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To account for the expansion we use a armoring coordinate ✗

so that the physical separates D= ace) ✗
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✗e constant in homogeneous universe
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Hubble law

D= a' ✗ = ted Hubble law ME § : not constant

Vpe= recession velocity
Doppler

← Doppler velocity ¥¥=Bg- do
Redshift it 2- = ¥? :c Z = = VEG using Doppler effect
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in fact due to the cosmic expansion . not due to the mother

galaxies not mooing in homogeneous universe3g
.
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:c not connect to use Doppler @Eat to interpret redshift .

2-= ¥ms+É^ 811-1%-3-1 ⇒ Bz-=÷¥÷÷=z neither we special
relativistic Doppler
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But at cow 2- KI .
Induces the Hubble law¥-7k

vn=M&= HIE a ¥_ = ez __ Uz rz = §¥
not on light cone

cheat for nearby observe Use for a given galaxy et ✗ depends on observer

Uses> 1 for far away obs one cannot compare velocities at two dicfeneht positions

Hubble law is valid act the time in homogeneous oniu
He = recession velocity can be larger than e not observable
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solution of GR Gµu= Ruo - IR Gmu = 899 Tau

GNU from RW
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nature : flat . closed - open
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, II bg scaling the length unit Ro Cbelow)

I Hubble parameter
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81-4 uniform density

consider a spherical region with M & R

← cheating
DE = - 8%-2 only gravity . no pressure on other forces I homogeneous .

integrate → d- pi
'
= Gg ← g-

integral constant
virial theorem → E : total energy

To accommodate the cosmic expansion

R ⇐ aces Ro , M=⇒R3p .
E- = - KRo%

⇒ Friedmann equation

spacetime expansion . curved space . beyond Newtonian


