


Outline



Database exercise 

Deadline June 7 – preferably no more than 5 pages 



Obstacles: Astronomical coordinates 



Obstacles: Bewildering photometric data 



Register an account! 



SQL (Structured Query Language) 



Connection to your essay 



Problems with the instructions? 



Black holes  

Non-rotating black hole Rotating black hole 
Current observational evidence supports the existence of 
 stellar-mass black holes (~10 M) and   
supermassive black holes (∼106-1010 M).  
The evidence for intermediate-mass black holes (∼ 102-105 M) 
remains scant 



Hunting down black holes 



The black hole at the centre of 
the Milky Way 

Milky Way: 
MBH≈4×106 M 
 



Relation between black hole mass 
 and stellar velocity dispersion  
(or mass) of bulge 
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Supermassive black holes in AGN 
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Characteristics of Active Galactic Nuclei 



Intermission: Music from AGN 

Dr Fiorella Terenzi 
Music from the Galaxies (1991): 
Radio waves from the active  
galaxy UGC 6697 converted  
into music 



Intermission: Music from AGN 

Professor Nils Bergvall 

NGC 4151 (1993): 
Rest-frame UV emission-line and  
continuum variability  from the 
Seyfert galaxy NGC 4151 converted 
into music 



Variability-Size Relation 

size smaller than the Solar system 

d 

vart
c
d

∆<



Accretion Disks 

SMBH 

Angular momentum 
of infalling material→ 
matter spirals inward 
in an accretion disk  

Magnetic field channel 
matter into relativistic 
jets 



Eddington Luminosity 
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Note: LE assumes spherical accretion. 
Super-Eddington luminosities (a few times LE)  

can be produced in accretion disks 



Radiation Efficiency 



The Central Power Source 

Narrow-line region 

Broad-line region 

Molecular torus 
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Accretion disk 
Jet 



Transitions and Line Profiles 
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Reverberation Mapping 
Continuum flux 

Line flux 
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Ionization 

Time lag → R 
R 



Jets and Lobes 



Intermission: What is happening here? 



Synchrotron Radiation 



Power-Law Spectrum 
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Superluminal motion 



Superluminal motion 
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In ∆tobs, the blob travels v ∆t sinθ across the sky, 
With apparent velocity vobs: 

v ≈ c → vobs>c 

θ 



The number densities of AGN at z=0  



Quasars 



Quasars 

X-ray quasar with jet 



Seyfert Galaxies 



Seyfert Galaxies 



LINERs 



Radio Galaxies 



Blazars 



Intermission:  
What sort of AGN is this? 

Optical spectrum reveals lots of narrow emission lines 



Intermission:  
What sort of AGN is this? 



The Unification Model 
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Quasar Host Galaxies 



Quasar Host Galaxies 
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Cosmological Evolution 
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Quasar Absorption Systems 

zQSO zAbs 
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Same transition 

Quasar 



Damped Lyman-Alpha Clouds 

DLA 



Lyman-Limit Systems 
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Identifying the Absorber 
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The Lyman-Alpha Forest 



The Gunn-Peterson Test 
• If the Universe (the intergalactic medium, IGM) is 

neutral at zQSO, then a strong absorption feature 
blueward of Lyα in quasars should appear – the 
Gunn-Peterson trough.  

• This does indeed appear – at zQSO≈6, indicating that 
the transition from an neutral to ionized IGM takes 
place at around this redshift 
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Universe neutral at zQSO 
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