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centers of galaxies (nuclei)



Messier 101

30,000 light-years



center of Messier 51

Messier 51 = NGC 5194 & 5195





Messier 81 and Messier 82 in Ursa Major



nucleus of M81    (Hubble Space Telescope image)



30,000 light-years

galaxy Messier 31 - the Andromeda Nebula



galaxy Messier 32 - companion to the Andromeda Nebula

300 light-years



center of the Milky Way in Sagittarius



infrared view of the center of the 
Milky Way (Spitzer Space Telescope)



quasars - data





quasar star



spectrum of a star



spectrum of a quasar



the spectrum tells us several important things:

* redshift = 1.53 ⇒ light travel-time is 9.4 billion years

* at this distance, to appear as bright as it does, it must have 
a luminosity of two trillion Suns (or 100 normal galaxies)

* no evidence for starlight

* the emission lines are 
wide ⇒ glowing gas is 
moving at very high speed 



how fast is the gas moving inside this quasar?  

width = 600 Å, λ  =  7600 Å   
v / c   =   width / λ    =  0.08
v  =  24,000 km/sec (!)

width

v / c   =   width / λ                                                        



physical properties of quasars (data):

✦ high luminosity                                 ✓

✦ small emitting volume                      ✓

✦ spectra show broad emission lines   ✓

✦ visible light + radio + X-rays           ✓

✦ variable                                             ✓

✦ bipolar symmetry                             ✓



visUV IR radioX-ray



X-ray UV vis IR radio



quasars - physical model



the basic problem to understand quasars is:

how can so much energy be emitted from within 
such a small volume? 

⇒ we need an efficient way to make a lot of energy

thermonuclear reactions, such as power the Sun, are 
not good enough







physical model of a quasar:  

✧ supermassive black hole at the center of a galaxy

✧ gas from the host galaxy falls into the black hole 
because of viscosity (drag)

✧ as the gas falls, the gravitational energy of falling is 
converted by friction into heat and light





energy of falling (gravity) is converted into heat and light 
energy

the more intense the gravity, the hotter the material

the hotter the material, the shorter the wavelengths

⇒  X-rays indicate intense gravity



accretion disk

(roughly 1 light-hour across)



Milky Way central black hole





star cluster 
surrounding Sgr A* 
at the center of the 
Milky Way

at this distance, 
0.1 arcsec = 830 AU



orbit of star S2            P = 16 years

0.1 arcsec = 830 AU



star S2’s orbit around Sgr A*:

a = 1000 AU
P = 16 yr

a3 / P2  =  4 x 106   mass of Sun

this must be a black hole, since the 
orbits pass within 80 AU of the center



r = 20   a = 400 million



nearby active galaxies
Centaurus A
Virgo A
Cygnus A
NGC 4051
MCG 6-30-15



Centaurus A   (NGC 5128)





Centaurus A as seen in X-rays (blue) and 
millimeter radio waves (orange)

note bipolar symmetry of jets





Messier 87, central galaxy of the Virgo Cluster





jet in the center of Messier 87 (visible light)
central supermassive black hole has 3 billion 

times the mass of the Sun



radio galaxy Cygnus A
example of bipolar symmetry



1943 Astrophysical Journal, 97, 285





galaxy NGC 4051
 48 million light-years away



Hubble Space Telescope image 
of the nucleus of NGC 4051



MCG 6-30-15



Suzaku satellite X-ray 
spectrum of MCG-6-30-15

emission peak comes from 
ionized iron atoms



the width of the emission line 
indicates gas velocities of about 
100,000 km/sec

the shape of the emission line can 
be modeled by emission arising 
near a spinning black hole





summary



physical properties of quasars (data):

✦ high luminosity                                 ✓

✦ small emitting volume                      ✓

✦ spectra show broad emission lines   ✓

✦ visible light + radio + X-rays           ✓

✦ variable                                             ✓

✦ bipolar symmetry                             ✓

✦ more quasars at high redshift           ✓



Names:

quasi-stellar radio sources (quasars)
quasi-stellar objects (QSO’s)
radio galaxies
ultra-luminous infrared galaxies
Type 1 Seyferts
Type 2 Seyferts
BL Lac objects
N galaxies
blazars
etc., etc.

⇒ all are active galactic nuclei, or AGN

An AGN is an extragalactic source that emits 
non-stellar radiation from a small volume.



If the AGN is sufficiently close, we can see the 
galaxy surrounding the nucleus (otherwise hard 
to see the faint fuzz of stars around the intensely 
bright center). 

We call these Seyfert galaxies - they are 
generally low-redshift (close) and low-
luminosity (so contrast is not too high). 

Otherwise, if the thing is at high redshift and/or 
has high luminosity, we call it a quasar or QSO.  
Even if we cannot see the host galaxy, we 
assume it is there.



The various flavors of AGN’s may be related to 
each other, differing by how the energy emerges 
(e.g., some are radio-loud, some are radio-quiet).  
Dust may surround the galaxy nucleus such that 
radiation is beamed in special directions (e.g. the 
rotation axis of the accretion disk).  Many things 
are going on close to the black hole (magnetic 
fields, jets of particles moving near the speed of 
light, X-ray reflection), and the geometry is likely 
to be complex.



energy of falling (gravity) is converted into heat and 
light energy

the more intense the gravity, the hotter the material

the hotter the material, the shorter the wavelengths

⇒  X-rays indicate intense gravity



physical properties of AGN (interpretation):

✦ intense gravity is due to a central supermassive black hole

✦ besides X-rays, this conclusion is indicated by: 
high velocities ⇒ high mass
variability ⇒ small size

✦ the accretion disk is surrounded by a dusty torus, opaque to visible 
light.  The AGN may then look very different depending on the angle 
at which we view it.



physical properties of AGN (interpretation):

✦ all giant galaxies have a central supermassive black hole, but not 
all galaxies are active (requires also gas to flow in)

✦ the gas flow can be triggered by a mergers between two galaxies

✦ the energy flowing out of the nucleus can affect the host galaxy on 
much larger scales (“feedback”)


