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W e h a v e a n a l y z e d L u n a r L a s e r R a n g i n g (LLR) d a t a a c q u i r e d b e t w e e n 1970 a n d 
J a n u a r y , 1995 . T h e obse rva t i ons a r e t a k e n from t h e u s u a l five s i t e s : M c D o n a l d ( t h r e e 
locat ions) , G r a s s e a n d H a l e a k a l a ; some n o r m a l po in t s from Wet tze l l a r e a d d e d . All i n al l 
more t h a n 9200 LLR m e a s u r e m e n t s a r e used . 

T h e c o n s t a n t s adop t ed for t h e computa t ions a r e those of t h e IAU r e c o m m e n d a t i o n s 
resp . t h e I E R S S t a n d a r d s (McCar thy , 1992). F o r t h e 9-year, t h e a n n u a l , t h e ha l f -yea r a n d 
t h e ha l f -mon th per iod we u s e d t h e va lues of Zhu et al. (1990). 

T h e Stat ion coord ina tes h a v e been corrected for p la te mot ion ( N U V E L N N R - 1 model) ; 
t h e b a s e epoch for p l a t e mot ion is December 10, 1991 ( M J D 48600). 

T h e i n p u t E a r t h o r i en t a t i on p a r a m e t e r s a r e t a k e n from a Solut ion g e n e r a t e d by R. 
Gross cal led C O M B 9 4 ; t h e t ida l ly dr iven d iu rna l a n d s emid iu rna l U T l va r i a t i ons h a v e been 
added to t h e i n p u t U T l file (Her r ing , 1993). 

W e d e t e r m i n e d t h e p a r a m e t e r s of t h e Ea r th -Moon System by a l e a s t - s q u a r e s fit to 
w e i g h t e d o b s e r v a t i o n s . F o r t h e d e t e r m i n a t i o n of a correct ion to t h e lun i - so l a r p reces s ion 
c o n s t a n t a n d t h e four ( two i n - p h a s e a n d two out-of-phase) coefficients of t h e 18.6 year 
n u t a t i o n per iod , c o n s t r a i n t s ind ica ted in Wil l iams et al. (1991) have been used . 

Thepos t - f i t r e s i d u a l s a r e ana lyzed by t h e dai ly-decomposi t ion m e t h o d (Dickey et al., 
1985) to 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 Var ia t ion of l a t i t u d e (VOL) for e a c h 
reflector Sta t ion p a i r on every n i g h t for which sufficient d a t a a r e ava i l ab le . 1612 p a i r s w e r e 
found. After h a v i n g r emoved t h e bad ones t h e o the r s h a v e b e e n s m o o t h e d u s i n g a sp l ine 
filter. T h e se r i e s of E a r t h ro t a t i on p a r a m e t e r s (UTO-UTC a n d VOL) h a v e b e e n p rov ided to 
t he I E R S C e n t r a l b u r e a u , des igna ted EOP(FSG) 95 M Ol. 

T h e s e improved v a l u e s for t h e E a r t h ro ta t ion h a v e b e e n u s e d i n a f u r t h e r i t e r a t i o n of 
t h e global a d j u s t m e n t of t h e LLR d a t a . The final r e s u l t s for t h e S ta t ion coo rd ina t e s h a v e 
been prov ided to t h e I E R S C e n t r a l B u r e a u . I t s des ignat ion is SSC(FSG) 9 5 M Ol. 

Bes ide s t h e p a r a m e t e r s m e n t i o n e d above, re la t iv i s t i c q u a n t i t i e s h a v e b e e n d e t e r m i -
ned: t w o m e t r i c p a r a m e t e r s , t h e N o r d t v e d t p a r a m e t e r ( s t rong equ iva l ence p r inc ip le ) , t h e 
geodetic p recess ion of t h e l u n a r orbit , t h e t ime Variat 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 , one 
P a r a m e t e r for t e s t i n g Newton ' s inverse s q u a r e law, one p a r a m e t e r i n d i c a t i n g a v io la t ion of 
special r e l a t i v i t y a n d one p a r a m e t e r which indica tes t h e va l id i ty of t h e s t r o n g equ iva lence 
pr inciple in t h e coupl ing of d a r k m a t t e r to the different composi t ions of E a r t h a n d Moon. 

V a l u e s for a l l p a r a m e t e r s a r e avai lable on reques t . 
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Technica l descr ipt ion o f Solution FSG 95 M Ol 

1 - Technique: LLR 

2 - Analysis Center : 

3 - Software used: 

4 - D a t a span: 

5 - Celes t ia l Reference F r a m e : 
a - N a t u r e : 

b - Definition of t h e Or ien ta t ion : 

6 - T e r r e s t r i a l Reference F r a m e : 
a - Relat ivi ty scale: 
b - Velocity of light: 
c - Geograv i t a t iona l cons tan t : 
d - P e r m a n e n t t i da l correct ion: 
e - Definition of t h e origin: 
f - Definit ion of t h e or ienta t ion: 

g - Reference epoch: 
h - Tectonic p l a t e model: 
i - C o n s t r a i n t for t ime evolution: 

FSG/Techn . Univ . M u n i c h 

F S G LLR Software 

April 1 9 7 0 - J a n 1995 

dynamica l ; own e p h e m e r i s p r o g r a m ( in i t ia l 
va lues from DE200) 
refer red to t h e e q u a t o r a n d equ inox of J 2 0 0 0 
t h r o u g h t h e e p h e m e r i s 

S S C ( F S G ) 9 5 M 0 1 
LE: re la t iv is t ic geocent r ic f r ame 
299792458 m/s 
adjusted: 3.98600448 m 3 / s 2 (geocentric) 
No 
by the geocenter t h r o u g h clO=0, c l l = 0 , s l l = 0 
E O P from 1970 to 1995 t a k e n from a file of 
R. Gros s (COMB94) w h i c h i s a l i g n e d w i t h 
t h e I E R S System; da i ly cor rec t ions for UTO 
a n d VOL a r e d e t e r m i n e d af ter t h e global fit 
december 10 ,1991 (MJD 48600) 
N N R - N U V E L 1 
fixed p l a t e m o t i o n mode l ( N N R - N U V E L 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 
du r ing t h e global Solution 

7 - E a r t h Orienta t ion: 
a - A pr ior i n u t a t i o n model : 

E O P ( F S G ) 9 5 M 0 1 
IAU(1980), va lues for t h e coefficients of t h e 9-
y e a r , a n n u a l , h a l f - y e a r a n d h a l f - m o n t h 
period from Zhu et al . (1990) 

Shor t -pe r iod t ida l va r i a t i ons in x, y, U T l : d i u r n a l a n d s e m i d i u r n a l t i d a l v a r i a 
t ions (M2, S2 , N 2 , K l , O l , P I ) in U T l have 
been added (Her r ing , 1993), no t in x a n d y 

8 - E s t i m a t e d p a r a m e t e r s : 
a - Celest ial F r a m e : 

b - Te r res t r i a l F r a m e : 

c - E a r t h Or ienta t ion: 

d - Others : 

orbit of t h e E a r t h - M o o n b a r y c e n t e r (XO, YO, 
ZO, Xdot, Ydot, Zdot); l u n a r orb i t (XO, YO, ZO, 
Xdot, Ydot, Zdot) 
c a r t e s i a n c o o r d i n a t e s (XO, YO, ZO); r a t e s 
fixed (NNR-NUVEL1) 
UTO-UTC a n d Var i a t ion of l a t i t u d e V O L ; 
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 
a m p l i t u d e s of t h e 18.6-year n u t a t i o n per iod 
(2 in -phase a n d 2 out-of-phase); r a t e s for x, y, 
a n d U T l 
l u n a r l ib ra t ions ; reflector c o o r d i n a t e s ; l u n a r 
g r av i ty ; m a s s of t h e E a r t h - M o o n S y s t e m ; 
l u n a r L o v e n u m b e r a n d d i s s i p a t i o n 
p a r a m e t e r ; l a g a n g l e ( l u n a r t i d a l 
accelera t ion) ; r e l a t iv i s t i c p a r a m e t e r s 
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Dis t r ibut ion of t h e 3 si tes of t he t e r res t r i a l frame SSC(FSG) 95 M 01 

o 
LO 

o 

co 

in 
ix. 
o 
er ^ 

3 

O 

-T 1 r-

UNCERTAINTIES (cm) 

"i r" 

_J 1 « • • 
10 

Distribution of the uncertainties (quadratic mean of ox, o v , <JZ) for the 5 s tat ions of the 
terrestrial frame SSC(FSG) 95 M 01. 
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EOP(FSG) 95 M Ol From Oct 1970 to Jan 1995 

N u m b e r of measurements per year and median uncertaint ies 
Uni ts : 0.001" for cp; 0.0001s for UT0 

YEAR <p UT0 
Nb Sigma Nb Sigma 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

8 
21 
62 
105 
68 
82 
77 
70 
57 
62 
68 
29 
3 
6 

77 
175 
42 
39 
49 
51 
98 
63 
81 
100 
95 
13 

15.00 
15.00 
10.31 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
7.73 
15.00 
7.91 
7.84 
4.09 
3.87 
1.27 
1.34 
1.15 
1.36 
1.69 
1.53 
1.05 
0.88 

8 
21 
62 
105 
68 
82 
77 
70 
57 
62 
68 
29 
3 
6 

77 
175 
42 
39 
49 
51 
98 
63 
81 
100 
95 
13 

10.00 
10.00 
3.77 
10.00 
10.00 
10.00 
6.84 
10.00 
10.00 
10.00 
10.00 
10.00 
3.43 
10.00 
4.61 
3.45 
1.65 
1.27 
0.86 
0.87 
0.67 
0.62 
1.14 
0.80 
0.69 
0.69 




