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ABSTRACT 
A sample of more than 150 redshifts, the majority new, is presented for galaxies brighter 

than mp = 15.8 mag in a 28 square degree field in Hercules containing the clusters A2151, 
A2152, and A2147. This sample populates a 60,000 Mpc3 conical volume. It contains a super- 
cluster centered near VQ = 11,000 km s-1, a large void of depth ~ 100 Mpc in front of the 
supercluster, and foreground structure at 4700 and 2300kms_1, the former associated with 
Seyfert’s sextet. 
Subject headings: galaxies: clusters of — galaxies: redshifts 

I. INTRODUCTION 

Field 108 of Volume II of the Catalogue of Galaxies 
and Clusters of Galaxies (Zwicky and Herzog 1963, 
CGCG) contains three distance class 1 irregular 
Abell clusters (A2151 = the classical Hercules cluster, 
A2152, A2147). Shapley (1934) designated this region 
as part of a supercluster, the Hercules supercluster. 
Abell (1961) suggested that the clusters are part of 
a supercluster which also includes A2162, A2197, and 
A2199. Redshifts for seven galaxies in A2151 were 
derived by Humason (Humason, Mayall, and Sandage 
1956), and 10 more were obtained by Burbidge and 
Burbidge (1959), who carried out a dynamical analysis 
of the cluster and published excellent reproductions 
of parts of A2151 from 200 inch (5 m) plates taken 
by Baade. More recently, Bautz (1972) obtained 
redshifts for 16 galaxies in the field of A2147. 

Other observed properties of A2151 include optical 
types, apparent diameters, etc., by Corwin (1971) and 
Thompson (1974, 1976; A2147 also studied). Low- 
dispersion spectra permitting identification of the 
reddest and bluest objects in field 108 were obtained 
by Philip (1970). Field 108 was searched for X-ray 
emission with the Ariel 5 Sky Survey Instrument by 
Cooke et al. (1977) and with the OSO 8 satellite by 
Mushotzky et al. (1978). One source has been found 

1 Visiting Astronomer, Kitt Peak National Observatory, 
which is operated by the Association of Universities for Re- 
search in Astronomy, Inc., under contract with the National 
Science Foundation. 

in A2199, Lx = 1.82 x 1044 ergss_1; and another 
source, R.A. = Ib1^^, deck = 16°25i2, has been 
identified with the cluster A2147. Radio observations 
by Jaife and Perola (1975) and Valentijn and Perola 
(1978) detected two head-tail galaxies identified with 
NGC 6034 and NGC 6061. Two sources are present 
in A2147 with relatively strong radio flux, and one 
of them is a cD galaxy: Z10873 (Cooke et al. 1977). 
Parameters for the intergalactic medium have been 
discussed by Valentijn and Perola (1978). 

The well-known compact group, Seyfert’s sextet, is 
located near the southern boundary of CGCG Field 
137, which is adjacent to Field 108. Chincarini and 
Martins (1975) found that the five members of 
Seyfert’s sextet with redshifts ~4500 km s-1 are part 
of a much larger grouping of galaxies and that seg- 
regation of redshifts is encountered in Hercules, 
Pegasus, and Coma. 

In the present paper we report on the determination 
of many new redshifts, so that now redshifts exist for 
about three-fourths of the CGCG galaxies in a solid 
angle which includes most of Field 108 and a southern 
portion of Field 137. 

II. THE DATA 

Table 1 contains data for the CGCG galaxies in 
the observed region of the sky. Columns (l)-(5) list 
the CGCG serial number, equatorial coordinates 
(epoch 1950), NGC (or IC) number, and apparent 
photographic magnitude according to the CGCG. 
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Columns (6)-(8) contain morphological types on a 
modified Hubble system (Thompson 1974, 1976), 
luminosity classifications on the van den Bergh system 
(van den Bergh 1960a, 6), and position angles of 
major axes (measured north to east) for the galaxies. 
These were determined by Thompson from six IIIa-J 
plates obtained with the KPNO 4 m telescope (A2151, 
A2152, A2147) or from two overlapping IIIa-J plates 
obtained during good seeing with the Palomar 48 inch 
(1.2 m) Schmidt telescope (for galaxies more than 
~ 1 Abell [1958] radius [0?8] beyond the Abell cluster 
centers of A2151, A2152, and A2147). Columns 
(9)-(ll) contain the redshifts expressed as helio- 
centric radial velocities derived by Tarenghi and Tifft 
(FTt)> Chincarini and Rood (FCR), or taken from 
The Second Reference Catalogue of Bright Galaxies 
(de Vaucouleurs, de Vaucouleurs, and Corwin 1976, 
RC2) and Bautz (1972). Column (12) lists the correc- 
tion for the motion of the Sun relative to the centroid 
of the Local Group as used by de Vaucouleurs, de 
Vaucouleurs, and Corwin (1976). About half of the 
solar motion corrections are Ikms-1 larger than 
values for the same galaxies listed in the RC2. The 
column (12) values are rounded to the nearest km s_1. 
Column (13) contains the adopted redshift relative to 
the Local Group, the straight average of the values 
in columns (9)-(ll) corrected according to column 
(12). 

The redshifts and FCR were derived from 
spectrograms with an inverse dispersion of about 
240 Â mm-1 taken with a Carnegie image-tube 
spectrograph attached to the Steward Observatory 
2.3 m telescope and the KPNO 2.1 m telescope, re- 
spectively. Reduction procedures are nearly identical 
to those described by Tifft and Gregory (1976) and 
Chincarini and Rood (1972). Both sets of redshifts 
have typical uncertainties of lOOkms-1. Eight 
galaxies are common to the two samples; from these 
we obtain <LtT — FCR> = 16 ± 160 km s-1. The 
value 160 is in satisfactory agreement with the ex- 
pected value of 100 x ^/2 = 141 for differences 
between two distributions with individual a of 100. 

HERCULES SUPERCLUSTER 
Fig. 1.—Frequency distribution of redshifts in the observed 

field of the Hercules supercluster. 

The largest deviation, 300kms_1, represents about 
a 2 er deviation and has about an 0.3 chance of 
occurrence in a sample of eight, hence is not unusual. 

From Table 1 we see that there are 86 Tarenghi- 
Tifft redshifts of CGCG galaxies (13 additional red- 
shifts of fainter galaxies are listed in Table 2), 47 
Chincarini-Rood redshifts, and 45 RC2 redshifts. A 
total of 135 CGCG galaxies in the sample area now 
have known redshifts. Fifty additional galaxies in the 
area are listed in Table 1 but have no measured red- 
shifts. The six galaxies listed as Zw 137010 form the 
Seyfert sextet. 

Column (14) of Table 1 contains a cluster member- 
ship notation described below. 

in. RESULTS 

A preliminary discussion of results was given in 
Tallinn, Estonia (Tarenghi et al. 1978), and Paris 
(Tarenghi 1977). A detailed analysis of the data is 

TABLE 2 
Supplementary Data 

Z108 
Serial No. «(1950) S(1950) 

Ftt 
(km s"1) 

Frc2 
(km s_1) 

AK 
(km s “ ^ 

Vo 
(km s ~1) Cluster 

66SE. 

144SE. 

15h59™7 
15 59.9 
15 59.9 
16 04.0 
16 04.2 
16 04.3 
15 53.8 
16 00.0 
16 00.0 
16 1.3 
16 0.5 
16 2.9 
15 58.7 

16035' 
16 02 
16 02 
18 19 
17 50 
17 51 
19 2 
16 9 
16 9 
16 2 
16 49 
17 33 
16 31 

VV 159DN 
VV 159DS 

MK 292 
S 
NW 

20W24 
20W29 
20W5 

9112 
9973 
9878 

11924 
11987 
10466 
10678 
10121 
10256 
30000 
33338 
12839 
43000 

10670 

105 
103 
103 
114 
113 
113 
109 
104 
104 
104 
106 
111 
104 

9217 
10076 
9981 

12038 
12100, e 
10579 
10783,e 
10225 
10360 
30104 
33444 
12950 
43104 

A2147 
A2147 
A2147 
A2151 N 
A2151 S 
A2151 S 
Disp. 
A2147 
A2147 

A2151 S 

Note.—An e means we observed emission lines. 
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Fig. 2.—Redshift map of the observed field of the Hercules supercluster. Redshifts are in units of 100 km s-1. Symbols for 
galaxies represent apparent magnitudes (see CGCG for key). 
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given elsewhere; however, the general properties are 
briefly presented here. 

Figure 1 is the histogram of redshifts for the 
observed region. Only two galaxies (one, the dis- 
cordant-redshift object in Seyfert’s sextet) lie in the 
background of the Hercules supercluster, which has 
itself an asymmetric distribution of redshifts covering 
the range ~8500 km s_1 < VQ < 14,000 km s'1. The 
occurrence of a second object with a redshift similar 
to the discordant object in Seyfert’s sextet suggests 
that a background supercluster with a redshift near 
19,000 km s_1 may exist. This would make the chance 
of an accidental superposition in the sextet more 
likely. The gap in redshifts over the interval 14,500 km 
s_1 < V0 < 18,000 km s_1 is enhanced by the Malm- 
quist effect; hence a high redshift boundary of the 
supercluster cannot be strictly defined. The gap 
beginning at 4500 km s_1 and extending to the sudden 

onset of the supercluster at 8500kms_1 cannot be 
produced by such selection, however. This redshift 
gap corresponds to a “void” in the three-dimensional 
galaxy distribution. 

From Figure 1 we infer the existence of two pop- 
ulated intervals in the foreground of the Hercules 
supercluster. One of these, with five known members, 
has an average redshift <F0) = 2300 km s“1 with a 
standard deviation av = 198kms_1. The other has 
V0 = 4705 km s"1 and = 252 km s"1 (N = 22). 
The values of oy have been corrected for 100 km s-1 

uncertainty in the observed redshifts. 
Figure 2 is a map of the observed area. The number 

next to each galaxy is the measured redshift in 
kms^/lOO, from Table 1. The symbols for the 
galaxies (which represent apparent magnitudes) are 
taken directly from the CGCG. 

For the purpose of discussion, we will assume that 

Bright foreground galaxies are those sufficiently luminous to be in the observed sample if located at the distance of the Hercules 
supercluster. Faint foreground galaxies are too faint to be in the observed sample if located at the distance of the Hercules super- 
cluster. A2147 core and A2152 core are the galaxies within one Abell radius of the respective cluster centers. A2151 core are the 
galaxies within one Abell radius of the center of A2151 but with 8 < 18?0, while A2151 North are the remaining galaxies with 
8 > 18?0. The galaxies beyond one Abell radius of the centers of A2147, A2152, and A2151 and with 8000 km s"1 < Fo < 
15,000 km s“1 are members of the dispersed component of the Hercules supercluster. The sample is incomplete north of S = 20°. 
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the galaxies within one Abell radius (0?8) of the center 
of A2151 (or A2152, or A2147) are members of that 
cluster. A galaxy within 0?8 of the center of two 
clusters is assigned to the cluster with the nearest 
center. It is not beyond doubt that these conventional 
Abell clusters are actual clusters. Examination of the 
sky survey photograph (or Fig. 1 of Burbidge and 
Burbidge 1959) indicates that A2151 could be two 
separate clumps. The northern clump (with 8 > 18°) 
we call A2151 N, and the southern clump (with 
8 < 18°) we call A2151 S. In Figure 2, A2152 and 
A2147 are not clearly separated, and they could be 
component parts of one cluster. The supercluster 
galaxies which are located outside the 0?8 boundaries 
of the conventional clusters are designated as the 
“dispersed component.” There are 35 galaxies in the 
dispersed component scattered over an area of 28 
square degrees, or 1.25 galaxy per square degree. 
Since each conventional cluster occupies an area of 
2 square degrees, there are typically two or three 

members of the dispersed component superposed on 
a cluster. 

Figure 3 is a “cone diagram”—redshift versus 
declination for the galaxies in the observed field. The 
foreground groups and “voids,” and the separation 
of the clusters in distance and declination, are clearly 
evident. Notice from the symbols in Figure 3 that 
only two foreground galaxies would be bright enough 
to be detected in an < 15.7 mag survey if they were 
located at the distance of the Hercules supercluster. 
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