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ABSTRACT 

This is an all-sky catalog of 4073 rich clusters of galaxies, each having at least 30 members within the 
magnitude range m3 to m3 +2 (m3 is the magnitude of the third brightest cluster member) and each with a 
nominal redshift less than 0.2. The southern data have been collected from a survey of UK 1.2 m Schmidt 
telescope IIIa-J plates and films and have been reduced to the systems defined by the northern data previously 
published by G. O. Abell. A revised northern catalog, including Bautz-Morgan types and redshifts where 
known, is also included. 

Subject headings: galaxies: clustering — galaxies: redshifts — galaxies: structure 

I. INTRODUCTION AND BACKGROUND 

The catalog of rich galaxy clusters by Abell (1958) has been 
widely used as a source list for studies of the distribution of 
rich clusters (see, e.g., Abell 1958, 1961, 1975; Rood 1976; 
Peebles 1980; Thuan 1980; Bingelli 1982; Schmidt 1983; 
Bahcall and Soneira 1984; Batuski and Bums 1985; Ciardullo, 
Ford, and Harms 1985; Kalinkov and Kuneva 1986; Tully 
1986, 1987; and references therein), cosmological and extra- 
galactic distance scale studies (see, e.g., Sandage 1973; 
Sandage, Kristian, and Westphal 1976; Hoessel, Gunn, and 
Thuan 1980; Aaronson etal. 1986; de Vaucouleurs and 
Corwin 1985, 1986; Buta and Corwin 1986æ, b\ and refer- 
ences therein), studies of the properties of individual clusters 
(see, e.g., Noonan 1974; Chincarini and Rood 1976; Smyth 
1979; and references therein), studies of the collective proper- 
ties of clusters (see, e.g., Culhane 1978; Baier 1978; Lari and 
Perola 1978; Dressier 1978a, b, 1980; Mitchell etal 1979; 
Owen etal 1982; Johnson etal 1983; Kowalski etal 1984; 
Struble and Rood 1987a; and references therein), Galactic 
extinction studies (Holmberg 1974; de Vaucouleurs and Buta 
1983), and other studies. 

The original catalog, however, has several drawbacks that 
have somewhat limited its usefulness. These include (1) sky 
coverage limited to declinations north of -27°, the original 
southern limit of the Palomar Sky Survey (hereinafter PSS), 
(2) serious incompleteness beyond z = y/c « 0.2 (though many 
of its included clusters have considerably larger redshifts; see, 
e,g., Struble and Rood 19876), (3) possible systematic errors 
in its magnitude scale (see, e.g., Corwin 1974), (4) cluster 
populations given only as “richness classes,” and (5) listing 
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only the richest clusters found by Abell (see, e.g., Einasto, 
Jôeveer, and Saar 1980). 

The first of these shortcomings is the most serious and has 
to some extent hampered the progress of extragalactic astron- 
omy and cosmology in the southern sky. This led Abell to 
propose in 1975 that a “southern rich cluster survey” be 
carried out on the deep IIIa-J Southern Sky Survey plates 
being taken by the United Kingdom’s 1.2 m Schmidt tele- 
scope at Siding Spring in Austraha (hereinafter UKST). Con- 
sequently, Abell spent a sabbatical year at the Department of 
Astronomy, University of Edinburgh, and the Royal Observa- 
tory, Edinburgh, in order to begin the survey. There, he 
enhsted Corwin’s help for the survey. Abell and Corwin 
completed about half of the survey before Abell’s return 
to the University of California, Los Angeles, in 1977 and 
Corwin’s return to the University of Texas in 1981. A status 
report on the survey to that point is given by Abell and 
Corwin (1983). 

It was their intention to finish the survey as soon as 
possible on the high-quahty film copies issued as the UKST 
IIIa-J portion of the Southern Sky Survey. This was prevented 
by Abell’s untimely death in 1983 October and by Corwin’s 
continuing commitment to the Third Reference Catalogue of 
Bright Galaxies (de Vaucouleurs etal, in preparation). In 
1984, G. Chincarini of the University of Oklahoma suggested 
to Corwin that Olowin might help in the completion of the 
survey. A joint proposal to the National Science Foundation 
was submitted and, upon its approval, Olowin finished the 
remaining portion of the survey on the UKST films. 

This paper presents the results of that work, the southern 
portion of the “Abell catalog” of rich clusters. We also 
present here a revised and corrected version of the northern 
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portion of the catalog. This revision was initially prepared in 
1980 under Abell’s direction by Katherine Sedwick and 
Albert Lee, then graduate students in the Department of 
Astronomy, University of California, Los Angeles. Correc- 
tions suggested by Corwin (1972, unpublished), Leir (1976), 
and Struble and Rood (1987a) have been incorporated in the 
northern catalog, as have Bautz-Morgan types and redshifts 
where known (Struble and Rood 19876). 

Throughout this paper, we use the terms “northern cluster,” 
“northern survey,” or “northern catalog” to refer to Abell’s 
(1958) catalog of clusters found on the PSS 103a-E plates. The 
terms “southern cluster,” “southern survey,” or “southern 
catalog” refer to the clusters found by us on the UKST IIIa-J 
plates or copy films and listed here for the first time. 

We have reduced the data for the southern clusters to the 
systems of the northern catalog by means of 275 northern 
clusters included in the 10° overlap zone (-17° to -27°) 
between the PSS and the UKST. The result is a homogeneous 
all-sky catalog of rich galaxy clusters, nominally complete to 
z = 0.2 for clusters with populations of 30 or more galaxies in 
the magnitude range m3 to m3 + 2.0, where m3 is the magni- 
tude of the third brightest cluster member. 

We hope that this will be the last such catalog prepared by 
visual scans of photographic plates, and we urge future inves- 
tigators to compile cluster catalogs using high-speed mi- 
crophotometric scanning machines and objective selection 
criteria. We are aware of two such projects under way using 
the COSMOS and APM machines in the United Kingdom, 
another, using the Minnesota APS machine, is being planned. 
In order to remove the possibility of systematic error from 
such catalogs, there must be at least three independent compi- 
lations of clusters. 

II. DATA COLLECTION 

a) Edinburgh {Abell and Corwin) 

i) Selection of Plate Material 

In Edinburgh, Abell and Corwin scanned original IIIa-J 
plates on a tight table with a 3 X wide-field magnifier. The 
plates were selected from rejected UKST plates stored at the 
Royal Observatory. Many of these plates were rejected from 
the UKST because of “cosmetic” flaws (i.e., faint streaks or 
splotches, unacceptably large numbers of satellite trails, 
broken glass backing, etc.), but nevertheless have images 
(30-40 fim or less for the faintest stars) and limiting magni- 
tudes (2? « 23) typical of survey quality plates. In a few cases, 
however, the only available plate for a field had images of 
substandard quality. These were nevertheless scanned, but 
were noted as being of poor quality so that they could be later 
resurveyed on the issued film copies. 

Corwin also scanned in Edinburgh a few film copies of 
fields for which only “accepted” survey plates had been taken 
(these plates are permanently stored at Siding Spring). These 
copies were made for the survey by the photo labs of the 
Royal Observatory, either in Edinburgh or at Siding Spring. 

ii) Selection of Clusters 

All clusters deemed rich enough to be included in the 
catalog were marked on the backs of the plates (or on 
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transparent overlay sheets for the films). Criteria for selection 
were those adopted for the northern survey (Abell 1958), and 
were continually checked and recalibrated by scanning fields 
in the overlap zone. Since the IIIa-J plates show considerably 
fainter galaxies than the 103a-D red plates taken for the 
Palomar Sky Survey, the possibility of selecting “rich” clus- 
ters that are no more than chance superpositions increases 
sharply toward the plate limit. Lucey (1983) and Struble and 
Rood (1987a) estimate that perhaps 25% of the northern 
Abell clusters are the result of such superpositions. Fesenko 
(1979a, 6, c, and references therein) suggests that the percent- 
age of such illusory clusters is even higher. Since one of the 
nearest clusters included in the present catalog (A3526, the 
well-known Centaurus Cluster) may be such a superposition 
(Lucey, Dickens, and Dawe 1980; Lucey, Currie, and Dickens 
1986), we have no reason to doubt that there are many others 
in the list. The only sure way at present to detect such 
superpositions is through extensive redshift surveys (either by 
means of spectroscopy or multicolor imaging) of suspected 
cluster members. 

We also caution that confusion with field stars at low 
Galactic latitude has limited the number of distant clusters 
that we have found near the plane of the Milky Way. A few 
relatively nearby low-latitude clusters are included in the 
catalog, but the confusion problem means that our list cannot 
be complete in areas where the star density is high on the 
plates. 

Thus, since the present all-sky catalog is based on purely 
visual surveys of apparent areal densities of galaxies, it should 
not be taken as a definitive catalog of rich clusters, but rather as 
a finding list of apparent rich clusters which need further investi- 
gation. 

Only two out of 135 northern clusters (in all richness 
classes) on the overlap zone plates scanned by Corwin (Abell 
did not scan any plates in the overlap zone) were missed 
completely, though another seven would not have been in- 
cluded in the southern survey had they not been listed in the 
northern catalog. The two clusters missed are A503 and A512, 
both poor clusters in rich star fields. The other seven clusters 
are all too poor or too close to the Galactic equator to be 
included in Abell’s statistical sample. On the other hand, 
Corwin found 45 new clusters (and Abell found one cluster at 
-26°57', A3205, in a -30° zone field) with richness classes 
greater than 0 and redshifts less than the nominal cutoff at 
z = 0.2. This is a significantly larger number than would be 
expected if the selection criteria of the two surveys were the 
same. This, in turn, appears to confirm a suggestion by 
Huchra (1987, private communication) that the northern cata- 
log is deficient in clusters in its southern-most zones. Olowin, 
Chincarini, and Corwin (1987) have indeed found significant 
selection effects in the cluster catalogs. However, Batuski and 
Bahcall (1988, private communication), taking appropriate 
measures to define statistically complete, high-Galactic lati- 
tude samples, find that the two-point correlation functions for 
the northern and southern catalogs are virtually identical. 

iii) Positions 

Celestial coordinates were estimated using overlay grids 
photocopied onto transparent plastic sheets produced at ESO 
by Lauberts. Since it was not possible to exactly reproduce 
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the 67'T4 mm-1 scale of the plates in the x-axis with the 
computer-driven plotter used to draw the overlays (Lauberts, 
private communication), there will be small errors in deter- 
mining celestial coordinates with these overlays. Comparison 
of galaxy positions so determined with precise positions from 
the ESO/Uppsala catalog (Lauberts 1982) shows that these 
systematic errors rarely exceed 3' (Corwin, de Vaucouleurs, 
and de Vaucouleurs 1985). Since the cluster centers were 
chosen visually, we expect their positions to have slightly 
larger errors than those for objects with well-defined centers. 
A comparison of the positions of 288 clusters found in two or 
more fields yielded standard deviations in right ascension 
± 3'2 and ± 2'A in declination. 

Rectangular coordinates for the clusters were measured 
independently of the celestial coordinates. The rectangular 
coordinates of the left (east) and bottom (south) crosses at the 
edges of the plates were also measured so that the cluster 
coordinates could be referred to them. Because the plates that 
Abell and Corwin searched are not those used for the issued 
film copies, these rectangular coordinates are generally not 
the same as those measured on the films. They are usually 
close enough, however, to allow unambiguous identification of 
the clusters on the issued films. 

iv) Cluster Classifications 

Clusters were classified in the Abell (1965) and Bautz and 
Morgan (1970) systems. We have not attempted to make 
Rood and Sastry (1971) classifications; we hope this will be 
done later by other investigators. We have extended the Abell 
system (which originally consisted of only two classifications, 
regular [R] and irregular [I]) to include two intermediate 
types, RI and IR. Clusters classified RI are characterized by 
either (a) less overall symmetry of distribution of galaxies 
within the cluster than regular clusters, but with early-type 
galaxies still dominating the cluster or (b) strong overall 
distribution symmetry, but with considerable morphological 
diversity among the member galaxies. The IR clusters show 
little symmetry of distribution with early-type galaxies domi- 
nating or moderate symmetry with mixed morphology among 
the member galaxies. Type examples for each class include the 
Coma Cluster (A1656) as R, the Virgo and Centaurus (A3526) 
Clusters as RI, the Perseus Cluster (A426) and A1367 as IR, 
and the Hercules Cluster (A2151) as I. 

The Bautz-Morgan system was used in its original form 
where the magnitude difference between the first and second 
brightest galaxies in the cluster is the major classification 
criterion. Uncertainty symbols (a colon or a question mark) 
have been added to the cluster types where foreground or 
background contamination confused the appearance of the 
cluster, where the cluster appeared at the edge of a plate, or 
where it was so distant as to make classification difficult. 

v) Magnitudes and Distances 

Estimates of the total V magnitudes of the first, third, and 
tenth brightest cluster members were made using a step scale 
of elliptical and lenticular galaxy images. Construction and 
calibration of the step scale is discussed below in § IV. Use of 
the step scales was found to be very sensitive to the appear- 
ance of the galaxy images. When the* appearance of the galaxy 
image matched that of the images on the step scale, repeated 

estimates for the same galaxy seen on the same plate or film 
are consistent to within ±0.1 mag. However, spiral galaxies, 
edgewise galaxies of all types, low-surface-brightness galax- 
ies, and galaxies with extended coronae did not match the 
images on the step scale, so we had more difficulty estimating 
their magnitudes. We marked these cases as uncertain and 
noted the reason for the uncertainty (see Table 7). 

Internal mean errors in the magnitudes so estimated by 
Corwin were found by comparison of the data for the 288 
clusters that he found on two or more plates. For the first- 
ranked cluster members, the standard deviation, a(m- m^, 
is ±0.32 mag; for the third-ranked members, the standard 
deviation is ±0.27 mag; and for the tenth-ranked members, 
±0.28 mag. Much of the scatter comes from the different 
background densities of the original plates (background den- 
sities for fully exposed sky-limited plates ranged from less 
than 0.5 to more than 1.5). Some of the scatter comes from 
the selection of the first, third, and tenth brightest galaxies 
from among the galaxies within the counting radius. Obvious 
foreground galaxies were always excluded, but foreground 
objects are often not easily distinguishable from real cluster 
members. Since Abell found only one cluster in two adjacent 
fields, we are unable to derive internal errors for his magni- 
tude data. However, Olowin has 42 clusters in common with 
Abell (Corwin has only three), so we shall be able to derive 
“external” errors for Abell’s southern data (see § VI). 

Cluster distances, needed to determine counting radii, were 
estimated solely from the magnitude of the tenth brightest 
galaxy. This procedure was adopted to provide consistency 
with Abell’s northern survey and also as a matter of expedi- 
ency. Based on the work of Leir and van den Bergh (1977), we 
expect that some combination of all the magnitude estimates 
for a given cluster will provide a better distance estimate for 
that cluster. Leir and van den Bergh also used an estimate of 
the cluster diameter in their distance determination formula- 
tion. (We found that the “edges” of the clusters as seen on the 
UKST plates were too ill-defined to allow consistent diameter 
estimates to be made. Analysis of ring counts in each cluster 
could perhaps provide a consistent set of cluster radii on some 
system [see, e.g., de Vaucouleurs 1948; Noonan 1974; Bahcall 
1975; Olowin 1986; and references therein], but would have 
been beyond the scope of the present survey.) A magnitude- 
redshift relation for our estimates is given below in § VII c. 

vi) Counts 

The distance estimated from the magnitude of the tenth 
brightest cluster member was used to assign a “counting 
radius” to the cluster. These are the same as the so-called 
Abell radii used in the northern survey, and the reader is 
referred to Abell’s original discussion for more detail. As in 
the northern catalog, counts were made in the magnitude 
interval m3 to m3 ± 2. The counts were made through a 
transparent film overlay with the counting radii and radial 
lines dividing the counting areas into octants photographi- 
cally copied on it. 

The internal standard deviation in Corwin’s counts is ± 23.4 
(after correction for background contamination, and after 
correction to the system of Abell’s northern survey; see §§ III 
and Via). As with the magnitudes, we are unable to make an 
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estimate of the internal error in Abell’s southern counts, but 
we will derive an “external” error estimate below in § Via. 

b) Oklahoma (Olowin) 

i) Selection of Films 

In general, Olowin worked from the issued survey films, 
though he also searched a few film copies of fields not yet 
issued. (These copies were made for us by the photo labs of 
the Royal Observatory, Edinburgh, from survey quality 
plates.) He attached the films to a Houston Instruments 
backlit digitizer and also searched for clusters by eye using a 
7X magnifier. 

ii) Selection of Clusters 

Olowin used the same criteria for cluster selection as did 
Abell and Corwin; see § Ila(ii). 

In the overlap zone, Olowin found 90 new clusters with 
richness classes of 1 or larger and nominal redshifts less than 
0.2,11 of which are in common with Corwin’s list. Again, this 
is a significantly larger number than would be expected if the 
selection criteria had been identical to those used by Abell for 
the northern survey. As mentioned in § Ila(ii) above, Huchra 
has suggested that there is a dependence on declination in the 
areal density of clusters in the northern survey. We cannot 
rule out a similar dependence in the southern survey; because 
of the high altitude of the overlap zone at Siding Spring 
(77°-870), we may have included relatively too many clusters 
in this zone. 

iii) Positions 

Once the clusters had been located on the films, the rectan- 
gular coordinates of the estimated cluster center were mea- 
sured with the digitizer. The machine was set to automatically 
average eight consecutive readings, with the output fed di- 
rectly to a VAX minicomputer. In addition to the cluster 
centers, the crosses at the north, west, and east edges of the 
plates and 20-25 SAO stars were also measured. All measure- 
ments were referred to the plate centers as defined by the edge 
crosses, and a whole plate solution (including radially depen- 
dent terms) was made (König 1962; Luyten and La Bonte 
1972; and references therein). Though the digitizer has a 
resolution of 0.025 mm (177 at the 67.14 mm arcsec-1 scale 
of the UKST), the standard deviations in the calculated 
positions for the standard stars were 1671 in right ascension, 
and 1975 in declination. The large errors are attributed to 
slight shifting of the films during digitizing since they were 
not removed from their protective plastic bags. The error in 
declination is significantly larger than that in right ascension, 
apparently because of slight internal bias of unknown origin 
in the digitizer. 

iv) Cluster Classifications 

Olowin classified the clusters in the same ways as Abell and 
Corwin (§ IIa[iv]). 

v) Magnitudes and Distances 

Olowin also used the same step scale that Corwin used for 
most of his portion of the survey, though some of the fainter 

images were replaced, and their magnitudes recalibrated, to- 
ward the end of the survey. Distance estimates were also 
made using the same criteria as used by Abell and Corwin. 

From 538 multiply observed clusters, internal standard 
deviations in Olowin’s magnitude estimates are +0.37 for 
first-ranked cluster members, and + 0.25 for both third- and 
tenth-ranked members. These are similar to the standard 
deviations for Corwin’s magnitude estimates (see § IIIa[v]). 

vi) Counts 

Again, Olowin followed the same procedures that Abell 
and Corwin used (§ Ilafvi]). However, the standard deviation 
( + 17.9) in his counts (again corrected for background and to 
Abell’s northern system) was significantly smaller than that 
for Corwin’s counts. 

III. BACKGROUND CORRECTION 

Background corrections were made assuming a “universal” 
luminosity function for “field” galaxies. Since the time of the 
northern survey, considerable evidence has accumulated that 
the luminosity function of faint galaxies is the same in all 
directions in the sky (see, e.g., Brown 1974; 1979; Rainey 
1977; Peterson etal. 1979; Karachentsev 1980; Kron 1980; 
Shanks etal. 1984; Tyson 1984; and references therein). 
Therefore, we have adopted a “universal” luminosity function 
from Rainey (1977) and have used it to correct our counts for 
background contamination. 

Rainey’s V counts have been corrected for the difference in 
effective wavelength between V magnitudes and IIIa-J magni- 
tudes, and for the differential ^-correction between the two 
passbands. The counts have also been extrapolated slightly so 
that we can make background corrections for the most distant 
clusters that we found. The extrapolation was done using the 
theoretical ^-correction for spiral galaxies in a = 0.5, A = 0 
expanding universe model. The theoretical prediction for spi- 
rals fits Rainey’s data at the faint end better than does the 
theoretical prediction for ellipticals, perhaps due to moderate 
evolutionary effects. Thus, for those clusters with m3 + 2 
fainter than 21.0, our background correction will be depen- 
dent on the model we assumed rather than on Rainey’s data. 
These clusters are too distant to be included in the main 
catalog, but are included in a supplementary table (Table 6) 
with many poorer clusters that we also found. 

Rather than assume some specific form of the apparent 
luminosity function, we have simply used linear approxima- 
tions over different magnitude intervals for computational 
purposes: 

log N(<mv) =0.596(^-17.0)+1.335, ^<17.8; 

log N( < mv) = 0.529(/wl7 -18.5) +2.182,17.9 < m, <19.0; 

log N(<mv)= 0.457( mv -19.5) + 2.670,19.1 < w, < 19.8; 

log N( < mv) = 0.344(wt; -20.3) +2.983,19.9 <mv< 20.7; 

log N(<mv) = 0.250(^-21.5)+3.327, mv>20.S; (1) 

where N(<mv) is the number of galaxies per square degree 
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Fig. 1.—Luminosity function for field galaxies. The dots are the calculated points from Rainey (1977), corrected for the difference in effective 
wavelength between V and IIIa-J magnitudes and for the differential ^-correction between the two passbands. The dashes represent uncertain data. The 
lines are the linear representations over specific magnitude ranges that we used for computing the background correction. 

TABLE 1 
Areas within Counting Diameters 

Diameter (mm) 
~9 14 18 22 30 36 45 60 90 120 ÏScT 

Diameter (arcmin)  10.1 15.7 20.1 24.6 33.6 40.3 50.4 67.1 101 134 201 
Area (arcmin2)  80.1 193 317 475 887 1276 1995 3536 8012 14100 31730 

brighter than magnitude mv. The actual data used, along with 
these linear fits, are shown in Figure 1. 

The number of “field” galaxies within the counting area 
(defined by the “Abell” radii) is then just 

where N( < m3+ 2) = N( < mv) is from equations (1) above 
and ^4 is in square arcminutes from Table 1. The corrected 
counts are then 

Cr(c)=Cr-Cf, (3) 

where Cr are the raw counts. 

IV. CONSTRUCTION AND CALIBRATION OF THE 
STEP SCALES 

Step scales of galaxy images (“ flyspankers”) were con- 
structed from cosmetically defective film copies of IIIa-J 
plates. Elliptical or early lenticular galaxy images of moderate 
ellipticity were chosen, mounted side by side and arbitrarily 
numbered with lower numbers representing brighter images. 
(A similar step scale is shown by Dressier 1980.) Abell used a 
different step scale than did Corwin, but both calibrated the 
step scales against the same galaxies as explained below. 
Corwin’s step scale (the first constructed by Abell) proved 
unsatisfactory in its middle range as several galaxies did not 
match the appearance of typical cluster objects, so Corwin 
constructed a third step scale from a film copy of the Virgo 
Cluster plate used for calibration (see below). This step scale 
was used for most of the survey by both Corwin and Olowin. 
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Abell also constructed step scales of spiral and edgewise 
galaxies, but these were found to be of little use for the 
following reasons: (1) It is difficult to distinguish morphologi- 
cal types for galaxies fainter than about F = 17 on the UKST 
plates. This made construction of the faint end of the spiral 
step scale difficult. (2) Virtually no accurate photometry for 
faint spiral galaxies existed in the southern hemisphere at the 
time of the step scale’s construction (1976). This meant that 
accurate calibration of the faint end of the step scale would 
be impossible. (3) While many clusters have first- or third- 
ranked members that are spirals or spindles (edgewise galax- 
ies), very few clusters have enough such objects dominating at 
the level of the tenth-ranked galaxy to make the use of a 
spiral or edgewise step scale necessary. Without introducing 
large errors in the finally adopted distances (our only use for 
the magnitude estimates of the tenth-ranked objects), we 
could usually choose elliptical or lenticular galaxies as the 
tenth brightest member. 

Abell and Corwin calibrated the arbitrary steps of their 
step scales against magnitude using an original IIIa-J plate 
(J2137) of the central part of the Virgo Cluster. Accurate total 
V magnitudes derived from photoelectric photometry were 
taken from de Vaucouleurs and Head (1978) for most galaxies 
in the field brighter than F = 13, and for many fainter objects 
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as well. Similar total F magnitudes for other galaxies in the 
field were derived by Corwin using observations from Sandage 
(1972) for galaxies in A1553, and by Corwin (1980, and 
unpublished McDonald observations) for several other galax- 
ies in the Virgo Cluster as well as behind it. A few additional 
calibrating galaxies were chosen from the Indus Supercluster 
fields and from A2670, all photoelectrically measured by 
Corwin (1980). 

The faint end of the step scale was calibrated using magni- 
tudes of globular clusters and stars around M87 (Hanes 
1975). Since all of the globular clusters are completely stellar 
in appearance, and since they are seen against the faint 
outskirts of M87, use of their magnitudes and the magnitudes 
of stars to calibrate galaxy images will introduce systematic 
errors in the calibration. In addition, the colors of the Galac- 
tic foreground stars and the M87 globulars are on average 
bluer than the colors of most of the faint cluster galaxies. 

Therefore, we checked the calibration of the faint end of 
our step scale against magnitudes for very faint stars and 
galaxies observed electrographically by Hawkins (1981). While 
Hawkins compares his B magnitudes with ours, he does not 
show the F magnitude comparison which interests us here. 
This comparison, shown in Figure 2, suggests that our calibra- 
tion has no large errors except for the known effect of color. 

ABELL, CORWIN, AND OLOWIN 

V 

B-V 
Fig. 2b 

Fig. 2.—(a) Comparison of Hawkins’s (1981) electrographic V magnitudes with step scale V magnitude estimates, (b) Correlation of Hawkins’s (1981) 
B — V electrographic colors with V magnitude differences (electrographic minus step scale). The solid points are data for stars; the open points are for 
galaxies. 
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FIG. 3.—Step scale calibration example. The lines show the adopted calibration for Corwin’s step scale. Filled circles are data for Virgo Cluster 
galaxies, plus signs are data for Indus Supercluster galaxies, the cross is for a galaxy in Abell 2670, open circles are for field stars around M87, filled 
squares are for globulars around M87, and short dashes are uncertain data. 

The impartial line shown in Figure 2b, V. COMPARISON OF THE EDINBURGH AND 
OKLAHOMA SURVEYS 

EG Fs = + 0.064- 0.875 [( £ ~ K)EG -1.0], a = ± 0.260 
S +0.047 + 0.1071 

(4) 

applies to all 32 objects in common between the two samples 
(¿he “EG” subscripts refer to Hawkins’s electrographic data, 
and the “S” subscript to our step scale data). However, for 
the eight galaxies with B-V>1.0, the mean residual is 
— 0.114 ±0.114 (s.d. = ±0.323). Since we expect that most of 
our cluster galaxies will have B — V color indices larger than 
1.0, we have made no corrections to our V magnitude esti- 
mates. Nevertheless, we caution users of the southern catalog 
that our magnitude estimates are probably more uncertain at 
m>18 than for brighter objects because of our reliance on 
stars and globular clusters for the calibration at these faint 
magnitudes. 

Olowin recalibrated the step scale against a film copy of the 
same IIIa-J Virgo Cluster plate that Abell and Corwin used. 
His calibration differed only slightly in zero point (see § V) 
and was adopted as the final magnitude system for the 
southern survey as his data constitute nearly 60% of the 
survey data. 

As an example of our calibration curves, the final adopted 
calibration for Corwin’s second step scale is shown in 
Figure 3. 

After all the fields were scanned, the cluster data were 
collected and reduced to a common magnitude system by 
comparing Olowin’s Oklahoma data with Corwin’s Edinburgh 
data. The counts were directly reduced to the system of the 
northern survey as discussed below in § VI. 

A preliminary comparison of the magnitude estimates for 
the tenth-ranked members in the 45 northern Abell clusters in 
common between Corwin’s and Olowin’s lists showed only a 
marginally significant zero-point difference of 0.13 ±0.08 
(mean error), in the sense that Corwin’s estimates are system- 
atically brighter than Olowin’s. Therefore, all Corwin’s esti- 
mates were corrected by ±0.1. We attribute this small differ- 
ence to the fact that the sky background was always denser on 
the original plates scanned by Corwin than on the films 
scanned by Olowin. 

A test of the magnitude residuals for all 201 clusters in 
common after this correction (see Fig. 4) showed that Olowin’s 
estimates for the first-ranked galaxies were 0.19 ±0.04 mag 
brighter than the means, while Corwin’s estimates were 0.12 ± 
0.03 fainter. While these are significant differences, the fact 
that the third- and tenth-ranked estimates did not show any 
significant differences ((Am3[0]) = 0.00±0.03, (A/w10[O]) = 
-0.03 ± 0.02, <Aw3[C]) = 0.00 ± 0.02, and (Am10[C]> = 
± 0.03 ± 0.02) has persuaded us to make no further correction 
to the magnitudes for the first-ranked galaxies. The large 
magnitude difference for the first-ranked members is possibly 
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mc 

Fig. 4.—Comparison between Corwin’s and Olowin’s magnitudes for 201 clusters in common. The open circles are data for the first-ranked cluster 
members, the filled circles are for the third-ranked members, and the crosses are for the tenth-ranked members. Aw is mc minus m0. 

due to foreground contamination: that is, Olowin and Corwin 
apparently often selected different galaxies as first-ranked 
cluster “members,” one or the other of which may be a 
foreground galaxy. 

The standard deviations in the residuals from the means for 
the third- and tenth-ranked objects are also smaller than those 
for the first-ranked galaxies. For Olowin’s data, the standard 
deviations are ±0.60 (first), ±0.36 (third), and ±0.30 (tenth); 
for Corwin’s data, the standard deviations are ±0.46, ±0.35, 
and ±0.34, respectively. (Considering the differences in the 
sample sizes, these numbers are reasonably consistent with 
the internal standard deviations found in § II.) Thus, we must 
caution users of the catalog that the magnitudes of the first- 
ranked galaxies are probably not suitable for use as distance 
indicators. We have, of course, not used them in this way. 

We have also compared Abell’s southern data for the 45 
clusters he has in common with Olowin and Corwin. For the 
counts, a triangular comparison of the residuals yields 
a(Abell) = ± 12.1, a(Corwin) = ±20.0, and a (Olowin) = 
±13.9. These are not in agreement with counts for the north- 
ern samples (§ Via) because of the small numbers of clusters 
in common in the south (Abell and Olowin have 42 clusters in 
common, while Abell and Corwin have just three clusters in 
common). They are also obviously very uncertain, again be- 
cause of the small numbers of clusters in common to the 
different lists. We found no dependence on magnitude in 
Abell’s southern counts, nor did we find a dependence in the 
residuals on the counts themselves. 

We did, however, find a magnitude-dependent correction in 
Abell’s southern magnitude estimates when compared with 
Olowin’s and Corwin’s estimates. Figure 5 shows an apparent 
discontinuity at (south) =15.0. We have corrected Abell’s 
data to Olowin’s scale using simple zero point shifts: 

mnr = mA +0.7, s.d. = ±0.5, mA<15.0, 
±0.15 

mnc = mA —0.5, s.d. = ±0.55, mA>15.0. (5) 
OC ±0.0$ a w 

We do not know the source of the discontinuity in the 
magnitude scales. 

VI. COMPARISON OF THE NORTHERN AND 
SOUTHERN SURVEYS 

In order that the present survey be as homogeneous as 
possible with the northern survey (Abell 1958), we treated the 
northern Abell clusters in the overlap zone as newly discov- 
ered clusters, estimating magnitudes and counts in the same 
manner as for the “new” southern clusters. Here, we compare 
counts and magnitudes with Abell’s northern data in order to 
derive formulae that will reduce the new data to the systems 
of the northern catalog. 

a) Counts 

Figure 6 shows the residuals between Corwin’s counts and 
Abell’s northern counts as a function of the magnitude (w3) 
of the third brightest cluster member for 166 clusters in 
common. Three more or less distinct zones are set off in the 
figure, which also shows the adopted relations between the 
two sets of counts: 

Q(fc)=Q(c)-30, m3 <13.5; 

Q(fc) =Q.(c) —2 ± 17.7 (m3-16.5), 
±3 ±3.4 

13.5 <w3 <17.4, s.d. = ±27; 

Q;(fc) =Q;(c)-5, m3 >17.5, s.d. = ±30; (6) 

where Q(c) are the background corrected counts from equa- 
tion (3), and Q(fc) are the fully corrected counts in Abell’s 
northern system. 

Figure 7 shows a similar plot for 158 Abell clusters counted 
by Olowin. The four residuals shown as dashes have been 
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Fig. 5.—Comparison of Abell’s southern magnitudes with Olowin’s and Corwin’s. The lines show the adopted corrections; the other symbols are the 
same as those in Fig. 4. The short dashes represent rejected data. 

Fig. 6.—Corwin’s corrected counts minus Abell’s corrected northern counts versus m3. The lines show the adopted corrections; the filled circles 
represent the data. 
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Olowin m3 

Fig. 7.—Olowin’s corrected counts minus Abell’s corrected northern 
dashes which represent rejected data. 

rejected from the comparison. The adopted relations are 

Cb(fc) = Q^c)-40, m3<15.0, s.d. = ±8; 
±4 

Cb(fc) =Q>(c) +13 +38.8(/w3 —16.5), 
+ 3 +3.9 

15.0 <m3 <17.5, s.d. = +23; 

Q)(fc) = (^(c)+45 , w3>17.5, s.d. = +43. (7) 

The differing zero points for the bright and faint clusters, and 
the strong slopes for the clusters of intermediate brightness, 
are most likely due to the different magnitude systems used 
for the two surveys (§ VIZ)). 

We derived final errors in the counts in the following 
manner. The standard deviation in the counts (after correct- 
ing Corwin’s counts via eq. [6]) within the Corwin-Abell 
(north) sample is +28.1. For the Olowin-Abell (north) sam- 
ple (Olowin’s counts corrected via eq. [7]), the standard devia- 
tion in the counts is +33.6. For the 42 clusters in the overlap 
zone in common between Corwin and Olowin, the standard 
deviation in the fully corrected counts is +41.1. Therefore, a 
triangular comparison of these fully corrected counts gives 
<j(Abell north) = +10.7, cr(Corwin) = +26.0, and <j(01owin) 
= + 31.8. However, a better indication of the true errors in 
the corrected counts is probably given by comparison of the 
total sample (including the 42 northern clusters) of 201 clus- 

counts versus m3. The symbols are the same as in Fig. 6, except for the short 

ters in common between Corwin and Olowin. When this 
sample is used, the triangular comparison yields a (Abell 
north) = +25.7, a(Corwin) = +11.3, and a(Olowin) = +21.6. 

These external errors are in agreement with the previously 
derived internal errors (§ IIZ>[vi]) only for Olowin’s counts. 
There are obviously too few clusters in Abell’s southern 
sample to derive a meaningful standard deviation for his data, 
and the implication of an external error in Corwin’s counts of 
less than half the internal error is also not realistic. Therefore, 
we have finally adopted a mean of the southern and northern 
comparisons, assuming that the standard deviations in Abell’s 
northern and southern counts are the same. The triangular 
comparison then gives a (Abell north and south) = +19, 
a(Corwin) = +17, and a (Olowin) = +18. These are obviously 
uncertain, but suggest that the errors in the counts of the 
three observers are about the same. Therefore, we adopt a 
final standard deviation of +18 for our southern counts and 
—subject to confirmation—Abell’s northern counts as well. 

Since the mean number of galaxies in a rich cluster in the 
southern list is 60 (compared with 64 for the northern list), 
the standard deviation derived in the previous paragraph 
corresponds to uncertainties of 30% in the south and 28% in 
the north. These are significantly larger than the 17% internal 
uncertainty found by Abell for the northern survey. Consider- 
ing the comparison here of an “external” with an “internal” 
uncertainty, and considering also the differences in plate 
material, counting techniques, magnitude scales, number of 
observers, etc., a somewhat larger error for the southern 
counts would not be unexpected. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8 

9A
pJ

S 
..

. 
70

 .
..
. 

IA
 

No. 1,1989 CATALOG OF RICH CLUSTERS OF GALAXIES 11 

3 

2 

Am10 1 

0 

-1 

Fig. 8.—Corwm-Olowin southern w10 minus Abell northern mlQ versus Corwin-Olowin southern mlQ. The short dashes represent uncertain data. The 
solid lines are the adopted relations. 

The size of the difference is larger than we expected, 
however. We suggest (without proof) that our use of a “uni- 
versal” luminosity function to compute the background cor- 
rections has led to much of the difference. Abell (1958) used 
counts near each cluster to find background corrections for 
the northern clusters. These “local” corrections are probably 
much more appropriate for the counts than are corrections 
from an all-sky luminosity function, given the uneven nature 
of the distribution of the galaxies (see, e.g., Shane and 
Wirtanen 1967; and de Vaucouleurs 1971). 

Another indication of the inappropriateness of the use of 
the “universal” background correction is seen in the negative 
corrected counts for many of the poorer clusters that we 
found (see Table 5). Since these groups and clusters were 
selected as density enhancements above the local background, 
we expect that local background counts would show them to 
have a positive number of member objects, in accord with our 
visual impressions. 

Odewahn (1987, private communication) has suggested that 
the faint, diffuse background light seen in many of the clus- 
ters (see § VIII) may have led to uncertainties in the magni- 
tude estimates and therefore in the counts. This may have had 
a “second-order” effect on the magnitudes and counts, but we 
have no ready way of testing for it with the present data. 

b) Magnitudes 

As explained in § IV, the magnitudes estimated in the 
southern survey are total V magnitudes, rather than red 
magnitudes as estimated by Abell for the northern clusters. 
Also, the southern magnitudes were estimated on IIIa-J plates 
and film copies, so there will be a second color term in any 
comparison made between the two systems. The differential 
^-correction between the two passbands will add yet another 
color term to the relationship. However, because the k-term 
ensures that the colors of elliptical and lenticular galaxies are 
correlated with redshift (thus with distance and magnitude 

itself), any color terms will be absorbed into the magnitude 
scale terms in the following comparison. 

We have, however, removed the Galactic latitude correction 
from the northern magnitudes and have made the small 
correction to bring Corwin’s magnitude estimates into 
Olowin’s system (§ V). 

Figure 8, the comparison of the m10 values, clearly shows 
the increased sensitivity of the IIIa-J emulsion to redshift. For 
clusters with w10 > 17.0, 

mio(N) =Wlo(S) -1.12 -0.91 Ko(S)-18.5], 

s.d. = +0.28. (8) 

Since the slope is so close to 1.0, the northern magnitude 
estimates apparently have almost no correlation with distance 
for m10(N) >17. The low redshift resolution of the northern 
survey explains why many of the clusters are being found to 
have redshifts beyond the nominal cutoff at z = 0.2 (see 
Struble and Rood 19876). 

For the clusters with /w10 brighter than 17.0, 

mio(N) = m10(S) +0.30, s.d. = +0.31. (9) 
+ 0.04 

After the corrections of equations (8) and (9) were made, the 
revised magnitude residuals were once again checked. A resid- 
ual zero point of -0.24 mag (m10[S] too bright) was found 
and corrected. We also searched for but found no systematic 
effects in these final residuals dependent on magnitude, rich- 
ness, or Galactic latitude. 

Finally, the corrected southern magnitudes were further 
corrected for Galactic extinction using Abell’s (1958) formula 

Wio(c) = Wio “0.136(|esc6|—1). (10) 

The southern magnitudes so reduced are listed in the catalog 
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for comparison with the northern catalog only. As explained consistency with the northern survey. Table 2B repeats Abell’s 
above, the southern magnitudes are preferred for redshift (1958) table of distance class versus magnitude, 
estimates. 

VII. RICHNESS AND DISTANCE CLASSES AND A 
MAGNITUDE-REDSHIFT RELATION 

a) Richness Classes 

We have adopted Abell’s (1958) richness classes for the 
southern clusters. (For convenience, Abell’s table of count 
versus richness class is copied here as Table 2A.) We note that 
Abell’s original goal was to produce a “statistical” sample of 
rich clusters with more than 50 member galaxies in the 
magnitude interval w3 to m3 +2. We stress that while we may 
have achieved this statistical goal (this assertion needs to be 
tested with a machine-selected sample of rich clusters), we 
nevertheless strongly urge that the counts given here, even for 
the northern clusters, not be used in studies of individual 
clusters. Detailed luminosity functions corrected for the local 
background will have to be used to derive accurate counts. 

h) Distance Classes 

Even though the magnitudes for the northern clusters have 
almost no correlation with distance for m10(N) > 17.0, we 
have still used the southern magnitudes converted to the 
northern scale for distance class determination.‘We do this for 

c) Magnitude-Redshift Relations and Cluster Redshifts 

From a consideration of a mean cluster luminosity function 
(Abell 1976, and references therein), the k-correction, and the 
differences between the IIIa-J bandpass and the standard B 

TABLE 2A 
Cluster Populations and Richness Classes 

Population Class Population Class 

30-49.. 
50-79.. 
80-129. 

130-199 .... 
200-299 .... 
300 or more 

TABLE 2B 
Magnitudes and Distance Classes 

mio(c) Class Wio(c) Qass 

<13.3 .... 
13.3-14.0 
14.1-14.8 
14.9-15.6 

15.7-16.4 .... 4 
16.5-17.2 .... 5 
17.3-18.0 .... 6 
>18.0  7 

Fig. 9.—Magnitude-redshift relations. The dots are data for the Abell clusters in the overlap zone or for nearby southern clusters, with known 
redshifts. The thin line is a linear magnitude-redshift relation with a slope of 5. The solid and dashed lines are the empirical relationships over different 
magnitude ranges. The plus signs represent a magnitude-redshift relation calculated from northern hemisphere data corrected to the magnitude system of 
the southern survey. 
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and V bandpasses, Abell derived the magnitude-redshift rela- 
tion shown in Figure 9. Figure 9 also shows a linear mag- 
nitude-redshift relation fit to Abell’s at w10 «17.0-17.5. 
Finally, Figure 9 displays data for the northern clusters 
measured on IIIa-J plates/films in the overlap zone and our 
adopted magnitude-redshift relation. 

As a check of this adopted relation, we have also plotted 
the data for the nearer southern clusters with known redshifts. 
There is a significant departure in the same sense as is seen 
for the bright galaxies in the southern hemisphere (see, e.g., de 
Vaucouleurs 1958; de Vaucouleurs and Peters 1985; Dressier 
etal. 1987; and references therein): the redshifts are lower 
than the adopted magnitude-redshift relation would predict. 
The effect is clearly significant, and is larger than any allow- 
able uncertainty in our magnitude calibration at the bright 
end. 

Therefore, before searching for cluster redshifts for the 
southern clusters, we derived an empirical magnitude-redshift 
relation from the data shown in the figure. Again, we prefer 
not to fit a single arbitrary function to the data, but use 
instead straight line segments over limited magnitude ranges 
(the data for A2359, shown as a dash in Fig. 9, were omitted): 

log cz = 0.108[m10(S) —11.5] +3.26, m10(S) <12.5, 

log or = 0.23 [ m10 ( S) -13.5] + 3.595, 

12.5 < w10(S) <14.5, 

log cz = 0.324[ w10(S) -15.25] + 4.07, 

14.5 < w10(S) <15.75, 

log cz = 0.18[m10(S) -17.0] +4.46, 

15.75 <w10(S) <18.0, 

log cz = 0.14[/m10(S) —19.5] +4.85, m10{S) >18.0. 

(11) 
These empirical relationships are shown in Figure 9. 

The range about these linear relationships is roughly ±0.3 
in log cz. Therefore, in our searches for redshifts, we adopted 
the following restrictions: if a redshift for a galaxy within one 
Abell radius of the center of the cluster is more than ± 0.6 in 
log cz away from the nominal redshift predicted by equations 
(11), we assume the galaxy to be either a foreground or a 
background object. Those objects with redshifts in the range 
±0.3 to ±0.6 in log cz from the nominal redshift are consid- 
ered as possible cluster members; if there are no other red- 
shifty for galaxies in the area of the cluster, then these 
redshifts are enclosed in parentheses in Tables 4-6 to call 
attention to their uncertainty. We suspect that most of these 
redshifts will, upon further examination, turn out to apply to 
foreground or background objects. 

VIII. THE ABELL CATALOG OF RICH GALAXY CLUSTERS 

Tables 3 and 4 give data for 4073 clusters of galaxies 
meeting our criteria for “rich clusters within z = 0.2,” that is, 

the so-called Abell clusters. The adjective “rich” has the same 
meaning as in Abell (1958) and in the above discussion: at 
least 30 cluster members in the magnitude range m3 to 
m3 +2. With the mean error of ±18 in the counts of cluster 
members, our catalog should be “complete” for clusters with 
50 or more members in that magnitude range. 

Table 3 is the revised northern “Abell catalog” in essen- 
tially the same form that it has been distributed in by Abell 
and his colleagues at UCLA since 1980. However, the coordi- 
nates are now for the equinoxes 1950 and 2000, the precession 
and cluster diameters have been omitted, the redshifts have 
been updated from Struble and Rood (1987a), and 
Bautz-Morgan types have been added from Leir and van den 
Bergh (1976) (or from other sources given below if not listed 
by Leir and van den Bergh). The northern catalog has also 
had all known errors corrected (Struble and Rood 1987a; Leir 
1976 as reported by Struble and Rood 1987a; and Corwin 
1972, unpublished). 

The columns are as follows: 
Column (1).—Abell number, 1 to 2712, numbered in order 

of right ascension for 1855.0, the original equinox of the 
northern catalog. 

Columns (2) and (3).—Right ascension and declination for 
the equinox 1950.0. 

Columns (4) and (5).—Right ascension and declination for 
the equinox 2000.0. 

Columns (6) and (7).—Galactic longitude and latitude cal- 
culated from the 1950.0 equatorial coordinates. 

Columns (8) and (9).—Rectangular coordinates (in millime- 
ters, computed with respect to the southeast comers) on the 
Palomar Sky Survey prints from Sastry and Rood (1971), who 
give additional information, also, the PSS field number and 
alternate rectangular coordinates if the cluster appears in 
more than one field. 

Column (10).—Cluster classification in the Bautz-Morgan 
system (Bautz and Morgan 1970). For the northern Abell 
catalog, these types are primarily from Leir and van den 
Bergh (1977). Other sources for the northern catalog are 
Bautz and Morgan (1970), Bautz (1972), Corwin (1974), 
Sandage, Kristian, and Westphal (1976), Kristian, Sandage, 
and Westphal (1978), and White (1978). 

Column (11).—Background-corrected count of cluster mem- 
bers in the magnitude range m3 to m3 +2. 

Column (12).—Cluster redshift from Struble and Rood 
(1987/?). 

Columns (13), (14), and (15).—Richness and distance classes 
and m10, the red magnitude of the tenth brightest cluster 
member, all from Abell (1958). 

Finally, we refer users of the northern catalog to Struble 
and Rood (1987a), who give valuable and extensive notes for 
the northern clusters. 

The information for the clusters found during the southern 
survey is given in Tables 4-6. The columns on the left-hand 
side of the page are as follows: 

Column (1).—Abell number, 2713 to 4076, for the southern 
rich clusters (Table 4), numbered in order of 1950 right 
ascension. (When the notes to these tables were being pre- 
pared, three duplicate entries were found in Table 4: A3208 = 
A3207, A3833 = A3832, and A3897 = A2462.) Table 5 lists 
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the supplementary southern clusters not rich enough or too 
distant for inclusion in the main catalog. These are numbered 
from SI to SI 174, also in order of right ascension. Table 6 
includes data for northern clusters found on IIIa-J UKST 
plates and films in the 10° overlap zone (-17° to -27°). 

Columns (2) and (3).—Right ascension and declination for 
equinox 1950.0 of the apparent cluster center. When the 
cluster was found in more than one field, a mean position is 
listed. As explained in §§ Ila(iii) and Ilfr(iii) above, Abell 
and Corwin used overlays positioned with respect to SAO 
stars to estimate the position, while Olowin calculated posi- 
tions from his measured rectangular coordinates. Thus, 
Olowin’s positions were given double weight when means 
were taken. 

Columns (4) and (5).—Right ascension and declination of 
the apparent cluster center precessed to the equinox of 2000.0. 

Columns (6) and (7).—Galactic longitude and latitude cal- 
culated from the 1950.0 equatorial coordinates. 

Column (8).—Southern Sky Survey Field Number in which 
the cluster is located. For clusters found in two or more fields, 
the field given is the one in which the cluster is closest to the 
plate center. 

Column (9).—Rectangular coordinates in millimeters of the 
apparent cluster center, referred to the center of the Southern 
Sky Survey Field given in the previous column. The field 
centers are defined by the crosses near the edges of the plates. 
The positive x-direction is to the east (left) and the positive 
y-direction is to the north (top). These are in the same sense 
as the rectangular coordinates given by Lauberts (1982) in the 
ESO/Uppsala Catalog, and are listed to facilitate location of 
the cluster on the 5o X5° ESO 1.0 m Schmidt portion of the 
Southern Sky Survey. Abell and Corwin measured rectangular 
coordinates from the left and bottom edges of the plates, so 
the and ycen from their data are calculated assuming that 
the plate center is 164 mm from the left and bottom crosses 
on the plates (they also measured the crosses). Olowin re- 
ferred his rectangular coordinates directly to the plate center 
as defined by the crosses, so no transformation is necessary 
for his data. 

Column (10).—Rectangular coordinates of the apparent 
cluster center, referred to the southeast (lower left) edge of the 
Southern Sky Survey Field given in column (8). The field 
edges are defined by the crosses near, but not at, the edges of 
the plates; thus, it is possible for these coordinates to be 
negative. Olowin’s data were transformed assuming that the 
plate center is 164 mm from the crosses. 

The columns on the right-hand side are: 
Column (1).—Abell number, repeated. 
Column (2).—Cluster classification in Abell’s (1965) sys- 

tem: I, irregular; R, regular; IR and RI, intermediate. A colon 
indicates a mean type, with differences between estimates of 
two steps, or an uncertain type estimate; a question mark 
indicates a mean type, with differences between estimates of 
three steps, or a questionable type estimate. 

Column (3).—Classification in the Bautz-Morgan system 
(Bautz and Morgan 1970) from the UKST. A colon indicates 
a mean type, with differences between estimates of two steps, 
or an uncertain type estimate; a question mark indicates a 
mean type, with differences between estimates of three or 
more steps, or a questionable type estimate. 

Column (4).—Number of cluster members between m3 and 
w3+2, corrected for background contamination using the 
“universal” luminosity function from Rainey (1977). The 
southern counts are corrected to the system of the northern 
catalog (see § Via). 

Column (5).—Weighted mean total apparent V magnitude 
estimate for the first-ranked cluster member. No Galactic 
extinction correction has been applied. A colon indicates a 
mean magnitude, with a standard deviation of more than 
±0.5 mag, or an uncertain magnitude estimate. A question 
mark indicates a mean magnitude, with a standard deviation 
of more than ±1.0 mag, or a questionable magnitude esti- 
mate. An asterisk indicates that the magnitude estimate is for 
a known or probable foreground object. 

Column (6).—Weighted mean total V magnitude estimate 
for the third-ranked cluster member, again uncorrected for 
Galactic extinction. Uncertainty symbols as for mv 

Column (7).—Weighted mean total V magnitude estimate 
for the tenth-ranked cluster member, again uncorrected for 
Galactic extinction. Uncertainty symbols as for 

Column (8).—Number of fields in which the cluster was 
found, and the observer’s initial (A, Abell; C, Corwin; O, 
Olowin). 

Column (9).—Sources of previous data listings for the 
clusters: B, Braid and MacGillivray (1978); D, Duus and 
Newell (1977), d, Dressier (1980); K, Klemola (1969); O, 
Olowin (1987); Q, Quintana and White (1980 and private 
communication); R, Rose (1976); S, Sersic (1974); and s, 
Snow (1970). Even though all questionable cases of cross 
identification were checked on the Southern Sky Survey, there 
remain a few uncertain cases. These are given in Table 7. 
Duus and Newell (1977) give references to all lists of southern 
groups and clusters published previous to their compilation, 
including several shorter lists not referred to here. 

Column (10).—Cluster redshift from the list by Struble and 
Rood (19876, for the northern Abell clusters in Table 6), from 
Huchra’s 1986 collection of published redshifts (Huchra, pri- 
vate communication), and from Fairall (1985), Corwin (1981; 
see also Corwin and Emerson 1982), Couch and Newell (1984 
and private communication), Noonan (1981), and Spinrad 
(private communication). The redshift is in parentheses if it is 
between 0.3 dex and 0.6 dex from the expected redshift for 
the cluster’s m10 (see § VII c). Cluster redshifts from Huchra’s 
list and from Fairall (1985) were determined by selecting all 
galaxies with known redshifts within one Abell radius of the 
cluster center, rejecting discordant redshifts, and averaging 
the remainder. 

Column (11).—Richness class as defined by Abell (1958). 
Column (12).—Distance class from ml0 (col. [13], right- 

hand side). See § VII6 for details. 
Column (13).—Magnitude for the tenth-ranked cluster 

member in AbeU’s (1958) system (from eqs. [8] and [9], 
corrected for Galactic extinction following Abell’s formula, 
eq. [111). 

Most of the southern clusters have notes. These are given in 
Table 7 for the clusters listed in Tables 4-6. Notes for 
Olowin’s clusters are given in upper case type, while Abell’s 
and Corwin’s notes are given in lower case type. Olowin’s 
notes often refer to quadrants relative to the cluster or plate 
centers. These quadrants are numbered from 1 to 4 in a 
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Fig. 10.—All-sky distribution of the 4073 Abell clusters in supergalactic coordinates. The symbol size has been scaled by distance class: the nearest 
(distance class 0) clusters are represented by large open circles, while distance class 7 clusters are shown as small dots. 

6h 

Fig. 11.—Distribution of 1638 Abell clusters south of -16°45/. Large dots show the positions of the northern Abell clusters between -16045' and 
-27°; small dots show the positions of the 1360 southern Abell clusters, including the “new” clusters in the overlap zone. The projection is centered on 
the south celestial pole. 
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counterclockwise direction, with quadrant 1 to the northwest 
of the cluster or plate center. 

We also note that many of the clusters in the catalog have a 
very faint background light, typically diffused throughout the 
central area of the cluster. This background glow has been 
previously noted by Zwicky (1952, 1957) and has been mea- 
sured in the Coma Cluster (A1656) (e.g., de Vaucouleurs and 
de Vaucouleurs 1970; Gunn and Melnick 1975) and in other 
clusters (e.g., Baum 1973). The high-contrast, fine-grain UKST 
IIIa-J plates detect this background light readily. As noted 
above (§ VTu), this background light may have had a small 
effect on our magnitude estimates and counts. 

The distribution of the 4073 Abell clusters is shown in 
Figure 10, with those south of —16045' shown in Figure 11. 
The distribution will be studied in detail by Chincarini et al. 
(in preparation). 

Figure 12 is an all-sky integrated “luminosity function” for 
the rich clusters, with Figure 13 showing only the northern 
data, and Figure 14 the southern. Figure 14 ¿z uses our V 
magnitude estimates, while Figure \4b uses these estimates 
converted to Abell’s northern system (using eqs. [8] and [9]). 
Figure 146 suggests that equations (8) and (9) over-correct 
our magnitudes at the limit of the survey. 

IX. DISTRIBUTION OF THE CATALOG DATA 

Magnetic tape copies of the main data tables (Table 3-6) 
listed here are available from the NASA Astronomical Data 
Center in Greenbelt, Maryland, and from the Stellar Data 

Vol. 70 

Center in Strasbourg, France. The tapes may be obtained by 
completing a copy of the request form published in the latest 
issues of the Astronomical Data Center Bulletin and the Bul- 
letin d'information du Centre de Données Stellaires (or by 
sending a letter with tape specifications—density, internal 
coding [ASCII or EBCDIC], and maximum allowable block 
size [physical record length]), and including with the request a 
2400 foot (732 m) blank (preferably new) magnetic tape to 
Dr. Wayne H. Warren, Jr., Astronomical Data Center, Code 
633, NASA Goddard Space Flight Center, Greenbelt, MD 
20771, USA, or to Centre de Données Stellaires, Observatoire 
de Strasbourg, 11, rue de TUniversité, 67000 Strasbourg, 
France. Floppy disk copies in IBM-PC format are available 
from either the second or third authors. Printed copies (re- 
prints) of this article are available from the Astronomy De- 
partment, University of California, Los Angeles, or from the 
second or third authors. 

Financial support for this project came primarily from the 
United States National Science Foundation as Grant Num- 
bers AST 78-25648 (to the University of California, Los 
Angeles), AST 85-12150 (to the University of Texas, Austin), 
and AST 85-11837 (to the University of Oklahoma). An 
equippient grant from the OU Associates at the University of 
Oklahoma provided the digitizer and its support equipment. 
Dr. Philip Leitner, Dean of the School of Science of Saint 
Mary’s College of California, provided additional financial 
support for travel and for computing equipment. Travel and 
subsistence support from the United Kingdom Science and 

ABELL, CORWIN, AND OLOWIN 

Fig. 12.—All-sky Abell cluster luminosity function. The line has the canonical slope of 0.6 and is fit by eye to the data between m10 =14.5 and 
m1Q =17.0. 
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CATALOG OF RICH CLUSTERS OF GALAXIES 17 Vol. 70 

m 10 

Fig. 13.—Northern Abell cluster luminosity function. The line of slope 0.6 is again ht by eye to the data between m10 =14.5 and m10 =17.0. 

Engineering Research Council (SERC), McDonald Observa- 
tory, and the University of California, Los Angeles, is also 
gratefully acknowledged. 

A project of this size could not have succeeded without the 
help and encouragement of many people. In particular, we are 
pleased to thank Professors Vincent C. Reddish and Malcolm 
S. Longair, successive directors of the Royal Observatory, 
Edinburgh, for their hospitality during Abell’s and Corwin’s 
stays in Scotland, the staff of the United Kingdom Schmidt 
Telescope Unit for help in the plate library, and for taking 
several plates specifically for this program, the excellent pho- 
tographers at Siding Spring and Edinburgh who provided the 
film copies that enabled us to finish the survey, the Time 
Allocation Committees of the SERC and McDonald Observa- 
tory for generous allocations of telescope time for calibration 
photometry, the on-site staffs of the South African Astronom- 
ical Observatory and McDonald Observatory for valuable 
help during observing, Professor Guido Chincarini, who not 
only kept after all three of us until we got the work done, but 
who also contributed his expertise in innumerable ways 
throughout the later stages of the project, Phyllis Abell, 
Professor Ferdinand Coroniti, Forrest Barger, Phylhs 
Wilhams, and Katherine Sedwick for assistance and support 
during a trip to UCLA by H. C. in 1983 December, Katherine 

Sedwick and Albert Lee for their help in preparing the revised 
northern catalog, Warrick Couch, Tony Fairall, John Huchra, 
Barry Newall, and Hyron Spinrad for sending redshifts in 
advance of pubhcation, Heman Quintana and Richard White 
for their unpublished list of southern clusters, Gerard de 
Vaucouleurs, Frank Bash, Guido Chincarini, John Huchra, 
Ronald Buta, Shyamal Mitra, and Steve Odewahn for valu- 
able comments on an early version of the manuscript, Wayne 
Warren for help in preparing the magnetic tape version of the 
catalog for distribution, and for ferreting out several errors 
and inconsistencies in the catalog files, Neta Bahcall, David 
Batuski, and Jack Bums for several valuable conversations 
and comments on the catalog, Harvey MacGilhvray and 
George Efstathiou for information about the COSMOS and 
APM cluster surveys, respectively, and our devoted wives 
Phylhs, Kay, and Mary for their infinite patience with us. 

Finally, it has become the sad duty of two of us (H. C. and 
R. O.) to dedicate this catalog to the memories of George 
Ogden Abell (1927-1983) and Antoinette de Vaucouleurs 
(1921-1987), two great catalogers whose work has helped 
immeasurably to advance extragalactic research in the twenti- 
eth century. 
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Fig. 14a 

Fig. 14.—Southern Abell cluster luminosity functions, (a) V magnitudes, (b) R magnitudes in Abell’s northern system. The lines of slope 0.6 are fit 
by eye to the data between m10 =13.5 and ml0 =17.0. 
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