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10 Janusz B. Zieliriski

much more slowly - especially in orbits of small eccentricity
- than the coordinates which vary literally with a cosmic ve-
locitye. The idea of this method has sprung up in 1963, after
Poland had taken the engagement to count the ephemerides of
the satellite Alovette (1962 Beta Alfa 1) for the socialist
countries participating in the multilateral scientific coope-
ration. The project for the respective observations,described
in Chapter VIII, was submitted to the Conference of Observers
of Artificial Earth Satellites in Moscow, 1963. However, the
specificity of this kind of research work is, that it cannot
be performed on a small scale; if we want to obtain reliable
scientific results, the collaboration of a great number of ob-
serving and computing agencies is required, this being pos-
sible only within the framework of an international coopera-
tion. Before undertaking and, the more, before imtiating such
a collaboration, a thorough analysis of the whole problem is
indispensable. During the course of the work,this problem has
evolved to the present - a more general -~ form.

In this paper the application of the theory of radius-vec-—
tor is being treated in broad outlines. Among the projects men-
tioned in Chapter VIII only one possesses a full analysis of
accuracy, namely, the project for which we succeeded in using
the substitutional observational data: the synochronous obser-
vations of Echo I. The main topic is being devoted to the theo-
ry itself and to the problem: which perturbations ought to be
taken into account and what is the accuracy with which we are
able to compute them?

Let us now go over to a brief discussion of the theory.

An element characterizing the linear dimensions of the or-
bit is its semi-major axis a. We shall determine it by measu-
ring the period of revolution or - what comes to the same -
the mean motion n. Introducing the mean motion, we can write
down the third Kepler’s Law

n“ * a ap, (1.2)
where
IJ.=:2Tr

P
In this formula M designates the mass of the Earth (the
case being confined to the motion of artificial satellites)
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CHAPTER III
RECENT RESULTS OF ORBITAL METHODS

The possibilities of using artificial satellite observa-
tions for the determination of geocentric coordinates of points
on the Earth’s surface were known and had been theoretically
worked out from the very moment of launching the first satel-
lites. A detailed analysis of those possibilities was given
by Veis [ﬂ960] who discussed in his work the different va-
riants of solutions, including the purely geometric ones (syn-
chronous observations) and presented formulae and an accuracy
analysis. As to orbital methods, the following two had been
discussed more broadly:

1° Simultaneous adjustment of orbital elements, their va-
riations and coordinates of observing stations;

a° Preliminary computation of orbital elements from obser—
vations carried out by a great number of stations over a lon-
ger period and, then, utilization of those data for computing
coordinates of a certain limited number of stations,using ob-
servations performed during a markedly shorter period.

Proposing the method 1°, Veis is avare of the difficulties
connected with a simultaneous calculation of so many unknowns
which, in addition, are correlated and do not form well con-
ditioned equations. No wonder, therefore, that the application
in practice of this solution appeared to be a difficult task,
more difficult than the determination of the oblateness of the
Earth, for instance. It is not long ago (in 1963) since the
first results of such determinations were published. We are
going to present here +the results derived by Kaula
[1963 a, 1963 b], Iz s ak [1964] and Ve i s [1964] -in
order to see more clearly the possibilities and the inconve-
niences of the methods applied.

All those papers are based on observations performed with
the help of Baker-Nun cameras belonging to the network of the
Smithsonian Astrophysical Observatory. In addition, the coor-
dinates of the same points had been determined, this facili-
tating the comparision of results. Kaula and Izsak are ap-
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(A)a and (A)4d will be the effect of errors of observing sta-
tion coordinates on the particular equations, taking the form
of

(), = - sin (~-s) dX + cos (¥-s2) dY (4e14)

(8)g = - cos (u-=) sind dX - 8in @-s2) sind dY +cosdaz.

If the coordinates of stations are determined by astrono-
mical methods, we may expect the error to reach * 500 m,owing
to local deflections of the vertical. Admitting -) = 315°
for the first of equations (4.14), and 225° - for the second
one, &= 45% and @= 1200 km (of an orbit of the type of

Alouette, Anna, Echo I),

X 2 1+ 500 1~ Al
qoosd - 1200000:0,77 * 34382 2,6

(4415)

(AQ)J _ 0’71'(0'7,;+0’31 £1)0500 | 450/ iy

So, we can see that - when unfavorable circumstances oc-
cur - this effect may be very important, exceeding many times
the observation accuracy. It will be, to a certain degree,at-
tenuated by the fact that the coefficients: sin (=59 ,cos~s2)
sind, co d will take their values in a way close to an acci-
dental one; and, what more, dX, dY are not constants,they being
dependent upon the angle s (vide formula 4.10).

From the theoretical point of view the expressions (4),
and (A)§ do not concentrate the total effect of coordinate
errors of observing stations, for both ¢ and the coefficients
including (-s2) and § are functions of these coordinates

eXeBe: € = \/(x-X)2 + (y—Y)2 + (z-Z)Zj " (4.16)

This remainder will however be insignificant, and may be
neglected in practice. Let us assume that the Q will be found
with an error of ¥ 600 m, this giving - when ¢= 1200 km - a
relative accuracy of 1/2000. It is with this accuracy that the
free terms will be defined and the unknowns determined. Yet,
the unknowns dx, dy, dz being of the order of hundreds of me-
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We shall now consider more closely the coefficients C']O’
C’I’l’ S’l’l and 021, 821. Let us choose the coordinate system x,
Yy 2z, assuming that both this system and the system R,¥,A ha-
ve their origins at the center of the Earth’s mass. Thus, we
have the dependences

Rcos w=2 , R siny cos A

fde:O, /ydM

M M

Referring to the formula (5.10) it can be seen that the
coefficients

X, R sin ¥Ysin A =Y ,(5.12)

o, [sz:O. (5.13)

Re . C']O =/R P’]O (cosvy) aMm =/R cosy' dM = O (5.14)

Ry + Cqy =fR P,],I(cosv')cos)\' aM =fR siny'cosA dM = O
(515)

Re . S']’l =fR P11(cosW’)sin2'dM =/R siny'sinA'dM = O
Re2 -02,] =/R2P21(cosw')cos7\' dM=%/Rasin2w'cos AaM = .

= 5fR2 sinvy'cosW¥W'cosA'dM = 3 fz x d M

2
ReS21=3/zydM.

For the latter two coefficients we have obtained integrals
expressing the so called moments of devia-=
tions or products o f iner t i a,which
become zeros when the axis of the body s axial symmetry coin-
cides with the axis of the coordinate system, +this being the
case here.

So, in virtue of the definition of the coordinate system,
the terms with subscripts 10, 11, 21 are equal to zero.

The constants appearing in the formula (5.1) have been ma-
ny a time determined with the help of different methods. A re-
view of those determinations will allow to ascertain to what
extend they may be at present considered complete. We shall
refrain from the application of weighted arithmetical means,


















































































































































































































































































































