L ecture 29
Thebig-bang model |1

The-eosmological constant:
Einstein's greatest blunder
or tomorrow's Nobel prize ?




_Let*s'switch to general relativity

* Friedmann equation

1S the curvature constant
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_Let*s'switch to general relativity

* Friedmann equation

IS the curvature constant
. flat space, forever expanding
. spherical geometry, eventually recollapsing
. hyperbolic geometry, forever expanding

Astronomy 201 Cosmology - Lecture 29




(ex pands for ever)

Flai universe
{ex pands for ever)

Closed universe
(expand s and 1hen com racis)

About 70 billlonyears

The Big Crunch
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Can we predict the fate of the
—Universe ?

* Friedmann eguation:
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Can we predict the fate of the
—Universe ?

o If the density ~ of the Universe
. flat space, forever expanding
. spherical geometry, recollapsing
. hyperbolic geometry, forever expanding
e s0 what Isthe density of the universe?
* We don’t know precisely
* very unlikely
* currently favored model:
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_Hewnigis o, ?

= 1 atom per 200 liter

o density parameter

. flat space, forever expanding (open)

. Spherical geometry, recollapsing (closed)

. hyperbolic geometry, forever expanding
o currently favored model:
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_HewTan we measure Q, ?

e Count all the mass we can “seg’
* tricky, some of the mass may be hidden ...

e Measure the rate at which the expansion of
the universe Is slowing down

* amore massive universe will slow down faster

* Measure the geometry of the universe
* I1sit spherical, hyperbolic or flat ?
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L et’stry.toomeasurethe
—deceleration

» Acceleration according to Newton:

 deceleration parameter
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__Se-what”s the meaning of g, ?

 deceleration parameter

deceleration is so strong that
eventually the universe stops
expanding and starts collapsing

deceleration I1s too weak to stop
expansion
 What’sthe difference between
curvature of the universe
mass content of the universe
kinematics of the universe
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_Soedet"™sSmeasureq,!

e How do we do that?

* Measure the rate of expansion at different
times, I.e. measure and compare the expansion
based on nearby galaxies and based on high
redsnift galaxies

» Gravity Is slowing down expansion =
expansion rate should be higher at high
redshift.
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_Soedet"™sSmeasureq,!

Perlmutter, of &l. (1998)
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_Selence discovery of the year 1998

e The expansion of the universeis
accelerating !!!

e But gravity Is always attractive, so it only
can decelerate

— Revival of the cosmological constant /A
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__Eredmann’s equation for A>0

IS the curvature constant
. flat space
. spherical geometry
. hyperbolic geometry
 put for sufficiently large A a spherically curved
universe may expand forever
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__Decedleration parameter g for A>0

* Acceleration according to Newton:

 deceleration parameter
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_I-hefate of the Universefor A>0

l]+ hillions of vears 10
Biz Bang
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| sthe fate.ef the Univer se well
—determined ?

e deceleration:

. decelerating
. accelerating

e curvature
: flat
. hyperbolic
. Spherical
 two eguations for two variables = well
posed problem
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Cosmology:the quest for three
—numbers

e The Hubble constant
— how fast Is the universe expanding

e The density parameter

= how much massisin the universe

e The cosmological constant
— the vacuum energy of the universe

e current observational situation:

— flat space
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