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Relativistic gravity era:
25 November 1915
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Albert Einstein



Relativistic cosmology era:
8 February 1917
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Einstein’s assumptions: 

1. Universe is static
reasonable assumption at the time since there
were no observational evidence for the recession
of the distant galaxies

2. Uniform distribution
of matter

“Cosmological Principle“ (Milne 1935)
with a Copernican approach
to cosmology

Einstein’s interpretation of Mach’s Principle: 
space could not have a physical reality
at an infinite distance from matter. 

3. Closed spatial
geometry (3D sphere)
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Universal constant (cosmological constant)

Einstein (1915) equations do not provide a physical solution
for these assumption!        Minimal generalization of these
equation: 

Einstein (1917)
equations

Solutions:
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Dynamical Universe era:
29 May 1922

Zeitschrift für Physik, 10, 377-386, 1922. 
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Alexander Friedmann



Einstein vs Friedmann

I. First Einstein article: 1 page paper in 
Zeitschrift für Physik, 11, 326, 1922

“The results obtained in the cited paper
regarding a nonstationary universe seemed
suspect to me. In fact, it turns out that the
solution given does not agree with the field
eq. (A). As we know, from these field
equations it follows that the divergence of
tensor of matter vanishes.”

Universe must be static!



In response to this remark, Friedmann wrote to Einsten
a long letter elaborating his derivations. 

But Einstein was on a world tour, returning to Berlin only in May 1923.

Profssor Krutkov visited Leiden from late March to 25 May 1923.
On 7 May 1923, Yuri Krutkov met Einstein at Ehrenfest’s home
in Leiden and clarified the confusion.

Yuri A. Krutkov (1890–1952) was Professor of Physics at the University 
of Petrograd. He was a colleague and friend of Alexander Friedmann.
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So Einstein promptly published another short note in the Zeitschrift,
acknowledging the mathematical correctness of Friedmann’s results.



II. Second Einstein article: 1 page paper in 
Zeitschrift für Physik,  16, 228, 1923

„My objection, however, was based on 
a calculation error. … I consider Mr. Friedmann’s
results correct and illuminating.“
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However, Einstein  did not consider Friedman’s cosmology to be realistic: 
“to this a physical significance can hardly be ascribed” (Einstein 1923).



Friedmann’s equations:

Einstein model is unstable ! 

Einstein model corresponds
to the maximum of the potential 
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Primeval Atom and Big Bang

"Un Univers homogène de masse constante et de rayon
croissant rendant compte de la vitesse radiale des nébuleuses
extra-galactiques".
Annales de la Société Scientifique de Bruxelles. 47: 49-59. April 1927.

Translated (with the help of Arthur Eddington) in:

“A Homogeneous Universe of Constant Mass and Increesing
Radius Accounting for the Radial Velocity of Extra-galactic Nebulae“.
Monthly Notices of the Royal Astronomical Society. 91 (5): 483–490. 1931.
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Georges LemaîtreThis work also received very little attention, probably because
it was published in a little-read Belgian journal.

Einstein was skeptical: "Your calculations are correct,  but your physics is abominable “. 
(Solvay Conference, 1927). Einstein also pointed to the Friedmann’s papers.

However, international fame after Edwin Hubble paper in 1929!
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Lemaître proposed that the universe expanded from an initial 
point, which he called the "Primeval Atom". 

During a 1949 BBC radio broadcast, Fred Hoyle ironically 
called this scenario "The Big Bang Theory”.

Lemaître derived equation became known as Hubble’s law.
He was also the first to estimate the numerical value of the 
Hubble constant.

13



Experimental Confirmation

On January 17, 1929, Hubble published his
landmark paper: A relation between distance
and radial velocity among extra-galactic nebulae.
Proc Natl Acad Sci USA 15(3), 1929, 168–173.

14

Edwin HubbleThe paper was based on:

I. Hubble’s measurements of distances to distant galaxies.

II. Slipher’s measurements of the spectra of these galaxies. 
The red shift of the spectra determines their recession velocities.
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Such a picture should not exist!

Size of the Local Group

Wrong zeropoint calibration of the standard candles. All distances
were too small by a factor of 7, and the expansion rate           was 
too large by the same factor.

Hubble 1929 value:

Present value:
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Starting with the 1946 edition of his popular book
„The Meaning of Relativity“, Einstein interjected that
“the mathematician Friedmann found a way out of this
[cosmological constant] dilemma. His result then found
a surprising confirmation in Hubble’s discovery of the
expansion of the stellar system.”

The biggest blunder

After the Hubble‘s confirmation of the expanding universe,
Einstein finally abandoned the cosmological term in 1931 as
an unnecessary complication of the theory.
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Einstein is often quoted as saying that „The cosmological term
is the biggest blunder of my life“.

However, there is no documentary evidence that Einstein 
said or wrote this!

Only George Gamow mentioned this Einstein phrase in 
My World Line (1970) and in Scientific American article
from September 1956.
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From dynamical Universe to Hot Big Bang

In 1925, Alexander Friedmann became the 
Gamow’s postgraduate supervisor. 
Unfortunately, in August 1925, on his way from the
Crimea, Friedmann contracted typhus. He died in 
Leningrad on September 16, 1925.

In 1948, George Gamow, Ralph Alpher, and Robert 
Herman provided arguments for hot Big Bang 
with its thermal radiation (CMBR).

Gamow realized that based on the model of the
Friedmann’s and Lemaître’s non-stationary Universe 
the formation of chemical elements (nucleosynthesis) 
could be explained, given that the early Universe 
was filled with high-temperature radiation.



Now, the Lambda-CDM model is the current standard model of
cosmology which uses the FLRW metric and includes the
cosmological constant.

Dark energy

resurrection of the cosmological constant
?

In 1998 and 1999 Riess et al. and Perlmutter et al. published papers
establishing the existence of an accelerated expansion of the Universe

dubbed by dark energy

However, that is another story!

The cosmological constant was resurrected!
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THANK YOU!


