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The Big Bang ModelThe Big Bang Model

ßß Two Pillars:Two Pillars:
ßß General RelativityGeneral Relativity
ßß Matter tells space how toMatter tells space how to

curvecurve

ßß The curvature of spaceThe curvature of space
tells matter how to tells matter how to movemove

ßß Space is not absolute butSpace is not absolute but

Defined in terms of relativeDefined in terms of relative
distance between twodistance between two
objectsobjects

ßß Large scaleLarge scale
homogeneityhomogeneity
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Supernova Ia:
standard candles

F = L/(4pd2)

m = -2.5 log10 F

M = -2.5 log10 F0
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Microwave Receiver

The Cosmic Microwave Background



QuickQuick
History of theHistory of the

UniverseUniverse
ßß Universe starts outUniverse starts out

hot, dense and filledhot, dense and filled
with radiationwith radiation
ßß As the universeAs the universe

expands, it cools.expands, it cools.
ßß During the first minutes, lightDuring the first minutes, light

elements formelements form
ßß  After 300,000 years, atoms After 300,000 years, atoms

formform
ßß After 100,000,000 years,After 100,000,000 years,

stars start to formstars start to form
ßß After 1 Billion years, galaxiesAfter 1 Billion years, galaxies

and quasarsand quasars



Cosmic MicrowaveCosmic Microwave
Background FluctuationsBackground Fluctuations

ßß Atoms formed aboutAtoms formed about
300,000 years after300,000 years after
the big bangthe big bang
ßß Tiny variations in theTiny variations in the

density of thedensity of the
universe generateuniverse generate
temperaturetemperature
fluctuationsfluctuations
ßß These fluctuationsThese fluctuations

grow to form galaxiesgrow to form galaxies
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From the CMB to GalaxiesFrom the CMB to Galaxies





Numerical SimulationsNumerical Simulations



Milky Way Galaxy: HomeMilky Way Galaxy: Home

ßß Milky Way is a spiral galaxyMilky Way is a spiral galaxy
ßß We live in the disk of the galaxy:We live in the disk of the galaxy:

24,000 light years (8,000 pc) from the Center24,000 light years (8,000 pc) from the Center
ßß Central bar is composed of old starsCentral bar is composed of old stars
ßß Star formation is taking place mainly in the diskStar formation is taking place mainly in the disk



Spiral ArmsSpiral Arms
ßß Most of the cold gasMost of the cold gas

in spiral galaxies arein spiral galaxies are
in the spiral armsin the spiral arms

ßß These spiral arms areThese spiral arms are
sites of active starsites of active star
formationformation
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MolecularMolecular
CloudsClouds



Things That We Do Not KnowThings That We Do Not Know

ßß What makes up most of the mass of ourWhat makes up most of the mass of our
Galaxy?Galaxy?

ßß What makes up most of the energy in theWhat makes up most of the energy in the
universe?universe?

ßß What determines the properties ofWhat determines the properties of
galaxies?galaxies?

ßß How do molecular clouds form?How do molecular clouds form?


