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1) The H-line spectrum is centred at a velocity of 
–175 km/sec. This tells us that the Galaxy as a 
whole is coming towards us at a speed of 175 
km/sec.  ( - values towards us!)



• The spectrum has a width of ~ 200 km/sec. This 
tells us that the galaxy is rotating.  The outer parts 
on one side are coming towards us at ~100km/sec, 
the other away from us at ~ 100 km/sec.



We can calculate 
Mass!

• From an image of the galaxy and its distance we can calculate its 
radius.

• M33 is ~ 73 arc minutes across.
• It lies at a distance of  2.36 x 1022 m.
• 73 arc minutes is 73/ (60 x 57.3 ) = 2.1 x 10-2 radians
• Radius of M33 is thus 0.5 x  2.1 x 10-2 x 2.36 x 1022 m.

=   2.47 x 1020 m.

• The gravitational force on a star at this distance to overcome 
centripetal acceleration
– G M m / r 2 = m v2 / r
( M  = mass of Galaxy, m = mass of star, r = distance of star from centre
v = velocity of star around centre) 



Mass of M33

• This gives:   M = r v2/G
= 2.47 x 1020 x (1 x 105)2/ 6.67 x 10 –11 kg

= 3.66 x 1040 kg

= 3.66 x 1040 / 2 x 1030 solar masses

= ~ 18,000 Million solar masses.



The distribution of galaxies in 
our Local Group



Galaxy Types

The Hubble Classification:
Elliptical Galaxies

Spiral Galaxies

Irregular galaxies



Hubble Classification





Ellipticals

Giant Ellipticals

and 

Dwarf Ellipticals



Elliptical Classification

• From E0 to E7  dependant on the perceived
ellipticity.

• E0 spherical, E7 highly elongated.
– NB a highly elliptical galaxy seen end on will 

still be classified as E0!



Giant
Ellipticals

• Found at the heart of 
large clusters of 
galaxies.



Dwarf Ellipticals
• Upper is M32 

and an E2.

• Lower is 
M110  and an  
E5 or E6



• Giant Elliptical Galaxies are almost certainly the 
result of galaxy mergers.

• They contain ~ 10 13 solar masses and are about 
105 parsecs across ( ~ 300,000 ly)

• They are quite rare.
• Dwarf Elliptical Galaxies contain ‘only’ a few 

million solar masses and are about 2000 parsecs 
across (~6000 ly).

• Elliptical Galaxies make up 1/3 of all galaxies.



Spiral Galaxies
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M51 – The Whirlpool Galaxy



M51 – The Whirlpool Galaxy





Spiral Classification

• Normal - S  or Barred  - SB
• S0, Sa, Sb and Sc.  (or SBa, SBb, SBc) 
• S0 spirals have a barely visible disc 

surrounding the nucleus of the galaxy.
• As one moves through Sa to Sc

– The nucleus becomes smaller and less 
prominent.

– The spiral structure becomes more open. 



• Spiral Galaxies make up a large fraction of all 
galaxies – the majority in some clusters.

• They can be 25,000 to 80,000 parsecs across 
(80,000 to 250,000 ly)

• The rotate in the sense that the arms trail.
• They contain 109 to 1012 solar masses.
• More than 109 to 1012 stars. (Milky Way ~ 1012 )
• In  1/3 of spirals, the arms unwind from a straight 

bar of stars gas and dust that extends both sides of 
the nucleus  - barred spirals. 
– We now suspect that the Milky Way is a barred spiral



Spiral Galaxies



M81 and M82





Nucleus and Spiral Arms

• Note that the nucleus is redder than the 
spiral arms in colour.
– Nucleus older population II stars – any blue and 

white stars will have reached the end of their  
life and produced white dwarfs, neutron stars or 
black holes.

– Spiral arms contain young Population I stars so 
many bright blue stars. 

• Their light is dominated by the blue stars as these 
are very bright. 
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Spirals
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Edge on Spirals







Interacting Spirals





Irregular Galaxies
• These have no obvious 

form and contain 
relatively fewer stars 
than elliptical or spiral 
galaxies.

• They only make up a 
few percent of the total 
we see, (very faint !) 
but may be the most 
common type.



Magellanic Clouds



• Irregular galaxies contain relatively little 
dust  - they contain fewer heavy elements in 
their interstellar medium.

• This makes it easier to observe the star 
formation regions!



Starburst  
Galaxies







M81 and M82







Starburst Galaxies

• These are undergoing a massive burst of 
star formation.
– The almost simultaneous formation of many 

massive stars – hence much UV light.

– Can cause outflows of  hydrogen gas (M82).

– Many supernova explosions as seen in M82.



Active Galaxies

• Galaxies that radiate 
strongly in the radio and 
x-rays are called Active 
Galaxies.

• They often have especially 
bright nuclei and these are 
called AGN’s (for Active 
Galactic Nuclei)

• Quite rare.



They often show jets



What powers these objects?



A Black Hole at the centre

• Material falling in towards a black hole gives up at 
least 10% of its rest mass energy BEFORE it 
enters the event horizon. 

• The stars are broken up into dust which rotates 
around in an accretion disc as it spirals inwards.  

• The differential rotation speeds cause friction 
which heats up the dust and gas to millions of K.

• Hence emits copious X-ray emission. 
• Can only see if not obscured by the accretion disk.



Jets

• Some of the energy powers jets of relativistic 
particles which leave the black hole region along 
the magnetic field axis.

• As these particles are de-accelerated as they 
interact with matter within and beyond the galaxy 
they radiate at visible and radio wavelengths.

• These are called Quasars if the beams are pointing  
approximately towards us.

• Radio Galaxies otherwise. 



The Quasar 3C 273



Galaxy Groups and Clusters



Groups and Clusters

• Galaxies congregate in Groups ( < ~50 ), as 
in our Local Group, or in Clusters of ~ 50 to 
1000 galaxies.

• We see these throughout the visible 
Universe.









Leo Group



Virgo Cluster





Hercules
Cluster



Cluster in 
Hydra





Galaxy Clusters exist in larger 
groupings called Super Clusters

Our local group is part of the Virgo 

Supercluster



Our Super Cluster



The distribution of Galaxies 
through space.



Distribution of Galaxies









• The distribution of galaxy clusters in space 
is similar to a sponge or a froth of bubbles.
– Concentrations around the edge of “ voids”.

• A result of gravity – denser regions will 
tend to become denser as they attract matter 
to them, less dense regions will become 
emptier in time so producing the voids.






