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Abstract. A sample of 32 galaxies with accurate distancequal to its virial mass. However, the Tully-Fisher disesc
«—{ moduli from the Cepheid L-relation (Lanoi9) has beenused caused significant scatter. Now we possess a highyquali
= used to study the dynamical behaviour of the Local (Virge) seample of galaxies with accurate distances from Cepheids.
N percluster. We used analytical Tolman-Bondi (TB) solusion Tolman (193§) found the general solution to the Einstein’s
00 for a spherically symmetric density excess embedded in theld equations for a spherically symmetric pressure-frest d
(Y) Einstein-deSitter universeq = 0.5). Using 12 galaxies within universe in terms of the comoving coordinates. The metnic ca

O O = 30° from the centre we found a mass estimate dfe expressed as:

1 1.62M,;;4 for the Virgo cluster. This agrees with the find- R'(r,7)?

O) ing of Teerikorpi et al.[(1992) that TB-estimate may be large ~ ds(r,7)* = dr” — 17’6”2 — R(r,7)%dQ%, (1)
O than virial mass estimate from Tully & Shaya (1p84). Our con- + /)

clusions do not critically depend on our primary choice ofhered? = df°+sin? 6d¢* andf (r) is some unknown func-
O the globalHy = 57 km s~1 Mpc~! established from SNe lation of the comoving radius. R corresponds to the usual con-
I (Lanoix [1999). The remaining galaxies outside Virgo regio?ept of distance. Integration of the equation of motiondgel
< do not disagree with this value. Finally, we also found a TB- 5  F(r)
<+ solution with theH, andgy cited yielding exactly one virial R = R + /(). (2)

@ Mass for the Virgo cluster. RreferstodR/dr andR’ to dR/dr. F(r) is another arbitrary

Ny . ._function ofr.

= Key words: Cosmology: theory — d!stance scale — Glala.xm:'s. Bondi [L94}) interpreted Ef]. 2 as the total energy equation:
distances and redshifts — Galaxies: general — Galaxies: kn} . tional to the total enerav of the hvoersurface of

~— matics and dynamics — Local Group (T.) 'S proporfiona : gy yp :

o™ radiusr and F'(r) is proportional to the mass inside In this

interpretation it is clear that one must requifér) > 0. Eq.l]i

integrates into three distinctive solutions. Two of thera ex-

1. Introduction pressed in terms of a parametethe development angle of the

mass shell in consideration:

When studying the dynamical properties of a structure liee t

Local (Virgo) supercluster (LSC) one obviously cannot umee t R = E(coshn -1)

standard solutions to the Friedman-Robertson-Walker (FRW 2f

world model which are valid in a homogeneous environment_ /() — i(sinhn —-n), (3)
only. General Relativity does, however, provide meansHis t 2f3/2

kind of a problem, namely the so-called Tolman-Bondi (TBfpr positive energy functiorf (r) > 0
model. While no longer requiring strict homogeneity, spher

cal symmetry is a necessary requisite. In the present paper w R = _izf(l — cosn)

address the question how well the velocity field in the LSE fol I

lows the TB-prediction, i.e. how well it meets the requiretne r — 7,(r) = 73/2(77 — sinn), (4)
of spherical symmetry. 2(—f3/2)

Previous studies (Tully & Shay84; Teerikorpi et afor negative energy functiofi(r) < 0. The third solution is for
- hereafter Paper 1) provided evidence for the expectgd) = 0:
velocity field if the mass of the Virgo cluster itself is rodgh

_(9F\'? 2/3
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It is important to note that the solution h#ésree undefined with respect to the centre of the structure in consideratias

functions: f(r), F'(r) andry(r). One of these can be fixed bygiven by E96 (his Eq. 11):

defining some arbitrary transformation of the comoving eoor obe

dinater. In our application we set;(r) = 0 and interpret- as v(d) = VAdViirgo¢(10) (10)

time elapsed since the Big Bang, i.e. we equalith the age C(qo)

of the Universely,. with

To find a TB-prediction for the observed velocity, we use

the formulation of Paper |, based on the solutions given by Ol = (V\(f’ﬁéo + VLiIé)/V\(z)iero- (11)

son & Silk {197p). In this approach the development angle

needed for the velocity is solved with the help of a function: ¢(10) is the angular part of Egs. 15 and 16 given by ET94,
whereny is the development angle corresponding to the given

AR, Ty) = VGM(R)Ty ©) value of A. Hence for eacij'%, one may fixk’ by requiring:
| e o(1) = Vil (12

whereR is the distance of spherical mass shell from the ori-

gin of the TB-metric,M (R) is the mass contained within theOne clear advantage of this formulation is — being perhaps ot
shell andG is the gravitational constant is solved either erwise idealistic —that the value bf depends only on the two
from Eq. 7 or Eq. 8 of Paper | depending on valder, Tp). Velocities given above for a fixed FRW world modél qo).
Ekholm (I99; hereafter E96) calculated in his Appendix Bhusa will alter only the distribution of dynamical matter (the
the exact value ofl dividing the family of solutions into open, larger then the more concentrated the structure).

hyperbolic solutions {(r) > 0) and closed, elliptic solutions ~ Finally, we need the predicted counterpart of the observed
(f(r) < 0): A =+/2/3~0.47. velocity of a galaxy. In the present application it is sol¥euin:

Vired(dgat) = VRS  cos © +v(d)y/1 —sin?©/d?, (13
2. Details of the model used pred (dygat) = Wirg (@ / (13)

. ; . heredy. = Rga1/Rvirgo 1S the relative distance of a galaxy
In Paper |, Ekholm & Teerikorpi[ (1994; hereafter ET94) an gal = ‘Ugal/ “TVirgo : :
E96 one chose as a starting point a “known” mA&&R) for \fgr,om the LG,0 is the corresponding angular distance dnithe

eachR inferred from some density distribution given as a sur(%|1IStance to the galaxy measured from the centre of the struc-

of an excess density and the uniform cosmological backgiouﬁure’ Is evaluated from:

We assume: d= \/1 + d?{al — 2dga1 cOS O. (14)
2
p(R) = 3;10;0 (1+kR™7). (7)  The (-)-sign is valid for points closer than the tangential point
dga1 < cos © and @) -sign fordga; > cos ©.
Hy is the Hubble constanty is the deceleration parameter.
k and o define the details of the density model and will be
explained shortly. 3. The sample

E96 further developed this formalism by defining a “locakq. [14 reveals one significant difficulty in an analysis osthi
Hubble constantH; = Veosm(d =1), whered is calculated kind. In order to find the relative distancés, one needs good
from Eq.[1}. By settingl = 1 we can fix the mass excessstimates for the distances to the galaxigs. Such are dif-

k' independently of the density gradientIn this manner the ficult to obtain. Distances inferred from photometric dai v
quantityA can be expressed in termsdéindgo (Eq. 7in E96):  say, the Tully-Fisher relation are hampered by large scaite
as a result, by the Malmquist bias which is difficult to cotrec
A(d, q0) = C(q0)V'qo(1 + K'd=). (8) for. Distances inferred from velocities using the Hubbte &ae
The factorC(go) depends on.the cosmological FRW \.Norl(?bv'll'ohueszI(Ill#fRugglgtzglgilite has provided a sample of galac-
model chosen (cf. Egs. 8-10 in IT:%)' The mass contained y c.epheids from which Lanoix et a[. (1999a) obtained a new
a shell of radiuslis (Eq. 4 in E96): calibration of theP L-relation in both V and | band. Lanoix

H2 ([L999) extracted a sample of 32 galaxies from the Extragialac
M(d) = ?Oqu%irgocﬁ(l +Kd™). (9) Cepheid Database (Lanoix et pl. 1999b) and, by taking into ac

count the incompleteness bias in the extragaldefierelation
k' (k normalized to the Virgo distance) provides the mass eft-anoix et al.c), he inferred the distance moduli festh
cess within a sphere of radids= 1 and can be fixed from our galaxies with 23 based on HST measurements and the rest on
knowledge of the observed velocity of the centre of the magsundbased measurements. It is also important to notéhhat
structure and of the infall velocity of the Local Group (L& asample is very homogeneous and the method for calculating th
follows. Let V%, be the observed velocity of Virgo agy,  distance modulus is quite accurate. The photometric disgan
the infall velocity of the LG. The predicted velocity ofa gal/ found in this way are far more accurate and of better quality
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than those derived using Tully-Fisher relation, a fact cemp Name S) Vobs  da1 Vored,1  d207 Vpred, 2
sating the smallness of our sample. IC 4182 264 337.0 0.24 3450 0.24 335.0
We intend to use these galaxies together with the TBNGC3351 ~ 26.2  640.0 046 666.0 0.47  545.0
model described in the previous two sections to study thesgro NGC 3368 255 7610 052 7530 053 7280
features of the dynamical structure of the LSC. Because W%GC 3627 17.3 5960 042 6980 043  680.0
need only the observed velocitidg,,s and the Cepheid dis- GC 4321 40 14750 071 16110 0.72 15930
. . tor . NGC 4414 189 6920 0.80 1098.0 0.81 1040.0
tance modulj, we can :_;1v0|d the usual _ci|ﬁ|pult|es and cgve_atsNGC 4496A 84 15740 072 14820 073  1453.0
of other photometrlc distance determinations. The vakgit NGC 4535 4.3 1821.0 0.72 1642.0 0.73 1623.0
were extracted from the Lyon-Meudon Extragalactic Databasngc 4536 102 1641.0 065 1261.0 0.66 12350
LEDA. By observed velocity we refer to the mean heliocentricNGC 4548 24 3790 073 17100 0.74 1695.0
velocity corrected to the LG centroid according to Yahil et a NGC 4639 3.0 88380 114 -409.0 115 -351.0
)_ NGC 4725 13.9 1160.0 0.58 1025.0 0.59 1001.0
We need, however, some additional informaticm;}“rzo,
Vi%, and Ryi.e.. For the observed velocity of the centre of théable 1. Parameters for the 12 galaxies witttin< 30° from
LSC the value preferred by Paper IW$B§0 —980.0kms~!. the adopted centre of the LSC. Column 1: Name, Column 2:
For the infall velocity of the LG into the centre we choosé&ngular distanced, Column 3: Observed velocity,,s, Col-
Vin = 220 kms~! (Tammann & Sanda85). It is worthdmn 4: Relative distance witRvirzo = 21 Mpc, Column 5:
noting that though this value has fluctuated, this relagieédl Predicted velocity from Model 1, Column 6: Relative distanc
value is still quite compatible with recent re-evaluatigos With Rvirgo = 20.7 Mpc, and Column 7: Predicted velocity
Federspiel et a[. 19P8). Furthermore, the fluctuations nave from Model 2.
been very significant. We also need an estimate for the aistan
of the centre of the LSCRy;.z,. One possibility is to estab-
lish the Hubble constani, from some independent method.

Lanoix (199p) found using SNe lafs: observed velocities are labelled with circles and the ptedi
values with crosses. The straight line is what one expeats fr
Hy=57+3kms ' Mpc . (15) Hubble law with our choice off, and the curve is the theoret-

ical TB-solution for® = 7° (most of the galaxies have small

This global value of H, is in good agreement with our more;ngjar distance) The relative distances and predicted veloc-
local results using both the direct and inverse Tully-Fiske o5 are also tabulated in Table 1 at columns 4 and 5 for this

lations (Theureau et dl. 1997; Ekholm etfal. J999).and the p1oqel 1. The galaxies follow the overall TB-pattern, with- ve

given velocities yieldRvirg, = 21.0 Mpc, which is in good |ocities steeply increasing when the Virgo center is apghed.

agreement withitvirg, = 20.7 Mpc found by Federspiel et al. gy centions are NGC 4639 lying at 1.14 and NGC 4548 at 0.73.
[1998). Note also that Federspiel et 4l. (1998) found theesam

value for Hy from relative cluster distances to Virgo. Finally,
one should recognize that our distance estimate is valig OWm
if Virgo is at rest with respect to the FRW-frame. If not, th
cosmological velocity of Virgo is something more complaxht
than simply the sum of;/¢, andV;obs

NGC 4639 has a positive velocity when — according to the
del — it should be falling into Virgo from the backside. Can
Sve explain this strange behaviour? We note it is at a small an-
gular distance from Virgod = 3.0°). Perhaps NGC 4639 has

Virgo: fallen through the centre and still has some of its frontgide
fall velocity left. There are, however, no reports of sigrafit
4. Results in the direction of Virgo @ < 30°) hydrogen deficiency which one would expect if the galaxy ac-

. . ] ) . tually had travelled through the centre. Maybe this galaxg i
We restnct ourselves to the Einstein-deSitter universabpy ‘genuine member of the Virgo cluster thus having a ratheelarg
signinggo = 0.5. As regards Ecf]8 we now possess the digispersion in velocity. In fact, Federspiel et 4l (1998)linle
tanced for each galaxy as well as the valke = 0.606 from i o their “fiducial sample” of Virgo cluster galaxies belging

Eq.[12. We also have from Eq._. We need to estimate thgg the subgroup “big A” around M87. As a matter of fact our
best value for. We devised a simple statistical test by findingnosen centrel (= 284°, b = 74.5°) lies close to the massive

which value or values af minimize the averagd/obs — Virea|  pair M86/87.
of sample galaxies in the Virgo direction. We found minimum NGC 4548 is also close to Virgo and has a small angular
values around: = 2.7—3.0. We adoptx = 2.85. The resulting

i . ; . i ; distance © = 2.4°). Now, however the situation is reversed.
systemic velocnﬂvs. distance diagram is shown in Fﬂg 1.Th

&his galaxy should be falling into Virgo with a high positive
1 H, derived is not completely independent because both the SX@IOCity but has a small velocity. Paper | classifies thisggl
and the extragalactiP L-relation are calibrated with same Cepheidsbelonging to a region interpreted as a component expanding
2 gystemic velocity is a combination of the cosmological ei#lo from Virgo (cf. Fig. 8 (Region B) and Table 1c in Paper I).
and the velocity induced by Virgo. This is in our case the ol
velocity defined in Sect. 4. It could contain also other congras, ° This curve is simply to guide the eye. The actual comparison i
but we assume that the Virgo infall dominates. made between each observed and predicted point.
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8 : : : : : : : : : : : : : : : : Name @ Vobs Rl\/Ipc

B [ R, =21.0 Mpc, V=980 km/s, V,,=220 km/s 1 IC 1613 1632 -62.0  0.69

[ <30 deg, qg=0.5, a2.85 ] LMC 107.4 820  0.05
=2 NGC 1365 132.7 1563.0 18.20
29 r NGC 2090 106.0 754.0 11.48
'g L NGC 224 126.3 -13.0 0.87
@ ol NGC 2541 63.8 645.0 11.59
o S - NGC 300 154.1 125.0 2.17
c —r NGC 3031 61.8 124.0 3.37
o NGC3109 527 1300 1.02
A r NGC 3621 48.4 436.0 6.61
© L i NGC 3198 43.3 704.0 13.68
F X . NGC 4603 534 2300.0 32.51

3 [ ] NGC 5253 47.0 155.0 3.16

o L NGC 5457 45.7 361.0 6.92

1 0 0.5 1 1.5 2 NGC598 1344 680  0.79

R /R, NGC6822 1107 80  0.45
ga¥ “Vir NGC 7331 1259 11150 14.39

Fig. 1. The systemic velocity vs. distance for galaxies listed in NGC925 1264 7820 887

Table 1 for the Model 1. Circles refer to the observed velesit SEXA 388 118.0  1.45

and crosses to the TB-predictions. The straight line is thie-H SEXB 37.9 1390 139

ble law for Hy = 57 kms~! Mpc~! and the curve is the the- _ . .
oretical TB-pattern fo® = 7°. Note that the most discrepant'@Ple 2. Parameters for the 20 galaxies with > 30° from

galaxies (NGC 4639 and NGC 4548) are actually closest to ##@ adopted centre of the LSC. Column 1: Name, Column 2:
Virgo centre in the sky. Angular distanced, Column 3: Observed velocity,s, and

Column 4: Distance in Mpc.

Finally, because both galaxies are close to Virgo at small
angular distances even a slight error in distance detetinina ) )
could result in a considerable error in velocities. Hencthbohe present paper we hafiged H, from more global consid-
galaxies might follow the TB-curve but error in distance haations as well as;¢, corresponding tQRyirgo = 21 Mpc.
distorted the figure. As discussed by ET94 once the velocity of the LG is fixed the

We also tested the exact values given by FederspielPégdicted velocities no longer depend on the valueef It
al. (T99B) witha = 2.85. Now Vieks = 920kms~! and 1S still interesting to see whether the sample galaxiesllpca

) ) ) irgo . _ _ .. . .

Rvirgs = 20.7 Mpc yield with the same infall velocityl, = 2adree WithHy = 57 kms~"' Mpc~". This is done in Fig[]2.
55 kms~! Mpc—!. We foundk’ = 0.641. The behaviour of where we have plotted the observed systemic velocities(ope
the systemic velocity as a function of distance is quite sinffi'cles) outside the Virgo regio®(> 30°) as a function of the
lar to Fig.[]. This solution is named as Model 2 and given fPSolute distance in Mpc. The data are given in Table 2. The
columns 6 and 7 in Table 1. Due to the paucity of the sampledilaxies follow quite well the quiescent flow. In particylire
is not possible to decide between these models. closest-by galaxiesiza < 4 Mpc) follow the linear predic-

Though we have only a few points, it is quite remarkabfiPn With surprising accuracy. Note also that galaxiegtsin -
how well the dynamical behaviour of galaxies in the directiol@Ple 1 (galaxies ?artakmlg in the Virgo infall) would predli
of Virgo is demonstrated by a simple model. That the galaklo = 769 kms™" Mpc™". This too high a value clearly un-
ies follow so well a spherically symmetric model despite thg)erl!nes the_ need for correct and adequate kinematical mode
observed clumpiness of the Virgo region is promising. fjg.'d Virgo region. _ _
clearly lends credence to a presumption that the grawifatin However, two of the galaxies are clearly discrepant (NGC
matter is distributed more symmetrically than the luminods365 and NGC 4603) and two (NGC 925 and NGC 7331) dis-

matter. We have given an affirmative answer to the questigfireée. First of all, NGC 4603 is a distant galaxy and the dis-
asked in the introduction. tance determination may be biased by the Cepheid incomplete

ness effect (Lanoix et a]. 1999c¢). It also does not have a good
P L-relation in V, which means that one should assign a very
5. Results outside Virgo © > 30°) low weight for it. On the other hand, its velocity differs fro
the quiescent Hubble flow only 75 km s~* which actually
is not very much considering the distance. It belongs to the
In Paper | the value of the Hubble constant was taken to Wego Southern extension and its velocity could be influehce
Hy = 70 kms~! Mpc~1, consistent with the Tully-Fisher cal-by the Hydra-Centaurus complex. NGC 1365 is a member of
ibration adopted at the time and with the used Virgo distancBornax, NGC 925 belongs to the NGC 1023 group and NGC
(16.5 and 18.4 Mpc giving different infall velocities of LAQh 7331 belongs to a small group near the Local Void. Under these

5.1. On the chosen Hubble constant
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Fig. 2. The observed systemic velocity (open circles) vs. abdoig. 3. The mean heliocentric velocities (filled circles) and ve-
lute distance for galaxies outside the Virgo region. Thaight locities corrected to the centroid of the LG (according thi¥a
lines are the predictions fdf, = 57 kms~! Mpc—! from SNe et al.[197]: crosses; according to Richter e{ al. [1987:esjcl
la and forH, = 75 kms~! Mpc~1. Corrected velocities are for the nearest-by galaxies.

also plotted as crosses. Note that NGC 4603 has a verylhad

relation in VV and hence one should assign a low weight to it.
striking effect. In Figﬂ% one can see how the galaxies after t

correction obey the Hubble laall the way down taR,. =

conditions it is not surprising that these galaxies showadev, The correction according to Yahil et a. (1977) are shown
tions from the Hubble law, except that they all show a tenslengs rosses and according to Richter et87) as ciltles.

to have larger velocity than predicted by the Hubble law.  geems that it is a matter of taste which correction one psefer
As can be seen from F@ 2, these galaxies suggest a much

shorter distance to Virgo (for thedy = 75 km ~! Mpc—!

corresponding tQRvirge = 16 Mpc would be more suitable 6. The virial mass of Virgo
choice for the Hubble constant). This means that without fur .
ther analysis the data outside e cone do not allow us to ©-1- Prediction from Model 1

exclude a shorter distance to Virgo. We examine the effeat ofy|ly and Shaya[(19$4) estimated the virial mass of the Virgo
short distance to Virgo on the galaxies within & cone in  c|yster. Following the notation of Paper | the mass withis

an appendix to this paper. _ ~0.105, which corresponds t® = 6° at the distance of Virgo,
Finally, we have used so far systemic velocities, i.e. vielogg:

ties not corrected for the virgocentric motions. We testad h
simple correction would affect Fi] 2. The corrected veliesi My = 7.5 x 10'4 Mg Ryirgo/16.8 Mpc
shown as crosses in Fig. 2 were calculated as — 9.38 x 101 M, (17)

Veorr = Vobs+[v(d)u—v(d)]\/1 — sin® ©/d2+V}§ cos ©,(16) where the latter equality is based on the adopted distance
Ryirgo = 21 Mpc. With the cosmological parameter{ =

wherev(d) is solved from qujo using parameters for oW; 1, 51 Mpec~! andgo = 0.5) and with our Model 1 we find
Model 1 and the Hubble velocity at the distanteneasured sing (Eq. 14 of Paper I)

from the centre of LSC is(d)ig = Veosm(1) X d. This correc-
tion does not resolve the problem.

Ry 2 _
M(d) = 14.76 K2 | s 3 (1+Kd), (18
(@) = 1076 x ol | 10 (14 K0 ), 1)

5.2. The nearest-by galaxieR{.; < 4 Mpc) o
wherehy = Hy/100 kms~—! Mpc~?, the mass withini =

We noticed in the previous subsection that nearest-by gax) 105 in terms of M,

appear to follow the Hubble law quite well. In this subsegtio

we take a closer look at these galaxies. To begin with we note Myprea = 1.62 X Myigial. (19)

that the mean heliocentric velocitigs, (shown as filled circles

in Fig.|}) have a rather large scatter butthe meanhey agree The mass deduced agrees with the estimates 1.5-2.0 found by

with our primary choice offj. It interesting that these veryPaper I, where it was suspected that the virial mass estmati

local galaxies agree with our global valueld§. Furthermore, may come from a more concentrated area, which could explain

whenVy’s are corrected to the centroid of LG one observestlae higher value obtained from the TB-solution.

irial-



6 Ekholm, T. et al.: Investigations of the Local Superclus&ocity Field

ter. In the present work we avoided the latter problem up to a

L L S L A L R . Lo .
=21.0 Mpc, Vi, =980 km/s, V(=220 km/s 1 degree by using photometric distances from the extragelact

3000

R\/Ir
0<30 deg, q4=0.5, a=2.634 P L-relation. Such distances are far more accurate than Tully-
1 Fisher distances.
It was quite satisfying to find out that the spherically sym-
metric TB-model predicts the observed velocity field wels A
a matter of fact, in a recent study Hanski et fl. (1999) imple-
mented the TB-model to the mass determination of the Perseus
Pisces supercluster. Though the irregular behaviour déithe
nous matter distribution is even more pronounced in Perseus
Pisces than in LSC the mass estimates were reasonable. These
findings tend to indicate that the gravitating mass is mone-sy
‘ L L L metrically distributed than the luminous matter indicates
0.5 1 15 2 We found a solution (Model 1) predicting a Virgo clus-
ter mass withinda; = 0.105 of Myirgo = 1.62 X Miiyial
Rea/ Ruir with M1 given by Tully & Shaya [(1984). This result is in

Fig.4. The systemic velocity vs. distance for galaxies listeg@reement with Pa_pgr . wher.e the_ difference was suspected
in Table 1 witha — 2.634 (Model 3) predicting exactly to mean that the virial mass is estimated from a more con-

one Virgo virial mass within a radiud = 0.105 from the centrated volume. Another plausible explanation is thag&/i
Virgo. Circles refer to the observed velocities and cros*.eesiS fIa‘Ft.ened. When pre_ﬂsumin_g spher_ical Ssymmetry under such
the TB-predictions. The straight line is the Hubble law fo?ondmon. MOre mass IS required to induce the same effect on
Hy = 57 kms~! Mpc—! and the curve is the theoretical TB-N€ Velocities. _ _ o
pattern for® = 7°. We were also able to find a solution predicting exactly one
virial mass. Though this model does not agree with observa-
tions as well as Model 1 the fit is — considering the large uncer
6.2. An alternative solution (Model 3) tainties involved — acceptable.
) ) We find these results significant in three ways. The in-
We know all the parameters excepmneeded in Eq[ 18. This yrinsic behaviour of the sample outside Virgo does not dis-
led us make a test py Ioolk.mgfor suc.h@rwhmh w_ould bring agree with the global value of the Hubble constdhf —
aboutexaqtly one Virgo virial mass within the radilis- 0._105 57 kms~! Mpc—!. The TB-solutions agree WithRyirgo =
from the Virgo center. We found = 2.634. The systemic ve- 21 Mpc, a value in excellent concordance Wiz, =

Iocity vs. distance diagram for this model 3 is given in Fﬂg._ 407 Mpe given by Federspiel et aI98). It is interesting
Again, NGC 4548 and NGC 4639 show anomalous behavioyfqq, 14 he able to predict exactly one Virgo virial mass in the

Qommen_ts made e_arlier are ve}lid. There are t_hree Othergalé?hstein-deSitter universe, because in Paper | the mad&pre
ies showmg a relatlve_ly large dlsagreementwnh the givBn Ttions were larger than one and becafige= 1 is strongly sup-
solution. NGC 4535 is close to Virgo at a small angular digs, e by theoretical considerations (both Inflation aner@r
tance. Hence the arguments used for NGC 4639 are acCeRliication require this value). Discussion on the cosmizialy
able also here. Note that in Paper | this galaxy was classifigghsianta is postponed to a later phase of our research pro-
as belonging to the region A, where galaxies are falling dé'ramme.

rgctly into Virgo. Furthermore, Federspiel et 4. (1008)ssi- ._Having said all this one should be cautious. Results pre-
f_|es t.hls. galafy asa memb_er of the subgroup B (tr_\ese _gala_vggﬁted in this paper are based on frontside galaxies only. As
lie W'th'n.2'4 of M49). This clearly suggests a dlsto_rt|0n ""can be seen from Fig. 4. in Paper |, predicted systemic veloci
Jlth_err\]{eIOC't}llaNG(f 44%4 Imay blelo.r:g tl(t) .thel Req'(t)r? B ';;apﬁés are more sensitive to the model parameters in the tabecksi

- | TS could expain 1S low velocily. [t 1S aiso rather ¢ than in the front. In the next paper of this series we intend to

the tangential point so that projection effects can be AT i a few background galaxies with as reliable distance rfiodu
For NGC 4536 it is difficult to find any reasonable explanatio possible from other photometric distance estimatosain
With these notes taken into account we conclude that modet lar the Tully-Fisher relation with proper care takentio

cannot be excluded. selection effects.
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Appendix A: IS Ryirgo = 16 Mpc? é e R . W e e .
In the present paper we fixed the distance to the centre@f% o8 ° . i
LSC by adopting aH, from external considerations and by . . 1
fixing the cosmological velocity of the centre of LSC leading | | | 1
to Rvirgo = 21 Mpe. In Sect. 5.1 we noted that the galaxies © o — ‘500‘ — ‘wooo‘ — ‘w5oo‘ — ‘2000
outside the30° cone measured from the centre of LSC do not _
allow us to exclude higher values &f,. Due to the fixed ve- Veorr In km/s

locity these higher values, if really cosmological, neeeibs Fi . !
ig. A.3. As Fig.|A.2 but nowRy/isc = 16 Mpc.
lead to a shorter distance to the centre of LSC. g g Virg be

In this appendix we examine what happens to the TB pat-
tern within the30° cone where the TB model is relevant if weDne should also pay attention to the fact that in both cases th
useRvirgo = 16 Mpc. The resultis shown in Fi@.l. The in-mean Hubble ratio is- 55 kms~! Mpc~! for galaxies below
fall pattern is still clearly present. The agreement betwise V.. = 600 kms~!.
observed points (circles) and the predicted points (c)dse However, part of the apparent increasing trendfincould
notas good as in Fig. 1 afld 4. When Fig]A.1 is carefully corpe an artefact of the velocity dispersion. If we overesténiae
pared with Fig[ll one notes that in Flg. A.1 the observed syslocities galaxies have a tendency to move upwards antl righ
temic velocities aresystematicallysmaller than the predictedWhat is the nature of the suspected bias and its relationeto th
ones. This is because for the shorter Virgo distance galaie incompleteness bias of Lanoix et 4l. (1999¢) as well as vehat i
front get closer to Virgo and thus the dynamical influence tie influence of the velocity effect are amongst the topics we
Virgo should be larger. In Fid] 1 we observe no such systeutiscuss in the next paper in this series.
atic effect. It is thus possible to say that our sample is more
favourable to a long distance scale than to a short scale.
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