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ABSTRACT

We announce the initial release of data from the Ohio State University (OSU) Bright Spiral Galaxy Survey,
a BVRJHK imaging survey of a well-defined sample of 205 bright, nearby spiral galaxies. We presentH-band
morphological classification on the Hubble sequence for the OSU Survey sample. We compare the H-band
classification to B-band classification from our own images and from standard galaxy catalogs. Our B-band
classifications match well with those of the standard catalogs. On average, galaxies with optical classifications
from Sa through Scd appear about one T type earlier in theH band than in the B band, but with large scatter.
This result does not support recent claims made in the literature that the optical and near-IRmorphologies of
spiral galaxies are uncorrelated. We present detailed descriptions of the H-band morphologies of our entire
sample, as well as B- and H-band images for a set of 17 galaxies chosen as type examples and BRH color-
composite images of six galaxies chosen to demonstrate the range in morphological variation as a function of
wavelength.

Subject headings: galaxies: fundamental parameters — galaxies: general — galaxies: spiral —
galaxies: statistics — galaxies: structure — infrared: galaxies

1. INTRODUCTION

Galaxy morphology has been a cornerstone of extraga-
lactic research even before the discovery of the extragalactic
nature of the nebulae (e.g., Parsons 1850). Detailed mor-
phological classification of galaxies, in the modern sense,
dates to the work of Hubble (1936), who established the
now classic tuning-fork diagram for galaxy morphology.
Since then there have been a number of modifications of this
basic classification scheme. Sandage (1961) described the
sequence in substantially more detail than did Hubble
(1936). De Vaucouleurs (1959) presents a scheme that
accounts for inner ring and spiral structure, as well as

strong (SB) and weak (SAB) bar classes. A later version
(de Vaucouleurs, de Vaucouleurs, & Corwin 1976) introdu-
ces the numerical ‘‘ T-type ’’ coding for morphology. This
scheme is described in its most modern form in de
Vaucouleurs et al. (1991, hereafter RC3). Van den Bergh
(1976 and references therein) introduced the DDO luminos-
ity classification scheme that relates the surface brightness
and the appearance of spiral arms with the absolute lumi-
nosity of the galaxy. Elmegreen & Elmegreen (1982) created
a classification scheme for the degree of structure seen in the
spiral arms of galaxies, ranging from flocculent (arm class 0)
to grand design (arm class 12). Buta (1986) and Buta (1995)
added a much more detailed classification scheme for
resonance rings following the general precepts of de
Vaucouleurs (1959). The most significant departure from
the basic Hubble scheme is that proposed byMorgan (1958)
and given in its final form by Morgan, Kayser, & White
(1975). This scheme is essentially a one-dimensional classifi-
cation based on the degree of concentration of light, with a
secondary ‘‘ form ’’ parameter to distinguish amongst gross
galaxy types.

A common property and, therefore, a common weakness
of all these schemes has been the nearly exclusive use of B-
band plate material for galaxy classification (although see
Zwicky 1955 and Schweizer 1976 for early work on multi-
wavelengthmorphology). This constrains existing classifica-
tion schemes in two major ways. First, as classification has
been done primarily in the B band, it is very sensitive to the
distribution of blue stars and dust. This is particularly
unfortunate for the study of late-type galaxies, as the distri-
bution of the young, blue stars and the dust can be very
different from the distribution of the total baryonic mass.
Second, although well-exposed plates, taken under good
seeing conditions, can offer excellent spatial resolution,
plates are poor photometric detectors and have a very lim-
ited dynamic range. Thus, for instance, it is possible to miss
features such as nuclear bars in classification plates that are
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deeply exposed in order to reveal the structure of spiral arms
in the outer disk (see Eskridge et al. 2000 for a discussion of
this effect).

The advent of two-dimensional near-infrared (near-IR)
detectors has resulted in numerous efforts (e.g., Hackwell &
Schweizer 1983; Thronson et al. 1989; Block & Wainscoat
1991; Block et al. 1994; Block & Puerari 1999) to compare
galaxy morphology in the optical and near-IR. These stud-
ies revealed that there can be substantial differences between
the optical and near-IR morphologies of spiral galaxies.
Indeed, Block & Puerari (1999) assert that there is no corre-
lation between the optical and near-IR classifications of spi-
rals. The main problem with these studies is that they deal
with single galaxies or, at most, small samples of objects. In
fact, the lack of a large, well-defined sample of multiwave-
length digital imaging of spirals prompted the creation of
the Ohio State University (OSU) Bright Spiral Galaxy
Survey.

We believe that classification in both the optical and
near-IR of a large, statistically complete sample of spirals is
an important step in our understanding of the physical mor-
phology of galaxies as a function of wavelength. The astro-
physical motivation for such a comparison is that very
different sorts of stars dominate the emission from spiral
galaxies at optical (B band) and near-IR wavelengths. In the
optical, the regions of current massive star formation, typi-
cally associated with the spiral arms, will dominate. Fur-
ther, the absorbing effect of interstellar dust is substantial in
the optical, and this material is also typically concentrated
along the spiral arms. In the near-IR, the flux is dominated
by light from old giants. There can be significant contribu-
tions from young supergiants, but this effect appears to be
small in all but the most extreme situations (Rhoads 1998).

A number of recent studies have attempted to classify gal-
axies in some sort of automated way (e.g., Abraham et al.
1994; Odewahn et al. 1996, 2002; Naim, Ratnatunga, &
Griffiths 1997). Such efforts, while promising, have mainly
been devoted to classification at the very simplest level:
determining if a given extended object is a pure spheroid, a
disky system, or peculiar. There have been pioneering efforts
aimed at objective bar and spiral structure classification
(e.g., Abraham et al. 1999; Odewahn et al. 2002), and such
efforts have largely been directed at studying high-redshift
galaxy samples. This is appropriate as such samples are very
large (thousands of objects) and each galaxy is typically
only a few resolution elements in diameter. Detailed classifi-
cation of well-resolved galaxies is still the provenance of
‘‘ expert classifiers.’’ A landmark study of the classification
biases of different ‘‘ expert classifiers ’’ (Naim et al. 1995)
reveals that different classifiers are in general agreement
with one another but typically have a scatter of about one T
type. Whether this is good or bad agreement is, of course, a
subjective decision. We believe it is good enough, given the
underlying purpose of morphological classification.
Although descriptive classification is not physical, it is an
essential starting point for a physical classification scheme:
morphology is akin to species taxonomy. Species taxonomy
is not genetics, but it is an essential guide to asking relevant
questions in genetics (e.g., Mayr 1942).

In this paper we present the Ohio State University Bright
Spiral Galaxy Survey sample; a large, statistically well-
defined sample of bright nearby spiral galaxies. While
previous multiobject samples (most notably that of Frei et
al. 1996) have been a great boon for many sorts of projects,

none of these samples cover a wavelength range from the
optical through the near-IR and are both large and selected
according to a well-defined set of criteria. We hope that the
availability of the OSU Survey data will be of use to the
community. In x 2 we describe the survey selection and data
taking procedure. We present statistical results of the com-
parison of the B- and H-band morphologies of the sample
in x 3 and give notes on the H-band morphologies in x 4. In
x 5 we discuss some implications of our results and suggest
promising areas for future research.

2. THE OSU BRIGHT SPIRAL GALAXY SURVEY

The Ohio State University Bright Spiral Galaxy Survey
comprises deep, photometrically calibrated BVRJHK
images of 205 spiral galaxies selected from the RC3 accord-
ing to the following criteria: 0 � T � 9; MB � 12; D � 6<5;
�80� < � < þ50� (due to the pointing limits of the CTIO
1.5 m and Perkins 1.8 m reflectors). We have been unable to
obtain near-IR data for 12 galaxies from the defined sample
that are south of � ¼ �25� (we have optical data for six of
these galaxies). Figure 1 shows histograms of RC3 T types
for all galaxies in the RC3 withMB � 12 and RC3 ellipticity
<0.5 (solid histogram) and for the OSU Sample as defined
above (dotted histogram). It is clear from this figure that our
diameter and declination cutoffs do not impose any mor-
phological selection bias on the OSU Survey.

We obtained the data for the survey in a large number of
observing runs with six different telescopes of apertures
between 0.9 and 2.4 m, in both hemispheres in the period
1993–2000. The JHK data were obtained mainly with the
1.8 m Perkins reflector of the Lowell Observatory and the
CTIO 1.5 m, with some additional data from the 2.4 m Hilt-
ner telescope of the MDM Observatory. We used OSIRIS
(DePoy et al. 1993) at the 1.8 m and the 1.5 m. We also used
CIRIM14 at the 1.5 m. The data from the 2.4 m were taken
with TIFKAM (Pogge et al. 1998). The BVR data were
obtained mainly with the 1.8 m Perkins reflector and the
CTIO 0.9 m, with additional data from the USNO 1.1 m
Hall Telescope of the Lowell Observatory, the 1.3 m
McGraw-Hill telescope of the MDM Observatory, and the
CTIO 1.5 m. A large number of imaging cameras and detec-
tors were used to obtain the BVR imaging.

For the near-IR imaging, our typical observing strategy
was as follows: We would obtain a series of short (1–20 s)
observations with no readout or dither (a stack). We would
then read out the stack, dither the telescope, and take
another stack. We would then chop by a distance compara-
ble to the field of view and take a similar set of dithered sky
observations. The total on-source integration time per gal-
axy in J and H are typically 10–15 minutes. In K we
observed somewhat longer, generally between 20 and 30
minutes. For the optical imaging, our typical strategy was
to obtain three images per filter, with total integration times
of 20–30 minutes in B, 10–15 minutes in V, and 5–10
minutes in R. As we had many nights of observing time that
were nonphotometric, we adopted a strategy of obtaining
deep images on nonphotometric nights and using photomet-
ric nights to obtain short integrations (‘‘ snapshots ’’) of
large numbers of galaxies to calibrate our deep images. Our

14 See http://www.ctio.noao.edu/instruments/ir_instruments/cirim/
cirim.html.
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data are unavoidably heterogeneous, having been obtained
at many telescopes, with many different instruments, by
many different observers, and under a wide range of sky
conditions. However, the approximate limiting surface
brightnesses of typical OSU Survey data are Blim � 26 mag
arcsec�2 andHlim � 20 mag arcsec�2.

Information about the OSU Survey is available on-line.15

With the acceptance of this paper for publication, we shall
make the uncalibrated B andH images available as an Early
Data Release.16 We plan on making the entire calibrated
BVRJHK data set publicly available when we are satisfied
with the photometric calibration. Anyone who is interested
in using data that have not been publicly released yet is
encouraged to contact one of the first three authors.

3. H- AND B-BAND MORPHOLOGY

In Table 1 we present the sample. Column (1) gives the
NGC, IC, ESO, or Anon designations of the galaxies in the
sample. In columns (2) and (3) we give the morphological
types from the RC3 and the Carnegie Atlas of Galaxies
(Sandage & Bedke 1994, hereafter CAG). Columns (4) and
(5) present our B- and H-band classifications. Our B-band
classification follows the precepts laid out in the RC3 and
CAG and is generally closer to those of the RC3. Our

H-band classification follows these same general precepts,
but with a number of differences driven by the nature of the
H-band morphology of spirals. The classic prescription for
the classification of spirals involves three observables: the
bulge-to-disk ratio; the pitch angle of the spiral arms; and
the degree of resolution (or knottiness) of the arms. For two
of these three observables, there is a clear bias toward an
earlier classification from near-IR images. In near-IR
images, the bulge is more prominent, and the spiral arms are
less knotty than they appear in optical images. It is not
obvious that the pitch angle of the spiral arms should
change systematically from the optical to the near-IR. Block
& Puerari (1999) find substantially different pitch angles in
optical and near-IR images of a small sample of spirals, but
they do not see evidence for any systematic trend. As the
degree of resolution in the arms of even very late type gal-
axies is substantially lower in theH band than in the optical,
the essential features in determining the H-band Hubble
stage are the bulge-to-disk ratio and the pitch angle of the
spiral arms.

As we discussed in x 1, the optical and near-IR emission
from spirals is dominated by different populations of stars
and subject to different levels of dust absorption. Thus,
structures that are dominated by older stellar populations
should be more prominent in the near-IR than the in opti-
cal. This has the consequence that the bar fraction in the
near-IR is significantly higher than it is in the B band
(Eskridge et al. 2000). It should also cause the observed
bulge-to-disk ratio to be higher in the near-IR than in the
optical. This should tend to drive near-IR morphological

Fig. 1.—Histograms of the distribution of RC3 T types for all spirals in the RC3 with MB � 12 and ellipticity <0.5 (solid histogram) and for the OSU
Sample (dotted histogram). The coding of RC3 T type with Hubble stage is shown along the bottom of the figure.

15 See http://www.astronomy.ohio-state.edu/�survey/.
16 See http://

www.astronomy.ohio-state.edu/�survey/EDR/index.html.
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TABLE 1

Sample Classification

Name

(1)

RC3 Type

(2)

CAGType

(3)

OSUB Type

(4)

OSUHType

(5)

NGC 150 ............ SB(rs)b Sbc(s)II pec SABb SBb

NGC 157 ............ SAB(rs)bc Sc(s)II–III SBbc Sbc

NGC 210 ............ SAB(s)b Sb(rs)I (R)Sab (R)SB0/a

NGC 278 ............ SAB(rs)b Sbc(s)II.2 Sab Sb

NGC 289 ............ SB(rs)bc SBbc(rs)I–II SB(r)bc SB(r)ab

NGC 428 ............ SAB(s)m Sc(s)III SABd SBm

NGC 488 ............ SA(r)b Sab(rs)I Sa Sa

NGC 578 ............ SAB(rs)c Sc(s)II SABcd SBc

NGC 613 ............ SB(rs)bc SBb(rs)II SBc SB(r)bc

NGC 625 ............ SB(s)m? sp Amorph/ImIII Sm Sm

NGC 685 ............ SAB(r)c SBc(rs)II SBcd SBcd

NGC 779 ............ SAB(r)b Sb(rs)I–II Sab SAB(r)b

NGC 864 ............ SAB(rs)c Sbc(r)II–III/SBbc(r)II–III SABc SBb

NGC 908 ............ SA(s)c Sc(s)I–II Sb Sc

NGC 986 ............ (R0
1)SB(rs)b SBb(rs)I–II

NGC 988 ............ SB(s)cd: SBcd

IC 239 ................. SAB(rs)cd SABc SBc

NGC 1003........... SA(s)cd Sdm Scd? (edge-on)

NGC 1042........... SAB(rs)cd Sc(rs)I–II SABbc SABc

NGC 1058........... SA(rs)c Sc(s)II–III Sab Sa

NGC 1073........... SB(rs)c SBc(rs)II SB(r)c SB(r)ab

NGC 1084........... SA(s)c Sc(s)II.2 Sbc Sb

NGC 1087........... SAB(rs)c Sc(s)III.3 SBd SBd

NGC 1187........... SB(r)c Sbc(s)II SBc SB(r)b

NGC 1241........... SB(rs)b SBbc(rs)I.2 SAB(r)bc SB(r)ab

NGC 1255........... SAB(rs)bc Sc(s)II

NGC 1300........... (R0SB(rs)bc SBb(s)I.2 SBb SBb

NGC 1302........... (R)SB(r)0/a Sa (R)SABa SB0

NGC 1309........... SA(s)bc: Sc(s)II Scd SABb

NGC 1317........... SAB(r)a Sa(s) SB(r)a SB0

NGC 1350........... (R0
1)SB(r)ab Sa(r) (R)SAB(r)a (R)SB(r)a

NGC 1371........... SAB(rs)a Sa(s) SABab SAB(r)a

NGC 1385........... SB(s)cd SBc SBd SBdm

NGC 1421........... SAB(rs)bc: Sc Sd Sc

NGC 1425........... SA(rs)b Sb(r)II

NGC 1433........... (R0
1)SB(rs)ab SBb(s)I–II

NGC 1493........... SB(r)cd SBc SABc SBd

NGC 1511........... SAa: pec Sc pec or Amorph Sm? SBd? (edge-on)

NGC 1559........... SB(s)cd SBc(s)II.2 SBc SBcd

NGC 1617........... (R0SB(s)a Sa(s) Sa (R)SAB0/a

NGC 1637........... SAB(rs)c SBc(s)II.3 Sbc SBb (pec)

NGC 1703........... SB(r)b Sc SABb

NGC 1792........... SA(rs)bc Sc(s)II Scd Sbc

NGC 1808........... (R0
1)SAB(s)a Sbc pec SABb? pec SBa

NGC 1832........... SB(r)bc SBb(r)I SAB(r)c SBab

NGC 1964........... SAB(s)b Sb(s)I–II (R)SAB(r)b (R)Sab

NGC 2090........... SA(rs)c Sc(s)II SABb Sb

NGC 2139........... SAB(rs)cd SBc SBd SBdm

NGC 2196........... (R0)SA(s)a Sab(s)I Sa S0/a

NGC 2207........... SAB(rs)bc pec Sc(s)I.2 S(r)b pec SB0/a

NGC 2280........... SA(s)cd Sc(s)I.2 Sab SBbc

NGC 2442........... SAB(s)bc pec SBbc(rs)II SBc SBbc

NGC 2559........... SB(s)bc: pec SABcd? SBb

NGC 2566........... (R0)SB(rs)ab: pec SB(r)ab (R)SBa

NGC 2775........... SA(r)ab Sa(r) Sa S0/a

A0908-08 ............ SAB(rs)b: sp Sc? (edge-on) Sc? (edge-on)

NGC 2964........... SAB(r)bc: Sc(s)II.2 Sbc SABb pec

NGC 3059........... SB(rs)bc SBc(s)III SBcd SBcd

NGC 3166........... SAB(rs)0/a Sa(s) Sa SB0

NGC 3169........... SA(s)a pec Sb(r)I–II tides Sb S0/a

NGC 3223........... SA(s)b Sb(s)I–II Sb Sa

NGC 3227........... SAB(s) pec Sb(s) (tides) SABb SBab

NGC 3261........... SB(rs)b SBab(rs)I–II SAB(r)b SB(r)a

NGC 3275........... SB(r)ab SBab(r)I SB(r)ab SB(r)ab
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TABLE 1—Continued

Name

(1)

RC3 Type

(2)

CAGType

(3)

OSUB Type

(4)

OSUHType

(5)

NGC 3319........... SB(rs)cd SBc(s)II.4 SBcd SBd

NGC 3338........... SA(s)c Sbc(s)I–II SAB(r)bc SAB(r)b

NGC 3423........... SA(s)cd Sc(s)II.2 Sc Sd

NGC 3504........... (R)SAB(s)ab Sb(s)/SBb(s)I–II (R)SBab (R)SB(r)a

NGC 3507........... SB(s)b SBb SBb

NGC 3511........... SA(s)c Sc(s)II.8 Scd SABbc

NGC 3513........... SB(rs)c SBc(s)II.2 SBcd SBc

NGC 3583........... SB(s)b Sbc SABc SBc

NGC 3593........... SA(s)0/a: Sa pec Sa S0/a

NGC 3596........... SAB(rs)c Sbc(r)II.2 S(r)bc SABb

NGC 3646........... RING Sbc(r)II pec (R)Sb SABab pec

NGC 3675........... SA(s)b Sb(r)II SABab SB(r)a

NGC 3681........... SAB(r)bc SBb(r)I–II SAB(r)b SB(r)0/a

NGC 3684........... SA(rs)bc Sc(s)II SABc SABb

NGC 3686........... SB(s)bc SBbc(s)II SABbc SBbc

NGC 3705........... SAB(r)ab Sb(r)I–II S(r)b SAB(r)ab

NGC 3726........... SAB(r)c Sbc(rs)II SAB(r)c SB(r)bc

NGC 3810........... SA(rs)c Sc(s)II Sbc SABbc

NGC 3877........... SA(s)c: Sc(s)II Sc Sbc? (edge-on)

NGC 3885........... SA(s)0/a Sa Sa? pec S0/a

NGC 3887........... SB(r)bc SBbc(s)II–III SABbc SBab

NGC 3893........... SAB(rs)c Sc(s)I.2 Sbc SABbc

NGC 3938........... SA(s)c Sc(s)I Sc Sb

NGC 3949........... SA(s)bc Sc(s)II–III SABbc SABcd

NGC 4027........... SB(s)dm Sc(s)II.2 SBd SBd

NGC 4030........... SA(s)bc Sb Sab

NGC 4038........... SB(s)m pec Sc (tides) S pec S pec

NGC 4039........... SA(s)m pec Sc (tides) S pec S pec

NGC 4051........... SAB(rs)bc Sbc(r)II SBbc SBb

NGC 4062........... SA(s)c Sc(s)II–III Sc Sb

NGC 4100........... (R0)SA(rs)bc Sc(s)I–II Sbc SBbc

NGC 4123........... SB(r)c SBbc(rs)I.8 SBbc SBb

NGC 4136........... SAB(r)c Sc(r)I–II SAB(r)bc SB(r)a

NGC 4145........... SAB(rs)d Sc(r)II SAB(r)c SBc

NGC 4151........... (R0)SAB(rs)ab: Sab SBa SB0/a

NGC 4178........... SB(rs)dm SBc SBcd SBc? (edge-on)

NGC 4212........... SAc: Sc(s)II–III Sbc SABbc

NGC 4242........... SAB(s)dm Sd/SBd SBdm SBm

NGC 4254........... SA(s)c Sc(s)I.3 Sc SABc

NGC 4293........... (R)SB(s)0/a Sa (R)Sab pec SBab

NGC 4303........... SAB(rs)bc Sc(s)I.2 SBbc SBbc

NGC 4314........... SB(rs)a SBa(rs) pec (R)SB(r)0/a pec (R)SBa

NGC 4388........... SA(s)b: sp Sab Sab? SB(r)a

NGC 4394........... (R)SB(r)b SBb(sr)I–II SB(r)ab (R)SB0/a

NGC 4414........... SA(rs)c? Sc(sr)II.2 Sbc Sab

NGC 4448........... SB(r)ab Sa(late) SAB(r)a SB(r)a

NGC 4450........... SA(s)ab Sab pec (R)Sa SBab

NGC 4457........... (R)SAB(s)0/a RSb(s)II (R)Sab (R)SB0/a

NGC 4487........... SAB(rs)cd Sc(s)II.2 SABcd SBd

NGC 4490........... SB(s)d pec Scd/SBcd SBd SBm

NGC 4496A........ SB(rs)m SB(r)d SBd? pec

NGC 4504........... SA(s)cd Sc(s)II Scd SBcd

NGC 4527........... SAB(s)bc Sb(s)II Sb SABab

NGC 4548........... SB(rs)b SBb(rs)I–II SB(r)ab SBab

NGC 4568........... SA(rs)bc Sc(s)II–III Sc pec Sbc

NGC 4571........... SA(r)d Sc(s)II–III S(r)c Scd

NGC 4579........... SAB(rs)b Sab(s)II SB(r)ab SBa

NGC 4580........... SAB(rs)a pec Sc(s)/Sa S(r)b S(r)b

NGC 4593........... (R)SB(rs)b SBb(rs)I–II SB(r)ab SBa

NGC 4618........... SB(rs)m SBbc(rs)II.2 SBdm SBm

NGC 4643........... SB(rs)0/a SB03/SBa SB(r)0/a SB0

NGC 4647........... SAB(rs)c SB(r)c SBbc

NGC 4651........... SA(rs)c Sc(r)I–II Sbc SABa

NGC 4654........... SAB(rs)cd SBc(rs)II–III SABbc SBcd

NGC 4665........... SB(s)0/a SB0/a (R)SBa

77



TABLE 1—Continued

Name

(1)

RC3 Type

(2)

CAGType

(3)

OSUB Type

(4)

OSUHType

(5)

NGC 4666........... SABc: SBcII.3 Sbc? SBc? (edge-on)

NGC 4689........... SA(rs)bc Sc(s)II.3 Sbc Sb

NGC 4691........... (R)SB(s)0/a pec RAmorph pec (R)SBd pec SBd

NGC 4698........... SA(s)ab Sa Sa S(r)a

NGC 4699........... SAB(rs)b Sab(sr) or Sa SBa SB0

NGC 4772........... SA(s)a Sa (R)SB0

NGC 4775........... SA(s)d Sc(s)III Sd Sd

NGC 4781........... SB(rs)d Sc(s)III SABdm SBdm

NGC 4818........... SAB(rs)ab: S pec SB0/a

NGC 4856........... SB(s)0/a S01(6)/Sa S0/a S0/a

NGC 4900........... SB(rs)c SBd SBdm

NGC 4902........... SB(r)b SBb(rs)I–II SB(r)b SB(r)b

NGC 4930........... SB(rs)b SB(r)b SB(r)ab

NGC 4939........... SA(s)bc Sbc(rs)I SABb SABb

NGC 4941........... (R)SAB(r)ab: Sab(s)II SABab SABa

IC 4182 ............... SA(s)m Sm dI

NGC 4995........... SAB(rs)b Sbc(s)II SAB(r)ab SBab

NGC 5005........... SAB(rs)bc Sb(s)II Sb SBa

NGC 5054........... SA(s)bc Sb(s)I–II Sc SABc

NGC 5078........... SA(s)a: sp Sa? Sa (edge-on)

NGC 5085........... SA(s)c Sc(r)II Sc SABbc

NGC 5101........... (R)SB(rs)0/a SBa (R)SB(r)0/a (R)SB0/a

NGC 5121........... (R0)SA(s)a Sa S0/a S0

NGC 5161........... SA(s)c: Sc(s)I Sc SBab

NGC 5247........... SA(s)bc Sc(s)I–II Sc Sc

NGC 5248........... SAB(rs)bc Sbc(s)I–II S(r)c Sb

ESO 383-G87...... SB(s)dm SBm dI

NGC 5334........... SB(rs)c: SBc(rs)II SBcd SBd

NGC 5371........... SAB(rs)bc Sb(rs)I/SBb(rs)I SABbc SBbc

NGC 5427........... SA(s)c pec Sbc(s)I S(r)c Sc

NGC 5448........... (R)SAB(r)a Sa(s) SAB(r)b SABa

NGC 5483........... SA(s)c SBbc(s)II–III SABc SBc

NGC 5530........... SA(rs)c Sc(s)II.8

IC 4402 ............... SA(s)b? sp Scd? Sc? (edge-on)

IC 4444 ............... SAB(rs)bc: Sc(s)II pec Sd (R)SB(r)cd

NGC 5643........... SAB(rs)c SBc(s)II–III SAB(r)b SB(r)a

NGC 5676........... SA(rs)bc Sc(s)II Sbc SABbc

NGC 5701........... (R)SB(rs)0/a (PR)SBa (R)SB0/a (R)SB0

NGC 5713........... SAB(rs)bc pec Sbc(s) pec SABd SBdm

NGC 5850........... SB(r)b SBb(sr)I–II SB(r)ab SB(r)0/a

NGC 5921........... SB(r)bc SBbc(s)I–II SB(r)bc SB(r)bc

NGC 5962........... SA(r)c Sc(rs)II.3 SABb SBab

NGC 6215........... SA(s)c Sc(s)II Scd SABbc

NGC 6221........... SB(s)c Sbc(s)II–III SABcd SBb

ESO 138-G10...... SA(s)dm Sdm S0

NGC 6300........... SB(rs)b SBb(s)II pec SAB(r)bc SB(r)a

NGC 6384........... SAB(r)bc Sb(r)I.2 SB(r)bc SBbc

NGC 6753........... (R0)SA(r)b Sb(r)I (R)S(r)a Sa

NGC 6782........... (R)SAB(r)a SBab(s) (R)SAB(r)a (R)SB0/a

ESO 142-G19...... Sb: sp Sa? (edge-on) Sa? (edge-on)

NGC 6902........... SA(r)b Sa(r) S(r)ab SB(r)a

NGC 6907........... SB(s)bc SBbc(s)II SBc SBbc

IC 5052 ............... SBd: sp Scd/SBcd Sd? Sd

NGC 7083........... SA(s)bc Sb(s)I–II Sbc Sb

NGC 7184........... SB(r)c Sb(r)II S(r)a? SB(r)a

NGC 7205........... SA(s)bc Sb(r)II.8 Sb SABb

NGC 7213........... SA(s)a: Sa(rs) Sa S0

NGC 7217........... (R)SA(r)ab Sb(r)II–III (R)Sa S0/a

NGC 7314........... SAB(rs)bc Sc(s)III

NGC 7410........... SB(s)a SBa or Sa

NGC 7412........... SB(s)b Sc(s)I–II SABc SABc

NGC 7418........... SAB(rs)cd Sc(rs)I.8 SABbc SBbc

IC 5267 ............... (R)SA(rs)0/a Sa(r)

IC 5271 ............... Sb? Sb(rs)II

IC 5273 ............... SB(rs)cd SBc(s)II–III



classification to earlier types. Structures that are dominated
by either younger stellar populations or absorption effects
will be less prominent in the near-IR than the optical. Floc-
culent spiral features, dominated either by OB stars or by
dust lanes, may disappear in the near-IR, again leading to
earlier morphological classification. Also features such as
resonance rings that are currently lit up by star formation
may be less prominent or unseen in the near-IR (see the
images of NGC 6782 on the Survey Web page for an exam-
ple). Grand-design spiral patterns are seen in near-IR
imaging of many spirals (e.g., Puerari et al. 2000); thus, spi-
ral patterns are not traced out by only the young stars. In
fact, there is evidence from the study of a small sample that
there can be drastic differences in the pitch angle of the spiral
pattern measured in the optical and the near-IR (Block &
Puerari 1999). The assertion of Block & Puerari (1999) that
the optical and near-IR morphologies of spiral galaxies are
uncorrelated begs for a comparative study of the optical
and near-IR morphological types of a large unbiased
sample of spirals such as ours.

One of us (P. B. E.) classified the entire sample in both
B and H twice, with excellent overall agreement between
the trials in each waveband: more than 80% of the classi-
fications agreed to within two subtypes (i.e., Sa to Sb).
We also cross-checked our results by comparing classifi-
cations done by two of us (P. B. E. and J. A. F.). We
selected 40 galaxies from the sample in B, and 40 in H
and compared our classifications for these subsets. For
both the B- and H-band subsets, more than 80% of the
tested galaxies were assigned types that again agreed to
within two subtypes. In no case were there any systematic
differences between any of our sets of classifications. This
compares well with the scatter between classifiers
reported by Naim et al. (1995). Figure 2 shows com-
parisons of classifications, parameterized as T types,
following the RC3. We compare the optical classifications
of the RC3 and the CAG to one another, and both of
these catalog classifications with our optical and near-IR
classifications. Tables 2A–2F give the average and
median differences and dispersions as a function of
Hubble type for each of the classification pairs shown in
Figure 2. We note that we are presently interested in
Hubble stage and bar family classification only. Although
we note the presence of inner (r) and outer (R) ring
structures when they are obvious, we otherwise feel
unqualified to make variety classifications (rs and s types)

as defined by de Vaucouleurs (1959) or detailed ring mor-
phology classifications as defined by Buta (1986, 1995).

Figure 2a and Table 2A show a good agreement between
the RC3 and the CAG for types Sab through Sc
(2 � T � 5). For galaxies with RC3 types S0/a and Sa, the
CAG gives slightly later classifications. It is well known that
the CAG classifies very few galaxies as later than Sc; thus,
the disagreement with the RC3 at late types is expected. Fig-
ure 2b and Table 2B show our OSU B-band types against
the RC3 types. Overall, the agreement is excellent. We tend
to classify galaxies with RC3 types S0/a and Sa (0 � T � 1)
as having marginally later type and galaxies with RC3 types
later than Sc (T > 5) as having marginally earlier types.
However, our optical classifications agree with the RC3 to
within the dispersion for all types S0/a through Sm. In Fig-
ure 2c and Table 2C we compare our B-band types with the
CAG. For galaxies with CAG types of S0/a through Sc
(0 � T � 5) our optical types match even better than with
the RC3. The disagreement at later types is consistent with
what is seen in Figure 2a.

In Figure 2d and Table 2D, we compare ourH-band types
with the RC3 types. For the earliest (S0/a and Sa, or
0 � T � 1) and latest (Scd through Sm, or 6 � T � 9)
types, the agreement is excellent. But for galaxies with RC3
types from Sab through Sc (2 � T � 5), our H-band types
are roughly one subclass earlier than the RC3 types on aver-
age. While this is within the dispersion for any given type,
the effect is persistent across the range of mid-type spirals.
We compare our H-band types with the CAG in Figure 2e
and Table 2E. Our H-band classifications are earlier on
average by about one subclass from CAG types S0/a
through Sbc (0 � T � 4). At Sc (T ¼ 5), we are in rough
agreement, and there are too few galaxies with CAG types
later than Sc for any meaningful comparison. Finally, in
Figure 2f and Table 2F, we compare our B-band classifica-
tions with our H-band classifications. For all OSU Survey
B-band types Sa through Scd (1 � T � 6), we assign H-
band types that are roughly one subclass earlier than the
optical types. At the very earliest (S0/a) and latest (Sd
through Sm) types, our B-band classifications agree with
ourH-band classifications on average.

In summary, we find that spiral galaxies with optical clas-
sifications of roughly Sab through Sc (2 � T � 5) appear
about one T type earlier in the H band on average. This
result persists for all optical classifications (RC3, CAG, and
our own). And the disagreement between optical and near-

TABLE 1—Continued

Name

(1)

RC3 Type

(2)

CAGType

(3)

OSUB Type

(4)

OSUHType

(5)

NGC 7479........... SB(s)c SBbc(s)I–II SBbc (R)SBbc

NGC 7496........... (R0:)SB(rs)bc SBc(s)II.8

NGC 7513........... (R0)SB(s)b pec

NGC 7552........... (R0)SB(s)ab SBb(s)I–II (R)SBb (R)SBa

NGC 7582........... (R0
1)SB(s)ab SBab(rs) SBb? (R)SBb? (edge-on)

NGC 7606........... SA(s)b Sb(r)I Sab Sab

IC 5325 ............... SAB(rs)bc Sc(s)II–III Sbc SABbc

NGC 7713........... SB(r)d: Sc(s)II–III Sd Sdm

NGC 7723........... SB(r)b SBb(rs)I–II SB(r)bc SB(r)ab

NGC 7727........... SAB(s)a pec Sa pec SABa pec S pec (early)

NGC 7741........... SB(s)cd SBc(s)II.2 SBcd SBcd

NGC 7814........... SA(s)ab: sp S(ab) Sa? (edge-on) S0/a (edge-on)
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IR classes occurs in the range of morphological types over
which all optical classifications are in good agreement. For
the earliest (S0/a and Sa) and latest (Scd through Sm) types,
there is no wavelength dependence in the morphological
classification. While there have been a number of studies
comparing galaxy morphology in the optical and near-IR
(see x 1), these have mainly been studies of individual gal-
axies or at most small samples. Ours is the first result
showing the nature of the morphological K-correction (the

change in morphology as a function of observed rest wave-
length) for a large, statistically complete sample of spirals.
Thus, it is worth considering possible physical reasons for
our results.

For the earliest types (S0/a and Sa), there is no disagree-
ment in the mean between the optical and near-IR classifica-
tions. As these galaxies have very little ongoing star
formation, and very little dust, both the optical and near-IR
morphologies are dominated by the distribution of old, late-

Fig. 2a Fig. 2b

Fig. 2c Fig. 2d

Fig. 2.—Comparisons of morphological types from the RC3, the CAG, ourB-band data, and ourH-band data. (a) RC3 types vs. CAG types, (b) RC3 types
vs. OSU B-band types, (c) CAG types vs. OSU B-band types, (d ) RC3 types vs. OSUH-band types, (e) CAG types vs. OSUH-band types, ( f ) OSU B-band
types vs. OSUH-band types. The size of the solid polygons scale with the number of galaxies at that location. The open circles are the mean y-axis values for a
given x-axis value, and the error bars are the dispersions about those means. The large open triangles are the median y-axis values for a given x-axis value. For
statistical purposes, objects classified as S0 are scored as T ¼ �1.
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type stars. The two wavebands should give similar classifica-
tions, and we are reassured that they, in fact, do so.

We find an average disagreement of one subclass between
the optical and near-IR classifications of mid-type spirals
(optical classifications Sab through Sc), in the sense that the
near-IR classifications tend to be earlier than the optical
classifications. As noted above, bulges are more prominent

and spiral arms are less knotty in the near-IR than in the
optical. This drives the earlier classification of mid-type
spirals in the near-IR.

We see no disagreement in the mean for the latest type
galaxies (Scd through Sm). These are galaxies that are domi-
nated by ongoing star formation, so this seems surprising at
first. However, very late-type galaxies have poorly defined

Fig. 2e Fig. 2f

TABLE 2B

Comparison between the RC3 and OSU B

RC3 Type Number MeanOSUBType (RC3�OSUB) Dispersion Median

0................. 10 0.6 �0.6 0.7 0.5

1................. 19 2.3 �1.3 2.3 1

2................. 15 1.7 0.3 0.8 1

3................. 32 2.8 0.2 1.3 2

4................. 41 4.4 �0.4 1.2 4

5................. 41 4.6 0.4 1.2 5

6................. 15 5.3 0.7 1.5 5

7................. 7 6.6 0.4 1.1 7

8................. 5 7.6 0.4 1.1 8

9................. 5 8.0 1.0 1.0 8

TABLE 2A

Comparison between the RC3 and CAG

RC3 Type Number Mean CAGType (RC3�CAG) Dispersion Median

0................. 10 1.0 �1.0 1.2 1

1................. 17 1.9 �0.9 1.2 1

2................. 15 2.1 �0.1 0.8 2

3................. 29 3.0 0.0 0.8 3

4................. 42 4.2 �0.2 0.8 4

5................. 40 4.7 0.3 0.5 5

6................. 14 5.0 1.0 0 5

7................. 7 5.3 1.5 0.5 5

8................. 3 5.7 2.3 0.9 5

9................. 5 5.8 3.2 2.1 5
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TABLE 2C

Comparison between the CAG and OSU B

CAGType Number MeanOSUBType (CAG�OSUB) Dispersion Median

0.................. 2 0 0 0 0

1.................. 20 1.1 �0.1 0.8 1

2.................. 13 1.6 0.4 0.8 1

3.................. 34 2.9 0.1 1.1 3

4.................. 28 4.4 �0.4 1.3 4

5.................. 68 5.0 0 1.4 5

6.................. 2 7.0 �1.0 0 7

7.................. 1 8.0 �1.0 0 8

10................ 1 9.0 1.0 0 9

TABLE 2D

Comparison between the RC3 and OSUH

RC3 Type Number MeanOSUH Type (RC3�OSUH ) Dispersion Median

0................. 10 �0.3 0.3 0.2 0

1................. 18 1.2 �0.2 2.3 1

2................. 16 1.0 1.0 0.9 1

3................. 32 1.9 1.1 1.5 2

4................. 41 3.5 0.5 1.5 4

5................. 41 3.7 1.3 1.6 4

6................. 16 6.1 �0.1 1.2 6

7................. 7 7.1 �0.1 1.2 7

8................. 5 6.0 2.0 3.9 7

9................. 5 8.8 0.2 1.0 9

TABLE 2E

Comparison between the CAG and OSUH

CAGType Number MeanOSUH Type (CAG�OSUH ) Dispersion Median

0.................. 2 �0.5 0.5 0.5 �0.5

1.................. 20 0.2 0.8 0.9 0

2.................. 13 0.8 1.2 1.0 1

3.................. 34 1.8 1.2 1.4 2

4.................. 28 3.6 0.4 1.7 3

5.................. 68 4.7 0.3 2.0 4.5

6.................. 2 8.0 �2.0 1.0 8

7.................. 1 9.0 �2.0 0 9

10................ 1 9.0 1.0 0 9

TABLE 2F

Comparison between the OSU B and OSUH

OSUB Type Number MeanOSUH Type (OSUB�OSUH ) Dispersion Median

0..................... 7 �0.1 0.1 0.9 0

1..................... 25 0.2 0.8 0.9 0

2..................... 22 1.4 0.6 1.0 1

3..................... 28 2.0 1.0 1.2 2

4..................... 35 3.4 0.6 1.2 4

5..................... 32 4.2 0.8 1.3 4

6..................... 17 5.1 0.9 1.4 5

7..................... 15 7.4 �0.4 1.1 7

8..................... 5 6.2 1.8 4.2 8

9..................... 4 9.0 0 1.4 9.5



spiral structure and very weak or nonexistent bulges as mat-
ters of definition. The things that work to drive the sort of
morphological K-correction we see for the mid-type spirals
are the relative prevalence of the bulge and the difference in
contrast and appearance of spiral arms traced by sites of on-
going star formation (in the optical) or by the distribution
of old, late-type giants (in the near-IR). Galaxies with no
bulge and very poorly defined spiral patterns will not look
substantially different in the near-IR than in the optical and
will thus be classified essentially the same on average.

4. NOTES ON INDIVIDUAL GALAXIES

Below, we provide brief descriptions of the H-band mor-
phology of each survey galaxy, along with our H-band
morphological classifications. For galaxies with OSU Sur-
vey B types more than two subtypes different (later in all
cases) than their OSU Survey H types, we discuss the fea-
tures that drive the earlier classification in theH band. Table
3 gives a set of H-band type examples for each morphologi-
cal class. We show B- and H-band images of these type
examples in Figure 3. The images in Figure 3 are typically
shown in an 8 bit logarithmic stretch with white set at 2 �
below the sky level and black at the peak value. We adjusted
this in cases with bright nuclear sources. In Figure 4, we
show color-composite images (blue is B, green is R, red is
H ) of six galaxies. We selected two early-type, two mid-
type, and two late-type spirals to show in Figure 4. Within
each pair, we selected one object that is given the same clas-
sification in the optical and near-IR and one that is classified
at least a full Hubble type earlier in the near-IR than in the
B band.

NGC 150.—SBb: Strong bar. Two-arm grand-design spi-
ral. Asymmetric arms that start before the intersection point
with the bar. Regions of strong star formation in the areas
near the arm-bar contacts. SE arm bifurcates just beyond
the bar contact point. NW arm is more linear than the SE
arm.

NGC 157.—Sbc (type example—see Fig. 3f ): No appa-
rent bar. Grand-design spiral pattern. Oval bulge with the
arms beginning at the ends of the bulge minor axis. SW arm
initially linear, then begins to wind, and bifurcate as it
crosses the disk major axis. Arm fades after only 180�. NE
arm is very wide to NE and appears to wrap a full turn
before it fades away. The optical types for this galaxy are
SAB(rs)bc: (RC3), Sc(s)II–III (CAG), and SBbc (OSU B).

It is thus a rare example of a galaxy that appears optically
barred, but unbarred in the near-IR. What appears to be a
bar in the optical looks much more like the result of projec-
tion in the near-IR.

NGC 210.—(R)SB0/a: Strong bulge threaded by thick,
high-contrast bar with visible ansae at the ends. Faint outer
ring (not obviously a spiral pattern) with star-forming
knots.

NGC 278.—Sb: Face-on. Centrally condensed, resolved
circular nucleus, embedded in a slightly elliptical bulge.
Fairly high B/D ratio. Two-armed spiral pattern, with
tightly wrapped spiral arms. Arms have obvious dust lanes
and numerous bright star-forming knots.

NGC 289.—SB(r)ab (type example—see Fig. 3d): Strong
bar and aligned elliptical bulge. Symmetric two-arm pattern
emerges from the ends of the bar. Arms are smooth and
well-defined. Arms both bifurcate after �90�. Log stretch
shows bright ansae at the ends of the bar.

NGC 428.—SBm (type example—see Fig. 3k): Nuclear
point source embedded in an asymmetric inner disk. No true
bulge. Outer disk has numerous star-forming knots, and
evidence for two very asymmetric spiral arms. The NW arm
is fairly tightly wrapped, and the better defined of the two in
its inner part. It has several very bright knots through �60�

of winding to the east. It then becomes very diffuse and
poorly defined but can still be traced as a low surface bright-
ness (LSB) feature through a winding angle of �180�. The
SE arm is very loosely wrapped and has LSB. It can be
followed for�100� to the west.

NGC 488.—Sa (type example—see Fig. 3c): System
nearly face-on. Bright, circular nucleus, embedded in a
large, slightly elliptical bulge. The bulge and disk have the
same P.A. There is a faint spiral pattern, with thin, smooth
tightly wrapped arm features embedded in a smooth disk.
There are no prominent star-forming knots.

NGC 578.—SBc: Very small, slightly elliptical bulge, with
prominent bar running E–W. System at fairly high inclina-
tion. Arms originate at ends of bar, at very steep angles
(closer to 120� than 90�). Arms well-defined for almost 180�,
then they break up. SE arm bifurcates. NW arm becomes
very diffuse. A few knots in the inner arms. Outer arms are
very lumpy. A bright companion is just to the east, super-
posed on one bifurcation of the SE arm.

NGC 613.—SB(r)bc (type example—see Fig. 3f ): Bright
nuclear point source. Nuclear bar aligned with elliptical
bulge and large normal bar. Fairly highly inclined disk. Two

TABLE 3

H-Band Type Examples

OSUH Type SA SAB SB Fig. 3

S0............................... NGC 7213 NGC 1317 a

S0/a........................... NGC 7217 NGC 1617 NGC 5850 b

Sa............................... NGC 488 NGC 1371 NGC 1350 c

Sab............................. NGC 7606 NGC 3705 NGC 289 d

Sb .............................. NGC 2090 NGC 7205 NGC 1300 e

Sbc............................. NGC 157 IC 5325 NGC 613 f

Sc............................... NGC 5247 NGC 7412 NGC 4145 g

Scd............................. NGC 4571 NGC 3949 NGC 685 h

Sd .............................. NGC 3423 NGC 4027 i

Sdm ........................... NGC 7713 NGC 1385 j

Sm ............................. NGC 625 NGC 428 k

dI ............................... ESO 383-G87 k
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bright arms emerge from the ends of the bar, with many
bright knots near the bar ends. SE arm wraps loosely to the
NE. NW arm wraps tightly to the SW and forms an inner
disk ring. Several other, lower surface brightness arms
emerge from the ring.

NGC 625.—Sm (type example—see Fig. 3k): No central
concentration. Thick disk, seen close to edge-on. No evi-
dence of spiral structure. System is rich in star-forming
knots/bright star clusters.

NGC 685.—SBcd (type example—see Fig. 3h): Bright
elongated nucleus, extending into a thin bar. Patchy, LSB
arms emerge perpendicular to the bar ends. Arms fade out
after�270�.

NGC 779.—SAB(r)b: Bright nucleus embedded in an
elliptical/boxy bulge. System has high inclination. Grand-
design two-armed spiral pattern, with the arms emerging
from the corners of the boxy bulge. The inner arms are high
surface brightness (HSB) and form an inner pseudoring,

with bright enhancements along the major axis. The arms
are embedded in a smooth disk, with no pronounced star-
forming knots. The break in the pseudoring to the NW side
of the nucleus may be due to dust extinction. At lower sur-
face brightness levels, the system is smooth and extends to
very large radii.

NGC 864.—SBb: Strong, slightly curved bar, with bright
ansae at the ends. Asymmetric arms that start before the
intersection point with the bar. SE arm has a kinky appear-
ance; more like a series of line segments than a smooth
curve. Arms make less than a half-turn before losing their
integrity. Outer spiral pattern is flocculent.

NGC 908.—Sc: Bright elliptical bulge, no evidence of a
bar. Three-arm spiral pattern, with east arm much more
open than north and SW arms. May be an inner ring in the
disk. East arm bifurcates soon after it originates from a pos-
sible inner ring. SW arm is also peculiar. It emerges from the
inner disk on the west side, curves to the south, and recon-

Fig. 3a

Fig. 3.—B- andH-band images of galaxies selected asH-band type examples. The B images are on the left, and theH images are on the right. All images are
oriented N up, E to the left. The scale bars on the B images are 10 long; each BH image pair are at the same scale. The OSU H-band types are shown on the
H-band images. (a) NGC 7213—S0 (top) and NGC 1317—SB0 (bottom). (b) NGC 7217—S0/a (top); NGC 1617—SAB0/a (middle); NGC 5850—SB0/a
(bottom). (c) NGC 488—Sa (top); NGC 1371—SABa (middle); NGC 1350—SBa (bottom). (d ) NGC 7606—Sab (top); NGC 3705—SABab (middle); NGC
289—SBab (bottom). (e) NGC 2090—Sb (top); NGC 7205—SABb (middle); NGC 1300 SBb (bottom). ( f ) NGC 157—Sbc (top); IC 5325—SABbc (middle);
NGC 613—SBbc (bottom). (g) NGC 5247—Sc (top); NGC 7412—SABc (middle); NGC 4145—SBc (bottom). (h) NGC 4571—Scd (top); NGC 3949—SABcd
(middle); NGC 685—SBcd (bottom). (i) NGC 3423—Sd (top); NGC 4027—SBd (bottom). ( j) NGC 7713—Sdm (top); NGC 1385—SBdm (bottom). (k) NGC
625—Sm (top); NGC 428—SBm (middle); ESO 383-G87—dI (bottom).

84 ESKRIDGE ET AL. Vol. 143



nects with the inner disk near the origin point of the east
arm. Arms are patchy, with many obvious star-forming
knots.

NGC 986.—No JHK data.
NGC 988.—SBcd: System close to edge-on. Nuclear

point source embedded in a thin, slightly asymmetric bar.
Inner bar is HSB. Outer bar is much lower surface

brightness. Two thick, knotty, diffuse, filamentary spiral
arms begin at the ends of the LSB bar and wrap for at
least 180�. A bright star is superposed on the NW side of
the disk.

IC 239.—SBc: System nearly face-on. Small circular
bulge embedded in a thick bar. Disk is very LSB, with
smooth two-armed grand-design spiral pattern. Arms seem

NGC 7217 B S0/a H

NGC 1617 B SAB0/a H

NGC 5850 B SB0/a H

Fig. 3b
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to begin from the long end of the bar (they are very fat at
their base) and wind through �180� before fading. LSB
nature of the arms makes any internal structure hard to
distinguish.

NGC 1003.—Scd?: Nearly edge-on. Weak nuclear point
source embedded in a very flattened bulge/lens. Inner part
of LSB disk has same P.A. as bulge/lens feature. At larger

radii there is an obvious isophotal twist/warp. There are
traces of a flocculent spiral pattern, and several knots of star
formation.

NGC 1042.—SABc: Weak bar. Nuclear point source
extends into mildly elliptical bulge. Classic two-armed
spiral. Arm emerging from the NW side of the bulge has
an HSB inner portion, becomes diffuse after �30�, and

NGC 488 B Sa H

NGC 1371 B SABa H

NGC 1350 B SBa H

Fig. 3c
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then becomes well defined again after �180�. There are a
number of bright star-forming knots in the outer part of
this arm. The NW arm winds through a total of �270�

before fading. SE arm is more regular, with an inner
HSB region fading into an outer LSB region and not
rebrightening. This arm can also be traced through
�270� before fading.

NGC 1058.—Sa: System close to face-on. Centrally
peaked nuclear source. Clear break in surface brightness
between the inner and outer disk. Very faint, flocculent
irregular spiral pattern, with tightly wound arm segments.

NGC 1073.—SB(r)ab: Strong, thin bar, and very elliptical
bulge. Weak grand-design arms form an inner ring. Arms
originate at the ends of the bar and are roughly at right

NGC 7606 B Sab H

NGC 3705 B SABab H

NGC 289 B SBab H

Fig. 3d
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angles to the bar. The B-band type is SBc for all classifiers.
We classify NGC 1073 substantially earlier in the H band
because the outer, open spiral arms are very faint in the
near-IR, leaving the inner arm/ring structure as the spiral
feature that dominates the classification.

NGC 1084.—Sb: Bright nuclear point source. Bulge
elongated along disk major axis; no sign of a bar. Multiarm

pattern, but arms not very well defined. Inner arms have a
number of bright knots. Arms wind about 180� before
fading from view.

NGC 1087.—SBd: Face-on system with a small nuclear
bar, and no true bulge. Bar is embedded in a knotty LSB
disk, with wisps of spiral structure. At LSB, there is evidence
for two very fat, open spiral features.

NGC 2090 B Sb H

NGC 7205 B SABb H

NGC 1300 B SBb H

Fig. 3e
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NGC 1187.—SB(r)b: Strong bar emerging along the
major axis of an elliptical bulge (with nuclear point source).
Spiral arms emerge from the ends of the bar. Arm beginning
in the SE (and turning to the west) is fairly regular. Arm
beginning at the NW end of the bar begins heading N, then
fades out, and reappears to the east, heading SE. Arms have
a few bright knots.

NGC 1241.—SB(r)ab: Nuclear point source. Bulge
becomes elliptical/boxy at lower intensity levels. Promi-
nent bar emerges from opposite corners of the boxy
bulge. Strong two-arm pattern with arms originating in
bright ansae at the ends of the bar. North arm is
much more tightly wrapped than south arm. Several
other arms appear at low surface brightness levels. LSB

NGC 157 B Sbc H

IC 5325 B SABbc H

NGC 613

B

SBbc

H

Fig. 3f

No. 1, 2002 IR VERSUS OPTICAL MORPHOLOGY 89



disk extends farther to the NW than the SE (disk
major axis runs SE-NW). This may be due to an inter-
action with a fainter peculiar late-type galaxy to the
NE.

NGC 1255.—No JHK data.
NGC 1300.—SBb (type example—see Fig. 3e): Strong

bar, aligned with bulge major axis. Arms commence at the

ends of the bar and are roughly perpendicular to the bar.
Arms extend roughly 180� before fading. Far ends of the
arms straighten out, rather than curving back into a
pseudoring. Arms rich with star-forming knots.

NGC 1302.—SB0: Bright circular bulge, with a weak
roughly N-S bar. Smooth lens outside bar. Perhaps a faint
outer ring. No evidence for spiral structure.

NGC 5247 B Sc H

NGC 7412 B SABc H

NGC 4145 B SBc H

Fig. 3g
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NGC 1309.—SABb: Small, bright, circular bulge; bulge
becomes more elliptical at larger radii. No other indication
of a bar. Flocculent, multiarmed spiral pattern. Spiral arms
very patchy and knotty. Arms stronger to the NE than the
SW. Most prominent arm appears to continue south on the
SE side of the galaxy, tracing out a series of bright knots in a
straight, due south line. The optical types for this galaxy are

SA(s)bc: (RC3), Sc(s)II (CAG), and Scd (OSU B). The sub-
stantially earlier type in the near-IR is due to the enhanced
prominence of the bulge in the H band compared to the
optical.

NGC 1317.—SB0 (type example—see Fig. 3a): Nuclear
point source embedded in a nuclear bar. Inner isophotes of
the bulge are elliptical with the same major axis as the bar,

NGC 4571 B Scd H

NGC 3949 B SABcd H

NGC 685 B SBcd H

Fig. 3h
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but much less flat. At lower intensity the bulge becomes cir-
cular. At lower intensity still, the isophotes become elliptical
again, but the major axis is roughly perpendicular to the
major axis of the nuclear region. This appears to extend into
a second, very faint, large-scale bar (again roughly perpen-
dicular to the inner bar). The disk is of quite low surface
brightness and has a faint inner ring at the radius where the
outer bar fades away.

NGC 1350.—(R)SB(r)a (type example—see Fig. 3c):
Bright nuclear point source. Elliptical bulge, oriented with
the major axis nearly N-S. Bar, with major axis skewed NE-
SW from bulge major axis. Bar most obvious from bright
ansae at bar ends. These bridge into an inner ring (or tightly
wound spiral arms). Faint, LSB spiral features emerge from
the ring at the ends of the apparent major axis and wrap to
form an outer ring.

NGC 1371.—SAB(r)a (type example—see Fig. 3c):
Bright, centrally condensed bulge. Elliptical, and oriented
NW-SE at high light levels. At lower light levels, a bar is
apparent, and the isophotes twist clockwise. Low surface
brightness arms emerge from ansae at the bar ends. Pitch
angle fairly steep. No obvious knots in arms. Arms appear
to wrap around to form a faint outer ring.

NGC 1385.—SBdm (type example—see Fig. 3j): Faint,
small bulge, with stubby nuclear bar threading it. Patchy,
flocculent spiral arms emerge from several locations in the
inner disk. The inner arms, especially are full of star-form-
ing knots. Inner arms include two straight segments heading
just east of north from the bar area. Outer disk is asymmet-
ric, with very little emission on the NW side of the galaxy.

NGC 1421.—Sc: System close to edge-on. Bright symmet-
ric nucleus embedded in an elliptical bulge. There appears
to be a diffuse bar with a P.A. offset �30� from the bulge
P.A. Two spiral arms emerge from the bar feature. The arms
are very well defined, but the pattern is quite asymmetric.
The disk P.A. is �0�. The south arm emerges from the bar,
then bends slightly to the south, and goes south in a straight
line almost all the way to the edge of the disk. It is thin,
HSB, and well defined. It has several strong knots/clumps
of star formation along it. The arm bends to the east at the
southern edge of the disk and quickly fades. The south side
of the disk (east of the arm) is knotty and shows signs for
one or two lower surface brightness armlets. The northern
arm bends smoothly to the west from the bar, then bifur-
cates. The inner (western) segment is thick and has a number
of bright knots, before terminating abruptly at a very elon-

Fig. 3i
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gated bright feature. The outer segment is smooth and of
LSB. It extends approximately as far to the north as the
southern arm does south but is much less well defined.

NGC 1425.—No data.
NGC 1433.—No JHK data.
NGC 1493.—SBb: Nuclear point source embedded in

elliptical bulge with a small, high-contrast bar. Flocculent
spiral pattern emerges, with structure apparent starting at
the ends of the bar. The arms are moderately tightly wound.
Arms have many bright knots, and at low light levels there
is evidence for up to four arms, each with multiple
segments.

NGC 1511.—SBd?: Nearly edge-on. SW side of bulge is
hidden by a prominent dust band, indicating that the bulge
is small. Inner SE spiral arm has several very bright star-
forming knots. Arms do not appear very extended (may be
due to foreshortening), but there is an extended, featureless
LSB disk beyond the arms.

NGC 1559.—SBcd (see Fig. 4e): Moderately inclined.
Elliptical nucleus extends into short, high surface brightness
bar. Bar is thicker in the middle than at the ends. This is the
only sign of a bulge. Flocculent spiral pattern, with evidence
for at least three patchy arms. Arms are rich in star-forming
knots. At low surface brightness levels there are a number of

wispy extensions of the arms. In Figure 4e, note the patches
of strong dust absorption that appear as red (H-band emis-
sion only) interspersed with the bright blue knots. The disk
is much smoother in theH band than the optical.

NGC 1617.—(R)SAB0/a (type example—see Fig. 3b):
Bright nuclear point source. Extends into slightly elliptical
bulge. Weak bar. Stubby spiral features emerge from the
bulge but quickly fade into the overall disk emission. Disk is
slightly asymmetric: The major axis P.A. is roughly 100�

east of north; the disk is slightly less extended to the north
than to the south. Disk is very smooth, with no evidence of
star-forming knots. Disk terminates abruptly at an outer
ring.

NGC 1637.—SBb (pec): Fairly weak bar, extending from
the major axis of an elliptical bulge. Bar is oriented close to
E-W. Disk is highly asymmetric; much more extended to the
NE than the SW. West arm turns to the south and wraps
270� before fading away. East arm turns to the north, and
fads after only 180�. Arms fairly well-defined, with a much
higher surface brightness on the east side.

NGC 1703.—SABb: System close to face-on. Symmetric
nuclear source embedded in a circular bulge. Two-armed
grand-design spiral pattern with arms emerging from the
bulge. Arms are smooth and well-defined for �180�, then

Fig. 3j
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become diffuse and patchy. One arm can be traced through
a full 360�. The other fades out after�270�.

NGC 1792.—Sbc: Centrally condensed, elliptical bulge,
with no evidence for a bar. Flocculent spiral pattern with at
least five visible arms. Arms are very prominent, and full of
star-forming knots. There is an asymmetric feature to the
SE at low surface brightness: One of the arms does not curve

in the same sense as the others, but instead extends practi-
cally straight along the major axis of the disk.

NGC 1808.—SBa: Very bright nuclear point source
embedded in a short, faint bar that is further embedded in a
boxy bulge, with a short, faint bar. At high surface bright-
ness, bulge has a ‘‘ lemon ’’ morphology. At lower surface
brightness, the bulge becomes strongly boxy. Spiral arms

NGC 625 B Sm H

NGC 428 B SBm H

ESO 383−G87 B dI H

Fig. 3k
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emerge from the east and west corners of the bulge. The east
arm has a few bright knots near the bulge, and a diffuse
patch of high surface brightness farther out. The west arm
forms a very sharp, well-defined ridge and does not appear
to have any knots. The arms are both embedded in a smooth
disk.

NGC 1832.—SBab: Bright nuclear point source,
embedded in an elliptical bulge/stubby bar. Bright ansae
at the ends of the bar. Bulge is embedded in a lens. Two
loosely wrapped arms emerge from the ends of the bar.
West arm is very diffuse, and broad. East arm is better
defined. Both arms fade from view after winding less
than 180�. Arms are patchy but show no signs of star-
forming knots. The optical types for this galaxy are

SB(r)bc (RC3), SBb(r)I (CAG), and SAB(r)c (OSU B).
The substantially earlier type in the near-IR is due to the
enhanced prominence of the bulge in the H band com-
pared to the optical.

NGC 1964.—(R)Sab: Foreground star �400 from galaxy
nucleus. System is fairly inclined. Bright nuclear point
source embedded in a thin, HSB bar within a bright
elliptical bulge. At lower surface brightness, the bar and
foreground star make the bulge isophotes appear lemon-
shaped. Faint, smooth spiral arms emerge from the minor-
axis ends of the bulge and wrap for only �90� before fading
into a general inner disk. The inner disk has a number of
knots and patches. There is a faint outer disk, with a patchy
outer ring structure.

Fig. 4a

Fig. 4.—Color-composite images of representative galaxies. Blue shows the B band, green the R band, and red theH band. (a) NGC 4314, (b) NGC 7217,
(c) NGC 4254, (d ) NGC 4579, (e) NGC 1559, ( f ) NGC 7418.
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NGC 2090.—Sb (type example—see Fig. 3e): Centrally
condensed bulge, with no evidence of a bar. Two-armed,
grand-design spiral. Arms are well defined and wrap more
than 360� before fading. Outer arms become patchy. Only a
few knots in the inner arms.

NGC 2139.—SBdm: No bulge. Asymmetric bar, oriented
E-W (west end is brighter than east end). Diffuse, patchy
LSB spiral features appear very disorganized. Direction of
arm winding appears to change from the inner to the outer
disk. Two-armed pattern appears in outer disk. Disk (and
outer arms) has numerous star-forming knots.

NGC 2196.—S0/a: Bright nuclear point source embedded
in bright elliptical bulge. A very low surface brightness disk
surrounds bulge. The disk is smooth, with only a hint of
some patchiness in the NW.

NGC 2207.—SB0/a: Interacting pair with IC 2163. NGC
2207 is the western system. Very bright, elliptical bulge, with
short, high surface brightness arms appearing roughly per-

pendicular to the inner major axis. Very extensive low sur-
face brightness arm/ring features probably caused by tidal
interaction with companion to the east. LSB arms have
many star-forming knots. In the SBc interpretation, the
stubby arms form ansae at the end of an LSB bar.

NGC 2280.—SBbc: Small bright nucleus embedded in a
short, faint bar. Spiral arms emerge from the minor axis
ends of the bulge. Within the inner disk the arms are HSB
and narrow. They abruptly become LSB and diffuse at the
edge of the inner disk. Both arms are smooth. The east arm
can be traced through �540�. The west arm fades after
�360�. The outer arms are knottier than the inner arms.

NGC 2442.—SBbc: Bright nuclear point source
embedded in a small, very elliptical bulge. Outer bulge iso-
photes become boxy (actually rhomboid). Spiral arms
emerge from the obtuse corners of the rhombus. Spiral arms
are rich in star-forming knots. Dust lanes still visible in the
H band. The arms are asymmetric. The north arm emerges

Fig. 4b
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from the east corner of the bulge, is nearly straight for some
distance, and then bifurcates, and turns sharply to the west
(the bending angle is�120�). The south arm is straight, with
a narrow central ridge line for even farther, and then bends
sharply to the east (the bending angle is �150�), and
becomes quite diffuse and broad. It appears to bend entirely
back on itself at low intensity level.

NGC 2559.—SBb: Small elliptical bulge, with variable
position angle: central isophotes are oriented roughly N-S.
At lower intensities, the P.A. rotates to NE-SW. Prominent
bar at same orientation as outer bulge isophotes. Two-
armed spiral pattern, with the arm emerging from the ends
of the bar. Both arms are peculiar, with abrupt kinks in sev-
eral places. East arm has a handful of bright star-forming
knots. West arm appears smooth. The optical types for this

galaxy are SB(s)bc: pec (RC3) and SABcd? (OSU B). The
substantially earlier type in the near-IR is due to the heavy
dust obscuration in the central part of the galaxy, which
conceals much of the bulge visible in theH band.

NGC 2566.—(R)SBa: Nuclear point source embedded in
a large slightly elliptical bulge. Bulge is threaded by a long,
thin, bright bar. Underlying LSB disk, with an outer ring/
tightly wound spiral arms. The ring is irregular and lumpy
but has no obvious bright knots of current star formation.
The disk P.A. is offset �30� away from that defined by the
bar. The outer disk isophotes appear offset from the nucleus
of the galaxy. However, sky irregularities make the disk
hard to characterize.

NGC 2775.—S0/a: Very bright nuclear point source
embedded in large slightly elliptical bulge. Disk extends

Fig. 4c
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from bulge with nearly the same isophotal shape. There is
evidence for two very faint, symmetric spiral dust absorp-
tion bands in the outer disk.

A0908-08.—Sc?: System nearly edge-on. Bright, very flat-
tened nucleus, but no sign of a bar. The inner disk is patchy,
with a number of bright knots. It is clearly crossed by a dust
lane on the east side. There is a clear break between the inner
and outer disks, and the major axis P.A. of the disk changes
at this surface brightness discontinuity. The high inclination
makes any spiral pattern hard to detect.

NGC 2964.—SABb (pec): Slightly elliptical bulge, with
possible evidence of a weak bar oriented close to bulge
minor axis. Four-armed spiral pattern, with two arms
emerging from ansae at the bar ends, and two others emerg-
ing near the center of the bar. Arms are irregular, with the
outer disk having roughly rectangular isophotes. The two
arms coming off the bar ends (the north and south arms) are
of higher surface brightness than the other two. There is
some evidence for bright knots in all but the west arm.

NGC 3059.—SBcd: Small, very flattened bulge, threaded
by a short, thin, HSB bar. Two loosely wrapped, smooth,
LSB arms emerge from the ends of the bar. NW arms is
much less curved than SE arm. Outer disk isophotes are
roughly circular.

NGC 3166.—SB0: Very bright, very elliptical nuclear
region, extending into similarly flattened bulge with the
major axis oriented nearly E-W. LSB bar oriented along
bulge minor axis. At fainter isophotes, the bulge engulfs this
bar and becomes nearly circular. At still fainter isophotes,
the bulge recovers its original E-W major axis and becomes
quite boxy. Beyond this, there is an LSB disk, with no
evidence for spiral features or star-forming knots.

NGC 3169.—S0/a: Very bright, flattened nucleus, with
evidence for a weak bar, embedded in a luminous elliptical
bulge. Outer bulge isophotes appear slightly boxy. There is
a LSB disk with patchy, flocculent spiral features. No clear
arm pattern. Although the disk is not HSB, it is large—
perhaps overfilling the field of view. The optical types for

Fig. 4d
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this galaxy are SA(s)a pec (RC3), Sb(r)I–II tides (CAG),
and Sb (OSU B). The substantially earlier type in the near-
IR is due to the enhanced prominence of the bulge in the H
band compared to the optical and the lack of any visible
spiral structure in theH band.

NGC 3223.—Sa: Bright nuclear point source, embedded
in large, elliptical bulge. Faint, symmetric, tightly wrapped
two-armed spiral pattern emerges from bulge. Arms have a
few bright knots in them.

NGC 3227.—SBab: Interacting pair with NGC 3226, with
overlapping disk isophotes. NGC 3227 is the system to the
SE. Bright nuclear point source, embedded in a bulge with a
clear X-distortion (Whitmore & Bell 1988) in the inner iso-
photes. The outer bulge isophotes are peanut-shaped. A bar
threads the bulge, along its major axis. The P.A. of the bulge
and bar is in the direction of the SE system. There are a
number of star-forming knots on the SE side of the bar.

Two broad, smooth, diffuse spiral arms emerge from the
ends of the bar and can be traced for�180�.

NGC 3261.—SB(r)a: Bright, centrally condensed nucleus,
threaded by a low surface brightness bar. Ends of the bar
intersect two (even lower surface brightness) arms. The
arms do not commence at the ends of the bar, but instead
form a nearly complete inner pseudoring. Beyond the bar,
the arms break away from the ring and can be traced for
more than 180�. They are diffuse and have obvious kinks in
several places. The east arm has a well-defined ridge line for
�120� past the end of the bar, and then turns sharply and
becomes very diffuse. The west arm is never so well defined,
but can be traced significantly farther before it fades away.

NGC 3275.—SB(r)ab: Very bright nucleus embedded in
an elliptical bulge with a short bar. The bulge is embedded
in a lens that extends to the ends of the bar. Faint spiral
arms emerge from bar ends. Arms have no evidence for

Fig. 4e
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knots. At high surface brightness, the major disk of the gal-
axy is aligned with the bar (P.A. is �135�), but at lower
surface brightness, the P.A. is closer to 0�.

NGC 3319.—SBd: No bulge. Nuclear point source
embedded in thin HSB bar. The point source is SW of the
bar center. There are a number of other lumps along the
bar. Two-armed, grand-design spiral pattern emanates from
the ends of the bar, but arms are LSB. Arms can be traced
through �240� before fading. The knots are mainly in the
outer parts of the arms: The inner disk is quite smooth. The
south arm has many more bright knots than does the north
arm.

NGC 3338.—SAB(r)b: Nuclear point source embedded in
small elliptical bulge. There is a clear inner ring, with the
spiral arms coming off the ring. There is a two-armed spiral
pattern, but both arms appear to originate from the same
spot on the ring. The arms have different inner pitch angles
and appear symmetric at large radius. Although there are a
few knots in disk, they are not associated with the spiral
arms. The arms are smooth. They are narrow and well
defined at small radii, and become broad and diffuse after

winding for �180�. At faint levels, the arms can be traced
for another�180� before fading into the sky.

NGC 3423.—Sd (type example—see Fig. 3i): Very close
to face-on. LSB, slightly elliptical bulge embedded in very
LSB disk. There are traces of spiral structure in the disk, but
no large-scale arms. There are also numerous star-forming
knots distributed about the disk that do not lie on any of the
spiral segments.

NGC 3504.—(R)SB(r)a: Bright nuclear point source in a
small slightly elliptical bulge. Bulge is threaded by a thin,
well-defined bar. Ansae at the ends of the bar form the base
of the spiral arms. The arms wrap into an inner ring and
then peel off to form a broken outer pseudoring. There are a
few knots in the ansae, but little other evidence of ongoing
star formation.

NGC 3507.—SBb: Nuclear point source embedded in
elliptical bulge. The bulge is threaded by a prominent bar.
Grand-design two-armed spiral pattern, with the arms
emerging at right angles to the ends of the bar. The arms are
well defined, and generally smooth, although there are some
knots in the inner arms. The arm emerging from the SE end

Fig. 4f
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of the bar is more tightly wrapped than that emerging from
the NW end. The surface brightness of both arms drops
abruptly after �180�. The arms can be traced through
another�180� before they fade into the sky.

NGC 3511.—SABbc: Fairly weak bulge with evidence for
a double nucleus. Bulge is elliptical, but the galaxy is at high
inclination, so this may be a projection effect. Two-armed
grand-design spiral pattern emerges from the bulge. Arms
are very diffuse, thick, and patchy. There are knots, but
none are very prominent. At low surface brightness there
are short bits of other arms.

NGC 3513.—SBc: Flattened nuclear source embedded in
a thin, HSB bar. Broad ansae at the ends of the bar have a
P.A. slightly skewed from that of the bar. The spiral arms
emerge from the ansae. The arms are broad, and patchy,
but well defined. They contain several obvious knots of star
formation. The arms can be followed through �180�. They
are not quite symmetric, with the south arm being more
open than the north arm, and the north arm showing signs
of more vigorous star formation.

NGC 3583.—SBc: Bright nuclear source, embedded in an
elliptical bulge. Bulge is threaded by a prominent bar with a
P.A. roughly halfway between that of the bulge major and
minor axes. Spiral structure commences at the radius of the
bar ends but is quite peculiar. One arm appears to originate
near the NW major-axis end of the bulge. It is quite diffuse
here. As this arm crosses the P.A. of the bar, it becomes bet-
ter defined and brighter. It then continues to the SE, but
rapidly becomes diffuse, and fades away. A second arm
appears to commence from the SW end of the bar and wraps
very tightly around the south side of the bulge. A very low
surface brightness spur of this arm extends to the east, mak-
ing the system a three-armed spiral. When the second arm
crosses the P.A. of the bar on the east side, another arm
commences, and runs parallel to the second arm to the NW
(that is, the second arm has a double structure once it passes
the SW end of the bar). At low surface brightness, the arms
become very diffuse.

NGC 3593.—S0/a: System close to edge-on. Bright cen-
tral point source embedded in a flattened luminous bulge.
Disk extends from the bulge with same P.A. There is patchy
extinction in the inner disk. No evidence of any spiral pat-
tern in the disk.

NGC 3596.—SABb: Nuclear point source embedded in a
slightly elliptical bulge. Oval inner disk aligned with bulge
P.A. Two-armed spiral pattern emerges from the major-axis
ends of the bulge. North inner arm is higher surface bright-
ness than south arm. Arms have ridges of higher surface
brightness with lower surface brightness extensions out-
ward. Both arms can be traced for 270�–300�. Arm pattern
on south side of the disk is complicated, with breaks appear-
ing in the ridge line of the arm.

NGC 3646.—SABab pec: Nuclear point source embedded
in a small, very flattened bulge. An asymmetric inner disk
surrounds the bulge. The inner disk is more extended to the
NW than to the SE. The NW side of the inner disk has a
number of knots. The spiral pattern is very odd. One spiral
arm emerges from the SE end of the inner disk and turns
counterclockwise. Another emerges from the NW side of
the inner disk and turns clockwise. These two arms appear
to merge on the SW side of the galaxy, joining in a point.
The arm structure on the west side is very well defined, and
HSB, with many bright knots. On the east side, the arms are
diffuse and patchy, with fewer knots. There is an LSB outer

disk on the west side. The referee suggests, and we agree,
that this may be an example of a galaxy with visible leading
and trailing arms.

NGC 3675.—SB(r)a: Bright nuclear point source
embedded in an elliptical bulge, threaded by a low-contrast
bar. Narrow, tightly wound spiral arms form an inner pseu-
doring and can be traced for another full winding outside
the ring. Arms are embedded in a clear interarm disk. The
outer arms are very patchy and filamentary.

NGC 3681.—SB(r)0/a: Nuclear point source, threaded
by short nuclear bar. The bar causes the bulge isophotes to
be very elliptical. Bulge is embedded in a smooth inner disk,
with a complete inner ring at its edge. The disk surface
brightness drops abruptly outside of the ring. The outer disk
is LSB, and smooth, with no evidence of any spiral struc-
ture. The optical types for this galaxy are SAB(r)bc (RC3),
SBb(r)I–II (CAG), and SAB(r)b (OSU B). The substantially
earlier type in the near-IR is due to the lack of obvious spiral
structure in theH band.

NGC 3684.—SABb: Small, elliptical bulge, threaded by a
prominent bar. Two-armed grand-design spiral pattern with
arms emerging from the major-axis ends of the bar. Arms
are fairly low contrast. There are some knots, especially on
the west arm, but the arms are fairly smooth. Both arms can
be traced through�300� before the fade into the sky.

NGC 3686.—SBbc: Bright nuclear point source
embedded in a very elliptical bulge. Bulge is threaded by a
weak bar, with the bar P.A. skewed �30� from the bulge
major axis. Grand-design two-armed spiral pattern emerges
from the ends of the bar. Inner arms are high-contrast and
have lots of filamentary structure. After winding �140�, the
arms become diffuse and LSB. The arms can be traced
through almost a full 360�. South arm bifurcates near the
bar end, with the outer part being LSB and diffuse. Thus,
the system is three-armed at large radii and LSB levels.

NGC 3705.—SAB(r)ab (type example—see Fig. 3d): Star
only �300 from nucleus. Nuclear point source embedded in
an elliptical bulge. Low-contrast bar threads bulge along
the bulge minor axis. Bar ends on a high-contrast asymmet-
ric inner ring. Weak spiral pattern in the disk outside the
ring. The arms are patchy and narrow.

NGC 3726.—SB(r)bc: Nuclear point source embedded in
small very elliptical bulge. Bulge is threaded by long, promi-
nent bar. The bar ends at an inner ring. The P.A. of the ring
is skewed by �30� from the bar major axis. Three spiral
arms emanate from the ring, with the north arm being the
best defined. It can be traced for �150�. The south arm is
the brightest and contains the majority of the star-forming
knots. It is very broad at its base and not well defined. It
fades after only �90�, but an LSB extension can be traced
for another �90�. The third (east) arm is very patchy and
diffuse. After emerging from the east side of the ring, its
inner portion proceeds in a nearly straight line to the NNW
and then bends sharply after�90�. The bend is a�140� turn
to the SW. There are several bright knots on this part of the
arm. The rest of the arm forms a very broad LSB feature to
the north and NE of the galaxy. Because of this, the system
is very asymmetric at low surface brightness levels.

NGC 3810.—SABbc: Nuclear point source embedded in
large, slightly elliptical bulge. Two-armed spiral pattern
emerges from the bulge, with well defined, high-contrast
inner arms. The arms become patchy, diffuse, and irregular
after winding �90�. They split into at least four outer arms.
Even the outer arms are rich in bright knots.
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NGC 3877.—Sbc?: System close to edge-on. Bright ellipti-
cal nuclear source embedded in a small, less elliptical bulge.
Inclination and obvious dust extinction make the details
hard to see, but there is an open two-armed spiral pattern.
The disk is full of bright knots.

NGC 3885.—S0/a: Bright, very elliptical bulge, with a
possible nuclear bar. Bulge becomes boxy at lower surface
brightness. Stumpy spiral features protrude from the NW
and SE corners of the bulge but disappear very rapidly. A
low surface brightness disk extends from the bulge and
shows weak patchy features that may be bits of arm struc-
tures. No evidence for star formation.

NGC 3887.—SBab: Fairly small, centrally condensed
bulge, becoming very elliptical with increasing radius. Bulge
is threaded by a bar with nearly the same P.A. as the bulge
major axis. Two-armed spiral pattern commences at the bar
ends. The arms can be traced for�300� before disappearing.
The arms do not have knots, but they are quite lumpy (fea-
tures much larger than typical star-forming knots). Beyond
�180�, the arms are traced mainly by these lumps (the dif-
fuse emission is largely lost in the sky).

NGC 3893.—SABbc: Centrally condensed, slightly ellip-
tical bulge. Grand-design two-armed spiral pattern emerges
from the major-axis ends of the bulge. The inner arms are
high-contrast, rich with star-forming knots, and have
obvious inner dust lanes. After winding for �250�, they
become broad, LSB outer arms that can be traced for
another�100� before fading into the sky.

NGC 3938.—Sb: System nearly face-on. Centrally con-
densed nucleus in a bright bulge. Grand-design two-armed
spiral in the inner disk, with the arms bifurcating and
becoming very broad in the outer disk. Arms are very
knotty. They can be traced through at least a full 360�

before fading into the sky.
NGC 3949.—SABcd (type example—see Fig. 3h): Very

elliptical bulge. Irregular, flocculent spiral structure in disk,
with many filaments, and knots of star formation.

NGC 4027.—SBd (type example—see Fig. 3i): No bulge.
Nucleus embedded in a bar. Two spiral arms emerge from
the end of the bar. South arm is short, winds less than 90�

before fading, and has several large, bright knots of star for-
mation. North arm is diffuse and broad, but winds through
nearly 180� before fading. No obvious knots in outer north
arm. South arm, and the beginning of north arm, are
embedded in a diffuse, patchy disk.

NGC 4030.—Sab: Centrally condensed nucleus
embedded in a large elliptical bulge. Flocculent spiral pat-
tern, with at least three arms. Arms are patchy and wispy,
still showing signs of dust lanes in the H band. Inner disk
has many star-forming knots. Outer disk appears quiescent.

NGC 4038.—S pec: North system of the Antennae.
Knotty nuclear region, with one prominent arm emerging
on the SW. Arm curves around to the north and breaks up
into a rich array of star-forming knots on the SE side, as the
arm approaches the southern system.

NGC 4039.—S pec: South system of the Antennae.
Nuclear point source. Weak arm emerges on the SW and
quickly fades into an LSB smear. NE side becomes
rapidly confused with the star-forming bridge from the
north system.

NGC 4051.—SBb: Bright nuclear point source embedded
in an elliptical bulge. Bulge is threaded by a prominent bar
aligned with the bulge major axis. System has a complex,
multiarm spiral pattern, with two dominant arms that

emerge from the ends of the bar. There are also two fainter
arms. One emerges from the west end of the bulge. The
other appears to form via the bifurcation of the southern
main arm. The arms are rich in substructure and star-form-
ing knots.

NGC 4062.—Sb: Small, moderately elliptical bulge.
High-contrast, grand-design spiral pattern, with the arms
emanating from the minor-axis ends of the bulge. Arms are
narrow and smooth for the first 180�, then become diffuse
and filamentary. Both arms can be traced through a full 360
winding.

NGC 4100.—SBbc: System close to edge-on. Bright
nucleus offset to the west of the center of the outer bulge iso-
photes. Bulge is threaded by a narrow, well-defined bar. Ini-
tially two-armed spiral pattern begins from bar ends. Arms
bifurcate after winding for �180�. Arms are fairly smooth,
with a few knots on the south side. Arms embedded in a
smooth, LSB disk.

NGC 4123.—SBb: Nuclear point source embedded in a
very elliptical bulge. Bulge has a prominent X-distortion,
and boxy/peanut-shaped outer isophotes. A long, high-con-
trast bar threads the diagonal of the boxy bulge. Bar is
asymmetric, with the east side being narrower, and higher
surface brightness. Two-armed spiral pattern emerges from
the ends of the bar. The arms are very wispy and patchy.
They can be traced for�180� before fading into the sky.

NGC 4136.—SB(r)a: Small, centrally condensed bulge,
threaded by a short, thick bar. Bar ends on a full, high-con-
trast inner ring. The major axis of the ring is nearly orthogo-
nal to that of the bar. Two open, LSB spiral arms emerge
from the major axis ends of the ring and can be traced
through �120� before fading. The south arm is fainter than
the north arm. Most of the bright knots are associated with
the interarm disk. The optical types for this galaxy are
SAB(r)c (RC3), Sc(r)I–II (CAG), and SAB(r)bc (OSU B).
We classify NGC 4136 substantially earlier in the H band
because the outer, open spiral arms are very faint in the
near-IR, leaving the inner arm/ring structure as the spiral
feature that dominates the classification.

NGC 4145.—SBc (type example—see Fig. 3g): Fore-
ground star or offset nuclear point source on SE end of a dif-
fuse nuclear bar. If it is a foreground star, there is no
nucleus. Bar is embedded in a large elliptical bulge with an
outer P.A. skewed �45� from that of the bar. Spiral arms
emerge from the ends of the bulge, at a very acute angle.
Arms are very diffuse and filamentary but can be traced for
�270� before fading into the sky. Many star-forming knots
in the outer disk.

NGC 4151.—SB0/a: Very bright nuclear point source
(AGN) embedded in a large, bright, circular bulge. Bulge is
threaded by a large, thick, high-contrast bar. Weak ansae at
the bar ends. No evidence for spiral structure. No evidence
for star formation.

NGC 4178.—SBc?: System nearly edge-on. No nucleus or
bulge, but a long, high-contrast bar. Two broad, low-
contrast spiral arms emerge from the ends of the bar. These
fade into the ambient disk after �120�. There are three very
bright star-forming knots on the SW side of the galaxy, with
many fainter ones throughout the disk.

NGC 4212.—SABbc: Nuclear point source embedded in
an elliptical bulge. There is a smooth inner disk from which
two spiral arms emanate. The west arm has higher contrast
and more knots. It can be traced for �180� before fading.
The east arm is much lower surface brightness but can be
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traced �270� before fading. As the east arm turns to the
north, this gives the outer disk a strong north asymmetry.
Dust lanes are clearly visible in the east arm.

NGC 4242.—SBm: Faint nuclear point source embedded
in a very low surface brightness disk. The central disk is
elongated and at considerably higher surface brightness
than the outer disk. The outer disk is very LSB. It has a few
patches and knots, but no sign of spiral structure.

NGC 4254.—SABc (see Fig. 4c): Small circular bulge.
Disk has an asymmetric spiral pattern. The spiral arm pat-
tern is complex. There are three prominent arms, and a
weak fourth arm. Two of the arms begin at the SW end of
the bulge. One of these wraps tightly around the bulge, and
the other is more open. The third bright arm begins at the
NE end of the bulge. The inner SW arm is just outside the
NE arm at this point. The inner SW arm then opens, and
the NE arm winds inside it. There is evidence for a weak
arm on the west side of the galaxy. The arms are narrow,
well defined, and full of star-forming knots. At low surface
brightness levels, the arm asymmetry makes the disk look
very lopsided. This is a galaxy with essentially the samemor-
phology in the B and H bands. Note in Figure 4c that there
are no small-scale differences in the optical and near-IR.

NGC 4293.—SBab: System close to edge-on. Nuclear
point source embedded in a boxy bulge with an outer X-dis-
tortion. A weak, short, broad bar threads the bulge along a
diagonal. Two very open, stubby, broad spiral arms emerge
from the ends of the bar. They can only be followed for
�45� before terminating abruptly at a discontinuous decline
in disk surface brightness. The arms are defined by a series
of bright blobs. The outer LSB disk has a P.A. skewed�45�

from that of the inner disk/bulge. It has traces of spiral
structure that give it an irregular isophotal shape.

NGC 4303.—SBbc: Bright, centrally condensed circular
bulge. Bulge is threaded by a faint bar that makes the outer
bulge isophotes appear elliptical. System has an inner pseu-
doring formed by the spiral arms. Arm pattern is complex
and irregular. Both arms start near the bar ends, but slightly
offset from them. The south arm has a great deal of structure
near its base but becomes smooth and diffuse after only
�45�. At 90� it bifurcates, with one segment turning
abruptly to the west and then fading rapidly. The other seg-
ment completes the inner pseudoring on the west side. The
north arm bifurcates immediately. The inner segment forms
the east side of the pseudoring and continues for a total of
�240� before fading. It has star-forming knots for the first
180� and then becomes smooth and diffuse. The outer seg-
ments of the north arm form a wide series of knotty
filaments to the NE. All of these fade from view after�90�.

NGC 4314.—(R)SBa (see Fig. 4a): Bright, centrally con-
densed bulge. Inner isophotes are circular but become quite
elliptical at larger radii. Bulge is boxy and is threaded by a
long, prominent, narrow bar. There are clear ansae at the
ends of the bar. There is a faint ring intersecting the bar
ends. Two broad, diffuse, LSB spiral arms also emerge from
the ends of the bar. No prominent star-forming knots exist
in the arms. The arms can be traced for�120� before fading.
Note in Figure 4a that the only color-dependent structure in
NGC 4314 is the nuclear spiral starburst that shows up
strongly in the optical.

NGC 4388.—SB(r)a: Elliptical nuclear region embedded
in a moderately bright bulge. System is close to edge-on.
Two well-defined and tightly wrapped spiral arms form a
nearly complete ring. The arms have a number of concentra-

tions in them, but these are larger and more diffuse than typ-
ical H ii region knots. At fainter isophotes this bulge/ring
system begins to look like a boxy bulge embedded in a disk.
There is an LSB extension to the disk beyond the arms/ring.

NGC 4394.—(R)SB0/a: Bright nuclear point source
embedded in a slightly elliptical bulge. The bulge is threaded
by a prominent bar. Ansae at the end of the bar form the
base of a tightly wrapped inner spiral arm pattern. The arms
are faint and diffuse, although there are a number of star-
forming knots visible. The NE arm is more prominent than
the SW arm.

NGC 4414.—Sab: Bright nuclear point source embedded
in a small elliptical bulge. Inner disk has a different P.A.
than the bulge. Spiral features appear in the inner disk and
are brightest here. The disk is very knotty, with evidence for
many bits of arms. Spiral pattern is flocculent.

NGC 4448.—SB(r)a: Very elliptical bulge, threaded by a
prominent bar that is nearly perpendicular to the bulge
major axis. Two-armed spiral pattern, with arms beginning
at the ends of the bar. Arms are very tightly wrapped, form-
ing a compete inner pseudoring. System is close to edge-on
and shows evidence for a dust lane along the north side (gal-
axy major axis is very close to E-W). Both arms bifurcate
after only �30�, with the inner, HSB portions forming the
pseudoring. The outer arms are much lower surface bright-
ness but can still be traced for�180� before fading.

NGC 4450.—SBab: Nuclear point source embedded in a
luminous elliptical bulge. The bulge is threaded by a wide
high-contrast bar, with a P.A. �20� offset from that of the
bulge. Two tightly wrapped, narrow, low-contrast arms
emerge from the ends of the bar and can be traced through
several turns before fading into the ambient disk. The P.A.
of the outer disk isophotes is aligned with that of the bulge
and not that of the bar.

NGC 4457.—(R)SB0/a: Bright, very elliptical nuclear
source embedded in a nearly circular bulge. Bulge is
threaded by a weak bar. Bulge/bar system is embedded in a
fairly low surface brightness disk that has a clear outer ring.

NGC 4487.—SBd: Point source nucleus offset from the
center of the inner isophotes. Inner isophotes form a small
bar/elliptical bulge. Disk has evidence for faint diffuse spiral
features but clear arms cannot be traced.

NGC 4490.—SBm: System close to edge-on. Center of
system is knotty. No nucleus, or bulge. Open, diffuse spiral
arms emerge from central area but quickly fade into the
ambient disk. disk is very knotty, with obvious dust lanes
and patches. Outer disk isophotes are irregular, with abrupt
changes in P.A. Evidence for very LSB extensions of the
disk to the NW and SE.

NGC 4496A.—SBd? pec: Interacting with NGC 4496.
Faint nucleus within a thin, very prominent bar. There is a
hint of spiral structure to the NW (away from the brighter
galaxy), but otherwise the disk is very patchy and irregular.
There appear to be many luminous knots/companion gal-
axies. Most of these are associated with the NW system, but
they exist throughout the region.

NGC 4504.—SBcd: Point source nucleus. Highly elliptical
bulge, but this may be an inclination effect. Very low surface
brightness arms extend from the ends of the bulge, with the
P.A. being consistent with the bulge being weakly barred.
No evidence of star-forming knots. Entire galaxy is very
LSB.

NGC 4527.—SABab: Small, bright elliptical bulge. Outer
bulge isophotes are irregular, possibly due to extinction.
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Prominent grand-design two-armed spiral pattern, with the
arm origin slightly offset from the bulge major axis. Arms
are fairly broad, even in the inner region and show a great
deal of patchy/filamentary structure. System is close to
edge-on, so foreshortening is a problem, but the arms
appear to continue for at least 180� before fading. The arms,
and the interarm regions, are rich in star-forming knots.

NGC 4548.—SBab: Nuclear point source embedded in a
slightly elliptical bulge. Bulge has a clear isophotal twist of
�90� from the inner to the outer isophotes. Bulge is
threaded by a prominent bar, aligned with outer bulge P.A.
There is an incomplete inner pseudoring at the ends of the
bar, formed by the inner parts of the spiral arms. The arms
do not begin at the bar ends, but more than 90� before that.
After the arms wrap past the bar, the SE arm becomes very
open and quickly becomes diffuse. The NW arm is much
more tightly wrapped and remains prominent for much lon-
ger. The east arm has many more knots in its inner part than
the west arm. The outer disk is asymmetric, with the SE side
being higher surface brightness than the NW. The arm
structure splits into several armlets in the outer disk. Outer
disk isophotes are roughly aligned with the inner bulge iso-
photes (and orthogonal to the outer bulge).

NGC 4568.—Sbc: Interacting pair with NGC 4567. NGC
4568 is the system to the SE. Small, moderately bright ellip-
tical bulge, embedded in an inner disk. Inner disk has
structure, but no spiral arms. Arms begin somewhat farther
out and are narrow, well defined, and smooth. There is a lot
of interarm emission as well. There are fainter, flocculent
arm structures on the north side of the galaxy.

NGC 4571.—Scd (type example—see Fig. 3h): Large, cen-
trally condensed, circular bulge embedded in an inner lens.
There is a faint two-armed spiral pattern emerging from the
lens. The inner arms are fairly well defined. The arm begin-
ning in the south is well defined for 150� and then becomes
very faint and diffuse. The diffuse continuation can be fol-
lowed for another �150�. The north arm is well defined for
�270� but has several abrupt kinks. Beyond this, it becomes
diffuse and can be traced for another�90�.

NGC 4579.—SBa (see Fig. 4d): Bright, centrally con-
densed, slightly elliptical bulge, threaded by a prominent
bar with a P.A. offset �30� north of the bulge major axis.
Bright ansae at the ends of the bar are the origins of the spi-
ral arms. Arms are smooth, with no evidence of knots or
substructure, and tightly wrapped. The arm emanating from
the SW end of the bar is the more prominent and can be
traced for �300�. The NE arm can be traced for �200�.
Note in Figure 4d that the outer spiral structure in NGC
4579 is very blue. The difference in morphology between the
optical and near-IR is driven by the very blue outer star-
forming spiral arms.

NGC 4580.—S(r)b: Small circular bulge embedded in a
smooth inner disk. The edge of the inner disk is defined by a
prominent inner ring. The ring is formed by a pair of spiral
arms that break away after turned 180�. Once past the ring,
the arms break up into a flocculent spiral.

NGC 4593.—SBa: Bright nuclear point source embedded
in a large elliptical/boxy bulge. A strong bar emerges from
the NE and SW corners of the boxy bulge. The ends of the
bar coincide with the edge of an inner disk or lens. Two very
diffuse, smooth open spiral features emerge from the ends of
the bar. They can both be followed for �150�–180� before
fading. There is evidence for a third arm emerging from the
inner disk on the south side of the galaxy.

NGC 4618.—SBm: No bulge. Nucleus is embedded in a
diffuse bar. The bar is not centered on the nucleus, but
rather extends farther to the SW than the NE of the nucleus.
There is one prominent spiral arm emanating from the NE
end of the bar and continuing for at least 300� before fading
out. The prominent star-forming knots are all in the first
�120�. Beyond this, the arm becomes smooth and very
diffuse.

NGC 4643.—SB0: Bright, elliptical bulge threaded along
its major axis by a long, prominent bar. Bulge/bar is
embedded in a faint, smooth, featureless disk.

NGC 4647.—SBbc: Small, very flat bulge embedded in a
bar with the bar P.A. nearly orthogonal to the bulge P.A.
Symmetric two-armed spiral pattern emerges from the ends
of the bar. Arms can be traced through a full winding before
fading. Outer arms are very fluffy. May be effected by
nearby giant elliptical.

NGC 4651.—SABa: Bright nuclear point source
embedded in slightly elliptical bulge. Bulge is threaded by
a prominent bar that is misaligned by �30� with the
bulge major axis. A complex spiral pattern begins at the
radius of the bar ends, but the arms do not clearly begin
at the ends of the bar. There are at least three visible,
smooth, tightly wrapped, and well-defined arms. Two of
them can be traced for �150�. The third is fairly short,
wrapping for only �90�. There is a clear LSB extension
of the disk, with evidence for bits of spiral structure that
may or may not be associated with the more prominent
inner arms. The optical types for this galaxy are SA(rs)c
(RC3), Sc(r)I–II (CAG), and Sbc (OSU B). The substan-
tially earlier type in the near-IR is due to the enhanced
prominence of the bulge in the H band compared to the
optical, and the very low contrast of the spiral arms in
the near-IR.

NGC 4654.—SBcd: No real bulge. Nucleus is threaded by
a short, thin, HSB bar. Two prominent spiral arms emanate
from the ends of the bar. The arm emanating from the SE
end of the bar and wrapping around the north side of the
disk is the more prominent. It is rich in star-forming knots
for the first �180� and becomes smooth and diffuse there-
after. It can be traced for nearly a full 360�. The inner part
of the NW arm is also rich in star-forming knots but
becomes broad and diffuse after�150�. It can be traced only
�270� before fading from view.

NGC 4665.—(R)SBa: Bright round nuclear source
embedded in a luminous, slightly elliptical bulge. Bulge is
threaded by a prominent, HSB bar. Two faint, diffuse spiral
arms emerge from the ends of the bar and form a complete
pseudoring. There is also clear interarm emission. The faint
outer isophotes are clearly elliptical, at a position angle
�45� away from that of the bar.

NGC 4666.—SBc?: System close to edge-on. Bright
nucleus embedded in a thin HSB bar. Bulge is small and flat-
tened. There appears to be spiral structure emanating from
the ends of the bar, but the system inclination makes the spi-
ral pattern hard to see. Any spiral pattern is flocculent,
rather than grand design. The ends of the bar and the disk
are full of star-forming knots and patches of extinction.

NGC 4689.—Sb: Small, slightly elliptical bulge,
embedded in a slightly elliptical, smooth inner disk. Faint
spiral features emerge from this disk at the point that its
surface brightness drops rapidly. The arms are very low con-
trast but clearly defined as ridges of changing surface bright-
ness in a very LSB outer disk.
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NGC 4691.—SBd: No real bulge. A number of bright
knots are strung along a prominent bar. The brightest of
these knots is somewhat elliptical, and has a different P.A.
than does the bar, but is close to the bar midpoint. Two dif-
fuse, LSB arms emerge from the ends of the bar, and form a
nearly complete, faint outer ring. No evidence for knots
associated with the arms.

NGC 4698.—S(r)a: System seen close to edge-on. Bright
nuclear point source embedded in a large, luminous bulge.
Bulge isophotes are circular. A smooth disk surrounds the
bulge. There are no signs of star formation, but there are
features in the disk that could be either very tightly wrapped
spiral arms or a ring.

NGC 4699.—SB0: Bright nuclear point source embedded
in elliptical bulge. The bulge is threaded by a short bar, ori-
ented along the bulge major axis. The bulge/bar system is
embedded in a smooth, featureless disk with the same P.A.
as the bulge. No evidence of spiral structure.

NGC 4772.—(R)SB0: Nuclear point source embedded in
a bright, circular bulge. Bulge is threaded by a long, broad,
LSB bar. At the ends of the bar, two very faint, narrow,
smooth arms wrap around the galaxy to form an outer ring.

NGC 4775.—Sd: Small, elliptical bulge. Inner disk is
irregular, with no clear spiral pattern. Spiral pattern in the
outer disk is very faint and asymmetric. The dominant arm
is very open, broad, and diffuse. It originates on the SE side
of the disk and curves to the NW. It can be traced for
�180�. The arm originating on the NW side of the disk is
higher surface brightness, but very short and stubby. There
are obvious knots in the arms/disk.

NGC 4781.—SBdm: Small, faint bulge. A small bar is ori-
ented nearly E-W. Very ratty, patchy, open spiral arms
emerge from the ends of the bar. The disk has a P.A. skewed
about 30� south of E-W (significantly different than that of
the bar).

NGC 4818.—SB0/a: Bright nuclear point source
embedded in an elliptical bulge. Bulge is threaded by a bar.
The P.A. of the bar is skewed �30� from the major axis of
the bulge. (An alternate description is that there are short,
very loosely wrapped spiral arms emanating from the
bulge). At lower surface brightness, this structure simply
appears to be a bulge with the P.A. of the bar. At still lower
surface brightness levels, this inner structure is embedded in
a faint disk. The P.A. of the disk is aligned with the P.A. of
the inner bulge and not with the bar/outer bulge isophotes.
There is evidence for very low contrast, broad spiral features
in the disk.

NGC 4856.—S0/a: Centrally condensed, bright elliptical
nucleus, with small variations in P.A. Bulge is very large
and bright, with no sign of a bar (galaxy is highly inclined).
Stubby, smooth, low-contrast arms emerge from the bulge
and fade rapidly into the overall disk emission. Disk is sym-
metric and featureless aside from the stubby arms.

NGC 4900.—SBdm: No real bulge. Nucleus threaded by
a short, HSB bar. One prominent spiral arm emerges from
the SE end of the bar. Arm is very patchy and rich in star-
forming knots. The arm is embedded in a patchy disk, the
center of which is clearly offset from the nucleus/bar. The
disk has evidence for star formation not associated with the
arm.

NGC 4902.—SB(r)b: Centrally condensed bulge. Outer
bulge isophotes are elliptical. A prominent bar is slightly
skewed with respect to the bulge major axis. Bright stellar
feature in/imposed on SW side of bar. Bar ends in a pro-

nounced inner pseudoring. After �150� of winding, spiral
arms break away from the ring (the ring is complete, but the
final �30� on either side is much fainter). At least two
fainter arms emerge earlier from the ring, the more promi-
nent of which emerges at a clear kink on the north side of
the ring. The arms are diffuse and patchy.

NGC 4930.—SB(r)ab: Bright nuclear point source
embedded in an elliptical bulge, with a long, prominent bar.
There is a resonance ring at the ends of the bar. Ring is
slightly brighter at the ends of the bar. Faint, smooth spiral
features extend from the ring but are offset in P.A. by�135�

from the bar ends (assuming trailing arms).
NGC 4939.—SABb: Nuclear point source embedded in a

very elliptical bulge. Evidence for a weak bar that makes the
outer bulge isophotes lemon-shaped. There is a tightly
wrapped, two-armed grand-design spiral pattern, with the
arms emerging from the minor axis ends of the bulge. The
arms are narrow, smooth, and very well defined. They can
both be traced through �540� before fading into the sky.
The arms become broader and more diffuse after the first
�360�.

NGC 4941.—SABa: Marginally resolved nucleus in an
elliptical bulge with a strong isophotal twist. Smooth, low-
contrast, bisymmetric two-armed spiral pattern emerges
from the major-axis ends of the bulge. Arms can be traced
for�180� before fading into the ambient disk.

IC 4182.—dI: Nuclear point source embedded in a dif-
fuse, LSB disk with no sign of spiral structure, and some evi-
dence for patchy star formation.

NGC 4995.—SBab: Elliptical bulge, threaded by a weak
bar with the bar P.A. skewed �45� from that of the bulge.
Tightly wrapped spiral arms emerge from the bar ends.
There are four arms, but it is really a doubled two-arm spi-
ral, with both arms doubled from the outset. The inner arms
are high contrast, with sharp ridge lines. There are a number
of knots, especially on the north side of the disk. The outer
disk isophotes are aligned with the bulge major axis.

NGC 5005.—SBa: System is fairly inclined. Bright, ellipti-
cal bulge with a flattened nuclear source. Bulge is threaded
by a bar with a P.A. skewed �30� from that of the bulge.
The outer bulge isophotes are boxy, and the bar crosses the
diagonal of the bulge. There are two ansae near the ends of
the bar. Two very narrow spiral arms. The inner arms have
some evidence for star-forming knots and are quite open.
However, the outer arms tighten and appear to wrap several
times around the system. The outer disk shows an occa-
sional knot, but there is no coherent star-forming pattern
associated with the outer arms.

NGC 5054.—SABc: Bright, round nuclear source
threaded by a nuclear bar. This causes the outer bulge iso-
photes to appear elliptical. There is an inner disk, with no
spiral structure. Beyond this, there is a prominent, grand-
design three-armed spiral pattern. The arms are all well
defined and have numerous star-forming knots. The arm
origin points are spaced�120� apart, so there is no evidence
that this galaxy has two main arms plus an anomalous arm.
The N/NE arm has the steepest pitch angle, but all are fairly
loosely wound. All the arms can be followed for �180� at
the faintest level. Beyond �120�, the N/NE arm is quite
faint.

NGC 5078.—Sa: System close to edge-on. Bright elliptical
bulge, clearly cut by an absorption lane to the SW. (The
major axis is roughly NW-SE). A feature resembling a bar is
probably the edge-on disk. Very large B/D ratio, with no

No. 1, 2002 IR VERSUS OPTICAL MORPHOLOGY 105



clear evidence of structure aside from the prominent dust
lane. At low surface brightness levels, the isophotes take on
a pointy-box morphology typical of disk systems with boxy
bulges.

NGC 5085.—SABbc: Small, bright bulge. Outer bulge
isophotes are elliptical, but no other evidence of a bar.
Grand-design two-armed spiral, with well defined, broad
spiral arms. Arms can be traced nearly 360� before fading.
Arm that emerges on the SW of the bulge bifurcates after
winding almost 180�. Both arms have many star-forming
knots, even quite far out in the disk.

NGC 5101.—(R)SB0/a: Bright nuclear point source
embedded in a large, bright, circular bulge. At fainter iso-
photes the bulge becomes elliptical and is threaded by a thin,
prominent bar. There are ansae at the ends of the bar that
form the base of a ring/spiral arms. No evidence of star for-
mation or structure in the disk.

NGC 5121.—S0: Bright nuclear point source. Inner bulge
isophotes are circular but become elliptical at larger radii.
No evidence for a bar. Very LSB disk with no evidence for
internal structure.

NGC 5161.—SBab: Centrally condensed elliptical bulge
embedded in a faint bar. Bright ansae are offset slightly
downstream (assuming trailing arms) from the ends of the
bar. Spiral pattern is two-armed, but the arms are patchy,
diffuse, and fragmented. Arm features are clear for more
than 180� of winding. The optical types for this galaxy are
SA(s)c: (RC3), Sc(s)I (CAG), and Sc (OSU B). The substan-
tially earlier type in the near-IR is due to the enhanced
prominence of the bulge in the H band compared to the
optical, and the low surface brightness of the outer, open
arms in the near-IR.

NGC 5247.—Sc (type example—see Fig. 3g): Elliptical,
centrally condensed bulge. No evidence of a bar. Inner HSB
disk shows the origin of the two-armed grand-design spiral
pattern. Spiral arms are very well defined, with numerous
star-forming knots along their central ridge lines. Pattern is
slightly asymmetric, with the north arm being more open
and less extended than the south arm. Both arms bifurcate
after wrapping for about 180�. The secondary arms are
much fainter than the primary arms beyond the bifurcation.

NGC 5248.—Sb: Nuclear point source embedded in a
short, wide nuclear bar. Nucleus/bar structure is further
embedded in a luminous elliptical bulge with a P.A. skewed
�45� from that of the bar. Two well-defined, asymmetric
spiral arms appear in the inner disk. The arms are rich in
knots. The north arm turns through �90� and then termi-
nates abruptly. The surface brightness of the south arm
drops after �90� also, but the south arm can be traced
beyond this point for another�90� before fading from view.
There are wispy, very LSB features in the outer disk, mainly
on the west side.

ESO 383-G87.—dI (type example—see Fig. 3k): No
bulge. No nucleus. No spiral structure. Diffuse LSB disk
with an axial ratio of roughly 2 : 1. A large number of bright
knots that could be star clusters or individual bright stars.
The system appears to have an isophotal twist at large radii.

NGC 5334.—SBd: Small bulge embedded in a short,
prominent bar. The bulge/bar system is surrounded by a
wispy, irregular disk that has many spiral segments, but no
coherent spiral arm pattern. The disk has a number of con-
centrations and knots in it.

NGC 5371.—SBbc: Nuclear point source embedded in
an elliptical bulge. Bulge is threaded by a prominent bar

with a P.A. skewed �45� from that of the bulge. On the
west side of the bar, a doubled arm emerges offset behind
the end of the bar. The outer part of the doubled arm
can be traced through �400� before it fades into the sky.
After �270� it becomes smooth and LSB. On the east
end of the bar a single arm emerges from the bar end,
with no offset. The arm can be traced through �90�

before it merges with the inner part of the doubled west
arm. The merged feature can be traced through another
�300� after this. For the last �120�, it is smooth and
LSB. The disk is full of knots, with the brightest knots in
the arms. There are clear dust lanes especially on the
southern side of the disk.

NGC 5427.—Sc: System is nearly face-on. Bright nucleus
embedded in a small, slightly elliptical bulge. Some evidence
for a weak oval distortion with a P.A. skewed by �45 from
that of the bulge. Grand-design two-armed spiral pattern
emerges from the bulge. The arm that emerges from the west
side of the bulge is HSB for �250� and has many bright
knots. It then fades, but it can be traced through a full 360�

winding. The east arm has fewer knots and is HSB for only
�150�. It can also be traced at lower surface brightness
levels through a full 360�. Both arms have spurs at �180�.
There is a LSB bridge to the interacting companion to the
south.

NGC 5448.—SABa: System close to edge-on. Nuclear
point source embedded in an elliptical bulge. Outer bulge
isophotes are boxy, with a pronounced X-distortion at low
levels. An LSB bar threads the bulge along its diagonal. Spi-
ral arms begin at the ends of the bar. The bases of the arms
are higher surface brightness than the ends of the bar and
are also fairly broad. The broad, high-contrast portions of
the arms are short. After only �45�, the arms become nar-
row and much fainter. After �90� the arms become fainter
still and appear to bifurcate. The outer LSB arms are very
diffuse. The inner arms appear to wrap around the disk,
forming a nearly complete ring.

NGC 5483.—SBc: Small bulge embedded in a small lens/
bar. Two smooth, well-defined spiral arms emerge from the
ends of the bar. Arms emerge at right angles to the bar P.A.
and can be traced for �180� before fading. Inner arms have
some evidence for knots, but outer arms are quite smooth.
Arms become much wider and more diffuse at �180�. P.A.
of outer isophotes is �90� offset from that of bar/lens
component.

NGC 5530.—Not observed due to the presence of a very
bright star superposed on the galaxy nucleus.

IC 4402.—Sc?: System close to edge-on. Small, bulge/
nucleus, with no sign of a bar. There appear to be two main
spiral arms, but they are quite asymmetric. The SE side of
the galaxy is much brighter than the NW side. This may be
due to the dust absorption features that are obvious even in
theH band.

IC 4444.—(R)SB(r)cd: Star just north of nucleus. Small,
faint bulge, threaded by well-defined bar. There appears to
be a complete inner ring at the radius of the bar ends, but
the star makes this difficult to determine. There are at least
three spiral arms, all of which commence from the ends of
the bar. The SE end of the bar has one arm emanating from
it, winding to the west. This arm extends only 90� before it
fades into the ambient disk. The NW end of the bar has two
arms emanating from it. One is tightly wound, short, and
full of bright star-forming knots. The other is quite loosely
wound and wraps for �180� before fading. This third arm
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has a region of intense star formation roughly east of the
bulge (winding angle of�120�).

NGC 5643.—SB(r)a: Bright nuclear point source,
embedded in slightly elliptical bulge. Bulge is threaded by a
narrow, prominent bar. Bar and bulge major axis are mis-
aligned by �30�, but there is an isophotal twist in the bulge,
such that the bar and bulge isophotes align at low intensity.
Bright spiral arms begin at the ends of the bar. The spiral
structure is flocculent and asymmetric, but features can be
traced out for several windings. The arms are rich in star-
forming knots, and filamentary structure.

NGC 5676.—SABbc: Small elliptical/boxy bulge
threaded by a short, low-contrast bar. Two-armed spiral
pattern emerges from the ends of the bar, at an angle of
�150� to the bar major axis. The arms are knotty and have
a number of bends in them but are well defined, high-con-
trast features for almost a full 360�. Beyond this, the arm on
the NE side of the galaxy stops abruptly. The arm on the
SW side becomes broad and diffuse, fading into the outer
disk. There are two short arm spurs on the SW side of the
disk. These branch out from the arm that ends on the NE
side of the galaxy.

NGC 5701.—(R)SB0: Bright centrally condensed nucleus
embedded in a large, bright, slightly elliptical bulge. Bulge is
threaded by a faint, diffuse bar, oriented parallel to the bulge
major axis. Bulge/bar system is embedded in a faint disk.
The disk is largely featureless, but there are a few objects
that are either knots or companion galaxies. The disk may
have a faint outer ring.

NGC 5713.—SBdm: System nearly face-on. Bright flat-
tened nucleus, embedded in a short HSB bar. The bar
has LSB extensions that are skewed from the main bar
P.A. The disk is very asymmetric: There are three spiral
arms, all of which emanate from the south side of the
bar (bar is oriented close to E-W). The inner disk and
inner arms are full of knots and HSB patches. These are
much more prevalent on the south side of the bar. The
arm structure can be traced through �270� but becomes
diffuse after the first �90�. The outer disk isophotes are
not centered on the nucleus, but instead appear offset to
the south.

NGC 5850.—SB(r)0/a (type example—see Fig. 3b): Ellip-
tical nuclear source. The outer bulge isophotes are nearly
circular. Bulge is threaded by a prominent and very long bar
with a P.A. that is skewed by 60� with respect to that of the
inner bulge. Bright ansae at the ends of the bar. Extensions
from the ansae form a complete inner ring. After the ring is
complete, these extensions continue, and become faint spiral
features at larger radii. They appear to form an incomplete
outer pseudoring as well.

NGC 5921.—SB(r)bc: Marginally resolved nucleus
embedded in slightly elliptical bulge. Bulge is threaded by a
prominent bar with a P.A. skewed by �30� from the bulge
major axis. A sharp inner ring encloses the bar. The ring is
formed by two spiral arms that begin at the bar ends and
nearly close together. Just before the ring would close, the
arms become very open, broad, and diffuse. At the north
end of the bar, the arm becomes brighter as it leaves the ring.
The outer arms are asymmetric, with the west arm being
shorter andmore open.

NGC 5962.—SBab: Small, slightly elliptical bulge,
threaded by a high-contrast bar. The bar P.A. is skewed
�60� from the bulge major axis. Spiral arms commence
from the ends of the bar and form an almost complete inner

pseudoring before opening. The arms are fairly low contrast
and patchy. Past the ring, they can only be followed for
�90� before they fade into the outer disk. The outer disk has
the same P.A. as the bulge.

NGC 6215.—SABbc: Small bulge is elliptical at high sur-
face brightness, becoming circular at lower surface bright-
ness levels. No other evidence of a bar. Diffuse two-armed
spiral pattern emerges along the minor axis of the bulge.
The arms are asymmetric, with the arm emerging on the
south side of the bulge being the much higher surface bright-
ness arm. There are some clear knots in the south arm. Both
arms are doubled.

NGC 6221.—SBb: Nuclear point source embedded in
slightly elliptical, moderately bright bulge. Bulge is threaded
by a bar with an absorption band through it. The bar is
aligned with the bulge minor axis. Two very open arms
emerge from the ends of the bar. The arms have short HSB
segments that are narrow and rich in knots. The north arm
has a long, broad LSB continuation. The south arm seems
to stop abruptly, but may continue at very LSB levels. The
optical types for this galaxy are SB(s)c (RC3), Sbc(s)II–III
(CAG), and SABcd (OSU B). The substantially earlier type
in the near-IR is due to the heavy and irregular dust obscu-
ration in the central part of the galaxy, which conceals much
of the bulge visible in theH band.

ESO 138-G10.—S0: Heavy foreground contamination.
Centrally condensed nucleus, surrounded by diffuse, fea-
tureless disk. There is one concentration of knots to the east,
but this may be a dI companion. The optical types for this
galaxy are SA(s)dm (RC3) and Sdm (OSU B). The radically
earlier type in the near-IR is due to the smooth, featureless
appearance of the disk in theH band.

NGC 6300.—SB(r)a: Slightly elliptical nucleus, and
bulge. Strong bar is skewed to bulge major axis by �45�.
Bar intersects a ring/tight arms. Bright ansae at the intersec-
tions. Ring/arms are patchy but fairly well defined. Ring/
arms clearly have many knots, despite obvious contamina-
tion by foreground stars. The optical types for this galaxy
are SB(rs)b (RC3), SBb(s)II pec (CAG), and SAB(r)bc
(OSU B). The substantially earlier type in the near-IR is due
to the enhanced prominence of the bulge in theH band com-
pared to the optical.

NGC 6384.—SBbc: Very elliptical bulge threaded by a
short, prominent bar. The bulge isophotes show a clear (if
small) isophotal twist such that the outer bulge isophotes
are aligned with the bar major axis. The bulge/bar system is
embedded in a lens, with a flocculent spiral pattern emerg-
ing from the lens. A large number of armlets are visible. The
armlets are typically smooth, with no strong evidence of
knots or dust lanes.

NGC 6753.—Sa: Bright nuclear point source, embedded
in slightly elliptical bulge. No sign of a bar. Bulge is
embedded in a lens. Beyond the lens, there are a number of
faint, tightly wrapped spiral arms embedded in a LSB disk.
Very few star-forming knots visible.

NGC 6782.—(R)SB0/a: Bright, centrally condensed
bulge. Nuclear region of bulge is elliptical (major axis ori-
ented NE-SW) but embedded in a circular bulge. Prominent
bar oriented nearly N-S. Weak ansae at the ends of the bar
signal a faint inner disk. Inner disk is quite elliptical, with
the same major axis P.A. as the bar. Evidence for a much
fainter outer disk that is nearly circular. Arclike features to
the south appear to be due to scattered light from a bright
star.
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ESO 142-G19.—Sa?: Nearly edge-on. Bright nuclear
point source embedded in a large, luminous bulge. Bulge is
cut on the west side by a prominent absorption lane. A thin,
well-defined disk extends from the bulge major axis. The
absorption band can be traced out into this disk. There
appear to be a few knots of star formation in the inner disk.

NGC 6902.—SB(r)a: Bright, circular, centrally condensed
bulge. Bright bar oriented NW-SE. Two-armed spiral pat-
tern, with arms emerging from ends of the bar and wrapping
tightly counterclockwise. Arms fade drastically after 180�

but continue for more than a full turn at low surface bright-
ness. Inner arms appear to form an inner pseudoring.

NGC 6907.—SBbc: Two-armed, grand-design spiral.
May be influenced by companion that is superposed on NE
arm. Bulge is elliptical, and skewed with respect to the arms
(inner ‘‘ arms ’’ may be a bar): The bulge major axis is offset
nearly 45� from the base of the arms. Inner arms are well
defined and have a number of bright knots in them. Knots
apparent to much larger distances along NE arm, possibly
due to interaction with the projected companion. At low
light levels, the arms wrap entirely around the galaxy to
form an outer pseudoring.

IC 5052.—Sd: System edge-on. No evidence of a bulge, or
of spiral structure. Despite the edge-on orientation, there is
no sign of any prominent dust lane. The system is oriented
NW-SE; the NW side has a much higher surface brightness
than the SE side. There are obvious knots throughout the
disk. Again, these are more prevalent on the NW side.

NGC 7083.—Sb: Bright, centrally condensed bulge. Inner
bulge is circular but becomes quite elliptical at larger radii.
Two-armed grand-design spiral pattern with the arms
beginning at the bulge minor axis. The arms each have a sin-
gle dominant ridge line and many fainter ones. The arms
both bifurcates immediately, with the brighter parts wrap-
ping more tightly. These HSB portions wrap for�120�. The
outer, LSB arms can be followed for at least 270�. They are
patchy and have multiple armlets and filaments. There is
obvious star formation very far out.

NGC 7184.—SB(r)a: Bright pointlike nucleus. Elliptical
bulge, with major axis aligned with the disk major axis. A
bar appears oriented perpendicular to the bulge, although
the high inclination makes this uncertain. As the bulge iso-
photes become more circular, they connect with a bright
ring, formed from tightly wrapped spiral arms. Arms are
fairly smooth. Isophotes indicate that the arms begin on the
SE and NW sides of the bulge, and sweep around to the NE
and SW, respectively. More arm features, at lower surface
brightness, continue beyond the ring.

NGC 7205.—SABb (type example—see Fig. 3e): Evi-
dence for weak a bar. Grand-design spiral pattern that
makes at least a full winding. Arm that originates from the
SW side of the bulge is more clearly defined. Both arms
show evidence of bifurcation/rattiness after about 180�.

NGC 7213.—S0 (type example—see Fig. 3a): Very bright
nuclear point source embedded in a circular bulge. Disk fills
the frame but is very faint and featureless.

NGC 7217.—S0/a (type example—see Fig. 3b; see Fig.
4b): Bright nucleus embedded in very prominent, slightly
elliptical bulge. No evidence of a bar. Faint disk extends
beyond bulge, with just a hint of wispy spiral structure in
the disk. Note in Figure 4b that there is clear outer arm
structure visible in the B band. This indicates the arms are
regions of active star formation, rather than being dust
arms.

NGC 7314.—No JHK data.
NGC 7410.—No JHK data.
NGC 7412.—SABc (type example—see Fig. 3g): Small,

centrally condensed, slightly elliptical bulge. Bulge is
embedded in a smooth inner disk. A grand-design two-
armed spiral pattern emerges from the inner disk, with the
arm origins aligned with the bulge major axis. Both arms
bifurcate. The north arm has a great deal of structure in its
inner part. There is a faint galaxy that may be a companion
superposed on the very inner part of the north arm. The arm
bifurcates after �60�, with the higher surface brightness
part wrapping tightly. The HSB part can be traced for
another 90�. The LSB part is very loosely wrapped but can
still be traced for another 90�. The south arm has much less
inner structure. It also bifurcates, but after only �30�. The
inner part is also the HSB part, but here the HSB part can
be traced for �150� before fading. The LSB part fades after
only�60�. The LSB south arm shows clear evidence for cur-
rent star formation.

NGC 7418.—SBbc (see Fig. 4f): Bright point source
nucleus embedded in a strong bar. Complex, multiarm spi-
ral with arms beginning around bar ends. At least four arms
are well enough defined to call such. Inner parts of arms
have many bright knots. Outer arms are fairly smooth. Note
in Figure 4f that the spiral arms are very blue, but the bar is
a mix of green (R band) and red (H band). Optical classifica-
tions of this galaxy are unbarred or weakly barred, while it
is strongly barred atH.

IC 5267.—No JHK data.
IC 5271.—No data.
IC 5273.—No data.
NGC 7479.—(R)SBbc: Strong, thin bar, at a P.A. slightly

skewed from the bulge major axis P.A. Bar is close to N–S.
Bulge is elliptical. Arms come from ends of the bar but are
not perpendicular to the bar. South arm commences with a
sharp west kink at the end of the bar. Second kink to the
north, and then a smooth curve until the arm fades after
roughly 180�. North arm emerges smoothly from bar and
curves smoothly back to the south. Also fades after �180�.
Arms appear to form an off-center pseudoring. South arm is
more open than the north arm (thus, the bulge is to the east
of the center of the pseudoring).

NGC 7496.—No data.
NGC 7513.—No data.
NGC 7552.—(R)SBa: Irregular nuclear region. At lower

intensity, bulge becomes regular and elliptical. Prominent,
long bar aligned with bulge major axis. Bar surface bright-
ness is irregular, with several knots/lumps of enhanced
brightness. Bar appears to end in points, with faint, very
open spiral arms emerging from the bar ends. The arms are
quite smooth, with few knots or irregularities. At low sur-
face brightness levels, the winding of the arms tightens, and
they wrap at least 180� around the galaxy.

NGC 7582.—(R)SBb?: Bright nuclear point source
embedded in large bulge. System is nearly edge-on. The
inner bulge isophotes are elliptical. At lower intensity, the
bulge has a strong ‘‘ X ’’ feature. The high inclination makes
any spiral pattern impossible to detect. However, there is
obvious structure in the disk, with clumps of star formation,
and dust obscuration visible. No coherent dust lanes are
apparent. At low surface brightness levels, the X structure
resembles a peanut bulge, and the disk shows a pronounced
integral-sign warp. There are very LSB spiral features
extending from the disk and wrapping nearly entirely
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around the galaxy. These features are broad and smooth,
with no sign of internal structure.

NGC 7606.—Sab (type example—see Fig. 3d): No sign of
a bar. Bright nuclear point source extends into prominent
elliptical bulge (ellipticity appears due to inclination). Gen-
erally two-armed pattern, but with several arm fragments.
Arms are fairly smooth, with only a few bright knots. Possi-
ble to trace arms nearly a full 360�.

IC 5325.—SABbc (type example—see Fig. 3f): Nearly
face-on. Bulge is circular at high light levels but shows signs
of an oval distortion at lower light levels. Flocculent spiral
pattern, with four significant arms. Two most prominent
arms originate at the major-axis ends of the oval distortion.
West arm is higher surface brightness than the others.

NGC 7713.—Sdm (type example—see Fig. 3j): No true
bulge. Nuclear point source embedded in very elliptical
disk. Disk ellipticity appears due to inclination, rather than
a bar. The HSB part of disk is not centered on the nucleus
(the nucleus is north of the center of the inner disk). No clear
spiral pattern in the disk, although there are many star-
forming knots. The LSB part of the disk is not centered on
the HSB disk but is more extended to the north (in the oppo-
site sense of the offset between the nucleus and the HSB
disk). The LSB disk is irregular in shape and has a number
of filamentary structures in it.

NGC 7723.—SB(r)ab: Bright, symmetric nucleus,
embedded in a boxy bulge, and threaded by a thin HSB bar.
Bar emerges from opposite corners of the boxy bulge. Bar
terminates abruptly, and arms emerge to form an inner
pseudoring. Arm structure is very complex. One arm
emerges from the SW end of the bar, with an opening angle
of �45�, and winds to the NE. It is well defined for �90�

and then becomes fat and diffuse. The pitch angle increases
at this point. This arm fades into the general disk after wind-
ing for �180�. The arm associated with the NE end of the
bar does not begin at the bar. Instead, it begins as a diffuse
feature �60� NW of the bar end and brightens until it
reaches the bar end. It then bifurcates. The inner (generally
higher surface brightness) portion forms the SW part of the
pseudoring. This inner portion bifurcates again after wind-
ing �120� from the bar end. Once again, the inner portion
forms the pseudoring. And after this second bifurcation the
inner arm brightens, before fading and diffusing into the
general disk. After both bifurcations, the outer arms are
very diffuse, LSB features that wind for �90� before fading.
There are no obvious star-forming knots.

NGC 7727.—S pec (early): Elliptical nuclear source
embedded in a boxy (rhomboid) bulge. Bulge is very large.
Four faint, broad, irregular arms emerge from the bulge.
These arms have differing pitch angles and extents. Some
can be followed through more than 90� of winding. Some
stop very quickly. Several large-scale LSB features are visi-
ble. Merger remnant?

NGC 7741.—SBcd: No true bulge. Inner bar resolved into
two sources at high surface brightness levels. There are
many star-forming knots, mainly in the spiral arm features.
The arms are patchy and diffuse. The inner arms form an
inner pseudoring. Outside of this ring, the arms are even
more diffuse and have spokelike filamentary structure.

NGC 7814.—S0/a: Edge-on system. Bright nuclear point
source embedded in a large, luminous, flattened bulge, cut
by an obvious dust lane along the major axis. The disk is
very thin and imposed on the much brighter bulge. There is
no evidence for spiral structure, due to the inclination of the

disk. There is no evidence for star formation. Only the pres-
ence of the dust lane prevents a classification of S0.

5. SUMMARY AND DISCUSSION

We have presented optical (B band) and near-IR (H
band) morphological classifications for a statistically com-
plete sample of �200 bright spiral galaxies. Our optical
classifications agree well with those of the standard catalogs
(see Figs. 2a–2c and Tables 2A–2C). The mean absolute dif-
ference between our optical classifications and those from
both the RC3 and the CAG is about half a T type, with no
evidence for any systematic differences beyond those
already known to exist in the two standard optical catalogs.
Our H-band classifications average about 1 T type earlier
than our optical classifications and the optical classifica-
tions from both the RC3 and the CAG (see Figs. 2d–2f and
Tables 2D–2F). There is thus a clear tendency for spiral gal-
axies to appear somewhat earlier-type in the near-IR than in
the optical, but with large scatter. Our results thus do not
support the assertion of Block & Puerari (1999) that the
optical and near-IR morphologies of spiral galaxies are
‘‘ decoupled.’’ On average, there is quite a good correlation
between the optical and near-IR morphology of spirals,
although there are cases that show dramatic differences.

We have given short descriptions of theH-band morphol-
ogy of our sample. We have also presented B- and H-band
images of a set of galaxies, selected as examples of their H-
band morphological type. In addition, we have presented
false-color (BRH ) images of six galaxies ranging from early-
to late-type spirals, three of which look essentially the same
in the optical and the near-IR, and three of which look sub-
stantially different.

The OSU Survey is an important tool for studies of the
properties of spiral galaxies in the nearby universe. The
broad wavelength coverage and the large, well-defined, and
statistically complete sample invites a wide range of studies
on the morphology, dynamics, ISM, and stellar populations
of spiral galaxies. The sample also provides a template to
compare with samples of galaxies at high redshift. Data
from the OSU Survey have already contributed to a number
of results in studies of galaxy morphology (Terndrup et al.
1994; Quillen et al. 1997; Eskridge et al. 2000; Elmegreen et
al. 2002; Whyte et al. 2002), galaxy dynamics (Quillen, Fro-
gel, & Gonzalez 1994; Quillen et al. 1995; Patsis, Athanas-
soula, & Quillen 1997; Quillen & Frogel 1997; Puerari et al.
2000), galaxy evolution (van den Bergh et al. 2002), and dust
and extinction (Kuchinski & Terndrup 1996; Berlind et al.
1997; Kuchinski et al. 1998).

We are engaged in a number of collaborative projects
using the OSU Survey data. It is particularly important to
extend the qualitative study we have done in this paper to
more quantitative studies of galaxy morphology. This work
will place our understanding of the properties of current
spiral galaxies on a firmer physical footing and allow for a
realistic comparison between the galaxy populations of the
low- and high-redshift universe. We are engaged in a collab-
oration to apply the ‘‘ Hubble-space ’’ analysis of Abraham
&Merrifield (2000) to the OSU sample (van den Bergh et al.
2002; Whyte et al. 2002). As the OSU sample is complete
and well defined, it provides for a much better assessment of
local galaxy properties than does the sample used by
Abraham & Merrifield (2000). The application of the
‘‘Hubble-space ’’ analysis to our sample allows a better
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analysis of the claim (Abraham et al. 1999b) that the bar
fraction of disk galaxies is a strong function of redshift (van
den Bergh et al. 2002). A related project that we are pursu-
ing is a comparative study of a number of the various quan-
titative measures of ‘‘ bar strength ’’ that exist in the
literature (e.g., Elmegreen & Elmegreen 1985; Abraham et
al. 1999; Buta & Block 2001; Odewahn et al. 2002).

The pixel-mapping technique of Abraham et al. (1999a) is
a powerful tool for studying the star formation history of
nearby galaxies. Application of this technique to a large
sample of the OSU survey will result in a more detailed
understanding of the relationship between the morphology
and star formation histories of galaxies along the Hubble
sequence. Galaxy asymmetry studies are also proving to be
important means of probing the connection between star
formation history and dynamical evolution in disk galaxies
(Conselice, Bershady, & Jangren 2000). The OSU survey
provides an excellent zero-redshift benchmark for such
studies.

It would be especially interesting to apply the methodol-
ogy of the ‘‘ dust-penetrated ’’ classification scheme of Block
& Puerari (1999) to both our optical and near-IR data. We
could then carry out a quantitative assessment of the quali-
tative results of the current study (that spiral galaxies are,
on average, slightly earlier type in the near-IR that in the
optical). Another related program we are engaged in is a
comparison of the optical and IR properties of anemic and
normal spirals (Elmegreen & Elmegreen 1987; Elmegreen et
al. 2002).

Galaxy evolution has become a practical observational
study in the last decade. But the sort of detailed morpholog-
ical work that is possible for samples of hundreds of
galaxies, each hundreds of resolution elements across is sim-
ply impossible for samples of tens of thousands of galaxies,
each tens of resolution elements across. The OSU sample
provides a zero-redshift benchmark for comparison with
high-redshift galaxy samples. We are involved in collabora-
tions to apply both the ‘‘ Hubble-space ’’ and pixel-mapping
techniques of Abraham and collaborators (Abraham et al.
1999a; Abraham & Merrifield 2000), and the neural-net
techniques of Odewahn and collaborators (Odewahn et al.
1996, 2002) to the OSU Sample. It is an irony of modern
studies of galaxy evolution that high-redshift galaxy sam-
ples are better defined and better observed than zero-red-
shift samples. The availability of the OSU Sample helps to
rectify this paradoxical situation.

The broad wavelength coverage of the OSU Survey
invites extensions to other wavelength regimes. A number
of the galaxies in our sample are part of the BIMA/SONG
sample (Regan et al. 2001). It is a natural question to ask
how the distribution of molecular gas in these galaxies cor-
relates with the distribution of both the young stellar
populations (as traced by the B band) and the old stellar
populations (as traced by the HK bands). Extension of the
Survey observations into the vacuum ultraviolet both allows
the study of the youngest stellar populations and provides a

firmer footing for comparisons with the rest-frame UV
observations of distant galaxies from the Hubble Space
Telescope (HST). We have begun such a program for a few
of the galaxies in the OSU Survey (Eskridge et al. 2001),
however, the small field of the of the WFPC2 on HST has
restricted this work to the smallest systems in the survey.
The coming availability of the wider-field Advanced
Camera for Surveys will allow us to extend the observations
to a much larger fraction of the Survey galaxies.

The approaching launch of SIRTF will provide an oppor-
tunity to extend the wavelength baseline for the OSU survey
through the infrared. It will be possible to obtain well-
resolved images for the OSU sample with IRAC in the range
of 3–8 lm, and marginally resolved images, and total fluxes
for the longer wavelengths with MIPS. This will allow for a
much better understanding of the detailed physical proc-
esses relating the stellar populations and the ISM in spirals.

The study of galaxy morphology has been a crucial tool
for our understanding of the universe for the last 80 years
We are now entering an era when the early qualitative, sin-
gle waveband approach to morphology is maturing into a
quantitative, multiwavelength discipline. Our understand-
ing of the structure, evolution, and underlying physics of
galaxies will advance with our ability to study their proper-
ties across the electromagnetic spectrum and along the
evolutionary axis of redshift. We believe the OSU Survey
will play an important role in this advance.
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