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Foundation

General Relativity

Symmetry Assumptions:
Homogeneity and isotropy

on average

Matter content:

Energy-momentum tensor,
Containing radiation, matter,

anything else

Robertson-Walker
metric

Friedmann class
of cosmological

models



  

Isotropy?

(2-micron All-Sky Survey, 2-MASS)



  

Dynamics, Parameters

Friedmann class
of cosmological

models

Friedmann's
equation(s):

Relative expansion rate

Cosmological
parameters Hubble constant H

0

Density parameters
matter Ω

m

radiation Ω
r

cosmological constant Ω
Λ

several others



  

Space-Time Diagram, Redshift

Minkowski diagram Redshift due to spatial
expansion



  

The Observable Universe

Causality and the observable
Universe



  

Galaxies recede

Carl Wirtz, Vesto Slipher, 1920s

Edwin
Hubble

Hubble & Humason 1930



  

A Universe Without Big Bang?

No: lower limits to matter density and cosmological redshift
imply Big Bang!



  

Helium

Georges Lemaitre

Alpher,
Gamow,
Herman



  

Cosmic Microwave Background

Cosmic Microwave Background
decoupled when hydrogen
recombined



  

Energy Scale and Duration of Recombination

Recombination massively delayed to
0.32 eV instead of 13.6 eV
~ 400000 yr after Big Bang
~ 40000 yr duration



  

Discovery of the Cosmic Microwave 
Background

CMB had been
predicted
Discovered by
Penzias & Wilson
1965

Robert Dicke



  

Thermal Radiation?

Best measured black-body
Spectrum, COBE 1992

John Mather



  

Structures in the CMB?

Temperature fluctuations
at mK level expected



  

Temperature Fluctuations

Discovered by COBE at µK level

George Smoot



  

The CMB in the Backward Light Cone



Structures in the microwave sky



Microwave foregrounds



The Planck satellite



The Planck satellite



May 14, 2009, 3:12 CEST



Where is Planck, and why?



Where is Planck, and why?



Planck's view of the Sky



Planck's view of the Sky



Analysis of sky maps



Analysis of sky maps



The CMB power spectrum



Structure in Planck's sky



Structure in Planck's sky



CMB polarisation



Structure in Planck's sky



Photon travel



Photon travel



Photon travels



The world according to Planck



The world acording to Planck



The world according to Planck



The world according to Planck



Dark energy



Secondary parameters



Secondary parameters



  

Causality?



  

Inflation and its Consequences



Inflation



Galaxy clusters



The world according to Planck



Astronomy with Planck



Astronomy with Planck



Planck's problems



Planck's numbers



The world according to Planck


