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A Milky Way twin	
Visible with binoculars

Galaxy M31 or “Andromeda”
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A satellite galaxy of M31	
(in orbit around it)	
(one of hundreds)

Galaxy M31
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Artists’s impression of the Milky Way galaxy
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starforming regions	
(HII region)
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blue disc of stars	
(and gas and dust)
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clouds of 
dust and gas

dark dust cloud
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Spiral structure
Spiral galaxy M100
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“Bulge”
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galactic bar
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Red/yellow	
bulge

blue disc
star 

formation in 
dusty clouds



Tom Theuns

The Large and the Small Magellanic clouds

Biggest satellites galaxies of the Milky Way	
Visible from southern hemisphere
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Ultra-faint satellite galaxies of the Milky Way

May contain as few as a few hundred of giant stars	
Many discovered over past ten years
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satellite
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bulge

blue disc

dust

star forming regions
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The MW at night
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Globular cluster planetaire nebula open cluster (M38)

star forming region (Orion)

planet (mars) super nova 
remnant	

(Crab nebula)

Other extended objects on the night sky
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Andromeda
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Elliptical galaxy M87

Jet emanating 
from central 

super massive 
black hole

looks very different:	
• no blue disc	
• no dust	
why is that?

image credit HST
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Hubble deep field

image credit HST
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Other spiral galaxies
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Other elliptical galaxies
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Irregular galaxy

 NGC 4214
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Interacting galaxies

NGC 6240

image credit HST

NGC 2207 and IC 2163
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“Distance ladder” = parallax + cepheid period-
luminosity relation
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Elliptical galaxy
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Elliptical

spiraal (Sc)
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Milky Way dwarfs



Tom Theuns34

When is a galaxy not a galaxy?

Here we have accepted the popular definition of a galaxy requiring that it be both gravitationally 
bound and consist of a system of stars. As such criteria would include globular (star) clusters, 
additional criteria are required to define a galaxy. We suggest that the next !
best criterion is a dynamical one, i.e. that the stars are collisionless, sub ject to the general 
gravitational field of the system. This can be usefully quantified using the two-body relaxation 
time.



Common silverweed as we see it (top) and 	
under UV light (below).  © Bjørn Rørslett/NN Meadow cranesbill

Visual

UV

Colours



Andromeda

ESA
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The Milky Way in numbers

•200 billion stars	
•radius 15 kpc (1 pc = 3.26 light years)	
•distance to centre 8 kpc	
•stellar mass: 2 1010 solar masses	
•oldest star: 1010 jaar	
•current star formation rate: 2 solar masses / year	
•speed: 600 km/s

200 billion galaxies brighter 
than Milky Way within visible  

horizon
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Milky Way’s structure:



Local Group



Large Magellanic cloud (LMC)
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Milky Way dwarfs



Spiral galaxies Elliptical galaxies

The three main galaxy types

Irregular galaxies



The 3D shape of ellipticals is 
thought to be triaxial - a squashed 

rugby ball



colour of galaxy: mostly set by relative amount of	
recent star formation







Standard candles

credit: Swinburne University



Cepheid variables as standard candles

Henrietta Leavitt (1912) 





Parallax distance measurements

credit: Ohio State University



Hubble’s measurements of Cepheids in Andromeda



Hubble’s measurements of Cepheids in M31

wrong!
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Galactic archaeology

One of the very first stars 
of the MW?
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Galactic archaeology

One of the very first stars 
of the MW?
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How to weigh the Milky Way?
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The solar system	
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R

How to weigh a Milky Way?
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Speed of earth around the 
Sun

Mass of the Sun
1033 g = 1 000 000 ... (33) ... 000 g
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Why are Milky Way stars in a disc?

and why is this not the case for the stars in an elliptical 
galaxy?
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Why are Milky Way stars in a disc?

and why is this not the case for the stars in an elliptical 
galaxy?

•angular momentum	
•cooling

?
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Rotation!
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Jan Oort
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Central mass 
(bulge)

Mass distributed 
in (dark ?) haloJan Oort
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Archeology: MW contains some very old 
stars



Tom Theuns68

Contents:

•What is a galaxy? Properties of the Milky Way galaxy	
•The Milky Way in numbers	
•Observations of young galaxies	
•Theoretical models	
•cosmology and the formation of structure	
•what is a “numerical simulation”?	
•dark matters	

•Simulating the formation of a galaxy	
•The formation of the Milky Way	
•The future of the Milky Way galaxy









Abundance of elements 
compared to Si
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