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The Discovery of Active Galactic Nuclei 

Very soon after the existence of galaxies 
was established by Edwin Hubble's 
astronomers began to realize that something 
strange was going on in galactic nuclei. 

The light emanating from the centers of 
many galaxies appeared to be very different 
from that observed in stars. 

In 1917 Heber Curtis 
observed a jet-like 
feature emanating from 
the nucleus of the 
galaxy M87. 
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The Discovery of Active Galactic Nuclei 

Carl Seyfert at the Mount Wilson 
observatory in California first observed that 
a few percent of spiral galaxies contain 
intense blue nuclei.  Such spiral galaxies 
are now called Seyfert galaxies. 

The spectra of Seyfert galaxies show strong 
emission lines of the type typically 
produced by ionized gas. 
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The Discovery of Active Galactic Nuclei 

Wavelength  

Seyfert galaxies are observationally 
grouped into ones that show broad and 
narrow emission lines (Type I Seyferts) 
and ones that show only narrow 
emission lines (Type II Seyferts) 

The narrow lines are thought to be 
produced by low density ionized gas 
with ne ~103 - 106cm-3 producing 
forbidden narrow lines with widths of 
~100 km/s  

The broad lines are thought to come 
from higher density ionized gas with ne 
> 109 cm-3 producing permitted lines 
with widths of up to 104 km/s 
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The Broad Emission Lines in Seyfert 1’s 
The broad lines in type I Seyfert galaxies 
are thought to be produced by the Doppler 
effect. 

If an array of randomly moving gas 
clouds emits light in a spectral line, the 
receding clouds will appear reddened 
relative to the approaching clouds. 

The light from the whole system when 
spread into a spectrum, yields a line that 
is much broader than that from an 
individual cloud. 

The overall line width is determined by 
the spread in cloud velocities. 
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The Discovery of Active Galactic Nuclei 

The Armenian astronomer Markarian discovered that 
some elliptical galaxies also harbor bright blue nuclei. 

In 1954 Walter Baade of the Mount Wilson and Palomar 
Observatories was able to identify that a faint galaxy at a 
redshift of 0.05 was associated with the bright radio 
source Cygnus A.  

Soon after Baade’s discovery 
radio observations showed that 
the radio emission was 
emanating from two distinct 
patches placed symmetrically 
about the galaxy at ¼ million 
light-years on each-side.  
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The Discovery of Quasars 
In 1963 Hazard using the Parkes Radio Telescope obtained 
an accurate position of the radio source 3C 273.  

The accurate position of 3C 273 allowed Maarten Schmidt 
to locate the optical counterpart of 3C 273 and obtain its 
optical  spectrum. 

The first breakthrough that lead to the understanding of 
quasars was the realization by Maarten Schmidt that the 
emission lines detected in 3C 273 were significantly 
redshifted Balmer lines. 

3C 273 



Quasars and Active Galaxies 

The large distances of quasars 
was revealed by their redshifts. 

Caution: When a photon 
travels from a distant object to 
us the Universe is expanding 
during its travel so the distance 
between the object and us has 
increased by the time the 
photon gets to us. 
The relationship between 
redshift and distance depends 
on the cosmological model 
assumed for the expansion of 
the Universe! 

Maarten Schmidt from Caltech first 
realized that the emissions lines in 3C 273 
were significantly redshifted Balmer lines.  

Schmidt determined that 3C 273 has a  
redshift of z = 0.158 which corresponds to 
a comoving distance of ~ 2 ×109 ly. 



Quasars and Active Galaxies 

For example from PKS 2000-030 at a redshift of 3.773 a photon we receive now 
took 11.982 Giga years to get to us. But the Universe has expanded since the 
photon left PKS 2000-030. The comoving radial distance is 23.277 Gly. 
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Quasars are more luminous versions 
of Seyfert galaxies. HST observations 
found that quasars reside in galaxies. 

About 10% of quasars are radio loud 
and ~90% radio quiet.  

Quasar luminosities are calculated 
from distances inferred from redshifts, 
the apparent brightnesses and using 
the inverse square law. 

The average luminosity of 3C 273 is 
about 1040 watts (L!~3.9×1026 watts 
and LMilky Way ~ 1037 watts) 

The Discovery of Quasars 

Most radio-loud quasars reside in the 
centers of elliptical galaxies. Nearby 
(z < 0.2) radio-quiet quasars reside 
mostly in spiral galaxies and distant (z 
> 0.2) radio-quiet quasars reside in 
either spiral or elliptical galaxies. 



Quasars 

There are no quasars nearby. The nearest quasar known is ~ 800 million ly away. 
The number density of quasars peaked around redshift of 3-4 corresponding to a 
look back time of about 10 billion years. 



Seyfert Galaxies 

Seyfert Galaxies (discovered by Carl 
Seyfert) are galaxies that contain active 
nuclei with luminosities ranging 
between 1036 −1038 watts. Like quasars 
the spectra of Seyfert galaxies show 
strong emission lines. 

About a few percent of nearby spirals 
are Seyfert galaxies. Seyfert galaxies 
are found at lower redshifts than 
quasars. 

Seyferts are less luminous than 
quasars and are mostly radio quiet and 
thus resemble dim radio-quiet quasars. 

Seyfert galaxy NGC 1097 
lies 45 Mly away. 



Radio Galaxies 

Certain galaxies (especially elliptical ones) have strong radio sources 
in their centers and resemble dim radio-loud quasars. Such galaxies 
that emit large amounts of radio waves are called radio galaxies. In 
the center of elliptical galaxy M87 lies a strong compact radio (~ 7 
ly) source. A jet extends outwards some 1000 ly.  
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Properties of AGN 

The radiation emitted by quasars is very different  

The surface of stars emit approximately blackbody radiation whose 
spectrum has a characteristic shape and peaks at shorter wavelengths for 
hotter bodies.  
A  spectrum of a quasar, however, shows that energy is distributed over a 
much broader range of wavelengths. This is because several regions of 
different temperature contribute to the total spectrum and also because some 
of the emission comes from processes (such as synchrotron radiation) that 
do not have a well defined temperature.  
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Thermal, Non-Thermal and Polarized Radiation.  

Thermal radiation is caused by the random thermal motion of the atoms  
and molecules that make up the emitting object. Any body with some 
temperature emits thermal radiation. The wavelength of the peak of the 
spectrum decreases with increasing temperature. 

The spectra of stars resemble that of a blackbody spectrum. Superimposed on 
this are usually absorption lines. The spectrum of a normal galaxy is just the 
sum of the spectra of the stars in the galaxy smeared by the Doppler effect. 

Non thermal radiation is radiation other than that emitted by a heated body  
One type of non thermal radiation is called synchrotron and is produced by 
relativistic electric charges accelerating in a strong magnetic field. 

Relativistic means anything traveling close to the speed of light. 



Jets and Radio Lobes in Radio Galaxies 

Images of Centaurus A. Jets of charged particles are often ejected from the 
centers of radio galaxies. When these jets collide with dense clouds in the 
intergalactic medium they convert their kinetic energy into electromagnetic 
radiation that appears as bright lobes on either side of the galaxy. 

The emission from the jets and lobes is partially polarized supporting the model 
of relativistic charged particles being accelerated in these jets. The distance 
between the lobes can be >10 times larger than the size of the galaxy. 



Head Tail Sources 

Head Tail Sources are radio galaxies with jets and lobes 
moving through the intracluster medium. The Jets are swept 
backwards into tails as the galaxy moves along.  



Jets in Quasars 

Radio-loud quasars like this may have evolved into radio 
galaxies. 



Blazars 
Blazars are AGN with a relativistic jet that is 
pointing in the general direction of the Earth. 
We observe "down" the jet, or nearly so, and 
this accounts for the rapid variability and 
compact features of blazars. 

Blazars, like all AGN, are thought to be 
ultimately powered by material falling onto a 
supermassive black hole at the center of the 
host galaxy.  

Blazars are subdivided into BL Lac objects  
and optically violent variable OVV quasars.  

BL Lac objects are intrinsically weak radio 
galaxies while OVV quasars are intrinsically 
powerful radio galaxies. 

The bulk speed of the plasma in 
the jet can be in the range of 
95% − 99% the speed of light. 



Blazars 
The luminosity of a jet is 
increased due to various 
relativistic effects including 
beaming and time dilation. 

Beaming Angle: 
Half of the opening angle 
is θ = 1/γ, 

A sphere at rest emits photons in all 
directions (not all are shown). If the 
sphere is moving at relativistic speeds 
then we would observe these same 
photons to be emitted from a cone 
centered around the direction of motion. 
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Superluminal Motion in Blazars 

Superluminal Motion is motion that appears to involve speeds 
greater than the speed of light. In the observations of 3C 273 
shown above the blob in 3 years covered a projected distance of 
0.003 arcsec. The apparent velocity of the blob is ~ 10 times the 
speed of light. It turns out the blob does not travel faster than 
the speed of light and the apparent superluminal motion is just 
the result of projection effects combined with the relativistic 
motion of the blobs. 



An Explanation of Superluminal Motion 

(a) If a blob of material ejected from a 
quasar moves at five-sixths of the speed of 
light, it covers the 5 ly from point A to 
point B in 6 years. In the case shown here, 
it moves 4 ly toward Earth and 3 ly in a 
transverse direction. The light emitted by 
the blob at A reaches us in 2010. The light 
emitted by the blob at B reaches us in 2012. 
The light left the blob at B 6 years later 
than the light from A but had 4 fewer light-
years to travel to reach us.  

(b) From Earth we can see only the blob’s 
transverse motion across the sky. It appears 
that the blob has traveled 3 ly in just 2 
years, so its apparent speed is 3/2 of the 
speed of light, or 1.5c. 



Variability of AGN 

This graph shows variations over a 29-year period in the apparent brightness 
of the quasar 3C 273. One property that is common in most types of AGN is 
variability. If a source of size Dsource varies significantly over a time interval 
tvar (rest frame) then the size of the source is smaller than the distance light 
travels in that time interval.  
         Dsource < c tvar = ctobs/(1+z), were tvar  and tobs are in the objects rest frame 
and observed frame, respectively. 



Eddington Limit 

A quasar consists of a supermassive black hole that accretes material 
through an accretion disk. The accretion disk radiates as it is heated up. The 
amount a disk can radiate is limited to a maximum luminosity called the 
Eddington Luminosity. 

If the disk radiates above the Eddington limit, radiation pressure produced by 
outgoing photons in the disk will overcome the pressure produced by gravity 
as material is accreted onto the black hole. 
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MBH = mass of the black hole
Msolar = solar mass
Lsolar = solar luminosity
Lsolar =  3.839 ×1026W
Msolar = 2 ×1030kg

Example: Estimate the black hole mass 
of 3C 273. L3C273 = 1013L! 

Since the true luminosity of 3C 273 
(L3C273) must be less than LEdd its black 
hole mass (M3C273) is greater than :  

M3C273 > L3C273 M!/(30,000L!). 



Measuring the Mass of the Black Hole in M31 

The mass of the black hole in 
M31 can be derived from its 
rotation curve and the 
application of Newton's form 
of Kepler's third law. 

The rotation curve of M31 is 
a plot of the radial velocities 
of the stars near the core of 
M31 versus the angular 
distance from the core. 

It turns out MBH ~ 3×107 M!. 
Rotation Curve of  the core 
Andromeda. 



Relation Between Black Hole and Host Galaxy 

Remarkably, strong relations have been found between the mass 
of the supermassive black hole and the properties (mainly mass, 
luminosity, and velocity dispersion) of the galactic bulge in 
which it lives.  

This is amazing because the bulge is ~ 1000 times more massive 
and ~ 10 billion times larger than the supermassive black hole. 
So these two objects are related despite their enormously 
different scales.  

This suggests that the black hole and bulge must have exerted 
“feedback” upon each other, to maintain the observed relations.  



Relation Between Black Hole and Host Galaxy 

Sombrero Galaxy 

Milky Way 



Inflows and Outflows from Active Galaxies 
As the gases move inward within the 
accretion disk, they are compressed 
and heated to very high temperatures. 
This causes the accretion disk to reach 
very high temperatures and glow at 
wavelengths ranging from optical to 
X-ray. 

The fundamental source of the 
energy output by an active galactic 
nucleus is gravitational energy 
released by infalling material in the 
accretion disk. 

Only a fraction of the material 
accreted will fall into the black hole. 
Some material will be ejected in 
winds and jets. About 10% of the 
mass accreted will be radiated away. 



Magnetic forces play a crucial role 
in collimating fast-moving particles 
from the accretion disk into narrow 
beams. 

The Keplerian rotation of the 
plasma in the disk creates a strong 
magnetic field that is twisted in 
helical shapes on either side of the 
plane of the disk. 

Particles from the accretion disk 
follow these twisted magnetic field 
lines and are focused into two jets. 

Inflows and Outflows from Active Galaxies 

Jets from a Supermassive Black Hole 



Unification Scheme 

             Suggested Unification Scheme 
Unification by viewing angle.  
From bottom to top:  
0 deg: down the jet - Blazar,  
0-45 deg: Quasar/BLRG/Seyfert 1 Galaxy 
45-90 deg:  NLRG/ Seyfert 2 Galaxy 

AGN with identical intrinsic properties may 
appear to be different due to the viewing angle. 
AGN are thought to have optically thick 
obscuring tori that permit radiation to escape 
only along the torus axis 



Astro 129: Chapter 1a 



Quasars and Active Galaxies 


