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Current ly  t h e  u n c e r t a i n t i e s  i n  the  low degree harmonic c o e f f i c i e n t s  and 
l i b r a t i o n  parameters map i n t o  a n  u n c e r t a i n t y  of 0.002 i n  t h e  l u n a r  moment of 
i n e r t i a .  ( S i n c l a i r ,  W. e t  a l ,  1976, Gapcynski, e l  a 1  1975). I f  a  l u n a r  den- 
s i t y  model having a  core  of 300 km r a d i u s  i s  assumed, t h e  l a r g e  u n c e r t a i n t y  i n  
t h e  l u n a r  moment of i n e r t i a  causes  a  d e n s i t y  u n c e r t a i n t y  of over 4 p /cm3.  
However, w i t h  t h e  fol lowing proposed l u n a r  mission and d a t a  process ing scheme 
t h e  u n c e r t a i n t y  i n  t h e  l u n a r  moment of i n e r t i a  can be reduced t o  n e a r  0.0001 
and thus  t h e  u n c e r t a i n t y  i n  t h e  core  d e n s i t y  example previously  given can be 
brought t o  n e a r  0.1 gm/cm3. This e r r o r  l e v e l  provides a  meaningful c o n s t r a i n t  
which can be  used w i t h  o t h e r  p r e c i s i o n  d a t a  types  t o  develop deep i n t e r i o r  
l u n a r  dens i ty  models. 

A Lunar Po la r  O r b i t e r  Mission us ing two s a t e l l i t e s  has been proposed t o  
ga ther  g loba l  geophysical  and geochemical d a t a .  The proposed mission c o n s i s t s  
of a  c l o s e  o r b i t e r  (100 km a l t i t u d e )  and a  r e l a y  s a t e l l i t e  (2000 km a l t i t u d e ) ,  
both  i n  n e a r  p o l a r  c i r c u l a r  o r b i t s ,  This s tudy is  d i r e c t e d  a t  improving t h e  
accuracy of t h e  low degree an2 order  harmonics c o e f f i c i e n t s  us ing only t h e  re- 
l a y  s a t e l l i t e  da ta  s i n c e  i t s  o r b i t  provides  a  n a t u r a l  a t t e n u a t i o n  of t h e  high 
degree g r a v i t y  terms, which a r e  t h e  major cor rup t ing  f a c t o r s  t o  t h e  low degree 
terms. 

A s t a t i s t i c a l  a n a l y s i s  i s  performed t o  determine t h e  s e n s i t i v i t y  of t h e  
g r a v i t y  parameters t o  t h e  d a t a  n o i s e ,  a r c  l eng th ,  o r b i t a l  i n c l i n a t i o n ,  geome- 
t r i c  and b i a s  parameters ( s t a t i o n  l o c a t i o n ,  t ropospher ic  model e r r o r ,  t iming 
b i a s  between t h e  s t a t i o n s ,  e t c .  ) , h i g h e r  degree and o rder  harmonic c o e f f i c i e n t  
e r r o r s  and o t h e r  f o r c e  parameters such as  s o l a r  r a d i a t i o n  and re - rad ia t ion  
e f f e c t s .  The s t a t i s t i c a l  a n a l y s i s  i s  performed us ing  a  maximum l i k e l i h o o d  e s t i -  
mator assuming Gaussian e r r o r s .  Doppler t r a c k i n g  d a t a  a r e  generated assuming a  
count time of 60 seconds wi th  a  d a t a  n o i s e  of 1 mm/sec. The nominal mission 
assumes an  o r b i t  of  95@ i n c l i n a t i o n  and a  semi-major axis of about 4000 km and 
t h e  e c c e n t r i c i t y  of 0 . 1  f o r  t h e  r e l a y  s a t e l l i t e .  The s tudy i s  performed con- 
s i d e r i n g  28 days of t r a c k i n g  d a t a  from t h r e e  Deep Space Network s t a t i o n s .  

Table 1 shows t h e  s e n s i t i v i t y  of harmonic c o e f f i c i e n t s  (C , CZ2)  t o  or- 
b i t a l  i n c l i n a t i o n .  S tud ies  show t h a t  optimum i n c l i n a t i o n  f o r  g g t e r m n i n g  C 2 0  
is  about 52' and f o r  C i s  about 75O. For moment of i n e r t i a  computations ~t 
is  only  necessary  t o  dzgermine e i t h e r  one of t h e  two harmonics due t o  a  con- 
s t r a i n t  between C and t h e  l i b r a t i o n  parameters (B,y) (Williams, e t  a l ,  
1975).  I f  t h e  were kep t  a t  t h e  nominal design value  of 950, t h e  
degradat ion from i t s  corresponding opt imal  i n c l i n a t i o n  is  l e s s  f o r  C than f o r  2 2 
C20. The e r r o r  i n  t h e  es t imate  of C is  only twice t h a t  a t  t h e  optlmal 75O 22 
i n c l i n a t i o n .  S tud ies  a l s o  show t h a t  o t h e r  g r a v i t y  parameters C and C a r e  3 1 n o t  very s e n s i t i v e  t o  o r b i t a l  i n c l i n a t i o n .  Improved determinations for3? and 
C33 a r e  needed t o  r e f i n e  t h e  c u r r e n t  accuracy of l i b r a t i o n  parameters B al?a y. 
However, c u r r e n t l y  t h e  l a r g e s t  u n c e r t a i n t y  i n  the  lunar  moment of i n e r t i a  i s  
due t o  uncer ta in ty  i n  e r r o r s  i n  C20 o r  C22. 

Table 2  shows t h e  r e s u l t s  from t h e  s t a t i s t i c a l  a n a l y s i s .  These r e s u l t s  
a r e  obta ined f o r  t h e  nominal i n c l i n a t i o n  of 95O. It can be seen t h a t  t h e  un- 
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c e r t a i n t y  i n  C22 i s  improved over a  magnitude when semi-major a x i s  (a )  of 7000 
km is  used, however, t h e  improvement i n  C is  n o t  s i g n i f i c a n t .  The s tudy a l s o  2 0  
shows t h a t  a n  o r b i t  af a = 7000 km is necessa ry  t o  achieve t h e  d e s i r e d  accu- 
racy.  The harmonic c o e f f i c i e n t s  C31 and C33 a r e  n o t  very s e n s i t i v e  t o  o r b i t a l  
a l t i t u d e .  S tud ies  a l s o  show t h a t  e r r o r s  up t o  10 m i n  s t a t i o n  l o c a t i o n s ,  trc- 
pospher ic  model wi th  l e s s  than 10% e r r o r  and t iming b i a s e s  of l e s s  than  a t e n t h  
of a  mi l l i second  between t h e  s t a t i o n s  do n o t  a f f e c t  g r a v i t y  terms. However, 
g r a v i t y  terms a r e  ve ry  s e n s i t i v e  t o  l u n a r  mass and s o l a r  r a d i a t i o n  p r e s s u r e  
e r r o r s .  When b o t h  l u n a r  mass and s o l a r  r a d i a t i o n  c o e f f i c i e n t s  a r e  es t imated  
a long wi th  t h e  g r a v i t y  terms t h e i r  c o n t r i b u t i o n  t o  t h e  e r r o r  i n  g r a v i t y  terms 
is n e g l i g i b l e .  

Table 1: S e n s i t i v i t y  t o  O r b i t a l  I n c l i n a t i o n  

* 
I n c l i n a t i o n  

degrees  Oc20 

* 
where a f u l l  4x4 harmonic f i e l d  i s  es t imated  and t h e  unrnodelled 
e f f e c t s o f  5 and 6 degree and o r d e r  harmonic c o e f f i c i e n t s  and l u n a r  
mass e r r o r  and s o l a r  r a d i a t i o n  p ressure  e r r o r  a r e  considered.  
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Table 2: R s u l t s  from Error  Analysis 

* 
Harmonic Cqrrent Best Uncer ta inty  When t h e  E f f e c t s  of 

Coef f ic ien t  Known Unmodelled Parameters are Included 
Uncer ta inty  

(Formal S t a t i s t i c s )  a  = 4000 km a  = 7000 km 

C20 1.5 E-6 8.6 E-7 2 .3  E-7 

* 
When a  f u l l  4x4 harmonic f i e l d  and c e r t a i n  5 and 6 degree and o r d e r  harmonic 

c o e f f i c i e n t s ,  l u n a r  mass, s o l a r  r a d i a t i o n  e f f e c c s  a r e  es t imated  whi le  t h e  
unmodelled e f f e c t s  o f  c e r t a i n  o t h e r  5 ,  6 ,  7  and 8  degree and o rder  harmonic 
c o e f f i c i e n t s  a r e  considered.  

W. S i n c l a i r ,  e t  a 1  (1976). 
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