
Introduction to       
Cosmology

Marek Demianski
University of Warsaw



Edwin Hubble
1889 - 1953



Andromeda_Galaxy_with_h-alpha-1200x788.webp

The Andromeda nebula – M 31



In 1923 Edwin Hubble identified first cepheids in M 31 
and measured its distance

Shapley: ”this letter [from Hubble] destroyed my 
model of the Universe”



Great discovery –
there are other galaxies !

Galaxies are the main building
blocks of the Universe !
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NGC 6744 is similar to MW
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Stars

<𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒>

<𝑠𝑖𝑧𝑒>
~ 3∙107

Galaxies

<𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒>

<𝑠𝑖𝑧𝑒>
~ 10







Spiral galaxies –
Disk shape, spiral arms, bulge or bar 
at the center, contain old stars but 
also young stars, lot of gas and dust.       

𝑀𝑆 ≈ 1010 − 1012𝑀ʘ

Elliptical galaxies –
round in shape,  contain mostly old stars,

no gas or dust.
𝑀𝐸 ~ 108 − 1013𝑀ʘ



https://en.wikipedia.org/wiki/Spiral_galaxy#/media/File:M101_hires_STScI-PRC2006-10a.jpg

https://en.wikipedia.org/wiki/Elliptical_galaxy
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Distribution of galaxies on
the celestial sphere
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Random distribution of points on a sphere



The angular correlation function

dP = n (1 + w(θ))dΩ

P – probability
n – the average surface number

density of galaxies
Ω – the solid angle

Groth and Peebles (1977)

w(θ) ~θ1− γ ; γ = 1.8



Clusters of Galaxies

Clustres of galaxies are the 
largest bound structures that 
currently exist in the Universe.



• The Local Group is a small cluster of about 30 
galaxies, some of which are binary or multiple 
galaxies. 

• Its two dominant members are the 
Andromeda (M31) and Milky Way Galaxies. 

• M33, the Triangulum Galaxy (left), is a smaller 
spiral. The inset shows a nebula in it.

• M31 and M33, at respective distances of 2.4 
and 2.6 million light-years, are the farthest 
objects you can see with your unaided eye.

• The Local Group also contains four irregular 
galaxies, at least a dozen dwarf irregulars 
(bottom left) and four regular ellipticals. The 
rest are dwarf ellipticals or the related 
“dwarf spheroidals.”
– The diameter of the Local Group is about 3 

million light-years.

Clusters of Galaxies



Clusters of Galaxies

• The Virgo Cluster (in the direction of 
the constellation Virgo, but far beyond 
the stars that make up the 
constellation), at a distance of about 
50 million light-years, is the largest 
relatively nearby cluster (top right). 
– It consists of at least 2000 galaxies 

spanning the full range of Hubble 
types, covering a region in the sky over 
15° in diameter—about 15 million light-
years. 

• The Coma Cluster of galaxies (in the 
direction of the constellation Coma 
Berenices) is very rich, consisting of 
over 10,000 galaxies at a distance of 
about 300 million light-years (bottom 
right).



The Virgo cluster of galaxies





Coma Cluster of galaxies
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in X-rays


