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Andromeda (M32)
Barred spiral galaxy

M33: A Spiral Galaxy with
Flocculent Spiral Arms
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GALAXIES in REDSHIFTS
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Structure in the Universe

2-Micron All Sky
Survey

Clusters of Galaxies in Our
Neighborhood
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Foamy Structure of the
Universe
The empty spaces in the foam are
analogous to the voids found throughout
the universe. The spongy regions are
analogous to the locations of most of the
galaxies.
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Our Galaxy belongs to a poor, irregular
cluster consisting of about 40 galaxies
called the Local Group.




The Cartwheel Galaxy

A Starburst Galax

This ring-shaped assemblage is the

likely result of one galaxy (right)
Young stars at the outer part having passed through the middle

of the galaxy may be_ as of the larger one (left).
result of galactic collision. In constellation Sculptor in southern
hemisphere.

Bright colors =Young stars

Gravitational Lensing of Extremely Distant Galaxies

Light from the distant object
changes direction due to the
gravitational attraction of the
intervening galaxy.
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Interacting
and Colliding
Galaxies

€ bluer arc has been A pair of bluish images ot The lensed object
lensed by the redder the same object lensed by appears as a blue arc
elliptical galaxy. the brighter galaxy under the gravitational
between influence of the group of
them, four galaxies.
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10 0.954 4040 13.2
3c48 z= 0367 Infinire 1 4190 13.7
How far is this star
like object?

Video 14: ctive Galaxies

The discussion of galaxies

continues in this lesson
by focusing on a special
group of galaxies with
very energetic cores
called active galaxies.
Different types of active
galaxies are introduced,
from Seyfert galaxies and
blazars to quasars.

How are active galaxies
different form standard
galaxies that we
previously talked about?
What are Seyfert
galaxies?

What are blazars

What are quasars?

Tntensity —
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The numbser of quasars per volume of
space Increased during the first 2 billion 1
years after the Big Bang ... '

.. bust b since decremsed |+
to near zero. '
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Quasars are the ultraluminous centers of distant galaxies

Dust and gas
i tail

Quasar
i

#
L rimi Meréing galaxy

*Seyfert galaxies seem to be
nearby, low-luminosity, radio-
quiet quasars

«Seyfert galaxies are spiral
galaxies with bright nuclei that
are strong sources of radiation

Quasars, blazars, Seyferts, and radio galaxies
are active galaxies
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e Quasars, blazars, and Seyfert and radio galaxies are examples
of active galaxies

* The energy source at the center of an active galaxy is called an
active galactic nucleus (AGN)

« Rapid fluctuations in the brightness of active galaxies indicate
that the region that emits radiation is quite small

Gamma-ray bursters
produce amazl :
|nten§ -t “‘jw

« Short, intense bursts of gamma rays are observed at random
times coming from random parts of the skyAre they in Halo of
our galaxy?

« Long duration gamma ray bursters — 2 to 1000 seconds-

« First after glow measured: z=0.835. Nor observed up to Z=4.5

* The origin of short-duration gamma-ray bursters is unknown

Radio galaxies

*Radio galaxies are elliptical
galaxies located midway
between the lobes of a
double radio source
*Seyferts and radio galaxies
bridge the gap between
normal galaxies and quasars

Radio lobe

Radid lobe

(o) Centaurus A:light from stars (b} Cent: : radio k {€) An X-ray
the nucleus

Quasars, blazars, and radio galaxies may be
the same kind of object seen from different angles

Supermassive black hole
with accretion disk and jets

Receding Approaching
jet jet

This observer
sees a blazar

[is
This observer sees
a radio-loud quasar

o

& This observer sees

a radio galaxy

What could bursters be?

*Bursters does not seem
to be the galactic core of
active galaxy
*The bursts are correlateg
with supernovae, and
may be due to an exotic
type of supernova called ":*

a collapsarz or hyper OV galaxy/

«Collapsar is a giant

supernova —greater than L

30M sun at the end at '

rotating very fast. Forms \-mftergmw»of
black hole before the stal gamma-ray
collapse. 5 seconds later , burster
Long duration gamma ra
burst!




