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Numerical Simulations of Structure and 
Galaxy Formation: 1970’s - 2000’s	
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The state of the art … 



The Flowering of Observational Cosmology, 
1970’s - 2000’s:  Studies of Galaxy Formation 

and Evolution 



The Progress in Cosmology	


Is Driven By	



The Progress in Technology	





Inflation: A Key Theoretical Idea 
•  Alan Guth (1980); precursors:  D. Kazanas, A. Starobinsky 
•  Explains a number of fundamental cosmological problems: flatness, 

horizon, origin of structure, absence of topological defects… 
•  Chaotic inflation: Andrei Linde - is our universe just a bubble in a 
much larger megaverse? 
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Precision Cosmology From CMBR 

WMAP	



Temperature Fluctuations	



Angular Power Spectrum	





Supernova Hubble Diagram 



WMAP + 2dF results, 
Bennett et al. 2003 



The Composition of the Universe 

•   A picture consistent with many different observations,	


   not just SNe and CMBR:  Concordance Cosmology	


•   The nature of the Dark Matter and Dark Energy are	


    among the most outstanding problems of science today	





The Cosmic Timeline 

Highly speculative physics	


Physics reasonably well understood	



The current frontier	


Fairly well understood	





From a Particle Physics Viewpoint: 
Inflation 1016 GeV 

Quarks → Protons 
  1 GeV 

Nuclei form 1 MeV 

Atoms form 1 eV 

Stars and galaxies 
first form:   1/40 eV 

Today: 1/4000 eV 

[Room temperature 1/40 eV] 



WMAP Team’s Simulation of 
the Early Cosmic History	



	


(Movie)	





The Universe in a Day 
Event When it happened 
Big Bang 12:00:00 midnight 

First Atoms form 12:00:08 a.m. 
Stars and Galaxies form 12:29:00 a.m. 

Our Sun is born 4:00:00 p.m. 
Earth born 4:38:00 p.m. 

Moon formed 4:48:00 p.m. 
Earliest life on Earth 5:55:00 p.m. 

First multi-cellular life on Earth 10:53:00 p.m. 
Dinosaurs appear 11:41:00 p.m. 

Dinosaurs die 11:54:00 p.m. 
Humans arise 11:59:56 p.m. 
Present Day 12:00:00 midnight tomorrow 

Sun becomes Red Giant 8:00:00 a.m. tomorrow 
Sun becomes White Dwarf 8:19:00 a.m. tomorrow 



A Dichotomy of Cosmology?  (M. Rees) 

Theories of the early universe, 
inflation, nucleosynthesis,	


CMBR fluctuations …	


Elegant, mathematical, clean	



Studies of galaxy and structure 
formation and evolution, mostly 
observational, some numerics …	


Lots of messy phenomenology	





Next: 
Relativistic 

Cosmology and the 
Global Geometry and 

Dynamics of the 
Universe 


