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RN G, BEE a0 R e BRI R A A B & — Bk, REEIHEES, EROANLRER
ik ERTE T — AL, BEERERRDE, BREREELCHE. BRREVE LR IS, HE
R 2 AR, B8, EEMETEREELANSE, RUAG7EREIELRX,
FEHBE M EBRFNEE. Bt RERHBNEE-FRITE LA IRISIE-FRRK R L, Bl
TIERAEKE KT HEEERE ENYETRR, UERS MM REM SRR, WRHE R
BRPRR BT SRR | TR FERIEFR B 2RUAGESRIGENENR. BRI
FEVACRE, B, BT, RIBRRER AR BB WA, EERENR O, BEHE
R EAEUR IR, RN T EANLRMGRIRE —ERE HE8, BEREEEBER(E
DIETMARRBIRNIAVEE. EBHRAOR RSB REE BRI T X, MR, BrIRH
7%

1R 3 AR R B TR B T, B R R BB E R R IE BT _ERIBR R DUR SRR, ANRIR
B 268, RATGR XA ERE SRIYRR, I BCEEFRER R, MRS, e EENE
TrEE I EENERN. MEMERERE ENSEE S RAERYENETE L, SIFLEY, £5E
RO ERHM. BRIERSEME LR TRREANED, KM —EERMERSEHE, -5 —F1
BT BB FESER. EMBARRE AT ekt BT EEIERSE R D B, R A ERIER AR E),
TERR X TEHEIEAN . FFEFERERA —EREEHIA, MAERRIER TR, 45
THEIEEZHNE RS, BREMEERHENRG. SRR ERRASEBH TR
R THRIFSHALNERER, BEERNE RS TR BN, I Fry =
fit. RMAEOE AEHE L, WEFGHRHEMRERE, M ERKmTT 2 0B E A G T
HEFZ R, B B OBERRAHA T AR, EHR SRR R . AEEFRSAR
ERAGTHET TR S B, WHMAE BB & FEINRF, Fr IETE I B e e ket

Btk, RERH DO, RITRBEHENIRA. BIRFIHERNR T, FERREEE R
e DA R MR, #EHRM. BERFZRASNEI, BHLEERSRMB ERENHE, TAERBIRM
HERBE ~ETERNEE, SEE.
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AR F B EIE S MR R F HEA Bianchi type I MUK Bianchi type V. #aE 1M
£ BranchiZ2 FHYFE L, W HESAVE TkipEV2"2 PIR 3K po V2743 Bl F B B
HAT DR BUERRIBA R, FEREREE M LT Brane BZ2 T Bianchi type I A
Hy = 1R 289 IBRE AR, EMATLL DUasy i AFoR R, 3t HFE R BiEst E R MRERE
FHECHOR B MB3AVE— EHRBETHOZERER, BT HE AR B

L 2V E— T S R E S

M3kipoV > E—RUER FHRHMRBAEERE, hRTEFEEHPFHENE BEITE
K. BEEFESAFREECET THEE Brane BFZETUKEEBERFETHESAR i
{EREZ AR Brane F§22—Ba%A 2 & @ [F) M A 5 — R B R ORFE R A A M B R B L B &
FITE. (ERERy = 10T, Brane RFZ2HIFES IR MR N R HA (ERY . MERERMAE ik
ZT, Hy = 200F0T, e R ERAMETFEIRR. HARRZ TRIESRRE HEECER L
WM TR E R RN R Rl RS AR R E R F AR, B Brane K2R THEY
Rk, BB IRIGER TR, B 7 F s (R M e I AR
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1 ¥ &

B 19654 Penaias # Wilson R TFHMEE RES (Cosmology Microwave Back-
ground) %, EMVNVESRARBERRERNE2.7E K, BGLUEINS P A EERTH
ZIHE. MFERFHETREFRNBRZHBEEIEN, AMESHFHEYEREHESE M LR
HiEmRE EENE5M% (Homonogenity) MKk &RFEM (Anisotropy). ERERFHEWTK
RAR BH-FHN B FHEIRIE, HfTEEMEAEAGE TR, ATl MR #E b m
NER G, BEEN R BEFHOEL, EREERERZ (1).General Relativity(G.R) MK
(2).Randall-Sundrum ¥z (R-S). A LHEHERETREGRTN, HHERMAESERPTH
EALRTEAR.

EHESERERFEETRBHVRAGN, HMANTFHEE LI EIEEFFE
M, WREFEEEMNZERE 2T ~ 107° ERERMERNGES FHE-FRUREBERETERAR
EFFEYE, BCEE—FRRRREIESREYE, MRS FEHISME EOER R EEmRE
frok. AT AR & S E A R B SR T DI R R BRECR R 7 s . R sed, Ffi
KEESE G-R LUk R-S BUERERZERE, 1T R-S BEmAEAREMI 0 USRI DIE (1] [2]58
MR PE]. -2, TR TEBIATE BEH DER PRI IES AR, M2 ABianchi
Type I LAk Bianchi Type V sg8iEARRE BYFES AR AHIE (ER MR ERE, W5 AE
patiinL kil

p= (Vi< y <2

KEBBRMEEFREAEXFYEREE, R EHENERE-BERE (Encrgy-Momentum Ten-
sor-T7/) E18H p ARFEHPWENHERE pRRTFHHEVE WHEFE. BERMEFEXK
HTER R ER EFHEECRRRE, FERERER P RERHEFHEENALR. ROHfiaE
BT E B LAY AR, BT rT DA B M B e BRI, 1 REREE AL AR B IRE %, 2l
HFHELERITRAEZER. BEFEH HEAFESHREMY (Anisotropy) HERFRIENE (A-t) DIk
BEEF (Deceleration parameter) $HREREIKE (o-t) BESHERMBRECHESRM—EEE
iSERER

A FHBE Ao E R TR 5 %, #FE R BUES T R MA E etk B R MFHELR B
SRTTAEMRGE LERF R & 1l FRMILZEZ T#E General Relativity DAk R-S BEERAVEEARA 3, BT
HFIFERMTFE G-R LAk R-S WHEGRE R —EEHERN A,



1.1 EEMHYRNER

RHIEEFTC 1900 2 70, AFERVE) /12T DU — L E R TR B IR SR AR FEE R
e, FROCBERIEAR B A B MERMEER UK BETHNZESR L, AEE— PR, B
RAEATE I E DR O RER B ERN THEFME LR, SENERIT 191652
%, b R EFRETER B TR E R (Special Relativity) Z# , {58 3 — 25 i 2 i SRS
S SRR FR H RAMIAT SR A EE R A 3R (General Relativity). $RICEBRLIRYEEZRKH,
EER MR M SR U RS TSGR, ot T (@ SR EREA T 5
—{EHT ) R,

B, BMLESTHREREEHER (Einstein Equation) FIEMEEREMS. ZFRITES
BAZHEHEEHE (Action Principle) H5H. MEAESHERE AT UERTE

R
S - —/d4$\/§ <M _I' Lmatter) (1)

EEHE R iR BN R R E MR E (Riemann Curvature Tensor),G iR EHRETE# (Grav-
itational Constant) MUK Lyauer PR E SN Lagrangian. A0, BEREHE A2 AT LIFEE
AR (1) 98, M5 TE, BaLARER

1
R = g R=8rGT" — Mg, (2)

FEAER (2) F1T,, ZFEER-BERE (Energy-Momentum Tensor) , ffifEE 22 FH
HEBE. RMBABFHEE (Cosmological Constant), E¥EHEE B AERITHEAREPEAR
RAFER, ERMMENEE, RMNTFHRESGHE. A —RERE ANERERTEA, B
W HTHE R RN R R A DUER RS EFEREZE. TR Er S ESH
Langrangian ffAGER (1) FEMSIFEEEFOERE, TUERTRE

R 1 1
5= [dyg [167@ + B F 4 50,00"6 + V (9) (3)

R (3) FHA RO BIFERI RV E T BZAES UK ES. T HrILE,, B8
fF RS (Strength of Vector Field), BERILAEEE B TFIFR K.

F., = 0,4, — 0,A,

RREERNIHEAEXTHEE-BERETHE L TIIR AR

T = CRE L0000 — g (30,600 + L FFT V() ()



AR (2,3.4) WRIFTSUEHER 2T HRR THEREEAER, RERMEHER (2)
T AR E N TR (A) BT

RIMEBAEARERZHEET, RMATLFERTHERES (CMB) NERHAEERERZ F
B MER THEIEMNTEREESENSIEURERAYE. BEEERRTE 5, T
HEREEGHNTHELRERE, EMAUHECEERE—ENTH#E. D HSME Friedmann-
Robertson-Walker(F.R.W) F#HEMA] IR HMHREE FH#L. MEHRRRHEE FRW
BAT S, ASRRMRFEER S BARRIME. M LE 289% TENAFEIME R
2

1 —kr?

ds® = —dt* + a*(t) + r2d0* + rsin*0dp* (5)
e B, TR T MBI HAE B R TS, (HR EFH— L2 HAFEE-FTHNE. a(t)Z
HMFHEHRERT, MARNZRETHEM/HBOECEE. RUHPRAT SEERHER
B, 5 BRI BREERRE(t,r,0,9). B—EEE WEHL, BMLEMEMRENZE
BEFHRZERZ (Spatial Curvature). ¥70%2H MIZRMYEBEZRAKR, EMMKB N FERHZE
HENANTFHEEMER. Bk = IRAARE BHBMFH L = ORRNRTENFEHIURE =
—MUERIREFANTFE. TEMRIA RFHEEL 5515 Kantowaski-Sach,BianchiType I
LUK Bianchi Type IIT F 8L [l IREAERX (5), HPTTLIFEHFTE Christoffel symbol(T%,),
Ricci IRE (R;;) Mk Ricci #ig& (R) BRIZEEHEAEANBS R, MHRFEMN FERK
TR G ER S e, EERMABEMMANE R KEBEOHES, RS 2EER
Christoffel symbol(T,), 15 5I5%

[ @.. i,:@-iz ~
Pij - (l( )glj7rtz a(t)’ 1 3 (7)

MFEZR Ricel IRELK Ricel MEFIEIHEZR Christoffel symbol F5H, EFHRRE

Iy = §9Zl 059k + Orgjt — O1g;i] (6)
3 .
t

_La(t) o Jaly) a2k
=30 B == o 2 a2<t>] & )
RERMTLAMESAERX (8) H/EE] Riccl MENR TR,
i | @@,k
R= o+ o+ ) .

R BMTUE RS (3,9) URERIHEARER R,, — 19, R = $7GT,, BEH5 B (HEH
SRR, HER SR A R B R R R, 3 TR RS, — R



A ERREREE (energy density); BH—E8 2 HERARNEIERE (momentum tensor).
WM —REFE KB T AN EREEAES R E S, —Eo 2Rl RE S —i a2 =M
B, AT LAERRE TFIR R,

a(t) ko 8rG A
20 Tem - 3 T3 (10)
22% + 22% afét) — —87Gp+ A (11)

MRBMEEERFZRERE-BRRENTE, HKFEHER (A) EULIZR. HREFEHHT BX
(10;11) HEGEMHES, RMATUSIERPTEFSH (F = 0) K F.RW HEEZEME (de-
sitter solution). TMHMMHEBENYHEZE, Fli0: EZLFEEEE (Vacuum Energy Density
Puac), BHHEH (Hubble constant H) IR FHRERTF (a(t)) &, BEFIATLUSETHIRE %
=

&
-

1/2
87T)\G 87r3G,0vac) = constant ; a(t) o< exp(Ht) (12)
IEEEE URERKH = %, HEAER (12) ATLUEER TRERMFEE—FarIRHE, 2
RERTRZMEER/DN. HERE R BFABERHNE(CEAZIEG K. D NS ITERN

EREMFHBREP R, THERR S E—2rR e TER_EAHESR.

Pvac = = constant ; H = <

1.2 Randall-Sundrum ¥ 3 B #& 5

#® Randall-Sundrum HEREVEAMERE, RMEELELMERZNRIFERGFHL. 7176
19194, HRATHYFRBER Kaluza HAFFIE F7] DURIEHE 22 MR R 20 E E R 28R T LI
B, BRI — Bl DU A 22 R R 22 A B B 2R R . R R AR 29 28 T Y
EE MR STEARTENAEEOREL, BERRHER S HAEAERE FNERREE
PBER LENEREHEME. RMBEERZEE © 3-Brane, B2 TUHER: 721 B E B —(E FAER —
18 TR, A AAERIER IR Ze (MBS bulk) N. A, BT TERENNERER, B8
FAETES BEmBHUNG (/N Planck Scale FRE) F&FERIASIR. ERRMANLEERE—
TEEE bulk, EERRERMENZEM. FEERNZERY, U YHEERDGARBEERS. HE
B—EEEY B, REENERNEREEEEHTYEURSEY (gauge fleld) BFREF
TERAMIPTFREIN TUHERF 22, AL % RAFE NS EE, Wt bulk WZEEFEE
RN, TEREK, It ¥HEERK Klein RIZEEFHENBIE S H kaluza B FHEZFRHE
W, ERE TETRAER , DAESERFER M E, 7EmERz R EE ] ik
BRI E SIS ERSS R BT ERNNREL. NSRS BRI HRRITE.
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ER7E 1980 ERMAM, HRH—HHM Kaluza-Klein BB EHHIRLR, —LYHEBRTE
sRER B TER JI@ F] I R 2R, a2 R s BAERE 22053R 5+, P Randall-
Sundrum FrgHi#Y brane world scenario ZERFBEE. EMBEHE brane FEHEILEIB K
iR, HE - R AIR T H R IR 2 2 AE R . T HEMBRAREE-BERE
T E AN #8, B A — LR B 5 21 M F i R B ] DI e ar.

MRIRMEEES T#H %8R brane world cenario BIFEHI/NFEERRSE, W LI #&h
B 3. EA] brane world scenario BEEIAEESZH Randall LAk Sundrum FrigHE, €
38 SEVUHERRF 2R E ERWIRERME anti de-sitter BFZEth iy —EXMHE. CMHEH—EN 2%
i, FEHERE —ER/INBHEE (extra dimension) BiGR, MM A MO LR FORGE. B
## Shiromizu,Maeda and Sasaki EAEH THEERELUT (FEHERMZ EE-BIEREN
“RAERES,, UREM bulk KEE, KEE), B B brane LS ERENAFERX. ME
brane #EE THERE N HEAAURTE

G = —Aguw + kiT,, + kiS., — E., (13)

TEEHN G, HEHREZENERITEENAER. HFOAE DR k SRIERBFHETE,
MR E N E B R AN ENEE. EEEN, B2 RTE brane BETHERKRE (metric
tensor).S,, UKE,, 53 B 5RER-B BREN R BEREU KR EME bulk &, Er LK 1E
brane ZUETH) Weyl iREEZRHZK.S,, AIARRFH

T T (T et 0 (3T T — %) (14)
FER (13) PRBTEHEETUETRE A = k2(As + k2)02/6) /2. TUHEEIEBETLHE 0%
BOS G ERIM kI = kiN/6. BELE TR Th BRENHERERKWE bulk 5E (E,,)
HIEA , BEMER Weyl RER DUERMHEEEE R

Sy =

B, = C#al,,gno‘nﬁ

Clrows BTE bulk HHITHE Weyl 8, TINFE brane -HIEZEEEE T, BIELE brane FWVE
HRBRER CUNRRS

To=-p, T/=6lpisj=1~3

AR (14) PEE—-HEEZNEY T, AMBERER-BERERN trace, AIURTRT =T}

AR (13) FEMATLUEERN THSZERTENEZR AR K Randall-Sundrum #
brane world scenario BERIERTLT BRARNIZER], H—HMI B RTNER-BE REZZ

11



RAEIEE (Quadratic Correction Term), BRHS,, A EH; 5 0 RN EZRRN bulk
WIE (E.), ER-H—ENRBRESE brane R Kl bulk BETH Weyl IREFHEZEH.
AR AT LA B E MR = R RIS 15 T FIR R

E.=0;ki—0

AERETEN EZEMEE RS EH brane world scenario F3H. EHRME—RiRH BFARE
BRI R BEEFETER M bulk, ERAMFERKNEMEHAILERE BEEHHEX. B
BRI Cuaws = 0, HI—2K bulk KEHE BRE,, = 0. E—FRR, "FAWTHEEE
brane FYVEREE-BIERETE T (conservation of energy-momentum tensor) KK
3, WMRIRRE

VvV, T =0 (15)

BT ARBAFIR A R ] DI 22 RS SIR FHIEEL, 4512 (a).Bianchi Type I AR, (b).Bianchi
Type V. T HIEBRRRFZE &M NEER] LA —EGE B ] D B9 = isometric # G3FTE
$HZ2E72[# (Space-Like Hyperspace) H. AT #EHYE W EF HEREZEM T L2591,
BAIT—ER&RFEE. RFAFAERE, BN RERT R SRR gfEZFHoeE, ~1gR
BARBRAENAENENMEE. ER-REMNEEITEE LGRS HEENRMS HEER
WEMENEES A2, gk, RFLELEAETE brane FERNER (metric) ZUMFRR. FT
PAFkAM%e# Bianchi Type I MUk Bianchi Type V. FHEAA] line element FRAT

ds*> = gudaidz” = —dt* + ai(t)dx® + ay(t)e *"dy® + a3(t)e *"dz’ (16)

/1230 (16) &M T #EF] Bianchi Type I AR Bianchi Tye V FHERR S H. & HEAH
#) ¢ = 0 K, TMEF Bianchi Type I A & ¢ = 189K#%, Tk 724G 3 Bianchi Type V
B, BT AR AME B AR E M EREAZE brane ERERS DRER. ERBTHENHRLEE
RN REE R TR HAE L. RMEEEgL A—&iEgsE EMAEE TIINER.

3

V. = JJ]a . (volume scale factor) (17)
i=1
H;, = & , 1 =1~3, (directional Hubble parameters) (18)
12 >
H = 3 > H;, (mean Hubble parameter) (19)
i=1

FeH Ll RRBRLR, AT LAFER AR (17), (18) DAR (19) ZRE g H B i RER 72 M
WRARR,H = V/ 3V. BEHMRM5| ANMEESHRE 8 AOmEgas (1), BERT

12



(Deceleration Parameter-q); Mk (2). F¥FEEREMEZ2E (Mean Anisotropic Parameter-
A). EMEE TIIRIEI R

1 3. AH,
A = = )2 21
525 (21)
g = CZH—l—l_—H—2(H+H2) (22)

AR (21)(22), HMALAEBBMRFES AR MR E BRMINT HIEAERRSGEHE.
WMRBFISEERN ofE, BMIta] LI FH IEENE. MR SEIRRNE, BMRFHILEERRE.
A — PRI BE AT LAV 2R T R E Y B (L AR R

1.3 W 3¢ &) 5%

ERFEFARIT brane world scenario BHBAFRC (1] [2] [5] [6] 7], TAFRERRETH
B {LRUWSE L brane HBER —FMHE EROBER KRk, FE BEA—SHEHAER brane
RET 2 FHE [3] 4], RAELERHENNBURES RFABEX TRHEPERITENER
¥R T 2 FEHbrane ETHFH, CMEEEREN BE TEGEEMIAR, BERFRR
Hzz R,

HMEERATE S EEEFHEFESRES (A), BERT () UREERERFES
TH. EBBUES T ERIE, BFTRE R HAE TR R B R B e MR i ry i R 758
fi, TR R AT OB BE S TR, SRR AR Z R HITE 20% AT B i Fe iy 22
8 BRE, FEERERNVHRRERE —SEFHEL DHNEA. ROABEERER—-RK, ZMHE
H FEHERRZ Bianchi type I LUk Bianchi type V. %&f C.M Chen,T.Harko and M.K.Mak
3| EAMECE T 7B B AR AU AR ST, BRI R am SR B BEE TN A — L6378y 5k DURBRE AR B
#rayfgam. MC.M Chen and W.F Kao [4] #5287 Bianchi type I 21 brane SfETF
HECRREMR . U EWRER XELERRMMENEERE &R ER, BMEATEES
FR R AR R SR E R B FVRE R ZRIR, ARIR TS RE T ERM R E IS, AfRI2EIUT
#3 Brane FFZEE A ST A2E 5/ (1] [2],BraneE T E REEAE S E ) HERNWHEE
AR RFE R LAZ2 B 5] [6] [7]. A LBER R MBS HITHENRE LUK .

BERMENE— T REER I F B 486, Bianchi type I MUk Bianchi type V #H4E brane
B FE TR SR HE S DA BT E S §MUEE Section 2, 1638 —0 B M & R B B MR
HriaE N ARAEMSE — L@ KT @, $7° Bianchi type 1 BHEAIEEREE

13



LR brane RE T KGN BB R ER BB GHRIITEE -7, BERMAREKLEEYy = 1,2
THREREME. T section 3R ABERMAT U ET R, Mg E HEMBEMTEE SiEE
DR ERRIGEEE. RIS RE GHE section 4. ERAEFE #4138 Bianchi type I BUK Bianchi
type V fEEREEGREA FROHE, FH2ENH A Uk B.

14



2 FHE HEOH R Y
2.1 Bianchi Type I #) F &

fEE—EEiF, BFIBHMEETER Bianchi type I FIF#HEA. JMATLIHEAER (16) a5 £ = 0
AREERN—ETHEY. MHRMARFIANEEREBRXIISERE-SBEREN TIIRAELT

N

T = p; TP = (y — 1) p, 1<y<2, v = constant (23)
EEBRENERRT, EEEEpI KB 2 E pEF—ERENbarotropic AREEHE, MBI
RBAREREERTRPAER (23). BFRMLAELRFE Bianchi type | F8H HEARRITRR R
I (line element) B EHRAYFRE. W —2REATF 7T LM AR TR R EMR (9,,) KEFERA
iR E SR, BT RRARAF LUERTRE

ds® = —dt* + d>(t)da® + d(t)dy® + a3(t)dz" (24)

—FIRBMIELE section (2.1.1) HRHEE EEAMBEGREHR THERYHE RN, #EFE section
(2.1.2) HERMEEE#REEE brane FE THEERITEESKEHHER.

21.1 EEMYE RO E R

HE L, EREHERT U Hbrane ZUERAERE IS HER (13) PRE, REXMKE UKE,E
WEYE#ESMMRE. MERITEGEADKER-B 8 FIE R Ll £ TR R

G = —Ngu + KT, , V,T" =0 (25)

AR (25) HHG,,, A K k3 SRR ZEREEN &5 E (gravitational tensor), FH
BHUKRENEH. &L —ZEHENYEZE (17)~(19) BAK (24) 51H% Bianchi type I
FHEND R ERES R F, TG EEZREERE /5B ALK ATEER Bianchi F1E,
AT LARIR

C e 3y —2
SH+Y H? = A—”Tkzp (26)
i=1
1d v—2 _
—_Z(WH) = A— 122 =1~ 2
th(v ’L) 2 k4p7 t 3 ( 7)
p+3vHp = 0 (28)
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REHEI (28), HATUISEMEEE R EARFEIEE (o(t)), EFAEK
p=pV"", po=constant >0 (29)

BTR, B AER (29) AR (26) LAk (27) o, AifF AR (27) FRBE =1 ~ 3(F
HEMBE, ERFERMAFETVES—EHMS AW AER, EREFRIEHEAEEZHE wmE
BT .

Sl == T, (30)
NRRIWEHER (30) MRFER (27) — AT, RIWSA T WA () BAR
HEH (H,) HEERENRR, TURTE

KA
Hi=H+ 3 i=1~3 (31)

FEARER (31) FHKERELMAER(30) Uk (27) 28, Fr EAHENESEE. #TREK
R LGEE R E AR (30) EMRBHELARMETEH HEESMEH R THEIEGESX, 7]
UFREAIT

V = 30V~ 3(72_ 2 k2po V1 (32)

RH ERMGEREE e EEA ISR RRMASNYEER, HMFLEAREL F
HARERTARGIE /11, R ERORIER. ReRMERIER (32) FrEk
RERTHERSEHES, ZMZFRALORGERREE B —REE AR, AT £R0T.

V= (3/\v2 +3kipo V> + C)l/ ’ (33)

fE EXPE—-EARBC, MEEFHESHERX (32) BHREEIBMEINESFE. ERMABEH
B (34) &, BE LER—FHEEEHNAT, RTURHESFE RMEEEEE—ERBERE
RIS, EALARRE

T(V)=3AV?+3kipV>"" +C (34)

KIEZEHBRR (34) WES, BRAEUTUEREEHRERTF (0,), E&ARE (A) URBRERF
(q), B AR & R RIR B 0 W] DL R A TR 4%

a; = agV'exp|K [ /(3/\\/4 + 3k3poVAITT + CVE) T2 (35)
A = 3KT(V)! (36)
18y — 12)k2po V237 — 12AV2
, = (81— 12)kipV V-+8C (37)
AT(V)
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TEEMEN ag;, K? DR CHRERBRANES BE K HEANMNES BE K, BRENRK K =

P K2 BKPEEKHRGRHBA AR (35) MKk (36) AT LE TR R H K28 CHIBIR
R, K? = 2C M —RBMESE T BEE S E B MR &R, RO RS
BERAEER TIERMAEFHAEREC®E (V()). BERMAERET AR E, TEHART
FHAEE. EREHEMANERAR, HMAERE Bianchi type [ WFHEAT, FFIRGEKRD
EAEFR 1802 2R RT sEREIFTRRERE. FTUEMREREHEETHERRERT/HE
2. Bty = 20EER] LIFR BT AT

= | s )
My = 277, EEREHNHER TFHECWERRER TR BB DIFRR K
V(t) = ;em“t(ﬂ (&WA(“@ - 3(;\) (39)
HER (39) f, HMAFHRBRMVEERRER TG ERGRHSEEBUTERR 25%.
b=t =ty ——ln
2v/3A  3A

BREATFEM— i, E15t.8 PR AR TG ERHE2BRFTNRREERRER 77
=

arl

6—2\/37\750 — g_
3A
BHEAER (39) A (35) ~ (37) o, AT UGS R A~ RRFE KRR EER F.
_ 2 (L vak—t) _ O —vaR(t-10) * Cta
A = 9AK [(2 6Ae ) . (40)
9A<1 V3A(t—to) _ \/?7\(75—1&0))2
qg = 2— 5 (41)
C +oa+3A ( eV3A(t—to) _ \/ﬁ(t—to)>

BM4r3k2p0 = 0, DUEBEERILEETR. BERMTURRHRGH LGS, = 115
L, EMTTUFERR

av

t—ty = 42
‘ / V3AV2 4+ 3k2p,V + C (42)
FERBEMSa = 3k3po, WM—2REERE R R TR B ] IR H
_ L s | (VAR _ O
V(t) = 5¢ [(e 6A> C (43)
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FTEF (43) ARG FEM, BT B RH2 BTN R UEREE] TR ERERN
ERERERNT

t=t,=t,

+ \/;_Aln <\/5+ 61A>

B AT DS BERE, BIEMSe V3 = VO + & | BMETTLE I EBHS BB B0E
EEEERERTRE. MERNEMMERNELR, JEE RREMEDRBERE T &y = 1HRHE
AERUTHRA.

4 = sor? 4 M sew [( 2V3AI—t) — O 4 )2 - (O‘)Q] (44)

y 3A 3A
3 (1) + 4CeVH-0)
o (45)
3AJ ()2 + 20 (t) + ACeV3A(E—to)
2
= V3A(t—to) a> B 4
" Ke 6A C] (46)

HMEFERHHEERER, HRETHE R WE. BEREMABEERRS A SV BEM
.

2.1.2 Brane %X JE #y # 2

BETREMER Randall-Sundrum HEREYBBGETRE, T 2d T.Shiromizu,K.Maeda
and M.Sasaki By [5][6] FHEIFTE MR THIARE RN, Sl 2R 5EA(13,14).
FESL BRI TR0 TLHE 22 R R R TEAEATRERY anti de-sitter Z2ffoh 3t 5 5 7 #E 22 A B2 25 R
% (E,). MFHEYYEEE-BENSMEEERE WEAEE, 658K (23). th—REK
fERT#EH AR (17~19) LIk Bianchi type I BAEIFSRTAEEIE N ABRUKER-BIEFIE
&, AIAFRRIT

S 3y —2 3y—1
3H+> H} = A-— 5 k3p — o kip? (47)
=1
1d 2 4 2.
p+3vyHp = 0 (49)

BT RBFILEB —T A8 (47,48) M (26,27), BT LUE R RIT BEEMEERIIK brane B
FERSHL TRE-BEREN _RAHES,,. FIUARMTES Bak =0, MG REREE SR
THENGE. MEE-BEFREREEMEN S HE M2, MUAERX (29) LR, BETERK
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TIFIAEGEGER (30) —HRAFHRRE KHER (48) #ITURE, WRHENAEMLEA.

1d v —2 v—1
v VH) =A- Tkip - T%PQ (50)

KRR (48) IR (50) B —T, BFETERRSER (31) —HOBRR. 515, FHEN
“BER R LIERS

. —2 —1
V =3AV - 3(72 Jizogyir = 1 sV (51)

KA (51) BRI —RE S, FHE LR —RER A R L2

. 1 3
V= (3AV2 + 3kdp0 V2 kAR 4 0) (52)

RN C RRERA Y, S AR (52) HREER—KRES, ROETHE B
R LB B R T THOBRR ¢ — fo = [ G(V) V24V, TiE@mEs (V) & Lk R ErT
B

1
G(V) = BAV? +3kipoV + Jhgpf V27 + C (53)

B&HE Bianchi type I ARG, EAG T RERGERE ] DZREL TS PR

ai = agVYexp {Ki/%G(V)_I/QdV ci=1~3 (54)
A = 3K*G(V)! (55)
 36AVZ 4 18(2 = 9)kipoV* 7 + 3(1 — )kspgV> >

12AV2 + 12k3po V2~ + k3 pgV?—27 + 4C
TEER K? =3 | K2 = 2C HHY) | K; = 0. HE, BMAMETEERRER T BRERR
Ry = 1Ly = 289R0$E T15 ZIRRIGA TROEME. INREMSy = 2(FHEAFERE),
AL R (52) WER

q = 2

B / Vdv
) VBAVERAVZ + o
EEEINBEREHG A = 3kipo + C, aBAIUERTE o = thipd MIt—2K, BRRERTHY
TR (V(t)) FERHRT

t —to (57)

1
V) = S ARevaniu)

ETAREMABELHEEERERNFRENK R, ERFNELRELERTR
t=t,=to+n (2V3Aa+ \) /2V3A

\/ (e2v38—t0) — )\)2 — 1270 (58)
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HEERNERFRECIFIAGHE, RPRAMEESEEIRHAFNRE, BRRERTHRAS
AR tr, BREMER LT IR,

exp(—2V3At) = A + 2v3A«
1 s 75 R AT R DA R BGR A T, BT R EIE y = 2R TR
12 22V3A(E-t0) [(62\@(“0) —a) - 12Aa}

(64\/37\('5—750) — A2+ 12Aa>2
)\64\/37\(16—160) + ()\2 _ 12Aa) ()\ _ 262\/37&(1&—150))

t) = 122V3Alt-to) 1 60
) ‘ {64\/37\(75_%) — A2+ 12Aa}2 (60)
S—HH, ERMATy = INFEE MBERFEFEHT), AEXG2)AIURTE
dv
b=t = V3AVZ ¥ aV + 13 (61)

SERR o = 3K2po AR B = Lkipt + C, C BREAHE. KRR (6%, BRRER T8
RETURREBNT

_ L vaRt-to) | (VER-) _ @\ _
V(t) = e {(e 6A> 8 (62)
gy, RABREBRRERTAEORE, RRUSEHE LTREEHG, CEE TR
ts o tO - l'n_‘_(\/_‘\/—_/@z))x_f%)

RREME tiftEFNFR, RAUUEEERRRERNTRFNRERE, FHEmRRMBERS H
16, toRIFRZAT

*\/7750:\/5_’_7

it —RBME N LRHERHRFIRER, BERERTOIGERS. SUAKEEERBR
THFH-FRENEEN, HEERERTFRE. MEy = IRNFELEFEEREERRT 7T
T

4 2eV3M(t—t0)

Alt) = (63)
A (e\/:TAt o) — 3+ 6A> + %e\/ﬁ(t—to) _ %

3(6F(t to) _5_6%\> ( V3A(t—to) _6"'6%)

q(t) = 2—+— (64)
(em@—to) — 8- GA) (6\/715 to) — 3+ 2A) + 4ﬁef(t to)

TEEEIK? = Y3 K20 = 3k2py MRS = Lkip? + C 3% LB brane 5 FHM{LIEAL,
BM— ﬁﬂ&ﬁﬂ{afAAﬁ%WME%%M#TM@%m%ETM%m
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2.2 Bianchi Type V § F &

BMSAHER (16) FHIE = 1, DMERRE Bianchi type V ERIFYEITH . M H Bianchi
type V FHEEME, o RZXTUOT

ds® = —dt* + ai(t)da® + a3(t)e **dy* + a3(t)e **dz* (65)

BT AREATGE section (2.2.1) FEGTERMEE I T FHOB EL, FEFRRHEMERZR K
b WU5EAE; DIRAE section (2.2.2) HEEETTE brane B2 N FEHEITE(LEMRE. TEMERE-B
5 TR L RAEE FAERAEREE (23).

221 EEMYE RO E R

Hif 8B, AT ##Z Bianchi type V ElfffEk A 18 Bianchi type I EFffE&AE R LHIFER
T~ R, AR (135~138) T4l EREHENE N ARAUKEE -BiEF e X
FREATT

. 3 3y — 2
3H +3 H2 ==k — 72 k2p (66)
=1
1d 2 N =2
S (WH)= e A k2 =1~
oI, — Hak. WSl (68)
p+3vHp =0 (69)

71230 (69) HIFRRMEER A RER THFHEWE S0 pr] LUE TR 17
p=pV"

fAER (68) EHRBMFHEMH R ERFLE Bianchi type V BRI TR ILEEE THIRIR ,a0as =
af, M —REERERFEILURERV = o). LR EE HAHER (67) f, ENHEN
WA SRR

——(VH)=A+2V723 —
paVH) =A+2V

AR (67) MUK (70) HHE, FMMKARTLUSEIH BEHCROBG, H = H + £ 7688
i) KRR R 5 R AR TS RIS H 8, MELARELITRE, X, K = 0. UL
BRATAGER (70) t, Bt T UG BIE R AN R T T R 7E.

s 3(v —2)
2

kip (70)

V =3AV +6V3 — kipoV' Y (71)
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MM AR (T1) BEFHERES, —RE M P AR B R R TR A Dk

V = [3AV2 4+ 9V 1 3k2pe1 2 4 €] (72)
MR AER (72) GANEAEREHE, BATE—-ERBEQ(V)RAREK, BRI
QV) = [3BAV? + 9V 4 3k pgV 27 + (] (73)
REFHIRERT, FE&RFEMHLRBERRFER U E R ER
G = aoVYV3exp {Ki / éQ(V)‘l/QdV] i=1~3 (74)
A = 3K2Q(V) (75)
. - —2V7(8 + 3AV?3) + k3 poV2/3(—6 + ) (76)

6V (3 + AV2/3) + 6k3pyV2/3
BHLLERRATALK? = 20/3 = Y7 K2BR 30 K; = 0. HMEBE Bianchi type V 1
T, ARG SIMENEGER, REERRE ik, ER2H Bianchi type I HAHE
vig, RBELSHT—HE, V3,

2.2.2 Brane % JE /) # B
1E3E —1# section o, FFEELESIAE AHERFZE T Bianchi type V FHIEERE. EhZRET

H BRI DENR #% B ik 2] FEEERMERtEHE N HROMS X, €
7 AT AR K

3
. 3y — 2 3y —1
3H+Y H2=A— ”2 k2p — 712 ki p? (77)
=1
1d 2 y—=2 ~v-=1,,
S WH) - = AL T 78
vaV )~ o 2 12 5P (78)
2H1—H2—H3:0 (79)

FER (79) WEFRRMEERER T UEERKY = [, o = o} Nk—KYENEERE
R DI R

p+3vHp=0 (80)
RHFTE, EERENEBRE AT URTE = pV . #ETREMEAERX (80) FFA (80) H,
FAETFEH TR ZFE BB R R AT DAk H

- 3(v —2)
2

1
V = 3AV +6V1/3 — k2 poViT — %képéVl’Q” (81)
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MEE t BAORKEROT

1
V2 =3AVZ 4 9V*43 4 3k2p VI 4 ZkgpgvH7 +C (82)

BB 2 Bm 102 3, B TTRAIHED 2 AT DR E L

1d _ y—2 -1

FEsE IR R, H R AR,
Hi:H+[‘ii;i:1,2,3 (84)

b KaE EfR S B A RER R, X0, K, = 0. Ib—REHERZE THRFHEGERE
BRI AR

1 —1/2

t—ty= / (3/\\/2 + OV 4 3kip VI + 1/<:§p3v2—27 + c) av (85)
FEEMEN C RRNRMEDEH. REHMA SR HER2Z T FHEORERT, JESAREE
HAT. A LA IR 2 EFRA.

4 = agVYexp [Ki/%H(V)'l/QdV L i=1,2,3 (86)
A = 3K*H(V)™! (87)
| T2V 4 36AV2 4+ 18(2 — ) kipoV T + 3(1 — )kipdV

36V 43 + 12AV2+12k2pgV27 + k2 p3 V227 4 4C
fFERT, BRMEZEHK2HBKBRR, K2 = >0 K2 AT H(V)REMFEHESHRK
), EEEUTERRK

q = (88)

1
H(V) = (30V2 4 9V + 330V + kY™ 4 C) (89)

RBEBFUEARE X EFTHE VR, BRI ARENBRMEZGIEAELEEREy El
EEEE

T3 —18 section BIRR, TP ERCERRILEMEF HEL -, FIHBEHEERN 5 EAKE
HTE THREEEIERREEME, RA Bianchi type | R EVE LGB BIME, FIUET—
sectionE M o FHBUES MR /5% % Bianchi type I LUK Bianchi type V 38 M EERATEAL,
DR BT MBI brane BIESE 3AV2EE 1kip)2 V22 BRI p V2 BER
HAREOUEACRE. T FHL & SHAEREIRT TR ARE BB R P R AURRZE T DUEREY, IR
EERRRE (RDENL25%) REMERFRF IR GREE. MAERKE—HE section, HMERFTET
TR PR MR S R AN T B DA o
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3 MR W OE AT

BAMHEE —ZE T E R EFHEAE brane FHE/MNITE, W51 ABESTH LT
£E RS EEUFER. EEE (3.1.1), Dk (3.1.2) &ML Brane FHEMNIT
5, HEt2 Bianchi type I MUK Bianchi type V £y = 3/28FHEES T ik HIMBERER
BERF o Pg. £ brane FHE(RE N Bis e HRERE NN ERRE, KERNH
B3k poTE AR BB R FHECNITRETERE. 26 (3.2.1) PRMAMEHRIRFHEE 1
TEARYERE HIER AN E R, M EREE R THRTHRE brane FH THTHEE THE.
B (3.2.2) B, BAEMESRBGER FHEENRAFHEL BAFEAETE 25, EREMELEE
BB ERBHERUK brane FHNFREZHITEETHNT, BEEMNAA—RM.

TEETR A N, MR EFERERER TR RRA, ATUERTRE
V(t)2 =3AV2 4+ 9fV3 4 3k2p V27 + iké‘ngQ_% +C (90)

E7E Bianchi type I #8EE, f=0 ; £ Bianchi type V &K, f=1 . HMFAHER (90) 2k
EERMH DR ER Y, XA R AR BB B (E 2 A 15 H AR PET O, ST R HH SR AL AR [T 3 L
KR7ZE. FEREREIR R R B e & Haa ORI ETE, FIREE R EERM AR RIER M
AEmAVEE. MEMATERRERZ BB TR

VN —Va

N

BRIV IR VAR BUES AT TRV R ER T DUk ZEis H A A 8 EAHBR SRR 20
ERERERT, BTN AREAE, BfE T ERmEEIETR T

Error(%) = ‘

x 100% (91)

3.1 Brane FHEE{LBER

3.1.1 Bianchi Type I

#1® Bianchi type I ARG, BfIEABIES RS CH#ETR . BFERRERRNER T
VIHEE BV (t = 0) = 1072, UREHESHRER3A = 1, 3kipy = 1R IkI03 = 1L REBERME
SOE3ES po R/, BEEIER10?, 10° 15, BERGGAE MrE. HERMBHELRER (90) F
iR, SRIRIAV?, 3kipg V2 AR thipo V2. MEBRFIBEENE R WM& EREN
ML, FFREREDRBHMEL ~ 1015, EEFREIRMLLE BNREHERL 8
FeB AR AT ERFAOT U, FS A (AT DU i L S B AV (LS R S8 DUk & R L
WafE, MR e e BT HA B CE DU & (8 5 R AL e — i Eik.
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.=

=2

[EH]
=

HR LR

fEE—EE, M FHVECEURSES EMEMER E, IR MRE PR R
BIERS (& 3kip = 10%) FIH, M & B HMEEMA MR KoM, B THEE ZHEE
SHTETE HREY, EBES TR RREARZ2H L, RFARAUTRE

s

1
V(0) =107 3A =1; 3k2p, V> = 10%; Zkgpgw—% _q

o Figure 1F7{izEAYZ Bianchi type I ##8U7E brane K22 FRUBEREELE, TfEHRE
TERERE] B/ NRIRHREA LRI EHEE, (ER EIFHE BB AR %, BERERTFEgFRY
IR, 23R T Bianchi type I #2EUFE brane B2 T €75 AR BRI R #E825.
AR FHIE Brane K22 THYE(L BB BERBIRAY#ZS.

o Figure 2FIRTHZESAV B LN (EH), CRMESTWERY (B Hum
M DUk ERZEREACE (Br). HELPRREQORL = 3.05, BRRERTERE
BV (t;) = 2154.89. BFIEHEMER ELUTRMAERNL, KEREHERMERER
RIBE% = 0.34%.

o Figure 3IREWZBIESHTHIRBELE (Bh47) B1kipiV> Y BERFHIELE
PUE (FAR) DA GRZ=E L (B5HR). hErp &M T RZERERL ORRIZE AV R
£ FERIEF, BREREFEHENEY = 4.15%. HETH T HBISEROE LR RTZ
FHE, NREEFEMENZE, MR LR EEEEGRYE.

o Figure 4HATHMEIR3E] po V> RENTHECE (ER) HEEST BRELE
(BhiR) ROATOUCARGRZERECE (BhAR). BB R UELERERRE, HREN
BE% = 13.85%. SRS EE T DIEZ, EREMLAE T3 00V 75
+ WFHEHEAMEEEE. EhRAESEIp V2 HBELE Brane FZEFH A
fE LA REENIZE.
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x 10° Numercal Plotting of Bianchi Type |
10 ; ‘ : ‘ :

— Numericance

Volume Scale Factor
[¢;]
T

10

Time

Figure 1: Brane BfZ2F, Bianchi type I ##lZ FHEELME  SHEHER:3A = 1,3kip =
1 kip2 = 1, K? = 2C/3L% C=1

x 10° Dominance of Cosmological Constant
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S O Approxivation
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Figure 2: Brane F§Z2F, Bianchi type I BAIE3AV B EZ FHElL B B (BUEST),
B GLOVE) DIREGE (REWIL); BBEER:SA =1, 3kipy = 1,5kip; = 1, K* = 2C /3L Kk
C=1.
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x 107 Dominance of 5-D Gravitaional Constant
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Figure 3: Brane F§Z22°F, Bianchi type [ BEE 1k2p2 V22 B FHEE Bk (BEST)
, BEAR CEOUE) DUR B (RREMIL); BEFER:3A = 1,3kipo = 1,5kip] =1, K = 2C/3L4
K C=L.

Dominance of 4-D Gravitational Constant
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Figure 4: Brane %2R, Bianchi type I E3k?p V> "BEZ FHELE: 2E8RES &% (H

fEAHT) , B GERURE) RS (BREWL)3A = 1,3k300 = 1, kipd = 1, K2 = 20/3MK
C=1.
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2. SAV?EERFH
HATE (90) ATLABAIE SAVSEEMES £, FHENEEAEATUERRE

V(t) = VieV3h-t) (92)

Vil ket 73 AR RERE R E RN TR E LU GE TS LR R AIaaRs . BMTA A LT BA A= 34
FHH G H MR OIANG RS, BRI IR
3kipoVP + ThapdVEH
3AV?
EHER M FTREZFENES, Wit MEL AN RFEEE ME SR FAH—HR
&8, RBHAMBELEA/NRMT EEEEM. E—SRMNERUCELI p IR/, HH #
REERGOHFEHEMEMTE, EHRMARKEMIIL03E, RATEEREINEELE
FE& BIESRIRERERER. HANMGERIURMEF, e DERinRE 2. B Figure
(2) DARIAFREE A, BE3AV S LW FHECRMTT DR AT % Bk

<M
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3.1.2 Bianchi Type V
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3.2 JE&MEM (Anisotropy) HIETER
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Anisotropy of Bianchi Type | on General Relativity
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Anisotropy

Figure 11: B§#478i5 T Bianchi type V HEAKFEEARMESILE = B2 (1 = 2)
(v = 4/3), Bt (v = 3/2) LRES (1 = 1). BB BES3A =

Kk C=1.
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Figure 12: Brane F8H T Bianchi type V BEERFELmEMEIE « E-2 (v = 2) ,
(v = 4/3), Bk (v = 3/2) AKER (v = 1).
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3.3 J#KET (Decelerating Parameter) HJ&H
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Decelerating Factor of Bianchi Type | on Brane Cosmology
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(v = 4/3), B (v = 3/2) BRER (v = 1). 28 BEHB3A = 1,3k3p0 = 1, ki = 1,
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Decelerating Factor of Bianchi Type V on Brane Cosmology
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o FEHMEHFHBECMERSS, AV 25 £ T HEHZHEE AT OB HERE; ki)
V72720 5 H Y ol IR D B R R BB LA AR R 3K o V2> 15 SR B 5 HL YRR IR
EEHERNE, UREREEETH HELIRHFER, MEEARE, HE(LRHEET
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i 5%

A Binachi Type I & & 1y # &

Al EEHHERHIBXR

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

connection symbol F] > Riemann curvature tensor R7 ;. , Ricci curvature tensor Ruv and

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

ds® = g drtds” = —dt* + a1 (t)*da® + ax(t)*dy® + as(t)*dz? (97)

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

goo=—1; gt =a1(t)’; g2 = ax(t)® ; g3z = as(t)? (98)
1 1 1
00 1 22 33
9 > g a3’ g as(t)?’ g as(t)? (#9)

The Christoffel connection symbol I‘;k can be expressed as

1 .
Egm[ajghk +Orgnj — g (100)

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

U
IS

I, as below terms.

ai(t) .
e = 22200 i=1~3 101
ry, = v i =1~3 102
07 Cll<t)g g ? ( )

Hence, by relation of Ricci tensor R, and Riemann tensor R, 3, we can obtain the non-

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

of geometry we only get the diagonal elements.

_ o __T0 o B 1o 8 1o
RP«V - Ruau F}U/O’ - F;w'lz + Fuurﬁa - F,uarﬁl/ (103>
CLz‘
Roo = 9goo Z ﬁ (104>

Ri = gi (a-l t§+ Z ag g)) i=1~3 (105)
)

+ Z 23: .J t) ] (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.
GW = _AgMV + kiTuV (107>

Now, we must discuss this issue as two parts with different energy-density assumptions,
(a) the perfect cosmological fluid, p = (v — 1)p, v = constant and 1 < v < 2 ; (b) the
scalar field, ps = ¢2/2 + U(¢) andp, = ¢2/2 — U(¢).

® The Perfect Cosmological Fluid
By the assumption of perfect cosmological fluid model obeying the barotropic form, p =
(v — 1)p, 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 7. First, the

non-zero energy-momentum terms could be showed as
Too=—p; Ti=p=p(y—1),i=1~3 (108)

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

H Hy+ HoHs FHiHs "= A+ kip (109)
Hy+ H? 4+ Hs+ Hi+ HyHy = A+k2p(1—7) (110)
Hy+ H?+ Hs+ H: + HiHs = A+Kp(1—7) (111)
Hy+H:+ Hy + H* ¥ HyHy = A+k2p(1—7) (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.

L 3y —2
SH+S H? = A- 72 k2p (113)
i=1
1d v —2
——(VH;) = A=—""ZFk)p i=1~ 114
v gV Hi) 5 kP 5 0 3 (114)
p+3vHp = 0 (115)

45



A.2 Brane % JE 8 B 2

In fact, we can connect the G.R and Brane world scenario by adding the additional
brane effect term, k35, and E,,, into the gravitational field equation (G,,) then the

Einstein field equation with brane effect can be show as
GW =—-A+ kiTuv + kgs;w —Eu (116>

The terms of G, 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, F ., in the course of concise mathematical form.

s
(%). 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 (7),,) and nero-zero quadratic forms (.5,,,) could be expressed as

Too = —p; Ti=p=p(y—1),i=1~3 (117)

1 1
SOO 12P ) Sm 12/0 ( 7) y 3 ( 8)

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

m&+%m+mmzzww@+mk (119)

Hy+ H?+ Hs+ H2 + HyHs = A+ k2 p(1—7)+ Ek‘épZ(l —2) (120)
m+ﬂ+m+ﬁ+mEg:A+@ﬂ—ﬂ+é@%fm) (121)
Hy+H}+H +H>+ HH, = A+kp(1—7)+ 112k:§p2(1 —27) (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 ¢ = 3. They could be showed as

below forms.

L 3y —2 3y -1
SH+S H? = A— 72 k2p — 712 ki p? (123)
=1
1d 2 1
S (VH) = A—ZE—@ ——Efﬁ2;¢:1~3 (124)
p+3vHp = 0 (125)

Equation (125) is the differential form of energy-momentum conservation law.
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B.1 & &MY &N E

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

still obtain the non-zero Christoffel connection symbol Ffj, Ricci tensor R, 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.

goo =15 gu=ai(t); g = a3(t)e™™ ; gsz = a3(t)e™™ (126)
1 1 1
00 11 22 33
’ a0 T @weE T gnes 2
The non-zero Christoffel connection symbol F,’fj (100) take the form
i;(%) ca(t) .
ry, = —g% & yy=—=;i=1~3 128
it g9 az(t) =02 az(t) 3 1 ( )
I, = 9" T8 =90; 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 1. Replacing equation (128)(129)
for (103), the non-zero Ricci scalar tensor R, and scalar tensor R take the forms, the

diagonal terms.

o = on (516 240) .
o o () e o aw) 0
e = oo () e ) 0
R = o () i oo @) O
w-mea(SASSAL )

Using variables (18,19) Substituting equation (130~134) for (107) with the supposition of
perfect fluid and neglecting the Weyl tensor, flat Universe £, = 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 v in the Einstein field equation and took the
forms by the variables of (17~19).

H\Hy + H\Hs + HyHs — a;(t) = A+kip (135)
H2+H3+H§+H§+H2H3+a;(t) = A+Ep(1—7) (136)
H1+H3+H12+H§+H1H3+a‘;(t) = A+kp(1—7) (137)
H2+H1+H§+H3+H2H1—C;w — A RZp(1— ) (138)

Sum equation (136 ~ 138) and minus (135), we could obtain equation (a). Equation (b)
in the situation of ¢ = 1 still can be gotten by summing (137,138) and (135) then minus
(136). They can be expressed as below forms.

L 3y —2
SH+S H? = A- 72 k2p (139)
i=1
1d 2 y—2
a3 e0 2 ! k (140)
OH, —H, — Hy = 0 (141)
p+3vHp = 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 %k JE By B

k
75

The Christoffel connection symbol I';;, Ricci tensor I, 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, G, = R, — % g R. 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 (7),,) and non-zero quadratic forms (S,,) are the same as
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the derivations in appendix A, the perfect cosmological fluid.

1 1
H\Hy+ HiHs + HyHy — —— = A+ kip+ —kip® (143)
asi(t) 12
: : 1 1
Hy + Hy + Hy + H} + HoHj + 20 A+ E2p(1—~) + EképQ(l —27) (144)
1
. . 1 1
H, + Hy+ H} + H} + H H3 + 20 A+ E2p(1—~) + EképQ(l —27) (145)
1
: . 3 1
Hy+ Hy + H} + H{ + HyH, — 20 = A+ E2p(1—7) + EképQ(l —27) (146)
1

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 H; = Hy by expanding equation (78) with ¢ = 1 and i = 2.The
same processes could be operated to get the equation (79), 2H; — Hy — H3 = 0. The
general forms of dynamical evolution of Bianchi type V in our brane anisotropic universe

could be showed as

L 3y =2 3y -1
3H+S HX=A— 72 k2p — 712 ki p? (147)
=1
1d 2 =2 ~v-1,,
Al e, | gt g 14
v V)~ 2 12 "5 (148)
of, — Hy — Hy = 0 (149)

We could find the evolution of our anisotropic universe from solving equation (147) ~

(149).
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