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ABSTRA('T

B y  a n u l y s t r t g  t h c  t r l l u c r r e e  o l  t l l c  e a r t l r ' s  g r a v i l a l r L ) r x l  i r r r o r f r l r  L r r r  l l r c  ( ] | l ) r l  o l  a  s l r l c l l r l c

a r ( rund  t hc  e r r l l r ,  a  co rnpu ta l i ona l  schcn rc  l i ) r  I  ,  ,  (  )  s  \  r  r  e  I  r  I  i  J  I  r  (  r  r  |  \  s i r l c l l i l c  ( ) r l r i l  r !  j t l r  \ [ r i l l l

i n c l i na t i on  i s  devc l t r pcd .  Thc  covc r t r i n !  c ( l I r l j o r . .  ' ) l  | | ] o l i 1 ) | .  \ ! l  i l r  ( ( ) n \ i \ l  o l  { l r r cc ( . { }U -

a t i ( ) ns  l o ( l  havc  hccn  s i n r l ) l j i l c ( i  l ( )  l r k c  i r l o  i l c r , i r r l l  ! ' c r , \ \ nc l r { ( ' r l r r t r \  \ ' ( 11 r , l i 1 r ( } | l !  J t ] ( l  n r x l l

d i s l ) l a e c r l e o l s -  i l r c  s o l v c ( l  b t  n r r r r r c r i c a l  1 c ! l l l ( l l a .  l l t  I i l t j . ! t l x t  i l j r  l r L l l l r \ , r 1  3 , . . L r s y r r e l r r , , .
n ( rus  o f l ) i l  i s  oh ta inc ( l  b r ,  : o l r i n , . l  { l r .  l i r \ {  g l ) ! t f r i r !  r ' ( l r i r l ) L ) r i  l ) \  l { egu i r  I r l r l s i  r r r e l l r od .

S l a t i ( l l l r !  l ) o i  1 s  a t c  o l r t l i n c r l  b r  i  . l i r c L l  I r r l l r r ) r l .  j . f . l ) \  l i I \ l  l l l t d l l ] g  t h e  l o n i r i l u t l c  p r s i -

l i { r ns  \ \ i l h  / c r1 )  l r t r L l i l l r r l i r ) a l  r r ec l c r i l l i o r r \ .  I  l t c  L ra l cc tL r r r  o1  t l r csubsa l c l l i l cp r ) i I l  i s  1 )b t i l | l ] -

cd  by  s \ ) l ! i r ) g  l l ) c  govc r , r i n !  cqu i l t i ons  i o l  s r r r a l l  L l i sP lacc r r r c l t s  l ) \  Ru l l ! c , l \ l l l l i l  l l c t l t ( Jd .
( ' on r | ) : r r r r on  o l  co l :Pu ta t i ona l  r csu l l  w i t l )  B l i l r c r ' s  u r r , l  I l u r , "  s_  r r s r r rg  IA t l  l ( ) ( ) l  a r r r l  ( l l . l \ l - 8

da ta , l cads  con l l dcncc  l o  t hc  l ) r esen l  schcn tc .

I .  INTRODUCTION

In an e l l i ) r t  to  r lcvc loyr  satc l l i tc  ot l ) i ta l  c( ) l l l )u t i r t io t )a l  I r rogrant  lbr  satc l l i tc
dcs ign st t rd i rs .  a  eorn l ) l r la t ion sc l rcntc  $, i l l  hc sct  r rp to  ca lcu late gcost i t ( ionary
s a t e l l i t c  o r l ) i t s . ' f h c  o r b i I  o l  g r ' o s t a t i o n a r v  s a t c l l l l e  \ i l l  t r e  i r r l ] r r c n c r : t l  l r 1 ' c l r t h ' s
grav i ta t ionai  l ie ld .  the grav i ta t i ( ) 'nx l  l i t l t l  o1 t l r r  nr r ) r ) r )  i l ) ! l  l l tc  sr rn.  an i l  so lar
radiat ion prcss l r re.
' l  

l t e  e r r t l t ' s  g r i l ! i l i t t i o l l i l  a l ) o l n t l y .  t l r c  g l u v i t a t r o l , r l  t i e l t l s  o l  n t c x r n  l n , - l  l l r c  : r r n .
ant l  so lar  r i ld j t t ior )  i ) rcssurc \ \ j l l  g i \u  r ise lo  l )cr t r r f l )a l i ( ) l t  l i ) fccs l j l l t l  I )cr l r r r l )
t h c  o f b i t  l ' r o l n  i l \  g e n 0 I 1 r l  c l l i l ) t i e  s l r u p c .  S I c c i l i e a l l r ' .  t l r c  s l l c l l i t e  o r b i l  w i i i
n o t  l ) c  l r u l y  g c ( ) s l l l t i ( ) l t i L r v .  a n t l  l l t e  s l l c l l i l c  \ \  i l l  e \ l ) c r i e l t c c  s < t n t c  r l r i l t .

I t r  t h c  p r e s c r r l  w o l k .  o n l v  t l t c  r u r t l t ' 5  g r a \ i t l t i ( ) n t l  a n o r n a l y  w i l l  b c  t u k t ' l  i n t o
a c c o u u t .  w l l i l e  | c r (  r l l r l i o r r  t l u c  t o  t h t  g r a v i t i t t i o n l l  l i 0 l c l s  o l  l l t c  r o ( ) n  a n r l
t l tc  sun arr t l  so lar  rar l ia t io l l  pressrr ru \ \ ' i l l  bc dcai t  rv i l l r  i r r  t l )e  l i r t l re .  l l tc  ca l t l r 's
! l r a v i t a t i o u a l  t ) o t c i t t i a l  w i l l  l ) o  r e l ) r r s a n l c r l  l r ,  r p l t u i c u l  I u r r l t < , n i c s l l ) ( 2 ) l l ) .

i l  I  c c t u r ( r  r r ) d  l l t n l l .  \ , : r ( ,  &

* *  )  S l u ( l c I t . l ) c l ) i r r l D ) c n l  o l

l l l d r ( ! l \ , r i r r r ( s  l  i r b ( ) r r 1 o r \ .  1 | s l r t u l f  o t  j r e l l n o l o l y  l J r n ( j u n ! ,

\ l c t I a r r i e a l  I n g i n { c r i n ! .  l r s r i t u r c  o l  I  c c h n o l o g y  l } A n d L r n r , .
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ot t t l incd  is  a  : l ra ig l t l  lb ru 'a rd  o t l c .  Se le ra l  car t l t

l l l c  accur i t ! !  o l  l l l e  co tnp l l ta t io t t r l  p rog t l t t t t  w i l l

II.GOVERNING EQUATIONS

Since the  geos ta t ionary  sa te l l i t c  co t ts i t l c r -c t i  i s  r l lov in -q  in  t l l t  s i ln l r  d i rcc t io l l  as

the  d i rcc l io r . r  o1 'ear t l t ' s  ro ta t io l l .  i t  rv i l l  hc  o l  g rea t  a ( lvar r lage to  t t t i l i zc  a  f ian lc

o f  rc l -e rcncc  ro ta t ing  w i lh  t l l c  car l i t .  I l  i s  t l l c l l  dec idc t l  l t t  t l sc  gcocc l l t r l c  coor -

d ina te  sys tern  rvh ich  ro ta tcs  w i t l :  a t t  angt t la r  spcet l  < , . . r "  w l t i t : l l  l l as  l l t c  sa t t re

rnagn i tude and t l i r cc t io l t  as  l l l c  car t l l ' s  ro ta l io l la l  spc t t l .  a :  s l lou 'n  i t l  l ' i g t t rc  l .

Figure 1 Coordinate System

l : o r  r l r i g i n  l o e a t c r l  l t l  t l r e  e r r l e r  o l  n l l s s  o l  l l r c  c i r f l l r . l l r c  g r i t v i l l t l i t t t l t l  p o t c t t -

l ia l  can  bc  erprcssc i l  l ) \  {  | )  ( l )  1 l )

-  i r  l < -
l '  *  

" t ,  , , , i , ,  
r  ,  r "  l ' , , , , ,  { r .os  o )

.  (Cn, , ,  c r : rs  l t  \  t  S , rn ,  s in  n  \ ) l ( l )

\ \  l r c re

r

0

u
r

g c o c c r r t l i e  n r t l i L t s

c l r r '1  l r ' s  L ' r1  r ra lo  l iu l  n r i l  i  L ts

c o l l r l  i l  r t ! , -

l ) r o ( l u c 1  o l  l l r e  g l l r v i l i l l i o n u l  e o n s l u n l  l r n r l  l l l ( '  r r J \ \  o l  t l r c  c l t l l l t  ( = k l l  )

North-pole
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P--  as:oeiated 1. , :gc nr l rc  prr lS ' r1qr111i3 l5

Cn-,  S*  -  sate l l i te  coef f ic icnts  ( tessera l  l larntonic  coc l l ic ie l l ts)

a n d :
|  . i n  d m  P n ( x )

Pn{x )=2 ,n .  fu  
(x ' z  l l " :  Pn  (x )= ( l -  x ' ) " " '  

6 f i '

Now let t ing :

Jn = - C-, the zonal hannonic coefficients

J,l- = (Cfu + 52 )li 2

I
tr",n = 

. tan l (Srun/Cmn )

the tessera l  harronic  coef f lc ie l ts  can bc e l i rn inatet l  l ' ront  equat i r r t t  l l  r  which
is tlrcu recast into tbe followiug lirnrr :

v=- f ,  rr  -  i rr"  t l l "  Pn (cose)

*  i  !  r , -  , | , "  Pnn  (cos0)cosm(r -  ) \m) l  Q)
n = 2  m = l

The k inet ic  energy pcr  unj t  nrass o1 'sate l l i te  in  an orb i t  arount l  the ear th can
tre rcprescnted t.ry:

' r  r , 1 "F ' k  =  l / 2 [ r z  + 7 2  g z  + r 2  s i n 2  d ( t r +  < , . : " ) 2 1  ( 3 )

The corresponding t ( ) ta l  encrgy pcr  uni t  nrass can gcnrra l ly  bc rcprcsentr 'd  by:

E =  E r  -  V (4)

whcre V is  the potent ia l  energy per  Lr t r i t  nrass which is  eqLr iv l lcnt  to  t l le  ear t l l 's
gavi ta t ional  potent ia l  t  thc 'satc l l i tc  center  of  rnass.

Tl te  cqual ion of  rnot ion of  the satc l l i te  can thr- r t  be t lcr ivec l  by Lr t i l iz ing t -ag-
range equat ion(a)  ,  i .e .  :

d aE.  aE_ (_;_)
d t  0 r  ? r
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d .aE.  aE- ( - - . ) - - = U

dt  a t r  a I
d .aE.  aE- ( . - - . , - - = U

dt  a0 aa

*here r, \ dan d are spherical coordinates commonly utilized.

Substituting equation (3) in equation (4) and taking its derivatives in spherical
coordinates and their time derivates, one obtains :

. r  F  aV: - :  =  r 02  + r (L+o - ) :  s rn -u -  -
d r  -  ? r
AE

3 r

0E  _  _ -3v
atr  ar  

(6)

AE- - -  =  r ' ( A + c d  ) s r n ' 0

A F  ^  o v: - :  =  1 2  ( ) . + c u  ) 2 s i n t c o s y -  -
a0 '  a0
aE , ;
a0

Subst i tu t ion of  er ;Lrat ion (6)  in to equat ion (5)  y ie lds :

' '  
; 1  A t

r - r 0 . -  r  {  t r  +  @ e  1 2  s i n 2  0  +  : - :  _ - 0  ( 7 )
0r

, r  ,  d v
i -  l r t t ) , + c , ' l ^ ) s i n 2  0 1 -  -  - \ )  ( 8 )
d l  ,  a r
d  ^  A , ,-  l t 2 0  ) -  1 2  t  I  +  u . r  

"  
) 2  s i n  0  c o s  g  +  3  = 0  ( 9 )

dt  -  
ao

To obta in a gencra l  soht t ion.  i t  is  convenient  to  recast  equat ions (7)  t<-r  (9)
in to noncl i r r rcns ional  lbnrrs  hy t le l ' in ing t l re  l i r l lowing d i tuensionless parat ) te tcrs ;

R

(s)

(  l 0 )
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a = ---]1-
, . 1 2  R  l

W c  t h e r r  o b t l i n :

' ,  
-  r .  ( i t  -  ( l  +  t r )2 z  s in2 0 +3

2.2

(n + | I J nm -
z n

d
.  I (  I

d T

( n  +  l ) J -
1 -  t  - - - , '  P -  ( cos0 )

n  z D

- ,  (cos0)  cos nr  ( ) .  -  l  * ' , ) l  =  U+t  t
n r n

( l l )

(  l : )

n l J
+t r )z2s in2d l+d :  :  - "+ , '  Pn ,n  {eoso)

. sin rn (tr- tr , ,-)  = 0

d

d r
(22  0 ) -  l l -  t r )2  z2  s in0cos0- "  

?  #  
s ind  I ' ' , '  ( cos0)

+ 0

0
z - ( - ) [ 1  -  t

z '  (  n )
even.

;k 'in o e","t> (cos g)  cos m {  \  -  } , , rn , )  = 0 
(  l3)

where thc dot ted var ia l ) lcs ind icate t l re i r  r ler ivat ivcs rv i t l t  respcct  to  d i t l lcns ion-
l e s s  t i n r e  z .  T h e s e  a r e  t h e  g o v e r n i n g  e q u a t i o r r s  o l  n r o t i o r  o l ' l l t e  s a t c l l i t e .

III. RADruS OF'SYNCTIRONOUS ORBIT
The radius of  synchronous orb i t  is  thc t l is tancc I 'c tweer t  l l rc  satc l l i te  an( l  cc l l lc r
of  r lass of  the ear th at  wl t ic l r  the radia l  accelcrat i r rn  r lLrc  to  k inc l jc  (angLl lar

rnot ion)  ar)d potent ia l  (grav i ta t ional  l )o tcr t ia l )  cr te lgy is  zef t r .  S incc i t l  : r r l t l i t io t t
a  t ruc geosv nc l t  ron()us orb i t  l ics  in  lhc tquat( ) r ia l  l ) l : rn( '  (  l )  -  ( ) t )  "  ) ,  fhcn
cquat ion (  I  I )  rec lLrced to :

t n  +  l t  J n  A n

z n

(n + 1)  J- . ,  An,n
+ t )

( n - - ) z n
cosm( ) . - t r nn . ) l =0 (  l 4 '
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wh! - re  eve l t  suhscr i i ) t  s ip ]  i l ' i r s
ad lan tage o l  the  Iac t  t l l a t  1or  d
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! 'ven vahtrs :  in  er luat ion (14) ,  u ,c  l tavr  taken
=  9 0  " , -

F4Lrat ion (14)  can be solvet l  by r rurner ica l  approacl r  to
radiLrs o l  syncJtronorrs  r t r t r i ts  Z for  any val r re o l  longi tLrdc

P n  ( c o s  d )  =  A n

l ' , *  (cos 0)  = An_

Pn (cos 0)  = Pn-

{ - l t n / 2  n f

: ' t l r ! r l r t
I  2 '

_  ( -  l ) ( n - m ) / 2  ( n  +  m ) !
l n , I l -  n l  1 J  r l l j _ l l  r- t ,

( c o s  d )  = ;

s inn( t r - t r  )

for-n even

for(n -  m) even (  l5)

lor n and (n - m) odd

gjvc thc va lucs o l  l l t ! '
I .

(  l 7 )

Longitudinal Acceleration

At  lny  long i tu r l i r ra l  PO5i1111n.  the  long i tL r t l ina l  l ccc l t , r .a t ion  o f  thc  sa lc l l i l r ,  c ln
be .  a lcLr la tc t l  l ronr  c t ;ua l ion  (  l  l ) ,  rvh ich  can be  rc rv r i t t cn  i l to  .

o  n Ji

;#  
l ^ ,  (cos0)s in  n r ( t r -  X , , - ) ( 1 6 )

or ,  not ing that  I  =  90 ' :

_ -- s s
Z - S l n ' Y  n  n l

=  ^  t  
"  

' l l J * ,  A n ' n
. .  

r i  " i ,  / n+ l

U s i n g  t l t c  y a l u e  o l  l  o b t a i n c L l  l i ) n t  c q l r a t i o n  { ] . 1 ) .  l h c n r  c r ; L r a t i o n  7 )  t a n  b e
r e a t l i l y  c v l l L l a l e r l .

IV.  STATIONARYCONDITIONS

[  ! l u a l i ( ) n  ( l  I  ) .  (  l ] )  i L r r ( l  (  ] - l )  c o n t a i n  : t a t i t i n l r y  c o n r l i t i r l n s ,  a 1  w h j r l l  l c
sa lc l l l t r  crPcr i r ' r rcrs  n.  lar l iar  : rcccrr r l t i , r .  ar r t l  i ts  arrgrr rar  'e loc i l ) ,  cr rcrJ '
c r l u r r l s  1 ,  l l r e  a n g r r l a r  v c l o c i t v  o l  t l r c  c a r | r .  S L r c h  c o r t l i l i o n  i s  r c p r e s e ' l c d  b v
sc ls  o l  v i r lucs o l  1 .0 lnr . l  I  wl l ic l ]  t re  constant ,  i .e .



o l
PROCEEDINGS ITB t/ol l5'No 3'1982

= zo = constallt
=  lo= constant

= 0r= + 
- 60 = constar)t

where 6 is  t l te  geocentr ic  la l t i tude,  which is  not  zcro.  a l thougl l

geocentric fralnc of reference which rotates uith tile carlll. therl

and 0 are equal  zero,  thus reducing equat ions ( l  l ) '  (11)  rnd (13)

( n  +  l )  J -
- - - ; -  P^  ( s i n6o t+

zi;

. J n  P n ^  ( s i n  6 o )  c o s m  ( t r g -  L n ^ ) l  = 0

Prn  ( s in  60  l s i n  m  (  t ro  -  t r *n )  =  0

I

0

m J - -
s  t  _ '

n m  z i ;

( 18 )

a
z o  c o s 2  6 o  - ;  I l

Lo

z f r  s in  6o  *o :  *
n 2 6 '

E:
n

I
J -  

r l r r  
l ) r- -n+ l  ' run

m r o
P'n (s in 6o) -  c E

( n  +  l )
--
zii

(s in  6s )

suta l l .  In  t l te
Z,2.i ,r,e

r o :

(  l 9 )

(20)

(2 t )c o s  r n  ( ) . 0  -  ) .  r u  ) = 0

Since the shape o1-  thc ear th is  a l t l rost  sy l l ) lnct r ica l  a l l t l  thc va lLt t  o l  Jnnr  is

sr la l l ,  then 60 cat t  l )c  cxpecte( l  to  bc snra l l .  l le t tce t l re  va l t lcs o l  t l lc  l -cgendrc

and i ts  associatet l  po iynor t r ia is  in  So car l  l )e  approx i lnatc( I .  i i ; i lorv ing

Blitzcr(s) , L1' '



68

( ) ' ) r

P n  ( s i n  6 e )  =  B n  6 o

P,ur, (sin 66)= B^o 6o

Pi (sin 6o ) = Bn 
for n and (n - m) odd

P,on (sin 6o) = Bnn,,

where :

Pn (s in 6o)  = An

Pr, (sin 6o) = A_n

Pi (sin 6o ) = Dn 6o

P[ (sin 6o) = D,,_ 6o

PROCEEDINGS ITB Vol. 15.No.3, 1982

for n and (n - m) even

(23 )

B=

B=

( - l ) n / 2  n !

2'_(;) ! ( t ) !

( -  I  ) ( n -  m ) / 2  ( n  +  m )  !

. n , r l -  f f i . , , n f  m . ,
)  " ' t  ' '

( _  l ) ( n -  l ) / 2  ( n +  l ) !
. ' n  1 L -  l  1 q 1 t - l 1 r-  2  "  2  ' '

( -  l ) ( n - m  l ) / 2  ( n + m +  l ) !
n n )  

r n , l l  q l  l r , r n + n l + l l ,
I " )

p ,--u'Jl rt:rl1u
h  n r - )

Jn ' r  t ; r l t $ ) i u r . l . 1
l l

I \ _
( -  l ) ( n - m + 2 ) i  2  ( n  +  r n  +  2 ) !  ( n 2  -  m 2  +  n )

zn.r 1!-! l-1r (Li{l lr (n + m + t)
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Subst i tu t ing  these va lues  in  equat ions  ( l9 )  to  ( I  |  ) ,  one ob ta i r r i  :

^  ( n + l ) l - A -
zi- a| - > -- --------

("4.) zi:

( n  +  |  |  |  A
,  o  . .  

. , ' ,  r , J n m  r l  
n m

cos m (  io  _ I  l ln ,  )  I  __ 0 t :41
{ n  r D )  z B' eveD '

n r T  A

, i  i  f f  s inm{tr ' -  t rn )=0 , ,r ,
I  even , l

z360+ o ? +- "  .? :  S-,  cosm().o-r ,*)=0 ( tg)
("la) '6 (kf) zij

E^quations (24), (25) and (26) can be s.lvetl numerically to ol)tain tho setsofstat ionary va lLres (zo.  ) ,o .  6o ) .

V.MOTION AROUND STATIONARY POINTS
h real i ty ,  the mot ion of  geostat ionary satc l l i tc  is  1)ot  tn le ly  i tcostat jonary,  hr : t
dr i f t ing around i ts  geostat ionary posi t ions.  SLrc l r  a  con. j i t i< l t  can l )c  repr( ,scn_
ted by:

z  =  z o +  A

tr = tro + , ,r..r,
6  =  6o  +  0

where A < l .  d < r  and p 4 r

To obtain this urot ion. cqrrat ion (26) js s l lbsr i tL l te( l  i l t l ( )  e( l rat ions f l4)  (J5)
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and (26) and tllen linearizing by ignoring s<1uare and product ternrs in A,
d, B, and their clerivatives, we find(s) :

A -  ( t  *a )A  -  2  ro6+co  +ep  =o

z l$+a6  +2zo  A  +ca  + fp  =o

;  . .  . . ^p  + ( l  + k ) p  +  1 g 1 r z  I  A  +  t f l z i t  O  = O

w h e r e :

2 a  . .  _  ( n + l ) ( n + 2 ) J n A n
a  =  -  I l  _

z i  /n \  2 t t
\ even/

'  ( n + l ) ( n + 2 l J  A
x  I  

"  . ,  ' -  
- - - ' - * n  

- - t t 1  
c o s  m  ( ) . 6  -  t r n  ) l

t n _ - t  /  4 0
r even I

m 2  J  
" -  

A . -
b =  

"  I  I  
-= ; , :  cos  n r { }o -  } , * , )

_ n - m .  Z ^
I even )

m(n+  l ) J - -  A -_
c  = -  a  I  I  ; t - - : r  s i nmt t ro  t rn - )

t n - n ,  7 6  '
,  e v e n  '  ( 3 l l

{ n+ l } J "B -  { n+ l ) J -_  B -_
r - - af \- - --- ----- -

n +  )
("1n, z i i  -  

f  " , r , l r  z 'o -

cos rn ().0 trn )

n r r  R
l  -  G ?  _ :  

: - j#  s inrn{ t r ' -  t rnn, }
( ' l ; ; i ' )

k  -  a  r '+ i  o  : :  
J "n i ,?*  

.o ' rn( t ro- t r - - l
,  n  t  l i j  "  n - r ,  L i '
' c v c n '  e v c n  I

(28)

(29)

(30)
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a l

l :qLrat ions cg)  to  (30)  (2r . r  be.  so lved i f  thc in i t ia l  conr l i l ioDs Ao,  Ao.  6o.f,";,.o,l.iiiif:,;,i,T,i,:".:,1;,:'i'i", ,::"I*ru;,i:lj.'';:':,i'r'v a,,,, acee rcrali,,n .l

VI.  DATAANDCOMPUTA?IONALASPECTS

(trmputational Scheme

i lf i ' j.,i.i i,t,i,::i '.:: ;:];: ' i l" 
trrc radius o|sv.chr.n.us.rr,ir z bl,uririzi'g

ca n be ob tai ned ""J 'l ;;r";;:1il1, ;l ; J ::, ;::, lii ;l,ilil, ;i:ii":l*illfposi t ions in  er ;Lrat ion (  I  t r ) .  lyng can obta in tJre l  lor rg i tud inal  accc lcrat ions ) .  .' l l tc  
prrs i t ions ( ) [  s tat ionarv orr in f r  /z-  . ,  

"  
,  .^  _  ,  

- ' - - " '  
.

' : : r  
" , , . t  

i : i r  ; ; ; ;  r i l ; " t t t t t t s  
( z o , L o , 6 o l c a n  b c  . l ' t a i n c t l  l i . n r  e r l u a t i o ' s

,r,rrrr,o{r rrriur, ,, ,,,,i,-" 
'",o.lu,ill:.r'.,',lli,,t 

",l,,,,,l,lllli,i: Iilj'1. ,,, 
;illll,i,.i:,

ill'Jilli.-;il:l:::';l""fflurion o1 .eqLrations ,i*il'"i'i'."u ro) is u1;1;..d.

;f i- il t;;;;;,;l.i::.":,"I:,j;,1:1,lil,',i:l'l,ili,l,,li:1,::, ff is,;;ti:
Next ,  s i lnu l taneous r l i i . l .erent ia l .  eqrrat jons.  (2g) ,  [9)  and (30)  rvh ich rcpresent

ii: ji i :x?'iJi",i'iil,ti "li:,:*i;f *:i j m :l* x j :lt ffi #urbit  t l )r '  s),srenr of ctrr.ral i .ns ( l  t) ,  0l) arr, t  i i ; ; ' f f i ; ' i :  1," sorve,l  insreart ot.( l l i 1  1 2 r 1 '  a n d  r J i J )  r r y  u s i r r g  s o r u t i ( ) r 1 s . " l  U r ( '  r i r l r c r  : y \ r c J n  , ) l  c ( r u a r i o n s  a s  i n i -
l l l t , ; " , i f iT: i l l l ;J l ' i : ' '  scrr t t r iorr  ' r r  t (rLt l r i ' i , , , \ , r i , . ' , r ' : ,  u, , , r  rr ,  is pre-

,,,,t#,1".,i;arrilXl 
()utline rhe algorithnrs useil frrr llre cor))PLrtau{)nal procettures

Earth and satel.lite coefficients data

:[':,!: :::ltlit,,.l: r:,'1",q]ll:,[#,TXi::1,,]i,;, jjni:,,1;,:l.liiJj
ii,t,t ii;,xt J 1? : i il"l, ;i fi HH j ,#*:ttil [j: :f"i,,t +,:r i;
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Calculation of Legendre Functlons

A r "  A n  
|  - e q . t 2 3 t

A r t . . . . . A n n  I

"u2 , , ,  

nz , - , i -  "q . , rqJ lL : : :i-i --l

, ,2/ 
n, m, i tmax, R, p, -",  

"-,  
Zt,  t 'ZR, t

J r , . , J n  4 t , . . '  m

1. , , . . . . .c . , ,  l '1  .  1 t^ "  _  _

Figure  2  F low char t  fo r  the  so lu t ion  o f  equat ion  { '14)  w i th  Regu la-Fa ls i  method.
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I  N I )

73

Figure  3  F low char t  fo r  the  so lu t ion  o f  equat ion  (25)  us inS Regu la  Fa ls i  method
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n, h,  rnax,  p,  R,  ( ,e

^ o  d o ,  d o , 0 o ,  p o ,  r o
r I

Legendre Furctions;

D , , ,  ,  D n n

Coefficients of equatiol of motion
a, b, c, e, f ,  k - eq. (31)

A  +  eq .  ( 28 )

6 - eq. t29l

d - sq. (30)

Motion of satelljle using the Runge-Kutla method I

6 , = ^ { A h / 2  o r  = @ t c i v :  P t = B + i | h t )
i, = ̂  + iih/2 o, = o+ 6hl2 i, = B+ iivz
^, - eq. (28) o', - eq. (29) pr - cc. (30)
A ,  - A + i \ , h / i  o ,  o + o , h / 2  s ) - p t i i h l z

^ ,  = ^ + i i , h / 2  c i ,  = d + d , l v l  i , = p r i , n l t
^2 - eq. (zt l)  d. - eq. (29) B, - eq. (301

a ,  a * a , l  , r - o { d ) h  f r = r + r 1 h
n r = a r l , t r  a , - . t r p r h  a r - A + e z h

lj  -  eq. (28) r,r .  -  eq. (29) !r .-  cq. (30)

6  = ^  +  h / 6  ( i  + : i ,  + l d , + ^ , )

l \ =  l + h / 6 ( ^ +  2 I ,  +  2 I ,  + 1 3  )
B =  B +  6 l p + 2 9  + 2 t .  + f j , )

i =  F + h l 6 ( i t 2 p ,  + : r i  +  B ! )

d , = o +  h / 6 ( o + : q r ,  +  1 , 1 ,  + , i , ;

,i = i' + nl6 G:+ ta, + 2,1', + ai,1
I -  e q .  ( 2 8 )  i , - c q . 1 2 9 )  ! - e q . ( 3 0 t

Figure 4 Flow chan {or the solulion of equation {28), (29) and (30) by using

Runge-K utta method
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TABLE 1. Coefficients of the Geopotential for IAU 1968

p =  3 .986 x  los  km3/sec2;  R =  6378 km

10"  Jn 106 snm

2
3
4
5
6
7

TABLE 2. Coefficients of the Geopotential for GEI\4-8

g  =  3 .986O08 x  1Os km3/sec2;R =  6378.145km

1082.70
-  2 .56
-  1 . 5 8
-  0 . 1 5

0.59
-  0 .44

2 1
22

32
33

4 2
43
44

0.0000
1 . 5 7 0 0
2 . 1 0 0 0
0.2500
0.0 7 70

-  0.5800
0.0 /40
0.0530

- 0.0065

0.0000
- 0.8970

0.1600
- 0.2700

0 . 1 7 3 0
- 0.4600

0. r 600
0.004t)
0.0023

t06  Jn

1082.6254
- 2.5357
-  1.6200
- 0.2259

o.5426
-  0 . 3 6 1 3
- 0.2066
-  o .1142
-  o.2475

0.0001
1 . 5 7 1 0
2.1940
0.3066

0.0999
-  0 .5098

o.o111

0.0589
-  0 .0041

0.0004
0.9007
0.2696

-  0.2129
0.1 976

- 0.4495
0.1489

-  0 . 0 1  1 8
0.0065

n m I  06 C,.m 106 snm

2

4

5

6
1
a

I
1 0

2 1
2 2
3 1
3 2
3 3
4 1
4 2
4 3

- 0.0238 -  0 .8556 x  10- {o 0 . 1 0 1 9  x  1 0  a r

'  C o e f f i c i e n t s  o f  t h e  g e o p o t e n t i a l  a f e  d e r i v e d  f  r o m  t h 0  n o r m a l i / e d  v n  L r p 5  { t i v i ' n  b y  c E M . . €  { 1 9 7 7 1 .
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I{I. DISCUSSION O!' RESUI,TS
' Iak ing 

in to account  the ear th 's  i rav i ta t ional  antrmaly,  thc ra( l ius o l  syncl t ro-
nous orb i t  r  =  ZR is  obta ine( l  by so lv ing equat ion 06)  anr j  s l rorvn i t r  F igure 5.' fhe 

values of  r  var ies f iom . t l l64,  7830 km tu 4 l l6 :1.7951 krn,  whcre the
srnallest value occurs at tr = 7-5' and the largest value occurs at l = l6l.-5".

42164.790

42 t64.785

42164.780

; t
t l- ^ l

42164.795

60 -o iio 
-rGo -- 

t h-2.t o 240 270 300 330 360
+ Longirude (deg)

Figure 5 Radius of Synchronous Ororr

l f  thc in l lLrencc o l  t l le  c  r th  oblatencss (J2)  a lone is  takcu in to account ,  the
ratlir.rs o f geosynchronous orb it t r.r rns o Lrt to be 4l I 6.1.78 (rll7 klrr li lr any long!
tLtde.  l ' ] r is  va lue earr  hc co l tpared rv i t l r  the rat l i r rs  of  Kcpler ian orb i t  (wi thout
consider ing l l le  grav i la t ional  ar rornaly)  o l '  .11164.16b87 km. 

' l 'hus 
the in  uen-

cc of  J ,  is  i : rerc ls ing l l rc  geosl ,nc l r ronous { ) r l ) i [  by 5 l ( )  tn ,  whi le  h igher  onler
terms o l '  the grav i ta t ional  anornaly  increase thc rar l ius l i r r ther  hy 5 l  ( r .13 m up
to -518.-13 rn.  { t  ean bc eonl i rmct i .  t l ra t  inr icet l  ( i rc  t lonr iuant  va lue is  due to
J 2 .

( - 'omputat ion l l  rcsul ts  l i )1 '  lo Ig i tud inal  accc lerat ion X as l i lnct ion of  t r  ar r
sh 'wn in  l r igure 6.  l lc rc  i t  c ' r  l ls .  be. i rser 'ec l .  lhr t  r l rc  largest  contr i l )u t ion
is  ( luc to  Jr r .  l l tc  va l r rcs o l ' longi tud inal  accc lerat ion r . .ary  betwe(r l t  -0 .59007
x l0- r  degrees/day:  arr t l  0 .651i5-1 x  l0- r , , legreesr ,c lay2.  I - r , r  I  =  77.5.  up to
l ( r0"  and lbr  l  -  155 ' '  Lrp to  -147.- \ " ' .  l l re  satc l l i tc  exPer. icnces an accolL, r  t ior . )
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at  t l ro  sanrc d i ruct ion ls  t l rc  rotat ionul  spcct l  o l  t l re  car ' l l r .  r r l r i lc  o t l rcr r ' , ise
i I  cxpcr ienccs a l l  accelerat ion in  t l lc  oppl )s i le  r l i ree l ior r .

I
0.6 |

--l

I
0.4

lJ 
".. 

th

/,ro ":,;
1l {,
!t \ !/.

\ /
. 1 i^'- '  - . ' .n, ^. '" /-. .

' $ - .'l 
,,"i

d t -  . . , , J
' \  r ' L

\q '  i i
| ,o  i , : : .

\ '  ) '
Lrl

o  -  0 .2
:

- J r 1  O n l y

.  A I I  J

30 60 90 120  1sO 180  210  240  2 )O 300 330 360
> Longi tude ( : r " . l

Figure 6 Longitudinal Acceleration

[ :or  Kcpler ian <rrh i t .  a l l  po ints  4rc s t l l i ( ! r l i l ry  unt l  (oc: r ( t t l  r t  t l rc  c( luator ia l
p l a n e  o n  a  r i n g  $ i t h  a  r a d i u s  o t  r o  =  ' l l 1 6 . + . 1 ( ) t ) 8 7  k n r . l l o u ' e v c r .  t l r e  i r r l l u c r r . , - r
o t  t l l c  g r a v i t t l i ( ) r a l  n n o r n a l y  t c t l L r c r ' s  l l r e  r t r r r n l r c r  o l  s t a t i ( ) r l i L r ' ) ,  p ( ! i n t ; 1 o  l i ) U r .
and they are noI  prc, . isc ly  )Ocatcr l  a l  t l rc  er lur lor  i r l  p laDc.  ( i rnrputa l ional

resul ts  l i r r  s tat ionar_v-  points  a lc  ta l )L l l t tc( l  i r r  la l , le  -1.

TABLE 3.  Equi l ibr ium Posi t ions {GEIV B)

42164.7830

42164.7 952

42164.7 447

421U.1936

75.0238

162.0093

254.7888

348.3743

-  3 .5880 x  1O-E

0.4805 x r 0-t

-2 .7790 x  1O-E

0.6912 x  10-8
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The trajectories of the satellite about stationary points for various values of
inclinalion i are shown in Figures 7:8 and 9.

r = 42164.783 km
0.0

-o.2

0 .4

-0.6

-0.8

0 .

O  - i = 0 2 o

c ' i = 0 . 4 o
A - i = 0 . 6 0
o  - i = 0 . 8 o

, r  - i = 1 . 0 o

Variation of orbital radius as function of t ime

' \

2.O 1l

Figure 7

- i = 0 . 6 0
- i = 0 . 8 o
- i = 1 . o o

o .0  0 .5  r r  1 . 5 n

_ 7 (1,)

Figure 8 Longitude variation of stationary point as function of t ime

2 . O  t
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3 . 5 8 8 x 1 0 " r a d .

a \

2 O  t
- '  -  r ( ( " J d - t )

Figure 9 Variation of the lattitude of stationary point as function of time

' Ihesc 
l igLrrcs exhib i t  changcs of  satc l l i tc  posi l jon\  l iom i ts  s tat ionary poi r ) ts

in  one cyc lc  (onc revolut ion anrunt l  lhc car t l ) ) ,  which l tas a per io t l  o l  one day.
' l l r t :  

corrcsponding subsate l l i te  t ra iector ies (or  grot tn t l  t racks)  u ' i1 l r  wcl l  kr rorvn
l igr r rc  8 conl igr r rat ion l i r r  var ious vr t l t tcs t t l  i r teL i t l : r l io t t  i  a te s l r , r rvn in  I ; ig t r rc
l0 ;  for  l l rgcr  inc l inat ior t ,  t l te  grot t t t , r  I  tack is  r t lso l ; t t r r . ' t .

Assessrnent of Computational Results

l i r  asscss t l tc  accuraey rnd val i r l i t l '  o l  t l rc  eornpLr l l r l ion l l  sc l tcnrc.  cornpl r ison
wi l i  be r r la t l t  wi t l )  tcst l l ts  o i r ta jnet l  l ry  prc l ious i^ ,or1.crs,  13r '  cr r r I lo l i i tg  t l l ta

. . .  / \ lI t c t ' ( l  l ) )  l i l i t l c r ' ' '  i . c .  J n  l , r l l 1 1 u i n B  K i p g  I i c l c  ( l ( t ( ' - { )  u n r !  J n n ,  l i r l l o r r i n g
I z s a k  l l ( ) 6 - l ) ' " '  .  p r t s c n t  r e s L l l t s  w i l l  b c  c o r n p u r c i l  \ \ i l l r  l J l i t l e r ' s ( 5 )  .  B l i l z e r
tutil izirs tllc followrng lonnLtla :

z t '  =  6 '63

m J  ADn ryn
L  / .  - -  \ l l l

t n  m )  L i t

t t t2  J , r , , ,  A*n

1 q

rn (X . .  \  +Yr

,  S 7 I

: )
/ n - l n \

7 n

tro = tr::
sin nr { tr . .  I

(31 )
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Figure 10 Ground track (subsatell i te trajectory) about stationary point for various

inc l ina t ion  o f  o rb i t .
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(',O - _

+t 
co\ nl (xo ' tr,,rr )

w h e r u  s  =  l .  l .  - 1 , . 1 .

Using fonrr r t la  ( - l l ) ,  B l i tzer  arr ive( l  a t  va l t tes o l 's tat ion i l ry  posi t io t ls  s l to t ' t r  i t t
lab lc  4.  l f  t l tcsc va l t tcs arc sLr l )s t i tu te( l  i t t  t . . lLrat ion (15) .  l l rc  r ig l t t  l tar r t l  s i t lc
wi l l  be ot lLra l  to  :  l0-e,  rvh i lc  us ing s i tu i lar  l ras ic  ( la la .  wc ohta i t l  va lLtcs o l -
s tat ionary posi t ions rv l r ic l t  arc  very c lose to Bl i tzer 's  rcst tJ ts ,  as aLso s l torvn in
' fab le 

4.  l loq,cvcr ,  i l  our  va lLrcs arc subst i tu te( l  in  c t l t ta t io t t  ( l -5) ,  t l tc  r ig l t l
hand s ic le  wi l l  bc c loser  to  zero,  i .c .  10 r8.

TABLE 4,  Compar ison of  Equi t ibr ium Posi t ion resul ts  wi th  Bi i tzer 's

i" 
_-l- ;;;";; i

81

J .  B .
\ ' -ll ----ll + )' \

(" la) zo ( ' ,u,1" t

Po!it ion

( d e g )  { s e c }  _ 1t u E g /  \  s t s c ,  I_I-_T
- 15,201 I 

- 10,456 i6.63

6.63

6.63

6.63

75,O52

1 6 1 , 7 0 8

-  1  1 0 , 8 6 1

-37,374

-  15,823
- 43,965

l -he subsatel l i tc t raioctory rssul ts iv i l l  i re corr l ,arct l  to l : lu11 's. . \ceorr l i lg

l t lur) ' (8) ,  thc subsatcl l i tc l ra ieetor\ ,  i r  represtntct l  b1

6 r=  6a -  6ae  cosM=6  a -  6  a4cos ) . -  6 . r ! s i n t r

6  L=  l es i nM+(n -  G rc ) t= l qs i n t r -  2 t cos t r+ ( r ) -  o r r ) t

60=  i  s i n  (  o :  +  l t l  )  =  0  s  j  n  t r  -  acos \

\\ ' l lerc i

?  =  e  c o s  ( S 2  + . r ) .  t  =  c  s i n  ( 5 2  +  t l )

a  =  s i n  i s i n O ,  B = s i n i c o s O

I o

1

2

3
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M  = n t ,  n = m e a n m o t i o n
L = longitude
) ,  =  ( $ 2 + c - : + M )

As ind icatct l  by Table5.  thc agrcement  o l  our  resul ts  rv i th  F lury 's  is  in t leec l
oxc l lc  n t .

TABLE 5.  Compar ison of  Ground Track resul ts  (GEM 8)  wi th F lury 's

inclination
(degl

Piesent Method Flury's

width
(rad )

height
(rad)

width
(rad I

height
{rad}

0,1

o,2

0,3

o,4

0,5

0.6

o,7

0,8

0.9
'1,0

0,761545 x'l 0 
-o

0 ,304620x l0 -s

0 .685388x10-s

0 ,121850 x10 -4

0 ,190385 x10 -a

O ,27 4153x10 - a

0 .373 '153 x10 -4

0 ,487380x]0-4

0.6'16838x'10 -a

0 ,761525 x l0  a

0,349060 xl o -2

0,698100 x l0 t2

0,1047' t6x ' lo- l

0 ,139620 x10 - r

O,174524x1O-1

0,209420 x1O -r

0,244340xl0 I

0,27 9240x1O - |

0 ,314140 x l0 - r

0,349040x10 I

0,761543x'|0 
-o

0,30461 7 xl0 -s

0.685389 xl0 -5

0 .121860 x10 -a

0 ,190385 x10 -a

O,27 4155x10 -q

0 .373156 x l0  -4

O,487387 x1O-4

0.616850x10 
-a

0 ,761543 x ' |0  4

0,349065 xlo 
-2

0,6981 31 x l0 -2

0,1t4719 x l  o  - r

0,139626xl0 - r

0.1 74532 x]0 - r

0,209439 xl0 -r

0.244346 xl0 -r

O,279252x1O-l

0,3 '14159 x10 - r

0.349065 xl0 -r

Conrparison of IAU 1968 and GFjNI 8 results

S tc l l i lc  coct l ic jcnts  l t lvc  norv bcc l  obta incd r r , , i th  incrcasing accLrracy:  the la-
tcst  in format ion known to the arr lhors is  known as GEM 10.  rv i th  l r ig l rer  order
cr)e l l lc ien ls  i r r  t l rc  range o l  l tLrnt l rcr l t l r .  Horver 'cr ' ,  in  l l rc  t in te o l  rvr i t ing,  onl l -
data ol' C;EM 8 and IAU 19(r8 are availablc. Prelirninary work using IAU 1968
data was reportcd in rcltrcnce 9. Contparison of results using these sets ofdata
and present  rnelhod is  in tcnded to invcst igatc fur ther  whether  t l te  co lnputat ion-
al dccuracy is xde(luate.

I {cst r l ls  a lc  tabrr l t ter l  in  l -ab lc  ( r  ar r i l  l :  i t  sec l l ls  t l ta t  there arc sorne d iscre-
prneies.  a l l i ror r r : l t  t l te1,  urc s l l r l l ,  l lorvever .  l l tesr  resul ts  ean ! lave cont idencL'
l u r  l l r r  l ) n . \ f  n I  t o r r r g r r r t a t i 0 r r t l  s . l r c r r r c .  l (  s h 0 L r l d  b c  r ] o r c ( i  t l l a t  e ( )  l p U t a t i o l l a l
A(erracV is  vr f \  inrpor ta l l l .  s iucc.  t l r re  to  the laot  t l ra t  satc l l i tc  l i r l lows s i l l t i lar .
ln l l r \  rcpc i l lc ( l l \ ' .  rcs l ) l t i tnce ln i ly  occur .  g iv ing r ise to  lar .gcr .  r l is t r r r .bances
o r i A i D  i l l  i n  g  1 r ' r I r I  s n t  a l l c r  { } r r  e s .
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Table 6 Comparison of stell i te trajectory (eq. 28, 29 and 30) using GEI\,1€ and IAU 1968

data. for inclination O.20

83

(oe '  r )

G E M _ 8 t A U  1 9 6 8

A X 1 0 4 o x l o s p x l o 2 A X  1 0 4 o x l o s B X 1 O 2

0.00000
0.'t 5708
0 .31416
o 47124
o.62432
0 78540
0.94244
1.09960
1.25660
1.41370
1 .57080
1 .72790
1.88500
2.04200
2 .199  |  0
2.35620
2 .51330
2.67040
2.42140
2.98450
3 .14160
3.29870
3.4ss80
3.61280
3.76990
3.92700
4.084r0
4.24120
439420
4.55530
4.71240
4.86950
5.02650
s.18360
s.34070
5.49780
5.65490
5 .81190
5.96900
6 .126 r0
6.28320

0.00000
-,0.00969
{.03815
o.08258

-0.13865
-0.20085
-4.26310
-,0.31931

0.36398
-.0.39272

0.4027 4
--0.3930s
-!.36459
-0.32015
-o.264c€
o.20189

-0 13963
-0.08342
-0.03876

0.01m1
-0.00000
{).00969
0.03815

-0.08259
-0.r 3866
-0.20086

o.26312
-0.31933
-0.36400

0.39275
-0.40276
-{.39307
-0.36461
-{.320r8
-0.26411
,0 .20191
{.13965

-0.08344
4.03871
-0.0'r 001
0.@000

0.00000
-o.094'17

-0.17920

4.24611
-o29026

0.30542
-o.29075

4.24111
-o.18050
-{.09570
-{.00161

0.09256
0 .17754
o.24514
o.2aa62
0.30377
0.28910
o.24605
0.17a83
0.09403
o 00007

4.@424
4.17927

0.24683
-o.29032
-0.30547

0.29080
-o.24714
-0.18052

o.09571
-{.0016r
0.09256
0.17760
o.24517
0.28866
0.30382
o.28916
0.2i16'l'l
0.17890
0.09409
o.00000

0.00000
0.05461
o .10787
0 .15847
0 .20517
o246B2
o28240
0 .31101
0 .33 r97
o.34476
o.34905
0.34475
0 .33196
0 .31100
o28237
0.24680
0.20514
0 .15844
0.' t0783
0.05457
0.00004
o.05465
o .10791

-0 .15851

o.20521
-o.24685
-o.2a242
0.3't't03

-0.33199
-0.34476

0.34905
o.3447 4
0 .33195

-0.31098

0.28235
o 24617

-0.20511

0.15840
-o .10779
-o.05453

o.00008

0.00000
,0.00890
-0.03662
-0.08047

0.13615
,o.19422
-0.26100
-0 .31718
4.36242
-0.39190
-o.40213
-0.3938s

,o.32228
0.26660

-0.20453
,0.14215
o.o8557
o.04033

,0.01085
-o.m@'l
-o.00890

-0.08047
-o .13616
-0.19823

0.26061
o.3172D

-o.36244
-0.39193
-o.40216
0.39388
0.36616

-o.32231
o.26662

-0.204s5
o.14217

-0.08559
0.04034
0.01086

-0.0m02

0.00m0
-0.o8903
--o. ' t  7516
-0.24360

4.24420
-0.30459
-0 .29116
-o.24923
,0 .18291

0.09868
0.00440
0.08955
0 . 1  7 5 1 3
0.24357
0  28816
o.30454
0 .291  10
o.24911
0 .18284
0.09860
o.oo472

-0.08964
-0.17523
-0.24367
-o.28826

0.30464
0 .29120

4.24927
-0.18294
{.09870

-{.00480

0.08956
0 .1  7515
0.24360
0.28820
0.30458
0.291 't 6
o.24923
0.18290
0.09867
0.m478

0.00000
0.05190
0.10526
o.15602
0.20295
0.24448
o.28078
030976
0.33112
o.34432
b.34904
0.34517
0.33280
o,31223
0.28398
o.24€73
0.20735
o.16087
0.11(X3
o.05727
0.00270

-0.05194
-0.10529
-0.15606
-0.20298
,o.24491
-{.28080
-0.30978
-0 .33113
-o.34432
-0.34904
-0.34596
-o.33279
-o.31221

0.24395
-o.24€70

o.20"132
0.16@4

{ .11039
0.05723

-0.00266
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Table 7 comparison ofsatell i te trajectory (eq.29,29 and 30) using GEM'8 and IAU 1968

data. for inclinalion 0.60

G E M _ 8

p >, 102 o x l o 5 p x 1 o 2

0.00@0
0.15708
O.31i l ' l6
o.47124
0.62832
0.785/t0
0342,|a
|.cp960
1.25660
1.41370
1.57080
1 .7219il
| 385(x)
2.04200
2 .19910
2.3$20
2.51330
2.67040
2.42? 40
2.94450
3 .14160
323470
3.45580
3.61280
3.76990
3.0270
4.0841O
4.24120
4.39820
4.5s530

0.00000
-o.08724
-4.34334
4.14325
-1.24780
-1.80760
-236190
-2.87380
-3.27580
-3.53460
-3.62470
-3.53750
-3.28140
-2.88150
-2.37690
-  t  . 81  710

1.25680
0.75089

-0.34889
0.09015
o.00001

-o.o4724
-0.34335

4.14321
-1 24140
-1 .80770
-2.36800

2.87390
3.21590
3.53460

-3.624aO

-3 .28140
-2 .88150
,2.31100

1 . 8 r 7 r 0
-r .25680
-0.75@3
-03€92
-0.09017
-0.00000

0.00000
!t.84753
-1 .61280

2.220,90
-2.61230
-2.74€70
-2.61680
-222540
-1.62440
4.8€,122
-o.014,1{)

0 .83311
r.59840
2-2054/l
2.59780
2.73420
2.60220
2.214a0
1 .60990
o.84663
0.00020

o.oooo0
0.16381
o.32360
o.47541
o.61551
o.7404€
0.84718
0.93303
0.99590
I .03430
1 .04710
1 .03420
0.99587
o.93297
0.84710
0.74038
o.61541
0.47530
0.32348
0.r 6369
0.00012

0.00000
-o.@012
-o.32959
-o.72421
-1.22534

r .78395
-2.34533
-2.85455
-3 .26176
-3.5270,9
-3.624s8
-3.54$7
-3.29520
-2.90058

239944
-1.84083
-1 .21944
4.77022
-0.36302
-0.09769
-0.00020

o.080l l
-0.32959
-o.72422
-1.22537

1.78398
2,34358

-2.4546 l
-3.26182
-3.52716

3.62465
3.54475
3.29527
2.9@65

-2.39951

1 .84090
,1 27950

o.71027
-0.36306
-o.@712
-o.00022

0.ooom
-0.80612
,1.57640
-2.19236
-2.59373
-2.7 4120
-2.62035

2.24300
1 .64609
0.88806
o.o4311
0.80606
't.57631

2.19226
2.59360
2.7 4lO5
2.62011
2.24240
r .64588
o.8a182
o.04285

-0.80633
1.57660

,2.19256

-2.14136
-2.6204a
-2.24311

1 .62t617
0.8aB11

-0.o4312

0.80607

2.19234
2.59371
2.7 4114
2.62033
2.2484
1 .64606
0.08802

0.00000
0.t 5569
o.35176
0./16807
0.60884
o.734€2
o.a4232
o.92927
0.99333
1.03294
1.04711
1_03549
0.99838
0.93668
0 .85191
0.74617
0.62205
0.4426'l
0 .33129
0 . r  7181
0.00810
0 .15581

-0.3r 588
-0.46817
-0.60894
-o.13471

0.84239
0.92932

-0.99337
-1.03296

1 .O4?11
LO3547

-0.99834
-o.93662
,0.85184
,0.74608

0.62195
0.48250

-o.44773 1 0.16393
-1 .61300 I -0.32371
-2.22110 -0.47552

-2.14890 ,O.14o5a
-2.61250 -0.61561

-2.61690 0.84725
-2.229s0 I ,0.93308
-1.62450 0.99594
-0.86126 - L03430

.11240 -0  01441  I  1 .04710
0.83313 I 1 .034204.86950

5.02650
5.'r8360
5.34070
5.49780

i5.65490
5 .81190
5.96900

16 .1261o
19.r83?9

- 0 .33 ' l 1B
-0 .1  7169 ' ,
-0.00798'

i  0.04053
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VIII. CONCLUDING REMARKS

A co|nputat ional  schenre to ca lcu latc  thc orb i t  o1 'geostat ionrr ry  sr l tc l l i lc  dLrc to
the car th 's  grav i ta t i ( )na l  potent ia l  has bccn dcvt lopet l .  l i tk ing spccia l  carc to
the in f luence o l  the grav i ta t ional  auonra ly .  Rcst t l ts  o l r ta i t re t l  l rave becl l  co l l l -

Frre( l  to  those o l '  [ ] l i tzer  ancl  I i lL t ry ,  lnd cstabl is l tc t l  c t tn l idencc in  the present
sc l lcnrc.  Fur ther  t levelopnrent  is  p lanned to accot tnt  t i r r  the i i l t lc l  o l  thc
nxron,  the sun a ld so lar  rat l ia t ion pressure,
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