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 DE and DM: Finding the Rings… 
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The Big Universe             
around us 
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The Universe is expansing  (1929).  
Edwin Hubble: 
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Original measurements 

z= 01.

New measurements 
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 Cosmological and 
astrophysical scales 
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 Einstein’s equations and FLRW metric 
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Until about 1930 almost everybody ``knew’’ that the universe 
was static, in spite of the two important papers by Friedmann in 1922 and 1924 
and Lemaitre’s no less important work in 1927   (recall that Hubble’s law is from 1929) 

Einstein himself accepted the idea of an expanding universe only much later 

In fact, only after Lemaitre's successful explanation of Hubble’s discovery changed 
the viewpoint of cosmologists. At this point Einstein rejected the 
cosmological term as superfluous and no longer justified. He published his new view 
on it in:    Einstein A. Sitzungsber. Preuss. Akad. Wiss. (1931)  235-37. 

The field equations were proposed by A. Einstein in 1915:  "Die Feldgleichungen der 
Gravitation". Sitzungsberichte der Preussischen Akademie der Wissenschaften zu Berlin: 
844–847. 

condition for static universe: 

 Einstein’s Universe 
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Funny enough, after the CC was rejected by Einstein, it was later re-introduced by Eddington in 
order to explain the age of the Universe when H_0 was thought too large (500 Km/s/Mpc) 
implying   t_0  of  only  2 billion years (younger than the Earth!).   



“Ich habe wieder etwas verbrochen in der Gravitationstheorie, was 
mich ein wenig in Gefahr bringt, in ein Tollhaus interniert zu werden‘‘ 

In a letter to P. Ehrenfest on 4 February 1917 Einstein 
wrote about his introduction of the CC term: 
 

A. Einstein, Sitzungsber. Konigl. Preuss. Akad. Wiss., phys.-math. Klasse VI, 142  (1917) 

(I have again perpetrated something relating to the theory of gravitation that might 

endanger me of being interned to a madhouse.) 
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Some remarks on the Einstein Universe…  
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10 23 3− grams m/ 5 3protons m/
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13.7 Gyr 
9.3  Gyr 
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Fundamental observers !! 
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Supernova 1994D 

Galaxy NGC 4526, Virgo cluster 
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Λ ≠ 0
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