
Modern cosmology 
 A historical sketch  



This depiction of the no. of publications on ”cosmology” in Physics Abstracts 
(1930-75) shows a field which only began it ”normal” growth in the 1960s, 
while in the 1930s it was very small and with no sign of progress. 



BUT, if the data are taken relative to all articles in Physics Abstracts, we get 
a very different picture: now, the 1930’s look like a fine decade, while the 
progress in the 1960s has entirely vanished! 



B. Riemann (1826-1866) 

Ω↓0 = 𝜌/𝜌↓𝑐    with    𝜌↓𝑐 = 3𝐻↑2 /8𝜋𝐺  
The value of Ω0 

determines the 

geometry of space.  





Do the galactic redshifts vary 
systematically with their distances?  
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M. Slipher: galactic redshifts 

𝑧≡ ∆λ/λ = 𝑣/𝑐  Doppler shift: 





  Hubble-diagram 

 1929, H ≅ 500 km/s/Mpc 

1931, H ≅ 558 km/s/Mpc 

v = H r 



Einsteins model of 1917:  

    Static (no beginning, no end)  

    Filled with dilute matter  

    Spherical space, of finite volume  

    Cosmological constant, Λ > 0. 

Cosmological field equations  



Georges Lemaître; expanding universe (1927); first big-bang model (1931)  







Tired-light hypotheses 
 

Explanation of galactic redshifts on the basis 

of the static universe, e.g. MacMillan 1932.  

Assume  dE/dx = −αE, E = E0 exp(−αx), 

λ = λ0 exp(αx) ≅ λ0 (1 + αx), therefore 

∆λ/λ ≅ αx 

… Hubble law! 

E = h          E = h* , * <  

galaxy     earth 

Is the simple tired-light 

hypothesis a better explanation 

of the galactic redshifts than the 

complicated hypothesis of the 

expanding universe based on 

GR? 

 

Ad hocness  



  W. de Sitter, 1931  

Early cosmological models = solutions to Einstein’s field equations satisfying the 

cosmological principle 

O. Heckmann, 1932  



3(𝑅 /𝑅 )↑2 +3𝑘/𝑅↑2  =Λ+𝜅𝜌 (𝑅 /𝑅 )↑2 +2𝑅 /𝑅 + 𝑘/𝑅↑2  =Λ 

R(t)  =  scale  factor  (relative  distance)	

k  =  space  curvature  parameter  (k  =  +1,  0,  −1)	

Λ  =  cosmological  constant	

κ  =  8πG  (Einstein  gravitation  constant)	

ρ  =  average  ma@er  density	

𝑘/𝑅↑2  = 𝐻↑2 (2𝑞↓0 −1) 

GR-‐‑cosmological  models  (assuming  CP,  p  =  0,  c  =  1)	
	
Friedmann  equations:	
	

𝐻= 𝑅 /𝑅  𝑞↓0 =− 𝑅 /𝑅𝐻↑2   
For  Λ  =  0	 where	 and	

The  Hubble  constant  H,  the  deceleration  parameter  q0,  and  the  density  ρ  are  
measurable  quantities	



9 May 1931 

 

The birth of the idea 

of the big-bang 

universe originating 

in a ”primeval atom.” 



Lemaître’s “primeval-atom” universe, 1931 
 
Space and past time are finite. The cosmological constant (Λ > 0), 
provides a “stagnation phase” solving the age paradox. 



Lemaître’s “big bang” described in Popular Science Monthly 1932. 



Hubble’s parameter: 

The incredible 

shrinking constant 

Lemaître 1927   H0 ≅ 625   km/s/Mpc 

Hubble 1931      H0 ≅ 558   km/s/Mpc 

Planck 2015       H0 = 67.8  km/s/Mpc 



The first suggestion of a nuclear-physical big bang 



The Hot Big Bang 

1948-53, G. Gamow, R. Alpher, 

R. Herman: 

 

A) “hot”, radiation-dominated 

early universe,  

B) calculations of primordially 

produced elements, 

C) prediction of a cosmic 

microwave background. 



 T. Gold   H. Bondi            F. Hoyle 

The steady-state 
theory of the universe       
 

The universe expands 
eternally, with continual 
creation of matter securing 
a constant density of mass. 
 

 
The Perfect Cosmological 

Principle: On a very large 
scale, the universe is 
uniform both in space and 
time. 

   Wm. McCrea  J. Narlikar            D. Sciama 



Ø  Space curvature k = 0 (flat space) 
 
Ø  Exponential expansion: R ~ exp(Ht), H constant 
 
Ø  Deceleration parameter q0 = -1 
 
Ø  Matter density ρ = ρcrit ≈ 5 × 10-28 g cm-3  
 
Ø  Matter creation rate = 3ρH ≈ 10-43 g s-1 cm-3  
 
Ø  Age of universe: infinite 

Ø  All elements synthetized in stars and novae 

Ø  Average age of galaxies <t> = T/3 ≈ 6 × 108 y 
   (T ≡ 1/H) 
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Predictions of  classical steady-state theory, ca. 1950



1965: Discovery of CMB 
 
(predicted by R. Alpher og R. Herman in 
1948, T ≈ 5 K) 





Stockholm, 11 December 1978 

Penzias and Wilson awarded the Nobel Prize “for 

their discovery of cosmic microwave background 

radiation,” … “after which cosmology is a science, open 

to verification by experiment and observation.”  

Did Penzias and Wilson really 

discover the CMB? 



Standard hot-big-
bang cosmology 
(1965+) 

R. Dicke 

J. Peebles 

Y. Zel’dovich 






