Quasars, Active Galaxies and Other
Ultrahigh Energy Sources

What Do you think?

[J What does “quasar” stand for?

[J What do quasars look like?

1 Where do quasars get their energy?
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Karl Guthe Jansky (1905-1950)

 Bell Telephone Laboratories, late 1920s

o Studied static interference of phone reception
—> thunderstorms and more

» ‘Signal’ peak moved at sidereal rate
=>» extraterrestrial! (1932)
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Fig. 16.11. A portion of one of Jansky’s records from February, 1932. The
changing direction of the peak indicates that the source cannot be on the
earth.



http://scienceworld.wolfram.com/biography/photo-credits.html#Jansky

Jansky Antenna
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Image courtesy of NRAO/AUI




e Source toward Sagittarius (1936); paper published in
engineering journals!!

e Assigned to other project; pursue no more

e Jansky's serendipitous discovery gave birth to a new
branch of astronomy
=» radio astronomy

e In Jansky's honor, astronomers named the unit of radio

flux “the jansky”
(1 Jy= 102 W /m?/Hz).



Grote Reber
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Image courtesy of NRAO/AUI http://www.nrao.edu/imagegallery/php/level3.php?id=106



http://www.nrao.edu/imagegallery/php/level3.php?id=106

Grote Reber

A radio engineer, lived in Wheaton, Illinois, near Chicago
Learned about Jansky’s result, and built a 9.5 m reflector

Felt he needed astronomy background; took a course In
University of Chicago, where he met Otto Struve, Bengt
Stromgren, Gerald Kuiper

They knew Reber was onto something

Struve, then Editor of Astrophysical Journal, ensured Reber’s
paper got published (1940)
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Grote Reber's original dish today at the NRAO in West Virginia



Cassiopeia
Cygnus

Sagittarius

Fig. 16.12. Grote Reber’s map of the radio emission from the Milky Way.
This was published by Reber in 1944. (Reprinted with permission from The
Astrophysical Journal.)




Radio Astronomy Elsewhere ...

Meanwhile, in Leiden, Netherlands

e 1944, Jan Oort, director, showed Reber’s paper to colleagues
and asked J. C. van de Hulst to study it and pursue further

* van de Hulst proposed possible transition
- 21 cm line of hydrogen

e Useful as a tool to study gas motion
e Started to build equipment
Efforts in USA and Australia, too ...
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The central galaxy recedes at
5% of the speed of light.

3C 405: Radio image by VLA. Each of the 2 radio
lobes extends ~160,000 ly from the optical galaxy.
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Arrows indicate how
far each emission line
is redshifted from its
normal wavelength.
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The quasar PKS 2000-330 has a receding speed
of 9294 speed of light = 10.0~13.0 bly away
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Optical-to-near-infrared quasar composite spectrum (Glikman et al. (2006)
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~— Redshift (2)

The number of quasars per
volume of space increased
during the first 2 billion years
after the Big Bang ...

... but has since decreased
to near zero.
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(a) 3C 273

A disc within the telescope
optics blocks out the light
of the quasar...

...revealing the

guasar's host
galaxy.

ACS = HRC
(b) The host galaxy of 3C 273




Active Galaxies
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Abrupt and irregular brightness variations
of the quasar 3C 273




1. An object 1 light-year across
emits a sudden flash of light.

2. The first light that we receive
comes from A (the part of the
object nearest to Earth).

T i e W To Earth —

3. The light from B (the center of
the object) has to travel an additional

1/2 light-year to reach Earth, so we
see this light 1/2 year later than the
light from A.

4. We see the light from C (the far side of the object)
1/2 year later than the light from B and 1 year later than
the light from A. Hence we see the sudden flash of light
spread over a full year.
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Optical Radio Radio 21-cm
continuum emission

The peculiar galaxy NGC 5128 (Centaurus A) 7£ & 3% B iy 27 & 9 &
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Double Radio
Sources
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Supermassive Black holes as the
Central Engines of AGNs
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~ Supermassive
Accretion disk ' black hole

Supermassive black hole as engines (animation)



ngc4261_1.mpeg

Accretion Disk
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Accretion Is a powerful mechanism to produce energy
(from gravitational energy).

There is an upper limit to the luminosity that can be
radiated by accretion onto a compact object such as a
BH =» Eddington limit

Legg/Lo, = 30, 000 (M/M.)

For example, 3C 273 has L = 3 x 1013 L., so the black
hole that is powering the quasar must be M > 10° M,
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Supermassive black hole
with accretion disk and jets
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This observe
sees a blazar or
A BL Lac object

This observer
sees a quasar

Torus
ek ‘é\ This observer sees
v an active galaxy

This observer sees
a double radio source
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