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SUMMARY: Bearing in mind the geometrical meaning of the Thiele-Innes ele-
ments A, B, F' and G the analytical expressions for these constants as functions of
the axes and of the apparent-ellipse-positions parameters of a double star are given.
This procedure has been successfully applied to several double stars. The orbital

elements obtained in this way can be used as the initial ones in the application of
Eichhorn’s procedure (Eichhorn, Xu, 1990).

‘1. INTRODUCTION

At the Belgrade Observatory a significant nu-

mber of orbital- elements sets for visual double stars
has been obtained by using the geometric-analytical

procedure. The Innes constants A, B, F and G are
determined by applying the geometrical procedure
~ and the next step is to obtain the orbital elements

from their values. The Innes constants are taken
from the plots knowing their geometrical meaning.

‘The development of the computing technique has
made 1t possible to introduce a new, more convenient
and more efficient, procedure for the computation of
~constants A, B, F' and G instead of the geometrical
one. Here such a procedure is proposed.

After being reduced to the same epoch, the ob-
servations are transmitted to the computer monitor
and in the following step the apparent binary-system
orbit is realized by choosing its dimensions, position
and direction in agreement with the observed ellipse

~arc. The drawing of the apparent ellipse on the mon-

itor 1s done by defining the ellipse axes (a,b), the
translation parameters (m,n) and the rotation (o)

of the coordinate system with the main component
of the system at the coordinate origin. The Innes

constants can be then defined as functions of these
parameters, namely

A= fi(m,n,a,b, a)
B = fa(m,n,a,b,a)

F = fg(m, n,a, b, Ct)

G = f4(m,n,a,d, a) (1)

Further procedure of geometrical-orbital-elements

determination is carried out with the known formu-
lae connecting the Innes and the Campbell constants

(Heintz, 1972).
The dynamical elements of the orbit — period
(P) and periastron-passage time (T') — are obtained

- here by using the least-square method from the linear

dependence mean anomaly-observation time.
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Figure 1. Geometrical meaning of the Thiele-Innes elements.
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Considering that the residuals of the epheme-
118 can be obtained immediately after the appare-
nt-ellipse defining, variations in the apparent-ellipse
- parameters are possible, which usually quickly yields
- a satisfactory result.

- If 1t 1s concluded that from the observational
“material after several variations in the parameters

a, b, m, n and a, one can obtain more accurate
~ elements than by this procedure, then the elements
~ obtained in this way can be used as initial ones in

their further improvement (Eichhorn, Xu, 1990).

2. THE INNES CONSTANTS AS FUNCTI-
ONS OF THE APPARENT-ELLIPSE
AXES AND PARAMETERS OF ITS PO-

- SITION

- The Innes constants A, B, FF and G expressed

through the apparent-ellipse axes (a, b) and the posi-
- tion parameters (the coordinates of the center (m, n)
and rotation angle (a) with respect to the assumed
coordinate system) can be simply derived taking into
account their geometrical meaning (van den Kamp,
1958). In Fig. 1 the geometrical meaning of the
Innes constants is given for a fictive binary. The co-
~ ordinate systems in Fig. 1 Ozy and Cz'y’ are in the

plane perpendicular to the line of sight. The main
- component of the system is at the point O, the axes

-z and z’ are directed to the north, whereas the y
~and y' are directed to the east. The constants A
‘and B are the rectangular coordinates of the peri-
- astron (II) in the Cz’y’ coordinate system, whereas
the F' and G are the rectangular coordinates of the
- point situated on the projection of the Kepler circle,
also In the Cz'y’ system, whose eccentric anomaly is
90°. The constants F' and G are in fact a point of
‘the conjugated radius CK enlarged by the coefficient

'1/+/1 — e? where e = CO/CII.

, . The constants A and B as functions of the
“apparent-ellipse axes a, b and of the parameters m, v,

a are then obtained from the intersection between
the apparent ellipse and the straight line passing

through the points O and C, i. e. from the rela-
tions -
b%(z' cos a + ¢ sina)® + a’(—z'sina + 3 cosa)’
= a’bh* (2)
ym=1z'n

where m and n are the parameters of the translation
~of the coordinate system Ozy into the system Cz'y/
and a 1s the angle of rotation of the apparent ellipse

(or its major semiaxis) with respect to the z (or z’)

axis 1n the east-north sense. |
On the basis of relations (2) one obtains

—abm B — —abn (3)
Vidre T Vit

where u and v are given by the following expressions

A=z =

u = b(mcosa + nsin a)

(4)
The true-orbit eccentricity i1s obtained from

e = 00 _ Vui+o (5)
- co ab
The geometrical meaning of the constants F

and G allows their calculation in the following way:

the straight line CII in the system Cz"'y/’ rotated by
the angle a with respect to the system Cz’y’ has the
following equation -

v = a(msina — ncosa).

" —Asina+ Bcosa

Y= T B (6)

Acosa + Bsina
and its conjugated straight line

yH — kkx”, (7)

where

b2 Acosa + Bsina
ky = ———oo-v-o-— (8)

a? —Asina+ Bcosa

In the system Cz"y” the intersection of the conju-
112 123

gated straight line (7) and the ellipse is &5+ 45 =

ab

Vb + a2k’

The sign should be chosen depending on the sense of
the secondary motion: ’+’ for the direct, and -’ for
the retrograde motion. The coordinates of the point

K(zy,yy) (Fig. 1) in the system Cz'y are

Ty = + Y = kxz}. (9)

/ "
L, = T cos a — yj sin a,

(10)

and the constants F' and G are then obtained by mul-
tiplying these constants with the coefficient

1/4/1 — €2, namely

Y = Zysina + yy cosa.

(11)

Further procedure of obtaining the Cambel el-

ements from the Innes ones follows the well-known
relations (Heintz, 1972).

o7



G. M. POPOVIC AND R. PAVLOVIC

1 = arclyg —
w_z+r (12)
2
Z—T7T
Q=——,

- where
k=A% + B? 4+ F? 4+ G?
m:AG—BF

k2 — m?2
B-—F
A+ G

B+ F

G-A

The two dynamical orbital elements — period

(P) and periastron-passage time (7') — can be suc-
cessfully obtained by applying the least-square met-
hod from the equation of condition system

] =

(13)

z = arclg

r = arcig

(14)

where N 1s the number of observational data on
which the ellipse arc 1s based, M; are the mean ano-

‘malies and ¢; are the times of observations.
The procedure realization is reduced to the

following. The observational data (8, p) after being
- reduced to the same epoch, are transformed into the
rectangular coordinates £ = pcosé, y = psinf and
presented on the monitor. The apparent ellipse is

drawn by choosing its parameters (a,b, m, n,a) and

M,":gg(ti—-T), _ t=1,... N,

one tries to obtain a fit to the observational arc as
good as possible. Since any change of the apparent-

ellipse parameters yields an (O — C) immediately, it

1s possible to reach satisfactory orbital elements very
quickly.

If the estimated that the parameter variations
do not yield essentially improved orbital elements,
which i1s seen from the sum of the residual squares
(O = C) and also from the mean arithmetical error

in the residuals of @ and p, then a certain improve-
ment may be reached through the minimisation pro-
cedure (Eichhorn, Xu, 1990). Several examples show
that ”the procedure of fitting the apparent ellipse to
the observational arc” proposed here is sufficiently
successful so that any improvement based on the
procedure of Eichhorn and Xu becomes impossible.
Namely, their procedure confirms that the obtained
elements correspond to a minimum sum of the resid-

ual squares (O — C).
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HOBH IIPUCTYII UIBSPAYYHABALILY THIELE-INNES-OBNX KOHCTAHTH
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OpuzuHaanHu HaAyYHu pao

Ocnamajyhu ce Ha reoMeTpHjcko 3Hadere Thi-
ele-Innes-oBUX KOHCTaHTHM A, B, F n G CaoIlTaBa jy
C¢ aHAJIUTUYKMA M3pa3H 3a BUX Yy QYHKLUHMU oca U
[TapaMeTrapa IoJI0Xa ja IIPUMBUIHE €JINIICE IBOJHOT CHC-
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TeMa. OBaj MOCTYIIAK YCIICHIHO j¢ IPUMEHCH Ha BHIIE
IBOJHUX cucTeMa. OBako HOOU jeHH €JIEMEHTH Ce MOT'Y
KOPMCTUTH Kao MHUIUJAJIHU NpU NpuMeHH Eichorn-
oBor mocTtynka (Eichhorn, Xu, 1990).



