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Abstract. The structure of the central part of the UMa stellar kinematic group was considered according to the
data from Hipparcos, Tycho and ACT catalogues. We have shown that in the space occupied by the nucleus there
are several populations of stars. The first includes ten stars which are very compactly located in the proper motion
diagram and have a normal proper motion distribution. The second group includes six stars with large kinematic
difference and there are six field stars placed here too. The question about their coexistence in a common region
of space remains open. The well-known stars Mizar and Alcor appear to belong to the different subsystems and do
not belong to a unique stellar system. The published radial velocities, as a rule, are determined with insufficient
accuracy compared to the errors of the currently available proper motions. A high precision in the radial velocities
measurements is necessary for a thorough study of the kinematics of stars inside UMa star system.
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1. Introduction

The Ursa Major stellar kinematic group (SKG) has been
studied many times before. This group includes several
tens of stars placed across almost the whole northern sky.
However, there is a broad disagreement in the membership
determinations. Thus, it includes 135 stars according to
Roman (1949), 87 stars according to Eggen (1998) and
43 stars according to Soderblom & Mayor (1993).

The UMa SKG as a stellar system is not uniform in
space: a well determined nucleus is distinguished inside
it and it includes up to 15 stars within the limits of «
from 150° to 220° and ¢ from 50° to 70°. We examine the
sample of the nucleus stars with the membership deter-
mined in the abovementioned studies. This stellar system
is placed relatively close to the Sun and proper motions
of Hipparcos space astrometry mission (ESA 1997, here
and after HIP) have accurate values, as a rule with an
error less than 1 mas. The technique developed by us has
allowed us to analyze separately the radial velocities and
the proper motions. The separate consideration has the
advantage of increased proper motion accuracy, which is
lost after transition to the spatial velocities because of the
smaller accuracy of the radial velocities.

Send offprint requests to: S. V. Vereshchagin,
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2. The data on the stars in the nucleus of UMa
group

Table 1 summarizes the identification numbers of stars be-
longing to the UMa SKG nucleus. The last three columns
contain a 1 if the star belongs to UMa SKG nucleus ac-
cording to Roman (1949), Soderblom & Mayor (1993) and
Eggen (1998). Otherwise, it contains a 0. We give a sam-
ple including 16 stars, but only for 11 of them do all three
authors agree on membership. Table 2 presents some ob-
servational data for our sample of stars: the equatorial
coordinates at J2000 equinox, stellar magnitudes in V-
band, proper motions, parallaxes with their standard de-
viations from HIP (ESA 1997) and the radial velocities
from the data in the Strasbourg Data Center catalogue
3190A (Duflot et al. 1995) with their standard deviations
after Soderblom & Mayor (1993).

The coordinates of the stars in the rectangular system
centered at the Sun have the following limits (in pc): x
from —15 to —4, y from 7 to 12 and z from 19.5 to 24.5 pc.
As usual, the z-axis is directed to the Galactic center,
y along the Galactic disk rotation and z to the Galaxy
North Pole. Thus, the nucleus has a shape stretched in
the direction of the Galactic center and has a size of 11 x
5% 5pc. Considering the Tycho Catalogue (ESA 1997, here
and after TYC) and the ACT Reference Catalog (Urban
et al. 1998) gave us six additional stars placed in the same
space region. Table 3 contains their HIP/TYC data. These
stars belong to the field based on the values of proper
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Table 1. The cross-identification of stars belonging to the UMa nucleus according to different catalogues and membership
determinations by Roman (1949) — R, Soderblom & Mayor (1993) — S and Eggen (1998) — E

Designation

HIP HD Name in the , TYC ACT HR FK5 R S E
constellation
51814 91480 37 UMa 3819 1372 1 4141 398 1 1 1
53910 95418 Merak 8 UMa 3827 1079 1 4295 416 1 1 1
58001 103287  Phecda v UMa 3833 1034 1 1609350 4554 447 1 1 1
59496 238087 0 0 1
59774 106591  Megrez 6 UMa 3837 1070 1 4660 456 1 1 1
61100 109011 1 1 0
61481 109647 3458 1956 1 1610624 0 1 1
61946 110463 1833644 1 1 1
62512 111456 4867 1 1 1
62956 112185  Alioth e UMa 3845 1190 1 4905 483 1 1 1
63503 113139 78 UMa 4931 1 1 1
64532 115043 1835486 1 1 1
65327 238224 0 0 1
65378 116656  Mizar A ¢ UMa 3850 1385 1 5054 497 1 1 1
65477 116842 Alcor 80 UMa 3850 1384 1 5062 1 1 1
69400 124752 2027568 1 0 0
Table 2. The observational astrometric parameters and radial velocities for the Table 1 stars
HIP o ) mag Ha  Ouu s Opus 0 On Vi oV,
J2000 mas/yr mas/yr mas kms™'  kms™!
51814 1035 09.62  +57 04 57.2 5.16 65.65  0.45 3711 0.38 3780 0.61 —-10.4 0.5
53910 11 01 50.39  +56 22 56.4 2.34 81.66 0.37 33.74 0.38 41.07 0.60 -12.0 0.5

58001 11 53 49.74 453 41 41.0 241 10776  0.48 11.16  0.50 38.99 0.68 —12.6 0.5
59496 1212 05.10 +58 55 35.0  10.05 101.96  0.97 2026 1.01 3524 1.24 —15.0

59774 1215 25.45 45701 574 3.32 103.56  0.56 781 0.54 40.05 0.60 —13.4 0.5
61100 12 31 18.81  +55 07 07.8 8.08 99.70 249 —-13.25 247 4213 3.11 -5.0

61481 12 35 51.18 45113 17.3 8.52 113.00 0.84 —8.06 0.76 38.08 1.11

61946 12 41 44.40 455 43 28.9 8.27 121.53  0.65 —4.36 0.63 43.06 0.82 —6.3 0.3
62512 1248 39.34 460 19 11.6 5.83 10779 265 —30.60 3.08 41.39 3.20 —-12.0 1.5
62956 12 54 01.63 455 57 35.4 1.76 111.74  0.45 —8.99 049 4030 0.62 -9.3 0.5
63503 13 00 43.59  +56 21 58.8 4.93 108.36  0.50 2.67 0.51 40.06 0.60 -9.8 0.5
64532 13 13 36.89 456 42 29.9 6.82 11191 056 —17.88 0.65 38.92 0.67 -8.9 0.1
65327 13 23 23.16 457 54 22.2 9.69 127.49  1.63 —4.82 134 3984 144 —6.6

65378 13 23 55.42 454 55 31.5 2.23 121.23 048 —22.01 048 41.73 0.61 —5.6 0.5
65477 13 25 13.42 454 59 16.8 3.99 12035 043 -16.94 0.51 40.19 0.57 -8.9 0.5
69400 14 12 26.83 467 35 10.2 8.52 142.13  1.01 —-9.89 1.12 25.89 1.04 —8.1

Table 3. The data on field stars in the nucleus spatial region. These stars do not belong to the UMa nucleus because they
significantly differ in proper motions from the nucleus stars

HIP HD TYC o 0 V Ha Ola 1 Ous T Or
J2000 mag  mas/yr mas/yr mas
56290 100203 11 32 20.76 461 04 57.9 5.46 —14.21 0.58 —95.13 0.51 36.34 0.68

56622 100831 3835 10591 1136 35.88 45608 08.1 7.16 —178.35 1.06 —92.25 0.98 2292 1.36
59432 105963 3834 10891 12112793 +4532518.6 796 —164.20 3.44 —123.09 343 37.72 4.17
60121 12 19 48.23 +52 46 46.1 11.12 —-169.55 1.78 —12293 1.79 3833 221
61053 108954 3841 1303 1 12 3050.12 453 04 34.2 6.20 19.46 0.50 182.10 0.47 45.58 0.62

3829 2231 1054 29.3 +575203.2 896 —104.8 64 —39.1 6.1 41.1 8.8

motions. In this case the stars with o(7w)/m < 0.22 were 3. The transformation of proper motions
used. into the coordinate system connected
with the convergent point
All stars from Tables 1-3 are included in the HIP, with

exception of the star 3829 223 1 from the TYC. In Fig. 1 we show the distribution of proper motions for

the stars from Table 2. The components of proper motions
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Fig. 1. The proper motion diagram for the stars selected as the
nucleus members in the coordinate system connected with the
convergent point (see Sect. 3). The identification numbers are
given according to HIP near the points with the formal error
bars. Between the dotted lines, the star sample satisfies the
criterion for the normality of the pr-distribution (see Sect. 4)

were transformed to the coordinate system centered at
each star and oriented to the convergent point. Following
Kholopov (1981) and van Altena (1969) we calculated py
as the proper motion component directed from the star
to the convergent point and u¢ as the component directed
perpendicularly to p, and with the positive direction to
the North Pole. They were then corrected for the dis-
tances from the Sun and angular distances from the nu-
cleus geometrical center: py = iy SSIIIL )‘; R% and pp = utR%,
where R and R, are the distances from the star and from
the nucleus geometrical center to the Sun, A and A, are
the angular distances from the star and from the nu-
cleus geometrical center to the convergent point. We took
R. = 20 pc and A, = 134286. Their values and errors
are not of major importance because they are used for
the normalization of the coefficients only. The coordinates
of the convergent point (Aconv, Deonv), necessary for the
computation of py and pr (Kholopov 1981; van Altena
1969), were determined by us as follows. Using initial
Aconv = 305°0, Deony — 37°0 (Allen 1973) we selected stars
with small |pr| and with the data on them calculated anew
(Aconvs Deonv) by means of the formulae described below.
The iteration was repeated and we used the stars with
|pr| < 3mas; as one can see from Table 4 these are stars
51814, 53910, 58001, 59774, 61481, 61946, 62956, 64532,
65378 (here and further the star numbers are from the
Hipparcos catalogue (ESA 1997)). We used the following
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Table 4. The calculated proper motions and their errors in
the coordinate system connected with the convergent point

HIP uu Ouy ur Opur
mas/yr mas/yr
51814 114.79 2.07 —-0.15 0.56
53910 116.13 1.86 2.13 0.45
58001 133.30 244 —0.62 0.60
59496  134.61 5.08 11.88  1.54
59774 118.28 1.74 —0.06  0.66
61100 104.95 8.08 —14.68 3.12
61481 130.36  3.87 0.49 1.02
61946 12279  2.40 0.32 0.74
62512 112.34 9.40 —-36.01 4.82
62956 11848 197 —-0.25 0.61
63503 113.23 1.86 16.44  0.70
64532  120.46  2.19 —-296 0.84
65327 130.00 5.09 19.49 1.86
65378  120.05 1.81 1.65 0.58
65477 122,57 1.78 8.26 0.63
69400 214.14 8.90 49.88 2.90

algorithm for the calculation of (Aconv, Deonv). Using the
space velocity components along the directions of piq, tts:

4.74047 4.74047
Va = —— Mo, Vb = M5 (1)

™ T
we calculated the space velocity components for each star
in the rectangular coordinate system, connected with the
equatorial system:

Ve =—Vasina — (Vssind — V; cosd) cos a,
Vy = Vacosa — (Vssind — V; cosd) sin e, (2)
V., =Vscosd + V;siné.

After the averaging of (V,,V,,V,) we calculate the
equatorial coordinates of the convergent point:

v,
Acony = arctan EV:; ,

(V) .
VA(Va)2+(Vy)?
The computed values are Acony = 30096864 and Deony =
—29°74465 (J2000).

The standard deviations of star positions in Fig. 1 were
obtained taking into account the correlation coefficients
(p) between astrometric parameters p, ps, and w, see

HIP (ESA 1997). The standard deviations of py and pr
were obtained from the equation (see ESA 1997):

Cov (“U> —JCJT,
nr

3)

Dcony = arctan

where C is the covariation matrix for pq, s and 7

2

Olie OtaOpsPuaps OpaOnPuam
C = | 0uaOusPrans Ous Ous UWQPMM
OpaOnPuan  OusOrPusm Ox
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Fig. 2. The “HIP-FK5” right accession proper motion com-
parison.The star number 58001 jumped from dotted bisector

Ha
and J is the Jacobian of the | wus
71'

matrix transforma-

tion to the (MU ) It is equal to
ur
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and the terms of the Jacobian are, as one can see from the
notation, the derivatives of the astrometric parameters. It
is necessary to comment on some stars:

— The star 69400 was included in the nucleus by Roman
(1949) only. It deviates from the average values
of proper motions (see Fig. 1) and parallaxes (see
Table 2). It has a very low index of chromospheric ac-
tivity and was classified as a nonmember by Soderblom
& Mayor (1993). We also believe that it does not be-
long to the nucleus and we do not take it into account
in our study;

— Star 58001. As is noticed by Eggen (1998), its p4, as
given in the HIP, is not correct. From Fig. 2, where the
comparison of the HIP proper motions with the proper
motions from FK5 catalogue is displayed, it is easy to
see that this is the case. If we use the value of u, for
this star from FKB5, it moves leftward in the Fig. 1 to
the region where most of the points are concentrated.
In calculations below we used po from FK5;

— The star 61481 also may move to the left into the re-
gion of point concentration, as well as to the right,
owing to a large error in 7, see Table 2.

N. V. Chupina et al.: The geometry of stellar motions in the Ursa Major

4. The pt distribution structure

It is possible to understand the shape of the distribution of
the points along the pr-axis in Fig. 1 from the data given
in Table 5. As noted before, we examine the proper mo-
tion diagram instead of the space velocities because of the
low accuracy of the radial velocities. Table 5 provides the
comparison of the observational pr distribution and the
normal one. Because of the small number of stars, we use
the ratio of the range R of ur values to the ur standard
deviation S as the normality criterion. In each new line
of Table 5 we exclude from consideration one additional
star having the outermost ur value. The HIP number of
the excluded star is in the first column of Table 5. The
next columns contain the number of stars, R/S-relation
and the upper and lower critical limits of R/S necessary
to satisfy normality at the 10% confidence level (Sachs
1972). In the case when the observational value of R/S
is confined between the tabulated critical limits and the
distribution becomes normal, we place a flag equal to 1 in
the last column of Table 5. In the opposite case the flag
equals 0. From Table 5 one can see that after exclusion
of four stars with the numbers 62512 (the subsequent sta-
tus of this star was changed, see Sect. 7), 65327, 63503
and 61100, our distribution becomes normal for the first
time and after exclusion of yet three more stars (59496,
65477 and 64532) it finally becomes normal. Thus, our
sample may be divided into two parts: the first has a nor-
mal pp-distribution and includes eight stars with num-
bers 51814, 53910, 58001, 59774, 61481, 61946, 62956 and
65378. Other stars do not belong to the normal general
set. As one can see from Table 2, sometimes this may be a
consequence of the large errors of the astrometric parame-
ters; however, three stars: 63503, 64532, 65477 have errors
smaller than 1 mas and are excluded not due to the large
errors. It is necessary to note that, as we shall see, 64532
may be considered rather as a probable member according
to its spectral features.

In the case when conditions of the equilibrium are sat-
isfied in the UMa SKG nucleus and it is possible to con-
sider pr-distribution as normal, the membership of the
nucleus requires revision. According to the statistical pro-
cedure used, only eight stars with the high probability re-
main in the nucleus. Seven stars (including Alcor, 65477)
represent possible nonmembers according to one critical
parameter — proper motion. The status for stars 59496,
61100, 62512, 65327 with large errors in the proper mo-
tions (see Table 4) may change with independent or more
precise data (as will be done with 62512 in Sect. 7).

5. The influence of the radial velocities errors

We have developed a method allowing us to estimate si-
multaneously the convergence of proper motions and ra-
dial velocities. For this purpose we calculated the A and
D coordinates for each star individually according to for-
mulae (1), (2) and (3) without averaging. The A-D dia-
gram with the ellipses of errors is displayed in Fig. 3. The
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Table 5. The critical limits for the normal gt distribution and kinematical membership status

The HIP number R/S limits for 10% The nor-
of the excluding n R S R/S confidence level mality
star lower Upper flag
15 55.50 13.06 4.25 3.07 4.02 0
Possible nonmembers
62512 14 34.17 8.62 3.96 3.02 3.95 0
65327 13 31.12 7.49 4.15 2.96 3.87 0
63503 12 26.56 6.31 4.20 2.90 3.78 0
61100 11 14.84 4.33 3.43 2.84 3.68 1
59496 10 11.22 2.93 3.83 2.76 3.57 0
65477 9 5.09 1.45 3.51 2.68 3.45 0
64532 8 2.75 0.97 2.85 2.59 3.31 1
Highly probable members
53910 7 2.27 0.74 3.08 2.49 3.14 1
65378 6 1.11 0.40 2,77 2.37 2.95 1
58001 5 0.74 0.32 2.32 2.22 2.71 1

(Here 5 stars remain with numbers 59774, 51814, 61481, 61946 and 62956

with the smallest |uT| values)
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A

Fig. 3. The “apex points” diagram with the ellipses of errors.
A and D — the equatorial coordinates of points where the space
velocity vectors intersect the celestial sphere. The stars with
high probability membership status on the basis of their nor-
mal pr-distribution are denoted by dots. The ellipses of errors
correspond to the 30 confidence interval

values of A and D represent the equatorial coordinates
of the point on the celestial sphere in which the space
velocity vector intersects it. The ellipses of errors were
calculated by means of the formulae which include the
correlation coefficients between the astrometric parame-
ters. In the calculations, we used the standard deviations
equal to oy, = 0.3kms~! as the typical observational er-
ror (see Table 2) for radial velocities and o, ,0,, of each
star individually. The major semi-axes of ellipses in Fig. 3
are approximately equal to three standard deviations due

to radial velocities and py errors and minor semi-axes to
three standard deviations due to pr errors. The standard
deviations of A and D were calculated as:

A\ _ gt
COV(D> =JCJT,

with covariation matrix C:
2

Olie O Ops Puatis OpaOrPuam 0
C — O-Ma O-Mé puaus 0-#5 o-ug 0-71'2p;457r 0
- )
Opa O Puam  OpsOmPusm O g
0 0 0 oy,
Mo
. . 5
and the Jacobian J for transformation from ﬁ; to
Vi

A 1t
p ) equal to

0A 0A
5 [ Ona Ons
- oD 90D 0D 9D

e Ops Om OV,

The following can be seen from Fig. 3:

0A
on

9A
v,

1. There are two main effects. The ellipses of errors de-
pend on the accuracy of the measurements of radial
velocities and proper motions. On the other hand, the
points are scattered along the diagonal from the up-
per left to the bottom right corner of the diagram
(hereafter called “diagonal”). The latter effect may be
caused by the dispersion of the internal stellar motions
inside the system. Under assumption of the equality of
the scatter of points in all directions, all points in the
A-D diagram would concentrate in a circular region;

2. The scatter of the points in the direction perpendicu-
lar to the diagonal is similar to the pp-distribution in
Fig. 1: a high concentration of some points close to the
diagonal and a location of other points distant from it;
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Table 6. The observed and corrected radial and space veloc-
ities of stars suspected to be in strong parallel spatial motion
(in kms™1)

HIP (‘/r)obs (‘/r)corr Vobs ‘/corr
51814 —104 —11.9 14.06 15.17
53910 —-12.0 —-11.5 15.75 15.35
58001 —12.6 —10.4 17.17  15.66
59774  —134 —-9.8 18.18  15.70
61946 —6.3 -9.3 14.80 16.32
62956 -9.3 —8.6 16.14 15.76
65378 —5.6 7.7 15.08 15.97

3. To get the equal sizes of the major and minor axes
of the error ellipses, it is necessary to increase the ac-
curacy of the determination of radial velocities. The
analysis of the dependence between the length of a
semi-axis and the error led us to the following con-
clusion. For precise HIP proper motions, the measure-
ments of radial velocities require an accuracy better
than oy, = 0.1kms™!. This value is significantly lower
than the observational values given in Table 2!

4. As it is shown by the numerical tests, the scatter of the
points along the diagonal is dependent on the values
of the moduli of radial velocities. As far as asymmetry
is caused by radial velocities, it is possible to find (and
then to check by observation) the new values of the
radial velocities for all stars by minimization of the
scatter of the points in the A-D diagram (see Sect. 6);

5. It is necessary to note that Mizar and Alcor in Fig. 3
lie far apart in the different regions of the diagram as
well as in Fig. 1. The difference of their V; values is
larger than is possible for the components of a binary
system.

6. The correction of V, for parallel space motion

Now we consider the stars suspected to be in a strong par-
allel motion in space. These eight stars are situated very
close to the diagonal in Fig. 3 and have the status of highly
probable members in Table 5. They are listed in Table 6
with their observed space and radial velocities (with the
exception of 61481, because its radial velocity was not
found). For these stars we have calculated the corrected
values (V;)corr and Viopr by minimization of the distance
from the star “apex” (A4, D) in Fig. 3 to the convergent
point (Aconv, Deonv), see Sect. 3. For this minimization we
have for each star:

d
dVv, ((A = Aconv)? + (D = Deony)?) = 0.
We have solved this equation numerically by the

Newtonian method, changing the radial velocity step by
step according to:

(‘/r)corr = V; + A‘/ra

N. V. Chupina et al.: The geometry of stellar motions in the Ursa Major

Table 7. Resulting nucleus membership determination with
the spectroscopic membership indicator and some comments

HIP Comments
Highly probable members (group 1): |pr| < 3.0 mas

59774

51814

62956

61946 Included in UMa group by Soderblom &
Mayor (1993) according to the chromo-
spheric emission value, CE — flag = 1

61481 CE —flag=1

58001  pq is not correct in HIP and a value from
FKb5 was used

65378

53910

62512 CE—flag = 1, us = —3.00 mas/yr
was taken from PPM instead of pus =
—30.60 mas/yr in HIP (see Table 2)

64532 CE — flag = 1, possible member

Kinematically nonmembers (group 2): |pr| > 3.0 mas

65477

59496

61100 CE — flag = 1, but suspected as spectro-
scopic binary, Soderblom & Mayor (1993)

63503

65327

69400 Excluded according to astrometry (see
Table 2) and small CE-index value
(Soderblom & Mayor 1993)

where
A‘/; __ (A - Aconv) j‘fr + (D - l)conv)gl_‘?r )

(§7)2 + (22
The radial velocities corrected in such a way give the
mean value of the space velocity: (Veorr) = 15.76 kms™1,
ov,.,. = 0.37kms™!, whereas for the observed values we
obtained: (Vobs) = 15.95kms™! and oy, = 1.33kms™1.
One can see that the standard deviation has much de-
creased after correction. It means that the space velocity
vectors became more uniform. Thus, if more precise ob-
servations would give in the future the radial velocities
close to the corrected ones given in Table 6, the strong
parallel movement of the stars belonging to the nucleus of
the UMa group will be confirmed.

We now present our general impression about the space
velocity distribution. The space motions of stars from
our list (except 61481 without radial velocity data) are
shown in Fig. 4. The U, V, W components were calcu-
lated in usual way using the HIP proper motions, par-
allaxes and V; from Table 2. We note that our sample
of highly probable members from Table 5 has a smaller
point scatter than the entire sample. The distribution of
points does not contradict the assumption that UMa SKG
members have a common space motion in the direction
of Galactic rotation — the scatter of the V-component
is less than that of W and approximately equals the U



N. V. Chupina et al.: The geometry of stellar motions in the Ursa Major 121

[ + 1 + ]
10 ] r 110
8 1 F 18
6 N 1T N 16

> r . >

4f s 1T ST 14

i L .ot ]

[ * N + + 4-—‘(\4! v + 1

2F - i F . - 12

I + + ]

or ] r 10
ol 1t 1.5

7\\\\\\\\\\\\\\ 1 PRI IS N SN ol e b e b b e b e e by w

10 12 14 16 18 20 22 24 -14 -12 -10 -8 -6 -4 -2 0

6] w
1207 112
10F i F H10
8F {1 F 18
6F i F 16
> 4r PN b r PN {4 >

- (awe) (e 1

2t R 1 F R 2
of i F Jo
ol ] L 1.9

P S HE S R S B R A P N S H SRS HEP R RN BRI

10 12 14 16 18 20 22 24 -14 -12 -10 -8 -6 -4 -2 0

corr

W,

corr

Fig. 4. Space motions of stars from our list and V; correction results for highly probable members. Top panel is the U, V., W
distribution: dots denote highly probable kinematic members, crosses denote other stars from our list. Bottom panel gives the
corrected velocity components (Ucorr, Veorr, Weorr) according to the procedure in Sect. 6. The nonmember star 69400 lies far in
the upper left corners of the top panels. The regions restricted by three mean errors of space velocity components are shown by
the dashed line. They are centered at the mean point positions for highly probable members

scatter. The calculated dispersions have the values equal
to op:oviow = 0.8:0.9:2.0kms~!. The mean errors of
the components are (ey):{ey):(ew) = 0.4:0.35:0.5kms™!
(calculated from observation errors). They are consider-
ably less than oy, oy,ow. In particular it means that
some scatter in V-motions in UMa Group nucleus really
exists. However, the large V. errors do not allow us to con-
struct an adequate picture for the true space motions. It
confirms the bottom panel in Fig. 4: after V, correction
the highly probable members concentrate to a small re-
gion within the errors, which implies practicaly identical
space velocities of the nucleus stars.

7. Conclusions

The final results concerning our membership determina-
tion are presented in Table 7. A CE — flag = 1 means
that the star belongs to the UMa SKG according to a

satisfactory value of the index of the strength of chro-
mospheric emission (CE-index), see Soderblom & Mayor
(1993). Using the proper motion diagram shown in Fig. 1,
the A-D diagram in Fig. 3 and the results of Sect. 4,
we have detected inside the nucleus region of the UMa
SKG eight stars revealed as highly probable members in
Table 5 and suspected in strong parallel motion with dis-
persion comparable with the lowest HIP errors (1 mas).
These stars share a common space motion with a small
dispersion of 1.33 kms~!. To this list we add two stars.
The star 62512 was included after replacement of its us.
As suspected by Eggen (1998), this us has a large mis-
taken value in HIP. With the new us from PPM (1991)
the pr became equal to —2.67 mas/yr, which fits into our
best interval and the star transits to the highly probable
members group. The star 64532 was included in the highly
probable members group for two reasons: it has satisfac-
tory value of the CE-index and |ut| < 3.0, that do not
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corrupt the proper motion distribution (see Sect. 4). These
two additional stars complete our list of highly probable
members of the UMa nucleus presented in Table 7 as group
1. For some solar type stars, the probability is substanti-
ated by the CE — flag = 1. Thus, we arrive at the conclu-
sion that in the central region of UMa SKG, ten stars are
situated with strictly parallel vectors of spatial velocities.

The values of proper motions measured with high
accuracy prevent from inclusion in the group 1 some
other stars: 59496, 63503, 65477 (Alcor). The stars 61100,
65327 have proper motion errors exceeding 1 mas (see
Table 2), and their membership is questionable. 61100 has
a CE — flag = 1, which is a reason to include it in group 1,
but it is suspected to be a spectroscopic binary and the
CE-index is not an adequate membership criterium. We
have included these six stars into group 2 and believe that
kinematically these stars do not belong to UMa SKG
nucleus.

The well-known stars Mizar and Alcor belong to differ-
ent groups and it is likely that they do not form a double
system.

The asymmetry of the positions of the points in
the A-D diagram gives evidence that the published
radial velocities need more precise measurements. The
numerical method elaborated by us allows us, with
the help of the A-D diagram, to reduce the values of
the radial velocities of selected stars to a quasi-parallel
space motion of the whole group. If the new, more precise

N. V. Chupina et al.: The geometry of stellar motions in the Ursa Major

measurements of V; give the values close to the values
obtained by us as a result of correction, it would be a
serious argument for a strong parallel motion of the eight
selected stars.
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