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SATELLITE LASER RANGING OBSERVATIONS IN 1950

Summary-Sateltite laser ranging observations have been continued by a fixed type satellite laser ranging
system at the Simosato Hydorographic Observatory (SHOLAS) and by a iransportable one (HTLRS)
at off-lying islands. The total numbers of retums obtained by SHOLAS in 1990 are 48,002 from 99
passes of Lageos, 27,338 from 86 passes of Starlette and 146,970 from 215 passes of Ajisai,
respectively, Those obtained by HTLRS at Oki Shoto in 1990 are 339 from 5 passes of Lageos and 5,028
from 32 passes of Ajisai, respectively, The range precisions of SHOLAS are 8,0 cm for Lageos, 7.1 cm
for Starleite and 7.0 cm for Ajisai, respectively, Those of HTLRS are 3.1 cm for Lageos and 3.3 cm for
Alisai, respectively. The range precision of SHOLAS has been improved because of the improvement
of the laser subsystem in July, 1990,

Key words: satellite laser ranging - global geodesy - Lageos - Ajisai - Starlette - SHOLAS - HTLRS

This is areport of satellite laser ranging (SLR) observations obtained by a fixed type satellite laser
ranging station at the Simosato Hydrographic Observatory called SHOLAS and a transparisable one called
HTLRS (Sasaki 1988) at off-lying istands. This report contains the listof data obtained by these two stations
in 1990, Previous datacbtained by SHOLAS appearin the Series of Astronomy and Geodesy, Data Reportof
Hydrographic Observations for the period from 1982 to 1985, and in the Series of Satellite Geodesy from 1986
10 1989, Routine observation by HILRS started in December 1987, and previous data obtained by HTLRSat
off-lying istands appear in Data Report of Hydrographic Observation, Series of Satellite Geodesy, No. 3 and
4(Sengoku etal, 1990, 1991)

1.Observation

The routine ranging observation for Lageos, Starlette, and Beacon (BE)-C started in April 1982 by using
a fixed type SLR station at the Simosato Hydrographic Observatory (SHOLAS) under the mutual cooperation
between the Hydrographic Department(JHD) and the National Aeronautics and Space Administraion (NASA)
of the United States of America. According to the launch of Japanese first Geodetic Satellite "Ajisai” in August
1986, observation of BE-C was terminated in July 1986, Lageos, Starleite angd Ajisai have been observed
routinely since August 1986. The range observation for Lageos, Starletie and Ajisai by HTLRS started in
December 1987, In 1988, the first and the second observation by HTLRS at off-lying islands were made at Titi
sima and Isigaki sima. In 1989, the third, fourth and fifth observation of HTLRS at off-lying islands were carried
out at Minamitori Sima, Okinawa Sima and Tusima, The sixth observation of HTLRS at off-lying islands was
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carried out at Oki Shoto from September to November 1990, The seventh observationof HTLRS atoff-lying
islands was carried out at Minamidaito Sima from December 1990 to Feburuery 1991. The observation of
Minamidaito Sima will be reported in the next issue of this series.

The major specifications of SHOLAS and HTLR S are listed in Table 1 and 2 (Sasaki etal, 1983, Sasaki
1988), The locations of the system and fiducial stone markers set up near the system are shown in Table 3
(Takemura, 1983),

The observation schedule of SHOLAS was made by selecting those passes whose maximum elevation
was over 30 degrees for Ajisai, nighttime passes of Lageos and Starlette, over 35 degrees for daytime passes
of Lageos. The observation schedule of HTLRS was made by selecting those passes whose maximum elevation
was over 20 degrees atnight. Observation iasnot carried out on every Saturday and Sunday. The priority of
the selection for simultancous transits was in the order of Ajisai, Lageos and Starlette.

The SAQO-formatted orbital elements of the satellites for the use of scheduling and tracking were sent
from the Goddard Space Flight Center (GSFC) of NASA through GE Mark Ill network. The orbital elements
of Ajisai were also calculated in the Headquaters of the JHD by using quick-look daia sent from GSFC and
from Simosato via GB Mark Ill network since the launch of the satellite, For the sateHite iracking, an analytical
tracking program using the elements were used, The tracking was carried out when the elevation of satellites
was above 20 degrees, The temperature, atmospheric pressure and relative humnidity were measured once ina
pass. Before and after ranging sateltites, the ranging calibrations were made by using ground targets.

The total numbers of returng and passes obtained by SHOLAS and by HTLRS at Oki Shoto in 1990 are
listed in table 4 and 5. A GPS clock was inroduced in SHOLAS in December 1988, and it has been available
since April 1989, A GPS clock was also used in HTLRS in order to check the Loran C clock, A laser subsystem
of SHOLAS was upgraded to a Quantel YG 460-5 at the beginning of July 1990, The laser oscillation of
SHOLAS has been improved since this modification.

2, Polynomial fifting and preliminary analysis of range data

False range data were removed by a visual rejection system, The system works on CRT screens by
applying a filter of polynomial filting to difference of meausred range and predicted range or measuredrange
itself by use of the on-site computer, Preliminary values of standard deviation for each pass were estimated in
this process, .

A part of obtained data, named quick-look (QL) data, were sent to GSFC within two days through GE
Mark H network. All the range data, afier application of the correction of the internal time delay of the SLR
systems obtained by the ground target ranging, named full rate (FR) data, were recorded ona magnetic tape in
MERIT [l Format (CSTG,1987) together with the satellite ID, the station ID, the transmitted time corrected into
UTC (USNO MC), the meteorological data, the preliminary measurement standard deviation and some
preprocessing indications, The FR data onmagnetic tapes for the above three sateHites were sent to GSFC, the
Center for Space Research (CSR) of the University of Texas antd the Cenire d'Etudes et de Recherches
Geodynamic et Astronomigues (CERGA) of France.

The weighted meanrange precisions estimated by using the polynomial fitting for all the data obtained
by SHOL AS in 1590 are 8.0cm for Lageos, 7.1cm for Starlette and 7.0cm for Ajisai respectively, as shown in
Table 4. The same for HTLRS are 3.1cm for Lageos, and 3.3cm for Ajisai respectively.

‘The QL data sent to GSFC were used (o update orbital elements. These data were transferred from GSFC
to CSR and were used for the estimation of the polar motion and variation of angular velocity of the carth rotation
by processing with SLR data from other sites in the world. Al the FR data were also analyzed in CSR, and more
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precise values for the earth rotalion parameters have been estimated, The FR data sent to the Crustal Dynamics
Project were used to detect crustal movements and global plate motions.

JHD has been processing FR data oblained at Simosato and other SLR sites by using an orbital processor
(Sasaki, 1984a). A result of the geodetic coordinates for the cross point of azimuth and elevation axes of
SHOLAS is 33° 34'39", 70N, 135" 56' 13". 34E, 101.6 m for latilude, longitude and height above the
reference ellipsoid of 6 378 137 m semi-major axis and 1/298,257 flattening, respectively (Sasaki, 1990).

The observations of sateliite laser ranging were made by H. Nakagawa, A, Suzuki, K. Onodera, A,
Masuyama, H. Ito, K. Tomii, H, Mori, T. Kurokawa, G, Sawada and Y. Narita of the Simosato Hydorographic
Observatory and T, Utiyama, E. Nisimura, T. Fukushima, A, Sengoku, K. Fuchida, K. Asal, I, Sato, T. Kawai,
K, Kawal, S. Masai, 8. Imaki, T. Fujii and 8, Kurokawa of JHD Headquaters.

Calculations and compilation for this report have beenmade by A, Sengoku, S. Kurokawa, N. Ikeda of
JHD Headquaters and K. Matsumoto of the Simosato Hydrographic Observatory.

References

Abshire, J. B., 1980: NASA Report, "Plan for Investigating Atmospheric Errors in Satellite Laser Ranging
Systems".

CSTG, 1987: Satellite Laser Ranging Newsletter SLR subcommision of the CSTG (International Coordination
of Space Techniques for Geodesy and Geodynamics) vol. 2, No. 1, p. 5.

Marini, J. W. , Murray, Jr., C. W., 1973: NASA report, X-591-73-351, GSFC, Maryland.

Sasaki, M. , Ganeko, Y., Harada, Y., 1983: Data Report of Hydrogr. Obs., Series of Astronomy and Geodesy,
No. 17,49,

Sasaki, M., 1984a: Report of Hydrogr. Researches, No. 19, p. 107,

Sasaki, M., 1984b: Jour. Geod. Soc. Japan, vol. 30, p. 29.

Sasaki, M., 1988: Data Report of Hydrogr. Obs., Serles of Satellite Geodesy, No. 1, p. 59

Sasaki, M., 1990; Study of the Earth's Dynamics by Means of Satellite Laser Ranging Techniques, Report of
Hydrogr .Researches, No. 26, p. 99.

Kanazawa, T, Sengoku, A. , Nagaoka, M., Nisimura, E., 1987 ibid. ,No. 21, p. 63(for 1985).

Schuiz, B.E., 1983: Data Report of Hydrogr. Obs., Series of Astronomy and Geodesy, No. 17, p. 44,

USNO, 1987, 1988: Daily Time Differences and Relative Phase Values, Serles 4, No.1040-1091,

The reports of the SLR observations for the preceding years were presented in the following numbers
of the Data Report of Hydrographic Observations,

Sasaki, M, , Nagaoka, M., 1984: Dafa Report of Hydrogr. Obs., Series of Astronomy and Geodesy, No. 18,
p. 55 (for 1982).
Sasaki, M., Sengokuy, A., Nisimura, E., Nagaoka, M., 1985: {bid., No. 19, p. 50 (for 1983),




4 SATELLITE LASER RANGING OBSERVATIONS IN 1990

Sasaki, M., Sengoku, A., Nagaoka, M., Nisimura, E., 1986: ibld,, No. 20, p. 44 (for 1984).

Kanazawa, T., Sengoku, A., Nagaoka, M., Nisimura, E. , 1988: Data Report of Hydrogr. Qbs., Series of
Satellite Geodesy, No. 1, p. 19 (for 1986),

Kanazawa, T., Sengoku, A, , Nagaoka, M., Nakagawa, H. , 1989; #bid., No. 2, p. 1 (for 1987},

Sengoku, A, Nagaoka, M, , Fuchida, K., Masai, S, , Fujii, T, , Nakagawa, H. ,1990:ibid,, No. 3, p. 1 (for 1988),

Sengoku, A. , Kurokawa, S., Nakagawa, H., 1991; ibid., No. 4, p. 1{for 1989).




SATELLITE LASER RANGING OBSERVATIONS IN 1990 5

Table 1, Principal specifications of Satellite Laser Ranging Station of the Simosato Hydrographic

Observatery (SHOLAS)
Subsystem Specification
Mount configuration elevation over azimuth/Coude path
Angular resolution 20bits (1. 2 arcsec)
Transmitter diameter 17cm
Receiver diameter 60cm
Laser wave length 532nm
Qutput energy* 125m]
Laserpulse width* 100 ps
Repetitionrate 4pps
Receiver detector Micro-Channel-Plate PMT (9%, B, and 300 ps rise time)
Highttimecounter 20psresolution
Frequency standard Rubidium oscillator
‘Time comparison GPS(TRIMBLE, 5000A), multi-Loran Cwave (NW pacific Chain)
Computer PDP 11/60(64 kw) with two disks and a MT drive

* Before July 1990, output energy was 150 mJ and laser puise width was 200 ps.

Table 2. Principal specifications of the Hydrographic Department Transportable Satellite Laser

Ranging Station (HHTLRS)
Subsystem Specification
Mount configuration clevation over azimueh/Coudepath |
Angular resolution 20 bits (1, 2 arcsec)
Transmitter diameter 10cm
Receiverdiameter 35cm
Laser wave length 532nm
Qutput energy S50mJ
Laser putse width 50-100ps
Repetitionrate 5pps
Receiver detector Micro-Channel-Plate PMT with 300 ps rise time
Hlight time counter 20ps resolution
Frequency standard Rubidium oscillator (rate: 2 X 101%)
Time comparison mutti-Loran C wave, GPS
Computer two 16-bits micro computers with a hard disk, a 5 inch and two 3.5 inch

floppy disks,printer/recorder,two CRTs and amodem
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Table 3a. Geodetic coordinates of SHOLAS

Location Site ID Coordinates
(Tokyo Datum})

Cross point of AZ. and EL. axes International 33 34 21" 496N*
of SHOLAS 71838 135 56 23, 5378

Domestic 6245 m

SHO-L.
Cross line, the fiducial stone Domestic 33 34° 28 O78N**
marker at Simosato Hydrogr. SHO-HO 135 56 23. 236 E
Obs. 58,36 m

¥ Surveyed in November 1988.
## Surveyed in January 1982,

Table 3b. Geodetic coordinates of HTLRS

Location Site ID Coordinates
(Tokyo Datum}
Cross pointof AZ. and EL, axes International 3 100 37 S45N
of HTLRS at Oki Shoto 1303 133 19 19, 691E

80,48 m
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Table 4. Data acquisition at the Simosato Hydrographic Observatory in 1990

Satellite No. of ranges No. of passes RMS
lageos 48,002 99 8.0cm
Starlette 27,338 86 T.1
Alisai 146,970 215 70

Observers H. Nakagawa, A. Suzuki, K. Onodera, A, Masuyama, H. Ito, H. Mori,T. Kurokawa, G,
Sawada, K. Tomit, Y. Narita, 8. Masai, T, Fujii* and 8. Kurckawa*

*JHD headquarters

Table 5. Data acquisition at Okl Shote In 1990

Satellite No. of ranges No, of passes RMS
Lageos 339 5 3.1cm
Ajisa 5,028 32 33

Observers T. Uchiyama, B, Nishimura, A. Masuyama*, K. Fuchida, 1.Sato,K. Kawali, S. Imaki
and G. Sawada*

*the Simosato Hydrographic Observatory
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Table 6. Ohservations and data fitting

Explanation

Serial number of passes ranged successfully for each satellite,

Observation time (UTC) of the first return and the last return observed in the

satellite pass.

Satellite identification (ID), LG: Lageos, ST: Starlette, AJ: Ajisai.

Azimuth when the tracking of the satellite started at 20° of elevation.

Elevations at the maximum, at the first return obtained and at the last return

obtained in the satellite path. U means through the maximum elevation.

Number of successful returns from the satellite in the pass.

Order of the polynomials applied and the root mean square deviation of the

curve fitting to the difference of measured range and predicted range. Before the

fitting application, an atmospheric correction{Marini and Murray,1973} is added.
The range correction added to the measured range is

aR= ¢ Ay s
@ o o DAATB)
sin B+ sin E4-0.01
where
g (1)=0.9650 0.01264+0.000{228 ‘
A A
f {@, H)=1-0.0026 cos 2¢ —0.00031 H,
A=0.002357 P+0.000141 e,
" Rh . 1{17-5(T—273.16)/{237.3 +(T—273,15)
e=611" 100 10 i i
~ L P? 2
B=(1.084 x 10 S)PTI(%—(‘I.?SL; *10 ) T . m .
K=1.163—0.00968 cos 2¢ —0.00104 T-+0.00001435 P,
Here
dR : Range correction (meters},
E :  True elevation of satellite,
P . Atmospheric pressure at the site (millibars),
T : Atmospheric temperature at the site (degrees Kelvin),
Rh : Relative humidity at the site ),

A Wavelength of the laser {microns),
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@ . Latitude of the site,

H : Altitude of the site (kilometers).

This term is not corrected for the measured range in the final MT fiie,
that is FR data.

Station 1D, 7838: Simosato Hydrographic Observatory,
7303: Oki Shote.

Atmospheric temperature (degrees Centigrade).
Atmospheric pressure {(nillibars).
Relative hwmidity (%)
Calibrated internal delay time of the SLR system obtained by the ground
target ranging. The light velocity change in the air (Abshire, 1980) is used for
the atmospheric correction. This term is corrected for the range data in the
final MT file, FR data.

The group velocity of light in the air is given by

v=c+ (1+107°N}™,

where

N =80.343 (0.9650+ 2010 31264 40 00028

P
)'I‘ 113,I

pom 6 11 Rh 1G?.S(T~273.15}]t23?.3+(T72?3.15)}

100
Here
¢ ¢ The vacuum speed of tight, light in vacua.
P : Atmospheric pressure (millibars),
T : Atmospheric temperature (degrees Kelviny,
Rh : Relative humidity ),
A . Wavelength of the light (microns).

Time correction: Transmitting time of GPS minus time of the clock used in
the SLR systenm:. This term is corrected for the transmitted time in the final
MT file,

Time correction: Transmitting time of the Loran C North West Pacific {997)
Chain minus time of the clock used in the SLR system. This term is corrected
for the transmitted time in the final MT file.

Time correction: UTC (USNO MC) minus transmitting time of the Loran C
North West Pacific (997} Chain or GPS (USNO, 1987, 1988). This term is
corrected for the transmitted time in the final MT file,

Cormiments,




i SATELLITE LASER RANGING OBSERVATIONS IN 1990
(1} (2) Obs.Time(UTC) (3} {4)Az. {8}Elev. (8} (7}FLitting
No, date caught lost S5AT. 5T MX CT LT RTN hi RMS
Y M B h m s hom s ‘ : ' : om
3 99 81 05 12 47 23 12 52 37 Ad -13eR 3¢ 7T 26 66 j34] 11.3
2 90 61 10 12 22 49 12 26 41 Ad ~105R 55 43 20 375 B 9.6
3 9¢ 8k 18 10 53 38 11 95 58 AJ -35R 45 21U 20 991 19 19.5
4 9¢ DL 17 @7 58 13 @8 09 21 Ad 185L 40 210 20 531 14 8.5
3 90 91 17 a9 59 24 19 i1 35 A -115R 65 25U 20 1666 23 7.5
[ 9¢ 01 19 19 13 44 10 25 3¢ AJ -95R 45 220 20 LE77 19 10.9
T 9¢ 21 21 ig 38 43 i8 49 54 AF ~B5L 50 26U 20 674 17 19.2
8 9¢ 01 23 08 38 10 88 51 98 Ad -105R 65 210 20 957 22 8.5
9 3¢ 01 24 99 48 37 09 58 34 AJ -T0R 33 21U 2e 298 13 8.7
19 9¢ 01 25 15 03 15 15 18 95 AJ -65L | 19 23U 2p 1208 22 19.5
11 99 o1 26 a5 58 13 36 08 45 AJ 200L | 50 32U 20 1921 is8 19,5
1z 9¢ 01 26 %8 00 39 @8 10 42 AJ -195R 55 36U 20 8986 14 8.8
13 90 01 29 13 29 35 13 40 99 AJ -50R 90 29U 39 139 12 8.3
14 9¢ 0L 3@ ¢4 23 53 o4 33 22 AJ 139L 37 25U 21 512 15 9.7
15 9¢ 91 39 o8 28 27 08 37 42 AJ ~B5R 3¢ 21U 20 5499 12 7.5
16 96 92 ©2 35 46 40 @5 55 59 AJ ~1ish 85 48U 20 767 13 8.1
17 96 92 @S 05 04 34 @5 15 23 AJ -110R 80 34U 21 1341 138 7.9
13 90 02 09 21 34 57 @1 37 42 AJ 1758 30 28 2¢ 183 ] 9.7
19 9@ 92 o9 23 27 28 03 41 10 Ad -125R 75 21y 20 1126 26 1%.4
20 99 92 @9 95 34 15 a5 37 05 Al -TOR 33 27 33 125 8 9.0
21 a9 02 09 11 41 20 11 53 14 Al -65L 45 21U 20 1313 22 8.0
22 99 02 12 1 91 o7 11 12 308 AJ ~865L | .40 21U 29 697 is5 8.7
23 90 02 13 91 54 38 92 08 27 AJ 2200 80 3IU 21 1032 24 1¢.98
24 90 02 13 93 59 09 24 98 06 AJ -86R | 38 30U 29 895 i3 2.1
25 90 92 18 Q7 28 02 07 36 45 AJ -44R 50 30U 20 584 25 10.3
26 30 02 17 @2 22 32 02 33 44 AJ -95R 45 28U 20 1007 17 9.8
27 90 02 17 26 398 17 98 41 32 AJ -49R 33 20U 290 1128 17 9.3
28 9¢ 02 20 @7 51 22 ¢8 ¢4 57 AJ ~50L ge 21U 20 1349 25 8.2
29 ag 92 21 0B 48 47 2% 59 28 AJ -11¢R 8¢ 38U 20 1412 25 8.4
3g 92 03 05 02 14 28 92 25 27 AJ -40R 38 220 2¢ 945 25 8.1
31 98¢ 03 98 2L 20 11 QL 28 38 AJ -35R 32 21U 20 533 27 8.7
32 20 ¢3 06 93 21 59 93 35 o7 AJ -45R { 79 22U 20 1547 25 7.3
33 g0 93 A7 Q2 27 37 02 40 23 AJ -40R 50 21U 20 898 21 8.3
34 8¢ 03 08 01 36 07 o1 45 20 AJ ~-35R 49 31U 20 715 27 10.6
33 9¢ 03 09. 00 41 43 00 49 47 AJd ~35R 33 28U 20 378 21 8.9
36 90 93 09 @2 42 12 02 54 45 AJ ~45R 5 27U 20 1066 25 7.9
37 90 93 13 91 96 42 @1 19 51 AJ -40R B9 21U 29 943 25 8.3
ji:] 80 03 14 008 12 49 29 24 39 AJ -49R 45 21U 21 798 27 8.5
39 99 93 18 15 35 31 15 45 13 AJ 180L a7 25U 29 6§43 27 9.8
49 98 03 19 16 406 51 16 53 43 Ad 2251, 98 24y 21 1179 29 7.3
41 99 03 21 16 54 43 17 07 35 AdJ -110R 6@ 230 20 1178 25 4.9
42 90 03 22 2 1¢ 38 91 18 29 AT ~15L 35 28u 20 384 23 8.2
43 90 03 22 18 01 51 18 13 28 AJ -130R 80 330 21 1953 21 7.4
44 9% 23 28 14 25 35 14 39 o4 AJ 2i5L | 75 21U 2@ 1488 25 7.4
45 90 04 03 11 33 59 11 43 35 AJ 210L | 85 44U 20 609 21 9.6
46 9¢ 04 @6 12 38 21 12 51 23 Ad ~119R 60 21U 20 1436 29 8.0
47 90 04 09 11 58 20 12 1¢ 57 Ad -11¢R 55 22U 20 1252 21 8.3
48 90 84 18 47 55 97 a8 07 52 AJ 2055 6¢ 21U 29 845 a1 10.8
49 99 ¢4 138 16 ©8 59 i6 21 18 Ad -50L 85 29U 20 198 25 2.3
5¢ 90 ¢4 25 1} 51 43 12 81 34 AJ -40R 33 210 29 629 21 8.8
5L 90 04 28 12 59 42 13 1% 17 Al ~401 55 250 23 451 21 9.8
32 99 94 27 12 05 54 12 15 33 AJ -4BR 49 250 25 388 27 1¢0.8
53 9¢ 04 28 13 13 54 13 25 45 AJ ~45R 80 300 21 450 21 9.6
54 9¢ 04 30 11 24 40 11 38 38 AJ -35R 45 21U 29 865 21 9.3
55 90 05 01 @4 2} 1% @4 32 03 AJ 200L | 55 3iU 20 583 29 9.8
56 90 05 01 08 286 09 96 34 OF AJ ~108R 50 47U 20 389 31 ie.t
37 890 a5 95 13 57 42 11 e8 28 AJ ~45R 70 21U 28 710 2% 8.1
38 99 95 08 a4 11 24 94 19 12 AJ -110R 40 58U 20 179 29 9.2
59 30 05 08 18 17 50 19 30 17 Ad -45R 70 250 22 582 21 7.2
B0 30 95 28 12 20 32 12 29 59 AJ ~75L 33 21U 29 322 23 9.5
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(8) (9) (10) {11} (123 {13} {14} {15) {16}
No. STN T™P PRESS HUM IDT DTS BTG COMMENTS
"G mb % ns Hs us
13 7838 4.3 1914.5 66 5.5 -1.0 8.5
2 7838 13.3 19000,9 63 5.4 -1.1 8.5
3 7838 3.3 10943.4 :333 8.3 -0.8 2.5
4 7838 10.90 1011.2 58 6.5 9.1 2.5 BAYTIME
5 7838 6.0 1013.6 78 8.5 0.9 2.3
8 7838 190.8 1946.9 84 6.7 -2.5 9.6
a 7838 2,1 1015.6 85 8.1 ~1.9 ¢.5
8 7838 3.5 1085.1 51 6.2 -1.8 3.5
] 7838 2.2 130B8.1 50 5.7 0.0 8.8
19 7838 | -b.5 192:.3 54 5.4 -9.5 ¢.5
11 7838 7.0 1919.7 37 6.8 -2.4 9.5 DAYTIME
12 7838 3.7 1021.9 42 5.7 ~0.4 0.5 DAYTIME
13 7838 | 12.7 1008.0 94 6.4 ~-0.8 8.5
14 7838 | 13.0 1908.3 50 6.7 -9.8 8.5 DAYTIME
15 7838 B.5 1611.2 57 6.5 -2.9 2.5
18 7838 9.8 19290.2 57 6.8 .5 .5 DAYTIME
17 7838 13.0 1917.3 49 8.4 0.0 2.5 DAYTFIME
18 7838 | 13.3 1018.9 81 6.7 3.7 .4 DAYTINE
19 7838 13.3 1918.4 53 6.5 ~3.7 0.4 DAYTIME
20 7838 13.2 1418.9 84 6.7 -8.7 9.4 DAYTIME
21 7838 5.9 1023.2 T8 6.4 -%.8 9.4
22 7838 8.9 101:.7 55 B.4 ~0.4 2.3
23 73838 19.1 1¢18.5 49 8.5 0.9 9.3 BAYTIME
24 7838 10.7 1915.2 58 6.3 2.0 0.3 DAYTIME
25 7838 10.5 1008.8 52 5.8 -8.3 0.3 DAYTIME
26 1838 12.9 1918.9 45 7.1 -¢.9 9.2 DAYTIME
27 7838 12.5 1817.3 55 8.2 ~1.1 0.2 BAYTIME
23 7838 17.8 1807.5 38 5.8 -2.5 0.2 DAYTIME
23 1838 14.4 1616.2 64 8.5 ~-8.9 9.2 BAYTIME
30 78338 12,2 988.4 39 8.7 -8.3 9.1 DAYTIME
31 7838 11.8 1001.2 38 8.6 -9.6 -9.2 DAYTIME
32 7838 13.2 999.7 44 8.4 -0.7 -0.2 DAYTIME
33 7838 13.8 . 19090.3 44 6.8 0.0 ~0.2 DAYTIME
34 7838 7.7 1912,3 386 6.6 -2.4 -9.2 DAYTIME
35 7838 le.3 1018.86 42 8.6 -0.6 -9.2 DAYTIME
36 7833 14.8 1918.7 28 8.5 -8.56 -9.2 DAYTIME
37 7838 i9.1 10613.0 38 8.5 -8.5 -8.2 DAYTIME
38 7838 | 12.1 1019.3 43 6.8 -%.9 -3.2 DAYTIME
39 7838 7.8 1008.9 51 8.1 8.8 -8.1
40 7838 6.5 1009.7 89 7.2 -0.3 -9.1
41 7838 5.2 1016.5 82 7.1 -2.8 -8.1
42 7838 14.9 1019.3 52 T.4 -3.8 ~-0.1 PAYTIME
43 7838 9.6 1916.5 91 7.2 -1.8 -0.1
44 7838 7.5 1915.8 47 7.1 -8.8 8.0
45 7838 6.5 1997.5 17 8.8 e.1 -6.2
46 7838 19.5 1012.5 83 T.1 -0.4 -8.2
41 7838 11.7 1007.5 89 6.9 -0.4 0.0
48 7838 14.2 1604.7 54 6.8 -0.8 -9.1 DAYTIME
49 7838 8.1 1907.1 83 6.3 -8.7 -a3.1
59 7838 10.2 1612.9 70 8.4 ~0.7 0.2
51 7838 14.8 19013.86 92 B.9 -1.0 -9.2
52 71838 14.8 1913.8 a7 6.8 2.0 -0.1
53 7838 15.3 1919.5 89 6.5 3.0 -3.2
54 7838 16.5 1910.8 31 6.5 -9.3 -a.1
55 7838 19.1 i90%8.3 49 6.8 -9.5 -0.1 DAYTIME
58 7838 18.3 1008.8 50 6.6 -9.8 ~8.L DAYTIME
a7 T838 14.5 i004.9 59 6.4 ~1.2 -9.1
28 7838 21.5 996 .4 83 6.8 ~9.7 -9.1 DAYTIME
9 7838 18.3 998.5 78 6.7 -9.8 -9.1
69 7838 16.4 100¢,9 7 6.8 -0.5 -9.1




12 SATELLITE LASERRANGING OBSERVATIONS IN 1990
[ {1} {2} Obs.Time{UTC) {3} {4}az. {S5)Elev. {8) (T)Fitting
No. date caught lost SAT. ST MX CT LT RTN h) RMS
Y M D h m s B m s v ' ) : cm
g1 90 95 09 88 23 32 @3 35 58 AJ -49R 55 22U 20 280 21 8.0
G2 90 05 09 11 25 10 11 37 41 AJ -80L 50 20U 20 age 29 8.4
63 99 95 15 A8 02 28 98 15 29 AJ -49R 60 21U 20 766 27 9.1
64 99 95 15 10 94 55 19 18 18 AJ -65L 45 21U 20 445 21 3.0
G3 90 05 21 08 48 11 06 53 92 AJ -45 76 68 30 59 25 8.4
66 90 95 21 08 46 56 08 53 58 AJ ~ToL 35 31U 23 154 21 9.0
67 a9 056 25 ¢1L 85 51 01 @8 43 AJ -75R 35 34 23 50 11 8.6
68 9¢ 05 25 ¢5 09 08 05 19 53 Ad -40R 55 32U 20 344 27 9.2
69 9¢ @5 28 00 09 o8 80 16 17 AJ -8R 45 49U 2% 144 31 8.7
70 80 ¢5 29 03 34 31 23 44 83 AJ -35R 45 28U 22 195 25 9.2
7L 99 05 3¢ 24 43 33 24 52 40 AT -45R 85 45U 286 223 19 9.8
T2 99 e5 31 23 50 56 23 53 o2 AJ -45R 60 52 89 48 ] 12.5
T3 99 86 98 90 26 1¢ 9 33 37 Al -35R 30 27U 20 234 27 10.8
T4 9¢ 26 17 15 30 53 15 42 1o AT 295L 55 21U 29 518 3L 1.9
15 8¢ 06 13 14 38 42 14 48 31 AJ 185L 35 22U 22 815 29 10.3
T8 99 A8 18 18 38 35 18 51 17 AJ -115R T8¢ 22U 23 880 29 19.3
7T 90 06 19 15 44 28 15 37 35 AT 2250 85 230 21 B76 29 10.8
78 99 06 21 14 00 17 14 98 35 AJ 1850 40 33U 21 115 25 11.8
79 90 98 22 15 03 42 15 17 22 AJ -130R | 85 21U 20 612 31 8.2
80 9¢ @7 18 08 93 57 08 @5 18 AJ 220L | 85 31 23 103 29 T.7
31 9¢ o7 18 %9 55 55 1¢ @7 15 AJ -80R .38 2e4 2¢ 1537 27 4.5
82 9¢ 07 18 14 03 45 14 15 5@ AJ -40R 45 200 21 1185 27 8.2
83 g9e 07 19 @6 59 07 @7 19 38 AJ 205L 55 240 24 218 21 6.5
84 B9 07 19 13 1¢ 02 13 20 51 AJ -35R 35 21§ 2¢ 986 27 7.1
85 90 07 24 12 48 32 12 53 28 Al -40R 55 51V a1 617 25 4.2
88 890 ©7 25 13 50 38 14 @4 95 AJ -50L 80 22U 20 549 2% 5.5
87 90 97 26 04 45 17 04 47 o7 AJ 190L | 45 25 34 139 3t 7.1
88 96 97 26 12 58 1B 13 89 21 Ad ~45R 75 320 24 133 31 6.2
89 90 @8 01 03 23 14 83 33 28 Ad 290L 55 221 32 189 23 7.5
90 90 08 01 11 38 47 11 48 54 Ad -50R 85 28U 22 713 23 B.0Q
91 90 @3 902 02 3L 52 02 39 55 AJ 175k F 35 25U 22 479 31 8.5
a2 90 08 02 98 38 29 06 44 50 AJ ~B85R | 32 30U 21 557 23 5.1
93 90 08 02 10 42 01. 10 54 54 AJ -40R 84 23U 20 1756 21 5.3
94 99 08 02 12 48 03 12 55 3¢ AJ ~85L 49 38U 29 532 2g 8.3
95 99 98 983 95 39 58 25 51 94 AJ ~-80R 33 21u 29 1085 21 5.5
g6 9¢ 08 Q3 29 49 39 a9 59 11 AJ -356R 45 31U 24 1441 21 4.1
97 96 03 03 11 56 18 12 92 38 AJ -60L 65 28U 20 1209 21 4.3
98 3¢ 03 06 25 @0 35 a5 10 42 AJ -T75R 37T 240 29 728 21 7.0
99 99 98 96 09 ¢8 21 09 19 39 AJ -49R 8¢ 28U 29 1618 27 4.9
100 90 08 08 11 19 23 i1 21 58 AJ -6OL 55 28U 20 1468 27 T.1
101 949 98 o7 a4 98 57 04 11 49 AJ -95R 45 33U 44 56 31 6.2
102 96 08 ¢7 ©8 16 57 a8 22 08 Al -48R 38 354 3o 175 25 3.5
163 90 @8 07 19 17 18 10 28 93 AlJ -5bL | 8¢ 384 35 215 31 7.9
104 90 @8 08 03 18 ¢8 03 20 55 Al -110R 686 51 3@ 247 27 8.6
105 9¢ 98 08 09 23 32 29 31 20 AJ -45R T0 408 28 183 27 4.5
106 92 08 08 11 25 08 11 33 20 Al ~T5L 35 26U 22 331 25 8.8
107 90 08 16 03 27 17 03 38 11 A -95R § 45 35U 2o 391 27 5.1
198 90 98 L@ 07 38 14 97 41 43 AJ -35R 40 49 3% 58 21 8.3
169 90 48 14 01 49 47 02 98 03 AJ -105R 5§ 25U 30 844 25 5.4
11¢ 9¢ 98 15 00 55 09 Q1L 97 55 Al -120R TS5 25U 20 767 29 6.7
111 9¢ 08 15 ¢3 05 08 @3 o8 56 AJ -TOR 33 32 21 241 27 4.3
112 9¢ 08 15 07 08 39 97 19 08 AJ -48R 80 37U 19 1213 23 4.5
113 90 98 15 09 14 45 ¢9 19 59 AJ -B5L 45 44 29 556 25 4.8
114 9¢ 08 17 Q5 25 57 o5 28 21 AJ -35R 35 30 2t 81 21 6.8
113 9¢ 08 24 @3 06 08 43 12 53 AJ -35R 32 39U 29 273 21 8.7
il8 8¢ ¢8 28 a3 32 18 93 43 01 AdJ -46R 55 33U 29 841 31 T.0
117 20 09 ¢4 @1 18 54 a1 23 40 ad -48R 45 28U 40 17 21 4.8
118 3¢ ¢9 05 8¢ 24 04 0e 32 12 AJ -48R 37T 31U 20 53¢ 25 7.1
119 9¢ ¢9 o8 91 3¢ 25 @1 33 24 AJ ~45R 865 390 54 161 19 3.2
129 929 49 87 9@ 35 15 Q0 47 25 AJ -48R 59 22U 28 56% 25 3.1




SATELLITE LASER RANGING OBSERVATIONS IN 1990

13

(8) i9) {19) {113 {12} (13} (14} {15) (16}
No. STN ™P PRESS HuM iDT DTS DTG COMMENTS
"C mb % ns us iE]

133 7838 20.0 1043.9 T2 8.4 6.2 -9.1 DAYTIME
62 T838 17.8 1005. L 80 8.5 8.2 -8.1

83 7838 20.8 1900.t T¢ 8.4 -8.3 -a.1 DAYTIME
54 7838 19.5 19001.8 47 .2 -9.2 -0.1

83 7838 22.0 985.5 81 6.2 1.2 9.0 DAYTIME
133 7838 22.9 896.3 88 8.2 1.2 9.0 DAYTIME
67 7838 21.86 1694.7 54 8.5 1.7 -0.1 DAYTIME
88 T838 20.8 1003.38 62 g.1 1.8 -9.1 DAYTIME
89 7838 18.8 1911.4 50 5.9 1.8 -g.1 DAYTIME
] 7838 21.3 1009.9 T8 5.8 9.1 ~-0.1 DAYTIME
71 7838 22.9¢ 1009.7 81 6.5 9.6 9.9 DAYTIME
T2 7838 23.¢ 1009.9 81 6.2 1.0 8.9 DAYTIME
13 7838 23.7 1906.0 64 8.5 1.1 0.0 DAYTIME
T4 7838 19.1 1006,9 Bz 8.3 2.1 9.1

75 7838 19.1 1008.8 78 5.3 0.4 e.2

76 7838 17.8 1007.7 89 5.8 -0.4 8.1

77 7838 21.4 1005.3 99 6.5 0.0 0.2

T8 1838 25.0 1002.5 88 5.2 2.8 0.2

79 7838 24.8 1005,1 84 5.9 1.3 6.2

89 71838 29.5 997.4 73 8.9 8.7 8.1 DAYTIME
81 7838 26.7 997.7 85 8.7 L -e.7 9.1 DAYTIME
82 7838 26.9 99¢%.¢ 85 B.8 -0, 7 9.1

83 7838 31.8 997.3 kx 8.9 -2.7 9.1 DAYTIEME
84 1838 26,7 1o02.1 g1 8.9 9.8 0.0

35 7838 25.2 991.8 94 7.1 -3.8 8.0

a8 71838 24.8 990.7 92 7.5 -9.8 8.9

87 7838 30.5 997.9 T3 7.8 -1.0 8.9 BAYTIME
:2:3 7838 26.8 998.4 8¢ 7.8 9.0 8.0

89 7838 29.3 999.0 70 7.6 -0.3 ~0.1 DAYTIME
90 7838 24.7 999.1 85 7.7 -0.5 ~0.1

91 7838 29.7 988.3 B3 1.8 ~¢.8 -0.1 DAYTIME
92 1838 29.¢ 897.7 74 7.6 -¢.8 8.1 DAYTIME
93 7838 26.4 997.9 83 T.7 -0.9 -9.1

94 7838 25.5 998.8 85 7.8 “1.0 -9.1

a5 7838 30.8 987.5 57 7.7 -1.3 -0.1 DAYTIME
g8 7838 28.1 997.7 80 7.6 -1.4 -0.1 DAYTIME
97 7838 25.17 997.9 T2 7.4 ~1.5 -8.1

98 7838 30.5 989.9 62 8.1 -2.3 -0.1 DAYTIME
99 7838 28.0 989.9 83 7.8 -9.4 -9.1 DAYTIME
100 7838 268.6 8960.7 89 T.6 -90.5 -9.1

101 7838 30.5 992.3 75 6.5 -8.8 9.1 DAYTIME
192 7838 29.9 991.6 30 8.5 0.1 =3.1 DAYTIME
193 7838 27.2 992.3 82 6.5 8.1 ~0.1

194 7838 29.8 895.1 82 8.8 -9.2 -6.1 DAYTIME
105 7838 28.4 995.3 89 6.3 -2.3 -0.1 DAYTIME
108 1838 27.8 996,86 94 5.9 -0.4 -0.1

107 7838 32.4 992.8 59 6.5 ~0.3 -¢.1 BAYTIME
148 1838 36.8 994, ¢ 73 6.6 -9.4 -2.1 BAYTIME
189 7838 28.3 ivez.9 85 5.8 -1.2 -9.1 DAYTIME
11¢ 7838 29.4 1008.0 82 6.8 -1.7 -g.1 PAYTIME
111 7838 30.2 19008.0 80 8.7 -1.7 -0.1 DAYTIME
112 7838 28.8 1005,1 78 6,7 -1.8 -8.1 DAYTIME
113 7838 27.8 1995.3 88 6.7 -1.8 -¢.1 DAYTIME
14 7838 29.1 1006.5 89 6.8 -2.8 -8.1 DAYTIME
1is 7838 29.4 999.9 83 8.7 -9.2 9.9 DAYTIME
118 7338 28,1 1008.8 89 6.9 -1.8 0.0 DAYTIME
117 7838 29.2 1004.2 87 6.7 -2.2 8.2 DAYTIME
118 7838 28.2 1008.8 T3 6.7 “2.5 .2 DAYTIME
119 7838 28.9 1012.5 80 6.8 -2.8 9.2 BAYTIME
129 7838 28.7 1012.5 78 6.7 -3.2 0.2 DAYTIME




14 SATELLITE LASER RANGING OBSERVATIONS IN 1990
{1 (2} Obs.Time{UTC) {3} {d}az. {GjElev. (B) {TIFitting
No. date caught lost SAT. 5T MX CT LT RTN N RMS
Y M B hom s h m s ' ' ' ' cm
121 g9 89 12 ¢ 09 06 09 11 41 AJ -45R 75 28 48 64 31 5.8
122 g0 10 6} 19 ¢8 28 19 15 57 AJ L15L 32 27U 21 166 £33 3.3
123 90 10 91 iz 08 28 12 19 27 AJ -120R 74 23U 20 812 3L 5.2
124 80 106 01 14 14 54 14 20 35 AJ -T0R 32 32U 21 56 21 5.9
125 90 19 o2 113 17 11 25 19 AJ 220L 8¢ 29U 21 161 21 5.8
126 9¢ 106 02 13 19 21 13 26 39 AJ -88R 40 35 21 100 21 4.4
121 9¢ 10 02 15 21 1¢ 15 29 97 AJ -37R 27 20U 21 70 29 5.8
128 9@ 10 08 11 55 18 12 05 58 AJ -BOR | 35 21y z2o 1193 25 4.8
129 98 10 038 14 81 10 14 @9 11 AJd «37R 28 220 20 896 21 5.1
130 30 10 28 16 02 44 18 15 @8 AJ -48R 50 21U 20 1357 27 5.4
131 99 10 08 18 04 29 i8 17 o8 AT -60L | 55 21U 2o 990 29 5.7
132 890 1¢ e9 Q8 57 e7 09 18 28 AJ 210L 65 29 20 818 25 5.5
133 3¢ 10 09 1¢ 53 53 11 12 Q6 AJ -$5R 45 20U 26 1694 21 4.7
134 99 16 29 13 o8 0% 13 14 12 AJ ~40R 28 21U 20 387 31 7.3
135 99 19 ¢9 15 12 o5 15 18 08 AJ ~35R 4@ 35U 28 607 25 5.2
138 90 10 15 15 49 23 15 59 42 AJ -55L | T4 21U 39 2589 29 5.4
137 g0 10 16 12 54 11 13 94 13 AF -35R | 35 220 20 639 31 7.7
138 8¢ 1@ 17 14 o1 20 14 11 47 AJ ~-45R | 6@ 21U 45 818 25 6.8
139 9¢ 10 17 16 12 €3 18 15 o@ AJ -65L | 45 35 21 182 21 4.3
149 90 10 18 48 59 20 09 10 31 AJ ~85R 490 200 21 862 29 5.5
141 9¢ 10 138 11 95 22 11 926 30 AJ -35R | .28 21 24 41 21 7.3
142 9¢ 19 18 13 12 49 13 15 49 AJ ~40R 45 44 38 g1 15 7.9
143 99 10 18 15 i8 47 15 22 o9 Al -55L | 65 42 20 1] 21 4.4
144 9¢ 10 19 28 06 91 98 11 17 AJ ~108R 5@ 30U 48 458 3t 5.8
145 98 10 19 1¢ 19 03 10 18 34 Al -45R 23 20 29 g12 21 3.9
146 90 19 19 12 13 55 12 21 o4 Ad ~40R | 35 220 31 70 19 4.0
147 99 16 20 a5 @8 39 85 20 65 Ad 180L 35 21U 290 779 31 6.8
148 99 1¢ 20 87 13 33 o7 22 27 Al -115R | 70 501 22 383 31 1.4
149 90 1¢ 20 29 14 37 29 24 08 AJ -65R 3¢ 20U 20 1945 21 4.3
150 90 10 20 11 19 18 11 28 38 AJ -400 | 39 20U 20 817 21 4.9
151 90 19 20 13 29 43 13 33 35 AJ ~45R 85 29U 22 955 21 5.8
152 49 19 29 15 25 39 15 34 22 AJ ~78L | 49 30U 20 481 i7 8.7
153 99 16 22 98 38 42 08 37 15 AJ -65R 30 27 28 26 7 4.9
154 ¢ ie 23 19 38 54 19 48 08 AJ ~35R 3¢ 290U 21 928 27 4.9
155 9¢ 190 23 12 41 48 12 53 45 At -45R T9 290 20 1366 27 5.5
158 90 10 23 14 43 18 14 53 35 AJ ~73L 35 21U 20 955 21 5.7
157 99 19 24 35 44 28 95 48 13 Ad -139R 8¢ 50 2t 247 19 3.8
158 990 10 24 a7 39 e9 Q7 49 44 AJd -75R 35 21U 29 622 31 4.7
159 9% 1¢ 24 9¢ 45 17 09 53 64 AJ -36R 28 220 29 559 a1 5.8
160 9¢ 10 24 13 48 17 14 90 59 Ad ~80L 55 26U 29 39 19 6.5
161 g0 10 26 88 58 38 10 88 22 AJ ~40R 32 219 29 19865 25 5.5
162 92 10 28 14 63 a3 14 12 a7 AJ -75L 32 20U 20 T35 15 6.1
163 9¢ 16 31 25 23 33 05 34 34 AJ ~Q0R 49 21U 22 811 21 5.0
164 990 10 31 99 32 20 09 43 18 AJ -35R 45 24U 21 1782 21 4.2
185 90 19 31 11 33 96 11 48 30 AT -55L T8 20U 20 924 21 4.9
168 9¢ 11 @2 83 33 49 93 47 13 AJ -120R e 21U 20 852 27 4.8
167 96 11 o2 25 38 30 05 46 17 AJ -B5R 32 20U 27 364 23 8.4
168 90 11 92 89 45 39 09 58 10 AT ~49R 60 24U 20 1613 25 4.5
169 9¢ 11 o2 11 48 17 11 58 47 Ad -7OL 460 24U 2t 58 2F 5.0
179 499 11 08 98 10 59 08 21 34 AJ -40R 5@ 220 27 183 29 8.5
171 80 Lt 08 19 12 22 10 25 21 AJ -60L { 80 2¢U 2o 579 21 3.8
172 20 11 o7 03 09 57 93 29 08 AJ -95R 45 324 29 487 31 5.5
173 3¢ 11 o7 7 17 48 a7 27 48 AT -35R 37 258 20 652 27 5.5
174 9¢ I o7 29 20 949 09 31 48 AJ -50L 45 33 20 433 31 4.7
175 90 11 08 02 20 93 02 26 12 Ad -115R | 85 63 20 344 21 3.8
176 ge 11 08 04 20 39 04 25 47 AJ -85R 39 27U 28 128 31 7.5
177 86 11 13 91 47 38 %1 59 @6 AJ ~90R 45 220 21 983 27 4.9
178 89 11 13 05 56 48 o6 07 22 AJ -35R 44 250 20 1168 27 4.8
179 a9 i1 13 Q7 58 37 08 10 t7 AJ -55L 75 28U 23 598 23 4.¢
180 90 11 14 9@ 52 15 01 24 41 AJ -105R 55 21U 23 757 23 4.6




SATELLITE LASER RANGING OBSERYATIONS IN 1930
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(8} (&3] (190) {11} {12) (13) {14} {15) {16}

No. STN T™P PRESS HuUm DT bTs PTG COMMENTS
*C mb % ns s ns

121 7838 29,6 1809.3 65 1.1 -¢.9 0.3 DAYTIME

122 7838 22.5 1804.5 89 7.2 -1.5 0.0

123 78438 21.4 1095.3 a3 7.0 -1.5 9.9

124 7838 21,9 1005.86 92 7.1 -1.8 0.1

125 7838 19.0 lo11.2 20 6.7 -2.1 9.0

128 7838 i9.9 1¢11.7 80 6.5 -2.2 8.0

127 7838 17.2 1e11.9 83 5.8 -2.2 9.9

128 7838 | 1%.2 998.1 T8 6.8 ~-1.1 -0.,1

129 7838 | 18.7 999.9 13 6.7 -1.2 -9.1

130 7838 | 17.4 1601.0 T2 6.4 ~1.3 ~9.1

131 7838 17.3 1202.3 B84 6.4 -1.3 -9.1

132 7838 | 20.4 1¢e7.1 15 6.8 -1.9 ~0.1

133 7838 19.1 1¢08.8 57 6.8 -2.9 ~0.1

134 7838 18.9 1¢16.1 64 8.8 -2.1 9.9

135 7838 | 17.7 19019.6 88 8.8 -2.2 9.0

138 7838 | 17.86 1006.9 97 7.2 -9.3 -9.2

137 7838 | 18.7 1607.3 98 8.5 ~0,8 ~9.2

138 7838 | 18.3 1087.5 97 8.7 ~1.5 -9.2

139 7838 17.1 1607.1 92 8.7 ~1.6 -9.2

140 7838 | 19.1 1005.3 52 6.5 -1.9 -9.2

141 7838 15.5 1006.2 71 6.5 L 1.9 -0.2

142 7838 15,9 ieesg. 4 57 8.1 -2.,0 ~9.2

143 7838 17.5 1e06.9 ge 8.1 -2.1 -9.2

144 7838 13.9 1806.4 61 5.8 ~2.8 0.2 DAYTIME

145 7838 15.3 19007.7 86 6.7 -2.9 -0.2

1486 1838 | 14.9 10838.3 79 8.7 -2.9 -9.2

147 7838 22.8 1008.2 54 6.8 -9.7 -9.2 DAY TIME

148 7838 2L.86 19908.2 56 8.7 -0.8 -8.1 DAYTIME

149 7838 17.8 10089.0 7% 8.7 -3.9 -0.2

159 7838 16.1 1008.5 81 6.7 «1.9 -8.1

151 7838 15.8 1810.1 81 6.5 -1.1 -0.1

152 7838 14.7 191@.1 86 6.7 -1.1 ~0.1

153 7838 16.6 1008.6 82 6.7 -1.3 0,2

154 7838 16.3 1008.8 79 B.7 -1.3 -p.2

183 7838 16.9 1009.3 78 6.7 -1.,4 -6.1

1586 7838 15.8 1008.2 T8 6.7 -1.5 -9.1

157 7838 21.1 i0606.5 59 6.8 -2.0 “9.1 DAYTIME

158 7838 19.2 1906.6 82 6.8 -2.1 ~3,2 DAYTIME

159 7838 16.4 1007.5 80 6.7 -2.1 -g.2

160 7838 15.0 1007.5 35 6.6 -2,3 “3.2

161 7838 15.8 098.4 71 T.T -1.4 -8.2

62 7838 14.8 1801 .4 T8 6.8 -1.5 ~9.1

163 7338 | 22.3 1099.90 ;%3] 6.8 -¢.8 -0.1 DAYTIME

164 7838 17.7 1%10.8 ¥ 8.7 -9.9 -0.1

165 7838 16.8 ie11.1 67 6.6 -1.¢ -0.1

156 1838 22.90 1008.0 47 6.8 -1.2 -9.1 DAYTIME

187 7838 21.8 10087.5 48 6.4 -£.3 -0.1 DAYTIME

168 7838 15.9 19008.6 18 6.3 -1.4 -0.1

169 7838 15.0 1008.6 89 8.8 -1.5 -0.1

170 7838 | 18.8 1007.6 72 8.6 -8.5 «@,1

17k 1838 15.9 i008.¢ 84 6.4 -2.8 -9.1

172 1838 23.2 1007.1 5t 6.5 -8.7 -1 DAYTIME

173 7838 21.7 1007.3 | 54 6.5 -9.7 -8.1 DAYTIME

174 T838 17.8 10908.6 88 6.5 -3.8 -g.1

175 7838 | 21.1 1913.8 53 6.6 ~1.9 -9.1 DAYTIME

178 7838 21.8 1912.2 83 6.7 -1.98 -9.1 DAYTIME

177 7838 19.4 1918.2 62 B.7 ~3.2 -0.1 DAYTEME

i78 7838 20.3 1018.8 85 8.7 -0.2 -9.1 DAYTIME

i79 7838 16.8 1017.3 T8 6.7 -0.3 -0.1

1389 7838 19.1 1915.2 87 5.7 -0.4 -0.1 DAYTIME




16

SATELLITE LASER RANGING OBSERVATIONS IN 1890

{1} (2} Obs.Time{UTC) {3} {(£)AZ. (5)Elev, (6} (TYFitting
No. dage caught lost SAT. 8T MX CT LT RTN N RMS
Y M D h m s h m s b ) ' ' cm
181 9¢ 11 14 a5 o1 47 85 12 @6 Al -351 33 20 20 891 25 8.1
182 9¢ 11 14 97 03 12 o7 16 48 Ad -45R 80 21¥ 20 752 21 5.1
183 9¢ 11 15 99 85 53 8% 11 18 Ad -12BR 75 668 2¢ 462 21 4,9
134 9¢ 11 15 @2 92 30 92 12 14 Ad -75R 33 20U 22 219 2g T.2
185 g0 11 15 08 10 08 05 22 13 Ad -40R 55 250 2¢ 1244 21 5.0
188 20 11 15 08 11 33 28 23 29 AJ -85L 45 218 20 1032 27 5.9
187 90 11 18 0L 11 26 01l 18 17 Al ~B5R 40 390 22 456 31 3.1
188 29 11 16 B85 15 42 e5 27 14 Al -35R 45 224 2o 858 21 5.8
189 99 11 18 a7 26 o7 27 39 20 Ad ~55L 79 5¢ 20 266 21 5.2
190 g@ 11 19 94 38 19 @4 46 52 AJ -49R 45 371 21 503 31 7.5
© 191 9¢ ik. 21 00 43 10 ¢e 50 33 Al -B5R 30 23V 24 361 25 5.3
192 90 i1l 21 22 46 57 @2 51 58 Al -35R 35 21 31 108 27 4.0
193 99 1l 21 94 48 50 95 90 53 Ad -44R 65 230 24 585 31 7.3
194 9@ 11 22 03 58 47 @4 96 59 AJ ~35R 50 434 2o ::14] 25 5.8
195 90 11 22 95 56 23 96 09 o7 Al -BBL 6@ 214 20 736 25 8.7
198 90 1 27 91 25 59 a1 36 08 Ad -35R8 33 Z0H 20 726 2y 5.9
197 99 11 27 03 27 28 03 41 85 Ad -45R TS5 219 29 325 29 5.3
198 90 12 @3 02 15 22 32 290 15 Ad -45R 8¢ B0 20 469 29 5.3
199 96 12 @4 01 12 32 ¢l 25 59 Al -40R 89 21U 20 1812 31 6.5
200 80 12 ©5 09 18 37 9¢ 2B 30 AJd ~36R 45 20U 32 689 31 6.8
201 206 12 ©8 @1 26 5 ¢l 32 50 Al ~50R | -99¢ 21 88 421 3t 5.9
202 8 12 o7 0% 32 05 2¢ 45 390 AJ -45R 85 21U 29 1545 25 5.3
293 9¢ 12 190 14 49 54 14 55 6 Ad i65L 25 239 20 592 23 5.8
2904 90 12 11 17 55 938 13 96 b4 AT ~95R 45 21U 21 1089 23 8.0
205 90 12 12 14 B9 17 15 19 48 AJ 190L 45 210 21 1092 25 5.5
2086 90 12 12 17 09 95 17T 13 21 AJ -150R 60 20U 29 1745 25 4,7
207 96 12 13 o1 k4 29 Q1 22 o7 Ad ~75L 32 200 28 432 27 8.3
208 990 12 14 15 11 54 15 18 10 Ad 2150 75 22 72 886 25 3.9
209 g0 12 15 14 25 38 14 30 42 AJ 195L 5¢ 48 290 233 29 6.8
219 g0 12 1is 18 19 51 16 32 54 Ad -i05R 55 21U 29 1806 31 5.5
211 90 12 18 13 42 14 13 50 24 AJ 200L 50 48U 20 815 23 5.4
212 99 12 19 12 45 35 12 55 19 Ad iseL 33 21U 20 986 19 4.8
213 99 12 21 12 57 48- 13 10 04 Ad 205L 55 24U 20 2091 23 4.0
214 90 12 27 11 36 62 1i 49 21 AJ 210L 65 200 20 967 25 5.3
215 99 12 27 13 38 53 13 50 55 Ad -90R 45 200 20 1545 21 4.7




SATELLITE LASER RANGING OBSERVATIONS IN 1990
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(8) {9) (19} (11} {12) {13} {14} {15) {16}

No. ST TMP PRESS HUM ibt bBTs DTG COMMENTS
‘G m % s ns Hus

18} 7838 20.4 1011.4 60 6.7 -0.5 -9.1 DAYTIME

i82 7838 19.4 1011.4 ¥ 6.7 -a.5 ~9.1 DAYTIME

183 7838 17.8 io11.,9 62 6,3 -2.8 ~9.1 DAYTIME

184 7838 20.9 1011.3 45 6.6 ~0.8 -0.1 PAYTIME

186 7838 29.4 1009.,7 48 8.6 9.1 -8.1 DAYTIME

188 7838 17.8 1011.7 52 6.6 6.1 -9.1

187 7838 19.5 1919.1 52 6.8 -9.2 -0.1 DAYTIME

188 7838 29.0 1017.3 55 6.8 -9.3 -0.1 DAYTIME

188 7838 17.7 1018.,90 87 6.6 -0.4 -9.1 DAYTIME

199 7838 21.7 igiz.5 X 8.4 -1.3 ~-9.1 DAYTIME

181 7838 i7.9 1064.2 :3 6.7 -9.5 -8.1 DAYTIME

192 1838 17.8 1e04.7 51 6.3 -0.5 -8.1 DAYTIME

193 7838 ig.90 1066.¢ 48 6.8 -9.4 -9.1 DAYTIME

194 7838 15.1 1614.3 55 6.7 8.2 -8.1 DAYTIME

185 7838 14.3 1014.3 56 6.8 0.3 9.1 DAYTIME

198 7838 17.3 1615.4 T3 5.9 8.8 -¢.1 DAYTIME

187 7828 18.1 1014.1 74 6.9 8.9 -4.1 DAYTIME

198 7838 1z2.9 1¢15.90 45 6.7 0.7 ~8.1 DAYTIME

199 7838 13.3 1621.7 49 6.9 -1i.5 -g.1 DAYTIME

200 7838 11.8 ie22.3 58 8.6 8.1 -¢.1 DAYTIME

2901 7838 15.7 1021.,7 47 6.8 «0.8 ~0.1 DAYTIME

202 7838 14.2 1019.9 58 6.7 ~1.4 -¢.1 BAYTIME

203 1838 12.9 1¢08.8 80 6.8 9.8 -¢.1

204 7838 1e.2 10903.1 84 6.7 -1.1 8.1

205 7838 5.8 1el1.9 T4 5.8 -0.3 -8.1

206 7838 4,8 1912.1 81 6.8 -0.4 -8.1

207 7838 11.7 1914.8 50 6.9 0.9 -¢.1 DAYTIME

208 7838 10.3 1911.0 95 6.9 -8.4 ¢.9

209 7838 8,2 1016.1 58 6.2 -0.3 G.9

210 7838 8.3 1009.7 53 6.7 ~0.4 8.0

211 7838 6.6 1005.6 69 6.7 8.9 2.0

232 7838 8.5 i910.6 64 8.7 -0.5 .0

213 7838 9.9 1010.8 98 6.9 ~9.2 G.0

214 7838 4.1 i0i4.5 39 5.7 -9.2 ¢.0

215 7838 3.4 1015.2 14¢ 6.7 -9.2 3.0




18 SATELLITE LASER RANGING OBSERVATIONS IN 1920

{1} (2) Obs.Time{UTC}) (3) {4)Az. (5)Elev. (8} (T)Fitting
No. date caught lost SAT. ST MX CT LT RTN N BMS
Y M D h m s h m s ) ' : ) cm

1 90 01 05 02 42 49 ¢3 03 09 LG 140L | 85 383U 30 142 14 9.8
2 99 01 o7 15 36 51 16 24 57 LG 39R 70 20U 20 19583 23 12.2
3 29 01 10 15 ©3 27 15 49 55 LG 35R 60 21U 29 1082 23 1.2
4 92 41 11 81 25 05 a1 54 09 LG 1200 85 46U 31 288 14 1.4
b 99 91 16 13 57 42 14 38 @3 LG 48R 45 21U 29 581 1% 9.3
8 90 01 17 900 24 26 00 50 11 LG 195L | 50 48U 20 122 11 8.1
7 99 01 29 15 35 36 15 46 37 LG 25R | 80 31 81 57 T 9.8
1 99 01 21 17 44 29 18 16 060 LG 20L 50 24U 25 216 g 18.8
9 90 8@ 25 15 45 1t 18 16 33 LG 2sL | 85 21U 64 89 11 12.5
1¢ 9¢ 91 3¢ 69 22 27 08 40 24 LG 115L 60 BTU 29 312 8 8.9
11 8¢ 92 09 12 58 15 13 33 27 LG 45R | 45 220 28 6384 17 1e.8
iz 9@ 92 12 12 26 51 12 51 34 LG 59R a5 22U 31 292 14 12.0
13 90 92 18 14 03 43 14 45 07 LG 38R | 75 35U 20 2577 29 10.8
14 96 92 20 15 33 52 i6 18 54 LG 29L § 85 210 21 1255 25 1e.2
15 9@ 92 21 @2 17 56 02 21 51 LG ~190R | B5 45 38 46 27 4.4
i 90 92 27 13 ¢4 28 13 35 53 LG 36R 85 22U 52 242 27 9.4
7 90 23 06 14 95 52 i4 22 50 LG 251 85 22 87 252 25 .4
i8 90 93 97 12 44 27 i3 21 42 LG 35R | 65 22U 39 21¢ 27 190.7
19 98 93 09 13 32 05 14 98 35 LG 25R | B85 230U 53 1007 27 9.3
29 90 03 12 12 57 15 13 44 59 LG 30R | 75 21y 29 1280 31 12.2
21 90 93 13 11 37 49 12 18 38 LG 43R 45 210 20 335 27 11.3
22 80 03 15 i2 24 16 13 10 22 LG 35R 85 220 2o 615 27 10.2
23 99 03 18 11 22 o8 11 39 58 LG 50R | 35 35 22 191 21 8.2
24 9@ 93 19 14 91 22 14 46 38 LG S 25L | 75 24U 20 2276 27 9.3
25 98 03 22 i3 27 21 14 95 09 LG 251 89 25U 39 194 27 12.4
26 99 23 23 i2 94 37 12 46 58 LG 35R 85 234 27 1679 17 9.3
27 99 93 26 il 30 43 12 14 58 LG 35R 55 210U Ze 773 21 8.5
28 90 04 02 12 40 58 13 13 41 LG 25R | 85 44U 33 433 29 11.7
29 99 04 a5 12 42 58 12 45 19 LG 3OR | 15 330 20 1091 19 19.3
30 90 94 06 19 37 27 11 18 28 LG 40R | 45 20U 21 635 27 9.7
31 99 04 @9 19 o5 48 10 38 @8 LG 50R 35 21U 27 593 23 8.4
32 99 04 18 15 27 14 15 54 37 LG 2¢L 35 22U 24 437 31 12.4
33 90 ¢4 27 19 23 26 10 33 29 LG J5R 55 45U 23 113 2% 6.9
34 S0 04 28 | 12 27 01 12 58 @3 LG 25L | 75 37U 4e 55 2L 7.3
35 290 05 08 12 59 11 13 21 32 LG 20L, 55 24U 41 195 31 8.4
38 9@ 95 ¢9 15 086 35 15 27 54 LG 20L 3¢ 21U 2¢ 80 21 8.1
37 9¢ 05 14 11 58 49 12 15 42 LG 251, 75 62U 46 29 17 12.9
38 9¢ 95 21 12 48 03 13 12 o7 LG 20L | 5@ 3eU 41 59 25 12.3
39 90 05 25 10 49 22 11 24 28 LG 25L | 80 29U 41 315 31 14.0
40 9¢ 05 28 13 61 38 14 16 1@ LG 20L 33 27U 21 T8 27 13.¢
41 90 06 @7 18 58 49 11 23 54 LG 25L 76 85U 28 70 25 1¢.9
42 9¢ 06 16 12 45 21 12 55 09 LG 20L | 37 38U 34 18t 21 9.7
43 9¢ 08 22 11 31 99 12 92 13 Le 20L | 5¢ 35U 22 92 21 9.8
44 9¢ 07 i3 11 22 40 11 41 13 LG 20L | 37 34U 27 244 27 3.3
45 9@ o7 19 10 18 46 1o 29 32 LG 20L 85 45 24 149 21 5.8
46 09¢ 08 13 14 23 40 14 42 22 LG 75L 35 32U 28 274 31 5.4
a7 99 08 14 16 18 19 16 53 18 e L3eL | 76 31U 35 295 17 7.9
48 9¢ o8 15 98 22 27 08 25 21 LG 20L 860 37 44 34 21 3.4
49 9¢ 08 15 15 91 41 15 17 59 1.G 108l 5¢ 29 47 150 21 5.8
50 9@ 08 24 19 25 58 19 36 31 Lo 28L | 32 31 20 140 17 4.5
51 96 98 24 13 33 14 i3 54 94 LG 65L 32 32U 20 397 19 5.4
52 90 28 27 09 49 59 19 03 52 LG 206 4¢ 36 23 189 23 6.2
53 90 09 10 i4 41 17 15 22 @9 LG 120L 6¢ 21U 28 59 9 4,9
a4 96 99 12 15 28 49 i6 13 19 LG 149L 8@ 25U 23 37 11 4.0
295 90 16 o8 12 08 38 12 19 4¢ LG 8oL 37 36 32 117 21 4.6
56 99 1¢ 08 15 16 03 15 19 43 LG ~200R | 8@ 24 32 41 27 5.3
B 92 10 99 19 52 05 19 56 11 LG 50L 27 27 27 102 25 6.9
58 99 18 17 17 15 55 i7 41 49 LG -145R 39 20U 24 134 17 T.4
59 99 1¢ 18 89 18 49 99 28 41 LG 250 3¢ 28U 20 54 18 8.4
60 949 19 18 12 20 03 12 39 27 1.6 ool 5¢ 28 43 39 r7 5.6




SATELLITE LASERRANGING OBSERVATIONS IN 19%0
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{8) {9) (19) (LE) {12} (13 {14} (15} (18)
No. STN T™P PRESS nuM IDT DTS DTG COMMENTS
"G mb % ns us Bs
1 7838 | 10.9 1015.86 40 7.9 -9.7 8.5 DAYTIME
2 7838 2.3 1021.7 58 6.8 -1.4 0.5
3 7838 | 11.1 1004.0 63 6.8 -1.1 9.5
4 7833 | 13.3 1812.5 45 8.8 -1.%2 9.5 DAYTIME
5 7838 2.1 1004,2 88 8.5 -0.7 0.5
] 7838 9.2 1016.8 58 6.4 -e.8 0.5 DAYTIME
7 7838 2.8 1016.5 80 6.3 -0.8 2.5
8 7838 2.2 1915.5 53 6.2 -1.0 0.5
g 7838 | -1.0 1021.3 56 - 8.5 -0.4 8.5
10 7838 | 12.1 1011.0 57 8.8 -0.8 6.5 DAYTIME
11 7838 6.4 1023.7 63 6.4 -0.8 0.4
iz 7838 8.1 1012.1 53 6.3 -0.5 8.3
13 7838 6.0 ie13.4 69 5.8 ~-0.8 0.2
14 7838 7.9 1013.2 13 6.4 -0.7 8.2
15 7838 | 15.4 1016.2 87 8.8 -0.9 8.1 DAYTIME
16 7838 8.0 1816.8 87 8.5 -0.1 0.0
17 7838 5.8 1002.9 88 6.3 -0.8 -0.2
18 7838 4.8 1002.5 56 8.4 -0,2 -0.2
19 7838 7.5 1017.0 45 8.5 -0.9 ~0.2
29 7838 6.5 1005.8 46 6.4 0.1 -0.2
21 7838 §.58. 1018.7 57 8.5 -8.8 -9.2
22 7838 | 12.2 1009.7 53 8.2 -9.3 -9.2
23 7838 9.5 1013.8 88 6.4 -0.5 -0.2
24 7838 8.0 1019.6 84 6.9 ~0.3 -0.1
25 7838 9.7 1016.9 90 1.2 -1.¢ -¢.1
26 7838 | 14.1 1013.0 88 6.9 -1.1 -9.i
27 7838 8.9 1015.0 57 8.9 -0.7 6.0
28 7838 | 11.4 1008.5 83 6.9 a.1 0.0
29 7838 5.9 1908.2 80 8.8 -2.1 -9.2
30 7838 | 11.9 1011.2 59 7.0 -3.3 -9.2
31 7838 | 13.3 1006.4 87 6.8 -0.4 8.0
32 7838 3.2 1007.3 85 7.0 -0.7 -0.1
33 7838 | 16.0 10613.4 96 6.8 -0.1 -9.1
34 7838 | 15.3 | "1011.2 92 6.8 8.2 -0.2
as 7838 | 16.1 1000.3 77 8.5 -9.7 -9, 1
38 7838 | 15.4 1006.2 84 6.4 0.0 -0.2
37 7838 | 16.8 996.4 as 6.1 -0.4 “g.1
as 7838 | 17.7 998, 4 as 6.9 1.3 -8.1
39 7838 | 18,1 1005.6 84 8.0 1.8 -0.1
40 7838 | 14.8 1011.0 8g 5.8 0.0 -9.1
41 7838 | 20.3 1e1e.8 92 6.0 -0.3 9.0
42 7838 | 20.8 iee1.2 94 5.8 1.5 4.1
43 7838 | 27.1 1004. 4 76 5.5 1.2 a.2
44 7838 | 28.5 998.4 85 8.7 -0.7 0.1
45 7838 | 28.3 999, 4 81 8.8 -0.7 8.0 DAYTIME
48 7838 | 24.3 1002.1 97 6.1 ~1.0 -9.%
a7 7838 | 25.3 1004.5 98 8.5 -1.6 ~0.1
48 7838 | 28.4 1095.1 33 5.8 -1.8 -0.1 DAYTIME
19 7838 | 23.8 1006.2 95 5.5 -1.9 -9.1
5@ 7838 | 27.3 1600.¢ 70 6.8 -2.3 0.0
sl 7838 | 24.7 1060.5 80 6.7 -0.4 0.2
52 7838 | 25.7 1006.6 89 6.4 -1.3 3.0
33 7838 | 23.4 16085.6 91 7.0 8.3 0.3
a4 7838 | 25.8 1000.7 25 7.8 -1z 0.3
55 7838 | 19.1 998. 4 5 8.7 -1.1 -9.1
56 7838 | 18.1 1000.8 69 8.5 ~-1.2 ~8.1
57 7838 | 18.7 1008.4 69 6.8 -2.0 -0.1
58 7838 | 16.4 1006.6 88 6.8 -1.6 -0.2
59 7838 | 18.9 1005.8 60 6.6 -1.9 -90.2
a0 7838 | 14.8 1006.8 67 6.2 -2.0 -9.2




20 SATELLITE LASER RANGING OBSERVATIONS IN 1990

{1} (2) Obs.Time{UTC) {3) (4}Az. (5)Elev. (8) (7T)Fitting

No. date caught lost SAT. 5T M CT LT RTN N RMS

Y M D h m s h m s ' . cm

61 90 19 13 15 44 47 18 27 21 LG -180R 53 214 25 127 29 9.9
52 99 16 19 11 14 38 11 206 19 LG T0L 33 32 33 144 19 5.3
63 9¢ 10 19 14 59 22 15 23 10 EG -210R 85 43 33 134 27 7.1
64 9¢ 19 20 18 37 35 17T 14 12 LG -LBOR 38 21y 22 234 21 6.2
65 9¢ 10 23 99 23 58 09 49 36 LG 3oL, 25 258 20 114 19 4.0
[:1:3 90 10 23 12 58 45 13 i1 94 LG 1190L 55 48 21 185 23 19.3
87 90 10 23 16 97 41 18 43 18 LG -170R 45 330 20 86C 21 6.9
68 890 16 24 11 21 431 11 32 45 LG 801, 3T 31 37 29 13 7.3
69 99 10 26 08 50 14 39 09 2o LG 25L 25 230 29 247 15 6.9
79 90 10 31 12 34 34 12 851 s3 LG iiel 55 52 20 510 25 6.5
T1 g6 11 02 13 31 28 13 49 19 LG 130L 70 41 21 205 21 5.7
12 90 11 @6 11 i2 3¢ 11 38 58 LG 905 40 32U 30 442 29 5.8
73 99 11 13 12 33 31 12 48 12 LG 126E B5 49 29 B85 21 3.8
T4 99 11 14 10 46 22 11 22 i9 LG 9oL 49 22U 21 528 21 4.7
15 90 i1 15 12 47 26 13 34 53 LG 1400 89 220 20 263 27 4,9
76 99 11 18 11 38 57 11 45 12 LG 110L 56 37 52 71 25 13.1
17 90 11 21 11 41 25 12 26 17 LG 120L 65 21U 20 845 27 5.3
18 g8 11 22 10 32 48 11 03 o2 LG 90L 40 324 20 551 25 5.9
19 90 11. 36 13 52 o1 14 15 53 LG -190R % 68U 22 1083 27 9.1
860 90 12 04 @5 99 05 05 32 37 LG 1sL 49 23U 23 115 31 7.2
81 0Q¢ 12 04 il 54 53 12 20 55 LG 13el -75  B3U 20 387 3 ii.4
32 9@ 12 05 @3 37 535 %4 04 21 LG 20L 60 59 5% 122 19 5.1
83 90 12 95 19 17 12 1@ 57 33 LG 190L 58 21U 20 1404 31 2.3
34 90 12 08 Q2 48 12 92 52 57 LG 258, 85 50 37 338 21 2,7
85 90 12 08 12 31 41 £3 89 14 LG ~210R BS 48U 20 1945 27 8.3
38 ¢ 12 o7 11 33 47 11 45 44 LG 128L §5 48 21 318 21 8.5
87 9¢ 12 19 19 32 19 11 11 53 LG 110L 55 28U 20 2757 25 7.9

: B8 9% 12 19 14 ¢2 14 14 40 18 Lg -170R 45 230 28 863 21 7.4
g9 99 12 11 A8 20 11 09 48 50 LG 801, 38 29U 29 429 31 7.1
99 90 12 12 B8 05 ©8 48 28 21 LG 50L 28 230 20 177 29 7.1
91 90 12 14 12 01 44 12 42 42 LG -210R 85 23y 35 913 21 6.5
92 99 12 13 14 38 o8 14 55 65 LG ~EBOR 37 31 20 345 23 9.8
83 99 12 18 19 08 43. 10 56 40 LG 1ieL b5 2rU 23 1535 25 8.8
94 89 12 18 13 57 13 14 23 18 LG ~170R 45 440 29 373 31 3.6
95 99 12 19 o8 55 97 09 28 33 LG 8oL 33 224 20 818 21 5.9
96 9¢ 12 19 12 15 27 12 43 05 1.6 -200R 75 228 To la72 27 5.3
a7 90 12 25 91 21 28 ¢1 33 49 LG J0R 85 82 51 51 21 3.3
a8 90 12 28 93 29 20 93 33 5 LG 2oL 55 51 59 27 ig 3.2
99 99 12 27 12 23 40 12 43 20 LG -28¢R 75 41U 20 1589 21 6.6




SATELLITE LASER RANGING OBSERVATIONS IN 1990 21
(8) (9} {10} (i1} (12} {13} (14} {15) {16}
No. STN TMP PRESS HUM IDT DTS DTG COMMENTS
'C mb % ns BSs us
61 7838 17.2 1997.3 81 5.8 ~2.1 -9.2
82 1838 15.0 1008.0 83 8.7 2.9 -0.2
B3 7838 15.4 1098.2 72 6.8 -3.1 9.1
64 7838 14.86 1009.7 83 5.8 -1.2 -a.1
65 7838 16.6 1008.6 T8 6.7 -1.3 -0.2
1 7838 16.0 1099.3 77 6.8 -1.4 -9, 1
87 7838 15.9 1007.7 73 5.7 -1.6 ~-0.2
68 7838 15.5 1006.2 83 &.8 ~2.2 -0.2
69 7838 15.9 996.8 73 7.8 ~1.4 ~0.%
e 7838 15.4 19r1.0 75 6.4 -1.1 -0.1
T1 7838 13.5 10909.0 87 6.0 ~1.8 -0.1
72 7838 15.3 1008.2 88 8.5 ~3.6 -0.1
T3 7838 12.8 1917.8 98 7.8 -0.4 -0.1
74 1838 13.3 1011.98 3g 8.5 -0.6 ~9.1
75 7838 13.58 1015.2 70 6.5 2.0 -0.2
76 T838 13.2 1913.4 91 6.6 -%.5 -0.1
7 7838 T.4 1912.8 81 6.2 -8.3 -9.2
78 T838 8.2 1016.7 87 8.3 0.3 ~0.1
19 7838 8.7 989.86 82 8.4 0.2 -90.1
1] 7838 14.1 i019.5 48 6.8 -1.8 -9.1 BAYTIME
81 7838 3.4 1021.5 63 8.7 -1.9 ~0.1
82 7838 15.3 1020.2 5T 7.2 9.1 -0.1 DAYTIME
83 7838 3.9 1621.0 88 8.4 -2.2 -9.1
84 7838 15.4 1020.2 45 5.8 -0.6 -9.1 DAYTIME
85 7838 4.1 1019.9 69 6.8 0.9 -9.1
86 7838 $.1 1017.3 11 5.7 -1.8 -2.1
87 7838 12.4 1008.8 85 6.8 0.8 ~8.1
88 7838 11.8 1008.6 83 6.8 Q.8 -f.L
89 7838 19.0 997.5 54 5.7 -8.5 -9.1
90 7838 2.1 1099.3 61 8.4 ¢.0 -8.1
91 7838 9.3 1ei12.5 99 6.8 ~0.3 9.0
92 7838 3.1 1009.9 57 6.8 -¢.3 4.0
23 7838 7.9 1004.90 65 6.7 -8.9 3.0
94 7838 6.¢ 1005.8 72 6.7 0.0 9.0
a5 7838 7.3 10038.3 62 8.6 -9.4 2.0
96 7838 6.5 101¢.8 64 6.7 -8.5 9.0
87 7838 9.8 1613.9 52 8.8 ~1.8 9.9 DAYTIME
g8 7838 15.5 997.9 62 8.8 -2.3 9.9 DAYTIME
99 7838 3.4 1914.7 81 6.8 ~3.2 9.9




22 SATELLITE LASER RANGING OBSERVATIONS IN 1990
(1} (2} Obs.Time{UTC) {3) {4}Az. {5)Elev. {8) (T)Fltting
No. date caught lost SAT. ST MX ©T LT RTN hi oMs
Y M b kh m s t m s ! . ) ) cm
i 99 01 18 12 45 39 12 52 13 ST -190R 45 234 20 389 19 13.3
2 a0 81 17 1r 15 18 11 22 54 ST 215L TO 21U 20 385 24 1.3
3 90 o1F 20 17 45 10 17 50 48 8T -45R 15 21U 51 18¢ 13 4.1
4 90 91 21 16 16 59 18 2i 58 ST -200 { 32 24U 23 62 11 9.1
5 S0 @1 23 09 33 48 09 36 57 ST 225L 8¢ 22 170 50 8 6.9
] 90 01 26 248 44 09 08 S0 53 ST -130R 85 31U 20 537 22 1.2
T 96 @1 30 98 12 38 Q8 18 48 ST -100R | 45 24U 24 331 1t 0.7
8 9¢ @2 92 a5 32 27 e5 39 27 ST 19s5L 45 22U 21 551 17 11.3
g 90 02 o2 07 22 28 @7 28 38 ST ~-g5R 40 280 29 655 15 9.1
10 90 02 ©5 0B 32 a7 98 a7 41 ST -95R | 40 320 21 297 2 18.0
11 9 02 89 04 13 53 84 17 31 ST -i30R | 85 84 24 288 12 1e.7
1z 99 92 83 i1 31 131 1k 37 30 ST -56L { 80 23U 30 459 25 12.1
i3 90 02 13 43 39 21 23 46 33 ST -100R 5¢ 280 20 264 1 %) 12,2
14 99 92 17 23 11711 03 14 42 ST -80R 35 31U 20 139 15 8.8
15 90 02 24 25 30 o2 @5 35 17 ST -30R 38 31U 20 238 15 8.4
186 90 063 e8 22 04 41 32 12 48 ST ~4QR 55 22U 22 288 25 8.¢
11 99 83 21 16 99 20 i8 08 46 ST -35R 45 38U 20 349 28 T.2
18 29 03 22 14 28 55 14 35 54 ST 225L 99 38U 29 243 27 8.5
19 g0 03 23 12 59 3¢9 13 04 23 ST i185EL | 35 258 29 129 21 9.7
20 99 ¢3 26 14 ¢1 43 14 05 31 5T ~195R 5% 49 20 233 23 8.7
21 9¢ 04 Q5 09 53 42 10 82 54 ST 225L 85 21U 29 67 21 9.5
22 9¢ 04 08 19 13 25 19 22 i¢ ST -11¢R 55 21y 21 475 21 7.9
23 9@ 94 o9 07 36 48 @7 39 48 ST 185L 35 270 28 54 21 7.8
24 99 04 @9 29 23 21 29 36 41 ST -185R 55 25U 24 332 23 8.5
25 90 04 18 28 15 4¢ 98 17 a7 ST 2201 B0 76 41 82 31 13.3
26 90 04 18 05 91 49 95 07T 37 ST 200L 45 21y 32 90 21 9.6
27 90 04 18 06 53 46 96 58 13 8T ~90R 49 384 29 198 21 9.1
28 ¢ 04 25 1i @9 59 11 @9 42 5T ~855L 1 75 280 20 451 21 8.0
29 96 94 27 09 59 19 09 58 20 ST -45R 7@ 25U 26 226 21 8.3
3¢ 98 95 o1 01 58 18 Q2 05 3¢ ST -115R 69 23U 20 158 27 7.8
91 90 065 21 @7 32 37 a7 37 98 ST -20R 35 33U 20 163 29 8.2
3z S8 05 25 00 45 00 09 51 31 5T -40R | 85 32U 19 204 21 9.7
33 90 05 28 01 93-27 9L 10 52 ST -55L Te 23U 29 38 18 3.0
34 2¢ 846 22 14 08 ¢1 14 14 07 ST ~-25R 32 230 20 233 3t 10.1
35 2¢ 97 18 90 37 43 00 45 25 ST -185R §5 334 20 106 27 5.9
38 99 07 19 00 56 38 1 04 13 8T -85R 37 220 21 55 21 4.8
37 g9 o7 28 23 18 31 93 2o 27 ST -30R 49 30 38 B84 25 5.2
38 30 07 27 a3 38 32 03 43 57 st -49R 55 24U 33 58 15 6.1
39 9¢ 98 10 0@ 56 @9 29 59 29 ST -ToL 49 390 23 85 27 3.8
40 998 08 15 14 o1 @3 14 06 40 ST 205L 5b 27U 28 224 27 4.4
41 99 a8 24 11 27 58 11 35 34 ST 225L TS5 23U 29 187 21 3.1
42 99 98 28 19 59 13 11 00 22 5T -105R { 55 44 51 125 21 9.8
43 80 08 31 19 08 ¢38 1¢ 13 18 ST ~100R | 45 38U 18 387 25 5.4
44 9¢ 09 o1 a8 37 35 a8 43 55 ST 210L 85 35U 20 148 23 5.7
45 9¢ 99 03 14 47 51 14 52 04 ST ~-39R 48 270 34 408 23 4,1
48 9¢ 98 04 15 Q8 25 15 £3 59 ST -408 70 23U 22 453 29 4.8
47 89 09 o5 15 25 30 15 33 27 5T -565L 85 21U 29 840 25 4.0
48 39 19 @9 92 48 21 22 55 2¢ 8T -35R 38 220 22 206 31 7.2
49 9¢ 10 17 16 52 35 17 02 o1 5T 200L fF 50 217 20 290 19 5.6
58 90 10 2¢ 15 o1 31 16 10 44 ST 200L | 53 21U 22 288 21 4.9
51 9¢ 10 23 15 19 29 15 20 o7 ST 205L 60 21U 21 183 21 4.6
32 9@ 19 28 14 19 31 k4 28 59 ST 21oL 85 21U 22 B5 19 8.5
a3 90 16 31 14 08 11 14 17 01 ST -1008 50 23U 20 346 31 6.4
34 8¢ 11 o2 12 57 15 i3 06 43 ST -115R 65 22U 21 337 2L 5.4
55 99 11 ©6 12 37 30 19 45 39 5T 200L 55 24U 21 2is 25 4.9
38 9¢ 11 13 09 15 18 83 22 35 ST ~-120R TS 270 28 497 25 3.2
57 96 11 14 97 48 46 B7 53 04 ST 195L 4¢ 40 20 207 25 4.9
58 90 11 14 09 35 37 09 39 11 ST ~100R 45 29U 44 90 198 3.8
59 9¢ 11 15 89 55 58 10 909 29 ST ~-84R 32 250 25 161 23 8.8
60 99 11 18 98 25 50 a8 32 22 ST ~120R 65 41y 21 269 ig 3.7

j—




SATELLITE LASER RANGING OBSERVATIONS IN 1990
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{3} {9) (19) {11} (12) {13) {14} {15} {186}
No. STN ™P PRESS HUM IbT DTS BTG COMMENTS
T mb % ns us us
1 7838 2.5 1994.9 a3 8.5 -8.8 0.5
2 7838 5.3 1914.3 14 8.8 0.0 4.5
3 7838 3.3 1016.7 6¢ 8.5 ~0.8 9.5
4 7838 2.3 1415.6 83 6.9 -1.0 8.5
5 7838 2.8 1005.6 54 6.2 -i.8 6.6
6 7838 4.7 in21.5 50 6.5 -8.4 8.5
7 7838 g.1 ig1i.0 55 6.4 ~-8.9 2.5 DAYTIME
8 7838 8.6 1028.2 57 6.6 2.5 2.5 DAYTIME
9 7838 9.8 1629.8 53 6.8 ¢.5 .5 BAYTIME
19 7838 12.2 1017.9 53 8.4 0.0 2.5 BAYTIME
11 7838 13.5 1918.4 59 6.5 -0.7 0.4 DAYTIME
12 7838 7.9 1923.90 80 8.4 -0.8 %.4
13 7838 1¢.8 1915.4 55 8.3 0.0 2.3 DAYTIME
14 7838 13.9 1617.9 44 6.1 -0.8 2.2 DAYTIME
13 7838 18.8 1000.9 81 6.9 -0.9 0.1 DAYTIME
18 7838 9.4 1011.9 a8 6.5 9.4 -0.2 DAYTIME
17 7838 8.5 10186.5 53 T.1 -9.7 -0.1
18 7838 9.8 1¢16.9 90 7.1 -1.% -8.1
18 7838 13.7 1813.0 89 6.8 -1.2 ~-8.1
20 7838 7.8 1015.8 46 7.1 -8.7 8.9
21 7838 7.8 1005.8 83 7.0 ~9.1 -0.2
22 7838 12.1 1¢10.8 58 7.0 -0.3 -0.2
23 7838 16.8 1904.8 56 7.2 -8.3 2.0 DAYTIME
24 78338 14.2 1065.3 85 7.9 -9.2 0.0
25 1838 17.1 997.7 60 8.3 B.0 -8.1 DAYTIME
26 7838 15.3 1004.0 54 7.9 -9.6 -0.1 DAYTIME
27 7838 14.7 1004, 9 54 7.9 -0.8 -0.1 DAYTIME
28 7838 10.9 1012.2 71 6.4 -0.8 -9.2
29 7838 17.1 1013.8 93 6.8 8.0 -9.1
30 71838 17.9 1009.4 42 6.8 -0.5 0.1 BAYTIME
31 7838 18.2 1008.4 52 6.8 -0.6 -9.1 DAYTIME
32 7838 21.9 1004.7 59 6.7 i.7 -0.1 PAYTIME
33 7838 19.8 | 1011.7 47 5.8 1.8 ~-9.1 BPAYTIME
34 7838 25.2 1005.1 81 8.5 1.3 0.2
35 7838 28.7 ag1.? T 5.8 -0.8 0.3 BAYTIME
36 1838 29.5 999.2 78 8.4 -0.7 .1 DAYTIME
37 7838 30.1 998.9 15 7.8 -1.0 8.0 BAYTIME
38 7838 28.4 1009.5 81 7.8 -0.1 9.0 DAYTIME
39 7838 | +31.2 991.3 61 6.5 -6.2 -8.1 PAYTIME
14 TBUS 24.2 10086.4 94 8.7 ~1.9 8.1
43 7838 25.8 1009.5 79 6.4 -9.3 3.9
42 T838 26.9 1809.3 79 8.8 -7 9.0
43 7838 26.8 1005.3 92 6.8 ~1.3 0.0
44 7838 26.9 10604.6 78 6.8 -1.3 0.1 PAYTIME
45 7838 24,4 1¢01.9 94 8.7 -2.0 0.2
46 T838 23.0 1006.9 89 6.7 -2.3 0.2
47 7838 22.8 1911.9 95 5.8 -2.7 6.2
48 7838 24.3 £008.3 58 6.5 -1.5 -3.1 DAYTIME
49 7838 16.7 1006.9 20 8.7 ~1.8 ~0.2
50 7838 1d.4 1009.9 88 6.7 ~1.2 9.1
51 7838 15.8 1068.9 T7 6.7 -1.5 -0.2
52 7838 14.8 1901.8 T9 6.7 -1.5 -2.1
53 T338 14.7 10L0.7 79 6.5 -1.1 -9.1
54 7838 13.9 1908.8 85 5.2 ~1.5 9.1
55 1838 15.7 1008.9 a7 5.6 -9.8 -8.1
56 7838 15.3 1917.5 87 6.7 -%.3 -4.1
57 1838 18.2 1011.9 13 6.8 -5 -0.1 DAYTIME
58 7838 14.6 1011 .4 4] 8.3 3.6 -0.1
59 7838 16.8 1013.8 58 5.6 6.0 -9.2
B 1838 15.7 1018.2 77 6.8 -0.4 -9.1




] SATELLITE LASER RANGING OBSERVATIONSIN 1990
{1} {2} Obs.Time{UTC) (3) {4)Az. {5}Elev. {6) (7T}Fitting
No. date caught lost SAT. ST MY CT LT RTH N RMS

Y M D h m s h m = : ' . : cm
133 99 11 19 27 38 18 87 49 44 sT -1i0R 68 5@ 25 251 21 4.7
62 99 11 21 €6 24 41 08 31 09 ST -L1306R 85 41U 21 183 23 6.1
63 |90 11 21 13 .43 47 13 53 45 ST -50R 85 21U 22 140 21 3.9
64 99 11 22 06 43 31 08 49 486 ST ~110R 55 29U 25 529 23 5.7
) 99 1} 22 12 14 29 12 23 03 ST -38R 40 29U 20 698 27 4.5
66 ] 98 11 27 04 47 €3 04 48 28 ST -120R 70 45 28 48 29 4.0
67 90 11 3¢ 09 23 84 09 30 13 ST -30R 35 21U 20 494 25 6.1
88 [ 90 11 3¢ Rl L7 50 11 20 43 ST «55L | 70 48 2% 172 25 4.6
69 | 90 12 @3 03 00 18 03 07 21 ST -110R 60 23y 22 481 29 6.4
79 | 90 12 @4 03 20 31 @3 26 35 ST -85R | 35 228 20 288 27 5.2
73 9¢ 12 04 19 41 18 10 48 1 5T -75L 35 24U 29 499 31 7.2
12 9¢ 12 05 01 54 08 0L 57 18 ST - -130L | 75 72 22 299 23 4.8
73 90 12 ©5 09 10 27 09 19 34 ST -5QR { 85 22U 2¢ 983 31 5.0
74 90 12 06 07 41 32 07 48 37 ST ~25R { 38 220 20 801 25 5.3
75 90 12 08 89 3¢ 97 089 38 39 ST -68L | 85 220 20 1152 21 6.1
76 1 96 12 07 02 292 51 92 35 3¢ ST -85R | 33 21U 21 387 23 5.4
7 2 12 87 99 58 27 88 56 45 ST -85L 30 220 20 657 21 6.2
78 § 99 12 11 00 Q9 18 80 15 55 5T -120R | 75 31U 20 732 25 5.4
79 F 99 12 12 09 29 19 00 34 5% 8T -95R | 40 29U 20 511 29 8.0
80 99 12 12 06 @1 32 06 95 43 ST -30R 45 36U 29 387 25 5.4
81 99 12 12 07 51 34 07 56 14 ST -ToL | 45 41U 20 472 25 5.4
82 | 90 12 18 04 19 47 064 25 35 ST ~«30R | 5¢ 37U 20 455 25 4.7
83 | 9012 19 04 42 48 04 45 24 ST -50R 85 49U 20 227 27 3.4
84 9¢ 12 20 03 68 33 03 13 12 ST -25R { 35 280 27 287 31 5.3
85 90 12 25 92 55 41 03 ©3 38 ST ~55L 1 7¢ 21U 20 385 25 4,2
86 9¢ 12 27 Q1 45 32 01 53 0 ST ~40R 65 21U 22 443 3L 6.8
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(8} (9] (19} (11} (12) (13) (14} (15} {18)

No., STN TP PRESS HuM IDT DTS DTG COMMENTS
' mb % ns us us

Bi 7838 ig.1 1¢12.8 82 8.5 -1.4 -9.2 BAYTIME

62 7838 14.8 1007.3 48 6.5 -0.3 -@.1 DAYTIME

63 7838 6.4 1913.5 84 6.4 -9.2 -8.1

64 7838 13.7 1014,7 59 6.4 9.3 0.2 DAYTIME

65 7838 8.6 101s5.9 78 6.4 9.4 -0, 1

88 7838 18.1 1013.4 79 6.8 1.¢ -9.1 DAYTIME

687 7838 171.8 979.4 16 6.5 0.2 -9.1

:3:] 7838 17.3 985.3 T8 5.9 0.2 -0.1

89 7838 13.4 i01i5.2 44 8.8 8.7 -0.i DAYTIME

i 78338 14.1 1029.8 46 6.8 1.8 ~@.1 DAYTIME

71 7838 8.7 1021.0 62 6.8 -1.9 -2.2

T2 7838 15.5 1021.8 568 6.7 4.9 0.1 BAYTIME

T3 7838 9.8 1928.7 84 6.7 -8.2 ~g.1

T4 7838 14.0¢ 1019.5 55 6.6 -0.7 -9.1 DAYTIME

75 7838 9.9 101%.9 70 5.9 ~9.8 8.1

75 7838 17.9 1018.1 51 6.8 -1.5 -9.1 DAYTIME

T 7338 11.3 1917.1 63 8.7 -1.8 -9.1

18 7838 13.8 1096,2 82 6.9 2.8 -8 DAYTIME

T9 7833 12,9 1099, 3 53 6.9 -1.8 -9.1 DAYTIME

8¢ 7838 13.2 19007.7 5@ 6.8 -2.9 -0.1 DAYTIME

81 7838 2.8 1008.9 58 ;) 8.1 9.1 DAYTIME

82 7833 11.3 1002.9 51 6.7 -0.7 -9.1 DAYTIME

83 7838 12.5 o0r.7 44 8.7 -9.2 -0.1 DAYTIME

34 7838 13.0 1010.8 55 8.4 -0.7 e.0 BAYTIME

85 7838 11.3 10117 59 5.5 -1.8 2.0 BAYTIME

86 1838 7.8 1007.5 87 6.8 -2.9 0.0 DAYTIME




26 SATELLITE LASER RANGING OBSERVATIONS IN 1930

(1) {2) Obs.Time{UTC) {3) {4)Az. {3})Elev. (B} {7}Fltting
No. date caught lost SAT. ST M CT LT RTN N RMS
Y M4 B h m s h m s ' ' ' ’ cm

1 9¢ 9 20 13 58 47 14 5 40 AT 1991, 45 31U 24 241 31 3.3
2 9¢ 9 29 16 6 59 18 7 @ AJ 250R 6¢ 31 28 ii 7 1.1
3 98¢ 9 2¢ 2¢ 4 25 29 15 19 AJ 320R 40 22U 20 3603 31 3.6
4 30 @ 21 17 10 20 17 16 22 Ad 29eR 38 37U 20 127 31 2.8
5 g6 & 21 19 12 33 19 29 19 AT 320R 35 31U 20 18L 31 3.2
6 92 9 26 12 40 11 12 40 2% AlJ 280L 55 53 52 8 5 1.2
T 99 9 26 14 49 49 14 43 28 AJ 266R 55 53U 47 33 15 3.3
g 90 9 286 16 47 25 16 49 15 AJ 310R 33 29 23 8 ] 1.8
9 80 3 28 18 48 21 18 53 8 Ad 3208 45 448 29 10 T 5.3
12 99 10 1 12 8 13 12 19 2 AT 236L 99 35 53 71 i5 3.4
11 9¢ 16 1 14 18 13 k4 29 53 AJ 286R 490 3% 21 41 20 4.1
12 9¢ 16 1 18 20 48 18 28 22 AJ J20R 865 53l 25 58 27 4.2
13 94 16 2 11 14 51 11 8 17 AJ 210L 65 37 62 81 31 3.9
14 98 10 2 13 16 29 13 20 & aAJ 279R 50 30 48 68 25 2.3
15 90 19 2 17 28 11 17 34 28 Ad 320R 50 490 29 142 31 3.9
i6 90 19 4 15 35 12 15 37 14 AJ 329R 35 25 32 1990 31 3.0
T 990 10 4 17 37 271 17 47 5 AJ ‘310R 85 30U 31 383 31 3.4
13 89 190 4 19 43 45 19 48 19 AJ 290L 4¢ 39 24 27 15 3.7
19 90 1¢ 8 18 4 4 18 7T 38 AJ 320R S5 36 54 24 15 9.9
29 99 1¢ ¢ 11 5 42 11 8 8 AJ 28R 69 57 45 48 15 2.7
21 90 16 ¢ 13 5 44 13 8 35 CAd 31¢R 33 28 33 35 21 2.4
22 ¢ i 92 15 12 52 15 17 51 Ad 329R 45 43U 286 162 21 3.7
Z23 99 16 9 1T 18 45 17 19 47 Ad 310L 89 47 a7 35 2% 3.2
24 89 10 15 g 43 51 9 47 56 Al 260R 50 49 39 267 21 3.1
25 990 10 15 11 44 5% 1} 51 55 At 3L0R 33 24y 27 335 21 2.9
26 99 19 15 15 57 44 18 1 24 AJ 300L T8 48 20 273 21 3.3
27 g0 10 186 8 53 58 8 54 32 AJ 259R 85 42 38 g T Q.1
28 99 16 21 14 23 40 10 33 1 AJ 310R 33 22y 21 369 13 12.7
29 9¢ 1¢ 21 12 28 39 12 38 9 AJ 329R 5¢ 25U 20 47g 21 3.3
39 9¢ 10 23 1¢ 38 56 1¢ 46 32 AJ 320R 35 26U 28 333 21 3.3
31 90 10 23 12 38 51 12 51 38 AJ J1¢R 79 24U 25 632 27 3.3
32 90 10 23 14 47 38 k4 52 17 AJ 28¢L 35 35 20 137 21 3.6
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(8} {8} (12} (11} {12} (13) {14") (i3} (16}

No. STN TMP PRESS HUM DT DTS DTL COMMENTS
C mb % s us us
H 73903 15.8 1007.4 38 50.3 6.4 4.6
2 1303 15.5 1007.8 36 50.4 6.4 2.8
3 7303 16.4 1008.4 33 50.3 6.4 8.8
4 7303 18.4 1008.86 g1 50.7 6.4 0.8
5 7303 16.6 1008.4 10 50.6 6.4 9.8
[ 7303 ig.9 1013.1 79 50.7 6.4 2.1
T 7303 20.4 1011.6 76 50.7 6.4 9.1
3 7303 12.8 191¢.6 78 50.8 8.4 9.1
9 7303 20.2 1019.5 T8 50.8 6,4 0.1
i9 7303 16.9 1008.7 95 50.7 6.4 0.3
11 7383 15.7 1008, 4 94 56.7 6.4 0.3
12 7303 15.2 1095.9 a7 50.8 6.4 0.3
13 73903 168.9 1919.4 86 50.7 8.4 8.2
14 T303 16.8 1010.8 82 56.5 8.4 2.2
15 7303 15.9 1019.5 92 50.7 B.4 2.2
18 7303 19.1 1098.3 98 50.7 6.4 e.2
17 7303 18.5 1005.6 a7 50.7 8.4 4.2
18 T303 18.9 1096.1 a7 50.8 §.4 @.2
19 7303 14.3 1905.9 38 50.7 6.4 2.3
20 7303 13.0 1913.0 71 59.8 6.4 0.2
21 T303 13.0 1914.3 71 50.7 8.4 0.2
22 7303 11.7 1015.4 67 59.8 6.4 0.2
23 7303 9.t 1016.0 9 50.7 6.4 8.2
24 7303 18.7 1406.3 85 50.5 8.4 0.3
2 7303 15.4 1006.5 99 50.4 6.4 9.3
26 7303 15.2 1295.7 100 50.4 5.4 9.3
27 7303 171.2 19084.5 32 25.3 8.4 9.2
28 7303 17.8 1910.8 58 5.8 8.4 Q.2
29 1303 17.7 19::.9 55 58.3 6.4 0.2
30 7323 14.0 19908.9 85 50.8 6.4 0.3
31 7303 13.9 1009.3 T7 50.7 6.4 2.3
32 7303 12.5 1008.7 82 50.8 6.4 0.3




28 SATELLITE LASER RANGING OBSERVATIONS IN 1990

{1) ({2) Obs.Time(UTC) (3) (d4)Az. {5)Elev. (6} {7T)Fitting
No. date caught lost SAT, ST MX €T LT RTN N RS
Y M D h m s h m s ' * ) : cm

1 96 9 20 15 21 & 15 29 3¢ LG 149L 80 50 175 B 25 2.5
2 899 1¢ 15 i3 22 14 13 25 23 LG 110L 55 43 37 36 11 3.8
3 899 1¢ 15 16 54 27 17 5 7 LG 190R 50 39 21 121 21 3.5
4 90 19 22 17 47 39 17 57 52 LG 238R 25 24U 29 42 1 3.8
5 09¢ 10 23 16 7 20 16 24 7 LG 190R | 50 29U 49 64 21 2.5




SATELLITE LASER RANGING OBSERVATIONS IN 1990

(3) (9) (10} {14} (12} (13) {14} (13) (16)
No. 5T™ THP PRESS HUM DT DTS DTL COMMENTS
"C mb % ns ns us
1 7303 15.6 1007.8 87 5¢.4 6.4 2.8
2 7303 15.9 1006.8 1480 49.93 5.4 G.3
3 7303 14.1 1005.3 190 50.¢ 8.4 2.3
4 7303 12.2 10809.5 89 50.2 6.4 0.3
5 7303 12.8 1998.3 85 50.3 6.4 9.3




PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

PHOTOGRAPHIC DIRECTION OBSERVATIONS
or
AJISAIIN 1989 AND 1990

Summary -Photographic direction observations of Ajisai by satellite cameras at Tusima, Oki $yoto,
Minami Daito Simaand Simosato Hydrographic Observatory (SHO) were made in 1988 and
1989. 10 photographs were taken by the fixed satellite camera at SHO, while 8 were taken by
the transportable camera at Tusima, Oki Syoto and Minami Daito Sima.

Key words:  satellite camera-Ajisai-photographic direction observation

1. Observation

Photographic direction observations of Ajisai by satellite cameras at Tusima, Oki Syoto, Minami Daito
Sima and Simosato Hydrographic Observatory (SHO) were made in 1989-1990, The fixed satetlite camera at
the SHO is an astronomical telescope with a plate holder controlled by a personal computer (Kanazawa, 1989),
The transportable camera is an astronomical telescope with a manually controlled plate holder. The plates used
inthese observations were Kodak professional plates Type TMAX100.

The observation schedule was determined by considering the slatus of flashing, the elevation of the
satellite, its distance from the Moon and the possibility of common view. Each plate was exposed 10 seconds
and about 30 flashes of the satellite were taken together with the image of the stars,

2. Directlonal data of Ajisal's flash

The positions of images on the developed photographic plates were measured with a comparaterby a
contractor. ‘The positional data of flash and star images were converted into right ascension and declination by
the Satellite Data Analysis Computer System (Nagamori 1989). The Star Catalogue used this computation are
SAQ. This computation were based on J2000,

The observed and computed data are shown in Table 1,

‘The computer programs were made by K, Asai of Satellite Geodesy Office and the data analysis was
made by K. Kawai of Satellite Geodesy Office. This report was written by K, Kawai.,

Reference

Kanazawa, T., 1989: Dafa report of Hydrogr. Obs., Series of Satelfite Geodesy, No. 2, p. 50.
Kubo, Y., 1989: Data report of Hydrogr, Obs., Series of Satellite Geadesy, No., 2, p. 72.
Nagamori, K., 1989: Data report of Hydrogr. Obs., Series af Satellite Geadesy, No, 2, p. 59.
Kawai, K., 1989: Data report of Hydrogr. Obs., Series of Satellite Geodesy, No. 3, p. 36,
Kawai, K., 1990: Data report of Hydrogr. Obs., Series af Satellite Geodesy, No. 4, p, 38,
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Table 1. Directional data of Ajisal's flash

Explanation
Column 1 Serial number
2 Observation date
3 Observation time (UTC)
(Epochof the exposure)

4 R. A, (Right-Ascension) of sateliite flash
5 Decl. (Declination) of satellite flash
6 StationID.  7838: Simosato Hydrographic Observatory
7302: Tusima
7303: OkiSyoto
7304: Minami Daito Sima
7 Melteorotogical data;
' TMP: Atmospheric temperature
(degree centigrade)
HUM: Relative humidity(%)
PRESS: Atmospheric Pressure
(millibars)




PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

32

{5)
Dect.

{4

{3}
tine

o= —
W g

PR~ X - R ]
— s

oSS
R

Do OoO o

-

PO OO
B R

OSSO o

st n

9 28
9 18
9 28
9 28
9 28

(2}
date

[~ R R R
ot ot d h ot

Foocooo

" ——

T O Y L O O
o0 20 ol D &

LR S
vy oy ot

L= = = =)

—

LR R K R
o oD D oD o

o B R ]
g

Lo e - —

—

L= =L
o0 O O o O

[ = e
LUt )
=N — R — -
—

DO Do
[ R RN
Lor e e e
s et

T oo
La=i == - =]

s
L R ]

SO oo O

—— o — —

=== -
o0 6D 00 00 e

(1)
Ko

_— e D e

W= oo O
—

— TN OB
R R )

{6
48
49
50

—_— o m
[P RV RVoRV RV




PRESS

(1)

lHUM

33

THP

F=go RN ]
[ R ]
SO OSD
—t

/N.DGGGS
O\ D D D D WD

10908

i6.6 109

(5)
Decl.

9%
120
206

20 24 38
0 25 3t
20 26 26

20 24

(3)
tine

EY &) o o> od oo
T3 O 6 O O

g . N ]

LD A AT WD D
ot — oy

o Y O
At s

[FRV RV RV Ry
— ey

& O O Oy
[

w D O e o
—CN N O £

@ oo e e
LT R R ]

<0 00 oD O 0
et ot e pamf

PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

(2}
date

P e e
€023 03 I e

Hooooo
vt gk ok ek

P 4T SN O O O
W 00 D O 0

89 10 21

— g
LR RN ]

oS SO O

oo
T O

et et e
LR S ]

o, ooy oo

(=R =R~ ]
o S on on g

ot
[SRE N ]
-

oo DO D
o T O O O

()
Vo.

-t oD e uh
[PoRTo R ATy

56

101
£02
£93
104
105

106
1017
108
169
110

P 0 O O
s €
——r oot




PRESS

{7}

MY H

THP

D D S DD WO WD D W s L= T R TPt I U U ) RSN RS R R R OO T O ov ey PO DT CT 5D o0 oo o en &3 a0 o 0T o o
FoOooooo oo oo coooo S O e e Ll i R ] e v Ay — et —y A et e ey g e e — vt ar — e e e A it ey
Sooeo [ i e ] OO =R —R— -] L=R=N =N N_] =R =R -] oo (== X~} L= == =~ p— R L-X—R—R- X COoOoOo oS
R e R e R e E ] vt st ot g v ol b il —d et ot vd st e et ot nd el Nt e o g i e pd ol e ot okt el [ER g g p—

{5}
Decl.

PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAT

(3}
tine

34
(2}
date

OO AR —E—E— K- (===~ g oo o o oSO po = =~ OO Co (=R — L= == ) OO o o (=N =R =K.

R e I B i e T I e P Y S o B e R K i — — —— Mt oy sy —r — oy
D O D =X —~R g ] =N~ oo OO SO Q oS =gl = e =R =Y =R — ) R == ] PO O o == R— R =A== X- N3
PR TN O oh Esdn T T DO o e o or o PN O O O O o omen oo D ONOT OO en

Ho.

(13




PRESS

(1}

35
UM

THP

Lo n o es DT oo o O [ K- K= R Y] D LD D D O WO %O WO WO O WO D WO WD W D D WD o O D W WO o WD WD D WD O LD D D
E ol vt oo SO L= == — ] OO [=A—R—X-5%-1] oo oo SO oo cCooCoCo (=== = =] OO e e e e vt vl e e wa ue e G e
S OO R = = === OO DO I=R—R— N — ] coooo f=g === SCoOOoOoO CoOOCoOo ScCoooo CooOoOoOo cCoooo
e R R R R R e B e e K o —r — vy D R e T ats R e B B i e e T R T s o] - — ——————

(6)

{5)
Decl.

A AT A Y DD D RO D U U = D D D S D D WD O WO D D Y D U U D D Y e RN D D LDy D WD D Lo R B e
= D D O D S Ul D D S D D 4D O D oD A DU D D D Al D D D A0 D WD D D AL AL UD A A AD D WD WD WD oYU U WD R NN R Y
T . T T A T A TR oK T TE I T Y e s e R I T A e

{3}
tine

E e a4 DD WD WD WD WD D W0 0 D L P - ] DD WD WD WD MDD WD D WD WD WY LD U W [ T P [ B

Tl S
e il e P P

e e e e T e T B T B B B B B e - R I - R - I B R e T T i e P p—
F N T e L T B e R T IO E) NI TGN NI Y A 000 T

PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

(2}
date

[~k R K- R o O O O O o O e O O o oY O O O o O O WD WD U W WD A WD LY YV VY] [ Y A ot
B T T I R I R R e e N  E Lo KU R I U U R

=R = AR — N I=E—R—N—N—] S S DD O DO DD DO D OO [ — ) =R — R R e R ] O O 00 Y O 9 03 I 0
iiiii ot ok e e D e T e T R e ] — R R o mnd w— ot - [ RPN
IO SO [=R=N=—g == (= === o ooo cCoocoo cCoOooo CoOoO o CcCoOooO oo oo oo o OO O

o O o & o O O o O O O & <h O O Oh O o s O o O O O O O O O O Oh O O O O o O O oY O OO O o On O oY O

No.

—~ — D 4D &0 T D R Ll R O = el et e w0 00 Ty D —C O e Wwres oS — OO U D B 00 O ) O Ly ]
- o a3 ol o O o o0 80 O o oo, o dn oS [ — -] [—E—N—R - aa simd i e ey et L R e R R L B e B ) e B ) T O e
— . ant it A e o e s e ey e B DY O T 0D LR R ] TF ) I LS R I 0 [ N R L R RN o O S O O




PRESS

(1)

HEM

TMP

(6)

STH

{5}
Dectl.

PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

(3
fine

Bt o o e e
ot b

R e e e R
R Rt )

[ S S N
e et

R R R
LR R ]

P Rom G o g
[ PRy

ot et ]
O O € &3 g

R
o

L=
R ]

o1 Eca oo o
A bp e ey e

= = ]
St ot o ey

36
{2}
date

ED et ot et ot
T O (0

e
et vant st and et

==
oY O

it
L ]

R R N
e

oo
Tr O Oh Eén o

—
R ]

L B ]
— el

Ll — ]
o e e S i

MY WD W WD
e Rt

L R k]
e et ot o

oo oo
Tror e

UL U s
RS RO NN

0T O O
v yoah s

=== = .
O O O O

Ho.

(1)

O Y
o R
Ll R R ]

o o oy
R g
©F O3 O 60 g

e o0 O D
[T RV oV AyY
R RN

“—“r ey e
e
L B e IS ]

- O Uy
00 0 0w
L )




PRESS

{1}

37
RUM

TMP

N
HD ot rd ot v o gl vk vk vt rwlowr mmw v et et ik v o W el vt it maa vd ey ot vt ol ot ek el md o gn{ ik ol vk vt et v e i mad e e BT — S — S .Y
oo oo (=R =R~ -] CoOWo R COoOo oo A=R— R — = =R — = oo oo oo === = = =Rl —] oo oo SO0 o
e e R B e e T e I s B e e b R s T e b e T R e I R R R P P S R e e e I R

o) e o0 ol oD o0 o0 ob o0 o> A2 D 0O oD o SO 00 ol oD &0 o0 o o0 oo, o0 00 00 0D o 0 0O o0 0 O ") oD 0 o0 oD 000 00 00 0 40 G0 o0 6D &
eSS ESED OB LD PO L0 MMM DMEES MMM MMM MMM MO0 MMM MMM Mo CrM DT 0 oo on o
oD 6D 4D 00 oD €0 o o 00 = o0 00 o oo o D0 D oD o0 €0 00 €O 00 vo 0 60 o o) oD o0 o oo o0 o 0D L0 W0 0O OO oG a0 oG 00 O 00 oD o) 9o oY O 0O OO 0D a0 o &0 9D oD O
Ll kel i e T e e e [ e OM P e D O O T f e v fe e e B O O O

(3)
Deel.

F w— — WDV U e b R C e uwy D e BaF AP VD o O3 00 O e -l wD D - WD LD R S e s e e B I o] ) — - T e R g O Lar o Bar Y
oo o3 00 o OO T [ i O O Ot Ch O OWF wmad ot g ot e v et st - e N — W ) [— N~ — - - or oo R=p = I OO0 o OO &0 6D O e on o

WU A LB MY UR WD W WD WY W WD W O O3 ) uma v e et g et ot et g e e I R C R P L Y

e I I R e i e O T I S s T s e s G

0
i
d
7
5
8
i
0
4
2
3
1
¢
§
7
213
906
167
1290
441
3
)
§
1
3
393
8§38
350
128
784
3
t
]
§
¢
8
0
1
3
H
3176
200
495
353
419
&
¢
2
2
3
1
b
§
3
8

I

PHOTOGRAFHIC DIRECTION OBSERVATIONS OF AJISAY

_~
o = DWW WnWW  WNWWWS WSt e Sl et Cefefefefe  fefefefefe MMM MOMMG OOIMOIEE (MM oT MM O oo e O
St e GEIEPEILT DEIDEDLT VD EEOH T II IO SO EI LD PR R LIOD ST W R AT W MR MR SR b P T o v W WP N e P o v o i e o
—
Demorernon OOOOT DO e o e A i, i B O DD OOOOO COO0D QOOOD SOSEO;mm ;Mmoo o,
R T R R I T R B T o e T T L o L/ S
OBDODHD HLDOD CODRE DPOOOD OSOOE DD U EN S o v et v vl vt vt o of ol ot vt el vt v Mtk ot t ol ot
IO MIOT F DI REBCIOIET DD IET VO OIOHOD D OICN OO 0D IS CIEY  (ROIIDEN LD I ODEPCT QT (hem e o 03 0o s o
— 0
Rl B T R e e e e B e T e e e B B R T I T R R I T U U S U A Y
e
R
Tttt ot ot ot o ol ot v o f wd ol ey e M WA i it ot ot et vl v el el vt ot v A i i e et et red et G it i et ot ot ik ot s v ot ot et ot

O Oy O O MmO momoo o Qb e e en o ST PO, AT OGS oo oneh e == o o e O

—_~0 NG W R @D NN W WO S @ T OO N AW B DD A N WD DS O C O T U D e 60 O e
Ll =R =R =R = ot — . 0 R o R NN ] O3 N 00 a0 Dl e ] o & a0 o et e A [V P P [P RV YRV oYY
— THEACI LB AP I EHEY P MIME MMM IO MMM MMM MMM (O MM Mmoo 0 4 o o i




PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI

38

PRESS

(1)

Hod

THP

ey st sy

(8}
STH

(5}
Decl.

-~

-

(3}
tine

ToorOhemen
A e

LR Oy O e

& o o O o
gt ug e

oo on o o

oy o
-

&3 On

{2}
date

= R

R R R R

e el ey
Lo =R

g oty

L R N ]

e e
@ o o e

ot

o3 £t e

wd el
O O T

(1)
No

e e ]
L= T r- Y-y
©F ¢ & o3 o

356
367
368
369
310

— ) 0 =
[ B O P
2 oy D o




ORBITAL PREDICTION OF AJISAIIN 1990

ORBITAL PREDICTION OF AJISAI IN 15990

Summary - Orbital Prediction of Ajisai has been made by orbital prediction system of the Satetlite
Geodesy Office. Created elements are sent to laser ranging observatories.

Key words:  orbital prediction - Ajisai

1, Orbital prediction System

Orbital prediction system for artificial satellites was developed in the Satellite Geodesy Office in 1986
(Sengoku, 1988), This system produces orbital elements of ariificial satellites from laser ranging data by SOAP
i, Satellite Orbit Analyzer Predictor ver. Il , written in special language developed by Fukusima (1986). In
SOAPI!, we estimate JHD elements by least squares method. Definition of JHD elements is as follows:

n ; mean motion

£, :(ecosw ),

0 {esinw),

i tinclination

Q » longitude of ascending node
Xo Pt w,

dwfdt

d Q/de

dfesin w),

where e is eccentricity, 1 is mean anomaly and w is argument of perigee. Subscript 0 means values at
the epoch. JHD element is good parameter set for nearly circular satellites,
The accuacy of JHD elements created by SOAPIH is checked by our check program,

2. Summary of quick look data of Afisai

Quick look laser range data are sent from the SHO and GLTN ( Goddard Laser Tracking Network) once
aweck via G.E. Mark Il , We usually produce JHD elements from quick look data over two or three weeks,
Table 1 is the monthly statistics of quick look data sent to our office in 1990, Intotal, 614 passes and 14,488
returns at 10 stations were sent to our office in 1990,

3, JHD elements
JHD elements are created once a week by orbital prediction system, Table 2 shows the accuracy of
elements after one week ( o'1) and two wecks { #2). The averages of 51 and o2 are 777m and 1457m,respectively.
JHD elements created in our office are sent o the SHO, Wuhan, Shanghat and Communications Reseach
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Laboratory for laser ranging observation,
JHD elements were created and sent 1o users by S.Masai,in 1990,
We would like to thank the staff of GLTN who kindly send us quick look data of Ajisai regularly.

‘Thisreport was written by A.Sengoku and H,Noda,
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Table 1, Monthly statistlcs of quick look data of Ajisai
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1989, Fan. 1990. Feb. 1390. Mar

9 Pass Return R Pass Roturn I 9 Pass Return
1181 1 29 1181 3 12 11814 2 Sk
7538 8 180 1838 1 £43 1801 H Z5
7850 1 ild 7840 12 2481 7838 1 11
5405 1% 3716 54035 2 50 1840 14 1713
8505 l 1 302 & 150 8405 4 228
5305 £ 99 5605 5 125 §502 7 115

8605 b1 210
8305 3 71
1990. Apr. 1990. May 1990, Jun.

e Pass Return ] Pass Return Id Pass Return
1181 12 251 7801 1 25 1181 1 3]
18014 i 25 7838 4 79 7401 I 25
1838 § 1035 T840 58 139% 7333 5 95
1846 34 80§ 2403 il 274 18450 15 3%
83405 [ 15¢ 2502 1 213 3405 T 174
§502 b 1540 8605 14 341 8502 4 100
8805 H 23 4805 7 116 3605 1 113

1990, Jul. E990. Auz. 19490, Sep.

%] Pass Return iD Pass Return ib Pass Return
1181 6 4 1838 2 39 1801 2 56
T3cG1 1 28 18490 18 1512 1838 2z 37
T840 i3 [067 34058 9 225 8405 8 200
8405 g 231 85012 7 114 880% H 50
8502 2 33 8608 9 221
5605 3 135 3663 2 39
2305 3 &8

1990.0ct, 1990. Kov. 1390, Dee.

1h Pass Return I Pass Return iD Pass Return
1801 i 25 7838 21 537 18061 3 23
7838 35 693 8405 5 115 1838 3 51
3405 17 125 8502 20 500 5405 ] L49
§5012 & 130 26095 1 1% 8502 { to0
2605 3 235 4705 4 29 8605 1 23
8705 § iz 2405 5 125
2505 3 135

BB Patsdan, GDR 7401 Naleakaka, USA
1834 Fettzell, GER 1838 Sinosato, Japan
1840 RGO, United Xingdon 84405 Mon. Peak,USA
8502 Yarragadee, Austiralia 8605 Mazatban, Mexico
8104 GSFC, USA 3805 Quincy, U5A
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Table 2, Accuracy of JHD elements
Sequential Creation : Number of al o2
ﬁ.’qNo. date Duration of used data used dala () (m)
130 1990  Jan.05) 1989 Dec,15 1990 Jan.05 283 332 7804
131 12 29 12 187 783
132 19] 1990 Jan.(4 18 150 1847 2186
1989 Dec.29 18 193 559 4046
133 29, 1990 Jan,11 25 310 442 1475
04 25 435 1911 3038
134]- Feb.03| 18 Feb,01 604 302 545
. 15 01 679 488 1224
135 13 26 09 610 733 1148
_ 19 09 1014 480, 543
136 Feb.02 Feb.14 28 458 687 1957
07 28 608 1335 3048
137 08 22 Mar.08 478 1659 1745
15 08 811 1565 2619
138 15 Mar.01 15 439 455 719
Feb.22 15 639 659 1740
139 23 Mar.09 23 1072 233 281
02 23 1381 172 250
140 30 16 30 655 737 305
09 30 1369 615 238
141 Apr.06 23 Apr.06 471 920 1940
' 16 06 1031 1088 1026
142 13 31 13 621 345 1894
24 13 871 1722 3333
143 20 Apr.06 20 1005 823 713
Mar.31 20 1364 385 2020
144 May.11 Apr,20 May.11 1258 500 539
145 25 May.10 24 1101 218 341
03 24 1910 330 391
146 Jun.01 18 Jun.0t 494 321 218
11 01 1309 472 471
147 08 25 08 433 430 1550
18 08 898 498 1377
148 15 24 15 576 82 584
149 30 Jun.15 29 636 355 2877
08 29 761 2339 820
150 Jul.06 23 Jul.06] 585 1039 1613
16 06 1011 1239 4119
151 Aug.09 Jul.26 Aug.09 1016] 700 1400,
19 09 1631 708 1608
152 25 Aug.10 24 350 1240 205¢
03 24 1084 1019 729
153 Sep.01 11 Sep.01 389 668 2369
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BERR - RFERONERTE
1989

POSITIONING OF THE FIRST ORDER CONTROL POINTS
IN THE MARINE GEODETIC CONTROL NETWORK
IN 1989

As astep to establish the marine geodetic control network around Japan, we performed a simultancous
observation program of Ajisai and Lageos at Minamitori Sima, Okinawa Sima, Tusima and Simosato
Hydrographic Observatory (SHO) in 1989, The posltion of three islands are connecied to the fiducial point,
Simosato located at SHO.,

Key Words : satellite laser ranging - satellite photograph - Ajisai - Lageos - marine geodetic controls

LU &ic

ATk, HESRIFOSEEEoMEL, R B AIHCEEom EYBHE LT,
19804E X O, WRRHIBMOBEEEHEL TS (Kubo,1988) . COHT, —REH LA 1AM
A OCFEABBIRN & EE2BALEALT, HEIROEREEET 2 E ¥ -oTB Y, 1988
EhLERI TR T, AEETH, 1980FRERKLE, HLIW (fE4K, 1987) , V7
Atk HEAE, W8, BB (Figl) o—-REEXOBNB LUTORROWTHRET 5. B
ik, BRI 0w CHABRIEAI G SRS E 2 BB s kv (AR, 1991) .

1 MRE KA

2.1 BE

210 FEEs

19894, 1R P L3R TRIRPY T, TEBIUHBEIBWT, [& L omiEill%
L ALB, CoMFRHNNO19884E11H LOL6RATHRPHT, TRICBWTLERN
L P LT B (Sengokuand Fujii, 1990)

AENG, BRnTEL AETRGEND, SeadR (BHs) |, B LEawREAER (BWAS
%) B UKSFEEAAN EHEERAENFROMN LG TERL L,

2,12 B A

(1) EHE TGRS R E
BRI R (&R

@ TdHtsv] omsEc X sl
BT YU,

&5 Moti =
R B CUA,
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213 RES
(1) —RIEMES
ARV - - WHEE (Sasaki, 1988) , WG Bl E,
(2 AN '
B V— - HBE%E (Sasakieral,, 1983) , ERAEHEHHEEE (Kanazawa, 1989) .

2,14 Bfl7— ¥

MEE L THRORRESNIBWTHEL AL L —HIIEIT DWW T, KB ERE 6 B
4% (Sengokuetal,,1991) &, FABHEBRAIZ W TH, A% (Kawa,1991) KEE SR TY
A,

22 8§
2.2,1 BRI A
() —REWL [HREB]
HRERNERH RS (Fig2) .
(2) A 13N
MRLR KL ERIGBHTTE $RERELREARET BRI,

222 L EE
(1) —RFTEU T
AR & MME, WA BB, B R, e RE (HRIBE)
Bl g (T RARREBER |
WA G A, WE R, B b (HREThE)
BN BER (FEABEND
()& T30 &
FREXE LRRRE T RARBNFRA.

2,23 Y
19894E1 H10R ~3824H (3 HE1H12H~18R, WA H200~228) .
224 BB
(1) b—y— J
#HE NAY Yy — i
—RHHEE HLEW 46 16412
5% 2 31 13004
AEEEE HLEw 49 34564
594 2 27 14431
(2 B
e AV s byE:
—REHRE HLEw 5 5

AEEHE HLEw 5 5
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2,25 BIEHRE

() —REH

BRSBTS IEL, BERORZPAROSASTEBEIRBN oSSBT ALY —
& — P hOEHMET 5, RS, NHHEOERBLARBTH ), HHODSBOMR L LA
BERRI IR A 2 T h, b —HIEREESE, CORELIIBRWAE 2 HRGHE BT
FOEREELE, SORBEARET SR ACRECH o7 HRBEBAKIESS~8mT,
LRV R FALTASNBEREB I L H o 2.

fHtsw] ob—¥—{illi, HEHFVEH, FBhs1 37780, BIUv [9V3R] oL
Y- W 2 TR o 2,

(2) A L 3EHE N

fAraw] ob—¥—-ELEREHEN, BXU 5V 2] oLy —-HERNLTL
FAS

22,6 BHAERSORE

BRSO, KBTS (BFE) H2RRE LA, 238, MBBIIX, 1982474
i, Bl LT, WMo EBEIEA HARI H O, ¥ 72aMEROHEEN ISR
BHIERELTYS,

227 ¥ EEE

() BB DFRE

ERMEOBEMIHBES 1 (SEE) 2B L (Rig2) . MBIAS 1 oy, EHSEA H
BEIHOB L CHERMSRT NN E LT, SREBT 2, JSIRIERRED 2 2 lvwCTillEL
7z,

(2) Hl AR,

EAAEIR 2 o, WISUERE | N, BReUEE [EBB] HOB I UHIRS 1 %
Flrdder UCEIEL, $£7, HAS 125, BEAEN [MAR] HOB L UHAERITL %
Ml UC, BT 2, NMEEEHBRED 22 v TillE LA (Fig3) .

@ BMWA

R V- - R B L UH Rl EEORHN T B L KoM ER, WaBmH2»
O, HIABERHIBIUHIAS 12 e UC, FEGBT 2, BREBEEBRED 22 AwT
#lg Lz,

2.3 FHTER

WA, AKEEIMRAT A ATERY -V 7 — S BAT 70 /9 A Hydrangea (Sasaki, 1984,
1990) %Hvi/z. MR, ALERoTH B AE L H0E, GM, J,, BHEE% (xp, ¥ DUT)),
KO BEHRE, AENEHEVEIRLBY L7500 S LREEBOERECH 5.

19894£1 H16H~20R, 1H218~250, 2A2H~6H, 2H812H~178, 3HA6H~108, 34120
~16H D6y b (42182, 12507V #— ) kKow<, EEECHLAL [5 V4 4] ol
— S LUFRTD IS v R0 FF -y AT, FU—NRER LTk, FnhF =2, 1%
CEHR CETRERLEHIR L, Mon, Peak(station TD; 7110), Mazatlan(7122), Zimmerwald(7810),
Grasse(7835), Graz(7839), RGO(7840), Arequipa(7907)RUTHAETI00OEE TR —F—
WHE7—2CHs. BIRKRLLBAROEFER, BRATRLEATSIIERIRRTH D,
ITRF89(BoucherAnd Altamimi, 1991} % Minster&Jordan(1978)® 7 Ir — } B E) T 7 A (AMO-2)12
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Lo TRV EDEHRER LA OREA LA, THRABBEFRoRAEA VY —¥ —fll%EoR
BY M o L AR,
U s=-3822388.380m .
V 5= 3699363.491m wu(1)
Ws=13507573.084m
Thh.
FO—NVEROMER, THA L ¥ - MR EOEZEEEBORGAOMER,
U ,=-5227190,070 + .070m
V =2551882,341 £ .100m w(2)
W = 2607609.781 £ .059m ‘
Efofe, SRR, IR (ITRFRY) kRETETHS.

24 JEBEEER
EROBATIC L o T L AR, HRHIR (TRE8Y) TR LA—RERSORTHi R

33 HAHLE CH B, < OMIHEED & AARNMRIC B 5 —REEH DM E L KD
B, ¥, THRIZSWTHREMFR (ITRFR9) L ARBMBAOTHENT A —F %KD, Ko
DTG A= =% v TR I OBRL EREER TREY) &6 AAHIHARN EZTHRT S
WERH 5,

TR OERA V- - HREED AR B 2uiE (B4, A, ERh)

BED» S,
$=33" 34" 274963"
Ag=135° 56" 235368 .. 3
h (= 62443m

ERDLNTVD (7M., 1983) . v AEHEDHTE (a=6377397.155m B LU 1/(=299.152813)

THOCHEREER (uyv,w) KERTLE,
U, =-3822242.043 m
v=3698856.017m - (4)
W, =3506891.329m :

2L, T&TikGaneko(1977) DR E VT, THIZBY 5 BANGROMEMENAN &
VA FEROMEHERELTD, (DE@PH, HREBR ((TRFS9) # b HATR~ORALE
BRI,

Au=u,-U; = 146,337 m
Avy=v,-V,=-507474m . (5}
Aw=w - W =-681,755m

L s,

—REME R ORI % BAUPBR TR B 2121, HREHR (TREY) TR MMl
BRI HSERE (OR) ZME, §6RAy 2 VHHKOMGE B CRIES, S5, #H
FEHZESE L v,

HRBOWHA Y -V & BoRHMoMEB, BRAUBRTART S,

$.=24" 17" 6.9812"
A.=153" 58 5704177 (6)
H,=160.151m
Exh. REL, BAGRROVTH, ARIEROWEREIME, L0V 4 4 Fishgt ERh
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DI R B L RERTAVENS B,
S Bl X b, —RIBEAENR R RS WA R BBAOEE L O BARIMRI B H{rE
& 2RIRT,
2R L (ODHEDL, BBEO VA4 FEI,
hg=-152.55m : w7
kit h,
—REMEEEL (WBE] HOoHANMR B A EK,
$,=24" 17 23.767"
A ,F153° 597 17.095" wini(8)
h,= 815m
Thb.
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I BB REEREN
31 BE
3.1.1 PR ¥R
198942, TH LGP LR LRI AIT, TRBIHMEBIBWT, [H L 8w SoREEH %
KLz, %8, TOAKRNNO1989FSA FAKR, TREBWTHREEYELTWS,
AEHNG, BB LRRAKOW LB THEL:,

3.1.2 B
() ERAERSORE
—REE[FA (Q2omf) H#L D WEE
2 dLsw] ORFENK X 20 BiuE
R R P,
Gy i FHTE
WAL TR,

3 HHAKES
(1) —REHEH

WL~ - F R, TGRSR EE.
VAP ot G

B L — -, FeHE e,

3.1.4 B 7— 4

e TRORRBE BV TH o hi L=l owTl, KEBBEHRSHRIIRES
4% (Sengokuetal,1991) 2, ¥ 2EEBAIIC oW T, Fl4E (Kawai,1991) HESATW
5,

3.2 #ill

3.2.1 Bl K

() —R#HR (B
AR RILIR A I 4 R ik iR B lE1 219
H+—EFRELRTARBABRER HATRER (Figd, 58H) |

() ALK
MR RLRBISBRU TR BETRWE LAREARR T EA BT,

3.2.2 BRITE
(1) —RFEHE R
WO R M, WHE R, 4K B (BTENE)
B BT (T RAKBEEED |
T AR B, BRI, N FE2 (BRI
A (F BcBRBRER) |
() F L ¥
BB ERERET R EIEPRE.
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3.2.3 Y
198947 HSH~9H4H (D bETACH~12H, #IOA1A~3H) |
3.2.4 BRI &
(1) b—5 —EisE
(12 PRAR Wy —~rH#
—RHEME HLEw 49 50101
5U4A 8 2257
AL HLsw 59 51229
SY4A 8 3646
(2) BFLERH
#HE AP R/ ME
—RIEHH HLIw 5 5
FLEHEN HLEw 10 10
3.2.5 R R B
(1) —RIEHE R

Bl A, MhMRETSO BRBHATIEARERSBRIGERL, H1 - FR#ELREALH
AECRETTHATREREAO 7 A7 7 v b o LR BEEE L RE L, 2EFHARRESS
SR RZehEN D o 128, BINCEER R, o/, PMEOERIKAL LBRLAARETCS - 712
A, BRARARIEABZ Lideh o,

[HLsw] oL—¥—-HlE, GRS, Bhs4 3780, BIUv [7V4R] ov—
W — IR R 4T o /2.

(2)yAL#HeX

[HE3w] oLb—¥—FRLEEHERY, BIU (9 V4R] oL - ERHE T2 -

A

3.2.6 EMESUER S ORE

B+ — SR L AREARER I ER BATRERER I AR AEs TEe] sRELL.
327 L&

OF: 1=Kk

HEERERE LI RO 2 HE L., MS0oMER, —%=/ak [NERE] 8LU0H
sofn gt (G LHHEA Y LT, SHET 2, Sililiiss Geodimeter % v CHlE L 72,

(2 B

R V- - HERE oA TOMER, ME=SAL (G5 tHRRAEL, —~S=AK
INERE] 2HpEa e LTl (Figs) , $£7, HURORWEE A, S8 [AEE
i) b= [HM] 2R UC, SBHBT 2, JikliE#Ceodimeter & Flv Tl L
7= (Fig.7) .

¥ 72, WRIFMHEEEOTEA K oMER, WiEh V-3~ WIgEE T % SRR, #I0
% hrEE L LCE L 2,
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) HEQRE [WRE]
FEXEJRE (M1 HofLEi, THell —¥ —WHEE T » WREE, WMER0 & kg

& LT, BT 2, SbWNIIEE Geodimeter # BV THIE L 72,

33 BATRR
HHCEOALBMF— 035, [HLEV] EOWTSPORTHEE - CRRETo 4.

Aoie7azs sk, ATHERV -V —EE7 - 787055 A Hydrangea Th 5, 19897 H
15H11h~13h, 8 3H12h~14h, 8H6H12h~14hD3 ey MIOWT, {EL TR CEO N [H
E3w] O o % 77—y 2BATLA, SPORTHTR, TREOEELHELIwORHICS
ANE L EEOMIMEL FMBR L LTHiET 5, THRORMEEMN, HRELAMTSH B,

B OFR, THSL - -PEEBoRREEZREORH MO ER,
U ,=-3505323.790 £ ,201m
V .=4532740.796 £ .108m w(9)
W = 2792253.107 £ .059m

ERofz, Thid, HREEHE (ITRF8Y) kESETHL, BHABKREBEI L - CHAR

WREERTHL,

$.=26" 7 40.5725"
& .=127° 43 46444 (10)
H.=113,295m

L d,

BERRI LD, SARERCETCLRIMERICBY 5 A A OB #IKRRT,

FIREQO)DILEP S, WRBOSHMERCML 5 REPERR,
A=, (—RESEBED - ¢, CBENE) =-0414"
AX =, (REREEW) -2, (BEER) =0312" w11}
hg=H, (—XRIEMEMEH) -h, GBLIEE) =1682m

&b, 1L, hgRiBIcBY 3 AN RAOUBMEREI OV L FETHH,

ChEAWTRELSER MMER! HodRibRic s 2B,
$,=26" 7 401377
A, =127" 43" 3.954” o w12
h = 94.92m

&% h,
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|, HE—REEREHA

4.1 8%

4.1.1 EREER

19804F, 10H LS 1IA T AH T, TEBLEHBIEBWT, [HUL3v] o Rl
LRELZ 2B, —RAEAHECBHIRTHI080EI2A PEK, TRIBW THLERN % £k
L.

412 Ehfid
(MEENERSFORE
—fENE SR (22emfl)  EEERA 1B,
@) [ Lawv] SomEEHI L 2 uBiE
1B % PR,
(i -HE
ok egs i)

413 B S
O)—kEREL

Wi -y — gk, TREHRL N EEE.
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Table 1,Adopted station coordinates

Station Stati U v W
D ation name - () )
1181 | Potsdam, GER 3800621,284 882005.361 5028859.772
7090 | Yaragadee, Ausiralia -2389007.649 5043331.894 -3078526.951
7105 | Greenbelt, USA 1130720.227 -4831353,021 3994108.647
7102 | Quincy, USA -2517236.051 -4198558.343 4076571.785
7834 | Wettzell, GER 4075530.135 0931781.,284 4801618.427
7838 | Simosato, Japan -3822388.380 3699363491 3507573.084
7939 | Malera, Italy 4641965.132 1393069.907 4133262.385

Table 2. Positions of the markers at Miramitor] Sima : the ground survey results in Tokyo datum

Station é A h Note
[} F » ) ’
il

HgmEn (HRE] 0 (24 17 23767 1153 59 17.095 8.15
Control P, Stone Marker
HheEE N 24 16 51603 |15 58 44,683 6.20
Control P, H1
s § 24 17 8932 [153 59 4270 5.61
Aux, P. 81
P AR 24 17 6880 [153 58 57347 5.74
Conirol P, H2
Lo — P FaZEE T 24 17 6981 [153 58 57.042 7.60 | SLR result
SLR system
HEFUREEE K 24 17 6538 153 58 56519 6.84
Satellite camera
HO - H2 + 16.8868 + 19,7482 | +2.41 | Relative
H2 - T - 0.1009 + 0.3049 -1.85 Relative
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‘Table 3, Positlons of the markers at Okinawa sima : the ground survey resutls in Tokyo datumn

Station A h Note
. e L . # ’ A m
—& = [NEEE] 2 07 18922 | 127 43 08.651 | 163,11 | GSIresult
Friang. P, Yaesu
= m (54 26 07 21016 | 127 42 27848 1 168.41 | ibid.
Triang, P, Yoza
0 26 07 41.196 | 127 43 03803 | 9791
Aux.P.O
b—H — I EE T 2% 07 40986 | 127 43 04332 | 9648
SLR system
wE R EEE | 26 07 41074 | 127 43 04453 | 951
Satellite camera
M pEn (el 0] 26 07 40551 | 127 43 03642 | 94.92
Control P. Stone Marker
H-T -0.4353 -0,6893| -1.56 Relative
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‘Table 4. Positlons of the markers at Tusima : the ground survey result in Tokyo datum

Station ¢ A h Note
L] s & L] » A m
== BN |34 13 57372 | 129 16 48.850 | 419.435 | GSI result
Triang. P. Gongenyama
—H=Mma TATWIW) 134 12 03999 | 129 16 02224 | 558.166 | ibid.
Triang, P, Ariakeyama
—REEMES (Bl H {34 11 35528 | 129 17 45305 | 2.880
Control P, Stone Marker
b — IR T 34 11 35408 | 129 17 45263 | 4565
SLR System
wWREFNEE K 34 11 35398 | 129 17 45508 | 3.629
Satellite camera
T-H -0.120 -0.042 | +1.685 | Relative




DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1989

AIGE®D Ky 75 —HAlc L2 HEQOUERE
1989—90

SATELLITE DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1989

This paper is a continuation of the series of report on the satellite Doppler positioning of the off-lying
islands around Japan, The provisional results of the observations made by the JHD in 1989 and 1590 are given
inthisreport,

Key words : satellite Doppler positioning - marine geodetic controls
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Table 1, Summary of the positions of the fiduclal markers expressed in the Tokyo Datum by means of the
satellite Doppler observations

Station Yarker ] A h
e - o v ox m
5 i E(Yoron Sina) G1 27 02 06.693 128 2% 58.863 19, 64
I 5 B B (Suvanose Sima) G1 1% 36 23.251 129 42 10,961 127, 44
AL ¥ B (0azya Sima) G1 29 54 28.707 129 32 03611 195.02
W s B{0ki-no-sima) G1 36 14 27,939 130 0% 29.151 243,64
M B S(Koya Sina) B 34 E3 41,167 13¢ 06 50.574 27,24
BB L/ B (Kusagaki Kani-no-sina) Gl 30§t 21,639 12 28 41,570 75. 47
¥ B S (Kusagaki Sima §) HI 30 4% 39,795 128 25 39,142 19.33
B ) B(loturi Sima) Fi 25 44 18.413 123 21 43,075 17,61
& 8 B(loturi $ina) F2 25 £4 43,534 i23 28 51.795
gd /B (Minani-ko Sina) F3 25 43 05.048 123 33 14.987
i 8 (0taru) H1 43 11 50.36¢ t41 00 25,501 34.72
# §i /b B (Matunae Ko-Sinma) Gl 4} 21 13.512 139 483 40.568 282.06
B 3 oA B(Matumae 0 Sima) H1 41 29 39,872 139 2t 03.575
2 R EB(Okusiri Sina) G1 §2 03 16.413 139 21 10.057 15.88
PRINF 1 (Xoubisyo Fi) F1 25 55 23,7139 123 4t 05.278
WREHF 2 Xoubisyo F2) F2 25 85 09,947 123 40 41,501
= B TMitaka T) Ti 35 40 18,287 133 32 26.837 8. 34
fit & S(legura Sima) Hi 37 50 54.180 S136 55 18,765 12,22

h: the height above the {local) nean sea level
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Table 2. Positions of the NNSS antennas (1989) : the solutions of the translocation of theDoppler

observations in the reference system of NNSS

75

Station

Kote

H

T H(Sinosato) 33 34 39.200] 135 56 12.797] 107.870 |BRB -V ¥FVE -
piil ¥4 (Naha) 26 14 40.548| 127 40 25.375] 68.490 |[FIHS -FES
5 % B{Yoron Sima) 27 02 20.857| 128 23 51,554 55 280 [4RH)
2 # B (Suvanose Sima) 29 36 36,491 129 42 03.06k] 161,970
BA R S{Gazya Sima) 29 54 41.858] 129 31 55,7401 231,080
T = (Sinosato} 33 34 39, 126[ £35 56 12.879} 101040 (¥, B - SEBEH
3 E {Bisei) 34 46 47.866] 133 84 16.583} 553.620
i s EBE{0ki-no-sina) 34 14 39.255¢ 130 06 20.7%4§ 275.980
B E{Kova Sina) 34 13 52.489] 130 06 42.216| §1.200
&g | 7 B(Xusagaki kanf-no-sima)| 30 51 34.298| 129 27 59.725] 108.610
% W B S (Kusagaki § Sina) 30 49 52.463] 129 25 81.313] 49.080
i T (Naha) 26 14 40.633] 127 40 25.313| 67.140 |G - @ABEH
# B B{lsigaki Sima) 26 20 47.281| 124 08 51.439| 35 190
# # H(Uoturi Sima)F 1 25 44 32.930| 123 27 37.506| 43.710

” { ” }F 2 25 44 58.049] 123 28 46.220% 36.120
M /A B{Minani-ko Sima) 25 43 20.576F 123 33 09.360] 31,620

H:The height above the WGS-84 ellipsoid(a=§378137a,

£=1/298.257)
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Table 3. Positions of the NNSS antennas (1989) : the transformed results of Table 2 into the Tokyo Datum

Station ¢ A i Translation Xote
paraneters
o . . . m
F HE(Sinosato)iy 33 34 27.098| 135 55 23.041] 67.510|A U= 147.338|5
B £ (¥aha) 26 14 26.120) 127 40 32.409] SE.T83|A V=-510.214[¥ » K v& .
5 & B{Yoron Sima) 27 02 06.693] 128 23 58.863] 4. TIL[AW=-679. 843 {HEHME -
M o 31 B {Suwanose Sima) 2% 34 23,251 129 42 10.961]126.5615 EAYE BS e
BA $E 5(Gazyas Sina) 29 54 23,707 129 32 03.611{193.048
F H(Sirosato)vy 33 34 27.098] 135 56 23.041| $71.6101A U= 149, 216ji / & -
*# 2 {Bisei) 34 40 36,478 133 34 26.120[498. 6191 A V=-509, 000 IE B EH
s B{0ki-no-sina) 34 14 27.939] 130 06 29.151]212. 2485 A W=-677. 484
h B EH{Xora Sina) 34 13 AL 16T 130 06 50,574 ~2. 434
HiE |k 2 B{kusagaki Xani-no-sima)| 30 51 20.639( 129 28 67.570| 64. 716
5 & S (Kusagakl $ Sima) 30 49 39,795 129 25 39.142| 5.249
i ¥4 {Yaha) % 76 14 26, 126| 127 40 32.236( 47.070]A U= 150, 9541803958 -
A i B{lsigaki Sima) 24 20 32,260 124 08 57.151] 20.380]A V =-509. 8380 |EI/NE KA
B8 B{Uoturi Sima)F 1 25 44 18, 4E3| 123 27 43.075] 16.063{A W=-§33.483
s { s YF 2 25 44 43.534| 123 28 51.795] 38.470
B s/ B(Minari-ko Sima) 25 43 06.048| 123 33 14.857| 4.361

H:The height above the reference ellipsoid of the Tokyo Datum
¥r:The fixed stations to derive the corresponding transtation parameters.
The coordinates of these stations were obtained by the previous Doppler obssrvations and the

ground surveys.




Table 4. Positions of the NNSS antennas (1989) : the ground survey resutits in the Tokye Datum
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Statiep ] A h Noie
“ m
F H({Sinosato) 33 34 27.098 135 56 23,041 67.610 {5HE -
il Fi{Haha) 26 14 26.582 127 40 32. 046 33.55 |# ¥ NPV,
5 % E{Yoron Sima) 27 02 07.082 128 23 58.550 21,280 (EHIHS
2 #1 B (Suvanose Sina) 29 36 23,442 129 42 10. 775 129,545 BR300
BA ¥ B{Gazya Sina} 29 54 28,8388 129 32 03,391 196, 685
T H {Sirosato) 33 34 27.008 135 56 23.041 61.610 (M B -
E 4} £ (Bisel) 34 40 36,418 133 34 28,019 518.26 [HESEH
W 7 EB{0ki-no-sina) 34 14 27,842 130 06 29,190 245, 666
M B B{Koya Sina) 34 13 41.183 130 05 50,370 29, 158
B8 b/ B (Kuszgaki Kani-no-sima}| 30 §1 21.556 129 28 06. 904 16.181
E 15 B S (Xusagaki S Sinma) 30 49 39.7t2 129 25 38,544 20, 942
h:The height above the (local) mean sea level
Table 5. Differences between the Doppler results and the survey results (1989)
:Doppler(Table 3) minus survey (Table 4)
Station A A hg
L x m
F H(Sinosato) 0. 006 0,009 9.00
il & (Naha) -0. 462 +0.363 +18.23
5 B S(Yoron Sima) ~0. 38¢ +0.313 +13. 43
F 35 ¥ B{(Suwanose Sina) -6, 181 +0. 186 - 2.93
Bl # E{Gazya Sina) ~(. 181 +0, 220 - 5.64
T H{Sinosato) 4. 609 0,900 4. 06
E4 B (Bisei) +0. 060 +0, 104 ~19, 641
i s B{0ki-no-sina) +). 097 +0, 051 -32.5818
B B Bi{koya Sinma) -9, 015 +0. 204 -31. 602
25 F 7 & {Kusagakl Kaai-no-sima) +0, 933 +0, 866 -12. 065
#FIE B 5 {Kusagaki S Sima) +0. 083 +0, 598 ~15. 633

hg:Geoidal height referred to the reference ellipsoid of the Tokyo Datum or

local datums
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Table 6. Poslfions of the reference triangulation points used for thesurvey in 1989 (expressed in the Tokyo
Datum or In the local datum)

Station L] A h

e v x o P m
T H/Z(m) 3% 34 36.058Y 135 54 58.502EF £23.35
“ Au(m) 33 34 51,295 135 56 37.380 79.57
RE KAE() 26 3 37.292 127 &1 05,766 45. 85
o ~ 4 — (V) 26 L1 46.784 127 40 24,714 48,01
Hif BHB(1) 27 2 1.082 128 23 58.550 £9. 64
MeEsE FAAI818(H) 20 36 23.442 129 42 19.771% 127. 44
BAVES ZAALT8I5(T) 20 54 28,888 129 32 4391 195,02
AEE RIRLGn) 24 22 0.961 124 8 48.086 230.09
o tHEH (V) 24 21 11.082 1247 27,438 23.00
£ REPUSE (V) 34 40 35.510 138 34 24,208 513, 48
” {ho B (M) 34 41 5.074 £33 34 23.52¢ 504,15
Hhs B Mt B(1) 34 14 27,842 §30 06 29.100 243,64
EES  EEV) 20 51 21.558 129 28 06.904 15,47

The roman nusber denotes the class of the triangulation points.

observations in the reference system of NNSS

Table 7. Positlons of the NNSS antennas (1990) : the solutions of the translocation of the Doppler

Station ¢ A I Note
° m

7K iR (Mizusawa) 3% 8 5.197| 141 & 0.4%0f 114,570 [BAGG/DE - BARIRS -
h B (otaru) 43 11 S8.770( 141 0 12.047F 68,400 ARSI
1 i 7D B (Matumae Ko-Sina) 41 21 27.588| 139 48 27.896} 318.730
B A K B (Matunae 0 Sima) 41 29 48.636| 189 20 51.129 101,420
# R E(0kusiri Sima) 42 5 25,145 189 26 57.967F 51,000
il ¥A (Naha) 26 14 40,599 127 40 25,2237 66.92 [BHBGIEAE
T B(isigaki Sina) 24 20 47.216| 124 @ 51.361% 36.50
BHEEF 1 (Koubisyo FI} 25 55 38,157 123 40 59.5420 70.42
#HREMF 2 (Koubisyo F2) 25 55 24,386 128 40 35,9671 45.78
T H{Sinosato) 33 34 39.030| 135 56 12.879% 107380 (REE S
= B T(Mitaka T) 35 40 290751 139 82 15,2811 108.150
i B EB(Hegura Sina) 37 51 4,119 136 55 8.3171 SL.610

H:The height above the WG5-34 ellipsoid{a=8378137n,

£=1/298. 251}
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Table 8, Positions of the NNSS antennas (1990) ; the transformed resuls of Table 7 into the Tokyo Datumn

Station é A " Transtation Fote
paraneters

o . o . m
7K iR (Mizusawa) * 30 7 $5.031| 141 8 13.178} 63.840]A U= 148, 227{BAFMNE -
i g {otaru) 43 L1 50.9601 14 0 25.801§ -3.180}A V=-S10. 810 ATIAS +
A #1 / B (Matunae Ko-Sima) 41 21 18.513] 139 48 40.568(251. 193] A W=-674. 358 | BLIR 5 B
BB ok B {Matumae 0 Sina) 41 2¢ 39.672] 139 21 3.875] 31.444
®| R E(Ckusiri Sina) 42 3 B6.413| 139 27 10.087|-21. 258
fii H{Naha) % 26 14 26.126| 127 40 32.236| 47.0901A U= 149, 151 RN
fH O B(lsigaki Sima) 24 20 32,1810 124 & ST.170f 21.737]A V=-511.594
HWEEF 1 (Loubisyo FL) 25 55 23.739] 128 41 5.278| 41.967[AW=-682.438
HEWF 2 (Xoubisyo F2) 25 55 9.947| 123 40 41.561[ 17,340
T H({Sinosato) ¥y 33 34 27.098| 135 54 23.C41| 67,660} A U= £50. 159 MR BT
= & T(Mitaka T} 35 40 18. 2870 139 32 26.837| §8. 346] A V =-510.003
g & B(llegura Sima) 37 50 54,4667 136 55 19.360|-10.612| AW=-577.024

H:The height above the reference eliipsoid of the Tokyo Datum
¥r:The fixed stations to derive the corresponding translation paramelers.
The coordinates of this station was obtained by the gr.ound survey.
% :The fixed stations to derive the corresponding translation paraneiers.
The coordinates of these stations were oblained by the previous Doppler observations

and the ground surveys in 1980,

Table 9. Positions of the NNSS antennas (1990) : the ground survey results in the Tokyo Datum or inthe

local datum

Station ] A h Yote

. . e v m
7K R{Mizusava) 33 7 56.041 141 08 13.9031 73.13 BAAENG -
o) 8 (01arv) 43 11 50,252 141 0 25.215 36,06 [MEIAS -
B Bl b B {(Matunae Xo-Sina) C 4121 18l 488 139 48 40. 3862 283,87 |BRBUH

B R B(0kusiri Sima) §2 3 16.342 139 27 9.888 17. 49
i F{Xaha) 26 14 26. 582 127 40 32,046 33.92 |HRREEN

EH i Blisigaki Sima) 24 20 27.566 124 08 49.984 8.26
T H(Sinosato} 33 34 27,098 135 56 23,041 61.61 (MASHT

= M T (Mitaka T) 35 40 18.297 139 32 26.842 16. 60

M B E(Hegura Sina) 37 50 54,514 136 55 19,250 14,15

h:the height above the {local} nean sea level




80 DOPPLER POSITIONING OF OFF-LYINGISLANDSIN 1989

Table 10, Differences between the Doppler results and the survey results {1990)
: Doppler (Table 8) minus survey (Table 9)

Station Ad AL hg

. . m

K iR (Mizusawa) -6. 0K0 +0. 087 -9.29
M 4 (0taru) +0. 108 +0. 286 ~39.25
i /b B(Matunae Ko-Sina) +3. 643 +0. 206 ~32. 58
B R B{0kusiri Sina) +0. 071 +0. 169 -38. 75
i1 F{Naha) ~0. 456 +0.180 +13.11
I H B{isigaki $ipa) +. 615 +7. 186 +13. 48
T H{Sinosato) . . 000 9. 000 0.09
= K T{Mitaka T) ~0. 010 -0.005 ~1.05
B & B{lcgura Sina) -0. 45 +0, 110 -24.76

heg:Geoldal height referred to the reference ellipsoid of the Tokyo Datum orf

local datuns

Table 11, Positions of the reference triangulation points used for the survey in 1990 (expressed in the
‘Tokyo Datum or in the local datum)

Statien ¢ A h

o+ x o . m

T® B (I} 33 34 36,0584 135 54 58.502F £23. 35
” AH{n) 33 34 51.295 135 56 37.380 79. 87
il RAGE(M) 26 13 37.292 127 41 05,768 45,85
” Ay~ {V) 26 11 46,784 127 40 24.714 43.01
HEE  RE(m) 24 22 9,961 ‘124 9 48.088 230.08
w IR V) 24 21 11.032 124 7 27.438 23.00
iy ME () 43 10 28.769 141 3 12,093 10,22
»” FLEH (M) 43 13 12. 152 141 1 17.88% 12,46
BEhg hBD) §1 21 18,485 139 48 40.362 262,05
R’RE HE(I) 42 % 16,342 139 27 9.888 15.388
KR FKIR B Hh AT (V) 39 6 30.2M2 141 12 25,808 130. 02
=& ZER(L) 35 40 28.979 139 32 15,093 57.86
HMES HaR(1) 37 50 54.898 136 55 18,570 12,427

The ropan aumber denotes the class of the triangulation points
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Figure 1, Doppler positioning in 1989 and 1950,
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Figure 2, Site sketch for Simosato.
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Figure 3. Site sketch for Naha, Okinawa.
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Figure 4, Site sketch for Yoron Sima.
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Figure 5. Site sketch for Suwanose Sima.
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Figure 6. Site sketch for Gazya Sima,
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Figure 7, Site sketch for Bisei,
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Figure 8. Site sketch for Oki-no-sima,
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Figure 12, Site sketch for Matumae Ko Sima.
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Figure 14, Site sketch for Okusiri Sima,
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Figurels, Site sketch for Kobi Syo.
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Figure 16. Site sketch for Hegura Sima,




GPS OBSERVATIONS AROUND SAGAMIBAY IN 1990

GPS OBSERVATIONS AROUND SAGAMI BAY IN 1990

Abstract

Hydrographic Department has been monitoring crustal movements around Sagami Bay by using GPS
since the beginning of 1990. Dual frequency GPS receivers were installed at O Sima, Manazuru and Turugi
Saki, These receivers are controlled through telephone tine from the head office of Hydrographic Depariment
in Tokyo. Observations have been carried out about once a week with some intensive observations, Triple
difference analysis has been made for each baseline fixing the position of O Sima or Manazuru.

Key words; GPS - Sagami Bay - crustal movements

1. Intreduction

Hydrographic Department has been monitoring crustal movements around Sagami Bay by using GPS
since Feb., 1990, Test observations in this area were carrled out in 1989 (Sengoku etal, 1991), and 1t was shown
that repeatablity of baseline length was about 1ppm or less. Itis said that there isanactivefault in Sagami Bay
near Odawara, and the detection of crustal movements might offer valuable information for prediction of futre
earthquakes and volcanic activities in this area,

Dual frequency GPS recelvers (4000SLD, TRIMBLE NAY, Itdd.) were set at O Sima, Manazuru and
Turugi Saki (Rig.1). Distances between stationsranges from 47km to 49km. The control system which sends
commands of observations 1o the receivers and coflects observed data from the receivers was installed at the
head office of Hydrographic Department in Tokyo.Communication between this system and the GPS receivers
is through telephone line. The control systein also makes baseline analyses. The observation has been continued
since Feb., 1990 and analyzed results have been reported to the Coordinating Commitiee for Harthquake
Prediction (Hydrographic Depariment, 1991).

Crustal movements is active around Sagami Bay since it is located near a triple junction point of three
plates, the North American plate, the Eurasian plate and the Philippine sea plate. The purpose of this observation
is to monitor velocity field around Sagami Bay inrelatively large scale and abrupt changes between stations,
and 1o clarify the nature of crustal movements in plate boundary region.
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2. Observation sites and the control system

2-1. O Sima

A GPS receiver was installted at the Izu O Sima Aids to Navigation Office, Installation of the receiver
and survey by EDM were carried out by T. Uchiyama, K. Fuchidaand S, Masai from Dec, 18 to Dec, 22, 1989,
The GPS anlenna was set up on the top of the building (Fig, 2). It was mounted on a pole which was directly
fixed to the south side of the building, The receiver and amodem (TELEBIT T-2000, TELEBIT Corp. ) were
instalted in an office reom of the building (Fig. 3). Speed of communication of this modem was set to be
9600bps. The position of the antenna was surveyed from a triangulation point (T, Titigasaki), Another
triangulation point (O, Okubo) was used as a reference point of azimuth angle (Fig. 4). On the top of the
building, a brass marker (B1) was newly established as areference point for future survey, The GPS antenna
was setup 12cm above the top of the base for the antenna (TB,). The position of the GPS antenna in the previous
test observation in July, 1989 was also surveyed, The results are summarized in Table 1, The difference between
the new antenna position (G, ) and the old one (Go,) is as follows.

df (G,-Go,) = 0.014"
d1(G,-Go)) = -0.013"

dh(G,-Go)= 0.35m

22, Manazuru

A GPS receiver was installed at the Fire Service Office of Manazuru town. Instatlation of the receiver
and survey by EDM were carried out by A, Sengoku, K, Fuchidaand T. Kawai from Jan, 16 to Jan, 20, 1990,
The GPS antenna was set up on the top of the building (Fig. 5). It was mounted on a pole which was fixed to
the eastern side of a handrail on the top level of the building. The receiver and a modem were installed in an
office room of the building. The position of the antenna was surveyed from a triangulation point (T,
Manazurumisaki), Another triangulation point (U, Ueno) was used as a reference point of azimuth angle (Fig.
6). Onthe top of the building, a brass marker (B,) wasnewly established. The GPS antenna was setup 11cm
above the top of the base for the antenna (TB,). The position of the GPS antenna in the previous test observation
in July, 1989 was also surveyed. The results are summarized in Table 2. The difference between the new antenna
position (G,) and the old one (Go,) is as follows. :

df (G,-Go)) = 0.000"
dl{G,-Go,) = -0.001"

dh(G,Go)= 0.21m
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2-3, Turugl Saki

A GPS receiver was installed at the Turugi Saki Aids to Navigation Office. Instatlation of the receiver
and survey by EDM were carried out by T, Uchiyama, S.Imaki and S, Masai from Feb. 510 Feb.9,1990. The
GPS antenna was setup on the top of the antenna tower for radio communication (Fig. 7) and the receiver and
amodem were installed inside the building of the office. The position of the antenna was surveyed from a
triangulation point (T, Misakihoudai). Another triangulation point (K, Kaneda) was used as a reference point
of azimuth angle (Fig. 8). The results are summarized in Tabte 3.

2.4, The confrol system

Observation schedules of the three GPS receivers have been controled by amini-computer (DS/7400,
Nippon Data General Inc.) and a modem at the head office of the Hydrographic Department in Tokyo. Through
NTT telephone line, this computer sends commands for observations 1o the receivers and collects observed data
from the receivers,

The control program is 4000 (TRIMBLE NAY. ltd,, version 3.12). Each baseline is analyzed by
TRIMVEC (TRIMBLE NAV, Itd,, version 88.1 12MB) with triple difference analysis mode at the conirol
system, Standard atmospheric mode! is used in the analysis,

3, Observations and baseline analyses

After a test period for evaluating repeatability of baselines (from Feb, to Mar,), 6 hour observations have
been made once a week, approximately. Table 4 shows observation schedutes in 1990, From Feb. 15 to Dec.
26, 57 dual frequency observations were carried out.

Triple difference analysis has been made for each baseline by using TRIMVEC, In order to avoid
systematic errors which might be introduced by inaccuracy of the coordinates of the fixed stations, in the
analyses of Manazuru-O Sima line and Turugi Saki-O Sima line, the position of O Sima is fixed to the value
derived by the test GPS observations {Sengoku, 1991). So is the position of Manazury in the analysis of Turugi
Saki-Manazuru line, The estimation errors of geoceniric rectangular coordinates are estimated by TRIMVEC,
The estimation errors of latimde, longimde and height difference arc also calculated by transforming covariance
matrix from geocentric coordinates to topocentric coordinates (Sengoku efal., 1990},

Analyzed results of baseline length, latitude difference, longitude difference and height difference are
shown in Fig, 8, 9 and 10. Those of geocentric rectangular coordinates (u, v, w) are also shown in table 5. In
1990, 39 sets of baselines are obtained for O Sima - Manazuru line, 38 sets for O Sima - Turugl Saki line and
30 sets for Manazuru - Turugi Saki line. From Apr. to Aug. 1990, S/A (Selective Availability) was declared
to all the 3PS satellites and accuracy of point positioning seemed to be degraded to about 100m. Since Aug.
1990, S/A seems not to be declared 1o satellites, and precision of analyzed results might be better.
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Thisreportis writtenby A, Sengoku and X, Kawai. Analysis of survey was carried out by T. Uchiyama
and K. Fuchida. Authors would like 1o greatly appreciate the kind assistance of Manazuru town, Izu O Sima
Aids to Navigation Office and Turugi Saki Aids to Navigation Office.
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Table 4. Observation data

Explanation
Column 1 Serial number

2 Session number
3 Observation time (UT)
4 Observed satellites in PRN number
5 Aguired datasize in byte,

4001: O Sima

4002; Manazuru

4003: Turugi Saki
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Column 1

89,10
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Table 5. Analyzed results

Explanation
Serial number

Session number

The center of observation time in day of year (UD)

Slope distance between two stations with estimated RMS (unit; m)

Latitude difference with estimated RMS (unit; arc sec.)

Longitude difference with estimated RMS (unit: arc sec.)

Height difference with estimated RMS (unit; m)

Difference in Earth-fixed rectangular coordinate with estimated RMS (unit: m)

RMS of residuals (unit: cycle)
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Figure 1, Observation sites.
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Figure 2, Site sketch of O Sima,
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Figure 3. System configuration at observation sites,
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Figure 4, Survey chart for O Sima.
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Figure 5. Site sketch of Manazuru.
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Figure 6. Survey chart for Manazuru.
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Figure 7. Site sketch of Turugl Saki.
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Figure 8, Survey chart for Turugi Saki.
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Table 1, Survey results of the fiducial and other markers at O Sima (Tokyo Datum)

Synbol Latitude Longi tude Height Note

Fiducial point, 4th

Titigasaki Tt 34° 47" 40.5506" | 13%° 217 55.078" 95.90= | order triangelation
point.
Reference point of

Qokubo 0 34° 467 56,8207 1 130° 23 24,9897 131.00n | azimuth angle, 3rd

order triangulation
point.

Brass narker B 24° 487 41,1187 | 139° 237 09.168" 115, 35m

Top of the base T84 34° 467 40.9307 | 139° 23" 09.071° 116.01n

Top of the base

for the antenna.

GPS antenna{new) G 34% 467 40.9907 | 139° 23" 09,9717 116, 1%,

Center of the
antenna{nev}.

GPS antenna(old) | Ger 34° 467 40,9767 [ 139° 23" 09.084"7 i15. 84m

Center of the
antenna {(old).
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Table 2, Swrvey results of the fiduclal and other markers at Manazuru (Tokyo Datum)

Synbol Latitude Longitude Height Note

Fiducial point, 2nd

Manazurunisaki Tz 35° 087 38.245" | 139° 08 58,4367 88.79n |order triangulation
point,
Reference point of

Uene ] 35° 097 31.418" 1133° 04 55,6447 562.48n | azimuth angle. 31d
order triangulation
point,
Brass marker Bz 35° 09" 09.108" | 139° 08" 31, 925" 59, 00n

Top of the base T8z 35° 09" 09.097" | 139° 08 31.933" 51.40m | Top of the base
for the antesna.

GPS antenna{new) Gz 35° 097 09.097° 139" 63" 31.933" 3i.51n | Center of the
antenna {new).

GPS antenna{old) | Go2 35° 097 09.087" {13%° 08" 31, 934" 5(.30n | Center of the

antenna{old).

Table 3. Survey results of the fiducial and other markers at Turugi Saki (Tokyo Datum)

Syabol Latitude Lengitude Height Note
Fiducial point, 2nd
Misakihoudai Ta 35° 097 07,288° §139° 39" 26.800° §2.69n | order triangulation
point.
Reference point of
Kaneda K 35% 097 05.082° | 139° 407 06. 725" 57.76n | azimuth angle, 3rd
order triangulation
point.
GPS antenna Gz 387 087 17,3247 }139° 407 47.5567 40. 500 | Center of the

antenna.
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Table 4. Observation data

111

No, {session | year month day lime observed PRN# data  size
h m h m 4001 4002 4003
11046-0 11990 Feb. 15 01 20 - 04 00| 36912 203318 214396 0
21046-1 11990 152130 -24 00) 3111314 0 266252 261802
3] 047-1 {1990 16 21 15 - 24 15} 3111314 299160303300 0
41048-0 | 1990 172115 -24 1513111314 293814 302012 0
51052-0 { 1990 212110 - 24 10| 3111314 287246 300408 0
61054-0 ; 1990 2321 02 - 24 02| 3111314 293316 300132 0
710570 | 1990 26 20 50 - 23 50| 3111314 192340 299742 0
81058-0 | 1990 27 2046 - 23 46| 3111314 290712 259700 0
9105%-1 {1990 28 20 42 - 23 42| 3111314 275302 301044 294850
101 060-1 | 1990 Mar, 01 20 42 - 23 42| 3111314 209352 205772 278528
11}062-1 | 1990 03 20 34 - 23 34| 3111314 207116 298604 296264
121 064-0 | 1990 0520 26 - 23 26| 3111314 289176 297252 295790
131 066-0 | 1990 07 01 15 - 04 15| 6912161719 404946 55192337814
14| 068-1 | 1990 09 02 00 - 0500| 6912161719 404530 361778 402726
151069-1 | 1990 10 02 00 - 05 00} 6912161719 401758 356362 398344
16} 071-1 | 1990 120200 - 0500} 691216171819 382750286976 4006
17| 074-0 | 1990 15 02 00 - 05 00} 69121316171819 | 369530 335440 373614
181075-0 | 1990 16 22 00 - 25 00 3691213141617 | 359240 335670 102400
19{078-0 | 1990 19 22 00 - 25 00 3691213141617 | 364124 336656 368344
20]081-0 | 1990 22 05 00 - 08 00} 312131819 309090 237854 295592
21{082-0 | 1990 23 18 00 - 21 00} 3111314 295782 0 0
2210870 1 1990 28 01 00 - 04 00} 691216171819 381204 335288 288768
231088-0 | 1990 29 12 56 - 03 56§ 61216171819 0 387424 400198
241099-0 | 1990 Apr. 09 03 30 - 07 00{ 312131819 296978 231430 289390
251 100-1 {1990 09 23 00 - 27 00] 6912161719 500638 440404 419830
26| 108-1 | 1990 172332 - 26 321 691216171819 372962 353208 385958
27| 114-1 {1990 23 23 04 - 26 04] 69121617181920 | 404216 384456 410538
281 118-1 {1990 26 22 48 - 25 48| 691217181920 101314 93878 53074
201127-1 {1990 May 07 22 04 - 25 04| 69121617181920 | 97010 93202 96116
301 129-1 § 1990 09 19 56 - 24 56| 369121617 18 1920} 146476 146814 151606
311301 {1990 10 21 52 - 24 52| 69121617181920 | 398934 377872 395886
321 148-1 {1990 28 19 52 - 25 52| 39121617181920 | 757392734486 0
33]155-0 {1990 Jun, 04 19 00 - 25 00| 391216181920 695832 674186 689152
341156-0 | 1990 05 18 56 - 24 56| 391216181920 266562 312706 690760
351163-0 | 1990 12 18 32 - 24 32| 91216181920 369412 0636746
364179-0 1 1990 28 17 28 - 23 28] 91216181920 638174 0660932
37{187-1 | 1990 Jul. 06 17 00 - 23 00 91216181920 608876 0621592
38]{194-1 ;1590 13 16 28 - 22 28; 91216181920 576732 0595818
391198-1 | 1990 17 14 30 - 20 30} 3691216171820 | 775684 0798756
401 199-1 | 1990 18 14 26 - 19 46} 36912161718 683958 0708986
411206-1 { 1990 251358 - 19 18 36912161713 0686118 211184
4212131 11990 Aug. 01 13 26 - 18 46} 316912161718 613278 677878 0
431218-1 1 1990 06 13 10 - 18 30} 3912161718 577700 572456 595486
441225-1 1 1990 13 12 42 - 18 02 36912161718 659603 630302 665742
451239-1 | 1990 27 11 46 - 17 06| 36912161718 633313 590726 634282
461248-1 } 1990  Sep, 05 11 10 - 16 36| 36912161718 604097 582582 609504
471274-1 11990 Oct. 01 09 26 - 14 46| 36912161718 561632 525186 554824
481 277-1 | 1990 04 09 10 - 14 30| 36912161718 586590 495068 573888
491278-1 | 1990 050006 -14 26| 36912161718 562376 522576 554052
50} 281-1 | 1990 08 08 54 - 14 14} 36912161718 558506 515328 537194
511288-2 | 1990 1508 18 - 10 18 369161718 237231 232406 233242
52| 288-3 | 1990 15 10 18 - 14 48] 691216172021 542526 504540 530590
53}295-1 | 1990 22 08 36 - 14 361 369121617 470718 438158 464354
541310-1 [ 1990 Nov, 06 07 32 - 13 32| 369121617 479754 0469680
551317-3 [ 1990 132010 - 24 10} 2691114151921 | 533688 503932 525814
561341-1 {1990 Dec, 07 18 38 - 22 38] 2691114151921 { 366760 504676 0
5741360-1 | 1990 26 01 30 - 06 30} 36121316171819 | 585210176798 ¢
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