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Summary. 392 spiral galaxies with type Sb or later have been
detected in the 21-cm line of neutral hydrogen with the Nancay
radiotelescope, and among them 172 H1fluxes are obtained for the
first time. The source of any possible bias has been carefully
analyzed and only the Malmquist bias appears to be significant. In
order to obviate this observational effect, the range of radial
velocities has been properly truncated for all statistical studies.

A mean value of each global parameter has been determined for
each morphological type and compared to previous results. The
internal dispersion of individual values has been analyzed. It
.appears first that this dispersion can be reduced when better
distances than those deduced from the Hubble ratio are used. The
distance scale determined by de Vaucouleurs reduces significantly
the dispersion observed for all the parameters. As a first step, since
such distance moduli are not yet available for all the galaxies of our
sample, the distances have been determined from the Hubble ratio
taking into account the H, variations with supergalactic coor-
dinates as described by de Vaucouleurs and Bollinger.

Part of the internal dispersion seems to be intrinsic. In

particular it appears that isolated galaxies could have a larger H1
content, as indicated by their larger My/L, ratio implying either a
‘larger H1 content or a lower luminosity.
' The luminosity effect on this last ratio has been studied using
the corrected line width 4V}, as an indicator of luminosity, in order
to avoid regression effects. No significant effect is found in our
‘unbiased sample, which confirms a result previously given by
‘Shostak.

Key words: spiral galaxies — 21-cm line radiation — neutral
hydrogen — interstellar matter

1. Introduction

This program of systematic observations of a large number of
galaxies with the Nangay radiotelescope in the 21-cm line of
neutral hydrogen has been undertaken some years ago. The 21-cm
line profile provides data for determining the total mass and the
neutral hydrogen mass of galaxies together with the systemic radial
velocity.

Previous studies of integral properties of galaxies have shown
some correlations between the various parameters related to a
galaxy, such as morphological type, luminosity, total mass or H1
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mass (Gouguenheim, 1969 ; Roberts, 1969, 1976 ; Balkowski, 1973 ;
Lewis and Davies, 1973 ; Shostak, 1978). For example, the ratios of
the H1 mass-to-total mass My/M;, and of H 1 mass-to-luminosity
My/L,, both increase towards later types, indicating that the
Hubble sequence could be ordered by the increasing importance of
the relative gas content in a galaxy. However, these correlations
show a large scatter: within a given type, the scatter can be
comparable to the entire range of the ratio from early spirals to
irregulars. T

This scatter may result from uncertainties in the measured
parameters including the optical and radio data and the distances.
However, it appears to be larger than expected from the errors
quoted on the various parameters involved and the possible
existence of a second independent variable, such as luminosity, has
been discussed. In particular a dependence of the My/L, ratio with
the luminosity is expected from theoretical reasons (Strom, 1980)
in agreement with previous statistical results (Balkowski, 1973;
Bottinelli and Gouguenheim, 1974), but more recent works,
dealing with a larger number of data have not confirmed this
dependence (Shostak, 1978; Bottinelli et al., 1980a). '

It appears clearly today that the present properties of a galaxy
depend not only on the initial conditions prevailing at the time of
the galaxy formation but also on the relations with the neigh-
bourhood. For example, some recent studies have shown that
galaxies members of clusters appear to be neutral hydrogen
deficient (Huchtmeier et al., 1976; Sullivan and Johnson, 1978;
Krumm and Salpeter, 1979; Chamaraux et al., 1980; Balkowski
and Chamaraux, 1981). It has been also suggested that the presence
of companions could enhance star formation (Madore, 1980).

It is the aim of the present paper to study these correlations and
their scatter from a homogeneous set of a larger number of data.
About 450 galaxies with type ranging from Sa to irregulars have
been observed at Nangay. The results concerning the early type
spirals have been published in separate papers (Bottinelli et al.,
1980a,b). The present paper gives the results for later types,
ranging from Sb to irregular.

The sample is discussed in Sect. 11, the influence of the distances
adopted is discussed in Sect. III, various possible bias are
investigated in Sect. IV, the results are given in Sect. V and the
dependence of My/L, on the galaxy neighbourhood and on the
luminosity is discussed in Sect. VI.

II. Observations and Properties of the Sample

The observations have been carried out with the Nangay radiotel-
escope. The half-power beamwidth is4’ (E —W) by 22" (N —8), (for
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Fig. 1. Histogram of morphological types, coded according to the
RC2, for the measured galaxies. The hatched region corresponds
to our restricted sample
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Fig. 2. Histogram of luminosity classes, coded according to the
RC2, for the measured galaxies. The hatched region corresponds
to our restricted sample
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declination lower than 30°) at 21-cm wavelength. The total system
temperature was 120 K and use was made of 15 channels spaced by
63.5km s ™!, with a half power resolution of 63.5 km s ~*. The usual
on and off procedure was used. Typical on-source integration time
was ~40 min. Use was made also in some cases of 32 channels
spaced by 12.6 km s ! with a half power resolution of 12.6 kms ™.
The galaxies have been observed at the positions given by Gallouét
and Heidmann (1971) and Gallouét et al. (1973, 1975). When not
given by these authors, the coordinates have been checked from the
Palomar sky survey prints. All the galaxies with a photometric
apparent E —W diameter (in the Holmberg system) larger than 3’
have been also observed at adjacent E —W positions (+4’ or +8’
from the center). Due to the large N —S beam, possible confusion
was checked from the PSS prints.

The integrated line profiles are published in a companion paper
(Bottinelli et al., 1982b) with individual comments on galaxies. The
following observational parameters have been deduced for each
galaxy: (i) the systematic radial velocity as given in Bottinelli et al.
(1981), (ii) the 21-cm line width AV measured at the 20 % level and

corrected for bandwidth effect (Bottinelli et al., 1982a), (iii) the
total H1 flux obtained from the area under the total integrated line
profile, following the method given by Gouguenheim (1969)
through the formula:

Fy(0)=2.36 10~* I,Cr (in 10° M, Mpc™2),

where I is the area under the line profile expressed in 10 ~3 flux unit
km s”! (Ifu.=10"2° W m~2 Hz™') and C; the 21-cm self-
absorption correction which will be discussed in Sect. IV. H1 fluxes
are given here for the first time for 172 galaxies; these are noted in
Table 2, Column 7. There are 71 galaxies in common with the
sample of 169 late-type galaxies studied by Shostak (1978). A
comparison of the H1 fluxes (Fy)y and (Fy)s measured here and by
Shostak respectively, gives the mean value of (Fy)n/(Fy)s equal to
0.95 with a r.m.s. dispersion equal to 0.24, after rejecting NGC
1832, 1961, 2336, 5954, 6643, 6836, and 7137 which give somewhat
discrepant results. The two flux scales appear thus to be in
agreement within the errors.

For each galaxy the optical data have been obtained in the
following way. All the morphological types are taken from the
RC2 catalogue (de Vaucouleurs et al., 1976). The isophotal
diameters a5 in arc min at the 25 mag arc s 2 brightness level are
taken in the RC2 or when not available in the UGC catalogue
(Nilson, 1973). In this last case the original UGC diameters are
converted to the a,s diameters according to the relation given in the
RC2. The axis ratio log R,s =1og (a,s/b,s) are obtained in the same
way.

The blue total magnitudes By are also taken in the RC2 where
they result sometimes from the Harvard magnitudes converted to
the Br system. When not available in the RC2, they come from
Zwicky CGCG magnitudes (Zwicky et al., 1961-1968) converted
into By system according to the procedure explained in the
appendix where it is shown that there is no systematic difference
neither in the scale nor in the zero point between the Br system and
our reduced system.

Finally, the optical parameters By and log a,5 are reduced to
the galactic pole and zero inclination and redshift using the
formulae given in the RC2, in the same way as in our previous
paper (Bottinelli et al., 1980a). Thus the corrected parameters BS
and aJs are obtained.

The total sample contains 392 galaxies with morphological
types Sb or later. The morphological types are coded according to
the RC2. Their histogram, shown in Fig. 1, suggests to consider 5
classes:

Class 1: Type 3 (110 galaxies)

Class 2: Type 4 ( 85 galaxies)

Class 3: Type 5 (119 galaxies)

Class 4: Type 6 ( 38 galaxies)

Class 5: Type 7 and later (40 glaxies).

A special effort has been made to observe Sb galaxies and also
galaxies with low declinations (down to —38°) which were not
included in Shostak’s sample.

The luminosity class index, taken from the RC2 is used to
characterize the luminosity range covered by our sample (Fig. 2). It
can be seen that all luminosity classes are represented, but the less
luminous galaxies are somewhat deficient.

Another important characteristic of the sample is given by the
histogram of the radial velocities (Fig. 3), in particular because the
distance D will be calculated from the Hubble parameter H, using
the relation: D= V,/H,, V, being the radial velocity with respect to
the Local group of galaxies. The use of the Hubble relation as a
distance indicator is suitable to our sample owing to the small
number of low-velocity galaxies.
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Fig. 3. Histogram of radial velocities ¥, with respect to the Local Group for the measured galaxies
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Fig. 4. Histogram of self-absorption correcting factors Cr for the
measured galaxies: Cr= Fy(0)/Fu(i) gives the corrected H1 flux
Fy(0) from the observed Hi1 flux Fy(i) for a galaxy having an
inclination i

The following integral parameters are deduced from the
primary observational quantities: the linear diameter A3, the
intrinsic luminosity L,, the corrected line width at the 20 %, level
AV, corrected for inclination effect, the total hydrogen mass My,
the mean neutral hydrogen projected density oy, the indicative
total mass M; and the mean indicative total mass projected density
g; obtained from the following relations:

A95=0.2909 Da3s (in kpc)

Ly=1459 D* 107°45% (in 10° L, with M =5.41)
AVy=AV/sini (in km s~1)

My=10"3 F§ D? (in 10° M)

ou=3.1 F§/(als)* (in 1072 g/cm~?)

M, =3 1075 A% (4V,)* (in 10° M)

0;,=3.110°> M;D"? (a35) "2 (in 1073 g cm~2),

where D is expressed in Mpc, @35 in arc min, AV in km s™*, Fg in
10° M, Mpc ™2, The inclination / has been determined as explained by
Bottinelli et al. (1980a).

The determination of some parameters depends on the dis-
tance. Our first problem is then to look for the best distance
determinations.

Table 1. Dispersion of mean integral parameters for each mor-
phological type

T » H, =100 H, =100 H,=H]
(@ @ ta) ts5) (&)
L, 0.128(50) 0.34B(50) 0.365(99) 0. 364(99)
3 A 0.101(51) 0.204(50) 0.217(109) 0. 219(109)
M, 0.366(51) O0.412(49) 0.407(108) 0. 402(107)L0. 4041
M ©0.367(50) 0.450(49) 0.502(105) 0.454(103) - - -
L, 0.137(52) 0.289(54) 0.323(82) 0.310(82)
4 A3 0.098(54) 0.160(54) 0.193¢(85) 0. 182(85)
My  0.265(53) 0.321(53) 0.356(83) 0.321(83) [0. 3211
M ©0.279(50) 0.355(50) 0.404(81) 0.388(81)
L 0.185(66) 0.366(66) 0.383(112) 0.378(112)
5 A, 0.093(66) 0. 192(66) 0.196(119) 0.189(119)
My  0.280(66) 0.325(66) 0.388(119) 0.366(119)L0. 3661
M, 0.355(60) O.450(&0) 0.432(110) 0.411(109)
L, 0.222(21) 0.316(21) 0.339(36) 0.333(36)
6 ASs  0.095(21) 0.140(21) 0.191(38) 0. 187(38)
My 0.254(21) 0.358(21) 0.338(38) 0.320(38) [O0. 3231
M, 0.233(19) 0.304(19) 0.311(3%) 0.301(3%)
L, 0.327(13) 0.370(13) 0.491(34) 0. 464(34)
> A3 0.195(13) 0.1B81(13) 0.241¢40) 0.226(40)
M, 0.524(13) 0.587(13) 0.492(40) 0.472(40) [O. 4741
Mi _ 0.473(13) 0.522(13) 0.459(38) 0. 453(38)

The logarithmic dispersions of integral parameters: L, (luminosity
in 10° Ly), 495 (linear diameter in kpc), My (hydrogen mass in
10° M), M; (indicative total mass in 10° M) deduced from the
number of data indicated in parentheses, are given (after 2¢
rejection) when using the following distances to determine the
mean value within a morphological type:

(i) Distance moduli x4 from de Vaucouleurs (1979), in Column 3
(i) Vo/H, with Hy=100 km s~* Mpc™?, in Columns 4 and 5
(iil) Vo/H§ with H§ given by de Vaucouleurs and Bollinger (1979).
Results to be compared are those in Columns 3 and 4 which refer to
the same sample of galaxies having u values on the one hand and
those in Columns 5 and 6 which refer to the larger sample of
galaxies having distances from a Hubble constant (see text) on the
other hand. The dispersion from My values uncorrected for self-
absorption is indicated between square brackets in Column 6

III. Discussion of the Distances

The distance moduli obtained by de Vaucouleurs (1979 and private
communication) from optical data only are available for 205
galaxies belonging to our sample. In order to compare this distance
scale and that deduced from a constant Hubble flow, assuming a
value Hy=100 km s ! Mpc ™! for the Hubble constant, the mean
values of four parameters (luminosity, linear diameter, neutral
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Table 2. Integral properties of measured galaxies

Table 2 (continued)

Name T AL, D M M; o o M/, M /L, M /M, Name T i L 5 D M M e LML ML M/
«11631.3 (Be) (Mpc) (109MY (105 MYimg Eiumg. cAyMi /L0 (My /LY (x100) (10°L) (kpe) (Mpc) 10%'My (109 Myimg. L ifumg. cAAME /L) (M, /LY (x100)
1t 2 3 4 °s5s 6 7 8 5 10 11 12 13 14 1 23 4 °5s 6 7 8 5 10 11 ° 12 13 14
= ) 77.4 11 629 1.79
N 95 5 38 26.94 28.41 51.8 18.35° 357.4 5.96 116.1 68 13.27 5 13 et A S il G- S A Al A A = A4
N 99 & 21 16,38 25.03 50.6 5 78°127.0 2.42 53.1 .35 7.75 4. 56 NI332 532.40.3135.85 551 6.8 2M0.5 L0 Al T EEY,
N 100 686 .85 10.66 7.5 1.28 17.1 295 44.01.51 22.52 6 70 N2581 6 58 1.62 11.93 6.8 1.06 26 1 1.95 4B8.1 .65 16,08 4.05
N 1313 76 633 12.8 1.70% 8.7 11 11 23.9 46.48 + N2552 9 47 .79 599 6.8 .29 7.9 212 57.5 .37 9.95 3. 69
N 134 4 74 20.26 27.10 14.3 10.08 198.1 3.640 70.8 .50 9.78 5 09 + NZos2 AT e 237 o8 T LI Rl2 57s .07 978 A7
N 145 838 1518 20 18 39.0 4.44% 31.8 286 20.5 27 2 10 13.96 + NZSID 5 30 13.64 07.91 44.5 5.37 4e9.0 .8y 77.2.%7at07 L1%,
N 150 3 58 8 .59 16.16 14 6 2 947 62.1 2.95 62.3 .34 7.23 4.73 N2613 3 76 28.60 28.09 14.9 3.34 351.4 1 11 116.9 .12 12.29 95
N 151 4 61 32,78 34,16 35.4 6.28 3121 1.41 70.2 .19 9.52 2. 01 Nael3 3762860 28.09 147 Do SSl4 tlilies . imizay .
N7 a BB Ee BTSN 372 00 356 b62 .2 87 5E N2633 3 49 14.33 21.19 28.5 3.94" 95.8 2.30 56 0 27 6.68 4 12 +
N 173 4 25 B 50 43.38 41.1 9. 18 830.0 1.28 115 71 08 97.69 1.11 e Dy iy33alivass 2940 958 200 560 7 L8 2 a
N178 9 54 2,28 7.32 13.9 1.16* 2 5 567 12.1 .51 1.08 47 09 NIe3sA 4 79 4791229 27.5 2267 19. a8 a8
N 180 4 34 13.56 37.49 48.9 4 50501 2 .84 93.6 33 36 95 .90 + Naedz 3 1238.99 3101 430 08 a6 4o 570 o a7 528
N 210 347 9.78 22.85 15.2 6. 46 187.1 3 24 94.0 .66 19 14 3.45 Ne70l D iT13.8817.2429.3 sl e4b 473 2.3 el o=
N 214 580 25.56 26.02 43.2 4 197225.9 160 87.5 16 8.84 1.83 N2735 3 69 .12 7.52 25.3 2.57 44.1 11.91 204.5 .82 1413 5 82 +
N 237 648 11 58 19.44 39.7 5 93170.4 4. 11 118.3 .51 14 71 3. 48 N273s 369 312 7.92.25.3 257 44111712045 .82 1413 582
N 255 427 9.9613.9515.3 1.86 764 2931027 38 15.41 246 N2776 5 21 27.18 28,21 32.6 10 24 250 3 3.38 62.5 .38 9.21 4. 09
N 257 & 43 21.45 29 10 49.5 4.82261.0 1 49 80 8 .22 12 17 1.85 + Na77e D21 27.1828.21 32610242503 3.38 B2.5.38 .21 407
NETS e 3L TTaeT 167 437 S45cmRT.SSadll STT N2799 9 73 2.25 9.17 21.6 1.29° 33.5 4.01 104.4 .57 14 86 3.84 +
NS L ar 871560187 776 (24 83 o175 87108 N2805 7 38 24.07 41.44 22,7 15.04_ 28.9 2.30 4.4 .62 1.20 52 04 +
NET A TEElTasy 203 420 AL TA0 .38 500 53 N2815 3 71 14.63 21.83 23.9 2 47°258 2 1.36 142.1 17 17.65 9
N 450 b 36 Se7iS.F3l7L 179 456 185 471.31 803 372 N2889 5 27 21.86 20.00 32,6 3.09%703.9 2 03 461.5 .14 32.20 44
N 470 350 9211875224 238247 4 1.78 183.6.353630 96 N2919 3 69 7.46 11.32 24,1 .91% 47.7 1.86 97.7 .12 6 40 1.91
Ml S T P AN - AL N2935 3 34 15.91 22 88 21 2 4.97°228.2 2 49 114.4 .31 14 34 2 18
N 493 & 70 7.42 20.35 22.4 3.84% 55.9 2.43 35.4 52 7.54 6 87 ey ol EEEE A IS E el g
N 496 4 57 16.36 26,93 57.2 7.63°164.1 2.76 59.4 .47 10.03 4 65 Na742 9 36 43.37 35 01 93.1 10.01 214 2
Noi% 53411032421 240 4031727 1.80 77.4 351487 2.33 N2989 4 41 16,42 17 19 41.5 & 77 191.7 601 170.2 .41 11.67 3.53
N 521 4 21 44.51 48.46 47.8 4.72 630.8 53 70.5 .11 14 17 .75 N29B9 331164217 19 415 677 1917 601 170.2 .41 1167 253
N 578 5 49 12.40 20.37 15.4 3.91* 668 2.47 42.2 .32 5.39 5 86 N2990 D 56 9.%6 10.86 30.9 2187 0.4 J81 7 2 4 5%
MDA A AR EAD S LA S U0 S-S KA N3003 4 76 11.20 23.76 17 7 5.98 54.9 2.78 25.5 .53 4.91 10.89
N 613 4 38 16.79 22.11 13.4 2 02%267.5 1 09 143.5 .12 15.93 .76 N30OS 4 76 11.20 23.76 177 5.98 547 276 29.5.53 471 10.89
N 615 366 821 17.48 17.5 1 81 106.6 1.55 1.6 .22 12.99 1.69 NI021 453 4.10 8.5318.5 91 268 D00 7e6.22 L33 a4
N 658 3 57 9.55 24 75 28.6 589 190 3 2.52 B81.5 .62 19.94 3.09 NIO41 D 49 doeldBelde 78T e7 7 133 28.21 1090 144
N 673 5388038337688 7.247208.9 1.67 L6528 .81 231 N3052 5 43 20.99 21.93 36.3 2 97°248.0 1.62 135.4 .14 11.82 1.20 +
N 678 383 17.6329.3227 1 134 1706 .41 52.1 .08 9.68 78 . . 20
N3O54 3 50 17.59 25.70 22 8 . 72*114.0 .29 453 .04 6 48
N 691 4 40 6. 69 26,11 26.0 3 42 469.5 1.32 180.6 51 70.18 .73 3 % ¢ o2
> N3055 5 52 5 12 10 36 17.4 .85% 39.4 2 07 95 4 70 2
N 697 4 70 21.33 34.40 30.0 13.48 264 6 2.99 58.6 &3 12.40 5 10 NJ0S$ 952 312 10 36 17.4 897 3.4 207 "e4 17 7.70 215
N 701 560 448 11,22 17.2 1.82 43 9 3.79 91.3 .41 9.88 4 15 + N3129 452 29.50 32,98 34.8 6,26 297.0 1 91 62.0.21 872 243
N 706 3 40 30.80 30.14 466 3.17%161.3 .92 86,6 .10 528 1.97 + N3135 4603341316236 0 4712658 123 £9.8.13 7.96° 177
N 753 4 43 32.67 39.14 46,4 B8.09 354.9 1.39 60.8 .25 10.86 2 28 N3L87 4 2773.60 48.0¢ 36.7 5.30 7495 l1 Iy gToe Tt
N 755 371 i4.62 15.3 2.12¢ 36.8 253 43.9 > N3177 3 36 2.60 7.13 14.8 .34 49.3 1 74 253.9 .13 18.95 .68
N 772 3 52 43.83 46.33 23.6 10.31 418 6 1.26 51.2 .24 9.55 2 46 + Nal77 336 260 713148 .38 49.3 173250.9.1318.95 8
N779 373 7.41 12,61 13,0 1.58 B1.5 2.60 134.4 .21 11.00 1 93 NS1B7 g es 291516182 2007 991 229 446 .76 1577 912
N 864 540 10.75 19.70 15.0 3.75 91.6 2.53 61.9 35 8.51 4. 10 N3223 2523881 0287 27.6 D.o3amns B B L L@l
N B71 567 643 11.5535.1 4.71 27.2 9.26 53.5 73 4 22 17.32 Na2sd 471 772773 lel 240 97.9 162 659 30238 248
N 876 5 78 1.57 16.96 36.4 12,30 84.2 11.21 76 87.81 53.49 14.60 + N32se 355 351423220 0.83 B3 L7 qLE.E T2 e
N 877 4 40 28.40 25 11 36.9 8. 68 336.7 3. 61 140.0 .31 11.86 2. 58 + NI270 376 40.5652.53 76.3 21.337476 2 203 45.3.53 1174 %8
N 895 64111532207 21.3 5.02130.3 271 70.2 .44 11.30 3.86 Nogg7 7l 331 836150 .30 57 114 21.4.09 173 530
N 907 770 7ase 600 87 302 434 .77 N3320 6 58 11.91 17 02 29.1 2.74 90.8 2 48 82.2 .23 7.63 3.01
N 908 5 61 17.99 19 08 13.4 1.43°138.1 1.03 99.6 .08 7.68 1.04 N333B 5 4B 12.33 22.27 14.7 7.25 162.4 3 84 85.9 .59 13.17 4.47
N 922 624 14.13 16 09 27.9 907 127 2 5 14 129 0 .36 7.00 3 99 + N3346 & 27 4.85 11.64 141 .73 49.5 1 41 96.0 .15 10.21 1 47
N 958§ 69 44.52 35.88 53.1 21.087141.9 4.29 28 9 .47 3.19 14.86 N3367 5 25 34.61 24.85 35.9 5 07°251.5 2 15 106.8 15 7.27 202
N 991 521 417 11 48 14 1 79" 12.5 1 56 24.9 .19 2.99 6.30 N3370 5 54 5 12 12.02 14.5 1.67 43.9 3.02 79.7 33 8.57 3 80
N10O3 & 68 2.62 10.18 7 4 1.17 20.1 2.97 50.9 .45 7.68 5.83 N3389 5 57 4.86 10.20 14.4 .84* 287 2 11 72.4 .19 6 42 2. 92
N10SE 5 17 136 581 6.1 84 6. 54 <62 N3433 5 25 22.66 33.38 31.8 6.93 518.9 1 63 122.2 .31 22.90 1.34
NIO73 5 21 & 34 16 86 11.4 2 38% 21.7 219 20.0 .37 3.42 10.95 N3345 © 21 9 19 12 41 25 0 o 58% 541 4.40 921 .28 588 4 78
N1OB4 S 59 11.68 © 84 12.9 2 39 451 & 46 122 0 .20 3.86 5. 30 Noaar & 2p 11,94 110 141" 10.5 B és 133 1373 4
N1087 S 48 10.22 13.70 14.1 1.55 39.7 2.17 554 15 3.88 3.92 N3455 3 50 2.14 9.19 12.1 1.59 34.8 4.95 108.0 .75 16.29 4 58 +
N1097 3 46 24.82 32.47 12.4 & 77 332.5 1 68 B82.7 .27 13.40 2.04 + N34EE 4 46 21,76 D9 b3 Do 7 5 v 20m i 199 oo be 527 358
N1169 3 47 21 73 33.23 23.6 5 77%416.6 1.37 99 0 .27 19.17 1 38 NISIL S 67 4 47 1552 90 D otr 414 Be9 7o aa gee T
N1179 6 32 B.47 24.40 18 2 3.68* 90 7 1.42 39.9 .44 10.71 4. 06 N3S12 S 35 311 B it 169 93 351 1 801sen i iam Tt
N1232 § 27 34 20 38 57 16.7 9 60°346.9 1 69 &1.2 .28 10,14 2.77 + NISIZ 5 o4 325 B 05 59 1.09% 123 4 o¢ aooirivER o8
N1253 & 57 22.98 17.9 788 98.2 3.91 488 8.03 + N3521 4 60 14.31 20 25 8.1 2.93 153 9 1.88 98.5 .20 10.75 1.91
N12534 9 53 8.67 19.0 1.11% 4.5 385 158 24.44 + N3S49 S 68 25 45 28 70 36.2 7.98%186 1 2.54 59 3 .31 7.32 4 29
Ni255 4 47 12 49 19 19 16 9 3 15 88.5 2.24 &3.0 .25 7 08 3. 56 Nooea 258 928 555 b iaons veoe 32 2 .
N1288 4 21 31 02 32 69 46.7 3.66°1016. .90 249.5 123276 .36 N3SB3 3 46 19 28 21.41 27 0 3.96%166 4 2.26 95.2 .21 B8.63 2.38 +
N1309 4 18 14.80 15 54 21.8 2. 69 2.92 .18 NISoe 5 8y oo AL A0 3.7 22 5
N1359 9 32 & 85 11 07 19.6 4 &7% 49.4 10,00 148.5 .68 10.13 6.73 NDeAS 3 35 20 90 3o 45 Ba @ 452 o7z 1er 5.7 sa 132 17 76
N1355 3 57 43 27 40 81 15 7 11.75 273.8 1.85 43.1 27 6.33 4. 29 N366E 5 75 9.4 11,23 15.6 119" 203 B 97 Sa D a4 yoxiTTe
Ni1376 & 17 29.97 26.45 43.4 4 46 1.67 19 N3672 5 59 19 29 21 78 20.4 7.74 176.8 4.28 97.8 .40 9. 16 4.38 °
N385 & 49 9.03 12 01 14.5 1.407 23.4 2.91 42 5 .18 259 6.85 N3675 3 58 7 52 1536 9.9 1.28 1157 1.42 128.7 .17 15.39 1.11
N1417 3 SO 34 16 34.44 42,9 B8.29°309 8 1683 68 5 .24 9.07 2 68 Naers 355 7F215de 9.7 1.E8an G 25
Ni418 3 40 19.67 43.9 2 167246 8 1.48 167 3 897 + N36B9 5 44 12 92 15.00 33.1 1.11% 55.0 1.29 64.1 .09 4.26 2.01
N1421 & 76 19.42 17 86 21.3 502 91.1 4.13 74.9 .26 4.49 5 51 N373e 4 58 B9 1996 te e iy S50 v oeai.07 %2 201
N1425 3 62 10.01 19 97 14.3 2 157106.8 1.41 70.3 .21 10.67 2.01 N3780 5 34 22.87 27.91 31.0 3.44 214.0 1.16 72 1 .15 9.35 1.61 +
Ni507 % 74 152 6.34 8.1 .66 37.2 4.33 2428 .44 24.48 1.78 N3S00 3 75 14.55 19.26 38.9 2. 30%120.5 1 63 85.2 .14 7.28 1.91 +
NI530 3 55 20 92 49 29 33,1 8.45 367.0 .91 39.6 .40 17.54 2. 30 NaBBT 4 a6 o0 i1 e dmg SoytEy ies B0zl lEm LA
N1620 4 68 19 87 28.55 36.3 B8.56 197.8 2 76 63.7 .43 9 96 4 33 N3930 5 95 1.99 1525 178 Z0%. 5% FEo12e5 .27 B0 200
N1637 5 30 2.53 6 78 &7 45 43.9 2.55230.0 .18 17.32 1.02 N39S6 5 71 7.41 14.82 17.8 2. 14* 353 2.58 42.1 .29 476 6 13
Ni640 3 43 5.12 12 22 1.3 1.08% 28.3 1.90 49.7 .21 5.52 3.683 N3963 4 25 35 38 34.26 40 6 6. 78 185 & 1.52 41.4 .19 5.24 3. 66 +
N1642 S 27 27.53 30.51 47.9 & 68°113.5 1.88 31.7 .24 4.08 5. 94 o976 3 33 55 0 o7 G0 b9 5 Sia e s o2 Maiay yEb S
N16S9 4 36 28.54 23.84 47.2 2.77°112.2 1.28 51.8 .10 3.93 2. 47 NAGRs B aB 14.97 15 95 100 aoane Toe S Iwtn:
N1667 5 36 39.39 21.81 46,7 3.41197.8 1 88 109.1 .09 502 1.73 + NGOS0 3 43 16 96 1909 160 e A AN s m LS
M1741 9 60 11.48 16.36 36.3 7.07 20.4 6.93 20.0 .62 1.78 34.53 + N4037 3 30 1.90 8. 11 10.3 .11* 10.3 .42 41.0 .06 5.43 1.03
N1744 7 54 1.55 10.76 5.9 .55 57.3 1 24 129.9 .35 36.95 .95 N4047 3 30 20 17 19 18 42.9 3. 62319 4 2.58 227.8 .18 15.83 1.13 +
N1784 § 48 13.81 27.32 22.8 7 61 132.9 2 648 46.7 .55 9.63 5.73 N4094 5 66 5.25 16.13 15 5 2.58% 48.3 2.40 48.7 .49 9.19 5.35
N1800 58 .39 2.45 5.6 .09% 1.0 3.80 42.4 .23 2.49 9.24 4 N41462 4 52 22.92 21.11 31.0 2. 68 123.6 1.58 72.8 .12 5.39 2. 17
N1832 4 47 11.00 14.88 18 7 3.71 69 9 439 82 7 .34 635 5 31 N4246 S 55 19.10 30.17 45.0 12,40 191.2 3.57 55.1 .45 10.01 6 49 +
NiBEBB S 74 12 26 17.50 24.5 1.43%150.9 1.23 129.3 .12 12,31 .95 + N4254 5 27104.47 46 08 29.2 19.28 503.3 2.38 62.2 .18 4.82 3.83
N1961 S 47142.44 64.32 50.1 16 36 2054. 1 O4 130 3 .11 14 42 .80 N4273 5 48 18.08 17.94 28.4 2.95 B80.5 2 41 65 6 .16 4 45 3.47 +
N1964 3 68 14.52 24 13 15.3 3 68 161.2 1.66 72.6 25 11.10 2. 28 N4357 4 68 30.73 47.86 51.3 4 62°474.0 .53 S4.3 .15 15 43 .98
N2090 559 1.95 8.70 73 141 367 490 127.2 .72 18.81 3. 85 N43B8 3 78 47 00 35.11 30.5 1.31 2256 .28 48.0 .03 4.80 .58
N2139 6 30 9.67 11 33 17 1 4 17 657 B 52 134.3 43 6 80 & 35 N4428 S 63 12.48 17.38 34.9 3 85° 64 O 3.34 556 .31 513 6 01 +
N2146A 5 66 17.73 20.8 2.45 29.9 2.04 250 8 19 N448S 10 44 1.28 4 99 7.5 .31 B8 3.25 92.4 .24 685 3.52 +
N2188 973 90 460 S3 31 24 379 30.2 .34 2.70 12 S6 NAS61 8 34 3.40 7 29 168 1 54 13.3 7.57 65.6 .45 3.91 11.54
N2207 4 4B 46.90 33 44 26.5 11 28 177 7 2 65 41.7 .24 3.79 635 + N4595 3 49 .53 3.64 7.2 .10 4 6 1.94 92.1 .19 B.83 2 11
N2223 3 27 24.42 28.11 26,6 3.26520.4 1 OB 172.7 .13 21.31 . &3 N8632 5 66 11 59 15.48 19.7 4.30% 29 1 4.70 31.8 .37 2. 51 14.78
N2268 4 S1 29.67 29.23 29.6 3.24 188.6 .99 57.9 .11 6.36 1.72 N4712 4 63 28 78 36.47 54.4 10 06 395.7 1.98 78.0 .35 13.75 2.54 +
N2276 5 17 39.94 27 03 32.5 4. 54 1,63 11 + N4814 3 42 19.65 30.07 32.2 S5 917326.8 1.71 94.8 .30 16 63 1.81
N22BO & S6 14 61 27.98 17.5 13.62°203 4 4.56 648.2 .93 13.92 6. 70 N4B6E 3 18 34.83 28.97 58.0 3 S56% 111 10 +
N2336 4 S6 75.97 5616 28.8 9.48 606.0 79 50 4 .12 7.98 1.57 N4902 3 21 32 29 27.83 30.5 9.38%478.7 3.18 162.2 .29 14.82 1.96
N2339 4 40 20.55 21.20 24.4 3 40 217.3 1.98 126.8 17 10.58 1.56 N4939 4 S8 &7 69 55.79 36.5 14.59 590.5 1.23 49.8 .22 B8.72 2. 47
N2334 S 12 2.64 B8 04 12.8 1.00* 4 07 a8 N49S1 & 67 3 54 10.65 13.0 1.640 27.7 3.70 44.1 .45 7.81 5 78
N2347 3 43 38.70 34 13 56.1 7.11 425.2 1.60 95.8 .18 10.99 1.67 + N4961 6 44 6.01 15.22 31.4 2. 44 48.3 2 77 54.7 .41 B.04 5 06 +
N2377 4 27 18.7323.6 9 11 107 6 6. 81 80 4 8. 47 N4981 4 38 13.41 15.39 19 3 2. 18 69.1 2.41 76.5 .16 515 3 15
N2388 S5 52 6.40 12.86 42.4 5.78% 77.5 9.18 122.9 .90 12.11 7.47 + NSO00 4 30 24 90 38 68 69.3 6.25 142.9 1.10 25.1 .25 5 74 4 37
N2389 § 30 18.49 26.43 41.4 & 15 261.2 2.31 98.1 .33 14. 13 2.35 + NSOOS 4 61 17 68 17 13 12.4 .29 190.6 .26 170.3 .02 10.78 .15
N2441 3 27 28.31 31.08 44.7 4. 12106 6 1.12 29.0 .15 3.77 3.87 + NSO12 5 53 21 732527 32 5 4 577253 3 1 88 104 1 .21 1166 1.80
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Table 2 (continued) Table 2 (continued)
Name T i L D My L, M /L, M /M, Name T i L ML, ML, MM
(109L) (kp:] lMp:) (lO M) (lO’Nglmg :nﬁ(mg :m’)(M.,/LEJ(H,/Lv] (xlOO) (109L) (kpc] lMp:) (109"1‘1;) llO’N‘g(mg cnﬁ(mg :m’xN,/LJ(m/L‘) (xlOOJ

1 2 3 4 10 13 14 1 2 3 & 12 13 14
NSO16 S 40 13 09 17.00 32 0 2.797143.5 2.53 130.2 21 10.97 1.95 N7418 6 34 6.01 12.91 13.3 .88 _ 45.4 1.39 71.4 .15 7.55 1.94 +
NS0S54 4 53 21 O1 26.87 19.6 1.78 150.9 65 54.9 .08 7.18 1.18 N7450 3 38 5.58 11.64 31.6 3 35°282.8 &.48 547.9 .40 50.69 1.18
NSO79 4 S5 15.08 33.6 1.15° 44 1 1 33 51.0 2.61 + N7479 5 38 25.66 28.42 24.0 5.67_409.8 1.84 133.1 .22 15.97 1.38
NS088 3 73 3.29 10.24 15.9 2.57" 21.5 6.43 53.8 .78 6.54 11.96 N7513 3 38 4.02 14.00 14.8 16" 58 3 .22 78.0 .04 14.51 .28
N5134 3 54 9.34 14.93 19.7 . &3* 13.2 784 15.5 07 1.41 4 75 N7537 4 77 5.33 13.94 26.1 5.85 58.0 7.91 78 41.10 10.87 10.09 +
N5169 3 &b 3.77 18.67 31.0 2.91* 32.7 2.19 24.6 .77 B8.67 8.90 + N7541 4 68 16.64 22 52 26.3 11.57 181.5 5.98 78.4 .69 9.10 7.64
N5172 4 56 48.29 43.66 49.4 12.16 381.0 1.67 52.4 .25 7.89 3.19 N7606 3 66 26.54 32.11 22.0 4.13%409.6 1.05 104.2 .16 15.43 1 01
N5247 4 30 15.37 23.86 14.9 3.48 56.3 1.60 25.9 .23 3.66 6.18 N7664 5 56 15.06 30.33 34.5 10.58 176 4 3.02 50.3 .70 11 71 6 00
NS258 3 45 67.07 41.76 82.8 13.20%455.4 1.98 68.5 .20 6.79 2.90 + N7678 5 41 18.50 23.03 34.0 4.35 108.5 2.15 53.6 .23 586 4.01
NS293 5 34 21.06 40.28 71.0 6.71 491.5 1.09 79.5 .32 23.33 1.37 + N7713 7 63 2.05 7.07 65 .38 9.3 2.01 48.8 .19 4.55 4.11 +
N5297 4 79 26.24 38.33 30.9 1.70 213.2 .30 38.1 .06 8.12 .80 + N7716 3 32 8.17 16.97 25.1 2. 31%116.2 2.10 105.8 .28 14.22 1.99
N5301 3 80 13.71 18.87 19.7 4.96 B83.3 3.66 61.4 .36 6.07 5. 96 N7721 5 64 10.25 16.93 19.7 5 40 70.1 4.94 64.2 .53 6.84 7.70
NS313 3 53 11.57 16.74 32.4 3.08_141 8 2.88 132.8 .27 12.25 2.17 N7723 3 45 12.39 19.12 18.6 1, 05%460.7 .75 330.7 .08 37.17 .23
NS5324 5 12 26.44 26.52 36.4 5.997 2.23 .23 N7741 & 45 3.06 10.17 9.0 .82 22.9 2 09 58.0 .27 7 46 3.61
N5350 3 38 17.94 26.29 28.2 4.42%217.0 1.68 82.3 .25 12.10 2.04 N7742 3 12 6.60 10.63 17 O 56 1.30 .08
N5351 3 56 27.56 37.44 45.4 9 62 350.3 1.80 65.6 .35 12.71 2.75 + N7750 & 57 6.70 13.40 28.4 4.43 59.2 6.47 865 .66 8.83 7.48
N5356 4 74 2.71 12.34 16.6 . 30% 13.6 51 23.4 .11 4.99 2 19 N7753 4 50 34.08 47.52 49.7 13.43 412.9 1.56 48.0 .39 12.12 3.25 +
N5364 4 44 16.48 29.25 14.7 2.67 146.5 .82 44.9 16 8.89 1 82 + N7755 5 38 22.62 29.31 27.3 7.05%356.4 2.15 108.9 .31 15.75 1.98
N5371 4 34 54.62 41.12 32.5 7.37 664.4 1.14 103.1 .13 12.16 1.11 N7757 5 21 6.25 22.01 28.6 2.67 225.3 1.45 122.0 .43 36.03 1.19
N5395 3 57 41.62 36.24 44.2 8.51 577.0 1.70 115.3 .20 13.86 1.47 + N7769 3 12 23.95 22.73 40.7 2.84 1 44 12 +
N5464 10 48 12.38 9.08 31.3 4.23% 20.0 13.46 63.6 34 1.62 21.17 N7782 3 55 32.58 33.14 51.0 4.20 462.0 1.00 110.4 .13 14.18 .91
N5468 6 12 28.22 25.89 34.0 7.38 2.89 .26 N7816 4 27 16.83 28.75 49.6 4.43%183.5 1.41 58.2 26 10.90 2 41
N5480 5 47 8.57 12.60 24.9 82 21.8 1.36 36.1 .10 2.55 3.77 + N7817 4 74 15.26 20.16 23.1 1.86 134.1 1.20 86.6 12 8.79 1.39
N5486 9 49 2.01 B8.75 18.9 .79 14.0 2.72 47.9 .39 6.94 5.67 1167 549 5202321 28.3 & 59 268 3.21 13.01.27 5. 15 24.61 +
N5545 4 70 11 90 39.2 2.25 54.2 4.16 100.3 4.15 + 1 467 5 &5 18.90 24.59 27.7 3.29% 80.2 1.43 34.8 .17 4.24 4.11
N5584 & 40 13.07 18.78 19.7 2 48 69.5 1.84 51.7 .19 5.31 3.57 11029 3 82 15.09 20.04 31.3 6.47 154.3 4.23 100.8 .43 10.23 4.19
N5895 5 54 19.14 17.86 31.9 7.83*% 75.1 6.44 61.7 .41 3.92 10.43 + 11291 8 32 3.17 14.95 23.5 2.80* 70.4 3.28 82.6 .88 22.21 3.97
N5600 5 12 9.62 12.52 29.1 1. 49% 2. 50 15 11301 & 43 9.24 19.40 45.0 6.94 92.4 4.84 64.4 .75 9.99 7.52
N5633 3 52 19.67 22.98 36.7 3.06 116.6 1.52 57.9 .16 5.93 2.63 + 11302 5 44 28.73 16.97 52.0 6.27%332.9 5.71 303.4 .22 11.59 1.88 +
N3645 7 50 4.41 11.69 16.6 1.43 25.5 2.74 48.9 32 5.78 5.61 11303 5 48 10.52 24.26 49.9 2 35114.6 1.05 51.0 .22 10.89 2.05 +
N5653 3 32 25.62 23.65 44.3 5.34 375 9 2.51 176.3 .21 14.67 1.42 11401 3 &7 14.00 29.24 51.8 6 &3 143.8 2.03 44.1 47 10.27 4.61
NS660 5 25 21.25 25.43 30.4 5.90 77.5 2.39 31.4 .28 3.65 7.61 11417 3 75 15 73 46.8 11.26%163.5 11.93 173.3 6.89 +
NS665 5 46 11.66 16.00 27.1 .95% 39.6 .98 40.6 .08 3.40 2.40 + 11738 3 38 5.84 16.4 2. 47" 92.8 18.95 713.3 2.66 +
NS669 & 40 9.47 20.13 17.2 2 59 60.0 1.68 38 9 .27 6.34 4.32 11746 3 72 1.96 10.80 24.1 .57* 78.7 1 27 177.0 .29 40.13 72 +
NS672 3 49 B8.06 12.48 44.9 3.24% 38.7 5.45 651 .40 4.80 8.37 11953 7 36 9.49 16.20 19.9 1.84%434.1 1.83 434.0 .19 45.74 42 +
N5676 4 60 35.99 28.50 28.0 6.99 235. 6 2.26 76.1 .19 6.55 2.97 12163 5 64 18.70 26.0 6.48* 19.1 4.86 14.3 33.88 +
N5678 3 &0 21.35 22.13 25.9 4. 52*153.5 2.42 82.2 .21 7.19 2.94 12166 5 44 13.86 26.51 34.5 4.57°207.8 1.70 77.6 .33 14.99 2.20
NS&82 3 76 3.71 13.80 30.0 1.12* 21.7 1.54 29.9 30 5.84 5.16 + 12233 7 87 .B6 6.38 7.2 .67% 7.3 4.29 46.9 .77 B.45 9. 16
NS690 5 72 10.81 18.08 21.3 3.28* 56.4 2.63 45.3 .30 5.22 5.82 12389 3 83 10.90 11.56 31.3 3. 61" 11.6 7.10 22.8 33 1.07 31.13 +
N5693 7 32 16.52 29.9 1.31 8.0 1.26 7.7 16.36 + 13576 9 17 .41 8.72 12.0 .45 1.56 11
N5740 3 57 7.44 15.95 19.0 2.66 855 2.74 88.2 .36 11.49 3.11 + 14351 3 83 48.17 38.07 30.7 13.65%286.2 2.47 51.8 .28 594 4.77
N5746 3 83 43.61 34.96 20.2 3 03 699.9 .65 150.3 07 16.05 .43 15039 7 74 1273 16.78 29.1 14.75* 35.4 13.74 32.91 16 2.78 41.71 +
N5792 3 76 30.94 39.85 23.4 7.62 232.2 1.26 38.4 25 7.51 3.28 15264 3 90 8.75 18.9 1.54* .8 528 2.7 193.76 +
NS806 3 58 5.38 12.03 14.3 .51 58.0 .93 105.1 .10 10.78 .88 + 15271 3 &9 11.65 15.9 92% 55.0 1.78 106.2 1. 68
NS829 5 27 12.11 35.12 60.6 6.02 179.8 1.28 38.2 .50 14.84 3.35 + 15273 & 43 5.01 9.84 12.0 .94* 34.3 2.54 93.0 19 6.84 2.74
N5832 3 51 83 B.97 8.0 53 14.4 1.71 47.1 .63 17.43 3. 64 A 26 377 10.11 42.4 4 46* 35.8 11.46 91.9 12.48 +
N5850 3 25 30.65 35.15 26.8 2.09 248.6 .44 52.8 .07 8.11 .84 + +0240
NS861 5 55 14.21 18.72 22.4 3 53% 91.5 2.64 68.5 .25 6.44 3.86 + A 102 7 27 2.78 12.60 10.8 2.47 652 4.08 107.8 .89 23.47 3.79
NSB874 4 44 6.97 24.60 34.6 3.03 217.4 1 32 94.2 .44 31.18 1.40 -0628
N5899 5 65 15.76 20.93 27.8 3.91 214.1 2.34 128 2 .25 13.58 1.82 + A 115 & 48 13.75 34.63 48.8 5.40°215.4 1.18 47.1 .39 1567 2.51
N5900 3 71 2.35 11.12 28.4 5.06°113.7 10.72 241.12. 16 48.47 4.45 + +1107
N5905 3 38 32.68 45 47 37.5 19.62 464.5 2.49 58.9 .60 14.21 4.22 A 135 & 38 6.00 26.17 40.8 2.37% 61.7 .91 23.6 .40 10.29 3.85
N5954 & 60 3.34 7.29 21.5 1.01 46.5 4.99 229.1 .30 13.92 2.18 + 0716 .
N5962 5 43 14.38 17.45 21.5 1.66 142.1 1.43 122.4 .12 9.88 1.17 A 139 10 70 23.00 39.40 49.6 9.28° 24.9 1 57 4.2 .40 1.08 37.25 +
N5964 7 36 2.19 19.40 15.8 2.10 65.9 1.47 46.0 .96 30.04 3.19 +1343 “
N5970 5 46 13.65 18.10 21.4 1.93 98.9 1.55 79.2 .14 7.24 1.95 + A 140 10 45 13.29 29.34 49.8 549 30.1 1.67 9.2 .41 2.26 18.24 +
N5981 5 82 32.53 32.50 55.0 7 88"182.9 1.96 45.4 .24 5.62 4.31 + +1254
N5985 3 55 34.56 42.92 28.7 2.70 478.8 .39 68.2 .08 13.85 .57 + A 509 534 687 16.29 19.3 1.84° 84.6 1.81 83. 6 27 12.31 2.17
N6O15 & 65 5.83 14.73 10.9 2.61 69.1 3.15 B83.6 .45 11.85 3.77 -1451
NLO32 3 62 6.46 22.80 47.5 4 72%109.8 2.38 55.4 .73 16.99 4.30 A 609 3 36 13.98 37.35 52.1 12.26 604.3 2.31 113. 6 .88 43.22 2.03 +
N&6O70 & 56 13.99 21.84 21.6 3.52 144.7 1.94 79.6 .25 10.35 2.43 +7109 «
N6106 5 S5 4.99 11.68 16.3 1.99 38.0 3.83 73.0 .40 7.61 5 25 A 628 3 76 38.60 23.46 48.9 7.10°113.0 3 38 53.9 .18 2.93 6.28
N6118 6 62 14.02 21.39 16.9 2 27 110 5 1.30 63.4 .16 7.88 2. 05 +6343
N6140 S 41 3.44 21.46 12.0 3.50 B1.2 1.99 46.31 02 23.62 4.31 A 705 3 90 42 40 24.46 39.7 12.44 B84.0 5 46 36 8 .29 1.97 14.81
N61B1 5 61 16.66 1B.02 26.5 4.04 107.0 3.26 B86.4 .24 6. .42 3.77 +7155
N6217 4 30 15.44 18.68 19.7 5.93 120.2 4.46 90.3 .38 7.79 4.94 A 705 5 61 7.66 15.09 22.0 1.72° 33.8 1 98 39.0 .22 4.41 5. 09
N6239 3 62 2.36 B8.55 11.9 1.30 17.4 4.66 62.3 .55 7.35 7.49 +1515 )
N6315 5 32 24.08 20 58 73.1 9 41%¥229.2 5 96 142.0 .40 9.52 4.20 + A 713 582 9.32 15.08 33 4 4.88° 39.5 563 45.6 .52 4.24 12.35
N6372 3 47 16.27 28.81 52.1 4.45 153.0 1.40 48.4 .27 9.41 2.90 +2957 N
N6381 4 40 10.95 16 82 37.0 3.02%104.0 2.80 96.4 .28 9.49 2.90 + A 717 S 46 21.70 21.50 37.8 4.78°140.2 2.71 79.6 .22 6.46 3.41
N6384 4 46 33.23 35.54 18.9 9.74 347 2 2 02 72.1 .29 10.45 2.80 +7141
N6412 527 9 66 13.89 19.3 1.75 30.3 2.38 41.2 .18 3.14 5.78 A 756 5 25 6.46 23.95 50.5 3.81 185.2 1.74 B84.7 .59 28.68 2.06
N6491 3 67 15 72 20.66 59.2 11.69 *136.7 7.18 84.0 .74 8.70 8.55 + +1634
N6555 S 36 15 29 17.23 25.5 1.44 74 0 1 27 654 .09 4.84 1.95 A 949 355 15.37 38 13 58.9 9.71°121.5 1.75 21.9 .43 7.91 8.00
N6570 9 52 17.36 13.67 26.0 1.73 41.2 2.43 57.9 .10 2.37 4.19 +4305
N6S74 4 38 16.03 12.32 26.2 .83 187.9 1.44 324.9 .05 11.72 .44 A1113 3 33,3 1.07% +
N6621 5 62 48 40 37.60 68.8 10.37°237.0 1.92 44.0 .21 4.90 4.37 + ~3341
N6627 3 21 25.30 31 16 57.6 4.63% 27.0 1.25 7.3 .18 1.07 17.16 Alid44 3 52 20.82 61.7 5.58”" 23.7 3.38 14.3 23.60 +
N6632 4 61 10.45 21.57 25.0 1.60"169 1 .90 95.3 .15 16.18 .95 0334
N6643 S5 59 18.07 19.85 18.5 7.15 220.8 4.76 147.0 .40 12.22 3.24 + A1308 S5 88 5.43 10.52 36 4 4.02 11.4 9.53 27.1 .74 2. 11 35.11
N6674 3 55 34.89 48. 43 38. 6 24.58%465.7 2.75 S2.1 .70 13.35 5.28 +0340
N6e90 7 69 1 71 7.46 7.8 .53 12.7 249 59.6 .31 7.39 4.18 A1930 3 38 12.22 27.79 43.6 5.17 282.6 1.76 96.0 .42 23.12 1.83
N6764 3 S4 13.95 20.48 28.6 3.23 100.5 2.02 62.9 .23 7.21 3.21 +5400
NeS14 4 18 17.83 19.81 17.9 3.40 2.28 19 A2148 3 21 12.22 32.01 62.8 11.75 439.1 3 01 112.4 .96 35 94 2.68
N6821 7 30 6.56 17.7 1.39 23.0 8.45 140.2 6.03 +2537
NeB3s 9 17 7.27 18.6 2.15 10.70 + 42255 5 27 23.91 46.2 3.66 120.6 1.68 55.4 3. 03
N6906 4 61 38.58 27.49 53.2 7.44%261.7 2.58 90.9 .19 6.78 2.84 +0202
N6907 4 30 47.47 36.46 34.3 19.73 588.6 3.89 116.1 .42 12.40 3.35 A2339 5 80 50 41 65 8 4.89* 33.5 2 56 17.5 14.59 +
N6923 3 57 17.48 20.93 30.1 9.91%166.2 5.94 99.5 .57 9.51 5.97 0356
N6925 4 &9 37.87 31.34 29.9 14,03 311.5 3.75 83.2 .37 8.22 4.50 a2346 6 O 5.97 36.6 1.32™ 9. 76
N6951 4 30 18.14 23.24 18 0 2 78 361.5 1.35 175.6 .15 19.92 .77 40552
N7015 4 27 51.08 34.87 53.8 7.02*187.8 1.52 40.5 .14 3.68 3.74
N7080 3 1B 21.74 35.64 53.8 6. 54 1.35 .30 X .
N7102 3 S0 24.40 28.57 53.2 6.87*% 75.1 2.21 24.1 .28 3.06 9. 14 Column 1: Identification of the galaxy (NGC, IC, A)
N7137 5 25 6.13 10.17 21.0 1.38 64.2 3.49 162.9 .22 10.48 2. 14 I .
N7156 & 24 13.48 22.59 43.9 2,04 61.2 1.05 31.5 .15 4.54 3. 34 Column 2: Morphological type according to the RC2
N7171 3 52 13.03 22.99 29.8 7.17%160.0 3.5 79.5 .55 12.28 4.48 + S
N7177 3 47 8.92 14.56 15.0 1 34° 90.9 1.66 112.5 .15 10.19 1.48 Column 3: Inclination of the galaxy upon the plane of the sky
N7184 S 74 45.21 38.62 28.5 11.19%411.2 1.97 72.3 .25 9.09 2.72 Col . . . . .
N7292 10 36 2.45 8.29 13.3 .83* 11 4 3.19 43.7 .34 4.67 7.29 olumn 4: Intrinsic lummOSlty reduced to the galaCth pOlC and
N7298 5 27 21 44 47.4 4.24 109.4 2.42 62.4 3.87 + PR T :
N7300 3 59 20.52 27.60 47.2 8 44*230.9 2.91 79.5 .41 11.25 3. 66 + zero inclination and redshift
N7309 5 17 17.40 24.61 38.0 2. 20% .95 .13 N o : 2 Wi
N7319 4 40 33.49 38.20 72 5 7.32 80.0 1.32 14.4 .22 2.39 9.15 + Column 5: Linear diameter at the 25 mag arc sec? brightness
N7339 4 75 4.93 11.95 16.7 .64 33.6 1.17 61.8 .13 6.82 1.90 1 i 1 i
N7343 4 34 21.90 25.27 66.7 3.92* 84.4 1.61 34.6 .18 3.85 4. 64 + leYel reduced to the galgctw pole and zero inclination
N7392 4 53 15.93 16.56 29.6 2,83 90.3 276 86.4 .18 5.67 3.19 Column 6: Distance calculated using H§ from de Vaucouleurs
N7393 5 61 19.35 36.4 3.66% 62.5 2.5 43.8 5.85 R
N7416 3 73 10.84 22.49 27.6 1 95 98.2 1.01 51.0 .18 9.06 1.99 and Bollinger (1979)
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Column 7:
Column 8:

Mass of neutral hydrogen

Indicative total mass

Column 9: Neutral hydrogen surface density

Column 10: Indicative total mass surface density

Columns 11-13: Ratios of the previous parameters

Column 14: a+indicates a note given in the companion paper
(Bottinelli et al., 1982b)

* New determination

hydrogen mass, indicative total mass) have been calculated using
both sets of distance determinations for each of the five type classes
by including the same galaxies in both cases. The dispersion in each
class (Table 1) for each of these four parameters decreases when the
distances given by de Vaucouleurs are used. A similar decrease is
observed for the dispersion of the relations between My, M;, L,
and A3s. It appears thus that a constant Hubble flow is not the best
choice that can be made for evaluating distances for our sample of
galaxies.

In order to take into account the anisotropy of the Hubble flow
the description given by de Vaucouleurs and Bollinger (1979) has
been adopted. Thus the Hubble ratio H¢ depends on supergalactic
coordinates SGL and SGB in the following way:

HF=281.2 for SGB<30° and 0° <SGL<180°
HF=108.8 for SGB<30° and 180° <SGL < 360°
H¥= 95.1 for SGB>30° and 0°<SGL <360°,

where HE is expressed in km s~ Mpc™!.

The previous test was repeated by calculating the distances,
first from V,/H§ and then from V,/100 for the same galaxies (i.e.
the whole sample in the present case). The results given in Table 1
show that the dispersion is smaller when using H¢ instead of H,
=100. The decrease of the dispersion is significant though it is
small.

Thus the integral optical and H1 parameters will be calculated
using the distance D =V, /H§ . However better results are expected
from better distance determinations such as those obtained from
the Tully-Fisher relation (Bottinelli et al., 1980c).

Before calculating the integral parameters the problem of H1
self-absorption has to be discussed. Heidmann et al. (1972) gave a
correcting term Cr on the H1 flux Fy, depending on the inclination
i of the polar axis of the galaxy to the line of sight according to the
relation:

Cp=Fy(0)/Fu(i)=(0.031/cosi)/[1 —exp (—0.031/cosi)].

This correction is generally very small as shown on the histogram
(Fig. 4) of Cg values for our sample.

The test previously used was performed by calculating the
mean value {My) of My for each class of morphological type
taking or not into account the self absorption correction (Table 1).
It is worth noting that this very small correction induces a decrease
of the dispersion of My values in three cases (in the two other cases
the dispersion remains unchanged) with a population as high as
107 galaxies.

In conclusion, the H 1fluxes will be corrected for self absorption
using the above factor Cg.

The integral parameters are given in Table 2 for each galaxy of
the sample. It must be noted that for inclination i smaller than 20°
the line width and consequently the indicative total mass M; are not
given, because of the large uncertainties.

T T T T T T .
logM,/L,
05 |
0.0 | . .
-05 [ . .
-10 [ : :
-15} ) ’ g
‘ log sini
1 1 1 1 1
-0.6 -05 -04 -03 -02 -O0.1

Fig. 5. The corrected H1mass-to-luminosity ratio (in solar units) is
plotted against the sine of the inclination, both in logarithmic scale,
for all the measured galaxies. No bias with inclination is present

05} _

-15

(1/sinlbl)-1
L 1 1 1 1
1.0 20 3.0 4.0 5.0
Fig. 6. The corrected H 1 mass-to-luminosity ratio (in solar units),
in logarithmic scale, is plotted against the quantity (1/sin |b]) —1.
No bias with the galactic latitude b is present

Before computing mean values of each integral parameter
within different morphological types it is necessary to test any
possible statistical or observational bias.

IV. Discussion of Possible Biases

The present sample of galaxies can be subject to a variety of
selection effects. These may be produced essentially by (i) the
corrections for inclination and galactic extinction (ii) the in-
strumental resolution (iii) a bias reflecting the limitation in
magnitude of optical catalogs.

1V. 1. Inclination Effect

In order to test whether corrections for inclination effect are
suitable, the independent distance ratio My/L, was used.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1982A%26A...113...61B

FTOB2ACA - “T137 7. 61B

:L. Bottinelli et al.: Study of Spiral Galaxies from 21-cm Line Data

T / T . N T
log F,lo) / . o
151 / . <. .
/ . .O ¢ ‘. .. .
/ es e
/ ¢ e o : .00: .0 . °
/ ® @ e ¢ oo o ..
/ y R
1.0 |+ / . B
/ ° * .. 80 oo ®scoeee . L] L
/ oo o oon oo . /
/ . . :o. 3 : ::o.ounooo . . /
/ o seesse /
4 T 7
0.5 _/ .. . :"::...“:.. .e . L // .
. 8000 se0e o o0 /
(14 ® 8 000000 /
e et . .,
- I TR
e o sees o0 -’ /
ceee 7
0.0 s ‘. o
K . . // 2log a5
L hd 1
2.0 3.0 40
T T L T T T T T T T
rlog oy —-<log oy ¢ i
050 e ° ® e . e ]
L P A I e
-0.50 -_ . . o e LN ) . . :
: 1 1 1 : 1 ° |PAI-90, 1

0 10 20 30 40 50 60 70 80 90

Fig.7. a The corrected H1 flux (in 10° M, Mpc~2) is plotted against
the square of the apparent diameter (in 01 units), both in
logarithmic scale, in order to test a possible bias due to the beam
size. The relation appears to be linear with a slope equal to 1,
indicating that the sample is not strongly affected from this bias.
b The mean neutral hydrogen projected density oy (in logarithmic
scale) normalized to the mean value for each morphological type T’
is plotted against |[P4 —90°| where PA is the position angle (in
degrees) of the major axis. No effect due to the orientation of
galaxies is present

log (Mwu/Ly), where My and L, are corrected values, is plotted
versus log (sin7) in Fig. 5: no significant effect is present. Because
the evaluation of sin i depends slightly on the morphological type
(Bottinelli et al., 1980a) this test has been repeated for each
morphological type and again no effect is found.

1V. 2. Galactic Latitude Effect

A similar test has been performed versus the galactic latitude b by
plotting log (My/L,) as a function of cosec |b|—1 (Fig. 6). No
significant correlation has been found. This test is just a con-
firmation that the cosec b law is suitable.

1V. 3. Source-to-beam-size Ratio Effect

A lack of neutral hydrogen could be present for large galaxies
because of the relative small size of the beam of the radiotelescope.
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Fig. 8.a The line width 4V} (in km s 1), corrected for bandwidth
and inclination effects, is plotted against the systemic radial
velocity ¥V, (in km s %), both in logarithmic scale, in order to test a
possible Malmquist effect. There is a significant increase of 4V
with V,. The two cut-off shown in the figure have been used, in
order to obviate the bias (see text). b Same as a, for the restricted
sample

To obviate this effect galaxies with an E —W apparent diameter
larger than 3’ have been measured systematically at several
adjacent positions on the sky. For smaller galaxies a typical
correction factor for beam attenuation Cp can be estimated by
assuming a gaussian large-scale H1 distribution with an half-
intensity H1 diameter I'y, along the E—W direction; then, Cg
=[1+(I'y,/4)*1"*. The ratio of H1 diameter to optical Holmberg
diameter for spiral galaxies in our sample is ~0.6 (Bottinelli,
1971); thus, I'y,=0.6 agy, where agy, is the EW Holmberg
diameter. It results that Cy ranges from 1.01 to 1.09 for agy, ranging
from 1’ to 3'. Note that the uncertainty in the correction could be as
large as the correction itself for an individual galaxy; no such
correction was applied to the data given in Table 2. In order to test
a possible remaining effect, log Fy has been plotted versus 2logads
(Fig. 7a). If no effect is present a linear correlation with a slope
equal to 1 is expected. On the contrary, if such an effect is present
the correlation is expected to be non-linear or the slope different
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from 1. Figure 7a shows that the relation is quite linear. A Student-
test indicates that the slope is not significantly different from 1 (at
the 0.01 probability level). However, for a given a35 diameter, there
could be also an effect due to the orientation of the galaxy. This
effect was tested in Fig. 7b where the mean neutral hydrogen
projected density oy (as defined in Sect. II) is plotted versus the
angular separation of the major axis from the EW direction as
described, from the position angle P4, by |P4—90°|, for 330
galaxies having no uncertain position angle. Figure 7b shows that
ou does not increase from EW galaxies (|P4—90|~0) to NS
galaxies (/P4 —90| ~90) as expected if an effect was present. The
correlation coefficient of the linear regression obtained by the
least-squares method is 0.03 and the slope is not significantly
different from 0.

1V. 4. Malmquist Effect

Roberts (1978) has brought to light how a classical selection effect
(Malmgquist, 1920) occurs when studying log (4V}) versus log V.
At high velocities there is a bias towards large 4V, because only the
most luminous galaxies (i.e. with large 4¥}) are detected. The plot
of log (4V},) versus log ¥, for our sample is displayed in Fig. 8a.
Indeed it appears that a lack of faint galaxies (i.e. with small AV}) is
present at high velocities. In addition a lack of luminous galaxies
(i.e. with large AV,) appears at low velocities. The Iuminosity
function of galaxies is reflected in this effect that implies a poor
population of luminous galaxies when restricting to the vicinity of
our Galaxy. There appears thus necessary to achieve two cut-off at
both low and high velocities. Various limits have been tested and
the following limitations have been adopted which gives still a rich
sample but without bias:

2.90<log V,<3.35.

These two cut-off are shown in Fig. 8a. Log 4V} is plotted versus
log ¥V, for the restricted sample in Fig. 8b and there is no more
correlation.

There are 152 galaxies belonging to this restricted sample. Their
distribution according to morphological type and luminosity class
is shown as the hatched region of Figs. 1 and 2.

V. Mean Logarithmic Values of the Integral Parameters

The sample being restricted as stated above it is possible to
determine unbiased mean values of integral parameters for each
morphological type. These values shown in Table 3 are after a 2¢
rejection. A comparison with previous data obtained for early type
galaxies (Bottinelli et al., 1980a) and for late type (Shostak, 1978) is
given in Fig. 9 all the data being reduced to our distance scale. It
shows an overall general agreement and confirms a general
increase of My/L, and My/M;, and a general decrease of M;/L,

Fig. 9a-e. Mean logarithmic values of the parameters: a My/L, ;b
My/M;; e M;/L,; doy; e AV, as a function of morphological type
T. The parameters are expressed in the same units as in Table 2.
The dashed line shows the data obtained by Shostak. The point
corresponding to 7=1 is taken from Bottinelli et al. (1980a). The
point at 7=38 corresponds to types =7 (the mean being 7'=38).
Crosses show the result obtained for 7=7 alone and 7=8 and 9
together
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Table 3. Mean parameters for each morphological type

Type 3 4 S & 27
log L, 0.97 1. 08 0.87 0. 81 0. 58
G, (n) 0.36(32) 0.23(30) 0.24(43) 0.25(19) 0.23(16)
log A 1. 20 1.25 1.17 1.14 1.02
o, (n} 0.22(37) 0.11(28) 0.10(42) 0.17(21) 0. 14(23)
log aV, 2.65 2. 62 2.53 2.56 2.39
o, (n) 0.06(23) 0.10(25) 0.09(40) 0.10(21) 0. 19(21)
log M 0. 29 0. 50 0.23 0.22 0. 20
s, (% 0.34(33) 0.16(23) 0.23(40) 0.23(19) 0. 16(18)
log M, 1. 96 1.98 1.63 1.70 1.34
o, () 0.37(31) 0.30(27) 0.20(36) 0.26(20) O0.38(20)
log q 0.28 0. 41 0.37 0.38 0. 54
& (n} 0.23(30) 0.20(25) ©0.20(46) 0.18(19) 0.27(24)
log o 1.89 1.88 1.80 1.77 1.75
& (n) 0.17(29) 0.12(21) 0.16(39) 0.13(17) 0.28(18)
log M,/L, =-0.74 -0. 60 -0. 56 -0. 56 -0.33
S, (n) 0.35(32) 0.20(28) 0.23(42) 0.19(18) 0.22(18)
log M,/M; 0. 37 0.57 0. 61 0.57 0.79
o, (n) 0.28(30) 0.26(25) 0.18(38) 0.23(21) 0. 18(17)
log M, /L, 1.00 0.89 0. 86 0.95 0.78
5 () 0.17(28) 0.18(27) 0.20(3%9) 0.13(17) 0. 48(18)

For each parameter (defined in the same units as in Table 2), the
mean logarithmic value (first line) within a morphological type, the
r.m.s. dispersion and the number of data in parentheses (second
line) are given. The sample is restricted to the unbiased velocity
range: 2.90<log V,<3.35; 4V, and M, are not calculated for
inclinations smaller than 20°. All values are after 2¢ rejection

Table 4. Influence of companions on the mean ratio My/L,

Type all no with
sample companions companions
(1) ) ) 4)
3 -0.74 -0. 65 -0.79
0.35(32) 0.15(11) 0. 41(21)
4 -0. 60 -0. 56 -0. 68
0. 20(28) 0 15019 0.27(9)
S -0. 56 -0. 51 -0. 63
0. 23042) 0.17(25) 0.29(17)
& -0. 56 -0. 55 -0. &0
¢.19(18) 0. 19(14) 0.21(4)
27 -0. 33 -0. 30 -0.35
¢.22018) 0. 26(6&) 0.21(12)

For each morphological type (Column 1), the mean logarithmic
value of My/L, (first line), the r.m.s. dispersion and the number of
data in parentheses (second line) are given, from the following
samples:

(i) All galaxies are considered (Column 2)

(ii) Galaxies with companions are excluded (Column 3)

(iii) Only galaxies with companions are considered (Column 4)

and 4V, when going from early to late types. Our results show also
a systematic increase of the mean H1 projected density oy along
this sequence, which confirms also previous results (Gouguenheim,
1969; Balkowski, 1973). The internal dispersions of these pa-
rameters are comparable to those obtained by Shostak or slightly
smaller. They will be analyzed in next sections.
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Table 5. My/L, excess for galaxies and number of their
companions

Name Allog(M, /L)3 Nc
(0 (25 (3)
N 628 0.31 (%) +5
N 908 -1.10 0
N 925 0.09 (%) -1
N1042 -0.18 (%) +5
N1232 0.02 -1
N1337 0.25 (%) -2
N1784 0.31 +1
N2613 -0. 18 +2
N3003 0.35 0
N3027 0.31 (%) +2
N3044 -0.02 +3
N3079 -0.01 (#) 0
N3254 0. 11 -1
N3319 0.22 (%) 0
N3338 0.34 +4
N3423 -0.09 (%) +2
N3495 -0.13 (%) +2
N3511 0. 21 -1
N3521 -0. 07 +5
N3556 -0.05 (%) +2
N3642 0.01 +4
N3675 -0. 03 -1
N3726 0.03 (%) +3
N3756 -0. 26 +3
N3893 -0.02 (%) +2
N3938 -0.02 (%) +4
N4254 -0.17 -2
N4303 -0.13 (%) +2
N4321 -0.38 (%) +4
N4517 -0. 05 (%) +2
N4559 0.17 (%) 0 -
N5364 -0.17 0
N5746 -0. 41 +2
N5879 -0.05 (%) -1
N6015 ~ ~ 015 -2
N7331 0.02 (%) +4
N7741 0.05 (%) +3
Column 1: Identification of the galaxy (NGC)
Column 2: Difference between log (My/L,) and the mean value
(log (My/Ly))r corresponding to the morphological
type of the galaxy (Table 3)
Column 3: Number of companions according to Madore (1980).

This number of companions is the remainder after
substracting a statistically determined background
contribution

(*) My/L, value taken from Shostak (1978)

VI. Analysis of the Dispersion of the H1 Mass to Luminosity Ratio
VI. 1. Relationship with the Neighbourhood of the Galaxy

In order to study the influence of the neighbourhood of a galaxy on
its overall properties three different tests have been made using the
unbiased sample.

First, all the galaxies having a possible companion at a distance
closer than about 10" have been eliminated of the sample. For each
type the mean values of the My/L, ratio together with the
dispersion around this mean values are given in Table 4. It appears
that isolated galaxies tend to have, on the mean, a larger H1mass-
to-luminosity ratio and that the inclusion in the sample of non-
isolated galaxies leads to an increase of the dispersion.

Madore (1980) has shown that spiral galaxies with several close
low-luminosity companions (Holmberg, 1969) have a higher lu-
minosity class than spirals with few companions. There are 17 gal-
axies in common in our unbiased sample and in the sample of 156
galaxies studied by Holmberg; their H1 mass-to-luminosity ratio
My/Lgiscompared in Table 5 to the mean value { My/L,» expected
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Fig. 10a-c.Histogram of excess My/L, ratio defined as 4 [log
(My/Lo)]=log (Mu/Lo) —<log (My/Lo))r for galaxies having
more than 1 companion according to Madore a, for galaxies
having 1or less companion according to Madore b (the hatched
regions correspond to the present Hi1 data) and for isolated
galaxies given by Huchra and Thuan (hatched region) and by
Karachentseva and Karachentsev ¢
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Fig. 11. The line width AV, (in km s~ 1), corrected for bandwidth
and inclination effects, is plotted against the luminosity (in 10°
L), both in logarithmic scales, for the unbiased sample of
measured galaxies (2.90<log V,<3.35)

for their types. For the 10 galaxies having 1 or less close com-
panion, 4 [log (My/Ly)] defined as log (My/Lo) —log (Myu/Lo))> T
is equal on the mean to 0.03+0.09 m.e. For the 7 galaxies having 2
or more companions {4 [log (My/L,)])= —0.08 +£0.09 m.e. (Fig.
10a, b).

This suggests that isolated galaxies have a larger My/L, value,
but this result is not significantly established. In order to increase
the sample we have added all the galaxies studied by Holmberg

Table 6. My/L, excess for isolated galaxies

Name A[log(NH/LO)J Ref.

N2712 0.17 HT

N3254 0. 08 HT

N3319 0. 28 %) HT

N3930 0. 34 HT

N5301 0. 30 HT

N5448 -0. 01 (%) HT

N5584 -0. 16 Ka

N5690 0.04 K2

N5832 0. 54 (%) Ka

N5964 0. 31 wa

N&O12 0. 41 (s) HT

N6O15 0.21 HT

N6118 -0.24 K2

Column 1: Identification of the galaxy

Column 2: Mpy/L, excess defined as in Table 5, Column 2
Column 3: Reference for isolated galaxies: HT (Huchra and

Thuan, 1977) K2 (Karachentseva and Karachentsev,
1979)

(*) My/L, value taken from Shostak (1978)

(**) My/L, value taken from Bottinelli et al. (1980a)

belonging to the unbiased range and for which Shostak (1978)
gives a value of My/L,. This leads to a sample of 37 galaxies. After
a 2o-rejection excluding NGC 628, NGC 908, NGC 3027, and
NGC 3368, it comes that for the 15 galaxies having 1 or less
companion {4 [log (My/L,)]>=0.104+0.05 m.e. and for the 18
galaxies having 2 companions or more, {4 [log (My/Lo)]> = —0.10
+0.03 m.e. (Fig. 10a and b). This confirms the same trend : isolated
galaxies have on the mean a higher H1 mass-to-luminosity ratio
than galaxies with close companions. This result is consistent with
the higher luminosity of galaxies with close companions found by
Madore.

A third analysis has been performed using the lists of isolated
galaxies by Huchra and Thuan (1977). For the 5 isolated galaxies
belonging to our unbiased sample (Table 6) {4 [log (My/Ly)]>
=0.2240.05 m.e. (Fig. 10c). The result remains the same when
adding two Sa galaxies (Bottinelli et al., 1980a) and one galaxy
belonging to Shostak’s sample. There are also 5 galaxies of our
unbiased sample which are classified as isolated by Karachentseva
and Karachentsev (1979). When considering together the 13 above
isolated galaxies the excess becomes: {4 [log (My/Ly)]>=0.16
+0.07 m.e. (Fig. 10c).

Though not very significantly established, the number of points
being small, this result indicates the same trend: isolated galaxies
appear to have a larger H1 mass-to-luminosity ratio. This trend
does not necessarily imply that non-isolated galaxies are actually
H 1 deficient. These galaxies could be systematically more luminous
as those studied by Madore (1980), the presence of companions
being responsible of star formation enhancement.

VI. 2. Does My/Lo, Depend on the Luminosity ?

It is very difficult to test the variation of log My/L, against log L.
The first reason is that My/L, depends on the morphological type
which is correlated to the luminosity: a possible luminosity effect
has thus to be disentangled from the type effect. A second and more
important problem is the following one. When applying the
method of least squares, one assumes that the observable quan-
tities are the sum of an exact variable and a random one, generally
assumed to be gaussian, and that the scatters of these observed
variables are uncorrelated (this problem is treated by Deeming,
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Fig. 12. The My/L, excess (My/Ly)/{My/Ly>1is plotted versus the
luminosity indicator 4V, (in km s™!) in logarithmic scales. No
significant correlation is present

1968). Obviously, this condition is not fulfilled when plotting
log My/L, versus log L, because of the scatter in the luminosity.

Thus, to get round both these difficulties, it has been chosen
here to plot log (My/L,) versus log (4V}), assuming 4V} to be an
indicator of the luminosity, through the Tully-Fisher relation
(1977). The scattered gaussian variables attached to My/L, and
AV, are uncorrelated. Moreover in order to disentangle the type
effect from the luminosity effect, log (My/L,) has been plotted
against log (4V}) for each class of morphological type.

In order to verify first that AV is correlated to the luminosity,
log (4V,) has been plotted against log L, for each class of
morphological type and for the restricted range of velocity defined
avove. The correlation is significant at the 0.01 probability level for
types 3—6. The correlation is not significant for the last class of
types (T=7), but the general trend can be recognized. The
population is small (n=18) and the lack of correlation could be due
to one aberrant point. The log (4V;) —log L, relation is shown in
Fig. 11 for all the galaxies of our restricted sample (all types being
mixed); it remains the same if the whole velocity range is
considered. This correlation is extensively discussed in another
paper (Bottinelli et al., 1980c).

As a second step, we have looked for a possible correlation
between log (My/L,) and log (4V,) for each type 7T, for our
unbiased sample. The result is negative: none of the correlation is
significant, even at the 0.05 probability level of error. No more
significant correlation appears when mixing all the types together
as shown in Fig. 12, where log [(My/L,)/{Mu/Lo>r] is plotted
versus log (4 V). This result confirms that found by Shostak (1978)
and Bottinelli et al. (1980a): the hydrogen content does not vary
systematically with luminosity within a morphological type.
However a contradictory result is expected as noted by Strom
(1980) in the model of galactic shock-driven star formation in
spiral arms, when considering the disc luminosity instead of the
total luminosity; as within a type, the disc luminosity is expected to
be a constant fraction of the total luminosity, our HI results to
not give support to this model. However it can be noted that
4 [log (My/Ly)] seems to be smaller for log (4V5,) larger than 2.8
(Fig. 12). If real this effect can be compared to the one obtained by

Sullivan et al. (1981) who suggested that within a given Hubble
type, My/L, falls once L, crosses a threshold level.

VII. Conclusion

The present study of the H1integral properties of a large number of
spiral galaxies has brought to light the following points:

1. Our unbiased sample of galaxies with type going from Sa to
late-spiral shows a continuous, well-defined variation of Hi
parameters.

2. The internal dispersions of distance dependent parameters,
within a given type, are reduced when accurate distances de-
termined by de Vaucouleurs are used, instead of assuming a
constant Hubble flow.

3. Part of this scatter is intrinsic and related to the relation of
the galaxies with their neighbourhood : the scatter is reduced when
eliminating galaxies with nearby companions.

4. Isolated galaxies seem to have a larger H1 mass-to-
luminosity ratio.

5. The decrease of My/L, with increasing luminosity previously
found and expected from theoretical reasons, is not confirmed
when using unbiased samples and the corrected line-widths as an
indicator of the luminosity, through the Tully-Fisher relatian. .
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Appendix. Transformation of Zwicky Magnitudes into B,
Magnitudes

The original magnitudes my,, given in the CGCG (Zwicky et al.,
1961-1968) are first corrected for two perturbing effects (surface
brightness effect and ““volume-number” effect) to transform them
into magnitudes my in the Holmberg (1958) photographic system,
according to the relation given by Paturel (1979, Eq. (13)):

my=0.89 mz, —0.28 log (100 aysb,s5)+C;, )

where a,5 and b,s are observed major and minor axes in arc min,
and C; a constant depending on the volume number (I-VI) of the
CGCG.

Then the Holmberg magnitudes are reduced to the By system
using the relation given in the RC2:

BszH+O.19_‘0,13 c, (2)
where c is the colour index.

Taking into account relations (1) and (2), the reduced magni-
tudes BZ¥ are obtained from the relation:

B%¥=0.89 my, —0.56 log (10 a;5)+0.28 log Rys+C;
+0.19—-0.13 ¢, 3)

where R25 =025/b25 .

The colour index ¢ has been evaluated from the morphological
type T using the following ¢ — T relationship established from the
original Holmberg catalogue (1958):
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BZ%¥ magnitudes determined from Zwicky’s magnitudes reduced to
the By system
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In the previous paper (Bottinelli et al., 1980a) the same
procedure was used, but the sample was too small to allow a
significant comparison (moreover, only few galaxies were treated
by this procedure). Figure 1A shows the relation between BZ* and
By for all galaxies in our sample for which both quantities are
available. The linear regression described as BF'=sBr+cst.
corresponds to s=1.05+0.04 (¢=0.90 and n=161), 4 points being
excluded from a 3o-rejection. The slope s is not significantly
different from one, which means that there is no deviation from
linearity in the scale of our reduced system. When adopting a slope
1, the difference ((B%* —Br)) is equal to —0.021+0.030, which
means that there is no zero point difference. However it should be
noted that the reduction formula (3) is established only up to myz,,
=14.5.
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