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ABSTRACT

Active Galactic Nuclei (AGN) are the luminous centers of galaxies, powered by super-
massive black holes (SMBHs) that are actively feeding on the surrounding matter. This
feeding process creates massive amounts of electromagnetic radiation from the accretion disk
of the SMBH, which can interact with the circumnuclear environment and drive the gas away
from the nucleus, producing SMBH feedback in the form of powerful winds of ionized and/or
molecular gas outflows. Ionized gas outflows, observed in the Narrow Line Regions (NLRs) of
active galaxies, are thought to play a crucial role in regulating the growth of the SMBHs and
galaxy bulges. However, the physical mechanisms responsible for the origin and acceleration
of these outflows are yet to be explained. Additionally, their overall impact on star formation
needs to be quantified for the realistic simulations of large-scale structure formation and
evolution.

We present an in-depth analysis of outflow dynamics in a sample of 5 nearby active

galaxies using spatially-resolved spectroscopic and imaging observations. First, we map the



kinematic structure of the ionized gas and outflows using multiple long-slit spectra. We then
derive the stellar mass distribution of the host galaxy as a function of distance from the
nucleus, using 2D surface brightness decomposition of high-resolution broadband images.
Finally, we determine the launch distances of the observed outflows using an analytical model
based on radiative driving by the AGN and gravitational deceleration due to the SMBH and
enclosed mass of the galaxy. These launch distances may correspond to the star-forming gas
reservoir sites. Our models successfully reproduce the distinct velocity and mass outflow
rate profiles observed in spatially resolved measurements, particularly the turnover distances
where host galaxy gravity starts to overwhelm radiation pressure. This consistency between
observed and model kinematics proves that the AGN radiation pressure is the primary driving
mechanism responsible for the observed NLR outflows in these galaxies. Further, we find that
the maximum distances from which the outflows originate increase with AGN luminosity,
which indicates that a more powerful AGN may be efficient enough to provide negative
feedback required for bulge quenching. In the future, these results will provide significant
constraints on the outflows in the high redshift galaxies, which may dominate feedback in the
early universe but lack spatially resolved information.

INDEX WORDS: Supermassive Black Hole, AGN, Seyfert Galaxy, AGN Feedback, NLR,
NLR Outflow, Spatially-Resolved Spectroscopy, Gas Kinematics, Ra-
diation Pressure, Mrk 3, Mrk 78, NGC 1068, NGC 4051, NGC 4151
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3.2 A 12 12¢ontinuum-subtracted [O IlI] image of NGC 4051 using WFPC3
camera on HST. The APO (cyan) and STIS (magenta) slits are overlaid, with
the APO PA labeled. The PA for both STIS slits is 89.8. The ux contours
are generated at 3 above the background and increase in powers of 23
for each inner contour. The color bar on the right shows the ux variation in
the units of erg s* cm 2 pix 1. The standard deviation ( ) was calculated
from a fraction of the background image outside the galaxy. The green cross
marks the continuum centroid, associated with the highest ux position in the
F547M continuum image. The dark spots are saturated pixels in F502N image
due to the bright central point source. The STIS slits A and B are 805
south and 2 north of the nucleus, respectively. . . . .. ... ... ..... 38

3.3 A 400° 400°RGB-composite image of NGC 4051 obtained with ARCTIC
on APO's 3.5m Telescope. The four DIS slits are shown as grey lines and
the circle with a 100°radius corresponds to the extent of H velocities in
Figures 4.8 and 3.13. . . . . . . . . . 39

3.4 Examples of H 486l1and [O Ill] 500&4959emission lines ts with multi-
Gaussian components for APO slit PA 188 The observed data is shown in
gray and the total ux with the multiple Gaussian ts is shown with a black
solid line. (Top) Spectral lines extracted at the nucleus and t with two narrow
components (red and blue) as well as a broad Hcomponent (dark green)
and an intermediate broad component (cyan), which is present in both the
H and [O IlI] lines. (Bottom) panel shows a spectrum extracted at 2%to
the north, which only contains two narrow components and a double-peaked
pro le. The vertical dashed black lines are the de ned continuum regions,
while the horizontal dashed red line represents the ux level @& over the
noise. The vertical blue dashed line close to [O Ill] corresponds to the redshift

ofthegalaxy. . . . . . . . . . . . e 41



3.5 Normalized brightness pro les along the APO DIS slit giving the PSF from a
standard star (solid blue line), the ILR component as seen in [O Il] (dashed
red line), and the BLR H emission (dotted green line), demonstrating that
the ILR and BLR are unresolved in the APO DIS slit. The slightly broader
PSF of the standard star likely indicates slightly di erent seeing at the time
and location of its observation. . . . . . . . ... .. Lo 43
3.6 Examplesof (Top)H 6563+ [NI1l] 6548,6583 and (Right) [SIl]] 6716,6731
emission line ts with multi-Gaussian components for APO slit PA 188 at
the nucleus. The velocity centroid and width of each component are xed
for all emission lines as determined from the [O Ill] 4959,5007 ts. The
observed spectra are plotted in solid black. The NLR emission Gaussian ts
are shown in blue and red for wider and narrower kinematic components. The
broad (dashed) green and cyan curves in bottom panel show the broad line
region and intermediate line region H emission, respectively. The sum of all
components is given in dashed magenta. . . . . ... ... ... ....... 45
3.7 (Top) A test to identify the e ects of the PSF in the APO observations. We
compare the [O IlI] brightness pro les from the combined STIS spectra, APO
slit, and SITS spectra convolved with the APO PSF. (Bottom) A comparison of
the brightness pro les of the [O Ill] emission (blue channel) and H emission
(red channel) along the slit. The enhanced emission in the wings of the

H prole at 3°- 15%n both sides of the nucleus. . . . . ... ... ..... 47

XViii
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G430M slits labeled as A (o set -0.0% and B (o set +0.20% at PA 89 .
The positions of the slits can be seen in Figure 3.2. The top panels of
each gure shows the radial velocity distribution of the [O Ill] emitting gas
along the slits for the two narrow components. The middle panels show the
FWHM distribution of these components and the bottom panels map the
radial variation in the integrated ux in logarithm (erg s ' cm 2) for each
line component. The two NLR components are shown in blue circles (high
FWHM) and red squares (low FWHM). The vertical lines at 6® correspond
to the continuum centroid of each slit. The shaded regions show the selected
knots of emissions to be used in radiation-gravity model in section Y4.4.2. . . 49

3.9 The [O Ill] ionized gas kinematics (similar to Figure 3.8) for NGC 4051 using
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3.10 The continuation of Figure 3.9 showing [O Ill] kinematics using APO DIS slits
188, 233. Similar to the two HST slits, the points inside the shaded regions
the APO slits PAs 188 and 233 are selected as separate knots of out ow
based on their clustering in ux and/or kinematics, and will be employed for
radiation-gravity model in section Y4.4.2. . . . . ... ... ... ... .... 51
3.11 A comparison of stellar kinematics (black cross) from (Ri el et al. 2008) with
[O 111] ionized gas kinematics from STIS G430M (high to low FWHM in
blue-red cross points) and APO DIS (high to low FWHM in blue-red dots)
observations. NIFS stellar rotation curve is projected for the line of sight
velocities onto APO PA= 98 and 143. The observed STIS velocities for
two parallel slits (PA 89.9) are plotted along PA 98 as the wide APO slits
(2% covers the entire region inside both STIS slits. No STIS observation is
available to compare the kinematics with the other APO slits at PA 143 188
and 233. . .. 54
3.12 A comparison of the neutral (HI 21-cm) and ionized gas ([O Ill] and H)
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3.13 Figure (a) and (b) show a comparison of large scale Hand [O I1l] kinematics
in NGC 4051. A rotational velocity signature can be noticed in both emission
lines although H is more dominant and extended than [O Ill]. The extended
[O 111] kinematics were too weak to generate su cient number of data points to
model the velocity elds. Therefore, we used H kinematics to t the circular
(rotational) velocities of the host galaxy using the Disk t software package.

Figure (c) and (d) show the modeled and residual velocity maps derived by

Diskt. . . . . 56
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3.14 BPT ionization diagnostics using the APO DIS observations for the two
kinematic components. The rst and second columns show the BPT diagrams
using [O 1] 5007, H 4861, H 6563, [N1l] 6584, and [S1l] 6716,6731
emission lines. The squares and circles represent the wide (higher FWHM) and
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3.15 Figure (a) and (b) show the comparison of the kinematic model of biconical
out ow in the NLR of NGC 4051 (gray shaded areas) with APO (+) and
HST ( ) radial velocities. Velocities are color coded to represent high (blue)
and low (green) FWHM components. (a) Model extraction and velocities at
APO DIS slit PA 188 plus those from STIS slit A projected onto this PA.
(b) Model extraction and velocities at APO DIS slit PA 233 plus those from
STIS slit B projected onto this PA. Figure (c) represents the geometry of the
biconical out ow model for NGC 4051 as seen from Earth, showing the outer
surface of the bicone and the disk of the host galaxy, based on the parameters
in Table 3.1. Given the inner opening angle our view is through the wall of the
near, blueshifted cone for this narrow-line Seyfert 1 galaxy and our view of the

far, redshifted cone is blocked, presumably by dust in the host galactic plane. 61
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3.16 (a) Mass Pro les of NGC 4051, calculated using Sérsic components de ned in
Bentz et al. (2009). (b) The rotation velocities are for each mass component
separately and for the total baryonic mass inside 10 kpc. (c) Velocity pro les
generated with the dynamical model given in Equation 1.11. The capital
letters are associated with the APO out ow knots and lowercase letters are
assigned to the knots seen in HST STIS. The velocities and positions are
determined using the average of selected kinematic points in Figure 3.8 and
3.10 that are assigned to each knot. The error bars are calculated from the
minimum and maximum values of distance and velocity associated with the
points in a given knot. The true velocities and distance are calculated using
de-projection parameter from biconical model geometry given in section Y3.4.4.
(d) An example of change in launch distance (x axis, where initial velocity is

zero km s ) of the observed out ow cloud (B) for di erent values of force
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3.17 A cross-section interpretation of the nuclear regions in NGC 4051 which include
the SMBH (black dot) with the accretion disk (yellow), BLR (green clouds),
torus (brown), ILR (cyan clouds) and NLR out ows (blue clouds). The various
regions in this cartoon are not on a linear scale. A Hreverberation mapped
BLR radius has been given by Denney et al. (2009) asf = 1.87*%3% light
days and the inner edge of the torus is approximately located at 0.01-0.03
pc (Suganuma et al. 2006; Krongold et al. 2007; Kishimoto et al. 2009) from
SMBH. As discussed in section Y3.5.2, we measured the ILR distance at
0.5 pc, which is either located close to the outer edge of the torus or is part
of it's fueling material. The NLR expands from close to the ILR up to 1 kpc,
pointing out of the host galaxy disk. . . . . .. .. ... ... ........

3.18 A comparison of the maximum launch radiusRauncn from which the out ow
clouds can be radiatively driven in the four AGN of di erent bolometric
luminosities (Lyo). The launch distances for NGC 4051 are calculated from
this work and rest were extracted from Garcia-Bernete et al. (2021) (NGC
5643), Fischer et al. (2017) (Mrk 573) and Fischer et al. (2019) (2MASX
J0423). The uncertainties in the launch distances were determined based
on M variation. For NGC 4051, Mrk 573 and 2MASX J0423, lower limit
corresponds toM = 500 and an upper limit corresponds taM = 3300. For
NGC 5643,M was given in the range of 200 to 400 (See Figure 12, Garcia-
Bernete et al. 2021). The uncertainties in bolometric luminosities was adopted
as 0.3 dex for NGC 4051 and 2MASX J0423 from uncertainties in the [O 1l1]
to bolometric luminosity relationship and correction factor. The bolometric
luminosity for NGC 5643 is the same as chosen by Garcia-Bernete et al. (2021)
analysis, which lead to uncertainties = 0.3 dex from scattering in li4 195 kev
(Ricci et al. 2017). The uncertainties forL o for Mrk 573 is given as 0.6 dex

in Kraemer et al. (2009). . . . . . . . . . . . . e



4.1 HST color composite images of Mrk 3 (left5s0?® 50° WFPC2 F814W and
F660W), Mrk 78 (upper right, 20° 17°° ACS/WFC-F814W, STIS/CCD-
50CCD and FOC/96-F502M, NGC 1068 (bottom left,145° 1489 ACS/WFC
F658N, F814W, WFPC2 F606W, F450W) and NGC 4151 (right150° 1509
WFC3/UVIS F350LP, WFC3/UVIS F814W,WFC3/UVIS F555W). The NLR
in Mrk 3 can be seen in white 'S' shape at the center and the bright blue
laments in both Mrk 3 and Mrk 78 represent the NLRs. The clusters of
star-forming (H I1) regions in NGC 1068 are shown in red color and the
large-scale star-formation in NGC 4151 is displayed in whitish blue colors
in the faint spiral arms. The dust lane features are shown in brown colors.
The 2°APO slit positions are superposed (in white lines) on each galaxy and
their corresponding PAs are labeled. The green squares at the centers show
the elds of view displayed in Figure 4.2. Image credits: NASA/ESA/Judy
Schmidt, https://flickr.com/photos/geckzilla/ . . .. ... ... ... 81
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4.2 The continuum-subtracted [O IlI] images of Mrk 3 (top-left), Mrk 78 (top-
right), NGC 1068 (bottom-left) and NGC 4151 (bottom-right). The image
dimensions ares®™ 6%for Mrk 3 and Mrk 78 and 14°° 14°for NGC 1068 and
NGC 4151. The continuum centroid peaks are shown by green cross symbols,
and the STIS long-slits are represented in blue for G430L (only Mrk 3) and
magenta for G430M gratings. The slit PAs and o sets from the centroids are
given in Table 2.1. The parallel slits are numbered as 1-3 from bottom-top in
Mrk 78 and 1-7 from left-right in NGC 1068. Slit 4 in Mrk 78 and slit 8 in
NGC 1068 are at di erent PAs than the parallel slits, but pass through the
nuclei. In NGC 4151, slit 1 is aligned on the continuum centroid, while slits
4 and 5 are placed to the south, and slits 2 and 3 are placed on the north.
The ux contours are generated starting at 3 above the background, and
increase in powers of 2 3 for each inner contour. The color bars on the right
indicate the uxes in units of erg s cm 2 pix . The standard deviations ()
were calculated from a portion of the background image outside the respective
galaxies. The individual knots of emission are labeled with alphabetical letters
and were identi ed using the ux contours and [O Ill] kinematics. North is up
for Mrk 3, NGC 1068 and NGC 4151, while the image of Mrk 78 is rotated
10 to the East because the extended emission falls o the edge of the chip

towards the SW. . . . . . . 82
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4.4

4.5

Examples of multi-Gaussian tting of the [O 1ll]  5007,4959A lines observed

using HST STIS G430M slits. Upper panel: Spectrum extracted 1°% north

of the nucleus for NGC 1068. Lower panel: Spectrum extracted at®®25

south of the nucleus for NGC 4151. The data are shown in gray, and the total

multi-Gaussian t is shown with a black solid line. The continuum regions are

outlined using vertical black dashed lines, and th8 S/N limit is represented

by the horizontal dashed red line. The vertical blue dashed line corresponds
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Examples of two-component Gaussian ts to the [O Il]] 5007,4959A lines

observed using APO DIS B1200 gratings. Upper panel: Spectrum extracted at
11%north of the nucleus of NGC 1068. Lower panel: Spectrum extracted at
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the emission from the rotating gas. The data, continuum regions and systemic
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The observed velocity centroids, FWHM, and integrated ux (erg s* cm ?2) of

the [O Il1] ionized gas measured for STIS long-slit spectra centered on or close

to the nucleus in each target. The velocities are presented for galaxy rest frame

where velocity of 0 km s! corresponds to the redshift of the galaxy and the

position of P°represents the continuum centroid. The FWHM is corrected for

the instrument's LSF. The points in each extracted bin of 0%(and 0.09%or

Mrk 3) are sorted for highest to lowest FWHM in blue (dots), red (pluses),

limegreen @ ), magenta (Y) and cyan (squares). The grey shaded regions show

some of the [O Ill] emission knots identi ed in the Figure 4.2. The full sets
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4.6

4.7

4.8

4.9

The continuation of Figure 4.5 showing [O Il1] kinematics for NGC 1068 and
NGC 4151 using HST slits close to/at the continuum centroids of each galaxy. 87
Top row: Pseudo-IFU velocity maps of the large-scale ionized gas determined
using APO DIS [O Ill] spectroscopic ts. The velocity map for Mrk 78 is
adopted from Figure 4 of Revalski et al. (2021) for the 1st component (highest
ux), which demonstrates rotational structure in the kinematics. For NGC
4051 and NGC 1068, the velocity maps constitute the narrow component of
the two Gaussian t to extended emissions. The width represents the relative
width of the slits of sky. The middle row shows the velocities derived by tting
rotational models to the galaxies using DiskFit (Sellwood & Sanchez 2010;
Sellwood & Spekkens 2015). The bottom row shows the residual (data-model)
velocities. The data from the inner 4%n Mrk 78, 20°%in NGC 1068 and $in

NGC 4151 were masked to avoid contamination from out ows and scattered
light. For Mrk 3, we previously presented the [O Ill] velocity maps and
GALFIT models in Gnilka et al. (2020), and adopt those results. . . . . . . . 93
The average rotation curves obtained from DiskFit models of the [O IlI] kine-
matics (blue crosses), compared with literature observations of the CO (green
stars), HI (red pluses) and H (cyan diamonds) emission. A rotation curve

for Mrk 3 is provided in Gnilka et al. (2020). The adopted or modeled (using
DiskFit) values of the PA and inclinations are: Mrk 78 (PA =84, inc =
55.6), NGC 1068 (PA = 66 , inc = 35 ), NGC 4151 (PA=26,inc=22). 95
Top: Mrk 78 40 40P°HST ACS F814W image (left), GALFIT model (middle),

and residual (right). Bottom: NGC 1068200 200° APO-ARCTIC I-band
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4.10 The one-dimensional surface brightness pro les for Mrk 78 F814W image (left)
and NGC 1068 ARCTIC-I band image (right). The data points obtained using
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left of each plot show the Sérsic indicesf and e ective radii (r¢, in arcsec)

of individual components, plotted in red, green and magenta dashed lines.
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CHAPTER 1

INTRODUCTION

1.1 Galaxies and Supermassive Black Holes

Galaxies form the largest entities known to humankind (i.e., clusters & superclusters). A
typical galaxy is made of gravitationally bound baryonic matter consisting of gas, dust and
1P 10*? stars, and is enveloped by a dark matter halo. Galaxies are broadly categorized as
spirals (denoted by S), ellipticals (denoted by E ) and irregulars (or peculiar, denoted by
Irr ) according to their visual appearance (Edwin Hubble's classi cation scheme for galaxies,
1926). Spiral galaxies have prominent spiral arms within a rotating disk with distinct dust
lanes and star-forming regions. Ellipticals are intrinsically triaxial shaped (Contopoulos
1956; Tsatsi et al. 2017), generally smooth and featureless with little to no star-formation.
Their apparent ellipticity de nes the types of elliptical galaxies (EO - E7). Spiral galaxies
are further classi ed based on the presence of individual morphological features such as bars,
bulges, rings and compactness of the spiral arms (see de Vaucouleurs classi cation schemes,
de Vaucouleurs et al. 1991). A bar is an elongated shape of dense stars that may channel the
gas from outermost parts to the inner regions of a galaxy (Wada & Habe 1995). Bars are
found in about 30% of the spiral galaxies (Nair & Abraham 2010; Vera et al. 2016), depending
on observed waveband and classi cation criteria, and are believed to be an intermediate stage
of galaxy evolution (Bournaud & Combes 2002; Gadotti & de Souza 2006). Bulges are tightly
packed roughly spheroidal distributions of mostly old stars at the centers of galaxy. Inner

and outer rings of stars may also be present in spiral galaxies (de Vaucouleurs et al. 1991).



There are almost two trillion galaxies in the observable universe (Conselice et al. 2016) and
it is widely accepted that almost every galaxy harbors a supermassive black hole (SMBH) with
a mass on the order of millions to billions times the mass of the Sun at its center (Kormendy
& Richstone 1995; Magorrian et al. 1998). After the rst ever image of an SMBH'sshadow,
captured in 2019 (Event Horizon Telescope Collaboration et al. 2019), we now have a direct
image of the shadow of the SMBH residing at the heart of our own Milky Way galaxy(Event

Horizon Telescope Collaboration et al. 2022) as shown in Figure 1.1.

Figure 1.1: The rst resolved image of the center of Milky Way (Sgr A), illustrating the
shadow of the supermassive black hole. The image was obtained using observations from
the Event Horizon Telescope (EHT), which is a combination of multiple ground-based radio
telescope across the planet. Image Credit: EHT collaboration.

In the elliptical galaxy M87
20ur SMBH is named as Sagittarius A’ (or Sgr A?) and has a mass of 4 10° M (Ghez et al. 2008;
Gillessen et al. 2009; Event Horizon Telescope Collaboration et al. 2022)



1.2 Active Galactic Nuclei (AGN)

1.2.1 Background

The majority of SMBHSs in the present epoch are dormant. The SMBHSs that are actively
accreting their surrounding matter can power active galactic nuclei (AGN, which can also
stand for active galactic nucleus ). As the feeding material (usually gas) approaches the
black hole, it loses its angular momentum and emits energy in the form of powerful radiation
that can be observed across the entire electromagnetic spectrum (radio to x-rays, and even
gamma rays in some cases). This radiation can create a bright core that can, in some cases,
outshine light from all of the stars in its host galaxy. The galaxy hosting an AGN is called
an active galaxy. It has been suggested that almost all galaxies go though an active phase at
least once during their lifetimes (Heckman & Best 2014).

Active galaxies can be classi ed in several ways according to the various observational
characteristics of their AGN. In general, the majority of them are often separated in two types
based on the ratio of radio to optical ux (F,=Fqp) emitted from the AGN (Padovani 1997).
Radio loud (RL) galaxies or AGN have been identi ed to have ratios of 5 GHz radio to optical
B-band ux ( Fs=Fg) to be greater than 10 (Kellermann & Pauliny-Toth 1969). RL are
found in roughly 10 20% of the active galaxy population and are mostly elliptical galaxies.
Radio-quiet (RQ) AGN are more ubiquitous and are further divided into types based on the
bolometric luminosity (Lpo) of the AGN, which is the total amount of radiation emitted by
the central engine (SBMH accretion disk- coronaf measured over all wavelengths. There
are no explicit boundaries but the subcategories of RQ AGN are usually de ned as: (1) the
low-ionization nuclear emission-line regions (LINERS), which are the lowest-luminositl {o<
10* erg sec?) class of AGN (some LINERS maybe powered by stellar ionization, Singh et al.
2013), (2) Quasi-Stellar Objects (QSOs), which have AGN with,,> 10* erg sec! and

are found at redshift (z)= 0.1 to 6, and (3) Seyfert galaxies (named after Carl Seyfert,

3see Y1.2.2



Seyfert 1943), which have moderate luminosity AGNL(,,, 10*®* 10% erg sec?) and are
the apparently brightest AGN in the local universe (z< 0.1). Unlike most QSOs, the host
galaxy is clearly visibly in Seyfert galaxies.

Early morphological studies have indicated that most Seyfert galaxies are spiral galaxies
(Adams 1977; Heckman 1978; Simkin et al. 1980); however many elliptical galaxies have been
found to host Seyfert type nuclei. (Ho et al. 1997; Ho 1999). A high-resolution image of a
nearby Seyfert galaxy NGC 6814 (3= 21.65 0.41 Mpc, Bentz et al. 2019), acquired using
Hubble Space Telescope (HST) is shown in Figure 1.2. This dissertation work is extensively
focused on observations and analysis of Seyfert galaxies because of their high-spatial resolution

that can be obtained due to their proximity to earth.

1.2.2 AGN Anatomy and the Uni cation Scheme

AGN are also widely characterized as type 1 or type 2, in reference to their optical spectral
signatures. The spectrum of a type 1 AGN reveals a broad base superimposed under narrow
emission lines in the permitted transitions (hydrogen Balmer lines etc.) in addition to the
narrow forbidden lines ([O Il1], [S I1] etc.). The Seyfert 2 spectrum contains only narrow
emission lines in both permitted and forbidden atomic transitions. Figure 1.3 shows an
emission line comparison between prototypical Seyfert type 1 (Sy 1) galaxy NGC 4151 and
Seyfert type 2 (Sy 2) galaxy NGC 1068 using high-resolution HST spectra.

It is still a matter of debate as to whether Sy 1 and Sy 2 have fundamentally di erent
physical natures (Meléndez et al. 2008a). A few decades ago, Antonucci & Miller (1985) found
broad Balmer lines in Sy 2 galaxy NGC 1068, seen in polarized light using spectropolarimetry
and proposed that a type 2 AGN is the same as a type 1 AGN with our view of the source
blocked by optically thick gas and dust encompassing the nucleus. This simpli ed scheme
came to later be known as the Uni ed Model (Antonucci 1993; Urry & Padovani 1995) of

active galaxies where AGN type is based on our viewing angle (see Figure 1.4).
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