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Content of the course: 

The celestial sphere, basic astronomical observations 

Nature of light, black body radiation, spectra, 

luminosity distance 

Basics of stellar structure and evolution 

The Milky Way, basics 

The Milky Way as seen by Gaia 

Edwin Hubble – the realm of galaxies 

Expansion of the universe, Hubble’s law 

The Friedman-Lemaitre cosmological model 

Propagation of light in the evolving universe, redshift, 

luminosity distance 

The problem of initial singularity 

  

Basic cosmological parameters 

Dark Matter 

Dark Energy, the ΛCDM cosmological model 

The cosmic microwave background radiation 

Very early evolution of the universe, the inflation epoch 

Evolution of the primordial density perturbations 

Formation of structure in the universe, numerical 

models 

Supermassive black holes 

Quasars and Active Galactic Nuclei 

Observational tests of the ΛCDM model 



The Big Bang model and primordial nucleosynthesis  

Basic cosmological parameters 

Dark Matter 

Dark Energy, the ΛCDM cosmological model 

The cosmic microwave background radiation 

Very early evolution of the universe, the inflation epoch 

Evolution of the primordial density perturbations 

Formation of structure in the universe, numerical 

models 

Supermassive black holes 

Quasars and Active Galactic Nuclei 

Observational tests of the ΛCDM model 



Evaluation – 
 
homeworks 
final essay  or 
final written exam 



Books: 

 

Barbara Ryden, Introduction to Cosmology, 

Cambridge University Press, 2016 

 

Scott Dodelson and Fabian Schmidt, Modern 

Cosmology, Academic Press, 2021 

 

Steven Weinberg, The first three minutes, Basic 

Books, 1993 

 

and many other 









Claudius Ptolemy 
100 – 170 AD 



Almagest 







1473 - 1543 



The heliocentric system 



The Copernican 

theory explains 

retrograde 

motion as an 

effect of 

projection. For 

each of the nine 

positions of 

Mars shown 

from right to left 

on the red line, 

follow the white 

line from 

Earth’s position 

through Mars’s 

position to see 

the projection of 

Mars against 

the sky (relative 

to distant 

background 

stars).  

Mars’s forward motion appears to slow down as Earth overtakes it. 

Between the two “stationary points,” Mars appears in retrograde 

motion; that is, it appears to move backward with respect to the stars. A 

similar argument works for planets closer to the Sun than Earth. 



Johannes 
Kepler 
1571 - 1630 



Kepler’s Laws of 
Planetary Motion 



https://en.wikipedia.org/wiki/Platonic_solid 

https://en.wikipedia.org/wiki/Platonic_solid






 A model of the Solar System proposed by   
                        Kepler 
 
 
Planets      Ratios of the planet’s radii     
                                                        
                             real      Kepler’s model                                     
 
Mercury/Venus    0.57             0.53   
                                     
Venus/Earth        0.79             0.72  
                                     
Earth/Mars         0.63             0.65 
                                      
Mars/Jupiter       0.33             0.29   
                                    
Jupiter/Saturn    0.57             0.54                                       



Galileo Galilei 
1564 - 1642 





Johannes Hevelius 1611 - 1687 



Johannes Hevelius 
Elisabetha Hevelius 



William Herschel 1738 - 1822 



Isaac Newton 
1642 - 1727 





     The laws of motion 
 
The universal law of gravitation 





spectroscopy 



Gustav Kirchhoff, Robert Bunsen 



Fraunhofer spectral lines 
Spectrum of the Sun (1814) 


