


The radius whereThe radius where
  escape speed = the speed of light.escape speed = the speed of light.

    RRss = 2 GM/c = 2 GM/c2  2      

      RRss =  3  x M    (R =  3  x M    (Rss in km; M in solar masses) in km; M in solar masses)

A sphere of radiusA sphere of radius  RRs s around thearound the  black hole is called  the black hole is called  the event horizonevent horizon..

ObjectObject Mass (solar)Mass (solar) Black Hole Event HorizonBlack Hole Event Horizon
StarStar 1010                        30 km                       30 km
Star Star 33                           9 km                          9 km

Schwarzchild Radius



General Relativity:  Orbits around BHs

Schwarzchild BH:  an innermost stable orbit at Rms=3Rs

 KERR BH: 1) presence of a static limit, inside of which one 

must co-rotate with the BH

2) The horizon moves further inward the faster the BH spins.  

This implies Rms  also move inward.

Efficiency: The amount of binding energy that is extracted from 

infalling matter goes up from <0.06 to ~0.42 m(c
2

)                         
             



blac k holes  – blac k holes  – 
s c hw arzs c hild vs . kerrs c hw arzs c hild vs . kerr

 



~10-8



LE=T44π  r2 σStefan-Boltzmann

 If the disc radiates  like a Blackbody

We assume as „r“ the last stable orbit   around the black hole 

    
Microquasar

         AGN

     M                                T                λ     
 (solar masses)                (K)          (Angstrom)  

3                                    1.5  107                  2              X-ray 

109                                                              105                    300             uv   

T= 2 x 107 M-1/4 K





 Broad emission line region: 0.01 - 1pc; 
Illuminated by the AGN's photoionizing 
continuum radiation and reprocess it 
into emission lines 

 RBLR estimated by the time delay that 
corresponds to the light travel time 
between the continuum source and the 
line-emitting gas:   RBLR =c ∆ t

 V estimated by the FWHM of broad 
emission line

G
RVM BLR

2

* η=

FWHM(H ),  3 / 2  for random distribution of BLR cloudsV f fβ= × =

Reverberation mapping from optical variability

Peterson (1997)

θ

Line Continuum



 Broad emission line region: 0.01 - 1pc; 
Illuminated by the AGN's photoionizing 
continuum radiation and reprocess it 
into emission lines 

 RBLR estimated by the time delay that 
corresponds to the light travel time 
between the continuum source and the 
line-emitting gas:   RBLR =c ∆ t
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emission line

G
RVM BLR

2

* η=

FWHM(H ),  3 / 2  for random distribution of BLR cloudsV f fβ= × =

Reverberation mapping from optical variability

Peterson (1997)



Central AGN Mass
Using RBLR  the central mass is:

V is the BLR clouds velocity (either from FWHM or σLINE)

f is a dimensionless factor that depends on the geometry 

and kinematics of the BLR.

G
VfRM BLR

2
=



Quiescent State:Quiescent State:
   - Large transient radius; 
    - very low luminosity, Lx~1030.5-1033.5 erg/s ; 
    - power law spectrum photon index Γ=1.5~2.1;
    - Jet is thought to be exist

Hard State:Hard State:
   - power law spectrum >80% (2-20keV)
   - power law spectrum photon index Γ=1.4~2.1
   - strong varibility (QPO)
   - strong radio emission (Jet exist)

SPL/Very High State/Intermediate State :SPL/Very High State/Intermediate State :
  - power law spectrum photon index Γ>2.4
   - power law component>20% (2-20keV)and QPO 
   - power law component>50% (2-20keV) and no QPO
   - radio flare at HS−>VHS

High Soft State (Thermal Dominant State):High Soft State (Thermal Dominant State):
  - disk component>75%(2-20keV)
   - no QPO or QPO is toot weak to be detected
   - very weak radio emission and no Jet exist
   - power law spectrum photon index Γ=2.1~4.8



X
-

ra
y
in
te
n
si
ty



gracia et al., mnras 344, 468, 2003



 Atoll and Z Sources -- CCD

Accretion rate direction

~Eddington Accretion~1% Eddington Accretion
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Active Galaxies
But a small fraction of galaxies are  different; they are 

much brighter and produce more long- and short- 
wavelength emission. They are called active galaxies.



Different classifications.
The same object!

• Blazars
– BL Lacs
– OVV

• Quasars
– Radio Loud
– Radio Quiet

• Radio
– Narrow Line
– Broad Line

• Seyfert
– Type 1
– Type 2



AGN Unified Scenario
• Supermassive black hole
• Thin accretion disk – emission peaks in UV, optically thick
• Disk corona – produces X-ray/hard X-ray emission, optically thin
• Dusty torus – essentially outer part of accretion disk, optically thick, 
produces IR emission
• High-velocity clouds – located near BH, produce broad optical emission 
lines, electron density above 107 cm-3 (due to lack of forbidden lines), 
ionized by disk/corona
• Low-velocity clouds – located near/outside of torus, produce narrow 
optical emission lines which are collisionally excited, have a range of 
ionization levels, filling factor is small ~ 10-3, material seems to be mainly 
outflowing 
•Relativistic jets and radio lobes – extend parsecs to 100s kpc, detected 
up to X-rays, contain highly energetic particles





Seyfert galaxies were first identified by Carl Seyfert in 1943. 

He defined this class based on observational characteristics:

Almost all the luminosity comes from a small (unresolved) region at the 
center of the galaxy – the galactic nucleus.

Nuclei have MB > -23 (arbitrary dividing line between quasars/seyferts)

short 
exposure

long 
exposure

NGC 4151

10000 times brighter than our galactic nucleus!
Note: Quasar 3C 273 ,  located in the Virgo constellation,.
Is one of the closest with a redshift, z, of 0.158.[2]  = 2.44 Giga light years . It is also one of the most luminous quasars known, with an absolute 
magnitude of -26.7



Optical View: 

[Fig. from Hawkins 2004] 
             

Type I AGN: 
    
     

Type II AGN:   
  
     

    Broad permitted lines                     
               

Narrow  forbidden & permitted lines  

Q2130-431

Q2125-431

Q2130-431

Q2125-431

Strong & variable continuum

Weak & constant continuum



Type 1 Seyfert galaxies have both narrow and broadened optical spectral 
emission lines. The broad lines imply gas velocities of 1000 - 5000 km/s 
very close to the nucleus. 

Seyfert type 2 galaxies have narrow emission lines only (but still wider than 
emission lines in normal galaxies) implying gas velocities of ~ 500-1000 
km/s. These narrow lines are due to low density gas clouds at larger 
distances (than the broad line clouds) from the nucleus. 

I





Active Galactic Nuclei (AGN)
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In some Type 2 Seyfert galaxies, the broad component can 
be observed in polarized light



Radio Galaxies
•Emit most of their energy at radio wavelengths
•Emission lines from many ionization states
•Nucleus does not dominate galaxy’s emission 
•Host galaxies are Elliptical/S0

     Radio morphology first classified by Fanaroff & Riley (1974)R
•FR I: less luminous, 2-sided jets brightest closest to core and 
dominate over radio lobes
•FR II: more luminous, edge-brightened radio lobes dominate over 
1-sided jet (due to Doppler boosting of approaching jet and 
deboosting of receding jet)d

Spectroscopic classification of radio galaxies
•NLRGs (Narrow line …): like Seyfert 2s; FR I or II
•BLRGs (Broad line …): like Seyfert 1s; FR II only

Radio morphology first classified by Fanaroff & Riley (1974)R
•FR I: less luminous, 2-sided jets brightest closest to core and 
dominate over radio lobes
•FR II: more luminous, edge-brightened radio lobes dominate 
over 1-sided jet (due to Doppler boosting of approaching jet 
and deboosting of receding jet)a





On small scales (< 15 kpc):  3 types of sources

Compact, Flat Spectrum (CFS)C
      usually < 1”,    physically small < 10 pc
      fν~ν-α,   α~0 – 0.3
      variable, polarized, superluminal on VLBI scales

Compact, steep spectrum (CSS)C
     alpha = 0.7 – 1.2
     sizes 1-20 kpc  (within host galaxy)s
     peak at < 500 MHz
      (limited by Ionospheric cutoff is at 10 MHz)(
     30% of cm-selected radio sources
     
GigaHertz Peaked Spectrum (GPS)G
     radio spectrum peaks at 500 MHz to 10 GHz
     sizes < 1 kpc  (within NLR)s
     not very polarized
     alpha ~0.77 for E>E(peak)a
     10%  of cm-selected radio sources
     

 



CSS (compact steep spectrum)C CFS (compact flat spectrum)C GPS (gigahertz peaked spectrum)G



Quasars
• First discovered in the 1960s.
• Detected radio sources with optical counterparts 
appearing as unresolved point sources.
• Unfamiliar optical emission lines.
• Maartin Schmidt was the first to recognize that these lines 
were normal Hydrogen lines seen at much higher redshifts 
than any previously observed galaxies.

D  =  660 Mpc  (2.2 billion light years) for 3C273      

                  1340 Mpc  (4.4 billion light years) for 3C 48

L  =  2 x 1013  Lsun for 3C273.
• Within ~2 years, quasars were discovered with:                   
 z  >  2   and  L  ≈  1014 Lsun 
• Most distant QSO discovered today - z = 6.42

About 10% of all quasars are strong sources of radio 
emission and are therefore called “radio-loud”; the 

remaining 90% are “radio-quiet”



• To be seen at 
such large 
distances, 
quasars must be 
very luminous, 
typically about 
1000 times 
brighter than an 
ordinary galaxy



Quasar Red Shifts







Quasar density peaks at z~2
~3 billion after the Big bang 





Radio Sources

• Only few % of galaxies contain AGN
• At low luminosities => radio galaxies

• Radio galaxies have powerful radio 
emission - usually found in ellipticals

• RG           10   - 10   erg/s   
Quasars    10   - 10   erg/s    

41

44 47

39 41



    * 'Blazars' (BL Lac objects and OVV quasars). These classes are 
distinguished by rapidly variable, polarized optical, radio and X-ray 
emission. BL Lac objects show no optical emission lines, broad or 
narrow, so that their redshifts can only be determined from features in 
the spectra of their host galaxies. 

 OVV quasars behave more like standard radio-loud quasars with 
the addition of a rapidly variable component. 

In both classes of source, the variable emission is believed to originate 
in a relativistic jet oriented close to the line of sight. Relativistic effects 
amplify both the luminosity of the jet and the amplitude of variability.

    



BL Lacs – A Pure Jet Spectrum

Synchrotron 
from jet

Synchrotron 
from jet

Inverse 
Compton 
from jet

Inverse 
Compton 
from jet

www.astro.isas.ac.jp/conference/bh2003/program/ppt/20031029am/KyotoBH2003_Falcke.ppt 

• BL Lacs are thought to be beamed 
FRI radio galaxies (low power!)F

• In BL Lacs the emission is 
dominated by the jet due to 
relativistic beaming.

• But there is also no evidence for 
any disk spectrum.

• The jet spectrum resembles a 
„camel‘s back“.

• Radio – optical – X-rays: 
synchrotron from jet

• X-ray – TeV: inverse Compton from 
inner jet
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