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ABSTRACT 

This work presents a comparative study between a sample of Seyfert galaxies <md 

a control sample of normal galaxies that was done to detennine if the presence of an act ive 

nucleus would in IDly way effect its host galaxy. An obvious nHUlifestation of such IDl effect 

would be changes in the star fonnation properties of the Seyfert galaxies relative to the con

trol smnple. Since the star formation rate is directly related to the amount of Ha emission, 

the Ha luminosity along the major axis of each progrmn galaxy was measured. 

The result of this work was twofold. First, a highly optimized CCO cmnera system 

was developed for use as a facility instrument. This camera system was then used to spec

troscopically survey 15 Seyfert and 15 nonnal galaxies. Ha emission was measured in 12 

Seyfert mlll 12 nonnal galaxies. It was found that after comparing a number of different 

qumltities all dependent on the star fonnation process, there WC!<' ~'U discernible difference 

between the smnple of Seyfert galaxies mul the smnple of nonnal galaxies. In pmticular, the 

total Ha emission, line ratios and various properties of the sites of star fonnation mlll their 

spatial distribution were similar between the two smnples. This implies that the disk regions 

of Seyferts are identical to the disks of nonnal spirals as detennined by the properties of 

their giant HII regions. 



II 

Chapter 1 

Introduction 

1.1 Backgroulld 

Seyfert galaxies comprise about 10-4 of all observable galaxies but given the 

large amount of telescope time devoted to their study, one would find their small numbers 

hard to believe. Unlike most galaxies, the dominant runount of radiation from Seyferts aris

es not from their combined stellar populations but from the gravitational ruld electromag

netic interaction of some centrally condensed object with its surrounding nuclear gas ruHI 

dust. Twenty-five years of intense study have given us some infonnation but there still 

remain basic questions about the nature of this centrally condensed object, its evolution .Uld 

the kinematics ,Uld dynrunics of the surrounding gas and dust. Disentrulgling all that goes 

on in a region that appears as a point source to our telescopes has been likened to determin

ing the nature of a car's engine and transmission by examining only the car's exhaust. 

During the Los Angeles blackout of World War 11, Carl Seyfert, expanding on 

earlier work (Fath 1909; Slipher 1917; Hubble 1926), showed conclusively that spectra tak

en of the centers or nuclei of some galaxies showed emission lines (Seyfert 1943). These 

spectra contained many high-ionization emission lines whose width was greater th.Ul the 

absorption lines observed from the nuclei of nonnal galaxies. Combined with the bright 
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semi-stellar appearance of the nucleus (from which the emission lines arose) <md their dif-

ferences relative to HII region spectra, it was clear that a new class of emission line regions 

had been found. Some spectra clearly showed that the emission lines were composites be

cause they consisted of spectral lines with disparate values for their full width at half max

unum (FWHM). Some emission lines were tenned broad (FWHM ~ 10 4 km sec-I) <md 

others called narrow (FWHM ~ 10 2 km sec-I). Some lines, such as the ftrst two Balmer 

lines of hydrogen showed both narrow and broad components. 

With the advent of larger telescopes and quantum leaps in detector technology 

the study of active galactic nuclei (Seyfert galaxies, quasars and BL Lac objects) has led to 

a classification scheme and a first order understanding of these objects. Seyfert galaxies 

are classified spectroscopically (Khachikian and Weedman 1974). A Seyfert I has broad 

HI, He I and He II emission lines and narrow forbidden lines such as [OlII) ",M959, 5007, 

(Nil) ",,,,6548,6584 and [SII] U6717,6731. A Seyfert 2 also has only narrow H I, He I ancl 

He II emission lines along with narrow forbidden lines. There are also intennediate-type 

Seyferts denoted as 1.5, 1.8 and 1.9. The Seyfert 1.5 has intense broad and narrow H I 

emission lines that are clearly distinguishable from one another; a 1.8 has weak broad Ha 

and H~ components in addition to the narrow components while a 1.9 has only a weak Ha 

broad component and strong narrow components. 

This classification of Seyferts based on the width of their emission lines has nat-

urally led to a model for the nuclear or central region that contains a high density (Nc ~ I 09 
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cm-3) inner region where the broad lines are formed (the broad line region or BLR) and a 

low density (Nc-104 cm-3) outer region where only the narrow lines are fooned (the nar

row line region or NLR). This model has withstood the test of time but recent evidence has 

shown what has been long suspected-this model is an oversimplification. 

Since the nucleus of Seyfert galaxies has such strange properties, most studies 

of these objects have been restricted to this inner region and its inunediate environment (r 

< 1 kpc or so). Recent work (Begleman 1984; Chiang et al. 1987) has shown that the in

fluence of the nontheonal radiation from the nucleus of Seyfert galaxies and quasars on the 

large-scale disk structure (r > 1 kpc) may heat up the interstellar medium leading to large

scale gas motions in the vertical direction. However, observations of HII regions in nearby 

Seyfert galaxies show that no discernible difference is evident. 

This work made a comparative study between a srunple of Seyfert galaxies and 

a control srunple of normal galaxies in order to study the possible effects of rut active nu

cleus on its host galaxy. It is natural to speculate that the presence of such a source of ra

diation in the nucleus may, in fact, influence the interstellar medium of the host galaxy. If 

so this could alter the star foonation rate in the disk region, possibly affect the initial mass 

function and fundrunentally alter the evolution of the host galaxy. However, the effect of 

nuclear activity on the host galaxy might be minimal, resulting in disk properties like those 

found in nonnal galaxies. The characteristics of disk emission in nonnal galaxies have 

been well studied, both in terms of individual HII regions and the distribution ofHII regions 
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in their gal ax ian environment. Any similarities or differences seen in the disk emission of 

Seyfert galaxies relative to nonnal galaxi~s could provide additional infonnation about the 

origin and evolution of an active nucleus. Does such a nucleus affect its surroundings and 

if so, what is the radial extent of this influence? Limiting the influence of an active 'lucleus 

on its host galaxy will impose constraints on any theoretical explanation. Is nuclear activity 

and unusual disk emission the result of an external influence? The level of activity in both 

the nucleus and in the disk would limit the strength of the influence. 

In this chapter, we fIrst describe the general characteristics of Seyfert and nor

mal galaxies. This discussion includes what is known about emission in the nuclear and 

the disk regions of both types of galaxies as well as their local galaxian environment. We 

also describe the two studies that motivated this work (Dahari 1984; FWS88). 

1.2 Normal Galaxies 

J.2.1 Global Properties 

The vast majority of observable spiral galaxies are tenned "nonnal". This de

scription implies that the radiation observed from the nucleus and from the spiral arms orig

inates from an aggregate of stars of various spectral types and from HII regions. Observa

tions of HII regions in the disks of nearby late type galaxies (Searle 1971; Smith 1975) 

showed the existence of a radial abundance gradient. The line ratios [OIIIJ AS007 / H~ ,mel 

Ha / [NIIJ A6584 decrease as one moves from the outer to inner galactic regions. The COIl-
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elusion is that the abundance of oxygen relative to hydrogen and the abundance of nitrogen 

relative to oxygen both increase with decreasing distance from the nucleus. 

Recent work (Kennicutt 1989) has shown a threshold exists for star fomlation. 

For local gas densities less than some critical value, star fonnation is suppressed. As the 

local gas density approaches the critical density, the massive star fonnation rate increases 

very fast, much faster than a standard Schmidt model (Schmidt 1959) would allow. How

ever, once above this threshold, the star fonnation rate is well fit by a Schmidt model. This 

t1ueshold behavior is well explained by a simple disk stability model (Toomre 1964) and it 

has been shown that the gas in spiral disks remains near the critical density. 

1.2.2 Emission Line Regions 

Traditionally, the study of emission-line regions in spiral galaxies has been 

confined to the spiral ann region because this is where star fonnation occurs in giant HII 

regions (HII regions that have their Ha.luminosities, L(Ha.), ;?: 10 37 ergs sec-I). The rate 

and history of star fonnation in spiral galaxies is one of th,~ more fundamental variables of 

the Hubble sequence (Searle, Sargent and Bagnuolo 1973; Larson and Tinsley 1978; Ken

nicutt 1983; Gallagher, Hunter and Tutukov 1984). As one moves along the Hubble se

quence from early type SO galaxies to the late type Sc and 1m galaxies, the disks of spiral 

galaxies become populated with regions of massive star-fonnation. Previous work (Ken

nicutt 1988) has shown that the properties of spiral ann HII regions depend on the Hubble 
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type and on the luminosity of the host galaxy. The HI! regions in late type Sc illld 1m gal-

axies are more abundant, up to 50 times brighter and several tinles larger than those found 

in Sa and Sb spirals of the srune absolute magnitude. Their difference might be due to illl 

increase in the number of HI! regions in late type spirals relative to early types ,Uld to 

changes to the characteristic sizes of the HI! regions. The high Balmer luminosities ob

served in giant HII regions suggest that they contain from 100-1000 solar mass stars whose 

spectral type range from late 0 to early B with effective temperatures ranging from 35,000-

40,000 K (Evans and Dopita 1985, 1986; McCall etal. 1985). 

Recently it has become clear that the nuclei of up to 80% of nonnal spiral gal

rudes contain emission line regions that closely resemble HII regions (Keel 1983). The 

properties of these nuclear emission line regions are similar to the brightest HII regions in 

the disk (Kelmicutt et al. 1989) but important differences exist. In particular, the emission 

line ratios and line profiles indicate that a secondary ionization component exists in addi

tion to the hot stellar continuum. This secondary component is thought to be either ,Ul ac

tive nucleus (i.e., a non-thermal power law continuum) or large-scale shocks. These re

sults are consistent with the recent conclusions that the nuclei of spiral galaxies are com

posite in nature. The emission is thought to be the result of a Seyfert-like nucleus ionizing 

nuclear gas that is surrounded by star forming regions that were themselves induced by the 

active nucleus. 



J.3 Seyfert Galaxies 

1.3.1 Global Properties 
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The majority of all Seyfert galaxies are either Hubble Type Sa, SBa, Sb or SBb. 

Very few early type (earlier than SO) or late type (later than Sc or SBc) Seyferts are known. 

Surface photometry of Seyferts (Yee 1983) has shown that the disks of Seyferts have colors 

similar to those of nonnal galaxies whose Hubble types range from Sa to Sbc. It has also 

been shown (Su and Simkin 198'1; Simkin et al. 1980) that Seyferts seem to possess [Ul 

abundance of bars and rings. Their presence suggests the existence of a non-axisymmetric 

potential that could funnel gas and stars into the nuclear region and thereby sustain an ac-

tive nucleus. 

While spiral structure is definitely present it appears at first ghUlce that the disk 

structure is distorted. In fact examination of the UGC catalogue entries for the Hubble 

types of the two samples used in this study show that a much greater uncertainty exists in 

the Hubble types assigned to the Seyfert sample than to those assigned to the non11al sam

ple. Inspection of photographic plates taken of Seyferts shows why this is true (Adams 

1977). At first, there appears to be a surplus of Seyfert galaxies that are either disturbed or 

are part of interacting systems. Previous work (Dahari 1984, 1985; Kennicutt [md Keel 

1984; Keel et al. 1985; FWS88) attempted to put this observation on a finner statistical ba

sis by comparing the environment of Seyferts with the environment of a control sru11ple of 

nonnal galaxies. Except for FWS88, there is general agreement that there is rul excess of 
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companions to Seyfert galaxies and that there is a great excess of close companions to Sey-

ferts relative to a control sample of nonnal galaxies. It was also shown that an excess of 

Seyfert galaxies are members of interacting pairs of galaxies but that this excess does not 

exist if the strength of the interaction is very strong. However, FWS88 questioned some of 

these general conclusions. Their results showed only a slight excess of close companions 

(identified as low luminosity galaxies with Mv ~ -18) and was much smaller than that 

claimed by others (Dallari 1985). These results will be discussed in mvre detail below since 

this present work was motivated by these studies. 

1.3.2 Emission Line Regions 

The nucleus is the most prominent emission line region of Seyfert galaxies. The 

nuclear regions of Seyfert galaxies possess a wide range of ionization (01 to Fe X) that are 

fonned in the broad line region ruld in the narrow line region. As is discussed in Chapter 

4, to detennine empirically the physical conditions present in a gas cloud, one must mea

sure the spectral lines. It is much more difficult to detennine the gas conditions in the broad 

line region since strong, unrunbiguous forbidden lines are never seen there. It is possible 

to detennine electron densities and temperatures (as is done in HII regions) in the narrow 

line region since forbidden lines are fonned there due to the lower densities. 

Regardless of the current theoretical ideas that explain the origin of the ionizing 

continuum, there is no disagreement that this continuum is a power law that has the func-
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tional fonn f oc v-a. where a = 1.0-1.5. TIlis means that unlike hot OB stars, the Seyfert v 

nucleus and its near-nuclear regions see a substantial fraction of high energy photons ca-

pable of ionizing C, N, ° and S. These photons create a partially ionized zone of H because 

the cross-section for ionization of H by high energy photons decreases with increasing en-

ergy. TIlerefore, there are enough photons present to ionize C, N, 0, S and Fe and the den-

siti~s are low enough to pennit forbidden transitions to occur. The emission lines seen in 

nonnal galaxies (whether from the nuclear region or from H II regions) contain weak INIIJ 

U6548,6584, [SIlJ U6717,6731 and very weak or absent [01] A6300. This is the distin-

guishing difference between AGN spectra and HII region spectra. In HII regions, this par-

tially ionized zone is not present. 

1.4 Studies of the Ellvirollmellt of Normal and Seyfe,.t Galaxies 

An accepted but not unequivocally proven fact pervading the field of active gal-

axies is that some of the observed nuclear activity in galaxies can be induced by interactions 

with nearby systems. Much work has been done trying to quantify the effect on active gal-

axies of all types by their immediate and their non-local environment (Balick and Heckman 

1982). Work done over the past ten years points to a correlation between the presence of 

nearby companions and nuclear activity (Adams 1977; Dallari 1984; FWS88). In his pho-

tographic survey of Seyferts, Adams commented on the apparent number of comp'U1ions 
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found near Seyfert galaxies. Dallari (1984) undertook a statistical study to detennine if 

Seyferts possessed an enhancement of companions relative to norma! galaxies. Such an en

hancement, if found, would point to the presence of the companion as a leading reason for 

the nuclear activity. 

More recently, FWS88 undertook a similar study but used very different criteria 

to choose their control sat11ple, to discriminate against foreground and background galaxies 

and to quantify the galaxian environment from galaxy counts. They also analyzed their re

sults using a method different than the one used by Dahari. They concluded that Seyferts 

do not possess a clear excess of luminous companion galaxies when compared to a control 

sample of nonnal galaxies. In an effort to understand the differences between these two 

studies, FWS88 modified their background subtraction technique because it may have been 

too restrictive. After this modification, a clear excess of companions was found that 

FWS88 identified as low luminosity galaxies (Mv ~ -18). However, this excess was not 

as large as that found by Dallari. 

1.5 Summary 

The objective of this dissertation was to implement a CCD camera system op

erating as a facility instrument on the University of Arizona 2.3 meter telescope at Kitt Peak 

and then use that camera system to perfonn a low resolution, long slit study of a sample of 
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Seyfert galaxies and a sample of nonnal galaxies (Carone et al. 1987). Such a study would 

allow us to compare a variety of properties of the disk or off-nuclear regions of these sam

ples and search for differences that could be associated with the presence or absence of a 

Seyfert nucleus. We examined the integrated Ha emission along the major axis, the emis

sion line ratios from these regions and the radial position of each emission line region. We 

also examined the luminosity of the brightest HII region in each galaxy and the relationship 

between the non-thennal nuclear luminosity from the Seyferts and their disk emission 

properties. 

In Chapter 2, we discuss in detail the CCD camera system used for this study 

and its optimized characteristics. In Chapter 3 we describe the observational program and 

the data reduction and analysis methodology. Finally, in Chapter 4, we discuss the results 

of this study and its implications. 



2.1 Introduction 

Chapter 2 

Charge-Coupled-Devices 
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The astronomical community has always been quick to adopt new detector tech

nologies for use in both ground-based and space-based observatories. For ground-based 

work this was true of the photographic plate, the observational mainstay for many years, 

and the image tube. The introduction of new detector technology is subsequently reflected 

in the scientific return of many astronomical studies. Not only could previously unattain

able observations be done but better data on even well-studied and supposedly well-under

stood objects showed that they are so not well-understood after all. In the past few years 

the astronomical community has witnessed the introduction and exploitation of a new de

tector: the charge--coupled-device or CCD. One of its advantages is its high quantum ef

ficiency (~60%) compared with the image tube (no better than 20%) <U1(1 the photographic 

plate (about 4%). The quantum efficiency can be made fairly constant from atmospheric 

cutoff (3150 A) up to about 8000 A. The CCD also has excellent dynamic range with a 

linear response extending over four decades in counts. In addition, a properly optimized 

CCD has a low readout noise, negligible dark current and good geometric <U1d photometric 
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stability. All of these are valuable for astronomical applications. 

In 1981, Steward Observatory began construction of a number of CCD camera 

systems based on the CCO camera systems developed at Kitt Peak National Observatory 

(Marcus ef at. 1979). Subsequently, a number of Texas Instruments 3 phase (TBP) CCDs 

were given to Steward Observatory by the National Science Foundation and these now in 

regular use. This thesis began with the construction of an operational camera system based 

on a CCO built by the General Electric Co. of Great Britain (GEC). We had intended to 

use it for the long slit study of active and nonnal galaxies described in this thesis. However, 

after approximately six months of electronic design work and optimization, when it was on 

the verge of becoming a usable camera system, the GEC CCD camera system was de

stroyed because of mishandling by Observatory support personnel. Therefore, the long slit 

project was carried out with one of the Texas Instruments 3 Phase CCDs (TI 3PCCDs) that 

was undergoing testing at the same time. This camera system and the optimization work 

perfonned on it is described herein. Our work proceeded simultaneously with other similar 

projects on this and other camera systems which are described elsewhere (Leach 1987; 

Leach 1988a; Leach 1988b). While there was a common effort because of this; our work 

was mostly independent of these other studies. However, the results of these different 

projects were similar which showed that the TI 3PCCO camera system used for the long 

slit study was properly optimized for use as a general facility instrument. 

We discuss the characteristics of the TI 3PCCD in Section 2.2. We then de-
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scribe the Steward Camera system in Section 2.3 and its optimization and characterization 

in Section 2.4. The camera system operating under both laboratory conditions and at the 

telescope are described. 

2.2 Primer 011 the Texas Illstrument 3PCCD 

2.2.1 Introduction 

The TI 3PCCD was part of a large number of CCDs fabricated by Texas Instru

ments for use in the Wide Field/Planetary Camera on the Hubble Space Telescope. Though 

they are no longer in production, these CCDs are in use at most major observatories because 

of their superior quality. They are also one of the most widely studied CCDs (Janesick et 

al. 1985; Blouke et al. 1987) and are, therefore, the fiducial against which all CCDs are 

measured. 

The TI 3PCCD is a buried channel, 3 phase, back (or rear) illuminated 800 x 

800 image sensor with 15 x 15 11m pixels. It is 17 x 17 mm with the image-sensitive region 

occupying the central 12.2 x 12.2 mm. The remaining area of the CCD is occupied by alu

minum leads for used to apply the clock voltages necessary for moving the charge packets 

through the CCD. The image-sensitive area is physically segmented into four 800 x 200 

sections with two serial registers present, one at the top and one at the bottom. This allows 

the charge to be readout in either direction. The TI 3PCCDs were thinned and are backside 
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illuminated so that the spectral sensitivity is higher and more unifonn. However, the thin-

ning process wrinkled the CCO surface. Operationally, these were manifest as slight focus 

variations across the CCO. The two serial shift registers are identical and are 851 pixels 

long. Each of the pixels in these registers are 20 x 15 /lm and can handle a charge capacity 

almost twice that of a pixel in the image region. The output well from either of the serial 

register has increased storage capacity to accommodate on-chip coaddition. 

2.2.2 Other Optimization Results Using the TI CCD 

The TI 3PCCO has become the CCO against which all others are compared. A 

tremendous amount of effort has gone into optimizing the operation of this particular ceo 

which has contributed to the knowledge of CCOs in general. Current and future CCO de

signs have clearly been influenced by the results of the work done with the TI 3PCCO. 

Therefore, it will be useful to briefly summarize this knowledge before discussing our ef

forts at optimization and operation below. 

Astronomer are interested in the qmmtum efficiency of a CCO, its readout 

noise, charge transfer efficiency, dark current, residual image property ,"ul its full well. 

Optimizing or eliminating these quantities is done in large part by a judicious choice (i.e., 

trial and error) of the mutually dependent voltages controlling the preamplifier, reset tran

sistors and the parallel and serial clocks. Much of the work done characterizing ,"ul opti

mizing the perfonnance of the TI 3PCCO has been done during the past few years (J,mesick 
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etat. 1985, 1987; Blouke etat. 1987; Leach 1987, 1988a, 1988b). The results are low read-

out noise « 7 electrons / pixel), low dark current (a few electrons / pixel/hour), high 

charge transfer efficiency (0.9999868 electrons / transfer), wide (1-10,000 A) spectral re

sponse that is fairly flat over most of this spectral region, linear response up to 50,000 elec

trons per pixel and over 4 decades in wavelength, no detectable residual image ,md accept

able photometric and geometric stability. The device is also shot noise limited over most 

of its dynamic range. We were able to achieve and sometimes surpass, the perfonmmces 

quoted by other workers. Since no single recipe exists for optimizing a CCO crunera sys

tem we had to put considerable effort into the Steward Observatory TI 3PCCO camera sys

tem even though we were not the first to use a TI 3PCCD for astronomical purposes. 

2.3 The Stewa,.d Observatory CCI) Camera System 

The CCO crunera systems now in regular use by Steward Observatory were di

rectly derived from the Kitt Peak National Observatory CCO crunera systems (Marcus, 

Nelson and Lynds 1979). These detectors are cryogenically-cooled ruld operate in a slow 

scan readout mode (~ 20,000 pixels / second). These camera systems consist of a host COI11-

puter, a microprocessor crunera controller, crunera head interface electronics, the cmnera 

head electronics and the CCO dewar. The host computer and microprocessor cmnera con

troller are located in the room where the observer sits, the crunera head interface electronic 
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box is attached to the telescope, the camera head electronics is mounted on the CCD dewar 

which is attached to the Boller and Chivens spectrograph. We describe below the CCD 

camera system that was used on the S.O. 2.3 meter on Kitt Peak to carry out the long slit 

galaxy study. 

The controlling minicomputer is a Data General Point 4 that contains 65,535 

words of memory. For a given camera system, the Point 4 uses FORTH to cross-assemble 

mnemonics into microcode which are then downloaded into a writable control store (WCS) 

located in the microprocessor camera controller. The host computer and microprocessor 

camera controller communicate over a 16 bit fast serial data link (Leach 1986). These mne

monics contain all the infonnation necessary for the proper operation of the CCD CWllera. 

The WCS is 64 bits wide and 256 words deep. Each word contains bit fields that control 

the microsequencer and the arithmetic logic unit both of which are also contained in the mi

croprocessor camera controller. The microsequencer detennines progrwn flow during the 

CWllera operation (e.g., the exposure sequence). From the WCS it reads instructions ,md 

addresses needed for program execution as well as aritlunetic wld logical operation com

mands, miscellaneous control bits and timing wavefonns necessary for proper readout of 

the CCD. Using this paradigm the sequence and timing of events necessary for optimal 

CCD operation can be completely specified. 

The cwnera head interface electronic box contains a 16 bit AID converter, a pre-

cision voltage reference, voltage regulators, shutter control, a temperature meter and elec-
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tronics necessary for differentially transmitting control and data infonnation between the 

CCD and the micro sequencer. The camera head electronics contains five boards: (1) a volt

age reference board, (2) a temperature control board, (3) a horizontal clock board, (4) a ver

tical clock board and (5) a video processor board. The two clock boards are low impedance 

drivers with adjustable voltage levels that are used for optimizing the operation of the CCD. 

The adjustments of these voltage levels, which are not quite independent of one another, 

comprises most of the work in optimizing the perfonnance this camera system. 

The observer initiates an exposure by anyone of three FORTH commands. The 

exposure number, the duration of the exposure and the shutter position are the only param

eters that need be specified. Other FORTH commands allow the observer to change the 

binning parameters for a given exposure as well as specify that portion of the CCO to be 

read out and stored. Once the exposure conunand is given but before the exposure starts, 

the CCD is quickly readout out multiple times. This is done to deplete it of extraneous 

charge that was left over from the previous exposure (if the source was quite bright) .md 

electrons generated from cosmic rays. Next the optimally correct voltages for charge col

lection are set for each CCO electrode. Finally the shutter is opened and the CCO exposure 

is taken. After the shutter is closed, the horizontal and vertical clock boards synchronously 

move the charge off the chip. Each exposure is stored on a removable disk platter periph

eral to the Point 4. The observer can then write the output to a magnetic tape, display the 

image illld eXillnine the image. 
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2.4 Characterizatioll alld Optimizatioll oj the S.O. TI3PCCD Camera Sys
tem 

2.4.1 Preliminaries 

The success of any CCD camera system intended for regular use at an observa-

tory depends on how well it has been optimized for (1) high and unifonn qmmtum efficien-

cies over a wide wavelength range and photometric stability, (2) low detector noise, (3) 

high (> 0.9999) charge transfer efficiency, (4) no measurable residual image, (5) linearity 

and (6) low dark current. We discuss each of these in tum. The optimization work occurred 

both in the laboratory and at the telescope. Therefore, we discuss results for each item ob-

tained under both environments. 

2.4.2 Quallfum Efficiency 

Ideally, it is desirable to have the intrinsic quantum efficiency of a CCD ap-

proach its theoretical limits at all wavelengths. A great effort has gone into this area (Leach 

and Lesser 1987; lanesick et al. 1987). At the beginning of this project, the quantum effi-

ciency of the camera system dropped to zero below ~ 4300 A (Fig. 1). In the midst of the 

long slit galaxy observations, the quantum efficiency below 4000 A increased signific.mtly 

by implementing a modified UV flood procedure (Leach and Lesser 1987) (Fig. I). We 
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routinely measured the quantum efficiencies of the TI 3PCCD camera system in the labo-

ratory and before and after observing runs. Laboratory measurements were perfonned four 

times over a seven day period and before and after a seven day observing run. These mea

surements were done before and after the enhancement of its UV response using the quan

tum efficiency measuring apparatus made available by Dr. Richard Cromwell of Steward 

Observatory. This apparatus consisted of a set of narrow band interference filters that se

lected certain wavelengths emitted by a tungsten lamp. This lrunp was periodically cali

brated with a photodiode radiometer that is referenced to standard light sources provided 

by the National Bureau of Standards. Fig. I shows quantum efficiency measurements done 

over a period of 7 days. We measured the response of the system in the laboratory using 

all II interference filters and took multiple exposures through each filter. The error bars, 

detennined from the multiple measurements, are smaller than the plot symbols ,U1d are not 

included. From these multiple measurements we estimate that the measurement error is no 

greater than 1 %. The change in the quantum efficiency of the crunera system was not sig

nificant over the 7 day period. The largest change (1.2% at 3500 A) occurred between day 

2 and 3. This being of the order of the measurement error showed that the photometric sta

bility of the crunera system was excellent. We also measured the quantum efficiency of this 

system in the laboratory before ruld after the crunera system was used on the telescope m1(1 

found identical results. No significant change occurred in the system during its week on 

the mountain and during transport. Our results are consistent with other independent qUiUl-
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tum efficiency measurements done on this system (Leach 1987; Leach illld Lesser 1987). 

As is seen in the plot, the qUillltum efficiency of this system plummets short

ward of 4300 A. After considerable efforts at developing a recipe to use for enhancing the 

UV response of the TI 3PCCO (Leach illld Lesser 1987), the quantum efficiency of the sys-

tem of the camera system was measured again. As before, we measured the quantum ef

ficiency 4 times over a 7 day period illld also before and after a 6 day observing run on Kitt 

Peak. All measurements were again done in the laboratory. The qUillltum efficiency plot 

from one measurement is shown in Fig. 1. As is seen the UV response is greatly enhanced 

illld is close to the theoretical limit of 56%. We again found no temporal chilllges greater 

thilll 1 % in the qUillltum efficiency of the camera system. Our measurements also indicated 

that the response of the Cillllera was extremely stable over a two week period confinning 

this system's excellent photometric stability. Subsequent work showed that <my variations 

that had occurred during a 13 month period must be less than 1.0%. This fact was also con

firmed from examining observations taken of the calibration star BO+28 4211. 

2.4.3 Detector Noise 

The intrinsic noise behavior of any CCO camera system detennines the mini

mum detectable signal. There are three types of noise, two of which must be dealt with be

fore a CCO camera system would be considered optimized for use. The first is readout 

noise. For low illumination levels, readout noise sets the minimum detectable signal. The 
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second type is the fixed pattern noise which dominates at high illumination levels. The 

third type is shot noise due to the photon statistics of the signal itself. The fixed pattern 

noise can be removed by unifonnly illuminating the CCO with a continuum light source, 

nonnalizing the mean of this image to about 1.0 and then dividing it into all subsequent im

ages. The read noise and shot noise are minimized «< fixed pattern noise) at the higher 

illumination leaving the fixed pattern noise the dominant noise in the image. Therefore, 

the contributions in the fixed pattern noise image from the other two noise components does 

not significantly add in quadrature during the division process. For example, for rul image 

of a fixed pattern noise with 24,000 electrons / pixel, the readout noise was 0.027% of the 

signal and the shot noise was 0.6% of the signal. The fixed pattern noise rrulged from 5% 

to 15% of the signal. 

For low light levels, the camera system is limited by those noise sources intrin

sic to it. Of a number of sources of noise to be dealt with, one can be dealt with easily .md 

elegantly. This is the noise or uncertainty in the voltage of the output node. After the 

charge in the output node is read out, the output node is reset to a prescribed voltage. The 

noise in the voltage of the output node is eliminated through the use of correlated double 

sampling. TIle lowest level of noise obtainable depends mostly on the noise of the on-chip 

output runplifier. We found that the readout noise was most affected by the voltages asso

ciated with the prerunplifier and reset FET voltages. The prerunplifier drain voltage had the 

most effect on the value of the readout noise; the reset FET drain voltage had less influence 
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but more so than the reset FET source voltage. 

The read noise ofthe TI 3PCCO camera system was measured using the photon 

transfer technique (J anesick et al. 1985). In this tec1mique, two identical exposures of a 

uniform illumination source were taken one after the other. The ratios of these images re

moves the pixel-to--pixel sensitivity variations. A number of exposures that evenly illumi

nated the CCO were taken at various light levels and their noise level measured after re

moval of the fixed pattern noise. 

In the laboratory, the detector noise was measured from images found by uni

form illumination of a white light lamp whose relative intensity could be varied in a repro

ducible manner. The intensity of the lamp was varied so that each exposure had a different 

global mean intensity. Fig. 2 shows the noise level in DN plotted against the signal level 

in ON (note the log-log scale). The signal is proportional to the average number of inter

acting photons per pixel for a 25 x 25 array of pixels within the CCO image <Uld the noise 

is the standard deviation of the 625 pixels. As is seen in Fig. 2, there are three distinct re

gions to this data. The first is the straight line segment for signal levels between 10 <md 

10,000 ON. This is simply the shot noise and has a slope of 1/2. The second region occurs 

at low illumination levels where the curve flattens out for a signal level < 10 ON. This is 

due to the noise associated with the readout process. The third region of the curve occurred 

at a signal level > 30,000 ON where the pixels became saturated. These measurements 

were repeated for a number of 25 x 25 arrays in each image (i.e., exposure level). Since the 
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adjustable voltages also affected the gain of the system, the above statistical procedure was 

repeated each time the voltages were varied. 

At the telescope, the method was slightly different. Since the detector was part 

of a spectrograph system, it was important to evenly illuminate all points on the slit. This 

was done by taking exposures of white light reflected off the inside of the telescope dome. 

Now each image contained a variety of different light levels since the white light was being 

dispersed. However, a smaller array of pixels (from 15 x 15 to 20 x 20) had to be used be

cause the mean changed for an array of pixels larger than this. 

2.4.4 Charge Transfer Efficiency 

Besides collecting charge, the other major task of a CCD is transferring the 

charge to the output amplifier for measurement. The charge transfer efficiency, or CTE, is 

the efficiency of transferring charge from one potential well to the next potential well. The 

CTE is most affected by the spurious potential pocket effect. The is the loss of charge dur

ing the charge transfer cycle due to an improper potential well shape and/or improper po

tential well depth beneath the pixel. These are created by any combination of (I) cluumel 

width variation, (2) polysilicon edge lifting and (3) typical boron lateral diffusion. As elec

trons are readout, they can become trapped at these spurious potential pocket sites (Uul then 

emitted a short time later. This gives rise to the characteristic tail seen on spectral lines 

from CCDs with poor CTE. The CTE degrades as the operating temperature decreases and 
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the transfer time decrease. 

The CTE in the parallel direction was measured in the laboratory by obtaining 

an exposure of two slit images, one at each end of the CCD. One of the slit images was 

read out immediately since it was near the transfer register and this minimized the change 

in the shape of its slit profile due to charge transfer inefficiency. The second slit was posi

tioned at the opposite end of the CCD so that the change in shape of its slit profile due to 

charge transfer inefficiency was maximized. The shapes were then compared. Exposures 

of different intensities were taken as the voltages were varied. This allowed the CTE at var

ious light levels to be studied. These slits were then transposed to measure erE in the serial 

direction. By trial and error, the optinlal operating conditions for temperature and voltage 

settings were found. Two fixes were applied that were known to increase the CTE to 

0.9999868 (J anesick ef al. 1987). The first fix was to set the lower voltage of the phase I 

parallel clock to about -10 V. This decreased the size of the spurious potential pockets. 

The second fix was to lengthen the time between the low-going edge of the parallel phase 

2 clock and the high-going edge of the parallel phase I serial clock. It was found that a 

delay of 100 microseconds was optimal. A subsequent study (Leach 1988) showed that the 

erE for very low light levels was better in the serial direction than in the parallel direction. 

The CTE meaC)urements at the telescope were more subjective than in the labo

ratory but we found similar behavior. The CTE in the parallel directions waC) measured by 

taking long slit exposures of helium/argon arcs and comparing the spectral lines at ditferent 
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ends of the long slit image. For the CTE in the serial direction, we chose a star bright 

enough that a few second exposure gave a few thousand counts per pixel. With the star at 

one edge of the slit, an exposure taken for a few seconds and then halted. The star was then 

moved about 50 pixels along the slit and the exposure was resumed. Repeating this proce

dure we got five to six stellar spectra at various points along the slit in one exposure that 

could be used to examine the CTE in the serial direction. The voltage settings and operat

ing temperature detennined in the laboratory were found to give results comparable to 

those obtained at the telescope. 

2.4.5 Residuallmage 

A major problem of CCDs is that they can, unfortunately, remember their pre

vious image. Pixels saturated by high exposure levels will retain some of the charge at the 

fronts ide Si-SiO 2 interface after the charge packet has been transferred. This charge is 

released very slowly, usually on the order of a few minutes <U1<1 even up to a few hours (Lau

er 1989). Unless this residual image is completely eliminated, it will cont<uninate subse

quent images, especially if low light levels are import<Ult. Fortunately, the fix to this prob

lem is rather straightforward. 

In general, inverting the clocks of the TI 3PCCD was sufficient for flushing out 

all photoelectrons from their trapped interface sites. This inversion was implemented on 

the TI 3PCCD as a two step process. First, between exposures, the TI 3PCCD altemated 
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between a complete readout at high speed and an inversion of the parallel clocks to -7 V. 

Then a few seconds prior to exposure, the parallel clocks were again driven to -7 V. We 

found this procedure to be sufficient for eliminating any vestiges of a residual image even 

when the previous image and images were severely overexposed. 

In the laboratory, a number of methods were used to detennine if any residual 

image was present. The first test for the presence of a residual image was to first heavily 

expose a wide slit or bar, readout this image and then inunediately take another exposure 

with the shutter closed and the light source off for 1 second. This second image was then 

examined to see if the region in this second frame that corresponded to the bar in the first 

frame was statistically different from the surrounding regions. To do this, two strips that 

Table I 

TI 3flCCD Voltage Settings 

Readout Noise (electrons nns) 

Conversion Gain (electrons / ADU) 

Full Well (electrons) 

Dark Current (electrons / pixel/hour) 

Operating Temperature 

Vertical Clocks 

Horizontal Clocks 

Reset FET Drain 

Reset FET Gate 

Amplifier FET Drain 

6.23 ± 0.02 

2.92 ±O.02 

34,000 

6.0 ± 0.1 

-140°C 

+9,-7 

+11,0 

+20.0 

+15.0,0 

+30.0 



40 

contained the same number of pixels as contained in the bar were chosen from this second 

image. The difference between these two regions deftnes the statistical zero. Then the bar 

region in the second exposure was compared to one of the other unexposed regions in the 

second exposure. We found for all exposure levels that no residual image was present since 

the difference between the two unexposed regions was the same as the difference between 

an unexposed region and the bar region. 

As a second test, the entire chip was heavily overexposed to white light. Sub

sequent to this, a one second exposure with the shutter closed was taken and compared with 

a similar image taken before the overexposed image. For all exposure levels, the difference 

between the overexposed image and the one second exposures was statistically the same as 

the difference between two one-second exposures. 

At the telescope, we perfonned similar tests with the continuum lllinp that was 

used for taking flat field exposures lliH.1 also flat fteld exposures using light scattered off the 

dome. The comparisons were identical to those done in the laboratory. These heavily ex

posed images were compared to one second exposures with the shutter closed. In all in

stances, the difference between the heavily exposed image and the one second image were 

identical to those between two one-second images. 

2.4.6 Linearity 

The output signal for llil imaging device Cllil be expressed in a power st"ries il1-
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volving the input signal, or S = a. I n + So where a. is a proportionality constant, I is the 

input signal, So is the dark current and bias and S is the output signal. The exponent, n, a 

measure of the linearity of the CCD response, is determined by measuring the signal as a 

function of exposure time for a constant intensity continuum light source. 

The calibration lamps available at Steward Observatory were used to detennine 

the linearity of the TI 3PCCO as a function of wavelength. For each wavelength, we varied 

the exposure time so that the counts went from a few hundred electrons / pixel to well past 

full well saturation. For every wavelength, we detennined that the best fit line was n = 

1.000 ± 0.003 which is identical to that obtained from other TI 3PCCO cmnera systems 

(Blouke et al. 1987; lanesick et al. 1987). This measurement repeated 13 months later gave 

identical results. 

2.4.7 Dark Current 

The dark current in any CCO cml be created from thennal generation and diffu

sion from a number of regions in the CCO. Thermal generation of electrons from surface 

states at the Si-Si02 interface, or from the neutral bulk or from the depletion region con

tribute to the overall dark current. In principle, it is necessary to minimize the dark current 

in mly images sensor. For very long exposures of faint objects or for high time resolution 

observations on brighter objects, the dark current wiIl increase the apparent noise back

ground and limit the sensitivity of the CCO. 
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The most obvious way to minimize the dark current is to operate the CCO at 

temperatures as low as possible but where other characteristics of the system are not ad-

verselyaffected. We found that operating the TI 3PCCO at -140°C gave a low dark cur

rent and acceptable charge transfer efficiency. An elegant method for minimizing the dark 

current that was shown useful on similar systems, proved the best method for the CCD. It 

was simply to hold the parallel clocks at negative values (between -10 and -12 V) during 

the exposure. To avoid dark current build-up in the serial registers, the serial clocks were 

held at their upper voltage level (Table 1). 

At both the laboratory and at the telescope we took many long dark current ex

posures ranging from 1 hour to 12 hours. From these images we found that the absolute 

value of the dark current was constant at 6.0 electrons / pixel/hour for all exposures. It 

was found that the dark current did not change significantly throughout the entire period of 

optimizing the camera system and during the long slit study. Slight variations occurred 

across the TI 3PCCO but these were reproducible and could be safely eliminated. 

2.5 SUlIlmary 

The first part of this dissertation was concerned with constructing and optimiz-

ing a CCD camera system for facility use on the University of Arizona 2.3 meter telescope. 

An existing cmnera design, based on one developed at Kitt Peak National Observatory 

(Marcus et al. 1979), was used to build a cmllera for a TI 3PCCO. The operating charac-
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teristics of this camera were documented and optimized for use as a facility instrument. 

This camera system was then used for the long slit galaxy survey. 

The optimization of this camera system achieved results consistent and better 

than previous optimization work. The readout noise was decreased to 6.23 electrons per 

pixel rms, the dark current was held at 6.0 electrons / pixel/hour for up to two weeks, the 

charge transfer efficiency was optimized using teclmiques developed at other sites, the full

well capacity was optimized to 34,000 electrons and no residual image, even for heavily 

exposed images, was detected. Table 1 lists the settings used for nonnal operation of the 

TI 3PCCD camera system. 
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Chapter 3 

OBSEI{V ATIONS and REDUCTIONS 

3.1 Introductioll 

The purpose of this dissertation was to compare the star fonnation properties of 

two samples of galaxies whose only difference was the presence or absence of ,Ul active 

nucleus. The data were used to examine what effect an active or Seyfert nucleus has on its 

host galaxy. In this work, the sample of Seyfert galaxies was compared to a control sillllple 

of nonnal galaxies. The Seyfert sillnple and the control sillnple were chosen in illl identical 

manner using criteria to insure that the two samples contained no systematic differences 

relative to the other. Differences that exist in the disk regions between Seyfert ,md non11al 

galaxies may very well be milllifest as systematic chilllges in the star fonnation properties 

of the Seyferts relative to the nonnal spirals. Most of this work, therefore, eXill11ined the 

star formation properties of the galaxy sillnples as traced by Hex. since Hex. emission is relat

ed to the star fonnation rate illId is illl easily observable quantity. It was, therefore, of fun

damental importilllce to push the limits of detection so that the faintest regions of star for

mation could be measured both in the outer disk regions as well as in the near-nuclear re

gions. For the latter case, it was necessary to perfonn additional processing to the S[Ullple 

of Seyfert galaxies in order to remove the contribution of the unresolved nuclear point 
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source. In this chapter the criteria used to select the Seyfert galaxy sample and the control 

sample of normal galaxies are discussed. We then describe the methodology behind our 

observations, data reduction and data analysis. Finally, we describe in detail the method 

used to eliminate the unresolved nuclear point source from the data. All data processing 

was done with the Image Reduction and Analysis Facility (IRAF). 

3.2 Sample Selection 

The samples of active and nonnal galaxies observed were subsets of the lists 

used by Fuentes-Williams and Stocke (1988, hereafter known as FWS88). Table 2 con

tains the list of the control sample of normal galaxies observed and Table 3 lists the Seyfert 

galaxy sample. In these tables we list the name of the object as we refer to it, its UGC des

ignation, right ascension and declination (epoch 1950), Hubble type and redshift. The cri

teria used by FWS88 for sample selection attempted to insure that the only difference be

tween the two samples was nuclear activity. The criteria used were: 

1. ()~_100 

2. I b II I s; 20 0 

3. 0.009 s; z s; 0.05 

In addition, a restriction on the galaxy morphology or Hubble type was imposed. Seyfert 

galaxies seem to have disturbed morphologies (Adams 1977) ,md their Hubble type are 

sometimes not well detennined. FWS88 chose the range of Seyfert galaxy morphology 



46 

Table 2 

Normal Galaxy Sample 

Object Name UGC Number I{ight Ascension Declination !:. 

IC34 351 0 33 0.0 +8 51 0.0 0.018 

NGC 182 382 0 35 36.0 +2 . 27 0.0 0.017 

IC 1827 2152 2 37 06.0 +1 20 0.0 0.020 

UGC 3403 3403 6 09 18.0 +71 09 0.0 0.014 

NGC 2599 4458 8 29 12.0 +22 44 0.0 0.015 

NGC 3202 5581 10 17 30.0 +43 16 0.0 0.022 

NGC4500 7667 12 29 00.0 +58 14 0.0 0.010 

NGC 5378 8869 13 54 42.0 +38 03 0.0 0.010 

NGC 5533 9133 14 14 00.0 +35 35 0.0 0.013 

NGC 6032 10148 16 00 48.0 +21 06 0.0 0.014 

NGC 6154 10382 16 24 12.0 +49 57 0.0 0.020 

NGC 7440 12276 22 56 12.0 +35 32 0.0 0.019 

NGC 7570 12473 23 14 12.0 +13 13 0.0 0.016 

NGC 7691 12654 23 30 00.0 +15 34 0.0 0.014 

NGC 7771 12815 23 48 54.0 +19 50 0.0 0.015 
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Table 3 

Seyfert Galaxy Sample 

Object Name LJGC Number Right Ascension Declination ~ 

Akn 120 959 1 21 54.1 +31 55 26 0.036 

Mrk 590 1727 2 12 0.4 -0 59 57 0.027 

NGC 1019 2132 2 35 52.3 +1 41 32 0.024 

3C 120 3087 4 30 31.6 +5 14 59 0.033 

Mrk 618 4 34 00.0 -10 28 36 0.035 

UGC 3223 3223 4 56 30.0 +4 54 54 0.018 

Mrk3 3426 6 09 48.4 +71 3 11 0.014 

Mrk6 3547 6 45 43.9 +74 29 10 0.019 

Mrk79 3973 7 38 47.3 +49 55 41 0.022 

Mrk 10 4013 7 43 7.4 +61 3 25 0.030 

Mrk 382 7 52 3.6 +39 19 7 0.034 

Mrk 279 8823 13 51 51.9 +69 33 13 0.031 

Mrk 504 16 59 10.4 +29 28 44 0.036 

Mrk 506 17 20 45.6 +30 55 40 0.043 

NGC 7469 12332 23 00 44.4 +8 36 16 0.017 
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types from Simkin, Su and Schwarz (1980). Fig. 3 shows the distribution in Hubble types 

for our program galaxies. 

The first criterion was used so that the diameters of the galaxies in both samples 

could be uniformly measured on the Palomar Observatory Sky Survey. The second criteri

on excluded areas of high extinction due to the Galactic Plane. This particular criterion was 

needed by FWS88 not only because of the effects of extinction but also because of confu

sion with foreground galactic objects. The third criterion, a redshift limit, was necessary 

so that low luminosity but stilI significant galaxies would not be excluded. Also FWS88 

wanted the redshift to accurately reflect distance in order that the measured galaxian dimn

eters could be converted into physical diameters. Galaxies that are members of the local 

supercluster, i.e., those with z ~ 0.009 or so, have redshifts that have a velocity component 

due to the mlisotropy in the local Hubble flow. This me,ms that their redshift does not re

flect their true distmIce as long a'i z ~ 0.009. 

We imposed a fourth criterion involving limits on the Holmberg dimneter of the 

objects in the two samples (Holmberg 1975). We restricted the absolute photographic mag

nitude, MB , to be between -18 mId -21. Using the magnitude-<limneter relationship 

(Holmberg 1975) restricted the Holmberg dimneter to be between 16 and 49 kpc. This last 

criterion was included so that the starlight absolute magnitudes were matched between the 

two smnples and not their total absolute magnitudes. Seyfert galaxies have significmIt nu

clear non-thennal luminosities which cml dominate the measurement of their absolute 
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magnitude. Matching only absolute magnitudes between the two samples could bias the 

Seyfert galaxy sample toward lower starlight luminosities. Therefore, from their diame

ters, starlight absolute magnitudes (Holmberg 1975) were computed for each sample gal

axy and used to choose the two samples. The distribution for our program galaxies is 

shown in Fig. 4. 

The FWS88 study was done to determine whether the environment of Seyfert 

galaxies was different from the environment of normal spiral galaxies. The FWS88 study 

selected a total of 53 Seyfert galaxies (Weedman 1977) and 30 nonnal spirals matched by 

Hubble type and absolute luminosity to the Seyferts but otherwise randomly chosen from 

the Center for Astrophysics Redshift Survey (Huchra et at. 1983). From these lists we were 

able to observe 15 nonnal galaxies and 13 Seyfert galaxies. We also selected and observed 

two additional Seyferts, UGC 3223 and NGC 1019 (Veron-Cetty and Veron 1985). In this 

catalogue UGC 3223 is designated as 0456+04. This Seyfert 1 was not known to early 

studies (Weedman 1977) but it fits all of the above criteria, as did NGC 1019. These objects 

were included to use the observing time efficiently. Therefore, this study was able to com

pare equal number of Seyfert and n0ll11al galaxies. Figs. 3 and 4 show the distribution of 

Hubble types and starlight luminosities for each of the two samples used in this study. 

The major and minor axes of the galaxies in each of the samples were measured 

on the two-axis Grant machine at the National Optical Astronomy Observatories using the 

blue plates of the Palomar Observatory Sky Survey. The major and minor axes of each gal-
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axy were measured five times. Each measurement consisted of marking the extremes of 

the major and minor axes of each galaxy. From these repeated measurements we deter

mined that our accuracy was 0.4" along either axis, in agreement with FWS88. These ap

parent diameters were then converted to physical diameters assuming that Ho = 75 kill 

sec i Mpc- i and qo = 0.5. The expression D = 19.38 . 1'}. z was used to convert to physical 

diameters where 1'} is the measured apparent diameter in arcseconds and D is the physical 

diameter in kpc. These physical diameters were then converted into photometric diameters 

(Holmberg 1975). 

3.3 Observatiolls 

The observations were carried out over an 19 month period from December, 

1985 to July, 1987. Tables 4 and 5 list the galaxies observed, the date of the observation, 

the exposure time (in seconds), the slit position <mgle (in degrees north through east) and 

the ainnass. We used the Boller and Chivens spectrograph on the University of Arizona 

2.3 meter telescope on Kitt Peak. Each galaxy was observed in the srune mru1l1er. A long 

slit, 2.5" by 4.0', was placed along the major axis of each galaxy. The value for the major 

axis position rulgle was taken from the UGC catalogue (Nilsson 1974). For a number of 

Seyfert galaxies that had no clear major axis a position angle of 90° was used. The expo-

sure times were chosen to obtain approximately the srune signal-to-noise ratio for each gal

axy in its strongest emission line, Hex.. An upper limit of 40 minutes for <my given exposure 
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Table 4 

Log of Normal Galaxy ObSel'l'atiolls 

Object Obs. Date Exp. Time (sec.) POSe Angle Airmass 

Ie 34 9 Nov., 1986 2400,2400 156 1.13,1.16 

NGC 182 5 July, 1987 2400,2400 75 1.44, 1.30 

IC 1827 19 Dec., 1985 2400,2400 154 1.16,1.10 

UGC 3403 18 Dec., 1985 2400,2400 27 1.29, 1.32 

NGC 2599 18 Dec., 1985 1200,2400 90 1.03, 1.01 

NGC 3202 18 Dec., 1985 2400,2400 20 1.05, 1.03 

NGC 4500 17 April, 1986 2400,2400 130 1.12, 1.11 

NGC 5378 17 April, 1986 2400,2400 90 1.03, 1.01 

NGC 5533 18 April, 1986 1200,2400 30 1.02, 1.00 

NGC 6032 3 July, 1987 2400,2400 0 1.15,1.30 

NGC 6154 17 April, 1986 2400,2400 90 1.12. 1.02 

NGC 7440 5 July, 1987 2400,2400 90 1.20, 1.12 

NGC 7570 3 July, 1987 2400,2400 30 1.13, 1.09 

NGC 7691 4 July, 1987 2400,2400 175 1.22, 1.12 

NGC 7771 19 Dec., 1985 2400,2400 68 1.31, lAO 
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Table 5 

Log of Seyfert Galaxy Observatiolls 

Object Obs. Date Exp. Time (sees.) Pos. Angle Airmass 

Mrk 590 18 Dec., 1985 2400,2400 90 1.19, 1.23 

NGC 101918 Dec., 1985 2400,2400 90 1.27, 1.36 

3C 120 19 Dec., 1985 1200, 1200, 1200 130 1.13,1.13,1.13 

Mrk 618 8 Nov., 1986 2400,2400 90 1.60, 1.38 

UGC 322319 Dec., 1985 2400,2400 80 1.16, 1.16 

Mrk3 19 Dec., 1985 600,600,600,600 90 1.29,1.29,1.29,1.29 

Mrk6 20 Dec., 1985 1200, 1200, 1200, 1200 130 1.36,1.37,1.37.1.38 

Mrk79 19 Dec., 1985 900,900,900,900 90 1.06, 1.05,1.05,1.06 

Mrkl0 19 Dec., 1985 2400,2400 130 1.19, 1.25 

Mrk 382 9 Nov., 1986 2400,2400 90 1.05, 1.02 

Mrk 279 6 July, 1987 600,600,600,600,600,600 33 (3) 1.32.1.34,(2) 1.36 

Mrk 504 18 April, 1986 2400,2400 90 1.01, 1.00 

Mrk 506 4 July, 1987 900,900,900,900 90 1.01,1.02,1.04,1.05 

NGC 7469 19 Dec., 1985 900,900,900 125 1.34,1.47,1.50 

Akn42 8 Nov., 1986 2400,2400 60 1.19,1.31 
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was imposed because for longer exposure times too many cosmic rays were detected (> 5 

in the data region). A number of nonnal spirals had no clear emission lines even with the 

coaddition of two 40 minute exposures. For most of the Seyfert sample, multiple (> 2) short 

exposures were taken and then coadded. This was done because of the large strength of the 

nuclear emission lines. They were so large that the counts in the pixels at and near Ha 

were close to reaching the non-linear limit of the TI 3PCCD camera system in 10 to 15 

minute exposures while those pixels in the continuum regions were still at low signal-to

noise levels. 

The 300 line/mm grating blazed at 6690 A in first order was used giving a dis

persion of 3.72 A / pixel and a resulting instrumental resolution of between 9 and loA. The 

TI 3PCCD, containing 800 pixels in the dispersion direction covers the 4500-7400 A spec

tral region. The spatial resolution was, of course, dependent on the seeing. Each pixel is 

0.8". Since the seeing was typically 1.5 - 3.5", the spatial resolution was between 2 mId 4 

pixels FWHM giving at least 75 spatial bins along the slit. 

3.4 Data Reductioll alld Allalysis 

3.4.1 Imroductioll 

All data for this study were reduced and analyzed using the Image Reduction 

and Analysis Facility (lRAF) and the /ollgslit, apextract, images and olledspec packages 

therein. The steps in the reduction procedure were: (1) creation of a mean bias frame, (2) 
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creation of a dark frame, (3) creation of a flat-field frame, (4) creation of the slit transmis-

sion function, (5) detennination of the spatial distortion corrections, (6) detennination of 

the two-dimensional wavelength calibration, (7) object image trim and transfonnation, (8) 

sky subtraction, (9) extinction correction, absolute flux calibration and dereddening. In the 

following discussion, we describe the processing necessary for one night's observing run. 

Each night was reduced separately so that the bias, dark, flat-field and calibration frames 

were not used on successive nights. In addition to this discussion, we describe how the un

resolved nuclear point source was removed from the Seyfert galaxy long slit images. This 

was done to search for the presence of Hex. emission in the near-nuclear regions of the Sey

fert galaxies. 

We made no attempt to replace pixels that suffered cosmic ray hits in ,my of the 

object images. Cosmic rays usually resemble strongly peaked emission lines that are local

ized to a few pixels. The character of a cosmic ray signal depends on its energy and angle 

of entry. In the end, our approach was not to try and repair bad data but to discard it. We 

did, however, replace those cosmic ray hits in <my of the bias or dark frames because the 

data values are approximately known. We found that the use ofimages.lillecleall was suf

ficient for this replacement. This task searched for any pixel whose value was a user-se

lected standard deviation above or below the local meWl. It then used a low order polyno

mial fit to the nearby pixels to detennine a value for the bad pixel(s). We found that setting 

the user-selected stwldard deviation to ±6cr was sufficient for deleting cosmic rays in the 
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bias and dark frames. 

3.4.2 Creation of a Mean Bias Frame 

The first correction to the raw data was to remove the bias introduced during 

chip readout. Ideally, a constant could be subtracted from the CCD image in order to ac-

count for the bias. However, we found this not to be the case with this particular camera 

system. There was a slight structure to the bias image that showed about a 4 electron gra

dient in the dispersion direction and a 0.6 electron change in the cross-<iispersion direction. 

In addition, the mean bias level varied by 20% during the night. To remove the bias struc

ture and the floating bias we adopted the following approach. A merul bias fnune was 

formed by averaging 10 one second dark exposure frrunes taken at the beginning cUld end 

of the night. The TI 3PCCO contained 20 fictitious columns that were used to measure the 

absolute bias level. These 20 columns are referred to as the overscrul region. They are 

fonned by reading out an additional 20 columns after each line is read out. The overscrul 

region of all of these frames was also included in the averaging process. Both the overscan 

region and the actual bias image chrulged together in absolute value during the night but 

their relative differences remained constant at 7.95 electrons. The average of the oversc.U1 

region in the mean bias frrune was subtracted off leaving just the bias structure. We then 

smoothed this bias structure frame using a 5 x 5 boxcar. This meilll bias frrune was then 

used to remove the bias structure from all other CCO images. Occasionally, a number of 
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bias frames suffered hits from cosmic rays. Since we knew what the approximate value of 

the affected pixels should have been, they were replaced using i11lages.lilleclea1l. The re

sult of this section then was the mean bias frame containing the relative change in the bias 

across the chip. Tllis mean bias frame was saved for further processing. 

3.4.3 Dark Frame 

The second correction to the data was the subtraction of counts due to the dark 

-current present in the TI 3PCCD. At the beginning and end of the night, a one hour expo

sure was taken with the spectrograph in complete darkness to determine if the dark current 

changed throughout the night. No evidence for changes wert found in the dark current 

properties of the TI 3PCCD during a night's observing run. For each dark fnune, the aver

age of its overscan region and the mean bias frame was subtracted from this dark image. 

These two fnunes were then averaged together and using illlages.lillecieall, signals from 

all cosmic rays were removed. After smoothing these fnunes using a 5 x 5 boxcar, we 

found that the dark current was remarkably stable at 6.0 electrons / pixel/hour. This me<Ul 

dark frame scaled to electrons / pixel/second was used for all subsequent processing. A 

constant value could not be subtracted from each image to account for the dark current be

cause there existed some very slight global structure to all the dark frames. This structure 

was independent of the exposure level both in the laboratory and at the telescope. 



59 

3.4.4 Flat-fielding and the Slit Transmission Function 

The third correction to the data was to remove the pixel-to-pixel sensitivity 

variations of the TI 3PCCD and detennine the slit transmission function. The slit transmis

sion function is structure in the cross-<iispersion direction due to different points of the slit 

not transferring equal amounts of light when evenly illuminated. This occurred because the 

slit was not machined properly. These sensitivity variations were removed by dividing ev

ery image by a very high signal-to-noise exposure whose mean is ~ 1.0 for the case where 

every pixel was evenly illuminated. The high signal-to-noise insured that the domimUlt 

nns noise contribution was from the pixel-to-pixel sensitivity variations and not from the 

readout noise or shot noise. A true characterization of these sensitivity variations demiUlds 

that each pixel be evenly illuminated. The fnune was nonnalized so that its mean was ~ 

1.0 to insure that counts were conserved when the flat-field image was divided into the ob

ject frames. These variations can be as large as 15% but usually averaged 5%. 

The pixel-to-pixel sensitivity variations and the slit transmission function ClUl 

be detennined simultlU1eously by obtaining a high signal-to-noise exposure of diffuse light 

scattered off the inside of the telescope dome. This insures even illumination of the entire 

slit. The pixel-to-pixel sensitivity variations can also be detennined by taking exposures 

of a quartz lmnp. Even though this lmnp does not evenly illuminate the slit, the structure 

in the cross-<iispersion direction can be removed (twodspec.lollgslit.iIl1l11lillati(}1l) so that 

a flat-field frame of mean ~ 1.0 can be created. When a quartz lamp is used the slit trans-
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mission function was detennined from a blank sky exposure. Tests have shown that both 

approaches can remove the pixel-to-pixel sensitivity variations to better than 1-2%. 

Dome flat exposures were taken at the beginning and at the end of each night 

while the quartz lamp exposures were taken at every observation position. At all these po

sitions, helium/argon arc spectra were taken to detennine if there was flexure of the dewar. 

Throughout this study, several wavelength calibrations were detennined for every night to 

see if there was significant flexure. Even though the wavelength solutions differed slightly 

from one telescope position to the next, they did not affect the flat-field results. Coaddition 

of all of the quartz lamp exposures for one night resulted in an extremely high signal-h.}

noise flat-field that was comparable to the results obtained for the dome flats. 

It is necessary to remove the large scale wavelength variation in the dome flat

field exposures and the quartz lamp exposures. This variation is present because of the col

or of the lamps used and because of the changing CeD sensitivity with wavelength. The 

IRAF task twodspec.io1lgslit.respo1lse averages the pixel values along a user-selected set 

of columns to foml a one dimensional spectrum in the dispersion direction. This spectrum 

is then fit with illl interpolating function. This function is then divided into each column 

thereby flattening the dome flat/quartz lamp frame in the dispersion direction. In addition, 

twodspec.io1lgslit.respo1lse preserved the cross-dispersive shape of the flat-field so that 

for dome flats, the slit transmission function was present. For the quartz lillllp images, their 

cross-{lispersive structure had to be removed using twodspec.lo1lgslit.illlllllillatioll (dis-
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cussed below). A cubic spline of eight to ten pieces worked best though it was sometimes 

necessary to perfonn lwodspec.iollgsiit.respollse twice in order to remove the wavelength 

dependence completely. twodspec.lollgslit.respollse introduced a discontinuity into the 

flat-field frame. This discontinuity was traced to the size of the user-selected set of col

umns. If these colunms were selected between columns i and j then the discontinuity oc

curred between columns i-I and i andj andj+1. Increasing the size of the user-selected 

set of coiunms reduced this discontinuity. However, if the set of columns was too large the 

correction in the dispersion direction was poor because the function found from these user

selected columns did not represent the true color dependence. The results of twodspe

c.io1lgslit.respollse were accepted when the shape of the flat-field in the dispersion direc

tion, fit by a straight line, gave a slope close to 0.0 with a minimum nns error. We used 

images.fitl d to fit a straight line to each column illul if necessary, reapplied twodspe

c.io1lgslit.respollse once to improve the removal of the wavelength variation. 

Large anlplitude noise was made less influential to the fit by using twod.\pe

c.lo1lgslit.respollse to fit the function to a set of points that were the mediilll of every 4 

points while rejecting all points 1.5-2.0 cr from the fit. An iteration of the fit was perfolllled 

to reject pixels. This forced the fit to follow the wavelength dependence illul not the pixel

to-pixel sensitivity variations. Using an 8 to 10 piece cubic spline gave better results thml 

a Chebyshev polynomial. 

We also removed the structure in the cross-dispersion direction caused by UIl-
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even illumination of the slit by the quartz lamp. We used illlages.jitld because the quartz 

lamp exposures had very high signal-to-noise making binning unnecessary. In images.

fitId we found that the ratio of a 4 to 5 order Chebyshev polynomial fit to the image in the 

cross-dispersion direction worked best and not a cubic spline. As with twodspec.llmgsli

t.respollse we fit this function to the median of every 4 points and rejected those points 

more than 1.5 to 2.0 0' from the fit. This fit was then divided into the quartz lamp thereby 

flattening it in the cross-dispersive direction. illlages.jitl d was used again to remove the 

cross-dispersive structure. As with the removal of the wavelength dependence of the flat

field, the criterion for accepting the nonnalized quartz flat-field was that the shape of the 

flat-field in the cross-<iispersion direction was fit by a straight line of slope close to 0.0 <UlCl 

that the nns error of the fit was minimized. 

The slit transmission function was already present in a dome flat exposure. 

However, for our first observing run we were not able to take a dome flat so a sky exposure 

was used with the task twodspec./ollgslit.illlllllillalioll. This task fits a function to a lIser

selected set of lines (bins) to eletennine the slit transmission function. The sky frame had 

a lower signal-to-noise than the dome flats or quartz lamps. twodspec.lollgslit.iIIl1l1lilla

lioll summed together all lines in each user-selected bin, fit a function to it, nomlalized this 

fit to 1.0 at the maximum point in the fit and then interpolated between all of the fits to fonn 

an image that represented the slit transmission function. The fit was to the median of every 

4 points ,mel a 4 to 5 order Chebyshev polynomial was found to be adequate. To interpolate 
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between each of the bins, we found that the cubic polynomial interpolator worked best. We 

also experimented with the number of bins and found that it was important to use as nHmy 

as possible-we chose from between 100 and 200 bins (or 8 to 4 lines per bin). The result 

of twodspec.iollgslit.illllmillatioll was a two-dimensional fit representing the slit tnmsmis

sion function. This image was then multiplied by the nonnalized flat-field determined 

from the quartz lamp image. TIns image product was then used in all subsequent image 

processing to remove the pixel-ta-pixel sensitivity variations and the slit transmission 

function. 

There existed another lRAF task called twodspec.lollgslit.imsllrjit that is in

tended for use instead of twodspec.lollgslit.respollse .md twodspec.iollgsiit.ilI11milladml. 

However, we found that this task did not give satisfactory results. It introduced intennedi

ate frequency structure into a long slit image when used to remove the pixel-to-pixel sen

sitivity variations and the slit transmission function. For this reason, this task was not used. 

The result of this approach was a flat-field fnune whose me.m was approxi

mately 1.0 .md was flat in the dispersion direction. There are two dangers inherit in both 

these procedures: (I) introducing intemlediate frequency structure into the flat-field by not 

detennining a good fit to the wavelength dependence and in the case of the quartz lamp, 

improper fitting to remove the structure in the cross-dispersion direction as well .md (2) 

removal of some high frequency structure by fitting too well. The iatter (hmger would re-

move some of the large-scale pixel-to-pixel sensitivity variations. 
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3.4.5 Distortion Corrections and Wavelength Calibration 

Geometric distortions introduced by the spectrograph optics and rotational mis

alignment (i.e., the dispersion direction not lying exactly along a column) must be removed 

from all spectra. These corrections were important for a number of reasons. The position 

and shape of any spectral feature varied in the cross-dispersion direction. Unless this dis

tortion was removed, the resulting wavelength calibration over the entire chip would have 

been questionable and it would have been difficult to properly subtract the background sky. 

Since the spatial distribution of given line varies dramatically, subtraction of this line using 

a single function fit was not appropriate. Rotational misalignment degraded the wave

length resolution because for a given line in the raw CCD image of a star, for example, the 

flux on one end of the stellar profile would correspond to a slightly different wavelength 

than the flux at the other side of the stellar profLIe. Observations of helium/argon arc lamps 

and bright stars were used to correct the geometrical distortion across the chip (Uul the ro

tation of the spectrum relative to the column direction, respectively. Correcting the geo

metrical distortion resulted in a wavelength calibrated image. During most of the observa

tional program the CCD dewar could be rotated at the telescope to align the dispersion ,md 

column directions; however, this procedure was never able to produce complete alignment. 

Helium/argon arc long slit images were taken at each object position to correct 

the geometrical distortion and determine the two-dimensional dispersion solution. A three 
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step approach was used to map the distortion and create a dispersion solution. twodspe-

c.lollgslit.idelltify was used to extract the sum of the central 10 columns of the helium/ar

gon arc. A small number of spectral features (2-3) were identified. We found that the three 

lines at 5015 A, 5875 A and 6678 A had to be used at this point otherwise the final results 

were unacceptable. twodspec.lollgslit.ide1ltify used these spectral line positions to create a 

temporary wavelength dispersion solution to locate other spectral features from a list of 

known helium/argon wavelengths. A one-dimensional wavelength solution was then 

formed once the positions and identifications were correct. A cubic polynomial fit gave a 

typical nns error of 0.25-0.30 A (- 0.1 of the dispersion). 

The columns far from the center of the CCO were curved in the dispersion di-

rection as one moves in the cross-dispersion direction. Summing 10 of these columns to

gether and determining a dispersion solution showed that to achieve ml nns error of 0.5 A, 

a polynomial of order 5 or more was needed. This meant that the results of fwodspe

c.lollgslit.reide1ltijy and consequently, twodspec.lollgslit.fitcoords (both described below) 

were degraded if only a cubic polynomial was used in twodspec.lollgslit.idelltijy. There

fore, it was decided to fit the central 10 columns with a fifth order Chebyshev polynomial. 

The dmIger here was that a higher order polynomial can introduce oscillations into the so

lution especially since the number of data points was not much greater thml the order of the 

polynomial. 

/wodspec.lolIgslit.reidellti/y used the fifth order Chebyshev polynomial found 
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in twodspec.lollgslit.idelltijy to locate the spectral lines in spectra extracted at other points 

along the slit. At intervals of 4 columns, 8 columns were summed together to fonn a one

dimensional spectrum. The position of each spectral features in this spectrum was then 

identified using the dispersion solution and line identifications found by twodspe

c.lollgslit.idelltify. The position of each spectral line was then recorded in a database as the 

triplet (column number, row number, wavelength) or (c,I,A), for use by twod!>pec.lollgslit.

fitcoord<;. 

twodspec.lollgslit.idelltify was used to map the rotational misal ignment from a 

stellar long slit image. Ideally, this stellar image should contain multiple images of a point 

source at many positions along the slit. However, results using both multiple stellar spectra 

and a single stellar spectrum to detennine the rotation at every point along the slit were vir

tually identical indicating that there exists no significant distortion in the spatial direction. 

The one stellar image for the rotation correction was used since this resulted in more ob-

serving time being available for the program objects. twodspec.lollgslit.idelltijy summed 

together 8 lines in the center of the image and marked the position of the star in the long slit 

image. twodspec.lollgslit.reidelltijy detennined the position of the star by summing togeth

er 8 lines at intervals of 8 lines. The positions of the star were recorded in a database as the 

triplet (column number, row number, slit position) or (c,l,s), for use by twodspec.lollgslit.

fitcoords. 

Once the distortions have been mapped, the task twodspec.lollgslit.fitcoords 
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was used to detennine the transfonnations needed to remove the geometrical distortions 

and the rotational misalignment. A two dimensional function was fit to each of the triplets 

(c,I,A) ,md (c,l,s). These least square polynomials were fA. (c,l) and fs(c,l) where the func-

tion fA. (c,l) is the two dimensional dispersion solution. 

twodspec.iollgslit.fltcoords allowed an interactive, two dimensional fit to either 

of the triplets (c,I,A) and (c,l,s). This interaction was impOilant since there were certain 

points at the edges of the slit that were always deleted. Usually, we found that for the he

lium/argon long slit images, I to 2 spectra at the edges of the images were deleted since 

they had a low signal-ta-noise level. This meant that their spectral line positions could not 

be accurately detennined by twodspec.iollgslit.reidelltify. We found that for fA' a Cheby-

shev polynomial of the fonn T(x5, y5) was sufficient while for fs' we found T(x 1, y J) to be 

adequate. These two functions were stored under a user-selected nrune for use in trans

fonning images. When applied to a long slit image, these functions removed the geomet

rical distortion rulel rotation in the long slit image ruld rebinned the image onto linear wave-

length and spatial scales. 

3.4.6 Object Image Trim alld Tralls/ormatio1l 

Once the mean bias frrune, dark frrune, flat-field frames ruld slit transmission 

function were detennined and the two distortion corrections found, each of the object 
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frames (standard star, nonnal galaxy and Seyfert galaxy) were processed in an identical 

manner. The average of the overscan region in each long slit image was found using ;1Il

ages.imstatistics on the image section L305:315, I :800J this number was subtracted from the 

frame. At the same time, the frame was trimmed from LI:320,1:800J to L40:276,1:8(0) 

eliminating those columns of the image that contained the overscan region and those col

umns that were affected by slit vignetting. Once this was done, the meml bias frame mId 

dark frmne (scaled to match the exposure time) were subtracted from the frmne mu\ divided 

by the flat-field and slit transmission frames. Finally, the two distortion corrections were 

applied using twodspec.lollgslit.trallsjorlll. hvodspec./ollgslit.trallsjorm inverted the two 

functions fA mId f s to yield two interpolating functions uc(s, A) and vl(s, A), for the column 

and line positions. This was done by first evaluating the functions fA mId fs on a unifonn 

grid of (c,l) and then fitting functions of the smne type (in this case the 2 two dimensional 

Chebyshev polynomials) to produce Uc mId VI' These functions are then used to rectify the 

input image and create a wavelength calibrated image. The most influential parmneter in 

twodspec.lollgslit.trallsjorm was the function that was used to interpolate over the input 

image. We found that a bicubic polynomial worked best. The bilinear interpolator usually 

gave a poor wavelength calibration mu\ the biquintic interpolator had the affect of smooth

ing the data. It was occasionally found that the bicubic spline worked fine. As a check on 

the accuracy of the transfonnation, we transfonned a number of hel ium/argon long sl it im

ages that were not used in the original transfonnation detennination. These were of limited 
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use because they tested the interpolation only at those points where the fit was originally 

detennined but they did afford some idea of how good this task worked. h~'odspe

c.lollgslit.idelltify, twodspec.lollgslit.respollse and twodspec.lollgslit.fitcoords applied to a 

transfonned helium/argon long slit image gave acceptable results. At ten points in the 

cross--{lispersion direction, a one--{iimensional helium/argon arc spectrum was extracted 

using twodspec.apextract.apsum. The wavelengths of the spectral lines were measured 

and compared to their known values. It was found that the nns error was 0.42 A ± 0.04. 

There were a number of blank sky images available for testing the accuracy of 

the transfonnation. These afforded a better measure of the accuracy of the transfonnation 

since most of the sky lines did not fall exactly near the helium/argon lines. Using a tnms

fonned long slit sky image, ten spectra were extracted using twodspec.apextract.apslllll. 

The wavelengths of the sky lines were measured .md compared to their known wave

lengths. It was found that the nns error was 0.46 A ± 0.05. 

3.4.7 Sky Subtractioll 

Accurately subtraction of the background emission was now possible since the 

cross-dispersion direction was aligned along the CCD lines. The background subtraction 

was done using twodspec.lollgslit.backgroulld. Even though the images were trimmed to 

varying sizes, there were always enough columns to detennine the level and shape of the 

spatial distribution of the sky emission. twodspec.lollgslit.backgrOll1ld was used to inter-
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actively fit a polynomial to selected regions in each line of the image. This polynomial was 

then subtracted from the line. Those regions of the lines containing the object were not 

used when determining the fit. This procedure had the added benefit of correcting for any 

residual structure in the sky along the slit. We found that coupled with a good transfonna

tion, subtraction of a sky line resulted in residuals comparable to the sky continuum region. 

The polynomial was fit to the median of every 4 points and points more that 1.5 to 2.0 (J 

away from the mean were rejected. 

The similarity in the nns error values between the sky continuum regions <uul 

the sky line regions detennined the accuracy of the sky subtraction procedure. The spatial 

distribution of the sky lines was more complicated than the spatial distribution of the sky 

continuum. It was, therefore, necessary to iterate through the distortion correction - trans

formation - sky subtraction process to obtain an acceptable removal of the sky lines. This, 

in fact, was one of the criteria used to decide on accepting the transfonned images. 

3.4.8 Absolute Calibratioll. Extillctioll Correctioll ami Dereddellillg 

The pentultimate operation perfonned on every object image was the applica

tion of an absolute flux calibration to convert counts / pixel into ergs / cm 2 / sec / A. twod

spec.apextract.apsum, olledspec.stalldard, and olledspec.sellSfil1lc were used to derive a 

system sensitivity curve and lwodspec.lOllgslit.jlllxcalib was used to apply it to each image 

after the image had been extinction corrected. Briefly. the spectrum of a st<U1(lard star was 
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extracted from its long slit image using twodspec.apextract.apslll1l, the absolute calibration 

was found using this spectrum, O1,edspec.stalldard and olledspec.se1lsjllllc. The observed 

spectrum was compared to the expected spectrum thereby deriving a system sensitivity 

curve. twodspec.lollgslit.Jluxcalib applied this system sensitivity curve to the galaxy long 

slit images resulting in a calibrated image. 

The spectrum of the standard star was obtained using the largest slit available 

(4.5 ") on the Boller and Chivens spectrograph. This long slit image was processed accord

ing to the prescription given above but not extinction corrected. The one dimensional spec

trum of this star was extracted using twodspec.apextract.apslll1l. This task contains a num

ber of methods for extracting a spectrum but we found that the best results were given by 

sununing those columns that contained the stellar spectrum. Since the calibration stars 

were quite bright and had a very high signal-to-noise, there was nothing gained by using 

more sophisticated extraction techniques tWlJdspec.apextract.apsum. 

The task o1ledspec.standard detennined the bm1(lpasses in the one-dimensional 

spectrum used for deriving the calibration curve. IRAF contains tabulated calibration 

bandpasses for a large number of standard stars. For the stmulard star selected, olledspec.

standard defined bandpasses in the calibration star spectrum and converted the counts in 

this bandpass to a count rate using the exposure time in the image header. We found it nec

essary to delete those bandpasses affected by strong absorption lines present in the calibra

tion star. For each bmulpass, lJ1Iedspec.sta"dard detennined the ratio of the count rate in 
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the bandpass to the absolute flux expected. olledspec.sells!tlllC was then used to interac-

tively fit a function to these bandpasses. The resulting function was the absolute calibration 

curve. We found that for the TI 3PCCD camera system at low resolution, a 5 piece cubic 

spline gave the best results. twodspec.lollgslit.jluxcalib then applied this absolute calibra

tion curve to the object images. 

We tested the accuracy and stability of the calibration in two ways. Each night 

two standard stars were observed, on at the beginning and one at the end of the night. A 

system sensitivity curve was found for one of the stars and applied to the other calibration 

star. A system sensitivity curve was also derived using the other calibration star. It was 

found that the when the first calibration was applied to the second star and then compared 

to the expected spectrum we found a relative error of 10% or less. The two system sensi

tivity curves were found to differ by no more than a few percent. We also used observations 

of the srune calibration star taken at different points in the slit of the srune image to deter

mine how well the relative calibration was in the cro1>s-dispersed direction. For exrunple, 

in one case, three observations of BD+28 4211 were taken using three different points in 

the slit, one in the center and the other two rul arcminute to either side of the center. The 

center spectrum was used to determine the absolute calibration and then this was applied to 

the other two. Their extracted spectra were then compared ruld it was found that the relative 

error was 16% for one of the slit positions and 14% for the other. To detennine the loss of 

flux from the use of the smaller long slit, observations of the same calibration star using 
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both slits were compared. We found that the 2.5" slit gave a light loss of 24% on average 

relative to the 4.5" slit. 

A correction to the long slit images before absolute calibration must be made in 

order to account for extinction or the loss of light through the atmosphere. 'nlis loss is de

pendent on wavelength .md on the path length through the atmosphere. The strength of the 

effect increases with decreasing wavelength. The lRAF task twodspec.iollgslit.extillctioll 

used the value of the ainnass of the observation and detennined a correction factor of the 

form 10 0.4 . Et.. . sec z where Et.. is the extinction function tabulated for Kitt Peak and z is 

the angle between the vertical and the telescope optical axis. 

The flux calibrated images were corrected for foreground Galactic extinction 

(Burstein and Heiles 1984) but not for extinction in the progrmn galaxies. Large variations 

in reddening and extinction are known to exist in external giant HII regions (McCall, Ryb

ski and Shields 1985) and since Hf3 could not be measured everywhere, it was decided not 

to correct for reddening internal to the prognun galaxies. The unknown mnount of internal 

reddening in all of the smnple members was one of the major sources of error in the inter-

pretation of the final long slit images. Fig. 5 shows an example of a flux calibrated long 

slit image of NGC 7691, one of the control smnple galaxies. The spatial distribution of Hex 

is shown along with the spatial distribution of a nearby continuum region. The spatial scale 

is shown in both arcseconds from the nucleus and in kpc. 
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Figure 5. Long slit image of the normal galaxy. NGC 7691. 
Shown are the Ha and nearby continuum spatial 
emission. 
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3.5 Poillt Source Removal and The Measurement oj Spectral Lines 

It is necessary to remove the emission due to the unresolved nuclear source from the 

long slit image to determine the amount of circumnuclear emission in the Seyfert galaxy 

sample. This must be done so that any residual emission remaining after removal can un

runbiguously be assigned to either circumnuclear emission or scattered nuclear emission. 

One approach to removing the nuclear emission is to use a scaled nuclear spectrum ruld sub

tract it from every column. However, this approach would result in all of the nuclear emis

sion being removed thereby precluding determination of the presence of scattered nuclear 

emission. Another approach would be to fit a gaussi,m to the spatial profile of the Seyfert 

galaxy since the central part of the seeing profile is gaussiaj) ,md then subtract this prot1le 

from the long slit image. A more proper function to use is the actual point spread function 

of the telescope-spectrograph-detector system. This function is just the profile due to a 

point source such as a star. Therefore, the approach taken here is to use the high signal-tn

noise stellar profile from one of the calibration stars to extract the spectrum of the unre

solved nuclear point source. This extracted profile was then subtracted from the Seyfert 

galaxy long slit image. This removed the contribution from the unresolved nuclear point 

source. This approach is similar to that employed by DAOPHOT. 

The IRAF package apextract contains the task apstrip which was used to fit the stel

lar profile to the spatial profile of the Seyfert galaxy. The point spread function of a galaxy 

is not, in general, similar to that of a star since the brightest part of a galaxy, its bulge. is 
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extended. However, in a Seyfert galaxy, the emission line component corresponding to nu-

clear Ha. emission arises from an area so small that, at its distmIce, it is essentially a point 

source. Therefore, to detennine the spatial extent of the nuclear emission line region, the 

point spread function due to a point source was fit to the Seyfert galaxy point spread func

tion at Ha.. The point spread functions used were from the calibration stars observed on the 

same night as the galaxies. To account for the slight seeing variations that occurred 

throughout the night, the stellar profile was changed slightly by convolving the profile with 

a circular gaussian. 

As a first test of the efficacy and correctness of this method, the spatial profile of one 

of the calibration stars was used as a template to extract itself. This gave the ultimate ac

curacy for point source removal that can be expected from this method. As a second test 

the spatial profile of one of the calibration stars was used to extract <mother calibration star. 

This result gives a more appropriate limit to the accuracy of the point source removal when 

the unresolved nuclear point sources are extracted from the Seyfert galaxies. Though Ill,my 

calibration stars were used throughout this study, for purposes of ex<unple, the results from 

using just one star to extract itself mId then using it to extract ,mother calibration star taken 

on the smne night are discussed. The results from other nights are similar to those discussed 

here. 

As the first test, the calibration star Feige 15 was used to extract itself. This test 

might seem superfluous since it would be expected that the fit would be exact. However, 
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this test proved the existence of a number of software problems in lRAF that were subse-

quently fixed. Also, twodspec.apextract.apstrip averages together a number of profiles at 

wavelengths local to the profile being fit. This averaged profile fonns the template profile 

that is fit to the data but it means that the template profile will not exactly match that of the 

profile being extracted even if they are from the same long slit image. Finally, it was al

ways necessary to shift the extracted profile a slight amount in order to subtract the extract

ed profile from the long slit image. Therefore, this first test proved useful in understanding 

how good the extraction would be and if it would be good enough for this study. I f the nu

merical techniques employed in lRAF were inadequate, this test would show this. 

Since the spatial profile of Feige 15 was very well defmed, there was nothing gained 

by summing together more than a few profiles local in wavelength space. The relative error 

([Feige 15 - extracted Feige 15 J / Feige 15) in the cross dispersion direction at one wave

length was detennined and its relative nns error of the fit was 0.01 I. For all of the I ines in 

the image, the mean relative nns errors was 0.016 with a dispersion about this metUl of 

0.00 I. As a second test we used the profile from Feige 15 to extract the spectrum of ,Ulother 

of the calibration stars, Feige 34. The relative nns error for one particular wavelength was 

0.029 and for all of the lines in the Feige 34 long slit image, the mean relative I111S errors 

was 0.036 with a dispersion about this meWl of 0.007. 

The next step was to use the profile of one of the calibration stars and fit it to the Ha 

spectral region in the Seyfert galaxy, Markarian 10. The profile of the calihration stars 
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were taken from long slit images with short exposure times. Therefore, changes in the see-

ing ~U1d guiding errors were not present. The 40 minute galaxy exposures, however, pos

sessed slightly different point spread functions (with respect to the calibration stars) due to 

changes in the seeing and guiding errors. From the observing log, it was noted that the see

ing did not change significantly throughout the night. However, an estimated c1uU1ge of 

±D.S " in the seeing may have occurred during these long exposures. In addition, there may 

have been slight guiding errors of a similar magnitude since no autoguider was present. 

Therefore, there is some uncertainty and ambiguity in the true shape of the point spread 

function for the galaxy long slit images. This concern was dealt with by modifying the 

point spread function of the calibration star tluough convolution with a circular gaussian. 

The profJJe fit to the galaxy was modified within the bounds of the estimated errors due to 

seeing c\uUlges and guiding errors. The profile was chosen using the criteria that the I1ns 

error of the fit was minimized ~U1d that the shape of the nuclear spectrum be invaritUlt across 

the profile. 

A column from each wing was scaled to match the column at the peak of the profile 

to insure that the profile extracted from the Seyfert galaxy contained emission just from the 

nuclear region and that the wings of the profile did not contain emission line contributions 

from the circumnuclear region. This provided another constraint on the fitting process. 

The emission lines were measured using the IRAF task sp/ot. This task allows the 

emission lines to be measured by fitting each marked line with a gaussian function. sp/ot 
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allows the user to fix the position(s) and width(s) of the lines being fit and then allows the 

user to subtract the fit to detennine the accuracy of the fit. Each of these approaches were 

tested to detennine if one type of fitting constraint worked best. The criteria used to deter

mine the best approach was to at least match the nns of the fit with the nns in the local con

tinuum. In addition, the long slit galaxy data used in this study afforded a way of testing 

the accuracy of the fit. The [NIIJ 1.1.6548,6584 and [0111] 1.1.4959,5007 spectral lines are 

always in the ratio of 1.0 : 3.0 and 1.0: 2.89, respectively. The [NIl] 1.6548 line was mea

sured whenever possible in all of our two samples and it was found that at worst, the relative 

error in the fit was 23%. The few times we were able to measure the [OIIII 1.1.4959,5007 

spectral lines showed similar results. 

In Tables 6 through 17 we present the data for the sample of Seyfert galaxies while 

Tables 18 through 29 contain the data for the control sample of nonnal galaxies. Listed are 

the radial distance (in kpc) at which the Hex, [NIIJ 1.1.6548,6584 and [SIIJ 1.1.6717,6731 

lines were measured. The Hex luminosity shown in the tables is the logarithm of the lumi

nosity in ergs/second. The negative sign in front of the radial distance is used to differen

tiate between the two sides of the galaxy. We were able to detect Hex emission in 12 of the 

15 galaxies from both samples. 
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Table 6 

Markarian 590 

Position (kpc) [NIIJM584 [SII)(M717+'A.6731 ) 1.§!!JA6717. Log(Ha) 
Iill Iill [SII]M731 

-4.39 37.91 

-4.00 38.04 

-3.60 0.52 38.14 

-3.20 0.61 38.22 

-2.80 0.80 38.23 

-2.40 0.53 37.92 

1.20 0.57 38.28 

1.60 0.83 38.17 

2.00 0.74 38.07 

2.40 0.09 37.82 

2.80 0.87 38.06 

3.20 0.59 38.01 

3.60 0.52 38.04 

5.19 0.29 37.98 

5.59 0.40 37.98 

5.99 0.44 37.78 

6.39 37.70 

6.79 37.67 

8.39 37.69 

9.59 37.81 

9.99 37.60 
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Table 7 

NGC 1019 

Position (kpc) [NH)A6584 [SH)(M717+'J...673I ) [SH)h6717 Log(Ha) 
!-Iu lIu [SH)M731 

-5.00 37.87 

-4.64 0.42 37.92 

-4.28 0.70 37.96 

-1.78 1.40 37.86 

-1.43 0.64 38.42 

-1.07 0.68 38.58 

1.07 0.84 38.76 

1.43 0.65 38.68 

1.78 0.47 38.22 

2.14 0.77 38.08 

2.50 1.08 37.91 

3.57 0.65 38.02 

3.93 0.69 38.16 

4.28 0.35 38.34 

4.64 0.43 38.32 

5.00 0.55 38.32 

5.35 0.57 38.17 

5.71 0.59 38.15 
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Table 8 

3C 120 

Position (kpc) [NII)M584 [SII)(A.6717+A673I ) (SII)M717 Log(Ha) 
Hu Hu [SIIJM73I 

-3.38 0.39 38.97 

-3.87 0.48 38.90 

-4.35 0.41 38.71 

-2.90 0.31 0.70 38.89 

-2.42 0.31 0.34 1.72 39.24 

-1.93 0.35 0.31 1.39 39.48 

-1.45 0.27 0.35 1.34 39.40 

1.45 0.37 0.27 1.44 39.52 

1.93 0.36 0.38 1.56 39.23 

2.42 0.55 0.59 1.56 39.05 

2.90 0.39 38.78 

3.38 0.31 38.48 

3.87 0.29 0.27 1.14 38.85 

4.35 0.39 38.78 

4.83 0.42 0.58 1.85 38.72 

5.32 0.29 38.76 

5.80 0.33 0.39 2.93 38.77 

6.28 0.47 38.86 

6.77 0.40 38.79 

7.25 0.46 0.79 38.62 

7.73 0.40 38.50 
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Markarian 618 

Position (kpe) [NlIIM584 [SII)(A6717+A673I) .@IIM717_ Log(Ha) 
lI£1 H£1 [SIIJM73I 

-9.20 38.24 

-8.69 0.34 0.56 1.35 38.75 

-8.17 0.34 0.37 1.44 39.23 

-7.66 0.37 0.28 1.38 39.48 

-7.15 0.36 0.27 1.55 39.47 

-6.64 0.36 0.34 1.44 39.28 

-6.13 0.38 0.36 1.77 39.09 

-5.62 0.44 0.46 1.57 38.97 
-5.11 0.40 0.51 1.80 38.99 

-4.60 0.42 0.32 1.77 38.98 

-4.09 0.37 38.96 

-3.58 0.39 0.43 1.58 38.93 

-3.07 0.53 0.46 1.28 38.90 

-2.55 0.57 38.67 

-2.04 1.23 38.17 

3.58 0.46 38.60 

4.09 0.52 0.57 1.71 38.84 

4.60 0.47 0.41 1.31 38.97 

5.11 0.47 0.44 1.81 39.00 

5.62 0.46 0.50 1.67 38.91 

6.13 0.53 38.75 

6.64 0.60 38.49 
7.15 0.49 38.37 

7.66 38.23 

8.17 0.39 38.56 

8.69 0.27 0.44 1.96 38.81 

9.20 0.27 0.36 1.13 38.85 

9.71 0.33 38.61 
12.26 37.91 

12.77 37.84 
13.28 38.50 

13.79 38.65 
14.31 38.05 
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Table 10 

UGC 3223 

Position (kpc) [NII)M584 [SIl)(M717+A673I ) 1~!!)M717 Log(Ha.) 
Ha Ha [SII)A673I 

-10.01 0.43 37.88 

-9.74 0.57 0.85 37.86 

-9.47 0.52 37.87 

-8.66 0.44 0.67 37.79 

-8.39 0.45 0.54 37.93 

-8.11 0.56 0.60 0.81 38.15 

-7.84 1.00 0.52 0.91 38.41 

-7.57 0.45 0.44 0.97 38.67 

-7.30 0.48 0.36 1.27 38.87 

-7.03 0.45 0.35 1.23 38.93 

-6.76 0.42 0.29 1.32 38.92 

-6.49 0.42 0.34 1.25 38.84 

-6.22 0.43 0.30 1.17 38.66 

-5.95 0.52 38.40 

-5.68 0.75 0.37 38.06 

-5.41 0.64 0.37 37.95 

8. I I 0.63 37.96 

8.39 0.65 0.72 38.12 

8.66 0.51 0.73 1.50 38.34 

8.93 0.57 0.56 1.07 38.42 

9.20 0.50 0.61 1.39 38.43 

9.47 0.58 0046 1.20 38.28 

9.74 0.58 0.68 1.45 37.98 

10.01 0.56 0.22 lAO 37.63 
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Table II 

Markarian 6 

Position (kpc) (NII)A6584 (SlI)(A6717+'J...673I ) (SI!JA671~ Log(Ha) 
lin lin [SH)M731 

1.14 0.73 38.75 

1.43 0.77 38.35 

1.71 1.21 37.96 

2.00 0.91 37.74 
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Table 12 

Markarhm 79 

Position (kpc) [NIIIMS84 [SIIJ(M717+A.673I) J~'!!J~717 Log(Ha.) 
Ha Ha [SIlI;"6731 

-9.85 0.79 37.92 

-9.52 37.93 

-9.19 0.47 38.00 

-8.87 0.47 38.02 

-8.54 0.62 38.19 

-8.21 0.53 38.21 

-7.88 0.42 37.99 

-7.55 0.60 38.10 

-7.22 0.81 38.16 

-6.90 1.08 38.12 

-6.57 0.51 38.22 

-6.24 1.35 38.30 

-5.91 0.88 38.28 

-5.58 0.74 37.99 

-1.31 1.49 38.16 

1.31 1.70 1.76 1.70 38.81 

1.64 1.79 1.39 1.44 38.58 

1.97 1.28 38.17 

5.25 0.58 3R.29 

5.58 0.48 38.59 

5.91 0.44 38.67 

6.24 0.47 38.59 

6.57 0.39 38.47 

6.90 0.41 38.27 

7.22 0.63 38.07 



87 
Table 13 

Markarian 10 

Position (kpc) [NII)M584 [SII)(A6717+A.673I) 1~!lM717 Log(Ha.) 
HIl 1111 [SII)M73I 

-13.69 0.59 39.72 

-13.25 0.53 0.24 39.80 

-12.81 39.76 

-12.37 0.29 39.52 

-11.92 0.26 39.31 

-10.60 0.69 39.70 

-10.16 0.41 40.14 

-9.72 0.28 0.09 40.22 

-9.27 0.38 40.36 

-8.83 0.38 40.28 

-8.39 0.46 40.18 

-7.95 0.60 39.97 

-7.51 0.56 40.04 

-7.07 0.45 40.06 

-6.62 0.58 0.05 39.81 

6.18 1.01 0.16 39.82 

6.62 0.54 0.58 40.09 

7.07 0.55 40.10 

7.51 0.72 40.05 

7.95 0.67 39.83 

8.39 0.86 39.71 

9.72 0.76 39.59 

10.16 0.40 39.67 

10.60 0.47 0.38 40.04 

11'()4 0.35 0.40 1.00 40.24 

11.48 0.30 0.52 40.14 

11.92 0.31 0.41 1.09 40.05 

12.37 0.42 0.06 1.05 39.88 

12.81 0.36 0.46 0.44 39.63 

13.25 0.70 39.62 

13.69 0.46 39.48 
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Table 14 

Markarian 382 

Position (kpc) (NIIJA.6584 (SII](A6717+A.6731) [SIIJA.6717 Log(Ha.) 
}la Ha [SII]A.6731 

-5.97 0.69 38.60 

-5.47 0.59 38.86 

-4.97 0.81 38.80 

-4.47 0.69 38.89 

-3.98 0.69 0.45 0.52 38.99 

-3.48 0.77 0.46 0.41 38.87 

2.49 0.93 38.51 

2.98 0.79 0.29 0.98 38.61 

3.48 0.56 0.82 1.19 38.95 

3.98 0.62 0.86 1.25 38.90 

4.47 0.71 0.02 1.43 38.68 

4.97 0.72 0.55 1.45 38.42 

5.47 0.60 38.42 
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Table J5 

Markarian 504 

Position (kpc) [NII)M584 [SII)(M717+A6731 ) [SIIJ~2..!2. Log(Ha) 
HIX HIX [SII)M731 

-4.72 0.58 38.56 

-4.20 0.97 38.38 

4.20 0.97 38.45 

3.67 1.20 38.30 

4.72 0.76 38.53 

5.25 0.80 38.34 
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Table 16 

Markarian 506 

Position (kpc) [Nll)M584 [Sll)(M717+AI>73I) [SI!JA6717 Log(Ha) 
I1a I1a [SII)A673I 

-4.95 38.50 

-4.33 38.66 

-3.72 38.90 

-3.10 39.00 

-2.48 39.11 

1.86 38.96 

3.72 38.72 

4.33 38.49 

4.95 38.67 
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Table 17 

NGC 7469 

Posilion (kpc) [NII]A,6584 [SII](A,6717+A.673I ) lSIIIM717 Log(Ha) 
Ha I1a [SII]A,673I 

-9.98 37.64 

-9.72 37.62 

-9.47 37.72 

-9.21 37.94 

-3.58 0.45 38.28 

-3.33 0.74 38.55 

-3.07 0.54 38.50 

-2.81 0.48 38.47 

-2.56 0.82 38.46 

-2.30 0.84 38.30 

-2.05 0.84 0.68 1.24 38.53 

-1.54 1.64 38.21 

-1.28 0.97 0.19 1.36 38.66 

-1.02 0.54 0.43 1.66 39.19 

1.54 0.72 0.49 1.03 38.88 

1.79 0.91 38.5] 

2.30 0.79 38.47 

2.56 0.68 38.5] 

2.81 0.67 3R.53 

3.07 0.52 38.48 

3.33 0.53 38.37 

3.58 0.72 37.98 
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Table 18 

NGC 182 

Position (kpc) [NII)~584 [SII)(A6717+M73I) [SIl)~717 Log(Ha) 
11« 11« [SII)A6731 

-12.80 37.63 

-12.54 37.94 

-12.28 0.54 38.36 

-12.03 0.40 0.54 0.86 38.56 

-11.77 0.45 0.42 38.66 

-11.52 0.42 0.50 38.67 

-11.26 0.56 38.57 

-11.00 0.42 0.59 1.26 38.35 

-10.75 38.03 
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Table 19 

UGC 3403 

Position (kpc) INIl )U,584 [SIl)(A,6717+M731 ) 1~!I)M71~ Log(Ha) 
11ft Ha ISII)~6731 

10.38 37.32 

10.59 0.27 37.56 

10.80 0.20 37.60 

11.02 37.50 

11.23 37.33 

11.44 37.03 

-9.96 37.21 

-10.17 37.37 

-10.38 37.51 

-10.59 37.61 

-10.80 37.62 

-11.02 37.31 
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Table 20 

NGC 2599 

Position (kpc) INII)M584 ISI/)(M717+M731) [SI/)M2.!Z- Log(Ha) 
lin IIn ISI/)M7)I 

-2.27 0.87 37.65 

-2.04 0.91 37.60 

-1.81 1.07 37.56 

-1.59 0.75 37.82 

-1.36 0.79 37.92 

-1.13 0.97 37.95 

1.13 1.57 37.80 

1.36 0.77 38.01 

1.59 0.69 38.00 

1.81 0.48 38.00 

2.04 0.76 37.88 

2.27 1.36 37.53 

3.17 37.72 

3.40 37.78 

3.63 37.57 

3.85 37.41 
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Table 21 

NGC 3202 

Position (kpc) [NIIIM584 [SIIJ(M717+A673I ) 1§!!IM717 Log(Ha.) 
lIa Ha [SHIM731 

-6.24 37.81 

-5.91 37.S3 

-5.58 0.30 38.06 

-5.25 38.16 

-4.93 0.51 38.15 

-4.60 0.67 38.12 

-4.27 0.31 38.11 

-3.94 37.86 

-3.61 37.91 

6.90 0.35 37.96 

7.22 1.29 37.84 

7.55 0.71 37.77 
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Table 22 

NGC 4500 

Position (kpc) [NIIJA6584 [SIIJ(A6717+A673I) ~!!!~2!l Log(Ha.) 
Ha Ha [SIIJM731 

--6.40 0.18 38.17 

--6.25 0.66 38.42 

--6.09 0.16 0.25 38.87 

-5.94 0.05 0.30 1.03 39.18 

-5.64 0.18 0.08 38.86 

-5.49 0.23 0.95 38.83 

-4.42 0.46 38.54 

-4.27 0.72 0.53 37.93 

-4.11 0.90 37.84 

-3.66 1.44 38.08 

-2.44 0.19 0.11 38.92 

-2.29 0.46 0.39 0.23 39.17 

-2.13 1.24 0.09 8.28 39.01 

-1.98 0.73 0.47 1.65 39.39 

-1.37 0.47 1.82 4.15 39.64 

-1.22 0.65 0.74 0.34 40.21 

-1.07 0.64 0.76 1.52 40.13 

1.07 l.l5 38.22 

1.22 0.34 38.26 

1.37 0.86 37.67 

1.52 1.97 37.93 

1.68 0.21 38.95 

1.83 0.02 39.27 

1.98 0.13 0.09 1.95 39.19 

2.13 0.76 0.26 0.42 39.02 

2.44 0.57 1.62 0.46 38.64 
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Table 22 (continued) 

NGC 4500 

Position (kpc) [NII]A,6584 [SII](A,6717+'J...6731 ) JSII~717 Log(Ha) 
1111 HIl [SIl]U,731 

3.05 0.37 38.49 

3.20 0.16 38.68 

3.35 1.52 37.34 

4.11 38.19 

4.27 38.15 

4.42 35.28 

4.57 2.14 37.37 

4.88 37.98 

5.03 37.63 
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Table 23 

NGC 5378 

Position (kpc) [NII]M584 [SII](M71 7+M731 ) [SIl]M717 Log(Ha) 
lin lIn [SII]A6731 

-7.47 37.38 

-7.31 0.37 37.77 

-7.16 0.31 37.99 

-7.01 0.36 37.99 

-6.86 0.41 37.79 

-6.70 0.55 37.41 

-3.81 1.11 0.05 1.08 37.98 

-3.66 1.13 0.66 1.16 38.56 

-3.50 1.18 0.55 1.18 38.71 

-3.35 1.14 0.63 1.20 38.75 

-3.20 1.17 0.61 0.99 38.21 

-3.05 1.15 0.63 37.77 

-2.89 1.12 37.48 
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Table 24 

NGC 5533 

Position (kpc) INII)A6584 ISII)(M7I 7+A.673 ') lSII)U,717 Log(Ha.) 
lin lin ISII)A673I 

-7.09 37.60 

-6.90 38.03 

-6.70 0.26 38.20 

-6.50 0.33 38.23 

-6.31 0.55 38.02 

-6.11 0.84 37.61 

-2.36 0.17 0.27 1.09 38.13 

-2.17 1.21 0.27 1.07 38.50 

-1.97 1.30 0.38 1.20 38.94 

-1.77 l.l0 0.41 1.20 38.86 

-1.58 1.28 0.94 1.01 38.46 

-1.38 1.41 0.73 1.31 38.14 
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Table 25 

NGC 6032 

Position (kpc) [NIIIA6584 [SII](A67I 7+M73I ) ~!!IA6717 Log(Ha.) 
HIl I11l [SIIIA6731 

-10.17 0.98 37.05 

-8.69 37.54 

-8.47 37.44 

6.99 0.49 37.71 

7.20 0.44 38.04 

7.41 0.52 38.20 

7.63 0.38 0.35 38.22 

7.84 37.59 
-._-
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Table 26 

NGC 6154 

Position (kpc) INII)M584 ISII)(A67 17+')...673 1 ) [S~[1~(j717 Log(Ha.) 
1I« 11« [SII[A.6731 

-8.09 0.59 38.21 

-7.79 0.67 38.21 

-7.49 0.59 38.07 

7.79 0.56 38.31 

8.09 0.55 38.36 

8.39 0.63 38.31 

8.69 0.52 38.48 

8.99 0.53 38.52 

9.28 0.43 38.63 

9.58 0.66 38.65 

9.88 0.42 38.69 

HU8 0.58 38.59 

10.48 0.50 38.32 

10.78 0.58 37.91 

11.08 0.58 37.91 

12.58 38.08 

12.88 0.26 38.20 

13.18 0.45 38.09 

13.48 38.04 
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Table 27 

NGC 7570 

Position (kpc) [NHIM584 [SHI(A6717+A.673I ) ~!!IM717 Log(Ha) 
lIa lIa [SHIM731 

-1.69 0.95 38.11 

-1.45 0.60 38.76 

-l.21 0.52 0.33 39.10 

1.21 0.46 0.29 39.11 

1.45 0.53 0.39 38.85 

l.69 0.65 38.29 

6.51 0.55 38.51 

6.76 0.47 0.34 38.91 

7.00 0.54 0.37 0.86 38.92 

7.24 0.49 38.66 

7.48 0.57 38.54 

7.72 0.73 0.39 1.50 38.53 

7.96 0.46 38.45 

8.20 0.56 0.38 38.30 

8.44 38.16 

8.69 37.90 
8.93 0.52 37.73 



103 

Table 28 

NGC 7691 

Position (kpc) [NII]M5K4 [SII](M717+A6731) ~!!]~~?- Log(Ha.) 
11ft 11ft [SIl]~6731 

-12.29 39.85 

-12.07 0.36 0.32 0.54 40.52 

-11.86 0.17 0.05 0.18 41.12 

-11.65 1.08 0.66 0.71 40.23 

-7.63 40.34 

-7.41 40.38 

-5.93 0.64 40.47 

-5.72 0.90 39.67 

-3.39 40.54 

-3.18 0.83 40.53 

-2.97 38.42 

-2.75 40.57 

-2.54 40.05 

-2.33 40.51 

-2.12 0.28 39.94 

-1.06 0.87 40.23 

1.91 0.30 40.40 

2.12 0.93 40.47 

2.33 1.13 40.39 

2.54 0.60 40.52 

10.80 40.46 

... , 
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Table 29 

NGC 7771 

Position (kpc) [NII)A6584 [SII)(A6717+M73I) ~!!lA67.!.2. Log(Ha.) 
Hu IIu [SII)A673I 

-8.16 0.37 37.54 

-7.93 0.35 37.86 

-7.70 0.24 37.86 

-7.48 0.22 37.96 

-7.25 0.34 38.06 

-7.02 0.57 38.01 

-6.80 0.39 38.18 

-6.57 0.41 0.32 0.97 38.28 

-6.34 0.48 0.23 1.23 38.34 

-6.12 0.43 38.38 

-5.89 0.46 0.66 1.23 38.38 

-5.66 0.42 0.36 1.33 38.38 

-5.44 0.36 38.41 

-5.21 0.33 0.33 1.35 38.41 

-4.98 0.35 0.34 1.19 38.50 

-4.76 0.36 38.57 

-4.30 0.34 38.62 

-4.08 0.34 38.59 

-3.85 0.37 38.55 

-3.63 0.40 38.50 

-3.40 0.44 38.50 

-3.17 0.44 0.25 1.15 38.49 

-2.95 0.40 0.30 0.75 38.45 

-2.72 0.40 38.43 

-2.49 0.47 38.42 

-2.27 0.47 38.32 

-2.04 0.38 38.20 

-1.81 0.49 38.19 

-1.59 0.56 38.15 

-1.36 0.49 38.10 

-1.13 0.61 0.73 0.65 38.07 
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Table 29 (conlinued) 

NGC 7771 

Position (kpc) [NII)~584 [SII)(~717+'J..6731 ) l SII)!:6717 Log(Ha.) 
11(1 11(1 [SII)M731 

1.13 0.50 0.23 1.25 39.06 

1.36 0.48 39.24 

1.59 0.45 0.24 1.08 39.27 

1.81 0.45 0.28 1.29 39.34 

2.04 0.45 0.20 1.32 39.41 

2.27 0.41 0.23 1.11 39.39 

2.49 0.43 0.22 1.11 39.38 

2.72 0.41 0.19 1.18 39.27 

2.95 0.44 0.19 1.27 39.10 

3.17 0.43 38.93 

3.40 0.56 38.69 

3.63 0.55 38.57 

3.85 0.55 38.44 

4.08 0.57 38.35 

4.30 0.70 38.33 

4.53 0.53 38.40 

4.76 0.57 38.30 

4.98 0.54 0.40 0.95 38.27 

5.21 0.82 38.16 

5.44 0.71 38.09 

5.66 1.00 37.95 

5.89 0.77 38.00 

6.12 0.55 37.88 

6.34 1.22 37.97 

6.57 0.75 38.01 

6.80 0.57 38.15 

7.02 0.73 38.16 

7.25 0.72 38.15 

7.48 0.56 38.22 

7.70 0.57 38.30 

7.93 0.56 0.80 38.43 
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Table 29 (continued) 

NGC 7771 

Position (kpc) [NlI)A6584 [SlI)(A6717+A673I ) [SlI)A6717 Log(Ha.) 
lIa Ha [SlI)A673I 

8.16 0.45 0.44 1.00 38.37 

8.38 0.46 38.40 

8.61 0.40 38.35 

8.84 0.40 38.34 

9.06 0.47 38.49 

9.29 0.45 38.50 

9.52 0.43 38.45 

9.74 0.45 38.39 

9.97 0.50 38.39 

10.20 0.41 0.43 1.15 38.40 

10.42 0.38 0.33 1.54 38.50 

10.65 0.41 38.62 

10.88 0.40 0.32 1.10 38.72 

11.10 0040 0.29 1.66 38.79 

11.33 0.35 0.27 1.13 38.83 

11.56 0.38 0.28 0.59 38.80 

11.78 0.36 38.67 

12.01 0.35 0.39 38.55 

12.24 0.39 0.35 1.52 38.42 

12.46 0.40 38.32 

12.69 0040 38.19 

12.91 0.43 38.14 

13.14 0.45 0.31 1.18 38.22 

13.37 0.40 38.30 

13.59 0.40 38.38 

13.82 0.35 38.31 

14.05 0.47 38.08 

14.27 0.43 37.83 

14.50 37.34 
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Chapter 4 

I~ESUL TS and DISCUSSION 

4.1 Backgroulld 

The motivation for this project was to detennine what similarities and/or differences 

exist in the galaxian environment of Seyfert and nonnal galaxies. One prominent global 

feature of a galaxy is the amount of star fonnation occurring in its disk regions. In fact, the 

star fonnation rate and the history of star fonnation is a primary underlying variable along 

the Hubble sequence. Most SO and Sa galaxies contain large amounts of gas but their star 

fonnation rates are quite low. The star fonnation rate as well as the characteristics of the 

sites of massive star fonnation change markedly as one moves to the late type Sbc galaxies 

through to the Irregular class. The HII regions in early type galaxies are about 50 times less 

bright and certainly less numerous than those found in the late type galaxies of the smlle 

absolute magnitude. Therefore, theories of galaxy fonnation and evolution must explain 

why comparable mnounts of gas in galaxies produce drastically different rates of star for

mation and also why the characteristics of the star fonnation sites change. Fortunately, one 

direct tracer of star fonnation activity, namely Ha emission, is easily observable. 

A relationship exists between the massive star fonnation rate (SFR) and the density 

and dynamics of the interstellar gas (Schmidt 1959; Kennicutt 1989). For 30 years, a sil11-
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pIe power law relationship between the SFR and the local gas density (Schmidt 1959) was 

assumed though frequently questioned. Recently it has been shown that the depend,ence of 

the SFR on the local gas density is very non-linear and that star formation cannot occur un

less the local gas density is close to or above a critical density that depends on the dynamics 

of the gas (Kennicutt 1989). Massive star fonnation is suppressed at densities well below 

this critical density willie at or near this critical density, there is an abrupt increase in the 

star fonnation rate that is greater than that predicted by the Schmidt law. Far enough above 

this critical density the star formation rate is well reproduced by a Schmidt law. HI radio 

maps and Hex. emission surveys clearly indicate that over many decades in gas density, the 

gas density is at or near the critical density everywhere in a galaxy. 

Since the radial distribution of gas in a galaxy is close to the critical density every

where, any modification to the local gas density may affect the SFR. Though star fonnation 

can occur when the locai gas density is slightly below the critical density any mechanism 

that significantly depletes/enhances the local gas density will decrease/increase the SFR. 

This in tum will be evident by a decrease/increase in the number and morphology of HLI 

regions. Observations of interacting systems (Kennicutt ef 0/. 1987) showed that both the 

Hex. emission and the far infrared emission were systematically enhanced in these systems 

relative to a control sample of nonnal spirals of the same Hubble type. These interacting 

systems also had a wider dispersion in their emission properties. However, the degree of 

this enhancement varied dramatically and was shown to be due to the characteristics of the 
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interaction rather than with the internal properties of the galaxies. These types of observa-

tions, when coupled with theoretical work (Struck-Marcell and Scalo 1987) that shows that 

even a modest perturbation of the disk could lead to very large increases in the global star 

fonnation rate, provides another approach to studying the affect of an active nucleus on its 

host galaxy. Measurement of the HII emission, and the Hex emission in particular, in Sey

fert galaxies will be a useful indicator of possible modification to their interstellar medium 

when compared to a sample of nonnal galaxies. 

Previous work on the disk components of Seyfert galaxies has indicated that their star 

fonnation rates and stellar populations are similar to those found in nonnal spiral galaxies. 

Observations of a sample of 27 HII regions in four Seyfert galaxies have shown that there 

is no evidence for unusual emission line strengths, unexpected emission line ratios or ab

nonnal NjO or SjO abundances (Evans and Dopita 1987). These authors found that the 

presence of nuclear activity is not a significant factor for understanding the interstellar me-

dium for distances greater than about 2 kpc from the nucleus. Surface photometry of Sey

ferts (Yee 1983; MacKenty 1985) has shown that the disk components of Seyfert galaxies 

were similar to nonnal spirals of Hubble types ranging from Sa to Sbc. It was found that 

the colors of the host galaxies were comparable to nonnal spirals. However, no systematic 

study of global massive star fonnation in Seyferts has been done to our knowledge. 

Most previous studies of star fonnation activity in Seyfert galaxies have concentrated 

on just their inner few kpc (Heckman 1987). Within a few kpc of the active nucleus both 
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optical emission line gas and radio continuum measurements indicate that Seyfert galaxies 

contain dual gas components (Wilson 1986). One component are HII regions with emis

sion line strengths due to hot OB stars and they partake in the galactic disk rotation. The 

other component are emission line regions whose line strengths are due to a non-thennal 

continuum. This component exhibits non--circular motions. While previous work showed 

that star fonnation exists in Seyferts and that there are probable differences between the cir

cumnuclear gas in Seyferts relative to nonnal spirals, no detailed study has been made of 

the global star fonnation activity occurring in Seyfert galaxies relative to nonnal spiral gal

axies. This type of study has the potential for detennining the limits of the large-scale in

fluence of the non-thennal continuum on the galaxy as a whole and the effect of a possible 

non-axisymmetric potential set up by the active nucleus; this approach is not limited to just 

the central few kpc. If the nucleus does not affect or perturb the host galaxy to some min-

imum observational level, then we would expect to find no differences in the star fonnation 

properties between Seyfert and nonnal galaxies. On the other IUUld, if, for example, gas 

was funneled into the nuclear region due to the non-axisymmetric potential set up by the 

active nucleus or if the Seyfert galaxy underwent a tidal interaction with a nearby galaxy, 

then there may be a discernible change in the gas density that is subsequently reflected in 

the star fonnation rate of the host galaxy (Bushouse 1987; Cutri rulel McAlary 1985). 

Measurement of the total Ha flux of a galaxy gives a measure of the current global 

rate of star fonnation since the presence of HII regions is the one obvious manifestation of 
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star fonnation activity. In addition, the relative strengths of optical emission lines arising 

from clouds photoionized by hot OB stars are distinct from the relative strengths of those 

same lines when the ionizing continuum arises from a non-thennal source. These line ra

tios are, therefore, very useful in detennining the extent of the influence of an active nucle

us on its host galaxy when considered in parallel with the global Ha emission level. 

There are a number of other quantities that can be derived from long slit images that 

give useful infonnation on star fonnation activity in galaxies. Systematic differences in 

any these quantities between the two galaxy samples would indicate that the galaxian en

vironment in Seyferts has been modified. The maximum critical density associated with 

the threshold in star fonnation activity is one such quantity. Clouds begin collapsing when 

their density exceeds some critical density that depends on the dynamics of the gas. The 

onset of star fonnation can be viewed in tenns of whether the spiral disk is stable to axi

symmetric perturbations. Instability to such perturbations will cause the gas to self-gravi

tate thereby initiating star fonnation. Consider a differentially rotating thin, isothennal 

disk. If motion is confined to the z = 0 plane and a simple equation of state is adopted, then 

the equations of motion can be linearized. This yields a dispersion relation that provides 

the necessary criterion for detennining if the disk is stable to an imposed potential. It cml 

be shown (Binney and Tremaine 1987) that the disk is stable (i.e., no star fonnation will 

occur) if the local surface gas density is always less than some critical density 
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L < Lc := a J( c / (3.36 G) 

This is known as the Toonue stability criterion (ToOIme 1964). If the imposed potential is 

strong enough then the change in the surface gas density due to this imposed potential 

makes it greater than the critical density then this change may very well be manifest as an 

overall enhancement/depletion of the massive star fonnation rate. This type of ch,mge 

would be reflected in changes in the Ha emission of the galaxy since Ha traces the sites of 

massive star fonnation and the Haluminosity is proportional to the massive star fonnation 

rate. However, these type of changes must occur on scales of kpcs if we are to detect them 

in our long slit study. 

In the inner regions of nonnal spirals the rotation curve is proportional to R while in 

the outer regions of spiral disks, the rotation curve is fairly constm1t or flat. "The critical 

density in the inner regions of a spiral galaxy is, therefore, a factor of - --J2 greater th,m that 

for the outer regions of a spiral galaxy. Since we cml measure V(R) ,md R mld c,m make 

an estimate of the slope of V(R), we can detennine Vllln, / Rn"" where Vlllax ,md Rlllnx are the 

velocity ,md radial position where the outer edge of the Ha emission is detected in the spiral 

disk. This ratio is a measure of the critical density for both galaxy samples. Differences 

in the distribution of the critical densities between the two smuples would be strong evi

dence for differences in the dynamics of the disks in Seyfert galaxies. 

Another <jUlU1tity of interest is the number and luminosity of HII regions. Though the 
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spatial resolution in this study is not good enough for counting individual HII regions, it is 

possible to isolate complexes of HII regions in these data. If star fonnation is enlumced/ 

depleted in the Seyfert sample relative to the nonnal sample, there should be discemible 

changes in the number and luminosity of these HII region complexes. For these smne rea

sons, we cml compare the brightest HII region complex and the radial distribution of HII 

emission. Finally, the distribution in the values of the line ratios [NIlJ A6584 / Hex:, I SI-

1](A6717+A673I ) / Hex: <md [SIl] A6717 / [SIll A673 I can be exmnined. 

The following sections describe the results of a long slit study that exmnined the HU 

emission ill a smnple of Seyfert galaxies and compared these results to a control smnple of 

nonnal spiral galaxies. A number of quantities, all of whic!l depend on the global star for-

mation rate, were detennined for each sample and then compared. The qmmtities cxmnined 

and compared were (I) the total integrated Hex: emission line luminosity along the major 

axis of each program galaxy, (2) the magnitude of the critical density for star fonnation, (3) 

the number and luminosity of each emission line region (4) the brightest off-nuclear emis

sion line region from each galaxy, (6) the radial distribution of the emission line regions 

,md (6) the line ratios [NIl] A6584 / Hex:, [SlIJ(A6717+A6731) / Hex: mulISH] A6717 / (SIll 

A6731. 

4.2 Total Hex Lumillosity 

4.2.1 Introduction 
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The total Haluminosity of a galaxy is an important quantity because it is directly re-

lated to the star fonnation rate. Any perturbation introduced could be enough to initiate star 

formation since the gas density in galaxies is everywhere close to the critical density and 

so the circumnuclear gas is only marginally stable. One possible origin for a perturbation 

is an active nucleus. Efforts to understand the origin and evolution of nuclear activity have 

involved examining the interaction of the by products of an active nucleus (e.g., jets and 

energetic particles) with the circumnuclear regions and on the host galaxy interstellar me

dium. Star fonnation or enhanced star formation in these regions could be an effect of nu

clear activity, induced by the above mechanisms. On the other hand, there is no way to rule 

out the possibility that star fonnation and nuclear activity have a common cause (e.g., in

teraction with a close companion - see Adams 1977, Dahari 1984, 1985 and FWS88). If.Ul 

active nucleus results because a perturbation causes inflow of gas and stars into the nuclear 

regions thereby providing accreting material around the supermassive black hole, then this 

perturbation could also provide the necessary impetus to cause clouds to begin collapsing 

in other parts of the affected galaxy, whether the clouds are in the nucleus, circumnuclear 

region or in the disk itself. Regardless of the origin of any detected differences, if the disks 

in Seyfert galaxies are fundamentally different tlum those of nonnal galaxies then these dif

ferences may be observable as differences in the SFR (i.e., Haluminosity) if the effects are 

strong enough. Since the line ratio analysis above indicated that the emission line regions 

in the Seyfert disks appear photo ionized by hot OB stars only, it seems apparent that the 
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HII regions in both samples are similar; however, it may be that the global runount of Hex 

emission shows systematic differences, either in strength or in radial position. 

4.2.2 Results and Discussion 

Fig. 6 presents the histograms of the logarithms of the total Hex luminosities (in ergs 

sec -I) for both the nonnal galaxy srunple and the Seyfert galaxy smnple. The distribution 

of values for the sample of nonnal galaxies ranges between 38.53 mu140.90 while the dis

tribution for the Seyfert galaxies range from 38.97 to 41.50. The distribution in the loga

rithms of the total Hex luminosities for individual HII regions (Kennicutt et al. 1989) f<Ulges 

between 37.0 and 41.0 with a peak. around 39.5 while for an entire galaxy, the range of val

ues is from 40.0 to 42.0 (Kennicutt and Kent 1983). One member of the Seyfert siUnple. 

Markariml 10, was found to have the highest amount of disk emission in either smnple. It 

is natural to ask if this is due in some obvious way to the presence of the Seyfert nucleus. 

Exmnination of the radial distribution in the disk of Hex emission in this object shows that 

the emission arises in the disk component and not in the near-nuclear regions. Since the 

amount of disk emission is comparable to that of ,U1 entire galaxy, it is may be that for 

Markarian 10, most of the disk HII emission was sampled. If the large amount of emission 

were due to the Seyfert nucleus, then it would be difficult to explain why all of the other 

Seyfert galaxies only have Hex luminosities comparable to the smnple of nonnal galaxies. 
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The apparent similarity between these two distributions was tested using the Kol-

mogorov-Smirnov test or KS test. The KS test measures the maximum value of the abso

lute difference between two cumulative distribution functions. The distribution of the KS 

statistic when applied to data sets drawn from the same distribution can be approximated 

analytically. The null hypothesis that the data sets are drawn from the smne distribution 

can be accepted or rejected based on the significance of a nonzero value of the KS statistic. 

The null hypothesis can be accepted for confidence levels approaching 100%. 

Application of the KS test showed that these distributions were similar and that the 

null hypothesis can be accepted at the 97% level. The effect on these results of errors in 

the absolute calibration were done using a Monte Carlo simulation with the KS test. 

100,000 simulations were run with errors of up to ±40% introduced into the values for the 

total Ha luminosities in both samples. The KS test was run for a given data set generated 

from the Monte Carlo simulation. Even with this large error estimate introduced, the null 

hypothesis that these distributions are identical wa<; accepted at the 92% level. Therefore, 

the total Ha luminosities between Seyfert and normal galaxies appear identical at our level 

of detection. If differences do exist then they must be at levels not grossly affecting the 

global star fonnation rate. There is no evidence for either an increased amount or a notice

able depletion in the star fonnation activity in Seyfert galaxies. If there does exist any per

turbation on the disk regions due to the Seyfert nucleus, it must be at a sufficiently weak 

level so as not to change dramatically the star formation properties of the disk. 



4.3 The Distribution of the Critical Density 

4.3.1 1llfroductioll 

118 

A non-linear relationship exists between the massive SFR (as traced by the Ha emis

sion) and the local gas density and its dynmnics (Kennicutt 1989). For the past 30 years a 

power law relationship between the massive SFR mld the local gas density, known as the 

Schmidt law (Schmidt 1959), has been used. In dense regions (surface densities ~ 4 solar 

masses / pc 2), the Schmidt law (star fonnation rate oc (gas density) N where N = 1.3 ± 0.3) 

appears valid. However, for surface densities below this value, the SFR drops rapidly to 

zero and for densities less thml about 3 solar masses / pc 2, there is no star fonnation occur

ring as evidenced by no detectable Ha emission. 

The existence of this threshold in the process of fonning stars is underst'Uldable from 

gravitational stability arguments. For a thin, isothennal gas disk, the disk is unstable to the 

growth of density perturbations if the local gas density exceeds the critical value Lc = a K 

c /3.36 G where c is the velocity dispersion of the gas mld has a measured value of 6 km/ 

sec. in our local interstellar medium, K is the epicyclic frequency m1(1 a is a dimensionless 

quantity with a value near unity. For the outer disk regions of spiral galaxies where the ro

tation curve is flat, Lc (solar masses / pc 2) oc V(km/sec) / R(kpc) where V(R) is the rot at ion 

curve at radius R. The radial dependence of the ratio of the gas surface density to the crit

ical density is similar for a large number of galaxies. This ratio was found not to c\uUlge 
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by more than a factor of2 to 3 over several decades in actual gas densities (Kennicutt 1989). 

The radius that corresponds to the outer edge of the HII emission in ,my one galaxy 

is approximately the same radius where the gas surface density becomes less than the crit

ical density. From our long slit data, this radius and the rotational velocity at this radius 

can be measured, thereby enabling a measurement of the critical surface density to be found 

for all those galaxies in our two samples that contain observable HII emission. Any sys

tematic differences between the two samples would imply that in general, the critical den

sity has been modified thereby directly influencing whether global star fonnation will be 

inhibited or enhanced. 

For each of the galaxies with detectable Hll emission, the wavelength at the emission 

farthest from the nucleus was converted into a rotational velocity (Vrn •• ) and its angular po

sition converted onto a linear scale (RIO.')' The ratio VOla. / RIO", , which is proportional to 

the critical density, was then compared between the two samples. A correction to the epi

cyclic frequency in the case that the rotation curve was not flat was estimated by approxi

mating the derivative dV(R)/dR by the ratio of the difference in velocity wH.I dist,Ulce in the 

region near Rm •• ' 

4.3.2 Results and Discussion 

Fig. 7 shows the distribution in critical density values for each srunple. For the smn

pie of nonnal galaxies, the values of Vma• / Rrna. ranged from 10.96 to 48.23 while for the 
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Seyfert sample these values ranged from 6.82 to 56.01. The two distributions are quite sim-

ilar and application of the KS test shows that the null hypothesis can be accepted at the 91 % 

level. To determine the affect of errors from the wavelength calibration ,md from the spa

tial position on the results, a Monte Carlo simulation was run for 100,000 trials. The wave

length calibration <md spatial position were both accurate to about 10% so that the total er

ror was about 15%. This then allows the null hypothesis to be accepted at the 87% level. 

Since the range of critical densities in the Seyfert galaxies closely matches that in the 

nonnal sample, it follows that the local surface density of the gas everywhere in the disk 

region of the Seyfert galaxies is similar to that in nonnal galaxies. The gas density in nor

mal spirals is very close to the critical density and even a modest perturbation of the inter

stellar gas is enough to noticeable modify the star formation rate (Struck-Marcell and Scalo 

1987). Had there been a signific,mt redistribution of gas to the inner regions of the Seyfert 

galaxy in order to power the active nucleus, for ex<mlple, then the local gas densities would 

have increased/decreased thereby increasing/decreasing the global star fonllation rate. On 

the other lumd, if the critical density had been modified due to a systematic difference in 

the rotation curves of Seyfert galaxies relative to nonnal spirals then star fonllation would 

have been suppressed. However, these results show that no such scenarios are evident and 

that there is no noticeable systematic change in the dynamics of the interstellar medium of 

the active galaxies compared to an otherwise similar sample of spirals without ,m active nu

cleus. 



4.4 Number and Luminosity of HII Emission Line COlllplexes 

4.4.1 Introduction 

122 

Another indicator of the massive star forming properties of galaxies is the number 

ruulluminosity of individual HII regions. In general, early type spirals contain fewer HII 

regions thrullate type spirals or irregular galaxies. The HII regions in early type spirals are 

also less luminous with very few or no highly luminous (> 10 39 ergs / sec) l-1lI regions. 

Compared to the late type spirals, the luminosity function of early type spirals is more steep 

indicating that the dominant number of HII regions have luminosities < 10 3
<) ergs / sec. The 

luminosity function has an upper cutoff or turnover implying a virtual absence of very mas

sive and very luminous HII regions. In early type galaxies, the large majority of massive 

star fonnation occurs in small HII regions photoionized by a few OB stars. In addition, for 

a given luminosity, fewer HIl regions are present in early type spirals relative to late type 

galaxies. The conclusion is that along the Hubble sequence, there exists a strong gradient 

in the underlying masses of the parent cloud. Any perturbation modifying this characteris

tic mass would certainly modify the number and luminosity of HII regions. 

Previous work that studied the number and spatial distributions of HII regions re

quired good spatial resolution between HII regions and so have been necessarily limited to 

samples of nearby galaxies. Since the galaxies observed for this study were not nearly close 

enough to resolve their individual HII regions, the measured HII emission arises from mul-



123 

tiple HII regions or complexes. However, it is still possible to isolate individual complexes 

throughout both samples and compare these. Though it is no longer meaningful to con

struct an HlI luminosity function for each galaxy and srunple, it is useful to detennine the 

integral luminosity function for each srunple and then compare these two. The integral lu

minosity function, N(L) dL, is the total number of HII regions with a luminosity greater 

thrul L. 

In this section then, we examined the number of HII regions detected in each srunple 

and the luminosity of these detections. Since the majority of the individual HII regions C,Ul

not be resolved in our samples, we instead looked at isolating regions of HII emission that 

clearly arise from multiple HII regions. For each galaxy, the emission arising from ,Ul iso

lated complex was summed together spatially and its luminosity detennined. Detennining 

single or multiple complexes for each galaxy was not without runbiguity. However, the 

spatial resolution was sufficient enough that in most galaxies, the individual complexes 

could be identified unrunbiguously from surrounding 1-111 complexes. It was necessmy to 

extract these complexes in a manner similar to the way in which the unresolved nuclear 

point source was extracted in Section 3.5. For those galaxies in which the source was c1ear-

ly embedded in other emission, we found it helpful to extract the other less bright HII com

plexes first ruld subtracting them off before extracting the brightest HII complex. As a third 

method, we also simply used splotto fit multiple gaussiruls to these embedded regions. The 

results from all three methods were similar ruld gave a useful error estimate on how well 
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the luminosity of the brightest region was known. 

4.4.2 Results and Discussion 

Fig. 8 shows the luminosity distribution for each sronple. For the sample of normal 

galaxies, the values of the logarithm of the Haluminosity (ergs sec -I) for individual HII 

region complexes ranged from 38.21 to 40.63 while for the Seyfert sronple these values 

ranged from 38.19 to 40.98. The two distributions were quite similar rold application of the 

KS test shows that the null hypothesis crol be accepted at the 98% level. To detennine the 

effect of errors on the results due to errors in the absolute calibration, a Monte Carlo simu

lation was run for 100,000 trials. We assumed errors of ±40%. This allowed the null hy

pothesis to be accepted at the 94% level. 

The number of HU region complexes and the luminosity distributions of Fig. 8 are 

very similar to those with larger sronples ofnonnal spirals (Kennicutt et al. 1989). The Sey

fert sronple contained 42 individual complexes while the nOl1nal sample contained 40. The 

luminosity of individual disk Hll regions f'Oili such studies f<mged from about 37.5 to 41.0 

with a peak at 39.5. The distributions from both sronples were clearly not starbursts since 

these distributions ranged from 39.0 to 42.0 with a maximum at 41.0. Therefore, we c,m 

conclude that the number roul luminosities of the HII regions in Seyfert galaxies are not 

skewed to one or a few dominant Hn regions but appear distributed in a manner similar to 
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normal spirals and there is no evidence that Seyfert and starburst phenomena are correlated. 

4.5 lJrightest HII Emission Line Complexes 

4.5.1 Introduction 

There exists a strong dependence of the properties of HII regions on Hubble type. 

Since the Ha.luminosities of HII regions increase as one progresses towards later type gal

axies, increases in the luminosities of the brightest HII region(s) are also expected ,md in 

fact are evident. These changes arise due to the physical differences in the size of the HlJ 

regions and the number of embedded ionizing stars (Kennicutt 1988). The brightest HII 

regions in late type galaxies have masses that are 1-2 orders of magnitudes greater than 

those in early type spirals. If it is assumed that the efficiency of star fonnation is constm1t 

in all galaxies, the change in the luminosities of the brightest HII regions with Hubble type 

implies that the masses of the parent clouds also increase with Hubble type. Therefore, sig

nificcmt changes in the size and masses of the parent clouds would be reflected in the for

mation of very bright HII regions over mul above what would be expected for a given Hub

ble type. In this section we compared the brightest (i.e., largest Ha.luminosity) individual 

HII complex from each galaxy. 

4.5.2 Results and Discussion 

Fig. 9 shows the luminosity distribution for the brightest HII region complex for both 

samples. For the srunple of nonnal galaxies, the values of the brightest luminosity HII re-
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gion complex ranged from 38.24 to 40.63 while for the Seyfert smnple these values rmlged 

from 38.97 to 40.98. The two distributions were quite similar mul application of the KS 

test shows that the null hypothesis can be accepted at the 98% level. To detennine the af

fect of errors (mainly from the absolute calibration) on the results, a Monte Carlo simula

tion was run for 100,000 trials. This allowed the null hypothesis to be accepted at the 93% 

level. 

Studies of srunples of nonnal galaxies (Kennicutt 1(88) show that the brightest indi

vidual HII region have luminosities that range from 38.0 to 41.0 with a peak in the lumi

nosity distribution of just over 39.0. It is clear that the distributions for the two samples in 

this study were similar. There do not appear to be any supergiant HII regions or starburst 

activity present. These results imply that the parent clouds from which massive star fonna

tion occurs in Seyfert galaxies are quite similar to those in nonnal galaxies. Has there been 

a huge-scale shift in the characteristic size of these parent clouds, the distribution in Fig. <) 

for the Seyfert galaxies would be skewed to the brighter end and would have their brightest 

HII luminosities greater thml those found in nonnal spirals. The lack of ~U1y indication of 

ch~U1ges in the dominant HII region complex further supports the conclusion that the star 

fonnation activity in Seyfert galaxies is quite comparable to nonnal spirals. 

4.6 Radial J)istribution of HIJ Emissioll Line Complexes 

4.6.1 Imroductioll 
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The radial distribution of HII regions are also correlated with Hubble type. In gen-

eral, the distribution found in early type galaxies show that either the radial number distri

bution decreases exponentially or has a ring shape coupled with a deep, minimum central 

area. In late type galaxies, another radial number distribution evident is one in which the 

surface number density of HII regions oscillate with decreasing density outwards (Hodge 

and Kennicutt 1983). This quantity is less useful for comparing the two samples in this 

study because we are only sampling the Hll region distribution along the major axis .md 

not azimuthally averaging the distribution. In addition, we cannot s<Ullple individual Hll 

regions. Also, this qU<Ultity is not as Wl objective quantity for discriminating differences 

between the two s<unples as some of the other quantities. The differences in those galaxies 

with different star fonnation properties is not as distinct here. However, this quantity is still 

useful in that it will show if the Seyfert swnple has grossly different sites for star fonnation 

due to large-scale redistribution of the gas or if the near nuclear regions have enh.mced star 

fonnation activity relative to those regions in nonnal galaxies. 

4.6.2 Results alld Discllssio/l 

Fig. 10 shows the radial distribution of the number of Ha detections .md Fig. 11 

shows the radial distribution in luminosities. The values shown in these two figures is the 

radial distribution of the total fraction of Ha detections <uul Haluminosity. Fig. 10 shows 

that most of the detections from both srunples were within 12 kpc of the nucleus. Fig. II 

is more intriguing in that it seems to show a difference. However, the Seyfert sample is 
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dominated by the contribution from Markarian 10. If this object is eliminated then the dis-

tributions were very similar. Application of the KS test showed that the null hypothesis can 

be accepted at the 93% level. To detennine the affect of errors on the results, a Monte Carlo 

simulation was run for 100,000 trials. This allowed the null hypothesis to be accepted at 

the 89% level. 

For the sample of nonnal galaxies, the radial luminosity distribution nmged from 

39.36 to 40.59 while for the Seyfert sample these values ranged from 32.58 to 40.63. The 

two distributions were quite similar and application of the KS test shows that the null hy

pothesis ClUl be accepted at the 96% level. To detennine the affect of errors on the results, 

a Monte Carlo simulation was run for 100,000 trials. This allowed the null hypothesis to 

be accepted at the 91 % level. 

These results show that the sites for star fonnation of the Seyfert galaxies is compa

rable to the nonnal galaxy slUllple and that there is no global modification to the sites of star 

fomlation activity due to the presence of the active nucleus. In particular, the near -nuclear 

regions are very similar between the two smllples indicating that if there is an enhlUlcement 

to the star fomlation activity in Seyferts, it must be confined to within 1 kpc of the nucleus. 

In addition to there being no discernible chlUlges to the locations of star fonnation, 

there are no global differences in the strength of the star fonnation activity. It might be ex

pected that if the local gas density in the near-nuclear regions in Seyferts was modified due 

to the presence of the active nucleus, that there would be more/less sites of star formation 
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closer to the nucleus and that the characteristic luminosity would be different. However, 

these results show that no such differences exist. 

Fig. 12 shows the integrated luminosity function. This is not a true HII luminosity 

function since the spatial resolution does not allow most of the individual I-III regions to be 

separated. However, it does show that the approximate number of Hll regions in each sam

ple are similar. 'Ille slight difference in the zero-point for the two distributions C,Ul be at

tributed to how the individual HII region complexes were counted. It is impol1ant that the 

shape of the integrated luminosity functions be similar and they clearly are. 

4.7 Spectral Lille Ratios 

4.7.1 Introduction 

The use of line ratios to detennine the physical conditions present in emission line 

regions is a very powerful method. It is well-known that the relative strengths of spectral 

lines can be used to discriminate between emission line regions photoionized by hot Oll 

stars, non-thenllal continua and shock heating (Baldwin, Philips and Terlevich 1981, here

after known as BPT; Veilleux and Osterbrock 1987, hereafter known as VO). These studies 

found that a classification scheme involving the line ratios 10111 'A3727 / IOIIlI 'A5007, 

[OlIIj 1..5007 / HI3, [NIIj 'A6584 / Ha, [SlIj ('A6716+'A673I ) / Ha <UlCIIOIJ 'A6300 / Ha al-

lowed a fairly cle<Ul separation of the type of ionizing continuum to he made. Some of these 

ratios, since they involve the ratio of spectral lines close to each other in wavelength, had 



135 

the added attraction of minimizing the effects of reddening as well as errors in the absolute 

flux calibration. The [OIJ A6300 / Ha ratio is known to be especially useful because it is 

most sensitive to the shape of the ionizing continuum. As illl eXillnple of the uti! ity of line 

ratios, it was shown (Baldwin et al. 1986) that in the Seyfert 2 galaxy NGC 1068, the emis

sion line regions studied could be described as gas photoionized by hot OB stars projected 

in front of gas photoionized by a power law. This is consistent with (I) observations of illl 

early stellar population present in the low excitation gas, (2) differences in the spatial dis

tribution of the various emission line regions illld (3) differences in the line profiles .Ull! ve

locity fields between narrow H~ illld [OIIIJ A5007. 

The fundamental difference between illl HII region illld illl AGN is the shape of their 

ionizing continuum. An HII region is photoionized by OB stars of effective temperature 

between 35,000--40,000 K. This continuum peaks at about 800 A illld then falls off at short-

er wavelengths. The ionizing continuum of illl AGN has the functional fonn f').., <X A a.2 

where a - 1.0-1.5. For decreasing wavelengths, the OB star continuum contains fewer .Uld 

fewer high energy photons while the AGN continuum rises <uul so more high energy pho

tons are present. Therefore, unlike illl OB stellar continuum, the AGN continuum has a sig

nificilllt fraction of its energy in the X-ray spectral region (A::; 100 A). The presence of 

these photons alters the ionization structure of the gas by creating a high ionization zone 

illld a partially ionized or trilllsition zone. The fonner contains highly ionized species (Ne 

V, Fe VII, Fe X). The latter region arises because the absorption cross sections of HI, Hel 
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and Hell decrease with increasing photon energy and so the mean free path of these photons 

increases. The end result is a partially ionized region that contains H, He and a number of 

metals (N, 0 and S) in various ionization stages. The ionization state of the metals are those 

with ionization potentials comparable to that of H so that in this partially ionized zone, the 

dominant ionization stages of the metals present are 01, Sll ~md NI with smaller amounts 

of NIl and 011. These are in addition to HI, Hll, Hel and free electrons. These electrons 

are extremely important because they are enhance the strength of those lines produced by 

collisional excitation (e.g., [Olj A6300 and [Sll] AA6717,673 1). 

The usefulness of line ratio diagnuns was made clear by BPT ~md VO. In their work 

BPT used the ratio LOllj A3727 / LOlllj A5007 plotted against the ratios LOm I A...'i007 / HP. 

[Nllj A6584 / Ha, LOlj A6300 / Ha, He II A4686 / HP, LNe Vj A3426 /(0111 A3727, INe V I 

A3426/ LOIllj A5007 and [NlIj A6584 / LOIlIj A.5007. They also examined the diagnun 

LNIIj A6584 / Ha vs. LOIIII A...'5007 / Hp. Their work showed that it was quite easy to de-

tennine the photoionizing continuum present in an emission line region. For HII regions, 

there is a well-defined relationship followed as the excitation changes. If ~my new object 

is found to lie more than 0.5 dex away from the locus of HII regions then its photoionizing 

continuum must be something other than hot OB stars. 

However, the one problem with the use of IOJIj A3727 and [Ne VI A3426 is that they 

are far enough away in wavelength from most of the other optical emission lines that errors 

associated with misapplied reddening corrections or errors in the absolute flux calibration 
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could result in an improper location on the line ratio diagram <md, therefore, ,m incorrect 

conclusion regarding the kind of ionizing continuum present. In their work, VO explored 

other combinations of line ratios that were insensitive to instrumental, observational and 

data handling errors but still capable of distinguishing the type of ionizing continuum 

present. They established that the ratios LOIII] A.5007 / H~ vs. LNII] A6584 / Hex., [Sill 

(A6716+A6731) / Hex. and LOll A6300/ Hex. were good enough to allow the photoionizing 

continuum to be uniquely detennined while remaining insensitive to the strength of the er-

rors present. 

The separation between emission line regions photoionized by hot 08 stars .md 

those photo ionized by a power law is quite large, being 0.5 dex at a minimum. A region 

ionized purely by hot stars will never be found in that part of the line ratio diagr<un popu

lated by AGNs and vice versa. However, it is not too surprising that some objects do fall 

in between pure HII objects and pure AGNs. These include UNERs, narrow line radio gal

axies and narrow emission line galaxies. The emission lines in these objects could also be 

photo ionized by several continua. For exmnple, for circumnuclear HII regions, their line 

strengths, .md consequently their ratios, could possess two components, one due to the hot 

08 stars .md a second due to a somewhat weakened power law continuum arising from the 

nucleus. Using the photoionization code CLOUDY (FerhUld .md Netzer 1983) we varied 

the relative strengths of two continua (hot 08 stars and a power law) mId discovered that 

the resulting line ratios did indeed clearly reflect the presence of dual components. I-Iow-
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ever, we also found that for a given location in that region of the line ratio diagnun lying 

between Hll region objects and power law photo ionized objects, there was no unique com

bination of OB stars and power law continua that characterized that point. What can be said 

is that the location of these points c,m be explained by dual continua known to exist mul not 

some third type of heretofore unknown type of continuum. 

Therefore, our aim here was to exmnine the properties of as mmly emission line re

gions as could be identified in both srunples of galaxies. Exmnination of the line ratios 

present indicated how nonnal these regions are in Seyfert galaxies. Ifthere was a non-ther

mal or power law ionizing continuum present, then it would be mmlifest as a systematic 

shift in the location of these points in the line ratio diagrmns towards the power law region. 

However, if the distribution of the ratios were similar to those found in nonnal galaxies then 

this supports the claim that the disks of Seyferts is nonnal and that the effects of Lm AGN 

are confined to the circumnuclear region. 

The one major disappointment in this project was the lack of lines detected other tiuUl 

Ha., INII/ A6584, ISII] A6716 mlllISH/ A673 I. Over 1600 spectral lines were measured 

but only a very small percentage of these were not one of the above four lines. It was there

fore, not possible to produce flux ratio diagrams that could unLunbiguously detennine if 

multiple ionizing continua were present in an emission line region. Instead, the line ratios 

were compared between the two smnples ,md it was found that the [NIl/ A6584 / Ha. ratio 

was quite sensitive to the amount of Balmer absorption present. Due to the affects of 1I1l-
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derlying Balmer absorption, the strength of the Ha emission can decrease relative to the 

[NIl] ",6584 line. This arises due to a large population of intennediate age stars (A, F .md 

G stars). Therefore, examining the [NIl] ",6584/ Ha ratio gave direct infomlation on the 

emission mecll<U1ism and on the stellar populations present. In the following sections we 

exrunine the [NIl] ",6584/ Ha, [SII] (",6716+",673 I} / Ha, rul(l[SIII ",6716/ ISIII A6731 

ratios. 

4.7.2 [Nil] A6584 / Ha 

Fig. 13 shows the distribution of the [NIl] A6584 / Ha values for both galaxy sm11-

pIes. The ratios fall predominantly at values nonnally expected for HII region emission, 

i.e., gas photoionized by hot stars. However, a significant number in both samples were on 

the order of or greater than 1.0. Nonnally, this value for the [NIl] A6584 / Ha ratio indi

cates the presence of a different ionizing continuum other than just host stars. In the narrow 

line region of Seyfert galaxies, for example, this ratio reaches a value of 1.0 or greater. 

However, in this case, the ratios that were greater than 1.0 were not due to a change in the 

ionizing continuum but c,m be explained by a decrease in the Hex. emission due to an in

crease in the underlying Balmer absorption. These ratios all arise at dist,mces greater tlum 

a few kpc from the nucleus so it is difficult to explain them .my other way. Also, these ra

tios occur in low luminosity emission line regions, i.e., HII regions photoionized by only a 

small number of OB stars. It is the intennediate age stars that have strong Balmer absorp

tion lines. In fact, it is possible to estimate the equivalent width of the underlying ahsnrp-
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tion by assuming that the true value of the ratio is similar to nearby emission regions not 

affected by Balmer absorption. The difference between the two ratios gives the equivalent 

width of the absorption. Doing this, we find that the absorption equivalent widths were on 

the order of from 2-5 A, exactly that measured in Galactic Hll regions known to contain 

these intennediate-age stars. 

Even though the errors were quite small here (±20%) the KS test and the Monte Carlo 

simulations were still run. The two distributions were quite similar and application of the 

KS test shows that the null hypothesis can be accepted at the 93% level. To determine the 

affect of errors on the results, a Monte Carlo simulation was run for 100,000 trials. This 

then allows the null hypothesis to be accepted at the 89% level. 

In the near-nuclear regions, there does not seem to be any indication of abnonnally 

high INUI A,6584 / Ha line ratios relative to the nonnal sample. This fact rules out any sig

nific.mt influence of the non-thennal continuum of the Seyfert nucleus on the interstell ar 

medium at distances greater tIum a kpc or so. 

4.7.3 [SI/J (A6717+A6731) / Ha 

The distribution in this ratio is shown in Fig. 14 for both galaxy samples. The values 

range from 0.09 to 0.99 in the normal sample ru1(1 from 0.08 to 0.98 in the Seyfert smnple. 

The KS test again indicates that these two srunples were identical and that the null hypoth

esis can be accepted at the 96% level. A Monte Carlo simulation of 100,000 events shows 

that for 20-25% errors, the KS test indicates that these samples were identical. 
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As with the previous section, there were some ratios that were higher than expected 

due to the presence of underlying Balmer absorption. However, most fall within the values 

expected for HII region emission. The positions of the larger ratios in the Seyfel1 smnple 

were in the disk regions and not in the near-nuclear regions so that it is difficult to bel ieve 

that the origin of these ratios are from a non-thennal continuum and not from an increase 

in the Balmer absorption due to a large population of intennediate age stars. 

4.7.4 [SIll '}..6717 / [SIll '}..6731 

The distribution in this ratio is shown in Fig. 15 for both galaxy smnples. The values 

range from 0.19 to 1.63 in the nonnal smnple mul from 0040 to 1.98 in the Seyfert smnple. 

These values span a range greater than that expected for nonnal HII region emission. We 

looked into this further mId detennined that the large spread in values was due to the inher

ent difficulty in cleanly separating the two [SIIJ lines. We found that the errors here were 

larger than that for the other line ratios. The KS test again indicates that these two smnples 

were identical and that the null hypothesis cmI be accepted at the 91 % level. A Monte Carlo 

simulation of 100,000 events shows that for 40-45% errors, the KS test indicates that these 

samples were identical. 

4.7.5 Results and Discussions 

The overriding result from the study of the line ratios was that there is no discemible 

difference between the distribution of the line ratios in either smnple. At least along the 
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major axis, the influence of the active nucleus is limited to within a kpc or so of the central 

region. No abnonnally high ratios were found for the near-nuclear regions of the Seyfert 

sample relative to the nonnal sample. We also exmllined the radial distribution of these ra

tios ml(l found that there was no predilection for certain values at anyone radius as might 

be expected for the near-nuclear regions. These results reinforce ml(l are consistent with 

the previous sections that the emission line properties in the disk region of Seyfert galaxies 

are similar to those in nonnaJ galaxies and that the star fomlation activity is not enhtmced 

in any drmnatic fashion. 

4.8 Final Results and Discussion 

The one common thread running through this work mId its results is that there appear 

to be no discemible differences between the disk regions of Seyfert galaxies mId the disk 

regions of a control sample ofnonnal galaxies. We have measured a number of qUlUltities 

that were all related to the star fonnation activity occurring in galaxies. If the Seyfel1 nu

cleus had caused mly global chmIges in the distribution or local densities of the gas or if the 

Seyfert nucleus was a result of some external event (e.g., tUl interaction with a close com

panion), these cIlmlges should have been manifest as chmIges to one or more qUlUltities such 

as the global star fonnation rate, the critical density for initiating star fonnation, the radial 

distribution of the HII regions, their luminosities and number the most highly luminous HII 

region ,md in the values of certain line ratios that are capable of discerning between various 
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ionizing continua or mixtures of ionizing continua. In none of the quantities studied were 

we able to find unequivocal evidence for fundamental differences in the disk regions of 

Seyfert galaxies relative to nonnal spiral galaxies. Therefore, it would appear from our 

work that the affect of an active nucleus on its host galaxy is minimal. There appear to he 

no huge-scale changes to the local gas density at points throughout the disk and this implies 

that the dynrunics of the gas (rulel stars) in Seyfert galaxies crumot be very different tluUl in 

normal spirals. 

The results of this work complement work done on comparing the effects of interac

tions between galaxies with their disk star fonnation rates. The integrated Ha. emission and 

IRAS far infrared colors of srunples of interacting galaxies shows that the disk star fonna-

tion rates in these galaxies is enlHUlced relative to a control sample of isolated galaxies. 

These star fonnation rates Crul be explained by bursts of star fonnation involving a few per

cent of the mass in the disk. Galaxies with strong disk starbursts almost always possess 

strong nuclear emission while the reverse is not generally true (Kennicutt et al. 1987). We 

have found that strong nonthennal nuclear activity was not accompanied by enluUlced star 

fonnation activity in the disk. This is consistent with the conclusions reached by FWS88 

that Seyferts only very marginally possess an excess of compru'ably sized compiUlions like 

those in the srunple of interacting galaxies (Kennicutt et al. 1987). If Seyfert galaxies pos

sessed bright companions then it would have been expected that their disk star fonnation 

rates would have been higher relative to the control sample. The results presented here are 
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also consistent with the fact that low-level Seyfert activity may be present in all nonnal gal-

tudes (Keel 1984). 

An obvious follow-up to this work would be emission-line imaging of this smne 

sample as well as HI and CO observations. We were restricted to just the major axis of 

these galaxies. It would be importmlt to detennine the true total Hex. emission in these two 

samples as well as the spatial distribution of the sites of star fonnation. The HI ml(1 CO 

observations would allow the relationship between the critical density mId the local gas 

density to be explored further. 

In a work this size, there are always a small number of individuals without whom, 

this dissertation would not have been completed: John Stocke and Robert Leach my advi

sors, Ron Polidml my close friend and finmIcier, Simon Morris for his friendship. help. 

guidance and patience, William Bickel for his immense help mId encouragement during my 

graduate school days mId Lyle Broadfoot and Jay Holberg for their encouragement ~Uld 11-

niUlcial assistiUlce. After these gentlemen, there are a group a people who made my years 

here unforgettable: Kevin Lorenzen for doing his best to get me out of the office on week-

ends, Paul Oglesby iUld Gerry Shotick for comic relief, Jack Drummond iUld Gary Schmidt 

for inspiring me in the Bear Down Weight Room, Liddy Polidan for her friendship. Ken 

Kidder for putting up with me as my officemate mId who along with SUSiUl Novak did a 

credible job in getting me out of the office, Laurie Wem for being a very patient and giving 

friend, Roberto Stalio for his friendship and encouragement including introducing me to 



148 

grappa and his hospitality during my all-too-brief visits to Trieste, Italy, Pat Hartigan for 

throwing great parties and Terry Forrester for his friendship and proving that patience can 

solve insunnountable computer problems. There was ~Ulother group of people who made 

my work infinitely easier: the IRAF group at NOAO and Sus~m Call, Pat Robinson, Adela 

Hice, Deborall-Ann Stralll and Lynn Lane for their administrative skills and limitless pa

tience. I would also like to thank Larry McIntyre for serving as my official advisor. As I 

leave for the Space Sciences Laboratory at the University of Califomia. Berkeley. I W'Ult 

to thank a number of individuals there: Herman Marshall. besides being a good friend. of

fered me two jobs in two years, Ossy Siegmund and Roger Malina for help in arranging my 

future and for their extended help in certain matters and to Jenny Marshall rul(1 Ellen Naylor 

for their help, friendship and patience in finally convincing me I really do belong at Berke-

ley. 

My gratitude must also extend to some individuals at the University of Kentucky for 

their contribution to my success. lllere were a number of individuals whose help was a 

necessary and sufficient condition for my future success: Umce DeLong for explaining to 

me how the next few years of my life were going to evolve (and he was right). John Elliott 

for very sage advice, Henry C. lllacher for proving that research is really great fun. Fr'Ulk 

Clark who finally had to admit that he was wrong and to Wendall DeMarcus ~U1d Rudy 

Schrils for proving to me time and time again, Physics and Astronomy are great fun. My 

fratemity brothers at Epsilon Beta Chapter of Sigma Pi Fratemity were a most unforgetta-



149 

ble lot. Strange as it may seem, it is appropriate to thank them all for helping me to finish. 

Among them, Mike and Gina Byington and their families, Rob cmd Martha Donhoff and 

their families, Chris and Peter Zaborowski and their family, Mark Metcalf lmd his fmnily, 

Ken Reid, Pat Bashore, Steve Pedicord, Andy Morris, Roger Amon, Doug Gavin, Dave 

Hevron, Leo Culligan, Jeff Johnson, Dml Preston, Clark Gross, Haley Conway cUld his fam

ily, Hank DeLong, Greg Shafer, Mr. Edw,ud Lee, Mrs. Mmlgus, etc .... These guys .Uld 

our adventures together are forever embedded in my memory. People wonder why I can 

suddenly break out laughing at serious meetings or conferences. My current friends have 

not quite gotten used to my reliving my exploits with my fraternity brothers when I really 

should be worrying about future NASA progrmns. How C'Ul I forget Shafer's party? Or 

riding mopeds up and down AlA? Or the 2" p,uties we had every weekend when "all those 

things" inevitably happened? Or those trips to the Sigma Pi National Headquarters in Vin

cennes, Indim1a? Roll Pi. 

Finally, I have to thank the rest of my family: Mike, Sandy, Sabina, Andrea, Beth, 

Ecl<;ley, Elizabeth, Allen, Jim, Sue, Jimmy, Lisa, my in-laws' fmnilies, all my relatives IUld 

especially the Kleinfelds (l hope Slippery believes me now when I explain how a rocket 

works). I know they are all still wondering what exactly is it that I do for a living. 



LIST OF REFERENCES 

Adams, T.E 1977, Ap. J. Supp., 33,19. 

Baldwin, J.A., Phillips, M.M. and Terlevich, R. 1981, Pub. A. S. P., 93, 5 (BPT). 

Balick, B. and Heckman, T. 1982, Ann. Rev. Astroll. Ap., 20,431. 

150 

Binney, James and Tremaine, Scott 1987, Galactic Dynamics, Princeton University Press, 
Princeton, New Jersey. 

Blouke, M. 1987, Optical Engineering, 26, 864. 

Burstein, D. and HeiIes, C. 1984, Ap. J. Supp., 54,33. 

Bushouse, H.A. 1987, Ap. J., 320, 49. 

Carone, T.E., Morris, S.L. and LEach, R. 1987, Optical Engineering, No. 10,26,1043. 

Cutri, R. and McAlary, C. 1987, Ap. J., 296, 90. 

Dahari, O. 1984, AstrOll. J., 89, 966. 

Dahari, 0.1985, Astron. J., 90,1772. 

Dopita, M.A. and Evans, I. 1987,Ap. J., 319,662. 

Fath, E.A. 1909, Lick Observatory Bulletin,S, 71. 

Ferland, GJ. and Netzer, H. 1983, Ap. J., 264, 105. 

Fuentes-Williams, T. and J.T. Stocke 1988, A. J., 96(4), 1235 (FWS88). 

Gallagher, J.S., Hunter, D.A. and Tutukov, A.Y. 1984, Ap. J., 284, 544. 

Holmberg, E. 1975, in Stars and Stellar Systems, vol. 9, edited by A. Sandage, M. Sandage 
and J. Kristian, University of Chicago Press. 

Hubble, E. 1926, Ap. J., 54, 369. 

Huchra, J., Davis, M., Latham, D. and Tonry, J. 1983, Ap. J. Supp., 52, 89. 

Janesick, J. 1987, Optical Engineering, 26, 692. 

Keel, W.C. 1983, Ap. J., 269,466. 

Keel, W.C., Kennicutt, R.C., Hummel, E. and van der Hulst, J.M. 1985,A. J., 90, 708. 

Kennicutt, R.C. 1983, Ap. J., 272, 54. 

Kennicutt, R.C. 1988, Ap. J., 334,144. 

Kennicutt, R.C. and Keel, W.C. 1984, Ap. J. Letters, 279, L5 

Kelmicutt, R.C. and Kent, S.M. 1983, A.J., 88, 1094. 



Kennicutt, Robert c., &Igar, B.K. and Hodge, P.W. 1989, Ap. J., 337, 761. 

Kennicutt, Robert C. 1989, Ap. J., 344, 685. 

Khachikian, E.Y. and Weedman, D.W. 1974,Ap. J., 192,581. 

Larson, R.B. and Tinsley, B.M. 1978, Ap. J., 219, 46. 

Lauer, T. 1989, P.AS.P., 101,445. 

Leach, R. 1988, P.AS'p., 100, 853. 

Leach, R. 1988, P.AS.P., 100, 1162. 

Leach, R. 1988, Optical Engineering, No. 10, 26, 1061. 

Leach, R. and Lesser, M. 1987, P.AS'p., 99, 668. 

MacKenty, J.W. 1985, Ph.D. Dissertation, University of Hawaii. 

McCall, M.L, Rybski, P.M. and Shields, O.A. 1985, Ap. J. Supp., 57, I. 

151 

Nilsson, P. 1974, Uppsala General Catalog o/Galaxies, Uppsala Astron. Obs. Ann., 6. 

Scalo, J .M. and Struck-Marcell, C. 1986, Ap. J., 30 I, 77. 

Schmidt, M. 1959, Ap. J., 129, 243. 

Searle, L. 1971,Ap.J., 168,327. 

Searle, L., Sargent, W.C. and Bagnuolo, W.O. 1973, Ap. J., 179,427. 

Seyfert, C.K. 1943, Ap. J., 97,28. 

Simkin, S.M., H,J. Su, and Schwatrz, M.P. 1980, Ap. J., 237,404. 

Slipher, V.M. 1917, Lowell Observatory Bulletill, 3, 59. 

Smith, H.E., 1975, Ap. J., 199,591. 

Struck-Marcell, C. and Scalo, J.M. 1987, Ap. J. Supp., 6"', 39. 

Su, H,J. ,md Simkin, S.M. 1980, Ap. J. Letters, 238, Ll 

Toomre, A. 1964, Ap. J., 139, 1217. 

Veilleux, S. and Osterbrock, D.E. 1987, Ap. J. Supp., 63,295 (VO). 

Veron-Cetty, M.-P. ,md Veron, P. 1985, Europeilll Southem Observatory Scientific Rep0l1 
No.4, Second Edition. 

Weedman, D.W. 1977, Anll. Rev. Astron. Ap., 15,69. 

Vee, H.K.C. 1983, Ap. J., 272,473. 


