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EARTH ROTATION FROM LAGBOS LASER RANGING CSR 89 L 02 
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Austin TX 78712-1085 

A single/ continuous Lageos ephemeris was fit to Lageos laser ränge 
data for the interval from May 1976 to February 1989. The data base contained 
about 360 000 three--minute normal points fontied from over 37 000 passes collec-
ted from more than 100 sites. 

The force and measurement models were the MERIT Standards with some 
exceptions. A preliminary Topex gravity field. PTGF-3 (Tapley, et al., 1987). 
was used with an adopted value of GM equal to 398600.4404 km**3/s**2, Some 
ocean tide parameters were adjusted in the Solution. The laser ränge residual 
weighted RMS was 28 cm for the 12.8 year span? however, the postprocessing 
weighted RMS was 8,5 cm. The postprocessing allowed further adjustment of the 
orbit elements and Earth orientation within time-dependent intervals. For 
1976-1979. 15-day intervals were used, whereas 6-day and 3-day intervals were 
used in the periods 1980-1983 and 1983-1989, respectively. In the later time 
intervals, the weighted RMS was 4 to 5 cm. A further adjustment for time-
dependent Station coordinates was accomplished using 60-day intervals, however. 
only the mean coordinates are reported here. 

The stations were assumed to be attached to the tectonic plates noted 
in the following table with rates defined by the AM1-2 model, The epoch of 
the derived Station coordinates is 1988 January 1 00:00 UTC. 

The estimated UTl values contain Lageos node model errors which were 
filtered to remove periods greater than about 80 days. As a consequence, the 
long period (greater than 80 days) represents the reference UTl series, but 
for periods below about 40 days, the Lageos UTl estimates are independent of 
the reference series. 
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EOP(CSR) 89 L 02 Available from 1976 to 1988 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for XfY,dPsi,dEps; 0,0001s for UT; ms for D 

YEAR 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

Nb 

16 
24 
18 
38 
61 
62 
60 
81 
122 
121 
122 
122 
122 

X 
Sigma 

7.53 
4.31 
4.04 
2.64 
2.04 
2.55 
2.14 
1.64 
1.36 
1.37 
1.30 
1.28 
1.68 

Nb 

16 
24 
18 
38 
61 
62 
60 
81 
122 
121 
122 
122 
122 

Y 
Sigma 

7.24 
3.40 
3.27 
2.28 
1.49 
1.74 
1.44 
1.84 
1.43 
1.40 
1.22 
1.25 
1.82 

Nb 

16 
24 
18 
38 
61 
62 
60 
81 
122 
121 
122 
122 
122 

UTl 
Sigma 

4.16 
2.55 
2.39 
1.66 
1.21 
1.24 
1.30 
1.10 
1.13 
0.98 
1.00 
1.02 
1.35 
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EARTH ROTATION AND STATION COORDINATES DÜT 89 L Ol 
FROM 1986 AND 1987 LAGBOS DATA. 

R. Noomen. B.A.C. Ambrosius and K.F. Wakker Delft University of Technology, 
Faculty of Aerospace Engineering 

A continuous series of 5-day Solutions for polar motion and the AI-UTl 
time difference has been computed for 1986 and 1987 from global full-rate laser 
ranging measurements on the LAGEOS satellite. 

In the analysis the observations viere processed in batches of multiple 
contiguous 1-week data arcs, in which the orbit parameters and the earth rota­
tion parameters are estimated simultaneously. This approach was used since the 
analyses were also aimed at the determination of crustal deformations. Therefo­
re, for each of these batches which covered data periods ranging from 8 to 16 
weeks, also all the Station coordinates were adjusted, simultaneously with the 
other parameters. This resulted in a total of 9 different global Station coor­
dinates solutions, together with Solutions for polar motion and the AI-UTl time 
difference. 

The reference frame was defined using the following constraints. The 
longitude of Greenbelt (Station 7105) was held fixed at the value aocording to 
the University of Texas UT/CSR 84.02 coordinates Solution. During the time-span 
covered by each batch of 1-week data arcs, the stations were supposed to exhi-
bit no motion. Further constraints imposed upon each of the 9 parameter Solu­
tions were equivalent to a zero mean shift with respect to the a priori values 
for the X and Y position of the pole and for the AI-UTl time difference. 
A priori values for the earth rotation parameters were taken from the IERS 
Bulletin B. 

A summary of the computation model that was used is given in Table 1. 
Main elements are the NASA/GSFC GEM-Tl gravity field, the Wahr harmonic expan-
sion model for the solid earth tides and a subset of the NASA/GSFC GEM-Tl 
Solution for ocean tides (only the constituents that are also included in the 
Schwiderski model were used). Table 2 lists an averaged Solution for the raonu-
ment coordinates of the laser stations from which measurements were processed. 
These results represent the best estiraate for the epoch January 1, 1987, and 
were obtained from the 9 individual global network solutions after corrections 
for tectonic motions and for systenatic differences between these solutions. 
For the averaging, the effects of tectonics were either modeled using the 
Minster & Jordan AMI-2 geologic model or estimated, for stations with uncertain 
tectonic characteristics (sites in the Mediterranean area, Monument Peak and 
Simosato). Ihe Solution presented here may be designated as the SSC(DUT) 89 L 01 
global coordinates Solution. Table 3, finally, gives the raw, unsmoothed solu­
tions for polar motion and UTl-UTC. The Solution is designated ERP(DÜT) 89 L 01. 

IERS(1989) Technical Note no 2. 
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Table 1 Models and constants. 

Dynamic model« 

Gravity field 
GM 
c 
ae 

1/f 
Solar and lunar attraction-
Solid earth tides 
Ocean tides 

Solar radiation 

Along-track acceleration 

Reference frame. 

NASA/GSFC GEM-Tl, truncated at 20 x 20 
398600.4359 km**3/s**2 
299792.458 km/s 
6378.1370 km 
298.257 
JPL DE-118 ephemeris 
Wahr model 
NASA/GSFC GEM-Tl model (constituents of 55 ele-
ments also in Schwiderski model only) 
CR adjusted occultation by earth and moon umbra 
and penumbra 

- AT adjusted 

Station coordinates 
Earth rotation 
CIS 
Precession 
Nutation 

adjusted, except for longitude of Greenbelt (7105) 
adjusted, a priori values from IERS Bulletin B 
mean equator and equinox of J1950.0 
J1950 precession (JPL DE-118 ephemeris) 
Währ series 

Measurement model. 

Tropospheric refraction 
Tidal vplift 

Marini-Murray model 
h2 - 0.6000, 12 = 0.0750 

EOP(DUT) 89 L Ol Available from 1986 to 1987 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR X 
Nb Sigma Nb Sigma 

UTl 
Nb Sigma 

1986 
1987 

71 
72 

0.90 
0.82 

71 
72 

0.90 
0.82 

71 
72 

6.76 
6.14 
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EARTH ORIENTATION FROM LASER RANGING TO LAGEOS 
STATION COORDINATES FROM LASER RANGING TO LAßEOS GAOÜA 89 L Ol 

Ya.S. Yatskiv, K.KH. Nurutdinow, V.N. Salyamov, V.K. Tarady, M.L. Tsesis 
Main Astronomical Observatory of Ukrainian Asademy of Sciences, Kiev, USSR 

Computer program • Kiev - Geodynamics - 3 

Models • MERIT Standards with following exceptions : 
Dynamical model : 

- cylindrical model for the Earth's shadow, 
- occultation by Moon, 
- Earth "'s rotational deformation, 
- relativistic perigee advance. 

Reference frame • 
- relativistic effects in Earth's rotation. 

Measurement model : 
- body pole tide » 
- tectonic plate motion (AMO-2). 

Reflectance coefficient CR - 1.14 and the enpirical along-track acceleration 
coefficient CT = -2.9 are not adjusted parameters. 

Data •- normal points for LAGBOS at interval January 1986 - Deceraber 1987. 

Estimated parameters • 6 orbital elements (5-day intervals), 2 pole coordina­
tes and excess of length of the day DR » (5-day interval), Station coordinates 
X, Y, Z. 

Orbital fit : Standard deviation +/- 6-10cm. 

Station positions : Station coordinates have been solved together with arc-
dependent orbital elements (5-day arcs) from two-year normal equation system. 

At this stage BIH combined Solution for Earth rotation parameters (Circular D) 
and fixing of longitude and latitude of Arequipa Station (7907) have been used. 
The positions for stations are for the reference points of the laser ranging 
system and inelüde the permanent tidal deformation. 

Note added by the editor • the results arrived late and they cannot be printed 
in this document. The series of EOP and the SSC will be available in the same 
conditions as the other ones. 

IERSU989) Technical Note no 2. 
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A 12,2 YEAR SLR EOP SERIES FROM LAGBOS SATELLITE LASER RANGING 
SL7,1 (G44) GSFC 89 L Ol 

D.E.Smith, R Kolenkiewicz and B.H.Putney - the Geodynamics Branch, GSFC-
Greenbelt. Maryland 

P.J,Efcinn, S-M.Klosko. E.C.Pavlis, J.R.Robbins, M.H.Torrence and R.G.Williamson 
Washington Analytical Services Center. Inc., Lanham, Maryland 20706 

S.M.Fricke - Republic Management System, Inc.. Lanham. Maryland 20706. 

This Solution was done by fitting 30 day (and occasionaly 35 day) day 
arcs of LAGEOS laser ranging normal point data from May 1976 through June 1988. 
There were 414,025 normal points used to form the Solution, which were cons-
tructed from approximately 50 million füll rate laser ränge observations. In 
each of the monthly arcs the initial State vector and two coefficients of solar 
radiation pressure and two coefficients of along track acceleration were esti­
mated. The monthly arcs were combined to form a Solution for earth orientation 
parameters and Station positions. The following is a sunroary of the kinematic 
and dynamic models used for these solutions: 

FORCE MODEL 

. GEM-Tl Gravity model ccmplete to degree and order 20. 

. Third body perturbations? Sun, Moon, Venus, Mars, Jupiter, and Saturn 
(positioned with the JPL DE200 ephemeris) 

. GM = 398600.4408 km3/sec2 

, Tidal perturbations•. Solid earth from Wahr, ocean tidal coeficients 
from with the 18.6 year coefficients adjusted to 2.3 cm, 278 deg. 

. Direct effect of solar radiation pressure adjusted twice in each 
monthly 

. Along track acceleration adjusted twice in each monthly are 

MEASUREMENT MODEL 

. Marini-Muray wavelength dependent refraction model with site meteoro-
logic 

. Velocity of light • 299792.458 km/sec 

. Vertical and horizontal tide displaoements: h2«0.6272, 12-0.0986 

. 2 minute normal points following the Herstraonceux reconniendations 

IERSU989) s Technical Note no 2. 
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REFERENCE FRAME 

. Wahr nutation series 

. J2000 precession (JPL DB200 ephemeris) 

. Ae - 6378137. m 

. Flattening * 1/298.257 

. A priori Earth orientation (Xp, Yp, and AI-UTl) obtained from a weakly 
Vo Earth orientation from SL7. These input values are adjusted at 
5-day in (Xp, Yp, and AI-UTl) except that the first 5 day value of 
Al-UTl in each are is fixed at the input value. 

. The Station positions were constrained to move aecording to the 
Minster/tectonic motion model AMO-2. The positions have an epoch of 
January 15, 1983. 

The 16p and Yfc positions for the pole and the DOD values are in 
ERP(GSFC)SL7.1(G44). 

The sigmas given are scaled formal errors from the least Squares adjustment. 

The Station positions are presented in cartesian coordinates in 
SCC(GSFC)SL7.1(G44). 

The positions are for an epoch of January 15, 1983, and, as for the EOP, the 
sigma given are scaled formal errors from the least Squares adjustment. 

The positions for stations 7051,7061,7062,7063,7069,7082,7086,7090,7091, 
7092,7096,7100,7101,7102,7103,7104,7105,7109,7110,7112,7114,7115, 
7120,7121,7122,7210,7220,7265,7517,7520,7525,7530,7541,7545,7550, 
7590,7838,7882,7885,7887,7888,7890,7891,7892,7896, and 7899 are for the 

päd marker at the site. 

The positions for stations 1181,7400,7401,7805,7810,7831,7833,7834,7835, 
7837,7839,7840,7843,7886,7894,7907,7921,7929,7939, and 7943 are 

for the optical axis of the laser ranging system. 

Notes • 
The latitude and longitude of 7105 and the latitude of 7210 were the fixed 
coordinates in the Solution. 
The gravity model is GEM-Tl with the GEM-Tl tides the MERIT Standards have 
been followed. 
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i n i n i n u o i n i n i n i n i n i n t n i n i n i n i n i n i n i n i n i n i n i n i n t n i n i n t n i n 
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EOP(GSFC) 89 L 01 Available from 1976 to 1988 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

Nb 

47 
73 
72 
73 
74 
73 
73 
73 
73 
73 
73 
73 
36 

X 
Sigma 

96.70 
17.17 
23.78 
6.51 
1.79 
2.05 
1.51 
0.91 
0.37 
0.45 
0.53 
0.28 
0.48 

Nb 

47 
73 
72 
73 
74 
73 
73 
73 
73 
73 
73 
73 
36 

Y 
Sigma 

47.15 
17.55 
12.95 
7.45 
1.21 
1.32 
0.95 

0.33 
0.39 
0.44 
0.24 
0.38 

Nb 

35 
58 
55 
59 
61 
61 
61 
61 
61 
61 
61 
61 
30 

D 
Sigma 

0.412 
0.256 
0.332 
0.145 
0.043 
0.039 
0.034 
0.020 
0.013 
0.015 
0.018 
0.011 
0.014 
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EARTH ORIENTATION FROM LAGBOS LASER RANGING SHA 88 L Ol 

Zhu Vfenyao, Fong Chugang. Teng Zhanming 
Shanghai Observatory. Academia Sinica, Shanghai * China 

To determine a series of the Earth Orientation Parameters 
EOP(SHA) 88 L Ol, the 1988 Lageos quick-look normal points data obtained fron 
24 stations, kindly provided by CSR of Texas University at Austin, have been 
processed with a program system named SHORDE I. In the Solution m have desi-
gned a Software package embodying a ,,multistage•^^ultiarc,, procedura to estimate 
simultaneously satellite states. EOPs and some Station coordinates, Hiese 
adjustable parameters are devided into three groups. The first group, the glo­
bal parameters, such as sonne Station coordinates, are adjusted in the whole of 
the long are (several months) in order to obtain stable and reliable results. 
The second group, the first-stage local parameters, such as satellite orbit 
states, are independently adjusted in the different subarcs (10 days) so as to 
reduce the effect of sane unmodeled perturbations and obtain stable solutions, 
The third group, the second-stage local parameters, such as EOPs, are indepen­
dently adjusted from one sub-subarcs (5 days) to the next so as to model pro­
per ly their Variation, The adjustment for whole long are is to be accemplished 
step by step from one sub-subarc to the next. 

Each set of EOP Solution includes three Earth rotation parameters Xpf 
Yp, Dr as well as the rate of the polar motion yp, Yp, The ability to detect 
the rate of polar motion with 5-day are Solution has been investigated and 
found to be better than 0.001"/day. In our Solution the overall RMS fit of the 
laser observations to the orbits in 10-day arcs is generally about 10cm. 

The Station coordinates used in our Solution is from SSC(SHA) 88 L 01. 
In which most of Station coordinates is derived from SSC(SHA) 87 L 01 to be 
attached to respective tectonic plates with motion defined by the AMl-2 model 
of Minster and Jordan 1978, the coordinates of a few stations are re-estiraated 
simultaneously with the satellite orbit states and EOPs. The epoch of the deri­
ved SSC(SHA) 88 L 01 is January 1.0 1988 (MJD 47161,0). Modeling of AM1-2 
tectonic plate motion is expected to enable iraproved maintenance of the systam 
aecuraey. 

The force model and constants used in the Solution adhere closely to the 
MERIT Standards. Some exceptions are following : 

1. GM=398600.4404km3/sec2 . Re*6378145.0m 
2. Earth radiation pressure and general relativistic perturbation have been 

considered. 
3. The drag-like coefficient Cd and reflectivity of LAGEOS*"surface Cr have 

been estimated in each 10-day are along with the satellite states. 

References 

Minster,J,B. and T.H.Jordan, Present-day plate notions, JGR 83, No Bll, 5331-
5354, 1978. 

He Miaofu et al., A series of ERP from IAGE0S during the MERIT Carapaign, 
Proceedings of the International Conference on Earth Rotation and the 
Terrestrial Reference Frame, I.I.Mueller (convenor), 205-212. 

IERS(1989) : Technical Note no 2. 
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NETWORK SITE 
NUMBER 

1181S001 POTSDAM 
7086M001 PORT DAVIS 
7090M001 YARRAGADEE 
7091M001 HAYSTACK 
7105M001 WASHINGTON 
7109M001 QUINCY 
7110M001 MONUMENT PEAK 
7112M001 PLATTEVILLE 
7122M001 MAZATLAN 
7210M001 MAUI 
7805S001 METSAHOVI 
7831S001 HELWAN 
7834S001 WETTZELL 
7835S001 GRASSE 
7837S001 SHANGHAI 
7838S001 SIMOSATO 
7839S001 GRAZ 
7840S001 HERSTMONCEUX 
7810S001 ZIMMERWALD 
7843S001 ORRORAL 
7882M001 CABO SAN LUCAS 
7907S001 AREOJUIPA 
7939S001 MATERA 
8833S001 KOOTWIJK 

DOMES 
NUMBER 

14106S001 
40442M001 
50107M001 
40440M001 
40451M105 
40433M002 
40497M001 
40496M001 
40504M001 
40445M001 
10503S001 
30101S001 
14201S002 
10002S001 
21605S001 
21726S001 
11001S002 
13212S001 
14001S001 
50103S008 
40505M001 
42202S001 
12734S001 
13504S007 

X 
m 

3800621.334 
-1330125.462 
-2389006.464 
1492453.403 
1130719.658 

-2517234.855 
-2386278.116 
-1240678.331 
-1660089.494 
-5466006.622 
2892595.172 
4728282.998 
4075530.183 
4581691.905 

-2831087.574 
-3822388.302 
4194426.787 
4033463.862 
4331283.520 
-4446476.946 
-1997241.683 
1942791.809 
4641965.180 
3899237.883 

Y 
m 

882005.320 
-5328526.621 
5043329.442 
-4457278.786 
-4831350.680 
-4198556.253 
-4802354.286 
-4720463.336 
-5619100.410 
-2404427.729 
1311808.161 
2879669.620 
931781.218 
556159.287 

4676203.643 
3699363.521 
1162693.817 
23662.227 

567549.241 
2678127.384 

-5528041.124 
-5804077.858 
1393069.837 
396769.131 

SSC(SHA) 88 L 01 

Z 
m 

5028859.745 
3236150.412 

-3078525.292 
4296815.818 
3994106.618 
4076569.794 
3444881.601 
4094480.682 
2511637.908 
2242187.606 
5512609.943 
3156894.238 
4801618.399 
4389359.452 
3275172.751 
3507573.153 
4647246.663 
4924305.145 
4633140.237 

-3696252.111 
2468355.203 

-1796919.280 
4133262.355 
5015055.387 

PLATE 

EURA 
NOAM 
INDI 
NOAM 
NOAM 
NOAM 
PCFC 
NOAM 
NOAM 
PCPC 
EURA 
AFRC 
EURA 
EURA 
EURA 
EURA 
EURA 
EURA 
EURA 
INDI 
PCPC 
SOAM 
EURA 
EURA 

SX, SY, SZ * 0 .100m. EPOCH-MJD » 4 7 1 6 1 . 

EOP(SHA) 88 L 01 Available from 1988 to 1988 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR 

1988 

X 
Nb Sigma 

72 1.02 

Y 
Nb Sigma 

72 1.12 

D 
Nb Sigma 

72 0.548 
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EARIH ROTATION PARAMETERS IN 1987 ZIPE 87 L Ol 
AND STATION COORDINANTES ZIPE 87 L 02 
FROM LASER RANGING TO LAGEOS ZIPE 87 L 03 

H.Montag. G.Gendt. Th.Nischan. H.Rehse - Zentral ins ti tut für Physik der Erde, 
Potsdam Akademie der Wissenschaften der DDR 

Using the Satellite Laser Ranging (SLR) data to LAGEOS in 1987 a Set of 
Station Coordinates (SSC) and several series of Earth Orientation Parameters 
(EOP) were determined by the program package TOTSDAM-5. The SLR data were in-
troduced as normal points delivered by Ch.Reigber, SLR Data Collection Center 
for Europe at the DGFI. All constants and model parameters were taken from the 
MERIT Standards and its'updating - the International Earth Rotation Service 
Standards, Draft of December 1988, The only deviations from the latter document 
are • 

- the GEM-Tl was used instead of GEM-L2 ? the coefficients C21 and S21 were 
reduced to the average pole position ; 

- the effect of penumbra for the radiation pressure was not included : 
- no relativistic corrections ; 
- the tidal variations in UTl caused by zonal tide terms with periods greater 

than 35 days were not considered: 
- the Variation of Station coordinates caused by polar tide was not taken 

into account. 

The SSC results were referred to the epoch 1984.0 applying the AM0-2 
tectonic plate model. The origin of the reference system was defined by 
C10 =cn ~sn = 0' an(3 the orientation was constrained by fixation of ̂ >and Xfor 
Station 7210 and of <? for Station 7105. The precision (formal error) of the 
Station coordinates is in the order of +/- 5mm. The accuracy obtained by carapa-
rison with other solutions via a Helraert transformation with 7 free parameters 
was estimated to be about +/- 2cm. 

For the EOP (pole coordinates and length of day (LOD)) several sets 
were determined : the set EOP(ZIPE) 87 L 01 with a time resolution of 5 days 
and the two sets EOP(ZIPE) 87 L 02 and L 03 with a resolution of 3 days. The 
5-days resolutions (EOP(ZIPE) 87 L 01) were simultaneously computed with the 
Station coordinates and the orbit dependent parameters (6 orbital elements, 
empirical acceleration), The average orbital fit amounts to about +/- 6cm. 
For both the other sets of EOP with a time resolution of 3 days the Station 
coordinates were fixed to the values obtained from the 5-days solutions. The 
set EOP(ZIPE) 87 L 02 was obtained by simultaneous adjustment of the pole 
coordinates and the length of day together with the orbit dependent parameters 
for every 3-days interval. On the contrary, the set EOP(ZIPE) 87 L 03 differs 
from the latter in two points : the orbital inprovement were perfomied for 
6-days intervals, and instead of the pole coordinates and IDD the pole coordi­
nates and LOD, the pole coordinates and UTl values were estimated in a 3-days 
interval symmetrical situated inside of each converted into IDD. That means 
that the time scale has to be transferred by -1.5d for the LOD values of the 
set BOP(ZIPE) 87 L 03. 

IERS(1989) t Technical Note no 2, 
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Fbr The determination of EOP results the measurements were weighted 
according to their estimated accuracy. But, in addition, several non permanent 
stations (e,g. WEGENER project) were provided with a analler weight in order to 
reduce the influence of the change of the Station distribution. No post-adjust-
ment smoothing or filtering procedure was applied to the EOP series, Generally, 
the accuracy of both the 5-days and 3-days solutions is very similar. Only in a 
few cases with only a amall minber of stations and passes the 3-days solutions 
are worse, The nuntoer of such worse solutions is of course smaller for the 
BOP(ZIPE) 87 L 03 set. 

The average precision of all EOP sets is in the order of +/-0.0001" 
to O.0002w (3 to 6ram) for the pole coordinates and +/~ 0.003ms for LOD, The 
accuracy was estimated to be about +/~ 3cra for the pole coordinates and less 
than •/- 0.1ms for LOD. 
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EOP(ZIPE) 89 L Ol Available from 1986 to 1987 

Number of measurements and RMS uncertainty per year 
Units : 0.001- for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR 

1986 
1987 

X 
Nb Sigma 

4 0.16 
73 0.16 

Y 
Nb Sigma 

4 0.16 
73 0.14 

D 
Nb Sigma 

4 0.032 
73 0.036 

EOP(ZIPE) 89 L 02 Available from 1986 to 1987 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR 

1986 
1987 

X 
Nb Sigma 

6 0.18 
122 0.19 

Y 
Nb Sigma 

6 0.19 
122 0.21 

D 
Nb Sigma 

6 0.039 
122 0.055 

EOP(ZIPE) 89 L 03 Available from 1986 to 1987 

Number of measurements and RMS uncertainty per year 
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D 

YEAR 

1986 
1987 

X 
Nb Sigma 

6 0.21 
122 0.21 

Y 
Nb Sigma 

6 0.22 
122 0.31 

D 
Nb Sigma 

6 0.176 
122 0.230 


