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• Expansion of the Universe

• Nucleosynthesis Yields

• Cosmic Microwave Background

Hot Big Bang Theory

Hot Big Bang Theory

Ralph Alpher George Gamow

Big Bang 
Nucleosynthesis: 
In first 3 minutes, 
Universe hot 
enough for nuclear 
fusion
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Big Bang Nucleosynthesis Yields

Burles, Nollett, & Turner 1999

Stars can only 
produce few% He 
abundance.  Big Bang 
Nucleosynthesis
predicts observed 
25% abundance.

1964

Bob 
Wilson

Arno 
Penzias

Discovery of Cosmic Microwave Background

Origin of the CMB

Free electrons efficiently 
scatter light

Recombination = lose 
scattering source
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CMB well fit by a blackbody

T = 2.725 K

DT = 3.35 mK

DT = 18 µK

Temperature Variations in CMB
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CMB Power Spectrum sensitive to Cosmology

Kamionkowski & 
Kosowsky 1999

CMB Power Spectrum

Planck Consortium 2015

Age of Universe = 13.799 +/- 0.021 Gyrs
Wm = 0.3089 +/- 0.0062
Wb = 0.02230 +/- 0.00014
WL = 0.6911 +/- 0.0062
H0 = 67.74 +/- 0.46 km/s/Mpc


