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SUMMARY: Orientations of orbital planes of binaries are analysed by using a
complete sample of known orbital systems. The use of a so large sample is possible
due to the application of a new procedure enabling to include the binaries for which
the ascending nodes do not certain. It is concluded that, generally, the distribution
of observed orientations of the orbital planes does not differ from simulated random
orientations. In both cases the same star positions are retained.
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1. INTRODUCTION

According to the recent literature, there are
many binaries with known orbital motion. However,
for a majority of them the line-of-sight velocity mea-
surements are not available and, consequently, the
true longitude of the ascending node is unknown.
This fact appears as an obstacle in the drawing of
a qualitative conclusion concerning the distribution
of orbital poles. Namely, when the ascending node
), apparent inclination ¢ and the coordinates of the
system are known, the poles for such an orbit can be
found (Egs. (1)).
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w = sini cos Q cos ! dp.

The question of orientations of the orbital
planes, a very important one for the solving of the

problem of origin of binaries, has been treated by
many authors.

Chang (1929), Finsen (1933) and Arend
(1950), on the ground of a study of a small number of
orbits, conclude that this orientation has most prob-
ably a random character. A similar conclusion for
the case of eclipsing binaries is reached by Huang and
Wade Jr (1966). Bespalov (1961) also concluded that
the orbital inclinations in his sample do not show any
preferential value.

Batten (1967) examined the orbital-plane ori-
entation for 52 binary systems. According to that
author there are wide regions in the northern galactic
hemisphere containing a very small number of orbital
poles. Therefore it is concluded that it is premature
to maintain that the distribution of orbital planes is
random.

Lippincott’s (1967) examinations are aimed at
studying the orbital planes of binaries in connec-
tion with their space velocities, whereas the paper
of Yavuz (1979) concerns the orbital-plane orienta-
tion for spectroscopic binaries. Visual binaries were
studied by Dommanget (1973, 1988). His conclusion
(1988) is that their orbital planes do not show any
tendency to be parallel to the galactic plane.

Popovié¢ (1998) analyses the orbital-plane ori-
entation for 78 binaries to find also regions with no
orbital poles. Finally, a rather large sample, compri-

59



G.M. POPOVIC, R. PAVLOVIC and S. NINKOVIC

Fig. 1. The poles for true distribution in galactic coordinates (lg,by) with < 180° (o) and corresponding
mirror poles (+). The designation (e) refers to the stars with known ascending node. The size of the sign
s 1nversely proportional to orbit quality — the smallest one corresponds to grade 1, the biggest one to grade

Fig. 2. Poles of random distribution (o) in ¢ and 2, and with the same «, 8, as well as the corresponding
mirror ones (+), resulting from Procedure a.
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sing 252 visual binaries with known ascending nodes,
was studied to conclude that the orbital planes ”do
not show any trend to be parallel to the galactic
plane” (Glebocki 2000).

In all these studies no specific rule concerning
the orientation of orbital planes has been indicated.
In most cases, only a conclusion that the number of
binaries with reliably known orientation is still too
small, i. e. that a reliably determined ascending
node is available for a too small number of bina-
ries, has been found. This fact is encouraging for the
present authors to form a sufficiently large sample
for the purpose of carrying out a qualitative analysis
of the orientations of the orbital planes of binaries
with known orbits. Namely, the ambiguity of the as-
cending node offers two alternative possibilities. The
first is to calculate the pole for a given Q (say, taken
from a catalogue), whereas the other one is to assume
that the ascending node becomes €2 + 180°, in other
words to calculate the so-called ”mirror” pole, while
the dilemma which of the two poles is the true one
remains. In the present paper an attempt is made
to derive the real orientations of orbital planes by
assuming both values for the pole (pole and mirror
one) and by using the sufficiently large sample of bi-
naries.

2. BASIC IDEA

The present study starts from the following.
If it is unknown, for a given binary, which of the
nodes is ascending, or descending, then for this bi-
nary two positions for the orbital pole are possible:
"true” pole (2 among the input data) and the ”false”
one (2+180° among the input data), also called mir-
ror pole. It is clear that it is unknown which of the
two poles is the actual one. Therefore, for N orbital
stars 2N poles can be obtained. Their presentation
in the galactic coordinates will give the view of the
distribution of N ”true” orientations, but patchy due
to the presence of an equal number of "false” poles
or "mirror poles”. This can be done by using obser-
vational data.

The authors compared such an ”observa-
tional” distribution of poles (expected to be
isotropic) with a random pole distribution. The ran-
dom pole distribution is obtained in two ways, by
applying the Procedure a. or the Procedure b.

[ Procedure a] The poles are calculated with the
same formulae as those used in the treatment

of the observational material (relations (1)),

but the input data are:

(i) true coordinates of binaries (a, J)

(ii) amounts for ¢ and © (0° < ¢ < 180°,
0° < © < 180°), chosen at random for
N poles, whereas for the next N poles
the input is the same with Q corrected
by 180°. To choose at random ¢ and €
means to use the Monte Carlo method
(Press et al. 1986). In this way this pro-
cedure is fully identical to the one ap-
plied in the case of the pole calculation

for the observational material (except
that input quantities are chosen at ran-
dom). For the fictive stars used in the
calculation of random poles the same
coordinates «, d, as for the sample ones,
are assumed in order to avoid any selec-
tive influence of the positions.

[ Procedure b] In this procedure the random
poles (lp, bg) are chosen directly, without us-
ing formulae (1). The choice is again effec-
tuated by applying the Monte Carlo method.
After this, the positions are normed in order
to be presented in the plane projection, i.e.
in the rectangular coordinate system (I, bp),
(Popovié¢ 1993).

3. OBSERVATIONAL MATERIAL
AND RESULTS

Our examinations are based on the data from
the Sixth Catalogue of Orbits of Binaries (Hartkopf

and Mason 2001 - hereinafter referred to as the Cat-
alogue) since it is the most recent catalogue of this
kind. Consequently, it offers a complete sample of
known binary orbits. The Catalogue contains 1675
binaries, but the ascending nodes are unambiguously
known only for 29 of them. However, to the method
used here, this circumstance is not of a high signifi-
canse, as already noticed.

The positions of both kinds of poles, those fol-
lowing from the values given in the Catalogue, and
for the corresponding mirror ones are presented in
the same figure - Fig. 1 (where a, ¢, ¢ and 2 from
the catalogue, i. e. «, §, i and €2 + 180° are used
as the input data). The former ones are represented
by empty circles, the latter ones, equal in number,
as crosses. The grades describing the orbit quality,
specified in the Catalogue, are also indicated by the
size of the circles/crosses. It can be seen from Fig.
1 that for both groups (empty circles and crosses)
there is a region of a stronger concentration. For the
obtained figure it is unknown which poles are true
(they can be among both empty circles and crosses),
or false, but it is sure that the figure contains the
full number of true poles and also the full number of
false ones. The same figure also contains the poles for
binaries with known ascending nodes (filled circles,
their total is 29 only), but, for obvious reasons, the
false poles are not given for them. Therefore, the to-
tal number of poles presented in Fig. 1 is 3321 (1646
”true” poles without possibility of identification +
1646 their mirror poles + 29 known poles).

4. CONCLUSION

Even without any special statistical treat-
ment, the results indicate that there is no global dif-
ference between the distributions of the ”observed”
poles (Fig. 1) and of the random ones (Procedures a

and b, Figs. 2 and 3, respectively). It is logical to
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Fig. 4. Distribution of binary positions (o) in the sky in galactic coordinates. Sign (e) indicates stars with
known ascending node.
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Table 1. The Data on the Binaries with known Ascending Node

WDS Name ADS 1[°] Q[°] Orbit’s author 1o[°] bo[°]
01083+ 5455 WCK 1 Aa 109.5 474 1981 Lippincott, S.L.  236.65 50.65
01398 — 5612 DUN 5 AB 142.824 13.116 1957 van Albada, G.B. 171.05 47.14
04149 4825  STT 73 Aa P 3071 74. 296. 1925 Alden, H.L. 110.15 65.04
04367 + 4116 58  Per 81. 237. 1993 Heintz, W.D. 113.00 70.21
05167 + 4600 ANJ 1 Aa 3841 137.18 40.8 1994 Hummel, C.A. et al. 347.46 38.01
06451 — 1643 AGC 1 AB 5423 136.53  44.57 1960 van den Bos, W.H. 67.00 49.08
08468 + 0625 STF 1273 AB-C 6993 39. 49.3 1996 Heintz, W.D. 181.54 14.15
09285 - 0903 STF 1356 7390 66.05 325.69 1976 van Dessel, E.  169.61 —4.53
10557 + 0044 BU 1076 7982 119.6  214.2 1970 Morel, P.J. 61.29 8.05
11111 + 3027  STT 231 AB 8083 91.50  83.10 1960 Hopmann, J. 103.57 0.34
11182 + 3132 STF 1523 AB 8119 122.13 101.85 1995 Mason, B.D. et al. 87.63 —27.92
11182 + 3132 ¢ UMa Aa 8119 949 2635 1995 Mason, B.D. et al. 103.16  —4.50
11182 + 3132 ¢ UMa Aa 8119 91. 318. 1996 Heintz, W.D. 65.00 12.68
11387 + 4507  STF 1561 AB 8250  125.86 271.24 1994 Hale, A.  93.04 —49.34
13007 + 5622 BU 1082 8739 51.0 2745 1981 Heintz, W.D. 120.09 9.71
13169 + 1701 BU 800 AB 8841 93.41 104.66 1994 Hale, A. 110.55 5.05
14575 — 2125 HN 28 AB 9446 72.53 317.31 1994 Hale, A. 200.77 70.38
16294 — 2626 GNT 1 10074 86.3  273.0 1960 Heintz, W.D. 91.43 43.69
17053 + 5428 STF 2130 AB 10345 1447 282.8 1981 Heintz, W.D. 217.16 —38.78
18058 + 2127  STT 341 AB 11060 77.0  270.8 1982 Heintz, W.D. 131.86 24.41
18232 -6130 GLE 2 Aa P 89. 187. 1946 Alden, HL..  301.93 65.32
18359 + 1659  STT 358 AB 11483 119. 30.8 1995 Heintz, W.D. 164.31 —34.90
18570 + 3254 BU 648 AB 11871 114.8 48.2 1994 Heintz, W.D. 175.08 —21.56
19064 — 3704 HJ 5084 149.6 50.3 1986 Heintz, W.D. 151.43 6.78
19121 + 4951 STF 2486 AB 12169  119.06 255.22 1994 Hale, A. 20042 —2.39
20374 + 7536 HEI 7 21. 340.5 1993 Heintz, W.D. 103.37 40.45
20467 4- 1607 STF 2727 14279 14878  88.06 1994 Hale, A. 211.16 31.26
21158 + 0515 WRH 35 151.5 33.9 1992 Armstrong, J.T. et al. 208.84 15.72
2156746338 WRH 36 90.65 310.6 1960 Fredrick, L.W. 196.96 10.95
22266 — 1645 SHJ 345 AB 15934 4413  294.55 1994 Hale, A. 7159 —16.86
22288 — 0001 STF 2909 15971 135.87 364.64 1984 Heintz, W.D. 187.65 35.10
22288 — 0001 zet2  Aqr Aa-P 15971 343 2027 1984 Heintz, W.D. 54.71 —13.23

expect that about half the poles presented as cir-
cles may become poles presented by crosses and vice
versa. Due to this effect, the global distribution will
not be violated. On the basis of this logical state-
ment it is possible to draw the following conclusion:
no SPECIFIC global distribution in the orientations
of orbital planes exists.

There is also something else to be added: be-
fore calculating the ”observed” poles, all the ascend-
ing nodes exceeding 180° were corrected by subtract-
ing the excess amount from 180°. In this way the
prominent pole concentrations presented as (o), i. e.
as (+), are obtained. This correction has no influ-
ence on the general distribution of points in Fig. 1.

The random poles obtained by Procedures a
and b are given in Figs. 2 and 3, respectively. Each
figure contains 3292 poles (29 certain ones are not
given). In Fig. 3 all the poles are given as circles

because they are obtained by direct random choice.
Fig. 4 gives the galactic coordinates for the 1646 used
pairs without certain ascending nodes and for the 29
cases (filled circles) with known ascending nodes.

In order to make the calculation of pole posi-
tions more clear Egs. (1) and with regard that, in the
Catalogue, there are only 29 binaries with known as-
cending nodes, we present, in Table 1, the input and
output data concerning the pole calculation for these
29 systems ((o) in Fig. 1).

Acknowledgements — This research has been sup-
ported by the Ministry of Science and Environmen-
tal Protection of the Republic of Serbia (projects No
1221 - GPM, RP and 1468 - SN). The authors are
also grateful to Professors Dr Peter Brosche and Dr

José Angel Docobo Duréntez for useful suggestions.

63



G.M. POPOVIC, R. PAVLOVIC and S. NINKOVIC

REFERENCES

Arend, S.: 1950, Communication de I’Obs. Royal de
Belgique, 20.

Batten, A. H.: 1967, Contribution from the Domin-
ion Astroph. Obs., 104.

Bespalov, A. V.. 1961, Trudy Gos.
Shternberg, 30, 75.

Chang, Y. C.: 1929, Astron. J., 40, 11.

Dommanget, J.: 1973, Com. Obs. Astron. Univer.
de Coimbra, 12, 1.

Domm%lf;em J.: 1988, Astrophys. Space Sci., 142,

Finsen, W. S.: 1933, Union Obs. Circ., 3, 397.
Glebocki, R.: 2000, Acta Astronomica, 50, 211.

Astr.  Inst.

Hartkopf, W. 1., Mason, B. D., Worley, C. E.: 2001,
Fifth Catalog of Orbits of Visual Binary Stars,
http://www.adusno.navy.mil/ad/wds/hmw5.
html

Huang, Su—Shu, Wade, C. Jr.: 1966, Astrophys. J.,
143, 146.

Lippincot, S., 1967, Obs. Royal de Belgique, Com-
munications, Série B, 17, 68.

Popovié, G. M.: 1993, PhD Thesis, Mathematical
Faculty, University of Belgrade.

Popovié, G. M., 1998, Serb. Astron. J., 157, 13.

Press, W. H., Teukolsky, S. A., Vetterling, W. T.,
Flannery, B. P.: 1986, Numerical Recipes,
Cambridge University Press, Cambridge.

Yavuz,gléz 215979, Astron. Astrophys. Suppl. Series,

)
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Cmpywnu pad

Anpanusupanu cy Harubu opOUTAIHUX
paBHM [OBOJHUX CHUCTEMa KOpUIINemeM KOM-
IJIETHOT Y30PKa MO3HATUX OPOUTAJIHUX CUCTEMA.
3ak/mbydeHo je ma ce riobasiHa paclozesna IoCMa-
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TpaHUX OPHUjeHTAIlja OpOUTAJIHUX PABHU HE pa-
3JUKYyj€ Ol pacloleiie CUMYJUPAHUX CIYYajHUX
opujenTanuja. ¥ oba caydaja 3aapsKaHU Cy UCTU
IIOJIOXKAjU 3BE31A.



