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FRW Metric

Flat spatial models
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FRW Metric

1 a) Flat spatial models

Distribution of matter is homogeneous and distribution of radiation is
isotropic = metric

ds? = dt? — R?(t) + r?d6? + r*sin 9d¢2) (1)

1—kr?

9

Benjamin Koch (PUC, Chile) Santiago, October 2012 5/20



FRW Metric

1 a) Flat spatial models

Calculate for the metric (1)

Ly R R

J"k = Ehll(hlk'k + hlk,j — jk,l), rg = ﬁhlj' ré)j — ﬁéjl (2)
Roo = 35 R;: = B+2E+2k i R=_6 E+R2+k
00 — R’ [/ R R2 R2 i = R —Rz 7R2
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FRW Metric

1 a) Flat spatial models

ds? = di2 — R(1) ( d 4 262 4 2 sin? 9d¢2)

1—kr2

k==0
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FRW Metric

1 b) Particle kinematics

Causal contact (horizon)

Comoving observer at time t recieves light from previous emission moment
t=0.

= boundary of visible universe

t d/
dult) = Rl0) [ g )
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FRW Metric

1 b) Particle kinematics

Red shift

Three momentum |d| gets red shifted

Definition of redshift z in Astronomy

Ao R(t)

1+4z=—=
)\1 R(tl)
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Standard Cosmology

2 a) Friedman equation

Equations of motion

Einstein - Hilbert action gives
1
Ruv — ERguv =8nGT, + N\guv

Matter stress energy tensor conserved

asume ideal fluid
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Standard Cosmology

2 a) Friedman equation

Equations of motion

Friedman equations

Rk _ 816 A
RRTRE T T3 P73
R R2 k
254—@4‘@ = —8JTGP+/\
equation of state
__d(pR?)
P= TRy
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Standard Cosmology

2 b) Solutions of the Friedman equations

Friedman equations

Define critical density p. and dimensionless density Q;

3H? Pi
=— ,and Q;="— 13
Pc 871G an e (13)

The universe is closed for Q > 1, flat for Q = 1, and open for Q < 1.

Also find
~ R=3  for matter

p=1 ~R* for matter
~ cte. for A
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Standard Cosmology

2 b) Solutions of the Friedman equations
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Dark energy

3 a) First evidence

Hubble expansion measured for close Glaxies

km
Hy=72+38 15
0 s Mpe (15)
Need standard source “candle” in order to translate Luminosity into
distance.
d = £ (16)
TV an
With the model for the universe
1 —|— z 1

di(z, Ho, Qm, Qp) =

-JQ (1+2)34+Qn ~
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Standard Cosmology

3 a) First evidence
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3 a) First evidence

Standard Cosmology
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Standard Cosmology

3 a) Further evidence

The Cosmic Microwave Background

Waves in early Baryon-y plasma
do ~ csts

evolve until today with H(t)
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Standard Cosmology

3 a) Further evidence

The Baryon Acoustic Oscillations

Same waves in early
Baryon plasma give
density fluctuations
Ap which are seed for
Galaxy formation.

Fluctuations in CMB
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3 a) Further evidence

Standard Cosmology

Putting the evidence together
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The End

Thank You!

ark Energ
A% 735 i
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