

a2
1(t)

= Λ + k2
4ρ(1− γ) +

1

12
k4

5ρ
2(1− 2γ) (146)

We still could derive equations (77), (78) and (79) by using some mathematical technique.

Equation (77) could be derived by summing (144∼ 146) and subtracting (143). Equation

(78) whose i = 1 could be shown when we sum (145), (146) and (143) then minus (144).We

can obtain the relation of H1 = H2 by expanding equation (78) with i = 1 and i = 2.The

same processes could be operated to get the equation (79), 2H1 − H2 − H3 = 0. The

general forms of dynamical evolution of Bianchi type V in our brane anisotropic universe

could be showed as

3Ḣ +
3∑

i=1

H2
i = Λ− 3γ − 2

2
k2

4ρ−
3γ − 1

12
k4

5ρ
2 (147)

1

V

d

dt
(V Hi)− 2

a2
1(t)

= Λ− γ − 2

2
− γ − 1

12
k4

5ρ
2 (148)

2H1 −H2 −H3 = 0 (149)

We could find the evolution of our anisotropic universe from solving equation (147) ∼
(149).
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