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ABSTRACT 

We present here the complete list of the best available radial velocities for the 2401 galaxies in the 
merged Zwicky-Nilson catalog brighter than 14.5 mz and with b11 above +40° or below —30°. 
Almost 60% of the redshifts are from the CfA survey and are accurate to typically 35 km s~l. 

Subject heading: galaxies: redshifts 

I. INTRODUCTION 

The art of measuring galaxy redshifts has come a long 
way since the first measurement by Slipher in 1912 for 
M31, the brightest galaxy in the northern sky. An excel- 
lent review of work through the early 1970s can be 
found in Sandage (1975). Almost all of the measure- 
ments up until the last few years were made with low or 
moderate dispersion optical spectrographs, sometimes 
employing image intensifiers, with photographic plates 
as the primary recording mechanism. Except for a few 
objects observable at high dispersion, most of the mea- 
sured velocities were only accurate to 100 km s-1 or 
worse. In addition, for low redshift galaxies, especially 
low surface brightness objects with no emission lines, 
night-sky solar absorption lines can degrade the results 
from photographic spectra (see, e.g., Simkin 1972). The 
quality of these data was sufficient to analyze large 
trends in velocity space and to investigate the dynamics 
of the most massive compact systems. Unfortunately, 
studies of small groups of galaxies, small-scale irregular- 
ities in the Hubble flow, and, in particular, the applica- 
tion of the “cosmic” virial theorem (Davis, Geller, and 
Huchra 1978) where expected velocity differences and 
dispersions are of the order of a few hundred km s “1 or 
smaller require considerably more accurate measure- 
ments. 

Fortunately two recent advances in galaxy velocity 
measurement techniques improved the situation im- 
mensely. Neutral hydrogen spectroscopy at the 21 cm 
radio line, on one hand, and optical spectroscopy with 
digital detectors, sky subtraction, and cross-correlation 
techniques, on the other hand, have moved the precision 
and accuracy of the measured radial velocities for most 
objects into the realm of tens of km s~l. 

For the last 5 years we have been assembling a 
catalog of galaxy radial velocities both from sources in 
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the literature and from measurements made at Kitt Peak 
and at Mount Hopkins Observatory (now the Fred L. 
Whipple Observatory). Our goal was to assemble com- 
plete radial velocity information for well-defined sam- 
ples of galaxies for use in statistical correlation analyses, 
the study of the local luminosity density and luminosity 
function, and the identification of bound aggregates of 
galaxies. Two major samples were initially selected for 
analysis. The first of these is a whole sky sample com- 
plete to a B(0) (RC1) magnitude of 13.2 containing 
—1200 galaxies. This data set is almost identical to 
the Revised Shapley-Ames Catalog of Sandage and 
Tammann (1981); computer readable copies have been 
made available to interested parties. The second data set 
is a much deeper sample of - 2400 galaxies from the 
Zwicky catalog (Zwicky et al. 1961-68, hereafter ZGC) 
which we will describe and present in the following 
sections. Papers containing analyses based on this data 
set have been submitted to the main Journal (Davis, et 
al. 1982; Davis and Huchra 1982; Geller and Huchra 
1983; Huchra and Geller 1982; Press and Davis 1982; 
Davis etal. 1982). Both of these samples are contained 
in a much more extensive catalog of galaxy redshifts 
(more than 7500) which will be published later. 

II. THE SAMPLE 

The sample selected is all galaxies in the ZGC, Zwicky 
(1971, hereafter CGC), or Nilson (1973, hereafter UGC) 
catalogs satisfying the following criteria: 

Í b11 > 40°, 0>0°, 
mpg< 14.5 and < or 

l b11 < —30°, S>-2?5. 

Almost all of the entries come from the original ZGC, 
but ~ 10 additional objects were found satisfying the 
above criteria in the UCG and CGC. In addition, many 
objects listed only once in the ZGC are in reality double 
or multiple galaxies with small separations. All of the 
objects so described that satisfy the above criteria were 
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examined on the Palomar Sky Survey to determine if 
they were multiple galaxies—as opposed to parts, usu- 
ally H II regions, of a single galaxy. Individual magni- 
tudes based on Zwicky’s original estimate of the total 
system magnitude were then assigned to each compo- 
nent, and galaxies that did not satisfy the magnitude cut 
were removed from the sample. This splitting of doubles 
and multiples is important for the study of the galaxian 
luminosity function. 

The magnitudes for the galaxies in this sample come 
from two primary sources. In establishing the master 
catalog in 1976, we decided to adopt the Æ(0)-ZGC 
magnitude system (Huchra 1976). For galaxies that have 
them, we use the 2?(0) magnitudes or the corrected 
Harvard magnitudes (Shapley-Ames) given in de 
Vaucouleurs and de Vaucouleurs (1964, hereafter RC1). 
For galaxies without these magnitudes but with ZGC 
magnitudes, we use the ZGC magnitudes or the UGC 
magnitudes. For the few galaxies with none of the 
above, we quote whatever estimates are available— 
appropriate transformations will be derived as needed. 
Despite all its faults (see, e.g., Kron and Shane 1976; 
Huchra 1976), the Æ(0)-ZGC scale is reasonably linear 
and homogeneous and is by far the largest collection of 
galaxy magnitudes available. Transformations to other 
systems cannot be accomphshed without morphological 
type and diameter information which is available for 
less than one-third of the ZGC. More importantly, 
recent photoelectric studies (Bothun and Schommer 
1982; Huchra and Thuan 1983) have shown the ZGC 
magnitudes to be well behaved to mpg = 14.5 with little 
need for transformation. The scatter is only on the order 
of 0.4 mag, and the systematic error is on the order of 
0. 2 mag or less between various volumes of the catalog. 

Other data for the galaxies in the sample—morpho- 
logical types on the T system of de Vaucouleurs 
(de Vaucouleurs, de Vaucouleurs, and Corwin 1976, 
hereafter RC2)—and blue diameters have been taken 
from the UGC or estimated from Palomar Sky Survey 
prints. 

Our philosophy in assembling this catalog has been to 
produce a listing for dynamical studies with the best 
available velocities. Much of the data comes from the 
literature, and in some cases a subjective judgement has 
been made. In most cases, especially for the faint early- 
type galaxies, there is only one measured velocity—our 
own. If more than one measurement of a galaxy’s veloc- 
ity exists, we have chosen to quote the velocity with the 
lowest associated external measurement error including 
appropriate “fudge” factors, either those supplied by the 
authors themselves (e.g., Sandage 1978), or those derived 
by comparison with other velocities known to be very 
accurate (e.g., the 21 cm comparisons of Rood 1982, and 
the RC2 comparison in Tonry and Davis 1978, hereafter 
Paper I). If the multiple measurements are “discrepant,” 
1. e., outside the 2 a confidence levels of their combined 

external errors, we have attempted to discern the correct 
velocity by going to the original data—published 21 cm 
profiles, our own spectra, identified line lists, etc.,—or 
by remeasuring the velocities ourselves. If this could not 
be done, the velocity with the lowest quoted external 
error is Usted, and the other velocity has been Usted in 
the comments. In general, we regard weighted averaging 
of measurements as dangerous, primarily because the 
poorer velocities have quoted errors of only 100 km s~\ 
but many are wrong by several thousands of km s-1. 
The only exceptions to this in the catalog are the veloci- 
ties we have taken from the RC2, which in a few cases 
are averaged measurements, and the velocities for a 
small subset of binary galaxies (Turner 1976; White 
et al. 1983) for which we have obtained multiple high 
quaUty spectra in order to measure very accurate veloc- 
ity differences. 

In many cases, there are several 21 cm velocities 
measured for the same galaxy with almost the same 
quoted error. We, like Rood (1981), have opted to quote 
the source with the largest number of measured veloci- 
ties—usuaUy Fisher and TuUy (1981). In general, aU of 
the 21 cm measurements agree to within the quoted 1 a 
errors. 

One caveat must be inserted here. A low quoted error, 
especially on a 21 cm measurement, can be meaningless 
if the galaxy observed is in a double or multiple or a 
disturbed system, or if it is an E or SO. In several cases, 
discrepant optical versus 21 cm velocities were resolved 
in favor of the optical vélocités, despite their larger 
quoted error, when it was found that the 21 cm velocity 
probably belonged to some other late-type hydrogen-rich 
galaxy several beamwidths away with a similar velocity. 

III. OBSERVATIONS 

The new optical observations reported here come 
from two efforts at two observatories. The original effort 
started at KPNO with the white spectrograph plus 
Carnegie image tube (Ford 1976) on the No. 1 0.9 m 
telescope. These data were primarily taken at a disper- 
sion of 120 Á mm- \ but some spectra were obtained at 
90 À mm“l. These spectra were taken with a long, 275 
wide slit and recorded on baked IIIa-J plates. The 120 
Á mm“1 spectra covered the region 3700-7000 À,o while 
the higher dispersion spectra covered 3600-5700 A. The 
plates were measured with the single-axis Grant engines 
at KPNO and Harvard, and radial velocities were de- 
termined from measurements of identifiable absorption 
or emission lines. Only a small number of the velocities 
in this catalog derive from this source. Note that these 
have errors smaller than most previous optical velocities 
primarily because they have been made at higher disper- 
sion. 

The second, and much larger effort has become 
known as the CfA redshift survey. We have obtained to 
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date - 3000 galaxy spectra using a photon-counting 
Reticon and a moderate dispersion spectrograph on the 
Tillinghast 1.5 m reflector on Mount Hopkins. The first 
version of the detector used electronics copied from 
designs by Steve Shectman (Shectman and Hiltner 1976) 
and Varo image intensifiers packaged at SAO (Davis 
and Latham 1979). The detector system, including image 
intensifiers, has evolved considerably since then (Latham 
1982). The observing procedures and data reductions 
techniques have been described in Paper I. 

Rood (1982) has analyzed the errors in sets of galaxy 
redshifts by comparing subsets that have highly accurate 
21 cm redshifts. For this analysis, we made available to 
him a very early and preliminary list of the CfA redshifts 
reported here. He found that our internal errors (calcu- 
lated from the relative height of the correlation peak 
and the noise for absorption velocities) underestimated 
the true error by 10% or 20% if the comparison 21 cm 
velocities were taken as accurate to 8 km s-1. He 
concluded that the typical CfA absolute error is ± 38 
km s-1, with no significant dependence on whether the 
CfA redshift was based on emission line fits or on an 
absorption line correlation. 

As the CfA redshift programs have continued, we 
have gradually accumulated multiple observations for 
many objects. We have carried out a preliminary analy- 
sis of the errors for 350 galaxies that have been observed 
more than once, including many galaxies not in the 
present limited sample. The distribution of calculated 
standard deviations has a median of less than 20 km s “1 

but has a fairly long tail, with 20 errors larger than 60 
km s'1. We plan to carry out a more careful analysis of 
the errors for objects with multiple observations when 
we accumulate enough additional data. 

All but 2% of the redshifts Usted have quoted errors 
less than 100 km s“1. For 80% of the redshifts—those 
measured by us or at 21 cm—the quoted errors should 
be an accurate representation of the data. The median 
quoted error for the velocities presented here is only 27 
km s_1. 

We can almost always measure a galaxy’s velocity in 
20 minutes to 1 hr—independent of morphological type 
and without an initial guess as to the bandwidth to 
search. 

IV. THE DATA 

Table 1 contains the catalog. There is a total of 2401 
objects, 1845 of which are in the northern galactic 
hemisphere in a region of 1.83 sr, and 556 of which are 
in the southern galactic hemisphere in a region of 0.83 
sr. Column (1) lists the name of the object, either NGC 
or IC number or a positional designation. This is the 
nomenclature we will adopt in all future catalogs. Col- 
umns (2) and (3) give the coordinates of the galaxies in 
epoch 1950. These coordinates are primarily from ZGC, 
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but a few have been updated to more accurate positions 
from UGC, RC2, or accurate measurements made at 
KPNO by J.P.H. and M. Aaronson. Columns (4) and (5) 
give the photographic or B(0) magnitude and its source. 
Columns (6), (7), and (8) give the heliocentric velocity 
quoted as cz in km s-1, its quoted (internal) error, and 
source of the velocity. Rood (1982) has evaluated the 
external errors for various observers, primarily by com- 
paring optical results with (usually) more accurate 21 cm 
velocities. Additional discussion of expected external 
errors can be found in Sandage (1978) and in Paper I. 
Column (9) gives the morphological type in the standard 
de Vaucouleurs’s T notation with extra designations for 
Irr II (16), unclassified spiral (20), peculiar or untyped 
(15), and unclassified elliptical (-7). Columns (10) and 
(11) give the blue major and minor axis diameters from 
the UGC. 

Table 2 contains the source coding for the velocities 
in the catalog and the associated reference list. Note that 
some source numbers are missing because this catalog is 
a subset of the much larger whole sky catalog, and the 
sources contributing data for southern hemisphere 
galaxies have not been Usted. Table 3 gives the coding 
for the photometry sources, and Table 2 also Usts the 
number of velocities in the final catalog contributed by 
each source. We have chosen to arrange the source 
Usting in a manner similar to that of de Vaucouleurs in 
RC2. Observations are sorted primarily by the observa- 
tories at which they were made, with the exception of a 
few individual observers who have contributed signifi- 
cantly large bodies of data (e.g., Sandage and Fisher and 
Tully). Originally, we thought that this might allow 
determination of systematics peculiar to the instrumen- 
tation or reduction techniques used at each observatory. 
However, because most of the velocities in this compila- 
tion come from just a few sources whose systematics 
have already been studied (Sandage 1978; Rood 1982; 
Paper I), we will not comment further here. 

One object in the catalog does not have a velocity. It 
was not in the ZGC but comes from the CGC—III Zw 
92. It is probably stellar; spectra of objects near the 
Zwicky position show only galactic stars. We include 
this object in the Ust only for the sake of completeness. 
If this object is dropped, then this catalog is complete. 

Once again we must stress that this catalog was 
compiled for statistical analyses of redshift data. In a 
body of data this size there are sure to be errors, and we 
ask that if any are found they be reported to us (J.P.H.). 
It is our goal to compile a complete set of optical spectra 
for the galaxies in this sample in order to study the 
morphology of galaxy spectra and such questions as the 
frequency of emission lines and active galactic nuclei 
(eg. Huchra, Wyatt, and Davis 1982). At present we 
have spectra of - 60% of the sample. Parties interested 
in the optical spectra of small numbers of objects should 
contact the authors. 

CfA REDSHIFT SURVEY 
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TABLE 1 — Continued 

(i) 
RA(1950)DEC 
(2) (3) 

mp H 
(4) (5) (6) (7) (8) 

TYPE 
(9) 

"1 
(10) 

2 
(11) 

NOTES 
(12) 

N7752 
N7753 
N7757 
N7767 
N7768 
N7769 
2348+0046 
N7771 
N7775 
N7778 
2350+2801 
N7779 
N7782 
N7777 
2352+2836 
N7785 
N7786 
2353+1738 
11516 
2354+1330 
2354+1633 
N7794 
N7798 
N7800 
2358+2808 
N7803 
N7805 
N7806 
2359+2313 
2359+2314 
N7810 

23 44.5 
23 44.6 
23 46.2 
23 48.3 
23 48.4 
23 48.5 
23 48.6 
23 48.9 
23 49.9 
23 50.7 
23 50.7 
23 50.9 
23 51.3 
23 51.4 
23 52.0 
23 52.8 
23 52.8 
23 53.0 
23 53.7 
23 54.1 
23 54.2 
23 56.0 
23 56.9 
23 57.0 
23 58.2 
23 58.8 
23 58.9 
23 58.9 
23 59.1 
23 59.2 
23 59.8 

29 11 
29 12 

3 54 
26 49 
26 53 
19 52 

0 46 
19 50 
28 30 

7 36 
28 1 

7 36 
7 42 

28 13 
28 36 

5 38 
21 19 
17 38 

- 1 12 
13 30 
16 33 
10 26 
20 29 
14 32 
28 8 
12 50 
31 9 
31 10 
23 13 
23 14 
12 41 

14.30 
13.20 
13.90 
14.20 
14.00 
13.04 
14.40 
13.39 
13.90 
13.80 
14.50 
13.60 
13.33 
14.40 
14.30 
13.22 
13.90 
14.40 
14.30 
14.30 
14.50 
13.80 
12.70 
13.40 
14.40 
13.80 
14.30 
14.40 
13.20 
13.90 
14.30 

5142 
5180 
2955 
8013 
8T23 
4199 
8214 
4364 
6697 
5242 
6946 
5153 
5368 
6939 
6841 
3833 
4280 
1777 
7267 

10866 
1788 
5264 
2403 
1748 
8896 
5314 
4948 
4827 
4383 
4530 
5532 

20 22 
26 27 
10 9 
27 27 
24 27 
26 27 
21 1 
31 27 
33 27 
28 27 
28 27 
23 27 
20 1 
27 27 
36 27 
26 27 
40 27 
20 2 
23 27 
31 27 
36 27 
31 27 
15 2 
15 2 
39 27 
29 27 
21 27 
22 27 
26 27 
56 0 
29 27 

0 
4X 
5A 
0 

-5 
3A 
3 
IB 
5 

-7 
-2 

0 
3A 

-7 
-2 
-5 
15 
15 

4 
20 
10 
20 

0 
10 
15 

0 
-2X 
20 

6 
7B 

-2 

0.45 
3.50 
2.50 
1.60 
1.80 
1.80 
2.50 

0.20 
1.80 
2.20 
1.30 
1.80 
0.70 
1.20 

1.40 
2.10 

3.00 
1.30 
0.90 
2.60 
1.40 
1.40 
2.30 
0.70 
1.00 
1.00 
2.70 
1.60 
1.00 

AKN585 , IVZW165 , W5 
IVZW165B, W5 
ARP68 
11511 

1.10 1.00 
1.00 
1.30 

1.80 1.20 
1.30 
1.20 
0.50 
0.90 
1.30 
1.30 
1.60 
0.70 
0.70 
0.00 

MK332 

MK333 fW226 
1.30 IIIZW125, W254 
0.50 IIIZW125 ,W254 
0.70 

Source 0: 
Corwin and Emerson 1982 
de Vaucouleurs, Shobbrook, and Strobel 1976 
de Vaucouleurs and de Vaucouleurs 1976 
de Vaucouleurs, de Vaucouleurs, and Corwin 1976 
de Vaucouleurs, de Vaucouleurs, and Nieto 1979 
Kelton 1980 

Source 1: 
Sandage 1978 
Sandage and Tammann 1981 

Source 2: 
Fisher and Tully 1981 

Source 3: 
Huchra and Thuan at Kitt Peak No. 1 0.9 m telescope 
Huchra and Sargent 1973 

Source 4: 
Rubin er û/. 1976 

Source 5: 
Arakelian, Dibay, and Esipov 1975 a 
Arakelian, Dibay, and Esipov 19756 
Arakelian, Dibay, and Esipov 1976 a 
Arakelian, Dibay, and Esipov 19766 
Arkhipova and Esipov 1979 
Arkhipova, Esipov, and Savel’eva 1976 
Afanas’ev, Denisyuk, and Lipovetsky 1979 
Denisyuk and Lipovetsky 1977 
Denisyuk, Lipovetsky, and Afanas’ev 1976 
Dibay, Doroshenko, and Terebizh 1976 
Doroshenko and Terebizh 1975 
Kopilov et al 1976 
Markarian, Lipovetsky, and Stepanian 1980 a 
Markarian, Lipovetsky, and Stepanian 19806 

Source Listing for Table 1 

Source 6: 
Bieging and Biermann 1977 
Biermann, Clarke and Fricke 1979 
Chincarini, Giovanelli, and Haynes 1979 
Giovanelli and Haynes 1981 
Helou, Salpeter, and Krumm 1979 
Krumm and Salpeter 1977 
Krumm and Salpeter 1979a 
Krumm and Salpeter 19796 
Krumm and Salpeter 1979c 
Krumm and Salpeter 1980 
Peterson 1979 
Olson 1979 

Source 8: 
Bieging 1978 
Huchtmeier and Bohnenstengel 1975 
Huchtmeier, Tammann, and Wendker 1976 
Huchtmeier, Tammann, and Wendker 1977 

Source 9: 
Knapp era/. 1977 
Knapp, Faber, and Gallagher 1978 
Knapp, Gallagher, and Faber 1978 
Knapp 1978 
Romanishen 1980 
Shostak 1978 
Thonnard et al. 1978 

Source 11: 
Hartwick and Sargent 1978 
Jenner 1974 
Kirshner, Oemler, and Schechter 1978 
Kirshner 1977 

Source 13: 
Davis, observations at McGraw Hill 
Schild and Davis 1979 
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Source 15: 
Gregory 1976 
Gregory and Thompson 1978 
Gregory, Thompson, and Tifft, 1980 
Thompson, Weier, and Gregory 1978 
Tifft 1972 
Tifft 1974 
Tifft and Gregory 1973 
Tifft and Gregory 1976 
Tifft and Gregory 1979 

Source 16: 
Chincarini and Rood 1972 a 
Chincarini and Rood 1972& 
Chincarini and Rood 1976 a 
Chincarini and Rood 19766 
Chincarini and Rood 1977 
Dickel and Rood 1978 
Dickel and Rood 1980 
Kintner 1971 
Rood and Dickel 1976 

Source 21: 
Eastmond and Abell 1978 
Stauffer and Spinrad 1978 

Source 22: 
Balkowski, Chamaraux, and Weliachew 1978 
Bottinelli and Gouguenheim 1976 
Bottinelli and Gouguenheim 1977 
Bottinelli, Gouguenheim, and Paturel 1980 
Bottinelli, Gouguenheim, and Paturel 1981 
Bottinelli, Gouguenheim, and Paturel 1982 

Source 27: 
Elvis e/a/. 1981 
This paper. 
Schwartz er a/. 1980 
Shectman, Stefanick, and Latham 1983 
Tonry and Davis 1979 
White er a/. 1982 

Source 32: 
Bothunera/. 1982 
Heckman, Balick, and Sullivan 1978 
Schommer, Sullivan, and Bothun 1981 
Sullivan er a/. 1981 

Source 33: 
Rood 1981 

We would like to extend our deepest thanks to all the 
members of the redshift team who have made this effort 
possible—Fred Chaffee and his dauntless crew at Mount 
Hopkins, Ed Horine, Jim Peters, Bas VanSant, and Bill 
Wyatt; the instrumentation and computer team in 
Cambridge—Neal Burnham, Peter Crawford, John 
Geary, Art Goldberg, Charlie Hughes, and Tom 
Stephenson; our summer students and data aides— 
Dinah Danby, Phil Duffy, Walter Jacob, and Suzanne 

Rapp; Leshe Feldman for making things happen, and 
Herb Gursky for supporting this effort with major re- 
sources and encouragement. We would also like to thank 
all the people who have contributed data in advance of 
publication: Greg Bothun, Harold Corwin, Gil Knapp, 
Nathan Krumm, Ed Olson, Bill Romanishen, Ed 
Salpeter, Allan Sandage, Paul Schechter, Steve Shectman, 
Gustav Tammann, Trinh Thuan, and Ed Turner. Finally 
we would like to thank Steve Shectman for instrumental 

TABLE 2 TABLE 3 
Radial Velocity Sources 

Number Source 
Number of 
Velocities 

0  RC2 124 
1  Sandage 133 
2  Tully and Fisher 226 
3  Huchra and Thuan (KPNO, Markarians) 80 
4  Rubin and Ford 6 
5  Russian (Buyrakan, Alma-Alta, SAO) 19 
6  Areceibo 152 
8  German 21 cm 6 
9  NRAO 21 cm 65 

11  KPNO 27 
13  Davis 9 
15  Steward Observatory 7 
16  Rood (and Dickel, Chincarini, and Kintner) 10 
21  Lick Observatory 7 
22  French 21 cm 14 
27  CfA survey (MHO) 1493 
32  Sullivan, Bothun, and Schommer 10 
33  Rood catalog 1980 13 

Photometry and Magnitude Sources 
A. 

Number Source 

0   £(0) (RC1) 
1   Zwicky (ZGC, CGC) 
2   Shapley-Ames 
3   Tully and Fisher (DDO dwarfs) 
4   Graham 
5   Markarian, Russian estimates 
9  Observer’s eye estimates (split doubles) 

B. 

Approximate Conversions21 

Source to B (0) - ZGC 

3   £ = £3 + 1.38 
4   £ = £4+0.34 

a These conversions have been applied to derive the magnitudes 
listed in Table 1. 
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inspiration, Herb Rood for a critical evaluation of the 
data, and Margaret Geller for moral support and a copy 
of the RC1 tape. 

This work was funded in part by NSF grant 80-00876 
and by major contributions from the Smithsonian 
Institution. Typing services provided, as usual, by Fang, 
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