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DATA REPORT
OF
HYDROGRAPHIC OBSERVATIONS
SERIES OF SATELLITE GEODESY
No.8, March 1995

SATELLITE LASER RANGING OBSERVATIONS IN 1993

Summary - Satellite laser ranging observations have been continued by a fixed type satellite Faser ranging
station at the Simosato Hydrographic Observatory (JHDLRS-1) and by a transportable one
(HTLRS) at off-lying islands. The total numbers of returns obtained by the JHDLRS-1 in 1993
are 73,953 from 73 passes of Lageos-I, 143,859 from 100 passes of Lageos-II, 24,890 from 59
passes of Starlette, 206,444 from 203 passes of Ajisai, 18,950 from 48 passes of ERS-1
(European Remote Sensing Satellite-1), 51,828 from 67 passes of TOPEX/POSEIDON and
8,852 from 23 passes of Stella, respectively, Those obtained by the HTLRS at Hatizyo Sima in
1993 are 68 from 4 passes of Lageos-I, 19 from 2 passes of Lageos-1I, 5,217 from 34 passes of
Ajisai and 2,514 from 8 passes of TOPEX/POSEIDON, respectively. The range precisions of
the JHDLRS-1 are 5.7cm for Lageos-1, 5.8cm for Lageos-II, 6.2cm for Starletie, 6.0cm for
Ajisai, 5.8cm for ERS-1, 5.8cm for TOPEX/POSEIDON and 4.1cm for Stella, respectively.
Those of the HTLRS at Hatizyo Sima are 5.4c¢m for Lageos-I, 7.0cm for Lageos-IT, 4.2¢cm for
Ajisai and 3.9cm for TOPEX/POSEIDON, respectively.

Key words: satellite laser ranging - global geodesy - Lageos-I - Lageos-II - Starletie - Ajisai - ERS-1 -
TOPEX/POSEIDON - Stella - JHDLRS-1 - HTLRS

This is areport of the satellite laser ranging (SLR) observations made at the Simosato Hydrographic
Observatory by a fixed type satellite faser ranging station called JHDLRS-1 (Sasaki et al., 1983) and by a
transportable one called HTLRS (Sasaki, 1988) at off-lying islands. This report contains the lists of data
obtained at these stations in 1993,

Previous data obtained by the JHDLRS-1 appear in the Series of Astronomy and Geodesy, Data
Report of Hydrographic Observations for the period from 1982 to 1985, and in the Series of Satellite
Geodesy from 1986 to 1992, those obtained by the HTLRS at off-lying islands appear in the Data Report of
Hydrographic Observation, Series of Satellite Geodesy, No. 3,4, 5,6 and 7.

1. Observation

The routine ranging observation for Lageos-I, Starlette, and Beacon (BE)-C started in April 1982 by
using a fixed type SLR station at the Simosato Hydrographic Observatory (the JHDLRS-1) under the
mutual cooperation between the Hydrographic Department of Japan (JHD) and the National Aeronautics
and Space Administration (NASA) of the United States of America. In August 1986, the Japanese first
Geodetic Satellite "Ajisai" was launched and its tracking observation by the JHDLRS-1 started, In this
place, the observation of BE-C was terminated in July 1986, Thereafter following 4 satellites were added in
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the routine observation after their launches: "ERS-1" in July 1991, "TOPEX/POSEIDON" in August 1992,
"Lageos-H" in October 1992 and "Stella” in September 1993.

The range observation for Lageos-1, Starletic and Ajisai, by the HTLRS started in December 1987,
Lageos-11, ERS-1, TOPEX/POSEIDON and Stella laser - ranging satellites have been observed by the
HTLRS immediately after their launches, The range observations by the HTLRS at off-lying islands have
been carried out as follows,

Jan, - Mar. 1988 : Titi Sima

Jul, - Sep. 1988 : Isigaki Sima
Jan, - Mar, 1989 : Minamitori Sima
Jul, - Sep. 1989 : Okinawa Sima
Oct. - Nov, 1989 : Tusima

Sep. - Oct. 1990 : Oki Shoto

Dec. 1990 - Feb, 1991 : Minami-Daito Sima
Aug, - Nov, 1991 : Tokati

Jan - Mar, 1992 : Iwo Sima

Aug. - Oct. 1992 : Wakkanai

Jan - Mar. 1993 : Hatizyo Sima

The major specifications of the JHDLRS-1 and the HTLRS are listed in Table 1 and Table 2 (Sasaki
etal,, 1983, Sasaki, 1988). The locations of the system and fiducial stone markers set up near the system arc
shown in Table 3 (Takemura, 1983) and Table 4.

The observation schedule of the JHDLRS-1 was made by selecting those passes whose maximum
elevation was over 30 degrees for Starlette, Ajisai, ERS-1, TOPEX/POSEIDON and Stella, nighttime
passes of Lageos-I and Lageos-II, over 35 degrees for daytime passes of Lageos-1I, Lageos-1I, The
observation schedule of the HTLRS was made by selecting those passes whose maximum elevation was
over 20 degrees at night. When the HTLRS was operational, the same criterion was applied to the JHDLRS-
1. Routine observation was not carried out on Saturday and Sunday. The priority of the selection for
simultancous transits was in the order of Ajisai, Lageos, Starletie and ERS-1,

The SAO-formatted orbilal elements of the satellites for the use of scheduling and tracking were sent
from the Goddard Space Flight Center(GSFC) of NASA through INTERNET, The orbital elements of
Ajisai were also calculated in the Headquarters of the JHD by using quick-look data sent from Simosato
and from GSFC via INTERNET. For the satellite tracking, an analytical tracking program using the
clements were used. The tracking was carried out when the elevation of satellites was above 20 degrees. The
temperature, atmospheric pressure and relative humidity were measured once in a pass, Before and after
ranging satellites, the ranging calibrations were made by using ground targets.

In order to improve ranging precision, the JHDLRS-1 have been upgraded several times, A Micro-
Channel-Plate photomultiplier was introduced in the JHDLRS-1 in January 1985, A GPS clock was
introduced into the THDLRS-1 in December 1988 to monitor and correct the time of the atomic clock used
inthe s'ystcm, and it has been in operation since April 1989. A GPS clock has been also used in the HTLRS,
A laser subsystem of the JHDLRS-1 was upgraded to a Quantel YAG 460-5 at the beginning of July 1990,

The total numbers of returns and passes obtained by the JHDLRS-1 at Simosato and by the HTLRS
at Hatizyo Sima in 1993 are listed in table 5 and Table 6,

2, Polynomial fitting and preliminary analysis of range data
False range data were removed by a visual rejection system, The system works on CRT screens by
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applying a filter of polynomial fitting to difference between measured range and predicied range or fo
measured range 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 the GSFC from Simosato within
one day through INTERNET. QL data of ERS-1 were also sent to the Deutsches Geodatisches
Forschungsinstitut (DGFI) within § hours though INTERNET, All the range data, after 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 on a magnetic tape in MERIT II 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 on
magnetic tapes for the above seven satellites were sent to the GSFC and the Centre d'Etudes et de
Recherches Geodynamiques et Astronomiques (CERGA) of France, The FR data of ERS-1 and Stella were
also sent to the DGFI,

The weighted mean range precisions estimated by using the polynomial fitting for all the data
cbtained by the JHDLRS-1 in 1993 are 5.7cm for Lageos-I, 5.8cm for Lageos-11I, 6.2cm for Starlette, 6.0cm
for Ajisai, 5.8cm for ERS-1 and 5.8cm for TOPEX/POSEIDON, and 4.1 for Stelfa, respectively, as shown
in Table 5, The same for the HTLRS at Hatizyo Sima are 5.4cm for Lageos-1, 7.0cm for Lageos-11, 4.2¢m
for Ajisai, and 3.9cm for TOPEX/POSEIDON, respectively,

The QL data sent to the GSFC were used to update orbital elements, These data were transferred
from the GSFC to the Center for Space Research{CSR) of the University of Texas and were used for the
estimation of the polar motion and the variation of the angular velocity of the earth rotation by processing
with the SLR data from other sites in the world. All the FR data were also analyzed in the CSR and other
SLR analysis centers, and more precise values for the earth rotation parameters have been estimated. The
FR data sent to the GSFC were used to detect crustal movements and global plate motions.

The JHD has been processing FR data obtained at Simosato and other SLR sites by using an orbital
processor (Sasaki, 1984). A result of the geodetic coordinates for the cross point of azimuth and elevation
axes of the JHDLRS-1, obtained as the Marine Geodetic Result (Tatsuno and Fujita, 1994), is 33" 34'
39."700N, 135" 56' 13."337E, 101.62 m for latitude, longitude and height above the reference ellipsoid of
6378137m semi-major axis and 1/298.257 flattening, respectively.

The observations of satellite laser ranging were made by K. Matsumoto, A. Suzuki, M. Suzuki, K.
Tomii, K, Suzuki, S, Yosida, Y, Narita, K. Magji, K. Kawai, T. Kawaguchi and H, Fukura of the Simosato
Hydrographic Observatory and T. Kanazawa, A. Sengoku, M. Fujita, S. Murakami, Y. Takanashi, H. Noda
and N. Ikeda of the JHD Headquarters.

Calculations and compilation for this report have been made by K, Terai, M. Fujita and Y. Narita of
the JHD Headquarters and K. Muneta of the Simosato Hydrographic Observatory.
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Table 1. Principal Specifications of Satellite Laser Ranging Station of

the Simosato Hydrographic Observatory (JHDLRS-1)

Subsystem Specification
Mount configuration clevation over azimuth/Coude path
Angular resolution 20bits (1.2 arcsec)
Transmitter diameter 17 cm
Receiver diameter 60 cm
Laser wave length 532 nm
Output energy 125 ml]
Laser pulse width 100 ps
Repetition rate 4 pps
Receiver detector Micro-Channel-Plate PMT (9% Q.E. and 300 ps rise time)
Flight time counter 20 ps resolution
Frequency standard Rubidium oscillator
Time comparison GPS(TRIMBLE, 5000A)
Computer 32-bits personal computer with hard disks,

3.5inch floppy disk drivers, printer, CRTs and a modem

Fable 2. Principal Specifications of the Hydrographic Department
Transportable Satellite Laser Ranging Station (HTLRS)

Subsystem Specification
Mount configuration elevation over azimuth/Coude path
Angular resolution 20bits (1.2 arcsec)
Transmitter diameter 10cm
Receiver diameter 35cm
Laser wave length 532 nm
Output energy 50 mJ
Laser pulse width 50-100ps
Repetition rate Spps
Receiver detector Micro-Channel-Plate PMT with 300 ps rise time
Flight time counter 20 ps resolution
Frequency standard Rubidium oscillator (rate : 2 x 10 1)
Time comparison GPS
Computer two 16 - bits personal computers with hard disks

3.5 inch floppy disk drivers, printer, CRTs and a modem
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Table 3. Geodetic coordinates of JHDLRS-1

Location Site ID Coordinates
(Tokyo Datum)
Cross point of Az, and El, axes International 33 34 27496N
of JHDLRS-1 7838 135 56  23.537E
Domestic 6244 m
SHO-L

The fiducial stone : ! ”
marker at the Simosato Hydrographic ~ Domestic 33 34  28.078N
Observatory SHO-HO 135 56  23.236E
58.36 m

Table 4. Geedetic coordinates of HTLRS

Location Site ID Coordinates
(Tokyo Datum)
Cross point of Az, and El, axes Internationat 33 04 10.187N
of HTLRS at Hatizyo Sima 7309 139 49  32701E

221.15m
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Table 5, Data acquisition af the Simosato Hydrographic Observatory in 1993

Satellite No. of ranges No. of passes RMS
Lageos-1 73,953 73 5.7¢cm
Lageos-11 143,859 100 58
Starlette 24,890 59 6.2
Ajisai 206,444 203 6.0
ERS-1 18,950 48 58
TOPEX/POSEIDON 51,828 67 58
Stella 8,852 23 4.1
Observers : K. Matsumoto, A. Suzuki, M. Suzuki, K. Tomii, K. Suzuoki, S. Yosida,

Y. Narita, K. Magji, K. Kawai, T. Kawaguchi, H. Fukura, Y. Watanabc*,
S. Murakami* and M. Fujita*
* JHD headquariers
Table 6. Data acquisition at Hatizyo Sima in 1993

Satellite No. of ranges No. of passes RMS
Lageos-1 08 4 5.4cm
Lageos-II 19 2 70
Ajisai 5,217 34 42
TOPEX/POSEIDON 2,514 8 39
Observers : T, Kanazawa, A. Sengoku, K. Kawai, Y. Takanashi, N. Tkeda, H. Noda,

K. Suzuki* and §. Yoshida*
* The Simosato Hydrographic Observatory
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Table 7, Observations and data fitting by JHDLRS-1
Explanation

Column

1 Serial number of passes ranged successfully for each satellite.

2 Serial number of passes ranged successfully from the beginning of SLR observation by the
JHDLRS-1,

3 Observation time (UTC) of the first return and the last return observed in the satellite pass. D
indicates a daytime pass.

4 Azimuth when the tracking of the satellite started at 20 degrees of elevation,

5 Elevations at the maximum, at the first return obtained and at the Jast return obtained in the satellite
path. U means that the data are obtained through the maximum elevation,

6 Number of successful returns from the sateflite in the pass.

7 Order of the polynomials applicd and the root mean square deviation of the curve fitting to the

difference between 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

dR=-_8(2) . A+B ,
f(¢,.H) SinE + B /(A +B)
sin E + 0.01

where

13

g(X)=09650+ QQJ.?LQJQQQ%&&
A A

f(¢,H)=1-0.0026 cos2 ¢ - 0.00031H,
A =0.002357P + 0.000141 ¢,

e=611 » RIL|g7ST- 7315 (23734 (- 21315)

¥

B=(1.084 X 105 PTK+ (4734 X 105982 .2
T (-1/K)

K =1.163 - 0.00968 cos 2E" - 0,00104 T + 0.00001435 P,

Here
dR Range correction {meter),
E True elevation of satellite,
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P Atmospheric pressure at the site (hecto pascal),
T Atmospheric temperature at the site (degree kelvin),
Rh : Relative humidity at the site (%),
A Wavelength of the laser (micron},
$ Latitude of the site,
H Altitude of the site (kilometer),

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

Atmospheric temperature (degree centigrade).

Atmospheric pressure (hecto pascal).

Relative humidity (%).

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=¢,/(1+10°N),

where

N =80.343 (0.9650 + 0.0164 , 000028 )P _q13 €
A2 At T T

e= 6.11 . &101.5('1‘- 213153/ {2303 + (F- 213.15)} .

Here

c The speed of light in vacua,

P Atmospheric pressure (hecto pascal),

T Atmospheric temperature (degree kelvin),

Rh Relative humidity (%),

A Wavelength of the light (micron).

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

* not adopted because of an unrecoverable lime bias in the data.

Time correction: UTC (USNO MC) minus transmitting time of GPS (USNO, 1993, 1994). This
term is corrected for the transmitted time in the final MT file.
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Table 7. Observations and data fitting by JHDLRS-1
Satellite:Ajisai
| o (3) Obs. Time{UTC) (4) (3) Elev O] ) | & § O [0 [ [(12) [(13)
No. | datc  caupht  fost Azst |MX CT LTI RIN | N RMS|TMp] prESS [HUM]| IDT | DTS | DTG
YMD bhms hms B " em| T WPal %[ ns| ps| as
1| 4949 | 930105 042835 043427 D| -122R |72 68 19| 380 |19 57 123 | 10158 | 47f 72 29| o1
2| 4951 | 930105 062629 063557 D| -68R[32 22 U 19| 404 )21 62105 |1017.5 | 42| 74| 29} 01
3| 4952 | 930105 103216 104541 R |59 20 U 19 |1572 31 63| 4t |102t0 | 70| 72] 30| 00
4] 4962 | 930108 054625 055351 D| -64R |31 22 U 24| 19213 89 |134 J1158 | s0]| 71} 28] 0o
5] 4965 | 930112 021236 021925 D|-133R |82 88 20| 105| 9 98|16 |to047 | 561 72| 28] 00
6] 4975 | 930119 060836 061339 D| -36R |42 42 22| 21013 o1 | 83|10077 | 54| 67 28] 00
7| 4976 [ 930129 051409 052007 D| -s2.{80 72 U 31| 121 |10 11.3 J10.0 | 10086 | 40] 70] 28| 00
8| 4998 [ 930204 014733 015643 D| 38R |42 27 U 24| 200 117 81 {129 | 10007 | 48] 73| 32| 00
9] 4999 [ 930204 034923 035125 D] -S5L|70 31 U 48| 151}12 66 |145 | 10085 | 43| 77| 28| 00
10 5006 ] 930204 184143 185325 198L |50 24 U 19)1395 {31 90| 5210114 | 61| 73| 30| 00
11| 5008 | 930204 204232 205527 |-104R |53 20U 19)1ess |11 72| 32fwn7 | 70| 74| 30 ] 00
12| 5010 [ 930205 005244 010223 D| -37R 134 23 U 20} 947 |29 71 |11.5 {10134 | 44| 74| 31] 00
13| 5013 [ 930205 025314 030708 D| -47R[82 20 U 19{ 931 |29 64 h145 10112 32| 73] 32| o0
14| 5022 [ 930205 174832 175816 1731932 20 U 20| 988 |30 69 J100 | 10084 | 72] 74| 31| 00
15] 5024 | 930205 194746 200142 |-122R |7 19 U o] 2223 I3 s2ii09 |10077 | 73] 73] 32| o0
161 5005 | 930208 001252 002216 D} -34R |35 25 U 191043 F31 57| 69| 10062 | 45| 73] 28| 00
17| 5033 [ 930208 170856 171806 179L 135 25 v 20| soo{27 69| 26]te112 | sof 74 31| 00
18 [ 5035 [ 930208 190801 191926 |-18R |68 23 U 28174 {3 70| 1.3 |to004 | 70| 723} 32| o0
19| 5040 | 930209 161605 162225 155L 21 18U 17| 587|235 78| 3010106 | 69| 7.3} 30( 00
20 5042 [ 930209 181302 182712 | 2241 )86 19 U 18] 1657 |31 65) 30| 10106 | 48] 74} 30/ 00
21| 5045 { 930209 201910 202819 2R |37 28 U 19| 93329 s59] 191008 | 75 73| 31] 00
22| 5046 | 930210 002458 003709 D} -39R |47 20 U 20| 1139 |31 72| so|1m2s8 | so| 73] 28] 00
23| 5054 [ 930210 171951 173201 205L 160 21 U 23} 377{18 108 | 48 }10119 | S6| 74| 32| 00
24| 5056 | 930210 192159 193425 -98R {47 20 U 191368 |31 56| 36{10t10 [ 62| 74| 33| 00
25| 5059 | 930212 153554 154159 160L |24 21 U 19| 537|222 7a ) ea]10132 ] 49| 72| 33| 00
26| 5062 [ 930212 173237 174629 [-132R[82 19 U 19])1679 31 56 49 |10132 | 46} 73] 34| 00
27| s064 | 930212 193845 194748 BR{35 27 U 20f 63724 62| 331032 | s2| 73] 34 00
28| som | 930215 145513 15020 165L. |26 23 U 19| so6|22 65) 52|10149 | 60| 74} 20| 00
29| 5073 | 930215 165914 170602 | -128R |82 82 19| 354w 74) a5|10140 | 61] 72} 30/ €0
30] 5074 [ 930215 185826 190718 74R |34 26 U 20| 895|28 67| 54 |1036 | 58 73| 31 oo
31| 5077 [ 930217 170614 171923 | -106R {56 19 U 201926 {31 62| 8310069 | 66| 73| 31| 00
32| 5078 | 930217 195205 192104 STR (28 20 U 191221 |31 54| 83fioos0 | 61| 73] 31| 00
33| 5084 [ 930218 161145 162342 |-125R |75 20 U 30| 75126 66} 731017 | 59| 71] 36| 00
34| 5085 | 930218 181740 182649 -69R[33 23 U 20) o11f29 74| 661019 ] 59 73| 31 |-0a
35| 5087 [ 930218 202143 203041 -36R {29 20 U 19 ) 1003 {30 s7| 53 ]im25 | 6| 73| 31 -0a
36| 5092 | 930219 152443 153124 7L |74 95 19| 838 |28 122 | 29 toi60 | 59 74 31| o0
37| 5095 [ 930219 172113 173305 -88R f40 20 U 19| 1679 |31 70| 28| 10160 | s0| 74] 32 00
38} 5096 [ 930219 192705 193530 4R [27 20 U 19| 1204 |31 64| o8 |10158 | 70| 74| 42 00
39| 5098 | 930221 234513 235649 D| 66l {42 20 U 19| 376 |18 Sa 4o | 9914 ] 57] 723) 28| 00
40| 5100 [ 930222 144446 144913 20L |81 76 30 e2t]25 57w | 9929 | s7] 722 30| oo
41| 5107 [ 930223 134336 135634 | 20255 19 U 19{1770 |31 80| 1910042 | 61] 73| 31] 60
42| 5109 [ 930223 154546 155827 | -100R |50 20 U 19| 1441 |3t 7a | 1.7 10049 | 64| 73{ 32| 00
43| 5111 [ 930223 175143 180013 55R |28 20 U 20f1068 f31 7a | 1410053 | 66| 73] 32| 00
44| 5113 | 930223 195500 200545 37R |35 20U 20f 1042 {31 69| 0910060 | 67 73| 33| 00
45 5119 | 930224 125100 130137 1BIL}35 20 U 20| 1208 |3t 67| 27|10106 | 66) 72| 32 ] 00
46( 5121 [ 930224 145055 150431 |-118R {67 20 U 19} 1384 |31 66| 18| 10102 | 66| 74 31| 00
47] 5122 [ 930224 165612 170551 -66R |31 20U 20f1010 |30 58] 1.0|101.0 | 68 73| 31 ] 00
48| 5125 { 930224 190125 191033 36R 130 22 U 191273 |31 s8| ofionz | 1] 74 32 00
49| 5127 | 930225 120037 120457 151Lf21 20 v 19| 307)1s 75) 3010045 | 66| 71| 29| 00
50] 5129 | 930225 135640 141027 | 2241082 20 U20]1278 |31 641 11 |10143 | 78] 73] 301 00




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fitting by JHDLRS-1
Satellite: Ajisai {continued)

11

®m|@ {3} Obs, Time(UTC) ) | (G)YElev (6 @ 6 | & {(0 )01 |(2)103)
No. | date  caught  lost Azst |MX CT _LT|RTN | N RMS{TMP| PRESS JHUM| IDT | DTS | DTG
YMD hms hms 1t emf C| hPal %] ns| usf us

51 5131 | 930225 160042 161151 -BOR |37 20 U 19| 1309 |3F 67} 04|10143 1 82] 73| 3.0} o0
521 5133 1930225 180626 181446 -43R |27 20 U 20| 885|28 S7| 2.0|10143 | 65] 73| 31| 0.0
53| 5136 | 930225 200820 202048 38R |47 19 U 2001765 |3t 65)| 08|10145 | 717 74} 31 00
54) 5138 | 930226 151113 151754 -96R |47 47 U205 13010 80| 65|1013.8 | 60 72| 30| 00
55] 5141 | 930226 191557 192532 -35R |37 26 U 20} 88028 72| 3410134 | 70{ 72} 31| 00
561 5142 | 930301 122537 123545 209L165 41 U 20¢ 97431 104 | 4.0| 10064 | 54] 68} 30| 0.1
57| 5146 | 930301 163530 163936 48R 127 27 19| 42719 72| 1.8|10084 | 54| 70] 3.8 | 0.1
S8 5149 | 930301 183431 184508 -37R§38 22 U 2081118 |31 73| 1.7|10086 | 59| 72 32| 0.1
59| 5153 | 930302 112923 1314009 188L §43 20 U 24 {1327 |31 69| 2410154 | 65] 69 ) 29| o1
60| 5156 | 930302 133131 134325 |-1I0R§59 27 U20{1845 |31 61| 0810154 | 79] 71} 3.0] Ot
61| 5158 | 930302 153633 154504 -58R {26 22 U 19 86228 68| 1410154 | 65 71 )] 30| o1
62| 5161 | 930302 173955 174953 S37R {32 20 U 2001377 |31 59| 221|105 | 63 72| 31| 01
63] 5163 1 930302 194115 195429 -4SR{73 20 U 22| 2186 [31 54| 2.5|10149 | 62| 72| 32| 01
64 | 5164 | 930303 103729 104513 168L {26 19 U 20| 362718 68| 63|10119 | 60{ 7.0] 30} 01
65| 5166 [ 930303 123538 124931 | -128R {75 20 V19| 2n60 |31 7a| 51]10123 | 65] 73| 30| 04
66| 5168 | 930303 144137 144805 “76R {34 25 U 29( 12210 80| 5010121 | 60 71| 31} 02
67| 5170 | 930304 114215 114657 24L16% 22 60] 17612 72| 64| 10128 | 88 71| 30| 0.1
68| 5172 [ 930304 134529 135653 IR |42 22 U 201659 [31 72| 6210138 | 66{ 70| 31| 01
69| 5174 | 930304 155054 155915 -A5R |27 20 U 20| 96229 61| 64 |10136 | 63| 71| 32| 01
70| 5177 | 930304 175325 180505 -36R |40 20 U 201402 [31 75| 4810136 | 70{ 70| 32| 01
711 5180 | 930304 195457 200828 SaL |74 20U 20] 1436 |31 76| 4310050 | 71| 7.0) 33} o0t
72| 5184 | 930305 104838 110046 193L | 47 20 U 20| 1496 |31 74| 9310180 | 72| 70| 3.0} 02
73] 5185 [ 930305 125005 130257 |-108R |56 21 U20|1981§31 67| 73|tou80 | 75| 72} 3.0| o1
741 5187 { 930305 145631 150434 -60R |29 22 U 20| 745126 58| 73}10169 | 81| 72} 3.1 01
75| 5189 | 930305 165924 170943 39R |33 20 U19] 1362 3t 55 81f10062 | 84| 72 32( 01
761 5192 | 930305 190046 191432 A7R |76 20 U 19 {2241 |31 53] 8.1 |10154 | 84 72| 33{ 01
77{ 5193 | 930308 100750 102026 198L |51 20 U 20| 99230 8.0] 5410114 | 56| 65] 3.0] 02
78] 5195 | 930308 120932 122227 |[-103R |53 20 U 20| 1473 |31 76| 4.5|1013.0 | 59| 66/ 3.1 | 02
79 5197 | 930308 141521 142411 S6R |28 20 U 20| 952|29 67| 36| 10132 | 66| 66{ 32 02
80| 5200 | 930308 161900 162938 7R |34 20 U 191324 |31 74| 3910834 | 62| 67| 32| 02
81| 5202 | 930308 182021 183403 48R [82 20 U 19| 1670 |31 58| 3910134 | 61| 671 33| 02
821 5204 | 930308 202440 203159 SIL}26 20 U 19| 49521 79| 3.4 |10141 | 64| 67| 34| 02
83| 5206 | 930309 091756 092142 1791132 29 U 31§ 468§20 72| 95710138 | 64| 72| 29| 02
84| 5207 } 930309 111613 112342 {-12IR{71 28 US6) 95} 9 75| 6.1 j10143 | 79| 71| 3.0] 02
85| 5209 | 930310 102115 103426 2211178 23 U 1901736 {31 72| 9210095 | s0| 72| 30| 02
86| 5211 | 930310 122422 123552 -8R |38 20 U 1911766 {31 64| 62f10108 | 63| 72| 30| 02
87( 5213 1930310 143012 143841 -44R |27 20 U 2051068 {31 63| 45]10100 | 69| 72| 32| 02
881 5215 | 930310 163301 164435 -37R |45 23 U 20{1785 |31 7.1 34f1010.0 | 75] 72| 32| 02
891 5216 | 930310 183403 184652 56|64 20 U 22| 979|300 63] 4710100 | TO| 71| 33| 02
90| 5218 | 930312 083624 084449 179L |36 27 U 21| 5412t 751105 {10038 | 47] 72| 28] 02
91| 5219 | 930312 103426 104747 |-117R |67 20 U 21| 92729 73| 8110056 | 43| 71| 29| 02
92| 5222 [ 930312 123949 124926 -64R |31 20 U 19| 614 |23 80| 59|10066 | 53| 71| 29| 02
93| 5224 | 930312 144425 145346 39R |30 20 U 20| 821 |27 61| 52|10058 | S4] 72| 3.0| 02
941 5227 [ 930312 164608 165913 43R |63 22 U 19)1996 |31 86| 50|10053 | 55) 72| 3.1 | 02
95| 5229 | 930312 185025 185930 S7IL |38 28 U 19) 628§24 68| 49|10049 ] 51| 72] 32] 02
96 [ 5230 | 930313 094114 095359 225L |87 26 U 19| 1119 |31 75| 82| 10087 | 47| 69] 29] 0.2
97) 5232 { 930313 114410 115521 -82R |37 20 U 19| 1598 |31 75| 6810117 | 46) 71| 3.0] 02
98] 5233 | 930313 134949 135826 -40R {27 20 U 19| 1333 |3t 68 5010123 | 51 71| 30| 02
99| 5236 | 930313 155203 160425 -4OR {47 21 U19|1732 |31 75] 4610128 | 53] 73| 31| 02
100 | 5237 | 930313 175405 180642 SOL)S9 22 U 191478 |31 7.0] 25010119 ] e4] 73 3210 02




12 SATELLITE LASER RANGING OBSERVATIONS IN 1993
Table 7. Observations and data fitting by JHDLRS-1
Satellite: A jisai (continued)

]| @ {3) Obs. Time(UTC) @ | (SEkv (6 M |® ] 6 |(0lan |(2) |4y
No. | dmte  caught  lost Azt |MX €T LT|RTN | N RMS|TMP| PRESS [HUM| DT | DTS | DTG
YMD hms hms D ' em| T WPaf %] ns| ps| ups
10t | 5242 | 930316 171325 172603 2L |54 210191726 |11 62 2410050 | 62} 78] 33| 01
102 | 5245 | 530317 101539 102104 9IRJ44 43 19] 71725 S7[ S2|1o0s3 | ssf 79 3] 02
103 | 5249 [ 930318 132326 133340 39R |32 20 U 1971053 |31 62| 55) w009 | 67| 76} 31| 01
104 | 5253 [ 930319 143058 144346 AIR|53 21 U 191995 |31 57| 49 10140 | &4 ] 77| 29| 01
105 | 5255 [ 930323 065422 065801 D] 217L |74 48 21| 169 |12 7.3 [159 [ 10099 | 65| 77| 27| 00
106 | 5257 [ 930325 131803 132252 43R |60 53 21| s576|22 8.1 [108 | 10051 | 83| 68) 32 00
107 | 5258 [ 930329 072849 073524 D| 80r |37 24 U 33| 36618 67] 8110077 | 41] 79| 29[ 00
108 | 5259 1 930407 093416 (94646 40R|S7 18 U 161328 {31 7.7]124 [10003 | s3] 75| | +*
109 [ 5261 | 930408 104358 105446 | 300L|e9 31 U ie]| 18512107 | 79 |i0003 | 57] 78| ¢ +
110 | 5269 | 930507 174730 175107 194L | 47 41 U 34| 236 |14 59 |152|t00d9 | o1} 78| ] +
11| 5273 | 930512 171702 172813 ] 2231 |82 31 U 16) 525{22 s57|203 |tooe2 | 88| so| +| +
112 | 5276 | 930514 152843 153904 181 |36 17 U 15| 666 |24 62 |128 10056 | 70| 291 |
113 | 5277 | 930514 172829 174203 | -117R |66 16 U 14| 1590 |31 54 |108 | 10066 ) 75| 78] |
114 | 5280 [ 930520 141213 141609 190L F43 39 U 27| 566123 46 |204 |10040 § s7) 79| +] »
115 | 5282 | 930525 133838 135210 | 218L§77 15 U 16)1355 |31 570175 | 10025 { 0] so| +| =+
116 | 5283 | 930526 124530 125756 199L |52 17 U 15| 1430 |31 81 |170 | 10036 | sof 78| *¢| +
175284 [ 930526 144953 145730 |-102R |51 31 U 28| 627 |24 s5.7|156 10034 | 80| B2]| +| ¢
118 | 5286 | 930527 115330 120247 1761, |33 18 U 15| 856 |27 69 [17.7 {1000 | 88| 8O} +]| +
119 5288 | 930527 135813 140506 | -120R [70 62 U 19| 572 |22 64 |149 | 10000 § 2] 79| |
120 | 5290 | 930528 1258610 131148 | 2221 |83 16 U 15]1028 [30 705148 | 9990 | 84| 73] +«] =
121 | 5291 | 930531 142411 143226 -8R |36 25 U 16| 611 |24 60167 |10032 | 87) 79| +| »
122 ] 5292 | 930603 113712 115059 |-131R )85 16 U 15}1005 {31 64 [205] 9881 | 66| 78| +| =+
123 | 5294 | 930603 134214 135214 MR35 18U 15| 93629 s 179 | 9soo| 76| 78| ¢ ¢
124 152951930604 104323 105552 | 201L|67 16 U 19| 51|14 s7f190| 9933 ¢f 74| 79| ]|
125 | 5296 | 930604 124847 125800 R |43 28 U 16| 557 (23 55174 | 9949 | @) e #| ¢
126 | 5298 | 930605 115139 120420 |-109R |58 22 U 19]1368 |31 58 [17a) o975 | 75| 78] +#| =
127 ] 5300 | 930606 130724 131130 MR 33 33 20| 187 |13 101 |166 | 10029 | 85| 78| ]| «
128 | 5302 | 930606 171029 172036 40R|S4 32 U 221031 |31 53178 | 10038 | 80| 79| +]| '+
129 | 5303 | 930614 135919 141026 35R |36 20 U 19| 1507 {3t 66232 | 9988 | 96| 80| *|
130 | 5304 [ 930614 160038 161427 -S0L189 19 U 19}1689 {31 52233 | 9984 | 96) 79| | »
131 | 5307 | 930615 116145 110954 -62R{30 23U 21| 377{19 63|246] 9960 | o[ 81| +*| *
132 | 5308 { 930616 081242 081428 D| 226L[89 33 21| 60| 7 80 [274| 9962 | 79| 80| |
133 | 5309 | 930616 100640 101528 D| -78R |36 25 U 22| 398 |18 7.0 249 | 9973 ) 77| 82| | +
134 | 5312 [ 930617 15202t 153359 SIL| 84 20 U 19 ) 1627 |3t 58236 | 10005 F 92| 75| ]
135 | 5313 [ 930621 074418 074728 D|-109R |58 41 21| 62| 7 908|239 | 9975 | ss] 78| | +
136 | 5319 { 930811 151429 152026 1L]31 30 U 19| 13911 8s 224 9979 | s2f st ] «]| »
137 | 5320 [ 930811 171105 172338 |-123R |74 25 U 20| 374 118 761224 | 9981 | sof sz | +| +
138 | 5321 [ 930818 145732 150728 | 227089 37 U 27} 293 [16 80254 |10053 | 96| so | | +
139 | 5326 { 930820 151100 152219 |-112RJ61 32 U 192002 {31 49234 |1007.1 | o4] 80| +| +
140 | 5329 [ 930824 (33357 134744 |-126R |79 20 U 201993 |31 54236 [t0032 | 97] 77| | +
141 | 5332 | 930825 124143 125323 | 215L|74 30 U20]|1077 |31 5724610002 ] so| g1 | «f »
142 | 5333 | 930825 144457 145505 B7R {41 27 U 201377 |31 48 |242 |10005 | 84| 80| *]
143 | 5334 [ 930826 114924 115632 196L | 49 34 U 33| 147]25 65248 9925 | 8] 79] +|
144 | 5337 [ 930830 101818 102314 1L |34 U] 1732110 247 | 10066 | 93] 73] ] »
145 | 5338 | 930830 122151 122513 |-119R |69 55 28| 169 |12 s5{236|10073 | 93| 76| | +
146 | 5340 | 930830 142230 142543 GR|31 31 U27| 72] 8 69|23.0]10073 | 4| 74} | *
147 | 5342 | 930831 112025 113129 | 223185 29 U 26| 32917 7.7 |248 | 10058 | 92| 72] |
148 | 5347 | 930909 112438 112654 0R}33 28 U 33| 52|15 66243 |1001.8§ 93| 81| *} +
149 ] 5351 | 930909 153004 154004 40R |55 25 U 30| 75726 81|225 10023 | 95| Ba]| +| ¢
150 [ 5352 [ 930909 173236 173534 65147 27 U 43| 262115 820222 j10018 ] 95| 83| «| e




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fifting by JHDLRS-1
Satellite: Ajisai (continued}

13

nl e (3) Obs. Time(UTC) @ | G)Blev ©) M |® | & [an|an a2 a3
No. date caught fost Azst IMX CT LTI RTN | N RMS|TMP| PRESS [HUM| IDT | DTS | DTG
YMD hms hms A * m| T hPa{ %{ ns| ms| us

151 | 5354 | 930910 143517 14450 TR 142 23 U 28| 3N |20 58212 10042 | 871 81 * *
152 | 5355 | 930910 164523 164859 SSLT 560 2% 66120 791204 110042 1 90 8 * *
153 | 5358 | 930911 154431 155429 47R |81 32 U 30| 875]20 441208 |1007.7 | 93| 81 * *
154 | 5361 | 930914 130030 131055 S3SR|35 19 U 21| 993]30 4.1 209 | 10064 95| 79 b .
155 | 5364 [ 930925 111323 111943 -41R | 56 25 U 54| 406§19 6.2 {19.1 | 1005.8 89| 82 “ «
156 | 5365 | 930925 131934 132405 <651 | 47 45 U 34 65{11 691193 |10056 | 69| 8.2 * *
1571 5367 | 931001 120151 120458 STOL |39 34 21| 13211 56 |17.0 J1004.7 | 80| 7.8 ¥ *
158 1 5369 | 931004 091513 092338 44R | 67 51 U 24| 73626 4.8 |20.1 | 1007.5 86| 194 2.7]-01
159] 53701 931004 111726 112248 -T3L |36 34 U 26 701 8 73183 J10082 | 96) 719} 27} 00
160 | 5406 1 931103 172115 173217 205L |59 32 U 19]1629 |31 48 |11.5 10152 81| 78} 20} 01
161 | 5407 1 931103 192613 193341 SOTR 147 44 U 2151107 |31 44 (109 §10152 | 84| 7.8 20} 0.1
162 | 5414 | 931104 162718 163724 T1B4L 38 24 U 19{1307 |31 45153110123 | 91| 80| 25} 01
163 | 5417 | 931104 183038 184005 <114R { 64 46 U 1911147 |31 4.6 |16.0 | 1011.7 86| 80| 25| G1
164 | 5425 | 931109 155749 161108 213L )70 19 U 23| 993|130 46158 |10195 | 76] 791 24| 0Ol
165 | 5430 | 931116 134345 135558 201L |55 22 U 20| 1762 |31 4.6 |18.7 | 10152 85| 78] 29| 00
166 | 5433 | 931118 135615 140956 2241 | 86 20 U 202256 |31 4.5 |15.0 | 10134 95] 7.8 26| 00
167 | 5437 1 931122 122721 123528 200L 165 59 U 19)1214 131 46} 7.5]10123 | 82} 80| 261 0.0
168 | 5442 | 931124 123522 124856 -I29R |82 20 U 2011882 {31 46 35]10199 | 80} 81 )] 30| 0.0
169 | 5447 } 931125 114121 115452 213L {70 20 U 19| 1950 |31 50| 7.0} 10204 80 78| 291 00
170 | 5451 [ 931129 100752 101953 197L |51 22 U 20] 535|122 63 ] 9010213 Tl 18] 21} 01
1701 5452 | 931129 121006 122158 -103R |53 25 U 191668 |31 46| 7310217 | 68| 78| 21| 0.1
172] 54551 931206 075437 080422 1B4L |39 26 U 201192 |31 3.9 |101 | 1013.0 5671 79] 25|01
173 | 5457 | 931206 115903 120826 "-61R [30 20 U 201328 |3t 35 81 |10149 | 55| 79| 251 0.0
174 ] 5460 | 931206 140316 141319 S35R{31 19 U 191530 (31 3.7 7810152 | 65 81| 23 0.0
175 ] 5462 | 931206 180734 181806 <T4L| 35 19 U 20] 840127 40| 7.6 [ 10149 591 801 22| -01
176 | 5464 | 931207 151043 152332 -39R |50 19 U 19] 1534 |31 48] 7.6 10173 80| 80| 23} 01
177 | 5465 | 931207 171249 172540 -61L 154 20 U 19] 1546 |31 42| 9610162 | 72| 80| 24} -0.1
178 | 5466 | 931208 080850 081847 209L jo65 43 U 1911793 |31 38 126 | 10143 | 73] 80| 26| 0.0
179 1 5463 | 931208 100815 102023 S93R §45 20 U 20f1674 |31 45 9610156 | 83] 79] 24| 00
180 | 5471 | 931208 121453 122238 46R {27 22 U 19] B69§2% 41 ] 9610165 | 60 798¢ 25| 00
181 | 5474 { 931208 141704 142820 S36R |39 20 U 191726 |31 44] 7.1 | 10165 76| 781 25| 00
182 | 54751 931208 161828 163201 -52L | 80 20 U 2012258 |31 43| 5510167 g4] 80| 24| 00
183 | 5478 | 931209 071418 072415 D] 1891 |43 29 U 19| 1439 |31 40138 J10158 | 67] 81| 26| 00
184 ] 5481 | 931209 091316 092639 IR F60 20 U 1911896 131 40| 8510165 | 85| 79} 251 0.0
185 | 5483 | 931209 112033 112755 -58R§29 25 U 20 400119 40 7910169 | 85| 78| 24| 01
186 | 5486 | 931209 132255 133119 S35R |32 20 U25) 885129 45 8010156 | 82] 78| 25| 01
187 | 5487 | 931215 075406 080438 -103R |53 28 U 23 798|127 38) 76110195 58| 78] 26| 00
1881 5450 | 931215 120159 121228 -35R |34 20 U 191666 |31 34| 53510217 | 61] 80 25]-01
189 ] 5492 1931215 140322 141514 48R [83 20 U 301364 |31 41| 39710228 | 71| BO| 24]-0.1
190 [ 5494 | 931217 121521 122734 -38R |45 20 U 2011307 §31 47 ) 5110156 | 57| 78] 29| -0.1
191 ] 5497 | 931217 141701 143021 STL|64 20 U 191838 {31 457 4210160 | 62] 79| 28 -0.1
192 | 5499 | 931220 133650 134940 SOLESY 21 U 19| 1877 |31 4.0 8.6} 10123 90| 781 24 | 0.1
193 | 5500 | 931221 063801 064401 D| -96R 47 47 U 21| 22914 29 |133 | 10034 58f 80| 26| 0.1
194 | §502 [ 931221 104050 105203 -36R |37 19 U 20}1633 |31 32| 7510081 | 61 79| 241 -01
195 | 5506 | 931222 054341 054951 D -114R |63 63 23] 496]21 36| 68]10060 ] 47| 80] 27| 0.0
196 | 5507 | 931222 074238 075151 D} -6IR |30 20 U 20| 754 |26 35] 5510058 | 46{ 79| 26| 0.0
197 | 5509 | 931222 094655 095620 -35R |31 20 U 20| 1070 |31 32| 5.1 10053 53| 79| 26} 00
198 | 5510 | 931222 135230 135844 -74L 135 25 U 30| 207 |14 64| 6.7§1003.8 56| 80 25} 00
199 | 5511 | 931224 055448 055912 D] -93R |44 35 U 42| 312}16 45 |11.8 |10123 | 52| 79| 28| 00
200 F 5513 | 931224 120148 121529 -52L.F 80 20 U 201728 }31 441 53]10149 | 72] 78] 25] 01




14 SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fitting by JHDLRS-1
Satellite: A jisai (confinued)

| @ {3) Obs. Time(UTC) ) | (S)Elev ©) (M |6 ] & |Q0) [{(11) | (12) 13}
No. date caught fost Azst IMX CT  LT] RTN | N RMS|TMP] PRESS [HUM| IDT | DTS | DTG
YMD hms hms A * em| C bWPaf %| ms| us| us

201 | 5515 {931227 022116 093148 -37R 141 26 U 191299 |31 38| 79|10106 | 77| 75| 25] 00
202 | 5517 | 931227 112120 113455 S4L175 20 U 201234 131 40 71 |10010 | 4] 75 24 04

203 | 5520 | 931228 041812 042921 D| -107R |56 30 U 20| 625123 42 132 | 10117 | 45] 80| 28| 04




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fitting by JHDLRS-1
Satellite:ERS-1

15

| e (3) Obs. Time(UTC) 4 | ()Elev (6) M | ® ] & a0 a1 j{2) |(13)
No. date caught lost Azst IMX CT LT} RTN | N RMS|TMP | PRESS |HUM| IDT | DTS | DTG
YMD hms hms b * em] T WPa] %| ns| us| us
1] 4954 | 930105 134707 135141 -H9R 130 20 U 22| 32617 65] 44| 10228 62| 71| 3.0} 00
214972 [ 930118 133914 010000 -1S6R |37 27 U 20| 464 |20 63| 53 10075 | 75 71| 31| 00
3| 4981 { 930129 125202 12584} ESTL |72 20 U 25| 47525 69| 3t |10t06 | 59) 71| 29 0a
4] 49881930201 125739 130334 163L | 81 20 U 34| 307|119 87| L9]1008.0 B3| 73 30| 01
5] 4992 | 930202 1233130 123259 130L |40 34 22| 10810 54| 1910181 | 54| 73| 28] 04
6] 4996 | 9302063 133617 134121 -158R |3% 28 U 19) 136113 87| 5.0 10143 53] 73] 29| 0.1
7| 5004 ] 930204 130318 131038 A191R |82 20 U 19F 938 j30 88| 8.0] 10125 501 73] 3.0] 01
8] 5011 | 930205 012048 012255 D| 30R |47 31 U483 19013 4.1 [12.3 {10132 45) 741 3.1 ] 00
) 5018 | 930205 123233 123835 139L 146 20 U 24] 729126 52 [102 {10095 61} 731 30| 00
10 5051 1 930210 131540 132155 -18IR |63 28 U 19| 427]19 83} 5310123 | 54| 73| 31| 0.0
11] 5070 | 930215 121901 122443 1261133 20 U i8] 48921 68| 56| 10145 69) 12§ 29} 00
12] 5083 [ 930218 122427 122613 1281 |38 20 U 33 68} 8 54| e5|10104 | 53] 12| 30 00
E31 5114 (930224 012338 012546 D 31R |50 32 US1| 247}15 80| 5910073 | 51| 73] 28] 00
141 5118 | 930224 123642 124203 139L}48 32U 20] 36118 69| 23]10003 | 71] 73] 30| 00
15| 5128 | 930225 134542 134755 -154R {32 20 U 20| 14011 63 ] 1410145 751 721 30| 00
167 5144 | 930301 1331810 132438 SIT9R | 59 24 U 20f 242 |18 108 | 3,7 | 10069 ] 70| 30f 01
17] 5155 | 930302 124843 124944 153L ) 66 48 U 65 60f 7 72| 22110158 65] 71} 30| 01
18] 5165 | 930303 121613 122134 115L |3 20 U 19] 362}18 69| 5.8] 10121 61| 72| 30| 01
19| 5156 { 930308 130035 130456 163L {78 68 U 19| 334 |17 65| 4.6 1013.2 59] 66| 31| 02
201 5212 1930310 133520 134113 -159R |38 21 U 20| 543 |22 68 53]1011.0 67F 73] 31| 02
21F 5221 | 930312 123526 123758 140L j 46 46 U 29 206 [13 B.1 ] 6.1 ] 10066 $3| 121291 02
22| 5246 | 930317 131515 132118 SITOR [61 24 U 24 385118 63| 4.0 10064 S¢] 18} 33| 02
23| 5248 1930318 124338 125042 I51IL {61 20 U 19] 983331 62| 6010090 704 15 31| 01
241 5263 1930408 132516 133006 I190R {51 34 U 16| 265|15 75| 74 | 10103 591 19 * *
25 5274 [ 930514 125156 125913 I58L |75 16 U 15| 861129 5.8 }13.5 10034 51 18 * *
26| 5279 | 930520 130813 131028 -191R | B3 46 16 16512 12.1 |20.5 | 1003.6 60 19 * *
27| 5287 | 930527 124741 125037 i50Lf6r 52 15} i83]i3 &7 (173 | 10003 90| 8.1 * *
281 5293 |1 930603 122716 123028 130L {38 34 147 20613 52185 ] 9885 | 76| 7.8 . .
29| 52971930604 133404 133728 -163R |42 31 U 23| 109 9 88167} 9951 821 7.9 * *
30} 53151930705 121945 122437 1241133 25 U 19| 33017 6. |21.0] 9968 | 94| 8.1 * *
31 5327 1 930823 132323 132401 SI78R £59 33 26 102|110 3.5 238 | 10036 98] 82 * *
32 53351930826 132358 133030 -172R F51 23 U 18] S0222 50253 | 9920 82} 80 * *
33 5339 | 930830 125944 130456 163L {85 45 U20] 28616 76233 | 10075 | 95 73 * *
34| 5343 | 930831 122824 123144 133L |41 30 U 33| 18412 8724510056 } 94 73 * *
35| 5357 1930911 132152 132642 -I75R |55 31 U 27) 581022 3. |21.0 | 1008.0 91{ 8.1 * *
36| 5362930914 132631 1333¢4 -169R [48 20 U 20| 526 |23 4.6 204 | 10066 | 96| 7.9 * *
3771 5368 | 931001 125207 125919 IS8L |75 20 U 19| 74426 62 |17.0|10051 | 74| 78 * *
38) 5378 1931019 132805 133310 -169R |48 35 U 19| 165|17 8.4 |13.0 § 1008.8 9] 18| 271 00
39| 5385} 931023 130056 130346 166L [ 88 23 77 4321 3.1 108 | 10047 70| 78| 25|02
40 5390 | 931025 133820 134406 157TR {36 21 U 20| 733(27 3612310110 T6F 78| 23 0.1
41 ] 5395 1 931027 123519 124204 1421 | 50 20 U 191084 {31 32 (151 | 10241 | 57| 78] 25 -01
42) 5402 931101 131736 132446 -178R |59 19 U 19| 850 |28 4.1 138 10178 65| 78| 27} 0.1
43 5432 | 931118 124339 125036 150L 161 20 U 19} 216]18 5.8 [155 ] 10128 961 7941 26 00
44| 5436 1 931122 121941 122435 1231133 25 U 19] 63924 40] 7.5] 10121 83| 791 26] 60
451 5459 ] 931206 131736 132428 -178R | 59 20 U 20| 441 |20 38| 8.1 ]10152 62| 8O| 241 00
46| 5491 | 931215 133650 134058 -I60R [39 34 U 21| 44021 2.8 3.7 Fi0223 72| 801 26| -01
47] 5495 | 931217 123345 123750 139L 146 32 U 29} 394 |19 33| 51 10158 58] 18] 28] -0.1
481 5505 1 931221 134848 135200 -146R |30 29 U 19] 361}19 24} 40| 10071 | 53] 78| 23| -0.1




16 SATELLITE LASER RANGING OBSERVATIONS IN 1993
Table 7. Observations and data fitting by JHDLRS-1
Satellite:Lageos-1

@ (3) Obs, Time{UUTC) (4) (5) Elev 6) @ @ | O [0 A1) [12) (13
No. | date  caught __ lost Azst_|Mx cr LTl RTN [ N RMS|rMe | prESS [um| oT | TS [ DTG
YMD hms hms A ’ em|[ T hPa| %] ns| ps]| us
1] 4948 | 930105 022607 023523 D] 112L |55 55 42| 79| 8 68106 {10171 | s8] 72 28] o1
2| 49611930107 152215 155932 4R [42 24 U 20| se0{22 72152 {10053 | eo| 72 32| o1
3| 4964 [ 930111 170157 173905 2R |82 42U 24| 619924 57] 70| 10004 ] 79| 71| 31| 00
4| 4973 [ 930118 143039 145645 S5IR{33 u26| 216 |14 50 s2|w077 ) e7] 71| 31| 00
5| 4997 { 930203 1353290 142223 50R |34 27 U20| 64325 48] 381043 | 4] 72| 29| 01
6] 5005 | 930204 155324 15411t 27R |83 21 U 19| 2316 |31 60| 77| 10tn9 | 52| 73| 30 01
7| 5012 | 930205 022852 024432 B ILfe3 77 3| 127]|10 79|38 fons | 38| 73| 31| 00
8| 5021930205 143224 151330 38R P52 21 U 2571783 |31 52| 85[10093 | 72| 73| 30| 00
9 5023 | 930205 180605 134542 18L |50 23 U20]1274 |31 60107 | 10082 | 6] 73] 31| 00
10| 5031 ] 930208 135938 144022 OR{42 20U 19| 97731 71| 21 ]1ons | &) 72] 31| 00
11| 5034 } 530208 173114 180340 20L |58 23 U4o| se0f23 103 | o8] 10ito ] 74| 74| 32| o0
12| 5041 [ 930209 162648 165504 25R |85 15U 19) 74227 64) 37 10108 | 62| 73| 30 00
13| 5044 [ 930209 194124 201050 17L|30 19 U19] 723 |26 57| 25]|16106 | 60] 74} 31| 00
14] 5052930210 144519 151731 33R |62 20 Us0| 445021 66| 53 |10120 | s3] 73f 317 00
15] s0ss | 930210 181902 185504 18L]44 20 U 23| s84)23 s3] 4010117 | e0| 741 32] 00
B 5060 [ 930212 154403 161830 27R 183 47 U 2511760 |31 77| 63| 10832 47 74| 34| o0
17{ 5063 [ 930212 190732 193014 17L |34 20 U 31} 54423 60 3410132 | 53| 72] 34 0o
18| 5072 | 930215 150545 154704 30R [73 35 U 1972290 |31 71| 5610149 | 60| 72| 30| 00
19] 5076 930217 155555 163522 25R {85 42 U 191893 |31 55| 88| 10064 | 64| 73] 31| 0o
20| 5091 [ 930219 130844 134241 SOR §34 21 U20| 68326 64| 36| 10165 | s4{ 73] 30| 00
21] 5094 { 930219 163841 165505 21L| 66 21 64| 907f29 108 | 32 ) 10160 ] s6| 74| 3.1] 00
22| 5108 | 930223 144712 152150 30R |73 3w U30f1235 31 67f 17110047 | 4| 72] 32] 00
23] 5112 [ 930223 181354 184825 18L]38 21U 20)] 72327 77} 14f1w0053 | 66| 72| 33| oo
24| 5120 | 930224 132349 135946 4R 143 27U 20| S99{24 63| 27| 10106 | 58] 73} 31} 00
251 5123 | 930224 170956 173144 20LF57 57023 | 1311 |31 54| niwe11.0 | 70] 74 31| 00
26| 5130 [ 930225 152702 155004 25R |85 20 U 84| 44320 921 1610145 | 60| 73] 30| 00
27| s135 [ 930225 190142 192956 18L|30 20 U20] 446 |21 62| 13| 10841 ] 70} 73| 31 00
28| 5139 | 930226 175207 180850 1844 40 U 4| 39319 107] 4110134 e} 71| 30] 00
29| 5145930301 135444 140508 38RES52 52 41| 402]20 82| 35|69 | st 71 30| o
30 ) 5147 | 930301 172951 174047 18L|50 47 29| 13911124 | 14| 10084 | s8] 72] 31| 04
3t | 5154 | 930302 122123 123552 62R |26 23 U 25| 236[15 93] 15] 10158 | 70 7.1] 30] o1
3215159 | 930302 155200 162322 220|175 a6 U 19] 778 |28 65)-07] 10154 | 8] 72 31| 04
33| 5171 | 930304 130218 134011 ORI43 25 U20| 121131 71f 581036 ] 72| 70] 31| ou
34| 5175930304 163333 171346 20L[57 27U 19)] 61024 101 | 59| 0136} 66| 70| 32] 01
35] 5188 [ 930305 151120 152841 2R |85 30 80| 874|290 7.5] g1 10171 [ so] 70| 31| 04
36| 5198 | 930308 143439 152109 2R |84 24 U20| 98331 61| 43|10136] 62| 67 32| 02
37| 5214 [ 930310 152618 160027 22L[74 31 U 38| 732§27 65| aa|onn0 | 71| 71| 32| o2
38] 5223 | 930312 125745 132017 43R |43 43 U 20| 768 (27 65] 58| 10066 | s0] 70 291 02
39| 5226 | 930312 163827 164401 20Lfs57 50 39| 17612 75| si]10053 | sS4 71] 31| 02
40| 5235 [ 930313 144709 150959 2R [84 20 U 84 ) 1277 {31 68| 44 |ior25 ]| 55| 71 31| o2
41 | 5240 930316 143222 143642 2IR |84 73 U 4| 372|118 56| 3010056 ) s8] 78| 32| o2
42| 5243 | 930316 174900 181854 17L]34 2 U20] 69025 66 20| 10045 64| 79| 34| o1
43] 5252 [ 930319 133930 142215 30R[74 21 U 30| 1880 |31 55| 5410143 | 64] 76} 29| 01
44 | 5268 [ 930507 135122 140742 201 |56 18 U 49| 425120 45[155{ 10045 | 2] 78 +) +
45| 5272 | 930512 103259 110758 36R |54 1BU23| 93230 64200 10073 ] 84| 78] +*f +
46| 5311 | 930616 123446 123739 20L§55 54 s50] es| 7127|237 99| 83| 79| *| +
47} 53411930831 110336 111151 1932 32 27| e8| 7121250 10058 | 2] 72| ] ¢
48 | 5346 | 930831 141806 143534 67L (32 31 U 19| 251]i5 128 J236 {10051 | 94] 77| ] »
491 5372 | 931008 151745 152211 1oL |70 70 U6T| 68| 7132 [155] 9984 | 83| 74| 25] 02
501 5375 | 931009 172006 173538 | -184R §57 47 U 51| 21514 104 |155 10075 | 93f 78] 27] -00




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7, Observations and data fitting by JHDLRS-1

Satellite:Lageos-I (continued)

17

| @ {3) Obs, Time(UTC) )] (3) Elev () & 1@ | @ 00 (D [(2) 1(13)
No. date caught lost Azst IMX CT  LT|RTN | N RMS}{TMP| PRESS JHUM| IDT | DTS | DTG
YMD hms hms B ' em| © tPa| %| ns| ps| us

S1] 5384 | 931023 121647 125000 TOL |36 20 U 20 89129 5.6 |12 | 10045 68 78| 26} -02
32| 5389 | 931025 130650 132804 100L | 47 34 U 39]1617 |31 4.8 11,92 | 10110 78| 78] 23} o1
53] 5392 | 931026 084902 085736 19|32 29 20} 20914 4.0 |14.7 | 10149 61| 78] 26| 0.0
54 | 5397 | 931027 134433 142743 1201 | 62 23 U 19] 1468 |31 5.1 |16.1 | 10237 621 7.7 ] 25| -0.1
351 5403 | 931101 135624 144136 120L |71 21 U 23] 1419 131 35,0 |13.1 | 10184 681 78] 26| 00
56| 5412 931104 133528 140709 120L j62 47 U 21| 2591 |31 4.5 |17.5 | 1012.8 84] 17| 26| 00
571 5415 [ 931104 170045 173702 -I6IR 37 21 U 19 ] 1406 |31 4.7 |158 | 1012.1 88 78| 24| 61
581 5421 | 931105 153425 155223 -193R [ 67 26 U 65] 1590 |31 4.5 |13.7 } 10125 76| 1.7) 28] 00
59| 5424 | 931109 134239 142236 130L {71 35 U 19| 2367 |31 4.2 {157 | 10195 731 774 22| 00
60| 5427 { 931115 123128 131324 110L | 54 21 U 193127 |31 4.6§13.7 | 10119 841 7.7} 264 0.1
61| 5440 | 931124 105639 112504 BOL |36 20 U 271952 |31 42| 4.6 10193 Bl 18 29 00
62| 5445 | 931124 141703 150417 S200R |77 20 U 202358 {31 50| 53| 10199 66| 19| 3.0 0.0
63| 5450 931125 125743 132328 130L |11 24 U 65]2164 {31 44| 6810202 8l| 78| 28| 00
641 5461 | 931206 154143 161658 -I60R F37 22 U 19 297117 48| 75| 10152 f 66 78| 23} 0.0
65 5463 | 931207 141754 145803 -192R [ 66 33 U 201303 |31 4.7 15| 10175 80| 77| 25}] 0.1
66| 5472 | 931208 125001 132022 140L [ 81 22 U 622275 |31 43| 9.0] 10167 651 771 251 00
G711 5484 1931209 113713 120549 1L {55 33 U 35| 428121 53| 8.1 ]10167 B3] 78] 241 0.1
6B 5489 1 931215 102838 110308 9L {42 22 U 22| M6 |27 47| 5610215 671 781 25| -0.1
69| 5493 | 931217 111236 114920 1ML |55 24 U 282589 |31 4.1 59110149 531 781 18| 0.1
TG | 5498 | 931220 104313 104450 101L | 48 28 U 31 561 7 35111 | 10108 791 7847 25| -0t
711 5504 | 931221 125350 133117 149L | 87 47 U 1912655 |31 391 47110069 | 30] 7811 24| 01
T2 5514 [ 931224 122321 125014 140L 182 57T U 34 11732 |31 39 47110147 | 77| 771 24| 0.1
731 5518 | 931227 114307 120658 131L |72 37 U 57] 686]26 50} 7.2]1011.2 5| 74| 25| 01




18 SATELLITE LASER RANGING OBSERVATIONS IN 1993
Table 7. Observations and data fitting by JHDLRS-1
Satellite: Lageos-IT

| @ (3) Obs, Time(UTC) ) (5) Blev @ [ M @ | & [ao]an (a2 s
"No. | date caught  lost Azst IMX CT_ LTIRTH | N RMS}iMp| press |aum| oT | D1s | D16
: YMD hms hms N "l em| C WPa| %| ns| us| pus
1] 4953 1 930105 115140 123957 176L (48 19U 201316 {31 64 47} 10223 ) &4 73] 30] 00
2] 49587 930105 161247 164750 | -108R [62 57 U 2001364 |31 65] 3710223 ] 61 29} 21| 01
3{ 4963 | 930111 164211 165643 -84R{53 26 47f 00| o114 | 7210100 | 79| 74| 31 00
4] 4970 ] 930118 112619 120246 193L [ 64 39 U 31| 1666 |31 69| 5410075 | 9of 71] 30 .01
- 5| 4974 |930118 152551 161055 2R |55 25 U 30209 |31 73] 4510077 | 59| 72| 31| o
6] 49791 9530129 103048 111754 20iL |72 23 U 31 {2100 [31 63| 4.1 |10106 ] s4] 72| 29| o1
7| 4983 [ 930120 143905 153223 -85R[53 20 U21|1871 |3t 68) 32| 10104} 58 73] 30| 00
8} 4986930131 104208 113741 209L [81 20 U 20| 56824 63| 56| 10082 | 60f 73] 29| o1
91 4989°| 930201 131138 133502 |-109R 63 S5 U 44] 555{23 s3] 19fr008e | 73| 74| 30| 01
10 4995 ] 930203 132200 132846 |-101R]59 44 55| 12611 62 4410143 ] s8] 723 29] 01
1] 50021930204 111300 120311 | -135R |82 27 U 25[2786 (31 s&| 79| 10123 | 4o] 72| 291 oa
125007 | 920204 193448 202834 4L |72 19 U 20 (2735 |31 57| 4210117 | 64} 73] 31| o0
13| s016°| 930205 091632 101021 192L |63 19 U 192588 |31 60107 | 1009.8 | 49| 74] 28| oo
B4 | 5020f 930205 132305 141855 “94R |56 19 U 19{2521 }31 54 86 ) 10093 | 69| 73] 30] 60
15} 5027 [ 930208 080924 082234 D] 183L 138 37 24| 43[12 s4) 6410104 | 3] 73}f 29] 00
161 5030| 930208 113908 120703 [-119R |69 22 U 69| 1002 |31 59| 3.7|10107 | s55f 74| 30] o0
17| 5032 | 930208 155534 164605 -SSR |59 20 U 28| ses{29 68| 21f10114 | 63 73] 31| 00
18] 5037 [ 930200 094241 103012 208L {80 20 U 35]2873 |31 66] 62]1008.8 [ 49| 73| 29| 00
19| 5039 | 930200 135516 14 4847 RS2 21 U204 1279 [31 s8] 4010104 | 64| 73| 30] 00
20| 5043 | 930209 185200 190255 4R |88 43 20| 63925 64| 3.1|10106] 64] 74| 21| 00
2115050 [ 930210 115412 124648 |-110R [63 22 U 23| 2889 |31 64| 5.0 )1012.1 | s4] 71| 31} o0
22175053 1930210 161129 170550 S3RJ63 22 U20{2821 31 60] 5110119 53] 74 32| 00
23| 5058 | 930212 124700 130228 (-102R[59 47 21| 82|28 e8] s3]10117 ] s4| 71| 33 oo
24 ] 5061 | 930212 164213 172056 -50R | 68 53 U 202815 |31 64| 54 |10132 ] 47] 73] 34 o0
25] 5065 1930212 203419 210408 -S8L139 21 U 34| swof22107 | 21510136 | 64] 15| 34| 00
26| 5069°) 930215 102447 112030 | -127R [76 21 U20}3071 [31 s6) 78f 10141 | 68| 7.1) 29| o0
27F.5075 } 930217 104710 105831 119R |69 37 U 60| 24217 7.9 [126 | 10025 | 54] 725] 29| 00
2815079 | 930217 192513 193502 -51L3156 54 U S2| 696126 64| 7610080 | 66| 73] 31 00
29| 5082 | 930218 090710 093158 208L[80 76 U 32{ 322f17 81108 {10101 | 61| 72| 29| 00
30[:5090] 930219 105732 114848 | -111R [64 27 U 202250 |31 65| 55| 10158 | s3] 73] 30 oo
31| 5093 | 930219 153728 160512 S2R{63 62 U 21| 171931 69) 3.0f10160 | s7f 75)] 31| 00
32) 5097 [ 930219 194031 200518 -5SL|47 47 U 20} 425(20 72] osj10160} 73| 74] 42| 00
33| 5102 930222 091451 100705 |-136R |83 20 U 192383 [31 61 |132] 9927] s5] 78| 29] 00
34| 5106 | 930223 112340 121850 G4R F56 19 U 202164 |31 7| 20 (10032 | s7) 72| 31} oo
355110 [ 930223 160943 163550 48R (74 73 20 289[16 74} 14|10049 | 65| 72] 32| 00
1361517 | 930224 092408 095607 | -128R |76 20 U 71| 458 |21 7.3 [ 32 )10082 | 70| 72) 30 00
37) s124 | 930224 175226 184305 491,165 25 U 192622 {31 65| 08 )s0110 | 70] 74| 32| 00
38 (5126 f 930225 114151 115409 BR[| S4 24 43] 5423 70) 32f10145 | 61 69)] 29| 00
39 ] 5132 | 930225 161849 165006 -47R |81 76 U 20[ 1400 |31 59 o4{10143 | 75| 73] 30| 00
40| 51371930226 094155 102029 |-119R |70 26 U 47| 408 |19 81| 69| 10134 ] 63| 7.4] 20| 00
41]:5140 f 930226 183610 185420 SIL[S6 51 20) 437020 52| 4010834 | 66] 70 31} 00
42| 5143 [ 930301 123942 130439 TR (52 52 201390 [31 7.5] 4010066 | 54] 70| 30| 01
43| 5152 | 930302 100852 105434 | -103R {60 20 U 362119 [31 90| 3.5|10147 | 60| 63] 22/ o1
44 F:5157 [ 930302 142601 151708 -SOR |67 21 U 28|1650§31 74| 05)s0158 ] o] 71| 301 o1
4s{ 5162930302 183412 191007 581,140 20 U29] 16|27 791 0610147 | 73} 71| 3.1 o4
46 ] 5167 | 930303 130147 131537 66R 153 48 27[ 43720 69| 5410123 | 61| 72] 30| o1
47] s169 [ 930304 102433 111904 95R[56 20 U 20| 1681 {31 66| 78| 10121 ] 80| 68) 30] 01
48| 5173 ] 9303 04 144046 152505 48R [ 74 22 U 4232761 [31 71| 64| 10136 | 64] 69 31| 01
49F 5179 | 930304 185559 192226 6333 26 U 24| 244 (18 68| 47| 10143 | 69| 70] 33 [ ot
50| 5183 [ 930305 085601 091459 D|-128R[76 72 31| 924428 68115 J1mes | 66| 71| 29 02




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fitting by JHDLRS.-1
Satellite: Lageos-IT (continued)

19

M@ {3) Ots, Time{UTC) ) (5) Elev (6} M @& | O [0 |a [(a2)1a3)
No, date caught lost Azst IMX CT LT] RTN { N RMS|TMP] PRESS JHUM| IDT | DTS | DTG
YMD hms bhms B ' em| T hPal %E ns| us| us

51 5186 | 930305 130705 133352 -61R |55 55 U 23}1612 |31 61| 7.8]1018.0 T5F 721 31] 01
52| 51901930305 172427 174303 49L |65 57 20} 48021 69} 8.1 ] 10162 86| 7.1 ] 32| 01
531 5194 | 930308 105513 114936 TR |52 20 U 20| 2828 |31 661 4.9 10125 59] 661 31 02
54 5199 | 930308 153144 160421 -4TR 188 75 U 20| 1624 |31 67| 4.1 | 10136 62| 66| 3.2 02
35F 5208 | 930310 073729 074815 D] 215L |87 53 29 92| 8 7.1 |13.4 | 10080 57| 78| 29| 02
56| 5210 { 930310 111044 120447 2R 52 19 U 20}3060 |31 58] 7.8]10106 561 1.1} 3.0} 02
5715217 | 930312 074521 074857 D} -<137TR [ 84 6% 59 51] 6 76121 | 10027 421 12 28| 02
58| 5220 ) 930312 112631 121748 ~66R [53 20 U 24| 1541 {31 6.8 6.9] 10062 41 1] 29| 02
591 52251930312 153631 162501 4BL 174 20 U 312724 131 65| 4.7] 10058 571 7104 3102
60| 5231 | 930313 095644 101957 -96R |56 54 19)1268 |31 78| 8.0|1009.7 | 49| 68| 29| 02
61] 5234 | 930313 140135 143635 -48R |73 64 U 202571 |31 7.1 | 48} 10123 20 71 31] o2
62| 5238 | 930313 181828 182732 H4L 133 29 19 228}14 72§ 33]101L.7 60 121 32] 02
63} 5251 [ 930319 10i118 110525 SP3R 152 20 U 193854 |31 501 6.8 1013.0 61| 771 29| 02
641 5256 [ 930323 104556 112259 -6IR |55 26 U 42| 127]10154 {128 |10106 | 691 7.5 27| 00
65| 5262 | 930408 124015 125956 310L |76 21 U 65| 34918 63| 7.0]| 1010 641 7.9 * *
661 5266 1 930413 112328 113426 JIOL |86 45 U 75 292117 58110 | 10171 57| 78 * *
67 5316 | 930705 161632 163144 174L 46 22 43] 299 |17 38|21 7}F 9984 | 92 7.6 * *
68 5322 1930819 114812 120131 1RL{43 38 20 68 8 9.2 [253 {10077 9l 19 ¥ .
69| 5325 1 930820 133147 141047 215L | 86 48 U 241135 {31 6.1 {233 | 10075 9% | 7.9 * *
701 5331 1930825 121208 123239 198L | 68 59 U 45] 1060 |31 6.2 |24.4 | 10012 88| 8.0 * *
TH} 5344 | 930831 124307 125030 2221185 4t U SL| 16012 74 |244 | 10056 94| 74 * *
721 5348 | 930909 115732 115859 221186 80 84] 11610 94 [23.8 | 10018 93| 718 ¥ *
73 5366 { 930925 134738 140913 -T4R | 52 42 U 44| 135]11 12.8 {19.0 | 1005.6 70| 81 . *
741 5373 | 931008 172356 180104 “48L |70 44 U 29 44129 84 |14.7 | 10005 80{ 77| 25| 02
5] 5374 1 931009 151633 160614 48R 77 20 U 31 61|16 7.0|158 | 10084 91| 78] 26| -0.1
76| 5377 | 931019 122029 130730 -5BR {56 21 U 28| 77328 52139 | 1008.8 931 18| 24| 00
T7] 5381 193102 131024 132021 -55R |59 50 33 48] 6 69142 {10084 93| 7.8} 27]-02
78} 5382 [ 931022 103616 112508 ST6R |51 22 U 21 | 1867 |31 4.7 |159 | 1005.6 691 78| 26} 0.0
79| 5383 | 931023 083951 092309 -108R {62 32 U 2412974 |31 4.5 |13.9 | 10027 591 78] 25|01
80{ 5387 { 931025 0B4849 094040 S99R | 57 20 U 20| 3873 |31 4.4 [15.9 | 10084 58F 78| 24 00
Bl | 5394 | 931027 090339 095546 SIR [S54 19 U 1913033 |31 4.6 (13210219 74 171 27)] 00
82| 5398 | 931028 111954 112559 S9R[S6 19 30 91| 9 62]161 | 1024.5 701 78| 27} 01
831 5400 | 931101 114859 123143 SR 64 19 U 412914 131 50 [133 10169 | 65| 7.7 27| 01
84| 5405 [ 931103 161242 165310 <5911 38 22 U 20| 84429 50121 | 10156 76 18| 20| 0.0
85 5408 F 931104 101310 103310 -64R | 53 32 U 53 [ 1457 {31 4.0 ]172 | 10130 80| 17 27101
86| 5413 | 931104 141349 150723 48L 171 21 U 202178 |31 4.9 ]165 | 10128 87] 7.8} 26| 00
871 5418 { 931105 082129 085538 SO2R | 54 48 U 202795 |31 4.2 185 | 10121 741 18| 28} 00
88| 5423 ) 931109 130013 133416 47L | 89 52 U 33| 2186 {31 4.5 [158 | 10195 nyp 111 22] 00
B3| 5426 | 931115 092142 100531 S9R[55 21 U 32|2M6 |31 44 158110108 | 77 77| 26| 00
90 ] 5431 | 931118 114620 123116 ATL |89 20 U 411799 |31 42 {159 | 10125 97| 18] 27| 00
91| 5434 | 931119 101729 103626 2R |63 63 33| 213}14 4915210180 751 78| 25} 00
92| 5454 [ 931202 091952 055909 -48R | 74 21 U 50| 3062 §31 45138 [10095 | 90| 78] 24| 00
93] 5456 | 931206 094702 101545 47LF8% 20 U 852291 {31 45] 7.9 | 10143 68| 17| 26| 01
94| 5470 { 931208 103218 105448 47L {82 74 21 653|26 48| 97]10160 | 78| 2.7} 25| 00
951 5480 | 931209 0B1851 O0BS5858 -50R | 67 47 U 212788 |31 4.2 |16.5 | 10165 78] 78| 26} 00
96| 5488 | 931215 084848 092914 47L[88 22 U 4811167 |31 44} 69]10199 61 77| 24| -0.1
97) 5501 | 931221 093100 102150 A9L 165 22 U 203063 |31 3.7 93| 10042 61| 77| 241 -01
98 5508 | 931222 075354 082857 D| -47R |80 66 U 20| 1858 31 4.1 | 5410058 81 79| 26 00
99 5512 | 931224 0BO0343 084023 D| 47L|88 56 U 242114 {31 38| 9.2 10132 61 791 27| 00
100 | 3516 § 931227 101652 105451 -S8L 141 25 U 22| 916130 39| 77110110 | 67 73] 251 041




20 SATELLITE LASER RANGING OBSERVATIONS IN 1993
Table 7. Observations and data fitting by JHDLRS-1
Satellite:Stella
W {3) Obs. Time{UTC) @ | (5)Elev ) @ |® ] @ (0o {ayn |a2fan
No. | date  caupht  lost Azt |MX CT__LT|RTN | N RMS|TMP| PRESS {HUM| IDT | DTS [ DTG
YMD hms hms b * em] C hWPa| %| ns| ps| ps
1] 5371 | 931008 132911 133457 |-167R |45 24 U 22| 32|15 37{160)] 9968 | 86| Ba | 25|02
2| 5376 | 931018 122858 123246 133L |41 d0 U 19| 178 |13 42 {146 J10093 | 91| 79| 26| 00
3| 5379 | 931019 134205 134556 |-15SR |35 33 U 19| 88|13 98 |129 10088 | 96| 78| 26] 00
4| 5380 1 93102t 124738 125013 1541168 28 U 67| 20013 42 |45 | 10085 | 92| 78| 27]-02
5| 5386 | 931023 133537 134082 | -161R |39 27 U 20| 179 )4 8.1 |11 | 10047 | 66| 78] 24| -02
6| 5388 | 931025 124220 124902 149L |60 25 U 19} 653 |24 37123 |10108 | 76| 797 22| 01
7| 5396 | 931627 132918 133559 | .166R |45 20 U 19} 924 |29 3.8 |157 | 10239 | 61| 78] 25| .01
8] 5401 | 931101 125827 130507 163L 86 28 U 19| 844 {30 4.4 [13.6 | 10175 | 64| 78] 27| 0.1
9 5404 | 931103 134635 135113 |-148R [31 23 U 20} 120]10 66 |11.8 |10956 | 82| 78] 20| 00
10| 5411 | 931104 131857 132553 |-17R |58 21 U2o| 602 |23 42173 |1w0128 | 84] 79| 26| 00
11] 5420 | 931108 125327 125953 159L |77 29 U 19] 883 |28 32147 | 10130 | 88| 80| 27| ot
12] 5422 | 931109 124733 125350 154L )68 21 U 28| 421 |19 43158 ji095 | 71| 78| 21| ot
13| 5428 [ 931115 133032 133645 | -166R |44 24 u 18| 197]|13 33|43 fro123 | 19| 78] 26| 00
1415429 | 931116 130332 131041 |-192R |83 21 U 20| 336 |19 60|87 {1054 | 85] 79] 29| 00
15 5439 [ 931322 134940 135157 |-149R |31 30 20| 230|14 33| 75{10123 } 82} 80| 27| 0.0
16| 5443 | 931124 125350 130028 159L |77 26 U 20| 61126 36| 3.5|10199 | 79} 80| 30| 00
17] 5449 [ 931125 122920 123353 133L |41 34 U 19| 455]20 39| 69| 10204 | 80| 29| 28] 00
18] 5458 { 931206 123904 124503 144L |53 29 U 19| 62424 34 )] 81]|10152 | 60| 80| 24| 00
19| 5473 | 931208 132558 133211 |-17TIR |50 25 U 19| 755|26 401} 89|10167 | 62| 78] 26| 00
201 5485 | 931209 130348 130522 164L 186 52 27| ®4| 8 so]Bojioteo | 81| 78] 24} 01
21| 5496 | 931217 125425 125535 14|68 35 22| 130|12 29| s0]10160 | 58| 7.8 28| 01
22 5508 | 931221 124512 124933 149L | 60 36 U 31| 223 |31 34| 47]10069 | 52| 80| 23|-01
23| 5519 § 931227 132630 133158 |-17IR|50 25 U 26| B3| 8 70| 6810112 | 76| 7.7} 25] 01




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and data fitting by JHDLRS-1

21

Satellite:Starlette
O] @ (3) Obs. Time{UTC) 4) (5) Elev ) @ | ® 9y |9 (1) |2y |3)
No. date  caught lost Azt [Mx cr  LT| RTN | N RMS|T™P]| PRESS |[HUM] IDT | DTS | DTG
YMD hms hms R ' em| T hWPa| %| ns| ps| ps
1] 4956 1930105 153335 154120 |-116R |61 20U 19] 79426 62| 43|10226 | 59| 72| 30] 00
21 4959 | 930107 142316 143107 224L |83 21 U 19] 420020102 16t |1ooa2 | 82| 72 32] 01
3| 4969 | 930118 104013 104808 218 |72 20 U 19| 72026 61| 66110075 | 85) 71| 3.0 -01
4] 4977 | 930129 070019 070406 D] 214L§65 S8 U 30| 217}14 62] 94 10088 | 37] 72| 28] 00
5] 4982 | 930129 141815 142554 40R[62 20 U 20| 1046 {31 7.7 3.1 |t0104 | 59) 73] 30] 00
6| 4984 | 930131 073958 074347 D} -98R [44 44 U 19} 310016 6.1 {113 [1007.7 | 36} 73] 28§ 01
7| 4987 { 930131 130814 131508 -30R |40 20 U 19| 855]{28 54| 5010069 | 63| 74 29] 01
8] 4994 | 930203 121823 122422 3R |45 28 U 9] 32|17 47)| a2)msz ] e2f 73] 29} oa
9] s003 | 930204 123644 124419 AR [75 23 U 19f1267 |31 78| 82 10125 | 48} 73| 30} 01
10] 5004 | 930205 053933 054234 D| -114R |60 55 22| 43|17 70143 10086 | 44| 751 30| 00
11 ] 5017 [ 930205 110726 111323 24R 131 20U 19| 680|25 60|04 10095 | 55| 73] 29) 00
12| 5019 | 930205 125610 130320 SILYs6 22 U20| 598|23 76| 21 |10095 | 65| 73 f 30! 00
13| 5029 | 936208 101618 102240 26R |34 19519 66624 65| 4110104 | 52| 73} 29| o0
14 | 5038 [ 930209 103522 104257 a8R |55 20 U 191214 |31 6a ) 6010088 | s0| 73} 29| o0
15| 5047 [ 930210 033850 034154 D|-129R [81 55 19] 29616 &3 o6 Jioio | 36| 72| 29| oo
161 5049 1 930210 105435 110209 SiL|75s 200 22| 80427 92 ssfione | s3] 72| 31 o0
17] 5057 | 930212 094418 095211 41R |6t 20U 19| e85]|24 73] 7310101 | 49] 74| 301 00
18| 5066 [ 930215 013713 014038 D| 21772 56 19§ 20t |13 s56]i09 {158 | 39| 73] 28] 00
19| 5068 | 930215 085359 090119 43R )66 25 U 19f s76]|23 55| 961032 | 66| 71 209} o0
20| 5080 | 930218 004700 004937 D| 221L|78 46 20 74| 7 74 121 |ronn2 | 47| 731 33] 00
21] so81 | 930218 080220 080619 D] 46rR |71 20 U 78| 281 15 126 J13.0 | 10095 | s1| 72) 29] 00
22 5088 ] 930219 063551 063938 D} -24R |33 32 U 20| 43|11 64 [11.7 | 10121 | 42| 72| 29| 00
23] 5089 [ 930219 082148 082939 D| -SBL |60 20 U 20 141 [15 48| 87)10134 | 51| 73] 29| o0
24| 5099 [ 930222 001418 001518 D|-112R |60 53 43| 95] 9 53151 991.8] s6] 70| 29| 00
25| 5100 [ 930222 054357 054853 D| -33R |36 31 u 20| 207{13 71176 | 9905 | 43f 73] 28] 00
26] 5101 { 930222 073646 073835 D| -61L|53 37 20| 16011 7.1 |16 | 9914 | 47 731 29] 00
27] 5104 | 930223 003231 003706 D] -2R |40 40 U 19| 234 |14 51| 60| 9970 40| 73] 28] 00
28| 5105 | 930223 060129 060914 Df -38R |56 23 U 19| 47922 60) 73| 9966 | 43| 74] 291 00
29| 5116 [ 930224 062058 062414 Df -51L |80 25 U 77| 149 |11 45| 7.1 |10058 | 45| 70 29F 00
30| 5150 [ 930302 025123 025650 D -28R[33 20 U 18| 212|t4 63| 7.5} 10123 | 44| 74 [ 34| 04
ar] 5151 | 930302 044535 044712 D| -seL|70 32 18] 58| 7 81| 9.0f10108 | 43] 73| 27| o1
32] 5178 ] 930304 183823 184342 1781 |30 26 U 21| 26915 7.0] 4610141 ] 70] 70| 33| o0
33 ) 5181 [ 930305 020212 020535 B -28R|36 3s U 21| 20913 93|38 10875 58] 68| 27| o1
34 5208 | 930308 195447 200134 3R |42 28 U26) 593 |23 58 34110141 | 62 66| 34| 02
35) 5228 [ 930312 173201 174201 | -128R |79 23 U 19| 86228 72| s0f10049 | 55| 72 32| 02
36] 5241 | 930316 170137 171008 | -102R [49 27 U 19| 66524 70) 2610053 | 60| 771 331 04
37) 5260 { 930408 095708 095943 270R [36 31 U26] 14011 72| 9.1 | 10084 | 51| 7.8 o
38| 5264 | 930412 145353 150152 3oL {79 17U sd1}l24 67| sofioiez | so| 7.8 I
39| 5299 | 930605 125811 130607 208L |59 32 u 19| stol22 47163 | 9979 ] 78] 79 Ll B
40] 5301 | 930606 131722 132027 }-130R |84 34 U 82| 250|15 39 |164 {10034 | 87 79| +| *
41} 5305 1630614 174802 175426 46R |77 42 U 19] 52822 63233 | 9981 | 9s5f 78] | +
42 5306 [ 930615 104515 105047 | -118R {66 44 U 33| 32017 s2f249F 9957 | so| 8o} *| +
431 5310 [ 930616 110250 131133 SR |44 22 U 20| 52121 62244 | 9977 79| 8O} *| *
441 5314 { 930705 114922 115243 2154 27 s3] 142]n ss|2s| 998 92 84 [ o=
45| 5323 { 930819 122638 122922 200L[58 53 U 37| 45| 7 s 25110080 ] 93] 81 o
46| 5324 [ 930820 124451 1246136 125R {77 43 U 76| 51} 9 49237 |1007.7 | 94| 80| =*| =
471 5328 | 930824 121426 121840 96R {41 38 U 20] 21915 40 |247 | 10036 | 95| so{ +| +*
48 ] 5336 ] 930827 112341 112518 wR|37 36 U 35| 122]10 55264 ] 9909 | 82| 78 ] #
49 ] 5350 | 930909 134856 135256 SsL 63 28 US| 157{12 11,9 [23.1 10025 | 94] 80| +| *
50 ] 5356 | 930911 123745 124301 46R |79 20 U 51| 43020 381214 | 10088 | 90| 82 *| 4




22 SATELLITE LASER RANGING OBSERVATIONS IN 1993
Table 7. Observations and data fitting by JHDLRS-1
Satellite:Starlette {(continued)

n] o (3) Obs. Time(UTC) «{4) {5) Elev (6) M | ® § O [0 I [(12) 1(13)
No. | dme  caught  lost Azst_iMX cr L] RTN | N RMs|TMP{ PRESS [HUM| IDT | DTS [ DTG
YMD hms hms 1 : emj C hPa| %| ns| us| us
51| 5360 | 930914 114646 115304 -49R |88 20 U 36| 424 |19 35216 | 10062 | 95| 80| «| =
52| 5391 1931025 144309 144947 | 223083 48 U 23] 479 |21 41 |22 [10n12 | 77 78] 22] 00
.53} 5399 (931101 113048 113711 185L 137 24 U 2t} 214 13 43135 | 10169 | 66] 78] 26 01
54| 5400 | 931104 104046 104601 190L f40 32 U 23| s24 )22 35169 | 10130 | 82| 79| 27 01
55| 54101931104 123152 123617 | -101R |47 47 19| 533|210 43 162 120 | se| 79| 25| 04
56| 5416 | 931104 180120 180841 37R |50 30 U 2¢| 499 |21 40155 o7 | s7) 79} 25| 01
57] 5419 | 931105 110341 1106t1 | 217 |73 47 21| 16612 39 153|125 | o0f 78} 28| 04
58| 5444 | 931124 133532 134043 “ML|36 34 U20f 307|166 45] 48| 10199 | 67| 79| 30| 00
59| 5467 | 931208 085911 090612 77|34 20 U 18] 763 104 85| 79| 26| 00

26 37

1014.9




SATELLITE LASER RANGING OBSERVATIONS IN 1993

Table 7. Observations and dafa fitting by JHDLRS-1

23

- Satellite: TOPEX
LON )] (3) Obs. Time(UTC) 4 | (5)Elev (6) (M |® 9 1010 j(11) 12} | (13)
No, date - caught  lost Azt IMx cr  L1| RTN | N rMs|TMp| Pruss [nuM| T [ DTS | DTG
YMD hms hms N - em| T WPa| %| ns| ps{ us
1] 4950 } 930105 060721 061304 D|-135R |59 59 20| 754 |26 60|09 f10173 | 41| 72| 29{ o4
2] 4955 [ 930105 140144 141145 4rRl36 20U 191546 [ 73| 421028 | 62| 722] 304 00
3] 4957 | 930105 155718 160752 4744 20 U 20) soaf27 66| 40f10223 | 60| 27] 31| 04
4| 4960 | 930107 145410 145805 28R |86 57  21f 230f14 70 hsa froode | 7s] 72 32 oa
5] 4966 | 930112 025659 030235 D} 155L 31 29 v 19] 476}21 s |123 {10145 | 57] 73] 28] 00
6| 4967 { 930112 045508 045929 D| -130R {50 47 20| 357{18 69 [133 |1owdn | so| 73] 28| 00
7| 4968 [ 930112 144629 145327 491138 31 U 22| 305|116 60) 69|10165 | 89| 73| 30| 00
8] 4971 [ 930138 131208 131916 4L |s4 st u1s| 99| 9130 s3lwors | 78| 7o) 31| oo
0| 4078 | 930120 093251 94407 -13R |49 20U 20) 95|29 67 531006 | 48] 70 29| 0
10] 4980 | 930129 112949 113817 SsLf31 20 Uuz0| 285|15100] 3250106 | e0f 72| 29| 01
11| 4985 [ 930131 101802 102938 361 [63 21 U 2001676 |31 47| 6610086 | s4| 74| 29| o1
12| 4990 | 930202 011119 0131816 D] -101R {32 27 U 20| 494 |21 60 55 10104 ] 571 73] 321 00
13] 4991 [ 930202 090923 091712 20R |68 35 U 33| se2]28 66) 26|10062{ s3| 74| 27} o0
14] 4993 | 930203 092944 094025 L|75 20U 29182 |31 51 6910156 | se] 73] 29| ea
15] 5000 | 930204 075826 080709 D} -2R|36 25 U 20| 912290 63 |124 J10101 | 40| 74| 29| 00
16] 5001 | 930204 095245 100337 451,145 19 U 19{1551 {31 61| 94 [r0107 | 44| 73] 29{ 00
17] 5009 | 930205 002110 003038 D| -112R |37 22 U 20| 1401 {31 60 J100 10136 | 42| 74 31| 00
18] 5015 | 930205 081912 083110 D| -16R |58 20 U 192044 |31 54 120 {10090 | s0] 73] 28] o0
19] 5026 | 936208 073231 074252 D] -12R |50 26 U 19 |1571 |31 s6f 8010095 | 38} 725] 29| o0
20 | 5028 { 930208 092815 093648 S4LF3l 20 U 20| 89129 sof as]ionnz | saf 73] 29| oo
21] 5036 | 930209 75336 080552 | -24R{79 20 U 19{1135 |31 65| 8610071 | 44| 74| 28] 0o
22| 5048 [ 930210 081640 082803 D| 37163 22 U 201221 |31 60| 9210108 | 44| 72| 29 0o
23] 5067 [ 930215 061748 062926 D] -17R |58 20 U 20| #3228 53 130|102 | 48| 73] 291 01
24| 5086 | 930218 200044 2008134 188L |62 51 U 20f1261 |31 73] 57|23 | sef 72 31| -0t
25| 5115 | 930224 035620 040408 D| -3R|36 29 U 20| 659 |24 81| s0|100s8 ] sof 72] 29 00
26| 5134 | 930225 184529 185514 195L {74 37 U tg| 632}24--57] 0810043 | 74| 74} 31| 00
271 5148 | 930301 182737 182942 | -150R |79 35 20] 208[13 65| 1efiooss | s7| 721 32| ot
28 [ 5160 | 930302 154920 1635459 154L |3y 29 u 20| s19f21 73| 10f1047 | 67| 72| 3171 o
20| 5176 | 930304 173045 174133 202L |82 27U} 41519 90| 49{10136 | 0| 71| 32 01
30] 5182 [ 930305 032714 033046 D] 32L[74 33 72| 393 |18 68145 [ 10169 | s8] 69 271 o
31] 5191 | 930305 175226 180416 | -135R [59 20 U 19| 1654 |31 56| 71 |1058 | 86} 721 32| o
32| 5200 | 930308 170714 171619 | -142R {69 42 U 20| 1028 |31 64] 4034 | 61| 67| 33| 02
33| 5205 | 930309 030005 030334 D] 42053 20 U 43| 0] 9 7. |11af101a9 | ss| 72] 36| 02
34] 5239 | 930316 142505 142910 | 17tL |44 41 19| 353 |17 91} 3.1 ]100s3 | ss| 78| 32| 02
351 5244 | 930317 001336 001929 D| -16R |58 21 us8| 72|26 61| 7110056 | 49 80| 36 02
36 [ 5247 | 930317 144039 145217 15t |74 23 uae| 177]26 62| 3710064 | s4f 79| 33| 0a
37{ 5250 f 930319 005859 011006 D] 4iL|53 22 U 19} sat|22 7.1 121 frowza | sol 78] 33 o1
38| 5254 930323 003943 004339 D| -51L[37 36 19} 130|10 10.0 146 | 10136 | 63| 84| 20| 00
39 5265 | 930413 092805 093604 D| 200L 86 58 U 15| 406 |18 101 [128 | w0160 | 47| 78] | +
40| 5267 [ 930414 095046 095621 230R |59 47 U 28| 28016 44 {145 ]t0134 | 55| sof +| +
41 ] 5270 [ 930510 141123 141454 STLes 42 15 366 oo |1s07| esde | 77| 78 * *
42| 5271 | 930511 142833 143459 saLlsr s u ) se2|23 ssher 107 | 79| 76| 1+
43] 5275 | 930514 133953 134843 46L |45 25 U 6] 394 [19 63 |137 10040 | 70 80| +| *
441 5278 [ 930520 120350 121245 A7 |64 sou1e| 769{27 42 ]210f10004 | 61| 82| |
45| 5281 1 930521 102943 103923 BR[43 20U 16}1060 |31 56 |18.4 (10060 | so| 83| ¢ =
46 5285 | 930527 105028 105242 4IL{sa 29 udas| 174|102 safiss ]| o9ee| 8| so| +f =+
471 5289 [ 930528 111157 112049 SS8L |31 15 U 1411012 131 5.6 [17.7 |.9984 )76 76 * +
481 5317 | 930705 165001 165834 [-143R |69 47 U 20| 392{20 71 ]m2| suss| w3l o] <] -
49| 5318 | 930713 140749 141129 1ML |44 39 19| 368 |18 75259 99ss | 92t 17| <] ¢+
50| 5330 930825 051150 051702 D] 16 [37 37 U 20| 282 |16 86)277 | 10014 | 85| so0] +| =
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Table 7.0bservations and data fitting by JHDLRS-1
Satellite; TOPEX (continued)

SV )] {3) Obs. Time(UTC) ) (5) Elev (6) (M 1@ | ) fAo |an {(12) {(13)
No, | date  caught  lost Azst [Mx CT  LT|RTN | N RMSIT™MP| PRESS |HUM] DT | DTS | DTG
YMD hms hms N * em| T hPa| "%| ns| ps| ps

51| 5345 F 930831 132837 133605 R |36 30 U 20F 477 |20 69 |240 ] 10056 | o4] 76 +«|
52| 5349 030009 125745 130807 320075 23 U 27| 1099 |31 85 |236 |00z | 91 81| «| »
53| 5353 | 930010 132719 132832 -46L[45 40 33| 42| 6 46216 | 10048 | 90f 82| | ¢
5415359930914 110206 110823 J2R |50 39 U 30| 319 |16 4.4 |225 [ 10058 | 87} 82| |
55| 5363 | 930916 015430 015634 D] -150R (81 79  51) 184 |12 34 |254 [10088 | 84| 82| ] +
56| 5393 | 931027 020508 021551 D| -8R]43 20 U 19] 1358 |31 42179 [ 10283 | 51| se] 22| o0
57| 54351931122 105445 110350 163L 137 23 U 19| 865429 56| sof1o11.4 | 81| 78| 27] -0
58] 5438 | 931122 125048 130005 §-120R |43 27 U 19| 1391 |35 40| 77| 0123 | 80 80| 26| 00
59| 5441 | 931124 113848 114327 |-150R |81 26 79| 06|28 34} 4010195 78| 80| 29] o0
60| 5446 § 93 1125 100658 101347 153L |31 20 U 25| Nz |2s 41 73| 10199 | 79| 79] 28] 00
611 5448 | 931125 120228 120607 |-128R[S1 29 U S0 418]19 46| 6810204 | s0] so) 29| o0
62| 5453 | 931202 085229 090233 163L |37 19 U 191232 |31 4.1 |143 | 10098 | s8f 81} 25| oo
63| 5468 1 931208 091236 092258 |-135R |59 20 U 19 1478 [31 36 }103 | 10152 | 86| 80 261 00
64| 5476 | 931208 171215 172123 AR|36 23 U20] 1176 [31 39| 4910167 | 87| 80| 23] 00
65| 5477 | 931208 191029 191749 d6L| 45 39 U 19 970 {20 41| 6910162 ] 73| 79| 23| 01
66 | 5479 [ 931209 073916 074928 D| 172 |44 23 U 19| 1053 |30 42 |123 [ 10160 | 67] 80| 27] 00
67) 5482 1931209 093632 94157 |-111R[37 27 U 32| 34917 40| 85 [10165 | 85| 79| 24| 01




Column

1
2

10
11

12

13

SATELLITE LASER RANGING OBSERVATIONS IN 1993 25

Table 8. Observations and data fitting by HTLRS

Explanation

Serial number of passes ranged successfully for each satellite.

Serial number of passes ranged successfully from the beginning of SLR observation by HTLRS
at Hatizyo Sima,

Observation time (UTC) of the first return and the last return observed in the satellite pass.
Azimuth when the tracking of the satellite started at 20 degrees of elevation,

Elevations at the maximum, at the first return obtained and at the Iast return obtained in the
satellite path. U means that the data are obtained 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
measured range,

Atmospheric temperature (degree centigrade)

Atmospheric pressure {hecto pascal).

Relative hamidity (%).

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,

‘Time correction: Transmitting time of GPS 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 GPS (USNO, 1993). This term is
corrected for the transmilted time in the final MT file.
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Table 8. Observations and data fitting by HTLRS at Hatizyo sima
Satellite: Ajisai
@ (3) Obs, Time(UTC) 4 (5) Etev {6) O |® ] @ jag [an 2y (1)
No. | dme  caught  logt Azst IMX CT _LT|RIN | N RMS|TMP| PRESS |HUM| DT | DTS | DTG
YMD hms hms R I ‘ em| T WPa| %] ns| us] us
1 1930205 195200 200136 | 250R |61 4o U 22| 25| 7408|153 | 9888 | e7]s07| 25] 00
2 2] o208 171517 171641 190L |44 39 32] 13} 7 37} 78| 9893 | 59[s07|-1.7{ 00
3 3]930208 191233 191320 | 250R |57 45 58| 48| 7 31| 73| 9892 | s6|s07|-14] o0
4 4] 930209 181449 182526 | 230R |79 25 U 33| 32628 41| 84| 9882 ¢ s53|se8 | -1.B{ 00
5 s|oso215 143523 150057 170L (33 27 U 29| 28]|13 32106 9928 f 58506 |-<1.8] 00
6 7] 930215 165348 170551 | 240R |70 24 U 24| s04 |21 41105 ] 99251 71506 | 1.4 | -02
7 8}930215 190004 190640 | 300R |30 25 u24| 84| 9 32[105] 9931} 76{507 | -12] oo
8 9{930217 150615 151756 | 200L |57 25 U21| 375 |21 43 (138 ] 9822 ] 70506 | 22| 0.1
9| 11|930217 170821 171902 | 260R {48 24 U 24| 21721 37 (122} 9837} 79507 -1.8]| 00
10 12930217 191758 192043 | 320R{26 26 = 22| 6] 7 25{1.5] 9855] 70}505|-18] 00
1} 15|930218 202534 202951 | 330R |29 27U 25| 6211 27| 99| 9894 65)506 | -1.6| 0O
12| 16]930219 151938 152917 | 230L )89 27 U 38| 19921 41| 75| 9913 | 66]506 | 2.2 -0.1
B3| 17]930219 172534 173100 | 290R [35 31 U29) 74|17 38| 73| 991 | 74|506 | -19]-01
M| 18[930219 193340 193439 |-330R |26 25 24 s 33 8r| 98] 65|06 -19] 01
15 19]|930223 134559 135430 | 210L |67 32 U 38| 12820 31| 66| 9787 | s53)s07 | -18] 00
161 20]930223 155215 155608 | 270R |43 42 U 33| 120|15 45] 63] 9797 49|s06] 18| 00
1] 21)93023 175522 180018 | 320R[26 25 U 22| 11} 4147 66| 9803 | 48fso7| 25| 0o
18] 2{930224 125307 125813 19L [ 44 31 U 41| 8820 57| 73| 9853 | 40507 ] .1.7]-01
19] 241930224 145410 150434 | 250K |57 32 U 22| 48231 33 62| 9860 | 42]s07 | -16| 0.0
20 27|930225 181014 181502 | 330R |27 26 22| 3] 7 40f 21| 9s04 | 33|508]-18] 00
21 29)930301 122330 122657 220L{78 23 st| 15] 5 35| 97} 9837} 54507 ]-1.8] o1
22| 30)930302 194735 195404 | 310R|B1 66 U 30| 158)16 47] o1] 9932 47508 | 18] 0.0
23] 31930303 124139 124401 | 240R |69 59 U 67 5| 3 os{tof 9921 s3s08].1.8] o1
241 33|930305 104941 105816 | 200L[57 25 U 41] 402 |23 40j1ts| 9982 | 63509 fi50| o0
25| 34930305 125132 130231 | 260R |48 22 U 24| 648 |31 3.4 |125 | o982 | 64508 |-1.8] 01
26| 35}930305 145912 150429 | 320R {27 25 U 22| 11020 34]109 | 9971 | s9{s08}-1.5] 00
27| 3B{930305 170146 170812 | 330R|34 25 U30| 10915126 |106 | 9960 | 81508 | -1.8] 0.
281 411930305 190234 191507 | 31CR |87 25U 21| 784 131 37|1.7| 9958 | 79508 | -1.8] 0.1
291 42930310 102433 103310 | 230R[84 42 U 31| 8320 S50) 97| 9883 | e8[s09 [ 33 02
30| 43930310 122002 123108 | 290R |34 31 U] 2610 s52{10a] 9800] s0|s508] 18] 02
31| 44930310 143407 143808 | 330R |27 26 U 24| 31 15) 99| 989.1| sifs08] 7] co
2| 46| 930310 163616 164434 | 320R [49 36 U 26| 66|31 65] 73| 98| 72|s08]| 23] 0o
33| 471930310 184339 184409 300L |55 46 43 8 47} 92| 9804 | 61]s08]-18] 02
347 48[930311 175024 175107 310L |81 50 43 41 3 00| 91| 9867 ] so]s10|-18| 02
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‘Table 8. Observations and data fitting by HTLRS at Hatizyo sima
Satellite: Lageos-I

2 (3) Obs. Time(UTC) 4 | )Elev (6) @ P8 | 9 o) (i) {(12) [(13)
No, date caught lost Azst IMX CT  LT] RTN | N RMS|TMP| PRESS JHUM] IDT | DTS | DTG
IYMD hms hms B I ) em| € hPa| %| ns| gs| us

1 61930215 154410 154425 30R|79 24 24 41 2 63|102] 9928 | 59504 |-1.8| 0.0
2 101930217 161051 161418 20L|79 78 N 1310 § 81128 9833 | 775|504 |-L7| 0.0
3 231930224 133149 134631 40R | 48 43 U 43 12110 37| 65| 9855 | 35|505|-1.7]| 0.0
4 36| 9303065 153651 154418 20L |78 64 42 39110 49 96| 9958 | 84506 |-1.8] 0.1
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Table 8. Observations and data fitting by HTLRS at Hatizyo sima
Satellite:Lageos-II

m| e (3) Ots. Time(UTC) @ | (3)Blev (6) @ 1 ® | @ [0 () [(2) |(3)
No. | date  caught  Tost Azst M CT_ LT RN | N RMs|Tme| PRESS IHUM; IDT | DTS | DTG
YMD hms hms B * em| T hWPal %} ns| us| us
1| 13[930218 133739 134033 | 290R |51 40 36| 14| 7 91| 99| 9900 | 77[503 |-19]-0.1
2| 39(930305 173447 173747 | 310L[60 36 31 5| 3 11|e| 9960} €0[s07[-1.8] 02
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Table 8. Observations and data fitting by HTLRS at Hatizyo sima
Satellite: TOPEX

m{e (3) Obs. Time{U1C) @ | G)RBlev (6) M I® 1 @ [ao[an a2 [an
No. | date  caugi  lost Azst_IMxer  Lr| RN | N RMS|TMP} PRESS JHUMI IDT | DTS | DTG

| YMD tms bhms o ' em{ T Wa] %) ns| psf us

11 14]930218 195832 200710 | 200L|79 31 U 32| 24821 36104 | 9897 | 63506 |-16] 01
2| 25)930224 182422 182726 180L | 57 42 U s6| 263 |31 27| 65| 9864 | 41507 -12] 00
3| 26}930224 202356 202535 | 270R |29 29 25| 86|12 48| 74| 9820 43|508|-09] 00
4| 28930225 184644 185335 | 210R |87 48 U 33| 24120 43| 85| 9903 | 38508 |-18] 00
5] 32f930303 171232 171351 190L{68 63 Us7| 27|10 67|02 | 9906 | s4(so8|-18] 01
6] 370930305 155938 160734 150L§33 24 u20] 351 m as)| 99| 9964 | 84 (509 |-18] 01
7] 401930305 175345 180409 | 240R J47 22 U 201035 {31 3.7[108| 9958 | 81]508 |-18| 02
8] as|930310 155612 160341 | 200379 36 U6 26331 62| BE| 9892 ) 64508 [-20| 00




PHOTOGRAPHIC DIRECTION OBSERVATIONS OF AJISAI
IN 1993

Summary - Photographic direction observations of Ajisai by satellite cameras at Hatizyo Sima and the
' Simosato Hydrographic Observatory(SHO) were made in 1993, 5 photographs were taken by
.+ the fixed satellite camera at SHO, while 1 by the transporiable camera at Hatizyo Sima,

Key words : satellite camera-Ajisai-photographic direction observation

L. Observation . .

Photographic direction observations of Ajisai by satellite cameras at Hatizyo Sima and the Simosato
Hydrographic Observatory(SHO) were made in 1993. The fixed type satellite 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
in these observations were Kodak professional plates Type TMAX 100,

The observation schedule was determined by considering the status 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. Directional data of Ajisai's flash

The positions of images on the developed photographic plates were measured with a comparator by
a contractor, The positional data of flashes and star images were converied into right ascension and
declination by the Satellite Data Analysis Computer System (Nagamori, 1989). The star catalogue used for
this computation is the SAO, This computation were based on J2000.

The observed and computed data are shown in Table 1. Right ascension and declination are
described in apparent places. Note that a correction of atmospheric reflection is not applied and the
direction of Ajisai's flash is sightly different from the direction of the center of Ajisai,

Table 1. Directional data of Ajisai's flashes

Explanation
Column
1 Serial number,
Observation date,
Observation time (UTC, Epoch of the exposure),
R. a, (right-ascension) of satellite flash,
Decl. (declination) of satellite flash,
Stn (Station ID);
7838: The Simosato Hydrographic Observatory,
7309: Hatizyo Sima,
7 Meteorological data;
tmp : Atmospheric temperature (degree centigrade),
hum : Relative humidity (%),
press : Atmospheric pressure (hecto pascal),

L= B S S R 6 ]
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Table 1, Directional data of Ajisai's flashes

K}

(n @ &) @ SN (6 M
No. date time R.A, Decl, Stn tmp __hum _ press
YMD|hms|h m s 7 "] D T %  hPa
1193 2 9118 23 “15 26 230 |+ 57 17 1387309 ] 106 580 99238
2193 2. 9|18 23 15 25 39|+ 57 15 7317309 ) 106 580 9928
3193 2 9118 23 15 24 286 |+ 57 14 9117309 | 106 58.0 9928
4 193 2- 918 23 15 23 581 {+ 57 13 161 {7309 | 106 580 9928
5193 2 9]18 23 15 22 388 t+ 57 11 3117309 106 580 9928
6193 2 918 23 15 22 36+ 57 10 15} 7309 106 58.0 9928
71932 9118 23 15 21 328 {+ 57 9 114} 7309 | 106 580 9928
B |93 2 9118 23 15 20 131 §j+ 57 6 47717309 106 580 9928
9193 2 9118 23 15 19 379§+ 57 5 47.1 07309 | 106 58.0 9928
1093 2 9118 23 15 19 708+ 57 4 48617309 | 106 580 9928
11193 2 9118 23 15 17 476 |+ 57 2 243{.7309 | 106 580 9928
12193 -2 9118 23 15 17 120 |+ 57 1 1767309 | 106 580 9928
13193 2 93118 23 15 16 415 F+ 57T O 1814 7309 | 106 580 9928
14193 2 9118 23 15 15 218 [+ 56 57 489§ 7309 | 106 58.0 9928
15193 2 9§18 23 15 14 46,1 [+ 56 56 381 7309 | 106 58.0 9928
1693 2 9|18 23 15 14 155 [+ 56 55 3827309 | 106 580 9928
17193 2 918 23 15 12 558 [+ 56 52 59.0 73090 | 106 580 9928
18193 2 9]18 23 15 12 207 {+ 56 51 462 | 7309 | 106 580 9928
19193 2 9118 23 15 11 497 |+ 56 50 47.1| 7309 | 106 580 9928
20193 2 9|18 23 15 10 303 |+ 56 48 21| 7309 | 106 3580 9928
21193 2 9118 23 15 9 554 |+ 56 46 472 7309 | 106 580 9928
22193 2 9]18 23 15 9 247 |+ 56 45 373 7309 | 106 580 9928
23193 2 25120 16 25 16 307 |+ 3 48 289 | 7838 0.8 710 10145
24 193 2 25120 16 25 17 239 |+ 3 32 442 7838 08 710 10145
25193 2 25120 16 25 18 406 |+ 3 10 12| 7838 0.8 710 10145
26193 2 25|20 16 25 19 152 |+ 2 59 41.2] 7838 08 710 10145
27 |93 2 25120 16 25 19 413 |+ 2 51 463] 7838 0.8 71.0 10145
28 |93 2 25120 16 .25 20 501 |+ 2 30 599 7838 08 71.0 10145
20 193 2 25|20 16 25 21 85|+ 2 25 20.6] 7838 0.8 710 10145
30193 2 25120 16 25 21 347 |+ 2 17 19| 7838 08 710 10145
31193 2 253120 16 25 21 474 |+ 2 13 6.5 7838 0.8 71.0 10145
32393 2 25120 16 25 22 133 |+ 2 4 3490 7838 0.8 71.0 10145
33|93 2 25|20 16 25 22 195 |+ 2 2 227 7838 08 710 10145
34 |93 2 25120 16 25 22 242 |+ % O 354 7838 0.8 710 10145
35193 2 25|20 16 25 22 302 |+ 1 58 43| 7838 0.8 710 10145
36|93 2 25|20 16 25 22 317 |+ 1 57 103 7838 0.8 710 10145
37193 2 25]20 16 25 22 323+ 1 56 31.0) 7838 0.8 71.0 10145
38193 2 25120 16 25 22 300+ 1 56 139} 7838 0.8 71.0 10145
39193 3 219 49 17 16 49.1 |+ 35 59 2717838 25 620 10149
40193 3 2|19 49 17 17 45 |+ 35 54 404 7838 25 620 10149
41 193 3 2|19 49 17 17 313 |+ 35 46 51.1| 7838 25 620 10149
42193 3 21|19 49 17 17 581 |+ 35 39 478 7838 25 620 10149
43193 3 21|19 49 17 18 139 |+ 35 35 23| 7838 25 620 10149
44 193 3 2119 49 17 18 410 [+ 35 27 232 7838 25 620 10149
45193 3 2119 49 17 19 78 [+ 35 19 594 7838 25 620 10149
46 |93 3 2|19 49 17 19 229 |+ 35 15 44.2] 7838 25 620 10i49
47193 3 2119 49 17 19 509 |+ 35 7 584] 7838 25 620 10149
48193 3 2119 49 17 20 164 |+ 35 0 393] 7838 25 620 10149
49193 3 2119 49 17 20 31.1 |+ 34 56 13.6| 7838 25 620 10149
50193 3 2119 49 17 20 589 |+ 34 483 222 7838 25 620 10149
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Table 1, Directional data of Ajisai's flashes (continued)

O] @ ©) @ &) © Q)
No, date time R.A, Decl, Stn tmp___ hum _ press

YMDI|hms|h m s IR B ) C % hPa
51193 3 2|19 49 17 21 307 |+ 34 39 122 7838 25 620 10149
52193 3 2119 49 17 21 447 |+ 34 35 192 7838 25 620 10149
5393 3 2119 49 17 22 66 |+ 34 28 49,7} 7838 2.5 620 10149
54193 3 2119 49 17 22 382 |+ 34 19 43.7| 7838 25 620 10149
55193 3 2119 49 17 22 509 |+ 34 15 499 | 7838 25 620 10149
56 {93 3 2119 49 17 23 130 |+ 34 9 245 7838 25 620 10149
57193 3 418 0 18 16 515 [+ 61 20 1835) 7838 48 700 1013.6
58193 3 418 0 18 17 56 {+ 61 12 1428 7838 48 700 1013.6
59193 3 4|18 0 18 17 167 |+ 61 559.00{ 7838 48 700 10136
60193 3 4]18 0O 18 17 340 |+ 60 53 4233 | 7838 48 70.0 1013.6
61193 3 418 O 18 17 496 |+ 60 43 52389 | 7838 48 70.0 1013.6
62|93 3 4118 0 18 18 0.7 |+ 60 353538 7838 48 70.0 10136
63193 3 418 0O 18 18 115 |+ 60 29 37.38] 7838 48 70.0 1013.6
64193 3 4|18 0 18 18 17.2 |+ 60 255605 7838 48 700 1013.6
65|93 3 47118 0 18 18 300 |+ 60 17 3842 | 7838 48 70.0 1013.6
66193 3 418 0 18 18 384 |+ 60 113318 7838 48 70.0 1013.6
67193 3 4118 0O 18 18 447 |+ 60 74502 7838 48 700 10136
68{93 3 4]18 0 18 18 S57.1 |+ 59 59 28591 7838 48 700 10136
69193 3 4118 0O 18 19 6.7 |+ 59 533392| 7838 48 700 1013.6
70193 3 4|18 0 18 19 11.7 |+ 59 49 3546 | 7838 48 700 10136
71193 3 4118 0 18 19 238 |+ 59 412023 7838 4.8 700 1013.6
72193 3 4;20 3 16 8 344 |+ 9 575032] 7838 43 710 10151
73193 3 4120 3 16 8 506 |+ 9 547939 7838 43 710 10151
74 193 3 4120 3 16 9 127+ 9 48 4274 7838 43 710 10151
75393 3 4|20 3 16 9 424 1+ 9 412734 7838 43 710 1015.1
76 |93 3 4120 3 l6 9 583 |+ 9 373669 7838 43 710 1015.1
77193 3 4120 3 16 10 201 |+ 9 327249 7838 43 710 1015.1
78193 3 4|20 3 16 10 506 [+ 9 245867 7838 43 710 1015.1
79193 3 4120 3 16 11 59 |+ 9 212255 7838 43 710 1015.1
80|93 3 4|20 3 16 11 286 |+ 9 155751 7838 43 71.0 10151
81193 3 4]20 3 16 11 553 |+ 9 91833 7838 43 710 10151
82193 3 4]20 3 16 12 130 [+ 9 45531 7838 43 71.0 1015.1
83193 3 4|20 3 l6 12 358 |+ 8 593995 7838 43 710 10151
84193 3 4120 3 16 13 48 |+ 8 523126} 7838 43 710 10151
85193 3 420 3 16 13 425 |+ 8 4329.17( 7838 43 710 10151
86193 3 4|20 3 16 13 541 |+ 8 403001 7838 43 71.0 1015.1
87193 3 4|20 3 16 14 17.1 |+ 8 352400 7838 43 710 10151
88193 3 4120 3 16 14 268 [+ 8 323594 7838 43 710 1015.1
89193 3 8|12 15 5 12 289 {+ 49 592985 7838 45 590 1013.0
90 193 3 8|12 15 5 12 71 |+ 49 49 4106 | 7838 45 590 1013.0
91 {93 3 812 15 5 11 284 |+ 49 34 4384 | 7838 45 59.0 1013.0
92 193 3 812 15 S 1t 178 |+ 49 302205 7838 45 590 1013.0
93193 3 8|12 15 5 10 554 |+ 49 22 1.372| 7838 45 59.0 10130
94 193 3 8|12 15 5 10 395 |+ 49 152593 | 7838 45 590 1013.0
95193 3 8)12 15 5 10 66 i+ 49 24334]| 7838 45 59.0 1013.0
9 (93 3 8|12 15 5 9 503 |+ 48 56 17.77| 7838 4.5 590 1013.0
97193 3 8|12 15 5 9 395 |+ 48 52 584 | 7838 45 59.0 1013.0
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The computer programs were made by K. Asai and the data analysis were made by H. Noda of the
Satellite Geodesy Office, ‘This report was writien by H, Noda.
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POSITIONING OF THE FIRST ORDER CONTROL POINTS
(Wakkanai and Hatizyo Sima)
IN THE MARINE GEODETIC CONTROL NETWORK

Summary - As a step to establish the marine geodetic control network around Japan, we performed a
simultaneous observation program of Ajisai and Lageos at Wakkanai, Hatizyo Sima and the
Simosato Hydrographic Observatory (SHO) in 1992 and 1993, The positions of the two first
order conirol points are connected to the fiducial point located at SHO.

Key words : satellite laser ranging - satellite photogréphy - Ajisai - Lageos - marine geodetic controls
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Figure 1, Satellite Laser Ranging (SI.R) observations reported in this issue,
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Table 1. The Ground Survey results at Wakkanai in Tokyo datum

Station # A h Note
a r ”» -] r ” m
=H=a0 (57831 R 4522 57.55TN 141 43 56.743 B 65.01 GSI result
Triang. P. Uennai
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HHIEN THEN] H 452301617 N 141 44 01.783 E 64.00
Control P, Stone Marker
- —RIERE T 452301301 N 141 44 02,050 B 65.78
SLR System
wWEHNHEEER K 4523 01.542 N 141 44 01.912E 64.85
Satellite Camera
H-T +0.316 0.267 -1.78 Relative
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Figure 7. Survey map (Hatizyo Sima).

Table 2, The GPS and Ground Survey results at Hatizyo Sima in Tokyo datum

Station $ P h Note
[+ s r.J a ’ ”~ m
WEZmu [4kF] FL 33 04 04.023 N 13950 03.888 E 288.20 GSI result
Triang. P. Yasumido
HHESEL [ALE] H | 330409.689N 139 49 33.493 E 219,88
Control P, Stone Marker
L—iF —ilEsEE T 33 04 10.187 N 13949 32,701 E 221.15
SLR System
HEANAEZE K 3304 09.748 N ' 139 49 33.905E 220.59
Satellite Camera
H-T - 0.498 0.792 -1.27 Relative
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SATELLITE DOPPLER POSITIONING
OF OFF-LYING ISLANDS
IN 1993

Summary - This paper is a continuation of the series of report on the satellite Doppler positioning of the off-
lying islands around Japan, The results of the observations made by the JHD in 1993 are given
in this report.

Key words : satellite Doppler positioning - matine geodetic controls

KB T, 1980 AR BB L LC, ATHEYFIH L TAL 6 BB H 5
BROFHREORNE LT > T b, AT, 199348103 L2 RERERTEHE (NNSS) 1o
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NNSSOHREI D & RS 2= A O E OB R % Table 1RT. 48R 3 OARMHR T, MWL
R (R - B, 1994) KETWwTnh, $2, BsRESTHS.

Table 1. The position of the fiducial markers expressed in the Tokyo Datum
' by means of the satellite Doppler observations

Station Marker ¢ A : H
H o ’ »” o 2 o m
E 5B (zu Tori Sima) H1 30 28 48720N 140 17 33.353E 131.64

H: the height above the reference ellipsoid of the Tokyo Datum

1.8 &
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% Fig, IR,
1.2, F %
() PR R E
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) TR 20BN L 2 BHEodE
FELEE.
1.3, fE Hi AR a %
() MITHREZER 34
B M ~r77Ky s 2H MX-1502
BWA&S HD1, HD3, HD4.
2) 7— FEHE: MFES000, No,01219,
) #EHSar 5 A MAGNET.
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3K B
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AR EEHN LD TH D,
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NNSSEAET7 v 7T HLOBBE LR T, BSOS LoE 82 F T, /-, Tabledl, A
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Table 2. Positions of the NNSS antennas (1993) : the solutions of the translocation
of the Doppler observations in the reference system of NNSS

Station ¢ A H Note
o ’ 7 : - R .) ” m
T B (Simosato) 33 34 39.132N | 135 56 12.853E 105.61 (g BESIH
A 3 (Hatizyo) - 33 04 22,795 N 139 49 21.686E 268.21
PHE BB (Izu Tori Sima) | 30 29 02.288 N 140 17 22246 E 13244

H: the height above the WGS-84 ellipsoid (a=6378137m, {=1/298.257) -

Table 3. The transformed results of Table 2 into geoceniric rectangular coordinates

Station U .V o w Note
m m m
A 3 Hatizyo) -4087893.09 3451763.39 3460891.09 [ E BB
P EEE (Izu Tori Sima)|  -4232091.06 3514858.45 3216789.47

Table 3D {H% VT, ALNNSS7 ¥ 7 F P HPEEBBENNSST v FH~d R M B%Rkb D

&, .
AU ((REBB-AL) =-14419797m
AV FEBE—-AL) = 6309506m ... (1)
AW (FERBR—AL) =-244101.62m

ik,

Table 41E D= ﬁﬁ#%*btAiMWS7y%%@ﬂLME&%(&ﬁm 1981) %,
Table SIZHAF BRI B 5 M RBR~OHIER (A - JEH, 1995) THIIE L b
BARERT. MREEEHARRAT, MR hEERE Ay BVBERRETH 5,
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Table 4. Positions of the NNSS antenna : the ground survey result in the Tokyo Datum

51

Station é A h Note
’ ” ’, ” : m
JAENNSS 7 7 |33 04 09.908 N | 139 49 33.013E| 225.51 | 1981453 Ll ft

h ; the height above the (local) mean sea level

Table S, Position of the NNSS antenna : Marine Geodetic result in the Tokyo Datum

T T m | RN R R E R
JANNSS7 59 |33 04 10.255N | 139 49 32.969 E | 249.05 Ad = 347"
A A = - (0.044"
VA4 FE =23.54m

H : the height above the reference eHipsoid of the Tokyo Datuin
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GPS OBSERVATIONS
AROUND SAGAMI BAY
IN 1993

Summary - The Hydrographic Department of Japan 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 Tsurugi Saki in 1990, and at Sirahama in 1992, These
receivers have been controlled through telephone line from the head office of the
Hydrographic Depariment in Tokyo. Observations have been carried out about once or twice
a week except for some intensive observation periods. The analysis has been made on the
basis of the triple difference technique.

Key words : GPS - Sagami Bay - crustal movements - transition at O Sima

Crustal movements are active around Sagami Bay since there isa triple junction point of three plates,
the North American plate, the Eurasian plate and the Philippine sea plate near this region, It is a generally
accepted idea that there is an active fault in Sagami Bay off Odawara. The detection of crustal movements
might offer valuable information for prediction of future earthquakes and volcanic activities in this area,
The purpose of our observation is to monitor velocity field around Sagami Bay in relatively large scale
(several tens of kilometers) and abrupt changes between stations, and to clarify the characteristics of crustal
movements in plate boundary region.

This is a report of GPS observation at O Sima, Manazuru, Turugi Saki and Sirahama in 1993. This
report contains the list of the data obtained at these four stations and the analyzed results. Previous data and
results appear in the Data Report of Hydrographic Observations, Series of Satellite Geodesy, No.5,6 and
7(Sengoku and Kawai, 1992; Sengoku et al,, 1993: Utivama et al., 1994).

1, Observation

Test observations in this area were carried out in 1989 (Sengoku, 1991), and it was shown that
repeatability of bascline fength was about 1ppm or less. :

The observation has been continued since Feb., 1990 and the anaiyzed results have bcen reported to
the Coordinating Committee for Earthquake Prediction,

After a test period for evaluating repeatability of basclines (from Feb, to Mar., 1990), 6 hour
observations have been made once or twice a week except for some intensive observation periods. Table 1
shows observation schedules in 1993,

2 Observation sxtes and the control system

Dual frequency GPS receivers were set at O Sima (the Tzu O Sima Aids to Navigation Off:ce)
Manazuru (the Fire Service Office of Manazuru Town), Tsurugi Saki (the Radio Station of Tsurugi Saki
Light House) and Sirahama (the Sirahama Hydrographic Observatory) from 1989 to 1992 (Fig.1).
Hereafter, the station names will be abbreviated as OSIM for O sima, as MANA for Manazuru, as TURU for
Turugi Saki and as SIRA for Sirahama,

Receiver types having been used until 1992 are summarized in the previous reports (e.g. Uchiyama et
al., 1993). In 1993, Some of the receivers were exchanged to the new types: TRIMBLE 4000 SLD to 4000
SST-IP at MANA in Jan.12, 4000 SLD to 4000SSE at OSIM in Dec.2 and at TURU in Dec.8,
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i]:Newsiteof O Si_ma

Figure 1, Observation sites.

The control system, DS/7400 (Nippon Data General Inc,) until Apr, and Quérter-L'(SONY k.k)
from May, was set at the head office of the Hydrographic Department in Tokyo. Observation schedules of
the four GPS receivers have been controlled by this system though NTT telephone line, The conirol
program is 4000 (TRIMBLE NAV Itd., Ver. 2.00). '

3. Baseline analysis

Each baseline is analyzed by TRIMVEC (TRIMBLE NAV lid., Rev.E) with triple difference
analysis mode at the control system. Broadcast ephemerides and standard atmospheric model are used in the
analysis. _ _ '

In order to avoid inconsistency in analyzed baseline lengths, which might be introduced by
inaccuracy of the fixed coordinate in the analysis, the fixed station and the given coordinate are always kept
the same for the same baseline: in the analyses of the lines MANA-OSIM, TURU-OSIM and SIRA-OSIM,
the coordinate of OSIM is fixed to the value derived by the test GPS observations (Sengokn, 1991). In the
same way, MANA is fixed for the lines TURU-MANA and STRA-MANA, and TURU is fixed for SIRA-
TURU. ' '

The estimation errors of geocentric rectangular coordinates are estimated by TRIMVEC. The
estimation errors of latitude, longitude and height difference are also calculated by transforming covariance
matrix from geoceniric coordinates fo topocenlric coordinates (Sengoka et al., 1990).

Analyzed results of baseline length, latitude difference, longitude difference, height difference and
difference in geocentric rectangular coordinates (u, v, w) are listed in Table 2, There are graphs of baseline
length changes in Fig.6. '
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4, Survey of Observation site of O Sima

In Dec, 2, 1993, the survey position of O Sima was changed from "the Tzu O Sima Aids to Navigation
Office" to “the O Sima Light House"(Fig.2), The GPS antenna was set up on the roof of the radio station
(Fig.3,4). It was mounted on the top of a pole which was directly fixed to the cast side of the house. The
GPS receiver(TRIMBLE 4000 SSE) and a modem (MD96FB5V, Omzron Corp.) were installed in an office
room of the house (Fig.5). Speed of communication of the modem was set to be 9600bps.

In order to obtain the position of the new antenna relatively to the old one, a GPS survey was carried
out from Sep.26 to Oct.2, 1993, by A.Sengoku, M.Fujita and Y Narita. During this period, simultancous
GPS observations were made between the old and new antennas, which includes 8 sessions with 6 hours
each. The receivers used are TRIMBLE 4000 SLD for the old site, and TRIMBLE 4000 SST-IIP for the
new site, respectively, The analy31s was made by wsing TRIMVEC on the basis of the single frequency (L1)
and double difference technique.

Summarizing the results, we obtained the vector from the old to the new antenna positions (AU, A
Y, A W) in geocentric coordinate system and its slope distance D as follows; -

AU = 1387.749m
AV = 44470m
AW = 1454081 m
D = 2010.517 m.

-This vector will be used for retaining temporal consistency in baseline results between OSIM apd other sites
over the transition.

In order o assure the result, we also made a snmple EDM survey during the same period to measure
the slope distance, D, As a result, the obtained EDM value is 2010, 495m, consequently the difference in D
between the GPS and EDM survey being 2.2cm, which is comparable to the measurement accuracy of both
methods. So, it should be concluded that the GPS result was confirmed by the EDM resul.

The absolme position of the new antenna in WGS84 was determined from the old reference
coordinate as follows, which will be used as our new reference coordinate at OSIM;

¢ = 34" 47 50720" N
A= 139" 22" 20.760" E.
h g

|

143.87 m,
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Figure 3. The 0 Sima Light House.
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Figure 4. The GPS Antenna at O Sima,
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Figure 5. System configuration at O Sima.
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Authors would like 1o greatly appreciate the kind assistance of Manazuru Town, the [zu O Sima Aids
to Navigation Office, the Yokosuka Aids to Navigation Office and the Sirahama Hydrographic
Observatory.

This report is written by K. Matsumoto, Y. Watanabe, Y. Takanashi and Y. Sumiya,
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Table 1, Observation data
Explanation

Serial number

Session number

Observation start date

Observation start time (UT)
Observation stop time (UT)
Observed satellites in PRN number

‘Acquired data size in byte (unit:k byte)

OSIM ; O Sima
MANA : Manazuru
TURU : Turugi Saki
SIRA : Sirahama.
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Table 1. Observation data

61

M @G [@ |G (6) %)
No. |session] date start stop observed PRN# data size (K Byte)

M Dl h m| h m OSIM MANA  TURU SIRA
1{007-1] t 7|21 48] 4 8|3,13,16,17,18,19,24,26,27 820 0 815 0
21011-1 1 11]21 32§ 3 30|3,13,16,17,18,19,24,26,27 785 0 778 0
31012-1) 1 12{18 30{ 23 30]2,13,14,16,18,19,24,29 693 448 691 742
4 | 014-1] 1 14] 18 22§ 23 22]2,13,14,15,16,18,19,24,29 694 465 686 780
510181 "1 i8] 18 6] 23 6]2,13,14,15,16,18,19,24,29 696 466 688 781
61032-1 2 Y20 8 2 8{3,13,16,18,19,24,26,27,29 0 585 809 0
710391 2 819 40 2 0]3,13,16,17,18,19,24,26,27 0 0 802 791
810431 2 121 4 O 5 01,12,20,21,23,25 0 103 0 163
91 046-1] 2 1519 12| 1 12§3,13,16,18,19,24,26,27,29 0 586 807 1,002
10| 063-1] 3 4|18 4] 0O 24/|3,13,16,17,18,19,24,26,27 0 588 804 1,002
11) 074-1} 3 15| 17 20| 23 40(3,13,16,17,18,19,24,26,27 T 0 584 803 . 7122
12| 088-1} 3 29] 16 24} 22 24|3,13,16,18,19,24,26,27,29 427 584 774 1,002
13) 097-1] 4 7115 48} 21 4813,16,17,18,19,24,26,27,29 422 586 798 722
14 | 113-1| 4 23] 14 44| 20 44)3,16,17,18,19,24,26,27,29 432 581 802 1,002
15} 144-11 5 24} 12 40[ 18 40]3,13,16,18,19,24,26,27,29 834 581 0 1,010
16| 145-1| 5 251 12 36[ 18 36)3,13,16,18,19,24,26,27,29 717 767 805 1,009
171 149-1 5 29123 50| 6 011,3,14,17,20,22,25,28,29 0 0 807 1,239
18| 15t-1f 5 31} 12 12( 18 1213,13,16,18,19,24,26,27,29 836 581 0 1,013
19 152-1- 6 1112 8§18 813,13,16,18,19,24,26,27,29 837 583 823 1,011
201 153-1] 6 2|12 4{18 4/3,13,16,17,18,19,24,26,27 833 581 823 585
21| 154-1} 6 3|12 0] 18 0]3,13,16,18,19,24,26,27,29 834 581 0 1,010
221 155-11 6 4|11 S56] 17 56|3,13,16,17,18,19,24,26,27 837 581 0 713
231 156-1] 6 5] 11 52| 17 52/3,13,16,18,19,24,26,27,29 843 582 0 1,010
241 157-1| 6 6] 11 48] 17 48/3,13,16,17,18,19,24,26,27 833 583 0 713
25| 158-1] 6 7] 11 44| 17 443,13,16,18,19,24,26,27,29 835 583 1] 0
26 159-1] 6 8} 11 40 17 40)3,13,16,18,19,24,26,27,29 834 585 0 1,009
271 160-1] 6 9|11 36| 17 36!3,13,16,18,19,24,26,27,29 838 582 0 715
281 162-1fF 6 11| 11 28| 17 28|3,13,16,17,18,19,24,26,27 831 579 0 1,00t
201 163-1} 6 12111 24} 17 24/3,13,16,18,19,24,26,27,29 835 578 0 0
300 16d4-1| 6 13} 11 24[ 17 24|7,13,16,18,19,24,26,27,29 51 219 0 0
31 167-14 6 16|11 8|17 813,7,13,16,18,19,24,26,27 0 383 0 1,045
324 168-11 6 17|11 4] 17 4}3,7,13,16,18,19,24,26,27 0 602 0 679
331 172-1} 6 21| 10 48f 16 48|3,7,13,16,18,19,24,26,27 81t 725 0 1,010
341 180-1f 6 29 10 16] 16 16|7,13,16,18,19,24,26,27,29 852 693 639 1,045
35| 182-11 7 110 8|16 8[7,13,16,18,19,24,26,27,29 0 771 655 1,044
36| 186-1| 7 51 9 52115 52]3,7,13,16,18,19,24,26,27 844 752 656 1,038
37]1189-1 7 811 017 0I3,13,16,17,18,19,24,26,27 851 765 636 1,012
381 193-1 7 12| 9 24| 15 24{3,7,13,16,18,19,24,26,27 837 765 657 0
391 196-1) 7 15| 9 124 15 12{7,13,16,18,19,24,26,27,29 839 139 654 1,045
401 200-1} 7 19] 8 56| 14 56|7,13,16,18,19,24,26,27,29 839 748 657 1,046
41| 203-1) 7 221 8 44| 14 44(7,13,16,18,19,24,26,27,29 845 744 690 1,106
42| 207-1) 7 26 8 28| 14 28{7,13,16,18,19,24,26,27,29 836 751 692 556
431 210-11 7 29| 8 16| 14 16]7,13,16,18,19,24,26,27,29 837 T 690 1,107
441 214-11 8 2| 8 014 07,13,16,18,19,24,26,27.29 845 707 335 0
451 2171} 8 5| 7 48 13 48]7,13,16,18,19,24,26,27,29 846 744 692 0
461 221-1] 8 9 8 10j 14 10|3,7,13,16,18,19,24,26,27 844 754 691 0
47| 224-1 8 12} 7 20| 13 20(7,13,16,18,19,24,26,27,29 847 773 685 0
481 228-1] 8 16| 7 4|13 47,13,16,18,19,24,26,27,29 846 721 690 1,110
491 231-1] 8 19| 6 52| 12 5217,13,16,18,19,24,26,27,29 834 0 700 1,110
50 236-1) 8 24| 6 32 12 32{7,13,16,18,19,24,26,27,29 831 0 0 1,112
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Table 1. Observation data {continued)

D& @ |G (6) @)
No. |sessionl date start | stop observed PRN# data sjze (K Byie)

M D hm hm OSIM MANA  TURU SIRA
51| 239-1 8 27| 6 20| 12 .2017,13,16,18,19,24,26,27,29 831 . 0 1,112
521242-1 8 30] 6 812 .87,13,16,18,19,24,26,27,29 831 -0 .0 1,097
531 291-1] 10 18} 2 48 8 48!7,13,16,18,19,24,26,27,29 0 600 . 828 . 1,057
54 294-1} 10 21| 2 36| 8 36|3,7.13,16,18,19,24,26,27 0 . 608 854 1,061
551 298-1| 10 251 2 20 8 .20/7,13,16,18,19,24,26,27,29 0 607 837 1,057
56 301-1) 10 281 2 8 8 8]3,7,13,16,18,19,24,26 27 0 608 839 1,059
S7T1 30511 11 1} 1 521 7 5217,13,16,18,19,24,26,27,29 0 607 836 1,058
58| 308-1] 11 4] 1 40| 7.40§3,7,13,16,18,19,24,26,27 . 0 608 836 1,058
59,1 333-1} 11 29| 23 56 5 56[4,7,16,18,19,24,26,27,29 0 603 0 1,013
60| 334-1 11 30| 23 52| 5 52/|4,7,16,18,19,24,26,27,29 0 620 0. .1,080
611 335-1| 12 1} 23 48; 5 48/4,7,16,18,19,24,26,27,29 -0 590 0 1,080
62 336-1| 12 2123 44} 5 44{4,7,16,18,19,24,26,27,29 682 621 0 1,079
63| 340-11 12 6[23.24| 5 24]4,7,16,18,19,24,26,27,29 631 625 0 1,080
64| 341-11 12 7( 23 20| 5 20i4,7,16,18,19,24,26,27,29 721 650 -0 1,144
65| 342-11 12 8|23 16| 5 16/4,7,16,18,19,24,26,27,29 721 664 710 1,147
66 343-1f 12 923 12| 5 12[4,7,16,18,19,24,26,27,29 “721 666 713 909
671 348-14 12 14 22 56| 4 56/4,7,13,16,18,19,24,27,29 758 706 751 - .0
68 351-1] 12 17] 22 48 4 48)2,3,9,12,16,17,24,26,27 361 698 . 747 . 1,204
691 354-11 12 20| 22 32| 4 32{4,7,13,16,18,19,24,27,29 760 709 749 1,215
70| 355-1] 12 21| 22 28| 4 28!4,7,13,16,18,19,24,27,20 . 760 675 752

1,215
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Table 2, Analyzed results
Explanation

Serial number

Session number

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:arc sec.)

Difference in Earth-fixed rectangular coordinate with estimated RMS (unit:m)
RMS of residuals (unit:cycle) o
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GPS OBSERVATIONS AROUND SAGAMI BAY IN 1993
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AR L — IR RE AN UES RERBR TR

CALIBRATION OF THE CLOCK SYSTEM
OF
THE TRANSPORTABLE LLASER
RANGING STATION

Summary - The clock system of the transportable laser ranging station installed in 1993, was compared
with the central standard clock at the National Astronomicat Observatory in Mitaka, Tokyo, In
this report, the calibration result is reported.

THER L — ¥ —fERE RV S R TW L FEFRETIC L 280 &, BEtRRUTQE DT
DOHIERT ) BEOMHEIEL LT, 19934657 GPSFIM L 2 E 55458 (Magnavox
HBIMXA200D) 2HA L. COEBOBEIRET L 20, ENEXE EE) KBv TER
SN T B P SERIFINAOTI & OB BRI L 17 - 72,

2B, IR TCORMMBIECHYLNTE LR, 1988ERETIRY S » CSEHE, 19884
OEBDHG1914E T E TR O Y v CREREIRCEOGPS AR, 19924E55% B0 6 19934 A
LEE TIRIRCHOGPSSEERCH 2,

1.8

MR L — 9 — B F RS B A 3 EMX4200D (LA L E30) ol iss (DA
[MAG1& 3 5) 1%, ASKRIUTCIE ORIMRNI S A R EEE KA (USNO) 3EEF L T v 4 B4
(LMA[USNOTE F5) AN SN TH A, ERICHAGPSHEFHGLE L Tw A (L
RIGPS1E T %, [GPSIRBHWRIHATT 2) L[USNOIE M &, SEBEAOFXE (MAG]
E[GPSIDZE) EITRTnD,

D) HAIFDIGPS) & [USNO) & DfE, BB Y 8RT stk oCHID S
ENTEL, AHUloBMNE, BEOABEFORLSY KDL LR TABERET A
Kdbbh, 2B, CORBICKOIHEE0IusecTH D (K, 199%4) |

EMRXAE TR, 27 AREEIEESIIC L o ChIUEEFINAOTI R B L T B, [NAOT]
E[GPSIE D7, FREMBEMHITYIC L > THISB Z N TELOT, [NAOT] & MAG]E %
BT s lickh, MEBEMHIIMAGIE[GPSIOEAX KDL EMNTE L, LTR, okl
HEOCBURUVRERHRCOVWTHRET 5.

L1, fRss s
9934E12H21HD 5220 I CRIVR LG (5H) v T, GPSERRNC & 2 Wi %47

ol

1.2. 23R
RHME5R43%E  Magnavox MX 4200D
Ay — HP 5370A

7 — & ingkdE NEC PC9801E.




CALIBRATION OF THE CLOCK SYSTEM (L

2.8 &
2.1, SRR

EYRICAEDELAE7 V7%, RRYOHSEESL2REL, 60m0sr— 7ML h i
BEE (1F) oo vy —kAhLi (Figl) . ¥/, FAEACHLNAOTIZMNT 29 A
RBERIRER D L74mDr —F VT, Ho vy — L (Fig2) . MEBL Y HDIIATH
LIEIMET (BMRIPPS & T4) DEL A YV ¥~ CEHIL, EPRGES T/ ABTHER
DY =2 T VERLHEEHFHRIROUBECE L0, MHOHFERERET— FClkyYaryd
2L 72,

(|

LI TIET ]

MAG MX4200D receiver I ﬂ ” jl " “ H l

(Room No,204) ]
lo0uboapooood

NAOT Counter room /

Fy
R RN RS

Figure 1, Site sketch of the National Asironomical Observatory,
C()l}nl,el'\h .
NAOT For MAG MX4200D receiver

A
A

Data recorder

(PCI9801E)

Figure 2. System setting at the NAOT counter room.
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22, Bl L Y
By XXd RRE=EN) B3EER, RHEE,

23 Blynmm L e
BAEEZIOST) #EH 5 (PRN)
tya¥l 19934E12A21H15:35~21H1645 21
v var2 19934E12A21H17:10~22314:03 1234579121314151617192021222425

2627282931,
24, FMRE T~ ¥
60m(MAG) 1PPS 4 — 7 IVIRHE R 240 nsec (SEHI1E)
74m(NAOT) 1IPPS4 — 7 WiEIE & 30 nsec (FEHIH)
T v 7 e B E(WGS 84) $ 35 40" 31420 N
A 139" 32" 14.960” E
h 106.5m.

LT ¥ 7 REEARER, EECAOCPSHEICHER L TwWAETH S, AL, BiKD
WTHABRES CANTALENS 520, BAUBR B AETYHED V4 4 FiEdhizz
OmTH5Z & RERLT (e.gGaneko,1977) , LEHEMEY HARMR TR L, £OBOES
(68.4m) FIECENICEE L AL LTH 2. CORBRUABNOWGSSATF 4 FEHLICS
FAHEEREMEBRA L WEELLNIOT, AREHAOME FIEE 2w,

3.8 B
BMER Table 112 T, %8, FhoEEUTOFnFhE L - RGO E LR,

Table 1.Calibration results(Unit : z sec)

session NAOT-MAG UTC-NAOT UTC-USNO USNO-GPS
1 (PRN21) 3.19 -2.682 0.047 -0.003
2 (PRN AUTO) 3.14 -2.648 0.047 0.005

(1) NAOT-MAG
ERICEPRE LT 3 HIINAOTI ., ABHARAMAGIOE, 4 REOBH L v
L7 — 7 DERE i,

(2) UTC - NAOT
Bt RRFUTClE, BV KIXEIMRER L T AEFINAOTIE 2. BIPM circular-T
(BIPM, 1994) X8 & - E LB RREZIC B W THE L THW 2,

(3) UTC-USNO
BEARFUTCIE, XEEBEERXLEVEREL T 2EZ[USNO}®%. BIPM circular-T
(BIPM, 1994) {JI5#E & - A 8l POUZIC B W CHI L TR W,

(4) USNO - GPS
KEHERLEPER L T ARRR[USNOI E, GPSIZ & hak S T 5 E5IGPS] L @
7. USNO series4 (U. S. Naval Observatory, 1993) (B8R & b8 2 Bl i glic v T
#HEL TR,
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B UTCLE 1, #ERRO#20080 € Ty AREEIEEIIC L niEiRFL L TRRS AT
WAHRRIIRTH A, [NAOTIRFOHDERKILATER LT L vy AFEEERSG
SOREFRTHY, [USNOLLKREMGERLADEM LT 2 HEBO LY v AR
BRI o TREINTWARIR LT,

4.8 R

Table2B & UFig. 3,44, by va VI OBEROFRHELFEREL I LD DTH 5,

Table 2. Summary of calibration results (Unit : x sec)

session GPS-MAG rms
1 (PRN 21) -0.254 0.076
2 (PRN AUTO) -0.230 0.044
Cable Delay GPS Cable Delay
NAQT (NAOT) UTC (PRN2) ysNoO MAG (MAG)
2.682
< > <°'°“Z_,i,
0030
3 ~— 0.003 <¥£ﬂ>
3.190
& >
0254 -
< - Unit; u sec
Figure 3, Time chart (session 1).
Cable Delay GPS Cable Delay
NAQT (NAOT) UTC USNO (PRN ALL}) MAG {(MAG)
2.648 0.047 L 0.005
< 1> /]
0.030 0.240
<< R
3.140
< >
0.230
< > Unit! g sec

Figure 4. Time chart (session 2).

SEOBEDHR, FMBEAOREE L TTable 2RTHEME SN, FRECDELRIBHF IR
01psecThrhrbtyrav]l RU20XERENTEILIRETHL, EROBUTREHERIRG
HElx BIRT 200y a V20 BAL, AMBOHNP02xsecEATVE LD E LT,
THI-02 pusecDREBE %17V, WKV —F - JIBEEBO K THIOBIREICHVWL Z &

&35,
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5B &
B EITH Hih, BLRAOBBEERE, BEK, fpi(ﬁ?i?ﬁ%ﬁﬁlﬁ'@?h
THWAHEE L, SSRBEUSHLET.

FRWEE, BRBEMMEE UL, 4, BUBRREoHINE, EEHEFREERERMHEYL
A '

2 % ¥ ®

Ganeko, Y., 1977 : J.Geophys. Res., 82, p.2490,

EaARSE, 1994 [ AKEEIRBIHIM GG 2R, 7, pos.

BIPM,1994 Jan. 26 : Circular T, 72.

U.S. Naval Observatory,1993 Dec. 29 : Daily Time Differences, Series 4, 1404,




BB - REEREFEOEHE (EERRR)

RE-COMPUTATION
OF
POSITIONS OF THE FIRST ORDER CONTROL POINTS
IN
THE MARINE GEODETIC CONTROL NETWORK

Summary - In the marine geodetic control network around Japan, positions of the first order control points
are determined relatively to the position of the maintand control point, the Simosato
Hydrographic Observatory (SHO). Since the precise position of SHO was re-determined lately
on the basis of the ten-year observation with the satellite laser ranging technique (Marine
Geodelic Result; Tatsuno and Fujita, 1994), positions of the first order control points were
consequently re-compuied.,

Key Words : satellite laser ranging - Ajisai - Lageos - marine geodetic controls - first order contro! points

1. Lo :
REERCW, SRS EOTHEROMEL, BECBUY AU HE M L2 ENE L CilE
HERbBO R 2 HEH L Ty A (Kubo, 1988). ¢, —RIEHESIIA S (F e
B LEERERHELC, BHIBOTHLBET A REEBoTEY, 19884505 AT
FEV—Y I (SLR) Hll27bhTns, Iht coBfhco dmak, REmEE
EWEMLRECHEI LD GRRME, 1991 A, 1992, 1993;4UFA « PIIL, 1994; & -
&R, 1995) .

—RHEME IR % RO % 120 OSLR 7 — & 347 T, AL HEre fURiSE s e L<5 4
2, CHETOBICIE, ALHERESOREBIEEE LT, 20R4OYUERLbORHVLR
TELLY, HRELTESRA—REEUBIEES MEN L O THo 2. 48, THAKE
WHTIZ BT 2800 L —F — JIBREBNORRE L B4 L, HRINGRI L 2 A 0 Ssiy
(BEEANLERR) AR eN-0T (BIF - R, 1994) |, Zhicdko s R s E o
AIEEITY, H—30ER GEERER) kot

TEFRE S AR IGL, KB, HHEB, RBE, W, 38, REEES, HAEBOTET
o, £, T HBER HEA, ALBOIRRSWT, BIHS0 I B SR 8 A
RRRENTWDA (G - P, 1994; BEH - 45, 1995) , ATIREER—E LCHB L.
KRG PRRCH 2 0 S 0 2 FEO KA, S5 ENME D CRAL O
REZRET .

2. BEtE

AROFFHECH AT — 5 RSB AESE, B3RS EAGIDIORE RIS Tn
HEBNROC, FLARFRThOSLEBM I,

EEAE, LTo28TH5,

(1) TROBEHBFME L HEIDLRR (R% - 5KE, 1994) & Lz, BEEH % Table ISR T,
(2) Geopotential & 7' % TEG-2 (Tapley et al., 1990) & L 7=,

MERERR I, FRE LT [(HLaw] D7~ ¥ % SPORTIE CHIMT L KGRI —F 5 J78h
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LAY, AEBLERBBI2VWTOR, BH+TS% [HLAVW] OfllE7— 2B o1k
Moftz, [LAGEOS] @GLOBALBTHEZIRA L.

Table 27 & Table 1242, —REEHE K11 D L — 4 — Jll BEES B AR E) 25 N U 0 v L1 M plc S
BAEZ R T, FAARKCE, SEOLOCTALEREHB LA, HL, BHBERBIOW TR
EOSAEREN LW, ERD S NEEOH R L, B, WOSIHIERAR (i
HHEE) , TDH AR EEWT 2. 46, IWRUHR & AANBRORBHEMNEOE TR
DTFosshn,

WGS N
a 6378137m 6377397.155m
f 1/208.257 1/299.152813

ARERERREZS R L 2 T, BRIERAUGH, BREZHT- 1.

2 # X R

MEBEER, WISk, WEHERE, WA, 1991 KEBRUREFLME, 4, peo.

Kubo, Y., 1988: Data Report of Hydrogr. Obs., Series of Satellite Geodesy, 1, p.1.

MaH, PIlsiE, 1994 @ KEEEIREEREBE, 7, p3s.

g, WILSEER, wArEE, 1992 [, 5, pdl.

Mg, Pk, AR, 19931 F, 6, pds.

SRR, HHEREZ, 1995 7, 8, pa4,

Tapley , B.D., Shum, C.K., Yuan, D.N,, Ries, J.C., Eanes, R.J., Watkins, M.M.,, Schuts, B.E., 1990 : EOS
Trans. AGU, 71, p.1276.

REP R, M, 199 @ AEIRERIHREGE 2 AR, 7, plo2,
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Table 1, Marine Geodefic Result in Simosato

85

Ttems

Values

b — 4 — R AR (WGS)

s
!

=-3822388.272 m
Ve = 3699363.582 m

3507573.187 m

E
I

FED 7 b & (WGS to TD)

AU = 14623 m
AV = -507.5Tm
AW = -681.86m

R OHEARIE(WGS)

U =-3822373.312m
V = 3699359.898 m
W = 3507585859 m

Table 2. Summary of Resulis in Titi sima _

Coordinates Comments
Up =-4491072.428 m
V—#—FEIE | Vp = 3481527.941m
W, _=-2887391.869m~._
L - WGS
$u= 27" 05" 31335 -
Ag= 1427 137 004137 '
: M 26013 ™ i}
R A R B’ A ——— 7 HitEHR
+ $u= 27 05 16174 B
Ag=142" 137 117237
AT = 296.96 m :
A¢= -3801" ™
(=AU A f - +22.584" ‘
~OFIEE) S v
VA4 FH =8588m
g = 27" 05 19.104"
V¥ —FEA | Ap =1427 127 49.099”
B H=20281m & 2
ZHRRE " 7 TD %‘?8?
e ¢ = 277 05 20,065 _ No4, p.
B A Ay =142° 127 49,1397
B E=211.08m
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Table 3. Summary of Results in Isigaki sima

Coordinates

Comments

SR

b= — AN Hl

U, =-3265753.884 m
Vp = 4810000.974 m
W, = 2614265544 m

gu= 247 22" 09.183"
Ayg=124" 12" 51466”
FFRE = 100.16 m

WGS

¢u= 24" 21" 54.105"
Ay=124" 12" 57.302"
AR = 90.15m

(= 2R R
~DOHIER)

D¢ =+4686"
A A =+7242"
VA4 K@ =1686m

HRtHAR

=R

L — RS

gor= 24" 21" 00966"
Ap=124" 107 27.048”
B H=510m

® A

¢y = 247 21" 49.419”
Ay =124" 127 50.060”
B O EH=7329mn

wENhE
Nod4, p93

Table 4. Summary of Results in Minamitori sima

Coordinates

Comments

L= — REh

Uy =-5227180.000 m

Vp = 2551882420 m
W; = 2607609.872m

TR AR

R A

$y= 247 17, 408517
Ay=153" 59" 03.193"
AR =3528m

WGS

¢u= 24" 17" 23767”

S Ap=153" 59" 17.095"

FEMAE = 160.70 m

(=M
~DHIE &)

P44 FE=15255m

BRtEHER

SHARER

b —H — RE)

v & =7.60m

B A

B H=815m

HENNEHE
No.5, p.62
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Table 8, Summary of Results in Okinawa sima
Coordinates Comments
Uy =-3505323.710 m
b= — REh Vr = 4532741038 m
W, = 2792253.203
T 7::9 # m 2”2 WGS
du= 267 077 54707
Ag=127 42 56.938"
HE A = 12597 m B
AR - T = HECE LS
i dy= 26" 07" 40.135 PR
Ag=127" 43" 039527
& =111,
- *fF'EWFrﬁ:Mleﬁm 1P
(=08 g
~OHER) Sk, 4
VA4 FE = 1694m
$p= 26" 07 40986”
V= —RE R Ap=127" 43’ 04.332”
1= ¥ =9648m = 1|
=154 3 T > D s
¢y = 267 07" 40551 No.5, p.63
- 5 Aye= 127 43 036427
2 H=9492m
Table 6. Summary of Results in Tusima
Coordinates Comments
U, =-3344473.875m
b= —E A Vo = 4087076.356 m
W, = 3564512460 m
R > WGS
$y= 347 11" 47402
Ay=129" 17" 37.091”
WK ¥EPUAE = 33.29m 3
M oA r F n
R 4= 34 11 35947 EHA
Ap=129" 17" 45226”
S =-3254m
A 0.419” ™
(S LU ¢ =+0419
_ VA4 FE=-3542m
gop= 347 11" 35408”
L —H — A Eh K Ap=129" 17" 452637
. B EH=45Tm B
:ﬁ.ﬁ;ﬁ% 1= - - ~ TD {%Elﬁﬂiﬁ’.éﬁ
$u= 34" 11" 35528 No.5, p.64.
B A Ag=129" 17" 45305"
Z  EH=288m
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Table 7. Summary of Results in Oki syoto

Coordinates

Commenis

AR

ZEa R N /=)

Up =-3536204,351 m
Vo = 3749974249 m
Wy = 3744418.446 m

$u= 36" 10" 48.343"
Ag=133" 19" 097737
AR = 12191 m

WGS

$u= 36" 10" 37425"
Ag=133" 19" 194527
PSS = 57.08 m

(ZA R E
~DOHIER)

Ag=+0095"
A A =+0.100"
VA4 FE = -30.73m

HRtHER

=R

b= = AL

$o= 36" 107 37.545"
Ap=133° 197 19.691”
B F=848m

¢u= 36" 10" 37.330”
Ag=133" 19" 19.352”
B H=878lm

TD

16 B 4 MuAR
No.6, p.57

Table 8. Summary of Results in Minamidaito

Coordinates

Comments

LR AR

Up =-3786331320 m
V, = 4320316213 m
W; = 2761963.909 m

du= 25" 49" 407717
A H = 131“ 13’ 52.557”
HAFE = 5024 m

WGS

$u= 25" 49" 25903”
Ap=131" 14" 00.621"
MRS = 50.11 m

(ZARER
~OFHIE )

A¢ =-12133"
AX=+18802"
VA4 Fi=3590m

HEtHMR

AR

b — A

gr= 25" 49" 38739"
Ap=131" 137 42.198”
. H=158m

$u= 25" 49" 38.036"
Ay=131" 13" 41.819”
B OE=1421m

HE T HE
No.6, p.58
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Table 9. Summary of Results in Tokati

89

Coordinates Comments
U, =-3788457.804 m
b— I —AE A Vp = 2820918.030m
W, = 4271798271 m
T 7 WGS
$u= 42° 19° 04.133
Ay=143" 19" 424617
. g ¥l = 4544 m
wEmmERl ® &\ e 5
$u= 42° 18" 54819 -
Ay=143" 19 564277
O®E =-1472m - ———
= (gl
_. A4 =+0,
(=8 M A | No,p39-42
~ORTER) Al =+0218
&= V4 FE=-3709m
$p= 42° 18 54.528”
L —H —AREL A, =143 19" 55.684”
L B E=242m
ZARBR — ~ TD
_ gy= 42° 18" 54791
®= A Ay=143" 19" 56.209”
 E=223Tm
Table 10, Summary of Results in Iwo sima
Coordinates Comments
U, =-4522801756m
L—H—FEE | Vp = 3622640494 m
W, = 2656232.034 m
s = WGS
dy= 247 46" 18336
: _ Ag=141° 18" 20.246"
Goadia ¥R = 135.11m
Wt  # oA il ;
- du= 24° 46" 02447
Ag=141" 18" 31.094”
FEMARE = 185.89 m D —
; % far AL )
(/AR A ¢ =-25388 No.7, p45-47
”\O)?ﬁIEE:) Al =+5694
TA4 P =9952m
$p= 24" 46" 29.091”
b AR Ap=141" 18" 275717
B H=28820m
A RURE g P D
gyu= 24° 46" 27835
B A Ay=141" 18" 25.400”

B E=83Tm
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Table 11, Summary of Results in Wakkanai

Coordinates

Comments

ERERIE RS

L —H — Rl

Uy =-3522928.950 m

CVp = 2779243627 m

Wy = 4517637385 m

$u= 45" 23" 09.529”
Ay=141" 43" 47.884"
HEE = 91.06m

WGS

dyy= 45" 23" 01.758"
Ay =141 44" 02.039”
HFAE = 1046 m

(EHIRE
~OHER)

A g =+0141
A X =+0256"
V344 FiE=-5354m

A RER

L —F —RE

4= 45° 23’ 01301
Ap=141" 44’ 02.050”
B H=6578m

]

gu= 45 23" 0L617"
Ay=141" 44" 01.783"
#F H=6400m

B R YR
No.8, p40

Table 12. Summary of Results in Hatizyo Sima

Coordinates

Comments

b= — B AL

U, =-4087880.246 m

Vp = 3451764.230m

W, = 3460902451 m

R BN S

B 4

gy= 330 047 22776"

Ag=139" 49" 22.134"
FEFAR) = 26344 m

WGS

$u= 33" 04" 10.036"
Ay=139" 49" 33449”
FaPhm =243.42m

(ZARRE
NOHIER)

A ¢ =+ 03477
A X =-0,044"
VA4 FE=2354m

D

AR

PR AV N /)=y

gp= 33" 04" 10.187°
Ap=139" 49" 32701"
B OE=2115m

I

fu= 33" 04" 09.689”
Ay=139" 49" 334937
B A=21988m

R AR
No.8, p44
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