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L'expansió de l'Univers: 
Un dels descobriments més
importants en tota la Història

de la Humanitat



Name or Title or Xtra

Institute of 
Space Sciences 1917

Einstein field equations with Λ
“Eine Gröβe Eselei”

Beginning of (Theoretical) Modern Cosmology

 Universe:  eternal
 Universe =  Milky Way
 Universe:  static why?
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Image of H335H shows the glass side of the photographic plate, on 
which Hubble marked novae and, eventually, the first Cepheid in ink 

Hubble variable number one, or V1, two million 
light-years away in the outer regions of the 
neighboring Andromeda galaxy, or M31
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Year 1912

The Beginning of Modern Cosmology

 Distances Henrietta S. Leavitt (Cepheids)
 Velocities Vesto M. Slipher (redshifts)

7 April 1912: Victor Hess discovers cosmic rays
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had 25 results, 4 of them blueshifts, and he gave an interpretation on the 
enormous receding mean velocity, of nearly 500 km/s, of these objects: 
“This might suggest that the spiral nebulae are scattering 
but their distribution on the sky is not in accord with this 
since they are inclined to cluster.” 

And he added that:
“... our whole stellar system moves and carries us with it. 
It has for a long time been suggested that the spiral 
nebulae are stellar systems seen at great distances ...     
This theory, it seems to me, gains favor in the present 
observations."

By 1917 Slipher ...
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 In 1924 the Swedish astronomer Karl Lundmark, by making the 

assumption that galaxies were standard objects, used their size and 
brightness to infer their distance from us.

 He then tried to find a relationship between the Slipher’s redshifts 
and the distances and concluded that there might be one, but this 
was not clear enough.

 Actually, Hubble did also make the same assumption but improved
the table of distances by using Cepheid variable stars, when they
were available (and again Slipher’s redshifts). In this way he found a 
clear correlation.



Table 1: Radial velocities in km/s  of 25 spiral nebulae 
published by VM Slipher in 1917

Table 1: Distances in Mpc of spiral nebulae 
published by E Hubble in 1929

“… your velocities and my distances”. Letter of 
E.P. Hubble to V.M. Slipher, Mar 6, 1953.  Biographical 
Memoirs, Vol 52, National Academy of Sciences (U.S.)
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At large scale, the dominant 
movement of our Universe is 
dictated by the law:

V = Ho D

Interpretation:  
1. Proper movement of the galaxies
2. Movement of the reference system, of space-time

Both are right! –But the second prevails at large distances

Ho = (67.8 +/- 0.9) km/s/Mpc [500 Hubble, 1929]

Hubble’s Law
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Hubble acknowledged Slipher's seminal contribution to his own 
work by declaring that: 

“… the first steps in a new field are the most difficult 
and the most significant. Once the barrier is forced 
further development is relatively simple.” 

E.P. Hubble, The realm of the nebulae, Dover Pub. Inc. 1958 
[Biographical Memoirs, Vol 52, National Academy of Sciences 
(U.S.)] 

Further:  Hubble on Slipher’s contribution
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In a letter by Hubble to Willem De Sitter in 1931, he stated his thoughts about the 
velocities by saying 

"... we use the term 'apparent velocities' in order to emphasize the 
empirical feature of the correlation. The interpretation, we feel, should 
be left to you and the very few others who are competent to discuss 
the matter with authority."
Sten Odenwald and Rick Fienberg, "Redshifts Reconsidered", Sky Pub Co (1993)

Hubble never said the universe was expanding! 
http://cecelia.physics.indiana.edu/life/redshift.html

Einstein was convinced in `31 by Eddington, Tolman, and de Sitter (not
by Hubble) of the facts that his static model was unstable and that the
universe was expanding. Harry Nussbaumer, Eur Phys J H39, 37–62 (2014)
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 “On the Curvature of Space”, A. Friedmann, Petersburg                                 
Received June 29, 1922, Zeitschrift für Physik

“the Universe may expand since General Relativity equations admit 
dynamical solutions"

 Remark on the work of A. Friedmann, ZfP 1922, “On the Curvature of Space”          
A. Einstein, Berlin                                                                                                     
Received September 18, 1922, Zeitschrift für Physik

Albert Einstein and the Friedmann Equations, 8.286, 9/27/07: Alan Guth
http://web.mit.edu/8.286/www/slides07/Einstein-and-Friedmann.pdf

Publication of the Friedmann Equations
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 June 29, 1922: Friedmann's paper received at Zeitschrift für Physik
 September 18, 1922: Einstein's refutation received at Zeitschrift für Physik
 December 6, 1922: Friedmann learns about Einstein's objection from his friend, Yuri  

A. Krutkov, who is visiting in Berlin. Friedmann writes a detailed letter to Einstein. 
Einstein is traveling and does not read it

 May, 1923: Einstein meets Krutkov in Leiden, both attending the farewell lecture by 
Lorentz, who was retiring

 Krutkov's letters to his sister: “On Monday, May 7, 1923, I was reading, together with 
Einstein, Friedmann's article in the Zeitschrift für Physik." May 18: “I defeated 
Einstein in the argument about Friedmann. Petrograd's honor is saved!"

 May 31, 1923: Einstein's retraction of his refutation is received at Zeitschrift für Physik
http://web.mit.edu/8.286/www/slides07/
Einstein-and-Friedmann.pdf
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“All That Matter ... in One Big Bang ...,” 
& Other Cosmological Singularities
E Elizalde *

Galaxies 2018, 6, 25; doi:10.3390/galaxies6010025

arXiv:1801.09550v3 [physics.hist-ph] 25 Jan 2018
https://arxiv.org/pdf/1801.09550.pdf

https://www.preprints.org/search?action=search&field=authors&search=Emilio+Elizalde
https://arxiv.org/pdf/1801.09550.pdf


Reasons in Favor of a Hubble-Lemaître-Slipher’s
(HLS) Law
Emilio Elizalde

Institute of Space Sciences (ICE/CSIC and IEEC), Campus UAB, Carrer de Can Magrans, s/n, 
08193 Bellaterra (Barcelona), Spain

Symmetry 2019, 11(1), 35; https://doi.org/10.3390/sym11010035
arXiv:1810.12416 [physics.hist-ph]

https://doi.org/10.3390/sym11010035
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Thank You !
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