L ecture 26

Theexpanding universe |
How does it expand?
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__History

1916: Einstein’ s theory of general relativity

1920-25: spiral nebulae are galaxies like the
Milky Way

1920-25: Extragalactic distance scale

1929: Hubble: redshift-distance relation.
Meeting with Einstein and Lemaitre
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Edwin Hubble
—(1889-1953)

The establishment of the
Hubble classification
scheme of galaxies

The convincing proof that galaxies are 1sland
“universes’

The distribution of galaxies in space
"he discovery that the universe is expanding
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__Keyresults

 Most galaxies are moving away from us

 Therecession speed Vv islarger for more
distant galaxies. The relation between
recess velocity . and distance | fulfillsa
linear relation:

e Hubble' s measurement of the constant

 today’s best fit value of the constant:
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So why was:Hubble soriginal
~—measurement so far off ?

 Distance measurement based on the period-
luminosity relation of Cepheid stars

e \What are Cepheids? They are variable
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So why was:Hubble soriginal
~—measur ement so far off ?

e There exists aluminosity-period relation for
Cepheld stars

Feriod-Luminosity Felation

100000 ¢

Lurninosity (L_sun)
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So why was:Hubble soriginal
~—measurement so far off ?

 there are two populations of Cepheids (but
Hubble was not aware of that)

0[S

0[S

DE |.

metal rich stars (disk of galaxies)
|. metal poor stars (halo of galaxies)
| Cephelds are less luminous than type |

Cepheids
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__Consequence

» Distance scale was calibrated based on type
|1 Cepheids

 Distances to other galaxies were measured
using type | Cephelds

 “yard stick” was systematically to small
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Initial distance;
final distance:
recess velocity:

Initial distance:
final distance:
recess velocity:
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__Question:

If all galaxies are moving away from us,
does this imply that we are at the center?

ANSwer :

Not necessarily, It also can indicate that the
universe is expanding and that we are at no
special place.
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__Let*s'go back 15 years...

Geometry of Distribution of

space-time mass and energy

(Einstein tensor) In the universe
(stress-energy tensor)
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L et’ s apply-Einstein’s equation to
—the Universe

o What Isthe solution of Einstein’s equation
for a homogeneous, I1sotropic mass
distribution?

— Asin Newtonian dynamics, gravity is always

attractive

— a homogeneous, Isotropic and initially static
universe is going to collapse under its own
gravity

— Alternative: expanding universe (Friedmann)

Astronomy 201 Cosmology - Lecture 26




_A-tey"tuniver se

constant density
(homogeneous)

boundary

 The model Universe is going to collapse under
ItS own gravity
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Einstein’sproposal: cosmological
—constant L

 Thereisarepulsive forcein the universe
vVacuum exerts a pressure

empty space is curved rather than flat
e Therepulsive force compensates the attractive

gravity  static universeis possible
e but: such auniverse turns out to be unstable:

one can set up a static universe, but it SsSmply
does not remain static

* Einstein: “greatest blunder of hislife’, but isit
really ... ?
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__I-he-great synthesis (1930)

* Meeting by Einstein, Hubble and L emaitre
— Einstein: theory of general relativity

— Friedmann and Lemaitre: expanding universe
as a solution to Einstein’ s equation

— Hubble: observational evidence that the
universe is indeed expanding

e Conseguence:
— Universe started from a point
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