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What are AGN? 3

What are AGN?

NGC 3783: linear intensity scale logarithmic intensity scale

Active Galactic Nuclei (AGN): supermassive black holes (M ∼ 106...8 M�),

accreting 1 . . . 2 M�/yr
=⇒ luminosity ∼ 1010 L� (comparable to galaxy luminosity)
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What are AGN? 6

What are AGN?

Observational characteristics of AGN:

• (Normally) high luminosity

• Emission throughout the electromagnetic spectrum (radio to keV, MeV, TeV)

=⇒ spectrum is “nonthermal”

• flat νfν spectra: similar emission per frequency decade

• strong variability (days to years)

• radio loud sources: relativistic jets, which can be superluminous
(vapparent � c)

• broad optical lines (vcharacteristic ∼ several1000 km s−1)
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Outline 1

Outline

16 Oct Introduction, History

23 Oct AGN Taxonomy, Unification

30 Oct Accretion

6 Nov Measurement Methods

13 Nov Continuum Emission

20 Nov Line Diagnostics

27 Nov Broad-line Region

4 Dec no lecture
11 Dec Narrow-line Region

18 Dec Broad Fe Kα lines and Black Hole Paradigm

8 Jan Radio loud AGN

15 Jan Jets

22 Jan AGN Environment: Host galaxies

29 Jan Cosmology: Quasar Surveys

5 Feb AGN Evolution

12 Feb Summary
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Literature 1

Textbooks on AGN

PETERSON, B.M., 1997, An Introduction to Active Galactic Nuclei, Cambridge:

Cambridge Univ. Press, 254pp., $45
Undergraduate level introduction to Active Galactic Nuclei, level is slightly lower than ours.

KROLIK, J., 1999, Active Galactic Nuclei: From the Central Black Hole to the
Galactic Environment, Princeton: Princeton Univ. Press, 632pp., $57.50
The most comprehensive textbook on AGN available, covers much more material than what is

possible here.

KEMBHAVI, A.J. & NARLIKAR, J.V., 1999, Quasars and Active Galactic Nuclei:
An Introduction, Cambridge: Cambridge Univ. Press, 476pp., $50
Graduate level textbook, similar to Krolik, but often explains things from a somewhat different

point of view.
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Literature 2

Other Textbooks

BRADT, H., 2003, Astronomy Methods: A Physical Approach to Astronomical
Observations, Cambridge: Cambridge Univ. Press, 458pp., €57.50
Summary of many technical details that are useful to know if you want to become a

professional astronomer. Detectors, radiation processes, etc.

PADMANABHAN, T., 2000, Theoretical Astrophysics: Volumes 1–3, Cambridge:

Cambridge Univ. Press, ∼ 500pp. each, ∼€60 per volume
Introduction to the (theoretical) physics of astrophysics. Short, concise, great. Graduate level,

but understandable, although not for the faint hearted. . .

FRANK, J., KING, A., RAINE, D., 2002, Accretion Power in Astrophysics, 3rd

edition, Cambridge: Cambridge Univ. Press, 398pp., €55.90

The standard textbook on accretion, covering all relevant areas of the field, including AGN.
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History of AGN research
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History 3

1918: H. Curtis

HST

1918: Heber D. Curtis: “[M87

exhibits] a curious straight
ray. . . apparently connected with the

nucleus by a thin line of matter”.
=⇒ M87 contains an optical jet
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History 6

1926: E. Hubble

courtesy 2DF survey

1926: Edwin Hubble:

• Emission lines in
NGC 1068,

NGC 4051,
NGC 4151

• Spectral features
in nebulae are

redshifted
=⇒ nebulae are

extragalactic!

Reminder: z = ∆λ/λ = v/c,
v = Hd where
H ∼ 75 km s−1 Mpc−1.
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History 7

1943: C. Seyfert

(Seyfert, 1943)

1943: Carl Seyfert: Recognization of spiral galaxies with optical emission lines

as a class =⇒ Seyfert galaxies
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History 8

1954: W. Baade and R. Minkowski

W. Baade (Mt. Wilson

Obs.) (Baade & Minkowski, 1954)

1954: Walter Baade and Rudolph Minkowski: optical counterparts to radio
sources Cyg A (NGC 5128), Vir A (M87), Per A (NGC 1275).

Cyg A: First ultra-luminous AGN (2nd brightest radio source in the sky;

L ∼ 1045 erg s−1).



Cyg A in radio (λ = 6 cm, VLA, Perley, Dreher & Cowan 1984)
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History 11

1959: L. Woltjer

(Woltjer, 1959)

1959: Lodewijk Woltjer: AGN have huge masses.

I

E
F

C
O

DRI

L

A
I

N

R

D
N

X
A

E
A

ESI
I

C

M

L
M

V
A

AI

A
D

R

E

L
G

E

2–13

History 12

1963: M. Schmidt

1950s and 1960s: Radio surveys =⇒ large lists of (unknown) radio sources

Most important surveys:

=⇒ Cambridge:

– “Third Cambridge Catalogue” (Edge et al., 1959): f = 159 MHz, 471

sources >8 Jy for −22◦ < δ < +71◦.
– “Revised Third Cambridge Catalogue” (Bennett, 1962): f = 178 MHz,

−22 < δ < +90◦, same numbering scheme

Objects have names like 3C273, 3C279, 3C405 (aka Cyg A), sometimes “3CR” is used.

=⇒ Parkes surveys (Bolton, Gardner & Mackey, 1964; Price & Milne, 1965; Day
et al., 1966), f = 408, 1410, and 2650 MHz, ∼900 sources with F > 1 Jy

and −90◦ < δ < +20◦.

Sources have names such as PKS 2155−304 (a blazar) or PKS 405−385 (intra-day variable source).

1 Jansky = 1 Jy = 10−26 W m−2 Hz−1
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History 15

1963: M. Schmidt

M. Schmidt (Caltech)
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3C273 (Rondi et al., Pic du Midi)

1963: Maarten Schmidt: 3C273 has z = 0.158 =⇒ AGN are far away!

shortly later: 1963: J. Greenstein and Th. Matthews: 3C48 has z = 0.368

Nomenclature: Quasar/QSO (from “quasi stellar radio source”: radio emitting AGN)


