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The Cosmological Principle 

• Copernican principle: we do not occupy a special place 
in the Universe 
– Philosophical principle 

 

• Cosmological principle: Universe is homogeneous and 
isotropic on very large scales 
– Homogeneous = same everywhere 
– Isotropic = same in all directions 
– Can be tested by large-scale surveys 
– Applies on scales > 10s of Mpc (or 100s?) 

 

• We observe isotropy, and assuming isotropy everywhere 
via the Copernican principle implies homogeneity 

 



Key Features of the Big Bang Model 

1. Hubble expansion 
– Lecture 1 

 

2. Existence of microwave background 
radiation 
– Lecture 2 

 

3. Prediction of primordial nucleosynthesis 
– Lecture 2 
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Implications of Expansion 

• Big Bang model: the Universe is expanding now, so it 
was very small in the past, and had a “beginning” 

 

• Steady State model: matter is continually created as 
space expands, so the Universe is homogeneous in 
time as well as space 

 

 

Either interpretation valid until the discovery of the 
microwave background radiation, which favored BB 



Cosmic Microwave Background (CMB) 



evidence Universe 
was once hotter 

than .1 eV 



Primordial Nucleosynthesis 

A prediction of the hot big bang 
is the production of light 
elements through nuclear 
reactions in the initial plasma 





Big Bang Cosmology 

• Cosmological principle: the Universe is 
homogeneous and isotropic 
– (on very large scales) 

 
• The Big Bang: the Universe was very small, hot, and 

dense in the past 
 
– Hubble expansion 

 
– The Cosmic Microwave Background 

 
– Primordial Nucleosynthesis (or BBN) 

 
 



The Expanding Universe 

Geometry 
Dynamics 

Kinematics 
Thermodynamics  



Geometry 

• A metric allows us to 
calculate the 
spacetime 
separation between 
2 (4-D) points in a 
given coordinate 
system 
 

• 3-dimensional space 
has three possible 
geometries: 

 

– Spherical 
– Hyperbolic  
– Euclidean 

Possible geometries of 2-D surfaces 
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Dynamics 

geometry stuff vacuum energy 











The relative amounts 
of dark matter and 
dark energy 
determine the global 
curvature and 
expansion history of 
the Universe. 



Kinematics 
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(otherwise it is very complicated – see Hogg, “Distance measures in 
cosmology”, astro-ph/9905116) 
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Thermodynamics 



• Relativistic matter: 

 

 

 

 

 

 

• Non-relativistic matter:  
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Freeze-out 
 

• In thermal bath, a number of massive particles are 
exponentially suppressed  

 

 

 

      

• If they decouple from the thermal bath,  

     the number density is just diluted by expansion  

 

 

       (precise treatment is given by Boltzmann eq.) 
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COSMOLOGY PARTICLE 

PHYSICS 



eqvn 

v

1[ ]v cm s

: cross section 

2[ ]cm

: average velocity 

n : number density 
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