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ABSTRACT 

Using data provided in a previous paper, we calculate distances on the zero point of de Vaucouleurs's distance 
scale to 77 individual galaxies in CGCG field 108, where the core of the Hercules supercluster is found. Three 
largely independent techniques are applied: (1) the luminosity index of spirals in conjunction with total 
magnitudes, isophotal diameters, and effective apertures; (2) the 21 cm line width of spirals in conjunction with 
total magnitudes and isophotal diameters; and (3) the ( U - B) colors and mean effective surface brightnesses of 
ellipticals and lenticulars in conjunction with total magnitudes. The methods yield results which are fairly 
consistent, although the published 21 cm line-width data either show evidence of large errors or are not well 
represented by revised versions of the Tully-Fisher relation. However, in the mean the three methods agree, 
giving 35.1 ±0.2 (external mean error, inclusive of zero point) for the distance modulus, indicating that the 
Hercules supercluster is 105 ± 11 Mpc distant. Using published radial velocities, the Hubble constant is found to 
be H0 =105±6 (internal mean error; ±11 external mean error) km s- 1 Mpc- 1, consistent with previous 
estimates based on de Vaucouleurs's tertiary distance scale. 

An analysis of the velocity-distance relation toward CGCG field 108 seems to confirm the existence of two 
groups of foreground galaxies. While the number of objects in these groups is too small to establish firmly the 
form of the relation within the scatter of the distance moduli, the mean distances of the groups are 
approximately consistent with the same value of the Hubble constant derived from the Hercules supercluster. 
The data suggest that the velocity-distance relation toward CGCG field 108 is linear on a scale of 100 Mpc. 

Subject headings: cosmology- galaxies: clustering - galaxies: distances - galaxies: photometry-
radio sources: 21 cm radiation 

I. INTRODUCTION 

In a previous paper (Buta and Corwin 1986, hereafter 
Paper I) we presented an extensive collection of data on 
revised Hubble types, luminosity classes, isophotal diameters, 
axis ratios, integrated magnitudes, effective apertures, and 
integrated color indices for a large number of galaxies in field 
108 of the Catalogue of Galaxies and of Clusters of Galaxies 
(Zwicky and Herzog 1963, hereafter CGCG). In this paper we 
will use these data to derive the distance of the Hercules 
supercluster by applying a variety of tertiary distance indica
tors which have been developed since 1978 ( see de Vaucouleurs 
1982a and references therein). We will use the result to 
evaluate the Hubble constant, H0 , on a scale that should be 
large enough to minimize the influence of local density en
hancements within the Local Supercluster. Since the analysis 
will rest on the zero point of de Vaucouleurs's distance scale 
and the tertiary calibrations, we cannot derive an independent 
value of H0 from these data. It is already well known, for 
example, that these calibrations yield H0 :::::: 100 km s- 1 Mpc- 1 

for galaxies out to distances of 32 Mpc ( de V aucouleurs and 
283 

Bollinger 1979; de Vaucouleurs and Peters 1981, 1984; 
de Vaucouleurs et al. 1981) rather than the widely adopted 
value of 50 derived by Sandage and Tammann (1976, 1982). 
What we can test is whether H0 changes significantly with 
distance, or whether the velocity-distance relation is linear to 
beyond the Local Supercluster. The Hercules supercluster is 
nearly twice as far away as most other groups and clusters 
observed for a similar purpose (Aaronson et al. 1980, 1981; 
Visvanathan 1983), so the step outward is a significant one. 

The main tertiary indicators we choose to use are the 
luminosity index, Ac, and the maximum rotation velocity, 
Vm, for spirals, and a color-surface brightness-magnitude 
relation for ellipticals and lenticulars. These indicators give 
distance moduli with a precision of 0.3-0.5 mag when accu
rate and well-defined integrated magnitudes and diameters 
are available (Bottinelli eta/. 1984a). In Paper I it was shown 
that the input photometric data as well as the revised Hubble 
types have errors as small as those for the calibrating galaxies, 
so this kind of precision should be achievable in our analysis. 
Different calibrations are discussed separately in §§ II-IV. 
The main result is in§ V. 
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II . APPLICATION OF THE LUMINOSITY INDEX 

De Vaucouleurs (1979a) demonstrated that revised Hubble 
~ types T and van den Bergh luminosity classes L can be used 
~ together as a fairly precise distance-independent index of 
~ absolute magnitude. When these parameters are coded on the 
,-; numerical scale of the Second Ref ere nee Catalogue of Bright 

Galaxies (de Vaucouleurs, de Vaucouleurs, and Corwin 1976, 
hereafter RC2), the luminosity index, 

A= (T+ L}/10, (1) 

is found to be a better measure of absolute magnitude than 
either parameter alone. Two important effects were noted by 
de Vaucouleurs. The first is that T and L are correlated in the 
sense that, on average, L = T-1, which means that late-type 
galaxies tend also to be assigned fainter luminosity classes. 
The second is that the van den Bergh luminosity classes are 
affected by inclination because the increased path length 
reduces the contrast of spiral structure relative to the disk. 
Highly inclined galaxies on average are assigned fainter 
luminosity classes than nearly face-on ones at a given stage. 
From a statistical analysis, de Vaucouleurs, de Vaucouleurs, 
and Corwin (1978) derived the following empirical relations 
that should correct L for this effect: 

Le= L- A(log R 25 -0.20), (2a) 

where 

A=2.0 forT~5, (2b) 

A=2.0-0.9(T-5) forT>5 . (2c) 

Here R 25 is the isophotal (major-to-minor) axis ratio at the 
isophote level µ, 8 = 25.0 mag arcsec- 2 (see Paper I). With this 
reduction de Vaucouleurs calibrated the corrected luminosity 
index, 

(3) 

with the following linear formulae: 

M$=-19.15+3.0(Ac-l), (4a) 

log D0 (pc) =4.18-0.60(Ac-1). (4b) 

In each case the zero point was based primarily on 16 local 
calibrators, while the slope was determined by these plus 
several additional homogeneous samples. De Vaucouleurs also 
presented cubic calibration formulae, but mainly only to 
demonstrate that the resulting distance scale does not depend 
critically on the adopted interpolation formula. There is evi
dence that the simpler linear formula is preferable (G. 
de Vaucouleurs 1983, personal communication). 

In addition to Bi and log D0 , de Vaucouleurs (1979b) used 
the effective aperture, A, (which transmits half the total 
B-band flux), through the following linear calibration for
mula: 

log A,(pc) = 3.78-0.35(Ac-l). (5) 

This variant is useful because, unlike Bi and log D0 , log A, 
is a metric length not affected (to first order) by Galactic 
extinction or K-effect. 

In our analysis we will use equations (2)-(5) to derive 
distances to 35 galaxies in CGCG field 108 for which we have 
estimated values of both T and L. While objections have 
frequently been raised to the use of such visually estimated 
parameters for this kind of purpose (see, for example, the 
appendix to de Vaucouleurs 1979a for arguments for and 
against it), the method nevertheless can yield distance moduli 
with mean errors of about 0.4 mag and is easily applicable to 
a large number of galaxies. 

Table 1 summarizes the luminosity index moduli. Accord
ing to Tarenghi et al. (1979), most of the - 150 galaxies in 
CGCG field 108 for which a radial velocity has been mea
sured are in the range 8500 < Vo < 14,000 km s- 1 and are 
probable members of the supercluster. However, they also 
confirmed a suggestion by Corwin (1967) and Chincarini 
and Martins (1975) that some galaxies in the field have lower 
redshifts centered around two discrete redshift groups: one 
having Vo= 2300 km s- 1 and a second having Vo= 4700 
km s- 1 . We follow the terminology introduced by Tarenghi 
eta/. (1979) and denote these groups G23 and G47. Table 1 
includes luminosity index moduli for four members of these 
groups, and it is reassuring to find that in the mean these 
moduli are lower than those for most of the probable mem
bers of the Hercules supercluster. The velocity-distance rela
tion in field 108 is explored in more detail in § VI. 

The presence of foreground galaxies toward the Hercules 
supercluster complicates the matter of objects for which radial 
velocities have not yet been measured. The situation for these 
galaxies is complicated further by the discovery by Tarenghi 
et al. (1979) that there may be a fourth redshift group having 
Vo = 19,000 km s- 1 that probably includes galaxies in the 
background of the Hercules supercluster. In spite of these 
uncertainties, Table 1 gives distance moduli for seven galaxies 
having unknown radial velocity, assuming that they are mem
bers of the Hercules supercluster for which ( V0 ) = 11,000 
km s- 1 (Tarenghi et al. 1980). As far as an actual distance 
calculation is concerned, precise radial velocities are needed 
only to facilitate corrections of the observed parameters for 
space curvature and K-effect. At redshift z = 0.037, these 
corrections are at most 0.15 mag, which is smaller than the 
typical mean error, 0.4 mag, of the luminosity index calibra
tion. At the same time the magnitudes and diameters of most 
of the unmeasured galaxies in our sample suggest that they 
are not background objects (but see Buta and de Vaucouleurs 
1983 for some possible background ringed galaxies). The 
cutoff in the Zwicky catalog is still fairly close to the bright 
end (am < 3 mag) of the luminosity function of the Hercules 
supercluster. We therefore believe that the assumption V0 = 
11,000 km s- 1 for unmeasured galaxies in Field 108 does not 
lead to serious errors in some of the distance determinations 
in Table 1 (indicated by a colon after the moduli). 

We now examine how well the Hercules galaxies obey the 
relations derived by de Vaucouleurs. This is shown in Figures 
la-le for Bi, log D0 , and log A,, respectively. For compari
son, we show the same relations for a sample of spirals in the 
core of the Virgo cluster (de Vaucouleurs 1982b). The solid 
lines in each case are defined by the slopes in equations ( 4) 
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DISTANCE MODULI FROM THE LUMINOSITY INDEX 
N 

'° 
Object A s• m.e. logD 0 m.e. logAe m.e. z µ,(B1) µ,(D,) µ, (Ael µ~(Ac) 

C T 
[/) 

t-:, 2 3 p_, 4 5 6 7 8 9 10 11 12 13 
~ 

'° co 
m (a) Member of 
.---< 

G23 

Il 151 0.75 12. 71 0.13 1 .29 0.01 0.82 0.04 0.007 32.60 32.88 32.94 32.78 

(b) Members of G47 

A1553.4+1825 0.74 14. 11 0.14 0.98 0.01 0.017 34.05 34.46 34.25 
A1553.6+1718 1.01 14.65 0.10 1 .08 0.01 0.016 33.18 33.18 33.48 
N6073 0.78 13.72 0.01 1 .08 0.01 0.67 0.04 0.015 33 .53 33.86 33.60 33.68 

(c) Members or Probable Members of the Hercules Supercluster 

N6022 0.61 14.95 0.08 0.87 0.01 0.43 0.04 0.037 35.27 35.42 35.10 35.29 
A1555.7+1629 0.73 15.10 0.07 0.95 0.04 0.045 35.05 34.62 34 .84 
A1557.5+1856 0.50 14.10 0.06 1.02 0.01 0. 48 0.04 0.030 34.76 34.98 35.07 34.91 
I 1155 0.62 14.52 0.05 0.93 0.01 0.51 0.03 0.035 34.79 35.05 34.68 34.87 
A1558.6+1629 0.71 15.49 a.as o.84 0.01 0.52 0.03 0.041 35.51 35.25 34.50 35.20 
A1558.6+1628 0.60 14.84 0.05 0.84 0.01 0.33 0.03 0.041 35. 18 35.56 35.62 35.42 
I 1162 0.62 14.92 0.06 0.85 0.01 0.35 0.04 0.044 35,21 35.46 35.48 35.37 
A1559.5+1555 0.62 15.64 0.05 0.84 0.01 0.46 0.03 0.037 35.94: 35.51: 34.96: 35.57: 
A1559.9+1604 0.51 14.68 0.11 0.84 0.01 0.57 0.04 0.044 35,30 35.83 34.57 35. 37 
A1559.9+1634 0.63 15.12 0.06 0.93 0.01 0.53 0.04 0.031 35,38 35.05 34.57 35.09 
A1601.3+1737 0.74 15.60 0.15 0.76 0.01 0.44 0.04 0.037 35.54: 35.55: 34.85: 35.41: 
A1602.1+1650 0.55 15.01 0.14 0.86 0.04 0.031 35.51 35,63 35.57 
N6040A 0.64 14.39 0.05 1.07 0.01 0.58 0.03 0.042 34.62 34.28 34.30 34.42 
A1602.3+1736 0.69 15.48 0.06 0.82 0.01 0.40 0.04 0.040 35.57 35.43 35.11 35.42 
A1602.4+1758 0.93 16.00 0.08 0.76 0.05 0.037 35-37: 35.02: 35.20: 
A1602.5+1735 0.81 15.17 0.09 o.84 0.01 0.38 0.03 0.035 34.88 34.94 35.02 34.93 
N6045A 0.52 14 .13 0.09 0.99 0.01 0.57 0.04 0.033 34. 73 35.07 34.57 34.83 
I 1173 0.59 14.93 0.08 0.94 0.01 0.58 0.03 0.036 35. 31 35.11 34.42 35.05 
N6050 0.60 14.94 0.07 0.93 0.01 0.54 0.04 0.032 35,30 35.11 34.58 35.08 
Il 179 0.90 15.62 0.07 0.77 0.01 0.50 0.04 0.037 35.06 35.04 34.25 34.89 
N6054 0.60 15.34 0.05 0.87 0.01 0.31 0.03 0.037 35.70 35.46 35.73 35.61 
A1603.4+1824 0.61 15.34 0.01 0.82 0.01 0.37 0.04 0.038 35.66 35.65 35. 40 35.60 
I 1186 0.60 15.03 0.05 o.88 0.01 o. 47 0.03 0.037 35.38 35.36 34.93 35.28 
A1603.5+1809 0.12 15.69 0.08 0.75 0.01 0.37 0.04 0.041 35.68 35.66 35.20 35.57 
A1603.6+1821 0.43 14. 79 0.06 1.04 0.01 0.60 0.04 0.036 35.64 35.08 34.59 35.21 
A1603.8+1815 0.72 15.75 0.06 0.72 0.01 0.31 0.04 0.037 35.73 35.83 35.50 35.72 
A1603.8+1820 0.57 14.98 0.06 0.96 0.01 0.53 0.03 0.037 35.42 35.09 34.66 35.14 
A1604.0+1805 1 .02 16.00 0.06 0.68 0.01 0.32 0.04 0.037 35.10: 35.13: 34.94: 35.08: 
A1604.0+1833 0.71 15.40 0.06 0.81 0.01 0.44 0.04 0.037 35.42 35.42 34.90 35.32 
N6062 Q.51 13.78 0.06 1 .04 0.01 0.78 0.04 0.039 34.40 34.87 33.55 34.42 
A1604.3+1802 0.68 15.55 0.05 0.73 0.01 0.23 0.03 0.037 35.68 35.91 36.00 35.83 
I 1195 0.61 15.14 0.05 0.78 0.01 0.35 0.03 0.040 35.46 35.83 35.50 35.61 
A1604.5+1738 0.63 15.35 0.06 0.80 0.01 0.35 0.04 0.045 35.60 35.65 35.46 35.59 
A1605.1+1748 0.58 15.46 0.06 0.88 0.01 0.39 0.04 0.037 35.87: 35.46: 35.38: 35.61: 
A1614.6+1936 0.82 15.60 0.14 0.78 0.04 0.037 35. 31: 35.26: 35.28: 

Col. (1).-NGC, IC, or anonymous designation. 
Col. (2).-Luminosity index calculated from eq. (3). 
Col. (3).- B~, fully corrected total magnitude. 
Col. (4).-Mean error of magnitude. 
Col. (5).-Logarithm, log D0 , of fully corrected isophotal diameter at the level µ. 8 = 25.0 mag 

arcsec- 2. 

Col. (6).-Mean error of log D0 . 

Col. (7).-Logarithm, log A,, of effective aperture. 
Col. (8).-Mean error of log A,. 
Col. (9).-Redshift from Tarenghi et al. 1979. 
Col. (10).-Distance modulus from eq. (4a) and sr 
Col. (11).-Distance modulus from eq. (4b) and log D0 . 

Col. (12).-Distance modulus from eq. (5) and log A,. 
Col. (13).-Weighted mean modulus. Objects for which a colon follows the moduli are of 

unknown redshift and have been assumed to be members of the supercluster for which 
(V) =11,000 km s- 1. 
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FIG. 1.-(a) Corrected total magnitude Bi vs. luminosity index A c for 35 spiral galaxies in the Hercules supercluster. Shown also are similar data for 21 spirals in the Virgo cluster from de 
Vaucouleurs (1982b ). The line drawn through each set of data has a slope of 3.0. ( b) Logarithm of corrected isophotal diameter D0 vs. A" for the same Hercules spirals, compared with the relation 
for the same 21 Virgo cluster spirals. The line drawn through each data set has a slope of -0.6. (c) Logarithm of effective diameter A, vs. A" for 31 Hercules spirals, compared with the same 
relation for 10 Virgo cluster spirals. The straight line drawn through each data set has a slope of - 0.35. ( d) Residuals of distance moduli from Bi vs. log R 25 . ( e) Same as ( d), for D0 moduli. (f) 
Same as (d), for A, moduli. 



Ol 
C') 

co 
N DISTANCE TO HERCULES SUPERCLUSTER. II. 287 
N 
'"' and (5), and are adjusted in zero point only (see the Appendix 

for estimates of the relative distance modulus between Virgo 
~ and Hercules). These plots demonstrate that galaxies in the 
~ Hercules supercluster obey the de Vaucouleurs relations fairly 
~ well. The comparison with Virgo is interesting because it 
,-; shows how most of the Hercules galaxies in our sample 

occupy only a narrow range of Ac, consistent with our 
expectation that we are sampling only the bright end of the 
luminosity function. 

Table 5 summarizes the mean distance moduli according to 
equations (4) and (5). The results from BJ and log D0 are in 
excellent agreement: for 35 objects, (µ, 0 (BJ, Ac))= 35.32± 
0.06, while (µ, 0 (D0 , AJ) = 35.30±0.06. Only one object in 
each case is relatively discrepant (see notes to Table 5), and it 
is most interesting that the standard deviations ( CJ = 0.36 
mag) about the means are identical for the two approaches. 
De Vaucouleurs (1979a) found from his samples used for 
calibrating the luminosity index that isophotal diameters are 
generally poorer distance indicators than total magnitudes 
(relative weights 0.5: 1). However, the mean error of the 
isophotal diameters for most of the objects in Table 1 is 
CJ(log D25 ) = 0.01, compared with an average mean error of 
CJ(log D25 ) = 0.04 for RC2 galaxies. This is probably why the 
scatter of D0 moduli is smaller for our data than in 
de Vaucouleurs's samples. 

The mean distance modulus from 31 objects having A, 
available is (µ, 0 (A,, AJ) = 34.95 ±0.09, or about 0.36 mag 
smaller than from BJ and D0 • This difference is not attribut
able to an underestimate of the Galactic extinction or to 
cosmological effects (see § V), but may reflect a small scale 
error in the A, distance scale. The difference is not, however, 
in the sense expected from a comparison made by Bottinelli 
et al. (1984a) between A, moduli and A c and Vm moduli for 
nearer RC2 galaxies. The agreement is nevertheless still satis
factory. 

Figures ld-lf show the residuals of the distance moduli 
from the three techniques plotted against log R 25 . These 
indicate that there is no significant residual dependence of the 
distance moduli on axis ratio for any of the methods. 

In Figure 1 it is interesting to note the larger scatter of 
Virgo cluster objects about the de Vaucouleurs relations as 
compared with the Hercules supercluster objects. The dif
ference is not necessarily due to larger errors in the Virgo 
data, but instead is probably due to the resolution .in depth of 
the Virgo cluster. At a given luminosity, near- and far-side 
galaxies in Virgo differ by about 0.5 mag in apparent bright
ness if the depth of the cluster is 3 Mpc (de Vaucouleurs 
1982b). At the distance(~ =112 Mpc) of Hercules indicated 
by the Ac moduli, such a depth would lead to a difference of 
less than 0.1 mag. 

III . APPLICATION OF THE 21 CENTIMETER LINE WIDTH 

The maximum rotation velocity Vm, as estimated from the 
21 cm line width, is generally regarded as the best of the 
tertiary distance indicators (Tully and Fisher 1977; Aaronson, 
Huchra, and Mould 1979; Aaronson et al. 1980, 1981; 
Bottinelli et al. 1980, 1983, 1984a, b ). In this section we use 
this method to make an estimate of the distance to the 
Hercules supercluster which is largely independent of the 
estimate based on Ac-

Table 2 summarizes the available published line widths for 
43 galaxies in CGCG field 108 from eight sources. Two of 
these comprise the bulk of the data: Bothun (1981, hereafter 
BOT; see also Schommer, Sullivan, and Bothun 1981) has 
measured widths at 20% of peak intensity for 17 spirals 
mostly in A2151, while Giovanelli, Chincarini, and Haynes 
(1981, hereafter GCH) have presented for 28 spirals widths 
which were measured at a level equal to 50% of the average 
taken over the signal. GCH state that their widths average 
about 5.5 km s- 1 smaller than those measured at 20% of the 
peak of the signal, and comparison between 10 objects in 
common with BOT (Fig. 2) suggests that this difference could 
be used simply to reduce their measurements to the standard 
level. The mean difference between the two sets is (W(BOT) 
-W(GCH)) = +33±24 km s- 1, with a standard deviation 
of 76 km s- 1, or + 12 ± 12 km s-1, with a standard deviation 
of 37 km s- 1 after 2 CJ rejection of NGC 6022. There is no 
evidence for a significant scale error between the two sets, and 
both estimates of the mean difference are consistent with the 
value of 5.5 km s- 1 found by GCH. To use their data, we will 
simply add 5.5 km s- 1 to their published line widths. 

In addition to the Hercules supercluster data, line widths at 
20% peak intensity were also available for two foreground 
objects. References to these are given in Table 2. 

For calculating distances we use the B-band version of the 
Tully-Fisher (TF) relation developed and analyzed in great 
detail by Bottinelli et al. (1980, 1983, 1984a), and which is on 
the zero point of the de Vaucouleurs distance scale. The 
maximum rotation velocity is calculated from the observed 21 
cm line width corrected for several effects: finite bandwidth, 
redshift, the inclination of the galaxy, and the turbulence of 
the interstellar gas. 

The first correction is instrumental in origin and is usually 
small but not necessarily negligible. It depends on the channel 
width used for the observations, and also on the level used for 
measuring the line width. For the BOT and GCH data the 
spectral resolution was 8.6 km s- 1. According to Table 5 of 
Bottinelli, Gouguenheim, and Paturel (1982), the correction to 
line widths measured at 20% of peak intensity is -4 km s- 1 

for this resolution. 
The redshift correction is straightforward. Given an ob

served line width W{o corrected for instrumental resolution, 
the line width reduced to zero redshift is calculated from 

W20 = W{0 (1 + z) - i. ( 6) 

Note that the widths published by GCH already have this 
factor taken into account, but in Table 2 we have removed it 
in order to make their data comparable to the BOT data. 

A simple model for the distribution of the turbulent veloci
ties is used to make the internal velocity dispersion correction. 
We refer the reader to Bottinelli et al. (1983) for details. 
According to their model, for a line width measured at the 
20% level, the increase in the width due to the velocity 
dispersion is given by 

~W20 =37.8/(s}, (7) 

where 

(8) 

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



Ol 
C') 

co 
N 

N 

'"' 

Ci) 
t-:, 
Pa 
,0: 

'"' co 
a-, 
,-; 

288 BUTA AND CORWIN Vol. 62 

TABLE2 

PUBLISHED HI DATA FOR GALAXIES IN CGCG FIELD 108 

Object w Ref. v0 Object w Ref. V0 

2 3 4 2 3 4 

N6012 227 1846 A1602.3+1736 336 5 11910 
N6012 180 2 1847 A1602.3+1736 338 7 11880 
N6012 197 3 1855 A1602,5+1701 516 5 12922 
N6012 195 4 1855 A1602.5+1735 318 5 10630 
A1552.2+1840 322 5 9726 A1602.5+1735 265 7 11638 
Al 552 .2+1840 305 7 9733 11173 455 5 10431 
A1553.4+1825 297 6 5288 11173 430 7 10438 
A1553.4+1825 222 7 5279 N6050 386 5 9589 
A1553.6+1718 162 7 4951 N6050 392 7 9597 
Al 554 .8+1819 331 7 9423 11179 284 5 11147 
A1555.3+1810 357 7 9424 11179 213 7 11048 
A1555.4+1621 483 7 10444 A1603.2+1750 330 5 11070 
N6022 381 5 10607 N6054 315 5 11177 
N6022 158 7 10689 11182 561 5 10091 
A1555.7+1505 88 7 11275 11182 536 8 10270 
A1556.8+1503 188 7 12554 A1603.4+1824 432 5 11434 
A1557.5+1856 381 7 8827 A1603.6+1821 579 5 10726 
11155 248 5 10629 Al603 . 6+1821 573 7 10721 
11155 246 7 10700 A1603,8+1815 236 5 11060 
A1558.4+1651 264 7 10651 A1603 ,8+1820 523 5 11180 
A1558.5+1517 315 7 10169 A1603 ,8 +1849 302 7 11678 
A1558.5+1813 334 7 13155 11189 110 5 11810 
A1558.6+1629 232 7 12285 A1604.0+1833 194 7 11018 
A1558.6+1628 460 7 13146 N6062 409 7 11722 
l 1162 280 7 13327 A1604.7+1544 526 7 11809 
N6028 280 7 4475 A1606.5+1654 525 5 10595 
A1559 . 3+163ll 574 7 12727 N6073 348 7 4640 
A 1602. 1 +1 650 366 5 9405 A1608 . 6+1711 350 7 10158 
A1602. 1+1650 426 7 9284 A1559.8+1857 1 41 7 2517 

Col. (1).-NGC, IC, or anonymous designation. 
Col. (2). -21 cm line width (km s - 1 ). Except for source 7, these are measured at 

20% of the peak intensity in the line profile. For source 7 the widths are measured 
at 50% of the intensity averaged over the entire profile. Values from source 7 have 
been multiplied by 1 + z to make them comparable to those from the other sources; 
the value from source 6 has had the sin i correction removed. 

Col. (3) .-Source of line width. 
Col. (4).-Radial velocity (km s - 1) from same source. 
REFERENCES.-(1) Bottinelli, Gouguenheim, and Paturel 1980; (2) Balkowski and 

Chamaraux 1981; (3) Hewitt, Haynes, and Giovanelli 1983; (4) Haynes and 
Giovanelli. 1984; (5) Bothun 1981; (6) Williams and Kerr 1981; (7) Giovanelli, 
Chincarini, and Haynes 1981; (8) Bothun, Stauffer, and Schommer 1981. 

600•--~--.....---.----.---~ and i is the inclination. For an inclination of 45 °, the 
correction amounts to 45 km s- 1 if the ratio of velocity 
dispersions, s =ax/a,= av/a,, is 1.5. W(GCH) 

• 
400 

• 

• • 
200 • 

200 

• 

• 
400 

W(BOT) 

• 

600 

Finally, the correction of the 21 cm line width for projec
tion is made by deriving the inclination from the isophotal 
axis ratio, R 25 . If q = R 2/, then the inclination can be 
calculated from 

cos2 i = ( q2 - q;) /( 1- q;), {9) 

FIG. 2.-Comparison between 21 cm line widths measured by 
Giovanelli, Chincarini, and Haynes (1981) and Bothun (1981 ). The line is 
of unit slope. 

where q, is the intrinsic flattening of the disk. From a 
statistical analysis of galaxies in RC2, Bottinelli et al. (1983) 
found that the intrinsic flattening depends on Hubble stage 
and can be represented by the following approximate re
lation: 

-log q, = 0.60+0.045T, {10) 
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Ci) maximum rotation velocity Vm is calculated from 
t-:, 

agrees better with the Ac distance scale. To allow for this, we 
add 0.15 mag to the Vm moduli to ensure that the two 
distance modulus sets are on the same zero point. 

~ Vm = ( W20 -AW20 )/2 sin i. 
'"' co 

(11) The 21 cm line width moduli from sources 1-6 in column 
(3) of Table 2 are compiled in Table 3A, while those for 
source 7 (GCH) are compiled in Table 3B. We treat the GCH 
data separately from the others because of the different way 
the line widths were defined. One member of G23, NGC 
6012, has several available line widths, and the value of log Vm 
for this object is based on the average of these measurements. 
Restricting our attention to the Hercules supercluster, Figures 
3a and 3b illustrate plots of Bi and log D0 against log Vm 
for the BOT data to check whether the slopes of the relations 
are consistent with equations (12). For comparison, the same 
relations for galaxies in the core of the Virgo cluster ( de 
V aucouleurs 1982 b) are shown. These demonstrate that the 
Virgo data are consistent with equations (12), but the Hercules 
galaxies seem to favor a lower slope in each case. While the 
lower slopes could conceivably imply that the Hercules galax
ies are different from the Virgo galaxies and hence do not 
obey the same TF relation, we believe that the departure is, at 

a-, 
,-; The calculation of distances from the Bottinelli et al. (1983) 

calibration then proceeds as follows. The revised TF relation 
for blue light magnitudes is given by 

M~ = -19.40-5.0(log Vm -2.2), (12a) 

while a corresponding relation for isophotal diameters is given 
by 

log D0 (pc) = 4.20+ 1.00(log Vm -2.2). (12b) 

We use these relations with one refinement: Bottinelli et al. 
(1984a) have found that there is a small but nonnegligible 
zero-point difference of 0.15 mag between the luminosity 
index and Vm distance scales. De Vaucouleurs (1983a) has 
demonstrated that several basic properties of our Galaxy lead 
to an independent distance-scale calibration whose zero point 

TABLE3A 

DISTANCE MODULI FROM THE 21 CENTIMETER LINE WIDTH 

Object s• 
T m.e. logD 0 m.e. z logVm m.e. Ref. 

2 3 4 5 6 7 8 9 10 

(a) Member of G23 

N6012 12.10 0.07 1.30 0.03 43~0 0.006 2.027 0.013 1 ,2,3,4 

(b) Member of G47 

A1553 . 4+1825 14. 11 0.14 0.98 0.01 74.6 0.017 2.083 0.037 6 

(c) Members of the Hercules Supercluster 

A1552.2+1840 14.29 0.07 1.01 0.04 51.7 0.032 2.222 0.035 5 
N60?.? 14.95 0.08 0.87 0.01 45.7 0.037 2.347 0.030 5 
Il 155 14.52 0.05 0.93 0.01 34 .3 0.035 2.236 0.047 5 
A1602 . 1+1650 15.01 0.14 0.86 0.04 71.5 0.031 2.196 0.030 5 
A1602.3+1736 15.48 0.06 0.82 0.01 57.7 0.040 2.204 0.033 5 
A1602 . 5+1701 15.16 0.10 0.82 0.01 68.2 0.043 2.374 0.021 5 
A1602.5+1735 15.17 0.09 0.84 0.01 42.8 0.035 2.282 0.036 5 
!1173 14.93 0.08 0.94 0.01 57.2 0.036 2.362 0.024 5 
N6050 14.94 0.01 0.93 0.01 52.8 0.032 2.307 0.029 5 
11179 15.62 0.07 0.77 0.01 50.4 0.037 2.162 0.040 5 
A1603.2+1750 16.27 0.06 0.78 0.01 79.2 0.037 2.120 0.034 5 
116054 15.34 0.05 o. 87 0.01 53.8 0.037 2.195 0.036 5 
A1603.4+1824 15. 34 0.07 0.82 0.01 45.9 0.038 2.408 0.026 5 
A1603.6+1821 14.79 0.06 1.04 0.01 77.2 0.036 2.409 0.018 5 
A1603.8+1815 15. 75 0.06 0.72 0.01 35.2 0.037 2.198 0.050 5 
A1603.8+1820 14.98 0.06 0.96 0.01 65.5 0.037 2.392 0.021 5 
A1606.5+1654 14. 71 0.14 0.93 0.04 67.6 0.035 2.387 0.020 5 

Col. (1).-NGC, IC, or anonymous designation. 
Cols. (2) and (3).-Fully corrected total magnitude and its mean error. 
Cols. (4) and (5) .-Fully corrected isophotal diameter and its mean error. 
Col. (6).-lnclination. 
Col. (?).-Redshift from Tarenghi et al. 1979. 

IJo(BT) IJo(Do) 

11 12 

30.79 31.47 

33.08 33.33 

33.95 33.90 
35.23 35.23 
34.25 34.35 
34.54 34. 51 
35.05 34.77 
35.58 35.61 
35.13 35.04 
35.29 34.93 
35.03 34.69 
34.98 34.80 
35.42 34.52 
34.86 34.48 
35.93 35. 77 
35.38 34.66 
35.29 35.24 
35.49 35.00 
35.19 35.11 

Cols. (8) and (9) .-Maximum rotation velocity for the 21 cm line width, and its mean error. 
Col. (10).-Source of line width. 
Col. (11).-Distance modulus from Bi and log Vm. 
Col. (12).-Distance modulus from log D0 and log Vm. 
Col. (13).-Mean of cols. (11) and (12). 

µ':(Vm) 

13 

31.13 

33.20 

33.92 
35.23 
34.30 
34.53 
34.91 
35.59 
35.08 
35.11 
34.86 
34.89 
34.97 
34.67 
35.85 
35.02 
35.26 
35.25 
35.15 

REFERENCES.-(!) Bottinelli et al. 1980; (2) Balkowski and Chamaraux 1981; (3) Hewitt, Haynes, and 
Giovanelli 1983; (4) Haynes and Giovanelli 1984; (5) Bothun 1981; (6) Williams and Kerr 1981; (7) 
Giovanelli, Chincarini, and Haynes 1981. 
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TABLE3B 
DISTANCE MODULI FROM THE 21 CENTIMETER LINE WIDTH 

Object so 
T m.e. logD 0 m.e. z logVm m.e. Ref. µo(BT) µ,(Do) µ~(Vm ) 

2 3 4 5 6 7 8 9 10 11 12 13 

(a) Member of G23 

A1559.8+1857 14.82 0.14 0.88 0.01 51?0 0.008 1. 787 0.091 7 32.31 32.36 32.33 

(b) Members of G47 

A1553 . 4+1825 14 .11 0.14 0.98 0.01 74.6 0.017 1 .933 0.053 7 32.32 32.58 32.45 
A1553.6+1718 14 .65 0.10 1.08 0.01 45.5 0.016 1 .910 0.075 7 32.75 31 .99 32.37 
N6028 14.04 0.06 1 .13 0.01 30 .5 0.015 2.368 0.037 7 34.43 34.02 34.23 
N6073 13. 72 0.07 1.08 0.01 61.1 0.015 2.226 0.029 7 33.40 33.58 33.49 

(b) Members of the Hercules Supercluster 

A1552.2+1840 14.29 0.07 1.01 0.04 51.7 0.032 2.202 0.036 7 33.85 33.80 33.82 
A1554.8+1819 14.91 0.10 0.79 0.01 57.3 0.031 2.212 0.032 7 34.52 34 .93 34.72 
A1555.3+1810 15 .06 0.10 0.75 0.01 57-3 0.031 2.250 0.029 7 34 .86 35.32 35. 19 
A1555.4+1621 14.84 0.13 0.98 0.04 43.4 0.035 2. 490 0.020 7 35.84 35.37 35.61 
N6022 14.95 0.08 o.87 0.01 45.7 0.037 1 .884 0.086 7 32.92 32.92 32.92 
A1555.7+1505 15.24 0.14 0.98 0.04 36 .5 0.038 1 .571 0. 196 7 31 .65 30.78 31 .22 
A1556.8+1503 14 .66 0.14 0.85 0.04 71.8 0.042 1 .828 0.068 7 32.35 32.72 32.54 
A1557.5+1856 14 .10 0.06 1.02 0.01 53.2 0.030 2.306 0.027 7 34. 18 34.26 34. 22 
11155 14.52 0.05 0.93 0.01 34 .3 0.035 2.245 0.046 7 34.29 34.39 34.34 
A1558.4+1651 14.89 0.15 0.86 0.05 47.9 0.036 2.153 0.041 7 34.20 34.30 34.25 
A1558.5+1517 14. 77 0.15 0.99 0.05 47.2 0.034 2.250 0.033 7 34.57 34.12 34.34 
A1558 .5+1813 15.25 o. 10 0.80 0.01 36 .3 0.044 2.372 0.031 7 35.66 35.70 35.68 
A1558.6+1629 15.49 0.05 0.84 0.01 44.9 0.041 2.105 0.048 7 34.57 34. 16 34.36 
A1558.6+1628 14 .84 0.05 0.84 0.01 49 .8 0.041 2.414 0.022 7 35.47 35.69 35.58 
11162 14 .92 0.06 0.85 0.01 38.0 0.044 2.265 0.038 7 34.80 34.90 34.85 
A1559.3+1634 14.90 0.06 0.92 0.01 64.3 0.042 2.444 0.017 7 35.67 35.44 35.56 
A1602.1+1650 15.01 0.14 0.86 0.04 71.5 0.031 2.280 0.024 7 34.96 34.93 34.95 
A1602.3+1736 15.48 0.06 0.82 0.01 57.7 0.040 2.216 0.032 7 35.11 34 .82 34.97 
A1602.5+1735 15 .17 0.09 o.84 0.01 42.8 0.035 2.195 0.043 7 34.70 34.60 34.65 
11173 14.93 0.08 0.94 0.01 57.2 0.036 2.341 0.025 7 35.18 34.83 35.01 
N6050 14.94 0.07 0.93 0.01 52 .8 0.032 2.322 0.028 7 35.10 34.77 34.93 
11179 15.62 0.07 0.77 0.01 50.4 0.037 2.017 0.056 7 34.25 34.08 34. 17 
A1603.6+1821 14. 79 0.06 1.04 0.01 77.2 0.036 2. 408 0.018 7 35 -38 34.66 35.02 
A 1603.8+1849 15.09 0.10 0.91 0.01 65.2 0.039 2.123 0.036 7 34.26 33.88 34 .07 
A1604.0+1833 15 . 40 0.06 0.81 0.01 45.7 0.037 2.002 0.060 7 33.96 33 .81 33.89 
N6062 13- 78 0.06 1 .04 0.01 45.7 0.039 2.389 0.024 7 34.27 34.60 34.44 
A1604.7+1544 14.68 o. 10 0.98 0.01 55-3 0.039 2.446 0.019 7 35.46 35. 14 35-30 
A1608.6+1711 14.45 0.10 0.90 0.01 60.0 0.034 2.225 0.030 7 34.12 34. 46 34.29 

NoTE.-See Table 3A for explanations of columns and reference. 

least in part, caused by errors, probably in the line widths, 
and the small size of the sample. A scale error in the magni
tudes and diameters could also explain the observed trends, 
but we found no evidence in Paper I for such errors from 
comparisons between several independent data sets. Figures 
3c and 3d also show that the residuals about the mean line do 
not depend significantly on inclination in each case. 

Bothun (1981; see also Sullivan et al. 1981) states that the 
errors in his line widths for galaxies in the mpg= 14-15 mag 
range are of the order of 10-30 km s- 1. In column (9) of 
Table 3A, we give the mean error in log Vm assuming a( W) 
= 20 km s- 1 and allowing for an of error of 2° in inclinations 
calculated from equation (9) (Bottinelli et al. 1983). The aver
age mean error is 0.03, and this is shown compared with the 
average error in the magnitudes and diameters in the lower 
right-hand comer of Figures 3a and 3b. This shows that 
errors in the line widths are dominant, but the much lower 
slope cannot be explained by errors of this size. Bothun 
(1981) states that the Hercules supercluster is close to the 

limit at which reliable measurements of line widths can be 
made with the Arecibo telescope, so perhaps the errors for 
many of his measurements are larger than 20 km s- 1. 

The corresponding plots of Bi and log D0 versus log Vm 
for the GCH data are shown in Figure 4. Surprisingly, there is 
almost no correlation between these parameters and log Vm . 
The departure of the slopes from equations (12) is in the same 
sense as found for the BOT data, but seems more significant. 
Again, the most likely explanation for some of this effect is 
large errors in the line widths, although we must acknowledge 
that some of it could nevertheless be real, since two indepen
dent sets of data yield the same trend. 

On the other hand, if errors in the line widths and magni
tudes are not responsible for this effect, what intrinsic effect 
could lead to a flat Tully-Fisher relationship? One possibility 
is a selection effect due to the cutoff in the Zwicky catalog, 
since most of our sample is drawn from this catalog. Except 
for three rather discrepant objects in Figure 4 ( one of which is 
N GC 6022, on which the BOT and GCH sets are in serious 
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FIG. 3.-(a) Corrected total magnitude Bi vs. logarithm of maximum rotation velocity Vm for 17 spirals measured by Bothun (1981), as compared 
with the similar relation for 30 Virgo cluster spirals from de Vaucouleurs (1982b). The straight line drawn through each data set has a slope of -5.0. (b) 
The same kind of plot as in (a), for corrected isophotal diameters D0 . The straight line drawn through each data set has a slope of 1.0. (c) Residuals of 
distance moduli calculated from Bi and log Vm(BOT) vs. inclination. (d) Residuals of distance moduli calculated from log D0 and log Vm(BOT) vs. 
inclination. 

disagreement), this effect would certainly contribute. The 
other possibility, that the Hercules galaxies are intrinsically so 
different from objects studied in other clusters and groups 
that they simply do not obey the revised TF relations in blue 
light, seems unlikely, since other properties of these galaxies 
are fairly normal. GCH present some evidence for H I de
ficiency in parts of the Hercules supercluster, but such de
ficiency is also believed to be present in the Virgo cluster 
(Chamaraux, Balkowski, and Gerard 1980), and yet these do 
not depart very much from the revised TF relation in blue 
light. The peculiar TF relation in Hercules certainly warrants 
further study. 

Table 5 summarizes the mean distance modulus of the 
Hercules supercluster from the BOT and GCH data sep
arately. The BOT data give (µ. 0 (Bi, Vm)) = 35.09±0.12 and 
(µ 0 (D0 , Vm)) = 34.86±0.11. The standard deviation is == 0.5 
mag in each case. After rejection of three very aberrant 
objects having log Vm < 2.0, the GCH data give (µ. 0 (Bi, Vm)) 
= 34.77±0.12 and (µ. 0 (D0 , Vm)) = 34.68±0.11, with a stan-

dard deviation of about 0.6 mag in each case. Both sets· give 
lower distance moduli than were obtained from the luminos
ity index. 

IV. APPLICATION OF THE MAGNITUDE-SURFACE 

BRIGHTNESS-COLOR RELATION FOR ELLIPTICAL 

AND SO GALAXIES 

Michard (1979a, b, c) has developed a scale of relative 
distance moduli from the correlation between absolute magni
tude and two parameters of elliptical and SO galaxies that are 
readily derived from multiaperture photometry: the (U - B)r 
color index and the mean surface brightness within the effec
tive aperture, m~. This method can be applied to 17 galaxies 
in our sample, and is valuable because it is independent of the 
spiral calibrations except for basic zero point. 

Two calibration formulae were derived by Michard. In the 
first, the absolute magnitude depends on the mean surface 
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FIG. 4a FIG. 4h 

FIG. 4.-(a) Corrected total magnitude si vs. logarithm of maximum rotation velocity V., for 28 spirals measured by Giovanelli, Chincarini, and 
Haynes (1981), as compared with the similar relation for 30 Virgo cluster spirals from de Vaucouleurs (1982b). The straight line drawn through each data 
set has a slope of -5.0. (b) The same kind of plot as in (a), for corrected isophotal diameters D0 . The straight line drawn through each data set has a 
slope of 1.0. Note in each case the near lack of correlation between the corrected parameters and log Vm(GCH). 

brightness and color via the relation 

M} = C( T)-0.85( m~ -12)-3 .16[ ( U - B)~ -0.45] , 

(13a) 

where 

m~ = m~ - A 8 - K 1p - 10 log ( 1 + z), ( 13b) 

(U- B)~ = (U- B)r- E(U- B)- Ku8 cz , (13c) 

and C(T) is a constant depending on Hubble type (E or SO). 
The parameters m~ and (U - B)~ are corrected for Galactic 
extinction and redshift according to RC2 procedures, but 
Michard chose not to make a correction for inclination. The 
last term in equation (13b) represents the model-independent 
cosmological correction to surface brightnesses described in 
Paper I. 

The zero points in equation (13a) were arbitrary in 
Michard's initial analysis, but de Vaucouleurs and Olson 
(1984) have established the true zero points by comparing 
Michard's approximate moduli with precise moduli derived 
from the B-band Faber-Jackson (FJ) relation (de Vaucouleurs 
and Olson 1982). Their results indicate that 

C(S0) = C( -3 ~ T ~ -1) = -19.92, (14a) 

C(E) =C(T= -4, -5) = -20.20. (14b) 

The distance modulus is calculated as 

µ,0 (Ma) = B~ - M}, (15a) 

where 

(15b) 

is the corrected total magnitude ignoring the internal absorp
tion correction described in RC2 (the fully corrected magni
tudes si in Paper I include this correction). De Vaucouleurs 
and Olson (1984) find excellent agreement in scale between 
distance moduli calculated from these procedures and those 
derived from the FJ relation. 

Michard (1979b) for several reasons decided to reject equa
tion (13a), the main ones being that he suspected a bias in the 
calibration and also that the calibration took B~, m~, and 
(U - B)~ to be exact. He presented an alternative "impartial" 
regression of the form 

M} = C-1.4( m~ -12)-7[ ( U - B)~ -0.45], (16) 

which took these errors into account. However, de Vaucouleurs 
and Olson (1984) found considerable disagreement in scale 
between moduli calculated from this revised formula as op
posed to equation (13a) and also a larger dispersion. We 
therefore use only equation (13a) with the new zero points. 

Figure 5 shows a plot of the quantity a= log Ae versus B~ 
for 18 galaxies in the Hercules supercluster, the former values 
being taken from column (10) of Table 6 in Paper I. For 
comparison the same data (from Michard 1979c) are plotted 
for 24 galaxies which are probable members of the Virgo E 
cluster (de Vaucouleurs and de Vaucouleurs 1973). Michard 
used this kind of plot to identify three "sequences" of galax
ies which lie on roughly parallel but well-separated lines. 
Most of the Virgo E galaxies lie on the "main sequence" 
(MS), and equation (13a) is strictly applicable only to these 

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



Ol 
C') 

co 
N No. 2, 1986 DISTANCE TO HERCULES SUPERCLUSTER. II. 293 
N 

'"' 

1.5 

a 
1.0 

0.5 

0.0 

• 
•• 

10 

Virgo E 

• 

Main Seq. 

12 

Hercules 
0 

0 0 

0 
0 

0 

14 16 
Bl 

T 

FIG. 5.-Plot of the quantity a= log A, vs. total magnitude B~ 
defined by eq. (15b) for 18 galaxies in the Hercules supercluster as 
compared with similar data for 34 members of the Virgo E cluster from 
Michard (1979c). The straight line drawn through the Hercules data has 
the same slope as that drawn through the "main sequence" of the Virgo E 
cluster. "Sequence II" members of Virgo E lie in the indicated zone. 
From comparison between the relations for Virgo E and Hercules, it 
appears that only one Hercules member is a possible sequence II case. 

kinds of galaxies. "Sequence II" galaxies are about 1.2 mag 
fainter than MS galaxies at a given value of A, (shown in Fig. 
5 for Virgo), while "sequence III" galaxies are low surface 
brightness dwarfs about 3 mag fainter than MS galaxies at a 
given value of A, . Figure 5 suggests that most of the Hercules 
galaxies in our sample are MS galaxies. The straight line 
drawn through the Hercules data has the same slope as for the 
MS of Virgo E and is a good representation. Only the faintest 
object in our sample, IC 1188B, lies sufficiently far to the 
right of the line that it could be a sequence II object. 

Table 4 gives distance moduli for 19 galaxies, two of which 
happen to be members of G47. In addition to rejecting 
IC 1188B, we also rejected IC 1182, which has unusual 
integrated colors, probably because of its peculiar nuclear 
spectrum which shows characteristics of Seyfert 2 nuclei 
(Bothun, Stauffer, and Schommer 1981); and IC 1178, which 
is a member of an interacting and peculiar pair. To test 
whether the Hercules galaxies actually obey the Michard 
calibration relation, Figure 6 shows plots of residuals, µ, 0 -

(µ, 0 ), versus m~ and (U - B)~. These show that the E and SO 
galaxies in Hercules are fairly consistent with equation (13a) 
within the scatter of ~ 0.5 mag. A residual effect of surface 
brightness may be present, but the sample is too small to 
make a definitive judgment of its significance. The most 
discrepant case, IC 1193, is noteworthy. It happens to be the 
reddest of the 71 objects for which we have color measure
ments in Hercules, but it is certainly not among the brightest 
early types in the supercluster. The redshift has not yet been 
measured, and it would be worthwhile to confirm its member
ship. 

In Table 5 the mean distance modulus from Michard's 
technique is compared with the values from the other meth-

TABLE4 

DISTANCE MODULI FROM THE MAGNITUDE-SURFACE 
BRIGHTNESS-COLOR RELATION 

Object 
(1) 

N6021. . .. . . .......... 
N6030 ......... ... .... 

T 
(2) 

-2 
-3 

Bl 
T 

(3) 
m~ (U- B)~ z 
(4) (5) (6) 

A. Members of G47 

13.68 11.67 0.29 0.015 
13.53 12.37 0.30 0.015 

µ.0 (Ma) 
(7) 

32.81 
33.30 

B. Members and Probable Members of Hercules Supercluster 

A1600.0+ 1606 .... . . . -4 13.93 13.03 0.53 
A1600.0+ 1629 ..... .. -4 13.72 13.08 0.49 
N6034 ........ . ... .... -4 14.19 12.75 0.54 
N6040B .. .... ... . .. . -1 14.62 12.65 0.48 
N6041A .. . .. . ....... -3 13.90 13.29 0.55 
N6041B .. .. ... .. .. . . -3 16.18 11.56 0.45 
N6042 . .. . ... . ... .. . .. -3 14.55 12.88 0.49 
N6043A ...... .. .... . -3 14.94 12.00 0.57 
N6044 . . . . . ...... . . . . . -2 14.84 11.75 0.43 
N6047 .. . . . .... . .... .. -4 14.29 12.75 0.44 
N6056 .. .. . .. . . ....... -1 14.51 12.28 0.49 
N6055 ....... ..... .. . . -1 14.44 12.52 0.56 
11183 . . . . . . . . . . . . . . . . - 3 14.97 12.23 0.47 
N6057 .. . ..... .. ..... . -5 15.21 12.48 0.54 
N6061. .... .. .. .. .. .. . -3 14.21 12.32 0.49 
11193 ................ -1 15.10 12.75 0.62 
11194 ...... ..... .... . -1 14.90 11.35 0.54 

Col. (1).-NGC, IC, or anonymous designation. 
Col. (2).-Corrected total magnitude. 

0,035 35.27 
0.038 34.94 
0.034 35.32 
0.041 35.18 
0.035 35.25 
0.037 35.73 
0.035 35.34 
0.033 35.24 
0.033 34.49 
0.032 35.08 
0.039 34.78 
0.038 35.14 
0.033 35.14 
0.035 36.09 
0.038 34.53 
0.037 36.19: 
0.039 34.55 

Col. (3).-Corrected mean surface brightness within the effective 
aperture. 

Col. (4).-Corrected color index. 
Col. (5).-Redshift from Tarenghi et al. 1979. 
Col. (6).-Distance modulus from eqs. (13)-(15). Value marked with a 

colon (for IC 1193) indicates that a measured redshift is lacking, but the 
object is assumed to be a probable member of the supercluster ( ( V) = 
11,000 km s- 1) . 

ods. It gives (µ, 0 (Ma)) = 35.19±0.12 with a standard devi
ation of 0.48 mag, or 35.13±0.11 after 2 <1 rejection of 
IC 1193. This mean agrees fairly well with the Ac moduli and 
the 21 cm moduli from the BOT data. 

V. THE DISTANCE MODULUS OF THE HERCULES 

SUPERCLUSTER AND THE VALUE OF THE 

HUBBLE CONSTANT 

Having described in §§ II-IV six ways of deriving the 
distance of the Hercules supercluster from tertiary indicators, 
we now derive an appropriate average of all of the methods. 
First, luminosity index, 21 cm line width, and Michard mod
uli can be treated as largely independent except for basic zero 
point and the fact that the same magnitudes and diameters 
are used in the calibrations. This has little consequence, 
because the largest sources of error in the spiral calibrations 
are the distance-independent quantities, Ac and Vm. Second, 
the distance moduli µ,0 (Bi, Ac), µ, 0 (D0 , Ac), µ, 0 (A,, Ac), 
and the corresponding Bi and log D0 moduli for Vm will 
obviously have correlated errors owing to the common depen
dence on Ac or Vm. We will therefore use the following 
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FIG. 6.-Residuals of distance moduli calculated from eq. (13a) plotted against (a) the corrected mean effective surface brightness and (h) the 
corrected integrated ( U - B) color index. See text for details. 

TABLE 5 

MEAN DISTANCE MODULI FROM TERTIARY INDICATORS 

Parameters 
(1) 

si , 11.c · · ·· ········ · ··· 

(µ 0 )±m.e. 
(2) 

35.32±0.06 

a 
(3) 

0.36 

N 
(4) 

35 

35.35±0.06 0.33 34 

D0 ,Ac --··· · ·· · ·· -- ··· 35.30±0.06 0.36 35 

35.33±0.05 0.32 34 

A,, Ac .. . ... .. . .. . .. .. 34.95±0.09 0.52 31 

34.96±0.08 0.42 29 

si , vm(BOT) . . .. .. . . 35.09±0.12 0.49 17 

35.l 7±0.10 0.40 16 

D0 , Vm(BOT) ....... . 34.86±0.11 0.46 17 

34.92±0.10 0.40 16 

si,vm(GCH) . ....... 34.51±0.18 0.97 28 

34.77±0.12 0.59 25 

D0 ,Vm(GCH) ... . .... 34.41±0.19 1.01 28 

34.68±0.11 0.56 25 

B~, m~,(U-B)~ ... . 35.19±0.12 0.48 17 

Notes 
(5) 

2 

3 

4 

4 

5 

5 

35.13±0.11 0.42 16 6 

Col. (!).-Parameters used for calculating distance 
moduli (see text) . 

Col. (2).-Mean distance modulus from the objects 
where these parameters are available. 

Col. (3).-Standard deviation about the mean. 
Col. (4) .-Number of objects. 
NOTES.-(1) After 2 o rejection of NGC 6062. (2) After 

2 o rejection of NGC 6040A. (3) After 2 o rejection of 
NGC 6062 and Al604.3+1802. (4) After 2 o rejection of 
A1552.2+1840. (5) After 2 a rejection of NGC 6022, 
Al555 .7+1505, and Al556.8+1503. (6) After 2 a rejection 
of IC 1193. 

averages of the methods: 

µ0( Ac)= [ µ0 ( B~, Ac)+ µ 0 ( D0 , Ac) 

+0.5µ 0 ( A 0 AJ] /2.5, 

/Lo ( Vm ) = [ /Lo ( B~ , Vm) + /Lo ( Do , Vm)] /2, 

(17a) 

(17b) 

where the weights are based on the scatter about the mean 
relations. These weighted mean moduli are given in columns 
(13) of Tables 1 and 3. Third, we use the results from 
application of the TF relation by assigning equal weight to 
the BOT data and the GCH data. 

Table 6 summarizes the values of the mean distance mod
uli, both uncorrected for cosmology (Euclidean) and corrected 
for ;\ = 0 models where the deceleration parameter q0 is equal 
to + 1, 0, and - 1. The cosmological corrections were made 
using equations (17)-(26) and (30)-(32) of Sandage (1975) 
(see also de Vaucouleurs and Corwin 1985). The results are 
seen to be fairly insensitive to cosmology. If, as current 
evidence suggests, q0 = 0± l (Sandage 1975; Sandage and 
Tammann 1976, 1982; Fliche and Souriau 1979; Kron 1980; 
Davidsen, Hartig, and Fastie 1977; Wampler 1980; Grasdalen 
1980), then the best estimate of the distance modulus of the 
Hercules supercluster from our analysis is 

(µ 0 ) = 35.11 ±0.11 (internal mean error) 

with a standard deviation of 0.20 mag. If the zero-point error, 
0.2 mag, of the tertiary distance scale is taken into account 
(de Vaucouleurs 1979b), then the external mean error of this 
result is 0.23 mag. The corresponding distance is ~ = 105.2 ± 
11.1 Mpc. 

According to Tarenghi et al. (1980), the mean radial veloc
ity of 122 probable members of the Hercules supercluster 
is (V0 ) = + 11,080± 108 km s- 1 reduced to the 1958 IAU 
definition of the velocity centroid of the Local Group. In this 
frame of reference the Hubble ratio depends on direction ( de 
Vaucouleurs and Bollinger 1979). We prefer to use an alterna
tive frame of reference defined by the nearby galaxies where 
the direction dependence of H is largely removed ( de 
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TABLE6 

DISTANCE TO THE HERCULES SUPERCLUSTER AND THE HUBBLE CONSTANT 

<~> ( /Lo) ( JLo ) (JLo) ( /Lo ) 
Parameter (km s- 1 ) Euclidean qo = + l qo = 0 qo = - 1 w 

Method A: Luminosity Index (spirals) 

si ........ ..... .. ... . 35.32 35.32 35.28 35.24 1.0 
Do .... . .. . ... . ... .. .. 35.30 35.46 35.42 35.38 1.0 
A, .... . ... .. .. .... ... 34.95 35.11 35.07 35.03 0.5 

Mean ... ..... . .. . ..... 11,447 35.24 35.33 35.29 35.25 
Internal m.e. . ... . . 232 0.10 0.09 0.09 0.09 
External m.e ... .. . . 0.22 0.22 0.22 0.22 
Ho . . . . . .. ... .. . .. . . 102.5 98.3 100.2 102.0 

Method B: 21 cm Line Width (spirals) 

si (BOT) . ........ .. . 35.09 35.09 35.05 35.01 1.0 
Do (BOT) ..... . ..... . 34.86 35.02 34.98 34.94 1.0 
si (GCH) . . .... . . ... 34.77 34.77 34.73 34.69 1.0 
D0 (GCH) ...... .. .. . 34.68 34.84 34.80 34.76 1.0 

Mean . ............. ... 11 ,082 34.85 34.93 34.89 34.85 
Internal m.e. . ..... 192 0.09 0.07 0.07 0.07 
External m.e . . .. . . . 0.22 0.21 0.21 0.21 
Ho . .. . . ....... ... . . 118.8 114.5 116.6 118.8 

Method C: Color Surface Brightness (E and SO) 

B~ ··· · ····· · · · ·· ·· · ·· 10,855 35.19 35.19 35.15 35.11 
Internal m.e . .... . . 205 0.12 0.12 0.12 0.12 
External m.e .. . .... 0.23 0.23 0.23 0.23 

Ho ·· ·· · ·· · · ·· ···· · · · · 99.5 99.5 101.3 103.2 

All Methods (A-C) 

Unweighted mean .. . 11 ,078a 35.09 35.15 35.11 35.07 
Internal m.e .. ... .. 108 0.12 0.12 0.12 0.12 
External m.e .. .. ... 0.23 0.23 0.23 0.23 
a(Mpc) . .. ... ...... 104.2 107.2 105.2 103.3 
o(a(Mpc)) . . .. . . .. 11.0 11.3 11.1 10.9 
Ho ...... ... . .. .. .. . 106.3 103.4 105.3 107.3 
Internal m.e. . .... . 6.0 5.8 5.9 6.0 
External m.e .. .. ... 11.3 11.0 11.2 11.4 

• Mean radial velocity of the entire Hercules complex from Tarenghi et al. 1980. 

V aucouleurs and Peters 1981; de Vaucouleurs et al. 1981 ). It 
turns out, however, that the corrected velocity in this frame, 
( ~) = +ll,078 km s- 1 (Buta and de Vaucouleurs 1983), 
differs negligibly from (Vo). 

Table 6 summarizes values of H0 from each method and 
for the different values of q0 , calculated using equations 
(3)-(5) of Buta and de Vaucouleurs (1983) on the assumption 
that the Hercules supercluster is bound (the form of the 
velocity-distance relation described in the next section sug
gests that this is true). For the individual methods we use the 
mean radial velocity for the galaxies in the samples (rather 
than over the whole cluster) to calculate H0 , since Tarenghi 
eta/. (1980) found some suggestion of a significant difference 
between the mean velocities of E and SO galaxies and spirals, 
especially in the A2151 region. With these velocities, methods 
A (Ac) and C (Michard relation) yield H0 = 100 ± 5 and 
101±6 km s- 1 Mpc- 1, respectively (errors inclusive of un
certainty in q0 ). These values are in excellent agreement with 

the values 100 ± 10 derived by de Vaucouleurs and Bollinger 
(1979), 96 ± 3 derived by de Vaucouleurs and Peters (1981 ), 
103 ± 2 derived by de Vaucouleurs et al. (1981 ), 101 ± 2 de
rived by de Vaucouleurs and Peters (1984), and 94± 5 derived 
by Buta and de Vaucouleurs (1983) from inner ring diameters 
in the Hercules supercluster itself. The 21 cm line width yields 
a somewhat larger value, H0 =ll7±4 km s- 1 Mpc- 1. From 
the mean of all three methods, and using the mean radial 
velocity, ll,078 km s- 1, of the entire complex, the best 
estimate of the Hubble constant from the Hercules superclus
ter is 

H0 =105.3±6.2 km s- 1 Mpc- 1 , 

allowing for the uncertainty in q0 , or ± ll.3 km s- 1 Mpc- 1 if 
the zero-point error of the tertiary distance scale is taken into 
account. 
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FIG. 7.-(a) The velocity-distance relation toward CGCG field 108 based on 51 galaxies having known distances from either the luminosity index or 
the surface brightness-color relation. The points labeled G23 and G47 indicate objects belonging to foreground groups. The line drawn through the points 
represents the relation for a Hubble constant H0 = 102 km s- 1 Mpc - 1 . ( b) Same kind of plot as in (a), but using only objects having known distances 
from the 21 cm line width. The line drawn through the points in this case is for H0 =119 km s- 1 Mpc - 1. Note in each case how one value of H0 is 
consistent with the two foreground groups and the Hercules supercluster. 

VI. THE VELOCITY-DISTANCE RELATION TOWARD CGCG 

FIELD 108 

Since Tables 1, 3, and 4 include galaxies that belong to the 
foreground groups G23 and G47, we can study the velocity
distance relation toward CGCG field 108. Figure 1a shows 
the Hubble diagram for 51 objects having measured radial 
velocities and distances estimated from A c or Michard's 
relation, while Figure 1b shows the diagram for 38 objects 
having distances calculated from Vm. No corrections for cos
mology have been made in these plots. The solid line in 
Figure 1a represents the velocity-distance relation for which 
H0 = 102 km s- 1 Mpc-1, while that in Figure 7 b is for 
H0 =119 km s- 1 Mpc- 1. Note the consistency in each case 
between several members of G23 and G47 and the Hercules 
supercluster. Table 7 summarizes estimates of the mean 
distance to G47. Five objects having A c and Michard 
moduli give ~ = 50.1 ± 5.3 Mpc, and yield H0 = 96 ± 11 
km s - 1 Mpc- 1• Four objects having Vm moduli yield H0 = 
111±21 km s- 1 Mpc- 1. The three members of G23 are in 
serious disagreement and do not yield a good determination 
of H0 • One of them, A1559.8+ 1857, is a peculiar system and 
is probably not reliable for this kind of purpose. From the 
other two, IC 1151 and NGC 6012, we obtain H0 = 86 ± 33 
km s- 1 Mpc- 1. Although there are not adequate numbers of 
objects in G23 and G47 to make a definitive case, within the 
errors of the present data it appears that the velocity-distance 
relation toward CGCG field 108 is linear over a scale of 100 
Mpc. 

VII. POSSIBIUTY OF MALMQUIST BIAS 

The Malmquist bias (Malmquist 1920, 1922) is the prin
cipal nemesis of any distance determinations, and we briefly 

TABLE 7 

DISTANCE MODULUS OF G47 AND THE HUBBLE CONSTANT 

Object 

A. A c and Michard Moduli 

Al553.4+1825 (A c) ........ . ... 34.25 5376 
Al553.6+ 1718 (A c).. . ... . . . ... 33.48 5000 
N6021 (Michard moduli) . . . . . . . 32.83 4585 
N6030 (Michard moduli) . .. ... . 33.31 4466 
N6073 (AJ .......... . .... . . . . . . 33.69 4727 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . 33.51 4831 
Internal m.e. . . . . . . . . . . . . . . . . . 0.23 163 
External m.e. . . . . . . . . . . . . . . . . 0.30 

B. Vm Moduli (21 cm Line Width) 

Al553.4+1825 ................. 32.83 5376 
Al553.6+ 1718 . . . . . . . . . . . . . . . . . 32.37 5000 
N6028 . . . . . . . . . . . . . . . . . . . . . . . . . . 34.23 4581 
N6073 . . . . . . . . . . . . . . . . . . . . . . . . . . 33.49 4727 

Mean .. .... . . ..... . ..... . ...... . 33.23 
Internal m.e. . . . . . . . . . . . . . . . . . 0.40 
External m.e. . . . . . . . . . . . . . . . . 0.45 

4921 
175 

95.9 
10.7 
13.6 

111.2 
20.9 
23.4 

consider here what effect, if any, this could have on our 
results. In a magnitude-limited sample of field galaxies, the 
effect of the bias is expected to cause the mean absolute 
luminosity to increase with increasing distance. This means 
that if magnitudes and diameters are used as distance indica
tors, there will be a tendency for a derived modulus to be too 
low, leading to a value of H0 that is too large. The amplitude 
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1984). If a serious Malmquist bias affected our result, it would 
probably reduce the dispersion because we would be sampling 
only a fraction of this distribution. We conclude that it is 
unlikely that Malmquist bias has significantly affected our 
estimate of the distance to the Hercules supercluster. 

function, and would be overwhelming in the absence of 
~ distance-independent criteria of absolute magnitude such as 
~ the luminosity index or the 21 cm line width. It has been 
~ stressed by de Vaucouleurs and Bollinger (1979) and de 
,-; Vaucouleurs (1983b) that allowance for these factors reduces 

the dispersion of the luminosity function from - 0.8 mag to 
- 0.4 mag, reducing the bias by a factor of 4. It has also been 
demonstrated in these papers that Malmquist bias cannot 
explain the anisotropy of the velocity-distance relation when 
radial velocities are reduced to the velocity centroid of the 
Local Group, nor can it explain the fact that the Hubble 
constant is twice as large as the value derived by Sandage and 
Tammann (1976, 1982). 

In a cluster of galaxies the bias can have little or no effect 
because a cluster constitutes a volume-limited sample. All the 
galaxies can be taken to be at essentially the same distance, 
and if one samples as large a range of the luminosity function 
of the cluster as possible, reducing the magnitudes and diame
ters to a fixed level using distance-independent criteria, then 
there should be no Malmquist bias. This has been our proce
dure in Hercules. We have observed a range of - 2 mag of 
the luminosity function and found that, at least for two of the 
three tertiary methods, the Hercules galaxies obey the same 
relations as the nearby calibrating galaxies have defined. 
However, a more critical test would be to consider the disper
sion of the distance moduli derived from the various methods. 
These are in the range 0.35-0.5 mag, and are as large as is 
expected from the precision of tertiary methods (Bottinelli 

VIII. CONCLUSIONS 

From an application of several tertiary distance calibra
tions, we have determined that the distance to the Hercules 
supercluster is 105 ± 11 Mpc, leading to a Hubble constant of 
105 ± 11 km s- 1 Mpc- 1. This is on the zero point of the 
de V aucouleurs distance scale, and demonstrates that the 
Hubble ratio derived from these techniques is consistent on a 
scale of 100 Mpc. This result agrees with previous distance 
determinations in this region (Corwin 1971, 1977; Buta and 
de Vaucouleurs 1983) and constitutes an important test of the 
tertiary distance scale. 
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ship from the Australian National University. We are grateful 
to Professor G. de Vaucouleurs and Dr. N. Visvanathan for 
helpful comments and suggestions. We also thank an anony
mous referee for additional comments and criticisms. 

APPENDIX 

RELATIVE DISTANCE MODULUS BETWEEN VIRGO AND HERCULES CLUSTERS 

We showed in Figures 1, 3, and 6 that galaxies in the Virgo and Hercules clusters follow roughly similar relations (in slope) 
between apparent magnitudes and diameters and the distance-independent quantities Ac and log Vm for spirals, and between 
apparent magnitudes and the distance-independent quantities m~ and ( U - B)1r for E and SO galaxies. If we assume that the 
galaxies in these clusters are identical in intrinsic properties, but simply lie at different distances from us, then a comparison 
between the observed relations should give us a fairly precise estimate of the relative distance modulus between the two clusters 
along our line of sight. 

In order to make a valid comparison, it is necessary to reduce the magnitudes and diameters to fixed values of Ac, Vm , or m~ 
and (U - B)\-. Table 8 summarizes the mean reduced magnitudes and diameters for galaxies in both clusters calculated according 
to the following relations: 

BH2.2) = Bi +5.0(log vm -2.2), 

log D0 (2.2) = log D0 -1.0(log Vm - 2.2), 

BH12,0.45) = B~ +0.85( m~ -12) + 3.16[ ( U - B)~ -0.45]. 

(Al) 

(A2) 

(A3) 

(A4) 

(AS) 

(A6) 

The relative distance modulus between the Virgo and Hercules clusters will then simply be the difference between the mean values 
of these quantities for each cluster. From the luminosity index the weighted mean (with weights proportional to [o(~µ 0)r 2 ) of 
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TABLES 

RELATIVE DISTANCE MODULUS BETWEEN THE VIRGO AND HERCULES CLUSTERS 

VIRGO HERCULES 

llµo 
PARAMETER Mean 0 N Mean 0 N (mag) Notes 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

si(l) (spirals) ... . .... .. . .. .. . .. 11.79±0.12 0.54 21 16.17±0.06 0.36 35 4.38 ± 0.13 
log D0 (1) (spirals) . .. . . . ........ 1.47±0.02 0.10 21 0.66 ± 0.01 0.07 35 4.07±0.11 
108 A, (spirals) . .. ...... . .. . ... . . 1.14±0.05 0.17 10 0.33±0.02 0.10 31 4.07 ±0.28 
BT(2.2) (spirals) ........ . .. . ..... 11.58±0.11 0.61 30 15.54±0.12 0.49 17 3.96±0.16 1 
108 D0 (2.2) (spirals) ... . . ..... ... 1.53 ±0.03 0.14 30 0.79±0.02 0.09 17 3.66±0.17 1 
BT(2.2) (spirals) . . ... . ...... . . . .. 11.58±0.11 0.61 30 15.22 ± 0.12 0.59 25 3.64±0.16 2 
log D0 (2.2) (spirals) .... . ... . .. . . 1.53±0.03 0.14 30 0.83 ± 0.02 0.11 25 3.50±0.19 2 
B}-(12,0.45) (E,E+ ) . .. ......... 10.47±0.16 0.55 12 15.14±0.20 0.44 5 4.67±0.25 
BT(I2, 0.45) (so- to so + ) . . ... . 10.78±0.17 0.57 12 15.21±0.15 0.50 12 4.43±0.22 

Col. (!).-Reduced parameter (see eqs. (Al]-[A6]). 
Col. (2).-Mean value of this parameter for a sample of Virgo cluster spirals from de Vaucouleurs 1982b or 

a sample of Virgo cluster ellipticals and lenticulars (Michard 1979c ). 
Col. (3).-Standard deviation about the mean. 
Col. (4).-Number of objects in sample. 
Col. (5) .-Mean value of the same parameter for a sample of galaxies in the Hercules supercluster. 
Col. (6).-Standard deviation about the mean. 
Col. (7).-Number of objects. 
Col. (8).-Relative distance modulus between the Virgo and Hercules clusters predicted from the difference 

of the mean values in cols. (5) and (2). 
Col. (9) .-Notes (see below). 
NOTES.-(1) Based on BOT line widths. (2) Based on GCH line widths, after rejection of NGC 6022, 

Al555.7+1505, and Al556.8+ 1503. 

the values obtained with the three techniques is 

(b.µ, 0 ) = 4.19±0.18 mag, 

while from the 21 cm line width the mean is 

(b.µ 0 ) = 3.71±0.21 mag. 
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Note the difference in each case of about 0.3 mag between b.µ, 0 (B¥) and b.µ 0 (D0 ), which could signify that the assumption of 
identical intrinsic properties may not be quite correct. In this regard it is interesting that Peterson, Strom, and Strom (1979) 
showed that a difference probably exists between the intrinsic sizes of disk galaxies in Virgo and Hercules. The discrepancy 
between the relative moduli derived from magnitudes and diameters could be reflecting this effect, since it is in the same direction 
as found by Peterson, Strom, and Strom. The amplitude of the effect in our data is, however, only - 0.06 dex, as opposed to 0.12 
dex obtained by them. 

Finally, the color-surface brightness correlation gives a mean difference between Virgo E and SO and Hercules E and SO 
galaxies of 

( b.µ 0 ) = 4.53 ± 0.15 mag. 

If the galaxies in the Hercules supercluster are at the mean distances given in Table 6, then (ignoring cosmology) these differences 
imply µ,0 (Virgo S) = 31.14±0.24 mag and µ,0 (Virgo E) = 30.56±0.19 mag. These moduli are relatively consistent with recent 
determinations of the distance to the Virgo cluster from several methods (de Vaucouleurs 1982a). However, these relative distance 
moduli could be of value in determining the distance to Hercules only if the distance to Virgo can be determined independently of 
any of these methods. 
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