
Historical Issues of   
Modern Cosmology

Emilio Elizalde
Institut de Ciències de l’Espai (ICE/CSIC)

Institut d’Estudis Espacials de Catalunya (IEEC)
Universitat Autònoma de Barcelona (UAB) Spain

Dartmouth EE Just Scholars Dinner Talk, 7 Jan 2015



Instituto de Ciencias del 
Espacio (ICE/CSIC) 

Institut d’Estudis 
Espacials de Catalunya 

(IEEC) 

http://www.ieec.cat/






Leading idea 
(maybe too obvious but…)

•Astronomical Observations
– Are not enough

•Scientific Theories
– Are not enough

Observations + Theory 

Understanding the Universe !
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The Universe

Model:
• Surface (2-dimensional, balloon)
• Inside or outside do not exist; no ’center’
• ‘Balloon’ expands …accelerately!
• Radial direction of the balloon is time
• Any object around us goes away (redshift) 
• Tension is gravity

http://en.wikipedia.org/wiki/Image:Sphere-wireframe.png
http://en.wikipedia.org/wiki/Image:Sphere-wireframe.png


• But... the Universe was static ! …and very small
• What was λ ? Non-physical
• At that time: 

UNIVERSE = MILKY WAY (+ nebulae)
• Ptolemy 150 DC,   Almagest: mentions five

nebulae
• Persian, Arabic, Chinese astronomers:  more

nebulae
• Edmund Halley six in 1715
• Charles Messier 103 in 1781
• William and Caroline Herschel 3 catalogs, 

1786-1802,  with a total of 2510 nebulae





• The Great Debate (Apr 26, 1920): 
Shapley vs Curtis           

• Harlow Shapley – the Milky Way was the 
entire Universe   

• Heber  Curtis – Andromeda & some 
nebulae were other galaxies (many 
novae in A): “island Universe” (I Kant) 

• [Sci advisor: Josiah McElheny, White 
Cube London, NM Reina Sofia Madrid] 

• By 1922: nebulae were most probably
other galaxies



• And then, Edwin Hubble, 1922-1924, saw 
Andromeda nebula (.8 Mly) was in fact 
far beyond our Milky Way:   
nebulae were other galaxies!

• Hubble at Mount Wilson identified Cepheid 
variable stars in some spiral nebulae, as 
Andromeda and Triangulum. He was only 
35. First published in the New York Times, 
on Nov 23, 1924; then presented at Jan 
1st, 1925 meeting of AAS



 November 23, 1924 

FINDS SPIRAL NEBULAE ARE STELLAR SYSTEMS; Dr. Hubbell 
Confirms View That They Are 'Island Universes' Similar to Our Own. 

WASHINGTON, Nov. 22. -- Confirmation of the view that the spiral nebulae, which 
appear in the heavens as whirling clouds, are in reality distant stellar systems, or 
"island universes," has been obtained by Dr. Edwin Hubbell of the Carnegie 
Institution's Mount Wilson observatory, through investigations carried out with the 
observatory's powerful telescopes. 

In 1929 Hubble formulated the Redshift Distance Law, Hubble's law

Edwin Hubble (1929), "A relation between distance and radial 
velocity among extra-galactic nebulae“, PNAS 15, 168–173

http://en.wikipedia.org/wiki/Hubble%27s_law


Henrietta Leavitt

Ed Pickering’s Harvard Harem

… or  Harvard Computers

1913

Mittag-Leffler
NP proposal ‘26



• Henrietta S Leavitt (Ed Pickering’s Harvard 
Harem), 1912:    period-luminosity
relationship of Cepheid variable stars
a linear relationship between luminosity 
and log of period of variability (coll 1777, 
Eddington valve: He++ more opaque He+). 
Were “standard candles” for measuring H

• In 1929 Hubble derived his velocity-
distance relationship for nebulae using, as 
he wrote to Vesto Slipher (results since 
1912): “your velocities and my distances” 



Vesto
Slipher

On September 17, 1912, obtained 
the first radial velocity of a "spiral 
nebula" - Andromeda. Using the 
24-inch telescope at Lowell 
Observatory, AZ, he got more 
Doppler shifts, establishing that 
large velocities, usually in 
recession, were a general property 
of the spiral nebulae.

Slipher presented his results of the speed of 15 nebulae to the Am 
Astronomical Society in 1914, and received a standing ovation.



• Karl Schwarzschild: Black Hole solution (22 Dec
1915)

• Willem de Sitter: massless univer expand
solution (just cc,1917)

• Alexander Friedmann: expanding universe
solution (1922)

• Georges Lemaître: expanding universe (MIT ‘25, 
AF solution); visited Vesto Slipher (Lowell Obs, 
Arizona,  1912 redshifts) and Edwin Hubble 
(Mount Wilson, Pasadena); 
Keeler-Slipher-Campbell 1918, redshifts

• Theory, 1927: Annales Société Scientifique 
Bruxelles 47, 49 (1927), Eddington MNRAS (1930)



• At meeting in Brussels, 1927, Lemaître said to
Einstein: Universe is expanding, no need for λ. 
Answer: no error but… It took Einstein over
two years to understand.   

Then he said his very famous sentence:           
” Weg mit der kK…”   (biggest blunder)

• Looking backwards in time: The Universe had
an origin! Primeval atom or cosmic egg
(Nature 127, 706 (1931)).                          
The Catholic Church was happy with Lemaître's
scenario: Monsignor and later President of the 
Pontifical Academy of Sciences



Big Bang
“Condició primigènia en la qual existien unes
condicions d'una infinita densitat i temperatura”
[Wikipedia CAT]
“At some moment all matter in the universe 
was contained in a single point” [Wikipedia]

Georges Lemaître (1894-1966)
Theory, 1927: Solution (Friedmann’s) of Einstein’s Eqs
Annales Société Scientifique Bruxelles 47, 49 (1927), Eddington MNRAS (1930)

Observational evid.: V. Slipher redshifts + E. Hubble distancies 
"hypothèse de l'atome primitif“   Nature 127, 706 (1931)

primeval atom,  cosmic egg



• Led to Big Bang theory (Fred Hoyle, BBC radio 
3rd progr, 18:30-50 GMT, 28 Mar 1949): 
refuted”that the whole of the matter in the 
universe was created in one big bang  at a 
particular time in the remote past.” 

• Fred Hoyle, Thomas Gold, Hermann Bondi:
Steady State ’48, “C-field” with a negative 
pressure, to be consistent with energy 
conservation (anticipated inflation)

• Richard Tolman ’32: the negative energy of 
gravity could supply the positive energy for 
matter of the Universe 



• Friedmann-Lemaître-Robertson-Walker
(FLRW 1931-37)

• Dark matter: Fritz Zwicky 1933, evidence 
of ‘missing mass’ in the orbital velocities 
of galaxies in Coma cluster (virial th, also 
Jan Oort ’32 MW): 

dunkle Materie (dark matter)
• Now lots of evidence: galactic rotation 

curves (Vera Rubin, Kent Ford ‘75), 
gravitational lensing, Bullet cluster, etc



• Or maybe Newton’s laws need to be 
modified at large distances (modified 
gravities, MOG, MOND, etc.) VR

• Arno Penzias, Robert Wilson (1964 at Bell 
Labs NJ); Princeton (< 40 miles) Dicke, 
Peebles, Wilkinson writing paper on how 
CMB should be   –– Burke (MIT) told 
Penzias of Peebles’ work:   

and the Big Bang was there !     
Previous: 48-49 WS Adams, T Dunhan

’30s G Gamow, Alpher & Herman 



• Alan Guth ‘80, Katsuhiko Sato ‘81, Andrei
Linde inflation But also: A Albrecht, P 
Steinhardt, A Starobinsky. And add Ya B
Zel’dovich, S Coleman (decay of false 
vacuum), …

• Quantum fluctuations + chaotic inflation
 multiverse

• Hawking+Turok instanton ’98 
NoBoundary (Hartle-Hawking) vs chaotic inflation
• A Riess, B Schmidt ’98, S Perlmutter ’99: 

acceler expan!  Dark Energy



Thank You



• Expansion according to Hubble’s law
• CMB Radiation 1964 A Penzias R Wilson
• Abundancy of primordial elements

helium-4, helium-3, deuterium, litium-7
• Evolution & distribution of galaxies
• Primordial gas clouds

distant quasars
• Detection of primordial gravitational waves ? 

17 March 2014

Big Bang: Evidences

WS Adams i T Dunham Jr 37-41; G Gamow 48; RA Alpher, RC Herman 49





≈ 5.39106(32) × 10−44 s

ħ  = 1.054571726(47)×10−34 J s 
=  6.58211928(15)×10−16 eV s

On the very origin 

       A mathematical singularity? 

Extrapolation of the expansion of the universe backwards in time using General

Relativity yields an infinite density and temperature at a finite time in the past

[Hawking and Ellis, The Large-Scale Structure of Space-Time (Cambridge U.P., 1973)]

?

inside Planck region ?
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Zero point energy

QFT vacuum to vacuum transition: 〈0|H|0〉
Spectrum, normal ordering (harm oscill):
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gives ∞ physical meaning?

Regularization + Renormalization ( cut-off, dim, ζ )

Even then: Has the final value real sense ?
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http://books.google.com/books?id=PXkhYSqIeykC&hl=es&source=gbs_similarbooks
http://books.google.com/books?id=GKkEIyuITWQC&hl=es&source=gbs_similarbooks
http://books.google.com/books?id=tBmliSFW8eYC&dq=Cosmology%2C%20Quantum%20Vacuum%2C%20Zeta%20functions&hl=es&source=gbs_similarbooks




(from S.Reynaud)
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