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W e h a v e a n a l y z e d Lunar Laser R a n g i n g (LLR) data acquired b e t w e e n 1970 
a n d ear ly 1994. T h e observat ions are taken from the usua l f ive sites: M c D o n a l d (three 
loca t ions ) , G r a s s e a n d Haleaka la ; s o m e n o r m a l p o i n t s a n d qu ick- look returns from 
Wettze l l are a d d e d to test their qual i ty . Al l in all m o r e than 8500 LLR m e a s u r e m e n t s 
are u s e d . 

In a first s t ep out l i ers h a v e b e e n e l i m i n a t e d . T h e n w e p e r f o r m e d a least-
squares fit t o w e i g h t e d o b s e r v a t i o n s a n d d e t e r m i n e d the p a r a m e t e r s of the Earth-
M o o n System. 

T h e e p h e m e r i s of the M o o n a n d the p l a n e t s are c o m p u t e d w i t h o u r o w n 
e p h e m e r i s p r o g r a m ; the lunar l ibrat ions w e r e in tegrated s i m u l t a n e o u s l y . The initial 
v a l u e s for t h e Integration are taken from the e p h e m e r i s DE200. A deta i led descr ipt ion 
of our analys i s m o d e l is g i v e n e.g. in Muel ler et al. (1991) or Muel ler et al. (1992). 

T h e c o n s t a n t s a d o p t e d for t h e c o m p u t a t i o n s are t h o s e o f t h e I A U 
r e c o m m e n d a t i o n s resp . the IERS Standards (1992); h o w e v e r s o m e nuta t ion coeff icients 
had b e e n c h a n g e d b y in troduc ing better v a l u e s (e.g. for the 9-year, the annual , the half-
year a n d the ha l f -month coefficients) . 

T h e Stat ion c o o r d i n a t e s h a v e b e e n correc ted for p l a t e m o t i o n ( N U V E L 
N N R - 1 m o d e l ) ; the b a s e e p o c h for p late m o t i o n is D e c e m b e r 1 0 , 1 9 9 1 (MJD 48600) . For 
s o m e s tat ions clock b iases h a v e b e e n es t imated . 

T h e Earth or ienta t ion parameters are taken from a Solut ion g e n e r a t e d b y 
R. Gross ca l led SPACE93; they are in troduced as a priori v a l u e s in our LLR m o d e l a n d 
wi l l b e i m p r o v e d in a s e c o n d step. 

IERS(1994) Technical Note No 17. 
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T h e p a r a m e t e r s d e t e r m i n e d a r e S ta t ion c o o r d i n a t e s ( r e l a t i v i s t i c g e o c e n t r i c 
f r a m e ) , r e f l ec to r c o o r d i n a t e s ( re la t iv i s t i c s e l e n o c e n t r i c f r a m e ) , p o s i t i o n a n d v e l o c i t y of 
t h e E a r t h - M o o n b a r y c e n t e r for o n e e p o c h , p o s i t i o n a n d v e l o c i t y of t h e l u n a r b a r y c e n t e r 
for a n in i t i a l e p o c h , p h y s i c a l l i b r a t i o n a n g l e s a n d a n g u l a r ve loc i t i e s for t h i s e p o c h , t h e 
l o w e s t m a s s m u l t i p o l e m o m e n t s of t h e M o o n , t h e m a s s of t h e E a r t h - M o o n S y s t e m , 
t h e l u n a r L o v e n u m b e r a n d o n e d i s s i p a t i o n p a r a m e t e r , t h e l a g a n g l e ( l u n a r t i d a l 
a c c e l e r a t i o n ) , a c o r r e c t i o n t o t h e l u n i - s o l a r p r e c e s s i o n c o n s t a n t a n d t h e f o u r ( t w o i n -
p h a s e a n d t w o o u t - o f - p h a s e ) coef f ic ien ts of t h e 18.6 y e a r n u t a t i o n p e r i o d ; for t h e m 
c o n s t r a i n t s i n d i c a t e d i n W i l l i a m s et al. (1991) h a v e b e e n u s e d . B e s i d e s t h e s e 
p a r a m e t e r s r a t e s for U T l a n d p o l a r m o t i o n h a v e b e e n e s t i m a t e d . 

T h e p o s t - f i t r e s i d u a l s a r e a n a l y z e d b y t h e d a i l y - d e c o m p o s i t i o n m e t h o d 
( D i c k e y et al, 1985) t o o b t a i n i m p r o v e d v a l u e s for UTO-UTC a n d V a r i a t i o n of l a t i t u d e 
( V O L ) fo r e a c h r e f l e c t o r S t a t i on p a i r o n e v e r y n i g h t for w h i c h su f f i c i en t d a t a a r e 
a v a i l a b l e (at l e a s t t w o n o r m a l p o i n t s p e r n i g h t a r e n e e d e d ) ; t h e t i m e s p a n b e t w e e n t h e 
first a n d t h e l a s t n o r m a l p o i n t h a s t o b e 1.5 h o u r s ( in s o m e c a s e s a c o v e r a g e of o n l y 
1 h o u r w a s a c c e p t e d ) . 1507 p a i r s w e r e f o u n d . I n a f u r t h e r s t e p t h e b a d o n e s h a v e b e e n 
e l i m i n a t e d a n d t h e o t h e r s h a v e b e e n s m o o t h e d u s i n g a s p l i n e f i l ter . T h e s e r i e s of 
E a r t h r o t a t i o n p a r a m e t e r s (UTO-UTC a n d V O L ) h a v e b e e n p r o v i d e d t o t h e I E R S 
C e n t r a l b u r e a u , d e s i g n a t e d EOP(FSG) 94 M 0 1 . 

T h e s e i m p r o v e d v a l u e s for t h e E a r t h r o t a t i o n h a v e b e e n u s e d in a f u r t h e r 
i t e r a t i o n of t h e g l o b a l a d j u s t m e n t of t h e L L R d a t a . T h e f ina l r e s u l t s for t h e S ta t ion 
c o o r d i n a t e s h a v e b e e n p r o v i d e d t o t h e I E R S C e n t r a l B u r e a u . I t s d e s i g n a t i o n is 
S S C ( F S G ) 9 4 M 0 1 . 

B e s i d e s t h e p a r a m e t e r s s e n t t o t h e I E R S a l o t of o t h e r s h a v e b e e n 
d e t e r m i n e d a n d a r e a v a i l a b l e o n r e q u e s t . T o t h e s e p a r a m e t e r s b e l o n g t h e m a i n 
p a r a m e t e r of t h e E a r t h - M o o n S y s t e m m e n t i o n e d a b o v e a n d r e l a t i v i s t i c q u a n t i t i e s l i k e 
t h e m e t r i c p a r a m e t e r s g a m m a a n d b e t a , t h e N o r d t v e d t p a r a m e t e r e t a ( s t r o n g 
e q u i v a l e n c e p r i n c i p l e ) , t h e g e o d e t i c p r e c e s s i o n of t h e l u n a r o rb i t , t h e t i m e Var ia t ion of 
t h e g r a v i t a t i o n a l c o n s t a n t , o n e p a r a m e t e r for t e s t i n g N e w t o n ' s i n v e r s e S q u a r e l a w a n d 
o n e p a r a m e t e r i n d i c a t i n g a v i o l a t i o n of spec i a l r e l a t i v i t y . 

A c k n o w l e d g e m e n t s . W e w i s h t o a c k n o w l e d g e a n d t h a n k t h e staffs of C e r g a , H a l e a k a l a , 
a n d M c D o n a l d O b s e r v a t o r y for p r o v i d i n g t h e n o r m a l p o i n t s . W e w i s h t o t h a n k R. 
G r o s s f r o m JPL for p r o v i d i n g h i s s e r i e s of E a r t h r o t a t i o n p a r a m e t e r s . S u p p o r t f r o m t h e 
D e u t s c h e F o r s c h u n g s g e m e i n s c h a f t is g r a t e fu l l y a c k n o w l e d g e d . 
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S u m m a r y d e s c r i p t i o n o f t h e t e r r e s t r i a l S y s t e m a t t a c h e d to t h e s e t of S t a t ion c o o r d i n a t e s 
S S C ( F S G ) 9 4 M 0 1 

1 - T e c h n i q u e : 

2 - A n a l y s i s C e n t e r : 

3 - S o l u t i o n Ident i f ie r : 

4 - S o f t w a r e u s e d : 

5 - Re l a t i v i t y sca le : 

6 - P e r m a n e n t t i d a l c o r r e c t i o n on Sta t ion 

7 - T e c t o n i c p l a t e m o d e l : 

8 - V e l o c i t y o f l i g h t ( C ) : 

9 - G e o g r a v i t a t i o n a l c o n s t a n t ( G M o ) : 

10 - R e f e r e n c e e p o c h : 

11 - A d j u s t e d P a r a m e t e r s : 

12 - De f in i t i on of t h e o r i g i n : 

13 - D e f i n i t i o n of t h e o r i e n t a t i o n : 

14 - C o n s t r a i n t for t i m e e v o l u t i o n : 

L L R 

F S G / T e c h n . U n i v . M u n i c h 

SSC(FSG) 94 M 01 

FSG LLR Sof tware 

G e o c e n t r i c 

N o 

N U V E L N N R - 1 

299792.458 k m / s e c 

ad jus t ed : 398600.448 k m ^ / s e c 2 

(geocen t r i c ) 

D e c e m b e r 1 0 , 1 9 9 1 ( M J D 48600) 

c a r t e s i a n c o o r d i n a t e s of s t a t i o n s x , y , z 
( ra tes f ixed) 

G e o c e n t e r (cen te r of m a s s ) 

E O P f rom 1970 to 1994 t a k e n f r o m 
S P A C E 9 3 ( a l i gned w i t h IERS S y s t e m ) 

C o n s t r a i n e d t o N U V E L N N R - 1 ; 
e s t i m a t i o n of U T l a n d p o l a r m o t i o n 
r a t e s d u r i n g t h e g l o b a l So lu t i on 
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Distr ibut ion of the 3 sites of the terrestrial frame SSC(FSG) 94 M Ol. 

4 6 

UNCERTAINTIES (cm) 

10 

Distr ibut ion of the uncertaint ies (quadratic m e a n of o x , a y , a z ) for the 5 
s tat ions of the terrestrial frame SSC(FSG) 93 M Ol. 
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EOP(FSG) 9 4 M 0 1 From Oct 1970 t o Jan 1994 

N u m b e r of m e a s u r e m e n t s per year a n d m e d i a n uncertaint ies 

U n i t s : 0.001" for (p; 0.0001s for UT0. 

YEAR 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Nb 

7 
21 
62 

105 
68 
82 
77 
70 
58 
62 
68 
29 
3 
6 

78 
175 
42 
39 
49 
51 
98 
63 
81 

102 

<P 
Sigma 

15.00 
15.00 
10.40 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
6.84 

15.00 
7.85 
7.80 
4.00 
3.68 
1.46 
1.34 
1.47 
1.58 
1.76 
1.61 

ÜTO 
Nb 

7 
21 
62 

105 
68 
82 
77 
70 
58 
62 
67 
29 
3 
6 

78 
175 
42 
39 
49 
51 
98 
63 
81 

102 

Sigma 

10.00 
10.00 
3.92 

10.00 
10.00 
10.00 
7.02 

10.00 
10.00 
10.00 
10.00 
10.00 
3.39 

10.00 
4.96 
3.61 
1.75 
1.26 
0.94 
0.79 
0.84 
0.85 
1.30 
0.82 




