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ABSTRACT 

The poss ib i l i t y of determining the variat ions of the Earth's cejiter 
(expressed in terms of the geopotential harmonic coef f ic ients C-j-j, S ] ] , 
or of some functions of^them), using geostationary s a t e l l i t e s , was 
discussed by Bursa and Sfma (1978) af ter discerning the difference be­
tween observed and theoret ical posit ions of l i b ra t i on points. Although 
thei r e f fect on geostationary orb i ts cannot be expected to be of high 
magnitude, the question of determination of these terms arose. I t was 
suggested that the "resonant phenomenon" observed here might be analo­
gous to the resonant effects in close s a t e l l i t e o r b i t s , because the 
s a t e l l i t e is at the 1/1-resonance (1 nodal revolut ion per 1 sidereal 
day). 

The rate of change of a s a t e l l i t e ' s semimajor axis â  (Lagrange 
planetary equation) at the 1/1-resonance can be wr i t ten as follows 
(Klokocnik and Kostelecky, 1979): 
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where <t>i/i =oj + fi + M - S i s the resonant angle, E (a, e, I , u, fi, M) 
are the usual o rb i ta l elements, ns is the s a t e l l i t e ' s mean (Keplerian) 
motion, ae is the semimajor axis of the b e s t - f i t t i n g Earth's e l l i p s o i d , 
and C , SY are the lumped geopotential coef f i c ien ts . The coef f ic ients 
are defined as fo l lows: 
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with the harmonic geopotential coef f ic ients (Stokes constants) Cy+2i,Y> 
$Y+2i»Y o f o r d e r y a n c l degree Y + 2 i , Y = 1 . 2, . . . ; i = 0 , 1 , 2, . . ' . ; 
F are certain functions of the inc l ina t ion funct ions. 

Formal set t ing Y = 1> i = 0 in to Eq. 1 shows the dependence of a_ 
on C ] ] , S]-]-, these terms may be interpreted as a s h i f t (A) of true geo-
center in some reference frame in which geostationary sa te l l i t es are 
observed. I f we subst i tute su f f i c i en t l y large values of C-|], S-ji and 
and integrate Eq. 1 , then the i r influen£e in_the tota l da/ds begins to 
compete with the equatorial f l a t ten ing C-22> S22 - e f fec t . I t is then 
natural to ask whether such a non-geocentricity of the reference frame 
may show i t s e l f a dominant resonant e f fec t in a geostationary orbi t? 
The answer is negative. 

The reason for the negative answer is jus t the above mentioned 
formal subs t i tu t ion , which is i l l e g i t i m a t e . Our Lagrange planetary 
equation (LPE) for the geostationary orb i ts was derived from general 
LPE, where a l l tessera! harmonics are kept. Both these equations are 
va l id only in an actual i ne r t i a l reference frame. The s a t e l l i t e ' s 
motion (and aVI observations) are considered in a sh i f ted non- inert ia l 
frame, there C ] i , S-j] f 0. Therefore, the or ig ina l LPE must be trans­
formed into another form compatible with that quasigeocentric system. 

According to (Klokocnik and Kostelecky, 1980, Eq. 14): 

f = ^ ! r + ^ - n s ) s i n ( ? 1 / 1 - x n ) + 0 , (2) 

where A, An stay instead of C ] ] , S-|-| (since they are more convenient 
in the der ivat ions) ; the values wi th the bars are related to the 
quasigeocentric reference frame ajid R_ is the disturbing potent ia l . I t 
is important that the terms C-]-|, S]] (or A, \-\-\) are not included in 
th is po ten t ia l . 

When integrat ing (2) by means_of successive approximations, and 
supposing the resonant case ( i . e . j-\/-\ -> 0, S - ns -> 0 ) , we arr ive at 
the s i t ua t i on , where the l i m i t of the second term on the r igh t side of 
Eq. 2 approaches 1. This resul ts in the conclusions_that_there is no 
resonant e f fec t on the geostationary o r b i t owing to C-j-], S-ji and that 
the resul t ing small e f fec t would be of the same amplitude on any sate l ­
l i t e ' s o r b i t . Our "non - i ne r t i a l i t y " is j us t a geometrical feature, 
which could be measured only i f the "measuring accuracy" (o rb i t determi­
nation) would be comparable with the magnitude of the e f fec t ( i x e . , 
with the amplitude of A ) . I t should be noticed that Bursa and Sima 
(1979a,b) obtained the same resul t by another approach. 

Orbital var iat ions due to C-j], S]] can be found from very precisely 
determined orb i ts of close s a t e l l i t e s , e . g . , as a part of the experiment 
wi th two counter-orbi t ing drag-free sa te l l i t es suggested by Van Patten 
et a l . 1976 and Breakwell et a l . 1978 for test ing Lense-Thiring ef fect 
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for improving the individual harmonic coef f ic ients of low order rn and 
degree n̂  (o r i g ina l l y suggested for n_,m > 1) . (Relative geocentric co­
ordinates of observing stat ions also need to be known with the accuracy 
comparable with A) . 
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