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SUMMARY: In 1829 Struve discovered a double star denoted as STF 2375 AB
later on. Its separation was 2’/ 2. It was noticed by Finsen from the Southern Ob-
servatory (Johannesburg) in 1953 that the components A and B are close binaries

with separations about 0’/15. The motion within this quadruple system - FIN 332
Aa and FIN 332 Bb - has been monitored from that time on. The data about the
motion of these close binaries are analysed by the present authors and the prelimi-
nary orbital elements are calculated for each of them. The dynamical parallax from
the obtained period and the semimajor axis for pair FIN 332 Bb agrees completely
with that obtained from the Hipparcos programme. In the case of FIN 332 Aa a
somewhat higher parallax, but within the error limits following from the errors of
the period and semimajor axis, is obtained and it agrees with the parallax for FIN
332 Bb. The dynamical masses for the components of both systems are as expected
for their spectral type A1V (all of them belong to the Main Sequence and here
one uses Angelov’s (1993) relation). According to our results, the motion of both
systems takes place approximately in the same plane, confirming thus some general

properties already noticed in the case of multiple stars.
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1. INTRODUCTION

In 1829 Struve detected a visual double star
which at that moment had a separation of 2”7 3. The
total apparent magnitude is 5.72 and the spectrum
is AO. The first designation of this pair was STF
2375. In the ADS Catalogue it is referred to as ADS
11640. Observing from the Southern Observatory
(Johannesburg), Finsen in 1953 finds that the com-
ponents A and B are close binaries, in both cases the
separation was 0" 14.

Therefore, one has a quadruple system AaBb.
The subsystems are referred to as FIN 332 Aa and
FIN 332 Bb. From that time on, the motion of

the components for this small and interesting system
have been systematically observed, except in the in-
terval between 1964 and 1976. During 1968-1969 the
observations were performed by Finsen, only with
his eyepiece interferometer. Small variations in the
position angle, and more significant ones in the sep-
aration, seem to indicate high inclinations of the ap-
parent orbit for both subsystems. This system was
included in the Hipparcos Programme under desig-
nation HIP 92027 and, hence, its parallax is known:
0700460 £+ 0"/ 00110.

The data are taken from Fourth Catalog
of Interferometric Measurements of Binary Stars
(Hartkopf et al. 2002).
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2. THE METHOD

For the purpose of calculating the orbital el-
ements, one used the method known as KOVOLE
(Olevié and Cvetkovié 2003). This method was de-
veloped by Olevi¢; it is based on Koval’skij’s method
which yields acceptable results for all possible cases
(of data) without requiring the approximate values
of P, T and e to be known, unlike the method used
at CHARA - Center for High Angular Resolution As-
tronomy (Hartkopf et al. 1989).

3. RESULTS AND DISCUSSION

3.1 Results

In Table 1, the basic data on the system con-
sidered, orbital elements, dynamical parallax and the
individual values of absolute magnitudes and masses
of the components are given. In the calculation of
the dynamical parallax, individual absolute magni-
tudes and the masses, we use Angelov’s (1993) rela-
tion since the system belongs to the Main Sequence.

Table 1. Orbital elements, absolute magnitudes,
masses and parallaxes.
Name FIN 332 Aa | FIN 332 Bb
WDS 1845540530 | 18455+0530
HIP 92027 92027
m 6.50-6.60 7.50-7.50
Sp. A1V+A1V A1V
P(yr) 58.35 93.92
T 1989.85 1972.23
a(") 0.176 0.163
e 0.12 0.24
i(°) 98.9 105.3
Q(°) 132.9 140.3
w(?) 61.1 278.6
My (mag) 0.71 0.88
Ms(mag) 0.81 0.88
M1(@) 2.4 2.3
Mz(@) 2.4 2.3
(") 0.0069 0.0047
wrarp(”) 0.00460 0.00460

Table 2 gives all available measurements and
residuals used in the calculations. The asterisk in-
dicates those observations where the quadrant is
changed (rotation by 180°) in the orbit calculation,
in the parentheses one gives the ephemeride values
of the coordinates according to the calculated orbital
elements.

Finally, Table 3 gives the ephemerides for the
interval 2004-2009.

Figs. 1 and 2 give the apparent orbits of sub-
systems FIN 332 Aa and FIN 332 Bb.
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Fig. 1. Orbit of FIN 332 Aa.
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Fig. 2. Orbit of FIN 332 Bb.

3.2 Discussion

There are several difficulties in the measure-
ments of this system. The pairs are close, and the
components are relatively bright. The entire quadru-
ple system appears in the view field of the instrument
during observations. The position angles and the
separations in the observation interval covered up to
now are similar for both subsystems. This can affect
the accuracy of the measurements and the errors in
the determining of the position-angle quadrant, i.e.
cause accidental erroneous assigning of the data to
either subsystem, etc.

These problems were indicated by the ob-
servers in Note in the Fourth Catalog of Interfero-
metric Measurements of Binary Stars, as well as by
Mason and Hartkopf (2002). There are (and there
will be) gaps in the observations due to the impossi-
bility of observing so small separations of the compo-
nents during their motion, also shown in our analysis.
For example, according to the ephemerides, the com-
ponents of FIN 332 Aa in the period 1964-1969 had
apparently a separation less than 0”7 05. For FIN 332
Bb such a case took place in the period 1964-1973.

The present authors have corrected the spec-
ulated errors in the quadrants on the basis of their
analysis of the observations. The individual masses
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Table 2. Observations and residuals.
WDS 18455+0530 = FIN 332 Aa

t 6° P’ | n| Obs. AB° Ap”
1953.73 * 136.5 .153 | 5| Fin 7.6 | —.019
1954.68 * 122.7 158 | 4 | Fin —5. | —.007
1955.72 * 129.8 144 | 3 | Fin 3.1 | —.013
1957.76 * 134.7 144 |1 1 | Fin 10.7 .008
1959.72 * 122.9 131 | 3| Fin 2.6 .020
1960.72 * 118.9 137 | 1| Fin 1.3 .039
1961.73 * 117.8 112 | 3 | Fin 3.8 .029
1962.72 * 129.2 114 | 5| Fin 20.1 .045
1963.728 * : 133.0 :.106 | 4 | Fin 31.5 .051
1964.726 — | <.108 | 1| Fin | (269.0 | .066)
1966.758 — | <.07| 1| Fin | (2144 | .077)
1968.791 — | <119 | 1| Fin | (169.1 | .071)
1976.2992 138.1 143 | 1 | McA —-1.2 .000
1976.3702 138.5 149 | 1 | McA -7 .005
1976.3728 140.5 164 | 1 | McA 1.3 .020
1977.3340 136.9 158 | 1 | McA —-1.0 .007
1977.4815 136.4 162 | 1 | McA —-14 .010
1977.4870 136.2 164 | 1 | McA —1.6 .011
1977.6400 135.9 175 | 1 | McA —1.7 .021
1978.5410 136.2 170 | 1 | McA —.3 .011
1978.6147 136.6 170 | 1| McA 2 .011
1979.3601 134.0 170 | 1| McA —-1.6 .008
1979.5321 133.2 151 | 1 | McA —2.2 | —.012
1979.7725 132.5 166 | 1 | McA —2.6 .003
1980.4769 1314 173 | 1 | McA —-2.9 .008
1980.4794 134.7 169 | 1 | McA 3 .004
1980.7173 131.0 159 | 1| McA —-3.1 | —.006
1980.7199 131.8 169 | 1 | McA —-2.3 .004
1981.356 133.2 186 | 1 | Tok —-.2 .022
1982.5248 135.2 160 | 1 | McA 3.0 | —.002
1983.4203 132.3 A57 | 1| McA 1.1 | —.001
1984.3760 132.4 Jd47 | 1| Hrt 2.4 | —.004
1985.4816 130.7 139 | 1| McA 2.2 | —.002
1985.5231 130.3 142 | 1 | McA 1.8 .002
1995.6008 126.1 136 | 1 | Hrt —2.2 | —.004
1985.8424 129.2 A17 | 1 | McA 1.2 | —.020
1987.7618 129.2 A17 | 1 | McA 4.8 .005
1988.6655 125.1 107 | 1| McA 3.1 .009
1990.2734 125.6 .087 | 1| Hrt 10.2 .017
1996.6930 * 153.0 .071 | 1| Hrt 0.6 .003
1997.3945 326.0 .082 | 1 | Bag —2.7 .002
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Table 2. (continued)
WDS 18455+0530 = FIN 332 Bb

t 0° p" | n | Obs. AG° Ap”
1953.73 * 135.3 148 | 5 | Fin —5.0 | —.012
1954.48 * 137.6 .144 | 4 | Fin —-19 | —-.014
1955.72 * 134.9 .141 | 3 | Fin -3.3 | —.012
1957.76 * 128.3 147 | 1 | Fin —-7.5 .004
1959.72 * 132.3 124 |1 3 | Fin —0.7 | —.006
1960.72 * 130.9 139 | 1| Fin -0.5 .016
1961.73 * 131.0 126 | 3 | Fin 1.4 .012
1962.72 * 140.8 123 | 5| Fin 134 .018
1963.728 * | : 143.6 | : .113 | 4 | Fin 18.8 .017
1964.726 <.117 | 1| Fin | (301.6 | .086)
1966.758 <109 | 1| Fin | (201.9 | .064)
1968.791 <123 ] 1| Fin | (2726 | .043)
1976.4549 156.9 075 | 1 | McA —-3.6 | —.003
1977.4815 154.6 104 | 1 | McA —-2.0 .015
1977.4870 154.6 104 | 1 | McA —-2.0 .015
1978.6147 153.8 108 | 1| McA 0.5 .008
1979.3601 150.5 119 | 1 | McA -1.0 .012
1980.4769 150.2 124 | 1 | McA 1.1 .008
1981.356 141.5 A11 ) 1| Tok —6.0 | —.012
1981.4681 147.2 114 | 1 | McA —-0.1 | —.010
1981.6975 145.0 120 | 1 | McA —-1.9 | —.005
1984.783 155.9 127 1 1 | Tok 13.4 | —.015
1985.4816 141.3 140 | 1 | McA —-0.3 | —.005
1985.5231 140.4 139 | 1 | McA —1.1 | —.006
1985.744 138.3 137 | 1| Tok -3.0 | —.009
1985.8424 140.4 140 | 1 | McA —0.7 | —.006
1987.7618 137.8 146 | 1 | McA —-1.1 | —.005
1988.6655 137.8 146 | 1 | McA —0.0 | —.006
1990.2734 135.9 151 | 1| Hrt —-0.2 | —.002
1991.25 * 308.0 16 | 1| Hip -7.0 .007
1992.3105 134.5 153 | 1| Hrt 0.7 .002
1995.6061 131.8 141 |1 1 | Hrt 2.0 | —.002
1996.3215 130.7 141 | 1| Hrt 1.8 .000
1996.3270 130.1 142 | 1 | Hrt 1.2 .001
1996.7012 127.1 139 | 1| Hrt —-1.3 | —.001
1997.3945 129.7 137 | 1 | Bag 2.2 .000
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Table 3. Ephemerides.

FIN 332 Aa | FIN 332 Bb

n 0° p// 9° p//
2004.0 | 315.8 .168 | 115.5 .103
2005.0 | 314.8 .175 | 112.9 .097
2006.0 | 313.9 .180 | 110.0 .092
2007.0 | 313.0 .183 | 106.6 .086
2008.0 | 312.2 .184 | 102.9 .080

for FIN 332 Aa obtained here are 2.4® and 2.40 as
expected in view of the spectral types A1V+A1V.
For FIN 332 Bb the component masses are 2.3® and
2.3@, also according to the expectation in view of
their spectral type - A1V.

The dynamical parallax obtained for FIN 332
Bb agrees fully with that given by the Hipparcos Mis-
sion. A somewhat worse agreement in the dynami-
cal parallax for FIN 332 Aa can be explained by a
higher heterogeneity of the data causing the orbital
elements to be obtained less accurately.

The main conclusion derivable, at this mo-
ment from the present results, is that the orbital
planes of both subsystems almost coincide and that
the direction of the motion is the same. All the four
components have approximately the same spectral
type. Hence, this quadruple system is very inter-
esting and deserves permanent observation because

it can be of importance in the study of formation,
dynamics and evolution of stellar systems.

The change of the position angle in the system
FIN 332 Aa - FIN 332 Bb in the period 1829-1977 of
12 degrees makes impossible at present even a crude
estimate of the orbital elements.
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JINMHAMUWEKA KBAIPYITIOJIHOT' CUCTEMA FINSEN
332 = ADS 11640 = HIP 92027 = WDS 1845540530

1. Onesuh u 3. IIBerkoBuh

Acmpornomera oncepsamopuja, Boaeuna 7, 11160 Beozpaod 74, Cpbuja u Lpna Topa

UDK 524.38
IIpemxodno caonwmemne

CrpyBe je 1829. rommHe OTKPUO OBOjHU
cucreM koju je mobuo ozuary STF 2375 AB, uuja
je cemapamnuja ouna 2’ 2. ®unzen zamaxka, 1953.
romuue ca jyskHe omcepsaropuje (JoxamecOypr),
na cy xkommnouernTe A u B TecHu nBojHu cucrtemu
ca cemapamujama oko 0”15, On Tama ce mpatn
KpeTame TOr KBangpymoauor cucrema: FIN 332
Aa u FIN 332 Bb. AyTopu cy aHamusupaad Io-
IaTKe O KPeTamy OBUX TECHUX IABOJHUX CUCTEMA U
M3pAUyHAIN OPEJUMUHADHE MYyTAHKCKE €JIEMEHTE
3a cBaku on BUX. JlMHAMWUKA OapaJakca u3
U3padyHaTe IMEePUOJEe U BEJIUKE IMOIyoce 3a Iap
FIN 332 Bb je y nmormyHO] cariacHOCTH ca OHOM
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koja je mobujena us Hipparcos mporpama. 3a map
FIN 332 Aa noGujena je memto Beha mapanakca
KOja je y OKBUPY T'DAHUIA IDEImAaKa Koje clene
U3 Tpelraka 3a IePUOoJ W BEJIUKY MOJIYyOCY U Y
carmacHocTu je ca mapaJjakcoMm 3a FIN 332 Bb.
InnaMuyke Mace KOMIIOHeHaTa 06a cucremMa Cy
OuUeKMBaHEe 3a HBUXOB ciexkrpasauu tun A1V (cse
npunanajy riiaBHOM HU3Y Ia je kopumhena (op-
myna Anrenosa (1993)). IIpema mHamwnm pesynra-
TMa 0ba cucreMma ce Kkpely y mpubam:KHO UCTO]
paBHNM mTO MOTBpDyje Heke ommrTe KapakTepuc-
TUKE KOje Cy paHuje 3amaskeHe KO BUIIECTPYKUX
cucTeMa.



