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SATELLITE LASER RANGING OBSERVATIONS IN 1987

Summary — Satellite laser ranging observations have been continued by the fixed type
satellite laser ranging system at the Simosato Hydrographic Observatory. The
total aumbers of returns obtained by this system in 1987 are 71,330 from 162
passes of Lageos, 18,514 from 77 passes of Starlette, and 170,671 from 277
passes of Ajisai, respectively. The range precisions estimated by polynomial
fitting to measured range minus predicted range (O—C) are 10.0cm for Lageos,
11.5em for Starlette, and 9.5¢m for Ajisai.

Key words: satellite laser ranging — global geodesy -

This is a continuation of the report series of satellite laser ranging (SLR) observations
obtained by the fixed type satellite laser ranging system at the Simosato Hydrographic
observatory and contains the list of data obtained in 1987. Previous reports appear in
Series of Astronomy and Geodesy, Data Report of Hydrographic Observations for the
period from 1982-1985, and in Series of Satellite Geodesy for 1986. Routine observa-
tion by the Transportable Laser Ranging Station (called HTLRS, Sasaki 1988) was begun
in December 1987, but data obtained by HTLRS will appear in the next volume of this
series,

1. Observation

The routine ranging observation for Lageos, Starlette, and Beacon (BE)—C was begun
in April 1982 by using the fixed type SLR system at the Simosato Hydrographic Observatory
under mutual cooperation between the Hydrographic Department (JHD) and the National
Aeronautics and Space Administration (NASA) of the United States of America. According
to the launch of Japanese first Geodetic Satellite “Ajisai” in August 1986, observations for
BE—C was terminated in July 1986. Lageos, Starlette and Ajisai has been observed routinely
since August 1986.

The major specifications of the fixed type SLR system are listed in Table 1 {Sasaki
et al., 1983). The locations of the system and a fiducial stone marker set up near the system
are shown in Table 2 (Takemura, 1983).
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The observation schedule is made by selecting passes of maximum elevations of over 30
degrees of Lageos and Ajisai, over 40 degrees for daytime passes and over 45 degrees for night
passes of Starlette, except daytime of both Saturday afternoon and Sunday. The priority
of the selection for simultaneous transits is in the order of Ajisai, Lageos and Starlette.

The SAO-formatted orbital elements of the satellites for the use of scheduling and
tracking are sent from Goddard Space Flight Center (GSFC) of NASA through telex until
May and via GE Mark III network from June. The orbital elements of Ajisai are also calcu-
lated in the Head Office of JHD by using quick-look data which are sent from GSFC via
GE Mark Il network since the launch of the satellite. For the satellite tracking, an analytical
tracking program using the elements are used. The tracking is carried out for elevation
above 20 degrees. The atmospheric temperature, pressure and relative humidity are measured
once in a pass, Before and after ranging to a satellite pass, the ranging calibration by using a
ground target 1415m apart are made.

The total numbers of returns and passes obtained by the fixed type SLR system at the
Simosato Hydrographic Observatory in 1987 are listed in Table 3,

As the master station of Loran C system (located at Iwo-Sima) stopped operation due to
maintenance from February 13 to March 30, simulated signal for the master station was
emitted from the simulator and the stave station Y (located at Okinawa) was measured by
the receiver to keep time during this period. An infernational data communication network
GE Mark II became in use in June. Overhaul and alteration of the laser ranging systeimn
was made from October 26 to November 30, Exchange of pump cavity, pockel cell driver
board, isolator pockel cell, interference filter, etc. was carried out in overhaul. Two experts
from GTE visited SHO and made checks and adjustments of the laser oscillator. In altera-
tion an telescope of 28cm in aperture and 2.8m in focal length was added to the main
telescope of the laser system and the apparatus to measure the timing of flashing of Ajisai
was installed. Routine observation of the satellite laser ranging was continued as much as
possible during this period.

2. Polynomial fitting and preliminary analysis of range data

The false range data are removed by visual rejection on a CRT screen and by applying
the filter of polynomial fitting to measured range minus predicted range (O-C)in use of
on-site computer. Preliininary values of measurement standard deviation for each pass are
estimated in this process,

A part of range data, quick-look (QL) data, is sent to GSFC within two days. The
communication system was also changed from telex to GE Mark I1I network in the end of
May. All the range data, named full rate (FR) data, after applied correction of the internal
delay time of the SLR system obtained by the ground target ranging, are recorded on a
magnetic tape together with satellite ID, station ID, transmitted time corrected into UTC
(USNO MC), meteorological data, preliminary measurement standard deviation, clock preci-
sion and some preprocessing indications. The Seasat Decimal (SSD) Format (Schutz 1983) for
the FR data was replaced by the MERIT II Format (CSTG, 1987) in June. The FR data on
magnetic tapes for the three satellites are sent from the Simosato Hydrographic Observatory
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to the Head Office of JHD, GSFC and the Center for Space Research (CSR) of the Univer-
sity of Texas. :

As for the polynomial fitting using on-site computer, only the polynomials from Ist
to 9th order can be applicable owing to insufficient size of memory. Sometines waving
residuals of period of around 1 minutes appear for low altitude satellites. It also became
clear that many residuals of lower satellites contain wavings of shorter periods like 5-6
sec. To improve these sitvations polynomial fittings of the order from Ist to 20th are
applied to all the range data by using ACOS 650 computer at the Head Office of JHD.

The weighted mean range precisions estimated by using the higher polynomial fitting
for ail the data obtained in 1987 are 10.0cm for Tageos, 11.5¢cm for Starlette and 9.5¢m
for Ajisai as shown in Table 3 instead of 10.0cm, 14.7¢m and 10.0cm for the case of on-
site fittings, respectively.

The QL data sent to GSFC are used to create new orbital elements. The data are trans-
ferred from GSFC to CSR and are used for estimation of the polar motion and variation
of angular velocity of the earth rotation by processing with laser range data from other
sites in the world. All the FR data are also analyzed in CSR and more precise values for
earth rotation parameters have been estimated, The FR data sent to the Crustal Dynamics
Project are used to detect crustal movements and international plate motions.

JHD has been processing a part of SLR data obtained at Simosato and other SLR sites
by using an orbital processor (Sasaki, 1984a). A preliminary result of the geodetic coordi-
nate for the cross point of azimuth and elevation axes of the SLR system at Simosato site,
which is based on the longitude determined by the lunar laser ranging (LLR} observations
at the McDonald Observatory, the Univessity of Texas, is 33°34'39768N, 135°56'13735E,
100.9 m for latitude, longitude and hight above the reference ellipsoid of 6 378 137 m
semi-major axis and 1/298.257 flattening, respectively (Sasaki, 1984b).

Calculations and compilation for this report have been made by T. Kanazawa, A,
Sengoku and M. Nagacka of JHD Head Office and H. Nakagawa of the Simosato Hydro-
graphic Observatory.
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Table 1. Principal specifications of the satellite laser ranging system
at the Simosato Hydrographic Observatory

Mount configuration elevation over azimuth

Angular resolution 20 bits (1.2 arcsec)

Transmitter diameter 17 cm

Receiver diameter 60 cm

Laser wave length 532 nm

Qutput energy 15¢ mJ (normat)

Laser pulse width 200 ps

Repetition rate 4 pps

Receiver detector PMT (9% Q.E. and 300 ps rise time)
Flight time counter 20ps resolution

Frequeney standard Rubidium oscillator

Time comparison multi-Loran C waves (NW Pacific Chain)
Computer PDP 11/60 (64 kw) with two disk- and a MT drives

Table 2. Geodetic coordinates

. . Coordinates
Location Site ID (Tokyo Datum)
Cross point of AZ. and EL. axes, International 33° 34" 27496 N
the SLR system at Simosato 7838 135 56 23.537F
Hydrogr. Obs, Domestic 62.44 m
SHO-L
Cross line, the fiducial stone Domestic 33° 34" 28Y078N
matker at Simosato Hydrogr. SHO-HO 135 56 23.236F
Obs. 5836 m

Table 3, Data acquisition at the Simosato Hydrographic Observatory in 1987

Satellite No. of ranges No. of passes RMS deviation
Lageos 71,330 162 10.0cm
Starlette 18,514 71 115
Ajisai 170,671 277 9.5
Observers E. Nishimura, K, Xoyama, K, Onodera, H. Sasaki, A. Masuyama, M. Sawa,

H. ¥to, H. Mori, K. Fuchida*

® temporary support from JHD Head Office
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Table 4, Observations and data fitting

Explanation

Serial number of passes ranged successfully for each satellite.

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

satellite pass.
Satellite identification (ID), LG: Lageos, ST: Starlette, AJ: Ajisai.
Azimuth when the tracking of the satellite started at 20° of elevation.

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

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 fitiing

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

dR=— 80 A+B
fo.H) 5y BIAtD)
sin E +0.01
where
5 (0 =09650 + 22364 4 0000228 .
£, Hy= 1 — 0.0026 cos 2¢ — 0.00031 H,
A=0.002357 P +0.000141 e,
p? 2
= -3 By e —&
B=(1.084 x 10™)PTK + (4.734 x 10™%) T G5’
K =1.163 —0.00968 cos 2y — 0.00104 T + 0.00001435 P,
=611 * Rh 1078(T-273.15)] {231.3+(‘I‘~273.15)}
' 100
Here
dR : Range correction (meters),
E : True elevation of satellite,
P : Atmospheric pressure at the site {(millibars),
T : Atmospheric temperature at the site (degrees Kelvin),
Rh : Relative humidity at the site (%),
A @ Wavelength of the laser (microns),

¢ . 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 1D, 7838: Simosato Hydrographic Observatory.
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Atmospheric temperature (degrees Centigrade).
Atmospheric pressure (millibars).
Relative humidity (%). :
Calibrated internal delay time of the SLR system obtained by the ground
target ranging. The light velocity change in the air (Abshire, 1980) is used
for the atmospheric correction. This term is corrected for the range data in
the final MT file.

The group velocity of light in the air is given by

v=c (1+107°N) L,

where
0.0164 | 0.00028 . P e
= 80. . + + =113
N =80.343 (0.9650 X X ) T 11.3 T
e=6.11 Rh | 107-5(T—273.15)/ {237.31&(11273.15)} _
100
Here :
¢ @ The vacuum speed of light,
P : Atmospheric pressure (millibars),
T : Atmospheric temperature (degrees Kelvin),

Rh : Relative humidity (%),
n  © 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 system. This term is corrected
for the transmitted time in the final MT file.

Time correction: UTC (USNO MC) minus transmitting time of the Lozan 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)A=. {5)Elev. (6} (7}Fitting
Ne. date caught lost SAT. 8T MX €T LT RTN N RMS
Y M D h m s h m s N ' ' * cm
1 87 01 08 13 49 24 14 31 20 1.6 40R 50 23U 20 1320 g 16.3
2 87 01 08 17 20 42 17 58 32 1.5 20L 50 21U 25 511 g 10.0
3 87 01 07 00 16 46 00 35 03 LG 110L 56 54U 35 52 5 10.3
4 87 01 08 02 24 35 02 29 06 LG -Z200R 5 88 175 94 5 8.7
5 87 01 08 14 35 04 15 11 31 LG J0R 75 218 44 1068 g 16.7
8 87 01 09 01X 09 09 0> 22 52 LG 130L T8 T3u 40 267 9 10.5
7 87 01 09 13 17 156 13 43 03 LG 45k 40 244 38 236 9 11.2
] 87 01 09 16 46 12 17 27 17 LG 20L 60 21U 24 812 9 ig.8
2] BT 01 12 18 11 35 1¢ 54 62 LG 20L 65 21U 23 1480 g 11.4
10 87 01 13 14 5t 03 15 38 02 LG 30R 85 28U 2t 1691 20 11.8
11 87 01 14 13 28 23 14 11 18 LG 40R 50 230 20 898 9 10.4
1z 87 01 14 17 04 34 17 39 49 LG 20L 50 29U 22 435 9 11.7
i3 87 01 15 15 38 14 18 23 13 LG 25 | 75 23U 21 1154 g 1.3
14 87 01 19 13 41 29 14 27 02 LG 35R | 60 2tU 20 985 8 11,4
15 87 01 19 17 15 18 17 48 08 LG 20L 45 21U 28 449 T 11,1
18 87 01 20 12 24 49 12 57 156 LG 50R 35 220 21 325 T 10.2
17 87 01 20 15 51 34 18 32 21 LG 20L B5 21y 29 992 3] 1.7
18 87 01 21 i4 34 54 15 04 25 LG 30R 85 35U 5O 541 i8 1.1
19 87 01 28 14 52 53 15 22 31 LG 25L 85 45U 38 356 g 16.2
20 87 01 27 I3 23 156 13 39 b6 16 3BR 60 25 59 177 T 8.5
21 87 01 27 18 55 BO 17 26 13 LG 20K, 45 220 3} 265 T i0.0
22 87 01 28 12 03 30 12 37 40 LG GOR a5 20U 20 369 9 i0.9
23 87 01 28 15 a7 12 16 15 44 LG 20L 66 33U 22 608 9 11.0
24 87 01 30 13 05 40 i3 20 37 LG 40R 55 50U 41 1 K 7.9
25 87 01 30 16 38 B3 16 b5 54 LG 20L 50 50 30 312 7 13.1
26 87 02 04 13 01 o7 13 15 25 LG 358 85 20 51 197 9 10.4
27 87 02 04 16 34 b2 17 11 48 LG 20L 45 20U 22 302 9 11.1
28 87 02 05 11 46 47 12 17 27 LG 50R 35 25U 21 359 9 11.0
29 87 02 05 15 17 58 15 55 38 LG 20L | 65 35U 22 333 g 9.5
30 87 02 07 00 19 47 00 40 a7 LG 1451 | 85 B2 32 34 7 7.2
31 87 02 08 14 37 24 15 20 59 LG 25L 76 21U 28 811 g 10.8
32 87 02 09 01 02 01 01 07 21 LG -200R 75 60 72 38 7 11.2
33 87 02 09 13 38 51 14 01 43 LG JOR 75 T4 21 710 T 8.8
34 87 02 10 12 00 47 12 20 59 LG 45R 45 28U 41 348 T 8.8
35 87 02 10 15 28 27 i6 07 23 1.G Z0L 85 21U 23 758 9 10,2
36 87 02 13 i1 28 32 11 41 12 EG SO0R 35 24 34 17 i 8.4
37 87 02 13 14 51 b2 i5 36 18 LG 201, 65 21U 20 676 g 12.4
38 87 02 14 0t 32 08 01 40 10 LG -190R 65 B3 35 36 5 8.2
39 87 02 15 12 17 47 12 B1 35 LG 40R 65 380 20 208 1g 10.7
40 87 02 20 12 24 38 13 06 59 LG 35R 65 27U 21 1068 g 12.1
41 87 02 20 16 03 09 16 27 20 LG 20L | 45 34U 30 159 7 11.4
42 87 02 22 13 18 40 13 45 B1 LG 25R | 85 44U 48 B23 19 11.3
43 87 02 23 11 56 53 12 19 39 LG 40R 55 37U 43 283 13 1.7
44 87 02 23 18 23 44 15 47 36 LG 20L 50 27U 44 120 T 10.1
45 87 02 25 12 46 08 13 20 21 LG 30R 15 47U 24 108 19 11.3
48 871 02 26 11 18 o8 11 55 08B LG 45R 45 220 21 a75 9 10.9
47 87 02 27 13 24 10 14 08 55 LG 25L 85 230 23 545 ) 14.5
418 87 03 05 12 27 53 12 48 32 LG 30R 75 52U 53 602 15 10.3
49 87 03 08 i1 57 20 i2 19 35 LG 35R 65 5BU 37 810 g9 8.9
50 87 03 09 13 56 22 14 35 22 LG 20L 85 310 22 690 g 9.4
51 87 03 11 1 21 37 11 51 33 LG 40R 55 46U 23 301 17 9.0
52 87 03 18 12 16 19 12 29 35 LG 28R 85 38 78 238 9 10.3
53 87 03 20 13 03 55 13 39 50 LG 25L 75 38U 28 2290 i 10.4
54 87 03 24 11 17 13 11 31 54 LG 35R 85 55U 55 417 7 10.6
55 87 03 24 14 38 53 14 59 01 LG 20L 45 29U 490 117 T 8.9
58 8% 03 25 13 25 59 13 34 40 LG 20L 65 53U 65 172 5 10.8
a7 87 03 28 11 48 59 12 38 31 LG 25R 85 21U 20 1121 9 8.8
58 37 03 28 15 24 40 15 54 21 LG 15L 35 220 20 181 11 9.9
59 37 03 31 12 11 02 12 40 07 LG 25L 85 39U 45 876 13 8.6
80 37 04 03 11 31 12 12 07 58 1 25R 85 258 41 698 9 9.1
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{8} (9) (10) (11) (12) {13) (14) (15) (18)
No. 5TN ™P PRESS HUM InT DTS DTL COMMENTS
‘C mb % ns ps ns
1 7838 4.8 1019.5 78 7.5 ~0.5 -0.2
2 7838 2.8 1020.4 87 7.8 ~0.4 -0.2
3 7838 7.4 1021.3 68 7.5 0.4 -0.3 BAYTIME
4 7838 13.2 i008.8 45 7.5 ~0.1 -0.3 DAYTIME
5 7838 8.7 1011.0 59 7.5 -0.8 -0.3
[ 7838 12.0 1011.2 654 7.8 ~-0.5 -0.3 PAYTIME
7 7838 8.8 1010.1 57 7.4 -0.5 -0.3
8 7838 8.5 1010.4 53 7.5 -0.8 -0.3
9 7838 4.9 993.5 61 7.7 -0.2 0.4
10 7838 1.2 1005.1 69 7.5 -0.4 ~0.4
11 7838 1.7 1018.0 72 7.4 -0.7 0.5
12 7838 0.8 1017.5 11 7.8 -0.8 ~-0.5
13 7838 3.7 1020.8 18 7.7 -0.5 -0.5
14 T838 1.7 1011.7 8 7.3 -0.86 -0.7
15 7838 1.0 1011.9 72 7.5 -0.5 -0.7
i6 7838 1.8 1018.4 56 7.8 -0.4 -0.7
17 7838 1.2 1018.7 58 7.5 0.1 -0.7
i8 7838 2.9 1023.0 83 7.5 -0.2 -9.7
19 7838 Q.8 1019.5 73 7.3 -0.86 -0.8
20 7838 5.7 1016.9 66 7.1 -0.7 -0.8
21 1838 6.2 1016.5 50 7.1 -0.4 ~0.8
22 7838 5.7 1020.2 58 7.1 -6.4 ~0.8
23 7838 5.3 1020.2 58 7.2 -G.4 ~0.8
24 7838 7.0 1014.5 7t 7.0 -0.6 ~0.8
25 7838 5.8 1014.1 75 7.2 -0.86 -0.8
28 7838 1.8 1009.7 59 7.2 -0.3 -0.8
27 7838 1.2 1009.9 70 7.2 -0.2 -0.8
28 7838 4.1 1011.7 Tl 7.2 -0.3 -0.8
29 7838 4.0 1012.5 69 7.2 -0.0 ~-0.8
30 7838 | 11.2 1010.9 57 7.3 ~0.7 -0.8 DAYTIME
31 7838 7.3 1016.5 58 6.9 -0.4 ~-6.8
32 7838 13.5 1018.2 57 1.1 -0.6 -0.8 DAYTIME
33 7838 7.8 1017.3 71 7.1 -0.4 -0.8
34 7838 11.0 1015.4 89 T.0 -0.4 -0.8
35 7838 11.9 1014.8 88 7.1 -0.4 -0.8
36 7838 8.2 1012.1 81 6.9 -0.4 -0.9
37 7838 6.8 10i2.0 23 7.2 -0.5 -0.9
a8 7838 | 16.8 1010.8 45 8.7 -0.5 ~-0.9 DAYTIME
39 7838 4.0 1015.8 T2 6.8 -0.8 ~0.9
40 7838 5.3 1017.6 82 6.8 -0.6 -0.9
41 7838 3.2 1018.0 81 6.9 -0.56 -0.9
42 7838 3.9 1010.4 08 7.0 1.1 -0.9
43 7838 6.1 1e11.7 64 5.7 -0.9 -0.8
44 7838 5.3 1011.7 68 6.7 0.8 -0.9
45 7838 1.8 1008.7 58 6.8 -1.0 -0.8
48 7838 2.8 1006.6 416 8.7 ~1.0 -0.8
a7 7838 5.8 1601.2 686 6.6 ~0.9 -0.8
48 7838 10.3 1007.9 B9 6.3 ~-0.5 ~0.8
49 7838 6.2 1011.4 86 6.2 -0.7 ~0.8
60 7838 4.8 1008.,0 72 7.8 -0.9 ~-0.8
51 7838 8.0 1007, 1 76 7.6 -0.4 -0.8
52 7838 9.8 1012.5 84 7.3 -0.8 -1.0
53 7838 | 10.3 1009.5 T0 7.3 -0.5 -1.0
54 7838 | 16.5 986.5 &0 7.3 -0.4 -1.1
55 7838 | 13.0 939.7 &0 7.4 -0.7 -1.1
1] 7838 5.1 100¢.56 46 7.3 -0.8 ~1.2
57 7838 5.8 1018.9 47 7.5 -0.2 ~1.2
68 7838 2.5 1019.3 67 7.4 -0.4 ~1.2
50 7838 5.8 1013.6 56 7.4 -0.7 ~1.8
80 7838 8.8 1008.5 70 7.3 -0.5 -1.4
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{1} {2} Obs.Time{HTC} {33 (4}Az. {6)Elev. {8) {(T)Fitting
No. date caught lost SAT, ST MX C©T LT RTN N RMS
Y M D h m s h m s ) . ‘ * cm
BI 87 04 13 12 07 05 12 24 08 LG 251, | 756 43U B9 247 T 10.7
62 87 04 24 11 09 10 11 44 46 LG 25L | 85 34U 33 728 9 8.8
63 87 04 29 11 32 08 i1 59 58 LG 20L 76 B7U 28 447 ] 10.8
64 87 05 03 13 03 17 13 14 28 LG 20L 45 34U 42 89 7 11.2
&b 87 05 04 11 55 21 12 13 28 LG 20L 856 63 28 281 7 10.4
68 87 05 08 12 37 11 12 B2 o7 LG 20L 80 47U 38 198 7 8.8
87 BT 05 08 13 19 22 13 40 45 LG 15L 37 34U 24 32 T 11.4
88 87 05 24 12 36 59 12 56 04 LG 15L 37 31U 30 162 5 8.7
69 87 05 28 10 45 44 11 15 29 LG 20L 85 52U 22 889 9 8.0
70 87 08 04 11 41 31 11 54 55 LG 15L 45 31U 42 168 T 8.8
71 87 06 45 17 09 15 17 25 50 LG 95L 45 420 35 130 7 8.7
72 87 06 16 16 18 25 16 36 03 1.G 85L. 40 39¢ 28 227 b 10.2
73 87 08 17 11 41 54 11 67 13 LG 15L | 37 3bBU 28 290 5 9.5
74 87 068 21 16 45 43 16 54 1t iG6 95L 45 35 20 176 T 8.2
158 87 06 22 08 29 59 08 31 37 LG 25R 85 79 85 33 5 7.9
76 87 06 22 18 24 14 18 51 59 LG 1451 85 34U 57 488 18 0.8
77 87 06 23 10 34 03 10 50 20 LG 201 50 43 38 250 4 10.3
78 87 06 25 11 11 08 11 38 10 LG 15L 37 22U 27 182 T 10.5
79 87 06 25 17 55 28 18 31 59 LG 135L 80 48U 20 1228 18 9.5
80 87 06 26 i8 39 18 17 98 32 LG 110L 50 44U 24 190 7 10.0
81 87 07 08 17 55 34 18 01 18 LG 145L 96 87 87 87 7 9.2
82 87 07 090 168 45 34 18 59 40 LG 120L 60 57 27 324 12 9.7
83 87 07 24 17 02 35 17 42 31 LG 1450 85 30U 28 454 9 11.4
84 87 07 28 15 21 22 15 47 25 iG 110L 55 48U 23 246 g 8.7
85 87 07 29 7 12 37 17 31 56 16 -205R 80 21 72 305 7 9.5
86 87 08 08 13 51 48 13 58 58 LG 75L 35 35 29 18 5 8.9
87 8T 08 11 14 04 19 14 09 35 1.G BBL | 40 40 38 44 7 10.8
88 87 08 12 186 14 20 16 30 57 LG 140L 80 87 22 193 T 11.56
89 87 08 18 17 30 29 18 07 17T LG -185K 80 370 21 390 18 16.4
90 87 08 17 06 08 35 06 12 38 LG Z56R 90 74 88 82 7 9.1
91 8T 08 17 16 12 58 16 48 15 LG -215R 80 58U 20 271 17 8.3
92 87 68 19 13 32 22 13 48 51 LG Q01 40 34U 37 62 7 9.9
g3 87 08 20 16 33 3% 186 05 13 LG 140L 80 41U 386 120 7 10.0
94 87 08 21 4 15 17 14 42 38 LG 1i10L 556  aTU 33 208 7 10.9
956 87 08 23 156 056 48 15 19 47 LG 130L 70 54U 64 59 T 9.6
a8 87 08 26 14 356 21 14 58 22 LG 120L 80 555 31 172 9 8.7
a7 8T 08 28 15 13 35 i5 47 38 LG 140L 80 41U 3¢ 489 i6 8.9
a8 87 08 31 14 44 08 15 14 05 LG 130L 70 60U 23 4B 18 1.7
98 BT 08 01 13 19 21 13 54 29 LG 100L 45 28U 20 612 13 8.8
100 87 08 04 12 58 47 13 16 38 LG 80L 40 39U 26 83 8 8.8
101 87 09 04 16 13 04 16 50 43 LG -195R 70 33U 27 343 18 9.3
102 8T 09 07 15 44 57 15 48 44 LG -2056R 80 51 862 37 3 9.7
103 87 08 4 13 12 21 13 48 42 LG 110L 85 31U 21 604 b 10.5
104 87 09 14 16 44 00 «17 18 38 LG -170R 45 30U 22 1586 T 10.0
105 87 09 17 12 48 40 13 07 47 LG 100L 45 430 32 370 9 10.5
106 87 09 17 16 02 39 16 45 36 LG ~185R 66  Z1H 24 841 i9 10,1
107 87 09 20 12 16 09 12 40 12 LG 90L 40 380G 20 138 8 8.7
108 87 08 20 15 29 38 16 08 50 LG -190R 65 25U 36 385 18 0.7
108 BT 08 22 12 59 15 13 21 34 LG 1104, 55 4b6U 35 352 12 10.7
110 87 09 22 i8 18 04 16 653 07 LG -170R 45 21 33 35 b 7.2
111 87 10 01 14 35 17 15 19 29 LG -200R 80 26U 22 540 T 10.5
112 87 10 04 i4 19 10 14 37 41 LG ~210R 90 49U 41 487 b4 11.5
113 87 10 09 14 18 44 14 33 58 Le -200R 80 34 75 60 15 11.0
114 87 10 12 10 25 11 10 51 23 LG T0L 33 25U 20 61 7 9.3
1156 87 10 12 13 40 55 14 23 25 LG -210R 80 250 27 408 7 9.0
116 87 10 18 12 35 46 13 14 38 LG 130L 70 289U 27 209 7 11.2
117 87 10 19 04 45 29 04 54 12 LG 20L | 80 4% 60 39 5 9.9
118 87 10 19 11 18 28 11 54 33 LG 100L 50 27U 20 463 ] 8.1
1189 87 10 19 14 44 28 15 22 58 LG -180R E6 24U 29 387 18 11.2
12¢ 87 10 21 12 11 24 12 43 28 LG 120L 80 48U 20 384 T 2.3




SATELLITE LASER RANGING IN 1987 it

{8) (g) (10} {11) (12) (13) (1r4) (15) (16}
No, STN T™E PRESS HUM InT DTS DTL COMMENTS
‘C mb % ns ns ns
61 7838 6.1 1018.5 57 7.2 -0.2 -1.7
62 7838 16.0 1010.4 85 7.3 -0.5 -E.7
63 7838 | 13.7 10165.6 92 8.2 -0.1 -1.8
64 7838 | 12.1 1003.0 62 7.5 -0.3 -1.9
65 7838 11.1 1012.1 BO 7.8 ~0.2 -2.0
66 7838 | 13.2 1008.7 73 7.7 -0.1 -2.1
87 7838 | 14.7 1015.8 95 7.6 -0.3 -2.2
68 7838 | 18.9 1008.8 88 7.4 -1.1 -1.9
69 7838 | 17.4 1007.9 82 7.6 0.5 -1.8
70 7838 | 23.3 1007.7 a7 7.6 -0.5 -1.5
71 7838 | 21.4 1007.3 90 7.6 -0.4 ~-1.5
72 7838 | 15.6 1007.3 94 7.6 ~-0.5 -0.8
73 7838 | 19.5 1010.9 95 7.6 ~-0.3 -0.8
74 7838 | 17.9 887.3 81 7.6 -0.86 -0.8
75 7838 | 21.8 999.0 5 7.5 -0.8 -0.8 DAYTIME
76 TB38 15.1 1000, 2 39 7.8 -0.5 ~0.8
77 7838 | 20.9 1001.8 82 7.4 -0.5 -0.17
78 7838 | 22.1 996.0 70 1.6 -0.6 -6.7
79 7838 20.7 996.8 T8 1.5 -0.6 -0.7
80 7838 20.4 1000.2 25 1.5 -0.8 -0.7
a1 7838 20.7 1001.7 89 7.5 -0.3 -0.5
82 7838 23.4 1003.2 g1 7.5 -0.4 -0.5
83 7838 25.9 1008.86 23 7.4 -0.4 0.2
84 7838 25.5 10086.9 78 7.5 -0.8 0.4
85 7838 25.3 1604.0 97 7.3 ~0.5 0.4
36 7838 23.4 1001.0 99 7.5 -0.3 0.5
87 7838 25.3 1010.4 23 7.1 -0.8 0.6
88 7838 23.8 1008.2 96 7.2 ~-0.5 G.8
89 7838 25.5 1003.8 96 7.1 -0.3 0.6
20 7838 29.4 1001.8 79 7.3 -0.1 0.8 BAYTIME
91 7838 25.7 1003.2 20 7.1 -0.3 G.6
oz 7838 24.0 1004.2 99 7.1 -0.4 0.6
23 7838 25.5 1000.5 88 7.1 -0.6 0.6
94 7838 { 26.0 1002.3 . 88 7.1 -0.3 0.6
15 7838 { 24.9 1000.8 |- 98 7.2 -0.6 0.7
9B 7838 1 24.3 100t.0 | 81 7.0 -0.7 0.7
a7 7838 ; 26.8 1o0t.8 | 89 6.7 -0.6 0.8
a8 7838 | 25.5 998.7 9z 6.8 -0.5 0.9
99 7838 | 23.0 1003.2 2 7.4 -0.4 1.0
100 7838 [ 18.90 1004.9 94 7.2 -0.9 1.0
101 7838 | 19.2 1003.8 93 7.2 -0.9 1.0
102 7838 | 23.2 1001.2 92 7.3 -0.5 1.1
103 7838 23.8 1000.3 79 7.2 -0.6 1.5
104 7838 24.1 999.0 79 7.4 -0.7 1.5
105 7838 | 22.9 994.8 59 9.9 ~-0.3 1.5
106 7838 2.7 994.4 T2 7.6 -0.5 1.8
107 7838 | 22.8 1013.6 80 0.0 -¢.5 1.5
108 7838 | 22.8 1013.6 76 7.8 -0.7 1.5
109 7838 ¢ 18.7 1011.7 86 T.4 -0.3 1.8
110 7838 | 18.8 i¢11.8 18 1.5 ~0.4 1.8
1Bl 7838 | 17.8 1003.8 86 6.5 ~-1.0 1.1
12 7838 i6.7 1014.9 Bl 7.5 -0.4 1.0
113 71838 22.5 1014.1 80 7.3 -0.4 0.9
114 7838 20.8 1005.8 64 7.4 -0.8 1.0
115 7838 19.3 1007, 3 68 T.4 -0.8 1.0
116 T838 17.8 02,9 8Q 7.8 -0.7 0.9
117 7838 25.4 889.2 51 7.7 -0.8 0.3 DAYTIME
118 7838 | 14.8 1005.4 80 7.5 -0.7 0.8
119 7838 | 12.8 1006.0 86 7.8 -0.8 0.9
120 7838 [ 15.2 1010.4 57 7.6 -0.7 0.8




12 SATELLITE LASER RANGING IN 1987
(1) {2) Obs.Time(UTC) {3) (4}Az. {6)}Elev. (6) {7)Fitting
No. date caught lost SAT. ST MX CT LT RTN N RMS
Y M D h m s h m s i ca
121 | B7 10 22 10 50 45 11 19 &8 LG g0L { 40 32U 20 320 7 10.2
122 87 10 22 14 08 01 14 18 17 LG -180R | 65 21 46 35 5 6.2
123| 87 10 23 13 65 30 13 23 25 LG 140L | 80 78U 41 265 7 10.5
124 87 10 28 03 03 04 03 11 25 LG 25L | 86 56 83 48 T 1i.8
125§ 87 10 28 13 11 15 13 43 39 LG -210R | 85 B2U 286 322 g 10.8
126 | 87 11 05 09 27 42 09 49 34 LG 70 | 83 28U 23 86 ki 9.3
127§ 87 11 06 11 21 00 11 42 58 LG 120L | 65 24 63 74 g  11.9
128} 87 11l 09 10 50 38 i1 10 08 LG 110L | 55 28U 54 165 9  11.5
128 87 11 09 14 256 07 14 B2 19 LG -170R | 45 81U 34 124 7 8.7
130 87 12 03 13 28 69 13 58 22 LG ~170R | 45 46U 27 316 g 8.7
131} 87 12 04 11 B4 15 12 40 22 LG -200R | 75 23U 20 414 9 9.2
1321 87 12 08 12 43 22 13 27 50 LG -180R | 55 21U 2o 1025 9 9.4
133 87 12 07 01 18 22 0Ol 48 38 16 25L | 85 36U 41 64 | 5 8.0
134 | 87 12 07 i1 18 50 12 08 31 16 -210R { 85 20U 20 1351 g 9.0
135] B7 12 08 10 07 52 10 43 38 LG 120L { B85 40U 20 848 9 9.8
1361 87 12 08 13 36 50 14 12 28 LG -iB0R § 35 210 20 377 7 9.0
137 87 12 13 10 16 064 10 58 21 LG 130L | 75 30U 20 895 19 9.0
138 | &7 12 14 02 28 10 02 48 45 LG 20L | 60 b5 38 390 g 9.1
139} 87 12 14 08 57 15 09 34 26 LG 100L | BO 25U 21 699 8 8.8
140 | 87 12 14 12 23 15 13 07 B7 LG -180R | 6§ 20U 20 1244 ] 8.3
141 87 12 16 09 41 35 10 23 45 LG 1205 | 65 26U 20 2032 17 8.9
142} 87 12 16 13 18 18 13 52 51 LG -160R | 35 23U 20 686 9 7.5
143} 87 12 17 01 49 28 02 16 18 LG 20L | 65 47U 37 158 9 7.3
144 | 87 12 17 08 25 36 09 00 24 LG 90L | 45 24U 20 597 9 8.8
1457 87 12 17 11 52 41 12 34 25 LG -190R | 65 31U 20 1007 g 8.4
148 87 12 18 04 05 22 04 17 24 LG 20L | 35 35 27 42 7 9.5
147} B7 12 t8 10 30 37 i1 12 36 LG 140L | 85 33U 20 1019 9 7.5
148} 87 12 19 02 34 12 03 08 19 LG 20L | 50 34U 24 185 7 3.8
149 F 87 12 21 00 54 59 10 38 15 LG 130L | 75 270 20 11190 20 10.2
160 87 12 22 02 05 12 02 25 03 LG 20L | 80 478 44 136 ] 8.7
151 | 87 12 22 08 35 82 09 14 52 LG 100L [ 50 220 20 1435 8 7.9
182 | 87 12 22 12 03 12 12 47 48 LG -180R | 55 20U 20 1498 8 8.3
183{ 87 12 23 00 37 82 01 05 11 LG 25L | 85 39U 51 45 7 6.1
154! 87 12 23 10 44 37 11 26 03 LG -210R | 85 34U 21 210 7 8.3
155F 87 12 24 02 58 20 03 07 09 LG 20L | 45 43U 41 Ti 7 8.0
156 87 12 24 09 20 12 10 03 15 LG 1200 | 65 23U 21 1193 9 9.5
157 87 12 24 12 59 43 13 32 30 LG -156R | 36 25U 20 877 17 8.9
i68{ 87 12 25 08 12 24 08 38 50 LG 90L | 45 35U 23 213 7 7.7
159{ 87 12 25 11 33 12 12 14 28 LG -190R | &5 32U 20 718 g 8.7
180 87 12 27 12 22 52 12 57 09 LG -1T0R | 45 26U 28 802 g 7.8
181 87 12 28 0T 44 389 07 55 48 LG 80L | 38 38U 34 a8 7 9.4
182| 87 12 28 10 53 68 11 38 32 LG ~200R | 75 34U 24 148 7 9.9




SATELLITE LASER RANGING IN 1987 13

(8) {9) (i0) (11) (12) (13} {14} {15) {16}

No. STN TMP PRESS HUM IDT BTS DTL COMMENTS
‘C nb % ns ps ns

121 7838 | 14.3 1013.8 80 7.6 ~0.8 0.8

122 7838 13,2 1015.3 80 7.5 -0.4 6.8

123 7838 18.8 i019.8 60 T.4 -0.3 0.8

124 7838 | 22.3 1014.3 71 7.4 ~-0.7 0.8 DAYTIME

125 7838 | 14.7 1016.0 93 7.2 -0.8 0.8

126 7838 | 1i.8 1010.6 53 7.2 -0.5 0.6

127 7838 9.1 i014.9 73 7.5 -0.8 0.6

128 7838 | 12.8 1010.4 83 7.2 -0.8 0.8

129 7838 9.8 1011.2 94 7.2 -0.8 0.6

130 7838 4.5 1012.1 71 7.5 -0.4 0.7

131 7838 2.9 1016.0 77 7.4 -0.6 0.7

132 1838 6.1 1011.2 58 7.5 -0.6 0.7

133 7838 | 10.0 1019.7 48 7.7 -0.3 0.7 DAYTIME

134 7838 4.3 1023.8 72 7.8 -G, 1 0.7

135 7838 | 10.8 1021.7 82 7.8 -¢.3 0.7

138 7838 8.8 1021.3 84 7.5 -0.3 0.7

137 7838 8.6 1008.4 89 7.6 -0.5 0.2

138 7838 13.4 1016.7 50 7.1 -0.6 0.1 DAYTIME

138 7838 9.3 1018.1 86 7.5 -0.7 0.1

140 7838 8.5 1018.6 1% 7.8 -¢.5 0.1

141 7838 8.8 1009.8 51 7.5 -0.7 -0.1

142 7838 6.5 1010.8 57 7.5 -0.7 0.1

143 7838 | 13.0 1014.9 38 7.4 ~1.0 -0.2 DAYTIME

144 7838 8.5 1017.1 58 7.5 ~0.9 -0.2

146 7838 7.2 1018.9 85 7.5 ~0.8 -0.2

148 7838 12.3 1019.3 63 7.6 ~0.4 -0.2 DAYTIME

147 7838 6.0 1020.2 87 7.5 -0.3 ~0.2

148 7838 { 14.8 1016.2 89 7.5 -0.2 ~0.2 DAYTIME

149 7838 8.8 10:3.2 47 7.6 -0.5 ~0.2

150 7838 | 14.1 1015.2 53 7.5 -0.5 -0.2 DAYTIME

151 7838 2.5 1013.8 64 7.6 -0.5 -0.2

152 7838 8.1 1014.3 T0 7.5 -0.5 -0.2

153 7838 | 12.3 10117.5 50 7.6 -0.6 -0.2 DAYTIME

154 7838 a.1 1017.3 46 T.4 -0.5 -0.2

156 7838 15.7 1019.4 32 T.6 ~0.4 -0.2 DAYTIME

158 7838 18.5 1019.3 43 7.5 -0.5 -0.2

187 7838 7.4 1018.3 43 7.3 ~-0.5 -0.2

168 7838 15.2 1014.7 85 7.8 -0.5 ~0.2

169 7838 | 15.4 1014.7 78 7.4 -0.7 -0.,2

160 7838 | 12.5 1010.4 47 7.8 -0.6 -0.2

181 7838 | 15.8 1007.5 80 7.5 ~0.7 -0.2 DAYTIME

162 7838 | 11.5 1008.4 56 7.6 ~0.8 -0.2




14 SATELLITE LASER RANGING IN 1987
{1) (2) Obs.Time{UTC) {3) {4)Az. (5)Elev. (8) (7)Fitting
No. date caught lost SAT. ST MX CT LT RTN N RMS
Y M D h m s E m s * ‘ ) ) cm
1 87 01 05 23 38 3871 23 43 17 ST ~55L 65 28U 37 56 10 11.7
2 87 01 08 14 45 857 14 50 00 8T 200L 50 24U 44 212 13 8.3
3 87 01 08 15 24 82 15 31 57 8T ~110R 55 23U 20 872 19 10.0
4 87 01 09 13 55 19 14 01 08 8T 200L 556 25U 29 94 i5 11.6
5] 87 01 13 13 23 43 13 3t 18 5T -128R 78 230 20 464 14 19.1
G 87 01 20 10 18 17 10 20 07 5T 200L 46 36 20 43 8 7.1
T 87 01 21 1¢ 35 15 10 38 51 5T 225E 86 69U 30 73 11 8.4
8 87 01 28 08 32 11 08 38 13 5T 210L 680 25U 28 37 14 9.4
g 87 01 30 15 27 21 15 28 38 5T ~55L 70 38 25 a8 6 9.8
io 87 02 05 08 20 57 06 28 47 5T -105R 85 37U 20 183 1T 11.7
11 87 02 05 13 40 40 13 46 33 ST -B65L 50 28U 28 345 18 i1.8
12 87 02 08 12 50 05 12 58 28 ST -65L 45 240 22 453 18 10.9
13 BT Q2 09 04 02 650 04 05 45 ST 2156L 65 63 30 205 11 10.2
14 87 02 10 04 19 32 04 26 04 ST ~126R 75 36U 23 304 17 14,2
156 87 02 10 11 38 39 11 46 35 ST -b5L 75 240 24 2b3 18 19.5
16 87 02 14 02 02 31 02 04 B8 ST 200L 45 44 27 118 10 g9.8
17 87 02 18 10 €0 14 10 04 19 8T -B0L 80 420 32 334 18 10.1
18 87 02 25 00 07 14 00 10 46 ST -105R 50 41U 39 93 11 11.6
1% 87 03 24 13 14 08 13 17 04 ST 1960L 40 33 21 109 8 9.8
20 87 03 25 13 46 54 13 656 04 ST -120R 70 22U 34 223 17 9.5
21 87 03 31 11 47 45 11 64 53 5T 225L 80 39U 26 140 is 8.1
22 87 04 03 10 57 b6 11 03 1% ST ~130R 85 52U 32 a4 15 8.2
23 87 04 08 08 55 23 08 01 27 ST 21s5L 70 28U 38 252 17 8.3
24 87 04 10 07 45 25 07 51 24 sT 190L 45 23U 30 185 13 8.3
25 87 04 13 06 55 17 o7 00 37 sT 195L 45 28U 32 31 T 10.9
26 87 04 20 12 56 23 13 00 01 ST -50L 80 B4y 54 101 10 8.5
27 87 04 23 12 03 22 12 11 19 ST -55L 75 2BU 29 270 9 16.2
28 87 04 24 10 33 30 14 40 41 ST -36R 50 24U 30 206 15 8.0
29 &7 056 27 23 47 44 23 50 23 ST ~35R 55 28 52 48 14 2.1
30 87 06 05 13 58 27 14 00 04 ST 220L 70 43U 29 588 13 8.8
31 87 06 07 12 44 39 12 51 13 5T 200L 45 30U 23 228 17 16.86
32 87 06 21 15 32 10 15 39 50 ST -3bR 50 21U 20 415 i8 16.2
33 87 08 23 08 55 09 03 58 08 ST -116R 65 47 20 210 9 8.1
34 87 08 28 08 03 08 08 06 0% ST -110R 60 b7 29 100 8 10.1
35 87 08 28 i5 20 55 16 27 54 ST -65L b 250 22 375 18 3.0
as 87 o7 09 10 28 43 10 33 54 8T -bOR 90 34U 50 83 13 8.0
37 87 07 10 09 01 438 09 08 09 ST -36R 45 41 20 144 10 8.2
38 87 07 24 04 26 B3 04 33 07 ST ~35R 40 38U 20 87 11 9.8
38 87 07 27 05 29 30 05 31 47 sT ~85L 50 38 21 T3 7 7.8
40 87 08 1t 23 45 39 23 46 b4 ST ~50L 75 48 34 28 5 11.3
41 87 08 14 15 28 43 15 30 08 ST -120R 70 368 659 39 8 14.7
42 87 08 18 14 17 17 14 24 54 ST 220L 786 220 21 449 14 15.4
43 87 08 17 14 37 06 14 44 11 ST -115R 60 24U 22 360 18 10.9
44 87 08 20 13 47 04 13 51 38 ST ~110R B5 28U 39 32 5 14.3
45 87 08 21 iz 17 38 i2 22 18 8T 204L 50 27U 36 156 i2 11.5
48 87 08 27 10 35 B9 10 40 08 ST 215L TF0 26U 66 113 12 a.5
47 87 08 238 i0 55 31 11 02 02 sT -120R | 65 27U 23 315 18 14.8
48 87 08 01 10 25 06 10 30 40 5T ~90R 35 240 21 278 17 1.1
49 87 09 04 16 05 23 15 12 29 8T -40R 55 25U 21 446 18 10.2
50 87 09 07 08 55 00 o1 00 40 ST 210L B8 3eu 23 346 18 9.3
51 87 09 07 14 14 30 14 19 13 ST -40R 60 23¢ 50 118 18 12.2
52 87 09 14 12 53 32 12 58 59 ST -B80L 860 30U 30 118 16 10.8
53 87 09 17 04 41 12 04 48 39 8T ~-110R 606 24U 21 277 9 14.7
54 87 09 18 05 02 48 05 07 55 ST -90R 35 30U 20 176 16 9.3
66 87 09 28 23 29 08 23 32 20 ST 200L 60 25 B0 42 8 10.9
58 87 10 02 00 28 17 00 35 09 ST -90R 40 25U 22 123 i 12.1
57 87 10 02 06 00 21 08 07 22 ST -40R 56 25U 20 393 18 10.2
58 87 16 08 04 18 52 04 25 12 ST -40R 85 28U 31 306 17 8.8
59 87 1¢ 23 00 05 39 00 07 26 ST -65L 75 31 53 28 7 8.5
] 87 10 28 15 02 44 15 04 23 ST -115R 65 44 81 46 8 7.4




SATELLITE LASER RANGING IN 1987 15

{8) ) {19) {11) (12) {13) {14} {15) (18}
No. STN ™P PRESS HUM IDT DTS DTL COMMENTS
'C mh % ns us Bs
1 7838 7.7 1013.0 76 8.8 -0.4 -0.1 DAYTIME
2 7838 4.3 1019.9 80 1.5 ~0.8 0.2
3 7838 5.7 1011.0 85 7.4 ~0.7 -3
4 7838 3.2 1010.1 57 7.4 ~0.4 ~0.3
5 7838 1.7 1004.5 10 1.6 ~0.2 ~0.4
8 7838 3.0 1018.8 B1 7.4 -0.4 ~0.7
7 7808 4.0 1021.9 89 7.4 0.3 0.7
] 7838 4.0 1018.9 | 53 7.0 -0.6 ~-0.8
g 7838 6.5 1014.1 73 7.2 -0.6 -0.8
10 7838 11.8 1009.2 52 7.0 -0,4 -0.8 DAYTIME
11 7838 3.9 1012.1 89 7.2 -0.3 -0.8
12 7838 7.9 1015.6 54 6.8 -0.4 -0.8
13 7838 186.5 1015.4 45 7.1 -0.4 -0.8 DAYTIME
14 7838 i8.8 1014.3 52 7.2 -0.4 -0.8 DAYTIME
15 7838 1.7 1015.4 86 7.0 -0.4 -0.8
16 7838 16.3 1019.8 45 6.7 -0.5 -0.8 DAYTIME
17 7838 T.5 1018.2 56 6.8 -0.9 ~-0.9
i8 7838 5.6 1003.8 15 6.8 -0.9 -0.8 DAYTIME
19 7838 i4.86 998.8 57 7.4 -0.6 -1.1
20 7838 3.1 1019.5 63 7.5 ~0.3 ~-1.2
21 7838 5.5 1012.8 57 7.4 -0.4 -1.3
22 7838 10.3 1007.8 67 1.5 ~3.8 ~1.4
23 7838 22.9 1006.4 44 7.1 -0.3 ~1.4 DAYTEIME
24 7838 20.9 996.9 81 1.8 ~0.2 ~1.5 DAYTIME
25 7838 10.6 1014.5 50 7.1 ~0.2 1.7 PAYTIME
26 7838 16.0 1015.7 88 7.2 -0.5 -1.9
27 7838 16.7 1004.3 83 7.4 -0.2 ~1.8
28 7838 i6.4 1009.8 86 7.5 -0.4 ~-1.7
29 7838 20.8 1005.1 58 7.7 -3.3 -1.8 DAYTIME
30 1838 23.2 1008.2 86 7.5 -0.3 -1.5
31 7838 22.5 1004.0 95 7.6 -0.8 ~1.4
32 7838 8.2 997.3 T8 7.5 -0.7 -0.8
33 7838 22.3 1001.2 T8 7.5 -0.4 -0.7 DAYTIME
34 7838 23.86 998.4 83 7.8 -0.7 ~-0.7 DAYTIME
35 7838 21.5 1000.3 g3 7.4 -0.4 -0.7
36 7838 256.2 1002.3 91 7.6 -.3 -0.5
37 7838 27.4 1003.4 69 7.8 -0.2 ~4.5 DAYTIME
38 7838 29.1 1008,7 82 7.6 -0.4 0.2 DAYTIME
39 7838 30.8 1008.86 72 7.5 -0.7 0.3 PAYTIME
40 7838 28.4 1010.86 a1 7.2 -0.4 0.6 BAYTIME
41 7838 24.7 1009.0 96 8.2 ~0.8 0.8
42 7838 25.2 1004.8 99 1.3 -0.8 0.8
43 7838 26.4 1003.8 89 7.2 -0.2 0.8
44 7838 24.6 1001.0 a5 7.4 0.4 0.8
45 7838 26.7 1001.8 87 T.4 -0.3 0.6
48 7838 26.9 1000.2 82 7.4 -0.86 0.7
47 7838 26.8 1001.8 88 7.2 ~-0.8 0.8
48 7838 24.8 1001.8 69 7.4 -0.4 1.0
49 7838 18.3 1004.0 93 7.4 -0.7 1.0
50 7838 27.3 1000, 1 76 7.3 -0.56 1.1 DAYTIME
51 7838 23.4 1001.4 93 1.4 0.1 1.1
52 7838 23.8 1000.5 81 7.8 -0.5 i.5
53 7838 29.6 991.8 51 7.4 0.2 1.5 DAYTEIME
54 7838 27.5 996.2 81 T.0 -0.3 1.5 DAYTIME
56 ‘7838 22.1 1012.8 67 T.8 -0.3 1.2 DAYTIME
56 7838 24.9 1002.1 83 7.6 -0.5 1.1 DAYTIME
57 7838 25.5 999.4 85 7.5 -0.8 1.1 DAYTIME
58 7838 2b.4 1009.0 75 7.6 -0.5 0.9 DAYTIME
59 ‘7838 19.1 1018.9 58 7.5 ~0.6 0.8 DAYTIME
80 T838 14.1 1015.86 84 7.4 -0.7 0.8




16 SATELLITE LASER RANGING IN 1987
{1) {2) Obs.Time{UTC) (3} {4)Az, {5}Elev, (6} {T)Fitting
No. date caught lost SAT. 8T M¥ CT LT RTN N RMS
Y M D h m s h m s * . * ) cm
61 87 11 05 12 09 39 12 17 14 ST ~120R 75 32U 26 241 i¥) 3.1
8z 87 11 06 12 28 22 12 36 39 sT ~100R 50 21U 25 200 17 8.5
63 87 11 08 1l 21 B2 i1 28 48 5T -1201 70 B7U 23 247 13 1.2
64 a7 11 08 11 38 31 11 44 37 ST -95R 46 28U 32 97 15 9.8
65 87 12 02 10 06 45 10 08 54 ST -40R 70 40 BT 183 ] 8.7
66 87 12 03 08 36 00 08 42 24 ST -26R { 33 22U 22 271 13 8.3
67 87 12 03 10 24 38 10 33 40 8T -55L | 76 25U 21 643 19 12.3
68 87 12 04 10 44 08 10 52 37 8T -85L | 45 22U 20 683 17 8.3
69 87 12 07 09 53 59 10 01 27 sT -70L 40 24U 20 549 14 8.5
70 87 12 08 08 28 10 08 32 10 ST ~-45R 80 54U 23 237 17 4.3
71 87 12 12 a0 31 54 a0 38 24 5T -110R 50 21U 28 488 18 8.3
T2 87 12 14 06 42 22 06 50 11 ST -b0L 80 24U 28 590 19 12.9
73 87 12 17 05 51 49 g8 00 16 ST -B658L 15 24U 20 247 9 13.1
T4 87 12 22 03 50 45 03 58 14 8T -45R 80 20U 20 503 14 14.9
75 87 12 23 02 22 17 02 27 29 ST -30R 33 22U 24 144 12 7.7
76 87 12 25 03 00 28 03 08 31 ST ~-50R 85 23U 20 208 14 18.3
77 87 12 26 G1 32 62 01 37 24 ST -26R 35 30U 22 238 11 8.8




SATELLITE LASER RANGING IN 1987

17

(8) {9} {10) (11} (12} (13) (14) (15} (168}

No. STN THMP PRESS HUM IpT DTS DTL COMMENTS
e mb % ns ns us

61 7838 ] 10.3 1011.7 60 7.2 -0.8 0.6

62 7838 8.5 1015.2 78 7.6 -0.9 0.6

63 7838 | 12.4 1010.4 81 7.3 -0.4 0.6

64 7838 | 12.8 1010.5 81 7.1 ~0.8 .6

65 7838 4.5 1016.4 83 7.8 -0.3 0.8

66 7838 7.0 1011.7 61 7.5 ~0.5% 0.7

67 7838 4.2 1011.9 12 7.5 -0.8 0.7

68 7838 4.3 1015.6 71 7.8 -0.4 0.7

69 7838 5.2 1022.8 65 7.8 -06.2 Q.7

T0 7838 11.4 1022.3 B84 7.8 -0.3 G.7

7L 7838 12.8 1006.1 B8O 7.8 -0.4 0.3 PAYTIME

T2 7838 iz2.6 1017.3 49 T.6 -0.86 G.1 DAYTIME

73 7838 | 14.2 1014.7 39 7.7 ~0.9 -0.2 DAYTIME

74 7838 | 15.6 1013.4 48 7.8 ~-0.3 ~0.2 DAYTIME

75 7838 | 14.7 1018.7 39 7.7 -0.3 ~0.2 DAYTIME

6 7838 | 18.8 1018.5 44 7.2 -0.8 0.2 DAYTIME

77 7838 | 18.6 1015.5 50 7.8 -0.8 ~0.2 BAYTIME




18 SATELLITE LASER RANGING IN 1987

{1) (2) Obs.Time{UTS} (3) {4)Az. {5}Elev, {6) (T)Fitting
No. - date caught lost SAT. . 8T MX CT LT RTN N RMS
Y M b h m s h m s N ' ' ' c@
1 87 01 08 02 41 08 G2 52 05 AJ -35R 40 220 21 T44 19 10.5
2 87 01 08 04 43 B2 04 B6 14 AJ -56L 80 30U 23 887 19 9.1
3 87 01 08 02 54 25 03 06 15 AJ . —40R 55 21¥ 25 1016 20 10.7
4 87 01 08 04 58 51 05 08 37 AJ . ~BSL 50 230 20 B26 19 10.8
5 87 01 09 02 01 57 02 11 08 Al 358 40 210 25 487 14 11.0
8 87 01 089 04 02 16 04 15 24 AJ -6BL 78 22U 20 1127 20 10.1
T 87 01 13 00 26 51 00 36 47 AJ -35R 35 23U 20 494 . |18 9.8
8 87 01 13 62 28 0b 02 37 30 - AJ ~48R 85 24U 47 802 ig 9.9
g 87 01 14 01 34 04 01. 46 44 Al —40R 80 24U 20 985 19 10.7
10 87 01 14 03 36 20 03 42 48 AJ ~85L, 40 22U 40 253 17 10.8
11 87 01 15 17 36 03 17 47 07 AJ 205L 55 30U 21 688 . |19 16.8
12 87 01 15 23 45 59 23 58 28 AJ -35R 37 22U 21 616 9 16.8
13 87 01 18 01 47 42 01 52 63 AJ ~-60L 80 24 174 282 13 11.7
14 87 0L 17 00 53 19 01 08 10 AJ -40R 85 22U 22 1007 20 9.0
15 87 0% 17 02 58 10 03 05 48 AJd ~-70L 37 22U 24 275 iT 11.1
18 87 01 19 18 01 44 18 14 45 Ad -110R 80 2ip 21 1164 20 11.4 L,
17 87 01 20 00 12 57 00 24 49 Ad ~45R 70 228 29 932 19 10.8
i3 87 01 20 02 16 18 02 21 31 AJ -75L 35 220 34 114 5 11.4
19 87 01 21 16 13 46 16 21 45 Ad 210L TG 23U BT 830 19 9.8
20 87 01 25 14 40 54 14 51 48 AJ 1990L 50 27U 21 56 T 8.9
21 87 01 28 16 48 37 15 59 17 AT -120R 75 33U 25 184 g 0.7
22 87 01 27 00 01 15 00 08 49 AJ -B80L 37 24 387 453 18 10.4
23 87T 01 27 t4 53 58 14 b7 47 AJ 220L 65 28 65 285 k2] 9.6
24 87 01 28 14 00 24 14 09 30 AJ 200L 55 27U 33 278 17 8.7
25 87 01 30 14 15 27 14 24 12 AJ 2251, B5 44U 29 515 18 11.3
28 87 0t 30 16 16 28 16 28 15 AJ -80R 38 220 24 454 14 12.5
27 87 02 01 12 30 04 12 34 1t AJ 185L 38 36 31 58 T 19.0
28 87 02 03 12 38 18 12 49 68 AJ 210L 65 220 27 F33 19 8.9
pits] 87 02 04 11 45 37 11 68 37 AJ 190L 40 220 20 1009 16 10.5
30 87 02 04 13 47 04 13 58 02 Al -110R B8O 27U 20 750 19 10.86
3 87 02 04 15 51 34 18 00 38 AJ ~BOR 30 21U 20 497 i8 i0.2
iz 87 02 05 12 561 50 13 05 07 AJd -130R 85 23U 20 1097 20 i0.0
33 87 02 05 14 58 05 is 08 22 AJ ~75R 365 21U 21 372 8 8.8
34 87 02 08 12 12 10 12 24 30 AJ -12ER 80 27U 21 189 14 0.0
35 87T 02 08 14 16 10 14 25 57 Al -7T0R 36 22U 21 434 18 1.2
36 87 02 09 11 17 41 11 30 23 AJ 2150 76 23U 22 1522 20 9.5
37 87 02 09 13 20 58 13 32 09 AJ -86R | 40 22U 20 586 19 19.9
1] 87 02 10 10 25 28 i0 36 13 AJ 196L 50 28U 20 1030 26 10.4
39 8% 02 10 12 25 33 12 38 20 AJ -106R | 65 21U 20 925 19 9.8
40 81 02 13 11 46 30 1t 57 69 Ad -100R 50 27U 20 1034 20 10.2
41 87 02 15 12 00 51 12 11 29 AJ -86R 38 23U 20 618 ig 10.0 )
42 87 02 18 09 03 04 09 15 47 Al 205L 60 228 20 507 14 10.9 [
43 81 02 20 07 30 0% 07 38 37 AJ 185L 40 24U 30 198 13 9.8
44 87 02 20 13 39 55 13 49 42 AJ -36R 32 21U 20 516 is 9.8
45 87 02 20 15 42 31 15 54 46 Ad ~45R 70 28U 20 THO 14 9.8
46 8T 02 22 13 53 57 14 04 24 AJ -35R 40 23U 23 210 7 10.5
47 87 02 23 0B 50 52 09 02 BO AJ -110R 55 25U 20 522 14 9.6
48 87 02 23 15 01 41 16 12 29 Ad ~-45R | 75 25U 32 1009 18 8.8
48 87 02 25 09 06 27 09 16 19 AJ ~85R 40 28U 20 220 17 10.4
50 87 02 28 06 08 31 06 20 06 AJ 200L | 50 27U 22 117 18 9.3
51 87 02 26 08 11 42 08 22 18 AJ -105R B85 310 21 386 18 8.6
52 87 02 28 12 19 36 12 29 25 Ad -35R 35 220 21 413 g 9.0
53 87 03 05 12 10 46 12 18 55 AJ -45R 85 bBU 22 585 i5 9.9
54 87 03 08 i1 26 50 i1 38 48 AJ -4B5R T0 200 21 1364 20 B.8
56 87 03 11 08 44 11 03 53 55 AJ ~35R 33 22U 20 158 T 9.8
58 8T 03 11 10 46 12 10 57 46 AJ ~-45R 76 21U 20 1238 14 10.3
57 8T 03 12 05 47 10 05 52 02 AJ -T5R 33 30U 29 10 5 7.8
58 8T 03 16 02 06 31 02 18 27 AJ 220L | 80 28U 22 i25 ] 11.9
59 87 03 16 04 09 38 04 18 B7 Ad -86R | 40 23U 26 514 14 9.8
80 87 03 18 02 19 39 02 29 44 AJ -120R | Y0 23U 38 945 19 9.9




SATELLITE LASER RANGING IN 1987 i9

- (8) (8) -1 (10) {11) (12) (13) (14} (15) {18)
No. STN ™P PRESS HUM IDT DTS DTL COMMENTS
‘C mb % ns ps ns

1 7838 11.8 1013.1 59 T.4 -0.4 -0.2 DAYTIME
2 7838 13.7 1012.98 60 7.6 -0.3 -0.2 DAYTIME
3 7838 13.3 1008.2 45 T.4 -0.3 -0.3 DAYTIME
4 7838 14.0 1008.2 46 T.5 -0.2 -0.3 DAYTIME
5 T838 13.4 1009.7 49 T.7 -0.3 -0.3 DAYTIME
6 7838 14,1 1008.0 43 T.8 -0.4 -0.3 DAYTIME
7 7838 3.4 885.5 81 7.4 -0.4 -0.4 DAYTIME
8 7838 4,2 995.3 1+ 7.5 -0.2 -0.4 DAYTIME
9 7838 6.0 1013.0 48 7.6 ~-0.5 -0.,5 BAYTIME
10 7838 7.1 1011.4 40 7.6 -0.8 -0.5 DAYTIME
i1 7838 4.3 1021.0 T2 7.6 -0.5 -0.5

12 7838 6.9 10622.1 88 7.6 -0.6 -0.5 BAYTIME

13 7838 12.8 i022.3 58 7.6 -0.5 -0.5 DAYTIME
14 7838 156.6 1017.8 84 7.4 ~0.8 ~-0.8 DAYTIME
15 7838 16.5 1005.5 47 7.4 ~0.5 ~0.8 DAYTIME
18 1838 1.3 1012.3 87 7.5 ~0.5 ~0.7 -

17 7838 5.7 1016.9 50 7.5 0.8 ~0.7 DAYTIME
i8 1838 8.5 1016.0 40 7.8 ~0.4 0.1 DAYTIME
19 7838 2.9 10623.0 83 7.8 0.3 ~0.7

20 7838 ~0.6 1015.2 64 7.8 -0.7 0.8

21 7838 ¢.5 1019.1 75 T.3 -0.7 ~0.8

22 7838 6.6 1019.7 b4 T.4 -0.2 -0.8 DAYTIME
23 7838 6.3 1016.7 71 T.0 ~-0.2 -0.8

24 7838 6.2 1020.2 59 7.1 ~-0.,3 -0.8

25 7838 5.8 1014.5 79 6.8 0.7 -D.8

26 7838 6.6 1014.1 70 7.3 -.6 -0.8

27 7838 2.8 1020.2 66 7.1 -0.6 -0.8

28 7838 3.8 896,86 67 7.1 -0.F -0.8

29 7838 2.1 1009.0 55 7.2 ~0.4 -0.8

30 7838 1.6 1009,7 62 5.8 -0.1 -0.8

33 7838 0.8 1009,9 74 7.4 -0.3 -0.8

32 7838 3.1 1011.9 75 T.2 -0.3 -0.8

33 7838 3.9 1012.5 68 7.3 -0.2 -0.8

34 7838 8.0 1615.2 jili] 7.0 -0.3 -0.8

35 T838 T.7 1616.0 54 7.1 ~0.4 -0.8

a8 7838 8.5 1017.1 T3 7.1 ~0.3 -0.8

37 7838 8.3 | 1017.3 T2 7.2 -0.5 ~-0.8

38 7838 13.2 1015.2 30 7.0 0.5 ~0.8

39 7838 11.0 '} 1015.4 8¢ 7.1 -0.5 ~0.8

40 7838 8.1 i0i2.1 92 6.8 -0.4 ~0.9

41 7838 4.4 1015.86 72 T.1 -0.8 -0.9

42 7838 9.0 1017.6 48 6.8 -0.9 ~0.9

43 7838 11.1 1014.6 87 6.4 -0.7 ~0.9 DAYTIME
44 7838 5.2 1017.8 55 6.8 -0.86 -0.9 :
45 7838 3.5 1018.0 59 .0 ~0.6 ~0.9

46 7838 4.0 1010.4 99 7.1 -1.1 -0.9

47 7838 1.0 1009.5 44 8.5 -0.8 -0.9

48 7838 5.8 ‘10117 65 8.8 ~0.8 -0.9

49 7838 2.8 1007.2 47 6.8 ~0.9 -0.8

50 7838 5.7 1006.2 37 B.4 - -1.0 ~0.8 DAYTIME
51 7838 4.4 1606.0 40 ‘8.8 -0.9 ~0.8 DAYTIME
52 7838 2.4 1007.7 47 6.8 -1.1 ~0.8"

53 7838 10.86 1008.0 87 6.3 -0.6 -0.8

54 7838 8.4 1011.0 85 6.3 -0.8 -0.8

B5 7838 9.1 1004.2 60 7.6 -0.4 -0.8 DAYTIME
56 7838 7.7 1006.6 62 7.8 -0.4 -0.8

87 7838 | 13.8 1031 84 7.5 -0.2 ~0.8 DAYTIME
58 7838 { 12.B 1010.1 48 6.6 -0.4 5.9 DAYTIME
59 7838 | 12.9 1009.3 50 7.5 -0.4 -0.9 DAYTIME
;1] 7838 | 17.0 1007.8 45 7.5 -0.4 ~1,0 DAYTIME




20 SATELLITE LASER RANGING IN 1987
(1) £2) Obs.TIlme{(UTC) (3) (4}Az. {5)Elev. {8) (7)Fitting
No. date caught lost SAT. ST MX CT LT RTN N RMS
Y M D h m s h m s * ) . ' cm
61 87 03 18 08 30 38 08 42 54 AJ -40R 65 210 24 520 18 9.8
62 | 87 03 18 10 34 03 10 44 05 AJ ~70L | 40 25U 20 3T7g 18 i1.0
63 87 63 20 06 43 07 06 53 48 AJ ~-36R 37 22U 20 582 19 3.7
84 8T 03 20 08 44 45 08 57 04 AlJ ~-50L 85 24U 24 733 g 10.3
60 87T 03 24 05 11 07 05 14 28 AJ -40R 32 28U 31 65 7 9.4
86 87 03 25 60 04 39 00 17 38 AJ -125R 80 234U 21 921 9 10.4
587 87 03 25 06 17 25 08 26 48 AJ -40R 56 28U 30 595 19 9.8
68 87 03 28 05 22 24 05 33 32 AJ -35R 40 220 20 825 19 8.1
68 87 03 28 o7 28 31 07 36 62 AJ -565L T8 21U 20 1084 g 10.0
T0 87 03 27 00 18 44 00 31 08 AJ -108R 55 22U 22 682 19 2.1
71 87 03 27 04 28 57 04 37 57 AJ ~35R 33 23U 20 243 T 8.5
72 87T 03 27 08 30 37 06 38 24 A¥ -45R 80 28U 55 543 18 9.3
73 87 03 31 00 49 01 00 57 18 AJ -85R 32 21U 24 141 T 8.2
T4 87 03 31 04 55 38 05 Q5 39 AJ -40R 80 24U 35 502 18 10.%
T5 87 ¢4 03 23 14 65 23 23 10 AJ -80R 37 270 24 234 13 9.9
76 87 04 04 03 21 08 03 33 11 AJ -40R 5O 220U 20 523 18 9.8
T7 87 04 10 02 01 13 02 06 10 A -40R 56 28 51 86 9 9.1
78 87 04 10 ¢4 06 13 o4 07 08 AJ ~B0L 50 43 47 30 5 9.2
79 87 04 13 61 20 42 01 28 01 Al ~40R 80 26U 50 327 18 10.4
80 87 04 13 03 22 04 03 33 08 AJ -856L 45 21U 23 234 7 8.9
81 87 04 14 02 28 12 02 33 59 AJ ~58L 70 25 68 1056 12 16,8
82 87 04 16 00 42 41 00 47 29 AJ -40R 60 42U 54 85 11 8.1
83 87 04 16 042 42 22 02 52 52 AJ -TOL 40 23U 21 13 15 g.1
84 87 04 20 41 09 26 01 18 34 AJ -60L 60 36U 28 345 14 g.7
85 87 04 20 16 01 21 16 12 47 AJ 206L 60 30U 20 428 18 10.7
86 87 04 2t 00 18 39 00 19 19 AJ -b0L 85 78 84 37 3 9.4
87 87 04 23 15 20 02 15 30 08 AJ 210L 85 25U 85 373 18 10.4
88 8T 04 23 23 32 30 23 40 58 Al -50L 80 22U 80 521 14 8.9
89 87 04 24 18 27 55 18 37 61 Al -110R 80 24U 34 5886 19 9.8
90 87 04 28 22 53 28 23 05 00 AJ -55L O 280 22 187 9 10.2
g1 87 04 29 14 07 27 14 12 Q0 AF 220L 80 &85 20 225 9 8.3
92 87 05 01 14 20 25 14 22 22 AJ ~120R 85 81 42 B6 T 8.8
98 87 05 03 12 26 50 12 37 23 AJ 205L 80 28U 20 1103 20 8.9
94 87 05 03 14 26 49 14 39 07 AJ ~100R 50 21U 20 867 19 9.0
95 87 05 04 11 32 50 11 42 31 AJ 180L 37 25U 20 574 19 9.8
896 87 05 04 13 32 02 13 45 18 AJ -115R 856 21U 2o 813 14 10.1
a7 87 G5 06 14 42 02 14 52 43 AJ -80R 37 22U 20 508 18 11.0
98 87 a5 08 11 47 28 11 53 40 AJ 210L 60 44U 42 478 18 10.6
99 87 05 06 13 48 4% 13 58 28 AJ -95R 45 32U 3z 562 12 8.6
100 87 06 07 12 52 12 13 04 53 AJ -110R 80 24U 20 909 i2 9.1
101 87 05 08 11 58 8B 12 10 40 AJ -130R 85 31 22 803 g 8.8
102 87 05 10 10 14 B4 10 20 05 AJ 130L 45 43U 31 74 11 8.8
103 87 05 19 08 10 33 08 21 30 AJ 205L 60 32U 20 T892 19 8.9
104 87 05 19 16 11 10 10 22 b9 AJ ~-100R 50 22U 22 309 1 9.7
105 87 05 24 13 53 12 14 05 58 AJ -40R 60 2iU 2¢ 1094 20 19.5
106 87 05 28 Q8 07 17 a6 12 o2 AJ 2151 75 21 80 131 13 2.9
107 87 05 28 Q8 20 48 08 22 21 Ad -B5R 40 26 20 28 5] 6.0
108 87 05 28 12 19 04 12 30 486 AlJ -35R 40 220 20 1091 20 9.8
169 87 05 28 14 20 31 14 33 56 AJ ~65L 70 210 20 1271 14 9.7
110 87 05 31 11 39 38 11 47 33 AJ ~35R 45 2BY 3b 538 12 8.9
111 87 05 31 13 40 22 13 63 2t AJ -65L 66 22U 20 806 18 1.6
112 87 06 01 04 37 35 04 42 28 AJ 200L 565 47U 41 184 11 9.4
113 87 08 01 08 44 53 06 47 41 AJ -100R 606 37 21 40 5 10.8
114 87 08 01 10 45 09 10 65 08 AJ -3b6R 35 23U 21 66% 9 8.7
ii6 87 08 04 10 04 10 10 15 17 AJ -36R 37 20U 20 627 i4 10.4
118 BT 06 04 12 05 47 12 18 59 Al ~50L 85 22U 22 270 9 12.0
117 87 06 05 03 05 18 03 09 57 AJ 185L 38 38 25 44 5 9.3
118 87 068 056 11 18 31 11 24 35 AJd -45R 70 87 22 172 10 B.B
118 87 08 05 13 17 17 13 23 38 AJ -7T5L 35 32U 26 243 13 10.8
120 87 06 10 08 51 39 08 65 08 AJ -35R 40 35 20 65 9 4.6




SATELLITE LASER RANGING IN 1987
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{8} (9} (10) {11} (12) {13} (14} {15) (18)
No. STN TMP PRESS HUM InT bBTS DTL COMMENTS
' G mb % ns us us
61 7838 14.2 1008.8 64 7.4 -0.4 -1.0 DAYTIME
62 7838 | 1i.5 1010.8 80 7.6 -0.4 -1.0
63 7838 | 17.8 1003.8 66 7.8 -0.3 ~1.0 DAYTIME
64 7838 | 15.3 1008.0 7t 7.1 -0.4 ~1.0 DAYTIME
65 7838 2%.7 990.4 15 7.3 -0.3 -1.1 DAYTIME
66 7838 | 16.4 1000.9 55 7.5 -0.7 -1.2 DAYTIME
87 7838 | 16.4 1001.8 33 7.4 -0.8 ~1.2 DAYTIME
68 7838 | 11.5 1013.0 46 7.5 -0.3 -1.2 DAYTIME
69 7838 | 11.8 1013.4 45 7.5 0.0 -1.2 DAYTIME
70 7838 | 10.3 1020.8 45 7.8 -0.3 -1.2 DAYTIME
71 7838 | t2.1 1019.7 48 7.5 -0.3 -1.2 DAYTIME
72 7838 | 12.6 1017.8 51 7.8 -0.2 -1.2 DAYTIME
73 7838 | 17.1 1008.4 53 6.5 -6.7 -1.3 DAYTIME
74 7838 | 17.0 1004.9 40 7.4 -0.8 -1.3 DAYTIME
75 7838 2.8 1012.5 60 T.4 ~0.8 ~-1.4 DAYTIME
76 7838 | 19.4 1011.4 as 7.5 -0.8 -1.4 DAYTIME
77 7838 20.9 g98.1 83 7.3 -0.5 -1.5 DAYTIME
78 1838 22.8 8997.7 72 7.3 ~0.2 -1.6 DAYTIME
ii:] 1838 0.7 10156.9 46 7.2 ~0.3 -1.7 DAYTIME
80 7838 | 10.9 1015.8 43 7.3 ~0.3 -1.7 DAYTIME
81 7838 | 11.5 1019.7 61 7.3 -0.4 ~1.7 DAYTIME
82 7838 | 16.0 1018.1 68 7.3 -0.3 -1.8 DAYTIME
83 7838 | 16.9 1018.8 89 7.3 -0.3 -1.8 DAYTIME
84 7838 | 21.2 1017.0 48 7.3 0.2 -1.9 DAYTIME
86 7838 | 15.2 1015.1 96 7.4 -0.5 -1.¢
86 7838 | 19.9 1014.2 80 7.1 -0.5 -1.9 DAYTIME
87 7838 13.8 1004.7 13 7.4 -0.4 -1.8
88 7838 | 20.8 1007.9 43 7.4 -0.4 -1.8 DAYTIME
89 7838 10.6 1012,.2 86 7.6 -0.4 -1.7
80 7838 | 13.1 1011.7 59 7.3 -9.8 -1.7 DAYTIME
91 7838 | 12.6 1015.89 92 7.5 -0.1 -1.8
92 7838 | 18.8 1002.8 91 7.4 -0.6 ~1.9
93 7838 13.3 1002.4 57 7.5 ~0.3 -1.8
94 7838 11.9 1004.0 58 7.8 -0.8 -1.8
95 7838 11.6 1011.9 78 7.8 -0.2 -2.0
g8 7838 | 10.4 1012.8 77 7.7 -0.3 ~2.0
o7 7838 | 11.8 1010.0 68 7.6 -0.3 ~2.0
g8 7838 | 14.0 1008.8 69 7.8 -0.2 2.1
89 7838 [ 12.8 1008.4 78 7.7 -0.2 ~2.1
100 7838 | 13.3 1016.1 81 7.5 -0.4 ~2.1
101 7838 { 15.4 1016.2 94 7.7 -0.4 -2.2
102 7838 | 16.8 1018.9 80 7.8 -0.2 -2.2
103 7838 | 20.4 1014.5 86 7.5 -0.5 -2.1 DAYTIME
104 7838 | 18.4 1015.2 92 7.8 ~-0.6 -2.1
105 7838 | 19.2 1009.1 86 7.8 -0.9 -1.9
106 7838 | 21.1 1006.0 80 7.8 ~-0.2 -1.8 DAYTIME
107 7838 | 20.4 1006.4 87 7.5 -0.5 ~1.8 DAYTIME
108 7838 | 15.5 1009.7 91 7.7 -0.5 ~1.8
109 7838 | 14.2 1010.8 a6 7.4 -0.4 ~1.8
110 7838 | 18.1 1012.3 986 6.5 -0.4 -1.8
i1 7838 | 18.7 1013.0 98 7.4 ~0.2 -1.6
112 7838 | 23.1 1014.7 79 7.5 -0.2 -1.68 DAYTIME
113 7838 22.3 1014.1 79 7.6 -0.1 -1.8 DAYTEIME
114 7838 | 19.8 1014.8 89 1.6 -0.4 ~-1.8
116 7838 24.1 1006.4 Ti 1.6 ~0.5 -1.5
116 7838 22,3 1007.9 76 7.8 -0.5 -1.5
117 7838 | 28.0 1008.2 79 7.8 -0.2 ~1.5 DAYTIME
118 7838 24.8 1007.5 82 7.8 -0.3 ~1.8
119 7838 22.8 1008.0 80 7.8 -0.1 -1.8
120 7838 | 22.5 1003.1 74 7.8 -0.8 -1.2 DAYTIME




22 SATELLITE LASER RANGING IN 1987
{1} (2} Obs.Time(UTC) {3} {4}Az. (8)}Elev. (8) {7T)Fitting
No, date caught lost SAT. ST MY cr LT RTN N RMS
¥ M D h m s h m s ) : ) * cm
121 87 08 12 02 47 54 02 51 b4 AJ -125R 80 37 178 113 8 10.6
122 87 06 17 02 25 51 02 28 33 AJ -100R 55 51 40 62 ki 9.2
123 87 08 17 08 36 13 08 39 356 AJ . -35R 35 32 20 160 10 9.0
124 87 08 18 o7 38 36 07 42 01 AJ ~45L 65 35 862 85 9 9.2
125 87 068 21 23 50 52 23 57 00 AJ 130R 90 24 88 664 19 9.0
126 87 06 22 61 55 19 02 06 13 Al -756R 35 24U 20 746 i5 9.0
127 87 08 22 068 02 27 08 14 25 Al -40R 50 23U 21 395 18 B.7
128 87 06 22 08 08 57 08 16 43 AJ -80L 56 52U 20 298 17 13.98
129 87 08 25 01 14 BB 01 24 59 Ald -T6R 356 22U 20 361 T 10.5
130 87 08 25 06 21 27 05 3t 04 Ald -40R a5 20U 38 85 2 11.8
131 87 08 25 07 29 30 07 35 B7 AJ -65L 55 51U 20 818 13 10.0
132 87 08 28 00 19 1% 00 30 01 Ad -90R 45 210 24 594 19 10.3
133 87 06 286 04 30 50 04 38 14 AJ -356R 40 35U 25 423 18 9.6
134 87 06 28 06 36 28 08 42 38 AJ ~-BBL TH 73 20 458 10 8.7
1356 87 0B 26 23 26 44 23 34 21 AJ -110R 55 290 38 328 k4 9.9
136 87 07 04 03 22 18 03 33 42 AJ -40R 65 32U 20 1009 20 9.4
137 87 07 08 01 46 10 ©1 58 32 AJ -40R 50 21y 21 528 18 9.7
138 87 07 08 18 41 62 18 53 31 AJ 210L 65 220 22 1005 20 8.9
139 87 07 1% 0L 43 37 01 45 39 AJ -55L 70 38 24 48 6 7.9
140 87T 07 24 14 25 48 14 37 49 AJ 210L 65 25U 22 1246 20 9.9
141 8T 07 24 18 27 58 i8 3% 51 AJ ~90R 45 21U 20 1153 is 8.7
142 87 07 26 14 40 285 14 51 57 AJ -125R 80 33U 20 1546 20 7.7
143 87 07 28 12 55 02 12 58 59 AJ 195L 50 41U 43 153 8 10.2
144 87 07 28 14 58 02 15 04 24 AJ -106R 56 53U 28 433 12 9.9
145 87 07 29 13 59 18 14 11 42 AJ ~-125R 16 270 20 1480 20 9.3
148 87 07 29 i8 03 0g 16 11 40 AJ ~T0R 33 21U 25 862 7 T.1
147 87 08 03 i1 30 21 11 42 30 AJ 205L 55 21y 22 1577 18 8.3
148 87 68 03 i3 35 18 13 40 28 AJ -9b6R B0 36U 44 533 10 8.4
148 87 08 08 12 52 53 13 04 10 AJ . -95R 45 24U 21 526 15 8.9
150 87 08 11 12 28 09 12 37 32 AlJ ~-75R 356 23U 2¢ 5178 13 8.7
151 87 08 12 09 29 10 09 42 14 AJ 215L 70 23U 20 1181 14 9.5
152 87 08 12 11 32 12 11 40 b2 AT -90R 40 210 23 719 13 8.8
153 87 08 12 15 43 45 15 48 36 AJ -40R 40 380 381 701 11 16.0
154 B7 08 14 15 53 48 15 58 34 AJ -40R 80 21 57 388 10 8.7
155 87 08 18 16 07 31 16 21 00 AJ ~50R 85 214 20 1563 16 10.2
158 87 08 17 07 02 46 07 11 35 AJ 180L 35 220 23 789 14 8.7
157 87 08 17 09 02 05 09 15 28 AJ -120R 70 210 20 1422 20 3.5
158 87 08 17 15 13 32 16 25 22 AJ -40R 60 21U 27 15498 20 g.1
159 87 08 18 08 10 42 08 18 33 Al 2251 80 39U 40 485 18 9.7
160 87 08 19 07 15 13 07 27 14 AJ 205L 80 25U 20 1139 20 8.8
181 87 68 19 09 16 38 09 28 57 AJ -100R 50 21V 20 T47 19 9.2
162 87 08 20 08 26 0t 08 34 b0 AJ -115R 85 bBOU 22 502 18 9.5
183 87 08 20 14 34 18 14 46 15 AJ ~45R 85 27U 21 BG4 19 8.3
164 87 08 21 01 28 58 07 37 54 Ad 225L 90 290 43 465 18 9.0
165 87 08 21 09 32 07 09 42 41 AJ -76R 35 220 20 328 18 10.3
168 8T 08 21 13 40 13 13 51 41 Al -40R 50 28U 20 877 19 10.4
187 87 08 23 13 53 02 14 08 07 AJ ~45R 70 220 20 683 14 10.4
168 87 08 24 13 04 28 13 10 00 AJ -40R 56 B1U 28 348 10 8.6
169 B7 08 24 16 01 58 15 13 10 AJ -60L 86 27U 21 T44 19 9.4
170 87 08 25 14 15 02 14 19 30 AJ -50L 80 59 22 414 19 8.5
17t 87 08 26 06 01 26 05 07 04 AJ 1951, | 45 26U 44 270 13 10.4
172 87 08 26 07 08 50 07 11 36 AJ ~-105R 60 BB 36 127 5 10.2
173 87 08 28 13 12 57 13 25 42 AJ -45R 75 24U 21 833 14 10.4
174 87 08 27 08 13 17 08 21 33 AJ -TOR 33 27U 21 452 1 8.8
176 87 08 28 05 18 12 06 26 28 AJ 21BL T8 84U 20 810 15 8.8
178 87 08 28 07 20 01 07 28 00 Ad ~90R 40 37U 20 548 i8 10.1
177 87 08 28 11 28 47 11 33 39 Al ~35R 40 39U 32 299 8 0.3
178 87 08 28 13 26 24 13 38 08 AJ ~55L 70 220 43 788 19 9.4
ive 87 08 01 03 46 51 03 51 31 A 200L 66 48 21 182 9 9.3
180 8T 09 01 06 42 51 05 50 38 AJ -100R 50 30U 37 277 ki 2.8
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(8) (9) (19} {11) - {12) (13) (14) (16} (18)

No. STN T™P PRESS HUM IBT DTS DTL COMMENTS
'C mb % ns ns ns

121 7838 | 22.7 1009.5 &6 7.6 -0.5 -1.1 DAYTIME

iz2 7838 23.4 1009.9 15 1.6 -0.5 ~-0.8 DAYTIME

123 7838 23.7 1009.7 75 - 1.5 -0.4 -0.8 DAYTIME

124 T838 23.3 1012.3 81 - 7.5 -0.4 -0.8 - DAYTIME

1256 7838 22.2 998.8 1] 1.5 -0.5 -0.8 DAYTIME

126 7838 22.8 - 999.2 62 - 1.8 -0.4 -0.8 DAYTIME

127 7838 21.9 999.0 8O 7.6 -0.5 -0.8 DAYTIME

128 7838 21.8 999.0 18 T.8 -0.5 -0.8 DAYTIME

129 7838 | 24.7 996.4 62 7.5 -0.4 -0.7 DAYTIME

130 78238 | 26.0 985.3 48 7.8 -0.5 -0.7 DAYTIME

131 7838 | 25.2 994.6 50 7.4 -0.7 ~0.1 DAYTIME

132 7838 | 24.5 997.8 71 7.8 -0.4 -0.7 DAYTIME

133 7838 | 24.6 988.4 78 7.8 -0.6 -0.7 DAYTIME

134 7838 | 24.3 - 998.4 81 7.8 -0.5 -0.7 DAYTIME

135 7838 | 26.4 1002.1 76 7.8 -0.4 ~-0.7 DAYTIME

138 7838 | 27.6 998.4 76 7.6 -0.5 -0.7 DAYTIME

187 7838 | 27.2 1000.8 89 7.6 ~0.2 -0.5 DAYTIME

138 ¢ 17838 | 20.5 1501.7 86 7.8 -0.4 -0.5

138 ¢ 7838 | 23.8 1007.3 90 7.4 ~0.6 -0.3 DAYTIME

140 7838 | 25.8 1008.90 96 © 7.4 ~0.2 0.2

141 7838 | 25.9 1008.86 93 7.5 -0.4 0.2

142 7838 | 25.9 1010.1 30 1.5 -0.6 9.3

143 7838 26.9 1007.5 ki) 7.5 -0.6 0.4

144 7838 25.9 1007.0 T3 T.4 -0.7 6.4

145 7838 25.3 1005.3 27 7.4 =07 0.4

1486 7838 25.3 1004.5 98 T.4 ~0.8 .4

147 1838 25.2 1005.3 26 7.8 -0.4 0.6

148 1838 24.8 1065.3 23 1.8 -0.8 0.6

149 1838 23.9 1001.0 99 7.4 ~0.5 0.5

150 7838 25.5 1010.8 94 7.1 -0.8 5.8

151 7838 | 26.7 1009.0 91 7.2 -0.4 0.6 DAYTIME

152 T838 25,4 1009.5 96 7.3 -0.4 0.8

152 7838 { 23.6 1008.2 98 7.3 -0.5 0.8

154 7838 | 24.6 1008.8 ‘98 6.2 -0.7 0.8

1565 7838 | 25.7 1004.0 97 7.2 -0.86 0.8

156 7838 | 29.6 1001.8 78 7.3 -0.2 0.6 DAYTIME

157 7838 | 28.3 1002.5 80 7.2 -0.2 0.6 DAYTIME

158 7838 | 28.0 1003.86 90 7.2 -0.4 0.6

159 7838 | 28.8 1002.56 82 7.5 -0¢.5 0.6 DAYTIME

160 7838 | 29.2 1003.8 90 6.9 -6.2 0.6 DAYTEME

181 7838 | 28.9 1003.6 91 7.0 -0.2 0.8 DAYTIME

1682 7838 | 27.9 1000.1 84 7.5 ~0.4 0.8 DAYTIME

163 7838 25.7 1001.0 86 7.4 -0.4 0.6

164 7838 29.5 1000.1 69 7.2 -0.4 0.6 DAYTINE

166 7838 26.8 1000.5 84 7.3 -0.4 0.6 DAYTIME

168 7838 | 26.0 1002.1 86 7.4 -0.3 0.6

187 7838 | 25.6 1000.5 a8 7.2 -0.7 0.1

168 7838 | 24.6 1000.1 a7 7.0 -0.4 0.7

169 7838 | 24.0 989.7 99 7.2 ~0.4 0.7

170 7838 | 28.9 989.0 82 7.1 -0.7 0.7

171 7838 | 34.1 ‘998.6 52 7.3 -0.8 0.7 DAYTIME

172 7838 33.3 "988.4 54 7.3 -3.4 0.7 DAYTIME

173 7838 24.7 1600.5 31 7.2 -0.5 0.7

174 7838 28.9 ' 998.8 30 7.4 -0.5 9.7 DAYTIME

175 7838 | 30.8 999.4 82 7.0 -0.5 0.8 DAYTIME

178 7838 | 30.3 999.7 89 7.1 -0.7 0.8 DAYTIME

77 7838 | 26.7 1001.8 87 6.9 ~-0.8 0.8

178 7838 | 26.6 1001.8 21 6.8 -0.86 0.8 ‘

179 7838 | 28.7 1000.8 54 7.3 -0.5 1.0 DAYTIME

180 7838 | 29.4 999.9 53 7.2 -0.4 1.0 DAYTIME
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(1) {2) Obs.Time{UTC) {3} (4)Az. {6}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 ' * * - cm
181 87 09 01 11 51 59 12 04 45 AJ ~50R 85 230 23 1417 20 8.3
182 87 09 03 04 00 43 04 05 25 AT 225L 85 63 22 339 14 9.5
183 87 09 04 11 13 07 11 24 30 AT -50L 80 320 22 1350 20 8.8
184 87 08 07 02 26 37 02 30 b8 AF 210L 65 62 21 170 18 9.6
185 87 08 07 04 20 56 04 32 28 AJ -95R 45 22U 22 81¢ 19 9.5
186 87 09 08 09 36 58 09 49 27 AJ -45R T0 21U 25 616 14 10.1
187 87 09 09 02 31 35 02 45 11 AJ -130R 856 22U 20 1750 18 9.3
188 87 69 09 04 38 49 04 41 23 AJ -76R 35 31U 35 201 7 9.4
188 87 09 10 09 54 15 16 00 08 AJ ~-50L 75 47U 48 33 8 8.4
190 87T 08 11 02 48 59 02 57 58 AJ ~1056R BB 41U 24 8981 15 8.8
191 87 0% 18 23 27 48 23 29 04 AJ 200L b 48 b4 49 6 7.4
192 87 09 17 01 25 48 01 37 47 AJ -100R 5@ 238 21 T07 19 8.9
193 87 09 17 05 35 04 05 45 07 AJ -35R 35 2381 20 439 18 9.0
194 87 09 17 09 45 43 09 48 49 AJ -80L 25 22 20 112 8 11.1
195 87 09 18 00 30 33 00 43 52 AT -120R F0 21U 21 1662 20 8.0
198 87 09 18 02 36 08 02 45 12 AT -BBR 30 22U 21 593 9 7.9
197 BT 09 18 04 41 35 04 49 41 AF -40R 30 24U 20 187 11 8.6
198 B7 09 18 23 38 50 23 49 BB AJ 2251 85 24U 20 863 1s 10.8
199 87 09 19 01 40 30 01 651 31 AT ~80R 38 21U 20 137 19 9.9
200 87 08 21 08 03 55 06 08 0t AJ -45R 65 3b 8bH 488 10 10.¢9
201 87 10 02 02 12 42 02 24 43 AJ -35R 45 21U 20 87g ig 10.8
202 87 10 o2 04 14 38 a4 27 17 AJ -b5L 85 23U 21 451 i8 0.9
203 87 10 03 0L 19 10 01 29 17 AJ -3BR 356 22U 21 449 18 9.4
204 87 10 63 03 20 09 03 32 52 AJ -50R 86 21U 25 945 19 16.2
205 87T 10 06 01 33 33 01 43 51 AJ ~-40R 45 276 23 356 18 9.2
2086 87 10 07 01 48 43 01 52 21 AJ ~45R 70 26 68 314 11 8.9
207 87 10 08 00 53 18 00 66 04 AJ -40R B0 28 44 83 7 9.3
208 87 10 08 02 54 53 02 58 02 AJ -80F 55 27 53 78 T 16.2
268 &7 10 09 00 01 54 00 08 05 AJ -20R 40 36U 34 123 10 g.7
210 87 10 12 18 16 09 i6 23 30 AJ 195L 45 33U 27 338 i4 8.3
211 87 10 18 14 58 13 15 04 20 AJ 200L B0 58 20 58 i4 11.2
212 87 10 18 16 57 02 17 03 45 AJ -100R 50 38U 383 266 i3 9.3
213 87 10 19 14 00 33 14 08 08 AJ 180L 35 27U 22 a2 ki 11.4
214 87 10 19 15 589 42 16 12 21 AJ -116R 65 25U 20 242 17 10.7
215 87 10 20 00 15 07 00 22 40 AJ -70L 38 30U 28 118 ki T.7
218 87 10 20 23 20 09 23 28 36 AJ ~B81L 80 320 35 552 18 8.4
217 87 10 21 14 12 31 14 23 28 AF 205L 860 29 24 835 14 8.9
218 87 10 21 16 14 23 is 15 b2 AJ ~95R 45 25 33 16 3 6,0
219 87 10 22 13 20 08 13 29 30 AJ 185L 40 29U 20 203 b5 11.1
220 87 10 22 23 38 04 23 40 24 AJ ~T5E 35 35 3t 21 7 11.90
221 87 10 28 11 658 49 12 08 52 AJ 195L 60 30U 21 477 18 10.5
222 87 14 28 13 58 31 14 11 14 AJ -110R b5 22U 20 569 19 10.1
223 87 14 28 13 04 19 13 18 25 AJ ~12B6R 75 24U 31 583 17 8.4
224 87 11 0B 10 49 25 11 01 69 AJ 2251 85 240 23 614 14 10.1
225 81 11 06 09 55 54 10 ©8 24 AJd 205L 80 24U 20 893 14 i0.1
226 {87 11 08 11 58 18 12 10 06 Ad -95R |45 23U 20 598 18 11.4
227 87 11 08 10 08 49 10 22 09 Al ~130R 85 228 21 690 14 16.9
228 87 11 08 12 13 23 12 20 35 AJ —T5R 35 220 31 84 T 106.4
229 87 11 09 0g 15 02 09 28 05 AJ 210L B85 22U 20 9586 14 10.2
230 87 11 09 1 17 B1 11 29 19 AJ -3oR 45 22U 22 397 i3 10.6
231 87 11 09 15 28 34 15 37 45 AJ -40R 40 22U 20 130 is 10,7
232 a7 12 02 08 58 20 08 04 43 AJ ~-35R 35 22U 27 188 12 9.5
233 87 12 02 19 57 51 11 08 06 AJ ~50R B6 24U b¥ 566 13 B.2
234 87 12 03 a5 B7 11 08 06 18 Ad -GbR 32 21U 21 686 8 7.1
235 87 12 03 08 01 52 08 10 28 AJ -36R 30 21U 22 879 7 7.2
238 87 12 03 i0 03 19 10 16 35 AF ~45R B8O 210 20 1293 20 9.8
237 87 12 03 12 08 30 12 17 08 AJ ~TOL 40 24U 20 1118 20 9.4
238 87 12 04 08 08 35 0g 21 22 AJ ~35R 45 22U 21 15833 20 10.4
239 87 12 04 11 11 03 11 24 18 AJ -55kL 80 21U 20 1543 20 8.5
240 87 12 06 11 28 40 11 38 2% AJ -TOL 37 25U 20 1692 i4 8.7
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(8) (9) {10) (11) {12} (18} (14) (15) (18)
No. STN T™P PRESS HUM BT DTS DTL COMMENTS

"C mb % ns us ns
181 7838 24.3 1002.9 ] 7.8 -0.5 1.0
182 7838 26.2 1007.1 73 7.3 -0.4 1.0 BAYTIME
183 7838 21.1 1004.9 89 6.8 -0.8 1.0
184 7838 28.1 1000.1 76 7.3 -0.4 1.1 DAYTIME
i85 7838 28.6 998.7 T4 T.2 -0.4 1.1 DAYTIME
186 7838 26.2 1003.2 88 7.3 -0.7 1.2
187 7838 28.7 1005.8 81 7.4 -0.4 1.2 PAYTIME
188 7838 28.7 1005.1 82 7.2 ~0,8 1.2 BAYTIME
189 7838 28.8 1008,0 91 7.2 -0.7 1.3
190 7838 29.2 1005.1 T8 7.4 =0, 4 1.3 DAYTIME
191 7838 27.1 992.0 59 7.7 ~0.3 1.5 DAYTIME
192 7838 28.1 992.5 83 1.4 -0.8 1.5 DAYTIME
193 7838 28.5 981.4 53 7.4 -0.3 1.5 DAYTIME
194 7838 24,2 983.0 65 9.8 -0.1 1.5
195 ‘7838 27.3 987.0 56 7.5 -0.4 1.5 DAYTIME
198 7838 28.1 996.8 58 7.7 ~-0.4 1.5 DAYTIME
197 78388 27.4 996.2 61 6.8 -90.3 1.5 DAYTIME
198 7838 24.2 1003.2 61 6.8 ~9.3 1.5 DAYTIME
198 1838 25.8 1003.2 Bi 6.7 -0.4 i.5 DAYTIME
200 7838 24.8 1014.1 73 7.8 -0.6 1.8 DAYTIME
201 T838 25.8 1001.4 85 7.4 -0.4 1.1 DAYTIME
202 7838 25.8 1000.3 88 7.5 -0.4 1.1 DAYTIME
203 7838 25.5 1002.7 48 7.8 -0.5 1.0 DAYTIME
204 7838 28.5 1001.8 49 7.6 -0.56 1.0 DAYTIME
205 7838 24.6 1017.3 89 7.5 0.3 1.0 DAYTIME
208 7838 24.86 1009.4 75 6.5 -0.4 0.8 DAYTIME
207 7838 25.8 1010.4 58 7.5 -0.4 0.8 DAYTIME
208 7838 25.7 1009.8 73 7.5 ~0.3 0.8 DAYTIME
209 7838 23.7 1013.3 65 7.4 ~0.4 0.8 DAYTIME
210 7838 19.9 1008.2 B85 7.6 -0.7 1.0
211 7838 17.3 1002.3 85 7.8 -0.8 0.9
212 7838 7.9 1001.3 89 7.7 ~0.9 0.9
213 7838 13,1 1006.0 86 7.8 ~-0.8 0.9
214 7838 12.8 1006,2 83 7.6 -0,8 0.9
215 7838 20.4 19006.9 48 7.7 -0.5 0.9 DAYTIME
216 7838 17.5 1609.7 49 7.7 -0.7 0.9 DAYTIME
217 7838 14.3 1610.8 81 7.8 -0.7 0.8
218 7838 13.8 1010.8 81 7.4 -0.7 c.8
219 7838 13.2 10156.2 80 7.6 -0.5 0.8
2290 7838 19.3 1018.6 53 7.6 -0.8 0.8 DAYTIME
221 7838 15.8 1015.8 94 T.2 ~0.9 0.8
222 7838 14.3 1016.9 92 7.3 0.7 0.8
223 7838 18.1 1014.4 90 7.3 ~0.5 0.8
224 7838 10.7 1011.0 57 7.2 -0.8 0.6
226 7838 2.2 1014.5 76 7.4 -0.5 0.6
226 7838 8.9 1016,2 5 7.8 ~0.8 0.8
227 7838 12.8 1010.4 62 7.1 -0.7 0.8
228 7838 11.9 1010.8 63 7.4 -0.5 0.6
229 7838 14.0 1009.9 77 7.8 -0.8 0.6
230 7838 12.9 1010.4 81 7.2 =07 0.6
231 7838 10,5 1011.2 91 T.1 ~0.6 ¢.6
232 7838 4.7 1009.7 64 7.4 -0.4 0.6
233 7838 4.5 1010.4 63 7.6 -0.2 0.8
234 7838 10.3 1010.8 42 7.7 -0.4 0.7 DAYTIME
235 7838 7.9 1011.7 51 7.8 -0.6 0.7
238 7838 5.6 1011.9 63 7.6 -0.5 0.7
237 7838 4.5 1012.% 72 7.8 -0.6 0.7
238 71838 5.8 1015.4 64 7.8 -0.4 6.7
239 7838 3.9 1015.7 T2 T.4 -0.5 .7
240 7838 6.4 1009.8 62 7.8 -0.2 0.7
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(1) (2) Obs.Time(UTC) (3) {4}Az. {5)Elev. {6) {7}Fitting
No. date caught lost SAT. ST MX CT LT RTN N RMS
Y M D h m s h m s ’ ' ' ' cm
24% 87T 12 07 02 18 09 02 31 01 Ad 225L 90 25U 20 761 14 10.60
242 87 12 O7 04 21 42 04 32 22 AJ ~756R 35 21u 20 811 7 7.8
243 87 12 07 08 28 04 08 41 34 Ad -40R 50 21y 20 1603 18 8.9
244 87 12 07 10 386 57 10 43 44 Ad ~B0L 55 21U 20 1682 20 10.6
248 87T 12 08 a1 35 22 07 46 22 Ad -36R 38 22U 20 bb1 9 8.9
246 87 12 08 09 37 28 09 48 a7 Al -60L 80 28U 28 1149 20 10.0
247 87 12 12 Gl 51 32 0z 04 17 AJ -1106R 55 220 20 1454 20 8.7
248 87 12 13 09 10 27 09 22 33 AJ -65L 50 21U 20 1014 i8 8.8
249 87 12 14 00 03 59 00 16 15 AJ 215L T8 288 20 1463 20 8.8
250 87 12 14 02 07 11 02 17 45 AJ -90R 40 280 20 1083 16 8.4
251 87 12 14 06 14 25 06 26 13 AJ -40R 40 21U 20 1233 18 8.8
252 87 12 14 08 18 26 08B 28 58 AJ -5hL 70 24U 22 1523 20 8.8
263 87 12 15 09 28 57 09 33 50 Ad -80L 27 27U 20 118 T 7.2
254 87 12 18 08 30 18 08 42 00 Ad -65L 45 210 20 651 g 9.5
258 87 12 18 23 23 07 23 35 54 AJ 220L 80 25U 20 557 14 T.8
258 87 12 17 a1 26 01 01 37 12 Ad -85R 40 21U 20 604 g 7.6
257 87 12 17 a6 33 67 05 48 05 Ad ~40R 45 21U 20 994 it 7.9
2568 87 12 17 Q97 36 3B o7 48 57 Ad -55L 856 21U 20 1291 20 9.4
269 87 12 18 o0 30 56 00 43 27 AJ -100R 50 21U 20 10056 is 8.4
260 8T 12 18 04 41 20 04 50 47 A -356R 356 28U 20 1044 9 7.5
261 87 12 18 08 41 24 08 55 05 AJ -60R 856 21U 20 1578 14 8.8
262 87 12 18 23 36 11 23 49 28 AJ ~120R 70 210 20 910 i4 10.0
263 87 12 19 01 41 17 01 50 56 AJ -B5R 30 200U 20 726 13 7.1
264 87 12 20 28 50 40 23 59 32 AJ -95R 50 21u 28 533 i4 8.2
286 87 12 21 08 59 53 04 10 42 AJ -35R 37 21U 20 438 i4 8.5
288 87 12 21 08 01 29 08 14 44 Ad -50L 85 23U 20 1161 14 9.7
287 87 12 22 01 01 17 0t 10 41 AJ -G6R 30 21U 20 450 12 ‘8.8
268 87 12 22 043 05 36 03 15 12 AJ -35R 30 20U 20 573 13 1.3
289 87 12 23 00 05 47 00 16 33 AJ -76R 36 20U 20 517 14 8.5
270 87 12 23 04 13 06 04 24 28 AJ ~-40R 50 20U 26 893 18 8.7
271 87 12 24 03 24 12 03 30 33 Ad -40R 38 38U 20 271 13 9.8
272 87 12 24 65 21 00 05 34 21 Ad ~50L 80 22U 20 1327 14 8.8
273 8T 12 28 02 25 44 02 35 08 Ad ~40R 32 220 20 461 T 8.2
274 87 12 258 04 26 41 04 40 17 AJ ~45R 70 210 20 928 14 9.7
275 87 12 25 23 25 56 23 38 10 AJ ~T5R 35 214 20 711 T 8.5
278 87 12 28 01 45 03 01 56 01 AJ ~35R 33 21y 20 488 12 8.1
2717 87 12 28 03 46 20 03 59 47 AJ ~45R 75 21U 21 1580 9 9.8
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{8} (8) (10) {11) (12) (13) (14) (15} {18)
No. 5TN TMP |- PRESS HuM 1T DTS DTL COMMENTS
L mb % ns ns Bs
241 7838 9.8 1019.5 47 7.6 -0.4 0.7 DAYTIME
242 7838 10.8 '1019.5 Bl 7.2 | -0.4 0.7 DAYTIME
243 7838 6.5 1e2z2.1 59 7.6 -0.2 0.7
244 . 7838 4.9 1023.2 69 7.8 -0.1 (L3 I
245 7838 11.8 1022.86 83 7.5 -0.3 0.7 DAYTIME
248 1838 11.2 1021.9 30 T.7 -0.3 0.7 .
247 7838 15.4 1005.5 90 7.8 - -0.4 0.3 DAYTIME
248 7838 9.0 1007.7 80 7.5 ~0.2 0.2
1249 7838 | © 9.8 10171 38 7.5 ~0.5 0.1 DAYTIME
250 7838 13.2 10i8.7 49 7.7 ~0.5 0.1 DAYTIME
251 7838 13.1 1018. 9 418 7.8 -0.5 0.1 DAYTIME
252 1838 11.4 1017.8 57 7.4 -0.85 0.1 :
263 7838 9.8 1011.0 85 7.4 ~0.8 0.0
254 7838 9.8 1008.8 50 7.3 ~0.6 ~0.1
255 7838 8.6 1014.7 52 7.7 ~0.8 ~-0.1 DAYTIME
256 7838 12.5 1015.6 41 7.8 -0.9 -0.2 BAYTIME
257 7838 14.8 1014.7 41 7.6 -0.9 -0.2 DAYTIME
258 7838 11.3 1016.2 50 T.4 -1, -0.2 DAYTIME
259 7838 10.0 1021.7 14} 7.7 -0.4 -0.2  DAYTIME
260 7838 12.2 1018.3 62 7.5 -0.56 -0.2 DAYTIME
261 7838 i1.8 1018.3 18 T.6 -0.3 -0.2 DAYTIME
262 7838 8.5 . 1018.8 - 63 7.4 -0.4 -0.2 DAYTIME
263 7838 14.0 1017.5 65 7.6 -0.2 -0.2 BAYTIME
284 7838 10.5 1010.4 48 7.4 -0.4 -0.2 . DAYTIME
285 7838 14.0 1009.5 24 7.5 -0.8 ~0.2 DAYTIME
266 7838 4.0 1050.1% 36 7.8 ~0.5 ~0.2 DAYTIME
267 - 7838 12.8 1016.5 bO 1.4 ~0.8 ~0,2 DAYTIME
288 7838 15.% 1014.1 51 7.5 ~0.4 ~0.2 DAYTIME
269 7838 10.8 1 1017.5 57 - 7.5 ~0.4 -0.2 PAYTIME
270 7838 14.8 1015.4 39 7.7 -0.8 -0.2 DAYTIME
271 7838 15.6 1019.0 31 7.5 -0.7 -0.2 BAYTIME
212 7838 16.4 1018.0 34 7.7 -0.5 -0.2 DAYTIME
273 7838 17.8 1917.8 44 7.3 -0.6 -0.2 DAYTIME
274 7838 18.6 ©10614.9 44 T.2 -0.6 -0.2 DAYTIME
275 7838 12.5 1¢15.8 638 6.8 -0.8 -0.2 DAYTIME
276 7838 18.8 1010.6 41 T.7 -0.5 -0.2 DAYTIME
277 7838 19.4 1008.0 42 7.8 -0.7 -0.2 DAYTIME
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COLLOCATION OBSERVATION BETWEEN TWO SLR STATIONS AT THE
SIMOSATO HYDROGRAPHIC OBSERVATORY IN 1987

Summary — The first collocation observation between the satelite laser ranging station of
the Simosato Hydrographic Observatory (called SHOLAS in this report) and
the HTLRS was made at the Simosato Hydrographic Observatory in December,
1987, 3 Ajisai passes and 6 Lageos passes were observed. Analyzing these data,
it is shown that the systematic difference between two stations is 1.1 cm. The
range data of the SHOLAS is longer than the HTLRS, There is no significant
difference between range data of Ajisai and those of Lageos, More data are
needed for detailed analysis.

Key words: SHOLAS—HTLRS—collocation observation

1. Observation

The satellite laser ranging (SLR) observation has been continued at the Simosato Hydro-
graphic Observatory (SHO) since 1982 (Sasaki ef al., 1983), Simosato has played an impor-
tant role in SLR worldwide network because Simosato is the only one station in Asia which
constantly releases SLR observation data.

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

Prior to the observation at off-lying islands, the first collocation observation was made
at the Simosato Hydrographic Observatory in December, 1987, The primary purpose of this
observation is to detect systematic errors of both the HTLRS and the SHOLAS,

From December 13th to December 18th, 9 passes were observed and 12729 returns
were obtained by two stations, Pass table is shown in Table 1. Three of these passes are
Ajisai and six of them are lageos. The sky coverage of these passes is shown in Figure .

2. Survey

In October, 1987, the seference points at the Simosato Hydrographic Observatory
were surveyed by M. Nagaoka (Figure 2 and 3). The geodetic position of each point is
shown in Table 2 and 3. The HTLRS was put just above the reference plate (TL) on a concrete
base. The thickness of this concrete base is about 1 m (Figure 4), and this concrete base
is very stable. The relative position of the intersection of the azimuth and elevation axes
(called the center of rotation in this report) of the HTLRS (TL—01) to the reference plate
(TL) was measured optically. We can measure the horizontal component of relative position
vector between TL—-01 and TL by means of reading the scale on the reference plate through
the telescope equipped in the HTLRS. The position of ground markers and the reference
plate was surveyed by theodolite and distancemeter, The position of the center of rotation
of the SHOLAS was surveyed by T. Takemura (1983),
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Table 1. Passes table of collocation observation in December 1987
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No. Hime S(‘;?thﬁ)s gg‘t%?ns) Satellite
m hm
1 1987 Dec. 13 9 10 — 9 23 1018 531 Ajisai
2 13 10 16 — 10 58 209 466 Lageos
3 14 816 — 8 29 1546 281 Ajisai
4 14 8 57 - 9 34 771 74 Lageos
5 16 830 - 8§42 674 1714 Ajisai
6 16 9 42 — 10 24 2061 107 Lageos
7 17 826 — 9 90 600 450 Lageos
8 17 11 52 — 12 34 1009 184 Lageos
9 18 10 28 — 11 13 1021 853 Lageos
total 9609 3120
12729

Figure 1. Sky coverage
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Figure 3. Survey chart
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Positions of reference points (Tokyo Datum)
Refetence point Symbol Latitude Longituds Height Note
Fiducial stone marker H 33°34"287078 N 135°56'237236E  S58.36m
Surveying reference Br 34 27.240 56 23.239 6533
marker
Satellite laser ranging L 34 27.496 56 23.537 6244 Cenier of rotation
system )
Satellite Camera FC 34 28,153 56 23.458 59.28 Reference matker on the concrete
base
HTLRS TL 34 26,29 56 23.655 5159 Reference matker on the concrete
base
" PC 34 26.290 56 23,586 57.59 Center of the plate on the base
" MN 34 26.338 56 23,537 57.59 Northem sub-market on the bass
" - M8 34 26,234 56 23,553 57.59 Southern sub-market on the base
" TL-01 34 26.290 56 23,586 59,52 Center of rotation of HTLRS
in December, 1987
Transportable TC 34 26.249 56 23.090 57.81 Reference marker on the concrete
Satellite Camera base
Relative positions of reference points
Symbol Latitude Longitude Height
L~ Br +0!2565 +02978 +1.112m
Br - TL +0.9437 —0.4158 +3.744
Br — TL-01 +(.%505 —0.3467 +1.813
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The relative rectangular coordinates of the center of rotation of the HTLRS to that of
the SHOLAS in the equator and Greenwich based system as follows.
dx = —13.901 (m)
dy= 11.697 (m)
dz=—32.600 (m)
The distance between two centers of rotation is 37,320 (m).
In the local horizontal coordinates, the relative position of the HTLRS from the
SHOLAS is,
dX= 1261 (m) eastward
dY = —37.187 (m) northward
dZ = —2,928 (m) upward

3. Principle of Geometrical Analysis of Collocation Observation

In this chapter, we discuss on the idea of geometrical analysis of collocation observation.
The goal of precision of our analysis is set to be I mm.

Let 1y (r;) be the position vector from station 1 (2) to the satellite, and let d (=1, —
12) be the relative position vector of station 2 from station 1 (Figure 5).

satellite

Figure 5.
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In collocation observation, fd |/ {ry 5 118 so small that geometrical range dlfference
(dr) can be expanded by the power series of 1d 1/ 11y 5 las follows -

1l

dr ll'll_lfg_[ :

n

|r2 +dE4|rg

|r3l {II2+d|/ifgi'—1}

1

Il {raed [ini? +1/2(1d1/ 15,12
= d /B ) N ¢

The first termiis the primary part of dr. The other terms are negligible if the two systems
are close enough. In our case, Id | = 37.320 (n) and Iry1 2 1.5 x 10° m, the magnitude of
the second order terin of eccentric correction is less than 0.5 mm and negligible. Then
geometrical range difference is written in a simple formn. -

df»“«ryd/lrﬂ : . . | (2)

We call this expression the eccentric correction,
If there is no systematic error in both two stations raw range difference is equal to the
eccentric correction. Difference between the eccentric correction and raw range difference,

D= dr—(l | — Irpl)
= rz-d/]rgl—(irlf— '1’2!) (3)

stands for systematic error of range observation data. If D is positive, range observation of
station 2 is longer than that of station 1.

If range observations are made at two stations simultaneously at time t, we can easily
calculate raw range difference ( Iry(t) | — Ir,(t) ). But in practice, range data cannot be
obtained simultaneously. Therefore, we have to interpolate range data in some manner. Raw
range data of one station are smoothed by polynomial fitting and smoothed data points at
each observation time of the other station are calculated in order to estimate equation (3).

For precise estimation of the eccentric correction, it is necessary to determine orbits of
satellites through dynamical procedure. Predicted positions of satellites usually have so large
error that they bring large systematic errors in collocation analysis. Measured elevation and
azimuth angles which are read from the enceder of each system also have systematic errors
on account of setting error of encoders and should not be used. 40 m positional error of
satellites causes 1 mm error of the eccentric correction.
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4.  Geometrical Analysis
4.1 Determination of orbits

The precise orbits of satellites are determined dynamically by the reduction program of
Hydrographic Department (Sasaki, 1984) using the range data obtained by the SHOLAS
and the HTLRS. SLR observation data of two passes are used to determine the orbits.
GEM—T1 (36th order) is used for the Earth’s gravity model. Polar motion determined by
IRIS is used. (BIH circular D) Since the orbits are determined by only the SHOLAS and the
HTLRS which are placed only 40 m apart, the determined orbits are accurate quite locally.
But it js sufficient for our analysis. Our goal of the accuracy of satellite position is 40 m
around Japan. It is possible to achieve 40 m accuracy by local analysis. Table 4 shows the
obtained residuals for each pass. Noise level of raw range data obtained by the SHOLAS and
the HTLRS is about 9 cm and 5 cm, respectively. Therefore, residuals are expected to be
5 ~9 cm. In most cases, residuals are within this range. The residuals for Dec. 14th and
16th (Ajisai) are larger than 10 cm, and there may be some systematic errors in determina-
tion of orbits,

Then, the topocentric position of satellites are calculated with enough accuracy at each

observation time.

Table 4. Dynamical determination of the orbit.s

No. used pass No. Satellite of data Number residual
a 1,3 Ajisai 3376 7.5 em
b 2,4 Lageos 2220 10.5
[ 3,5 Ajisai 2675 7.8
d 6,7 Lageos 3218 8.2
e 7, 8% Lageos 2234 1.7
f 8,9 Lageos 3048 6.5

* sirccessive passes

4.2 Estimation of D

Next, smoothed data points of the SHOLAS at observation time of the HTLRS are esti-
mated by polynomial fitting Smoothing process is stable because the range data of the
SHOLAS was obtained in large quantities. The orders of polynomials which are shown for
each passin Table § gives the smallest r.m.s. of D. We show a sample of (order of polynomial)
— (D) relation in Figure 6. While the order is small, the mean of D approaches to 0 and r.m.s.
of D becomes smaller as the order becomes larger. There is an extreme value of r.m.s. of D,
however, at a certain order. When the order is larger than this order, r.m.s. becomes slightly
larger than the extreme value,
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Then, D is estimated by equation (3). Table 5 shows the data used for the estimation of
D and Table 6 shows the results, Noisy data whose residuals are larger than 15 cm are
omitted.

The average of the mean of D (D) is— 1.08 ¢cm, Roughly speaking, this means that
range data obtained by the SHOLAS is 1.08 c¢m longer than those obtained by the HTLRS,
We cannot conclude whichever the SHOLAS or the HTLRS causes this difference. We
only have detected a small systematic difference between two stations. This systematic
difference may cause systematic error of position of Simosato or Japanese off-lying islands
in a few mm level

The average of the mean of D is —0.23 cm for Ajisai and —1.57 em for Lageos. This
difference is not meaningful since obtained data of Ajisai is not sufficient. It is more reason-
able to consider that there is not significant difference between range data of Ajisai and
those of Lageos.

In Figures 7 and 8, we show the time dependance of D. There is no remarkable time
dependance of D,

D vs. efevation and D vs. azimuth are ploted in Figure 9 and 10. There is neither notable
elevation dependance nor notable azimuth dependance in D.

More data are needed for detailed analysis. Figure 10 shows that the balance of sky
coverage is not so good. More data are necessary to separate elevation dependance and
azimuth dependance. ; '

5. Dynémica] Analysis

Systematic errors also can be detected through dynamical analysis.

The precise orbits of satellites are determined in the same way as geometrical analysis.
SLR observation data of two passes are used to determine the orbits.

If the orbits of satellites are determined with sufficient accuracy and if there is no
systematic error, then distribution of residuals of both two stations will be Gaussian and the
mean of residuals will be zero. Figures 11 and 12 show the residuals of both two stations,
If thete is a constant bias in range data of either of two stations then the residuals of the
SHOLAS and those of the HTLRS differ to some extent which indicate this bias. We sum-
marize the difference of the mean of residuals in Table 7. The last column of Table 7 shows
this bias. Like geometrical analysis, the range data obtained by the SHOLAS is longer than
those obtained by the HTLRS. The average of this bias is ~0.96 c¢m (—0.16 em for Ajisai
and —1.35 cm for Lageos).

The means of residuals of both two stations (see fourth and fifth columns of Table 7)
tend to be negative. It is because the distribution of residuals is not symmetrical (Figures
13 and 14), It is clear from the figures that the méans are inclined to be negative if we omit
noisy data whose residuals are larger.

The results of dynamical analysis agree well with the results of geometrical analysis,
The reason why the results of two analyses differ slightly is that used data sets are not all
the same,
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Table 5. Geomefrical analysis of collocation observation
. SHOLAS HTLRS . polynomial
No. time (return) (return) | Satellite order
R m h m

1 1987 Dec. 13 9 17 9 23 423 494 “Ajisai i1

2 13 10 26 — 10 47 750 458 " Lageos 13

3 14 8 21 8 29 1138 254 ] Ajisai 15

4 4 912 9 32 734 68 Lageos 17

5 16 836 — 840 286 158 Ajisal 3

6 16 953 - 10 13 1333 97 Lageos 14

7 17 8 30 8 56 558 419 Lageos 14

8 17 12 17 — 12 26 312 121 Lageos 13
g 18 10 31 - 10 50 490 636 Lageos 12

Table 6. Resul(s of geométriéal collocation aﬁalysis
No. time satellite D rms, used orbit®
h om Cem

1 1987 Dee, 13 9 Ajisai 0.} 58 a

2 13 10 Lageos -{0.9 4.5 b

3 i4 8 Ajfsal 1.1 4.9 a

4 T4 8 ‘Lageos -2.8 4.3 b
-5 16 8 Ajisai -1.9 11.1 ¢

6 16 9 Lageos 0.4 3.7 d

7 17 8 Lageos ~0.9 4.1 e

8 17 11 Lageos —~0.5 4.1 e

9 “18 10 Lageos -4.3 5.9 £

average —1.08 54

* gee Tablé 4
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Collocation observation was made by T. Kanazawa, T. Uchiyama, M. Nagaoka and K,
Fuchida. Reduction of survey was made by M. Nagaoka. The analysis of collocation observa-
tion was made by A. Sengoku.

This report was written by A. Sengoku of Satellite Geodesy Office.
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Table 7.

Difference of residuals of HTLRS and SHOLAS

residuals

No. time satellife SHOLAS HTLRS difference

: h cm em cm  cm om
1 1987 Dec. 13 9| Ajisai 0.2%6.6 -0.1£5.3 -03
2 | 13 10| Lageos ~1.5t6.5 ~2.6 £4.2 ~1.1
3 14 8 Afisal ~1.016.0 ~0.4 5.0 0.6
4 14 8 Lageos -3.6+6.8 —-6.5 4.4 -2.9
5 16 8 Ajisal -0.3 6.8 -1.1%4.8 -0.8
6 16 9 Lageos —1.3+6.4 -0.9%33 0.4
7 17 8 Lageos —0.7%6.6 —-1.9t4.1 -1.2
3 17 11 Lageos -1.1 £6.5 -1.2%4.1 ~0.1
9 18 10 Lageos 0.716.0 —2.514.1 ~3.2

average —0.96

47
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THE NEW SATELLITE CAMERA FOR GEODESY

Summary — A new satellite camera was installed in the Simosato Hydrographic Observatory
in November, 1987. It has been utilized to take photographs of Japanese
Geodetic Satellite “Ajisai” and the data are incorporated with satellite laser
ranging data to determine the positions of the isolated islands of Japan. The
new camera has some special specifications as well as the usual functions of
an astronomical camera. The designs and functions of the camera are describ-
ed in this report.

Key words: satellite camera — Ajisai — marine geodetic control network

1. Introduction

The Hydrographic Pepartment of Japan has been carrying out a project to establish
the marine geodetic controls around Japan. The project consists of three stages (Kubo,
1988):

a) the connection of the Tokyo Datum to a world wide geodetic system,
b) the connection of the principal off-lying islands (the first order control points) to the

Tokyo Datum,
¢) the connection of the second order control points to the first order ones.

To connect the first order control points to the Tokyo Datum, the method of the
Satellite Laser Ranging and direction observation by photographing of Japanese Geodetic
Satellite “Ajisai” at the Simosato Hydrographic Observatory (SHO) and on the islands are
adopted.

A new satellite camera was installed at SHO in November, 1987 for the purpose of
photographing Ajisal, and the simultaneous observation between SHO and a first order point
began in January, 1988, The new camera has some special specifications beside the usual
functions of an astronomical camera. The designs and functions of this new camera are
described below.

2. General design of the system

The satellite camera (Figure 1) is an astronomical telescope with a plate holder which
is controlled by a micro computer with time keeping devices (Figure 2). The computer and
time keeping devices are set in the control room and the telescope is housed in the observa-
tion room which has a sliding roof (Figure 3). The telescope consists of optics, a plate
holder and an equatorial mount, The driving mechanism of the polar axis of the mount is
unique to attain a high precision direction keeping during an exposure of a plate. The plate
holder can contain up to 4 plates and the exchange of plates is done automatically. The
computer controls the direction of the telescope, exposures and exchanges of plates. The
clock is calibrated by the JIY time signal. So, operators may input the information to the
computer prior to an observation so that the pointing of the telescope and the exposures of
plates are made automatically under control of the computer.
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Figure 3. Plan of the building for the new satellite camera
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3. Optics

The optics consist of main refracting system and two finders. The specifications of
these lens systems are listed in Table 1.

The specifications of the main refracting system were determined considering the goal
of the precision assumed in the project, that is, the precision of the measurement of the
direction of the satellite by comparing the positions of the images of the satellite to those
of the stars taken on the plate. Ajisai is equipped with mirrors to reflect the sunlight and
flashes a few times a second (Kanazawa, 1987). The speed of Ajisal moving in the sky is
about 1000 seconds of arc per second at high altitude and moves about 3 degrees in 10
seconds. Ajisai flashes about 20 to 30 times during 10 seconds. At the same time, a few
tens of stars are recorded on the same plate and the positions of these stars make the
reference coordinates to determine the direction of Ajisai in the sky at each flash, The
position of each flash to 0.5 second of arc being measured, satellite direction will be obtain-
ed to the precision of 0.1 second of arc with one plate. The timing of these flashes are
recorded by another telescope attached to the laser ranging system.

4. Plate holder :

The size of plates is 125 mm x 175 min (5 inches x 7 inches). Up to 4 plates can be
contained in the plate holder. The plate to be exposed is sustained by three pins and the
focus is adjusted by moving these pins with micrometers. A focusing glass or a knife edge
method is used to adjust the focus. The shuiter is made up of 5 blades and a device to lower
the vibration of the shutter when it opens s attached. Plates are exchanged by an automatic
mechanism. The exposure time and period, scheduled direction and serial number of the
plate are exposed at one corner of the plate.

5. High precision siderial drive

The mount of the telescope is German type equatorial. The polar axis and the declina-
tion axis can be rotated up to 2 degrees/sec by DC motors. The direction of the telescope is
measured by two inclimental encoders which are attached to the both axes. Siderial motion
of the polar axis to follow the rotation of the earth is drived by a pulse motor while keeping
the direction of the telescope to a point in the sky. In addition to it, a mechanism to keep
the siderial motion of the telescope in high precision (Figure 4) has been devised to match
with the goal of the project. In this mode, a pulse motor rotates an axis which transfers the
rotation to the polar axis through a tangential screw so that a small portion of the circular
motion of the polar axis is substituted by a linear motion. The length of the arm which
drives the axis is about one meter. Since it is much longer than the radius of a usual gear,
high preeision in foltowing the siderial motion (Figure 5) is achieved. Although the duration
that this mechanism is effective is within 10 minutes, it is enough to take photographs of
Ajisal,

6. Micro computer and time keeping devices
A crystal clock is used to keep time and the 1 pps signals of the clock are calibrated by
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Table 1. Specifications of the optical system

(1) Main refracting system
effective aperture
focal length
lens system
effective wave length

field of view

diameter of the star image of
limiting magnitude
symmetry of the star image

positional error after removing
plate constant effect

(2} Finder i
aperture
magnification
maximum field of view
eyepiece

{3) Finder 2
'aperture
magnification
field of view
eyepiece

200 mm

998.3 mm

apochromat (2 groups, & lenses)

400 nm — 650 nn

2 5 degrees of diameter (within 4 degrees
free from marginal darkening)

< 45 pm (within 3 degress of diameter in
the field of view)

< 0.5 seconds of arc (within 4 degrees of

diameter in the field of view)
=< 0.5 seconds of arc (within 4 degrees
of diameter in the field of view)

76 mm
15.2, 27, 54.1 (revolver type)
about 4 degrees
with eross hair and electrical
. illumination of the ¢ross hair

S0 mm

1 6.6

8.8 degrees

with cross hair and a circle of
4 degrees in diameter, with electrical
illumination of the cross hair and the
cirele
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signals from a 3JY receiver. Time signals from the clock is sent to the micro computer and
used to control the telescope direction and the disposure of the plates.

The micro computer controls whole sequences of an observation. The operator inputs
the information about the observation that he is going to make, that is, the direction of the
telescope to point, the beginning time of an exposure of a plate, the exposure period, the
number of the plate ete, The program of the computer is easily operated through a menu
display. When the parameters are properly set, the observation is made automatically, All
kinds of operations can be done manually too by using a hand box. A data file about the
observation is compiled in the computer after observation including the meteorclogical
data and comments that the operator inputs,

7. Observations

The first simultaneous observations of Ajisai with this satellife camera and with the
transportable astro-camera which was set in Titi-Sima were made from January to March,
1988. An example of the plate taken during this period is shown in Figure 6. Ajisai appears
as dots on a line. The second simultaneous observations of Ajisal were carried out from
July to September, 1988 between Simosato and Isigaki-Sima. In the project, two observa-
tion series are planned during one year.

This equipment is designed to determine satellite direction to high precision as described
above, It will also be effective for other purposes such as astercid observations and comet
observations.

This report was prepared by T. Kanazawa of the Satellite Geodesy Office.
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Figure 6. Example of the plate
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For the purpose of processmg the varaous data of the geodetlc satel]tte A_]isal c01151stmg of laser
ranging data and direction data by photographs a satel}lte data processmg system was mtraduced at

Satellite Geadesy Office in January, 1988 The system is composed oi’ several mmi computers, graphic
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ORBITAL PREDICTION OF AJISAl IN 1987

Summary — Prediction of orbital elements of Ajisai has been made by orbital prediction
system of Satellite Geodesy Office. These elements are sent to laser ranging
observatories.

Key words: orbital prediction — Ajisai

1. Orbital prediction system

Orbital prediction system for artificial satellites was developed in Satellite Geodesy
Office in 1986 (Sengoku, 1988). This system produces orbital elements of artificial satellites
from laser ranging data. The accuracy of elements are precise enough for laser ranging.

The orbital prediction system consists of three parts, i.c. data handler, SOAP HI and
check program.

In data handler, erroneous data are rejected by sum check, some corrections are applied
to range data and format conversion is made.

SOAP 111, Satellite Orbit Analyzer Predictor ver. IIl, creates orbital elements from laser
ranging data and direction data. This program is written in special langnage developed by
Fukusima (1986). In SOAP III, we estimate JHD elements by least squares method. Defini-
tion of JHD elements is as follows:

n @ meanmotion

£ 1 (ecosw)y

e {esin w)y

i ¢ inclination

£ : longitude of ascending node
Xo ¢ lotwe

deo/d

dQfdt

d (esin w)e

where ¢ is eccentricity and co is argument of perigee. Subscript 0 means values at the epoch.
JHD element is good parameter set for nearly circular satellites.
Check program verifies the accuracy of JHD elements produced by SOAP IIL

2. Summary of quick look data of Ajisai

Quick look laser range data are sent from SHO and GLTN once a week via G.E. Mark
HI. We usually produce JHD elements from quick look data over two or three weeks. Table
1 is the monthly statistics of quick look data sent to our office in 1987. In total, 1100 passes
and 24399 returns at 13 stations were sent to our office in 1987.
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Table 1. Monthly statistics of quick look data of Ajisai

69

1987. Jan. ; 1987. Feb. 1987. Mar.

1D Pass Retumn iD Pass Return 1D Pass Return
7801 5 111 7838 22 358 1181 8 180
7838 19 283 78490 1 83 7801 2 49
7840 2 50 8405 15 358 7838 15 244
8405 14 330 8502 4 100 7840 6 98
8502 15 375 8605 -7 175 8405 3 74
8605 9 196 8704 6 151 8502 3 75
8704 S 2 51 8805 10 266 8605 4 122
8805 10 251 8704 7 175

8805 3 78
1987. Apr. 1987. May 1987, Jun,

1D Pass Retumn ID Pass Return 1B Pass Return
1181 7 139 1181 11 236 7801 3 14
7801 3 72 7801 4 98 7838 24 370
7838 12 186 7838 20 316 8405 29 786
7840 20 587 7840 19 256 8605 8 193
8405 12 289 8405 24 575 8805 21 545
8502 3 75 8502 1 .25
8605 2 50 8605 1 25
8704 4 100 8704 21 520
8805 12 360 8805 16 409

1987, Jul, 1987. Aug. 1987. Sep.

ID Pass Refurn iD Pass Return ID Pass Return
1181 2 36 1181 12 228 1181 1 25
7838 11 179 7801 11 205 7801 1 23
7840 7 96 7838 29 479 7838 18 288
8405 24 594 7840 5 126 7840 7 60
8605 9 222 8405 54 1390 84035 12 299
8704 17 451 8502 9 224 8502 13 325
8805 11 277 8704 24 597 8605 1 25

8805 48 1186 8704 6 149
8805 2 51
1987. Oct. 1987. Nov. 1987. Dec.

ib Pass Return 1D Pass Retum 1D Pass Return
1181 2 52 1181 1 25 1181 1 17
7801 8 200 7801 8 200 7834 4 73
7838 18 289 7834 7 158 7838 41 662
7840 3 44 7838 5 81 7839 3 41
8405 7 174 7839 7 84 7840 4 48
8502 3 74 7840 15 177 79067 19 437
8605 7 183 7907 ) 120 7939 9 201
8704 10 249 7939 4 91 8405 15 366
8805 3 69 8405 21 514 8502 13 309

8502 7 174 8605 6 143
8605 6 151 8704 6 150
8704 23 517
8805 8 212

1181 : Potsdam, GDR, 7801 : Haleakala, USA

7834 : Wettzell, FRG, 7838 : Simosato, Japan

7839 : Graz, Austria, 7840 : RGO, United Kingdom

7907 :  Arequipa, Pem, 7939 : Matera, ltaly

8405 : Mon. Peak, USA, 8502 : Yarragadee, Australia

8605 ; Mazatlan, Mexico, 8704 : GSFC, USA

8805 : Quincy, USA
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3. JHD elements
JHD elements are created once a week by orbital prediction system. Table 2 shows the

accuracy of elements after one week (o) and two weeks (0, ). The averages of gy and g,

are 513 m (about 1 arc minute) and 869 m, respectively.
JHD elements created in our office are sent to SHO, Wuhan and Shanghai for laser

ranging observation.
JHD elements were created and sent to users by T, Katoch and Y. Watanabe in 1987,

We would like to thank the staff of GLTN who kindly send us quick look data of Ajlséi
regularly.

This report is written by A. Sengoku,
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Table 2, Accuracy of JHD elemeunts

sequential creation duration of Number of 0y o3
No. . date used data used data (m) (m)
1987 1987

8 4/09 3/21— 4/06 404 718
10 4/17 3/26— 4/14 608 298
i2 4/20 - 3[26— 4/14 _ 180 372
13 4/25 4/09— 4/21 127 244
15 507 ' 4/13— 4/27 389 241
17 5/09 4/21— 5/04 262 727
19 5/19 4/28— 5/12 476 804
20 5122 5/06— 5/19 1069 390 740
21 5/28 5/09— 5f22 997 419 463
22 6{05 5/19— 6/02 885 162 673
23 6/11 5/27— 6f09 910 494 985
24 6/23 6/02— 6/16 887 543
25 6/25 6/09— 6/23 848 385 1170
26 7/02 6/10— 6/26 1022 443
27 7124 7/10— 7/21 275 1285 1734
28 7/31 7/14— 7/27 849 881 4224
29 8/10 7/21— 8/04 1323 790 1354
30 8/17 7/28— 8/11 1947 495 1595
31 821 8/04— 8/18 327 774
32 8/27 8/11— 825 2001 266 646
33 9/03 8/17— 8/31 1826 257 " 256
34 9/16 8/24— 9/07 1318 282 207
35 9/22 9/01— 9/14 834 392 487
36 9/24 9/08— 9/22 728 401 423
37 10/01 9/14— 9/28 407 - 379
38 10/12 9/15—-18/05 403 336 804
39 10/20 9/21-10f12 305 237 202
40 10/22 10/05—-10/19 549 725 374
41 11/11 10/21—11/03 848 892 2778
42 11/20 10/28—11/10 995 448 651
43 11/24 11/02—11/15 1062 586 833
44 11/27 11/11-11/24 824 484 1061
45 12/10 11/17-11/30 1454 512 555
46 12/12 11/24—12/07 656 606 469
47 12721 12/04-12/17 1008 872 1827
48 12/26 12/08-12/21 1382 702 1212
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GEOMETRIC ANALYSIS OF GEODETIC SATELLITE DATA

The observation of the Japanese geodetic satellite Ajisai is being carried out in order to determine the
geodetic positions of the first order control points relative to the fiducial point in the construction of the
marine geodetic control network around Japan, We describe the outline of a geometric analysis system

for the observation data consisting of both photographic and laser ranging measurements.

Key words : geodetic satellite Ajisai - photographic direction observation - satellite laser ranging (SLR)
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GPS EXPERIMENT IN THE JAPAN AND FRANCE JOINT RESEARCH
PROGRAM ON RIFT SYSTEM IN THE SOUTH PACIFIC OCEAN
(STARMER PROJECT}

The Hydrographic Department of Japan (JHD} is joining to the research program on rift system in the
South Pacific Ocean which is promoted by the Science and Technology Agency of Japan (STA) and the
France Institute of Research and Exploitation of Marine (IFREMERY). In this project, JHD took charge
of precise positioning in the research area and analyzing sea bottom topography of the North Fiji Basin
area.

‘This report reviews some results on the precise positioning by GPS observation during the cruise in 1987
as follows ;

1) Design of the precise positioning system
2) Research in North Fiji Basin area

3) Experimental observation between Tokyo and Okinawa.

ey words : GPS precise positioning - Rift System
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Figure 1. Precise positioning system

Table 1. GPS Precise Positioning System
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Table 2. Specification of the GPS receiver
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Figure 2. Survey area of the South Pacific Ocean
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Figure 5. Distribution of the point positioning solutions at Noumea
Satellites: No. 3,6, 8,9,11,12, 13
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Figure 7. Distribution of the point positioning solutions at Neumea
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Table 3. Comparison of point positiening and translocation

Point Positioning Trans Location PP, - T\L,
Delta ' Delta
Date Time (UTC) Lat Long Lat Long Lat Long
Y M D h ms d m H d m s d m s d m s H -8
1987 12 16 14 41 0 — 17 i1 23.4 {76 30 05.3 — 17 11 20,0 176 30 12.6 —~33 -73
1987 12 17 3230 -—16 35091 176 15 418 . — 16 35 @96 176 15 31.0 0.5 10.8
1987 12 17 3240 16 35091 176 15 413 — 16 35 09.6 176 15 30.5 0.5 10.7
1987 12 17 3250 —16 35095 176 15 38.7 —16 35 10,1 176 15 28.2 0.6 10.4
1987 12 17 3260 —16 35 11.0 176 15 34.8 — 16 35 11,8 176 15 25.0 0.7 9.8
1987 12 17 3210 —16 35 13,0 176 15 30,8 — 16 35 13,7 176 15 20.6 0.7 10.2
1987 12 17 3280 —16 35 10,1 196 15 359 - —16 35 10.1 176 15 26.9 0.0 9.0
1987 12 17 3290 -16 35 09.8 176 15 3s5.1 — 16 35 10.8 176 15 24.4 1.0 10.6
1987 1217 3320 —16 35092 176 15 33.7 — 16 35 10.6 176 15 224 1.4 11.3
1987 12 17 3330 —~16 35 09.0 176 15 334 - 16 35 1.5 176 15 21.8 1.5 11.6
1987 12 17 3340 —16 35 089 176 15 32.9 — 16 35 10.5 176 15 21,7 1.6 11.2
1987 12 17 3350 -~ 16 35 10,7 176 15 214
1987 12 17 3360 -—16 35 092 176 I5 31.5 — 16 35 10.8 176 15 21.0 1.7 16.4
1987 12 17 3370 —16 35 09.2 176 15 30.8 — 16 35 10,9 176 15 204 1.7 10.3
1987 12 17 3380 —16 35 09.3 16 15 30.2 — 16 35 11.t 176 15 19.8 1.7 10.4
1987 12 17 3390 —16 35094 176 15 294 —16 35 11.2 176 15 18.9 1.8 10.5
1987 12 17 3400 -16 35 09,5 176:15 284 — 316 35 11.3 176 15 18.0 1.8 10.4
1987 12 17 3510 —16 35099 176 15 16.2 — 16 35 13.0 176 15 04.7 3.1 11.5
1987 12 17 35240 —16 35 10,6 176.15 15.5 — 16 35 13.8 176 i5 03.7 3.2 11.8
1987 12 17 35830 -—16 35 11.3 176 15 14.5 — 16 35 14,6 176 15 02.5 3.4 12.0
1987 12 17 3540 —16 35 11.1 176 15 14.9 — 16 35 14.6 176 15 02.9 3.5 i2.0
1987 12 17 354590 —16 35 10,9 17615 15.0 — 16 35 14.6 176 15 03.0 3.6 i2.0
1987 12 17 3560 —16 35 11.2. 176 15 12.9 — 16 35 14.9 176 15 00.8 3.7 12.1
1987 12 17 3570 —16 35119 176 15 11.8 — 16 35 15,8 176 14 594 3.9 12.4
1987 12 17 3580 —16 35 14.5 176 15 079 — 16 35 18,5 176 14 55.6 3.9 12.2
1987 12 {7 3500 -—16 35 16.8 176 15 064 — 16 35 207 176 14 54.9 3.9 11.5
1987 12 17 4 00 —1I6 35193 176 15 04.0 —16 35 23.5 176 14 51.8 4.2 12.%
1987 12 17 4 10 —16 35 26.6 176 i4 50.1 —16 35 27.0 176 14 44.3 0.4 5.9
1987 12 17 4 20 -—16 35295 176 14 47.2 — 16 35 30.0 176 14 41.1 0.5 6.1
1987 12 17 4 30 1635 32,6 176-i4 43.8 — 16 35 33.2 176 14 37.5 0.5 6.3
1987 12 17 4 50 —16 35 382 176 14 369 - 16 35 38,8 176 14 30.6 0.6 6.3
1987 12 17 4 70 - 16 35 434 176 14 30.3 — 16 35 44.1 176 14 24.2 0.7 6.0
1987 12 17 4 80 16 35 459 176 14 26.8 — 16 35 46,8 176 14 204 0.8 6.4
1987 12 17 4 90 -—-16 35 48,5 176 14 23.5 — 16 35 49.5 176 14 16,8 1.0 6.7
1987 12 17 4 100 - 16 35 51.0 176 14 20.2 — 16 35 52,0 176 14 13.5 1.0 6.6
1987 12 17 9 22 0 - 15 22 34,9 176 36 00,5
1987 12 17 14 31 0 — 17 03 53.1 176 16 36.0 — 17 03 49,2 176 16 41,9 -3.9 —-5.9
1987 12 17 14 32 6 —17 03 552 176 16 25.9 — 17 03 51.4 176 16 31.6 -3.8 -39
1987 12 17 14 33 0 — 17 03 57.5 176 16 15.5 — 17 03 53,9 176 i6 21.3 —-3.6 -—59
1987 12 17 14 34 ¢ — 17 03 55,9 176 i6 11.4
1987 12 17 14 35 0 —17 04 01.6 176 15 55.1 —17 03 57.7 176 i6 01,6 -39 -6.5
1987 12 17 14 37 0 -—17 04 05.5 176 15 344 — 17 04 01.5 176 15 41.0 -39 —-6.6
1987 12 18 3180 -—16 59 30,1 . 174 45 35.1 — 16 59 28,5 174 45 234 —5.5 1.7
1987 12 18 3360 16 57 102 174 43 207 — 16 57 10.0 74 43 11.8 —0.3 B.9
1987 12 18 3370 —1i6 57 027 1M 43 137 — 16 57 02,5 174 43 04.8 —0.2 8.9
1987 12 18 33830 —16 56 552 174 43 06,7 — 16 56 55.0 174 42 51.8 —-0.2 8.9
1987 12 18 3400 -—16 56 40,0 174 42 52,7 — 16 56 39.9 174 42 44,1 —0.1 8.6
1987 12 18 3410 — 16 56 32.3 174 42 45,5 — 16 56 32.2 174 42 31.1 —0.1 8.4
1987 12 18 3420 —16 56 24.6 174 42 38.2 — 16 56 24.8 174 42 29.9 0.1 8.3
1987 12 18 3470 —16 55471 174 42 035 — 16 55 496 174 41 554 0.4 8.1
1987 i2 18 3480 —16 55 39.6 174 41 56.8 — 16 55 40,2 174 41 48.7 0.5 8.1
1987 12 18 349 0 —16 55 32.2 174 41 50.2 — 16 55 328 174 41 42.1 0.6 8.1
1987 12 18 3500 0.7 8.2

— 16 55 24.8 174 41 43.6 16 55 25.6 174 41 354
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Table 4, Comparison of Translocation, Point Positioning and

NNSS & dead reckoning
WGS—84
‘DATE UT ¢ diff A diff Memo
L{ D h m s o ’ " i -3 ' " "

1216 3 27 56 —~18 26 39.6 177 42 579 +6.5 Translocation
1826401 | 0% 117743 044 " |Point Positioning
~18 26 30.3 : 177 42 46.4 ) NNSS & dead reck.

3 28 56 ~18 26 33.3 —os  [17742498] oo ldirr
-18 26 338 | 45e 177 42556] "' |Point Positioning
—18 26 21.7 177 42 42.8 ) —Translocation
NNSS & dead reck.
329 56 -18 26 268 | o, (177424150 59 ~Translocation
—18 26 27.5 w4 17742467 7
~18 26 22.0 ' 177 42 352 i
12 17 4 06 41 -16 35 426 176 14 25.5
16 35 420 | € 1196 14 313 tfg
—16 35 43.2 176 14 236 '
4 07 41 ~16 35 45.3 176 14 216
16 35 446 | 107 1176 14 278 182
~16 35 45.2 ' 176 14 21.0
4 08 41 —16 35 48.1 eio | 176 141801 oo
~16 35 47.1 w05 (17614 2450 07
-16 35 47.6 ' 176 14 17,9 :
409 41 -16 35 50.7 +L0 | 176 14145 o
~16 35 49.7 +0.5 | 176 14 201] o
~16 35 50.2 176 14 14.7 '
12 18 3 35 56 —16 57 10.5 _oq |1mM4sanTy o
-16 57 11.2 5o | 1MA3 14 oY
~16 57 15.5 : 174 43 17.3 '
3 36 S6 ~16 57 03.0 o7 |IM a3 0aTl
~16 57 03.7 a7 (17443044 0
~16 57 07.7 : 174 43 107 '
337 56 ~16 56 55.6 Lo |lMdrsnTl
—16 56 56.3 4o 1M 42576 0o
-16 57 00.5 ‘ 174 43 034 '
3 46 56 ~16 55 48.2 B 174 41 55.1
~16 55 488 | 0% )17 ap ss3| (92
~16 55 54.5 ‘ 174 42 01.7 ’
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Table 5. Comparison of Point Positioning, Translocation and
NNSS at the known position (Naha)

WGS—84
Bate Ut é diff A diff Memo
3 15| 10 08 45 | 26 13 48 44 ’ o oa orels | . | gk
2% 14 42.05 | >0 | 127 40 265 | 280 | 1sszneesae
17 09 40 | 2 13 47.989 127 41 07.191
96 14 41774 ] 20 0 40 25.000 | 12182 Y
17 10 40 | 26 13 47,460 127 41 06.561
b /3
26 10 41513 | PV9% 1oy ap 4053 | 11008
17 11 40 | 26 13 47.775 127 41 05.504
26 14 41761 | 2090 g7 4o 24.sm2 | 10922 "
17 12 55 | 26 13 48.523 127 41 04.140
96 14 az.aaa | N | o g0 24013 | 100 !
3 16| 00 40 55 | 26 14 38.657 127 40 24.261
2% 14 4053 | 570 | 127 40 25645 | 100D !
00 42 55 | 26 14 38.702 127 40 24.364
26 14 40552 1 0 | 497 40 25728 ] 1 !
b Amr—s v | 26 14 41.51940.727 | 127 40 24.967+0.274
NNSSiz & & 8 8| 26 14 40.652+0.018 127 40 25.325:0.050
FF7ramy—iaz +0.867 0,358
~ NNSS
HEHE

FHEE, THREAEEL, BTREEC L 2 HBREROBLRME— - Mgz Ea L2, REE
TREENG2F Iz ERL LBMIZ W (RN L 2o, BERRE R L, 3Tz LB EENERENY 7 b
ROFELERT2TETH S, Lud-> T, FHREFCEL L BROBRFCETOLENLN 5 5, }

R R RO IR B 2 HEERIC B 200 2 S0 SRS E T 2 KB TH 5, !

L

# X &R

Scientific Party on Board Kaiyo, 1987 : STARMER Ciuise Report, Kaivo 87 Cruise in tHhe North Fii
Basin.

YrAtakiE, 1983~1986 @ APAEREI ISR R S0, 17~20,

YrHEE, 1087 1 KEGERELBIEA TR EIE, 1, 46
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