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SATELLITE LASER RANGING OBSERVATIONS IN 1989

Summary- Satellite laser ranging observations have been continued by a fixed type
satellite laser ranging system at the Simosato Hydrographic Observatory
(SHOLAS) and by a transportable one (HTLRS) at off-lying islands. The total
numbers of returns obtained by SHOLAS in 1989 are 65, 954 from 93 passes
of Lageos, 23,645 from 64 passes of Starlette and 219,788 from 240 passes of
Ajisai, respectively, Those obtained by HTLRS at Minamitori sima, Okinawa
Sima and Tusima in 1989 are 17,360 from 47 passes of Lageos and 89,144 from
147 passes of Ajisai, respectively. The range precisions of SHOLAS are
10.6cm for Lageos, 13.5 cm for Starlette-and 10.3 cm for Ajisai, respectively.
Those of HTLRS are 3.5 cm for Lageos and 3.8 cm for Ajisai, respectively,

Key words: satellite laser ranging - global geodesy

This is a report of satellite laser ranging (SLR) observations obtained by a fixed type
satellite laser ranging station at the Simosato Hydrographic Observatory called SHOLAS
and a transportable one called HTLRS (Sasaki 1988) at off-lying islands. This report
contains the list of data obtained by these two stations in 1989. Previous data obtained by
SHOLAS appear in Series of Astronomy and Geodesy, Data Report of Hydrographic
Observations for the period from 1982 to 1985, and in Series of Satellite Geodesy from 1986
to 1988. Routine observation by HTLRS started in December 1987, and previous data
obtained by HTLRS at off-lying islands appear in Data Report of Hydrographic Observa-
tion, Series of Satellite Geodesy, No. 3 (Sengoku et al. 1990)

1. Observation

The routine ranging observation for Lageos, Starlette, and Beacon (BE)-C started in
April 1982 by using a fixed type SLR station at the Simosato Hydrographic Observatory
(SHOLAS} under the mutual cooperation between the Hydrographic Department (JHD)
and the National Aeronautics and Space Administration (NASA) of the United States of
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America. According to the launch of Japanese first Geodetic Satellite “Ajisai” in August
1986, observation of BE-C was terminated in July 1986. Lageos, Starlette and Ajisai have
been observed routinely since August 1986. The range observation for Lageos, Starlette
and Ajisai by HTLRS started in December 1987. In 1988, the first and the second
observation by HTLRS at off-lying istands were made at Titi Sima and Isigaki Sima. The
third observation of HTLRS at off-lying islands was carried out at Minamitori Sima from
January to March 1989. The fourth was at Okinawa Sima from July to September 1989.
The fifth was at Tusima from October to Novembey 1989.

The major specifications of SHOLAS and HTLRS are listed in Table 1 and 2 {Sasaki
et al. 1983, Sasaki 1988). The locations of the system and fiducial stone markers set up
near the system are shown in Table 3 (Takemura, 1983).

The observation schedule of SHOLAS was made by selecting pass'es' whose maximum
elevation over 30 degrees for Ajisai, nighttime passes of Lageos and Starlette, over 35
degrees for daytime passes of Lageos. The observation schedule of HTLRS was madé by
selecting passes whose maximum elevation over 20 degrees at night. Observation was not
carried out on every Saturday and on every Sunday. The priority of the selection for
simultaneous transits was in the order of Ajisai, Lageos and Starlette. '

The SAO-formatted orbital elements of the satellites for the use of scheduling and
tracking were sent from the Goddard Space Flight Center (GSFC) of NASA through GE
Mark Il network. The orbital elements of Ajisai were also calculated in the Headquarter
of JHD by using quick-look data sent from GSFC and from Simosato via GE Mark I
network since the launch of the satellite. for the satelllite tracking, an analytical tracking
program using the element 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.

The total numbers of returns and passes obtained by SHOLAS and hy HTLRS at
Minami-Tori Sima, Okinawa Sima and Tusima in 1989 are lised in table 4, 5, 6 and 7. A
GPS clock was introduced in SHOLAS in December 1988, and it has been available since
April 1989, A GPS clock was also used in HTLRS in order to check the Loran C clock.

2, Polynomial fitting and preliminary analysis of range data :

The false range data were memoved by a visual rejection system, The system works
ot CRT screens by applying the filter of polynomial fitting to measured range minus
predicted range or measured range itself in use of the on-site computer. Preliminary
values of standard deviation for each pass were estimated in this process. .

A part of range obtained data, named quick-look (QL) data, were sent to GSFC within
two days through GE Mark 1! network. All the range data, after appllied the correction
of the internal time delay of the SLR systems obtained by the ground target ranging,
named fuil rate (FR} data, were recotrded on a magnetic tape in MERIT II Format
(CSTG, 1987} together with the satellite ID, the station 1D, the transmitted time corrected
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into UTC (USNO MC), the meteorological data , the preliminary measurement standard
deviation, the clock precision and some preprocessing indications., The FR data on
magnetic tapes for the above three satellites were sent to GSFC, the Center for Space
Research (CSR) of the University of Texas and Centre d'Etudes et de Recherches
Geodynanticet Astronomiques (CERGA) of France.

The weighted mean range precisions estimated by using the polynomial fitting for all
the data obtained by SHOLAS in 1989 are 10.6 cm for Lageos, 13.5 ¢m for Starlette and
10.3 cm for Ajisai as shown in Table 4. The same for HTLRS are 3.5 em for Lageos and
3.8 cm for Ajisai.

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

JHD has been processing FR data obtained at Simosato and other SLR sites by using
an orbital processor (Sasaki, 1984a). A result of the geodetic coordinates for the cross
point of azimuth and elevation axes of SHOLAS is 38° 34’ 39" 70N, 135° 56" 13”. 34E,
101.6 m for latitude, longitude and height above the reference ellipsoid of 6 378 137 m
semi-major axis and 1/298.257 flattening, respectively (Sasaki, 1990).

The observations of satellite laser ranging were made by H. Nakagawa, K. Koyama,
K. Onodera, A. Masuyama, H. Ito, I. Mori, T. Kurokawa and G. Sawada of the Simosato
Hydrographic Observatory and M. Sasaki, T. Kanazawa, T. Utiyama, E. Nisimura, T.
Fukushima, A. Sengoku, K. Fuchida, M. Nagaoka, K. Asai, T. Kawai, K. Kawai, K.
Tomii, S. Masai, H. Yamano, T. Fujii and S. Imaki of JUD Headqguarter.

Calculations and compilation for this report have been made by A. Sengoku, S.
Kurokawa of JHD Headquarter and H, Nakagawa of the Simosato Hydrographic
Observatory.,
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Tabte 1, Principal specifications of Satellite Laser Ranging Station of
the Simosato Hydrographic Observatory (SHOLAS)

Subsystem Specification

Mount configuration
Angular resolution
Transmitter diameter
Receiver diameter
Laser wave length
QOutput energy

Laser pulse width
Repetition rate
Receiver detector
Flight time counter
Frequency standard
Time comparison
Computer

elevation over azimuth

20 bits (1.2 arcsec)

17 cm

60 cm

532 nm

150 m]J (normal}

200 ps

4 pps

PMT (9%Q. E. and 300 ps rise time)

20 ps resolution

Rubidium oscillator

multi-Loran C wave {NW pacific Chain}
PDP 11/66 (64 kw) with two disks and a MT drives

Table 2. Principal specifications of the Hydrographic Department Tlanspm table
Satellite Laser Ranging Station (HTLRS) :

Subsystem Specification

Mount configuration
Angular resolution
Transmitter diameter
Receiver diameter
Laser wave length
Output energy
Laser pulse width
Repetition rate
Receiver detector
Flight time counter
Frequency standard
Time comparison
Computer

elevation over azimuth/Coude path

20 bits {1.2 arcsec)

10 cm

35 cm

532 nm

50 m]J

50-100ps

5 pps

Micro-Channel-Plate PMT with 300 ps rise time
20 ps resolution

Rubidium oscillator {rate: 2><10 1y
mutti-Leran C wave _
two 16-bits micro computers with a hard disk,
a 5 inch-and two 3.5 inch-floppy disks,
printer/recorder, two CRTs and a modem
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Table 3a. Geodetic eoordinates of SHOLAS

. ' s . Coordinates
Location Site ID {Tokyo Datum)

Cross point of AZ. and EL. axes Internationat 33° 347 277 496 N+
of SHOLAS 7838 135 56 23. 537 E
Domestic 62, 45 m
SHO-L
Cross line, the fiducial stone Domestic 33° 34" 287 078 N**
marker at Simosato Hydrogr. SHO-HO 135 56 237236 E
Obs. 58, 36 m
* Surveyed in November 1988,
**Surveyed in January 1982.
"~ Table 3b. Geodetic coordinates of HTLRS
. : Coordinates
Location Site ID (Local Datum)
Cross Point of AZ. and EL. axes International _ ' 24° 17 67718 N
of HTLRS at Minami-Tori Sima T 7300 153 58 56, 958 E
7.56 m
Cross point of AZ. and EL. axes International 26° 07 407 986 N
of HTLRS at Okinawa Sima 7301 127 43 04, 332 E
=96, 70 m
Cross point of AZ. and EL. axes International 34° 11" 357 412 N
of HTLRS at Tusima 7302 129 17 45 268 E
4, 30 m

Table 4. Data acquisition at the Simosato Hydrographic Observatory in 1989

Satellite No. of ranges _ " No. of passes RMS
Lageos 65,954 93 10.6cm
Starlette 23,645 64 13.5
Ajisai 219,788 240 10.3

Observers  H. Nakagawa, K. Koyama, K, Onedera, A. Masuyama, H. Ito, H. Mori,
T. Kurokawa, G. Sawada, M, Sasaki*, K. Tomii*, S. Masai*, H. Yamano*
and T, Fujii®

*JHD headquarter
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Table 5. Data acquisition at Minami-Tori Sima in 1989

Satellite No. of ranges ) No. of passes RMS
Lageos 12,836 31 36 cm
Ajisai 16,389 45 3.7

Observers T, Kanazawa, E. Nisimura, A. Sengoku, K. Fachida, M. Nagaoka, K. Asaj,
K. Kawai, A. Masuyama* and T. Kurokawa*
*the Simosato Hydrographic Observatory

Table 6. Data acquisition at Okinawa Sima in 1989

Satellite No. of ranges : No. of passes ‘RMS
Lageos 2,257 ‘ 8 3.6 cm
Ajisai '50,016 48 X

Observers  E. Nisimura, A. Sengoku, K. Fuchida, K. Asai, T. Kawai, S. Imaki, H. Mori*
and T. Kurckawa* o ' '
*the Simosato Hydrographic Observatory

Table 7. Data acquisition at Tusima in 1989

Satellite No, of ranges ~ No. of passes RMS
Lageos 2,267 8 3.1 cm
Ajisai 22,739 54 © 4.3

Observers T. Utivama, T. Fukushima, K. Fuchida, K. Asai, T. Kawai, S. Imaki, A.
Masuyama* and G. Sawada*
*the Simosato Hydrographic Observatory
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Table 8. Obhservations and data fitting

Explanation

Serial number of passes ranged successfully for each satellite.

Ohservation time (UTC) of the {irst return and the last return observed in the

satellite pass.

Satéllite identification {ID), LG: Lageos, ST: Starlette, AJ: Ajisai.

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

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

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

Number of successful returns from the satellite in the pass.

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

curve fitting to measured range minus predicted range. Before the fitting

applied an atmospheric correction (Marini and Murray, 1973) is added.
The range correction added to the measured range is

aR= &y | A.J?? )
?. . . BAATB) .
sin B+ sin E--0.01
where
& (1)=0.9650 O.(‘)llfd ; 0.0?104228 .
f (o, H}=1—-0.0026 cos 2¢—0.00031 H,
A=0.002357 P+0.000141 e,

_ " N
B={1.084 x 10~ PTK+{4.734 x 10-%) T BoRY
K=1.163-0.00968 cos 2¢ —0.00104 T+0.00001435 P,
836.11 . 1R0i6 . 107.5{’1‘—273‘15)[{237‘3+(T7273.15)2

Here
(R : Range correction (meters),
" E . True elevation of datellite,
P Atmospheric pressure at the site (millibars),
T . Atmospheric temperature at the site (degrees Kelvin),

Rh : Relative humidity at the site ),
A . Wavelength of the laser {microns),
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@ . Latitude of the site,
H : Altitude of the site (kilometers).
This term is not corrected for the measured range in the final MT file.

Station ID, 7838: Simosate Hydrographic Observatory,
7300: Minami-Tori Sima,
7301; Okinawa Sima,
7302: Tusima.
Atmospheric temperature (degrees Centigrade).
Atmospheric pressure {millibars).
Relative hurnidity ).
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,
The group velocity of light in the air is given by

v=¢ - {1+ 107°N)"!,

where

0.0164 . 0.00028, P
PR

—11.3 &

N=80.343 (0.9650-+ ) T o

e=6.11 - Rh . 107-5(T—273.15H{237.3+(T~273.15)}

108
Here
c » The vacuum speed of light,
P . Atmospheric pressure {millibars),
T :  Atmospheric temperature (degrees Kelvin),
Rh' ! Relative humidity ©g),
A 1 Wavelength of the light (microns).

Time correction: Transmitting time of the Loran C North West Pacific (997)
Chain minus time of.the clock used in the SLR systen1. This term is corrected
for the transmitted time in the final MT file.

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

Comments,
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{1) {2} Obs.Time({UTC) (3) {4)1Az. {5}Elev. (8) {T)Fitting
No. date catight lost SAT. 8T MX ©T LT RTN N RMS
Y M D h m s h m s : * ) ' N cm
1 8% 01 18 83 37 43 190 14 22 1.6 20L 50 28U 23 569 h] 18.5
2 89 01 20 14 31 11 B4 59 o7 LG TOL 35 24 20 78 8 8,0
3 89 @1 23 13 57 30 14 24 31 LG 80OL 30 26 21 374 T i10.5
4 89 01 24 99 16 24 08 B8 11 LG 20L 8¢ 24U 20 1851 9 9.9
5 89 01 24 19 28 45 290 08 06 LG -170R 45 23U 20 [51:14] i 9.7
8 89 01 25 14 49 50 15 @2 586 LG 80L 38 23U 3% 287 T 2.0
7 89 61 27 i5 21 57 18 @2 27 LG 105L 5¢ - 20U 20 T36 T 12.4
1 89 01 27 18 51 18 19 34 34 LG -18OR 55 210 21 1281 9 11.9
g 89 01 29 Q9 3¢ 40 190 85 50 16 29L 45 230 23 783 7 10.8
10 89 02 @3 08 14 58 06 23 49 iG 30R 76 33 55 32 T 7.0
ir 89 2Z 93 16 25 04 16 59 47 LG 130L 75 34U 33 722 9 10.8
12 89 02 05 17 k2 49 17 63 58 LG —210R 85 35U 21 487 g 2.7
13 893 02 @8 15 52 15 16 31 12 LG 125L 85 33U 20 1313 g 11.5
14 89 062 13 13 31 ez 13 658 44 LG 7oL 35 24U 21 288 5 8.0
15 8% 02 13 16 49 18 17 34 00 LG -210R 85 27U 21 729 g 1.0
16 89 92 14 15 33 3g 6 11 3¢ LG 1251 65 J7E 20 1681 g i0.2
17 89 @2 15 14 24 00 14 41 08 LG 95L | 45 41U 32 229 g9 9.5
18 B9 02 286 13 20 19 13 53 &3 LG 85L 38 220 20 527 7 7.7
- 19 89 @2 28 16 5F 24 17 21 13 LG -ZQ0R | 75 48U 35 104 T 10.4
2o 88 03 €1 16 14 03 18 54 186 LG -210R 85 38U 20 847 g 10.0
21 89 03 68 i3 50 29 14 22 35 LG 195L 50 37U 20 486 7 ie.4
22 89 03 08 17 13 b5 17 55 17 LG -136R 55 ' 25U 2¢ 176 T 9.8
23 88 03 09 12 37 08 12 59 27 LG 7oL 35 31U 20 218 T &.8
24 89 03 09 15 53 48 16 32 38 LG -205R 85 38U 24 82 T 1¢.5
25 89 93 12 12 05 35 12 14 00 LG BOL 30 280 30 68 5 10.8
26 89 ¢3 15 14 3% 49 5 25 30 LG 135E 15 228 21 364 9 19.2
27 89 03 18 13 36 20 14 01 32 LG 1e5L 50 46k 22 472 g i1.9
28 89 03 17 12 i0 36 12 39 08 LG 7oL 35 240 21 127 T 9.0
29 81 04 QG 13 65 B0 13 28 171 LG 11510 89 48U 43 187 ] 8.4
30 89 04 13 10 37 a3 11 05 5¢ LG 60L 30 21U 20 178 9 10.5
31 89 04 16 3 27 58 14 06 21 LG 135L 75 41U 20 1702 2 9.1
32 89 04 17 a5 28 44 05 38 21 LG 20L 55 37 54 51 7 10.9
33 89 @4 17 12 03 26 2 41 13 iG $O5E 5¢ 24U 23 1877 9 3.3
34 89 04 18 14 13 53 14 G4 24 LG -~Z05R 85 838U 2¢ 995 9 S.4
35 89 04 19 12 53 24 13 31 oz LG 1250 | 65 36U 22 tots 9 i9.9
a8 89 04 26 1¢ 28 23 10 59 63 LG T5L 35 21U 20 322 K 9.3
37 89 04 27 i6 11 51 18 38 09 LG -150R 33 270 22 1713 K 9.4
38 83 05 02 12 45 09 13 28 11 L 135L 5 34U 2¢ 1386 g 9.8
38 89 05 09 13 42 49 14 26 07 .G -195R 70 24U 25 829 9 10.8
4@ 89 @5 156 12 38 19 13 20 43 1.6 145E 85 338 20 836 9 ie.3
41 89 05 28 11 48 01 iz 26 Zé LG 135L 75 38U 20 1274 9 19.9
42 &9 05 27 10 23 16 1 03 15 LG 195L 50 23U 20 1529 k] 8.7
43 89 o5 27 14 98 04 14 32 07 LG -175R 50 48U 28 243 7 8.4
44 89 65 3¢ 0% 51 24 19 29 03 LG g5L 45 23U 20 565 a 0.3
45 89 05 30 13 21 53 13 59 59 LG -1856R 60 32U 24 474 7 11.0
46 89 85 31 1t 53 00 12 40 45 LG 1451, 85 21U 20 2868 9 3.8
47 89 @8 01 10 38 06 1i 17 652 LG 1151 66 29U 20 1190 b g.8
48 89 068 83 11 19 18 12 08 39 LG 135L.| 756 200 20 2671 9 9.1
49 89 06 06 11 00 58 11 31 17 .G 125E T0 550 22 2176 9 ie.a
58 89 06 12 13 19 13 13 47 52 LG -1761R 50 33033 140 i 8.8
51 89 08 26 11 48 @1 12 28 45 LG ~195R T¢ 30U 24 .. 471 9 11.1
52 89 07 L4 12 95 03 12 24 L5 LG -175R 50 42U 39 341 7 9.7
53 89 07 15 10 33 86 11 14 54 LG -205R 80 35U 20 i52¢ ji] 11.4
54 B9 @7 19 12 27 52 12 456 22 1.6 -1656R 40 49 24 37 7 8.t
55 B9 e8 12 11 19 28 ET 36 26 LG ~160R 40 34U 35 1] 7 8.7
58 89 08 15 10 45 27 11 06 14 LG ~-175R | 50 42U .36 430 7 10.3
57 89 08 23 10 34 10 19 b5 35 LG ~175R 50 48 2¢ 852 5 10.2
58 89 98 28 i¢ 30 96 i1 08 08 LG -180R 40 210 20 301 1 9.4
59 89 98 31 10 06 27 10 34 22 LG ~175R 50 430 22 301 7 1¢.8
60 89 09 6 09 38 42 29 52 32 LG -115R 50 45 25 70 7 14.0
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{8} {9} (10) (11) (12) {13} (14} (15} {16}
No, S5TN T™MP PRESS HUM 1DT DTS DTL COMMENTS
‘C mb % ns S us

13 7838 5.0 1021.8 78 6.9 -0.9 -1.9
2 7838 i1.9 999.4 73 7.3 ¢.2 -1.9
3 7838 8.1 998.6 83 7.4 -0.4 -2.9
4 7838 7.3 1008.0 52 7.4 -0.5 -2.1
5 7838 4.6 1012.8 63 7.4 -6.8 -2.1
6 7838 4.8 1e18.2 83 7.5 -0.7 -2.1
T 7838 1.1 1008.0 G8 7.4 ~3.9 -2.1
8 7838 1.9 1908.8 77 7.5 ~8.9 -2.1
9 7838 5.0 1017.5 | 53 7.3 ~1.0 -2.3
1e¢ 7838 8.2 ioeg.8 44 7.2 ~9.4 -8.4 DAYTIME
11 7838 0.8 1014.1 T 7.5 ¢.3 Q.4
12 7838 2.0 1014.1 66 7.4 2.5 -0.4
13 7888 [. 4.8 1014.1 68 7.5 2.1 -@.4
£4 7838 4.7 1812.8 59 7.4 -8.5 ~8.6
15 7838 3.0 1013.5 61 7.5 -0.7 -¢.6
18 7838 4.5 1219.5 71 7.4 -1.3 -0.7
17 7838 8.7 1018.4 99 7.4 -1.4 -0.7
18 7838 4.4 19i9.7 56 7.5 -9.,9 -0.8
19 71838 3.9 1020.8 54 7.6 -0.2 -0.8
20 7838 5.6 1019.0 82 7.6 -1.2 -0.68
21 7838 3.3 1911.9 63 7.4 -2.5

22 7838 2.1 1012.1 56 7.5 -2.4 -0.2
23 7838 . 5.8 1¢14.1 - 48 7.3 -2.3

24 1838 4.9 1014.8 . b4 7.1 -2.2 -0.3
25 7838 2.8 1011.1 656 7.4 -2.4

26 7838 7.7 1005.8 58 7.2 -2.9 -0.3
27 7838 6.5 ioel.4 88 7.3 -2,9

28 7838 4.7 1608.8 56 6.3 -2.8

29 7838 13.3 1008.9 T2 T.4 ~0.3

ae 7838 13.7 1011.2 70 1.3 ~1.8

31 7838 14.5 996.2 63 7.2 -0.5

32 7838 22.¢ 1002.5 38 7.2 -0.8 DAYTIME
33 7838 13.2 1007.3 71 T.4 -0.9

34 7838 15.7 1009.0 B9 7.3 -1.4

35 7838 15.7 1009.7 89 7.2 -1.86

as 7838 13.7 lee9.7 88 7.2 -1.4

37 71838 15.2 1005.8 49 7.4 -0.5

38 7838 13.4 1004.5 78 7.2 ~2.9

39 7838 15.8 1004.7 98 7.2 -0.7

40 7838 13.1 1668.8 .13 7.3 -2.1

a1 7838 15.8 1001.6 73 7.3 -1.9 1.1
42 7838 20.08 1003.4 T4 7.1 -2.2 1.1
43 7838 17.1 1004.2 88 7.1 ~2.2 1.1
44 7838 18.5 1004.2 75 T.2 -3.2 1.2 DAYTIME
45 7838 14.5 10e8.0 71 7.2 ~3.2 1.2
46 7838 17.4 1008.7 80 7.3 -3.5 .1
47 7838 19.9 1968.8 19 7.3 -0.3

48 7838 i9.2 1009.7 19 7.1 -¢.3

49 7838 22.5 999.7 93 7.1 -8.7

5¢ 7838 6.5 1008.0 B84 7.1 -0.2 -9.2
51 7838 21.7 1002.1 96 7.0 -1.3 -0.2
52 7838 22.8 1007.1 95 7.0 -3.4 -.3
53 7838 23.7 1007.1 91 6.9 -9.3 -2.3
54 7838 23.2 1010.8 90 6.8 @.2 -0.4
55 7838 24.9 1000.1 90 7.4 -2.0 -0.4
56 1838 24.17 997.5 20 7.5 -0.4 -0.4
57 7838 25.3 1006.8 88 7.9 -1.3 -9.3
58 7838 25.4 997.7 T1 7.2 -2.3 -0.3
59 7838 24.8 1001.8 87 T.2 -2.5 ~9.3
80 7838 26.3 1008.6 91 7.1 ~1.5 -0.3




12 SATELLITE LASER RANGING IN 1989

{1} {2) Cbs.Time(UTC) (3) (4)Az. (5)Elev. . (B} (T)Fitting
No. date caught lost SAT. sT M{ CT LT RTN N RMS

Y M D h m s h m s . i * : cm

651 B89 09 29 18 10 @0 18 36 03 1.6 55R 32 24 23 71 8 13.2
82 89 10 12 18 02 58 18 30 45 LG 45R | 49 28U 29 508 g 106.9
83 89 10 13 290 05 53 20 17 42 1.6 256L 85 23 b4 53 T 8.1
64 88 190 17 18 44 24 18 53 17 LG 40R 50 37 2t 281 T 10.4
65 88 10 19 19 31 @9 19 44 34 LG 38R 79 51 20 330 5 11.1
66 89 1¢ 20 17 37 27 18 14 19 LG 45R 40 20U 24 762 g 9.8
87 89 10 21 19 44 29 20 33 09 LG 25L | 85 ZoU 20 1582 g 10.¢
3331 89 1§ 23 @8 33 47 08 46 53 LG -160R 38 38 21 191 ] 9.5
89 89 11 02 17 30 15 18 13 42 LG 40R 50 21U 20 2026 k] 12.8
70 8% 11 10 05 03 55 65 24 12 LG 1401 85 82 27 404 9 11.9
Ti 8% 1i 10 17 16 22 17 49 26 LG 40R 5¢ 32U 44 223 9 12.6
T2 89 il I8 16 5¢ 13 17 28 18 LG 49R 5¢ 21U 30 854 5 13.0
13 89 11 18 20 22 61 20 37 59 LG 20L 50 20 49 188 g 12.6
14 89 11 20 A5 42 35 85 54 2i 1.G ~-200R 75 51 23 183 T 11.0
75 89 11 26 16 32 47 17 13 40 1.6 40R 50 25U 21 1082 b 14.4
T8 89 11 26 20 0T 20 2% 38 15 16 20L 50 30U 31 204 T 12.4
77 8% 11 28 17 356 43 17 53 51 1.G 3eR { 78 65U 45 797 7 14.3
8 89 11 29 i5 58 49 16 22 19 La 45R | 40 22U 40 180 7 11.3
:] 82 11 29 19 50 34 20 11 52 iG 20L 60 6§59 20 T43 7 13.1
80 89 12 03 17 31 37 17 59 23 1.6 30R 80 220 T3 B19 9 12,9
81 89 12 @4 16 10 08 18 54 10 LG 40R 50 21U 20 1517 9 13.0
82 89 12 @5 G2 50 24 92 56 31 LG 1i0L 55 48 38 183 8 L:.8
83 89 12 05 18 18 54 19 06 20 LG 25L 75 20U 20 2597 16 13.8
84 89 12 08 16 b7 65 17 44 63 LG 38R 7@ 21U 20 1713 16 15.2
85 89 12 @7 15 41 21 16 0T 03 LG 45R 40 26U 38 451 9 13.4
86 89 12 19 15 06 06 15 38 46 LG 55R 33 2iU 20 575 T 12.4
87 89 12 i4 16 38 b9 1T 24 05 LG 30R T8¢ 250 21 767 9 12.8
38 89 12 15 15 18 37 15 57 56 LG 45R 40 22U 20 7983 g 11.0
89 89 12 17 18 04 38 16 49 28 LG 35R 60 23V 21 2024 9 ie.s
1] 89 12 18 02 31 37 02 47 41 LG 120L 65 68 45 145 T §.6
g1 B9 12 18 16 §2 20 17 39 14 LG 3eR 80 24U 20 2106 9 i1.8
a2 B9 12z 20 93 38 55 03 45 41 LG 140L 856 40 24 73 5 8.5
83 89 12 20 15 390 50 16 14 14 LG 4QR 58 220 209 iK38 g 1.6




SATELLITE LASER RANGING IN 1589

(8) {9) (18} (11} {12) {13) {14) {15} (16)

No. STN T™MP PRESS TEM IDT BTS DTL COMMENTS
*C mb % ns HS ns

61 7838 15.8 1008.4 84 8.9 ~1.3 -9.3

62 7838 17.¢ 1008.2 92 7.0 -9.6 -0.1

63 1838 16.3 1008.2 73 7.0 -0.7 -@.1

64 7838 8.5 1010.8 59 7.1 -9.8 ¢.0

BG 7838 14.2 1006.6 77 7.2 ~1.8 Q.8

66 7838 12.2 1951.2 81 7.1 -2.3 Q.1

67 7838 16.9 1010.8 81 7.1 -2.7 2.1

88 7838 19.5 1004.2 71 7.9 -3.2 0.1 DAYTIME

69 7838 8.5 1013.8 61 7.2 -0.1 2.1

70 7838 21.8 1008.90 60 7.8 -0.9 9.2 DAYTIME

71 7838 13.7 1013.0 55 7.0 -0.3 0.1

72 7838 11.6 1001.6 T2 7.0 e.1 2.2

73 7838 8.8 1003.6 58 7.1 9.1 9.2

74 7838 14.7 1014.,9 45 8.8 -0.4 9.2 PAYTIME

5 7838 9.0 1015.4 75 6.9 -8.1 Q.2

76 7838 k0.1 1014.3 74 7.1 ~-9.3 0.2

i 7838 6.8 1007.1 BT 6.7 ~-1.4 9.3

T8 7838 4.4 1013.4 61 7.1 -0.4 2.3

T4 7838 4.9 1013.4 64 T.0 -0.4 0.3

80 7838 10.9 1007.3 79 1.0 -2.4 9.4

81 7838 12.5 1004.7 87 6.5 -2.8 0.4

82 7838 19.9 1094.3 4¢ 6.4 -3.1 0.5 DAYTIME

83 7838 9.8 1004, 2 [:14] 6.7 -9.3 0.5

84 1838 8.3 005, 1 86 5.2 -¢.8 8.5

85 7838 12.¢ 896.8 82 6.5 ~g.7 0.5

86 7838 5.7 1019.9 15 6.7 ¢.9 @.5

87 7838 6.9 10064.5 57 6.3 -0.1 0.6

83 T838 5.5 1011.9 57 6.4 0.1 8.6

89 1838 10.7 1018.2 52 6.5 6.0 2.6

j:14] 7838 15.2 1018.4 44 5.5 -2.1 2.6 DAYTIME

91 7838 2.1 101i8.0 59 6.9 8.2 2.6

92 1838 11.4 19015.3 44 6.8 8.2 2.8 DAYTIME

93 7838 6.8 1018.2 T8 6.5 -8.3 0.8




14 SATELLITE LASER RANGING IN 1989
(1} (2} Obs,Time{BTIC) {3} (4)Az. {5)Elev. (8} (7)Fitting
No. date calght lost SAT. ST MY CT LT RTN N RMS
Y M D h m s h m s ' ' ' ' cm
1 89 o1 16 i1 03 @2 1t 11 25 ST 290L 45 214U 21 283 9 12.8
2 8% 01 27 14 42 25 i4 48 40 ST ~35R 50 24U 38 393 7 12.8
3 89 01 29 15 20 46 6 27 17 ST -55L 70 220 55 1689 T 13.¢
4 89 02 63 13 19 50 13 29 46 8T ~-50R 86 23U 20 671 k] 14.3
5 89 02 08 12 29 31 12 38 10 §T ~-5¢L 85 28U 25 441 ] 14.5
) 89 02 87 12 49 54 12 56 52 ST -60L 55 31y 27 55 T 11.9
T 89 02 09 11 38 17 11 47 45 ST -50L 80 220 22 296 9 13.5
8 89 02 19 1¢ 99 09 10 17 26 ST -356R 45 230 20 86 T 12.4
9 89 @2 15 29 58 11 19 03 55 ST -55L 85 33U 38 174 b 14.3
i@ B89 @z 27 04 45 54 ¢4 52 ¢8 ST —-3OR 45 24U 28 381 T 14.9
11 89 ©¢2 09 17 44 0% 17 49 32 5T 199L 35 270 21 40 9 13.5
1z 89 04 13 07 12 44 87 22 31 ST 225L 89 25U 20 685 9 4.9
13 89 94 17 a4 54 45 05 01 03 ST 185L 35 31U 20 113 ki 11.4
14 89 04 13 12 33 56 12 42 47 5T -48R 86 21U 21 815 g 15.3
15 89 04 28 11 31 58 11 38 o2 5T -7oL | 40 220 29 a8 T 16.1
18 89 04 2B 03 03 17 03 08 11 5T -115R 85 84 20 576 9 13.2
17 89 05 02 Q8 00 53 03 09 30 5T -40R | 85 27U 23 667 9 13.8
18 89 05 2 o% 50 39 0% 57 24 ST -80L | 32 220U 20 i76 9 i2.8
9 89 05 08 Q¢ 49 55 @9 53 31 ST -80R 35 34 24 a5 7 12.1
20 89 05 15 03 09 a7 @3 16 00 ST -35R 49 33U 20 249 9 10.4
21 89 65 29 165 32 55 i5 39 33 8T 20061, 55 250U 22 198 7 13.7
22 89 66 03 13 32 22 13 38 29 5T 1861, 35 21U 20 714 g i2.9
23 89 06 06 12 41 38 12 47 08 5T 190L 4¢ 22U 28 2156 T i4.5
24 89 06 17 190 53 12 19 54 29 8T -35R 45 34 23 (1143 17 i2.4
25 89 06 26 26 30 22 48 33 33 ST 2056L 66 64 25 175 5 16.8
28 89 06 29 05 40 13 05 43 34 ST 210L 60 58 21 193 i 17.3
27 89 Q7 05 11 18 3¢ 11 21 59 8T -45R 5 320 29 391 12 22.6
28 89 07 14 ¢l 28 00 €1 28 52 ST -1256R 8y 79 34 247 5 18.4
29 89 07 15 @1 41 24 01 48 34 ST -105R 59 24 28 93 1 13.4
30 89 07 20 @5 16 17 05 19 05 ST -20R 32 32 22 114 T 1¢.9
31 8% 08 07 or 58 12 02 03 00 5T -T56L 33 28 27 68 T 1¢.5
32 89 03 09 a0 48 08 08 52 48 5T ~B0L 55 3ty 41 180 T 13.1
33 89 @8 19 1t 53 48 it 59 41 ST 175L 30 21U 23 189 T 10.3
34 89 08 22 11 02 35 it 09 18 ST 180L 35 21U 22 504 T 9.9
35 89 08 23 11 2¢ 53 11 29 59 ST 21CE 6@ 22U 2¢ 1118 14 14.0
a6 89 08 28 g 20 33 0D 28 @4 ST 190L 40 21U 21 962 7 12.8
a7 B9 08 29 11 29 35 11 36 52 ST -80R 35 21U 21 831 7 9.8
38 B9 09 11 12 12 28 12 15 44 ST -35R 50 48 29 77 T 11.86
39 89 ¢9 18 E1 57 04 12 05 @8 ST -55L 65 30 23 449 9 14.8
49 89 09 30 00 02 44 00 00 04 5T -1i56R 80 230 27 264 K 19.2
41 89 i0 04 {4b 05 48 05 08 36 5T -40R 55 B2U 39 120 T 14.3
42 89 10 12 19 19 89 k9 17 48 5T 2201, 75 25U 20 113 7 18.1
43 80 10 I3 19 29 19 19 37 08 5T ~-115R 60 22U 20 893 14 3.9
44 89 10 17 19 00 30 19 05 19 ST -90R 35 30U 20 532 1 12,0
45 80 10 2t 18 37 o8 18 44 I8 8T -125R 75 21U 34 558 14 15.3
46 B9 10 25 14 19 16 14 22 19 ST 2001l | 45 38U 41 283 7 14.1
47 89 10 26 14 43 32 14 44 47 ST 220L | 75 33 22 48 5 14.5
48 89 11 02 £1 25 23 1i 33 o1 5T 185L 31 216 21 394 T 9.9
49 89 11 o4 12 03 03 12 12 48 5T -125R 80 21U 20 1004 a 15.%
50 38 11 1¢ 16 66 56 16 ¢1 61 5T -25R 33 29U 20 437 K i0.2
51 89 kt i7 09 60 22 99 08 42 ST -80R 40 23U 20 610 i 10,9
52 89 1} 20 98 18 45 08 28 40 8T 2151 76 21U 22 799 b 4.2
53 89 11 20 08 09 33 8 17 41 ST -86R arTr  22u 29 198 T 12.8
54 89 11 27 ¢4 66 46 5 05 50 8T -116R 65 23U 25 450 9 16.1
556 89 12 04 @1 49 22 @1 53 51 ST 21CL 70 88U 27 377 T 14.4
56 89 12 05 02 ii 12 02 13 47 ST -126R | 76 50 24 131 5 15.4
57 89 12 08 41 14 18 oL 23 29 ST -120R TG 280U 2@ B6B2 ¢ 14.4
bB 89 12 11 o0 23 50 0 32 33 8T -1i56R 680 28U 20 1075 g i5.7
59 89 12 12 00 43 52 00 51 44 ST -90R 40 28U 20 527 9 i2.6
60 889 12 13 01 05 13 01 10 46 ST -70R 3¢ 27U 20 253 T i2.4




SATELLITE LASER RANGING IN 1989

(9} (190} (11) {12} (13} {14) (15) {16)
STN TMP PRESS HUM IDT. DTS DTL COMMENTS
‘G mb % ns us s

7838 3.8 1023.4 82 1.5 -0.7 ~1.9
7838 1.5 1007.7 87 7.4 -0.5 2,1
7838 2.7 1018.6 53 1.4 -0.5 -2.3
7838 2.8 1912.8 85 7.4 0.1 -0.4
7838 8.4 1013.2 53 7.3 e.¢ -0.,4
7838 7.0 1015.6 76 T.4 -@.6 -0.4
7838 0.5 998.0 65 7.8 ~@.4 -2.5
7838 5.1 998.1 62 7.3 ~-@.5 -8.5
7838 9.8 1919.9 B84 7.5 ~1.4 -0.7
7838 12.6 1823.¢9 42 7.8 ~0.5 -0.8 PAYTIME
7838 4.8 1014.9 56 7.3 ~2.2 -9.3
7838 19.3 10¢9.9 39 7.8 ~-1.4 DAYTIME
7838 22.3 1002.5 34 7.3 -2.8 DAYTIME
7838 106.8 1009.0 81 7.3 -1.4
7838 13.2 1010.3 90 7.3 -1.4
7838 18.8 1010.4 38 7.4 -0.7 DAYTIME
7838 20.4 1001.0 50 7.3 -2.8 DAYTIME
7838 18.7 1002.3 58 7.3 ~-2.8

- 7838 19.7 1000,3 62 7.8 ~5.6 DAYTIME
7838 19.9 1¢04.90 53 7.3 -1.7 DAYTIME
7838 i4.8 1¢00.8 98 7.2 -3.0 1.2
7838 17.9 1¢¢9.9 85 7.2 -9.3
7838 22.4 1001.2 89 7.2 0.7
7838 2.7 991.8 a6 8.5 -9.3 -0.1
1838 27.4 1001.3 90 7.0 -1.2 -9.1 DAYTIME
7838 25.4 995.7 17 7.2 -1.9 -0.1 DAYTIME
7838 21.3 1g062.3 k¥l 7.1 -1.0 -0.2
7838 25.3 1005.86 76 7.1 -0.4 -8.3 DAYTEIME
7838 25.8 1088.0 83 7.1 -0.3 ~9.3 DAYTIME
7838 26.3 1010.8 89 7.0 8.3 -90.4 DAYTIME
7838 28.0 994.8 81 7.4 -0.7 -0.4 DAYTIME
7838 28.8 999.4 81 7.3 ~3.0 -0.4 DAYTIME
7838 24.9 1005.1 a3 7.4 -1.3 -0.4
7838 26.2 1¢09.5 87 7.1 -1.3 -0.4
7838 23.8 1006.9 95 8.8 -1.3 -0.3
7838 28.1 996.6 B84 7.3 -2.2 -0.3 BAYTIME
7838 24.8 1002.9 94 7.3 -2.6 -8.3
7838 24.3 998.8 87 7.3 -1,2 -0.3
7838 25.3 1009.5 93 7.3 -1.5 -8.3
7838 24.4 1009.3 86 7.1 -1.3 -0.3 DAYTIME
7838 25.4 1005.1 69 7.2 -2.3 0.3 DAYTIME
7838 16.1 1908.2 a5 7.1 -0.8 -0.1
7838 16.8 10¢7.7 79 7.1 -0.7 ~@.1
7838 9.3 ia11.9 B89 7.1 -0.8 0.0
7838 7.7 1011.2 ki 7.1 -2.8 0.1
7838 15.3 1012.1 85 6.2 -@.8 ¢.1
7838 18.8 101:.0 95 8.0 -1.9 ¢.1
7838 13.4 1812.1 53 7.2 2.9 9.1
7838 13.3 1016.2 81 7.0 -8.3 0.1
7838 14.6 1012.8 51 7.1 -0.2 0.1
7838 i4.2 1208.2 a8 7.1 -0.2 0.1
7838 14.5 1015.3 48 T.1 -0.4 0.2 DAYTIME
7838 10.8 1918.2 55 6.8 -0.4 .2
7838 18.8 19010.4 45 7.0 -0.7 0.3 DAYTIME
7838 19.¢ 1006.4 80 7.9 -2.5 0.4 DAYTIME
7838 18.9 19065.1 a7 5.6 -3.1 8.5 DAYTIME
7838 14.0 899.3 40 6.5 -0.5 2.5 DAYTIME
7838 11.7 1019.9 55 8.5 1.1 2.8 DAYTIME
7838 14.2 1817.3 60 6.8 0.5 ¢.8 DAYTIME
1838 16.9 1919.3 48 6.5 0.1 ¢.8 DAYTIME




16

SATELLITE LASER RANGING IN 1989

(1) (2) Obs.Time(UTC} (3) (4)Az. (6)Elev, {B) (7)Fitting
No. date caught lost SAT. ST MX €T LT RTN N RMS

Y M D h = s h m s ‘ ’ ‘ ' cm
61 89 12 18 ¢4 33 27 ¢4 43 36 5T -490R 65 210 2¢ 137 g 11.8
B2 89 12 19 03 04 08B 03 12 16 ST -30R 35 21U 20 304 T 10.5
53 89 12 26 ¢l 41 25 01 5¢ 13 ST ~40R 55 21U 28 405 9 12.8




SATELLITE LASER RANGING IN 1989 17

(8} {9} {10) {11} (12) (13} {14) {15) (18)

No. STN TP PRESS HUM IDT DTS PTL COMMENTS
o] mb % ns nus s

61 7838 16.1 1017.90 43 5.5 -0.1 0.8 DAYTIME

82 7838 10.2 1019.1 39 6.5 ~Q.1 2.8 TAYTIME

B3 7838 i5.2 1ee8.92 B9 B.7 -1.¢ 2.5 DAYTIME




SATELLITE LASER RANGING IN 1989

(1) (2) Obs.Time{UTC) {3) (4}Az. {B)Elev. {6) (7)Fitting
No. date caught lost SAT. ST MX €T LT RTN N RMS
Y M D h m s h m s ) b ' : cm
1 89 01 16 1t 52 27 12 95 b2 AF 2135k 70 21U 20 950 14 12.0
2 B9 41 20 19 18 40 D 30 53 AJ 200L 5¢ 21U 21 ¢80 9 19.56
3 89 a1 20 16 32 34 18 38 26 AJ ~35R 365 31U 27 43 9 10.5
4 89 a1 20 18 31 18 18 43 44 Al -50R 85 22U 28 850 g 1i.s
5 89 a1 23 09 39 53 09 G0 56 Al 2Q5L 55 31U 20 775 9 11.8
[} 88 @1 23 15 49 18 I8 00 18 Al -40R 35 20U 20 i70 T 8.3
7 89 01 23 17 50 41 18 04 19 Al -50R 80 21U 21 412 i4 1.1
8 89 01 24 08 45 44 0B 56 04 AJ 185L 35 22U 20 587 9 9.6
9 89 01 24 14 58 17 15 04 43 Ad ~-4QR 30 21U 20 768 9 8.9
18 89 01 24 16 56 45 i7 10 07 Al -45R 85 21U 20 751 14 11.3
il 89 01 24 19 01 b2 i9 09 38 Ad ~T0L 38 31U 23 823 T 9.2
i2 89 ot 25 18 02 50 i6 15 17 Al -40R 50 21U 20 737 9 0.8
13 89 0t 25 18 14 05 18 14 38 Al -80L | 80 42 38 24 5 8.1
14 89 01 28 15 @8 56 16 17 21 Al -35R 38 21U 31 454 T 1.2
15 89 0t 2B 17 10 18 17T 20 00 Al -50L 35 21U 50 517 T 10.4
16 89 01 27 14 16 25 td 24 41 AJ -35R 32 25U 20 366 g 11.8
r 89 0t 27 16 16 24 i6 29 50 AJ -45R 7¢ 21U 20 1159 14 it.1
18 89 a1 27 18 19 42 i8 28 31 AJ -TOL | 35 22U 20 781 9 10.1
19 89 01 29 08 17 25 @8 29 27 Ad 2501, | 85 23U 24 1344 14 190.6
20 89 01 29 14 28 38 14 39 57 AJ -3bR 49 21U 26 939 9 16.56
21 89 0t 29 16 30 17 16 42 48, Ad -50L 86 22 25 094 14 11.7
22 89 41 390 13 39 47 13 44 35 AJ -40R 37 33 20 3e8 7 1.1
23 89 02 03 @b 51 38 06 00 18 AJ 17sL 30 224 20 197 9 8.1
24 89 02 €3 27 53 15 ¢8 02 50 AJ -125R 75 42U 25 400 8 11.86
25 89 02 03 03 55 11 10 04 57 Ad -T8R 33 21V 20 9256 9 3.4
26 89 02 @3 14 Bt 35 14 14 42 A -40R B0 21U 20 1630 9 11.5
27 89 82 63 16 03 59 18 15 50 Al -BSL 45 210 20 985 9 8.7
28 89 02 ©5 12 13 56 12 24 17 AJ -35R 35 210 20 1681 9 9.8
29 89 02 ¢5 14 15 14 14 28 26 AJ -50R 85 21U 22 1808 18 10.8
3a 8% 02 06 13 21 39 13 33 52 AJ ~45R 86 22U 23 1619 16 9.9
31 8% 02 06 15 24 08 15 36 12 AJ -TOL 40 23U 20 914 k] 10.1
32 83 02 o7 08 22 23 08 30 39 AJ -80R 33 32U 2¢ 6882 9 10.90
33 8g 02 07 12 27 47 12 38 48 LB -35R 45 23U 24 387 T 1.2
34 89 02 o7 14 29 @0 14 42 ¢8 AJ -55L 60 21U 21 540 14 11.1
35 89 02 09 12 41 a9 12 51 29 AJ ~-45R 65 220 37 312 T 9.8
as 8% 02 10 11 47 19 11 59 28 AJ ~40R 50 22U 2¢ 1288 k] 10.4
37 8¢ 62 13 13 ¢9 36 13 20 55 AJ -80L 5 27U 21 131 a ie.2
38 8¢ 02 14 1e 12 42 10 24 ¢4 AJ ~356R 40 21U 26 115 9 2.3
39 8% 02 14 12 14 29 12 27 156 AJ -50L 80 23U 22 1098 9 12.8
40 89 02 15 09 18 20 Q9 28 45 AJ -356R 33 230U 20 360 7 10.0
41 89 @2 15 11 20 ¢3 11 33 40 AJ ~45R 75 210 29 3438 9 12.4
42 89 @2 19 Q9 46 289 09 58 28 Ad -40R 60 250 22 781 9 1.8
43 89 02 26 09 32 49 089 45 41 AJ -BOL 55 20U 20 1538 g 9.9
44 83 02 27 08 38 44 28 51 08 AJ ~50L 80 220 26 47 g 12.3
45 83 a3 15 02 25 35 02 30 53 AJ -40R 38 870 27 90 T 1.9
48 89 @3 156 94 23 086 04 35 58 AJ ~-5¢L 80 23U 22 361 9 11.3
47 89 @3 15 19 18 55 19 28 12 AJ 19¢L 40 21U 2¢ 793 ] 9.9
48 89 @3 156 21 17 57 21 30 42 AJ -110R 80 23U 20 389 9 0.7
49 89 03 16 03 29 40 03 42 ¢4 Ad -45R T8 28U 29 355 14 9.6
50 89 03 17 a2 36 43 02 46 54 AJ ~40R 55 31U 23 106 1 10.6
51 89 ¢3 28 21 58 00 92 03 12 AJ ~ToL 35 29U 32 360 7 11.1
52 8¢ 03 29 i 48 14 17 08 20 AJ ~-130R 85 24U 26 1202 14 it.?7
§3 8% ¢4 05 14 32 55 14 46 19 AJ 2151 T8 21U 20 9496 9 i0.4
54 89 04 96 13 38 34 13 50 44 AJ 195L 8¢ 21U 28 488 9 1.2
55 89 @4 13 11 25 37 11 36 38 AT 1856L 40 21U 20 873 9 10.1
56 89 ¢4 18 12 45 48 12 58 58 A -110R 50 21U 29 1820 9 9.8
57 89 04 17 13 55 52 14 08 18 AJ -T5R 35 21U 20 899 9 9.7
58 80 94 18 13 00 44 13 12 28 AF -9@R 45 22U 20 861 9 11.4
59 89 04 19 12 05 54 12 18 25 AlJ -105R 55 23U 20 1196 9 9.6
[:1:] 89 04 20 11 21 25 11 24 21 AJ -125R 75 41U 21 161 7 9.8




SATELLITE LASER RANGING IN 1989

(8) {9 (10) (11) (12) (13) (14) (15} {16}
No. STHN TMP PRESS HUM IDT DTS DTL COMMENTS
"C mb % ns us us
1 7838 3.3 1023.0 77 7.5 -0.7 ~-1.9
2 7838 13.8 998,05 858 7.3 0.1 -1.9
3 7838 10.8 1001.0 70 7.4 9.4 ~1.9
4 7838 10.8 1002.0 B7 7.3 9.4 -1.9
5 7838 9.9 995.1 99 7.4 -0.8 -2.0
6 7838 8.0 996.5 81 7.4 0.4 -2.0
7 7838 9.1 996.8 69 7.6 -9.5 -2.¢
8 7838 8.3 1007.1 48 7.5 -3.5 -2.1
g 7838 4.7 i011.1 59 7.6 -3.8 -2.1
10 7838 4.7 ior2.5 58 7.6 -0.4 -2.1
11 1838 5.0 tor2.1 52 7.5 -0.7 -2.1
12 7838 5.3 1016.0 82 7.4 -0.8 -2.1
13 7838 7.8 1615.6 T4 7.5 Q.6 -2.1
14 7838 ‘8.9 10604.7 98 T.4 -1.9 -2.1
15 7838 6.0 1605.8 98 7.4 -1.9¢ -2.1
16 7838 1.5 1007.7 68 7.5 -0.8 -2.1
17 7838 0.8 1008.8 68 7.8 -9.5 -2.1
18 T838 1.2 1008.4 67 7.5 ~L.@ ~2.1
1g 7838 T.2 1016.9 60 7.1 ~-1.2 -2.3 DAYTIME
29 7838 2.9 1018.86 61 7.4 -0.5 -2.3
21 7838 2.5 1018.9 63 7.4 -0.F -2.3
C 22 1838 6.3 1018.5 ‘856 7.2 ~-9.6 -2.3
23 7838 9.8 1408.6 42 7.5 -0.3 -g.4 DAYTIME
24 7838 6.8 1090%92.9 46 7.5 -3.3 0.4 DAYTIME
25 7838 4.0 101¢.8 59 T.4 -0.3 -0.4
26 71838 1.7 1213.90 70 7.3 8.1 -0.4
27 7838 2.0 1213.8 81 7.5 8.3 -2.4
28 7838 5.0 1015.8 68 7.4 2.0 -¢.4
29 7838 4.0 1015.8 68 T.4 2.1 -8.4
30 1838 5.4 1013.86 68 7.4 e.0 -0.4
31 7838 5,2 1013.8 B7 7.5 Q.3 -0.4
32 7838 10.2 1014.4 55 7.4 -1.0 -0.4 DAYTIME
33 7838 6.8 1¢15.86 76 7.5 -8, 7 -0.4
a4 7838 8.9 1014.7 73 7.8 -0.17 -0.4
as 7838 9.3 9956.7 71 7.6 -¢.3 -0.5
36 7838 5.2 1000.1 58 7.5 -9.4 -0.5
a7 7838 5.0 1912.8 55 T.8 -@.5 -0.6
38 7838 6.8 1017.3 b8 7.4 -1.2 -0.7
39 78328 4.5 10i8.6 64 7.4 -1.0 ~-0.7
40 7828 10.4 1019.9 83 T.4 -1.4 -0.7
41 7838 7.4 1019.7 92 7.8 -1.6 -0.7
42 7838 8.2 1015.6 76 7.5 -0.4 -0.86
43 7838 5.9 1017.1 B8 7.5 -0.9 -0.6
44 7838 1.5 1024.1 53 1.8 -0.8 -0.6 DAYTIME
45 7838 16.1 1000.8 39 T.4 -2.8 -90.3 DAYTIME
46 7838 18.7 999.7 38 T.4 -2.9 -0.3 DAYTIME
47 7838 3.7 1095.9 75 1.4 -2.1 -0.2
48 7838 4.3 10086.2 i34) 1.3 -i.9 -0.3 DAYTIME
49 7838 13.0 1905.6 47 7.3 -2.2 -0.3 DAYTIME
5@ 7838 11.56 1985.8 44 7.4 -2.1 -0.2 DAYTIME
51 7838 14.0 1066.4 50 7.2 -0.8 -1.4 BAYTIME
52 7838 6.3 1011.4 72 7.3 -2.90 -0.2
53 7838 1¢.0 1¢03.86 88 7.3 -2.3
54 7838 13.1 1009.1 5 7.3 -9.3
55 7838 13.1 1¢11.7 70 7.4 -1.6
56 7838 15.90 995.5 63 7.7 ~0.6
57 7838 i3.o 1087.5 76 7.3 -1.9
58 7838 16.4 1009.0 B4 7.2 -1.4
59 7838 16.3 1009.8 88 7.3 -1.6
133 7838 16.4 1007.3 98 7.3 -1.8




20 SATELLITE LASER RANGING IN 1989
{1} (2) Obs.Time(UTC) (3} (4}Az. (5)ELev. (B} (7}Fitting
No. date canght lost SAT, ST MX CT LT RTN RMS
¥ M D h m s h m s * - ’ : cm
61 89 04 26 29 59 22 19 03 47 AJ -120R 7o 21E 20 2204 9 190.3
62 89 04 27 15 @7 50 15 20 1@ AJ ~4QR 50 21y 20 785 9 9.8
63 89 05 02 @8 29 53 08 42 54 AJ -11OR 80 220 29 1061 g 1.1
84 89 05 09 12 28 59 12 38 30 AT ~45R 80 28U 24 1312 14 9.3
85 88 05 15 @2z 54 52 €3 a4 33 AJ 185L 40 27U 21 5G8 T 9.8
1131 89 @5 15 35 08 51 05 07 11 AJ ~115R 85 B3 21 930 T 9.8
B7 89 05 15 88 59 34 071 08 38 AJ -B5R 3¢ 210 21 474 7 8.5
68 89 05 15 88 @3 47 09 13 38 AJ ~35R 32 20U 29 1083 9 7.8
69 89 05 15 11 05 14 11 18 46 AJ ~45R 7¢ 21U 28 1895 16 " 9.8
Te 89 05 26 27 18 21 a7 28 29 AJ -40R 45 210 29 1273 9 9.8
Ti 89 05 28 09 2% 27 28 30 57 AJ -55L 85 44U 21 847 9 19.8
72 88 05 27 22 18 06 02 25 43 AJ -100R 5¢ 4810 29 821 8 19.4
T3 89 05 30 @1 34 bb 01 45 17 AJ -95R 45 30U 20 939 g 10.4
T4 89 05 30 07 46 36 07 57 00 Al -50L 85 44U 20 57%9 12 10.6
75 89 a5 31 o0 38 24 @0 51 15 AJ ~116R BO 22U 21 1875 16 8.7
76 89 05 31 Q2 44 O 92 53 ol AJ -B51 30 22U 20 64956 9 2.3
77 89 95 31 a6 49 37 27 02 99 Al -45R 70 23U 23 1478 14 8.7
78 89 05 31 08 64 36 99 02 33 Ad ~-70L 35 29U 20 821 9 8.7
79 89 06 01 @5 55 31 06 a8 12 AJ -48R 50 220 29 869 14 0.1
8a 89 08 Q5 @3 27 33 23 37 21 AJ -36R 35 22U 20 260 T a.1
81 89 06 Q6 a5 32 12 05 42 05 AJ -45R 80 48U 20 1123 ) 9.3
82 890 06 12 02 0B 47 92 18 55 AJ -40R 37 22vu 21 879 9 9.1
83 89 07 05 14 31 53 14 43 10 AJ -125R 8¢ 23U 31 1956 7 1z2.¢
84 89 a7 €7 12 45 19 12 55 09 AJ 200L 50 26U 27 1228 g 9.0
85 89 07 12 14 25 18 14 31 39 AJ -80R 38 37U 20 41 T 8.5
886 89 97 13 11 27 a8 i1 31 57 Ad 205L 50 51U 486 21¢ 7 10.7
87 89 07 i3 17 40 35 i7 41 50 AT -40R 37 36 33 49 5 10.0
1] 89 07 14 1¢ 32 58 10 41 09 AJ 185L | 38 320 20 651 7 10.5
89 83 07 14 12 31 21 12 43 44 AJ -115R | 65 25U 21 1115 g 10.9
a0 89 07 14 14 38 11 14 4@ 24 AF -BOR 39 27 3¢ 48 7 B.8
91 83 07 14 18 42 03 18 55 04 A -45R | 65 22U 20 1897 3 10.4
a2 89 67T 15 11 37 04 11 49 10 AJ -135R 9@ 25U 24 1485 g 10.8
g3 88 67T 15 13 41 13 13 51 17 AJ ~T5R 35 230 20 T33 T 9.3
84 89 @7 15 17 47 47 18 a9 20 AF ~4QR 5¢ 20U 20 1737 9 9.0
85 89 67 19 12 ¢7 28 12 14 58 AJ -98R 45 320 29 503 T 11.5
96 89 67 19 18 18 14 18 25 30 Ad -50L 75 43U 40 576 b4 11.2
97 89 07 20 11 12 12 11 22 15 Ad -11GR 556 33U 24 381 T 12.0
98 89 @7 20 15 2¢ 11 15 24 Q0 Ad ~36R 33 23 338 168 3 9.8
88 89 07 20 17 21 32 17 34 27 AJ -45R T5 24U 20 1375 14 16.6
100 83 07 20 19 27 32 19 33 @38 AJ -75L 30 280U 21 123 T 9.4
101 89 07 21 1¢ 17 18 1¢ 28 31 Ad -125R 88 31U 23 183 9 10.0Q
102 89 07 21 12 23 45 12 36 27 Ad ~7TOR 33 32 20 3a7 T 8.3
193 89 o7 25 88 41 08 08 53 44 AJ 220L 80 21U 25 1589 9 151.7
104 89 07 28 is 14 25 16 25 11 Ad ~55E 606 23U 30 1421 7 10.2
105 39 08 @3 ¢8 39 55 a6 53 34 Ad -130R 80 21U 20 1926 g 10.4
106 89 08 @3 12 51 25 13 04 13 AJ ~40R 55 2@H 20 2187 9 8.8
107 89 08 063 14 53 44 15 03 26 Ad -65L 50 220 33 548 T 9.5
108 89 08 08 12 11 04 12 24 03 Ad -40R 55 218 20 1771 8 9.8
109 89 68 06 14 13 32 14 25 19 Ad -65L 45 228 20 1227 a 8.5
119 89 08 07 11 18 29 11 28 54 Ad -40R 45 284 20 1106 a 10.8
111 89 08 07 13 26 47 13 32 8L AJ ~558L 70 330 20 930 2] 1¢.0
112 89 03 08 ¢d 12 49 ¢4 18 48 Ad 200L 50 24U 5¢ 312 8 2.9
113 89 08 @8 ¢ 18 19 06 28 40 Ad ~-FOBR 55 474 2¢ 1198 8 10.3
114 83 038 @3 10 23 23 1¢ 33 39 Ad -35R 35 21W 2¢ 1364 g 8.8
118 89 068 038 12 24 33 12 38 14 Ad -45R 80 20U 26 1583 14 10.0
118 89 08 09 i1 32 03 11 37 45 Ad ~40R 80 28U 59 203 T 10. 1
117 83 @8 09 13 35 34 13 40 48 Ad -85L 45 330 38 76 g 9.7
118 89 08 1¢ 19 39 07 1¢ 45 41 AJ -35R 45 32U 35 101 T 10.7
119 89 08 19 12 39 16 12 4% 52 Ad ~-65L 85 25U 3¢ 998 9 10.4
128 89 @8 11 09 42 B5 R9 53 18 Al -36R 35 21U 21 383 g 10.7




SATELLITE LASER RANGING IN 1989

(8) {9} {10) (11) {12) (13) (14) £15) (16)
No. STN T™P PRESS HUM IDT DTS DTL COMMENTS
Y mb % ns us us
[:33 7838 15.0 £009.3 77 7.2 -1.4
62 7838 15.4 1005.2 85 7.4 ~0.4
63 7838 19.9 1001.4 51 7.3 -2.8 DAYTIME
64 7838 16.1 1ee4.5 a9 7.1 ~3.8
65 7838 19.86 1004.2 61 7.3 -1.7 DAYTIME
66 7838 20.5 1e04.2 56 7.3 -1.8 DAYTIME
67 7838 19.7 1004.5 52 7.3 -1.8 DAYTIME
68 7838 18.8 1005.7 55 7.4 -1.9 DAYTIME
69 7838 14.7 1007.7 3 7.3 -2.¢
70 7838 21.3 997.3 55 6.5 -1.8 1.1 DAYTIME
- 71 7838 18.2 999.9 59 7.2 -1.9 i.t DAYTIME
72 7838 22.2 1093.2 82 7.4 -2.1 1.1 BDAYTIME
73 7838 21.3 1003.8 64 7.2 -3.¢ 1.2 DAYTIME
74 7838 21.0 1ed2.9 89 7.3 ~-3.2 1.2 DAYTIME
15 7838 21.2 10809.5 52 7.3 -3.4 1.1 DAYTIME
78 1838 21.7 1008.¢ 59 7.4 -3.4 1.1 DAYTIME
77 7838 22.5 1008.2 87 7.3 -3.4 1.1 DAYTIME
78 7838 21.3 1008.2 71 7.3 -3.5 1.1 BAYTIME
79 7838 24.0 10e8.2 61 7.3 -0.3 BAYTIME
80 7838 25,7 996.6 T8 7.2 -0.6 BAYTIME
81 1838 27.8 295.5 71 7.3 -0.6 DAYTIME
82 7838 20.8 1608.0 76 7.9 -1.4 -g.1 BAYTIME
83 7838 21.2 1¢02.5 g1 7.0 -1.0 -0.2
84 7838 21.8 1004.2 91 7.1 -1.1 -9.3
85 7838 26.3 997.9 86 6.9 -3, 2 -0.3
86 7838 25.1 1000.1 90 7.¢ -8.2 -0.3
B 7838 24.3 1001.8 94 7.2 -8.3 -0.3
88 7838 22.8 1066.4 93 7.2 -0.4 -9.3
88 7838 22.8 10067.3 95 7.3 -6.4 -0.3
99 7838 22.7 1007.3 91 7.1 -0.4 ~8.38
91 7838 22,7 1008.4 92 7.1 8.4 ~9.8
92 7838 23.6 1007.3 94 1.0 -2.3 -8.3
© 93 7838 23.2 1007.0 92 7.0 -0.2 -9.3
94 T838 21.2 1005.3 98 7.1 -0.2 -8.3
95 1838 23.8 101¢.8 88 6.8 0,2 -8.4
96 7838 23.1 191¢.6 23 6.4 8.2 -0.4
97 7838 23.6 1e11.0 g1 6.9 8.3 -0.4
o8 7838 21.2 1e11.0 97 6.8 2.3 -0.4
99 7838 21.8 1010.4 g5 6.9 2.3 ~-0.4
100 7838 22.2 1010.6 95 7.1 2.3 -0.4
101 7838 24,2 10698.0 87 6.9 0.3 -0.4
102 7838 22.9 ie08.5 a3 7.1 2.4 -0.4
123 7838 26.1 1000.8 93 7.3 2.5 -¢.4 BPAYTIME
104 7838 24,2 1003.8 97 7.4 ~9.6 ~g.4
185 7838 26.8 999.9 83 7.5 -9.7 -0.4 BAYTIME
106 7838 25.5 1000.5 83 T.4 -8.8 -0.4
107 7838 25.86 10¢¢.3 88 7.3 -8.7 -90.4
108 7838 25.2 987.4 83 7.4 -8.7 -0.4
109 7838 24.5 988.8 85 7.4 -2.7 -0.4
119 7838 25.3 997.9 94 7.4 -0.7 -0.4
i11 7838 25.1 998.6 94 7.5 -9.8 -0.4
112 7838 29.0 998.9 75 T.4 -¢.8 -0.4 DAYTIME
113 7838 28.7 998.8 77 7.5 -0.8 -0.4 DAYTIME
114 7838 26.5 989.4 BY 1.3 -0.9 -9.4
115 1838 24.8 1000.1 89 1.3 -0.9 -¢.4
118 7838 26.1 288,868 85 7.4 ~1.1 -e.4
117 7838 25.9 a08.8 83 7.4 ~1,2 -¢.4
118 7838 26.2 996.8 87 7.6 -1.4 -¢.4
119 7338 24.8 997,11 92 7.8 -1.5 -0.4
12¢ 7828 26.9 996.8 K23 B.7 -1.7 -0.4 BAYTIME
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SATELLITE LASER RANGING IN 1989

180

(1} (2) Obs.Time{blTC} (2} (4)A=z. (E)Elev. {6) {7)Fitting
No., date caught lost SAT. 8T MX CT LT RTN N RMS
Y M D h m s h m s * * * : cm
121 89 08 i1 11 45 55 11 857 1e AJ ~-BOR 90 31U 23: 1139 9 11.4
122 89 08 12 08 49 44 o8 57 38 AT -3BR 30 230 21 112 7 11.5
123 89 08 12 19 5¢ 42 11 o3 13 AJ -49R 65 23y 21 4256 Al 19.8
124 88 @8 12 12 59 42 13 02 44 AT ~-76L 49 37 25 122 5 1.4
125 89 08 13 Q9 59 28 10 07 18 AJ ~-35R 45 378 28 419 5 11.4
128 89 98 13 12 00 44 12 1¢ 35 AJ -55L 80 37T 22 1ais 9 8.5
127 89 08 15 08 11 81 08 14 37 AT -46R 39 28K 38 78 4 16.0
128 89 08 15 1o 10 25 16 22 a7 Al —45R 85 24U 26 1185 ) 9.9
129 89 08 15 12 14 42 12 22 44 Al ~T5L 36 280 21 560 T 10.4
130 89 908 18 ¢2 16 15 0¥ 27 04 AJ -48R 50 22 27 850 Q 9.5
131 89 98 18 ‘11 32 49 11 42 10 AT ~T5HL 32 21U 20 564 E ] 9.2
132 89 @8 19 10 37 48 10 49 47 AJ ~B&L 59 220 20 1936 9 8.7
133 89 08 21 a6 48 07 g6 57 38 AJ -35R 33 220 21 101¢ 9 8.7
134 89 88 21 a8 49 17 ¢g 62 38 AJ ~-45R TS5 220 20 184¢ 14 8.5
1356 89 08 22 @7 55 13 @8 08 B2 AJ -40R 55 210 20 1944 ] 3.4
136 B9 ©¢8 23 @2 54 34 ¢3 04 40 AJ -85R 40 28U 20 1453 ] 8.9
137 B89 €8 23 9T 01 08 ¢7 13 @3 AJ -49R 45 20U 290 1401 g 8.9
138 89 08 23 09 82 52 ¢9 16 10 AJ -55L ¢ 25U 20 1853 14 9.1
138 80 08 23 0¢ 28 07 €0 34 59 AJ -115R ¢ 67U 28 337 9 10.9
140 89 08 238 a8 34 19 G6 40 09 AJ ~4QR 86 21 63 310 5 19.0
141 B89 €8 28 a8 40 19 @8 47 50 AJ -ToL 38 34U 20 1094 g 9.8
142 B89 ¢8 29 @5 40 36 35 49 05 AJ -35R 45 22U 38 TR0 g 9.8
143 89 @8 31 a5 57 09 Q6 05 20 AF -456R 76 43U 31 992 12 10.4
144 89 08 04 08 13 15 Qo 22 37 AT -T6R 35 230 21 344 T 9.3
145 83 09 04 04 21 34 a4 27 91 AJ -48R 556 32U 51 305 i it. @
146 89 €9 #7 23 39 €8 03 50 48 AJ -46R 55 210 27 948 9 8.8
147 89 09 11t Q2 05 o7 02 12 09 AJ -48R 45 22U 43 220 9 10.4
148 89 99 18 Q1 42 37 o1 45 34 Ad -4bR 70 b7 64 98 5 4.5
148 89 09 20 09 68 38 00 12 05 AT ~40R 55 61U 45 2268 1 11.2
150 89 09 20 17 0 02 17 @09 05 AJ 215L 70 34U 34 5889 9 4.9
1151 89 09 28 15 38 3b 15 49 12 AJ 2200 80 30U 29 485 8 12.9
152 89 ¥9 26 17 46 12 17 48 37 AJ -80R 40 39U 34 i22 T g.2
153 89 ¢9 28 13 54 18 14 0138 Ad I80L 37 34U 20 667 T 10.1
154 89 Q¢ 29 17 o2 49 17 11 48 Ad -80R 37 21U 20 1o 8 10.9
155 89 10 04 12 36 22 12 41 13 AJ 195L 45 264 20 19068 g 16.2
156 89 10 @7 11 49 58 12 00 58 Ad 195L 59 270 20 1153 g9 3.5
"157 83 10 @9 12 02 @3 12 15 ©3 AJ 220L 80 23 19 1897 14 3.9
158 89 1¢ 12 11 22 49 11 32 3¢ Al 225L B8O 32y 27 1352 9 9.8
159 89 1¢ 12 13 25 12 13 34 16 - AF -8R 38 220 28 1332 g 10.5
160 89 10 12 17 32 35 17 45 @4 Al -4BR 45 201 20 1853 9 9.6
181 8% 10 12 19 34 48 19 47 39 AJ -60L |, 65 230 20 2252 14 10.6
162 89 10 13 1¢ 27 38 19 3g 2@ AF 206L 556 22U 26 16843 g 16.8
163 89 10 13 12 29 38 12 42 @7 AlJ -1G0R 5¢ 21U 20 1384 g 9.8
164 89 10 13 i6 38 44 16 49 41 Ad -36R 37 20U 20 825 9 8.8
185 8% 10 13 ° 18 49 12 18 53 4i Al -50L Q¢ 21U 21 1870 18 8.5
. 168 88 10 17 08 64 17 09 05 16 Al 190L 4¢ 22U 29 1325 9 10.2
167 8% 106 17 10 54 54 11 07 b2 AJ ~1101 80 22U 20 1797 9 4.8
168 83 10 17 13 00 ¢8B 13 ¢9 18 AJ -80R 3¢ 21U 29 720 K 8.1
189 89 10 17 15 64 23 15 14 10 AJ -40R 32 21U 20 1067 7 9.0
170 89 10 7 17 o5 47 17 19 14 AJ -4B6R 70 21U 20 1771 14 10.9
i1 89 14 17 19 ©8 44 19 18 58 AJd -15L a5 20U 20 1014 T 10.5
L172 89 10 18 12 04 33 12 15 1@ AT ~76R 35 20U 20 i3et k] 8.9
173 89 10 20 28 13 19 28 25 ©9 Ad 196L 45 21U 2¢ a997 ] 9.9
174 89 19 20 1¢ 14 36 19 27 88 AJ -110R 60 22v 22 1377 bt} 1e.¢
175 89 10 29 14 26 0t 14 33 19 AJ ~-35R 33 28U 23 485 T T.1
176 89 10 20 i8 25 24 168 39 03 AJ -45R 75 21U 20 2268 18 8.7
177 88 1¢ 20 18 35 #0 18 38 10 AT -BeL 30 29 20 345 T 8.8
178 89 1¢ 21 15 31 24 15 44 27 AJ -40R 56 21U 20 1645 g 9.7
179 89 10 21 17 33 27 17 45 36 AJ ~-85L §9 200 2t 1286 g 10.3
89 10 23 07 32 84 07 44 b AJ 1961 60 20eH 20 882 9 1:.9

—r—




SATELLITE LASER RANGING IN 19889

(8) (9} (10} {11) (12) (13) (14} {15) {16)
No. STN ™P PRESS HUM IDT DTS DTL COMMENTS
'C mb % ns Bs us

121 7838 23.8 997.8 88 7.5 -1.8 -0.4

122 7838 26.8 998.8 84 7.8 -1.9 ~Q.4 PAYTIME
123 7838 25.7 999.4 86 7.5 -2.0 -0.4

124 7838 24.0 1000.8 94 7.3 ~2.0 ~3.4

125 T838 26.0 1000,5 89 7.5 ~2,1 ~@.4

128 7838 24.3 1001.4 93 7.8 -2.1 ~0.4

127 7838 27.5 996.9 117 7.4 -0.4 -0.4 DAYTIME
128 7838 | '25.6 8997.4 88 7.5 -@.4 -0.4

129 7838 24.2 987.9 87 T.4 -, 4 -0.4

13¢ 7838 26.8 997.7 85 T.4 -0.86 -0.4 DAYTIME
131 7838 25.9 10990.8 B7 7.1 ~1.1 ~0.4

132 7838 26.1 1004.2 88 7.4 -1.3 -0.4

133 7838 | 28.1 1¢09.7 82 7.3 -1,2 -2¢.3 DAYTIME
134 7838 26,9 1¢10.0 89 7.4 -1.8 -0,3 DAYTIME
135 7838 27.9 - 1¢08.0 82 7.4 ~1.3 -0.3 DAYTIME
138 7838 28.7 1007.5 76 7.8 -1.3 -9.3 BAYTIME
137 7838 28.1 1006.2 75 7.1 -1.3 -0.3 DAYTIME
138 7838 26.5 1006.0 82 7.1 ~-1.3 -2.3 BAYTIME
139 7838 28.2 995.3 T2 7.3 -2,2 -0.3 BAYTIME
140 7838 31.7 995.3 i3s3 7.2 -2.2 - 9.3 PAYTIME
141 7838 30.4 996.2 50 7.2 ~2.2 ~0.3 BAYTIME
142 7838 29.3 100L. 8 18 7.3 ~-2.6 ~9.3 BAYTIME
143 7838 28.1 998.8 13 7.3 -2.4 -0.3 - BAYTIME
144 7838 25. 4 997.5 . 30 T.4 -%.86 -0.3 DAYTIME
145 7838 26.1 997.3 78 7.3 -8.6 -9.3 PAYTIME
148 7838 27.1 1006.4 86 7.4 -8.8 -9.3 DAYTIME
147 7838 29.0 999.7 75 7.3 -1.1 -0.3 DAYTIME
148 7838 29.8 1009,2 78 7.3 ~1,5 -9.3 DAYTIME
149 7838 26.4 1001, 0 62 7.2 -7 -9.1 DAYTIME
150 7838 17.9 1005.1 83 7.3 -0.9 -0.1

151 7838 18.4 1008.¢ 88 7.3 ~@.6 -0.3

152 7838 7.7 1007.7 90 7.2 -3.6 -8.8

153 7838 2t.4 1004.9 9L 6.8 -1.9 -8.38

154 7838 16.8 1008.8 82 6.9 -1.3 -0.3

156 1838 19.0 1007.7 75 7.1 -2.4 -@.3

168 7838 18.5 P97.1 Ta 7.1 -0.4 -9.2

157 7838 12,8 1018.9 T3 7.1 ~E.8 -9.2

158 7838 19.8 1008.8 25 6.8 ~@.5 -0.1

159 7838 18.7 1009.3 98 7.0 -9.5 -0.1

189 7838 17.¢ 10¢8.4 95 7.0 9.8 -0.1

161 7838 i8.0 1008.4 95 7.1 -9.8 -9.1

162 7838 18.1 1007.5 81 7.0 -0.8 -9.1

163 7838 18.3 1007.7 15 7.9 -0.8 -0.1

164 7838 i6.86 1008.9 75 7.0 -e.7 -6.1

165 7838 16.9 1007.5 7i 7.1 ~3.7 -@.1

186 7838 14.0 1005.6 656 7.1 ~-0.8 0.0

167 7838 10.3 1007.7 82 7.1 ~0.6 e.0

168 7838 11.8 1009.0 58 7.1 -0.7 e.0

iB9 7838 1.0 1009.7 61 7.1 9.8 8.0

170 7838 1.9 1¢10.8 . 67 7.1 -0.8 0.0

171 7838 9.3 1011.0 70 T.1 -0.8 ¢.e

172 7838 iz.0 1014.1 T 7.1 -1.2 g.0

173 7838 17.7 1008.8 46 6.3 -2.0 8.1 DAYTIMI
174 7838 15.6 101@.1 51 T.1 -2.1 0.0

175 7838 14.8 l1e11.4 59 7.0 -2.2 0.0

178 7838 13.0 ORE.T 58 7.1 -2.2 6.0

177 7838 11.9 10EE.2 61 7.1 -2.3 2.1

178 7838 17.3 101E.9 77 7.1 -2.6 2.1

179 7838 17.8 1011.0 17 7.0 -2.7 2.1

18¢ 7838 21.0 1003.8 50 7.1 -3.2 0.1 PAYTIME




24 SATELLITE LASER RANGING IN 1989
(1) (2) Obs.Time(UTC) (3) (4)Az. {5)Elev. (8) {T)Fitting
No. date caught lost SAT, ST MX CT LT RTN N RMS
Y M D h m s h m s ‘ * ’ ¢ cm
181 |89 16 23 02 34 18 09 46 39 AJ -1Q05R | 55 22U 22 1088 8 1it.1
182 ls8g 1p 23 13 43 55 13 53 58 Ad -365R | 35 22U 20 778 g  10.1
183 88 10 25 09 48 14 10 @00 22 AJ -85R | 40 22U 20 1319 9 9.4
184 | 88 10 25 13 58 92 14 89 03 AJ -40R | 45 25U 20 882 9 0.2
185 | 89 10 25 15 58 35 16 10 30 AJ ~-85L | 65 26U 29 766 9  12.1
186 | 88 10 28 08 54 97 09 06 13 Ad -100R | B@ 22U 22 1341 9 it.4
187 | 89 16 286 13 08 07 13 13 44 AT 38R | 35 31U 20 876 9 10.3
188 {88 10 31 06 31 58 06 38 il Ad -135L | 85 79 20 688 7 9.8
189 | 88 11 91 @85 34 02 05 41 53 Ad 210L | 65 41U 32 517 7 12.8
190 | 89 11 91 07 37 33 07 45 24 Ad ~g5R { 45 41U 21 481 9 11.3
191 § 88 11 82 04 39 57 04 49 24 Ad 190L | 40 30U 20 823 T 11,90
192 | 88 11 @2 06 42 29 @6 51 51 Al -116R | 60 47U 20 1456 g 8.1
193 | 89 11 62 10 48 18 1% 58 04 AJ -40R | 32 200 20 811 7 8.1
194 | 89 11 €2 12 51 ve 13 @3 15 Al -45R | 70 28U 20 1266 g 10.4
195 | 89 11 €2 14 52 47 15 02 46 " Al -750, | 35 21U 29 1101 7 9.3
196 | 89 1f ©4 11 83 6% 11 13 28 AT -35R |. 40 25U 29 748 9 10.4
197 | 89 11 04 13 03 44 13 16 59 AJ -50L | 80 23U 2o 1818 9 ii.1
198 | 89 11 ©7 12 25 58 12 35 53 AJ -65L | 70 41U 23 878 g 1.3
199 | 89 11 16 03 36 48  ©3 42 58 AJ 220L | 80 75 20 844 g 9.1
200 | 83 11 1¢ 05 38 50 05 44 28 AF -85R | 40 3% 20 636 7 10.6
201 | 89 11 1¢ 11 45 14 11 55 B8 AJ -55L | 65 37U 2¢ 762 g9 10.8
202 { 89 11 13 11 @7 11 11 15 3¢ AJ -68L 1 60 54U 20 T43 7  11.3
-2063 | 89 11 17 09 27 48 09 41 23 AJ -50L | &0 21U 20 1728 16 11,8
204 | 89 11 18 ©2 22 68 02 35 45 AJ -116R { 60 220 20 1640 9 18,2
205 | 89 11 26 @2 37 52 02 49 o1 Al -90R | 45 230 2t 882 7 11.8
206 | 89 11 20 08 47 22 09 00 50 AJ -65L | 75 21U 20 1082 18 12.4
207 | B9 11 24 01 04 25 0@ 14 87 AJ -185R | 55 34U 20 1913 9 11.1
208 | 89 11 27 06 32 87 06 48 07 AJ -50R [ 85 22U 20 1366 14 13,1
209 { 8% 11 28 22 33 59 22 48 09 Al 2251, |:85 27U 22 807 1z 12.8
210 | 88 11 20 00 42 24 00 47 B2 AJ -8OR { 37 37U 28 721 5 12.3
2k1 | 8% 11 29 04 45 08 04 58 47 AJ -35k | 45 23U 20 1078 9 11.5
212 | 89 11 29 21 41 23 21 52 06 AJ 205L | 6¢ 32 21 8952 14 12.7
213 { 89 11 30 @3 51 15 04 01 38 AJ -35R | 37 23U 20 412 7 11.2
214 | 89 1I 30 05 53 28 06 03 48 Ad -50L | 85 28U 31 828 12 13.2
215 | 89 12 01 00 52 16 o1 00 57 Ad -B5R | 30 21U 22 582 7 8.1
216 | 89 12 01 92 56 43 @3 08 10 A -35R { 3¢ 21U 20 1904 7 9.0
217 | 89 12 @1 04 58 05 95 11 24 AJ -45R | 85 21U 20 1865 14 12.3
218 | 89 12 @3 20 68 36 20 17 11 Ad 190L | 4@ 34U 20 1049 g 11.3
219 | 89 12 04 £2 16 18 @2 25 58 AJ -35R | 32 21U 20 443 7 1.8
226 | 89 12 ¢4 04 17 38 04 31 D¢ AJ -45R { 7¢ 21U 21 1876 14 1z.e
221 | 89 12 05 05 25 48 05 38 14 AT -60L | 5¢ 21U 20 1303 g 12.3
222 | B9 12 05 20 18 24 20 3t 38 AT 210L | 7¢  2IU 20 1013 16 12.1
223 | 89 12 06 @4 32 17 04 44 30 AT -55L | 75 28U 22 1533 14 11.8
224 { B9 12 08 02 43 14 02 656 18 AJ -40R | 55 21U 290 1190 g 13.¢
225 | 89 12 11 02 05 48 02 15 49 AJ -40R | 69 46U 21 1072 7 11.8
226 | 8% 12 12 @@ ©9 2¢ 01 20 55 AJ -40R | 45 23U 20 846 7 11.3
227 | 89 12 13 @0 15 58 00 25 34 AJ -35R | 35 240 20 1480 g 9.2
228 1 89 12 13 02 18 31 02 29 43 AJ -GOR | 85 21U 22 1389 18 11.4
229 | 89 12 15 00 28 33 00 49 27 AJ -35R | 45 21y 22 1158 9  11.7
230 | 89 ¥2 185 17 23 17 17 36 14 AJ 206L | 60 21U 20 1112 14 11.2
231 | 89 12 15 19 25 38 19 37 55 AJ -g5R | 50 21V 20 1610 9 11.2
232 | 89 12 17 17 37 37 17 49 47 AJ -130R | B85 27U 22 106 16 11.6
233 | 89 12 17 19 40 48 19 51 23 AJ -7T5R | 35 21U 2@ 117¢ 9 9.1
234 | 89 12 18 16 42 4k 18 55 00 AJ 210L | 65 20U 25 907 14 1e.3
235 | 89 12 18 18 45 BT 18 57 33 AJ -96R | 45 23U 2¢ 1150 g 11.3
236 | 89 12 19 15 49 43 18 @1 18 AJ 190L | 40 21U 20 707 g 10.1
237 { 89 12 19 17 50 45 18 @3 41 AJ ~-i10R | 80 22U 20 1987 14 9.1
238 | 89 12 20 18 58 14 17 @9 26 AJ -i36R | 8¢ 22U 22 636 14 10.3
239 { 89 12 20 12 01 13 19 1¢ 59 AJ -70R | 35 23U 20 849 8 9.0
240 | 89 12 27 14 41 29 14 54 53 AT 220L | 80 22U 20 448 14 10.3




SATELLITE LASER RANGING IN 1989

{8} (9) (19) (11} (123 (13) {14} (15) (18}

No. STN TMP PRESS HUM 1bT bTs DTL COMMENTS
T C mb % ns Hs s

181 7838 18.7 1005.3 T4 7.1 -3.2 0.1

182 7838 13.8 1007.7 48 6.9 -3.3 2.1

183 7838 19.3 1012.5 82 6.4 -0.7 a.1

184 7838 15.2 1012.1 88 6.3 -8.8 .1

185 7838 14.9 1011.9 89 6.1 -9.8 2.1

186 7838 20.5 1016.1 66 6.2 -0.9 8.1

187 7838 16.3 1011.0 82 5.7 -1.9¢ 0.1

188 7838 21.2 1000.8 75 7.3 -1 8.1 PAYTIME

189 7838 28,0 995.7 50 7.2 ¢.1 2.1 BAYTIME

190 7838 17.7 997.5 56 7.1 0.1 0.1 DAYTIME

1981 7838 22.2 10408.0 38 7.3 8.0 0.1 DAYTIME

192 7838 20.7 1009.3 40 7.2 0.0 0.1 DAYTEIME

193 7838 14.6 1011.9 48 7.1 0.0 0.1

194 7838 13.3 igiz2.8 50 7.9 9.1 8.1

195 7838 11.5 i013.8 53 7.2 -0.1 0.1

196 7838 14.1 1016.2 88 7.2 -a.2 e.1

197 7838 12.4 1016.5 93 7.2 -0.3 8.1

198 7838 18.2 1015.4 99 6.7 a.1 8.1

199 7838 22,2 1007.7 60 7.2 9.9 0.2 DAYTIME

200 7838 21.7 1908.¢ B1 8.7 -0.9 9.2 DAYTIME

201 7838 18.3 1011.2 71 6.7 -0.2 9.1

202 7838 16.4 1006.4 a8 5.8 -0.5 0.1

203 7838 13.8 1006.2 a7 7.0 -0.2 0.1

204 7838 19.0 1005.3 49 6.8 -0.1 0.2 DAYTIME

205 7838 13.9 1015.8 . 53 5.8 -0.5 0.2 DAYTIME

208 7838 2.9 1016.9 55 6.4 -G.4 0.2

207 1838 i6.5 1016.5 44 7.1 0.3 8.2 PAYTIME

208 78388 17.5 16092.9 53 7.8 ~3.8 0.3 BAYTIME

209 7838 7.3 10¢8.0 57 8.6 -1.7 0.3 BAYTIME

210 7838 9.4 1e08.2 49 6.8 ~-1.8 9.3 BAYTIME

211 7838 11.9 1006.86 37 6.8 -2.9 9.3 BAYTIME

212 7828 5.0 1013.6 60 6.9 -9.5 9.3

213 7838 11.5 1011.7 41 7.0 -0.8 0.4 BAYTIME

214 7838 10.¢ 1011.9 46 7.1 -0.7 0.4 DAYTIME

215 7838 i1.3 1¢16.8 48 7.2 ~1.1 0.4 DAYTIME

218 7838 12.5 1015.8 46 7.9 -1.1 ¢.4 DAYTIME

217 7838 14.3 10E4.1 47 7.0 -1.2 a.4 DAYTIME

218 7838 i1.5 1006.9 81 T.2- ~2.4 0.4

219 7838 19.4 1005.7 57 6.4 ~2.8 Q.4 DAYTIME

220 7838 20.4 1003.2 51 6.4 ~2.8 a.5 DAYTIME

221 7838 19.3 1003.1 45 6.7 -0.1 0.5 DAYTIME

222 7838 10.9 1004.0 : 62 6.2 -0.4 9.5

223 7838 18.3 1002.6 49 6.5 -0.6 0.5 DAYTIME

224 7838 14.8 998.2 40 8.5 -0.5 0.5 DAYTIME

225 7838 15.3 1018.6 49 6.4 1.1 9.6 DAYTIME

226 7838 15.2 1017.1 55 6.8 a.5 4.6 PAYTIME

227 7838 9.7 1819.7 54 6.4 0.1 4.8 DAYTIME

228 7838 12.7 1018.2 53 6.8 6.1 2.6 DAYTIME

229 7838 10.3 1009.5 42 6.3 0.0 Q.6 BAYTIME

230 7838 5.1 10i1.0 58 6.3 0.1 0.6

231 7838 4.5 1011.0 62 6.6 9.2 9.8

232 7838 10.8 1018.2 49 6.6 2.0 e.6

233 7838 9.8 1018.9 58 6.6 2.0 ¢.6

234 7838 7.4 1018.9 59 6.6 -@.1 8.8

235 7838 5.9 1918.1 556 6.8 -9.1 8.6

236 7838 2.1 1018.2 59 6.9 -0.2 0.6

237 T848 2.2 1017.8 60 6.8 -0.2 0.6

238 7838 4.9 1918.5 78 6.5 -¢.3 8.8

239 7838 3.8 1915.8 85 6.3 -0.3 0.8

240 7838 2.1 10609.5 78 6,2 -1.3 0.5




26 SATELLITE LASER RANGING IN 1589

(1) {2) Obs.TFime{BTC) {3} {4)A2. (5)Elev, (6} {(7)Fitting
No. date caught lost SAT. ST Mx €T LT RTN N RMS
Y M D h m s h m s ' - ' * el
1 89 10 17 9 36 14 g 39 37 LG 220¢R 33 28 29 41 9 3.2
2 89 10 24 19 33 34 19 38 35 LG 38R 70 69U 69 138 31 3.6
3 89 10 25 17T 66 5 18 31 5% .G BOR 40 28U 21 895 31 3.5
4 89 11 4 i8 39 28 18 54 3 LG 49R 80 80U 43 137 21 3.9
5 89 11 9 i8 48 2 19 19 27 LG 3R 706 58U 21 1137 17 3.6
3 89 11 10 i7 38 60 17 49 55 LG 50R 40 38U 24 23 15 2.1
T 89 11 15 17 54 14 17 658 48 LG 49R 50 46U 39 43 15 2.4
8 89 11 18 16 256 18 16 34 25 LG TAR 25 25U 20 55 15 2.8




SATELLITE LASER RANGING IN 1989

27

(8}

(9} {ie) {11} {12} {13} (14} {15} {16)
No. STN T™P PRESS HuM 1T DTS DTL COMMENTS

"C mb % ns s us
1 7302 11.4 1916.9 86 59.9 -8.7 -9.3
2 7302 10.6 1¢15.8 28 50.8 -8.7 -98.3
3 T302 i3.8 ‘1016.4 a5 50.8 -8.7 -0.3
4 7302 20.5 1015,3 T2 50.8 -8.7 -9.3
5 T302 1.2 1918.2 1e¢ 51.0 -8.7 -0.3
8 7302 k.1 1022.0 T4 51.¢ -8.7 -90.3
7 7302 11.8 1021.3 T2 51.0 -8.7 ~9.3
8 7302 8.9 1¢19.2 86 50.9 -8.7 ~9.3




22 SATELLITE LASER RANGING IN 1989

{1} (2) Obs.Time{UTC) (3) (4)Az. (5)Elev, (8) (7)Fitting
No. date caught lost SAT. ST MX €T LT RTN N RMS
Y M D h m s h m s ' b ! * om

t |89 10 i1 18 28 30 18 3% 52 AJ 320R | 50 40U 31 293 25 3.5
2 {89 16 1r 20 30 3F 20 38 20 AJ 300L | 55 41L 28 591 25 3.5
3 {89 10 12 1) 23 14 11 23 21 Al 210L | 60 41 42 20 5 2.8
4 | 88 10 12 13 27 41 13 33 37 AJ 276R | 50 48U 27 715 25 3.3
5 | 88 10 12 15 31 4 15 35 3 AJ 320R | 30 28U 286 277 25 3.8
g [ 89 10 12 17 33 53 1T 42 38 AJ 3208R | 40 320 20 517 25 3.3
7 | 89 18 17 8 55 40 g 1 33 Ad 160L | 28 24U 24 128 25 3.3
8 |89 10 17 1o 53 30 11 5 38 Ad 230R | 8¢ 23 28 729 31 3.1
g {8910 17 1257 45 13 6 21 AT 290R | 85 21 27 170 17 2.9
10 | 89 1¢ 17 17 4 30 17 1B 26 ad 320R | 60 22 25 631 25 3.4
11 | 8% 10 18 17 19 48 17 31 24 Al 310R | 85 330 21 458 31 4.4
12 | 89 10 19 19 25 13 19 28 12 A 270L | 3¢ 260 21 31 15 2.6
i3 | 8% 10 20 0 16 15 10 25 22 Ad 240R | 76 46U 25 392 15 3.9
14 | 89 10 20 16 31 14 18 34 38 AJ 3206R | B0 60U 35 137 25 3.4
15 | 89 10 21 8 25 54 9 31 26 AJ 220L | 80 75U 24 528 25 3.2
16 | 89 10 21 1t 22 32 11 32 12 AJ 280R | 4¢ 23 27 3982 31 4.7
17 | 89 10 21 13 27 50 13 33 58 AJ 820R | 36 21 27 242 15 3.2
18 [ 89 10 21 15306 7 15 42 2 A 320R | 45 220 21 660 31 3.4
19 189 10 21 17 32 8 17 44 43 AJ aper | &5 230 21 447 31 3.6
20 [ 89 10 23 11 40 I8 11 41 54 AJ 300R | 37 30U 33 81 31 3.0
21 | 83 16 23 13 41 53 13 50 19 AJ 330R | 30 21 25 123 25 3.0
22 | 83 10 23 15 43 47 15 55 17 AJ 320R | 65 23 28 369 21 3.5
23 | 89 1¢ 23 17 46 45 17 56 2t AJ 290L | 38 23U 23 233 25 3.8
24 | 89 106 24 10 43 5 1@ 51 4t AJ 280R | 40 25 27 384 25 3.3
25 | 89 10 24 12 47 17 12 53 51t AJ 320R | 30 20 27 72 31 3.7
26 § 83 10 24 14 48 37 15 1 52 AJ 3208 | 50 21U 21 908 21 3.1
27 | 89 10 24 16 51 36 17 4 10 Al 3000 | 80 22U 21 1109 31 3.3
28 | 89 10 25 g 50 8 9 58 9 AJ 260R | 590 39U 26 687 25 3.5
29 | 89 10 25 1i 57 51 i1 59 18 AJ 810R | 30 29U 26 53 15 3.4
30 18910 25 13 56 33 14 8 44 AJ 330R | 38 250 2% 454 15 4.1
31 | 89 10 25 15 57 17 16 10 38 Ad 316L | 85 220U 21 818 31 3.7
3z | 89 10 28 8 53 23 9 4 29 Ad 25Q0R | 65 28U 25 599 25 3.5
33 | 89 10 26 10 57 18 1} 5 & A 306R | 30 21 26 261 31 3.3
34 § 8910 26 13 2 1 13 10 27 A 33GR | 32 22 24 449 31 3.7
35 | 89 10 28 15 3 25 15 15 11 AJF 320R | TO 23 28 752 25 3.9
ag | B9 1¢ 26 17 8 22 17 13 5 AJ 280L | 35 22 32 178 15 3.9
37 | 89 16 29 10 20 32 10 24 24 A 300R | 30 30U 27 109 g 3.5
38 { 89 10 29 12 21 i3 12 30 54 A 330R { 33 21 22 424 16 3.8
39 | 89 10 30 g 23 16 g 30 54 A 290R | 35 27U 28 863 17 3.3
40 | 89 10 30 11 27 7T 11 34 18 A2 320R | 30 21 25 277 17 3.3
4: | 82 1e 30 13 32 39 13 37 29 AJ 320R | 55 45U 45 252 21 3.7
42 | 89 11 1 11 43 47 11 49 46 AT 330R | 35 31U 26 65 15 11.6
43 | 89 11 1 13 43 12 13 50 17 AJ 310R | 80 27U &8 428 21 8.0
44 1 89 11 1 15 48 53 15 54 19 AJ 270L | 28 23U 20 110 21 11.e
45 { 89 11 2 1252 35 13 I 13 AJ 320R | 60 49U 21 304 31 5.9
46 | 89 11 4 13 4 49 13 15 24 AJ 310R | 85 420 21 1109 31 6.2
47 | 89 11 9 16 33 40 i@ 45 3 AJ 326R | 50 22 25 1182 21 5.0
48 | 89 11 9 12 40 28 12 48 10 AJ 300L | B0 54U 20 478 21 4.1
49 | 89 11 190 9 39 58 9 50 45 AJ 3306R | 38 22U 20 497 31 4.8
50 { 89 11 10 1§ 42 18 11 54 31 AJ 3i0L | 85 28U 21 827 31 6.0
51 | 89 11 13 9 0 9 g 10 28 Ad 320R | 40 25U 21 73 25  17.2
52 | 89 11 15 9 14 20 9 25 3 AJ 320R | 55 30U 23 198 17 4.1
53 1 89 11 186 1@ 21 3 19 33 38 AJ 310L { 756 25U 21 695 21 3.2
54 | 89 11 17 9 30 30 9 31 23 AJ 3108 | 80 55 85 74 21 2.8




SATELLITE LASER RANGING IN 1989

(8} (9} {10) {11} {12} (13) (14) (15} (15)

No. STN T™MP PRESS HUM IDT BTS DTL COMMENTS
‘C mb % ns s ns
1 Tae2 | 17.7 1017.4 86 51.3 ~8,7 e.0
2 7302 1 17.1 1017.9 88 51.2 ~8.7 8.0
3 7302 22.4 1916.0 67 51.2 ~8.7 8.0
4 7302 21.8 1¢186.86 57 51.5 -8.7 0.0
) 7302 20.0 1016.2 ;59 51.%1 -8.7 0.0
[ 7302 | 18.6 1917.1 58 54.3 -8.7 8.0
T 1362 | 13.3 1018.4 58 61.2 -8.7 -8, 2
8 1302 8.8 1820.1 71 bL.k -8.7 ~0.2
9 1302 8.9 1021.9 89 60.9 -8.7 -0.2
10 1302 9.3 1621.0 71 51.0 -8.7 -0.2
11 1302 i6.2 1019.2 59 6.0 -8.7 -0.2
12 7302 4.9 1019.8 64 51.1 -8.7 ~0.2
13 1302 17.4 1021.7 69 51.0 -8.7 -0.2
14 7302 18.9 1021.0 81 51.1 -8.7 -0.2
15 7302 17.7 1022.7 66 51.2 -8.7 -0.3
16 1302 15.6 1022.3 ) 51.1 -8.7 -9.3
17 7302 16.5 1021.8 89 51.1 -8.7 -9.3
18 1302 15.6 1021.9 4 51.1 -8.7 -0.3
19 7302 13.5 1021.4 82 5.1 -8.7 -9.3
20 7302 18.4 1019.9 62 51.2 -8.7 -0.3
21 7302 18.4 1019.8 63 51.2 -8.7 -0.3
22 7302 7.0 1919.5 B8 5.2 -8.7 -0.3
23 7302 14.8 1020.0 T6 5.1 -8.7 -0.3
24 7302 16.1 1020.3 T4 51.2 -8.7 -8.3
25 7302 5.2 1619.8 T4 bL.2 -8.7 -6.3
26 1302 12.9 1019.8 92 51.2 -8.7 ~-8.3
27 7302 10.8 1019.2 98 65.2 -8.7 -0.3
28 7302 156.3 1418.3 87 bi.2 ~-8.7 -0.4
29 7302 6.1 1018.86 88 6i.1 -8.7 -0.4
30 7302 £4.3 1019.0 85 51.2 -8.7 -0, 4
31 7302 15.2 1019.3 83 51.1 -8.7 -0.4
32 7302 17.86 1018.7 75 51.2 ~8.7 -8.3
33 7302 6.2 1019.7 87 51.2 -8.7 -6.3
34 T302 4.7 1019.9 85 51.2 -8.7 -6.3
35 7302 4.4 1019.4 &4 51.2 -8.7 -6.3
as 7302 13.2 1019.1 89 5E.1 -8.7 -0.3
37 7302 7.5 1918.9 57 51.1 -8.7 -2.4
28 7302 17.6 1019.9 60 51.1 -8.7 -0, 4
39 7302 15.8 1016.1 89 51.3 -8.17 -9.3
40 7302 4.2 1015.4 93 51.2 -8.7 -0.3
41 7302 17.t 10i5.1 9 51.2 -8.7 0.3
42 7302 4.0 1919.8 73 51.1 -8.7 -8.3
43 7302 13.8 1020.1 i34 51.2 -8.17 ~0.3
44 7302 12.9 1021.1 69 51.0 -8.7 6.3
45 T302 12.9 1022.2 T 51.2 -8.7 -0.4
48 T302 18.5 1021.3 81 51.2 -8.7 -2.3
47 T302 14.8 1021 .8 82 51.2 -8.7 -0.3
48 7302 14.5 102:.7 80 51.1 -8.7 -0.3
49 T302 12.2 1623.4 69 51.3 -8.7 2.0
50 T302 11L.8 ip23.8 74 51.1 ~8.7 0.9
51 T302 11.9 1621.6 10 25.6 ~8.7 Q.0
52 7302 11.8 1026.8 65 51.4 -8.7 0.2
53 T362 12.1 i023.3 12 51.3 -8.7 o.1
54 T302 g.3 1020.7 68 51.1 -8.7 0.3




30 SATELLITE LASER RANGING IN 1989
(1} (2} Obs.Time{UTC) {3) {4)Az. {5)Elev. (B) (T)}Fitting
No. date caught lost SAT. ST MX CT LT RIN N RMS
Y M D h m s h m s ' ! - ’ om
1 89 7 12 1i 9 4% 1 20 7 LG 150L 84 47 81 233 21 3.5
2 89 T 27 12 21 44 12 27 1 LG 180R 85 31U 21 113 20 3.6
3 89 8 8B i2 35 b2 12 51 4 LG 200R 35 35U 21 369 21 3.7
4 89 8 9 i1 51 46 12 19 8 LG 190R 45 40U 22 425 17 3.6
5 89 3 11 i2 38 19 12 59 33 LG 220R 25 22U 21 240 27 3.2
& 83 8 12 i1 106 41 11 38 41 LG 180R 65 35 37 315 21 3.6
T 8% 8 17 11 34 38 11 54 43 LG 196R 45 420 29 . 258 21 4.1
8 83 8 28 10 39 46 11 2 39 LG i80R 65 5H51U 3¢ 304 31 3.8




SATELLITE LASER RANGING IN 1989
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(8) (9) (10} (it) {12) (13) {14) {15} (18)
No. STN T™MP PRESS HUM BT DTS TL COMMENTS
'C mb % s s us
1 7301 | 29.1 1001.1 75 50.8 -7.8 1.9
2 7301 | 27.5 989.5 80 50.7 ~7.8 1.8
3 7301 | 27.8 992.1 70 50.7 -7.8 1.2
4 7361 | 28.86 997.8 83 50.7 -7.8 @.8
5 7381 | 29.5 997.9 78 56,7 -7.8 0.5
8 7301 | 3¢.1 997.0 78 50,7 -7.8 @.5
7 7301 | 27.7 982.5 80 50.7 -7.8 @.1
8 7301 27.3 997.0 84 50.9 -7.8 -@.2




32 SATELLITE LASER RANGING IN 1989
(i} {2} Obs.TFime{UTC) (3} (4}Az. {5}Elev. (8) (7T)Filtting
No. date caught lost SAT. ST MX CT LT RTN N RMS
Y M P R m s h m s ) ' ' * cm
1 88 7 12 12 18 33 12 26 b AJ 220L 85 45U 24 661 31 3.2
2 83 7 13 11 21 34 11 32 13 AJ 200L 55 31U 21 1434 31 3.4
3 89 T 13 13 22 42 13 33 3¢ AJ 270R 49 228 2@ 730 31 4.0
4 83 7 13 18 38 5 19 48 15 AF J40R 45 290 21 1196 31 3.1
5 89 17 i4 12 28 48 12 48 4 AJ 240R 60 300 21 1920 a1 3.2
8 88 7 t4 18 45 33 i8 52 8 AF 350CR 3¢ 29U 22 179 24 3.8
1 83 7 15 ir 38 43 i1 46 15 AJ 220R 85 B1U 21 535 25 3.5
8 83 7 15 13 89 55 13 48 14 AJ 290R 25 24U 20 537 25 3.7
9 89 7 17 18 4 35 18 5 55 AT 340R | 35 28 32 82 15 3.3
10 88 T 2¢ 17 29 13 17 2% 18 AT 340R 35 33U 33 B 3 2.8
11 88 T 21 18 2% 13 16 36 20 Al 360R 25 21U 20 249 27 3.8
1z 89 7 21 18 2¢ 16 18 4¢ 47 AJ 3J20R 85 24 29 992 31 3.9
13 89 T 286 16 1 1¢ 18 12 25 AJ 340R 49 22U 21 2159 31 3.4
i4 89 7 26 18 2 38 18 14 456 AJ 300L 50 22U 21 2127 31 3.4
15 89 T 27 ir ¢ 3 11 3 8 AJ 320R 25 21U 20 238 28 3.7
18 88 T 27 15 8 35 15 16 23 AJ 350R | 30 24U 21 861 16 3.8
17 88 7 27 17 8 9 17 2@ 49 AJ 31¢L 80 22 24 2055 31 3.3
18 89 T 29 15 21 39 15 36 48 AJ 340R 45 27 28 528 27 3.1
19 83 7 28 17T 22 36 17 25 48 AJ 300L 45 23 40 551 25 3.5
20 83 8 1t 14 48 42 14 42 30 Ad 330R 58 25 035 62 15 2.8
2} 83 8 1 18 45 8@ 16 47 46 Ad 290L 45 40 43 49 15 4.7
22 89 8 2 15 48 56 186 0 5 Ad 31¢L 78 31U 22 1045 31 4.2
23 89 8 3 12 54 3 12 58 50 AJ 36CR 25 21 23 234 21 3.9
24 89 8 3 14 54 14 15 2 18 AJ 320R 80 27 54 1623 31 3.0
25 89 8 3 16 59 t4 17 2 35 AF 280L 22 22 22 109 25 3.8
26 83 8 4 4 ¢ 11 14 k1 47 Ad 330R 65 25U 21 1806 31 3.8
27 88 8 4 i 219 16 12 39 AJ 290L 38 22y 21 1877 31 3.5
28 8% 8 5 13 8§ 21 i3 13 59 Ad 3408 35 22 31 902’ 31 3.2
29 89 8 5 15 8 0 15 19 54 AJ 310L 88 260U 21 2279 31 3.1
30 889 8 6 12 14 18 12 20 25 AF 350R 25 24U 20 838 21 3.9
31 89 8 6 14 13 25 14 26 5 AJ 320R 85 240 21 1469 31 3.7
32 89 8 7 13 20 48 13 31 42 AJ 330R 80 310 21 1523 31 3.3
33 8% 8 7T 15 22 198 15 31 4% AJ 286L 35 238 21 828 31 3.9
34 83 8 8 12 26 10 12 38 35 AJd 340R 49 24U 20 1257 31 3.9
35 83 8 8 14 27 30 14 37 23 AdJ 300L 55 25 32 1214 27 3.7
36 83 8 9 11 34 29 11 40 28 AJ 350R 28 28U 21 666 21 3.5
37 89 8 10 10 42 40 10 42 58 Ad 10k 20 20U 20 23 17 1.5
a8 83 B 10 12 39 45 12 51 3¢ AJ 330R 80 28U 21 2284 27 3.0
a8 83 8 11 11 45 & 11 56 3¢ AJ 340R 40 21U 2¢ 1882 35 3.8
49 33 8 11 13 47 3 13 58 456 AJ 300L 5¢ 240 21 24886 31 3.7
4] 89 8 12 18 53 & 11 @ 39 AJ 350R 30 25U 20 480 25 4.5
42 88 8 13 it 58 25 12 11 9 AJ 329R 70 23U 21 1556 31 4.0
43 83 8 14 i3 7 54 11 15 32 AJ 330R 45 383U 24 564 31 4.0
44 89 & 14 i3 7 43 13 15 40 AJ 390L 45 28 33 1037 31 5.8
45 89 8 18 i1 18 18 11 30 55 Al 320R 75 24U 2% 4356 31 4.2
46 89 8 17 10 25 18 19 36 190 AJ 330R 50 28U 21 1592 27 3.6
47 89 8 17 12 26 17 12 37 24 AJ 290L 49 22U 21 1716 31 3.2
48 85 8 19 10 39 18 1@ 50 35 Ad 3JZ0R 80 34U 2% 1880 27 2.8




SATELLITE LASER RANGING IN 1989
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(8} (93 (19) {11} (123 (13) (14) €15) (18)

No. STH TMP PRESS HUM inr DTS DTL CONMMENTS
‘C mb % ns ns us
i 7301 28.3 1901 .4 T8 51.1 -7.8 1.8
2 7301 27.8 1061.3 84 51.2 ~-7.8 2.0
3 7301 28,7 iee2.6 84 51.2 ~7.8 Z2.0
4 7301 25.9 1000.5 87 51.2 -7.8 2.0
5 7301 27.4 1001.7 B84 51.2 7.8 1.9
6 7301 26.2 998.7 88 51.1 -7.8 1.9
7 7301 28.1 999.9 B8 0 51.2 ~-7.8 1.9
8 7301 28.2 100¢.4 86 ©51.1 -7.6 1.9
9 7301 27.3 1606.1 83 51.1 -7.6 2,0
10 7301 27.4 1001.2 88 51.1 -7.6 1.9
131 7301 27.8 1808.9 83 51.2 ~7.6 1.9
12 7301 26.9 1002.2 B& 51.1 ~71.6 1.9
13 7301 26.9 991.2 80 51.2 -7.68 1.8
14 7301 26.6 989.6 B84 51.2 -7.6 1.8
15 1301 28.5 989.4 T2 51.2 -7.6 1.8
18 7301 27.3 99¢.3 82 51.2 -7.8 1.8
17 7301 26.8 989.3 83 51.2 -7.8 1.8
i8 7301 27.2 589.4 88 51.2 -7.8 1.8
19 7301 27.0 488.9 BB 51.2 -7.6 1.8
20 7301 27.1 a7, e 87 51.2 ~-7.8 1.5
21 7301 28.9 978.1 86 51.1 ~-7.8 1.5
22 7301 27.4 981.0@ 82 51.2 -7.8 1.5
23 7381 28,0 980.1 ‘is 51.2 ~7.8 1.3
24 7301 27.3 980.4 81 51.3 -7.8 1.3
25 7301 26.8 990.0 80 51.2 ~-7.8 1.3
26 1301 27.1 992.3 83 51.2 -7.8 1.3
27 7301 | 26.5 891.1 80 51.2 ~-7.6 1.3
28 7301 27.3 8981.90 79 51.1 ~-7.6 1.2
29 7301 27.1 990.9 16 61.9 ~7.6 1.2
3¢ 7301 27.8 892.1 63 51.9 ~7.8 1.2
31 7301 27.1 892.8 74 51,1 -7.8 1.2
‘32 7301 28.8 996, 3 66 50,9 -7.8 0.9
33 7301 27.4 495.9 T 24.8 -7.6 0.9
34 7301 27.6 997.6 78 51.1 -7.86 0.9
35 7301 27.1 997.9 15 51.1 -7.8 9.9
a8 7301 28.8 997.8 82 51.1 ~7.8 0.8
37 7301 39.2 8998.6 T3 51.3 -7.8 0.7
38 7301 29.9 908.9 77 51.0 -7.6 0.7
39 7301 30.0 997.5 T8 51.2 ~-1.8 0.5
40 7301 29.1 997.6 82 50.6 ~T.6 0.5
41 ‘730t 30.4 996.8 T? 51.1 -7.8 0.5
42 7301 30.2 996.8 73 51.1 -7.8 0.4
43 T301 28.2 995.2 81 51.1 -7.6 3.3
44 7301 28.0 995.9 83 5¢.9 -7.86 9.3
45 7301 27.9 990.5 89 51.2 -7.6 2.1
46 7301 28.56 991.4 78 51.2 -7.6 8.1
47 7301 27. 4 a92.7 75 51.1 -7.6 0.1
48 7301 28.3 995.1 77 51.2 -7.8 0.0
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{1) {(2) Obs,Time(UTC} (3) {(4)Az., {5)Elev, (8} (T)Fitting
No. date caught - lost SAT. ST MX CT LT .{ -RIN N RMS
Y M D h m s ‘h m s ‘ ) ) ' cm
1 89 1 17 8 20 356 8 51 2¢ LG 1oL 490 310 22 1444 21 3.4
2 &8 t 17 18 21 63 i8 56 8 LG 1BOR 56 37U 22 2677 - 25 3.8
3 8% I 1B 13 46 58 13 82 44 LG &0L 25 248 23 35 5 3.7
4 89 1 18 i6 56 18 17 34 1¢ LG 150L 9¢ 370 25 438 13 3.4
& 89 1 19 15 68 3¢ 16 9 24 16 128L 60 52U 29 264 i3 2.9
6 89 1 2o 17 42 38 18 19 3 LG 179R 65 3¢ 31 688 15 3.8
7 8g 1 22 15 34 18 15 38 23 LG 11eL 50 291F 21 45 5 2.9
8 88 1 23 13 59 46 14 11 47 LG TOL 32 29U 22 136 g 4.3
9 89 1 23 17 18 27 17 2¢ 17 LG 180R 75 59 B4 T3 T 3.2
10 89 1 24 16 19 10 18 23 B2 LG 130L 78 41U 30 192 T 5.3
11 83 2 2 i4 T 27 14 37 43 LG 1606L 4¢ 21 31 708 21 3.9
1z 89 2 2 17 38 41 i8 10 11 LG 188R 55 3% 33 376 15 3.4
13 89 2 & 17 4 8 17 39 3¢9 LG }T0R 65 33U 28 35 11 3.5
14 89 2 12 8 12 20 8 31 53 LG AL 30 279 21 344 11 3.4
15 89 2 12 14 31 58 16 13 3b 1.G 129L 60 244 21 2038 21 3.6
16 89 2 17 8 29 6 8 39 20 LG 380L 25 254 21 76 T 3.0
i) 89 2 27 12 2 9 12 17 6 LG 89L 25 238 21 78 9 4.9
18 83 3 1 12 49 45 12 57 13 LG 99L 35 354 34 63 11 4.3
19 88 3 6 12 58 3t 13 24 19 LG 1900L 40 38¥ 21 603 21 3.8
20 89 3 & i6 46 23 16 4% 52 LG 18¢R 50 40U 24 27 7 4.3
21 89 3 7 kL 41 47 11 56 42 LG 86L 25 230 21 90 18 3.5
22 83 3 9 12 21 27 12 32 27 LG oL 49 28 38 114 20 3.4
23 89 3 9 16 41 22 16 21 4 LG 170R 85 270 27 877 20 3.9
23 88 3 1¢ 14 28 42 i4 35 58 LG 140L 8¢ 54 T8 168 2% £.0
25 88 3 12 11 48 486 12 13 b LG TOL 3¢ 23U 29 416 21 3.6
28 89 3 12 16 12 42 15 47 b1 fR 180R 75 424 28 16 21 3.7
27 89 3 13 14 23 28 14 28 10 LG 130L 7¢ 31U 21 104 21 3.4
28 8% 3 14 12 29 49 12 3t 45 LG 100L 45 28 29 i3 3 2.5
29 8% 3 15 11 19 44 11 34 28 LG 80L 25 22 23 6B is 3.1
30 89 3 18 13 12 58 13 51 59 LG 126L 6% 26U 24 610 21 3.5
31 89 3 18 17 9 17 17 4 381 LG 210R 37 32 33 17 7 3.9
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£:3] (9) (10) {11} {12) (13) (14) {15) {18)
No. STN TP PRESS HUM DT DTS PTL COMMENTS
e mb % ns is ns
3 1300 22.2 1024.0 77 50.8 -8.0 -1.9
2 7306 22.9 1023.9 B8 50.7 -8.0 -1.9
3 7308 22.2 1025.0 16 50.7 ~8.0¢ ~-1.9
4 7300 2.8 19823.9 16 50.7 -8.0 ~-1.9
5 7300 22.9 1021.8 89 50.9 -8.0 -1.9
8 T300 23.1 1015.9 78 50.9 -8.90 -1.9
T 7300 21.5 1817.1 88 82.8 -8.0 -2.9
8 1300 20.1 1918.7 143 5.7 -8.0 -2.9
9 7300 22.2 1014.86 B3 50.9 ~8.0 -2.0
19 7300 24.8 1911.8 93 50.8 ~-8.0 ~2.1
11 T309 21.2 ipl:.9 74 50.9 ~8.0 -2.4
12 T30 21.2 10028.8 71 50.9 -3.8 ~-2.4
13 738 19.2 190186.8 64 50.9 -8.0 -@.4
14 7300 20.5 1912.9 58 5.8 -8.0 -a.8
15 1308 19.9 1¢11.8 6@ 50.9 -8.0 -0.68
i8 T390 29.2 1e21.7 89 51.1 -B.0 -8.7
17T 7300 21.8 1922.4 73 50.9 -8.0 -0.8
18 T3040 19.7 102e.9 68 5.1 -8.0 -0.8
13 T300 21.7 1014.1 76 51.9 -8.5 -90.2
20 7300 21.9 1013.9 73 51.1 -8.5 -9.2
2% 7300 22.5 1011.5 85 51.0 ~-8.5 -2.2
22 7308 21.2 1915.3 68 50.8 -8.9 -0.3
23 7300 19.9 1214.8 68 50.8 -8.9 -98.3
24 7300 20.5 1914.6 77 51.¢ ~-9.1 -0.3
25 T300 20.90 1912.7 60 50.8 -9.1 -0.3
28 7300 18.7 1012.7 52 50.7 -9.1 -0.3
27 7300 | 18.5 1016.4 62 50.8 -9.1 ~-0.3
28 7300 | 20.6 1014.7 83 50.9 -9.2 -0.3
29 7300 22,2 1008.0 64 50.8 -9.2 ~-0.3
30 7300 20.5 1009.0 69 50.9 -9.2 ~-9.3
ar 7300 1g9.2 1007.8 15 50.9 -9.2 -90.3
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{1} {2} Chs.Time{UTC) (3) {4}Az. (61Elev. [L:3] (T)Fitting
No. date caught lost SAT. ST MX CT LT REN N RMS
Yy M b h m s h m % N * * ' cm
i 89 1 18 18 1¢ 35 18 22 7 AJ 346R 45 22U 21 088 25 4,¢
2 83 1 17 8 59 60 g 7 10 AJ 180L 40 23 38 420 15 3.2
3 |es 1 17 17 18 35 17 26 15 AJ 350R | 30 25U 21 210 11 2.9
4 89 1 17 19 17 40 19 39 55 AJ 310L 75 220 21 ib6% 31 3.2
5 89 1 18 1¢ 9 il 10 19 14 A 230R 75 45U 21 58 11 4.4
6 |89 1 18 12 14 34 12 17 60 AT 310R | 22 220 20 Joez 15 4.8
7 (89 1 18 18 24 12 18 34 50 AT 320R { 70 25 33 :1: 21 3.6
8 {89 1 18 ¢ 14 13 925 3 AJ 210L | 70 38U 21 98 i5 3.0
9 {89 118 11 17 56 11 25 23 AJ 286R | 30 27U 21 163 it 3.1
1¢ |89 1 18 17 3@ 35 17 35 47 AJ 340R | 50 24 48 329 15 3.5
11 89 1 19 19 32 256 ig 43 27 AJ 290L 45 230 21 492 21 3.5
12 89 1 20 18 a7 37 16 45 10 AJ 350R 32 24 25 308 21 5.8
13 89 1 20 18 38 20 I8 5¢ 29 AJ 310L 790 34Y 21 537 21 3.7
14 89 1 22 8 33 40 8 38 3t AJ 210L 8e 35 T7 591 31 8.4
15 89 1 22 19 37 31 10 44 58 AJ 2B0R 30 24U 20 206 21 3.2
16 89 1 22 8 65 25 19 1 28 AT 290L | 40 38U 28 168 15 2.8
f1T 89 1 23 g 44 58 8 51 39 AJ 260R | 45 41U 22 35 7 3.0
18 89 1 23 17 58 37 17 59 49 AJ 310L | 85 31 39 177 11 3.0
i9 | 89 1 3¢ §5 42 11 15 44 9 AJ 310L | 80 22 35 57 ] 2.8
20 | 89 1 31 8 40 10 8 42 41 AJ 300R | 28 240 21 42 5 3.8
2t | 88 1 31 i4 57 13 15 1 18 AJ 330R | 65 49U 21 383 15 3.2
22 89 2 2 13 1 30 13 10 14 Ad 350R | 30 21V 21 755 21 3.9
23 | 89 2 2 156 4 6 15 14 34 AJ 310L | 75 37¢ 23 398 15 3.0
24 89 2 12 ¢ 7 44 10 14 15 AJ 36BR 25 230 26 244 15 3.0
25 | 89 2 12 12 6 BO& 12 19 54 AJ 320L | 9¢ 230 21 1238 25 3.0
28 82 2 13 tt 17 18 121 3 Ad 330R 80 54U 52 1ot ‘11 3.4
27 | 8% 2 14 19 2¢ B¢ 19 27 33 AJ 340R | 40 2% 34 175 15 3.1
28 89 2 14 12 29 29 12 31 58 AJd 309L 50 AgH 25 135 11 3.2
2% [ 89 2 15 9 26 39 9 34 12 AJ 350R | 28 22U 21 303 13 3.1
3¢ | 89 2 15 11 30 4 11 39 24 A 310L | 86 52 55 31 7 3.3
31 | 89 2 18 10 37 29 10 43 2 AF 330R | 65 61U 34§ 20 11 2.8
32 | 89 2 17 9 39 54 ¢ 48 10 AJ 340R | 45 27U 28 240 15 3.1
33 | 89 2 20 11 2 24 11 8 11 AJ 290L | 46 31 32 140 15 5.4
34 89 2 21 1e 8 21 1¢ B 39 AJ 31oL 706 49 43 8 3 1.7
35 89 2 22 9 16 19 g 20 54 AJ 320R 83 63U 49 162 18 3.5
38 89 2 23 & 18 38 8 28 5O AJ J30R 5¢ 26U 22 898 21 3.5
37 | 89 2 26 9 4i 53 @ 49 47 Al 280L | 35 280 21 497 21 2.9
38 | 8¢ 2 27 8 45 41 8 57 25 AJ 300L | 55 25U 21 1322 21 3.3
39 | 89 2 28 8 1 40 8 2486 AJ 320L [ 85 36U 28 23 9 2.2
40 | 89 3 2 8 17 42 8 15 38 AJ 300l | 5@ asu 27 391 13 3.9
41 | 89 3 ¢ 18 45 32 18 47 7 AJ 166L | 27 25U 21 121 21 3.8
42 | 89 312 18 132 18 7 20 AJ 170L | 30 30U 20 118 15 2.8
43 | 8¢ 3 13 19 4 48 19 16 32 A 220l | 85 30U 22 836 21 2.8
44 { 83 3 14 18 19 3 18 22 11 A 200L | 55 420 22 192 21 3.1
45 83 3 16 18 25 4b 18 35 52 Ad 220R 85 40U 24 831 21 3.2
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(8} (9) (10) {11} (12} (13) (14) ©(15) {18}
No. STN TMP I'RESS HUM 1bT DTS DTL COMMENTS
" C mb % ns s ns
1 7300 | 21.9 1024.0 74 51.1 -8.0 -1.9
2 7300 | 22.1 1024.5 11 51.2 -8.08 -1.9
3 7300 | 22.1 1024.0 G8 51.% -8.0 -1.9
4 7300 | 21.9 1024,3 88 5L.1 ~-8.0 -1.8
5 7300 | 22.4 1025.2 79 5L.1 -8.0 -1.9
] 7300 | 22.1 1825.5 16 51.2 -£.0 ~1.9
ki 7300 | 21.5 1023.6 80 51.1 -8.0 -1.9
8 7300 | 22.5 1024.5 16 51.2 -8.0 ~1.9
9 7300 | 2z2.1 1024.3 12 51.2 -8.0 -1.9
10 7300 | 22.9 1021.0 72 51.1 -8.0 -1.9
11 7300 | 22.9 1021.1 19 51.1 -8.0 -1.9
12 7300 | 22.8 1016.0 72 51.1 -8.0 ~1.9
13 1300 ¢ 22.9 1015.2 16 51.2 -8.0 -1.9
14 7300 [ 22.9 1614.3 20 51.2 -8.0 -2.0
15 7300 { 22.9 1915.3 90 51,2 -8.0 -2.0
16 7300 | 21.86 1017.5 82 51.2 -8.,0 ~2.0
17 7300 | 21.7 1017.7 87 51.1 -8.0 -2.9
18 7300 | 22.5 10i4.3 87 51.2 -8.0 -2.@
19 7300 | 18.5 1019.3 85 51.2 -8.0 -2.3
20 7300 | 18.6 1018.3 62 51.0 -8.0 -2.3
21 7320 18.2 10i18.7 T2 51.2 -8.9 -2,3
22 7300 | 21.0 1011.3 15 51.3 -8.9 -2.4
23 7300 | 21.7 1011.4 T0 51.3 ~8.90 2.4
24 7300 | 20.2 1012.8 55 51.2 -8.90 -9.8
25 7300 | 20.1 1012.8 50 51.1 -8.0 0.8
26 7300 | 20.1 ] 1¢12.8 59 51.3 ~8.0 -0.8
27 7300 | 21.7 1611.4 61 51.2 -8.0 -0.7
28 7300 | 21.2 1e11.9 68 51.1 -B.0 -0.7
29 7300 | 18.5 1019.4 60 51.3 -8.0 -9.7
30 7300 | 18.4 1020.3 - BB 51.3 -8.90 ~a.7
31 7300 | 18.9 10624.2 54 51.4 ~8.0 -0.7
32 7300 | 20.4 1022.7 83 51.4 -8.0 -90.7
33 7300 | 19.1 1014.1 86 51.3 -8.0 -0.8
34 7300 | 19.2 1017.4 65 51.3 -8.0 ~3.6
a5 73¢0 | 19.5 1016.9 65 51.1 -8.0 -3.6
RL:] 7300 | 21.2 i016.3 683 51.3 -8.9 -0.6
37 7300 | 22.1 1020.38 66 51.2 -8.0 -@.6
38 7300 | 2i.7 1029.6 75 51.3 -8.0 -@.8
39 7300 | 20.5 1022.6 682 51.2 -8.0 -2.8
40 7300 | 20.6 1018.9 6O 51.3 -8.3 -0.2
41 7300 | 20.8 1014.5 67 51.1 -8.9 -¢.3
42 7300 19.2 1012.7 61 51.2 -9.1 -¢.3
43 1300 | 17.8 1016.2 58 51.3 ~9.1 -0.3
44 7300 1 2.2 1010.8 67 61.1 -9.2 -¢.3
45 7300 { 18.9 1007.6 77 51.3 -9.2 -0.3




PHOTOGRAPHIC DIRECTION OBSERVATION
OF
AJISAI IN 1988 AND 1989

Summary -Photographic direction observation of AJISAI by satellite cameras at Ishigaki
Sima, Minami-Tori Sima, Okinawa Sima and Simesate Hydrographic Obser-
vatory (SHO) had been made in 1988 and 1989. 9 photographs were taken by
the fixed satellite camera at SHO while 7 by the transportable one at Isigaki

Sima, Minami-Tori Sima and Okinawa Sima. Among these, the satellite

direction data on 6 plates could be collated with flashing time data.

Key words: satellite camera-Ajisai-photographic direction observation

1. Ohservation

Photographic direction observations of Ajisai by sateilite cameras at Isigaki Sima,
Minami-Tori Sima, Okinawa Sima and Simosate Hydrographic Observatory (SHO) were
made in 1988-1989. The fixed satellite camera at the SHO is an astronomical telescope
with a plate holder controlled by a personal computer (Kanazawa, 1989). The transporta-
ble one is an astronomical telescope with a plate holder worked by hand. The plates used
in these observations were Kodak spectroscopic plates Type 103aF. _

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 as well
as the image of the stars. The timing data of flashes were obtained by the SHO Laser
Ranging System as well as the Transportable Laser Ranging Station. These observations
were performed at the same time.

2. Collation of direction data with the flash timing

‘The positions of images on the developed photographic plates were measured with a
comparater by a contractor. The positional data of flash and star images were converted
into right-ascension and declination by the Satellite Data Analysis Computer System
(Nagamori, 1989). While the predictions of directions were made by means of the SAQ
elements provided by NASA. With the aid of these predictions, some of the obtained
directional data were collated to the obtained timing data (Kubo, 1989). The positional
data of flash are listed in Table 1. For the data which we could not collated to the tlmmg
data, the column for time shows the epoch of the exposure.

The data analysis was made by K. Asai and K. Kawai of Satellite Geodesy Office.
This report was written by K. Kawai.
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Table 1. Directional data of Ajisai’s flash

Explanation
Column 1 Serial number
2 Observation data
3 Observation time (UTC)

Epoch of the exposure when second is not indicated.
R. A. (Right-Ascension) of satellite flash
Decl. (Declination) of satellite flash
Station ID, 7838: Simosato Hydrographic Observatory
7307: Isigaki Sima
7300: Minami-Tori Sima
7301: Okinawa Sima
7 Meteorological data, TMP : Atmospheric temperature
(degree centigrade)
HUM : Relative humidity )
PRESS : Atmospheric pressure {millibars)

[=r I RN
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(1) (2) {3} (4) (5) {6) {1}
No. date time R. A Dect. STN TMP HYM PRESS
Y M D kb w s h 8 s d »n s 1D C % rb
1 88 1 31 16 338 0 29 45.678 +60 29 34,904 1838 Zk.-1 8% (o002
2 a3 1 31 6 38 0 30 35,1758 +60 20 13,284 7838 2.1 8% 1002
3 88 7 31 i6 38 0 30 52,265 +60 17 5,585 7838 2k.1 8% 1002
4 88 1 31 6 38 0 3F 17.119 +60 12 22.450 7838 21.1 8% 1002
5 88 7 381 6 38 0 32 5,827 460 2 59. 685 7838 21.1 8% 10902
6 88 7 31 16 38 0 32 22,281 +53 59 48,275 7838 21.1 89 1002
7 88 1 31 16 38 0 32 45.568 +59% 55 8,693 7838 2.1 89 1892
8 88 T 31t 16 38 0 33 34.772 +59 45 41,579 7838 21.1 89 -1002
] 88 1 31 16 38 0 33 50,985 +59 427 33,285 7838 21.1 89 19002
10 88 T 3t 16 38 0 34 15.207 +59 37 46,607 7838 21,1 89 002
11 88 T 31 16 38 ¢ 35-:2.399 +59 28 19,1202 1838 21.F 8% 002
12 88 1 31 16 33 0 35 18.288 +59 25 9,355 1838 Zi.1 8% too2
13 88 7 31 16 38 0 35 L1.886 #5¢ 20 22. 601 7238 2.1 89 1002
14 88 7 31 16 38 G 36 28.637 +5% 10 54.737 1838 2,1 89 1002
15 88 7 31 16 38 G 36 44,0584 #5% 7 43. 409 7838 2.1 89 1602
16 88 7 31 14 38 ¢ 37 7.300 +5% 2 55,196 7838 2.1 89 1¢o02
117 88 7 2t 16 38 S0 37 830191 +58 53 24, 22% 7838 24,1 89 1¢02
18 88 7 31 1% 38 0 38 8,706 +58 50 13.614 7838 2E.1 89 1002
14 88 1 31 16 38 0 38 31.61% +58 45 23.823 7838 2.1 8% 1002
20 45 8§ 19 13 40 56.3815 17 3% 79,533 +58 29 8,830 7307 28.0 83 1003
21 88 8 19 £3 40 56,6596 17 56 52.850 +58 27 57,705 7307 28.0 85 1003
22 88 8§ 12 i3 40 57.9143 17 58 31.98% +58 22 38,057 7307 28.0 85 1003
23 88 & 1¢ £3 40 58.1024 17 53 58.7%%8 +58 21 26,4900 7307 28.0 85 1003
24 88 & 19 3 40 59.4470 18 0 33.364 +58 £5 59.056 |[.1307 28.¢ 85, 1003
25 88 8 1¢ E3 40 59.7252 18 ¢ $5.018 +58 14 45,532 7307 8.0 8BS 1003
26 88 8 19 13 41 0.979%8 18 2 35.342 +58 9 12.5%7 7307 28.0 B85 1003
27 88 8 19 13 4F 1.258% i8 2 571.6171 +58 7 §9.266 1307 28.0 85 1003
28 38 8 19 13 41 2.5125 18 4 37,117 58 2 £5.039 13017 28.6 85 1003
29 88 8 19 13 41 2.7908 18. 4 §9.299¢ #58 1 0.036 7307 28.0 85 to03
30 88 8 19 13 41 4.0453 8 6 38,557 +57 55 13, 45% 7307 28.¢ 85 1003
3t 88 8§ 9 13 41 4.3235 £8 7T 0.528 +57 53 51,815 1307 28.06 85 103
32 88 8 26 11 29 17 14 31,384 + 1 28 21,948 1838 25.6 99 389
33 843 8 26 11 29 17 14 19,389 + 7 26 47,1190 7838 25.6 90 439
34 843 B 26 i1 29 - 17 13 54,594 + 7 31 43,149 7838 25.6 90 99
35 843 & 26 i1 29 17 13 26.6468 + 7 37 26,546 7838 25.6 90 $4¢
36 88 8§ 26 i} 29 17 13 14.657 + 7 39 52,702 7838 25.6 90 99¢
37 88 8 256 i 29 17 12 49.85% + 1 44 52,1713 1838 25.6 90 99¢
38 88 8 2% it 29 17 12 21.887 + 7 50 29,582 1838 25.6 90 399
39 88 & 2¢% 1t 29 17 12 9.838 + 7 52 55,752 7838 25.6 Q¢ 999
50 88 8 2% 1L 29 17 1 45.085 + 7 81 56, 2086 7838 25.6 90 989
i1 88 & 26 11 29 17 H1 17.014 + 8 3 32.911 7838 25.6 90 $99
12 88 &4 26 11 2% 17T 11 4.864 + 8 6 0.087 1838 25.6 %0 999
43 83 8 26 11 2% 17 10 3%.893 + 8 10 58.692 7838 2506 90 9499
44 88 8 2% it 2% E7 10 1E.904 + 8 16 34,538 1838 25.46 90 999
4% 88 8 26 i1 2% 17 9 59,855 + 8 18 58.968 1838 25.86 90 299
i6 88 0§ 246 11 29 1% 34,959 + 8 23 5%.087 7838 25.6 39 299
47 88 8 26 11 29 17 % 6.907 + 8 29 33.048 7838 25.6 90 349
438 848 8 26 11 29 17 8 54,1799 + 8 31 §9.3017 7838 25.6 %0 $9¢
19 33 8 26 11 29 17 8 29.130 + 8 36 58,824 7838 25.6 90 9%
590 88 8 26 it 29 17 8 24.886 + 8 37 55,271 7838 25.6 90 99¢
51 88 8 28 PE 29 1T & 12,957 + 8 40 17.579 7838 25.6 90 999
52 88 & 2§ bE 29 1T 8 1.59%1 + 8 42 31,339 7838 25.6 90 999
53 88 8§ 2% £ 29 17 7 49.520 + B 44 57. 885 7838 25.6  2¢ 999
54 88 & 2% 11 29 1T 1 87,340 + 5 47 21, 981 7838 26.6 80 489
55 88 8 28 11 42 55,8741 18 32 t7.7114 +17 38 16. 434 1307 27.9 86 1003
56 88 8 28 1L &2 56,0836 18 32 48.364 +17 30 2,196 7307 27.2 86 1003
51 8% 8 28 11 42 56,4002 i$8 33 1.9m1 +17 26 20,749 7307 27.9 856 1003
58 8% § 28 11 42 356.9%075% E8 33 23,1758 +17 20 26. 515 1307 27.9% 86 1003
59 88 8 28 11 42 §T.6171 £8 33 54.207 +17 12 13.304 1307 27.% 86 1603
&0 88 8 28 11 42 57,9335 18 3§ 7.88%6 +17 8 31.8190 1307 27.% 86 10034

.
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44 PHOTOGRAPHIC DIRECTION OBSERVATION OF AJISAI

(1) {2} {3} {4} (%) (6)
Neo. date tine R.A Decl. STH T™?

Y M D h a s h n s d n s ip T
241 89 1 20 11 15 13 4 36.297 +40 17 50,206 7838 23. 5
242 88 1 20 i1 15 13 4 41.11¢ +40 22 30,761 7838 23.%
243 89 1 20 11 15 13 4 51.711 +40 24 25,865 7838 23.5%
244 89 7 20 11 15 13 4 50.382 +40 27 42, 847 7838 23.%
245 89 7 20 11 15 13 6 4.393 +40 29 53.783 7838 23.5
246 8% 1 29 11 15 13 5 5,001 +40 31 51.331 7838 23. %
2417 89 7T 20 11 15 13 5 18,805 +40 35 56,474 7838 23. %
248 89 1 20 11 1§ 13 5 34,177 +40 42 34,068 7838 23. %
249 8¢ 1 20 11 18 13 05 47,077 +40 43 3,893 1838 23.9%
250 83 1 21 18 33 54,7065 21 54 5,488 +45 2 18,1224 1301 25.9
251 8% 7 21 18 33 55,0823 21 54 22.E47 +4§ 99 55.13% 7301 26.9
152 8¢ 1 21 18 33 55,1310 21 54 30,343 +44 58 53,697 7301 26.9
253 8 1 21 18 33 55.517173 21 54 59,395 +44 55 17,588 7301 26.9
254 8% 1 21 18 3% 55,9311 21 5% 22,3845 44 52 29,801 7301 6.9
2558 8% 1 21 18 33 56.0963 21 55 32,762 +44 51 5. 38% 7301 6.9
256 83 1 1 18 33 56.2611 20 5§ 42.999 +44 49 44, 248 7304 26,9
257 89 1 21 18 33 56,5670 2t 56 3.133 +44 47 19. 830 7301 26,9
258 8¢ 1 21 18 33 56.685% 2F 56 11.10% +44 45 17,818 730¢ 26.9
25¢ 8% 1 24 18 33 57.13%20 2F 56 39.996 +44 42 31,216 1301 26.19
260 83 7 2% i8 33 58.121% 2t 5T 42.901 +44 34 30,868 730¢ 26.9
261 83 1 21 18 33 538.6886 2F §8 20,122 +44 29 47.081 130t 26.9
252 83 1 21 18 33 54,2057 Z1 58 538,580 +44 25 28.707% 7361 26.9
263 89 7 21 18 33 59.6764 21 5% 22.8%5 +44 21 36,143 7301 26. 9
264 8y 7 21 18 34 0.2414 220 0.019 t44 16 52.013 73¢1 26.9
255 8¢ 7 21 16 34 0.7604 22 0 33,164 +44 12 28,5168 7301 26. 9
256 8 7 21 18 34 1.2811 22 1 3.32% 44 8 32,695 7301 26.9
2817 89 7 21 18 84 1.7961 22 1 39.39%4 +44 3 46,261 7301 26. §
268 89 1 21 18 34 2.3%151 222 12.90% +43 59 20. 454 7301 26, %
269 89 71 21 18 34 2,7858 22 2 42,514 +43 55 25,4178 7301 26. 9
270 89 7 21 18 34 3.5508 22 3 18.3%47 +43 50 36,201 7301 26.19
271 83 7 21 18 34 3.8698 22 % 51.82% +43 48 8.653 1301 25.9
212 89 7 21 18 34 4£.3404 22 4 21.17% +43 42 8,042 1301 26.9
213 8¢ 1 21 18 34 4.%055 22 4 57.%1¢6 +43 37 18.315 7301 26,9
274 89 8 17 13 23 i5 31 38.082 +35 48 56, 8G$ 7838 25,0
27% 89 & 7 13 23 is5 31 t.202 +35 51 18. 948 1838 25.¢0
276 89 & 1 13 23 i5 30 37.1730 +35 §3 55,108 1838 25.0
277 83 8 1 i3 23 i6 30 11,769 13§ 86 2,046 7838 25.0
278 89 8§ 1 E3 23 i6 29 56.484 +35 56 50. 160 1438 25.0
279 8% 8§ 17 13 23 £6 29 42,823 +35 58 22.29% 7838 25.0
280 88 8 1 13 23 (6 29 11,516 +3§ 0 58,717 7838 25.0
281 89 & 7 13 23 E6 28 45.312 +38 3 0.88% 1838 25.0
282 89 § 1 13 23 E6 28 16,5588 +36 5 20.064 7838 25.0
83 8% & 7 13 23 16 27 45,480 +36 7 49.516 7838 5.0
284 8¢ & 17 13 23 16 27 19.223 +36 9 53,284 7838 25. 8
285 32 8 1 13 28 16 28 50.53¢ +36 12 11,013 1838 25. 0
284 84 & 1 13 23 16 26 19.264 36 14 39,483 7338 25.0
2187 89 & 1 13 23 16 25 53,283 +36 1§ 41,101 7838 25.0
288 8¢ 8§ 7T i3 23 16 25 24.45% +36 18 55. 746 1838 2%8.0
283 849 & 1 £3 23 16 24 53.366 +36 21 22.013 7838 23,0
290 849 8 1 £3 23 1% 24§ 27.174 +36 23 21,198 7838 5.0
291 8% & 1 13 23 E6 23 58.634 +386 25 35,329 7838 25.9
292 8¢ 8§ 1 13 23 16 23 27.351 +36 21 5§8.093 1838 25.9
293 8% 8 1 1% 23 16 23 10.491 +36 2% 14,918 7838 25.0
294 8¢ 8 1 13 23 16 28 1.435 +36 29 57.708 1838 25.0
295 89 8§ 8 12 30 17 4% 25,249 +50 47 24,856 7838 24,17
296 83 & 8 12 30 17 406 37.55¢% +50 52 0.681 7838 4.7
2917 83 8 8 12 30 17 40 14,213 +5¢ 53 §9%. 397 7838 24.1
298 8% 8 8 12 30 17 3% 19,45¢ +530 68 39,453 7838 24.17
299 89 8 3 iz 30 17 38 31.44¢ 5L 2 43,6863 7838 24.17
300 89 & 8 1z 30 17 38 8.88¢ #51 4 39%.328% 7838 24.17
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(1) {2} (3) {4} {5) (6} o {1}
Ko, date time R. A Deel STN TMP HUM PRESS
Yy ¥4 h & s h n s d n s 1D T % nb
301 89 5§ & 12 30 17 37 42.03%7 #51 b 12,963 1638 4.7 89 1000
302 89 & 8 12 30 17 37 13.130 #5851 9 17,544 7838 24.7 8% 1000
303 89 8 8 12 3¢ 17 34 47.938 +51 10 43, 71§ 1838 24.7 8% 1000
304 89 8 &8 12 3¢ 17 36 25.291 +51 13 14,8388 7838 24.7 89 o000
305 89 8 8 12 3¢ 17 36 2,521 +51 15 7,134 7838 24.7 89 1000
106 89 8 8 12 30 17T 3% 6,985 +51 19 38,396 7838 2.7 89 1000
307 8¢ 8 8 12 3¢ 17 34 36.279 +51 21 25, 834 1838 2407 89 1000
3038 8¢ 8 8 12 30 17 34 t8.2:7 +51 23 35.676 1838 24.17 89 1000
306 3¢ 8 8 17 30 17 33 §5.1743 +51 25 26.182 7838 24,7 89 1000
310 83 8 8 12 30 17 33 22,5837 +51 28 b, 564 7838 24.7 89 1000
31t 8 & 8 12 30 17 32 89.72% +51 29 55,404 1838 24.7 89 1060
312 48 8§ 8 12 30 17 32 446,204 +51 8¢ 58. 435 7838 26,7 8% 1000
313 8y 8 8 12 30 17 32 20.54% +51 31 58.1931 7838 24.7 8% 1000
314 89 8§ 8 12 30 17 32 10.633 +51 33 48.548 1838 24.7 8% 100¢
315 83 8 8 12 39 7 31 £8.1200 +51 35 35.701 1838 24.7 89 1000
316 89 8 8 £2 39 17 31 15,531 +51 88 10.278 7838 24.7 89 1090
3t 89 8 8 EZ 30 17 30 52.189 +51 39 §7.458 7838 24.7 89 1000
38 83 8 ¢ £Z 30 17 30 38.862 +51 41 2.3389 7838 24.1 89 1000
318 89 & & E2 30 17 30 13,498 +51 42 38.834 7838 24,7 89 1000
3290 89 8 &1 it 50 t7 286 20.071 +43 40 31. 343 1838 23.5 88 948
321 89 8 it it 50 E7 2§ 55,160 +43 43 35,117 1838 23,5 88 $98
322 89 8§ Il 1E 50 17 25 30.558 +43 46 2%.323 1838 23.5 88 $98
323 89 8§ 1 EE 80 17 24 30.784 +43 53 33,487 7838 23.5 88 298
324 89 8 1 1t 50 17 24 5. 724 +43 &6 29, 385 7838 23.5 88 258
325 89 8 It tt 50 E7 23 4¢€.998 +43 5% 25,511 1838 23.5 88 948
128 83 8 L1 It 50 ET 22 40,815 +44 6 25,233 78388 23.5 88 268
3217 89 8 11 11 %0 1?7 22 15.791 +44 9 20.08% 1833 23.5 88 298
328 49 8 11 11 §0 1?7 21 50,810 +44 12 £2.338 1838 23.5 88 398
329 39 8 11 11 50 17 20 50.46584 +44 19 7. 945 7838 23.% 88 398
33¢ 39 B8 11 11 50 L7 20 25.165 44 22 0.1%4 1833 23.5 88 268
331 89 B8 11 1150 17 20 0.667 +44 24 50,954 1888 23.5 88 3%8
332 8¢ 8 11 11 50 17 18 59.262 +44 31 42.865 1838 235.5 88 998
333 8¢ &8 11 11 50 17 18 34.239 +44 34 33.630 1838 23.5 88 398
334 8¢ 8 11 11 50 17 18 8.190 +44 37 22.922 1838 23.5 88 $38
335 8% 8 1% 1t 56 17 17 32.308 +44 41 27.024 7838 23. 5% 88 998
336 89 8 11 11 56 17 17 7.49%6 44 44 11.762 7838 23.5 88 9938
337 89 8 11 11 50 17 16 46,796 +44 46 31,071 7838 23.% 88 9338
338 89 8 1t 11 50 17 1§ 42,203 +44 46 59,083 7338 23.% 88 998
339 89 8§ 11 11 50 17 [6 16,740 +44 49 43,435 7838 23.5 88 988
344 89 8 1t 11 50 17 E5 57,236 +44 52 15,778 7838 23.5 88 288
341 89 8 11 11 50 17 E§ 40,315 +44 53 44,851 1838 23.5 88 398
342 89 & 11 i1 50 17T 15 15,404 +44 58 29,8635 7838 23.5 88 998




COLLOCATION OBSERVATION BETWEEN TW(O SLR STATIONS
AT THE SIMOSATO HYDROGRAPHIC OBSERVATORY IN 1989

Summary -The collocation observations of a fixed type (SHOLAS) and a transportable
(HTLRS} satellite laser ranging systems were made at the Simosato Hydro-
graphic Observatory in May and December 1989, 5 Ajisai passes and 3 Lageos
passes were obtained. It is shown by the geometrical analysis that the range
data obtained by SHOLAS were longer than those by HTLRS by 2.4 cm in
December 1989. Enough number of data for analysis were not obtained in May
1989,

Key words: SHOLAS-HTLRS-collocation observation

1. Observation

The Simosato Hydrographic Observatory {SHO) has observed geodetic satellites with
a fixed type satellite laser ranging system named SHOLAS (Simosato Hydrographic
Observatory LAser ranging Station) since 1982 (Sasaki et al., 1983). SHO has played an
important role in the worldwide network of SLR since Simosato is the only one station
in Asia constantly releasing SLR observation data.

A transportable laser ranging system named HTLRS (Hydrographic Department
Transportable Laser Ranging Station) was completed in 1987 (Sasaki, 1988). This system
has been used for the precise determination of the position of Japanese off-lying islands
since 1988,

These two systems have been collocated at SHO twice a vear in order to check their
systematic errors since 1987. The first collocation observation was made in December
1987 (Sengoku, 1989). The second and the third were carried out in May and November
1988 (Sengoku and Fujii, 1920),

In 1989, two coilocation observations were made at SHO. The one was from May 24
to May 31 and 1 Lageos pass was observed, The other was from December 15 to December
22. 5 Ajisai passes and 2 Lageos passes were obtained in that period. Observed passes are
shown in Tables 1 and 2, respectively. As the ranging data in May 1989 were not enough,
they were not analyzed. The sky coverage map for the latter observation is shown in
Figure 1.

HTLRS was put on the concrete base in SHO. The relative position of the center of
rotation of HITLRS to that of SHOLAS was measured as follows. The horizontal position
of HTLRS (named TLO4 in May 1989 and TLO05 in December 1989) to PC, the center of
reference plate on the concrete base of HTLRS, was measured optically by reading the
scale carved every centimeter in a two dimentional mesh on the plate through a telescope
equipped at the mount of HTLRS. The height of HTLRS to TL (Reference marker on the
concrete base) was measured by a scale. The relative position between the center of
rotation of SHOLAS and that of HTLRS were calculated using the results of T.
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Table 1, Obhserved passes in May 1989
NO. Time (UTC) TIoLAS | HILRS Satellite
h m h m
1 1989 May 27 13 51 - 14 35 243 65 Lageos
243 65
total 308
Table 2. Observed passes in December 1989
No. ‘Pime (UTC) S 1 oS | satellite
hm h m
1 1989 Dec. 18 16 42 - 16 55 907 167 Ajisai
2 18 18 45 - 18 58 1150 97 Ajisai
3 19 15 49 - 16 02 707 100 Ajisai
4 19 16 52 - 17 40 2106 10 Lageos
5 19 17 50 - 18 04 1987 87 Ajisai
6 20 15 30 -16 15 1138 85 Lageos
7 20 16 56 - 17 10 636 149 Ajisai
total 8631 695

9326
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Takemura (1983) and A. Sengoku et al. (1988).

The realtive rectangular coordinates of the center of rotation of HTLRS to that of
SHOLAS were determined in the equator and geocentric rectangular coordinate station
as follows; '

dx=—13.909(m),
dy=+1L761(m), {May, 1989}
dz=—232.594{m),

dx=—13.893{m)},
dy=+11.708(m), {December, 1989)
dz = - 32.587(m), '

The distance between these two centers of rotation is 37.319 (m) in May and is 37.307 (m)
in December, respectively.

In the local horizontal coordinates, the relative position of HTLRS to SHOLAS was
expressed as follows;

dX=+ 1.2568(m) eastward,
dY = —37.185{(m) northward, {May, 1989}
dZ=— 2.920{m) upward,

dX=+4 1.248(m) = eastward,
dY=—37172{m) northward, (December, 1989)
dZ=— 2.926(m) upward.

2. Geometrical Analysis
2.1 Principle of Geometrical Analysis of Collocation Observation

The difference of two sets of range data obtained by SHOLAS and HTLRS should
be equal to the geometrical path difference if the range observations are made by these
two SLR stations simultaneously. The difference (D) between the geometrical path
difference (dr) and the raw range difference ( | ?:[ — §?:| ), which stands for system-
atic error of the range ohservation data, is expressed with a sufficient accuracy as follows
{Sengoku, 1989);

D=dr—(|77 | — |2 |}
=ned/n == 1], )
where d is the baseline vector from SHOLAS (station 1) to HTLRS ({station 2} derived
from terrestrial sm'vey,"r:, T, are the position vector from each station to a satellite. If D
is positive, a range ohserved by station 2 is longer than that by station 1.

First, the raw range data obtained by one station were fitted to a polynomial. Next
smoothed data were produced by interpolating by using the fitted polynomial to make
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pairs with the corresponding observation obtained by the other station, and the range
difference is estimated by equation (1), For a precise estimation of the geometrical path
difference, it is necessary to determine the orbits of satellites by a certain dynamical
procedure, Details of the geometrical analysis is described in the previous report (Sengo-
ku, 1989).

2.2 Determination of the Orbits

The precise orbits of satellites were determined dynamically by the orbit analysis
program developed at Hydrographic Department (Sasaki, 1984) using the range data
obtained by SHOLAS and HTLRS. Observations of two passes were used to determine
the orbits. GEM-T1 {degree and order up to 36) was used for Earth’s gravity model. The
polar motion determined by IRIS (IERS bhulletin A) was also used. Table 5 shows the
obtained residuals for each pass. One pass was omitted since its orbit was not precise
enough. Typical noise level of the raw range data is about 10 cm for SHOLAS and 4 cm
for HTLRS, respectively. Therefore, the residuals are expected to be 410 em. In most
cases, residuals were within this range.

‘Thus, the topocentric positions of satellites were calculated with enough accuracy at
each observation epoch.

2.3 Estimation of D
First, the smoothed data for SHOLAS were paired with the corresponding ones for
HTLRS by means of polynomial fitting. Then, D was estimated by equation (1), The
applied orders of polynomials, the mean of ID of ith pass {Di} and other results are shown
for each pass in Tables 4 and 5. Data with residuals larger than 15 cm were omitted.
The average (¢) and r. m. s. {¢) of D are obtained as follows;-

5 NiDi ENi
M = o and o =—
g 3o

where Ni and eifare the number and the variance of Di.

The average of D was —2.4 ecm in December 1989, Roughly speaking, this means that
the range data obtained by SHOLAS were 2.4 cm longer than those obtained by HTLRS
in December 1989. We cannot conclude whichever SHOLAS and/or HTLRS has caused
this difference. The average and r. m. s. of D are y=—1.4 cm , ¢=4.2 cm for Ajisai and
u=—172cm, 6=35 cm for Lageos. The average of D for Ajisai differ from that for
Lageos but collocation data of Lageos in 1989 were too small to make a statistically
definite conclusion, '

The relations among D, elevation and azimuth angle of satellites are plotted in
Figures 2 and 3. It is clear that D did not depend on the elevation in 1989.
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Collocation observations were made by A. Sengoku, K. Fuchida, T. Kawai, S. Imaki
and K. Asai. The analysis of collocation observation was made by A. Sengoku and I. Sato.
‘This report was written by A. Sengoku and I. Sato.
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Table 3. Relative positions of HTLRS to SHOLAS (Tokyo Datum)
Symbol Latitude Longitude Height
TLO4 - L —17 2070 +0. 0490 —27'918
TLO5 - L —1. 2066 +0. 0486 —2. 924
Table 4. Dynamical determination of the orbits in December 1989
No. used pass No.* Satellite Number of data residual
a 1,2 Ajisai 2240 9.0em
b 3,5 Ajisai 2796 7.6
c b 7 Ajisai 2755 74
d 4, 6 Lageos 3306 10.9

*see Table 2

Table 5. Resulis of the geometrical analysis of collocation observations in December

1989
e SHOLAS| HTLRS B order of - used
No. Fime (UTC) (returns} | {returns) Setellite polynomial D |r.ms orbit*
hm- hm cm cm
1 198% Dec. 18 16 42 - 16 55 785 124 Ajisai 20 —2.0 4.2 a
2 18 18 49 - 15 57 592 86 Ajisal 17 —0.1 39 a
3 19 1552 - 15 59 624 86 Ajisai 17 —-1.9 3.5 b
4 191752 - 18 02 1838 72 Ajisai 22 +3.1 4.5 b
5 20 1557 - 16 06 974 77 Lageos 16 —17.2 35 d
6 20 16 57 - 17 09 569 132 Ajisai 23 —4.6 53 ¢
average —2.4 4.1

*see Table 4
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ORBITAL PREDICTION OF AJISAI IN 1989

Summary -The Orbital Prediction of Ajisai has been made by orbital prediction system
of the Satellite Geodesy Office. The resulting elements were sent to laser

ranging observatories.

Key words: orbital prediction-Ajisai

1. Orbital prediction system .

An orbital prediction system for artificial satellites was developed in the Satellite
Geodesy Office (SGO) in 1986 (Sengoku, 1988). This system produces orbital elements of
artificial satellites from the laser ranging data by a program named SOAPII, the Satellite
Orbit Analyzer Predictor ver. III, written in a special language developed by Fukusima
{1986). In SOAPI, we estimate the JHD elements by the method of least squares. The
JHD elements consisit of 9 parameters as follows:

n ; mean motion

& : (ecoswm)y

7 . {esinw),

i : inclination

G : longitude of ascending node
xo  loden

dw/d

da/dt

d {esinw),

where e is the eccentricity, 1 the mean anomaly and o is the argument of perigee,
respectively. The Subscript # means the values at the epoch. The JHD elements are
well-defined parameter set for a nearly circular orbit such as that of Ajisai.

The accuracy of the JHD elements created by SOAPIII is checked by a rough
estimation by means of an independent program.

2. Summary of quick look data of Ajisai

Quick look laser range data are sent to SGO from the Simosato Hydrographic
Observatory and the Goddard Laser Tracking Network once a week via an E-mail system
named G. E. Mark]ll. We usually produce the JHD elements from the received quick look
data in the latest two or three weeks. Table 1 is the monthly statistics of the quick look
data sent to our office in 1980, In total, 1086 passes and 25871 returns at 10 stations were
sent to our office in 1989,
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Table 1. Monthly statistics of quick look data of Ajisai
1989, Jan. 1989. Feb. 1985. Mar.

ID | Pass [ Retwrn D Pass | Retwrn ID Pass | Return
1181 7 120 1181 6 127 7801 2 50
7801 1 25 78061 2 49 7338 9 176
7838 14 271 7838 22 426 7840 5 116
7840 23 531 7840 16 374 8405 12 297
8405 15 368 3405 3 75 8502 16 391
8502 12 295 8502 16 397 8605 7 173
8605 4 97 3605 11 274 8704 3 73
8704 15 377 8704 15 378 8805 3 75
8805 17 425 8805 12 301

1989. Apr. 1989. May . 1989, Jun,

1D Pass | Return 1D Pass | Return ID Pass Return
1181 6 123 1181 6 130 7801 1 26
7801 1 25 7801 3 74 7838 4 74
7834 1 28 7838 16 305 7340 22 557
7838 8 154 7840 40 1281 8405 26 644
7840 i1 375 8405 11 274 8502 18 452
8405 15 374 8502 11 275 8605 14 350
8502 i 25 8605 22 550 8704 2 50
8605 3 74 8704 5 126 8805 6 148
8704 13 322 8805 5 125
3805 11 273

1989. Jul, 1989, Aug, 1989. Sep.

1D Pass | Return ID Pass | Return 1D Pass | Return
1181 6 118 7801 2 50 1181 4 © 69
7838 12 221 7838 31 671 7338 11 208
7840 1 25 7840 27 674 7840 22 539
8405 1 25 3405 23 554 8405 6 156
8502 3 73 8502 6 149 8502 14 350
8704 4 190 8605 S 2 50 8605 8 185
8805 1 25 8704 14 339 8704 3 75

8805 31 764 8305 5 125
1989, Oct. 1989, Nov, 1989, Dec.

ID Pass | Return D Pass | Return 1D Pass | Return
1181 7 144 1181 5 62 7801 2 43
7838 34 661 7801 1 25 7838 26 . 519
7840 8 191 7838 21 402 7840 9 214
8405 3 74 7840 30 750 8405 14 349
8502 7 175 8405 12 271 8502 17 425
8605 1 25 8502 29 723 8605 7 175
8704 24 592 8605 11 270 8704 4 100
8805 1 25 8704 21 524 8805 3 75

8805 2 50

1181 : Potsdam, GDR 7801 : Haleakala, USA

7834 : Wettzell, GER 7838 : Simosato, Japan

7840 : RGO, United Kingdom 8405 : Mon. Peak, UUSA

8502 : Yarragadee, Australia 8605 : Mazatian, Mexico

8704 : GSFC, USA 8805 : Quincy, USA




ORBITAL PREDICTION OF AJISAI IN 1989

Table 2. Accuracy of JHD elements

57

Sequential | Creation Duration of Number of o1 &
NO. date used data used data {m) {m)
1989 1588 1989

92 1/06 12/13 - 1/03 885 480 784
12/06 - 1/03 1383 392 456

93 1/12 12/23 - 107 337 380 363
12/16 - 1/07 859 673 708

94 1/19 1/01 - 1/16 703 996 702
12/23 - 1/16 816 1292 2162

95 1/26 /10 - 1/24 1658 45 1269
1/01 - 1/24 1882 367 414

96 2/02 1/15 - 1/31 2039 647 2245
/10 - 1/31 2473 367 414

97 2/09 1/24 - 2/07 2039 381 420
1/16 - 2/07 3038 596 1450

98 2/16 2/01 - 2/14 3238 969 2105
1/24 - 2/14 4229 508 521

99 2/23 2/07 - 2720 1508 349 957
1730 - 2/20 2142 172 544

100 3/03 2/14 - 2728 643 375 941
2/07 - 2/28 1708 295 401

101 3/09 2/21 - 3/07 474 973 1746
2/14 - 3/07 967 251 538

102 3/18 2/22 - 3/16 1035 162 1084
103 3/23 3/01 - 3/17 947 340 260
2/22 - 3/17 1202 336 182

104 3/31 3/14 - 3/27 632 1240 1185
3/07 - 3/27 1050 475 485

105 4/06 3/22 - 4/04 813 993 1084
3/15 - 4/04 1173 1173 1162

106 4/13 3/29 - 4/11 1397 1462 1625
3/22 - 4/11 1735 1222 1908

107 4/21 4/05 - 4/18 1791 874 2136
3/2% - 4/18 2317 1124 1768

108 4/27 4/10 - 4/26 1814 602 1191
4/05 - 4/26 2588 389 1151

111 5/19 5/04 - 5/18 1684 611 1484
4727 - 5/18 2168 492 1190

112 5/27 5/11 - 5/26 1236 916 1016
5/04 - 5/26 2030 311 279

113 6/01 5/18 - 6/01 1092 504 902
5/11 - 6/01 1878 1145 1282

114 6/08 5/25 - 6/08 768 1143 884
5/18 - 6/08 1418 748 810

117 6/30 6/15 - 6/29 499 634 917
6/08 - 6/29 1316 433 1480
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Table 2. Accuracy of JHD elements

Sequential | Creation Duration of Number of A s

NO. date used data used data (m} ()
1989 1989

118 7707 6/22 - 7/07 492 498 1476

6/15 - 7/07 - 916 216 710

119 7/13 6/29 - 7/13 702 1446 732

: 6/22 - 7/13 777 340 1780

120 7/20 7/18 - 8/01 - 1794 280 795

121 8/21 8/03 - 8&/17 1809 124 455

/27 - 8&/17 740 288 724

123 9/12 8/25 - 8/08 : 450 275 230

8/18 - 9/08 645 404 252

124 9/22 9/07 - 9722 636 282 468

125 10/02 9/15 - 9/29 464 329 £10

9/08 - 9/29 924 374 602

126 10/21 10/06 - 10/20 571 519 2629

9/29 - 10/20 830 264 1960

127 11/10 10/27 - 11/10 754 810 1658

16/20 - 11/10 : 837 223 1384

128 11/16 11/02 - 11/16 714 917 1108

10/26 - 11/16 980 938 931

129 12/26 12/07 - 12/21 1042 411 339

12/61 - 12/21 1308 338 1258
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3. JHD elements

The JHD elements are created once a week by our orbital prediction system. Table
2 shows the accuracies of elements one week {61} and two weeks (a,) before the period of
quick look data used for the creation of elements, respectively. The averages of ¢, and o;
are 584 m and 1038 m, respectively. _ .

The created JHD elements are sent to the Simosato Hydrographic Observatory,
Communications Reseach Laboratory, Wuhan and Shanghai of the People’s Republic of
China, for the laser ranging observation.

These works were performed by S. Masai in 1989. _ _

* We would like to thank the staff of Goddard Laser Tracking Network who have
kindly sent us the quick look data of Ajisai regularly.

This report was written by S. Masai,
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POSITIONING OF THE FIRST ORDER CONTROL POINTS
IN THE MARINE GEODETIC CONTROL NETWORK
IN 1988

As a step to establish the marine geodetic control network around Japan, we performed
a simultaneous observation program of Ajisai and Lageos at Titi Sima and the Simosato
Hydrographic Observatory (SHO) for January through March, 1988, and another at
Isigaki Sima and SHO for July through September, 1988. The observation programs
consist of the satellite laser ranging of Ajisai and Lageos and taking photographic plates
of Ajisai at each station. Based on the obtained data, the first order control points, Titi
Sima and lsigaki Sima were comected to the fiducial point, Simosato located at SHO.

Key Words : satellite laser ranging-satellite photograph-Ajisai-Lageos-marine geodetic
controls
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Figure 1. Marine geodetic confrol network.
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Photo 1. Hydrographic department Transportable Laser Ranging Station (HTLRS).

Photo 2.

Transportable satellite camera.
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Photo 3. Power generators,

Phote 4. Setting HTLRS.




67

POSITIONING OF THE FIRST ORDER CONTROL POINTS IN 1988

Grou.nd_ target.

Photo 5

tment of laser oscillator.

Adjus

Photo 6.
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Photo 7. "~ -
Operation of HTLRS.

Photo 8. Satellite laser ranging observation.
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Figure 2. Setup of a stone marker for the first order control points.
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Photo 9. Stone marker for the first order control points,

Photo 10, Observation site at Isigaki Sima,
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TFigure 3. Setup of a brass marker.
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Figure 6. Simosato Hydregraphic Observatory.
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Figure 8. Fixed point of the transmitting and receiving telescope of Hydrographic
department’s Transportable Laser Ranging System (HTLRS).
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Tahle 1, Adopted station coordinaies.

Station Station
D Name

U

v

w

7080 Yarragadee Australia
7109 Quincy USA

7834 Wettzell FRG

7838 Simosato Japan

7939 Matera Italy

—2389.00764894
—25617.23605066
4075.53013450
—3822.38837195
4641.96513189

5043. 33189385
—4198, 55834275
931.78128422
3699, 36349408
1393.06990688

—3078.52695084
4076.57178458
4801.61842697
3507.57310611
4133.26238539

Tahle 2. Positions of the markers at Titi Sima : the ground survey results in the local

datum,
Station b A h Note
;o ' on m
=ZE= s [R50 27 05 06,827 142 12 51,293 1§ 307.580 | GSI result
Triang, P, Yoakeyama
" PR EET ) 27 05 24.770 142 11 25,418 1.670 | ibid.

Triang. P. Ohmura Nishi machi
—k&igs (48] H 27 05 20.065 142 12 49.139 | 211.075
Control P. Titi Sima
Vi —EIERE T 27 05 19,104 142 12 49.099 | 212.811 | Fixed point
SLR system
HEHUBEEEK 27 05 19.57 142 12 48.99 212.0 Fixed point
Sat. camera
T — H —0.9609 —0.0396 { +1.736 | Relative
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Figure 13. Survey map for the observing site.
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Table 3. Positions of the markers at Isigaki Sima : the ground survey resulis in the

local datum.,

Station ¢ A h Note
P 5 m o

mE=ma NI 24 20 48.152 124 08 52,768 16,30 | GSI result
Triang. P. Kawahana

" FiRiE) 24 21 03.645 | 124 10 26.213 658.19 | ibid.
Triang. P. Zyosuizyo

" [#—7F] 24 22 09.493 124 11 63.150 47,76 | ibid,
Triang. P. Suna

" [Kif | 24 20 27.049 124 11 40.204 35.16 | ibid.
Triang. P, Ohama
ZEZ A TRR] 24 19 38,372 | 124 10 41,416 13.38 | ibid.
Triang. P. Machara
—kFES [AEB] H 24 21 49,419 124 12 50.060 73.28
Control p. Isigaki Sima
HiBh [¥pokis) W 24 21 03.528 124 10 26.287 68.06
Aux. P. Zyosuizyo
L——HIEERE T 24 21 00,966 124 10 27.048 57.05 | Fixed point
SLR system
WRREREK 24 21 00.60 124 10 27,19 56.3 | Fixed point
Sat. camera
H — W +45.8909 +2 23.7733 | +5.23 | Relative
w — T +2.5616 —0.7618 | +11.01 | Relative
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GPS TEST OBSERVATIONS AROUND SAGAMI BAY IN 1989

Abstract

Hydrographic Department of Japan started routine GPS observation of the crustal
movements around Sagami Bay since the beginning of 1990. Here we report the results of
two test observations which were carried out at O Sima, Manazuruy, Izu Sirahama and
Tokyd in March and July 1989. Phase differences of two carrier waves were measured,
and it was found that if 4 GI’S satellites were visible and more than 6 hours were secured
for the simultaneous observation then we could obtain the repeatability baseline length
with the relative error of 1 ppm or less.

Key words: GPS-crustal movement

1. Introduction

The Globat Positioning System (GPS) is a satellite navigation system operated by U.
3. Department of Defence, though it is not established completely yet, After the comple-
tion of setup, GPS will provide positions of moving objects anywhere at any moment, and
even now GPS has become prevalent for positioning of vessels, vehicles and airplanes.

GPS is also able to be used in surveying. Measuring phases of carrier waves (1.2 and
1.5 GHz} emitted by GPS satellites by GPS receivers simultancously, we can determine the
relative position of antennas precisely. Since the wavelengths of these carrier waves are
about 20 cm, the precision of less than 1 cm can be obtained, in principle, if we measure
phases of carrier waves correctly up to 15 degrees. Recently, it is said that the order of .
precision of GPS surveying can atain the same order of precision, 1075, as the highest of
ordinary survey techniques.

Hydrographic Department of Japan started routine GPS observations of the crustal
movements around Sagami Bay since the beginning of 1990. The purpose of our observa-
tion is to clarify the crustal movements in the scale of several tens of kilometers and to
contribute to the predictions of earthquakes and of volcanic eruptions around Sagami bay.

In order to test the feasibility of our system and check the repeatability of measure-
ments of baselines, two test observations were carried out at 0 Sima, Manazury, Izu
Sirahama and Tokyo in March and July 1989 (Sengoku et al,, 1990). The latter was made
just after the occurrence of volcanic activity at Teisi knoll on July 13. Three sets of GPS
receivers (4000SLD, TRIMBLI) which measure phases of two carrier waves were used in
these observations.

In this report, we state the results of these two test observations in 1989,
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2. Test Observation in March 1989
In order to check the performance of GPS receivers and to check visibilities of GPS
satellites at the observation points of the routine GPS observations from 1990, a test
observation was carried out at O Sima, Manazuru and Tokyd from 15 to 17 March 1989
{Maritime Safety Agency, 1989),
GPS antennas were set as follows;
Tokyo : Above a brass marker on the housetop of the Hydrographic
Department. Height of the antenna was 0.995 m.
O Sima  : GPS antenna was fixed to a ladder of west side of building of the
Izu O Sima Aids to Navigation Office using a survey pole {(Figure
1).
Manazuru : GPS antenna was fixed to a handrail on the top of building of the
Fire Service Office of Manazuru Town using a survey pole (Fig-
ure 2).
Observation data sets are summarized in Table 1. The duration of observation is
about 100 minutes except for data No. 2, The observed combinations of satellites was (8,
9, 12) and (3, 11, 13) in PRN numbers.
The position of the brass marker of the Hydrographic Department was surveyed in
1975 (Mori et al., 1976).
¢ = 35° 39" 41.541"
A =139" 46" 10.331” (Tokya Datum)s:---(1)
h = 4040 m

where h is the height above the mean sea level.
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Figure 1, Tzu Osima Aids to Navigation office.
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Figure 2. Fire Service Office of Manazurn Town.

Table 1. Observation data sets

99

No. Time (JST) PRN No.
13 March 14 20 . 50—22:30 3, 11, 13
2 15 2:15— 3010 6, 9 12
3 15 201 50—22 1 3¢ 3, 11, 13
4 16 20 40—22 30 3, H, 13
5 6, 9, 12

17 1:20—3:060
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Using the transformation parameters from Takys Datum to JTHDSC-1 (Sasaki, 1984;
Kanazawa, 1988) : u=-146.3 m, v=>507.1 m, w=681.0 m, the position of GPS antenna at
Tokyd in JHDSC-1 was calculated as follows;

¢ = 35° 39" 53.227"

A =139 45" 58.695" {JHDSC-1)-.---:(2)

H= 7799 m : -
where H is the height above the reference ellipsoid. JHDSC-1 agrees with WGS-84 within
1 m. We assume the geoidal height above the reference ellipsoid of Tokyo Datum at
Tokyo to be 0 m, ;

The baseline analysis of O Sima-Tokys and Manazuru-Takyo was carried out using
an analysis software “TRIMMBL"” made by Trimble Navigation Ltd. Since the length of
baselines was long as about 100 km, tripple difference analysis mode was selected. The
position of GPS antenna at Tokyd was fixed to the value of (2) in this analysis. The block
II GPS satellites were not operational and the number of visible satellites was three at
most at that time. ;

Weighted averages of differences (D) and differences in latitude (dé), longitude (dA)
and height (dH} for these two baselines are as follows;

{0 Sima-Ts8kyd baseline)
D (0-T)=104046.192 m+/—1.005 m
d¢ (O-T)=—53 0.2941" +/—0.0169"
dA (O-T)=—23" 0.9061"+/—0.0626"
dH (O-T)=77.371 m+/—-0.231 m

{(Manazuru-Tokyd baseline) -
D (M-T)=80215.476 m+/—1.650 m
dé (M-T)=—-30" 32.3160" 4 /—0.0215"
dx (M-T)=—37" 37.9936" + /—0.0666"
dH (M-T)=:11.720 m+/—0.227 m

From (2), (3) and (4), the positions of GPS antennas at O Sima and Manazuru was

caleulated as follows;

(O Sima)
¢ = 34° 46’ 52.933"
A =139 22° 57.789” (JHDSC-1)-+---+(5)
H =155.36 m

(Manazuru)
¢ = 365°9 20911
A =139 8 20.701” (JHDSC-1)------(6)
H= 871 m

.
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Next, the baseline analysis of Manazuru-O Sima was carried out. The position of
GPS antenna at O Sima was fixed to the value of {5) in this analysis. Weighted averages
of relative position between Manazuru and O Sima are as follows;

{(Manazuru-0O Sima haseline)
D (M-O)= 47124372 m+/—0.320 m
dep (M-0)= 22’ 27.9776” +/—0.0054"
dd (M-0)= —14" 37.0942" +/—0.0156"
dH (M-0O)=—65.649 m-+/—0.023 m

Observation of baseline lengths between O Sima and Manazuru is shown in Figure 3.
Combinations of satellites are also shown in this figure. It is clear that if combinations of
satellites are the same, the repeatability of baseline length is good. If we adopt the
combination of satellites 3, 11 and 13, the baseline length between O Sima and Manazuru
becomes 47124.234 m +/—0.009 m.

The loop closure of this test observation is,

latitude  : 0.0005"
longitude : 0.0067":---(8)
height 0 0.002 m

3. ‘Test Observation in July 1989
A underwater volcanic eruption was observed at Teisi knoll on }uljr 13, 1989. In order
to detect the crustal movements after this volcanic activity, a test observation was carried
out at O Sima, Manazuru and Izu Sirahama from 17 to 27 July 1989 (Maritime Safety
Agency, 1989).
GPS antennas were set as follows;
O Sima : Almost the same as the previous observation. The differen_ce in
position between these two observations was found to be negligible.
Manazuru : Almost the same as the previous observation. The difference in
_ position was less than 1 ¢m,
Izu Sirahama : Above a brass marker on a concrete base of old astronomical cbserva-
' tion room at the Sirahama Hydrographic Observatory. Height of the
antenna was 0.120 m. ' : '
Observation was made from 10 h to 16 h UT everyday. Minimum elevation angle of
GPS satellites was selected as 10 degree. The adopted combination of satellites are shown
in Figure 4.
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baseline
length
(m)

47125.5 : , — — . — . :

(6,9,12)

(6,9,12)
47124.5 |

(3,11,13)

(3,11,13) {3,11,13)

47123.5 : : ; e _
3/14 _ 3/15 a/i6 . 3/27 . 3/18

(1989)
vr

Figure 3. Baseline length between Osima and Manazuru (Mar, 15-17, 1989),
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The baselines of Manazuru-O Sima, Izu Sirahama-0O Sima and Izu Sirahama
-Manazuru were analyzed by “TRIMMBL” in the triple difference analysis mode. The
position of the GPS antenna at 0 Sima was fixed to the value (5) in the analyses of
Manazuru-O Sima and Izu Sirahama-O Sima baselines, while the position of the GPS
antenna at Manazuru was fixed to the value (6) in the analysis of Izu Sirahama-Manazuru
baseline. A block [II satellite (prn No.14) was newly operational then.

Results are shown in Figures 5, 6 and 7.

Weighted averages of distance and differences in fatitude, longitude and height above
the reference ellipsoid for these three baselines are as follows;

{Manazuru-O Sima baseline)
D (M-0) = 47124352 m +/—0.062 m
d¢p (M-0) = 227 27.9736” +/—0.00107

di (M-0) = —14 37.0978" +/—00031" )
dH (M-0) = —64.261 m +/—0.061 m
(Izu Sirahama-0 Sima baseline)
D (8-0y = 37026852 m +/—0.035 m
dé (5-0) = —3 550139” +/-0.0006" a0
dix (5-0) = —23 47.5807" +/—0.0015"
dH (5-0) = 57430 m +/-0.022 m
(Izmi Sirahama-Manazuru baseline)
D (5-M) = 50744242 m +/—0.006 m
dé (S-M) = —26"22.9880" +/—0.0007" an

dA (5-M) = —9 10.4837” +/—0.0025"
dH (S-M) = 121.680 m +/—0.052 m :

Relative standard deviations (SD) of baseline length are less than 1.3 ppm, i. e. 1.3 ppm
for Manazuru-O Sima, 0.9 ppm for Izu Sirahama-0 Sima and 0.1 ppm for Izu Sirahama
-Manazuru. Ignoring a noisy resutt (July, 26) in Manazuru-O Sima baseline reduces the SD
for the baseline to 0.7 ppm, and it makes all SD values less than 1 ppm. The repeatability
is considerably better than that of the previous test observation. This is because the
duration of observation was much longer and four satellites were visible simultaneously
this time.

Obviously, the dispersion of difference in latitude is smaller than those in the other
components. This anisctropy migh't be caused by the present constellation of GPS satel-
lites.

There seemed to be no significant change in three baselines during the observation

period,
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As for the Manazuru-O Sima baseline, the average distance changed by about 10 cm
when compared with the test observation in March. This is mainly because the accuracy
of the observation in March was much lower.

The loop closure of this test observation is,

latitude : 0.0005”
longitude :  0.0008"...... (12)
height : 001l m

This report is written by A. Sengoku. Test observations were carried out by T.
Takemura, K, Nagamori, T, Uchiyama, T. Fukushima, A. Sengoku, K. Asai, K. Kawai,
T. Kawai and I{. Tomii. Data analysis was made by A, Sengoku, T. Kawai and S. Masai.
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GPS EXPERIMENT IN THE JAPAN AND FRANCE JOINT RESEARCH
PROGRAM ON RIFT SYSTEM IN THE SOUTH PACIFIC OCEAN
(STARMER PRQOJECT) IN 1989

The Hydrographic Department of Japan (JHD) has been joining the research program
on rift systems in the South Pacific Ocean promoted by the Science and Technology
Agency of Japan (STA) and the French Institute of Research and Exploitation of Marine
{(IFREMER). In this project, JHD took charge of precise positioning in the research area
and analyzing the sea bottom topography of the North Fiji Basin area. This report
describes the results of the precise positioning by GPS observation during the cruise in
1989,

Key word ; GPS precise positioning-Rift system
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Figure 1. Survey chart.
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Figure 6. Track chart (Area C).
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