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Albert Einstein in 1921 
(Public domain)





Edwin Hubble in 1931 
(Public domain)
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Infrared Ultraviolet 
On Earth 

From a distant galaxy: “redshifted” spectrum  
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Robert Millikan Georges Lemaître Albert Einstein



Massive particle



Einstein with Chaplin at the premiere of City Lights, 
Los Angeles, Jan 30th 1931 (public domain)  







The Einstein-de Sitter Universe in the 1970s
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Credit: Schneider (2006)



Credit: COBE/NASA, Smoot et al (1996)

Fluctuations in the cosmic microwave background 



The Lambda-CDM model 
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SN1994D in NGC 4526

Treffers et al (1994); imaged by HST



Image credits: ESA and Justyn Maund (Queens Univ. Belfast) and NASA, Tod Strohmayer (GSFC), and Dana Berry (Chandra X-ray Observatory)



Tycho Supernova (1572)

Tycho Brahe, De nova stella (1573)
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Universe collapses

Universe accelerates

30% matter, 70% dark energy (Lambda-CDM)
30% matter, no dark energy 

Only matter (Einstein-de Sitter)

Redshift 



~ recession velocity/c 
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Abbott et al  (DES Collaboration, 2019)

Acceleration DecelerationToday ~200 Mpc/h

30% matter, 70% dark energy 

30% matter, no dark energy 

Only matter (Einstein-de Sitter)



Thank you!
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