
   Introduction to       
      Cosmology 

Marek Demianski 
University of Warsaw 

















3C 48 
radio 



3C 273 Optical  



Mysterious quasars 

Marteen Schmidt 

”3C 273: a starlike object 

with a large redshift”  

Nature 197, 1040 (1963) 
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Big surprise – starlike object 
 
           at z = 0.158 !!! 
 
            L ~ 1014 𝐿ʘ !!! 
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Centaurus A HST + infrared 





M87  



This later Hubble image of M87’s nucleus and jet also shows (enlarged) an unusual spiral disk in the galaxy’s center.  



Spectra of the regions shown on the image of the center of M87, taken with the Faint Object Spectrograph aboard 

the Hubble Space Telescope, reveal Doppler shifts of the gas. (The single emission line appears at different 

wavelengths.) The orbital speed of 550 km/sec at this distance of 60 light-years from the nucleus allows 

astronomers to calculate how much mass must be inside those locations to keep the gas in orbit. The result is about 

3 billion solar masses !!!, after various effects like the inclination of the disk are taken into account. 

 



Accretion  onto a BH 

RBH = 2GM / c2

This gives radiation efficiency (fraction of rest mass E converted to radiation): 

   

e =
L

˙ M c2
~ 0.5

 Gas accretion is extremely efficient, producing high L 

cf: p-p fusion: 0.007 

   

L =
GM ˙ M 

R
~

GM ˙ M 

2GM /c2
= 0.5 ´ ˙ M c 2

Recall: 







The number density of quasars (number per billion cubic parsecs) is plotted versus 

cosmic time, for an assumed Universe age of 14 billion years. There was a bright, 

spectacular era of quasars billions of years ago, and essentially none now remain.  



The Sloan Digital Sky Survey and the 2dF Quasar Survey (2dF 

stands for “2 degree field”) have confirmed and extended earlier 

results. The new surveys measured many more quasars at high 

redshift, in particular. Here we see the quasars mapped in the 2dF 

Quasar Survey. 
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M 87 black hole of mass = 6.5 ∙ 109 𝐿ʘ 





Sgr 𝐴∗ 

















Hubble constant 
tension 







Z =  14.32 





Big unsolved problems: 
 
Nature of Dark Matter particles 
 
Nature of Dark Energy 
 
The value of the Hubble constant 
 
 


