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Introductionn and summary 

Thiss thesis is about dust and gas in elliptical galaxies. Since significant evidence for the 
existencee of interstellar matter in general (and dust in particular) in elliptical galaxies 
havee become available only during the last decade, "elliptical galaxies" and "dust" may 
stilll  seem rather contradictory concepts to quite a few astronomers. After all, elliptical 
galaxiess were denned to be dust-free in the well-known galaxy classification scheme of 
Hubblee (1926). Below properties of elliptical galaxies are reviewed, elaborating mostly on 
topicss concerning interstellar matter. 

Ellipticall galaxies 

Alreadyy when the notion of elliptical "nebulae" as a separate class of galaxies was first 
introducedd by Hubble (1926) in his system for the classification of galaxies, they were 
definedd as galaxies which show no trace of substructure, with a luminosity profile fading 
smoothlyy from bright nuclei to "infinit e edges". Elliptical galaxies were thought to consist 
off  stars, in view of the resemblance of the absorption-line spectra of elliptical galaxies with 
thosee of ( G - K ) stars (Humason 1936). 

Inn 1944, Baade was able to resolve the nearest elliptical galaxies (M32 and NGC 205) 
intoo myriads of faint stars, using the 100-inch telescope at Mount Wilson. This was a 
majorr achievement, giving definite information on the properties of stars within elliptical 
galaxiess for the first time. The absolute visual magnitude of the brightest stars was found 
too be Mv — - 3 .0 (using the more modern Johnson filter system), with red colours ( B - V 
~~ 1.0). These properties are similar to red giant stars at the top of a typical colour-
magnitudee diagram of a Galactic**  globular cluster, which are about the oldest stars 
knownn to exist. No bright blue 0 and B stars like those in the "arms" of spiral galaxies 
weree found. Such blue stars are known to be very young since their nuclear energy sources 
cann last for only a few million years. The almost one-to-one correspondence between the 
presencee of dust and the presence of these bright (Mv ^ - 9 ), young O and B stars in 
(spiral)) galaxies (e.g., Sandage 1961) thus suggested a causal relationship between dust 
andd star formation. Since there was no evidence for the presence of dust either, elliptical 
galaxiess were henceforth doomed to be viewed upon as simple, old stellar systems in which 
alll  the dust has already been transformed into stars at early epochs and are now incapable 
off  forming new stars. 

Thiss traditional view of elliptical galaxies being essentially devoid of interstellar matter 
remainedd essentially unchanged until the end of the 1970's. Consequently, elliptical galaxy 
researchh mostly concentrated on optical properties of the stellar component. Below we 
highlightt some important achievements of those investigations. 

** Galacticc object, i.e., with a capital G, means that the object is in our MUky Way galaxy 

XVU U 
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Thee stellar body of elliptical galaxies 

Ellipticall  galaxies appear as flattened "nebulae" on the sky, with axis ratios 6/a between 
0.33 and 1. The first kinematical studies of galaxies showed that ellipticals rotated along 
theirr (projected) major axis (e.g., Osterbrock 1960), like spiral galaxies. Consequently, 
(another)) paradigm was born, namely that the flattening of ellipticals is simply due to 
rotat ionn around the polar axis, i.e., that ellipticals were axisymmetric oblate spheroids. In 
fact,, this traditional view held until the mid-seventies when Bertola k Cappacioli (1975) 
andd niingworth (1977) reported that some highly flattened giant ellipticals" rotate much 
slowerr than expected on the basis of their apparent flattening. Comparing the observed 
rotat ionn velocities with the velocity dispersion of the stellar absorption lines, Binney 
(1976)) pointed out that the observed flattening must be due to anisotropics in the stellar 
velocityy distribution. The "axisymmetric oblate spheroid'Mradition had had its day, and 
onee had to seriously consider that giant ellipticals were generally triaxial bodies (see, e.g., 
Binneyy 1978). This discovery opened a new era in research on elliptical galaxy dynamics 
whichh is still developing steadily (see, e.g., de Zeeuw & Franx 1991 for a review). 

TheThe fundamental plane of elliptical galaxies 

Inn the same year 1976, Faber & Jackson reported the well-known correlation between the 
centrall  velocity dispersion and the luminosity of elliptical galaxies, suggesting that ellip-
ticalss are gravitationally supported by their velocity dispersion. Subsequent correlation 
studiess have shown that the "global" dynamical and chemical properties of elliptical galax-
iess (i.e., central velocity dispersion, central surface brightness, luminosity, and metallicity) 
populatee a two-dimensional manifold in parameter space, popularly called the "fundamen-
tall  plane" of elliptical galaxies (Djorgovski & Davis 1987; Dressier et al. 1987), of which 
thee "Faber-Jackson relation" is just one of the projections. The fundamental plane is 
aa powerful tool to determine relative distances to galaxies: the scatter in current CCD 
surveyy data corresponds to distance errors of about 10% (e.g., J0rgensen et al. 1993). 
Althoughh the physical origin of the fundamental plane is not clear, its mere existence and 
ratherr small scatter hints at some regularity in the formation and evolution of elliptical 
galaxiess (e.g., Faber et al. 1987; Bender et al. 1992). However, it is important to realize 
thatt the scatter in the fundamental plane exceeds observational uncertainties. 

Inn contrast with this regularity of the global parameters of elliptical galaxies, there is 
aa large variety in detailed structural and dynamical properties. At any given luminosity, 
giantt elliptical galaxies cover a large range in velocity dispersion anisotropy, isophotal 
shape,, substructure, radial gradients of colour and metallicity, and non-optical properties 
(cf.. Bender et al. 1989; Kormendy & Djorgovski 1989; Peletier 1989; Schweitzer & Seitzer 
1992).. These detailed parameters provide important information on the formation and 
evolutionn of elliptical galaxies that cannot be extracted from the global properties alone. 

BoxyBoxy and disky isophotes 

Onee important structural property that does not correlate with the fundamental plane 
parameterss is the detailed isophotal shape of elliptical galaxies. In particular, the high 

"Giantt ellipticals — as opposed to dwarf ellipticals — are considered to be the intrinsically brightest 
ellipticall  galaxies with Mpg < -19 (Mihalas k Binney 1981). Since all galaxies studied in this thesis 
belongg to this group, ellipticals and giant ellipticals are considered as synonyms in this thesis. 
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dynamicc range and linearity of CCD detectors has enabled the detection of small but 
significantt (~ 0.5 — 1%) deviations of the isophotes from pure ellipses in the majority 
off  elliptical galaxies (see Chapter ?? and references therein). These deviations usually 
occurr in the form of box-shaped or disk-shaped components. There is quite significant 
evidencee that these small structural effects correlate with velocity dispersion anisotropy 
andd even radio and X-ray properties, and thus contain important information concerning 
thee formation and evolution of elliptical galaxies (Bender et ol. 1989). Another important 
issuee in which isophotal deviations from ellipses play an potentially crucial role concerns 
thee continuity of the classification scheme of early-type galaxies (E and SO galaxies). The 
classificationn SO was introduced by Hubble (1926) as a description of galaxies whose mor-
phologicall  characteristics lie between the disk-dominated spiral galaxies and the spheroidal 
ellipticals.. The main difference between E and SO galaxies is that E galaxies, by definition, 
havee no stellar disk, whereas SO galaxies, by definition, do. However, the classification 
off  galaxies in major galaxy catalogs has been performed using photographic plate mate-
riall  of which the resolution and dynamic range are not high enough to detect the small 
deviationss from elliptical isophotes mentioned above. 

Basedd on a detailed study of existing galaxy classifications, van den Bergh (1990) 
foundd that the ellipticity distribution of SO galaxies in the Revised Shapley-Ames Catalog 
ofof Blight Galaxies (Sandage k Tammann 1981) is not consistent with a random distri-
butionn of inclination angles, in the sense that there are too many edge-on SO's. Van den 
Berghh then argues that many low-luminosity E galaxies may be misclassified SO galax-
ies.. Recent preliminary results from a CCD imaging survey show that ellipticals with 
'disky'' residuals are indeed fainter on average than the ellipticals with boxy residuals, so 
thatt disky ellipticals may represent the continuation of SO galaxies (i.e., towards lower 
disk-to-bulgee ratios) along the Hubble classification sequence (Bender et ol. 1993). 

FineFine structure: Shells, "jets", ripples 

Manyy elliptical galaxies possess faint, arclike features known as "shells" or "ripples" which 
aree thought to be signatures of past accretions of companion galaxies (Quinn 1984; Hern-
quistt k Quinn 1988; Thomson 1991) or major mergers of spiral galaxies (Schweitzer 1983; 
Barness k Hernquist 1992; Hernquist k Spergel 1992). Early searches culminated in a cat-
alogg of 137 shell ellipticals of Malin k Carter (1983); more recently, Seitzer k Schweitzer 
(1990)) completed an imaging survey of 74 early-type galaxies located mostly in the field or 
inn groups, and found that ripples were detected in 56% and 32% of E and SO galaxies, re-
spectively,, showing that galaxy interactions are probably quite common during the history 
off  early-type galaxies. Furthermore, Schweitzer et ol. (1990) showed that the strength of 
thee nuclear H/3 absorption line at any given absolute magnitude increases systematically 
withh the so-called "fine structure parameter" (which measures the amount of fine struc-
turee like ripples, jets of luminous matter, and boxy isophotes), while the strengths of the 
metallicc CN and Mgl + MgH features decrease. This suggests that varying numbers of 
youngg and intermediate-age stars are the cause of these correlations, i.e., variations in the 
averageaverage age of the stellar populations instead of variations in the metal abundance. This 
suggestionn is supported by the finding that the fine structure parameter also increases 
withh increasingly blue global galaxy colours (Schweitzer k Seitzer 1992). 
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DynamicalDynamical subsystems 

I nn addition to the generally slowly rotating stellar bodies of elliptical galaxies, recent 
spectroscopicc investigations have revealed the existence of dynamically decoupled cores 
inn possibly ~ 30% of all ellipticals (Bender 1990 and references therein). Models which 
succesfullyy explain many of the kinematical features of these cores (e.g., a dip in the 
velocityy dispersion in the centre, or the shape of the velocity profiles near the centre) 
showw that the kinematically distinct core is a result of the capture of a small galaxy 
(e.g.,, Balcells k Quinn 1990), or due to a merger of a gas-rich spiral and an elliptical 
(e.g.,, Hernquist k Barnes 1991). Like the fine structure parameter, this observation is 
thereforee generally interpreted as a signature of violent merging processes during the 
formationn of elliptical galaxies. 

StellarStellar populations 

Untill  some five years ago, most studies of the stellar content of elliptical galaxies were 
basedd on integrated optical galaxy spectra (see, e.g., the review of O'Connell 1986). These 
studiess showed that the metal abundance (or "metallicity") of elliptical galaxies is in the 
rangee 1 - 2 times the solar value Z 0 , and that these galaxies are old, though probably 
nott quite as old as Galactic globular clusters (e.g., Bica 1988). Spectra made with the 
Internationall  Ultraviolet Explorer (IUE) have, however, shown an upturn toward the 
shorterr UV wavelengths in elliptical galaxy spectra, which was initiall y quite surprising 
inn view of the supposedly old stellar content of elliptical galaxies (Burstein et al. 1988). 
However,, rather than being due to a population of young stars it is most likely that this 
UVV excess originates from old post-AGB stars which had not been incorporated in early 
stellarr evolutionary models (see Renzini k Buzzoni 1986; Greggio k Renzini 1990). 

Thee colours and metal line strengths of elliptical and SO galaxies have been known 
too vary with galactic radius for more than 30 years. The aperture photometry of de 
Vaucouleurss (1961) showed that colours of some ellipticals were bluer when using larger 
apertures,, and Spinrad et al. (1971) showed that line strengths of metallic absorption 
liness are decreasing outwards. Recent studies using modern long-slit spectrophotometry 
(Gorgass et al. 1990; Davies et al. 1993; Carollo et al. 1993) have shown that the radial 
gradientt of the, e.g., Mg2 line strength varies considerably from galaxy to galaxy, both in 
averagee slope and in detailed structure. 

Thee umetallicity gradient" within ellipticals is in principle a good discriminant for 
galaxyy formation scenarios. In dissipative collapse models (Larson 1975; Carlberg 1984; 
Arimotoo k Yoshii 1987), a supernova-driven wind is being generated when the thermal 
energyy of the gas exceeds its potential energy. Galaxies with smaller masses develop these 
windss earlier than massive ones do; consequently, a mass-metallicity relation is induced. 
Furthermore,, star formation is concentrated towards the centres of the ellipticals. Thus, 
aa metallicity gradient is expected to form, which should increase with increasing galaxy 
mass.. However, the observed relationship of metallic line strength gradient with galaxy 
luminosityy shows a strong intrinsic scatter for giant ellipticals (Gorgas et al. 1990; Davies 
etet al 1993; Carollo et al 1993). This shows that the current models of dissipative collapse 
cannott fully explain the formation and evolution of these objects, and does again suggest 
thatt the dominant mechanism in forming giant ellipticals is merging of (smaller) galaxies, 
sincee merging washes out gradients seen in the original galaxies (White 1980). 

Colourr gradients are now known to occur frequently in early-type galaxies (see chapter 
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??? and references therein). They are commonly interpreted in the same terms, i.e., 
ass being due to metallicity variations. However, the relation between colour- and line 
strengthh gradients shows a large scatter (Peletier 1989; Davies et al 1993). Part of this 
scatterr may be caused by a diffusely distributed component of dust within the galaxies 
whichh can account for significant colour gradients as well (Wit t et al. 1992; see below), 
whereass metal line indices are barely affected by dust. 

Whatt about interstellar matter ? 

Ass mentioned above, dust — in fact, a cool interstellar medium in general — was tra-
ditionallyy assumed to be absent in elliptical galaxies. Early searches for cool neutral 
Hydrogenn gas in ellipticals yielded no detections (e.g., Gallagher et al 1975). Since the 
accumulatedd mass loss of an old stellar population typical for elliptical galaxies should 
yieldd 109 - 1010 M 0 of gas over a Hubble time (Faber k Gallagher 1976), one was led 
too conclude that the interstellar medium of elliptical galaxies has been blown out of the 
galaxyy by a hot, supernova-driven wind (Mathews k Baker 1971; White k Chevalier 

1983). . 
Thiss situation was substantially clarified after the first X-ray observations of elliptical 

galaxiess with the EINSTEIN satellite were analysed. The X-ray spectra showed that 
thee X-ray emission from the most luminous of these systems was dominated by thermal 
Bremsstrahlungg from coronal (T ~ 107 K) gas pervading the galaxy (Forman et al 1985; 
Trinchierii  et al. 1986; Canizares et al 1987). The mass of this hot gas is estimated to 
bee 109 - 1010 M©, just equal to the expected amount from the accumulated stellar mass 
loss.. Evidence for the presence of this hot gas is currently only substantial for the most 
luminous,, nearby ellipticals (LB £ 5 x 1010 LQ, cf. Ki m et al. 1992b). Thus, only the most 
luminouss ellipticals may be sufficiently massive to bind the material lost by stellar winds 
andd suppress the hot, supernova-driven wind proposed by Mathews k Baker (1971). In 
mostt X-ray emitting giant ellipticals, a positive radial temperature gradient in the hot gas 
hass been found (i.e., d T / dr > 0), and the cooling times in the gas are shorter than the 
Hubblee time. This finding has led to the popular "cooling flow" model in which the hot 
gass corona is being maintained by gas being ejected by red giants and supernovae, and 
cooll  gas clouds are condensating out of the corona. Typical values for the mass deposition 
ratess implied by the X-ray gas properties are ~ 0 . 1 -3 M 0 yr_1 for field ellipticals (Fabian 
kk Thomas 1987) and up to several 100 M@ y r 1 for so-called cD galaxies, i.e., central 
dominantt galaxies in clusters (Stewart et al. 1984). Since no evidence has been found for 
eitherr cool gas or young, massive stars in the expected amounts, it has been suggested that 
thee gas should form undetectable low-mass stars (M . £ 0.1 M 0 ; see Fabian et al (1991) 
andd references therein). 

Thee existence of hot coronal gas also has important implications for dust within el-
lipticall  galaxies. For typical electron densities of the hot gas, dust grains are destroyed 
withinn ~ 107 yrs (Draine k Salpeter 1979a). Hence, the existence of dust in giant ellip-
ticalss would be quite surprising. However dust has been found in these objects, see 
below. . 
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Dustt in elliptical galaxies 

Forr a long t ime, the well-known nearby galaxy NGC 5128 (Centaurus A) was the only 
elliptical-likee galaxy known to contain a dust lane, and was therefore mostly considered 
ass a sole "outsider". Bertola & Galletta (1978) were the first to point out that NGC 5128 
wass not alone, and introduced a new class of elliptical galaxies with dust lanes along the 
minorr axis, without any trace of a stellar disk. 

Thee discovery of the presence of dust in elliptical galaxies prompted a renaissance of 
interestt in studying the interstellar medium of these objects. The aim of these studies is 
twofold:: (1) to determine the origin and subsequent evolution of this interstellar material, 
andd (2) to investigate the internal structure of elliptical galaxies (van Albada et al 1982-
Tohlinee et al. 1982; Merritt k de Zeeuw 1983). After the formation of the dust lane' 
thee dust wil l eventually settle into an equilibrium configuration governed by the potential 
off  the underlying galaxy. In axisymmetric systems this is parallel to the minor axis for 
prolatee galaxies, and parallel to the major axis for oblate galaxies. In the general case of 
triaxiall  systems, the equilibrium configuration can be at any inclined angle. 

Afterr a homogeneous search of the Palomar Sky Survey and the ESO/SERC Southern 
Skyy Survey plates, Hawarden et al. (1981) published a list of 40 'discless galaxies' with 
pronouncedd dust lanes. Subsequent spectroscopy by Sharpies et al. (1983) showed that 
thee underlying galaxies were generally — though traditionally classified as 'SO' or 'SO pec' 
—— ellipticals, in view of their low stellar rotation velocity. The dust lanes are often not 
alignedd with the apparent major axis of the underlying galaxy, and the kinematics of the 
gass associated with the dust lanes often differed substantially from that of the stars. The 
complexx appearance of some dust-lane ellipticals led to the suggestion that the dust lanes 
consistt of material that has been accreted from outside the galaxy (Sharpies et al. 1983-
Schweitzerr 1983). With the advent of the high sensitivity and dynamic range of optical 
CCDD detectors, recent surveys have shown that even "classical" ellipticals contain dust. 
Whil ee optical CCD imaging is essential in establishing the presence and distribution of 
dustt and gas in ellipticals in view of its higher spatial resolution than available at other 
wavelengths,, it is difficul t to obtain quantitative estimates of the mass and the physical 
conditionss of the dust from optical data alone. 

Thee means to study dust in galaxies in a more quantitative way has become available 
withh data provided by the InfraRed Astronomy Satellite (IRAS) all-sky survey. The 
wavelengthh range observed by IRAS (A - 12, 25, 60, 100 Mm) is crucial for studying dust 
inn galaxies in a systematic way, for it is in this region that thermal radiation from dust with 
temperaturess 1000 £ Td [K] £ 20 is emitted. Since the dust opacity is low in the infrared, 
orientationn effects do not influence the detectability of dust, thus allowing quantitative 
estimatess of the total mass of the dust. Using the technique of co-adding IRAS survey 
scans,, Jura et al. (1987) and Knapp et al (1989) have shown that a significant fraction 
( ££ 50%) of nearby, bright E and SO galaxies have been detected at 60 and 100 /im at a 
limitin gg sensitivity about 3 times lower than the IRAS Point Source Catalog, indicating 
thee presence of 107 - 1 08 M 0 of cool interstellar matter. In addition to dust, spectroscopic 
surveyss have revealed the presence of weak optical emission Unes in the centres of ~ 50% 
off  all E and SO galaxies (Caldwell 1984; Phillips et al 1986), typically indicating the 
presencee of 103 - 105 M 0 of "warm" (T ~ 104 K) ionized gas within the central few 
hundredd parsec. The traditional view of ellipticals being devoid of interstellar matter 
provedd to be wrong. 
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Scientificc objective of the thesis 

I tt thus seems that the presence of dust and gas in elliptical galaxies is the rule rather 
thann the exception. Beside simply detecting the interstellar matter, we are interested in its 
originn and fate since this material is expected to hold clues to the formation and evolution 
off  the underlying galaxies through both the physical properties and the dynamics of the 
gass and dust. There are at least two possible sources of the observed interstellar matter: 
accumulationn of material shed by mass-losing red giant stars within the galaxy (Faber & 
Gallagherr 1976), and accretion of gas and dust during galaxy interactions. In addition, 
thee "cooling flow" model predicts that gas should condense while cooling down from X-ray 
temperatures. . 

AA potentially crucial argument in favour of a scenario involving a galaxy interaction 
hass been provided by the observation of substantial amounts of dust in luminous, X-
rayy emitting giant elliptical and cD galaxies (J0rgensen et al. 1983; Hansen et al. 1985; 
Sparkss et al. 1989). The presence of dust in these galaxies is quite surprising in view of 
thee short sputtering time of dust in the X-ray emitting gas. To resolve this dilemma, de 
Jongg et al. (1990) proposed an "evaporation flow" scenario based on an analysis of X-ray, 
opticall  and IRAS data of NGC 4696. They suggest that cool clouds of gas and dust 
(accretedd during a merging collision with a gas-rich companion galaxy) are heated and 
evaporatedd by thermal conduction in the X-ray plasma, locally cooling the hot gas at the 
samee time. Sparks et al. (1989) independently arrived at a similar picture based on an 
analysiss of optical data alone. This scenario provides an interesting alternative to the so-
calledd "cooling flow" picture, and once again emphasizes the importance of post-collapse 
galaxyy interactions on the evolution of elliptical galaxies. 

Promptedd by the result of de Jong et al. (1990), we embarked on a study with the aim 
too systematically study the origin and fate of dust and gas within elliptical galaxies. In 
orderr to do so, it is important to determine the morphological and physical relationships 
amongg the different components of the ISM and the structural parameters of the stellar 
componentt for a well-defined sample of elliptical galaxies. In particular, an important 
observationall  constraint for establishing the relative importance of the "cooling flow" and 
"evaporationn flow" scenarios is whether or not dust lanes or patches are associated with 
warmm ionized gas. Thus, imaging data of dust extinction and optical emission-lines are 
vitall  for such a study. Unfortunately, a major difficulty in studies of the ISM in ellipticals 
hass been the lack of reliable data of a complete sample. The classification of early-type 
galaxiess is quite difficult , and previous searches (except for the IRAS all-sky survey) 
havee been made piecewise, with different selection criteria, levels of completeness, and 
sensitivityy thresholds. For instance, recent systematic searches for dust, molecular gas, 
andd Ha emission in elliptical and SO galaxies have been performed only for galaxies with 
highh IRAS flux densities (Ki m 1989; Lees et al. 1991), or with detected X-ray emission 
(Trinchierii  & di Serego Alighieri 1991; Shields 1991). This obviously makes it difficul t to 
studyy the origin, global occurrence, and fate of the ISM in elliptical galaxies in general. 

Withh this in mind, we have conducted a deep, systematic optical survey of an optically 
complete,, blue magnitude-limited sample of elliptical galaxies. To ensure consistency 
inn the assignment of morphological types, we have chosen to draw our galaxy sample 
exclusivelyy from the Revised Shapley-Ames Catalog of Bright Galaxies (RSA, Sandage 
&&  Tammann 1981). The sample consists of all (56) galaxies with B° < 12 denoted E 
inn the RSA. This magnitude limi t was chosen in accordance with the sample of Jura et 
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olol (1987) to ensure total coverage of coadded IRAS flux densities, and coincides with the 
completenesss limi t of the RSA. 

Deepp CCD imaging has been performed both through broad-band filters and narrow-
bandd filters isolating the nebular Ha+[NII] emission lines. For each galaxy we have 
constructedd colour index ( B - V , B - I ) images and images of the Ha+[NII ] emitting gas to 
derivee the distributions of dust features and ionized gas. Long-slit spectra have also been 
obtainedd in two resolutions. Low-resolution spectra (covering the whole optical region) 
aree used to study the properties of the underlying stellar populations (e.g., metaUicity 
gradients),, and to study the excitation mechanism of the ionized gas. Additional high-
resolutionn spectra in the wavelength region around Ha have been obtained for all sample 
ellipticalss containing ionized gas to study the kinematics of the gas, and derive pure 
H aa luminosities. In this thesis, analysis of the extensive imaging data and of the high-
resolutionn spectra wil l be reported. 

Outlinee of the thesis 

Set-upSet-up of the chapters 

Thiss thesis contains 5 papers that have been assembled in chronological order. Chapters 
11 and 2 report on striking and unusual features of two elliptical galaxies in our sample, 
bothh of which are among the clearest examples of elliptical galaxies having experienced 
ann interaction event. Actually, we argue that one of them (NGC 1275; chapter 2) is 
currentlycurrently experiencing an interaction with a gas-rich, irregular galaxy. Chapters 3 and 4 
presentt the observational results and analysis of the imaging survey, and interpretation 
off  the observational data is reported in chapters 5 and 6. Each chapter can be read as a 
separatee entity. Thus, some overlap is unavoidable, especially in the introductory sections. 

ContentsContents of the chapters 

Inn chapter 1 we report an early result of our survey: The galaxy IC 1459 is found to exhibit 
aa large (15 Kpc diameter) Ha+[NII ] emission-line region, showing spiral structure. Patchy 
dustt absorption is also found in the inner part of the emission-line region. This galaxy 
wass already shown by Franx & Illingworth (1988) to contain a massive stellar core which 
counter-rotatess rapidly with respect to the stellar body of the galaxy. Interestingly, the 
sensee of rotation of the spiral "arms" of the ionized gas distribution is the same as that of 
thee rapidly rotating stellar component in the centre (assuming trailing spiral arms). These 
findingss are clear signatures of an acquisition of a companion galaxy. The radial emission-
linee intensity profile peaks much more strongly towards the centre than the stellar light 
profilee does, suggesting a strong nuclear ionization source like in the "classical black hole 
scenario""  of Gunn (1979). 

I nn chapter 2 we present deep surface photometry of NGC 1275, the central dominant 
galaxyy of the Perseus cluster. This peculiar galaxy features two distinct filamentary 
systems,, 3000 km s"1 apart in velocity space. The "hosf-galaxy NGC 1275 is associated 
withh the low-velocity system. The nature of the high-velocity system has been a matter 
off  debate for quite some time. Many investigations have argued that it is a physically 
unrelatedd late-type galaxy which just happens to be projected onto NGC 1275, and some 
studiess argue that the high-velocity system is currently interacting with NGC 1275. We 
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presentt new evidence for the latter explanation. We find that prominent absorption 
featuress of NGC 1275 have the same distribution on the sky as the high-velocity system 
off  ionized gas. Hence, the dust patches are most probably associated with the high-
velocityy system. However, our analysis of the extinction properties of the dust patches 
showss that the dust is well within NGC 1275, implying that the high-velocity system 
hass moved approximately halfway through NGC 1275. We have also found many blue 
starr clusters in our images of NGC 1275, for which we discuss the origin and nature by 
comparingg colour-magnitude diagrams with theoretical population models. We suggest 
thatt the blue star clusters have been formed in a cooling flow at the central part of the 
X-rayy emitting gas of the Perseus cluster of galaxies. 

Chapterr 3 presents the CCD broad-band photometry of the sample ellipticals. Radial 
profiless of the surface brightness, colours, and characteristics of the detailed isophotal 
shapee are derived. In addition, we show that fitting power-laws to the outer radial inten-
sityy profiles of elliptical galaxies is an excellent tool for determining the sky background 
forr CCD photometry. 

Chapterr 4 presents colour-index images and narrow-band images of the Ha+[NII ] 
emittingg gas to derive the distribution and amount of dust and ionized gas for the sample 
ellipticals.. The detection rate of dust and ionized gas are found to be about 40% and 
60%,, respectively, which is significantly higher than that of previous imaging studies. The 
distributionss of dust and ionized gas are consistent with being physically associated with 
eachh other. 

Thee wavelength dependence of the dust extinction in elliptical galaxies with large-
scalee dust lanes are presented and discussed in chapter 5. We find that the dust grains 
inn dust-lane ellipticals are smaller on average than the canonical grain size in our Galaxy. 
Comparingg the typical lifetime of dust grains in different environments with formation 
timescaless of lanes and/or rings in elliptical galaxies, we suggest that the observed charac-
teristicc dust grain size is determined by the time elapsed since the dust lane was accreted 
fromm outside. 

Inn Chapter 6 we combine the IRAS far-infrared observations, our optical survey data, 
andd the available X-ray data of the galaxies in our sample. We find that dust masses 
ass determined from the IRAS data are roughly an order of magnitude higher than those 
determinedd from optical extinction. To resolve this dilemma we argue that the majority 
off  the dust in elliptical galaxies exists as a diffusely distributed component. We show 
thatt the assumption of this newly postulated distribution of dust in terms of total masses 
andd energetics of the dust is entirely consistent with heating by optical photons and hot 
electronss in the X-ray emitting gas. The diffuse component of dust is found to have a 
non-negligiblee effect on the radial colour gradients in elliptical galaxies, and should thus 
bee taken seriously in the interpretation of colour gradients. Several arguments in favour 
off  an external origin of dust in elliptical galaxies are discussed. Last but not least, a 
strongg anticorrelation between the masses of dust and hot gas in X-ray luminous elliptical 
galaxiess is found and discussed. 
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