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Big Bang Cosmology

* General Relativity

¢ Orbit of Mercury
* Deflection of light by the Sun (1919)

* The matter in the Universe iIs homogeneous
and isotropic when averaged over very large
scales (300 Mpc and more).

Cosmological Principle




1 parsec ~# 3x10° m

~ 206.26x10° AU
~ 3.26 light years
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Crab nebula 2 kpc

Andromeda (M31) 800 kpc

size of Milky Way ~ 30 kpc
size of a cluster ~ 1-3 Mpc
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Shape of the Universe

3 Possibilities in Einstein's General Relativity:

* finite — closed €

Q <1

* infinite and unbounded -



http://blueox.uoregon.edu/~jimbrau/astr123/Notes/ch26/universe_geometry.gif
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Hubble law

Six chocolate chips are evenly Each chocolate chip has moved
spaced within an unbaked cake. farther away from all the other chips.
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100 Mpc|

(a) Five galaxies spaced 100 Mpc apart
150 Mpc
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(b) The expansion of the universe spreads the galaxies apart




Redshift

Original wavelength

Stretched (redshifted) wavelength
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Formalism




Standard Candles
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Big Bang Nucleosynthesis (BBN)
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Recombination
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Cosmic Microwave Background (CMB)

> Blackbody curve for T=2.725 K:
10 the COBE data fit this with
remarkable accuracy.

Intensity —

10°8

Each small squareis a
data point from COBE.
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The spectrum of the cosmic microwave background =l




Temperature vs Wavelength

Temperature Peak Wavelength

3K About 1 mm (radio
waves)

300K room temp About 10 microns
(infared)

6000K surface of Sun About 0.5 micron
(visible light)

3,000,000 K About 1 nanometer (x-

rays, gamma-rays)
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Dark Energy
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Temperature fluctuation 8T [uK|
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Dark Energ

Supernova 2002dd
(z=0.95)




The expanding Universe...
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Gravitational

Waves

LIGO - A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE

MIRROR

SPACETIME

The light MIGROR
waves bounce
and return:

A "beam splitter” splits the
light and sends out two
identical beams along the

4 km long arms.

Laser light is sent into
the instrument to
measure changes in
the length of the two
arms.

A gravitational wave affects the

4 interferometer's arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.

Normally, the light returns unchang-
ed to the beam splitter from both
arms and the light waves cancel
each other out.

LIGHT WAVES
CANCEL EACH
OTHER OUT

BEAM SPLITTER LIGHT DETECTOR

6 If the arms are disturbed by a
gravitational wave, the light waves mp O
will have travelled different distan-
ces. Light then escapes through the BEAM SPLITTER
splitter and hits the detector.

LIGHT WAVES HIT
THE LIGHT DETECTOR

LIGHT DETECTOR
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Laser Interferometer Gravitational
Wave Observatory
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What do we know ?

* The Universe is made of baryons,
Dark Matter and Dark Energy.

* The Universe is expanding.

* The Universe is flat.
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Open Questions

* Dark Matter ?
* Dark Energy ?

* Future of the Universe ?
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Afterglow Light

pansion
Pattern Dark Ages

Development of
380,000 yrs.

Galaxies, Planets, etc.
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1st Stars Whw
about 400 million yrs.

|< Big Bang Expansion
13.7 billion years
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