
Luminosity function of quasars
The number of quasars per unit co-moving volume whose absolute 
magnitude lies between M and M+dM.

The co-moving volume is a volume that expands with the expansion of 
the universe. This allow us to test if QSOs were more numerous or 
luminous in the past.

A strong evolution with z, and probably more luminous since not enough 
large galaxies to give so many quasars at z=2.

Quasars and Seyferts have similar luminosity evolution:
 Same type of objects, just that Seyfert's less luminous!



Richards et al 2005:
Quasars brighter at higher redshifts



Radio properties of quasars

Although quasars were discovered through radio observations, most 
quasars are faint at radio wavelengths (called QSOs).

The radio structures of quasars usually have two main components:

– Compact (<1")
• Flat-spectrum core 
• Optically thick
• Bright optical source
• One-sided jet on sub-arcsecond scales

– Extended (double lobe structure)
• Steep-spectrum
• Optically thin



Radio Galaxies

   Radio surveys also found objects that are extremely bright at radio 
wavelengths. The optical nucleus is bright and small.

• Also show emission lines:
– Broad line radio galaxies (BLRG)
– Narrow line radio galaxies (NLRG)

•  Optical host galaxies are ellipticals.

• Radio maps show lobes, jets, or core and halo.

• Power law spectra => synchrotron radiation



Nomenclature

Some confusing naming convention:

• Quasars with extended radio emission are generally called quasars.

• Quasars without radio emission are often called QSOs, quasi-stellar 
objects, but sometimes called quasars.

• There are many more names for the same object (OVV quasars, 
HPQ quasars, etc.)

Note that all of these are Active Galactic Nuclei  (AGN)



Quasar variability

Quasars are variable in every 
waveband and in emission lines.

The variability time-scale can be 
days to months, hence the size of 
the emission region is light-days to 
light-months.



Examples of QSOs
QSOs often outshine their host galaxies which can be difficult to detect.



Quasar host galaxies often show signs of interactions



Examples of radio galaxies: Cygnus A



Radio galaxies: main classes
Large radio galaxies with lobes are divided into two types called 
Fanaroff-Riley (1974):

FRI: weaker radio sources that are bright in the center and fainter 
towards edge of lobes.

FRII: Brighter radio sources that are brighter towards the limbs.

Luminosity transition around L1.4GHz=1025 J/s/Hz



Example FRI and FRII morphologies:
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M87 Movie using the VLBA at 43 GHz





Journal Class
• First M87 Event Horizon Telescope 

Results. I. The Shadow of the 
Supermassive Black Hole

• The EHT Collaboration 2019
Discussion leader: Mark Burch
Note: To encourage discussion 
everybody must pose at least one 
question during the group discussion



Astronomy 537

Lecture 20: Active Galactic Nuclei II



Key concepts:

Spectral Energy Distributions
Unified scheme
Superluminal motion
 
 

 

 
 



Inverse Compton Scattering in AGN

• synchrotron radio 
emission originates 
from relativistic 
electrons that can 
upscatter photons to 
high energy
– some connection 

between radio and 
gamma-ray properties is 
expected!

– observationally, all 
gamma-ray AGNs are 
radio loud, unlike most 
X-ray QSOs

low energy photon

gamma-ray photon

relativistic electron



Background

• the blazar sequence was 
originally devised on the 
basis of the radio 
luminosity

• See Muecke et al. etc
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Abdo et al. (2009)


