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Active Galactic Nuclei

* for most galaxies the luminosity is dominate
starlight

Active Galactic Nuclei

Numerous different types of AGN:

* Seyfert galaxies




Quasars

First radio surveys of the sky done in 1950s

ight radio sources out of t

Quasars

Mystery was solved when it was realized that
uasars were very distant objects, whose sp
hifted by the expansion o
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quasar

Spectrum of a “typica

Vanden Berk et al. (2001)
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Quasars

Large distance implies a very high luminosity:
emission from the point source in the nucleus
vastly outshines rest of the galaxy!

Quasars

Hubble Space Telescope images
of quasars and host galaxies

3/19/13



Quasars

Interpret high luminosity as due to disk accretion
of gas on to a supermassive black hole

Quasars

Conversion of rest mass of accreting gas to
radiated energy is about 10% for disk accretion
on to a black hole, i.e. for 1 kg accreted get:

of energy in t
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Quasars

Example: suppose a billion Solar mass black
ole is accreting gas at 1 Solar mass per ye

Quasars

L~0.1Mc> =57 x10*® Watts

to luminosity of Sun, 3.8 x
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Quasars

Hard even to see the
stars in the galaxy: the
nucleus is so bri

Quasars
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Quasars

Luminosity from hot gas in the accretion disk,
also from a jet possibly powered by black hole
spin energy

Maximum size from variability
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Quasars (and other AGN, this is a Seyfert) are
seen to vary on time scales of a day or less
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Maximum size from variability

For a source of size one
light day, fastest time f
a signal to cro

Maximum size from variability

Observe variability on 1 day time scale




A mystery:

* at z =7, time since the Big Bang was less
than a billion years
alaxies had forme
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