
This article was downloaded by:[Bochkarev, N.]
On: 4 December 2007
Access Details: [subscription number 746126554]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

Local kinematics of the Galaxy
V. V. Orlov a; A. A. Mylläri b; A. S. Stepanishchev a; L. P. Ossipkov c
a Sobolev Astronomical Institute, St Petersburg State University, St Petersburg,
Russia
b Department of Informational Technologies, University of Turku, Turku, Finland
c Department of Space Technologies and Applied Astrodynamics, St Petersburg
State University, St Petersburg, Russia

Online Publication Date: 01 April 2006
To cite this Article: Orlov, V. V., Mylläri, A. A., Stepanishchev, A. S. and Ossipkov, L. P. (2006) 'Local kinematics of the
Galaxy', Astronomical & Astrophysical Transactions, 25:2, 161 - 163
To link to this article: DOI: 10.1080/10556790600893229
URL: http://dx.doi.org/10.1080/10556790600893229

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556790600893229
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
13

:1
6 

4 
D

ec
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions
Vol. 25, Nos. 2–3, April–June 2006, 161–163

Local kinematics of the Galaxy

V. V. ORLOV*†, A. A. MYLLÄRI‡, A. S. STEPANISHCHEV† and L. P. OSSIPKOV§

†Sobolev Astronomical Institute, St Petersburg State University, St Petersburg, Russia
‡Department of Informational Technologies, University of Turku, Turku, Finland

§Department of Space Technologies and Applied Astrodynamics, St Petersburg State University,
St Petersburg, Russia

(Received 29 June 2006)

We found the parameters of the velocity ellipsoid in the solar neighbourhood, the Galactocentric solar
velocity, and the circular velocity at the solar radius. In order to take into account biasing and irregu-
larities of the velocity field, we extrapolated to zero heliocentric distance. For the Galactocentric solar
velocity, we also extrapolated to zero angular momentum. As for the circular velocity, extrapolation
to zero eccentricity was used.
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Investigations of the stellar kinematics in the solar neighbourhood are of interest from differ-
ent points of view. Firstly, the solar neighbourhood is a typical region of the Galactic disc.
Therefore, the kinematic properties of nearby stars shed light on the whole Galactic disc kine-
matics. Secondly, an analysis of these data allows us to estimate a few fundamental Galactic
parameters, e.g. the circular velocity at the solar circle. Thirdly, kinematic data contain infor-
mation concerning the distribution of gravitating matter in the Milky Way, because the velocity
distribution of stars is mostly defined by a smoothed Galactic field, where the stars move.

In order to estimate the kinematic parameters (e.g. the parameters of the velocity ellipsoid),
different techniques can be utilized. The simplest method is to take any sample of the stars
and to calculate the mean characteristics of interest (e.g. the residual velocity dispersions
or the mixed moments of the dispersion tensor). However, such an approach is incorrect,
because biasing due to the omission of low-luminosity stars when the distance from the Sun
is increasing is not taken into account.

In order to correct the results for such biasing, we suggest that the values under consideration
are extrapolated to zero heliocentric distance. Sometimes, similar approaches were used for
estimations of the stellar number density in the solar neighbourhood (see, for example, [1]).

The basic idea of this approach is very simple. The solar neighbourhood of a definite radius
is covered by a system of concentric spheres which have centres in the Sun. Using the samples
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of stars inside each sphere, we calculate the mean values of the parameters under consideration
(e.g. velocity dispersions). Then, using the least-mean-squares method, we fit the dependences
of these parameters on the sphere radii. Usually we used linear or quadratic fittings, although,
in principle, more complicated functions (e.g. parts of the Taylor series) can be used. Then a
free term gives the unbiased value of interest [2]. Thus, the parameters of the residual velocity
ellipsoid parameters can be estimated.

When we estimate the Galactocentric solar velocity, we use also an additional extrapolation
to zero angular momentum (Lz → 0). For the circular velocity, an additional extrapolation to
zero eccentricity can be used [3].

As we mentioned above, two kinds of fitting were used. The first is linear fitting according to

X = Ar + B, (1)

and the second is quadratic fitting according to

X = Ar2 + B. (2)

Both fittings were used for the estimations of the parameters of the velocity ellipsoid. For the
Galactocentric and circular velocities, we used only linear fitting.

As for the initial sample of stars, we used the list compiled by Goncharov [4].
The results of both fittings for the velocity ellipsoid are shown in table 1. The results of

the two fittings are generally in agreement. The mixed moments are usually not very far from
zero.

As for estimations of the solar Galactocentric velocity Vgal in the direction of galactic
rotation, two variants of extrapolation order were used: firstly,

r −→ 0, Lz −→ 0; (3)

secondly,

Lz −→ 0, r −→ 0. (4)

It should be noted that, in this case, it is necessary to use some values of the solar Galactocentric
distance and velocity (the parameter of interest) when we calculate the angular momenta
for individual stars. Our calculations have shown that the results depend only slightly on
the adopted solar Galactocentric distance R0 (it was varied within the interval from 7.5 to
8.0 kpc). As for the velocity, if its value was predicted correctly, then it should be in agreement
with the result of the double fitting. It was indeed. Both choices of fitting order led to similar
results, although the uncertainties are rather different. The final result is Vgal = 235 ± 4 km s−1

(for R0 = 7.8 kpc).

Table 1. The results for the velocity ellipsoid.

Parameter Linear fitting Quadratic fitting

Ū (km s−1) −8.6 ± 0.1 −8.8 ± 0.1
V̄ (km s−1) −18.9 ± 0.1 −19.8 ± 0.2
W̄ (km s−1) −7.0 ± 0.1 −7.6 ± 0.1
Suu (km2 s−2) 1189 ± 21 1202 ± 10
Suv (km2 s−2) 28 ± 12 1 ± 9
Suw (km2 s−2) −73 ± 3 −72 ± 4
Svv (km2 s−2) 694 ± 12 739 ± 8
Svw (km2 s−2) 11 ± 7 43 ± 4
Sww (km2 s−2) 299 ± 8 316 ± 3
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When we estimated the circular velocity Vcirc, we used a double extrapolation to zero
eccentricity e → 0 and then to zero heliocentric distance. To determine the eccentricity, we
used the epicyclic approximation. The eccentricities of star orbits

e = Ra − Rp

Ra + Rp
(5)

(here Ra and Rp are the apocentric and pericentric distances, respectively, from the Galactic
axis) were calculated from the following formula:

e2 =
(

1 − R

R0

)2

+ 1

4
(1 + λ)

(
VR

Vcirc

)2

, (6)

where λ = A/(−B), A and B are the Oort dynamic constants, VR is the Galactocentric velocity
component in the R direction, R is the distance from the Galactic axis, and Vcirc and R0 are the
parameters. Our calculations have shown that the estimated circular velocity almost does not
depend on the adopted values of these parameters (the differences are less than 1 km s−1). Its
value is Vcirc = 215 ± 5 km s−1, which is about 20 km s−1 less than the Galactocentric solar
velocity.

Thus, using extrapolation allows us to estimate important local kinematic parameters cor-
rected for observational selection. We have estimated those using the sample of stars within
200 pc from the Sun; these stars have the most reliable spatial positions and velocities at the
moment.

In future work, we shall use the same methods to find the velocity ellipsoids for stars of
different types and different ages.Also, we shall estimate the uncertainties in our extrapolations
using Monte Carlo simulations.
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