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When we look at 5 galaxy on the Palomar Sky_Sufvey; for example,
nearly all thé’light that wévsée originétes‘in ﬁhe'stellaf component. In
nearby spirals, we can'sometimés sée eéisgioniffoﬁ 1arge HiI regibné. I
am going to talk today hbwever abouﬁ the unéeen.édmponént, primarily
neutfal hydrogen with é curséry mention Qf'tﬁe molécularvcomponent; I
will leave out the details of theAiohiééd'gaé‘S£pdied via opticail
emission lines. | |

To start with, we have tovbé‘Suré thét‘everybﬁe has some idea of
what a gélaxy is.: For perspective; we égﬁ think_fﬁat the'typical galaxy
hasbproperties on the order.ofzb ” v |

»diameterv ‘ | D ‘v.15-40 kpc.-'j

total mass M, ~;‘2iﬁ 1011 M.

HI mass 'vﬁH ~ 5 % 10?. M@; |

luminosity L m .5-1 x 1010 L,.
The spectrum of galaxian inteér#l ﬁrbperties-ié éctually quite large,
but let's stick with these average values.

What does a'galéxy look like? And what doesjmorphoiogy have to do
with evolution, enyirbnment or iniﬁial conditions?‘fhé taxbnomy of
galaxies is pretty subjective, butAif_céﬁ:be helﬁful.in making a.first
stab at categorizing different_tyéés‘of ga1éxieS.,Mos£ gglaxy
classification'systems are based on that of‘Edwiﬁ Hubﬁle; and somehow
follow along his "tuning fork"»di;gram.

There are basically four types of galaxies:



’Elligtical galaxies have a‘spherbidal'épbearance'witﬁ littlebor no
evidence for internal structure or extinétiqn (dust). The images have
complete rotational symmetry‘and usualiy we éséume that two of the axes
are equal with the third smaller (6blate”spheroid).‘The light
distribution is characterized ﬁy a‘smooth gradient of‘surféqe brightness
from the nucleus outwatd,_of che‘férmb;‘)

I = I (r/a+ 1)"2
where r is the nuélear>distaﬁce and é i§'é‘s§ale.factor..Thefe is no
‘suggestion of resolution into bright‘bluevétar§ or knots.
Subclassification from EO to E7 is bésed,on the. geometry bf‘the
projectéd image. |
Lenticular or SO galaxies alép shéw a1smoothzimage’with*no evidence

of dust. However, the sbherdidal or bulgé'componeﬁt is now complemented
with a flat or disk componeht.‘These:gélaxies.différ from ellipticals in
their luminosity gradients. Usually three zones of luminosity are
evident: first, é nﬁcléus; fﬁen an inﬁéfmediéte ZOnévof lower surface
brightness (the lens); and iéstiy, é‘faint, extensive'oﬁter envelope. in
many respects; lenticulars représeﬁtvan iﬁtermgdiate class Between
ellipticals and spirals (but nobody is séying that a galaxy evolves from
E to SO to Sp or vicé versa).v |

| Sgiral.galaxigs are chérécterized by the pxesgngé of spiral arms
exfending outwafd from a nucleus aﬁd'pqésibly of'not; é bar,‘aCCOunting '
for the two coarse divisions iﬁﬁo barre&'and ﬁnbarréd>spirals. Each of
~these two categories is subdivided accordiﬁg to the dégreevof central
concentration and the openness.of‘the spifal arms'into types‘Sa, Sb, and

Sc. The spiral arms first emerge in the Sa galéxies where smooth arms



are tightly wound, forming nearly cireuiar'ﬁafterns around an amorphous
central’region. In Sc galaxies, we’see the domiﬁance Of highiy branched,
well differentiated multlple spirals arms that are open and well |
resolved into stars and HII reglons, with lots of visible dust In Sc's,
the nucleus is small and 1nconsplcuous. Sb galax1es are 1ntermed1ate
between Sa's and Sc's (and in fact there can also be. further d1v131on
into intermediate categories Sab s'and‘Sbc s)

Irregular galaxies are classified as such because of their lack of
rotational symmetry. There are actually two . varletles. The Irr I's show
no circular symmetry or prominent splral,structure but they are highly
resolved into O and B stars (hoe,'blue, yeung) an&‘HII regions. The Irr
I1's are peculiar, often possess iarge emounts of ebseuring’dpst, and in
man& cases may be undergoing SOme'dramatiekevent iike an explosion or
tidal interaction. | o )

Astronomers also like teifurthef‘cdnfuse”the issue by referfing to
ellipticals and 1entieulars.es "early t&be gelaxies" and to
= differentiate among spiralsksimileriy; with Sa'sfﬁeing "early" spirals
and Sc's being "late". Undoubtediy; ﬁe see the_femnant ef old ideas
about galaxy evolution along.the‘ﬁubble eequence. Today this'only,serves
to distinguish the sﬁop-telkers from the nbviees;

The source for most of myvelides of the different morpholegical

classes of galaxies is The Hubble Atlas of Galaxies (Sandage, 1961

Carnegle Inst. of Washlngton)
Since the lenticulars are in some senses more~spiral-like‘than
elliptical-like, or at least are transitionary, we can lump them With

the spirals and crudely compare ellipticals and spirals:



Ellipticals - Splrals
~elliptical shape - - disk and splral arms _
smooth luminosity gradlent - disk and bulge components
light dominated by red stars - light dominated by blue stars
- no recent star formation " evidence of recent star formation
v 4 (HII regions, etc.)
little or no gas ' gas and dust
found in cluster cores S vav01d central reglons-of clusters

From the above table, it is apparent that elllptlcal galaxies have
little or no HI gas. In fact, most experlments done on elllptlcals have
been detection surveys with a lot more negatlve;results than positive
ones. We'll come back fo éllipticals,in a'litfle‘bit. But first let's
take a look at the distribution of.gas in'sﬁirais,Sa to Sc.

In studying the HI content~of.ga1axiés; wevobserye ﬁho;ons emitted -
at a rest frequenéy of 142@.4058 MHz're;shifted'to some lbwer frequency
corresponding to the Doppler éhifﬁ of the galaxy as it recedes from us
in the expanding uni#erse. The’Zl‘ém iine of neutfél atomic hydfogen is
produced by radiative tran31tlons between the two hyperflne levels of
the ground electronic 1eve1 “In the upper hyperflne level, the electron
and proton spins are parallel' in the lower, they ‘are antlparallel A
photon is emitted when the electron flips 1ts spin to be antlparallel.
The spontaneous transition probability is 2.869x10 15Vs 1! But_there is
so much HI out there that in fact for spiral galaxies between here and
the Hercuies cluster (z=.03 or about.ZOO‘Mpc), observing the redshifted
21 cm line is the fastest way to get a gaiaxy>fedshift. .

The integrated HI profile Whicﬁ we oﬁserve wheh aAgalaxj is émaller
than the telescope beam is éffgcted by two_things:‘firét; the HI
distribution within the galaxy oﬁ(r) and seéohdly, the rotation curve.
V(r). The general concept qf a roéation cﬁrveé divides'é gaiaxy into

three zones: first, a central region of solid body rotation; second, a



turnover point where the rotaticn curVe flattenseout; and third, an
outer region where the rotation curvehmay_be»still rising, ﬁay be flat,
or may fall off (Keplerian). The nature‘cf rotation curves is etiii a
hot topic because of the consequences'ch.calculatiOns bf,thé total mass
within a galaxy, since the rctatioual yelocity ofvétars and gas at any
radius is reflective of the.mass.iutericr-to that'radius; If the outer
regions of the galaxy can look at the mass-iutetidr as concentrated
toward the center of the galaxy, then we expect the rotation curve to
fall off towards the outside in a return to Keplerlan motion and the
galaxy's mass is relatively small. However,';f the distribution of
non-luminous (dark) materiai is eufficiently wideeuread, or there is a
galaxian halo, then the rotation curve hill remain'flat or even continue
rising as far out as we‘can.trace it, audAthe masé of an individual
galaxy is much larger than that accounted for by 1ts visible llght (see'
Rubln, June 1983, Sc1ent1f1c Amerlcan, 248 96)

Examples of rotation curves show that most of them are flat The
kinematics is dominated by dlfferentlal rotatlonjover the'whole dlsk,
but deviations from circular mctions-are also evident in the.ceutral
regions, in arms, and in bars (eg. Bosma, 1981 Astrou. J. 86, 1791).

Along with the rotation. curve goes the actually distrlbution of HI
as a function of radial distance from the center. The HI in most cases
does not peak toward the center, buthrather shéwé’a central depressibn.
A nice illustration of euch riug‘structure»isethe‘radiograph of the HI
in Andromeda, M31, by Unwin (1980, MNRAS lgg, 243); The advent of_the
WSRT and the VLA have now made it‘possible tc map out the HI.
distrbutions in a number of nearby galax1es (eg. Bosma, ibid.). The

dlstrlbutlon of HI in ordlnary splrals is normally characterized by this



deficiency in the central regioﬁs and by stfuctures aséociated»with the
spiral arms in the maipvpaft of the disk._Thg céntral depreséion in our
own Galaxy occurs within a radius of 3 ?o 5 kpé, and seems to be more
pronouced in high luminosity early;type éystems‘which pdssess large
vbulges. The origin of the'centrai hole is still,a.ﬁatter of ‘debate. The
"missing" HI gas may actually be ﬁolecuiér. Wekknbwnvin‘CUf owﬁ galaxy
that a substantial amount‘of molecular gas‘résidesvin the central 1 kpc.
The few observations of‘CO_in other gélaﬁiés which are yet available
imply a concentration of H2 prgcisely'in the régions where the HI falls
off (eg. Young and Scoville, 1982, Ap. J. Zﬁg, 467).

As seen also in our own galaxy, the HI extends out farther than the
other population I objects, HII regions; young sfars and radio continuum
emission. Large-scale deviations from axiélISYmmetry, probably evidence
of oval distortions or warping,of‘thé disk aré 6ftén apparent. Most of
the edge~on galaxies studied ﬁo date éhow evidence for warps (NGC 4244,
4565, 4631, 5907). Further asymmetries 6r evén lop—éidedness may be
coincident in the HI, contiﬁuum and‘optical light’distributions‘ A‘
number (but not all) of HI appendages havé been explained in tetms of
tidal interactions among galéxies in looée groups. Invthe Local Group,
the HI bridge betweeﬁ the Magéllanic Clouds and the Magellanic Stream
(Mathewson, Cleary and Murray, 1974, Ap. J. 190, 291) are probably the
result of tidal forces. Such encountérs.ére effiéienf mechanisms for the
removal of a substantiai fractidn (50%) of a galaxy's‘interstellar
medium when the orbital motion is direct_wi;h reépect to the rotational,
the perigalactic distance is small (~20 kpc) and the relativé vélocities
of the galaxies is low (200 kms-L). Good examples of HI streams which

have been successfully modelled in terms of‘tidalfinteractions in other



systems are NGC 4631/56 (Weliacﬁew,‘SéﬁciSi'and Guelin; 1978 Astron.
Ap. 65, 37), NGC 4038/9 (van der Hulst, 1979, Astron Ap. 71, 131) and
the Leo Triplet (Rots, 1978, Astron. J. 83 219 Haynes, Glovanelll and
Roberts, 1979, Ap. J. 229, 83). Tldal encounters can remove gas from a
galaxy ﬁhich previously had‘éblot of gas; a galaxy which had little or
no gas can also inheri# some frqm‘its‘néighbdf; So certainly iﬁ groups
‘where the relative velocity is IQijut thg.épacé density is high, the HI
content of a galaxy can be,influencea bj_itsleﬁvirbnment.

As we go to early type galaxies (Sa,‘Sb;'Ej, the HI content (MH/MT)
decreases and the emission becomes iﬁcreasingly-difficult to detect. In
lenticular galaxies, the HI is often founa in a:riﬁg whose radius is
roughly equal to the extent of the optfcal.imagé.'ﬁosf ellipticals have
no detectable HI. The few that do often have ~some pecullarlty about
their optical appearance maklng thelr cla531f1cat10n suspect. The
elliptical NGC 4278 (Raimond, Faber, Gallagher.and Knapp, 1981, Ap. J.
246, 708) shows an HI disk-with some 1afge—ééalé_structure, possibly
suggesting spiral arms, and.a’dép;eésion in theICentral,
optically—bfight region. The véiocity fieid‘resembles that seen in
.spirals. |
| Another aspect éf the study ofvthe.HI'distfibutionvwithin spiral
galaxies is thg comparison éf the felative-HI contentﬁof galaxies in
different environments. We have tried.tébcdmpare‘thevﬁl content of
galaxies in rich glustefs withbfhat'of é’sampleiqf»so;called isolated
galaxies. By observing the'HI emission f:om:gala#ies in both samples, we
define a deficiency parameter as-fhe deviatioﬁ_in’the HI masé of a given

cluster galaxy with respect to that expected for a comparison isolated



galaxy of similar optical charaeteristics,‘eeeallonptieai luminosity
and surface brightness or linear diametef. |

The ‘results of such a comparlson for .a number of clusters‘show
that, in some clusters the galax1es are hlghly HI deficient, while in
others,vthe galaxies are mormal with respectvto,the isolated ones. We
have tried to figure out what is geing.oﬁ; Thefe ere'th:ee mecﬁanismsv
which might cause removal of the gas within e galexy:Al)‘tidal.
interactions; 2) galaxy-gelaxy eollisioes;.3) éelakyrintergalaetic
medium interactions. Tidal interactipns afe,ceftainly important'in
groups of galaxies, but.in clusters the velocity dispersions are too
high. Theiﬁercules supercluster-pfovides-a great eesting ground for the
latter two mechanisms. At the seme disfence are twe rich ciusters, A2151
with a high space deﬁsity, nice for galax&égalaxy.cellisions, but no
X-ray souree, aﬁd A2147 with a 10Wer space deﬁéity but- an extended x-ray
source implying the presence of a hot (108 K) 1ntergalactic medlum.
Selection effects should be mlnlmlzed because the galax1es are all at
the same d1stence and hence are roughly of the same apparent.magnitude
and angular diameter. In fact,:we eee strong deficiency in A2147 whereas
most of the galaxies»in A215175ave a norﬁallHI'content (Giovenelli;b
Chincarini and Haynes, 1981; Ap. J. 247, 383).

The galaxy-intergalacticvmediem:interactions comevbasically in two
varieties also: the ram pressure sﬁeepiné:df ﬁhe:in;erstellar gae as the
galaxy moves through tﬁe relatively stetiohety hotvintefgalactiC‘gas;'
and evaporatioﬁ, simpiy conduction across fﬁe cofoﬁa to the disk. Both
predict the decreese ovaI size which is evident iﬁ galaxies‘inAthe'
Virgo cluster (Giovanardi,'Helou; Salpeter and Krumm 1983,.Ap; J. 267,

35; Giovanelli and Haynes 1983, A.J. in press). Ajprelimihary result in



support of the ram pressure s&eeping hypothééi§ for Virgo:is the
correlﬁtion of HI deficiency with the’velocity'bf the‘galaxy with'
respect to the cluster. The fém—preséuré is proportibﬁai to the ﬁfédﬁctb
‘pigm le, where pigm is the dénsity of the'inte?galéctié»ﬁedium and V.
is the component of the galaky's vélociﬁy with respect to the
intergalactié medium which is pefpendiéﬁlér to the disk.'Hence, with the
obvious projection effect problems, deficiéncy énd relétive velocity
should be correlated in a ram;pressuré sweéping model,»whereas

evaporation makes no such . prediction.
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= Magellanie Stream

¥10. 3.—On this Aitoff projection in galactic di are drawn: (1) the high-velocity H 1 clouds (¢f. Hulsbosch 1972) (crosshatched
&eas); (2) the plane of the Local Supengataxy (thick line); (3) the direction of the H t tails on NGC 300, M&3, and IC 10 (arrows); (4) the

‘

Magellanic Stream (ondined areas); (5) the H t cloud discovered by Wright {1974) near M33, kubeled W.
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F16. 2.—(u) The distribution of the total column density of neutral hydrogen in NGC 4278 obtained by integrating the hed maps.

- The beam size is indicated in the upper right-hand corner. The contour interval is 237X 10" cm ™2, Negative contours are dashed; the zero
contour is.not given. The cross indicates the position of the nuclear source. (b) Newtral hvdmgm distribution in NGC 4278 obmn\d by
integrating the full-resolution maps over those arcas where T, >0.15 K in the smoothed maps. The contour interval is 3.79X 10" em "2,
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