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E A R T H R O T A T I O N (UTO-UTC A N D V A R I A T I O N OF LATITUDE) F R O M L U N A R 
LASER R A N G I N G 

JPL 93 M Ol 

X X N e w h a l l , J .G.Will iams, and J.O.Dickey 
Jet Propu l s ion Laboratory - California Institute of Techno logy 
Pasadena , California. 91109-8099, U S A 

Lunar Laser R a n g i n g (LLR) data h a v e b e e n acquired a n d a n a l y z e d b e t w e e n 
Apr i l , 1970 a n d February , 1993. T h e s e data are u s e d to e s t i m a t e Station loca t ions , 
reflector loca t ions , a n d lunar grav i ty and orbit parameters . B e g i n n i n g in 1970, data 
acquis i t ion w a s suff iciently d e n s e to permit determinat ions of Earth rotation UTO a n d 
Variation of l a t i t u d e (VOL). Va lues of UTO-UTC and VOL through 1991 h a v e b e e n 
s u b m i t t e d prev ious ly ; 50 such va lues w e r e der ived from data acquired in 1992. 

The füll ränge data set compr i se s 7998 normal po ints taken from five sites: the 
M c D o n a l d O b s e r v a t o r y 2 .7 -meter t e l e scope; the M c D o n a l d Laser R a n g i n g Stat ion 
(MLRS, s i t u a t e d in separate loca t ions before a n d after a m o v e in ear ly 1988); the 
Ha leaka la Observatory o n Maui , Hawai i ; and the CERGA System in Grasse , France. 
T h e s e n o r m a l p o i n t s are u s e d to e s t i m a t e the set of lunar a n d Earth-re la ted 
parameters . T h e post-f i t r e s idua l s are a n a l y z e d b y the 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 ickey et al, 1985) to obtain es t imates of UTO-UTC a n d Variation of la t i tude for each 
stat ion-ref lector pair o n e v e r y d a y for w h i c h sufficient data are avai lable . This set of 
v a l u e s is des ignated EOP(JPL) 93 M 01. 

The I A U e x p r e s s i o n has b e e n u s e d for G r e e n w i c h m e a n s idereal t ime (Aoki et 
al, 1982). The p lanetary a n d lunar e p h e m e r i s u s e d in the fit w a s D E 2 1 0 / L E 2 1 0 . The 
lunar l ibrat ions w e r e integrated s i m u l t a n e o u s l y w i t h the ephemer i s . 

P l a t e m o t i o n h a s b e e n a p p l i e d to t h e Stat ion c o o r d i n a t e s u s i n g t h e 
N N R - N U V E L 1 m o d e l of A r g u s and G o r d o n (1991). The base e p o c h for plate m o t i o n is 
January 1 ,1991 (Julian Date 2448257.5). 

T h e t idal ly d r i v e n diurnal and semid iurna l U T l var iat ions (M2, S2 , N 2 , K l , 
O l , a n d P I ) , f rom the theoretical results in W u n s c h and Busshoff (1992), h a v e b e e n 
a d d e d to the input U T l file w h e n fitting the ranges . Consequent ly , the Output table of 
UTO has these fast variat ions r e m o v e d according to that theoretical m o d e l . 

A correct ion to the I A U luni - so lar p r e c e s s i o n cons tant (Lieske et al, 1977; 
Lieske , 1979) h a s b e e n taken as -3.3 m a s / y r (Wil l iams et al, 1993). T h e correct ion h a s 
b e e n m a d e s o as not to cause a rate change in U T (Wil l iams and Melbourne , 1982; Z h u 
a n d Muel ler , 1983). 

IERS(1993) Technical Note No 14. 
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T o t h e I A U n u t a t i o n s ( S e i d e l m a n n , 1982) w e h a v e a d d e d t h e Z M O A 
correc t ions ( H e r r i n g et al, 1991a; 1991&) for the i n - p h a s e 9 yr, 1 yr, a n d ha l f -month 
t e r m s a n d for the i n - p h a s e a n d o u t - o f - p h a s e c o r r e c t i o n s for t h e h a l f - y e a r t e r m s . 
Correct ions to the 18.6 y r nutat ion coeff ic ients w e r e e s t i m a t e d , y i e l d i n g 

Ae = 2.2 cos Q + 1.0 sin Q mas 

sin e Axp = - 2 . 2 sin fi + 0.8 cos Q mas 

T h e c o n s t r a i n t of t h e t w o i n - p h a s e t e r m s ( W i l l i a m s et al, 1991) i n c l u d e s a 
c o r r e c t i o n for t h e p r e c e s s i o n c h a n g e a n d a c o n n e c t i o n b e t w e e n t h e c h a n g e s of t h e t w o 
c o m p o n e n t s . T h e t w o o u t - o f - p h a s e c o m p o n e n t s a r e c o n s t r a i n e d to b e in t h e r a t i o of 
0.78. Subjec t t o t h e c o n s t r a i n t , t h e u n c e r t a i n t y in t h e n u t a t i o n coeff ic ients is a b o u t 1.3 
m a s , a n d t h e p r e c e s s i o n u n c e r t a i n t y is 0.4 m a s / y r . W i t h o u t t h e c o n s t r a i n t t h e s e 
u n c e r t a i n t i e s w o u l d b e l a r g e r . 

W i t h t h e p r o d u c t i o n of t h e 1992 v a l u e s of UTO-UTC a n d V O L a se t of g e o c e n ­
t r ic Sta t ion l o c a t i o n s h a s b e e n e s t a b l i s h e d a n d p r o v i d e d to t h e IERS C e n t r a l B u r e a u . Its 
d e s i g n a t i o n is SSC(JPL) 93 M 01 . 

T h e S e p a r a t i o n b e t w e e n t h e H a l e a k a l a t r a n s m i t t e r a n d r e c e i v e r c o n f o r m s t o a 
s u r v e y . A r ä n g e b i a s is e s t i m a t e d for H a l e a k a l a b e g i n n i n g i n J a n u a r y , 1990. T h e 
s e p a r a t i o n s b e t w e e n t h e M c D o n a l d s i tes w e r e c o n s t r a i n e d t o s u r v e y v a l u e s . 

T h e a p p r o x i m a t e u n c e r t a i n t i t i e s in e a c h of t h e c y l i n d r i c a l c o o r d i n a t e s for all 
s t a t i o n s a r e : s p i n r a d i u s , 3 c m ; l o n g i t u d e , 1.5 m a s (4 cm) ; a n d z, 7 cm. E a c h of t h e t h r e e 
c y l i n d r i c a l c o o r d i n a t e s of t h e f i v e s i t e s h a s s i g n i f i c a n t c o r r e l a t i o n w i t h t h e 
c o r r e s p o n d i n g c o o r d i n a t e of t h e r e m a i n i n g f o u r s i t e s ; t h e s e c o r r e l a t i o n s a r e p o s i t i v e , 
i m p l y i n g t h a t t h e c o o r d i n a t e s shift t o g e t h e r in t h e e s t i m a t i o n p r o c e s s . 

I t s h o u l d b e n o t e d t h a t t h e M c D o n a l d 2.7 m t e l e s c o p e c e a s e d LLR a c t i v i t y in 
J u n e , 1985. 

T h e S t a t i on l o c a t i o n s w e r e d e r i v e d u s i n g t h e f o r m u l a t i o n of t h e r e l a t i v i s t i c 
s o l a r - s y s t e m b a r y c e n t r i c f r a m e of r e f e r e n c e . T h e t r a n s f o r m a t i o n t o t h e r e l a t i v i s t i c 
g e o c e n t r i c f o r m u l a t i o n r e q u i r e s t h e a p p l i c a t i o n of a sca le factor . 

A c k n o w l e d g 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 s taf fs of C E R G A , 
H a l e a k a l a , t h e U n i v e r s i t y of T e x a s M c D o n a l d O b s e r v a t o r y , a n d t h e L u n a r L a s e r 
R a n g i n g a s s o c i a t e s . N o r m a l p o i n t s w e r e c o n s t r u c t e d f r o m i n d i v i d u a l p h o t o n r e t u r n s 
b y R. R ick le f s , P . S h e l u s , A . W h i p p l e , a n d J. Ries a t t h e U n i v e r s i t y of T e x a s for t h e 
M L R S a n d for H a l e a k a l a d a t a . D . O ' G a r a p r o d u c e d H a l e a k a l a n o r m a l p o i n t s 
i n d e p e n d e n t l y . C. Vei l le t p r o v i d e d n o r m a l p o i n t s for t h e C E R G A d a t a . T h e p l a n e t a r y 
e p h e m e r i s w a s p r o d u c e d b y E. M . S t a n d i s h . T h i s p a p e r p r e s e n t s t h e r e s u l t s of o n e 
p h a s e of r e s e a r c h c a r r i e d o u t a t t h e Jet P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e of 
T e c h n o l o g y , u n d e r c o n t r a c t w i t h t h e N a t i o n a l A e r o n a u t i c s a n d S p a c e A d m i n i s t r a t i o n . 
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EOP(JPL) 93 M Ol From Apr 1970 to Feb 1993 

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 uncertainties 

Un i t s : 0.001" for <p; 0.0001s for UTO 

YEAR 9 UTO 
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 

15 
35 
72 
106 
69 
87 
64 
68 
49 
66 
68 
45 
6 
0 

26 
111 
28 
19 
71 
42 
89 
56 
50 
23 

19. 
18, 
11. 
22. 
15. 
14. 
12. 
9, 

10. 
8, 
7. 

10. 
10. 

5. 
6. 
5. 
4. 
2. 
2, 
1. 
1, 
1. 
1 

.86 

.16 

.70 

.70 

.99 

.71 

.01 

.35 

.33 

.48 

.40 

.30 

.40 

.20 

.96 

.48 

.68 

.50 

.44 

.76 

.44 

.24 

.56 

15 
35 
72 
106 
69 
87 
64 
68 
49 
66 
68 
45 
6 
0 

26 
111 
28 
19 
71 
42 
89 
56 
50 
23 

10. 
8. 
5. 
8. 
6. 
7. 
5. 
4. 
5. 
4. 
3. 
4. 
4. 

2. 
2. 
2. 
1. 
1. 
1. 
1, 
0, 
0 
1. 

.64 

.43 

.47 

.15 

.94 

.44 

.53 

.33 

.49 

.55 

.89 

.07 

.75 

,73 
.88 
.05 
.34 
.16 
.08 
.01 
.81 
.73 
.15 
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D E T E R M I N A T I O N O F U N I V E R S A L TIME BY L U N A R LASER R A N G I N G 

S H A 93 M Ol 

Jin Wenj ing , Xu H u a g u a n , H u a n g Cheng l i , Shanghai Observatory , China 

Lunar Laser R a n g i n g (LLR) data h a v e b e e n ana lyzed dur ing JD 2447187.5 - JD 
2448989.5 . T h e s e da ta set of M c D o n a l d (71111, 71112) , Grasse (1910) and Haleaka la 
(56610) conta in 2726 normal po in t s reflected from four reflectors. 

Theoretical m o d e i s and astronomical constants sol id Earth t ide and ocean tide, 
etc w e r e a d o p t e d from IERS Standards (McCarthy, 1992). The inf luence of plate m o t i o n 
is taken into account w i t h N U V E L m o d e l . The base e p o c h for plate m o t i o n is January 
1 ,1988. 

The relat ivist ic effects (propagat ion correction, scale factor a n d Lorentz effect) 
are c o n s i d e r e d . T h e p l a n e t a r y e p h e m e r i s D E 3 0 3 / L E 3 0 3 a n d the lunar l ibrat ions 
i n t e g r a t e d s i m u l t a n e o u s l y w i t h the e p h e m e r i s w e r e u s e d for c a l c u l a t i n g the 
theoretical d i s tances from the observ ing stat ions to the reflectors o n the M o o n . In this 
g loba l Solut ion, m o r e than 50 parameters l ike Station and retro-reflector coordinates , 
lunar potent ia l , a n d orbit parameters of the Earth-Moon System w e r e es t imated. 

The post-f i t res iduals are a n a l y z e d to obtain 313 v a l u e s of UTO-UTC dur ing 
this p e r i o d . D u e to the n e e d of s o l v i n g , the normal t i m e b e t w e e n the first and last 
n o r m a l po in t s s h o u l d be greater than 1.5 hour a n d m o r e than t w o po ints per d a y are 
n e e d e d . The cylindrical Station coordinates are des ignated SSC(SHA) 93 M 01. 

T h e mathemat i ca l m o d e l is descr ibed in Jin et al. (1985). UTO is calculated in 
o n e d a y interval . T h e p r e c i s i o n of the n o r m a l p o i n t is taken for the w e i g h t of 
observat iona l equat ion . 

A c k n o w l e d g m e n t s . T h e p l a n e t a r y e p h e m e r i s D E 3 0 3 / L E 3 0 3 is s u p p l i e d by Jet 
Propul s ion Laboratory, California Institute of Techology . The global data of lunar laser 
rang ing are obta ined from Dr.Veil let , CERGA. 
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S u m m a r y d e s c r i p t i o n of the terrestrial Sys tem attached to the set of Station c o o r d i n a t e s 
S S C ( S H A ) 93 M Ol 

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 iden t i f i e r 

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

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

8 - Ve loc i ty of l i gh t 

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 ) 

10 - Re fe r ence 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 - De f in i t i on of o r i e n t a t i o n 

LLR 

S H A 

E O P ( S H A ) 93 M 01 

S H A LLR Sof tware 

5 - Re la t iv i ty sca le S S B 

6 - P e r m a n e n t t i d a l co r r ec t i on o n Stat ion N o 

N U V E L 

299792458 

3.986004418 10 1 4 

1988.0 

C y l i n d r i c a l c o o r d i n a t e of s t a t i o n s 
( 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 r o m 1988 t o 1992 t a k e n f r o m IERS 
c i r cu la r B 

14 - C o n t r a i n t for t i m e e v o l u t i o n C o n t r a i n e d to N U V E L 
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EOP(SHA) 93 M Ol From Jan 1988 to D e c 1992 

N u m b e r of m e a s u r e m e n t s per year and m e d i a n uncertainties 
U n i t s : 0.0001s for UTO 

YEAR 

1988 
1989 
1990 
1991 
1992 

UTO 
Nb 

62 
54 
88 
56 
46 

Sigma 

1.40 
1.40 
1.50 
1.60 
1.45 
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UTO A N D V A R I A T I O N O F L A T I T U D E D E T E R M I N A T I O N FROM L U N A R LASER 
R A N G I N G O B S E R V A T I O N S FOR 1969-1992 U T X M O 93 M Ol 

A. L. W h i p p l e , J. G y o r g y e y Ries, R. L. Ricklefs, P. J. Shelus , J. R Wiant 
M c D o n a l d Observatory / D e p a r t m e n t of A s t r o n o m y 
T h e U n i v e r s i t y of Texas at A u s t i n - Aus t in , Texas 78712 (USA) 

W e h a v e a n a l y z e d the total set of lunar laser rang ing data ava i lab le to u s to 
d e t e r m i n e UTO-UTC. T h e s e data w e r e acquired b e t w e e n September , 1969 a n d March, 
1993. A total of 8252 normal po int s , from the M c D o n a l d Observatory 2.7m te l e scope 
( w h i c h c e a s e d Operation in 1985), the M c D o n a l d Laser Ranging Station ( saddle s ite and 
Mt. F o w l k e s site) near Fort D a v i s , Texas , the Haleakala Observatory o n Maui , H a w a i i 
( w h i c h c e a s e d Operation in 1990) and the CERGA Station in Grasse , France w e r e u s e d 
in this Solution. The data w e r e ed i ted and w e i g h t e d u s i n g an a u t o m a t e d and objective 
s c h e m e w h i c h ident i f ies s u s p e c t e d out l iers and adjusts Station a s s i g n e d w e i g h t s to 
y i e l d cons i s t en t d i s tr ibut ions of the w e i g h t e d res iduals for all s tat ions . There w e r e 
suff icient data for 877 Stat ion/ref lector pair es t imat ions of UTO-UTC i n c l u d i n g 78 UTO 
e s t i m a t e s , o n 63 n i g h t s , in 1992. This is an increase of a p p r o x i m a t e l y 35% o v e r last 
year. 

Our m e t h o d of ana lys i s w a s s imilar to that descr ibed b y Lang ley et al. (1981). 
W e first u s e d the MIT Planetary Ephemer i s Program (PEP) to e s t imate correct ions to 
the g loba l parameters . The IERS Standards w e r e u s e d w i t h correct ions m a d e to the 
m a s s of the Ear th -Moon System, the cons tant of preces s ion , ob l iqu i ty of the ecl iptic , 
a n d the 18.6 year, annua l , s e m i - a n n u a l , and fortnightly nutat ion terms. Adjus tments 
to the MIT ITR-78 Solut ion w e r e m a d e for the Earth-Moon barycenter orbit, lunar 
orbit, a n d lunar libration. The n o d e of the Earth-Moon barycenter orbit w a s fixed to tie 
the l o n g i t u d e of the celest ial reference frame. T h e AMO-2 p late m o t i o n m o d e l w a s 
u s e d w i t h o u t a d j u s t m e n t . O u r a pr ior i Earth o r i e n t a t i o n ser i e s w a s the MIT 
U T 1 C O M 4 2 / W O B C O M 2 9 until 2 Apri l 1988 (MJD 47253.0) f o l l o w e d b y the Univers i ty 
of T e x a s C e n t e r for S p a c e R e s e a r c h (CSR) L G N 7 6 9 2 . W e h a v e b i a s e d the 
U T 1 C O M 4 2 / W O B C O M 2 9 ser ies to the L G N 7 6 9 2 series to r e d u c e the arbitrary bias 
b e t w e e n o u r UTO ser ies a n d the IRIS VLBI 5-day a n d CSR SLR 3 -day ser ies . W e 
e s t i m a t e d a p i e c e w i s e l inear s p l i n e for the polar m o t i o n c o m p o n e n t s a n d U T l to 
m o d e l l o n g p e r i o d d e f i c i e n c i e s in the ser ies . The or i en ta t ion of the terrestrial 
reference frame w a s t ied b y f ixing the zero point of the a priori ERP adjus tments at 11 
January 1985 (MJD 46076.0) . A füll correlation matrix for these Station coordinates has 
b e e n p r o v i d e d to the IERS Terrestrial Frame Section. W e also e s t imated a third d e g r e e 
a n d order lunar potent ia l , lunar l o v e number , a n d lunar d i s s ipat ion parameter a l o n g 
w i t h t h e s e l e n o c e n t r i c retroreflector coordinates . Last ly , w e e s t i m a t e d t i m e d e l a y 
b iases , re lat ive to MLRS, for the M c D o n a l d 2.7m, Maui a n d CERGA data. 
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F o l l o w i n g the g loba l Solut ion, w e a n a l y z e d the post-f i t re s idua l s in the usua l 
fa sh ion (e.g. , S to lz et al, 1976) to d e t e r m i n e n ight ly correct ions to UTO a n d Variation of 
la t i tude . T h e n i g h t l y correct ions w e r e then a d d e d to the ERP correct ions c o n t a i n e d in 
t h e s p l i n e s , a n d t h e a priori ERP ser ies to obta in the final v a l u e s of UTO-UTC and 
Variation of l a t i tude . A m i n i m u m of three n o r m a l p o i n t s for e a c h Stat ion/ref lec tor 
pa ir a n d at l eas t a 1.5 h o u r s p a n of c o v e r a g e w e r e the criteria w e a d o p t e d for the 
n i g h t l y UTO e s t i m a t i o n s . The w e i g h t e d root m e a n Square of the final post f i t ränge 
r e s i d u a l s , for the ent ire s p a n of data , w a s 5.1 c m . T h e w e i g h t e d r m s of the postf i t 
r e s idua l s for the 508 normal po in t s ob ta ined b y the t w o act ive s tat ions d u r i n g 1992 w a s 
3.6 cm. 

W e h a v e c o m p a r e d o u r UTO a n d Variat ion of l a t i t u d e s e r i e s w i t h the 
I R I S / N A V N E T VLBI s e r i e s . W e c a l c u l a t e d t h e b i a s , s l o p e a n d w e i g h t e d r m s a b o u t t h e 
l inear fit of the d i f ferences b e t w e e n o u r UTOR a n d Var ia t ion of l a t i t u d e e s t i m a t e s a n d 
t h o s e i m p l i e d b y the I R I S / N A V N E T U T l a n d p o l a r m o t i o n v a l u e s . I n t e r p o l a t i o n of 
t h e IRIS s e r i e s w a s p e r f o r m e d u s i n g a f o u r p o i n t N e w t o n i n t e r p o l a t i o n s c h e m e . 
Table 1 g i v e s the r e s u l t s of t h i s c o m p a r i s o n for t h e p e r i o d w h e r e all s t a t i o n s o p e r a t e d 
w i t h Short p u l s e l a s e r s (1986.5 to 1993.2). 

Table 1. C o m p a r i s o n b e t w e e n U n i v e r s i t y of T e x a s M c D o n a l d O b s e r v a t o r y LLR UTOR 
a n d Va r i a t i on of l a t i t u d e ( D P h i ) a n d IRIS VLBI 5 - d a y v a l u e s . T h e p e r i o d of 
c o m p a r i s o n is 1986.5 to 1993.2. T h e e p o c h of t h e l i nea r fit is 1989.85. 

Station 

CERGA 

MLRS 

Maui 

DUTOR: 
DPhi : 

DUTOR: 
DPhi : 

DUTOR: 
DPhi : 

Bias 
(mas ) 

2 . 2 9 ± 0 .13 
- 1 1 . 0 5 ± 0 .13 

4 . 9 3 ± 0.74 
2 .80 ± 0 .70 

4 . 8 5 ± 0 .82 
9 .96 ± 0 .80 

S l o p e 
( m a s / y r ) 

- 1 . 4 6 ± 0 .08 
0 .69 ± 0 .08 

- 0 . 9 7 ± 0 .41 
2 . 0 3 ± 0 .38 

1.84 ± 0 .42 
0 .58 ± 0 .43 

W R M S 
(mas ) 

2 .18 
2 . 7 1 

2 .18 
2 .98 

2 . 3 3 
3 .52 

N 

249 

15 

20 

R e f e r e n c e s 

L a n g l e y , R. B., K i n g , R.W. , S h a p i r o , LI., 1981: Earth R o t a t i o n f r o m L u n a r Laser 
R a n g i n g , / . Geophys. Res., 86 , 11913-11918. 

Sto lz , A . , Bender , P. L., Faller, J. E., S i lverberg, E. C , M u l h o l l a n d , J. D . , S h e l u s , P.J., 
W i l l i a m s , J. G., Carter , W . E., G u r n i e , D . G., K a u l a , W . M. , 1976: Earth Rota t ion 
M e a s u r e d b y Lunar Laser Rang ing , Science, 193 , 997-999. 
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S u m m a r y d e s c r i p t i o n of t h e terrestrial System attached to the set of Station 
coord ina te s S S C ( U T X M O ) 93 M Ol 

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 iden t i f i e r : 

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

LLR 

U T / M c D 

U T X M O 93 M Ol 

PEP 

5 - Re la t iv i ty scale : S S B 

6 - P e r m a n e n t t ida l c o r r e c t i o n o n Stat ion: N o 

7 - Tec ton i c p l a t e m o d e l : 

8 - Veloc i ty of l igh 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 (GM): 

10 - Re fe r ence 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 ig in : 

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 : 

AMO-2 

299792458 

3.98600444 10 1 4 (geocent r ic ) 

1984.0 

K <p> h 

G e o c e n t e r 

F ixed to CSR L G N 7 6 9 2 ser ies at 11 Jan 1985 

C o n s t r a i n e d to AMO-2 
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UNCERTAINTIES (cm) 

10 

D i s t r i b u t i o n of the u n c e r t a i n t i e s (quadrat i c m e a n of o X / o y / a z ) for the 5 
s t a t i o n s o f the terrestrial f r a m e S S C ( U T X M O ) 9 3 M Ol. 1 Stat ion w i t h 
uncerta inty larger than 10 c m is n o t s h o w n . 
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EOPOJTXMO) 93 M Ol From Oct 1970 to D e c 1992 

N u m b e r of m e a s u r e m e n t s per year and m e d i a n uncertaint ies 
Un i t s : 0.001" for <p; 0.0001s for UTO 

YEAR (p UTO 
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 

5 
11 
48 
56 
28 
41 
41 
29 
22 
27 
33 
3 
0 
6 

45 
104 
24 
26 
57 
46 
89 
58 
52 

46. 
15, 
8. 

16, 
7, 
8. 
7. 
7. 
8. 
7. 
6. 
5. 

5. 
5. 
8. 
6. 

10. 
5. 
4, 
4, 
3 
3. 

.90 

.30 

.50 

.20 

.60 

.10 

.60 

.10 

.30 

.20 

.50 

.00 

.60 

.90 

.25 

.50 

.05 

.00 

.10 

.10 

.65 

.90 

5 
11 
48 
56 
28 
41 
41 
29 
22 
27 
33 
3 
0 
6 

45 
104 
24 
26 
57 
46 
89 
58 
52 

6. 
5. 
5. 
5. 
4. 
5, 
5. 
4. 
4. 
4. 
3. 
4. 

3. 
4. 
4, 
3. 
3. 
2. 
2. 
2, 
2 
2 

.61 

.39 

.61 

.53 

.59 

.54 

.20 

.42 

.70 

.43 

.90 

.21 

,89 
,09 
.06 
.22 
.10 
.70 
.91 
.60 
.31 
.57 


