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Blazar or “BL Lac” object:
 Special-relativistic “beaming”

= Continuum made vastly brighter .

* So only continuum is seen,
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Radio Jets

= Acceleration thru Nozzle:
it //| + Radiation pressure
+ thickened disk?
* A magnetic toothpaste tube?
» Or extracting energy from
Black Hole?

Radiation is synchrotron emission:
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Most Quasars Lived and Died Long Ago
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The Leftovers:
Seyferts, Radio Galaxies

NGC 1097

The Center of our own Galaxy (coza

Visible light

Radio
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Sagittarius A"
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Radio observations with higher angular
resolution.

Small oval is the point source Sagittarius A*
= center of galaxy

Infra-red Images of the Galactic Center

Using
“adaptive
optics”
technique on
Gemini 8m
telescope.

Galactic

Center -
(Sagittarius A% 300,000 x more stars per unit volume

than in vicinity of Sun




The Black Hole at the the Galactic Center
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Velocities of stars in very center
=> 4 million Mg, black hole
at position of Sagittarius A"
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The Role of AGN in Galaxy Formation

» All massive galaxies
contain massive black
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 AGN feedback

* Mass accretion rate is governed by \

+ radiation pressure (Eddington limit) From stellar
« and/or energy in jets/winds. vt_elocny
«  Limits size of galaxy. dispersion
+ Also operates on scale of galaxy cluster. + virial th%orem.
M o ﬂ




t = 240,000 yrs:

Basic idea behind galaxy P A R D e g, CMB shows 5plp - 10°
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When and how :
do Hubble Types
form?

Spirals merge
=> Ellipticals
*  Eifiptical geiaxy

Abraham & van den Bergh (2001)

Merger Processes

e Dynamical Friction - A slow accretion process.
— Massive body moving through uniform distribution of stars
» Pulls stars in behind it.
» Creates high-density wake.
 Gravitational pull from wake slows down massive body.

« If massive body is in orbit in a galaxy, it will gradually spiral into the
center.
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The
Antennae

Galaxies
NGC 4038
NGC 4039

» Galaxy collisions —
“impacts”.
— Numerical simulations

— Toomre & Toomre, 1972,
ApJ 178, 623.

* Tidal tails, etc.

Hubble
Heritage

Do collisions between Spirals
make Ellipticals?

The Milky Way Meets Andromeda

2.5 million ly away
Approaching at 500,000 km/hr
=> Collision in 3 billion yrs
Movie lasts 1.3 billion yrs.




log N (Gpc-3)
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Did peculiar galaxies merge to form today’s massive
E and S galaxies?

Co-moving density of Hubble Types vs. Redshift
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Co-moving density drops from z ~ 1 to 1.5, even when
considering only bright galaxies
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