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Modern Cosmology
A series of major discoveries has laid a lasting 
foundation for cosmology.  Einstein’s general relativity 
(1916) provided the conceptual foundation for the modern 
picture.  Then Hubble discovered that “spiral nebulae” are 
large galaxies like our own Milky Way (1922), and that distant 
galaxies are receding from the Milky Way with a speed 
proportional to their distance (1929), which means that we live 
in an expanding universe.  The discovery of the cosmic 
background radiation (1965) showed that the universe began 
in a very dense, hot, and homogeneous state: the Big Bang.  
This was confirmed by the discovery that the cosmic 
background radiation has exactly the same spectrum as heat 
radiation (1989), and the measured abundances of the light 
elements agree with the predictions of Big Bang theory if the 
abundance of ordinary matter is about 4% of critical density.  
Most of the matter in the universe is invisible particles which 
move very sluggishly in the early universe (“Cold Dark Matter”).



Experimental and Historical Sciences

Historical Explanation Is Always Inferential
  Our age cannot look back to earlier things
  Except where reasoning reveals their traces  Lucretius

Patterns of Explanation Are the Same in the Historical
Sciences as in the Experimental Sciences
Specific conditions + General laws ⇒ Particular event

 

In history as anywhere else in empirical science, the explanation of a phenomenon 
consists in subsuming it under general empirical laws; and the criterion of its 
soundness is … exclusively whether it rests on empirically well confirmed 
assumptions concerning initial conditions and general laws. 
  C.G. Hempel, Aspects of Scientific Explanation (1965), p. 240.

both make predictions about new knowledge,
whether from experiments or from the past



Successful Predictions of the Big Bang
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Caution: 7Li may now be discordant





General Relativity and Cosmology

GR: MATTER TELLS SPACE
 HOW TO CURVE

Rµν – ½Rgµν  = 8πGTµν  + Λgµν

CURVED SPACE TELLS
MATTER HOW TO MOVE

    duµ
     ds

+ Γµαβ uα uβ = 0

Cosmological Principle: on large scales, space is uniform and 
isotropic.  COBE-Copernicus Theorem: If all observers observe a 
nearly-isotropic Cosmic Background Radiation (CBR), then the 
universe is locally nearly homogeneous and isotropic – i.e., is 
approximately described by the Friedmann-Robertson-Walker 
metric
      ds2 =  dt2  – a2(t) [dr2 (1 – kr2)-1 + r2 dΩ2]
with curvature constant k = – 1, 0, or +1.  Substituting this metric 
into the Einstein equation at left above, we get the Friedmann eq.  
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f(0.3, 0.7) = 0.964

Matter:
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