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NGC 1068 (M77)

courtesy Nordic Optical

Telescope
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History 2

1908: E. Fath

Optical spectrum of NGC 1068

(García-Lorenzo, Mediavilla & Arribas, 1999, Fig. 4)

1908: Edward A. Fath: There are

emission lines in NGC 1068, similar

to planetary nebulae.
This was part of Fath’s PhD!

Note: High ionization levels, large

width of lines
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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



NASA/NRAO/STScI



X-ray: NASA/CXC/MIT/H.Marshall et al. Radio: F.Zhou, F.Owen (NRAO), J.Biretta (STScI)
Optical: NASA/STScI/UMBC/E.Perlman et al.

Jets are visible in all wavebands
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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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Cyg A in X-rays (Wilson & Young/CXC/NASA)

Hot gas in cavity produced by the radio jets =⇒ AGN shape their environment!
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2–12

History 11

1959: L. Woltjer

(Woltjer, 1959)

1959: Lodewijk Woltjer: AGN have huge masses.
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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



3C273 (4 m Myall telescope, NOAO/AURA/NSF)
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History 14

1963: M. Schmidt

M. Schmidt (Caltech)
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3C273 (Rondi et al., Pic du Midi)
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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)
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Interlude 1

Interlude: Accretion Power

AGN have high luminosities: What is the energy source?

1. Nuclear Fusion

Typical reactions à la

4p −→ 4He + ∆mc2

Liberated energy:

Fusion produces

∼6 × 1018 erg g−1 = 6 × 1011 J g−1

(∆Enuc ∼ 0.007mpc
2)
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Interlude 2

Interlude: Accretion Power

AGN have high luminosities: What is the energy source?

1. Nuclear Fusion

Typical reactions à la

4p −→ 4He + ∆mc2

Liberated energy:

Fusion produces

∼6 × 1018 erg g−1 = 6 × 1011 J g−1

(∆Enuc ∼ 0.007mpc
2)

2. Gravitation

Accretion of mass m from ∞ onto a

black hole with radius RS gives

∆Eacc =
GMm

RS
where RS =

2GM

c2

Accretion yields

∼1020 erg g−1 = 1013 J g−1

(∆Eacc ∼ 0.1mpc
2)
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Interlude 3

Interlude: Accretion Power

AGN have high luminosities: What is the energy source?

1. Nuclear Fusion

Typical reactions à la

4p −→ 4He + ∆mc2

Liberated energy:

Fusion produces

∼6 × 1018 erg g−1 = 6 × 1011 J g−1

(∆Enuc ∼ 0.007mpc
2)

2. Gravitation

Accretion of mass m from ∞ onto a

black hole with radius RS gives

∆Eacc =
GMm

RS
where RS =

2GM

c2

Accretion yields

∼1020 erg g−1 = 1013 J g−1

(∆Eacc ∼ 0.1mpc
2)

=⇒Accretion of material is the most efficient astrophysical energy

source

. . . to power a luminous AGN, 1 . . . 2M� yr−1 are sufficient.
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