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ABSTRACT: In this work we suggest one possible approach to “computerization”
of the process of the visual double star orbit determination. Our computer program,
based on the original method (Olevi¢ 1989), is interactive which means that the calcu-
lator of the orbit makes the final decision about the choice of the best orbit.

1. INTRODUCTION

The theoretical base for the program is the linear method of least squares (MLS).
In the first, geometrical part of the program, an elliptical orbit is determined by
MLS applied on the observations plus one “falsified observation” (FO) chosen by
the calculator. Conditional equations are from the equation of conical section
in the rectangular coordinates, where all of the elements of the orbit appear
as linear parameters. The orbit should pass throught FO and fit the regular
observations by the least squares principle. Therefore, the choice of the position
of FO is a crucial point in the program. That position should be chosen so that
the solution of the applied MLS is an ellipse. By changing the position of FO
one can draw a large number of elliptical orbits and analyse them.

In the second, dynamical part of the program, the mean motion and time
of periastron passage are determined by employing MLS again; this time con-
ditional equations result from the connection between mean anomaly and time,
which is actually Kepler’s equation. In this part of the program, one can also
check the viability of Kepler’s second law by employing the routine for calcula-
tion of the elliptical sector areas.

2. GMLS & DMLS

We designate the geometrical part of the program described above as GMLS and
the dynamical part as DMLS. GMLS coeflicients Z;, ..., Zg are to be determined
from the conditional equations:

Zi X2+ ZoY2 4 2Z3Y, X + 224X +2Z5Y; +1=0; i=1,..,N. (1)

where N is the number of observations. It is clear that the conmical section
obtained by GMLS could not be an ellipse in the general case. Therefore, we
should put FO on that position from which the influence of FO on the GMLS
should be on towards an elliptical orbit. A good starting point for this search
(in most of the cases, but not all) could be a half of the unobserved arc, with
the mean distance (calculated for the observations) from the primary. If we
demand that the conical section which is to be determined pass through FO
with coordinates (X, Yy), we can reduce the number of degrees of freedom from

https://doi.org/10.1017/50252921100006400 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100006400

218 CATOVIC & OLEVIC

5 to 4. In our case, we chose coefficient Z3 to be determined directly, from
the condition that the solution should pass through (Xy,Yy). Therefore new
conditional equations are:

X Y, X;
z [X.-(X.- - T;Y)] +2, [Y(Y - X—’;X.-)] + 24 [2X.-(1 - x_,)] +

Y; X%\ _ .
Z5[2Y.(1—Yf)]+(l—m)_0, 2—1,...,N, (2)

and Zj3 directly from:

X Y, 1 1 1
wa3)-5(38) ) -5(3) - ()

On the other hand, if we demand that conical section passes close to but
not exactly throught FO (by giving large weight to the FO) then the conditional
equations are the equations of type (1).

Depending on the position of FO, the solution obtained might not neces-
sarily be an ellipse that is automatically detected by the program. In that case
further calculations are canceled and the program turns to the new choice of FO
or exits. However if the orbit obtained is the elliptical one, then orbital elements
are derived by Kovalsky’s formulas (from Z,, ..., Z5) (Aitken 1963) and » and
T are determined by the DMLS. Conditional equations of the dynamical part of
the program are:

nt; -B=M;; i=1,..,N, 4)

where 8 = nr; M; = E; — e;sin E;. Mean anomalies M; associated with the
times of observation ¢; are calculated with the help of orbital elements obtained
by GMLS. However, since the original observations (observed apparent places)
are not placed exactly on the apparent orbit (calculated by GMLS), neither
will their projections on the orbital plane be placed on the true orbit exactly.
Therefore, by the above treatment we actually associate apparent positions to
their counterparts on the apparent orbit which are placed on the intersection
of the apparent orbit and line drawn from primary A to the apparent place.
That point-intersection is projected on the true orbit (with elements obtained
by GMLS) in order to evaluate eccentric anomalies associated with the time of
observation. At this point we will just note that the problem of “association
of anomaly to the time” could be solved in a different way also (for example:
minimal distance from B to the apparent orbit).

3. PRACTICAL EXAMPLE
We took, for example, the double star ADS 1227, whose orbit has been taken

from Couteau (1981). Three orbits are calculated. They are shown in Figure 1,
with coordinates of FO’s by which they are calculated, and corresponding orbital
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elements. Here we are not pre-
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FIGURE 1. Three calculated orbits for ADS 1227
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