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Abstract. The Hyades stars have highly coherent motions age Galactic clusters. In particular, the basic issue can be ad-
space which reflect in the convergence of their astrometdeessed, whether the Hyades cluster is in a state of dynamical
proper motions in or about a common convergent point. Tlequilibrium, expansion or, speculatively, gravitational contrac-
internal dispersion of the Hyades velocities is as low as abdign. The explicit assumptions on the basic parameters of the
0.3 kms!. This is comparable with the expected uncertaintyynamical model should also be checked, e.g. the total mass
of the Tycho-2 proper motion at the distance of the Hyades. Tokthe cluster and its luminosity function. The Hyades, due to
classical approach of using the proper motion components nibreir proximity (46.3 pc) are the best studied, and a wealth of
mal to the convergent point direction is employed for some 2@bservational information on some 300 members can be found
bona fide cluster members located in an area of SbBB6 deg  in the literature. Astrometric proper motions and radial veloci-
and ranging inV’ magnitude3.4 to 12.1. It is demonstrated ties, which are required for a kinematic assessment, have been
that with the most precise Tycho-2 proper motions for sonedserved and collected during a few decades of comprehensive
50 stars, the intrinsic dispersion is measurable at the levelstfidy.
0.32kms!, in agreement with previous estimations obtained Kinematics, however, proved a testing subject for ground-
from the Hipparcos data and radial velocities. When only 3tased observation techniques. The motions of the Hyades stars
stars out of the 50 are considered, which are not known to & coherent to a high degree, so that the precision of both as-
spectroscopic binaries, the observed scatter suggests a digpemetric measurements and spectroscopic radial velocities has
sion of only 0.22kms!. The approach in use is model indebeen insufficient to resolve the intrinsic dispersion. A spectacu-
pendent, and sets an upper limit on the intrinsic dispersionlaf breakthrough in astrometric precision was achieved with the
velocities. It is shown for some 180 stars in common, that tlaglvance of the Hipparcos satellite data (ESA, 1997). Proper mo-
Tycho-2 proper motions have a very similar precision to that tbns precise to 1-2 mas/a were routinely obtained for brighter
Hipparcos, but reveal fewer extreme deviants from the commstars, complemented by trigonometric parallaxes of similar ac-
convergent point direction. Tycho-2 proper motions are basedamacy and precision. This already comes close to the point
long series of observations, up to a 100 years, and are therefahere the intrinsic dispersion can be directly measured from the
less subject to the orbital motion effects in binaries. The ragowoper motions. For a cluster like the Hyades, the intrinsic dis-
of the external error to the formal error of the Tycho-2 propgrersion, in dynamical equilibrium, is estimated)at3 kms!
motions may be up to 1.3 for stars fainter tHgn = 8.5 mag. (Gunn et al. 1988). This value translates into a 1.04 mas/a scat-
An alternative explanation for the extra scatter in low-precisidar in proper motions, assuming the average distance of 46.3 pc
subsets is discussed, that less massive stars may indeed ttlee cluster. The best precision obtained with Hipparcos falls
larger observed velocity dispersion due to the binarity effectshort of this value. An attempt to estimate the dispersion from
Hipparcos proper motions alone was however not success-
Key words: Galaxy: open clusters and associations: individudll (Brown et al. 1997), since the observed scatter was found
Hyades — stars: kinematics — astrometry smaller than the median error.

Perryman et al. (1998) investigated a high-precision subset
of the Hipparcos sample with 40 stars without any indications
1. Introduction of multiplicity, having precise radial velocities and standard er-

rors of proper motion and parallaxes of less than 2 mas/a and
Direct, model independent determination of velocity dispersignmas, respectively. Evidence of an extra dispersion, with regard
inside the Hyades open cluster is important for our understagg-the expected scatter of velocity components, was detected,
ing of the kinematics of this cluster and similar intermediaighich could be accounted as an intrinsic velocity dispersion
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Send offprint requests t¥.V. Makarov (makarov@astro.ku.dk) O.f about 0.3kms". It is pQ'nted out, that the actual d'Sp?r' .
* Based on observations made with the ESA Hipparcos satellite.SI0N can be smaller than this value, because undetected binarity
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may increase the observed scatter in proper motions andsarved positions in Tycho-2, the Astrographic Catalogue and
dial velocities. The Hipparcos proper motions are based on th&3 other ground-based catalogyes (Hag et al. 2000b). As de-
3.5 year-long observational period of the satellite. This is nstribed in the paper on the construction of the Tycho-2 Cata-
long enough to average out the orbital motions of most of thegue (Hag et al. 2000c¢), the Hipparcos positions were not ex-
so-called astrometric binaries. The contribution of the orbitplicitly used in the Tycho-2 proper motions derivation. They
motion scatter in the Hipparcos proper motions is impossibiere used only for a re-calibration of the Astrographic Cata-
to estimate, and the value of 0.3 km'sshould be taken as anlogue and other ground-based source catalogues and for bring-
upper bound for the given set of stars. ing them into the ICRS reference system, as defined by Hip-
A fitting maximum-likelihood method was developed an@arcos. Therefore, the system of Tycho-2 proper motions is tied
applied by Dravins et al. (1997) to the Hyades proper motido that of Hipparcos systematically, on the large and interme-
and parallax data in Hipparcos. No radial velocity observatiodgate scales. As far as accidental errors for individual stars are
are used, but ‘astrometric’ radial velocities are derived, thangsncerned, the Tycho-2 and Hipparcos proper motions are sta-
to the considerable angular extent of the cluster. The centrtigtically independent, i.e. uncorrelated.
space velocity vectos and the internal velocity dispersien Despite the much poorer positional precision of Tycho-2
(i.e., standard deviation in each coordinate) are the basic moole$ervations and other source catalogues, the sheer duration
parameters subject to an iterative adjustment, while the astobthe observation record (over 100 years sometimes) makes
metric proper motions, positions and parallaxes are the inglé Tycho-2 proper motions even more precise than those of
data. Besides the astrometric radial velocities, improved pélipparcos, for some stars. The median formal standard errors
allaxes are derived, consistent with the observed proper nodTycho-2 proper motions are equal to 1.0 mas/a for stars with
tions and the assumption of a common motion of the membBrchoV magnitude brighterthan 7, and 1.5 mas/a for stars with
stars. The improvement of parallaxes arises from the much bgt-between 9 and 10 mag. For some stars, the formal errors can
ter relative precision of the proper motiors % for the av- be as small as 0.7 mas/a. We show in this paper that the Tycho-2
eragen = 110 mas/a) compared to the relative precision giroper motions for a selected subset of the Hyades members
the trigonometric parallaxes, about 5 to 10%. When appliedpoovide a purely observational, model-independent estimation
the whole sample of firm Hyades members in the Hipparco§ the intrinsic velocity dispersion in this cluster. This work
Catalogue, the method producedra = 0.98 kms L. After provides also an external check for the Tycho-2 proper motions
removal of one third of the original sample in an iterative cleaand confirms their high quality.
ing of kinematic outliers, the method gave a drastically smaller
0.15 kmst. The authors found out by Monte Carlo simula-

tions, that the latter value might be strongly statistically biased, L ) o
and corrected it to 0.25 knTs. 2. Velocity dispersion estimation

Using a very similar approach on a sample of some 50 st selected a sample of 217 probable members of the Hyades,
with accurate Hipparcos proper motions, Narayanan & Goulhving proper motions in Tycho-2 (several more known mem-
(1999) arrived at an estimate 820 + 39 ms™! for the internal pers are present in the catalogue, but without proper motions).
dispersion. Interestingly, their estimated bulk velocity vectgynost of the stars were taken from the list in Stern et al. (1995),
deviates from that ir (Perryman et al., 1998) by 0.4 k&  cross-matched with the Tycho-2 catalogue. A score of mem-
magnitude and.9° in direction. This shows that a significantyers missing in the Stern et al.’s list were added from the sam-
uncertainty can be introduced by slightly different methods apgk in Perryman et al. (1998). Sequentially, several objects were
sample selection, when applied to the same data. deleted from the list, marked as nonmembers by Perryman et al.

We conclude that the Hipparcos astrometry provides only gfhally, we added several probable members from the Tycho-2
upper limit for the internal velocity dispersionef0.3kms™'.  catalogue itself, fulfilling the3.5¢ criterion on proper motion
The real dispersion may be smaller, but a better estimate is éénvergence, as explained in the following.
ficult to achieve because of the additional scatter of physical The sample thus constructed is rather homogeneous, in the
origin in the motions, most notably from the orbital motions ofense that it includes almost all confident members of the clus-
unresolved astrometric binaries. Strong evidence of a deteriogg- down to a limiting magnitude of about 11.5, with a few
tion in the Hipparcos proper motions, based only on a 3.5 yegigissions caused mainly by the lack of proper motions in
series of in-orbit observation, due to undetected orbital motiong,cho-2. The sample occupies an are&@f by 40° centred at
was produced by a comparison with FK5 (Wielen etal. 1999), ) = (67°,16°). The centre of the cluster is at 46.3 pc from
and ACT [Odenkirchen & Brosche 1999) proper motions. kfhe Sun, with the most distant from the cluster centre member at
this paper we are using the main asset of Tycho-2 proper na®.8 pc. There might be more distant members in the cluster’s
tions, namely that they are based on much longer observatiilo, but they were not included, being useless for an internal
series and, therefore, are less affected by binarity, to obtaigigpersion estimation. The rangeléfnagnitudes in the sample
tighter estimate of the internal velocity dispersion. is 3.4 to 12.1. Two stars in the sample may be new members

The recently published Tycho-2 Catalogue includes 2.5 m#f the Hyades, viz. the KO dwarf HD 287240, which seems to

lion stars and covers the entire sky (Hag et al. 2000a). Propgie erroneous photometry in the Simbad data base, and TYC
motions are derived for 96 percent of the stars from the obg15-0680-1.
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Fig. 1. Observed histograms @k /o (upper row) andv; (lower row) for the first 5 samples in Table 1 and the precious set (see text). A
Gaussian least squares fit is shown for each histogram.

For a given star in the sample, its coordinatesd) and By the classical moving cluster method (e.g.. Smart 1938),
proper motion componentg (., 115) are known, in the equato- the distance to each star is obtained from the relation
rial coordinate system, where,. denotes.,, cos §. The proper
motion components define a proper motion vegtdangential ¥ Sit A=4.T4uD, (4)

tothe celestial sphere at the given point. When projected ontot ere \ is the angular distance between the star and the

sphere and extended around it,thevectordrawsveryclosetoé ﬁvergent point, and is the bulk space velocity of the

common convergent point of the cluster. We adopt in this PaR8lster. We accept in this paper the velocity vector =
the well-established coordinatesdp, dcp) = (97°91, 6°66), ' —1 : :

. . SN ’ —6.28, +45.19,+5.31) kms~* (ICRS), determined in Perry-
derived for 134 Hipparcos stars in the inner 10 pc of the clustgr. +  + ) ( ) y

. an et al. (1998) for the inner 10 pc of the cluster. Finally,
(Brown et al. 199V). For each star, we compute the position aﬁ‘t : ( ; ) P y
. roducingD into Eq.[3),

gle p of the proper motion vector reckoned from north throug
east, i.esinp = pq«/p andcosp = us/p. We compute fur- ) o2 o2
thermore the differenceA betweenp and the position angle A = — 5~ T S5 -5 - ()

. . L . 7! v2sin” \
of the direction from the star position to the convergent point. . o
The observabled include two independent kinds of statistics, ~The following analysis is based on 207 Tycho-2 stars out of
the error of the computed proper motion and intrinsic velodhe original 217 withA /oA less than 3.5, computed under the
ity dispersion, both in the direction normal to the convergehgsic assumption of@, = 0.3 kms~!. Among the 10 rejected
point direction. Since\ is very small for a member star, thestars, 7 are in the Hipparcos catalogue, viz. HIP 14838, 16548,
expected error of transverse proper motion is, in the first orde¥908, 19386, 20601, 21788 and 22271. Some of these stars

approximation, may be statistical interlopers, e.g. HIP 21788, while others may
1 well be real kinematic escapers or binaries with a considerable
on) = —5(HauThs + 1301 0), (1) orbital motion. The distribution of all the observed transverse

velocitiesv |, i.e. the tangential velocity components normal to
wherey = |p| ando,,.. ando,s are the standard formal er-the convergent point directions,
rors of the proper motion components. andus, as given in

the catalogue. The expected error of the transverse tangeritia™ v sinAsin A 6)
i L

velocity, inkms™, is is fitted by the least squares method by a Gaussian with=a

€v. =4.74Do,, |, (2) 0.49km s™!, Fig. 1, leftmost in the second row. This value sets

the absolute upper bound on the internal dispersion. The real

where D is the distance to the star in parsec, ang_ is in dispersion is, however, Significanﬂy smaller.
arcsec yr'. The expected variance of the angular deviation | order to obtain a better estimate of the internal velocity
from the convergent point is dispersion, the general sample is split into roughly 4 quarters

according to the formal astrometric error in the transverse veloc-
(3) ity, €,1. The estimated standard deviation for the most precise

quarter is only 0.36 kms', cf. second plot in the second row
The internal velocity dispersion? is assumed to be isotropicof Fig. 1 and Table 1. This is closer to the true value of the
in this formula. dispersion, because the contribution of the astrometric errors is

2 2
€vl + Oy

2 _
7A T (474Dp)?
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Table 1. Subsamples of the Hyades stars with Tycho-2 proper motions, and observed standard deviations of the tangential velocity component
v, normal to the convergent point direction, and of the ratio of the deviation from the convergent point direction to the expected one, under the
assumption of an intrinsic velocity dispersion of 0.3km s

Subsample Mediaa,; orVr N s.d.vy s.d.A/oa
With Tycho-2 proper motions:

All 0.262kms™! 207 0.49kms! 1.22
€y1 € [0.066,0.201]kms™* 0.167kms* 51 0.36kms! 1.05
€y1 € [0.201,0.262] kms™* 0.235kms*! 53  0.46kms! 1.21
€v1 € [0.262,0.322] kms™* 0.295kms* 52 0.55kms* 1.34
€yl €[0.322,0.714] kms™* 0.403kms*! 51 0.64kms! 1.27
Vr € [3.41,6.64] mag 5.61 mag 53 0.42knm$ 1.16
Vr € [6.64,8.52] mag 7.53 mag 53  0.44km$ 1.13
Vr € [8.52,9.99] mag 9.16 mag 50 0.53kms 1.32
Vr €[9.99,12.27) mag 10.90 mag 49  0.64kms 1.30
Precious set 0.163km$ 30 0.27kms! 0.80
With Hipparcos proper motions:

All 0.260kms™! 162 0.50kms* 1.18
€v1 € [0.116,0.205 kms™* 0.173kms* 42 0.35kms! 1.05
v € [0.205,0.260] kms™* 0.222kms* 39 0.47kms! 1.25
€y1 € [0.260,0.348] kms™* 0.288kms 39 0.63kms* 1.49
€v1 € [0.348,1.554 kms™* 0.454kms* 42 0.64kms! 1.00
Vr € [3.41,6.13] mag 5.41 mag 40  0.41km$ 1.16
Vr € [6.13,7.80] mag 7.08 mag 38  0.54km$ 1.35
Vr € [7.80,9.34] mag 8.68 mag 41 0.49kms 1.12
Vr € [9.34,11.84] mag 10.15 mag 43 0.57kms 1.05
Precious set 0.205 kn$ 29 0.32kms* 0.88

small, according to Eq.[5). The effect of increasing astrometric We repeated the convergence analysis with Hipparcos
errors is seen in the widening of the observed distributions foroper motions instead of Tycho-2 (in that case, Eq. (1) includes
the remaining, less precise subsets. the correlation coefficient between the proper motion compo-
Assuming a certain,,, the distribution of the\ /o o values nents). Inthe sample of 217 stars, 178 Hipparcos stars are found.
can be computed from Eq](5). If the assumption is correct, almderestingly, 16 stars exceed théo limit with the Hipparcos
the formal errors are realistic, the expected standard deviatimoper motions, i.e. 9 percent, compared to the 4 percent for the
of this distribution is close to unity. The upper row in Fig. ITycho-2/Hipparcos sample. The increased outlier rate is clearly
shows such distributions and their least squares fits for the ganmanifestation of the additional error due to the orbital motion
eral sample and precision subsamples with-a 0.30 kms~!. in binaries.
The standard deviation for the general sample is 1.22 (Table 1). The 16 Hipparcos outliers and the 10 Tycho-2 outliers have
This extra scatter can be accounted for in two different waysly four stars in common, namely HIP 14838, 19386, 20601
The true astrometric errors may be systematically larger than tred 21788. Very close estimates of the transverse velocity com-
formal errors given in the catalogue. More interesting from th@nenty, were found in Hipparcos and Tycho-2 for two of these
astrophysical point of view is the possibility that the intrinsic vestars, HIP 14838, = —2.99 km s~! with HIP, —2.64 kms~!
locity dispersion is significantly larger than 0.3 km'sat least with Tyc) and HIP 21788+, = +3.82 kms™! with HIP,
for some groups of stars. The most precise quarter, where the€13 kms~! with Tyc). The HIP 14838 is suspected to be
contribution of astrometric errors (and of their possible biadpuble in the Hipparcos Catalogue. Since the proper motion
is relatively small, matches a dispersion at 0.32 krh sThis  measurements in Hipparcos and Tycho-2 both deviate from the
subset includes mostly the brightest stars, while the other quexpected convergent point direction, but agree between each
ters, with fainter stars, clearly indicate an extra scatter. Whether quite well, we suspect that the star has an undetected
the sample is quartered accordingliip magnitudes (Table 1), companion, which is a few magnitudes fainter, at a consider-
it appears that stars fainter than 8.5 mag have markedly largbte separation (1 to 2 arcsec), so that the orbital period is a few
excess scatter in proper motions. The observed histograms leandred years for this system. Other stars with significant and
be approximately reconciled with the expectation by multiplyrighly correlated transverse velocities are HIP 16548, 19386
ing all the proper motion errors by a factor 1.3. On the othand 22271. A possibility that these stars are real escapers can
hand, itis conceivable that fainter stars can have higher veloaityt be precluded, however, since some of them are farther than
dispersion within the cluster. 15 pc from the cluster’s centre. The star 19386, at 43.8 pc from
the cluster’s centre, is by far the most distant in the sample.
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We want to establish now that the increased outlier rate parcos data, the standard deviation of the transverse velocity is
A/oa with the Hipparcos proper motions is not due to unde®.32 kms'*. Some of the stars in the precious set may still be
estimated formal errors in this catalogue. The deviation of thstrometric binaries with perturbed motions.
observed proper motion vector from the convergent point direc-
tion for each star can be expressed in terms of the transverse _ _
velocity component | , cf. Eq. [6). Stars with perfectly parallel3' Discussion and conclusions

space motions would have zero transverse velocities. We calgye have shown that a direct, model-independent estimation
late now the number of absolute deviantsdin|, which is vir-  of the internal velocity dispersion in the Hyades open cluster
tually independent of the formal errors. The presence of highly possible with the most precise of Tycho-2 proper motions.
disturbed Hipparcos proper motions is evident: among the 17frough the analysis of tangential velocity components normal
Hipparcos stars, 25 haye, | above 1.2 kms" when proper tg the convergent point direction for each star, the internal dis-
motions from Hipparcos are used for computation, and only pérsion is estimated at about 0.3 krt $or the most precise 50

with TyChO-Z. We found 17 stars above the limit of 1.5 kM s stars, and as small @22 + 0.02 km s—1 when On|y 34 stars

with Hipparcos data, and only 6 with Tycho-2. Some exanfot known to be spectroscopic or orbiting doubles are retained.
ples of stars which improved their convergence by more thaRus, the influence of orbital motions in binaries increases the

0.5kms, in terms of the transverse velocity, from Hipparcoghserved velocity dispersion by 25 percent, in the most precise
to Tycho-2, are HIP 20086, 20215, 20255, 20553, 20719, 2088Bbsample.

21280, 21588, 22221, 22265, 22607. The star HIP 20255, for A conundrum is, however' that the less precise subsets ex-

example, has an estimated = 2.5 kms™" in Hipparcos, and nibit a larger scatter in the transverse velocities, than should
only 1.2 kms! in Tycho-2, and it is a spectroscopic binary. pe expected. This implies either too small formal errors in the
We return now to the 162 members with Hipparcos propeatalogue, underestimating the true errors by up to 30 percent,
motions within the3.5¢ interval. The histograms, based on ther a yet stronger influence of astrometric binarity in these sub-
Hipparcos proper motions, yield very similar standard devigets. Although it is conceivable that some of the ground-based
tions of 0.47kms' in v, and 1.18 inA /oA as with Tycho-2. catalogues, used in the proper motion derivation, have under-
A subset of 42 star with most precise astrometry is again casstimated astrometric errors at faint magnitudes, their relative
sistent with a velocity dispersion of 0.32 km's Importantly, weight was small in the calculations, compared with the Astro-
an extra scatter is detected again for the less precise subsefgsahic Catalogue positions, the new reduction of which (AC-2,
the level of about 30 percent. Thus, both with Hipparcos angtban etal., in preparation) is believed to have very reliable for-
Tycho-2 data, the most precise quarters strongly indicate a ¥gal errors. A factor of 1.3 seems therefore too much on the high
locity dispersion of about 0.3 knT$, but the other subsets seemgjde. We would be tempted to put the blame on the binarity ef-
to exhibit significantly larger dispersions. fect, in view of the very similar results obtained with virtually
Our final analysis concerns the possibility to put a tightgfidependent Tycho-2 and Hipparcos proper motions. Moreover,
bound on the internal velocity by removing known binaries igunn etal. (1988) found a similar excess scatter in low-precision
the sample and thus diminishing the hampering effect of q&dial velocity subsets and concluded that “... the excess disper-
bital motion. A smaller subset is constructed, which is Ca"edsﬂ)n atthe |0w-accuracy endis caused by something the stars are
‘precious set’ in the following, on the two principles: doing.” They consider binary motion with long orbital periods
and low-mass companions as the most likely reason.
The most precise quarter of the Hyades sample contains
&)stly the brightest, and hence the most massive stars in the
cluster. If the mass function of the unresolved companions in
binaries is rather independent of the mass of the primary, we
should expect, statistically, a relatively much lighter companion
An ‘X" in the field H59 indicates a highly disturbed solutionto a very massive star. The orbital motion of the massive com-
most likely due to the presence of an unresolved companionpanent will then have a low amplitude, and its proper motion is
a significant orbital motion. An ‘S’ in the field H61 stands fowirtually undisturbed. A small mass star, on the contrary, will
a star suspected to be binary from the Hipparcos observatiooften have a companion of comparable mass, and its orbital mo-
Other Hipparcos flags indicative of possible duplicity, appe#ion is much more significant. Direct observational evidence that
rarely in the sample. The resulting set of, to the best of omrassive stars have relatively lighter companions in physical bi-
knowledge, single stars includes 30 objects, all in Hipparcogaries can be found in the recent Tycho photometric solution for
In a similar way as before, the histogramaefandA /oA are 9473 components of close Hipparcos double and multiple stars
computed for the precious set. (Fabricius & Makarov 2000). We selected 812 definite main se-
Theresultis animpressive testimony to the quality of Tychouuence — main sequence pairs with angular separations 0.3 to
2 proper motions. The observed standard deviatian @ only 2.5 arcsec and precise parallaxes in the Hipparcos Catalogue.
0.27 kms'! over the precious set. This is consistent with,a Absolute M, magnitudes were computed from the observed
of 0.22 & 0.02 kms™!, where the error is roughly estimatedBr andV; magnitudes and parallaxes and converted to masses
by linear interpolation between the near percentiles. With Hipy approximate relations given in Reid (1992). The diamonds in

— the star has, | below 0.20 kms!, i.e. the staris in the first
Tycho-2 precision quarter;

— the star is not a known spectroscopic binary, and not flag
with ‘X’ in the Hipparcos field H59 or ‘S’ in H61, according
to the Table 2 in Perryman et al. (1998).
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rigorous simulations. What is actually observed for a binary in
astrometric measurements, is the photocentre of the system, i.e.
the weighted light of the components. Obviously, the photocen-
tre effect has the counter tendency of diminishing the observed

S 080 orbital motion for binary components of similar masses.

= Finally, our data do not make us doubt the high quality of
0.70 the Hipparcos proper motions. Rather, the much increased rate

5 of kinematic outliers in Hipparcos with respect to Tycho-2 is

s clear evidence that the long-term Tycho-2 proper motions are

060 less prone to the effects of stellar binarity.
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Gunn J.E., Griffin R.F., Griffin R.E.M., Zimmerman B.A., 1988, AJ
Fig. 2 show the relation found between the mass of the primary 96,198
component)/,, and the median ratio of the secondary compd;'—’ag E Eatt:r_lc_lus((::., '{\A/Iall((arov\\//.\\//., ett a}l"zzc?ggt?’é&g 3;55?}]'-21_7 o
nent mass to the primary/s /M . The typical relative mass of /129 =, Fabricius &., Makarov v.v., etal., » buldeto the Tycho-
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