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10. Galaxies 



The Milky Way 

• The Milky Way is 
composed of billions 
of stars and can be 
seen as a band in the 
night sky in dark 
places with no light 
pollution. 

– The bright band is the 
Galactic plane.  



Structure of the Milky Way Galaxy 

• Difficult to study because of our location inside it. 

 

• In the 18th century, William Herschel tried to estimate the true 
shape of the Galaxy by computing the amount of visible stars in 
different directions.  
– This does not give the correct answer (see image; the Solar System is 

almost in the middle) and highly underestimates the size – why? 

 

 

 

• In 1920’s, distances of the globular clusters in the Milky Way were 
determined with RR Lyrae variable stars and the distribution of 
globular clusters was thus established.  The centre of the 
distribution (and also the centre of the Galaxy) is at a distance of 
nearly 30 000 ly in the direction of the Sagittarius.  



The shape of the Galaxy? 
 

• Due to extinction caused by 
interstellar dust in the galactic 
plane, we can see only a small 
part of the stars in the Milky 
Way. 

 

• Mapping of the Galaxy is mostly 
carried out by radio 
observations because radio 
waves can penetrate the dust 
(emission by hydrogen, 21 cm 
line). 
– Appears to have spiral arms 

but the number of arms is 
unclear (see image). 

 



• Properties of the Milky Way: 
– Barred spiral galaxy (type SBb or SBc).  

– Diameter about 100 000 ly. 

– Average thickness 1000-3000 ly. 

– Contains 200 – 400 billion stars. 

– Differential rotation in the disc. 

– Disc+spiral arms, central bulge, centre with a 
supermassive black hole, and a spheroidal halo 
surrounding the system. 

– Dark matter! (next lecture) 
 
 
 

Above: Barred spiral 
galaxy NGC 1300  -  
probably similar in 
appearance to the 
Milky Way Galaxy. 



• The Galactic Halo: 
– Extends to approximately 180 000 ly from the centre. 

– Possibly a leftover feature from the formation. 

– Few old and faint stars and globular clusters on highly 
eccentric and inclined orbits with large velocities. Also 
retrograde orbits observed for some objects. 

– Contains some gas and stars that have been captured from 
neighboring dwarf galaxies orbiting the Milky Way. 

– Outside the halo is the corona of the Galaxy. The corona 
contains hot, sparse plasma (no dust), and possibly some 
stars. 

 

• The bulge: 
– Very densely populated by old red and yellow stars on 

inclined orbits. 

– Difficult to observe. 

 



• The disc and spiral arms: 
– Younger stars, open clusters, gas+dust, 

nebulas, star formation; especially 
concentrated in the spiral arms. 

– Differential rotation  how are the 
spiral arms preserved? 

– The exact formation mechanism of the 
spiral arms is not known; may have 
formed by a density wave circling the 
galaxy  the gas is compressed due to 
density wave  active regions of star 
formation. 

– The spirals themselves are not moving; 
part of the matter in the disc is always 
moving more slowly. 

– The existence of the density wave 
cannot be verified with simulations or 
computations (hundreds of billions of 
stars); a resonance phenomenon? Or a 
result of regularly differing orbits (see 
image)? 

 



• Central region: 
– A disc-like formation of high-

density gas and young stars, all 
orbiting on very high velocities. 

– Filaments of gas moving along 
magnetic field lines are pointing 
away from the disc. 

– In the centre of the disc is a 
bright, compact radio source 
called Sagittarius A*; probably an 
accretion disc of a supermassive 
black hole.  

– The estimated mass of the black 
hole is 4 million solar masses; 
obtained by observing the 
movement of the central stars 
during 16 years. 

– The black hole is currently in a 
quiet phase (no bright flashes or 
other signs of activity). 

Most detailed image of the central region 
of the Galaxy in radio wavelength. 



Formation and evolution of the Galaxy 

• Originates from a slowly-rotating gigantic gas and dust cloud that 
fragmented into smaller parts; formation started about 13.6 billion years 
ago. Stars of the globular clusters formed first. 
 

• Because of rotation, the matter begins to settle in a disc (as in the 
formation of the Solar System) and the spiral arms are formed during the 
flattening (as a result of gravitational effects?). Flattening takes billions of 
years and is now quite complete  star formation currently only in the 
Galactic plane. 
 

• At the centre, the density was highest  formation of the supermassive 
black hole during billions of years. Currently, it does not seem to be gaining 
much more mass. 
 

• Several potential mergers with smaller galaxies in the past. 
 

• In the future, collisions and eventual merger with Andromeda? First close 
passing in 2 billion years. 



Where are we?  

• At about 30 000 ly distance 
from the centre estimated 
by measuring the distances 
of globular clusters. Inside 
Orion Arm. 

 

• About 20 – 90 ly above the 
galactic plane, orbiting the 
centre at a speed of 220 
km/s (Galactic period 225 – 
250 million years). 



Galaxies 
 
 
 
Hubble ultra deep 
field image. The 
length of one side 
is 10% of the 
radius of the 
Moon. This covers 
an area of 11.5 
square arcminutes 
on the celestial 
sphere.  
 
There are over  
10 000 galaxies in 
this image. 



Galaxies 
• Huge, gravitationally bound formations of stars, gas, and dust. The 

largest-scale structures in the universe. 
 

• There are probably more than 170 billion (1.7 × 1011) galaxies in the 
observable universe. 

 
• The physical properties vary: 

– Brightness: 105 – 1012 times Solar luminosity. 
– Mass: 107 – 1013 Solar masses. 
– Radius: 1500 – 100 000 ly. 

 

• Classification by Edwin Hubble in 1920’s: 
– Elliptical galaxies, 
– Spiral galaxies, 
– Lenticular galaxies, 
– In addition, there are irregular and dwarf galaxies. 



Galaxy morphology 

+ irregular galaxies 

Lenticular 



• Elliptical galaxies: 
– Quite featureless, spherical or elliptical in 

shape (categories E0-E7 based on ellipticity: 
E0 is nearly spherical whereas E7 is highly 
elongated). 

– The largest existing galaxies are all elliptical. 
Some of them have probably gained mass in 
mergers with smaller galaxies or in collisions 
/ nearby passings. 

– Contain usually very little interstellar matter 
 little star formation. 

– Stars in elliptical galaxies are generally quite 
old. 

– The end of galaxy bulk and beginning of halo 
is less defined than in spirals; in large 
elliptical galaxies, even 10 000 globular 
clusters in the halo. 

– Supermassive black holes often found in the 
centre. 

– 10-15% of all galaxies. 
 



• Spiral galaxies: 
– Consist of a rotating, flat disc of 

younger stars and interstellar matter, 
along with a central bulge of generally 
older stars. Extending outward from 
the bulge are relatively bright spiral 
arms (usually 2 arms). A spheroidal 
halo surrounds the galaxies and 
includes old globular clusters. 

– Two categories: (ordinary) spiral 
galaxies (S) and barred spiral galaxies 
(SB). 

– Both subdivided into three classes: a, 
b, c. From a to c, the bulge becomes 
smaller, the spiral arms open up, and 
the amount of interstellar matter 
increases. 

– About 60% of all galaxies (together 
with irregulars). 

– Mostly found in low-density regions in 
the universe and are rare in the 
centers of galaxy clusters (a typical 
place for elliptical galaxies). 



• Lenticular galaxies, class S0: 
– A shape in between elliptical and spiral. 
– Little interstellar matter, no spiral 

structure, but a flat disc composed of 
stars. 

 
• Irregular galaxies: 

– Not clearly elliptical or spiral in shape 
(may have been previously but are now 
deformed, for example due to close 
encounters with other galaxies). 

– Often smaller satellite galaxies to larger 
elliptical or spiral galaxies (e.g., Large 
Magellanic Cloud and Small Magellanic 
Cloud).  
 

• Dwarf galaxies: 
– A few billion stars (about 1% of the Milky 

Way). 
– Classes: dwarf ellipticals/spirals/irregulars 
– Often orbiting a larger galaxy (for 

example, Milky Way has 14 companions). 



Active galaxies 

• Galaxies that show unusual signs of activity. 
– Very bright central regions. 

– Jets close to the central region. 

– Synchrotron radiation at radio wavelengths  
caused by electrons travelling near light speed. 

 

• Both spiral and elliptical active galaxies known 
 is there an active phase in the evolution of 
galaxies? 



• Seyfert galaxies: 
– Active spiral galaxies. 
– Very luminous central region; in a 

normal spiral galaxy, almost all 
brightness is usually coming from 
the spiral arms. 

– Brightness caused by matter falling 
into the central supermassive black 
hole. 

 

• Radio galaxies: 
– Active elliptical galaxies. 
– In optical wavelengths, they may 

seem quite ordinary, but in radio 
emission, strong radio lobes can be 
seen: powerful jets sent off by the 
central black hole (synchrotron 
radiation). 

– Lobes can extend millions of parsecs 
–  ten times the distance between 
Milky Way and Andromeda. 

– Radio lobes may also contain black 
holes ejected out of the centre. 

 



Quasars 

• Very distant, extremely active galactic 
nuclei (AGN). 
– Brighter than normal active galaxies – the 

brightness of a thousand galaxies has been 
observed. 

– Rapid changes in brightness indicate that 
most radiation is coming from a very small 
region (about one light day – the size of the 
Solar System). 

– Radio lobes in some quasars (similar to 
radio galaxies). 

 

• Spectral lines strongly redshifted – the 
most distant quasars are over 13 billion 
light years away ( the light that we 
observe originates from a young 
universe, less than 1 billion years old!). 
– Most quasars seem to have formed when 

the universe was 2 billion years old. 
– Redshift due to the expanding universe. 

 

X-ray image of the quasar PKS 
1127-145, a highly luminous source 
of X-rays and visible light about 10 
billion light years from Earth. An 
enormous X-ray jet extends at least 
a million light years from the 
quasar (Chandra/Nasa). 



Gravitational lensing 

• Discovered in 1979 when two exactly similar quasars were found 
right next to each other  two images of the same source. 
 

• Galaxies can act as gravitational lenses due to their huge mass, i.e., 
bend light from a distant source, as it travels towards the observer.  
 

• Two or four images, arc-shaped reflections, Einstein’s rings, 
brightening of the source,… 
 

• The amount of bending depends on the mass  A tool for studying 
the masses of galaxies and galaxy groups, and also the distribution 
and amount of dark matter which also acts as a gravitational lens. 





Galaxy groups and clusters 

• Among the largest gravitationally bound objects. 
 

• Groups and clusters contain tens to thousands of galaxies. 
 

• Best-known group is the Local Group which consists of 
Milky Way, Andromeda, and the Triangulum galaxy + about 
30 dwarf galaxies. 
 

• Groups and clusters may be part of even larger 
superclusters. 
– The Local Group belongs to the Virgo Supercluster. 

 
• Finally, superclusters and clusters form a network of walls 

and filaments over large ”bubbles of nothing”, voids. 
 
 



Andromeda Galaxy – an Sb-type galaxy about 2.5 million ly away. Nearly trillion 
stars.  



Triangulum Galaxy – an Sc-type galaxy at approximately 3 million ly distance. 
About 40 billion stars.  



The Local Group 
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Local  
super-

clusters 

Superclusters 
form walls and 
filaments that 
surround 
practically 
empty bubbles 
of space, voids.  


