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Metrika idealnog Sireéeg svemira

Friedmann-Lemditre-Robertson-Walker (FLRW) metric :
metric for a spatially homogeneous and isotropic expanding
universe, with scale/expansion factor a(t) and curvature k

2
ds’ :czdfz—a(f)z[ i

12 +r° (d6’2 +sin® Bdp® ))

N

expansion factored out 0,0 spherical comoving

/—/(f)sd(f) expansion rate or coordinates:
(i} Hubble parameter r . dimensionless &

H,=H(t,) 1,=today stationary wrt expansion
k, gaussian curvature:
closed flat
universe universe un?\egpse
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Hubbleov zakon u FLRW

metrici
3o 2 2 442 2 ar® 2 2 .2 2
FLRW metric: ds®=c*dt*—a(t) 2" (62 +sin? 6dp?)
ds?=c?d#? —a(t)?(dy? +r?(d6?+sin? 6dyp? )
(siny k=1
r=f(y)=< ¥y k=0
shy k=-1
Hubble's law:
ab . a(t) aD
—a(HAy=>""=a(H)Ay=""" E=H®D(t
D(t)=a(?) Z:)df a(t)Ay a(f')D(f)jdf’ H()D(1)

Particle trajectories :

ds°=0 geodesic equation (shortest path in three-
space and maximum proper time)
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Vjezba 2.4

Crveni pomak pri Sirenju fotona

1, observation foday
- emission

d0.dp=0. ds?=0—T_ €

dt a(t)
}c;df "?“Cc;a’f 7} cdt ’jca’f ’*f/cca’f % cdt /10 Az
Ae= ra(t) raca(t) rca(t) rat) & a(f) & a(7") A G
—11z= 0 light from distant
ﬂemrrred A(Femission)  sources is redshifted



= B
Einstelnove

jednadzbe

(polazeci od
Riemannovog tenzora
zakrivljenosti)

= 10 jedn. polja
= 4 jedn. gibanja
m Usporedba geodetske

jednadzbe |
Lorentzove sile

Tenzon nii-eca« range

Ri““‘:’.Q\l = gr - .
" R/W' [} R?hvr - wa-
simetviia - .
Sme - R,uv- R’v}« ?

Skaflame &\.hvf.jwﬂ
- Ladd =
R R,«v ’
Biwnsteinow tensan
4
g Poselmom U.robom u E"i'nskt'w’“aj OTR:

zobrivijencst moteria |
= o> Soteda
( i £ o

W N;?&Icwu New oy
— sluba ’&"“"WY"@

Qﬂimn = Ricet +Weyf (mj'evivjefmha. 3
20&-«, 2 10 i AD wnap zc\ujm




EINSTEINOVE JEDNADZBE

Einstein equations : principle of stationary action applied
to GR

cosmological constant

1 T 87[6
Ryv zgﬂv(R_A) Uy
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curya’rgre Tensor energy-momentum
(Ricci tensor): v tensor : energy

built from g,, and scalar curvature ST @ o
its derivatives R=g"' R, uhiverse
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geometry
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FLRW metric: assuming space is filled with an homogenous
fluid of pressure P and density p
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Einsteinova jednadzba vrijedi
kovarijantno - sugibajuce
koordinate transformiramo u
koordinate slobodnog pada, gdje su
nam poznati izrazi za tenzor
energije-impulsa
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Lijeva strana Einsteinove jedn.
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& desna strana jednadzbe
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VEZA DVIJU JEDNADZBI
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Conservation of the energy-momentum tensor T, : for
each component described as a fluid of pressure P and

density p

g” +3H(P+p)=0

further assumption: P= w p equation of state

radiation or relativistic matter (w=1/3):

4
p=Lr = Pr— 4k, = p,(F)= pr[ ¢ j

3 ot a(t)
non-relativistic matter (w=0):
3
dp a
P =0 n=—3H, ' 0
v P = Pm(F)= pm[ (f)j

: . . A
cosmological constant < fluid with w=-1: p,(#)= p0=—"
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