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SUMMARY: The influence of the tangential component of the solar motion (to-
wards [ = 90°, b = 0°) corrected for the value of the asymmetric drift, on the
galactocentric orbits of selected nearby stars is studied. Different models of the
Galaxy potential are used. It is noticed, in general, that the increase of this cor-
rected velocity component is followed by changes of the orbital elements character-
ising the motion in the galactic plane (the component perpendicular to the galactic
plane remains practically unaffected); the orbital eccentricity increases or decreases
depending on whether the galactocentric tangential velocity component of a given
star exceeds or not the value of the circular velocity involved by the used model.

1. INTRODUCTION

As well known, the amounts of the compo-
nents of the solar motion are of importance. The
values for the radial (towards I = 0°, b = 0°) and
vertical (towards b = 90°) components seem now suf-
ficiently well established, considering that one very
often meets the values of 10 km s~ and 7 km s,
respectively (e.g. Chen, 1997; Metzger et al., 1998;
Miyamoto and Zhu, 1998; Dehnen and Binney, 1998;
Reid, 1998; Feast, 2000; Popovié¢, 2000). On the
other hand, the tangential one (towards [ = 90°,
b = 0°) seems a little bit problematic, first of all since
for the purpose of calculating the galactocentric ve-
locity components of a given star one in fact needs
the value of this component corrected for the amount
of the asymmetric drift. This corrected quantity
seems to be close to zero (e.g. Chen, 1997; Dehnen
and Binney, 1998; Feast, 2000). Recently the present
author and his coworkers (Ninkovié¢ et al., 1999 - in
further text referred to as Paper I) studied the galac-

tocentric orbits of some nearby stars varying the val-
ues of the components of the solar motion, but there
the amount of the asymmetric drift was fixed. Due
to this circumstance the present author’s opinion is
that the galactocentric orbits of some selected nearby
?tars should be examined for the influence of this ef-
ect.

2. MATERIAL AND APPROACH

Nearby stars from the Catalogue of Gliese and
Jahreiss are chosen as the material to be subjected to
the analysis. As well known, this catalogue is unpub-
lished, however it has been used in earlier papers of
the present author (Paper I and references therein)
and for all relevant details concerning its use these
papers should be looked in. In order to avoid large
parallax errors the precedence is given to stars suffi-
ciently close to the Sun. A group of such stars was
the subject of an earlier analysis (Lippincott, 1978).
Lippincott’s samples contain stars within about 5 pc
around the Sun and the data were largely taken from
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old Gliese’s catalogue (1969). These stars are in-
spected in the light of more recent data, i. e. Gliese
and Jahreiss (in further text simply referred to as the
Catalogue). Their heliocentric velocity components,
as given in the Catalogue, are corrected for the so-
lar motion along the radial and vertical directions
as related in Introduction. The remaining compo-
nent is taken, as stated above, with the correction
for the asymmetric drift and in the present paper it
is varied between -5 km s~! and +5 km s~!. The rea-
sons are self-evident in view of what has been said
above. Since the stars under study are practically
in the same galactocentric position as the Sun, with
these assumptions all initial conditions are given -
the galactocentric distance of the Sun and the cor-
responding value for the circular velocity depend on
the used model (potential) of the Milky Way. Fi-
nally, as in Paper I the distance of the Sun to the
galactic plane is neglected.

In the present paper two different models of
our Galaxy are used: that of Kutuzov and Osipkov
(1989) and the one of the present author (1992). The
two main model constants - the galactocentric dis-
tance of the Sun (Rg ) and the corresponding circular
velocity (uc.(Rg)) - are given in these references.

3. RESULTS

Lippincott’s list contains 47 stars. As could
be expected, those are largely stars of the galactic
(thin) disc. The situation is quite similar to that de-
scribed in Paper 1. Therefore, many details communi-
cated there are practically the same. They concern
the shape of the orbits, the remarks on the Lind-
blad case, the definition of the orbital eccentricity
and so on. Generally it is noticed that the orbital
shape remains usually unchanged after varying the
tangential component of the solar motion corrected
for the asymmetric drift. The changes are quantita-
tive and they largely concern the orbital eccentricity.
More precisely the orbit dimensions in Z (perpendic-
ularly to the galactic plane) are not affected, whereas
the amounts of R, and R, are subject to changes
(R, and R, - maximal and minimal distances to the
galactic rotation axis, respectively, also see Paper I);
both increase with the increasing of the value for the
solar-motion tangential component corrected for the
asymmetric drift. This is not surprising because, as
already said, the majority of the studied stars be-
long to the Milky-Way disc and, therefore, the sense
of their galactocentric tangential velocity component
(towards I = 90°, b = 0°) is the same as for the Sun,
consequently, it increases with the increasing of the
value of the solar-motion tangential component cor-
rected for the asymmetric drift. Of course, the result-
ing change of the eccentricity cannot be large since
here only insignificant variations in the mentioned
solar-motion component are dealt with. In view of
the level up to which the solar motion is known, it
is clear that only a study of such variations can be
reasonable.

On the other hand, the rate of the increase
in R, and R, depends on whether the galactocen-
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tric tangential velocity component of a star is larger
or smaller than the circular velocity given by the
model. For those stars where the former applies
R, increases more rapidly than R, and, as a result,
the orbital eccentricity increases. If the latter case
is true, then one has the reverse situation: R, in-
creases more rapidly and, consequently, the orbital
eccentricity diminishes. Generally, since the stars
studied here, as already said above, largely belong to
the galactic (thin) disc, their orbits are nearly planar
with eccentricities rarely exceeding 0.3.

4. DISCUSSION AND CONCLUSIONS

In the present paper the galactocentric orbits
within a sample of nearby stars are studied. Two dif-
ferent models of the Milky Way are used, the values
of the solar-motion velocity components along the di-
rections towards [ = 0°, b = 0° and towards b = 90°
are fixed, whereas the one along I = 90°, b = 0°, cor-
rected for the asymmetric drift, is varied. In view of
the actual level up to which the values of the solar-
motion components are known these variations can-
not be significant and, as a consequence, they result
in insignificant changes of the orbital elements. It
is shown that equally as in the case of varying the
solar-motion components only, with fixed asymmet-
ric drift, (Paper I) the resulting changes of the orbital
elements are insignificant whereas the orbital shapes
are changed in some rare cases only. The circum-
stance that here the calculations are performed with
two galactic potentials parallel does not change much
the results. This is especially true when the orbital
eccentricity is concerned. In this way is confirmed
the conclusion of Ninkovi¢ et al. (2002) that the
treatment of the same stars in different galactic po-
tentials usually yields very similar results. Of course,
it should be borne in mind that this conclusion was
reached when the unit for the mean distance of a
star to the galactic rotation axis was the distance
of the Sun to the same axis assumed in the used
model. The present paper, however, does not deal
with the distance of the Sun to the galactic rotation
axis. It should be noted only that the value of this
distance can be influential. As an example will be
mentioned the result of Ossipkov et al. (2001) who
determined the tangential component of the galacto-
centric velocity of the Sun as a function of its dis-
tance to the galactic rotation axis. First, accord-
ing to recent comments both values recommended
by the IAU, that for the circular velocity at the Sun
and the one concerning the distance between the Sun
and the axis of galactic rotation, should be corrected
downwards (say 8 kpc and 210 km s~!, e.g. Sack-
ett, 1997). It is curious that such corrections would
preserve the value of the corresponding angular ve-
locity (about 26 km s~! kpc™!). Now, if the assump-
tion of the present paper concerning the tangential
galactocentric-velocity component of the Sun and the
asymmetric drift were applied to the result of Ossip-
kov et al. (2001) provided that the angular velocity
is fixed at the mentioned value, then the distance
between the Sun and the axis of galactic rotation
should be 8.5-9 kpc.



ON THE INFLUENCE OF THE TANGENTIAL SOLAR-MOTION COMPONENT

18
14
1.0 B
08
XK
g XX
5 XXX
Z 00704
N p2bk )I()K)K)K
0.8
“1.0 b
14 F
4 o 5‘4 5?8 852 B‘B 7‘0 7‘.4 7.8 5:2 B‘B 9‘0 54
R (koc)
18
14}
wh X KN .u
P « /e OOV
o8 IUOKK % SORKL ’/ '/\/\‘[\‘I i)
OO NN )
YoV J
Vel PODOBERS SORRMN
’/. ) .\‘ NN (’)"‘\,",\/.\"']
[XOX :
Y3 jv:o"@‘\’. X \‘ \’\‘)(‘)»(’X".
RS RXN
a4t PR
'8 9 5; 5‘3 6‘.2 8‘5 7T0 7‘4 7I8 8; 8‘5 9‘0 94
R fkoc)
18
1al 5250
§ 2K 0
r ¥ /’; ’0\ K < /‘ ) @’\»/:‘
KRXRRER R IRKIN
IOOKD SRR
T RXRKAAISOKNN
OO ORKHKHKAKAN
g f IRRERRRANANNY
g DY)
AEEXY I 4 ¢ "/\/‘\/‘\/‘\/‘\/‘\/ \/\/\/"
e )‘@‘@@@@/‘\‘/‘\‘/‘\%ﬂl
.08 F ! NN % 7 \
T IRXXISISRIONN)
1.0 e @‘/‘)¢ )
oF  RRRRESIEIS
A
1'352 s‘.a e‘.o elA efe 7‘2 1Te s:o a:s afe slz 96

Fig. 1. Galactocentric orbit of the star Gl 411,
potential Ninkovié, 1992: a) tangential solar-motion
component corrected for asymmetric drift (V) equal
to-5km s ;b)) V =0;¢c)V =25kms'; other
initial conditions unchanged.
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Fig. 2. Galactocentric orbit of the star Gl 411,
potential Kutuzov and Osipkov, 1989: a) tangen-
tial solar-motion component corrected for asymmet-
ric drift (V) equal to -5 km s71; b))V =0;¢)V =5
km s~'; other initial conditions unchanged.
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Fig. 3. Galactocentric orbit of the star Gl 876,

potential Ninkovié, 1992: a) tangential solar-motion
component corrected for asymmetric drift (V) equal
to-5km s ;b)) V =0;¢c)V =25kms'; other
initial conditions unchanged.
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Fig. 4. Galactocentric orbit of the star Gl 876,

potential Kutuzov and Osipkov, 1989: a) tangen-
tial solar-motion component corrected for asymmet-
ric drift (V) equal to -5 km s71; b))V =0;¢)V =5
km s~'; other initial conditions unchanged.



ON THE INFLUENCE OF THE TANGENTIAL SOLAR-MOTION COMPONENT

Undoubtedly, any further removing of uncer-
tainties in the values of the quantities characterising
the galactocentric position and velocity of the Sun,
together with a higher accuracy of the observational
data, will contribute essentially to a much better un-
derstanding of the galactocentric motion of nearby
stars.
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O YTNIAJY TAHTEHIINJAJTHE KOMITIOHEHTE CYHUEBOI' KPETAIHA
HA TAJIAKTOIIHEHTPMYHO KPETAILE OBJIM/KIHLUX 3BE3JA

C. Hunxkosuh

Acmponomcera oncepsamopuja, Boaeuwa 7, 11160 Leoepad-74, Jyzocaasuja

YK 524.6/.63-34
Opuzurasnu Hay¥Hy Pao

I[IpoyuaBa ce yrTunaj TaHMeHIUjaJHE KOM-
nonerTe CyHuUeBOr kKperama ka amekcy (ka [ =
90°, b = 0°), ucupasJ/beHE 33 BPERHOCT ,320CTa~
jama‘ Op3uHe TaJaKTUYKe POTAIlje y OMHOCY Ha
KPY:KHY Op3UHY, Ha TAJAKTONEHTPUYHE MyTaHe
onabpaHux OOIWKIUX 3Be3ma. KRopucre ce pa-
3JIMYUTY MOJENIU NoTeHnujana 'amaxkcuje. Y on-
mreM ciaydajy ce npumehyje ma je mopacT oBe
KOMIOHEHTe Op3uHe mpaleH mpoMeHaMa IIyTaH-

CKUX eJIeMeHATa KOjU KapaKTepPUILy KpeTame y
paBHU Mueuror myra (KOMIIOHEHTa HOPMAJIHA HA
OBY paBaH 0CTaje IPAKTUYHO IMOTIYHO UCTA); €KC-
IEHTPUYHOCT IIyTake PacTe WM ONaja y 3aBUC-
HOCTU OJ TOTa M4 JU J€ TaJaKTONEHTPUYHA TAaH-
TeHIMjaJHa KOMIIOHEeHTa Op3uHe narte 3Be3ae Beha
WM Makba Ol KPy:KHe Op3uHe KOja IPOUCTUYE U3
KOPUIINEHOT MOIEeJA.
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