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ABSTRACT 

Galactic extinction models applicable to extragalactic objects and, in particular, the evidence 
for or against the assumption of zero-extinction windows in the galactic polar caps ( I b I > 50°), 
are re-examined by five independent methods: (i) counts of faint galaxies from two different 
data sources (Lick, Palomar); (ii) counts of distant galaxy clusters from two different catalogs 
(Abell, Zwicky); neither gives any support to the concept of polar windows; both obey closely 
the csc b law, right up to the poles in each galactic hemisphere; (iii) the mean surface brightness 
m; within the effective aperture Ae of 545 bright galaxies; (iv) the hydrogen-luminosity ratio 
measured by the H I index newly derived for 463 bright galaxies on the RC2 system; both are 
consistent with a csc b law up to the poles and with an extinction coefficient in agreement with 
the value A 1 = 0.20 mag, adopted in RC2; and (v) the total color indices (B - V)T and 
( U - B )T of 830 and 488 bright galaxies give no indication of systematic departures from the 
RC2 galactic extinction model and the reddening is consistent with the adopted extinction 
coefficients. Because all tests measure essentially the same quantity, An, they can be combined 
with appropriate scale factors and relative weights. The normalized extinction derived from the 
combined galaxy and cluster counts (i, ii) verifies very precisely the statistical validity of the 
csc b law at all lb I> 20°, including the polar caps. The differential extinction, 
L1An = An(b) -An (90°), derived from the combined surface magnitudes and HI .ratios (iii, iv) 
and colors (v) also follows closely the csc b law with a mean extinction coefficient 
A 1 = 0.200 ± 0.018. These quantitative tests confirm the validity of the galactic extinction 
model adopted in RC2 and, in particular, the value of the polar extinction A 1 = 0.20. This 
conclusion clears up the major remaining uncertainty in the zero point of the extragalactic 
distance modulus scale. The difference between the biased extinction coefficient A I applicable 
to magnitude limited samples of bright galaxies, and A ? the unbiased average value applicable 
to complete or randomly distributed all-sky samples of extragalactic sources is discussed. In the 
latter case the average extinction coefficient could be as high as A ? :::::::::0.4 mag. A peculiar form 
of extinction law is discussed in Appendix A. Direct photographic evidence for the presence of 
reflection nebulosities near the south galactic pole is presented in Appendix B. The correct 
expression of the RC2 extinction formula is given in Appendix C. The conflicting evidence is 
discussed in Appendix D and the rejection rules in Appendix E. 

I. INTRODUCTION 

The first step in the construction of the extragalactic 
distance scale is the choice of a model for the galactic 
extinction of extragalactic objects in order to make 
proper allowance for the dimming of the primary dis
tance indicators (novae, cepheids, RR Lyrae variables, 
etc.) in external galaxies by interstellar dust in our own 
galaxy. Two different models have been used in the con-
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in recent years. / , 

Model I, first proposed by McClure and Crawford ', 
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( 1971) and adopted by Sandage ( 1972, 1973) and others, ' -400 
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postulates that by a fortunate accident in the distribu- -w 
tion of interstellar dust clouds the Sun is at the common FIG. I. Galactic extinction models. Schematic cross sections of the . 

absorbing layer of Model I (gray) showing polar windows (lb I> 50') 
apex of two opposite dust-free cones of ~ 90° aperture and (Iese b I _ I) law with A ; = 0.13 B mag at lb I < 40'. Model n 
centered at the galactic poles (Fig. 1 ). In this model the (dotted Jines) has uniform layer and follows (Iese b I) law with 
extinction is assumed to be A =Oat all lb I > 50° (polar A, = 0.20 B mag. Lines of sight toward the galactic pole (0P',0P) 
windows) and is assigned a rather low value at lb I < 40°, and at intermediate latitude (0M ',0M) are illustrated. See Appendix 
either An = 0.12 (Iese b I - l)or An = 0.13(Jcsc b I - 1) A for details. 
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(Sandage 1973), with an unspecified "smooth transi
tion" in the latitude interval 40° < lb I < 50°. 

Model II, proposed by de Vaucouleurs, de Vaucou
leurs, and Corwin (1976) in the Second Reference Cata
log of Bright Galaxies (RC2) and adopted by de Vaucou
leurs ( 1978a, b,c,d) for the zero point calibration of the 
distance scale, is a variant of the standard plane-parallel 
approximation of the galactic dust layer. It allows for 
the longitude dependence of A and for the departures of 
the local absorption equator from the mean galactic 
plane derived from studies of the Lick and Mt. Wilson 
counts of faint galaxies (the latter revised from de Vau
couleurs and Malik 1969; the former unpublished). The 
average extinction at the galactic poles derived from the 
reddening of the RC2 sample of bright galaxies is A 8 

= 0.20 mag (0.19 at North galactic pole, 0.21 at South 
galactic pole). 

The first model, initially suggested by McClure and 
Crawford ( 1971) as a "hypothetical model" to account 
for the vanishingly small color excesses of stars and 
globularclustersat high galactic latitudes (lb I > 50°), has 
never been established beyond reasonable doubt and, in 
particular, the validity of its application to external gal
axies has never been demonstrated. I ts justification rests 
mainly on circumstantial evidence (star and cluster col
ors), plausibility arguments, and a meteorological ana
logy ( the broken-cumulus-cloud-in-a-clear-atmosphere 
concept). The direct evidence from galaxy colors pro
duced in support of this model (Peterson 1970; Sandage 
1973) rests on samples too small (particularly at 
lb I> 40°) to be conclusive one way or the other. [More 
recently Burstein and Heiles ( 1980) have argued for 
smaller windows at I b I > 60°]. Furthermore, the form of 
the extinction function used at lb I < 40° implies a most 
peculiar heliocentric geometry for the absorbing layer 
(see Appendix A) and the conflicting evidence from gal
axy counts (de Vaucouleurs and Malik 1969; Holmberg 
1974; Heiles 1976; Fesenko 1980) should not be lightly 
dismissed or ignored. 

The second model has not been documented in any 
detail either. While the form of the galactic extinction 
function A (l,b) is explicitly given in the introduction of 
RC2 (p. 32, Eqs. 22, 23, but see correction in Appendix 
C), its origin-an harmonic analysis of the Lick and Mt. 
Wilson counts-and the source of the adopted polar ex
tinction-a preliminary study of galaxy colors and H I/ 
5t' ratios-are merely noted in passing. Also, no de
monstration is given that the csc b law applies in the 
polar windows postulated by the first model. A mete
orological analogy for the second model would be a 
broken cirrus cover in a hazy atmosphere, which is in 
better agreement with the commonly accepted concept 
of the interstellar medium and with the structure of the 
diffuse reflection nebulae photographed at intermediate 
and high latitudes (de Vaucouleurs 1960; Sandage 1976; 
Cannon 1979). Further photographic evidence of the 
presence of such nebulae in the immediate vicinity of the 
south galactic pole is presented in Appendix B. 

Because much progress has been made in the past five 
years toward the construction of a correct extragalactic 
distance scale, based on a multiplicity of indicators, it is 
now urgent to clarify once and for all, with conclusive 
quantitative data, the question of the galactic extinction 
model and, in particular, to examine the evidence for or 
against the extinction-free polar windows postulated by 
Model I. 

The amplitude of the error introduced by the different 
extinction laws is illustrated in Fig. 2, which shows as a 
function of C = Iese b I the average difference between 
the two models: 

.::1A 8 (11 - I)= 0.20lcsc b I = 0.20C 

at lb I > 50°, and 

.::1A 8 (11 - I)= 0.07lcsc b I+ 0.13 = 0.07C + 0.13 

atlbl<40°. 
The average difference, (.::lA 8 ) '.'.::::::0.25 mag 

(20° < lb I <90°), is directly reflected in the zero point dif
ference between the two distance modulus scales and 
accounts for a 12% change in H0 (for a detailed com
parison of the two scales, see de Vaucouleurs 1981a, 
1982). 

In the subsequent sections, we will not be rediscussing 
the conflicting indirect evidence from stellar and cluster 
color excesses, from H I column densities, etc., which 
have already been discussed by many authors (see, e.g., 
Holmberg 1974; Knapp and Kerr 1974; Heiles 1976; 
Burstein and Heiles 1978, 1982). Instead, we will follow 

90° 60° 50° 40° 30° b 
0 .5 r----r---,----.----....c.,.;.---'---
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·-, ·~·...::..: . - ... 
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I· ,.· ,.· ,. 
/' ,· 

✓ 

✓ 
✓ 

n 

o..__ ...... ,_· ---'-----'-----....J 
1.0 1.5 2.0 csc lb l 2 .5 

FIG. 2. Extinction laws of Models I and II and difference .::IA 8 • Two 
variants of Model I (A ; = 0.12 and 0. 132) are shown. Average differ
ence between the two models at Iese b I < 2 is (.::IA8 ) = 0.25 mag. 
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the most direct approach, which is to use the galaxies 
themselves to determine the effects of galactic extinc
tion on extragalactic objects. We will, therefore, analyze 
(i) counts of faint galaxies (Sec. II); (ii) counts of clusters 
of galaxies (Sec. III), to establish the presence of extinc
tion in the polar caps and the statistical validity of the 
csc b law right up to the poles; (iii) the mean surface 
brightness ofbright galaxies (Sec. IV i); (iv) the hydrogen 
index, measuring the neutral hydrogen to luminosity ra
tio (Sec. IV ii), to evaluate the total B-band extinction 
coefficient; and, finally, (v) the color excesses of bright 
galaxies in B - V and U - B (Sec. V), to evaluate the 
reddening coefficient which provides a third, indepen
dent estimate of the polar extinction. 

We will show that all these indicators are in much 
better agreement with the RC2 extinction model (II) 
than with the alternative model (I). 

II. COUNTS OF FAINT GALAXIES 

The distribution of bright, nearby galaxies is conspic
uously inhomogeneous and anisotropic, mainly as a re
sult of our outlying location in the Local Supercluster 
(de Vaucouleurs 1956, 1981 b). Counts of bright galaxies, 
e.g., in the Shapley-Ames or even in the Zwicky cata
logs, can lead only to erroneous conclusions regarding 
the amount and distribution of galactic extinction. This 
fact has been known for a long time (Mineur 1938), al
though it has occasionally been denied or forgotten in 
recent years (Noonan 1971; Bahcall and Joss 1976). It is 
reasonable, however, to assume that the large scale dis
tribution of faint, distant galaxies is statistically homo
geneous and isotropic by virtue of the cosmological 
principle. Available statistical analyses of faint galaxy 
counts tend to confirm this assumption (Hubble 1934; 
Shane and Wirtanen 1967; de Vaucouleurs and Malik 
1969; Peebles 1980). Any large-scale systematic depar
ture from uniformity, particularly as a function of galac
tic latitude, must be attributed to galactic extinction, 
However, it is now well established that the elementary 
theory of galactic extinction treating galaxies as point 
sources (see, e.g., Dufay 1954; Triimpler and Weaver 
1953) is not valid and leads to excessive values of the 
extinction coefficient. This is because, in order to be 
counted, galaxies must be recognized as extended, dif
fuse objects; galactic extinction not only reduces the sur
face brightness, but also reduces the apparent diameter 
of the visible part of the image above the detection 
threshold, which is itself a function of the linear size of 
the image on the plate (Hubble 1932; Holmberg 1946). 
This effect results in a reduction of the number of galax
ies counted at lower galactic latitudes, which is much in 
excess of that which would result merely from the mag
nitude loss considered by the simple theory (Neckel 
1965; Knapp and Kerr 1974; Heiles 1976). Because of 
this effect (for which no detailed quantitative theory is 
available yet) galaxy counts cannot be used to evaluate 
the galactic extinction coefficient. However, the sensi
tivity of galaxy (and better still galaxy cluster) counts to 

galactic extinction can be used to detect its variations 
(Holmberg 1974), and, in particular, to demonstrate its 
presence at high galactic latitudes. 

If, according to Model I, dust-free windows were 
present near the galactic poles, we should expect the 
mean number density of galaxies (n) or galaxy clusters 
(N ), to be constant and independent of b at all I b I > 50° 
( I csc b I < 1. 3 ). If, according to model II, the plane paral
lel approximation of the dust layer is valid up to the 
poles, we should expect (log n) and (log N) to vary lin
early with csc bat all latitudes, including lb I> 50°. 

There are two modem sources of counts of faint gal
axies covering a large fraction of the sky and which are 
suitable to make this test: 

(i) The exhaustive Lick galaxy counts (Shane and Wir
tanen 1967), based on 1246 plates covering the sky north 
of - 23° declination to a limiting magnitude of about 
19.0. Several authors (Heiles 1976; Seidner et al. 1977) 
have already shown that (log n) follows the csc b law up 
to the galactic poles, including the polar windows postu
lated by Model I. Table I(A) and Fig. 3(a) based on the 
sums of 6° X 6° fields reduced to a uniform system and 
conveniently rearranged in zones of constant galactic 
(Kiang 1968) confirm this conclusion: neither in the 
northern, nor in the southern, galactic hemisphere do 
the means or medians show any tendency to level off at 
Iese b I< 1.3 as required by Model I (dashed lines).* 

(ii) The sampling counts by Zonn ( 1968) of the central 
square degree in 820 fields of the Palomar Sky Survey 
blue prints centered at o-;;, - 30° [Table I(B)]. The limit
ing magnitude, estimated by us from (log n) ~ 1. 77 at 
the galactic poles, is about 19.2. Because of the smaller 
counts, the mean errors of the mean points are larger, 
but again, no systematic departure from a mean csc b 
law is in evidence in the polar caps [Fig. 3(b)]. 

The coefficients of the best fit csc b law for each set in 
each hemisphere separately, and for the two sets and 
both hemispheres combined are listed in Table II. Com
bining the two sets normalized at Iese b I = 1.55 (with 
half-weight for set ii), as given in Table III, provides the 
most sensitive test for possible systematic departures 
from the csc b law. Figure 4, where the mean points are 
plotted vs Iese b I shows no trace of the large departures 

*Burstein and Heiles ( 1978) have argued from their analysis of histo
grams of the Lick counts at 10' resolution that (log n) c::econst. at 
csc b < 1.16 (b > 60°), indicating negligible extinction near the north 
galactic pole; they suggest further, that the increase in (log n) toward 
the SGP is an accident due to clustering. They emphasize, however, 
the " the galaxy count data are too noisy to determine the slope of a 
csc b law near the galactic poles" ; if so, their conclusion that the slope 
is zero is uncertain as well. Whether this result is due to the smaller 
pixel size in their analysis (0.09-0.19 sq. deg. vs 36 sq. deg. here) or to 
their method of defining (log n) from histograms, is not clear to us. 
While we would agree in principle with the statement that the interval 
1.00 < Iese b I< I. 16 provides too small a base line to derive a reliable 
value of 8 log nl 8 csc b, we note that the present analysis of the 6° 
counts shows no break in the csc b law at any latitude, including 
jcsc b I < 1.2. 
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,-; TABLE I(A). Galaxy counts: Lick data (Shane and Wirtanen). 

NGH SGH ~ 
(csc b) NF log ,i (log n) (csc b) NF log,i (log n) (log n) 

(7 m.e. (7 m.e. m.e. 

1.043 48 1.712 1.712 1.049 18 1.638 1.649 1.695 
0.078 0.011 0.100 0.024 0.010 

1.157 60 1.667 1.671 1.159 29 1.613 1.638 1.660 
0.067 0.009 0.104 0.019 0.008 

1.287 40 1.623 1.617 1.287 21 1.568 1.585 1.606 
0.088 0.014 0.076 0.017 0.011 

1.414 40 1.602 1.595 1.414 21 1.623 1.62 I 1.604 
0 .086 0.014 0.074 0.016 0.010 

1.589 46 1.538 1.531 1.589 28 1.531 1.503 1.520 
0. 129 0.019 0.126 0.024 O.Dl5 

1.836 41 1.505 1.470 1.836 27 1.512 1.483 1.475 
0.130 0.020 0.162 0.031 0.017 

2.203 38 1.431 1.365 2.203 28 1.312 1.310 1.342 
0.195 0.032 0.194 0.037 0.024 

2.790 36 1.279 1.184 2.790 28 1.161 1.131 1.161 
0.274 0.046 0.256 0.048 0.033 

3.864 41 0.864 3.864 35 0.843 0.854 
0.377 0.059 0.334 0.056 0.041 

NGH = northern galactic hemisphere, SGH = southern galactic hemisphere, N + S = both hemispheres combined. NF= number of fields, 
t:7 = standard deviation of log n, log ,i = median of log n, (log n) = adthmetic mean of log n, m.e. = mean error of (log n). 

TABLE I(B). Galaxy counts: Palomar data (Zonn). 

NGH SGH N+S 
(csc b) NF log,i (log n) (csc b) NF log ,i (log n) (log n) 

(7 m.e. (7 m.e. m.e. 

1.044 33 1.763 1.756 1.047 25 1.792 1.781 1.767 
0.110 0.019 0.134 0.027 0.016 

1.144 34 1.736 1.736 1.153 16 1.728 1.745 1.739 
0.137 0.023 0.185 0.046 0.022 

1.238 21 1.672 1.683 1.239 15 1.623 1.613 1.654 
0.139 0.030 0.213 0.055 0.028 

1.345 30 1.712 1.714 1.343 11 1.623 1.613 1.687 
0. 151 0.028 0.132 0.040 0.023 

1.461 21 1.653 1.617 1.452 16 1.591 1.580 1.601 
0.188 0.041 0.139 0.035 0.027 

1.559 13 1.591 1.568 1.552 8 1.707 1.649 1.599 
0 .141 0.039 0.244 0.086 0.039 

1.644 13 1.613 1.607 1.629 8 1.538 1.546 1.584 
0.164 0.045 0.165 0.058 0.036 

1.744 16 1.427 1.418 1.725 9 1.613 1.517 1.454 
0.227 0.057 0.259 0.086 0.048 

1.874 16 1.455 1.465 1.874 8 1.415 1.435 1.455 
0.293 0.073 0.224 0.079 0.055 

1.994 16 1.557 1.508 2.002 9 1.505 1.542 1.520 
0.222 0.056 0.169 0.056 0.041 

2.224 16 1.389 1.296 2.188 14 1.491 1.401 1.345 
0.344 0.086 0. 195 0.052 0.050 

2.502 25 1.342 1.244 2.400 11 1.114 I. 169 1.221 
0.344 0.069 0.274 0.083 0.054 

2.973 21 1.204 1.137 2.683 12 1.203 1.218 1.166 
0.349 0.076 0.236 0.068 0.054 

2.999 IO 0.996 1.009 
0 .404 0 .128 

See Table l(A). 

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



Q 
a-, 
(Y) 
a-, 

co 
co 

,.; 
00: 
(Y) 

co 
a-, 
,-; 

943 G. DEV AUCOULEURS AND R. BUTA: GALACTIC EXTINCTION LAW 943 

log N 
1.8 I 

30• 

1.7 •• I I Lick ( s·hone -Wirtonen ) 

NGH • I••~ I 
1.6 I '•'---l. 
I.Bl I I '--.....,.___ 

I I 
1.7. • I I 

1J~1 
l I I• 

,..a~ I I 
I 7 0 I I 

o-Q.__o J 

1.6 -----1- -~- -I 

SGH • 
Meon O 

• 

• 

• 

1.5 
I 10 0 

I I 
I 1 4 

0 

1.0 1.5 2.0 Iese b I 

90• 60· 50• 40- 30• 
log N • 

1.S • • I Polomor ( Zonn) 

·"-.._ 1· I NGH • 
~ e SGH • 

1. 7 .,_ I • • Mean o . ~ .· 
::1-:;i ·:~ 

•• •"r--. • I • • 

::0 · :··~~-
[0~ I I • • • 

I 7 0 00 l 
__ .'.' _ _ o_~o 

1.6 : - o I o o o o • 

I I 1.5 0 

I I 1.4 
0 0 

0 

1.0 1.5 2 .0 Iese b I 

FIG. 3. Cosecant b law from faint galaxy counts. (a) Lick data (Shane 
and Wirtanen) in NGH, SGH, and averaged. Dashed line shows the 
expected trend if Model I were valid. (b) Palomar data (Zonn) in NGH, 
SGH, and averaged. Again, no systematic departure from the simple 
csc b law is indicated. 

predicted by Model I at Iese b I< 1.3. A unique and re
markably uniform csc b law applies at all Iese b I < 3.0 
right up to the poles. 

III. COUNTS OF GALAXY CLUSTERS 

Holmberg (1974) has shown that counts of galaxy 
clusters are even more sensitive to the effects of extinc
tion than general galaxy counts. There are two sources 

of cluster counts, both based on the original POSS 
plates. 

(i) The Zwicky catalogue (Zwicky et al. 1962-68) tab
ulates rich clusters in each of the fields north of declina
tion - 3°. The clusters are binned in distance groups 
from "near" to "extremely distant," with the vast ma
jority in the last three groups (D, vD, eD) at redshift 
distances in excess of 300 megaparsecs (z > 0.1) and, 
thus, probe a volume of space much larger than the gen
eral galaxy counts discussed in Sec. II. 

The mean number density per field, log(N), given in 
Table IV(A) as a function of galactic latitude in each 
hemisphere, shows no tendency to become constant at 
high galactic latitudes (Fig. 5). Because the numbers of 
counted objects are smaller than in the case of general 
galaxy counts, the mean errors of the mean points are 
larger, but within the expected scatter, the csc b law is 
obeyed up to the poles in both hemispheres. 

(ii) The Abell Catalog ( 1958) of 2712 very rich, con
densed clusters north of declination - 27° leads to the 
same conclusion [Table IV(B) and Fig. 5]. 

Because of the restricted sectors of galactic longitudes 
covered by both surveys in the southern galactic hemi
sphere, the slope of the csc b law derived from each (Ta
ble V) is poorly determined. However, the averages of 
the Zwicky and Abell counts (normalized at 
/csc b / = 1.55) are not only in close agreement with the 
csc b law up to the poles in both hemispheres (Fig. 6), but 
the slopes in the North and South hemispheres are also 
in good agreement. The coefficients of the best-fitting 
mean csc b laws for each set and hemisphere and for 
both combined are given in Table V. The combined 
counts are in Table VI. The slopes are greater than in 
Table II, in good agreement with Holmberg's (1974) re
sults. 

We conclude that neither the galaxy counts, nor the 
cluster counts give any support to the concept of absorp
tion-free polar windows as postulated by Model I. Be
cause, as noted above, there is as yet no quantative the
ory relating the amount of galactic extinction to the 
slopes of the csc b laws applicable to the galaxy or clus
ter counts, we can use them only to demonstrate the 
presence of extinction up to the poles, but must turn to 
direct measurements of luminosity (Sec. 4) and color 
(Sec. 5) to evaluate the magnitude of the extinction coef
ficients. 
IV. EFFECTIVE SURFACE BRIGHTNESS AND HYDROGEN

LUMINOSITY RA TIO 

The total amount of galactic extinction in the B band 
can be direct! y derived from two types of indices defined 
in RC2: (i) the surface brightness, m;, and (ii) the hydro
gen index, HI. 

(i) The mean effective surface brightness, m;, is a mea
sure of the average B-band flux density within the effec
tive aperture A, . A, is the diameter of the circular aper
ture (centered at the nucleus of a galaxy) which 
transmits half the total B flux from that galaxy. By def
inition, 
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TABLE II. Galaxy counts: Coefficients of csc b law.• 

Source 

Lick 

Zonn 

Lick 

and 
Zonnb 

Hemisphere a 
csc b range m.e. 

rH 1.715 

1.0-2.8 0.011 

SGH 1.698 

1.0-2.8 0.018 

rH 1.788 

1.0-3.0 0.021 

S.G.H. 1.780 

1.0-3.0 0.026 

N.G.H. + 0.173 

1.0-3.0 0.010 

S.G.H. +0.179 

1.0-3.0 0.015 

N+S +0.175 
1.0-3.0 0.008 

b NF 
m.e. (T 

-0.296 349 

0.014 0.138 

- 0.308 201 

0.020 0.157 

-0.362 267 

0.026 0.219 

- 0.372 168 

0.029 0.211 

-0.314 616 

0.013 0.165 

-0.327 369 

0.016 0.175 

-0.319 985 
0.010 0.169 

• Table gives coefficients a, b of equation y = log n - (log n) = a 
+ b (Iese b I - 1.55), NF = number of fields, u = s.d. of y from 

solution. 
bWeighted mean 8 log n (Lick w = I, Zonn w =~)normalized at 
Iese b I= 1.55, Where (log n)(NGH) = 1.552 (Lick), 1.589 (Zonn), 
and (log n) (SGH) = 1.529 (Lick), 1.575 (Zonn). 

TABLE III . Mean combined Lick and Zonn Counts.• 

(cscb) 81ogh (8 log n) NF (T 

1.045 0.164 0.160 124 0.099 
0.009 

1.154 0.124 0.124 139 0.101 
0.009 

1.291 0.072 0.072 138 0.120 
0.010 

1.430 0.066 0.050 98 0.111 
0.011 

1.582 0.002 -0.018 95 0.136 
0.014 

1.692 - 0.037 -0.071 46 0.216 
0.032 

1.878 - 0.052 - 0.071 118 0.177 
0.016 

2.245 -0.191 - 0.221 120 0.228 
0.021 

2.752 - 0.329 - 0.385 94 0.268 
0.028 

3.028 -0.475 - 0.516 25 0.384 
,0.077 

"8 log n = log n - b, where b = (log n) at Iese b I = 1.55 with 
weights as in Table II . No rejection involved in means. 
NF = number of fields. 

90" 50 ° 40° 30° ! b l 

,o I 5 20 2 5 csc lbl 30 

FIG. 4. Cosecant b law from combined galaxy counts normalized at 
lb I = 40°. WeightedmeanpointsofLickandPalomarcountsin NGH, 
SGH, and averaged. The csc b law is precisely obeyed up to the galac
tic poles. Mean errors of mean points are less than symbol size at 

lb I > 40°. 

so• 50• 40° 

log N 

30° lbl 

Cluster counts 

NGH • 
SGH • 

NGH 

SGH 

2 csc I bl 3 

FIG. 5. Cosecant b law from faint cluster counts in Abell and Zwicky 
catalogs. Neither shows any indication of the systematic departures 
implied by Model I at lb I > 40° (dashed lines). Smaller sample and 
incomplete coverage causes larger scatter and different slopes in SGH. 
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TABLE IV(A). Cluster counts (Zwicky). co 
a-, 
,-; 

NGH SGH 
(csc b) NF log iv log (N) ( Iese b I) NF log iv log (N) N-S 

(]' m.e. (]' m.e. 

1.047 52 0.087 0.108 
0.166 0.023 

1.146 46 - 0.006 0.011 1.153 6 - 0.158 - 0.141 +0.152 
0.196 0.029 0.073 0.030 

1.247 30 0.000 0.020 1.240 11 -0.255 - 0.212 + 0.232 
0.208 0.038 0.134 0.040 

1.346 24 - 0.133 - 0.066 1.346 12 -0.339 - 0.309 + 0.243 
0.213 0.043 0.101 0.029 

1.445 21 - 0.109 - 0.090 1.456 10 - 0.352 -0.296 + 0.206 
0.183 0.040 0.125 0.040 

1.546 17 - 0.158 - 0.118 1.535 7 - 0.515 -0.322 +0.204 
0.207 0.050 0.328 0.124 

1.650 17 - 0.214 - 0.172 1.660 14 - 0.234 - 0.299 +0.127 
0.281 0.068 0.169 0.045 

1.745 10 - 0.204 -0.123 
0.266 0.084 

1.846 13 - 0.278 - 0.294 1.824 11 - 0.442 -0.391 + 0.097 
0.233 0.065 0.200 0.060 

1.941 II - 0.477 - 0.299 1.972 13 - 0.442 -0.422 +0.123 
0.295 0.089 0.197 0.055 

2.090 17 - 0.380 - 0.360 
0.218 0.053 

2.292 16 - 0.477 -0.401 2.243 16 - 0.442 -0.442 +0.041 
0.320 0.080 0.194 0.048 

2.680 32 - 0.556 - 0.530 2.687 24 - 0.579 - 0.569 + 0.039 
0.331 0.059 0.303 0.062 

NF = number of fields. (J' = standard deviation of log N. log iv= median of log N, log (N) = Jog of (N). N = cluster surface density per 
6° x 6° field. 

TABLE IV(B). Cluster counts (Abell). 

NGH SGH 
(csc b) NF log iv log (N) (Iese bl) NF log iv log (N) N-S 

(]' m.e. (]' m.e. 

1.046 24 -0.770 - 0.703 1.043 14 - 0.736 -0.814 +0.111 
0.185 0.038 0.275 0.073 

1.124 13 -0.674 - 0.663 1.128 10 - 0.784 -0.716 + 0.053 
0.205 0.057 0.367 0.116 

1.224 34 - 0.741 -0.751 1.229 18 -0.859 - 0.848 + 0.097 
0.232 0.040 0.223 0.053 

1.415 37 - 0.951 -0.849 1.418 22 -0.951 -0.871 + 0.022 
0.262 0.043 0.215 0.046 

1.753 36 - 1.039 - 0.970 1.746 19 -1.013 - 1.064 +0.094 
0.333 0.055 0.289 0.066 

2.277 12 - 1.357 - 1.193 2.117 21 - 1.357 - 1.360 +0.167 
0.404 0.117 0.249 0.054 

2.493 12 - 1.415 - 1.260 
0.270 0.078 

See Table IV(A). 
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90• so• 40° 

1.0 1.5 

30° lbl 

Combined cluster counts 
(Abell a zw;cky) 

8 109 N(A) • IOQ N(Al+O.888 
8 lo9N(Z) • 109 N(Zl+0.119 

2 .0 2.5 csc lbl 

FIG. 6. Cosecant b law from combined cluster counts normalized at 
lb I = 40°. Mean points of Abell and Zwicky catalogs in NOH and 
average of NOH and SOH. The csc b law is precisely obeyed up to the 
galactic poles. Note that the cluster counts probe a much larger vol
ume of space than the general galaxy counts of Fig. 4. 

m; =Br+ 0.75 + 5 logAe - 5.26 (1) 

is expressed in mag (arcmin)- 2 when Ae is in tenths of 
arcminute (as given in RC2 for 752 galaxies). We use 
here revised (post-RC2) values for a more restricted 
sample of 660 galaxies. 

This quantity depends on morphological type (Hub
ble stage T), inclination or axis ratio (measured by 
log R25 in RC2), and galactic extinction model AB. We 
can test the validity of a galactic extinction model by 
studying the dependence on Iese b I (or AB)ofthe residu
als 

8(m;)° = (m;)°- ((m;)°) = (m; -AB)- ((m; -AB)) 
(2) 

with respect to the mean value for each type T -without 
consideration of the dependence on log R ( since log R is 
uncorrelated with csc b ). If the galactic model is valid, 
(8(m; )0 ) should be close to zero and independent of 
Iese b l;anonzerovalueoftheslopea(8(m;)0 );a Iese b I 
will give directly the correction to the extinction coeffi
cient AB (90°). 

Table VII(A) gives the mean values of 
(m; )° = m; - AB as a function of Hubble type only for a 
sample ofRC2 galaxies selected as follows: (a) objects at 
galactic latitudes lb I< 30° were excluded, (b) Local 
Group and compound objects (marked• in RC2, column 
1 ), Seyfert galaxies and IO types were rejected, (c) the. 
rare T = - 6 and T = - 4 types (compact E and cD) 
and the Magellanic irregulars (T = 10) which have a 
large range of m; were also rejected. This leaves a sam
ple of 545 objects well distributed over both hemi
spheres. The tabulated means are after one cycle of 2u 

TABLE V. Coefficients of csc b law: Cluster counts.• 

Source Hemisphere 

Zwicky { NOH 

SOH 

Abell {NOH 

SOH 

{

NOH 

Zwicky 
and SOH 

Abell 

NOH+SGH 

a 
m.e. 

/3 
m.e. 

N' 
q' 

+ 0.093 - 0.386 13 
0.013 0.017 0.032 

-0.177 -0.232 10 
0.020 0.020 0.033 

- 0.665 - 0.406 7 
0.012 0.019 0.021 

- 0.699 - 0.551 6 
0.046 0.072 0.067 

0.215 - 0.390 13 
0.01 I 0.015 0.027 

0.196 -0.313 II 
0.029 0.034 0.056 

0.209 - 0.360 13 
0.Gl5 0.020 0.035 

"Solutions are for mean points (N') of Tables IV(A), (B) wei~hted by 
number of fields (NF)- Iese b I range is < 2.8 [IV(A)], < 2.6 [IV(B), 
NOH] and < 2.5 [IV(B), SGH)]. u' is standard deviation of mean 
points from solution. 

TABLE VI. Cluster counts: Combined Zwicky and Abell counts.• 

(csc b) 8 log(N) 
(NOH) 

1.046 0.197 

1.141 0.142 

1.234 0.126 

1.357 - 0.039 

1.436 0.010 

1.542 - 0.048 

1.660 - 0.085 

1.752 -0.121 

1.839 - 0.159 

1.937 - 0.210 

2.095 - 0.261 

2.29) - 0.323 

2.647 - 0.437 

(8 log (N)) 
(N+S) 

0.210 
0.020 

0.174 
0.028 

0.136 
0.022 

0.017 
0.026 

0.075 
0.026 

-0.004 
0.049 

-0.056 
0.042 

-0.051 
0.038 

-0.159 
0.045 

-0.154 
0.055 

-0.258 
0.042 

-0.235 
0.041 

-0.352 
0.038 

90 

75 

93 

51 

75 

24 

36 

61 

29 

21 

30 

48 

69 

(T 

0.188 

0.244 

0.212 

0.188 

0.227 

0.238 

0.251 

0.296 

0.244 

0.250 

0.229 

0.281 

0.319 

• Counts were reduced to Iese b I = 1.55 via log N = log N + B, with 
B = 0.119 (Zwicky, NGH), 0.305 (Zwicky, SOH), 0.888 (Abell, 
NOH), and 1.002 (Abell, SOH). Equal weights were assigned to the 
Zwicky and Abell counts. Second lines give m.e. of mean. 
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00 

TABLE VII(A). Median and mean corrected effective surface TABLE VII(B). Median and mean values of(m;)° residuals vs Iese b I-
.; brightness by type.• 
,,: ( Iese b I) 8 (8)0 No (8) I N, (Y) 

00 Type (m;)" ((m;)°) N (AB> m.e. ao m.e. a, 0) 
.-, m.e. a, (Iese b I) 1.022 + 0.05 + 0.13 120 + 0.08 113 

- 5 12.17 12.14 112 0.245 
0.07 0.81 0.06 0.66 

0.05 0.56 1.286 1.075 -0.17 -0.15 62 - 0.17 59 

- 3 12.35 12.36 47 0.269 
0.07 0.58 0.06 0.48 

0.12 0.82 1.375 1.121 + 0.15 - 0.03 40 

- 2 12.11 12. 10 62 0.236 
0.12 0.74 

0.09 0.68 1.255 1.175 - 0.11 - 0.08 51 -0.12 48 

-1 11.90 11.97 24 0.245 
0.09 0.66 0.08 0.54 

0.13 0.65 1.297 1.248 - 0.11 - 0.18 73 -O.D7 70 

0 12.11 12.20 22 0.245 
0.10 0.85 0.08 0.70 

0.16 0.77 1.254 1.341 +0.35 + 0.39 44 +0.33 41 

12.11 12.21 25 0.238 
0.12 0.78 0.09 0.55 

0.09 0.46 1.301 1.497 -0.03 +0.02 69 + 0.01 67 

2 12.44 12.46 27 0.248 
0.10 0.81 0.09 0.75 

0.12 0.62 1.281 1.721 -0.12 - 0.17 40 -0.21 35 

3 12.81 12.86 52 0.256 
0.11 0.72 0.10 0.57 

0.08 0.59 1.301 1.982 -0.03 +0.01 77 + 0.05 73 

4 12.66 12.65 49 0.251 
0.07 0.62 0.06 0.54 

0.08 0.59 1.257 2.55 -0.08 - 0.11 59 -0.17 57 

5 12.69 12.70 52 0.260 
0.09 0.72 0.09 0.68 

0.10 0.71 1.314 3.40 - 0.04 -0.12 25 +0.06 23 

6 13.12 13.10 24 0.265 
0.19 0.94 0.15 0.71 

0.14 0.67 1.328 'I.N 658 626 

7, 8 12.88 13.12 19 0.245 Median 8 and mean (8) residuals, number of residuals (N), and 
0.23 1.01 1.254 standard deviation (a) before (N0 , a0 ) and after one cycle (N,, a.) of 

9 13.51 13.72 7 0.253 2a rejections. 
0.24 0.64 1.354 

'I.N 522 
TABLE VII(C). Median and mean values of (m; )0 residuals vs AB. 

8 • For Iese b I ,;; 2.0, excluding Local Group and composite objects, (AB> (8)0 No (8) I N, 
Seyfert and IO galaxies, after one cycle of 2a rejections. m.e. ao m .e. a, 

0.189 +0.01 +0.10 121 + 0.02 114 
0.07 0.74 0.06 0.60 

rejections which are still necessary to remove objects 0.200 - 0.20 - 0.23 53 -0.16 51 
with unusually strong emission lines or other anomalies. 0.10 0.72 0.09 0.63 

The last column shows that there is no systematic de- 0.210 + 0.03 + 0.08 64 +0.06 61 

pendence of (An ) or ( I csc b I ) on type. Figure 7 illus- 0.10 0.78 0.09 0.68 

trates the dependence of ((m;)°) on type; the linear in- 0.225 +0.03 0.00 40 + 0.15 38 

terpolation formulae 
0.14 0.87 0.10 0.58 

0.252 - 0.01 -0.05 86 -0.03 82 

((m;)0 ) = 12.16forall T<,O 0.08 0.77 O.D7 0.63 

0.279 +0.02 -0.02 61 - 0.08 59 
(excluding T = - 4 and - 6) 0.10 0.74 0.09 0.69 

and (3) 0.316 + 0.08 + 0.10 86 +0.13 82 
0.09 0.80 0.08 0.72 

((m;)°) = 12.16 + 0.14Tfor T>O, 0.371 + 0.05 -0.05 49 -0.06 47 

represent the data within their errors (note that types 0.10 0.67 0.09 0.58 

0.471 -0.08 - 0.15 25 - 0.21 24 T= 7,8 were combined to improve sample size). 0.14 0.68 0.13 0.62 
The mean residuals (8(m; )0 ) with respect to the actu- 0.474 - 0.09 -0.09 33 - 0.15 30 

al means for each type (not the interpolated values) are 0.11 0.64 0.09 0.48 

tabulated vs I csc b I in Table VII(B) and vs AB in Table 0.534 - 0.15 - 0.13 24 - 0.03 23 
VII(C). No clear dependence is in evidence, in particular 0.16 0.80 0.13 0.64 

not of the type predicted by Model I (Fig. 8a,b). The 0.69 - 0.34 - 0.21 25 -0.33 23 

coefficients of linear least-squares solutions of the form 0.13 0.66 0.11 0.55 

(8(m;)°) =a+ b (C- 1) 
0.93 -0.09 -0.06 9 + 0.19 8 

(4) 0.33 0.99 0.24 0.69 

=a+ /3(C' - 0.2), (4') '"i.N 676 642 

where C = Iese b I in Eq. (4) and C ' = An in Eq. (4') are See Table VII(B). 
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FIG. 7. Mean effective surface brightness vs revised Hubble type. The 
average surface brightness (m; )0 within the effective aperture A, , cor
rected for galactic extinction via the RC2 model, varies with numeri
cal stage Talong the revised Hubble sequence (as coded in RC2). Early 
types (E, L , T < 0) are on the average brighter than spirals (T> 0). 

collected in Table VIII for different intervals of the inde
pendent variables. The coefficients indicate that A 8 may 
be slightly smaller than the value calculated in RC2, but 
the difference is hardly significant. The range of correc
tions toA 8 (90°) indicated by Table VIII by the best solu
tions after one cycle of 2u rejections is from - 0.06 to 
- 0.04 (and - 0.06 to 0.00 after 2 cycles) with an aver

age (8A 8 (90°)) = - 0.04 ± 0.03. 
(ii) The neutral hydrogen index, HI, as defined in 

RC2, is a magnitude measure of the ratio of the integrat
ed flux SH in the 21-cm line to that in blue light.• 

By definition (see RC2, Eqs. 44--47) 

Hl=m~1 -Bt, 

where 

m~1 = m21 - 2.5A 21 (i) 
= 16.6 - 2.5 log SH - 2.5A 21(i) 

(5) 

(6) 

is the 21-cm line "magnitude" corrected for the self
absorption 

A21 (i) = logjSH(0,0)/S(i,K)I = log(K/1 - eK), (7) 

if K = 0.031 I cos i is the effective optical depth in a gal
axy at inclination i. 

We see that while m~1 is independent of galactic ex
tinction, any error in A 8 will be directly in B t and HI. t 

*The unit of SH in RC2 is 10- 22 Wm2, not 10- 28 as incorrectly stated 
in the introduction to the catalog. The origin of this error is in the 
conversion factor from F H to SH, 4. 970. 1021 , not 1027 as incorrectly 
given by H 2 V (Heidmann, Heidmann, and de Vaucouleurs 1971 ). This 
error had no effect on the calculation of HI in RC2. 

t The relation between HI and the ratio of neutral hydrogen mass to 
luminosity JI HI .!f 8 (both expressed in solar units) is 
log g = - 0.02 - 0.4 HI if the absolute magnitude of the Sun is 
M8 (0) = 5.41 (de Vaucouleurs 1977b). The constant is changed to 
+ 0.02 if M8 (0) = 5.51, corresponding to the revised values 
V(0) = - 26.70 (Gallouet 1964), M v(0) = + 4.87 with 
(B - V)(0) = + 0.64 (Chmilewski 1981). 

An unpublished analysis of the values of HI listed in 
RC2 for 240 galaxies was one of the lines of evidence 
used to derive the galactic extinction coefficient 
A8 (90°) = 0.20adoptedinRC2. Wecannowusealarger 
sample of homogeneous H I line flux data taken from 
the new general catalog of Bottinelli, Gouguenheim, 
and Paturel (1982) together with revised (post-RC2) to
tal magnitudes B ~ (de Vaucouleurs 1977a, and unpub
lished data). 

Because early-type galaxies (T<0) tend to be hydro
gen poor and are still underrepresented in the catalog, 
we restrict our study to spirals and Magellanic irregu
lars ( 1,;;; T,;;; 10) and select a well-defined sample by the 
following rejection rules: 

(a) All members of the VirgoS,S' clouds are excluded; 
these are known to be hydrogen deficient (Chamaraux, 
Balkowski, and Gerard 1980), and the new data (Gio
vanardi et al. 1982) confirm this fact. 

(b) Local Group objects, composite objects (marked• 
in RC2), Seyfert galaxies and IO objects were also ex
cluded a priori; in addition 

(c) Six galaxies having inclinations i > 85° and three 
that gave aberrant residuals (NGC 660, 4594, and 7727) 
were rejected. 

This leaves a sample of 463 galaxies. We used a sub
sample of 365 at galactic latitudes I b I;;;. 30° to define the 
dependence of (HI) on morphological type [Table 
IX(A)] . The tabulated means are after one cycle of 2u 
rejections which are still needed to exclude a score of 
aberrant objects. The scatter about the means is least 
among the intermediate types (u!'.::::::0.48 mag, 4 ,;;; T,;;;9) 
and increases among earlier and later types. Neverthe
less, the general trend is clear and in agreement with 
earlier conclusions (Roberts 1975; de Vaucouleurs 
1977b) (Fig. 9). The linear relation 

(HI) = 2.05 - 0. l 7(T - 4) (8) 
± 0.03 ± 0.016 

represents the mean points adequately. 
The median 8 and mean residuals 

(8 (HI)) = HI - (HI) with respect to the actual means 
for each type (not the interpolated values) are tabulated 
vs Jcsc b I in Table IX(B) and vsA 8 in Table IX(C). No 
clear dependence is in evidence, and in particular no 
systematic departure of the type predicted by Model I 
(Figs. lOa,b). t t 

The coefficients of linear least-squares solutions of 
the form 

8(HI)= -a-b(C-1) 
= -a -{J(C' - 0.2), 

(9) 

(9') 

tt We have examined the individual residuals included in the aberrant 
mean point for the interval 1.6.;; Iese b I,;; 1.8, but find no reason for 
further rejections; most of the departure is apparently caused by four 
large positive residuals in excess of + 1.0 mag (NGC 2744, 6902, IC 
5039, A0510 - 33) unbalanced by only one negative residual in excess 
of - 1.0 mag (NGC 2608). The HI data for these galaxies should be 
checked. 
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TABLE VIII. Coefficients of Eqs. (4) and (4') for (m; )° residuals.• 

Range a, a b,/3 No 
m.e. m.e. ao 

lcscb I <; 2.5 +0.020 - 0.055 602 
0.043 0.082 0.75 

Iese b I <; 6.0 + 0.019 -0.058 676 
0.037 0.o38 0.75 

As <; 0.5 +0.021 -0.36 622 
0.040 0.36 0.75 

As < 1.30 + 0.014 -0.29 676 
0.036 0.20 0.75 

• Before (N0 ) and after one cycle of 2a rejections (N, ). 

whereC = Iese b I in Eqs. (9) and C' = AB in Eq. (9') are 
collected in Table X(A). The minus signs facilitate the 
comparison with Eq. (4). In both cases b or /3 > 0 means 
that the RC2 formulae undercorrected the optical mag
nitudes and, if so, AB(true) = 0.20 + b when 
C = Iese b l,andAB(true) = 0.20(1 + /J)whenC' =AB. 

The coefficients b and /3 are in agreement to suggest 
that AB may be slightly larger than the RC2 value, but 
the difference is insignificant. The corrections range 
from - 0.01 to + 0.05 with (L1AB(90°))= + O.ol 
± 0.03 from the highest-weight solutions. 

Because both B ~ and, to a lesser degree, m~1 are cor
rected for a self-absorption which is a function of incli
nation and morphological type, and the latter is more 
uncertain for edge-on galaxies, we have repeated the 
analysis with allowance for a log R dependence of the 
form 

(8(HI)) = - a - b (C - 1) - c(log R - 0.2) (10) 
= - a -/J(C' - 0.2) -y(log R - 0.2). (10') 

TABLE IX(A). Median and mean hydrogen index by type. • 

Type 

2 

3 

4 

5 

6 

7, 8 

9 

10 

(HI) 

2.54 

2.83 

2.06 

2.15 

1.90 

1.74 

1.55 

1.20 

1.15 

(HI) 
m.e. 

2.44 
0. 15 

2.75 
0.17 

2.09 
0.08 

2.17 
0.06 

1.88 
.0.05 

1.72 
0,07 

1.57 
0.09 

1.32 
0.11 

1.03 
0.19 

N (As) 
a, (Iese b I) 

14 0.254 
0.55 1.345 

25 0.233 
0.85 1.256 

61 0.250 
0.65 1.288 

71 0.245 
0.54 1.265 

90 0.252 
0.46 1.315 

48 0.253 
0.50 1.266 

27 0.247 
0.48 1.240 

15 0.239 
·0.44 1.252 

14 0.243 
0.71 1.266 

• As in Table VII(A), and excluding Virgo cluster objects. 

a,a b,/3 N, 
m.e. m.e. a, 

-0.004 -0.038 574 
0.037 0.070 0.63 

-0.008 -0.036 644 
0.032 0.033 0.64 

+ 0.008 -0.41 594 
0.o35 0.31 0.64 

-0.004 -0.23 645 
0.031 0.18 0.64 

The solutions are collected in Table X(B). The large co
efficients of log R, c=r=0. 70 ± 0.16, are unexpected 
and suggest the presence either of a selection bias in the 
H I sample or of systematic errors dependent on inclina
tion in the corrected optical (and, possibly, radio) lumi
nosities. This question will be investigated elsewhere. 
What matters here is that the coefficients of Iese b I or 
AB are essentially the same in Tables X(A) and X(B). The 
suggested correction to the RC2 value of AB is still in the · 
range - 0.02 to + 0.08 with (L1AB(90°)) 
= + 0.01 ± 0.03. 

(ii) Because the residuals 8(m;)° and - o (HI) both 
measure essentially the same quantity, namely the effect 
of an error LlA B in the galactic extinction correction 
applied to the optical luminosity, they can be combined 

TABLE IX(B). Median and mean values of HI residuals vs Iese b 1.• 

(Iese b I) -8 - (8 )o No - (8), N, 
m.e. ao m.e. a, 

1.022 -0.12 -0.05 46 -0.02 43 
0.10 0.70 0.09 0.57 

1.075 -0.06 -0.02 56 -0.02 52 
0.08 0.63 0,07 0.52 

1.123 -0,02 -0,07 44 -0.05 42 
0.09 0.59 0,07 0.48 

1.174 -0.03 -0.08 50 -0.08 48 
0,07 0.47 0.06 0.42 

1.246 +0.10 +0.04 63 +0.08 61 
0,07 0.59 0.07 0.54 

1.344 -0.01 +0.01 28 
0.13 0.69 

1.500 -0.02 -0.00 43 +0.03 42 
0.09 0.60 0.09 0.58 

1.712 + 0.29 + 0.24 32 +0.29 31 
0.12 0.68 0.11 0.63 

1.995 -0.25 -0.06 38 -0.14 36 
0.10 0.64 0.09 0.56 

2.583 +0.10 -0.08 28 +0.04 26 
0.14 0.74 0.12 0.60 

3.423 +0.04 + 0.06 21 
0.16 0.75 

"Sample selected as in Table IX(A). Before (N0 ) and after one cycle 
of 2a rejections (N1). 
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TABLE IX(C). Median and mean values of HI residuals vs AB. a 

(AB) -8 - (8\, No - (8), N, 
m.e. Uo m.e. a, 

0.189 -0.12 - 0.11 49 - 0.11 45 
0.10 0.66 0.08 0.55 

0.200 - 0.06 +0.03 46 +0.07 43 
0.10 0.65 0.08 0.53 

0.210 -0.00 +0.04 52 -0.04 49 
0.07 0.52 0.06 0.40 

0.225 -0.05 -0.15 62 -0.IO 60 
0.08 0.62 0.07 0.56 

0.248 +0.18 +0.10 54 +0.05 50 
0.08 0.59 0.07 0.50 

0.278 -0.02 +0.05 55 +0.12 52 
0.08 0.62 0.07 0.54 

0.338 -0.03 -0.01 68 0.00 64 
0.08 0.64 0.07 0.55 

0.443 +o.oi + 0.05 39 + 0.10 38 
0.11 0.69 0.10 0.62 

0.621 +0.03 - 0.04 28 
0.15 0.81 

0.985 - 0.17 - 0.19 IO 
0.23 0.72 

• Sample selected as in Table IX(A). Before (N0 ) and after one cycle 
of 2a rejections (N, ). 

to produce an enlarged sample of 1139 galaxies for 
which either one or the other residual 8 or both are avail-
able. The median 8 and unweighted mean (8) are tabu-
lated vs Iese b I in Table Xl(A) and vsA 8 in Table XI(B) 
before and after 2<J rejection. As expected the distribu-
tion of the combined mean point vs I csc b I or A 8 has less 
scatter (Fig. 1 la,b), and once again shows no significant 
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Fm. 8. Mean surface brightness residuals vscsc lb I and AB. The medi
an and mean residuals of(m;)° from the type averages for 545 galaxies 
plotted vs cscfb I (above) and AB (below) show no indication of syste
matic departures from the RC2 extinction model greater than expect
ed from the size of the mean errors of the mean points. 
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FIG. 9. Mean hydrogen index vs revised Hubble type. The mean 21-cm 
to blue light luminosity ratio, measured on a magnitude scale by the 
hydrogen index, HI, varies with numerical stage T along the Hubble 
sequence. The B-band luminosity is corrected for galactic extinction 
and inclination as in RC2. Later-type spirals are relatively richer in 
hydrogen than earlier types at constant luminosity. This result is inde
pendent of the distance scale. 
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FIG. IO. Mean hydrogen index residuals vscsc fb I and AB. The median 
and mean residuals of HI for 463 galaxies from the type averages 
plotted vs cscfb I (above) and AB (below) show no indication of syste
matic departures from the RC2 model greater than allowed by mean 
errors. The departures expected if Model I were applicable are shown 
by dashed lines. The minus sign is used to facilitate comparison with 
Fig. 8. 
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(X) 

TABLE X(A). Coefficients of Eqs. (9) and (9') for HI residuals.• 

,.; 
,,: Range a, a b, /3 No a,a b,/3 N, 
(") 

(X) 
(j) 

m.e. m.e. Uo m.e. m.e. u, 
,-< 

Iese b I .;;2.5 -0.025 + 0.054 410 -0.022 + 0.044 389 
0.044 0.092 0.62 0.039 0.083 0.54 

Iese b I .;; 6.0 -0.002 -0.014 463 + 0.003 + 0.020 440 
0.037 0.036 0.64 0.033 0.033 0.56 

As .;;0.5 -0.022 + 0.23 426 -0.014 +0.28 404 
0.040 0.39 0.62 0.035 0.35 0.54 

As < 1.30 -0.008 -0.03 463 + 0.003 +0.14 439 
0.035 0.19 0.64 0.032 0.17 0.56 

• Sample selected as in Table IX(A). Before (N0 ) and after one cycle of 2u rejections (N, ). 

TABLE X(B). Coefficients of Eqs. ( 10) and ( 10') for HI residuals.• 

Range a, a b,/3 c, r No a, a b, /3 c,y N, 
m.e. m.e. m.e. Uo m.e. m.e. m.e. u, 

Iese b I .;;2.5 -0.038 +0.066 +0.68 410 -0.036 +0.081 +0.79 388 
0.043 0.091 0.18 0.61 0.038 0.080 0.16 0.52 

Iese b I .;;6.0 - 0.011 -0.013 +0.66 463 -0.012 + 0.023 +0.72 443 
0.036 0.036 0.17 0.63 0.033 0.032 0.15 0.55 

As .;;0.5 -0.030 +0.22 + 0.68 426 - 0.030 + 0.35 +0.77 404 
0.039 0.39 0.17 0.61 0.034 0.34 0.15 0.53 

As .;; 1.30 -0.016 -0.02 +0.66 463 -0.007 + 0.15 +0.72 444 
0.035 0.19 0.17 0.63 0.032 0.17 0.15 0.56 

•sample selected as in Table IX(A). Before (N0 ) and after one cycle of 2u rejections (N,). 

TABLE XI(B). Median and mean values of combined (m; )° and HI 
residuals vs As . 

(As) 8 (8) No (8} N, 
TABLE XI(A). Median and mean values of combined (m; )0 and HI m.e. Uo m.e .. u, 

residuals vs I csc b I-
0.189 -0.044 +0.040 170 -0.024 159 

(lcscbl} 8 (8} No (8) N, 
0.055 0.72 0.046 0.58 

m.e. Uo m.e. u, 0.200 -0.163 -0.110 99 -0.052 94 
0.070 0.70 0.061 0.59 

1.022 +0.008 + 0.082 166 +0.044 155 0.210 +0.021 + 0.062 116 + 0.035 110 
0.061 0.78 0.050 0.62 0.062 0.67 0.053 0.56 

1.075 - 0.172 -0.088 118 -0.100 111 0.225 -0.023 -0.092 102 -0.018 97 
0.056 0.61 0.048 0.50 0.072 0.73 0.057 0.56 

1.121 -0.019 -0.048 84 -0.026 81 0.251 + 0.052 + 0.006 140 +0.024 136 
0.072 0.66 0.066 0.60 0.060 0.71 0.053 0.62 

1.174 -0.094 -0.078 IOI -0.086 95 0.278 -0.017 +0.010 116 +0.008 112 
0.057 0.57 0.048 0.47 0.064 0.68 0.060 0.64 

1.247 +0.017 -0.076 136 -0.008 132 0.317 -0.052 + 0.058 129 + 0.080 125 
0.064 0.75 0.056 0.64 0.067 0.76 0.063 0.70 

1.342 +0.240 + 0.243 72 + 0.203 69 0.371 +0.164 -0.030 74 +0.002 70 
0.090 0.76 0.075 0.63 0.075 0.64 0.064 0.53 

1.498 -0.022 +0.010 112 -0.021 108 0.418 -0.005 -0.081 45 -0.041 44 
0.069 0.73 0.064 0.67 0.105 0.70 0.099 0.66 

1.717 -0.005 + 0.013 72 + 0.041 69 0.473 -0.086 -0.022 52 -0.053 49 
0.086 0.73 0.078 0.65 0.089 0.64 0.079 0.55 

1.986 -0.079 -0.013 115 -0.014 109 0.535 -0.043 - 0.110 37 -0.044 36 
0.058 0.62 0.053 0.55 0.128 0.78 0.112 0.67 

2.565 -0.005 -0.104 87 -0.101 83 0.690 -0.185 -0.136 40 
0.078 0.72 0.072 0.66 0.119 0.75 

3.409 -0.025 -0.039 46 + 0.063 44 0.957 -0.167 - 0.129 19 -0.022 18 
0.126 0.86 0.109 0.72 0.192 0.84 0.168 0.71 
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FIG. 11. Combined surface brightness and hydrogen index residuals vs 
csc lb I and A 8 • The averages (8) of (m;)° and - HI residuals for 
-550 galaxies (-1100 residuals) show no indication of systematic 
departures from the RC2 extinction model greater than allowed by the 
mean errors. 

departures from the RC2 extinction model. The coeffi
cients of linear least-squares solutions of the forms (4), 
(4') and (10), (10') are collected in Tables XII(A), (B). The 
slope coefficients are not significantly different from 
zero; the average of the best solutions (.JA 0 (90°)) 
= 0.02 ± 0.02, implies A O = 0.18 ± 0.02. 

V. COLOR INDICES 

The dependence on Iese b I of the color excess 
E (B - V) of external galaxies measures the differential 
extinction between the B and V bands which, by defini
tion, is related to the total extinction by 
Av= RE(B- V) andA 0 = (R + l)E(B- V). The ra
tio R of total to differential extinction is a function of 
intrinsiccolor(B- V)0 andofthereddeningE(B- V); 
for the average galaxy color near the galactic poles 
(R (90°)) '.'.::::'.3.3 and increases by 0.06 for each additional 
magnitude in A 8 . An appropriate average for the galax
ies with color data in RC2 is (R )'.'.::::'.3.33. The value 
A 8 (90°) = 0.20 adopted in RC2 implies a mean color ex
cess (E (B - V)) ~0.046 near the galactic poles in agree
ment with most previous determinations (Holmberg 
1958, 1974; de Vaucouleurs 1961), but in conflict with 
the zero extinction and reddening postulated by Model 
I. The dependence of galaxy colors on Iese b I affords, 

TABLE XII(A). Coefficients of Eqs. (4) and (4') for combined (m;)° and (HI)0 residuals. 

Range a,a b, /3 No a,a b, /3 N1 
m.e. m.e. CTo m.e. m.e. 0'1 

Iese b I ,;; 2.5 +0.003 -0.017 1012 -0.016 + 0.026 966 
0.031 0.061 0.701 0.027 0.053 0.597 

Iese b I ,;; 6.0 +0.009 -0.039 1139 -0.004 -0.022 1090 
0.026 0.027 0.709 0.023 0.023 0.611 

AB ,;;0.75 +0.008 -0.22 1112 -0.002 -0.14 1065 
0.027 0.19 0.71 0.024 0.16 0.61 

AB ,;; 1.30 + 0.004 -0.17 1139 -0.005 -0.12 1090 
0.026 0.14 0.71 0.023 0.13 0.61 

TABLE XII(B). Coefficients of Eqs. ( 10) and ( 10') for combined (m; )° and (HI)0 residuals. 

Range a,a b,/3 c, r No a,a b, /3 c, r N, 
m.e. m.e. m.e. O'o m.e. m.e. m.e. 0'1 

Iese b I ,;; 2.5 +0.002 -0.014 + 0.026 995 -0.016 +0.028 + 0.329 950 
0.032 0.063 0.134 0.70 0.028 0.054 0.116 0.60 

Iese b I ,;; 6.0 +0.009 -0.040 + 0.259 1121 -0.005 - 0.015 + 0.320 1069 
0.027 0.027 0.126 0.71 0.023 0.023 0.111 0.61 

AB ,;;0.75 + 0.008 -0.22 + 0.267 1095 -0.003 -0.09 + 0.326 1047 
0.027 0.19 0.128 0.71 0.024 0.17 0.113 0.61 

AB " 1.30 + 0.005 -0.20 + 0.260 1121 - 0.005 - 0.08 + 0.312 1072 
0.026 0.15 0.126 0.71 0.023 0.13 0.111 0.61 
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therefore, still another test of galactic extinction models. TABLE XIII. Mean corrected color indices by type.• 

The most extensive and homogeneous data on galaxy 
colors are the integrated color indices (B - V)T and Type ((B- V)~) N ((U-B)~) N 

(U - B )T provided in RC2 for 1260 and 811 galaxies, m.e. q m.e. q 

respectively. - 5 0.889 118 0.473 82 
(i) Corrected B - V index-The corrected (face-on) 0.004 0.044 0.007 0.063 

total color index of a galaxy is (RC2, Eq. 35) - 3 0.868 55 0.426 28 
0.008 0.056 0.010 0.053 

(B - V)~ = (B - V)T - ET(B - V) - K 8(T)cz, (11) -2 0.847 69 0.407 38 
0.006 0.053 0.014 0.084 

where(B- V)T =BT - VTistheintegratedasymptot
ic color index, ET(B - V) the total color excess, and the 
last term the redshift correction calculated as explained 
in RC2, p. 37. ET(B - V), the sum of galactic and inter
nal reddening is given by 

ET(B - V) = A 8 + a(T)log R 25/(R + 1). (12) 

Corrected color indices are listed in RC2 for 953 gal
axies. An unpublished preliminary analysis of this mate
rial was one of the sources for the value of the galactic 
extinction coefficient adopted in RC2. We have repeat
ed here this analysis to verify the validity of Model II. If 
this model is valid the corrected color index must de
pend only on morphological type and, for early types 
(T.:;:; 2), on absolute magnitude (Sandage and Visvan
athan 1978a,b; Visvanathan and Griersmith 1977; 
Griersmith 1982); but if the model is incorrect the mean 
color of galaxies of a given type will appear to depend 
also on galactic latitude. 

The mean corrected colors ( (B - V )~) of each mor
phological type are collected in Table XIII for the total 
sample of 902 galaxies, reduced to 664 after two cycles 
of 2u rejections. The galaxies were selected as follows: 
(a) latitudes lb I> 30°, (b) composite objects (· in RC2), 
Seyfert galaxies and IO objects were rejected, (c) objects 
with color residuals greater than ± 0.4 mag were reject
ed to minimize the effect of line emission and other 
anomalies. The mean colors are in close agreement with 
those adopted in a previous discussion of the RC2 data 
(de Vaucouleurs 1977b) and display the well-known de
pendence on Hubble type (Holmberg 1958; de Vaucou
leurs 1961) (Fig. 12). 

The color residuals o(B- V)~ = (B - V)~ 
- ( (B - V )~) with respect to the mean colors for each 

type were analyzed vs Iese b I- The mean residuals 
(o(B - V)~) are given in Table XIV and graphed in Fig. 
l 3(a). No significant trend or systematic departure from 
the RC2 model is in evidence; in particular there is no 
indication of the consistently negative residuals which 
would be expected at Iese b I < 1.3 if Model I were cor
rect. 

The coefficients of linear least-squares solutions of 
the form 

o(B - V)T =a+ b (Iese b I - 1) (13) 
(R + 1) 

for each hemisphere separately and for the total sample 
are collected in Table XV(A) ( (R ) = 3.33 is the mean 
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• After preliminary rejection of aberrant objects (181 > 0.40) and 2 
cycles of 2u rejections; Iese b I ,;;; 2.0 only, both hemispheres com
bined. 
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FIG. 12. Mean corrected color indices vs revised Hubble type. Mean H 
total color indices (B - V)~ of 664 galaxies and ( U - B )~ of 387 gal
axies, corrected for inclination and galactic extinction as in RC2, vs 
numerical stage T. Means (x) from 1977 Yale Conference report are 
shown for comparison. 
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TABLE XIV. Mean color residuals vs I csc b I- extinction ratio). The values of b indicate corrections to 
the adopted extinction coefficient ranging from - 0.01 
to 0.02 (NGH), - 0.02 to 0.00 (SGH) and - 0.03 to 
0.00 (total sample); the average correction for the best 
solutions is (oA8 (90°)) = - 0.01 ± 0.02, implying 
A8 (90°) = 0.19 ± 0.02. 

(lcscbl) (8(B-V)~) N (jcscbl)(8(B-V)~) N 

1.041 

1.153 

1.246 

1.341 

m.e. 

+ 0.001 
0.005 

-0.014 
0.006 

+ 0.003 
0.008 

+ 0.006 
0.008 

1.449 - 0.008 
0.010 

1.550 - 0.020 
0.ot5 

1.640 + 0.025 
0.ot5 

1,765 + 0.017 
0.009 
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0.012 

1.957 + 0.027 
0.010 
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0.010 

2.308 - 0.020 
0.010 

2.696 + 0.001 
0.020 
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90 1.248 
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(ii) Corrected U - B index-The corrected (face-on) 
total color index 

(U-B)~ = (U-B)r - Er(U-B)-K'u(T)cz (14) 

is given in RC2 for 583 galaxies. Here 
Er( U - B) = XEr(B - V) is calculated from 
Er(B - V) and the differential extinction ratio X; the 
latter depends on (B - V)0 as explained in RC2, p. 37. 
For the normal range of intrinsic galaxy colors, 
0.3..;;(B - V)r< 1.0, Xis in the range 0. 72..;;X < 1.12, in 
agreement with an early empirical value, (X) ~ 1.1 (de 
Vaucouleurs 1961 ). Here we will adopt 
(X ) = 1.0 ± 0.1: for the galaxy mix in RC2 so that the 
same statistical relation (R) =AvlE(B- U) 
~ vi E ( U - B) applies to both color indices. 

The mean corrected colors ( ( U - B )~) for each mor
phological type are given in Table XIII for a total sam
ple of 387 galaxies selected as in (i). 

The mean colors are again in close agreement with 
previous statistics (de Vaucouleurs 1977b). 

The color residuals o( U - B )~ = ( U - B )~ 
- ( ( U - B )~) with respect to the mean for each type 

were then binned by Iese b I zones (width: 0.1) and aver
aged. The mean residuals are given in Table XIV and 
shown in Fig. 13(b). Again, no significant trend or syste
matic departures at lb I> 50° are indicated . 
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FIG. 13. Mean color residuals vs 
csc I b I in each galactic hemi
sphere and both combined for 
798 galaxies. There is no indica
tion of systematic departure 
from RC2 model. Larger errors 
in U - B reflect smaller sample 
and lower precision. 
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TABLE XV(A). Coeffi cients of Eq. (13) for B - V color residuals. 

Range a b No 
m.e. m.e. Uo 

Iese b 1<2.5 - 0.008 - 0.005 789 
0.005 0.010 0.098 

Iese b 1<6.0 - 0.009 - 0.002 886 
0.004 0.005 0.100 

The test is less sensitive, however, than in the case of 
the B - V residuals because of the smaller sample size 
andlargerdispersionofthe U - B data. The coefficients 

. of linear fits of the form 

8(U-B)~=c+ d (lcscbj-1), (15) 
(R + 1) 

again with (R ) = 3.33 (since (X) = 1.0), are collected 
in Table XV(B). The values of d indicate corrections to 
the adopted extinction coefficient ranging from - 0.04 
to + 0.03 with an average (8AB(90°)) 
= + 0.02 ± 0.04, implying AB(90°) = 0.22 ± 0.04. 

(iii) Effective colors of DDO "dwarf" galaxies-For 
completeness we recall that we have recently reached 
the same conclusions (de Vaucouleurs, de Vaucouleurs, 
and Buta 1981) from an independent analysis of the re
siduals of the effective colors (B - V )~ and ( U - B )~ of 
a sample of ~ 140 DDO "dwarf' galaxies. The least
squares solutions 

8(B - V)~ = - 0.010 + 0.148(AB - 0.2) 

± 0.013 ± 0.097 (16) 

and 

8(U - B )~ = + 0.005 - 0.019(AB - 0.2) 

± 0.013 ± 0.094 (17) 

indicate no significant trend of the corrected colors with 
AB . The mean of the slope coefficients implies a correc
tion (8AB(90°)) = + 0.014 ± 0.026, and AB(90°) = 
0.214 ± 0.026, in good agreement with the present re
sults. 

a b N, 
m.e. m.e. u, 

- 0.002 -0.003 739 
0.004 0.008 0.075 

-0.002 -0.002 830 
0.003 0.004 0.076 

VI. COMBINED GALACTIC EXTINCTION INDICES 

The four different types of galactic extinction indices 
Y; considered in Secs. 11-V are all in good agreement 
with Model II. The first two (galaxy and cluster counts) 
demonstrate the presence of extinction in the polar caps 
and confirm the statistical validity of the csc b law up to 
the poles, but do not allow an independent determina
tion of the extinction coefficient. The last two (magni
tudes and colors) are not individually precise enough to 
permit an unequivocal choice between extinction Mod
els I and II (although they favor Model II), but-given 
the csc b law verified by the counts-they provide direct 
determinations of its coefficient, about 0.2, in agreement 
with Model II. 

Since all these indices measure the same quantity, ex
cept for scaling factors, suitably weighted means of the 
counts and of the photometric indices permit a more 
sensitive test of the presence or absence of extinction in 
the polar caps and a more precise evaluation of the mean 
extinction coefficient. The scaling factors are defined 
here as 

(18) 

if C =Iese b I and A, AB(90°); then differential extinc
tion between the poles and latitude b is .JAB = ..::1 Y If 
with..::1 Y = ± Y(b) - Y(90°), wheretheplussignapplies 
tom;, (B - V)T, and ( U - B )T, and the minus sign to 
log n, log N, and HI. We take S; = 0.30 for the Lick 
counts, 0.37 for the Zonn counts, and 0.32 for their 
weighted average (Table XVI); 0.40 for both sets of clus
ter counts and for their average (Table XVI); then J; 
= 1.00 (by definition) for the m; and HI residuals, and 
1/(R + 1) = 0.23 for both the (B - V)T and ( U - B )T 
residuals, if (X) = 1.0 for the latter. 

TABLE XV(B). Coefficients of Eq. ( 15) for U - B color residuals. 

Range C d No C d N, 
m.e. m.e. Uo m.e. m.e. u, 

Iese b I <2.5 - 0.008 -0.009 460 - 0.003 +0:002 433 
0.008 0.016 0.126 0.007 0.013 0.100 

Iese b I < 6.0 -0.012 +0.003 517 -0.004 +0.006 488 
0.007 0.008 0.127 0.006 0.007 0.102 
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The values of A ~ so reduced to a uniform scale can be 
combined with relative weights, W; = f;lo2;, where in 
the case of the counts u; is the mean error of the mean 
points in each latitude zone. For the magnitudes and 
colors we used instead of the actual u; 's the values calcu
lated from the number of data points N; in each zone 
and the standard deviations of the residuals, that is, 0.64 
form;, 0.55 for HI, 0.075 for B- V and 0.100 for 
U - B. Taking into account the values of u;,S;, and the 
number of fields or objects involved in each set, the total 
weight of the magnitude and color data for all objects at 
Iese b I ,;;;3.0 is only 8.4% of the total weight of the 
counts, which demonstrates vividly the greater sensitiv
ity of the latter to galactic extinction. Unfortunately, 
only the photometric data can give us the absolute value 
A I of the extinction coefficient. 

The value of .dA B (normalized to A 1 = 0.20) derived 
from the combined galaxy and cluster counts and their 
weighted means are collected in Table XVI and graphed 
in Fig. 14. The statistical validity of the csc b law at all 
I b I > 20° is verified to a high degree of precision for this 
all-sky average. There is no hint of the departures postu
lated by Model I (dashed line). 

The values of .dA B derived from the combined magni
tude (m; ,HI) and color (B - V, U - B ) data and their 
weighted means are collected in Table XVII and 
graphed in Fig. 15. Although the photometric data car
ry much less weight than the counts they, too, confirm 
the validity of the csc b law. A linear least-squares fit of 
N0 = 40 mean points at Iese b 1< 3.0 gives 

.dAB = - 0.007 + 0.199(lcsc b I - 1) 

± 0.016 ± 0.024 (19) 

with a standard deviation u0 = 0.074, and 

.dAB = - 0.009 + 0.200(jcsc b I - 1) 

± 0.012 ± 0.ot8 (20) 

with u 1 = 0.055 from N 1 = 36 mean points after rejec
tion of the four most aberrant points in Fig. 15. 

A summary of all determinations in Secs. IV-VI is 
given in Table XVIII. 

VII. DISCUSSION 

The extinction coefficient A I AB(90°) = 0.200 
± 0.018 derived above is applicable to a magnitude-lim

ited sample of galaxies which, at any given b, tend to be 
observed in regions of lower-than-average extinction. 
Consequently, A I must be only a lower limit to the true 
average extinction A ~ for an unbiased (randomly select
ed) sample. It can be shown (Holmberg 1974; Teerikorpi 
1978) that if the extinction arises from a Poisson distri
bution of clouds, each absorbing a mag (with negligible 
intercloud extinction), the ratio of unbiased to biased 
extinction is dex ( - 0.6a) or 1.5 if a= 0.3 and 2.0 if 
a=0.5. 

This is in agreement with the results ofFesenko ( 1979, 
1980) who derived A~ = 0.375 ± 0.076 from the Rubin 
et al. (1976) sample of faint Sc I galaxies and A~ 
= 0.29 ± 0.05 for a redshift-limited subsample of the 

bright E galaxies observed by Sandage and Visvanathan 
(1978a,b). Similarly, Teerikorpi (1981) derived A~ 
= 0.36 ± 0.08 from a study of the reddening of quasars 

in the sector 60° < / < 270° at lb I ,;;; 50°, and A~ '.'.::::'.0.40 if 
the polar caps are included. 

TABLE XVI. Total extinction A8 from combined galaxy and cluster counts.* 

Galaxl counts•· b Cluster counts•· b Weighted means 
(lcscbl) A 8 ±m.e. ( !cscb!) A 8 ± m.e. ( !cscb !) (A 8 } ± m.e. 

1.045 +9± 6 1.046 + 7 ± 10 1.045 +8± 5 
1.154 +32± 6 1.141 + 26 ± 14 1.152 +31 ± 5 

1.291 +64± 6 1.234 +44± II 1.278 + 59± 5 

1.430 + 78± 7 
1.357 + 104± 13} 
1.436 + 75 ± 13 

1.417 +82± 6 

1.582 + 121 ± 9 1.542 + 115 ± 25 1.577 + 120± 9 

1.692 +154±20 
1.660 +140±21} 
1.752 + 138 ± 19 

1.701 + 144± 12 

1.839 + 192±22] 
1.878 + 154± 10 1.937 + 140± 27 1.871 + 160 ± 9 

2.095 + 241 ± 21 

2.245 +247 ± II 2.291 + 230± 20 2.259 + 242 ± 10 
2.752 +350±17 2.647 + 288 ± 19 2.705 + 322 ± 13 

*A 8 = ((log N(90°)> - (log N(b )})//; in 0.001-mag units. · 
• scale factor:/4 = S;I0.2 ~normalization to A 1 = 0.2) = 1.6 (gal.), 2.0 (cl.). 
bzero point: .5 log N(9Q°) = 0.175 (gal.), 0.225 (cl.). 
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FIG. 14. Cosecant b law in combined faint galaxy and cluster counts 
normalized at poles and scaled to A 8 = 0.20 mag. Note near perfect 
agreement with csc b law including polar caps ( lb I > 40°) where mean 
errors of combined mean points are smaller than symbol size. Dashed 
line shows expected trend if Model I were valid. 
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FIG. 15. Differential extinction relative to polar value from combined 
magnitude and color data. Slope of mean relation (solid line) gives a 
polar extinction A,= 0.200 ± 0.018 in agreement with Model II. 
Dashed line shows expected trend if Model I were valid. Negative 
values near csc lb I = I.IS are not confirmed by galaxy and cluster 
counts (Fig. 14). 

TABLE XVII. Differential extinction L1A 8 from combined surface brightness, hydrogen index, and color indices." 

J; 1.0 1.0 0.23 0.23 
(Iese b I) L1A 8 (m;) (lcscb I) L1A 8 (Hl) (Iese b I) L1A 8 (B- V) (Iese b I) L1A 8 (U-B) (Iese b I) (L1As) 
w m.e. w m.e. w m.e. w m.e. !.w 

1.040 +6 1.052 -14 1.041 + 13 1.044 +39 1.042 + 14 
17 50 13 57 79 22 25 35 134 

I.ISO -49 1.149 - 36 1.153 -30 I.ISi -61 1.152 -39 
9 67 12 47 46 20 15 48 82 

1.248 - 23 1.246 + 134 1.246 +61 1.248 +74 1.246 +63 
7 84 8 69 34 35 10 48 59 

1.341 ( + 399) 1.344 + 84 1.341 +96 1.339 + 170 1.341 + 146 
4 86 4 131 18 35 6 70 32 

1.449 + 56 1.450 + 17 1.449 +47 
20 43 6 83 26 

1.498 + 115 1.499 + 128 1.550 + 22 1.552 (-148) 1.528 +42 
7 92 6 89 14 65 4 96 31 

1.640 + 235 1.644 + 230 1.641 + 234 
7 65 3 83 10 

1.725 (-64) 1.710 ( +435) 1.765 + 226 1.771 + 265 1.746 +215 
4 97 4 113 8 39 3 43 19 

1.850 + 156 1.846 + 152 1.849 + 155 
10 52 3 143 13 

1.981 +242 1.999 +62 1.957 + 309 1.954 + 191 1.972 + 218 
7 63 5 93 8 43 4 100 24 

2.206 + 205 2.202 +206 2.205 + 205 
22 30 8 65 30 

2.556 + 144 2.585 + 361 2.824 + 380 2.835 + 341 2.761 + 330 
6 90 3 118 19 61 8 90 36 

"L1A 8 =A 8 (b)-A 8 (90°) =8(m;)°+A 8 -0.2 = -8Hl-A 8 +0.2= 4.33[8(B- V)~ + (A 8 /4.33)-0.046] 

= 4.33[8(U-B)~ + (A 8 /4.33) -0.046] in 0.001-mag units. 
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TABLE XVIII. Galactic extinction coefficient A ,= A 8 (90°). 

Indicator 

a) Mean effective surface brightness, m;. 
b) Neutral hydrogen index HI. 
c) a) and b) combined. With log R term 
d) B - V color index. 
e) U - B color index. 
t) U - B, B - V DDO dwarfs. 
a), b), d), e) combined. 
Adopted 

A,±m.e. 

0.16 ±0.03 
0.21 + 0.03 
0.1s +o.oz 
0.19 + 0.02 
0.22 + 0.04 
0.214 + 0.026 
0.200 + 0.018 
0.20 ± 0.02 

Furthermore, Fesenko ( 1980) noted that neither the 
large polar windows (lb I> 50°) postulated by Sandage 
(1973), nor even the smaller windows (lb I ;;;, 60°) advocat
ed by Burstein and Heiles ( 1978, 1980) are consistent 
with the Lick galaxy counts. The Spearman rank corre
lation coefficient between b and the surface density of 
galaxies, n, is R = + 0.853 (b > + 50°) and + 0.856 
(b < - 50°) ( 16 latitude bins) and the probability that 
R = 0 is p=.5. 10-4 in the first case. It is R = + 0.650 
(b > + 59°) and + 0.333 (b < - 59°) (9 latitude bins) in 
the second. Also, the absence of dust at b;;;, + 60° in
ferred by Burstein and Heiles ( 1978) from the mean col
or excess (E (B - V)) = - 0.002 of a very small sample 
of 19 globular clusters and RR Lyrae variables is contra
dicted by the significant anticorrelation, R = - 0.519, 
between n and the neutral hydrogen column density N 8 

in the same polar cap. The presence of dust in the south 
polar cap has also been deduced by Knude ( 1982) from a 
new analysis of a subset of the E-S0 sample of Sandage 
and Visvanathan ( l 978a,b) at b < - 45°. Clearly, the ba
sic assumption that the intrinsic colors of high-latitude 
globular clusters and RR Lyrae variables are known 
precisely enough to detect at reddening E (B - V) <;0.05 
is at best very precarious and carries the risk of circular 
argument (how are the intrinsic colors determined in the 
first place?). 

VIII. CONCLUSIONS 

We conclude that the best and largest sets of homo
geneous data on the distributions of faint galaxies and 
clusters, and on the magnitudes and colors of bright gal
axies fully confirm the validity of Model II and, in 
particular, of the extinction coefficient A 8 = 0.20 
adopted in RC2. Neither the concept of dust-free polar 
windows at lb I> 50°(oreven lb I> 60°), nor the low value 
of the extinction coefficient (0.13) at lb I < 40° is compati
ble with the data. 

This conclusion removes the major remaining uncer
tainty in the zero point of the extragalactic distance 
scale. 

However, it does not imply that the elementary ex
tinction formula,A 8 = A1 Iese b I, is the best representa
tion of the distribution of galactic extinction over the 
sphere. Discussions of galaxy counts (Shane and Wir
tanen 1967; de Vaucouleurs and Malik 1969) and of 
cluster counts (Holmberg 1974) have already demon-

strated the need for longitude-dependent terms. The dis
tribution of neutral hydrogen alone (Heiles 1976) or in 
combination with galaxy counts (Burstein and Heiles 
1978, 1982) has also been used as a tracer of extinction. 
However, possible systematic errors in the H I column 
densities, NH, measured at high latitudes due to side
lobe contamination, the probable variability of the 
NH I A 8 ratio, and the imperfect correlation between the 
distributions of neutral gas and dust, all detract from the 
usefulness of H I as a tracer of extinction (Strong and 
Lebrun 1982). We prefer to adhere to the policy ofusing 
only the galaxies themselves to map the extinction of 
extragalactic objects by our Galaxy. We will report later 
on this more detailed mapping. · 

We thank A. de Vaucouleurs for her helpful critical 
reading of a first version of the manuscript. This re
search was supported in part by the National Science 
Foundation under Grant NSF79- l 6335 to the Universi
ty of Texas. 

APPENDIX A: ON THE FORM OF THE csc b LAW 

The standard form of the csc b law for a plane parallel 
absorbing layer (Dufay 1954) is 

A(b)=A 1lcscbl, (21) 

where A I is the polar extinction (b = 90°), and 
csc b = A (b )I A 1 = OM/OP is the reduced path length 
in a direction oflatitude b [Fig. l(a)]. 

In a number of recent papers Sandage ( 1973) and San
dage and Tammann ( 1981) have not only postulated po
larwindows whereA (b) = 0atall lb 1> 50°,buthaveused 
a nonstandard extinction formula 

A '(b) =A ;(lcscb I -1). (22) 

at all lb I <;40°. This formula, which looks deceptively* 
similar to Eq. (21) actually implies a most peculiar Sun
centered shape for the reduced thickness of the absorb
ing layer [Fig. l(b)] . This is obvious when one observes 
that 

A'(b) OM' 
--= lcscb l-1 =-
A; OP' 

will only tend asymptotically toward cosec b when 
b-0. At all latitudes of interest OM' /OP' is less than 
OM/OPandintheratio(lcsc b I - 1)/lcsc b I which var
ies from 0.36 at b = 40°, to 0.50 at b = 30°, and 0.66 at 
b = 20°. 

Hence Eq. (22) implies that even outside the 80° dust
free polar cones postulated by Model I the galactic ab
sorbing layer has a subnormal thickness, tapered toward 
the Sun out to great distances ( ~ 1 kpc if OP'~ 200 pc) in 
all directions [Fig. l(b)]. This aggravates the singularity 
of the privileged solar location postulated by Model I. 

•so much so that one of us inadvertently reproduced it as his own in a 
recent review paper (de Vaucouleurs 1981 a, Fig. 1 ), when actually the 
text shows that Eq. (21) was intended. 

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



0 

°' (Y) 

°' 
00 
00 

959 G. DEV AUCOULEURS AND R. BUTA: GALACTIC EXTINCTION LAW 959 

b 

Fm. 16. Reflection nebulosities near the south galactic pole. a. Center: 
a = ()()" 57m 35' , 8 = - 25'24' ( 1950). / = 167'.4, b = - 87'.2. b. Cen
ter: a= 0lhogm 17', 8 = - 23°12' (1950). I= 170'.I, b = - 83'.9. c. 
Center: a=o1•24m31•, 8= -20"36' (1950). 1=174~9, 
b = - 79'.4. (Composite of two plates) High-contrast prints by D. 
Malin of parts of UK 1.2-m Schmidt llla-J plates J5478 (a,b) and 
J5454, 13607 (c). North-East corner is upper left in (a,b), lower left in 
(c). Fields: 2'.0 X I '.6. 

APPENDIX B: REFLECTION NEBULOSITIES NEAR THE 
SOUTH GALACTIC POLE 

Direct photographic proof of the presence of reflec
tion nebulosities near the South galactic pole is present
ed in Fig. 16 which shows high-contrast prints of UK 
1.2-m Schmidt Illa-J plates of three fields at 
167° < / < 175° and - 88° < b < - 79°. We thank Mr. D. 
Malin, Anglo-Australian Observatory, for permission 
to reproduce these fine examples of his photographic 
skills. 

APPENDIX C: THE RC2 EXTINCTION FORMULA 

The expressions for the galactic extinction as given in 
the Second Reference Catalogue (p. 32, Eq. 22) contain 
incorrect values for the coefficients of the terms express
ing the longitude dependence. The correct values are as 
follows: 

SN(/)= + 0.1948 cos/ + 0.0725 sin/ 
+ 0.0953 cos 2/ - 0.0751 sin 2/ 
+ 0.0936 cos 3/ + 0.0639 sin 3/ 
+ 0.0391 cos 4/ + 0.0691 sin 4/. 

S5 (/) = + 0.1749 cos I - 0.0112 sin/ 

+ 0.1438 cos 2/ - 0.0180 sin 2/ 
- 0.0897 cos 3/ - 0.0013 sin 3/ 
+ 0.0568 cos 4/ + 0.0433 sin 4/. 

The values of A (b ) listed in Column 18, line 1 of the 
Catalogue were computed using the correct coefficients. 

APPENDIX D: THE NEGATIVE EVIDENCE 

A referee and the editor have urged us to confront the 
conflicting evidence, derived mainly from star and 
globular cluster colors, for a vanishingly small extinc
tion near tlte galactic poles. To do so in adequate detail 
would require a prohibitively extensive, separate review 
paper. This has already been done in much detail by 
Holmberg ( 1974). Further, we should point out that it is 
often difficult or impossible to track down precisely the 
sources of error in published works and it is not really 
required to explain away contradictory results when 
new, more direct evidence becomes available. When 
Hubble presented in 1925 his evidence that spiral nebu
lae are extragalactic he was not required to explain what 
went wrong in Van Maanen's conflicting results (which 
are of interest mainly to historians). In most cases the 
choice has to be made on the basis of the balance of the 
evidence. We are satisfied that the direct evidence from 
five independent methods carries more weight than the 
indirect evidence from star and cluster colors, although 
in several cases we cannot pinpoint the source of the 
discrepancy. To assist others in evaluating the data we 
would point out the following: 

( 1) Up until ~ 1970 studies of stellar and galaxy colors 
gave consistently polar color excesses E (B - V)'.:::::'.0.05 
(see, e.g., Holmberg 1974, Table4). After~ 1970anum
ber of studies of stellar colors (mainly RR Lyrae, K gi
ants, globular clusters) gave vanishingly small color ex
cesses (see, e.g. Holmberg 1974, Table 7). Most such 
studies depend on some assumed intrinsic colors that 
may well be in error. Holmberg (1974) has already sug
gested that small zero point errors in the adopted stan
dard colors may be responsible for the discrepancy. 

For example, published values for the intrinsic mean 
colors of ab-type RR Lyrae stars of P > 0.42 range all the 
way from ~0.15 (orless) to ~0.25 (or more) (see, e.g., de 
Vaucouleurs 1974, Table 8) which should disqualify 
them as suitable discriminants when the whole argu
ment depends on a difference ..;0.05 mag in polar color 
excess. Further, as noted by Peterson (1970): "in order 
to use the RR Lyrae stars to determine the reddening, 
corrections for period and line blanketing are made to 
obtain the intrinsic colors of the stars." The more recent 
discussion by Lub ( 1979) shows how difficult and uncer
tain the separation of reddening and blanketing correc
tions for RR Lyrae stars still is. Yet they are given much 
weight in many discussions (e.g., Burstein and Heiles 
1978, 1980). 

(2) The same argument applies even more strongly to 
the colors of globular clusters which as Peterson ( 1970) 
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also noted "are corrected for metallicity which is corre
lated with galactic latitude and must be independently 
determined." One such "independent" determination 
by Racine (1973) derives the intrinsic colors (B - V)0 

and ( U - B )0 by means of "a list of color excesses 
E (B - V) which had been determined independently of 
the integrated colors or spectral types of the clusters"
that is, from the colors of foreground field stars or, in 
many cases, from the colors of RR Lyrae stars in the 
clusters (see above). Yet again, globular clusters are used 
by many authors as major indicators of zero reddening 
at the poles. 

(3) Apart from globular clusters and some RR Lyrae 
samples, most stellar data refer to stars within a few 
hundred parsecs from the Sun. This is enough to probe 
the dust layer near the galactic plane, but gives no infor
mation on the possible dust content of the galactic coro
na in which the much greater path length can compen
sate for the much lower space density. Very little is 
known of the presence or absence of dust in galactic 
coronae, but it seems unavoidable that some should be 
present if only because of the effects of radiation pres
sure (Pecker 1972), supernova explosions, and other dis
turbances. 

(4) While the distribution of neutral atomic hydrogen 
H I, often used as an indicator of extinction (Burstein 
and Heiles 1980, 1982), is clearly correlated with the 
dust distribution, the correlation is rather loose and sub
ject to much scatter (Knapp and Kerr 1974). Neverthe
less, the column density of H I observed near the north 
galactic pole with the Arecibo telescope* (Dickey, Sal
peter, and Terzian 1978) is in the range 20.11 <; log NH 
<; 20.41, which corresponds to 0.025 <:E(B - V) <;0.051 
mag through the average value of the ratio NH/ 
E (B...,... V) ~ 5. 1021 atoms cm- 2 mag (Knapp and Kerr 
1974). This is in fair to good agreement with the RC2 
model which predicts (E (B - V)) = 0.046. Note, how
ever, that the canonical value of NH/ E (B - V) depends 
primarily for its calibration on the color excess of globu
lar clusters derived from integrated colors and RR 
Lyrae stars which as noted above are quite uncertain. 

Furthermore, it is well known that the distribution of 
molecular hydrogen H2 inferred from CO observations 
is quite different from that of atomic H I (Burton and 
Gordon 1978). It is not clear a priori why dust, contain
ing heavy elements, should be more closely associated 
with H I clouds rather than with CO, the H 2 tracer. 

(5) Much is often made of the presence of a "hole" in 
the interstellar medium near the Sun (Savage and Bohlin 
1979; Bruhweiler 1981) to support the concept of polar 
windows. However, this "vacuole" is only ~ 100 pc in 
diameter (with the Sun near the outer edge) and the layer 
is 300-600 pc thick. This is clearly insufficient to justify 
Model I. 

*Because of the small beam and geometry of the Arecibo dish site, spill 
over of low-latitude radiation should be minimal. 

(6) As a matter of fact, to the best of our knowledge, all 
high-resolution spectroscopic studies of high-latitude 
extragalactic sources (supernovae, quasars, galactic nu
clei) show the local interstellar Na 1(D) and Ca n(K) 
lines with considerable intensity. The putative polar 
windows are never confirmed by these observations. For 
example, the minimum Kline absorption in extragalac
tic sources near the galactic poles has an EW;;;.0.1 A 
(Pettini 1982), corresponding to a column density of 
~ 1012 atoms/cm2 and, through the (admittedly loose) 
correlation between EW and color excess (Hobbs 1974), 
to E(B - V)=0.05 to 0.1. 

Also, from Copernicus observations of Fe+ absorp
tion (which is more sensitive than Ca+) in OB stars up to 
~2 kpc distant, Pettini and West (1982) find 
log[N(Fe+)lsin b 1]=14.2 ± 0.3, without indication of 
polar windows. Through the (loose) correlation between 
column density and color excess (see, e.g., Savage and 
Bohlin 1979) this corresponds to 
E (B - V)=0.06 ± 0.03, in satisfactory agreement with 
the RC2 value. 

(7) Further evidence comes from observations of se
lected high-latitude objects in the putative polar win
dows. For example, the galactic color excess of 3C273 
from IUE and other observations (Ulrich et al. 1980) is 
E (B - V) = 0.05 ± 0.02, in good agreement with the 
RC2 model (0.05) and with the value inferred from the 
H I column density in its direction (0.038). 

(8) It has been objected that colors of individual 
brightest stars in other galaxies give extinction estimates 
which are asserted to be systematically lower than the 
values predicted by the RC2 model. While the RC2 
model is statistical in nature and cannot claim to give 
the best possible estimate for any given galaxy, particu
larly in low latitudes, all the tests available to us do not 
show a systematic difference, and the statistical evi
dence presented in Secs. IV and V, and Table XVIII 
confirm precisely the extinction coefficient adopted in 
RC2. 

APPENDIX E: THE REJECTION RULES 

A referee has also queried whether "the apparently 
arbitrary way in which the data are purged of'aberrant' 
objects could introduce bias in the solutions." We wish 
to emphasize that the data in our analysis were not 
purged in an arbitrary way, or after the fact to influence 
the result one way or the other. We believe the reasons 
for the selection criteria used in Secs. IV and V should be 
obvious to most extragalactic astronomers. Because the 
scatter in quantities like HI, m;, (B - V)T , and 
( U - B )T is fairly large compared to the amplitude of 
the effect we are trying to measure, it was imperative to 
exclude from our samples all known peculiar, aberrant, 
or otherwise rare, unrepresentative objects. Local 
Group, compact E and cD, and IO galaxies fall into the 
latter category. Objects in the other categories include 
irregulars, which have a large cosmic dispersion in some 
of their intrinsic properties, and Seyferts, whose strong 
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nuclear emission can significantly disturb the colors. 
We also state in the text the reason why the Virgo Clus
ter was rejected. Compound objects are obviously 
unsuitable to the analysis because of their mixed proper
ties, and close pairs occasionally have disturbed H I 

properties. Finally, one or two cycles of2CT rejection are 
usually needed to remove objects which are aberrant 
probably for no reason other than poor data quality or 
unrecognized peculiarities (e.g., strong emission lines, 

unusual dust content). In addition, to guard against 
asymmetric error distribution in small subsamples we 
have, in several instances, shown both the means and the 
medians of the distributions. The differences are gener
ally small and do not appear to be systematic. In short, 
we feel that there would be more cause to worry had we 
not carefully selected our subsamples. We believe that 
none of our rejections was biased or ill conceived, and 
certainly not arbitrary. 
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