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~ SUMMARY: The author presents the aunalysis of the proper motions of A-
components of the double stars from the Preliminary Compiled Catalogue of DS-
Programme Star Positions. A few statistical criteria are applied to the proper
~motions of the stars mentioned above aimed at identifying orbital motions of the
A-components around the mass ecentres. Two statistical relations known from stel-
lar astronomy are applied in order to determine the parallaxes. The mass-centre

proper motions for the catalogue double stars are calculated, as well.

1. INTRODUCTION

Among stars interesting to the astronomical
research. are also double stars (DS), relatively close
to us, thus having high proper motions. The knowl-
edge of these proper motions is very important to
galactic astronomy, especially when thé fine galac-
tic structure in the solér' neighbourhood is studied.

The importance of knowing the accurate positions
and proper motions of double stars is seen from the
fact that the double (and multiple) stars are objects
%f (;')]S)fcial importance in the programme "HIPPAR-
By using the star positions determined in 1930
by Courvoisier (1951) and those from the Prelimi-
nary Compiled Catalogue of DS-Programme Star Po-
sitions (Cvetkovi¢, 1992) the proper motions of 42}
stars have been determined. A special attention has
been devoted to a statistical examination aimed at

‘establishing if orbital motions around the mass cen-
‘tre of the binaries can be found.

2. A STATISTICAL CRITERION OF IDEN-

TIFICATION OF ORBITAL MOTIONS

. .The components of binaries possess the orbital

motion around their mass centres, hence their proper

motion on the sky is "wavy” and only their mass
centres move -along the arc of a great circle like the
single stars. Therefore, the proper motions of A-
components of the double stars obtained by the au-
thor are the total annual changes of their positions
composed of the orbital motion around the mass cen-
tre and the motion of the mass centre itself.

As the parallaxes of the components of a bi-

nary are practically equal and the same is true for

the effect of interstellar absorption, AM=Am is valid
for any photometric system. On the other hand, as
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well-known, the theoretical relation ”mass-lumino-

sity” for the stars of approximately equal chemical . 1/2 2 .
composition assigns a higher luminosity to a higher o; = (2/(N - 1)) / s; 1=1,23.

- mass. From o; ~const (Table 2) it is possible to con-

' ool l s of a bi h . clude that the decrease in N is not the cause of the de-
approximately equal masses ol a binary star COMpO-  creage in the proper motions with Am increasing, but

nents, i.e. their approximately equal orbital motion. 1,2+ this fact is rather an indication of the orbital-
As Am increases, the brighter A-component, in view 1 otion influence.

that 1t is more massive, is closer to the system mass
centre and, therefore, its orbital motion is ”smaller”

than that of the other component. In other wordsthe 3 AN APPLICATION OF TWO STATISTI-

orbital motion of the observed binary-system com- AL RELATIONS OF STELLAR ASTRON-
ponent is the most significant for Am=0 and it de- QMY

creases when Am increases. Naturally, this conclu-
sion is correct if Am is influenced by the mass ra- - o _
tio only, i.e. it is valid for an approximately equal .. . The following two statistical relations are ap-
chemical composition and evolutionary status of the plied in order to estimate the proper motions of the
components. ., .. mass centres of the catalogue double stars and con-
In the present double-§Qér sample (Am=0.0- . ‘sequently the orbital mot.lo?s qf the observed com-
4.0) the obtained proper motions of the A-compon- ° -ponent;;lt;hefrinselvels. CL d o B 1k (1943
ents are averaged statistically by dividing the stars e first relation is due to Binnendijk (1943)
into four grodups %cgcl)rdlinghto tlx:ir Ani; ’%he resuliti.s D
are presented in Table 1 where Am 1s the magnitude ) — _ _
diﬂ'el;ence of the components; N 1s the nu-nglber of log 7(m) = logn(12.0) - 0.115(m — 12.0) (1)
stars within a group; 8;, sz, 83 are the root-mean-
square errors for u, u, and ug, respectively. (In case
of o and us the moduli are presented).

It is clearly seen (Table 1) that the mean val- -~ -} " '
ues of u, pto and gs within the groups, as well as  logm(m, ) = —0.690 — 0.0713m + 0.645logp . (2)
the corresponding rms errors, decrease with the in- o , _
crease in Am. In order to verify if the mean proper Both statistical relations hold for the single

motion changes are affected by the decrease in the stars. Their direct application to binaries 1s incor-
number of stars N within a. groﬁf) the hdisper'sﬂi"m- o2 Trect. If there'is’any indication that the more massive
of the dispersions s? are calculated according’to the

formula S -

The magnitude difference Am=0.0 indicates

“and the second one is'due to Kapteyn and van Rhyn
(see e.g. Kynukosckun, 1985) *

‘system component is practically its mass center, its
p(=p.) will be free of orbital motion and relation (2)
for that component will give the system parallax.

Table 1. Mean Values of Proper Motions ¢ and of Components iy and ps within the Groups

Am N a 1 o 03 B . Y
0-1 - 205: 07065 - 07068 07043 °~  £07056 - 07039 - 07048
-2 138 07042 = 07052 07025 07040 07027 = 07038
2-3 61 0037 +07048 07023  £07037 07024 07034
3-4 14 0”020  +0”014 07012 07009 07014 07015
Table .2.:.,The Values 0; within the Group’sﬂ
Am ' B 01 L D o3

0-1 0.0004 -0.0003 0.0002

1-2 0:0003 0.0002 0.0002

2-3 0.0004 10.0003 0.0002

3-4

0.0001 0.0000_ .. 0.0001
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However, no statistics of this kind is made, probably

because the masses of visual binary components (of

the known orbits) are of the same order of magni-

tude.
For our stars these is no information on the
components mass ratio. The only thmg to be said is,

that 1n the systems with the highest Am the small-
est 1nfluence of orbital motion on the measured u is
expected. - .

Bearing this in mind for a small sample of dou-
ble stars (26 only) with known trigonometric paral-

laxes m¢r (1952) one calculates the proper motion of

the mass centre u. using (2). The diference £Apu=pu-

p. corresponds to the orbital motion of the observed
component around the mass centre. -

The Apu values and the corresponding rms er-
rors s3 averaged within the groups of Am (Table 3)
decrease with Am increasing - a fact indicating the
orbital motion. In addition, the values of Au ob-
tained from this small sample are not mgmﬁcantly
smaller than those of u, .

Here, the following should also be taken into

account: for p.(1) and u.(2) determined for the first

and second components respectively, from (2) it fol-
lows:

For a majority of the double stars from the
sample for which Wir 1s not available the parallaxes

are calculated by using (1). They are denoted as = .
The next step is to calculate u. and £Apu (the values

given in Table 4). It is clearly seen that the orbital

motions Au do not decrease with Am increasing. In
any case the orbital motions of the components Apu
are not negligible in comparison with the proper mo-
tions of the mass centres u. .

Using the parallaxes m;, or 7 1n the relation

M =m+ 5+ 5logn (3)

we have determined the absolute magnitudes M also
making the spectrum - luminosity diagrams for both

the stars with the known =, (Fig.1) and those with

the computed m, (Fig.2). -

Our double stars of all spectral types are dls-
tributed approximately within the absolute magni-
tudes M=1 to M=4 (Fig.2), i.e. there is practically
no spectral type dependent change in M. This 1mn-
poses the necessity of checking the rehability of the
obtained results. Much more so because the posi-

tions of the 26 sample stars with known parallaxes
m:r have not been isolated on the H-R diagram. The

(1) T most serlous reserve i1s due to.a small absolute lumi-
I 09 2) = Am nosity of the B and A spectral type stars (especially
He B type).

Since u.(1)=u.(2), it follows that Am—O na-

mely the smallest discrepancy of u.(1)/u.(2) from

the unity 1s for the lowest Am. In other words,
a “more accurate” u. corresponds to the minimum
value of Am, so that the error in determining the fhe

Increases (Am grows) in the direction of decrease in
Ap 1n Table 3.

Formula (1) used for the calculation of 7, has

been derived for the stars fainter than m=10.5. The-
refore, it becomes necessary to extrapolate because

the stars treated here are brighter (6 <m<9). In

addition, 1t 1s seen from Binnendijk’s paper that the
errors of parallax determination increase in the case
of brighter stars, which together with the uncom-

puted absorpt.ion n (3), could lead to a fictitious

Table 3. Mean Values of Proper Motions u, fi. and Au for 26 Double Stars with known 7y,.

Am N T S1 c 89 Au 83
0-1 12 07311  +£07”393 07205 +07215 0”186  +0"192
1-2 7 07100 407098 07201  +07169 07128 0" 146
2-3 6 07”102 407125 0”152 40726 0”094 +0'136
3-4 1 07023 - 07095 - 07072 -

b e

Table 4. Mean Values of Proﬁer Motions y, (4. and A}.&-for Double Stars with comp_uted parallaxes 7.

| _ 81 - - e i 59 ol Au 83 .
07065 +07068 07061  £07021 07050  +0’050
07042 07052 07064  +07022 07”049 07037
. 0”037 - £07048 07073 . +0024 . 0”050  +£07040 .
: 0020 407”014 07093 40”030 . 0”074 07031
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Fig.1l. H-R diagram for 26 double stars with
Rir known. - s " |

0.05 -

0.04

0.03

0.02

0.01

0.00

0.00 0.04

001 002

F‘ig.3. The dependance Tp(7¢,) for the sample
of 26 double stars. - I

distribution of the stars in Fig.2 .

The attempt of correcting mp for brighter stars
through the correlational _depeqdepce on Wi, yields
no results, since in the case of significant changes of

7., there are no significant changes in m;, (see Figs.
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Fig.2. H-R diagram for double stars with com-
puted parallaxes Tp.
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- Fig.4. The dependance 7p( T, ) for the sample
of 232 luminous stars.

3 and 4). Fig.3 gives the dependence my(,) for 26

“double stars: the straight line equation has the form

my=-0.10137,+0.0121. Fig.4 gives the dependence
x3(7, ) for the random sample of 232 luminous stars
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(without companions), with magnitudes from 3 to

11 of all spectral types; the straight line equation

has the form 7,=-0.06597;,40.0141 . On account
of all these findings one concludes that Binnendijk’s

relation is not applicable to apparently bright stars
and consequently to the present DS sample. In other
words, the results from Table 4 and Fig.2 are not
realistic.

4. CONCLUSION

From the analysis of the derived proper motions
existence of orbital motions for the observed compo-
nent is clearly seen. -

The examination of the proper motions by ap-
plying the well-known statistical relations has not
yielded any reliable results concerning the amounts
of the proper motions of the mass centres because the
sample of 26 double stars with =,, known is too small
for any statistics and the parallaxes 7, obtained here
are not realistic since Binnendijk’s relation is not ap-

plicable to relatively bright stars.

Obviously, for the proper-motion analyses of the
double star components information about the or-
bital motion i1s necessary.
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KAPAKTEPHNCTHUKE COIICTBEHNX KPETABA Y INPEIMMVHAPHOM
N3BEIEHOM KATAJIOI'Y IBOJHUX 3BE3ILA

3. LlBeTkoB1h

AcmpoHomcka oncepeamopuja, Boazuna 7, Beoepao, Jyzocaasuja

YIK 524.328(083.8)-325.2
OpuzuHrarHu HAyyHu paod

AyTOp NMpencTaBiba aHAJIMU3Y COINCTBEHHUX KpeTaka
A-KOMITIOHEHaTa OBOJHMX 3Be3fa u3 IIpenumMuHapHor
IIBBEICHOI KaTtajlora riojioxaja 3sesga DS nporpama.
IIpMeReHO je HEKOTMKO CTATUCTUIKUX KPUTEpHUjyMa
Ha COTICTBCHA KpETana 3Be3[a ca LIMIbEM Ja C€ MACH-
THQUKY]Jy opOMTalHa KpeTawa A-KOMITIOHEHATa OKO

IleHTapa Maca. IlpyMencHe cy OBe NMO3HATE CTATHC-
TUYKE pellaliije M3 3BE3naHE acTpOHOMMje 36or of-
pehuBamwa napanakcu. Takohe cy uzpadyHaTa CoOIl-
CTBCHa KpeTaka LICHTapa Maca 3a HABOJHE 3Be3IC KaT-
anora.

37



