2. KOL)-%’%S‘aM - L\/aUaeY m-eé"fc ?304’. lo

e Aave verl gooA evia(ence —Fo\f

Lgaéﬂpy CqQ ‘éLQ (AW'LVGY'.('Q qrduup(
s —> best s CMB -

AT .
—? = 10 wn ale
U{QVOC aUns

an & T?ﬁS‘ohmlyg? evidehfe ﬁ( 14014,,4_
geheé-éy
otQéeeréiyeay, Cah eMp&y C-oPem[couo

fft.hcipéc T

‘ v
we a@re no—é syeccaé

I
A wivese showld be (s Yepcc

mmqu a\/exy Fo('lﬂi'

Viz a ma‘a'ewdéi(aé 'éLOG‘fPlM.'

Jl,

Wi vevse must Le SPaé\'agéy

’Iom Ogeheous .

Mc‘ée - s aprﬁies 'éﬁ Space l

VAY, TUVRYVEIENS IM617 QKFOLML (cnr

SLn—'m[() with Line
—> A (u.zz,l(e geomeéﬁc m’auh\ekt :

“Srafiaf c'so'[\'ap)f 8 homogeniiéy cmplies the
Friedmanm—Robertson - Walker (FRW) metric



. . (2
‘H‘Q uwuvyevse (s olescrg’oeo( as a

Space Lime m 4w(1[e.> A endowed uct)
a mebric ;MV and ne eloment

Ads? = G AXdxY
(Lhier Cocvianate wsﬁxwaﬂwsr
XM o x+ (x)

We lmve :

M ng
Iuv

xf?' IxT

pPls! - gf’\\'
N}\AOL g@aLVQS'

M N,V
0[92'_"3},\\,0()(,‘0{)(‘,‘: XM X Axpdxcrl

/ P axf i
b g &xTdx™ =452

Cnvariant

Now consider the 3D S?a\[{af parl.
]sa'&'bpy mplies SPLQ-{Caé _cyhmp{*r} :
2




As‘; = dr? + 7(’26-)-[;(1}15&”26})0(‘(32]

‘ﬁ/—’_—}
Where 3((‘f) >Y for¥>0 . ‘L_Q:

how €aok at‘é 'éLCS' é—iavfe :

\_Y—-—l

X
: - _ T
m Lhe Pgane g Lvey L\/ 1}'_ <
We Ilave . PH = “E_:_‘F,“A‘—_‘X

4

ank we Wodk h H'e !L‘h(é uLeve
DE 1) and B ave small.

(sstvepy and Lowojehec'éy
= y=y
Thew e g«i :
EF ~EF 9 f(a)y=f()f
and :

AC=yp - f(T+x)=AB +/‘19-

LAy +608

1y



1

Sogu.{'io:ns' are .
Sth Y

ORI NS

cinh v

and. sve show that wicth £0r) alss
FG/) e R solves (1) . Hn’éiw}

FG) as a power Series ahd Ustng

aueyﬁa’/cy, one show (l) L b I#-
W clukions wp S‘(d.@(;hj.

= The space-time of a spakialb,
I\omogeheous % ¢ ssbepic unlverse

chess‘mL@y [ms a lme{v‘\'.c 01(
FRW fotm :

Ls? = df "~ (). ﬂﬁf&:) . Jsz'ﬂ

(i), f(?)=§sis:1‘? (3)

&(f) ¢ scale -facfor of the
universe - ‘scale of its spatial

sczel

Sth P



o O{i\Qf Mfeﬁké C@GTIL\(/‘A{Q Clloifej ;‘?

%Y cLan}e 01[ vadéal \larikwt’

dT 2 Jﬂ]

[~k1?
(%)
caleulste 3-caviature R:; 4&[ ]
h ("') .

ds? = d4 - a2).

~N . .:gzi'/\/
Riﬂ. k;i] > *R=R; ~ k

= 3-slices &f Constant £ime
are Einsteih spaces of constant

CC&TV&%WY‘Q k .

H N I
| f(F)=sinp, closed. uncverse
k=9 0 FE)=F , "Foit wniverse”

G ~1 1 £(r)= sk f,"opeh whiverse

cometimes Coufo\m@{éwe y s

USe b\é \hS‘fPQ(L o,( (omovcta; {(,"e { :
) = df 7

-y J.SZ]

{he AuLLga ?amme{ev # bhen s (5
p=g, ()=

= SEHE) ¥ a = H—a_ ~ Hoy
Ffor distances not too Carge .




'ng coordincle 0 L
ComoVLg ooTAlnalos Tlmg, {h Compvch c'oawﬂmcées mo\&e’

s'-éw/_r a'l/: rest , C-( hof Spea( oﬁwuise/
Lecaure e cogdinate \Qvume stetches
Wikl the ex Pah Siou éé:eﬁ[, and thus ¢ s

J(C.Mp‘é(‘c elﬂ?f}y M({" {-Le E’(Pdhfl.oh 'Comovilﬂglw\‘ézl fLe [otag-(\,-a'{'-T?SZ‘
as ~ a'g(f-), and this means. 4 matter s"ére‘éclﬂfhj {LQ Same W4y (,r[{z{

‘Test fo‘éLl ‘éLQ eXpawoL(kj, '[’CIMQ o-;[ -él.e ex Fah:é.au.

a caorliha‘(e syr{ew ; (n \,JLH'CL ald

masscre mﬂ&f eveh‘éuaéfs comes *tu

\res'(: Ly te dilulson 01{; ds

wﬁwehre (Ve h L 'l"L.Q CowmoVing Co- ) .
vJ-L {_ ﬁ 7 ; ° T)'MS‘ COWJ\IU/’; "(th’ "/3 meaSures
(®) hatTes,
C . a:é (osvnapo;icocg tge as Seeh L9 ah
maVv o\ al - :
oma u\g co V'J.Un es Co -mave oLS‘eYV-Qf SNQPT aezsug 107 ‘él,e expanscgh,

l:‘él\ a_[Cer ( .S"é- / /
:X?dﬁ‘;h v:éséf@l.vecei hﬁ joy 7 149 ond Rgvees ui-él. YeclS'Lff'é ‘ch‘wo. As
infexred via distances from ved slu'-f?fsi



. 22 ) . 23
3. Dyham(cg— o-)( expansion R = 9/‘*\’ R/.A\/l Riece sc«(a.r

: P P :
Tl”e PXPQhS‘('Oh o,[ ﬂe Uhwerse aqgs RP =9 r' iy - Qy f‘ s Rzeh\a_hn
a wk le (s govern d L Ecnstecs PV j/: - e ’l curvature
° ovexyhe thstedn s _
: : 4 +[-7ar")a‘ [-\,/AP . tensor
Fiefd egua'émms: M m
CAwileo-)qef
symLaF;

MoLlgm(dgus  9vs g
(g) R/uv .—,%ZMR = 27 G "/;V \El-"d‘ 2 (axv +9Xq"~a“:—;>
ﬁpfedecf- to the FRW metic of The ][Le (d egwcé(ohg #oeﬂow Arahe
%LQ Einstein— dilhot action :

aQ S'PQ{('qegy }‘OW‘OﬂEhPOO\S ahd L.So— \

4—fo]>£c E'Xfahclc:h; Space —‘é me SEH - l6mr (A J'Ol*x\[—zg (R -l—Q-A')

J‘l e J. na‘é e.:
- RNC _j pes R P El;ccc' //j*fkq.X/:EiMdééef
? M

AV sv | tensor give T/w




L‘F We ol,egfc‘,ne-.

- 2 . J(\/:?ijl.*m«ﬂeJ
/MY (_j} J?MV

Vi@ 'éze E(Aé?\f’- [a.g,mh?e quua (abs:

$(F52) _
JZMV )

(#)

Mof-e: ‘H\D. Paﬂ‘:(a( d(Qr{Vot’é'(Ve 23

"2
5;"—' = A/M . Lanrforme as

a vec{gr ((ava’nawt [- -(eurov) uh A&
Lowem‘(‘l émhr‘fowm{ﬂcmr ol M\h’fowflﬂ

Sp ace-éc‘.me )

On cuywed Space—‘éiwe éLQ:e (S a

2eueruQ«'%eA covarant da~va&iye D/M
‘&’M?ﬁu\‘mlhf AS & (ovan'qu I-‘l‘ehsm-

Unh JG' g ehe rae CoovY J t.h a’éQ '(‘{a h s.,fo‘fhoaﬁ'ohs.

Ac‘émg 0h & cav«‘tqn"t Vec’érﬁdv ("é f‘chlS'

2Ay f
j)/“AV XM —C‘"V 4




26 2P
W LA cL ¢S 'H' e (oV ovL'otht cauﬁqvwéiou

And s a cabravarant 2-tonsor
Gﬁ dergy and Vhomeh{am.

CM™ Lt eXxamphs -

oc’* f do' s 4
Cf@ = + r’ P .
:D/K 3xM /"“:f [/—I“J ¢ / AMS‘ [ Phe"gy-haowehfm (‘therVa'étbh (s
A CohSeguence the Lational
One Can Show H»a{‘ d 4t o Fraurrareond
Feeld qua:é{ovnr in @R,

p, (R™-19™R) =0

Lshae as ucaal :

v fVo"
R’w-'— "R = Res Agl")

omoL Ly E(_hfé'e\h S Qq«ha."él.cln: 'Q\Ls

L:MPQCES‘.‘ v
D/MT =0



