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SUMMARY: The subject of the study is a sample from the Gliese-Jahreiss cata-
logue containing 77 visual binaries. Their total masses are determined both statisti-
~cally (by using the parallaxes, apparent magnitudes and spectra from the catalogue)
and dynamically (by using the orbital data). The authors find that the agreement
between the total masses determined in these two different ways is largely satisfac-

tory.

1. INTRODUCTION

-~ There is no doubt that the mass determina-
tion is very important in stellar astronomy. It is very

well known that the mass of a stellar system can be
estimated in two ways - statistically through the in-
“dividual masses of stars concerned and dynamically,
usually by applying the virial theorem.

This 1s also true of the most simple stellar sys-

tems - the double stars. The statistical estimate in
their case 1s made clearly by the use of the mass-

luminosity relation. The progress in astrophysics has

enabled a relatively correct mass estimating for in-.

dividual stars (above all for those from the main se-
quence) by applying this relation (e. g. Angelov,
- 1993a; Angelov, 1993b and the references therein).
The corresponding dynamical estimate is, clearly, ba-
sed on the Third Kepler Law (TKL) it being also a

variant of the virial theorem.
The visual binaries are suitable for both ap-
~ proaches in the mass determination; if their spectra
~and distances are known, there are all prerequisites
to try the individual-mass estimating. On the other
hand for many of them the orbital data - period,

semimajor axis and the rate of the B component
in the total mass - are available (e. g. Popper,
1980). Unfortunately, the number of those pairs,
where these elements are reliable enough, is really
small as noticed in the same reference (Popper,
1980). Besides, the distance uncertainty appears as
the additional complication since the TKL applica-
tion requires the true semimajor axis to he known
(not the angular one).

Among the reasons for this low rehiabilily of
the orbits may be the circumstance that visual bi-
naries are, as a rule, wide pairs so that even for the

nearby ones the periods can be very long (say, several

centuries). Therefore, the importance of knowing the
distances is clear enough. In such cases a sufficiently
reliable estimate of the individual masses 1s possible.
For this reason for the visual binaries with reliable

~ distances a comparison of the values of their total

masses obtained statistically to those obtained dy-
namically i1s important. In our opinion nearby visual
double stars offer such a possibility. This time we
apply some recent concepts of the mass-luminosity
relation (e. g. Angelov, 1993b) which are compared
with earlier ones (e. g. Popovié and Angelov, 1970).
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2. PROCEDURE

As the data source we use the Gliese-Jahreiss
catalogue. This catalogue contains the data for 3803

nearby stars. All of them have known parallaxes
whereat in most cases these parallaxes are trigono-
metric ones. This circumstance, certainly, contribu-
tes to their high accuracy. The other data, relevant

for the present study (magnitudes, spectral types),

are also given in the catalogue, usually with a sufli-

cient accuracy (usually because not for all of them

“all the data are given with high accuracy). The cat-
alogue has not been published; it is available on a

diskette only. Thanks to the courtesy of our Russian
colleagues (V. V. Orlov - Gt-Petersburg University
and A. A. Miillari - University of Petrozavodsk) we

have got such a diskette.

According to our finding there are 405 visual
binaries in the catalogue where a third component
has not been suspected. Since the spectra are not
given for both components in all these cases, we can-
not treat such pairs. Therefore, the _
tems with all data necessary to us. With regard to
the distances being known and to our dealing with
nearby stars, we can easily obtain the absolute mag-
nitudes without taking into account the interstellar
absorption. With these absolute magnitudes and

spectral types we can construct the HR diagram (Fig.

1).
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[t is seen from Fig.1 that there are 31 systems
for which at least one component 1s not on the main

sequence (MS). All of them are eliminated from the

further study so that finally we have 186 pairs with
both components on the MS. As for the distribution

of their spectral types, it is seen that there 1s none
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tistically.

1. The HR diagram for the visual-binary

earlier than A and that a vast majority belong to I'-
M the types, especially to the region around K - the
so-called "knee” of the main sequence. This s not
surpising since we deal with nearby stars and also
‘n most cases the components within a given system
are mutually similar as to their spectral types and
absolute magnitudes. - .

In the case of these pairs the mass of each
component is estimated on the basis of the mass-
luminosity relation. We use two particular forms of
this relation. One of them (Popovi¢ and Angelov,
1970) connects the masses with the absolute mag-
nitudes, but this is rather a set of such relations
(each one for a different MS part). The other one
(Angelov, 1993b) yields a (nonlinear) connexion be-
tween the mass and bolometric magnitude valid for

“the entire MS. The bolometric corrections are found

on the basis of the spectra by using the data given
in Kulikovskij, (1985) and Popper, (1980).

Both relations yield almost identical mass val-
ues. By simple adding we obtain the total masses of
all 186 systems. These are the masses obtained sta-

In order to verify the 1'eliabilit*y of these masses
their values should be obtained also dynamically, by
means of TKL. For this purpose we need their or-

bits. We find such data from three main sources:
the Gliese-Jahreiss Catlalogue, Gliese’s (1969) cata-

logue and the list of Worley and Heintz (1983). We
have the orbital data for only 77 pairs out of our

total containing 186 ones.

3. RESULTS

The comparison of the total masses obtained
statistically with those obtained dynamically 1s pre-
sented in Fig. 2. Though a significant scatter 1s no-
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Fig. 2. The dependence of the "statistical” total
mass on the “dynamical” one; mass umt Mg .
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ticeable, the agreement is, nevértheless, satisfactory.

In favour to this is the distribution of the mass differ-
ences presented in Fig. 3. As seen from this Figure,

the majority of mass differences is within 1 Mg and
both signs are practically equally frequent. In order
to establish whether the scatter from Fig. 2 is real-

istic or it is rather due to the errors we undertake a

more thorough examination; here it should be com-

- mented that the concentration towards small mass
differences is even more prominent if the intervals

(the width unchanged - 0.5 M) are centred on 0,
- *0.5, £1, ..., instead of +0.25, +0.75, ... (in solar
- masses) as in Fig. 3. The mean values for the total
masses calculated in two different ways are rather

similar: 1.68 My, for the "statistical” masses and

1.62 Mg, for the ” dynamical” ones.
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Fig. 4 presents the dependence of the differ
ences in the total masses on the parallaxes. It i
seen that for the case of small parallaxes (distanc
exceeding 10 pc) the mass differences tend to be mor
prominent. A similar situation is with their depen
dence on the periods (Fig. 5). Considering thal o
sample contains visual binaries, even in the case o
nearby ones as already said above, we have a selec.

- tion against those with short periods. On the othes

hand, long periods, as a rule, mean unreliable orbits
This is more clearly seen from Fig. 6 which gives
the period-parallax dependence; the long periods are
characteristic of small parallaxes.
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Fig. 5. The mass difference versus period (in years).
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Fig. 4. The mass difference versus parallax (in arc  Fig. 6. Period (years) versus parallax (arc seconds).

seconds).
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4+, DISCUSSION AND CONCLUSIONS

Based on the preceding section we conclude

that the agreement between the total masses of visual

binaries from our sample calculated in two different
ways - statistically (mass-luminosity relation) and
dynamically (TKL) - i satisfactory. The large devi-

ations found in some cases can be largely attributed

to the observational errors. In our opinion the “sta-
tistical” total masses seem more reliable, first of all,
because the orbital data are very uncertain. This
< confirmed by the fact that in many cases the pe-
iods have been estimated at several centuries (F1g.
7). Such periods clearly exceed the time intervals

accessible to modern measurements.
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Fig. 7. The histogram of periods (years).

masses” the input data are the apparent magnitudes,
the spectra and the distances. The accuracy level of
the former two is high . deed so that the main effect
s due to the distance. Without taking 1nto account
the quality of a mass-luminosity relation it may be
said that the relative errors of the total mass and the

distance are approximately equal. Bearing 1n mind

that here we deal with a sample of nearby double
stars, their distances are known to a few percent of
accuracy so that we estimate the relative error in the
total mass determined statistically to at most 10%.
On the other hand, the Jistance enters in the total

1ass determined dynamically with its third power,

. circumstance diminishing the accuracy of the mass
determination significantly compared to that of the

statistical determination on the basis of the distance
~lone. The inclusion of the accuracies of the angular

‘semimajor axis and the period acts on the reliability
as an additional diminishing. Therefore, we estimate
the relative errors of the total masses determined dy-
namically to some 10%, thus as significantly exceed-
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As for the particular type of this relation used

here, it has been tested on ten examples (Angelov,

1993b) and it 1s seen that the deviations, except n

one case. do not exceed [0.15] Mo Such an amount
is quite within the error limits specified by Popper
(1980) for the same systems. However, 1t seems LO S
that the error amounts given by Popper are too con-

gervative, 1. €.
bearing in mind that among the ten systems anal-

ysed by Angelov (1993b) there are four with periods
exceeding a century.

that the real mass errors are higher

Therefore, one can expect the
»statistical” masses to be reliable enough, though the
correctness of the mass-luminosity relation cannot be

equal to that of TKL.

3
7 o
£ {}m
>
1 QG o0 OQ
o o
0O <
gl o0 0%3906:) o
o, oPR bmg..g.,,@ Qe rggensnrnnen s
E g’
B2 7 &
- o o
© ¢
1 .:’6 oo
2 o
o
-7 |
o
0 1 2 3 4 5 6

F1g. 8. The mass difference (as in Fig. 3) versus

total ”dynamical” mass.

The mass difference distribution (Fig. 3) re-
sembles a gaussian curve, i e. most likely the scatter
in Fig. 2 1s due to the measuring errors. lHowever,
the “statistical” masses are on the average higher.

It is curious to note that in the very small sample

of visual binaries with reliable orbits discussed by
Angelov (1993b) the same effect occurs. Perhaps,
his relation yields systematically higher masses (1n
general, or at least for some MS parts)? In order
to examine this question more thoroughly we study
the dependence of the mass differences on the to-
tal masses themselves. Fig. 8 presents their depen-
dence on the » dynamical” total masses, Fig. 9 gives

‘the same thing for the case of the “statistical” ones.

Different trends are noticeable. Tig. & indicates a
systematic trend, whereas the other one indicates a

random situation. Qur opinion 1s that this circum-
stance is 1n favour of our conclusion reached above
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[IpeaMer oBor npoytaparka je y3opak U3 I'nuse-  BenMdMHA M crieKTapa M3 Kartajiora) M OUHAMIIKII
Japajcopor kartasiora Koju canpiu 77 BuszyanHo apo-  (kopumherweM nogataka o opoutama). o Mimsseiby
JuuX 3pesna. Fbuxose ykynmHe Mace cy onpehene M ayropa ciarame maMely ykynHux Maca oapeheniix
CTATHCTUYKH (KopuuiheweM napajiakcH, NMPUBMAHMX  Ha oBa ABa HaYUHA je YI'MaBHOM 3aloBoshanajyhe.
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