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SATELLITE LASER RANGING OBSERVATIONS IN 1988

Summary — Satellite laser ranging observations have been continued by a fixed typs satel-
lite laser ranging system at the Simosato Hydrographic Observatory (SHOLAS)
and by a transportable one (HTLRS) at off-lying islands. The total numbers of
returns obtained by SHOLAS in 1988 are 41,113 from 102 passes of Lageos,
14,852 from 78 passes of Starlette and 143,444 from 271 passes of Ajisai,

* respectively. Those obtained by HTLRS at Titi sima and Isigaki sima in 1988
are 21,128 from 372 passes of Lageos, 1,111 from 6 passes of Starlette and
37,177 from 66 passes of Ajisai, respectively. The range precisions of SHOLAS
are 10.2 cm for Lageos, 12.4 cm for Starlette and 9.6 cm for Ajisai, respective-
ly. Those of HTLRS are 3.7 cm for Lageos, 4.0 cm [or Starlette and 3.9 cm for
Ajisai, respectively.

Key words: satellite laser ranging — global geodesy

This is a report of satellite laser ranging (SLR} observations obtained by a fixed type
satellite laser ranging system at the Simosato Hydrographic Observatory called SHOLAS and
a transportalde one called HTLRS (Sasaki 1988) at off-lying islands. This report contains
the list of data obtained by these two systems in 1988. Previous data obtained by SHOLAS
appear in Series of Astronomy and Geodesy, Data Report of Hydrographic Observations for
the period from 1982 to 1985, and in Series of Satellite Geodesy from 1986 to 1987.
Routine observation by HTLRS started in December 1987, and this is the first report of data
obtained by HTLRS at off-lying islands.

1. Observation

The routine ranging observation for Lageos, Starlette, and Beacon (BE)-C started in
April 1982 by using a fixed type SLR system at the Simosato Hydrographic Observatory
(SHOLAS) under the mutual cooperation between the Hydrographic Department (JHD) and
the National Aeronautics and Space Administration (NASA) of the United States of America.
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According to the launch of Japanese first Geodetic Sateliite “Ajisai” in August 1986, ohser-
vations for BE-C were terminated in July-1986. Lageos, Starlette and Ajisai have been
observed routinely since August 1986. The range observation for Lageos, Starlette and Ajisai
by HTLRS started in December 1987, The first observation of HTLRS at offlying islands
was made at Titi sima from January to March in 1988. The second was at Isigaki sima from
July to September in 1988, :

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

The observation scheduie was made by selecting passes whose maximum elevation over
30 degrees for Ajisai, nighttime passes of Lageos and Starlette, over 35 degrees for daytime
passes of Lageés, except both Saturdaj} afterncon and Sunday. The pri'orit'y'of the selection
for simultaneous transits was in the order of Ajisai, Lageos and Starlette. _

The SAO-formatted orbital elements of the satellites for the use of schedulingi and
tracking were sent from the Goddard Space Flight Center (GSFC) of NASA through GE
Mark [T network. The orbital elements of Ajisai were also calculated in the Headquarter of
I HDby using quick-look data sent from GSFC via GE Mark I network since the launch of
the satellite. For the satellite tracking, an analytical tracking program using the elements
were used. The tracking was carried out when the elevation of satellites were above 20
_degre.c__es_._ The temperature, atmospheric pressure and relative humidity are measured once in a
pass. Before and after ?anging satellites, the ranging calibrations were made by using ground
targets. . ]

The total numbers of returns and passes obtained by SHOLAS and by HTLRS at Titi
sima and lsigaki sima in 1988 are listed in Tzbles 4,5 and 6. A GPS clock was introduced in
SHOLAS in December 1988, and it has been available since April 1989. A GPS clock was
also used in HTLRS in order to check the Toran C clock.

2. Polynomial fitting and preliminary analysis of range data

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

A part of range oblained data, named quick-look (QL) data, were sent to GSFC within
two days through GE Mark 111 network. All the range data, after applied the correction of
the internal time delay of the SLR systems obtained by the ground target ranging, named
full rate (FR) daia, were recorded on a magnetic tape in MERIT II Format (CSTG, 1987)
together with the satellite ID, the station ID, the transmitted time corrected into UTC
(USNO MCQ), the meteorological data, the preliminary measurement standard deviation, the
clock precision and some preprocessing indications. The FR data on magnetic tapes for the
above three satellites were sent to GSFC, the Center for Space Research (CSR) of the
Unlversity of Texas and Centre d’Etudes et de Recherches Geodynamicet Astronomiques
{CERGA) of France.
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The weighted mean range precisions estimated by using the polynomial fitting for all
the data obtained by SHOLAS in 1988 are 10.2 em for Lageos, 12.4 cm for Starlette and
9.6 cm for Ajisai as shown in Table 4. The same for HTLRS are 3.7 cm for Lageos, 4.0 cm
for Starlette and 3.9 em for Ajisal.,

The QL data sent to GSFC were used to update orbital elements, These data were trans-
ferred from GSFC to CSR and were used for the estimation of the polar motion and varia-
tion of angular velocity of the earth rotation by processing with laser range data from other
sites in the world. Al the FR data were also analyzed in CSR and more precise values for the
earth rotation parameters have been estimated. The FR data sent to the Crustal Dynamics
Project were 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-
nates for the cross point of azimuth and elevation axes of SHOLAS, which is based on the
fongitude determined by the lunar laser ranging (LLR) observations at the McDonald Obser-
vatory, the University of Texas, is 33° 34’ 397" 68N, 135° 56’ 137 35E, 100.9 m for latitude,
longitude and height above the reference ellipsoid of 6 378 137 m semi-major axis and
1/298.257 flattening, respectively (Sasaki, 1989).

The observations of satellite laser ranging were made by H. Nakagawa, E. Nisimura, K.
Koyama, K, Onodera, H. Sasaki, A. Masuyama, H, lto, H, Mori and T. Kurokawa of Simo-
sato Hydrographic Observatory and T. Kanazawa, T. Utiyama, E. Nisimura, K. Fuchida,
M. Nagaoka, K. Asai, K. Kawai, T. Kawai, T. Fujii and K. Tomii of JHD Headquarter.

Calculations and compilation for this report have been made by A. Sengoku, M. Naga-
oka, K, Fuchida, S. Masai and T. Fujii of JHD Headquarter and H. Nakagawa of the
Simwsato Hydrographic Observatory.
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Table 1. Principal specifications of Satellite Laser Ranging System (SHOLAS)
at the Simosato Hydrographic Observatory

Subsystem

Specification

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

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

Computer

elevation over azimuth

20 bits (1.2 arcsec)

17 em

60 cm

532 nm

150 mI {(normal)

200 ps

4 pps

PMT (99%Q.E. and 300 ps rise time)

20 ps resolution

Rubidium oscillator

multi-Loran C wave {(NW pacific Chain)
PDP }11/60 (64 kw) with two disks and an MT drives

Table 2. \Principal specifications of the Hydrographic Department Transportable
Satellite Laser Ranging Station (HTLRS)

Subsystem

Specification

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

Laser pulse width
Repetition rate
Receiver defector
Flight time counter
Frequency standard
Tiine comparison

Computer

clevation over azimuth/Coude path

20 bits (1.2 arcsec)

10em

35 cm

532 nm

50 ml

50 — 100 ps

S pps

Micro-Channel-Plate PMT with 380 psrise time
20 ps zesolution

Rubidium oscillator (rate: 2 x 1071}
multi-Loran C wave

two 16-bits micre computers with a hard disk,
a 5 inck- and two 3.5 inch-floppy disks,

printer/recorder, two CRTs and a modem
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Table 3. Geodetic coordinates
, . Coordinates
Location Site I (Tokyd Datum}
Cross point of AZ. and EL. axes International 33° 34" 2774962 N*
of SHOLAS 7838 135 56 23.5369EF
Domestic 62.445 m
SHO-L
Cross line, the fiducial stone Domestic 33° 347 280775 NE¥
marker at Simosato Hydrogr, SHO-HO 135 56 23.2356LF
Obs, 58.358 m
Surveyed in November 1988,
*=* Surveyed in January 1982,
e . Coordinates
Location Site ID (Local Datum)
Cross point of AZ. and EL. axes International 2775 19VI038 N
of HTLRS at Titi sima 7844 142 12 49.0991 E
212,811 m
Cross point of AZ, and EL, axes International 24° 21" 09661 N
of HTLRS at Isigaki sima 7307 124 10 27.0484 E

57.047 m

Table 4. Data acquisition at Simosato Hydrogeaphic Observatory in 1988

Satellite Ranges Passes F.IN.S.

Lageos 41,113 102 1.2 cm

Starletie 14,852 78 12.4

Ajisai 143,444 271 9.6

Observers H. Nakagawa, E. Nisimura, K. Koywma, K. Onodera, H. Sasaki, A. Masuyama,
H. Ito, H. Mori, T. Kurokawa, K. Asai* and K. Tomii*

*JHD  headquarter
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Table 5, Data acquisition at Titi sima in 1988

Satellite

Ranges Passes F.M.S.
Lageos 5,482 3 3.7 cm
Starlette 595 4 2.7
Ajisai 19,741 38 3.7
Observers T. Kanazawa, T. Utivama, K. Fuchida and M. Nagaoka
Table 6. Data acquisition at Isigaki sima in 1988

Satellite Ranges Passes I.BL8,
Lageos 15,646 21 3.7 cm
Starlette 516 2 5.5
Ajisat 17,436 28 4.2
Observers T. Utiyama, E. Nisimura, K. Fuchida, M. Nagaoka, T. Kawai, K. Kawai,

T. Fujii, H. Tto* and H. Mori*

*Simosato Hydrographic Observatory
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Table 7.  Observations and data fitting

Explanation

Column

L8 Serial number of passes ranged successfully for each satellite.

2 Observation time (UTC) of the first return and the last return observed in the
satellite pass.

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

4 Azimuth when the tracking of the sateHlite started at 20° of elevation,

5 Elevations at the maximun, at the first return obtained and at the last return
obtained in the satellite path. U means through the maximuin clevation,

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

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

curve fitting to measured range minus predicted range. Before the fitting
applied an atmospheric correction (Marini and Murray, 1973) is added.
The range correction added to the measured range is

g(d) A+B

R Eo, 1) sin E _Bj(A+B)
sin E + 0,01

dR =

where
8 ()= 09650 + 2204 0000228 ,
f{p, H)=1 —0.0026 cos 29 —0.00031 H,
A=0.002357 P+ 0.000141 e,
B=(1.084 x 10"8) PTK + (4.734 x 1078) % . ajgﬁﬁj :
K =1.163 — 0.00968 cos 2¢ —0.00104 T + 0.00001435 P,
e=6.11 * Rh | 107-5(T—273.15)/ {237.3+(rm273.15)}
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.
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- Station ID, 7838: Simosato Hydrographic Observatory.

7844: Titi Sima
7307 Isigaki Sima
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 +1070 Ny,

where

0.0164 _ 0.00028 . P
R v el

A A T
e=6,11 + _l,{ml,l . }07.5(T7273.15)/ {237.3+(rw273,15)} )

N = 80.343 (0.9650 + 11.3 -% ,

100
Here
¢ The vacuum speed of light,
P : Atmospheric pressure (millibars),
T . Atmospheric temperature (degrees Kelvin),

Rh : Relative humidity (%),
» © 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 Loran C
North West Pacific {997) Chain (USNO, 1987, 1988). This term is corrected
for the transmitted time in the final MT fite,

Comuments.
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Table 4. Observations and data [itting
1y {ZY Gbs.Time(UICY (3 (13az.[  (5)Eiev, {6) (7T et ime
No. date catght lost SAT. ST MX CF LT RTN N 1thEs
Y M D PR — h = s ; R cm
1 | 88 01 88 10 00 07 10 16 44 G -Z10R | 85 23 B3 133 14 10,90
2 | 88 01 16 10 48 54 il 33 20 LG -190R | 85 220 22 176 22 10,3
3 [ 88 01 11 0% 42 26 10 09 54 1.6 140L | 85 87U 28 54 14 8.5
4} 88 01 13 10 17 54 10 58 25 LG -200R | 75 BlU 25 141 16 B.1
5 | 88 01 14 09 07 49 09 37 30 LG 130L | 75 61U 22 40 10 7.5
6 | 88 01 18 09 58 43 10 18 18 LG -210R | 85 69U 40 28 11 13.5
7 | 88 01 17 ©8 50 08 0% 02 23 LG 1261, | 66 652 23 35 8 8.9
8 | 88 01 t7 11 57 08 12 26 22 LG -155R | 35 =2iu 28 112 16 8.8
8 | 88 01 E7T 20 57 41 21 20 58 LG 50R | 85 29U 25 27 11 18.9
10 | 88 ©1 18 10 33 42 10 56 13 LG -190R | 85 32 59 227 13 1i.0
11 | 88 01 20 1l 22 03 11 56 46 LG -170R | 45 240 26 111 16 10,0
12 | 88 01 23 10 49 58 11 18 01 L6 -180R | 55 330 38 100 12 a8
13 | 88 01 25 20 389 40 21 03 41 LG 50R i 35 3oy 22 24 a 8.5
14 | 88 01 26 10 17 37 10 21 53 LG -190R | 86 41 51 10 6 20,3
15 | 88 01 27 09 o3 10 09 17 38 LG 140L | 85 63U 58 11 6 10,4
16 | 88 02 02 11 29 17 11 51 0O LG -168R } 35 83U 22 62 11 1.1
17 188 02 02 20 18 01 20 45 I8 LG 50R | 35 29U 20 205 17 11.8
18 | 88 02 03 10 25 23 10 34 14 LG -190R | 85 33 2o 17 0 1:.9
19 [ 88 02 OB 089 25 08 10 0O 12 LG -200R | 75 49U 21 284 15 9.4
20 | 88 02 07 20 38 21 21 O} 55 LG 48R | 48 azv 21 26 9 11.4
21 | 88 02 68 10 11 43 10 43 22 1.6 -180R | 55 26U 28 29 15 10.4
22 | 88 02 10 19 50 48 20 24 47 LG 50k | 85 21U 21 90 17 12.0
23 | 88 02 12 20 37 0T 21 06 59 LG 408 | 55 250 43 a1 13 11.2
24 | 88 02 13 10 29 49 10 49 49 LG -170R | 45 36U 36 14 10 3.4
25 | B8 02 IS5 20 07 59 20 38 47 LG 45k | 45 30U 30 35 14 10.1
26 | 88 62 16 09 50 30 10 16 52 LG -180R | 55 33U 40 54 14 i1.9
27 | 88 02 17 20 48 55 2L 14 15 LG 358 | 85 22U 61 75 1L 10.9
28 | 88 02 18 10 45 11 Ll 05 41 LG -155R | 35 30U 28 43 8 8.7
29 | 88 02 18 18 30 16 19 59 25 LG S50R | a5 zou 27 59 13 1e.1
30 {88 02 19 0918 41 09 50 25 LG ~190R | 65 39U 28 56 12 10.7
31 | 88 02 20 20 27 28 20 43 47 LG 40R { 55 44U 48 53 e 11.7
42 | B8 02 21 16 01 27 10 39 48 LG ~165R } 45 230 21 150 20 11.5
433 | 88 62 28 20 08 40 20 34 55 LG qor | 55 qeu 28 25 4 6.9
34 | 88 03 05 18 55 25 19 19 07 LG S0R | 35 27U 28 88 t5  ii.2
55 | 88 03 07 19 41 09 20 14 59 LG 46R | 55 320 28 205 17 10.5
46 | 88 03 23 18 56 35 19 37 18 LG qo0r | 55 240 24 286 21 12.9
47 | 88 04 13 18 28 40 19 12 59 LG a5R | 65 220 24 34 10 10.4
38 | 88 04 14 17 11 14 17 48 20 1.6 50R | 35 220 20 205 18 16.2
39 | 88 04 15 19 15 56 18 55 05 1.6 25R | 85 21U 41 153 14 8.8
40 | BB 04 18 18 45 20 18 29 4% 1.6 30R | 75 280 20 767 23 11.4
41 |88 04 18 17 33 30 17 57 25 .G 458 | 45 380 30 a9 16 9.1
42 188 04 24 17 35 13 18 14 27 LG 358 | 85 21U 3o 427 6 1.2
43 [ 88 06 23 16 54 29 17 34 18 LG 3ok | 65 34y 22 190 21 9.4
54 [ 88 05 26 16 15 00 16 42 10 LG 38R | 55 216 53 217 11 8.8
45 [ 88 05 28 17 02 36 17 46 47 LG 0R | 75 220 27 1047 20 11.2
46 | B8 05 28 15 50 18 16 15 18 LG 40R | 45 384U 35 56 16 10.4
47 |88 06 05 16 43 25 17 07 18 LG 30R § 80 23 16 231 11 9.9
48 | 88 08 08 15 24 29 15 49 1B LG AOR | 45 250 43 15 12 12.0
49 | 88 06 10 16 58 23 17 16 15 LG 25k | 85 ze 77 527 10 9.1
st | 88 06 13 1B 27 09 17 09 52 LG 3ok | 75 320 21 542 18 9.0
51 |88 06 30 14 22 23 14 54 85 .G q0R | 45 zlu 97 426 22 10.5
52 |88 07 07 18 57 32 19 28 12 LG 181, | 87 21v 23 444 10 7.2
53 |88 07 08 14 12 42 14 37 17 LG 40R | 45 usU g2 3940 12 10,2
54 |88 07 11 13 31 02 13 58 50 LG 50k | 38 220 31 483 14 8.3
55 |88 07 i1 17 01 09 17 38 31 LG 20L | 80 250 31 686 15 14.0
56 188 07 19 16 39 08 16 54 38 LG 200 | 6o 21 55 41 g 11.6
57 188 67 31 14 32 35 15 0 29 LG S0R | 80 45U 20 481 20 10.8
58 §88 07 3L 18 02 30 18 19 55 LG zol, |85 280 a3 a3 : 8.5
59 188 0B 05 14 42 23 15 20 08 LG 25k | 85 350 30 280 T 9.1
88 08 07 15 26 06 15 43 54 LG 201 |70 23 GG 226 11 103
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Table 4. Observations and data fitting

11

{8} {9} (10} {11) {12) (13} (k4) {15} (16)
No. STN T™P PRESS HUM IDT DTS DTL COMMENTS
c mb % ns us 1333
L 7838 9.8 1006.2 59 7.5 -0.7 -0, 4
2 7838 2.5 1015.8 69 7.6 -0.2 -0.4
3 7838 5.2 1018.4 58 7.2 -0.2 -0.56
4 T838 7.3 1018.8 85 7.8 -0.2 ~0.6
5 7838 107 1016.9 70 7.6 -0.2 -0.8
[ 7838 19.1 19007.7 89 7.5 -D.4 -1.9
T 7838 1.9 1007.5 52 1.4 -0.2 -1.1
8 7838 6.2 1007.5 60 .5 -0.1 -1.}
9 7838 §.0 1008.8 57 7.8 -0.2 -1.1
10 T838 5.3 1015.2 &7 7.6 -0.4 -1.2
11 1838 7.7 1018.5 90 7.5 -0.5 -1.4
12 1838 3.4 995.7 40 T.4 -0.2 -1.7
13 7838 4.7 1007.3 57 7.5 ~0.3 -1.8
14 7838 5.7 1008.8 47 7.1 0.1 -2.0
15 7838 T.0 1008.0 41 7.5 -0.2 2.0
18 7838 7.4 9496.2 46 T.8 -0.8 -2.5
7 7838 ~0.3 988.4 51 7.8 -0.7 -2.5
18 7838 ~-0,3 1605.2 49 7.7 -0.7 -2.6
18 7838 8,1 994.6 34 7.8 ~0.2 ~2.7
20 7838 -1,0 1009.3 84 7.8 -0.2 ~2.8
21 7838 3.1 1010.1 58 7.5 -0.1 -2.9
22 7838 1.1 1616.9 58 7.5 -D.4 -3.1
23 7838 3.7 1013.2 58 7.6 -0.5 -3.2
24 7838 7.3 1013.4 43 7.8 -0.3 -3.1
25 7838 3.5 1012.3 45 7.5 -0.4 -3.1
28 7838 4.4 1014.3 53 6.3 -0.8 -3.1
27 7838 2.8 1008.8 60 7.8 -1.4 -3.0
28 7838 3.2 10:13.2 53 7.8 ~1.2 -2.8
29 7838 ¢, 3 1017.8 153 7.8 -1.2 ~-2.9
30 7838 5.1 1020.8 58 7.9 -1.1 -2.4
at 7838 3.8 1018.2 57 7.5 -0.7 ~-2.8
32 7838 4.1 102t.5 41 7.5 -0.4 -2.7
33 7838 4.0 £014.8 63 7.6 -0.5 -2.2
34 7838 ] 1o12.2 82 7.8 -0.4 ~£.8
a5 7838 -0.2 1013.2 60 7.5 -0.4 -1.86
36 7838 5.1 1013.4 69 7.4 -0.8 -0.7
37 T838 13.7 1902.9 i5 T.2 -0.7 ~0.3
38 7838 10.8 1007.1 37 7.3 -0.7 0.4
39 7838 10.0 1014.7 GO 7.4 -0.5 -0.4
44 7838 13.8 8993.3 84 1.3 -0.4 -0.5
41 7838 14.0 100G, 1 83 7.4 -0.5 -0 5
42 7838 8.1 1006.4 76 7.5 0.5 -0.6
43 1838 12.8 1001 .4 52 7.8 -0.5 -0.4
44 7838 14.5 1008.2 89 7.4 0.0 -¢.5
45 7838 14.1 1006.9 a5 7.3 0.2 -¢.86
46 7838 16.7 1005.3 85 7.8 -.5 ~.6
47 7838 16.3 1008.3 70 7.7 -0.3 -0.9
48 7838 .6 1007.7 92 7.7 -.4 ~-1.0
49 7838 17.2 996.2 88 7.4 -0.5 ~1.3
50 7838 18.8 996.0 a4 7.5 -0.3 -1.2
a1 7838 2t.6 982.3 78 7.0 -0.5 -2.1
he T838 23.8 997.3 86 T.3 -0.4 -2.7
53 7838 26.1 9089.0 86 1.5 0.2 -2.7
54 T838 24,3 1002.3 a1 T.4 -0.5 -2.90
55 7838 23.56 1001 .4 a3 1.2 -0.4 -2.9
56 78438 21.3 1001.4 5 7.4 -0.2 -2.9
57 7838 Z1.6 1001 .4 85 7.3 .6 -2.6
a8 T8uB 20,3 10061 .4 B89 6.8 .5 -2.6
59 7838 #4.8 1008.6 a3 6.6 .0 -2.5
G 7838 25,2 1007.3 80 7.3 -0.% -2.4
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Table 4. Observations and data fitting (continued)

[ (1) {2) Obs.Time{UTC) {3) (4}Az.| (5)Elev. (6} (TIFItting
No. date caught lost SAT. ST MX €T LT - RTN N RMS
Y M b h m s h m s ' - - ' cm
B1 88 068 17 12 26 09 12 40 41 LG 40R 50 28 47 108 8 12.3
62 #8 08 22 16 08 51 16 47 25 LG 20L 45 220 21 514 16 12.5
683 88 08 25 15 37 15 15 55 34 LG 20L 55 27U 54 2086 9 8.7
84 88 08 26 14 13 27 14 30 40 LG 251, 80 27 74 381 10 11.5
65 88 08 29 17 27 40 7 39 35 1.G 20L 32 32 21 147 8 10.8
56 88 08 31 1 05 02 1 2% 09 LG 55R 30 27U 21 3:8 114 11.2
&7 88 08 31 14 28 33 15 08 49 LG 20L T0 240 25 218 E7 i0.4
688 88 09 07 15 28 26 18 04 95 LG 201 45 2185 27 478 14 10.8
89 88 09 08 14 08 48 14 44 08 LG 201 70 24 31 iig2 20 10.5
70 88 0% 12 12 12 55 12 56 02 LG 3J0R 70 30U 20 791 23 10.6
71 88 09 12 15 51 02 16 13 38 LG 205 40 33U 29 141 14 11.4
T2 88 09 13 10 57 08 11 27 13 LS 451k 40 31U 22 472 18 10.86
73 38 10 09 11 01 30 11 12 26 LG 35R 60 58 38 158 iz 12.3
74 88 10 10 12 50 18 13 30 6% LG 201 70 320 21 1544 18 10.6
75 88 10 13 00 04 27 00 25 16 LG -136R 50 47U 24 102 12 9.4
76 88 10 i3 12 ¥k 23 12 58 31 LG 251 BO 22U 20 1563 24 i0.5
71 88 10 14 10 49 06 11 36 38 LG 30R 70 210 20 1247 24 0.7
8 88 14 I k1 37 07 12 24 33 LG 25R 85 228 21 1340 22 9.4
79 88 106 19 11 02 40 11 50 09 LG 30R 80 21y 22 1876 24 9.6
80 B8 10 23 09 09 22 09 48 44 LG 45R 40 200 21 kkx) 19 B.5
81 88 10 31 1% 20 06 13 04 01 La 20L B0 21U 20 09 19 10.5
82 88 11 a1 i1 o0 as 11 28 31 LG 25R 85 300 B4 481 12 10.3
83 88 11 02 09 38 28 10 21 18 LG 36R 60 270 21 1569 20 8.6
84 88 11 03 11 45 40 12 22 04 LG 20L TO 21U 41 158 16 16.8
86 88 13 08 11 12 31 it 58 25 LG 25L 80 24U 20 T25 i9 9.8
86 88 11 07 09 52 17 10 356 41 1G J0R T0 28U 20 1577 22 9.4
87 88 11 :i0 09 18 41 09 57 38 LG 35R 50 27Y 28 987 23 9.3
88 B8 11 13 08 42 40 09 25 54 LG 40R 50 2208 20 1335 24 9.9
8g B8 11 13 12 14 28 12 47 24 LG 20L 80 21U 37 1019 14 g.1
80 8B 11 18 12 28 05 13 07 41 LG 20L 45 214 20 946 13 10.8
41 88 11 20 13 40 18 13 48 18 LG 20L 35 32 23 86 b1 8.7
a2 88 11 22 14 39 25 11 14 00 LG 25L 75 40U 30 852 17 11.8
93 88 11 24 11 23 08 11 57 27 LG 201. 60 27U 34 68 9 8.8
9.4 88 12 18 17 12 00 17 25 46 LG 100L 50 39U 47 48 10 11.0
95 88 12 20 071 51 23 08 21 20 16 36R BO 53U 21 6490 15 8.9
a6 88 12 20 1 09 12 11 41 a8 £.G 201, 45 2180 32 277 k1l ir.1
97 88 12 21 19 59 02 20 41 09 LG -190R 85 280 21 429 18 9.1
ik 88 12 22 08 23 28 09 11 34 LG 3J0R 8¢ 220 20 2187 19 8.9
8% 88 12 22 12 o1 25 12 29 58 LG 18I 35 260 20 494 12 8.9
100 88 12 23 10 34 56 10 44 31 L 201, 50 21 40 113 16 12.1
101 88 12 #56 11 26 31 11 59 0 LG 20L 40 24l 20 300 13 10.4
102 88 12 28 09 59 57 10 41 42 LG 20L 60 20U %5 1620 22 10.4




Table 4. Ohservations and data fitting {(continued)

SATELLITE LASER RANGING IN 1988

13

(8} (9} {10} {11} (12) {13} {14} (15} (16)
Na, 5TN T™P PRESS HUM 1T DTS DFL COMMENTS
‘c mb % ns T ns
61 7838 23.9 100L.0 94 9.0 -0.5 -2.1
862 7838 26.5 984 .2 89 1.2 ~0.3 -1.8
53 7838 24.3 998.86 82 7.8 0.0 -1.89
64 7838 24.3 998.6 84 7.0 -0.3 -1.9
65 7838 23.1 997.5 66 7.1 -0.4 -1.9
66 7838 23.5 998.8 865 7.5 -0.6 -1.8
67 7838 21.6 998.6 72 7.3 -0.4 -1.8
68 7838 23.0 1000.5 94 7.1 -0.5 -1.8
89 7838 22.3 1005.1 94 7.2 -0.1 -1.9
70 7838 23.5 996.4 87 7.0 -0.6 -2.F
TL 7838 22.7 997.3 69 6.8 -0.8 -2.1
72 7838 25.2 1002.5 79 6.7 -0.5 -2.1
73 7838 19.7 1008.6 72 7.3 -0.5 ~-t.9
74 7838 18.3 1012.8 76 7.8 -0.2 -1.9
75 7838 17.0 999.9 43 T.4 -0.3 -2.0 BAYTIME
T8 7838 11.6 1006.2 62 7.1 -0.5 -2.0
77 7838 13.9 1008.2 88 6.7 -0.5 -2.0
78 7838 16.8 19011.9 T2 7.3 ~0.4 -2.0
19 1838 15.9 1013.8 65 6.7 -0.8 -2.1
80 1838 i8.1 1011.4 B8 6.6 -0.5 -2.1
41 7838 11.2 10G18.0¢ 62 7.0 -0.8 ~-2.4
82 1838 1z.1 1014.1 84 7.0 ~(.9 -2.4
83 7838 14.6 1004.0 44 6.9 -0.56 -2.4
84 7838 2.2 1008.5 59 8.9 ~0.7 -2.4
85 7838 1.6 1009.9 87 7.1 -0.9 -2.8
86 7838 14.9 1011.9 19 7.6 ~-0.8 -2.6
87 7838 12.8 1004 .2 45 8.0 -0.4 -2.6
B8 TA38 16.1 1001.2 62 6.7 -0.9 -2.5
BY 7838 13.3 1001.2 72 6.9 -0.4 -2.5
90 7838 .9 1003.4 &0 6.8 -0.56 -2.4
a1 7838 8.2 1013.86 64 7.3 ~1.7 2.3
02 7838 8.8 1014.3 82 B.5 -0.9 -2.3
93 7838 7.1 1000.3 49 6.4 0.5 2.2
94 7838 4.9 1016.5 68 T.1 0.5 ~-t.8
95 7838 12.9 1008.8 B84 7.6 -1.0 -1.86 DAYTFIME
96 7838 9.3 1009.7 58 7.4 -1.0 -1.8
97 7838 4.3 i012.5 T4 T.5 -1.0 -1.6
o8 7838 7.2 1016.5 46 7.8 -0.7 -1.6
99 7838 5.2 1018.0 55 7.4 -06.9 -1.8
100 7838 7.5 1015.2 83 T.5 -1.9 ~-i.B
141 7838 3.1 1009.9 60 7.4 -1.4 -1.5
2 7838 4.2 1011.7 62 7.5 -0.4 ~1.5




14 SATELLITE LASER RANGING IN 1988

Table 4. Ohservations and data fitting {continued)

(1) (2) Obs.Plme(UTC) [3) {(4)Az. (5)Elev. (8) (7IFitting
No. date caught lost SAT. ST MX cT LT RTN N RMS
¥ M D h m s h m s * : : : cm
1 B8 01 06 k4 BO BT 14 55 04 5T 200L 55 62U 22 80 11 10.7
2 88 01 14 11 55 59 12 61 51 5T 1a5L 40 24U 33 275 13 8.1
3 88 61 16 12 34 43 12 42 58 ST -120R 65 280 21 3k2 21 7.9
4 48 01 17 11 4 57 11 12 48 ST 2001, 50 24U 23 329 16 8.8
5 88 ¢1 17 12 55 11 13 00 13 ST -100R 45 28U 34 85 11 6.4
8 88 01 18 il 24 B9 1P 31 23 5T 220L 80 34 34 1486 18 9.4
7 88 0f 18 13 15 48 13 21 08 5T -75R 30 25 21 51 12 11.9
& g8 01 20 10 13 34 10 22 39 ST 205L 55 228 20 a24 22 9.2
9 BE 01 22 10 56 08 19 57 CB ST -E1OR 80 54 59 23 5 8.1
16 88 01 26 ag 31 81 08 40 09 ST 215L 85 23U 30 30 13 8.6
11 88 01 27 14 26 33 14 30 55 ST -30R a0 270U 22 22 9 12.4
12 88 01 28 09 12 10 a9 20 00 ST ~1056R 50 28U 22 145 1B 8.7
i3 g8 01 29 a7 41 33 07 47 12 8T 220L 75 28U 68 26 11 7.6
14 88 02 03 05 48 43 05 49 25 5T 205L 55 42 21 27 7 B.6&
15 88 02 03 07 32 42 07 38 40 ST -95R 45 400 20 107 12 4.0
18 B8 062 04 13 22 18 13 36 47 ST -B0R BO 24U 20 272 21 14,1
17 48 0Z 08 12 14 o7 12 2¢ 10 5T -40R 80 420 23 238 FT 9.5
18 88 02 07 12 32 07 12 38 09 5T ~50L 80 29U 29 293 21 11.8
19 88 02 o8 65 30 08 05 36 i 8T -110R 55 37U 32 101 14 9.1
20 88 02 08 11 02 00 11 09 49 ST ~-35R 45 24U 20 113 i86 it.8
21 88 02 08 12 82 33 12 57 68 ST -65E 50 83U 28 32 12 12.2
22 88 02 09 05 52 19 05 55 42 ST -85R 40 380 27 62 9 B.2
23 88 02 12 03 13 08 43 16 58 5T 215L 75 83 22 h2 8 11.3
24 88 02 12 10 31 09 19 38 85 ST -451 70 30U 24 332 20 3.8
25 B8 02 15 09 39 57 09 48 21 ST -45R 80 28U 23 241 21 10,2
26 88 02 16 ¢2 38 23 02 45 57 ST ~-1201 685 240 20 125 18 8.3
27 88 02 18 01 26 14 a1 34 10 ST 2251, 80 26U 32 T3 1g 10.3
28 88 02 18 08 49 t3 08 57 42 ST -60R 85 28U 23 223 21 9.2
29 88 02 19 01 45 49 0> 64 12 5T -110R 60 25U 26 142 20 10.4
30 B8 02 22 00 55 45 01 02 36 8T ~110R 5h 28U 31 169 18 10.2
a1 88 02 25 05 40 14 05 44 30 ST ~35R 50 43U 32 39 1 ¥] 8.8
az &8 03 a3 04 15 51 04 24 06 5T ~-50R 85 31U 26 24 1i 16.9
33 88 03 o7 01 55 18 02 01 59 8T -35R 45 26U 28 149 12 10.7
34 88 03 08 02 14 43 02 20 42 St ~-40R 65 29U 48 284 15 9.4
356 88 03 Z3 13 1t E4 13 16 49 5T 1858 a5 23U 21 250 17 FO. L
36 88 0y 27 i2 3% 38 12 45 48 57 220L 70 29U 25 48 12 §59.8
37 88 04 OB 09 17 57 09 23 49 ST -120R 70039 21 a3 E 13.0
38 88 04 11 08 29 21 a8 32 02 5T -1156R 86 82 M 51 10 6.7
ag 88 04 11 15 50 53 15 51 38 ST -G0L 65 59 48 34 6 28.3
40 84 04 14 14 585 49 15 03 33 8T -60L 55 210 20 318 22 9.8
41 88 04 156 a6 07 05 8 12 53 ST 2051 50 340 22 191 17 9.6
42 88 04 15 01 58 02 08 01 39 ST -85R a5 34U za 86 11 8.6
43 88 04 15 13 26 33 13 33 55 5T -35k RS d42l 20 563 21 9.8
44 88 a4 25 11 15 26 1 21 27 ST -BO{. 60 34U 20 423 20 8.9
45 88 04 26 09 45 30 09 51 40 ST -35R 45 28U 20 410 18 16,4
46 88 05 23 00 19 24 00 28 32 5T -J0oR 35 220 20 88 13 9.1
47 438 08 08 14 34 32 14 38 30 8T -10OR 45 3% 30 136 12 9.9
48 88 08 10 17 47 04 17 5t 52 ST -4sR 200 300 20 164 1 LG, 4
49 88 08 30 13 24 24 13 28 02 ST -55L 80 59 21 130 8 7.7
50 88 07 30 03 04 44 03 06 41 5T -45R 70 44 B9 155 8 7.1
51 88 48 05 0 23 39 01 24 58 8T ~50R B4 48 79 220 9 11.2
52 88 08 05 16 35 04 18 37 5% 8T 1801, 3400 30U 20 305 4 7.8
53 88 08 26 12 28 38 12 32 54 8T ~80R 35 33U 21 87 11 10.1
54 &8 ©8 28 i1 168 13 11 22 17 8T -Y0OR 45 32U 27 261 15 il
55 48 09 07 14 34 43 14 43 06 ST -551, 80 23U 20 293 21 13.0
ht #4 09 o8 07 38 13 07 40 07 51 ~108R 55 B2 28 271 Hs 4.9
b7 88 09 12 07 03 20 07 09 28 3 ~-80R 35 36U 20 157 16 11.6
58 88 09 13 12 53 24 13 01 41 ST -55L 80 25 20 3580 22 9.9
58 88 09 14 05 52 39 05 58 38 ST -100R 45 370 25 140 12 0.2
LY #8 09 26 00 42 39 99 45 23 ST 220L 75 69 33 293 k7] 7.5




Table 4, Observations and data fitting (continued)

SATELLITE LASER RANGING IN 1988

is

(8} (9) (10) (11) {12) (13) {14} {15} (16)
No. STN T™P PRESS HiIM RISy BTS DTL COMMENTS
‘c mb % ns us ns
1 7838 2.2 i017.2 15 T.1 -0.5 -0.4
2 7838 10.0 1018.5 T4 7.6 -0.2 -0.8
3 7838 10.3 1008.0 85 7.7 -0.3 -1.0
4 7838 5.8 1067.3 B4 7.5 -0.1 -1.t
5 7838 6.6 1607.2 58 7.5 -0.1 -i.1
6 7838 4.9 1015.9 49 7.3 -0.5 -1.2
7 7838 3.3 1016.6 52 7.5 -0.4 -1.2
8 1838 8.9 10t5.8 87 7.5 -9.7 -1.4
9 7838 172.3 993.6 86 7.4 -0.,3 -1.8
10 7838 7.6 1007.5 40 1.3 0.3 -2.0
11 7838 2.4 1009.9 88 7.4 -0.3 -2.0
12 7838 8.1 1011.4 55 7.4 -0.5 -2.%1
13 7838 12.9 1004.0 77 2.8 -0,2 -2.1 DAYTIME
14 7838 3.0 1001.2 39 7.6 -0.8 -2.8 DAYTIME
i5 7838 1.8 1002.5 39 7.8 ~0.5 -2.6 DAYTIME
| £H] 7838 4.5 1008.8 68 T.7 -0.8 ~2.6
17 T838 8.1 996.8 43 7.7 -0.4 -2.7
18 1838 t.o 1007.1 60 7.8 -0.3 -2.8
19 7838 7.5 L0087 47 7.8 -0.4 -2.8 DAYTIME
20 7838 2.5 110,85 60 7.8 -0.1 -2.9
21 T838 1.0 1010.8 649 7.5 -0.2 -2.9
22 7838 9.9 1609.4 41 1.8 -0, 3 -3.0 DAYTIME
23 1838 10,2 1009.7 86 T.7 -0.5 -3.2 DAYTIME
24 7838 8.5 1012.6 50 7.5 -0.4 -3.2
25 7838 4.4 1010.8 46 7.4 -0.5 -3.1
28 7838 9.8 10E2.5 30 6.6 -0.8 -3.1 BAYTIMIE
27 1838 4.0 i00g.7 37 7.9 -1.4 -2.9 DAYTIME
28 T838 3.5 101t.9 52 7.8 -1.1 -2.9
29 T838 8.5 1021.5 42 T.7 -1.8 -2.9 DAYTIME
30 7838 8.4 1024.5 49 6.8 -0.8 -2.8 DAYTIME
31 7838 13.5 1014.9 59 7.7 -0.8 -2.4 DAYTIME
a2 7838 12.4 1001.8 35 7.5 -0.8 -1.9 DAYTIME
a3 7838 10.6 1007.5 41 7.8 -0.8 -1.8 DAY TIME
34 7838 8.6 10t2.5 36 7.6 -0.8 -1.8 BAYTIME
35 7838 9.6 1010.90 5% 7.8 -0.6 0.7
36 7438 6.6 101604 o8 7.5 ~(F, 3 -0.6
37 7838 Te.2 04 . 4 49 7.0 -0.8 -0.2 DAYTIME
BRI 7838 16.0 1022.6 55 7.4 -0.7 -0.2 DAYTIME
39 7838 1.7 1022.6 78 7.8 -0.9 -0.2
40 7838 12.9 1005.8 82 7.4 -4.8 -0.4
41 7838 21.0 1009.0 21 7.5 0.7 0.4 BAYTIME
42 T838 i9.5 1008.5 28 7.4 -6.7 -0.4 DAYTIME
43 7838 11.5 i014.1 GF T.4 -G.8 -0.4
44 7838 13.8 i011.4 72 7.8 (.8 -0.6
45 7838 17.4 101l.8 57 7.8 -i.4 -G.5
465 7838 21,2 988.3 85 7.8 -0.8 ~0.4 DAYTIME
47 7838 20.4 1G08.0 85 T.7 -0.7 -1.0
48 7838 17.2 996. 2 48 7.5 0.4 -1.1
44 7838 21.9 091.8 78 7.3 ~0.4 -2.1
i) 7838 26.2 989.9 T8 7.5 -G, 2 -2.7 BAYTIME
51 7838 29.1 1007.5 &0 7.2 -0.1 -2.5 DAYTIME
¥4 7838 24.1 1008.0 95 6.6 0.1 2.5
hi 7838 25.3 988. 0 B4 7.0 -0G.5 -1.9
54 7838 27.9 P85.3 BZ 7.2 -0.4 -1.0
hh 7838 23.3 1000.5 98 7.4 -0.5 -1.8
1Y 7838 27.0 10G04.0 76 T.5 -G.3 -1.9 DAY TIME
b7 7838 28.1 8982.7 69 6.7 -0.8 -2.1 BAYTIME
hf 7838 25.1 1002.7 T4 7.1 -0.7 -2.1
ha 7838 27.7 10005 62 7.2 -0.6 -2.0 DAYTIMIE
34} 7R3RB 25.8 883.3 68 3.5 -0.6 -2.0 DAYTIMIE




18 SATELLITE LASER RANGING IN 1988
Table 4. Observations and data fitting (continued)
(1 {2) Obs.Time(UTC} {3) (OAaz.f  (5)Rev. (6} (T)Fitting
No. date caught lost SAT. ST | MX €F LT RTN N RMS
Y M D h m s h m s ' : cm
61 | 88 10 01 00 26 42 00 34 23 ST -90R | 40 28U 23 77 19 8.7
62 | 88 10 13 02 36 04 02 45 32 ST -45R | 80 28U 20 109 22 9.5
63 | 88 10 14 01 06 09 0L 14 31 sT ~35R | 40 220 20 367 16 8.2
64 | 88 10 15 03 16 02 03 23 08 ST ~70L | 35 28U 20 53 | 12 8.7
651 88 10 19 00 53 45 00 57 08 ST -50L | 8¢ 22U 6o 38 | 12 13.5
66 | 88 11 02 11 32 0o 11 37 39 ST 185L ] 33 220 20 318 | 16 10.2
67} B8 11 06 10 59 40 11 07 15 ST 220L ] 70 220 20 581 23 10.2
68 | 88 11 08 10 10 25 10 16 29 ST 225L 80 37U 2t 123 | 18 9.7
69 | 88 11 10 10 28 48 10 35 20 ST | -11OR| 55 23U 25 249 | 2r  12.7
70 | 88 11 11 10 48 BF 10 54 58 sT -90R | 35 21U 20 311 15 10.3
7L | BB Il 13 09 37 BT 08 45 16 ST | ~110R| 50 21Y 20 819 23 10,8
72 | B8 11 18 07 38 12 07 44 43 ST | -125R| 70 34U 21 261 21 8.9
73 | 88 11 22 07 06 23  ©O7 13 02 ST -goR | 40 210 21 94 15 10,8
74} 88 11 24 05 57 43 08 03 24 ST | -:1t5R| 55 43U 2 230 17 9.4
75 | 88 12 18 05 03 32 05 09 29 ST -55L | 65 38U 22 276 | 21 11.4
76 | 88 12 20 03 37 55 03 39 53 ST -35k [ 50 37 20 T3 7 8.0
77 | 88 12 21 03 57 58 03 59 48 ST -458 | 75 B9 21 54 8 9.9
78 | 88 12 23 02 41 52 0% 47 50 ST -35R | 56 250 34 152 16 1.1




SATELLITE LASER RANGING IN 1988

Table 4, Observations and data fitting (continued)

(8) (9} {10) f2i) {12} {13) {14) (15} {16}

No. STN T™P PRESS UM IbT bTS DTL COMMENTS
“C mb % ns ns FH

61 7838 23.2 1007.5 66 7.7 -0.8 -2.0 BAYTIME

62 7838 17.9 1000.1 40 7.5 -0.2 -2.0 BAYTIME

83 7838 17.9 1008.2 44 6.7 -0.8 -2.0 BAYTIME

B4 T838 22.3 1008 .4 52 8.7 ~0.8 2.0 BAYTIME

1] 7838 21.4 1011.4 35 6.6 0.2 ~2.1 BAYTIME

66 1838 12.1 1004.9 65 7.0 -0.6 ~2.4

67 7838 12.1 1009.9 62 7.0 ~0.8 -2.6

688 7838 4.2 1010.4 95 8.1 -0.3 -2.6

BY 7838 2.4 1004.7 48 8.1 -0.3 -2.6

T0 7838 7.9 1008, 2 65 6.8 ~0.8 -2.8

11 7838 4.7 1001.4 64 6.7 -1.0 -2.5

72 T838 13.6 1001.3 89 6.9 ~0.3 -2.4 DAYTIME

73 T8B38 14.3 1013.2 56 7.1 -0.7 -2.3 DAYTIME

T4 T838 12.0 8996.2 45 6.5 -0.86 -2.2 DBAYTEIME

75 7838 15.5 1911.9 46 7.3 0.7 -1.8 DAYTIME

78 7838 15.5 160%.3 54 7.8 -1.0 -1.8 DAYTEME

77 7838 18.2 1005.3 34 7.5 -0.8 -1.8 DAYTIME

78 7838 11.5 1016.5 58 1.8 -1.0 -1.8 DAYTIME




18 SATELLITE LASER RANGING IN 1988

Table 4. Observations and data fitting {(continued)

{1) {2) Obs.Time{UTC) (3) (4}Az. (G}Elev. (6) (T lueting
No. date caught iost SAT. ST MX CT LT RTN N RMS
¥ M D h m s h m s ' : cm
i 88 016 08 01 59 26 a2 o7 12 AJ =601, 55 220 50 561 12 8.8
2 B8 01 08 23 04 04 23 14 42 Al -35R a4 230 20 328 14 8.8
3 88 01 09 01 05 14 01 13 25 AJ -50L 8O 22b B2 700 13 8.5
4 88 01 10 23 18 41 23 289 35 Ad -40R 55 294 21 505 18 9.1
5 &8 01 11 ol 19 02 01 26 58 AJ -60L 5O 210 45 456 18 9.5
[ a8 01 11 16 13 44 i6 24 58 Al 215L 70 340 20 671 23 9.0
T 88 01 11 18 18 04 18 26 27 Ad -90R 45 370 20 3146 13 3.6
8 88 01 13 16 25 17 16 38 37 AT -1256R 80 220 20 646 23 8.3
k] 88 0L 13 18 30 7 18 39 66 AT -TOR 33 22y 20 273 15 4.3
10 88 01 14 00 39 19 a0 49 1O AT -85L 45 230 28 596 15 8.8
11 88 Q1 18 13 45 44 13 55 05 AJ 180L 32 21U 20 244 i3 8.8
1z 48 01 16 15 45 26 15 58 05 Al ~120R T 24U 21 815 21 8.9
13 88 ¢1 18 17 50 19 17 59 37 AJ -851 32 220 20 192 13 9.0
14 88 ¢1 18 13 57 29 14 69 49 Al 205t 55 220 21 223 19 19.7
15 848 01 18 15 59 20 16 11 29 Al ~100R 50 210 22 661 21 9.7
11 88 01 19 23 I8 33 23 28 1¢ Ad -T0L 40 21U 28 18% is 8.7
+7 B8 0L 20 14 10 25 b4 23 49 A 225L 85 21U 231 1108 24 8.9
18 88 01 20 16 18 08 18 20 21 A -80R 47 28 37 159 8 8.3
19 88 01 22 12 25 22 12 34 50 AJ 185L 40 270 21 323 14 8.9
20 88 01 22 14 25 24 14 37 27 AJ ~115k 65 27U 2t 508 22 9.4
21 88 01 22 i8 41 05 16 38 18 Ad -801 30 25U 22 1580 i 7.9
22 88 ¢1 22 20 37 27 20 48 45 AJ -45R 70 320 21 786 19 8.8
23 88 61 23 13 29 59 13 43 39 AJ -130R 85 21U 20 844 23 9.4
24 88 01 23 15 36 01 15 44 38 AJ -8oi 35 270 21 362 12 9.0
25 88 01 23 19 42 27 19 53 59 Ad -40R 50 25U 21 952 i7 8.4
268 88 0: 23 21 43 48 21 56 09 A -80L 55 21U 20 513 18 9.0
27 88 01 24 12 40 12 12 45 02 Al 210L 65 49U 51 134 8 8.9
28 88 0t 24 14 39 49 14 50 48 AJ -951 45 240 21 625 19 9.4
28 8B 01 24 18 48 08 18 58 56 AJ -36R 40 22U 20 448 i6 3.9
30 88 01 24 20 49 11 21 02 32 AJ -50l, 80 21U 2} F07 23 8.8
31 88 01 25 11 43 51 11 54 42 AJd igoL 45 248 21 266 21 9.8
32 88 01 25 13 44 04 13 57 ©8 AJd -1tOR §0 218 20 840 23 9.3
33 88 0% 2§ 19 55 22 20 08 01 Ald ~45R TH 220 23 T80 43 9.4
34 88 01 26 12 50 28 I3 01 50 AJ -130R 80 26U 28 25 Bl 66,9
35 H4 01 26 19 01 28 19 13 29 AJ -401 55 220 22 792 23 .7
38 88 01 24 21 08 17 21 15 25 AJ -65E 50 48U 21 121 12 9.8
37 88 01 27 11 55 49 12 08 59 Ald 2150 T0 21U 21 4489 20 8.8
38 88 01 27 13 58 57 14 16 42 A - 90R 45 41l 2o 334 iy 9,2
ds 88 01 27 18 07 30 18 18 56 A =JOR 403 21y 20 409 22 a.7
40 88 01 27 20 08 54 20 22 08 Ad -551. 5 Z1U 21 904 23 8.6
4k 88 0% 28 i1 02 38 1l 14 22 Ad 195L 4h 230 2% 796 19 9.5
42 88 OF 28 13 04 22 13 6 22 Ad - 10561 55 230 22 676 19 G.8
43 88 a1 28 17 14 13 17 22 04 AJ -40R a3 230 28 s3] 153 8.7
44 88 o1 29 12 12 00 12 21 52 AJ -125R 75 O3BU Z8 374 14 10.0
45 88 01 28 14 17 04 14 24 10 AJ -TCR 33 304 20 232 1% 9.5
46 88 01 29 18 22 21 18 33 47 Ad -40R 55 249U 20 434 20 9.6
47 88 01 29 20 24 41 20 34 48 AJ -65L 45 290 21 188 19 9.9
48 88 01 31 16 33 34 16 43 31 AJ -35R 35 220 20 461 16 $.9
49 88 01 31 18 34 32 £8 47 47 Ad -45R 85 21U 21 745 24 10.0
50 88 02 ©1 13 37 17 13 43 1% Ad -651 32 30U 22 50 8 9.8
5l B8 02 01 17 43 06 17 48 08 Al -40R 80 47 58 89 7 12.2
52 88 02 u2 10 35 02 10 48 20 AJd 220L 80 220 21 880 23 8.7
53 88 02 02 18 48 50 16 58 12 AT -451 45 220 22 519 18 14.2
54 88 42 v2 18 48 28 16 061 14 Al -55L 55 22U 21 488 22 8.7
) 88 02 03 08 41 24 09 52 17 AJ 200L 55 21U 30 T27 21 9.2
5 88 02 03 11 43 48 i 55 16 AJ -100Rr 50 220 24 561 18 9.5
57 88 G2 03 15 53 24 16 03 18 AF -351 45 23U 20 285 13 9.7
58 88 02 03 17 54 02 18 07 28 AJ -S5Ok 85 211 23 41 @4 16.5
59 88 02 04 12 55 L7 13 03 20 AJ ~-BAR 3 250 2] 126 12 1.6
60 88 02 04 14 59 01 15 97 48 Ad -40R a0 220 2 250 17 9.5
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Table 4. Ohservations and data fitting (continued)
{8) (a) (10} (11) (12} (13) (14} {15) (16)
No. STN T™P PRESS HOM IDF nTS DTL COMMENTS
*C mb % ns iks us

1 7838 | 13.0 1003.8 53 7.8 ~0.8 -0.4 DAYTIME
2 7838 8.9 1006.2 44 7.6 -1.0 -0.4 DAYTIME
3 7838 | 11.6 1006.9 47 7.7 -1.0 -0.4 DAYTIME
4 7838 4.1 1017.5 51 7.7 -6.3 -0.4 DAYTIME
5 7838 6.9 10184 43 7.6 -0.2 -0.5 DAYTIME
6 7838 2.8 1018.4 65 7.7 —0.1 -0.5
7 7838 2.6 1018, 2 T2 7.9 -6.2 -0.5
8 7838 5.3 1019.2 83 6.7 -0.4 -0.86
9 7838 4.6 1018.6 87 6.8 -0.2 -0.6

10 7838 | 12.8 1019.7 60 7.8 -0.2 -0.8 DAYTIME
11 7838 9.8 1008.2 70 1.6 -0.3 ~1.0

12 7838 9.4 1667.7 74 1.5 -6.2 ~E.0

13 7838 8.2 1008,1 70 7.8 -6.4 ~1.0

14 7838 3.2 1616.5 50 7.4 -0.3 -1.2

15 7838 2.3 1018.5 61 7.8 ~0.6 -1.2

16 7838 6.6 1016.5 84 7.5 ~0.7 -1.3 DAYTIME
17 7838 8.4 1016.6 87 7.5 -0.7 ~1.4

18 7838 5.8 1015.4 84 7.6 -0.8 -1.4

19 7838 | 12.8 393.6 86 7.5 -0.4 -1.8

20 7838 | 15.2 992.3 66 7.4 -0.5 -1.8

21 7838 | 14.9 991.1 66 7.5 ~0.2 “1.6

22 1838 | 13.8 989.2 58 7.6 -0.3 -1.6

23 7838 1.3 997.2 73 7.5 -0.4 -1.7

24 7838 0.8 998. 4 72 7.6 -0.3 -1.7

25 7838 | -0.1 1001, 4 54 7.6 -0.3 -1.7

26 7838 | -0.1 1003, 2 56 7.5 -0.4 -1.7

27 1838 0.8 1007.5 62 7.5 -0, 4 -1.8

28 7838 1.9 1007.5 58 7.8 -0.6 -1.8

29 7838 1.9 1007.5 61 7.5 -0.4 -1.8

30 7838 2.4 1007.7 61 6.6 -0.5 ~1.8

3t 7838 4.5 1007.1 59 .3 -0.2 -1.8

3z 7838 4.0 1007.1 62 .5 -0.2 -1.8

33 7838 5.1 1007.1 86 7.4 -0.4 -1.9

34 7838 5.4 1008.8 51 7.4 ~0.3 -2, 0

35 7838 a.7 1007.7 54 7.4 ~0.5 -2.0

a6 7838 3.8 1608.6 86 7.3 -0.2 -2.0

a7 7838 3.4 1609.6 59 7.6 -0.3 -2.0

38 7838 2.5 1009.9 85 1.5 -0.2 -2.0

49 7838 4.5 1010.6 a5 7.4 -0.3 -2.0

40 7838 3.7 1016.8 57 1.5 -0.1 -2.0

4 7838 5.5 1012.1 58 R -0.1 ~2.1

42 7838 5.0 10121 55 9.7 -0.2 -2.1

43 7838 4.9 1010.2 84 9.9 -0.2 ~2.1

44 7838 8.5 1007.5 61 2.8 -0.2 -z2.1

45 7838 8.3 1008.0 48 4.5 -0, 1 -2.1

a6 7838 7.1 1008.8 54 9.6 -0.4 -2 1

47 7838 7.0 1009.5 53 9.6 0.0 -2.1

a8 7838 4.0 1008.5 49 9.4 -0.5 -2.3

19 7838 2.9 1009.6 52 9.5 0.2 ~2.3

50 7838 4.8 1008.8 56 7.0 -0.53 -2.4

51 7838 4.0 1005.8 68 7,2 -0.5 -2.4

52 7838 1.8 996.1 44 7.9 -6.5 -2.5

54 7838 1.6 998.8 40 7.8 -0.85 -2.5

54 7838 0.2 999.2 43 7.7 -0.5 ~2.5

55 7838 | -0.5 1605.6 48 7.7 -0.5 -2.6

56 1858 | -o.6 1006.6 50 7.7 ~0.5 -2.6

57 7838 | -1.1 1007.7 59 7.6 ~0.6 -2.6

58 7838 | -0.8 1008.4 GO 7.6 -0.7 -2.5

59 7828 4.1 1008.8 67 7.6 -0.5 -2.8

6o 7838 3.7 1008.2 70 7.8 -0.9 -2.8
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Table 4, Observations and data fitting (continued)

(1} {4) Obs.Ttime{UTC) (3) {(4)Az. {5)Elev. (6} (7)F1Lting
No. date caught lost SAT. ST MX CT LY REN N RMS
Y M D h m s h m s ' ' ' ) e
81 88 0z 04 17 06 39 17 13 05 AJ -45R B85 23U 2t 9486 21 9.3
82 88 02 04 19 066 31 19 68 46 AJ ~70L 33 46 38 13 8 3.5
G 88 02 A5 16 068 57 16 18 36 Al -40R 50 24U 20 885 v 8.9
64 88 02 05 18 10 13 18 20 51 AT -B80L 80 34U 20 62 g 3.9
65 88 02 06 09 01 22 09 13 46 AJ 205L 60 23U 21 693 23 3.9
(1133 88 02 06 11 03 31 11 15 35 Ald ~-100R 45 21U 20 569 23 10.1
87 &8 02 06 15 12 21 15 23 17 AJ -40R 347 210 20 421 22 10.2
68 88 02 06 17 14 33 17 27 16 Ad -50L, 80 28U 20 490 22 9.8
69 88 02 07 10 10 13 10 21 47 Ad -115R 65 J1U 20 639 21 9.8
T 88 02 07 12 14 21 12 23 16 Ak -B0OR 30 229 20 234 11 8.0
Ti 88 B2 07 14 18 30 14 27 50 AJ ~40R 30 Z1v 20 119 16 9.1
T2 88 02 07 16 19 42 16 33 04 AJ -45R 7¢ 214 20 BOG 23 9.7
73 88 02 o7 18 24 44 18 32 53 AJ -75L 35 28U 20 204 37 0.3
74 88 02 08 09 14 28 9 27 51 AJ -130R 85 22U 20 484 22 O, €
15 88 02 08 11 18 54 11 29 11 AJ ~80R 35 220 20 173 20 9.8
76 48 02 08 15 26 i8 i5 38 2% Ald -40R 50 23U 20 879 23 1¢.1
FT 88 02 08 17 27 by 17 38 38 AJ -60L 55 220 24 304 19 4.8
78 88 02 09 08 20 40 08 33 38 Ad 210L 65 22U 20 58 15 9.3
T9 88 02 09 i4 32 456 14 42 48 Ad -35R 40 24U 22 240 T 10.0
i{4] 88 0z 10 07 27 65 a7 37 51 AJ 190L 45 23U 26 205 15 9.7
81 88 02 10 09 28 42 09 41 25 AJ -F1OR 80 230 20 £97 22 8.9
82 88 ¢2 10 13 40 25 13 47 490 AT -38R 32 280 21 20 9 6.1
83 88 02 10 15 41 07 15 5¢ 35 AJ -45R 76 31U 34 705 i7 8.7
84 88 02 19 17 42 5% 17 51 46 AJ -80L. | 32 22U 21 196 12 8.4
45 88 02 12 07 41 556 G7 51 37 AJ 2181 T4 33U 30 262 19 .7
86 88 02 12 09 45 238 0% 54 04 Al -906R 45 310 24 79 13 a.1
87 88 02 12 13 54 45 i4 03 09 AJ -35R 40 350 20 188 13 10.5
88 88 02 12 15 53 38 16 06 31 A -85 75 24U 20 515 22 g.6
89 g8 02 i3 12 58 40 3 07 19 Ad -35R 33 24U 22 152 12 §.2
a0 B8 02 13 i4 59 58 15 10 12 Ad -456R 80 ZBU 35 ass8 20 10.6
¢l 88 02 14 14 05 47 14 17 35 Al -40R 55 25U 22 492 18 10.3
b1 4 88 02 14 16 08 04 16 19 08 A -65L 46 290 20 221 17 10.2
93 88 02 16 o7 07 03 o7 12 11 AT 220L 75 72 25 293 15 i0.1
24 48 02 156 08 04 51 09 14 28 AJ -85t 40 295 20 352 14 9.8
a5 88 v2 15 13 11 22 13 23 ¢l AJ -401 45 210 20 437 22 9.9
96 88 02 15 15 12 48 15 26 01 AJ -85 70 210 20 250 21 9.5
a7 88 02 i6 08 67 31 08 17 34 Ad 200L 50 28U 28 193 17 9.5
a8 88 02 1@ 08 11 08 08 20 40 Ad -105R 55 39U 20 324 18 10,7
499 88 02 16 £2 18 17 12 2% 30 AJ -351 35 240 21 184 i4 10.4
104 88 02 18 06 27 07 06 28 20 Al 220L 80 69 54 1186 8 8.0
161 B8 U0Z 18 a8 24 186 a8 34 02 Ad -HOR 38 48U 206 i58 16 10.7
102 58 02 18 12 31 94 12 42 53 Ad ~40R 45  Z2¢ 20 245 21 10.3
1008 838 02 18 14 32 36 14 45 27 AJ -55L 85 214 21 286 21 10.4
104 88 02 19 05 30 33 05 38 29 AJ 2001 85 520 20 312 17 i0.2
105 88 02 19 0T 2% 55 G140 08 AJ 1008 50 32U 21 4006 g 9.9
ius 88 02 19 11 37 38 11 47 41 Ad -35R 35 23U 24 394 14 9.0
o7 88 02 19 13 39 14 13 5% 42 Al -50R an 264 21 275 21 9.3
148 88 02 21 11 50 38 12 02 42 Al -d5i 50 220 20 aBZ 19 14.0
1049 88 02 21 13 52 43 14 04 12 Al -80L 8L 23U 25 202 21 4.6
110 B8 02 22 10 57 186 1F 02 4R Ald -35R 38 24U 37 250 b3 8.8
111 88 0z 22 13 00 19 13 16 a7 Ad -50L B5 38U 28 224 15 8.8
112 88 02 24 11 11 32 11 20 39 Al —4901 506 294U 31 414 Pd 7.9
113 &8 02 24 13 13 o7 13 24 14 AT -801L 55 27U 22 123 I8 10,6
114 88 (% 25 04 11 H8 ¢4 16 15 AJ Z10L 65 64 29 187 8 5.3
15 88 02 25 G656 11 45 06 18 54 Al -Q0R 45 410 23 1640 16 9.8
it6 88 02 25 16 19 10 10 25 09 Ald -40R 40 34U 30 1% T 11.1
17 88 03 03 03 56 32 04 04 10 Ad -105R 50 4BU 23 153 12 0.0
118 88 03 03 i0 03 45 10 16 26 Al -50R 80 26U 2o T62 24 9.3
11y 88 03 03 i2 09 05 12 13 498 Ad -9tL 256 24 21 16 6 8.7
120 88 03 07 02 17 49 02 29 43 Ad -115I 85 25U 24 T27 23 3.4




SATELLITE LASER RANGING IN 1988

Tahle 4, Observations and data fitting (continued)

(8) (9) (10} {it) (12) (13) {14) {15} {16}
No. STN TMP PRESS HUM IDT DTS DTEL COMMENTS
e mb % ns ns us

61 7848 4.7 1007.1 7% 7.8 -0.9 -2.86

62 7838 6.0 1006.2 7t 7.5 -0.8 -2.8

63 7838 | 16.0 994 .4 92 6.8 -0.4 -2.7

64 7838 | 14.7 983.6 86 7.6 -0.4 -2.7

85 7838 8.8 994.0 as 7.8 -0.2 -2.7

66 7838 6.8 995.5 40 7.5 -0.3 -2.7

87 7838 3.8 998.1 46 7.8 ~0.3 -2.7

68 7838 2.9 998.8 43 7.6 ~0.4 -2.17

69 7838 1.3 1006.3 50 7.4 -0.3 -2.8

70 7838 1.5 1007.1 55 7.7 -0.3 -2.8

7t 7838 0.0 L007.7 49 7.1 -0.2 -2.8

72 1838 0.3 1008.0 47 1.6 -0.1 -2.8

73 1838 | -0.2 1008.5 64 7.1 -0.4 -2.8

74 7838 4.1 1009. 1 80 7.5 -0.1 ~2.9

75 7838 2.3 1010.7 &2 7.5 0.0 -2.9

78 7838 | -1.0 1010.8 79 7.5 ~0.1 -2.9

77 7838 0.3 1010.8 71 7.8 0.0 -2.9

78 1838 6.3 1010.1 47 7.8 -0.2 -3.0 DAYTIME
79 7838 3.2 10k1.2 59 7.8 -0.4 -3.0

80 7838 6.8 1013.6 51 7.6 -0.4 -3.1 DAYTIME
81 7838 3.5 1014.4 63 7.5 -0,1 -3.1

8z 7838 0.4 1017.2 75 7.5 -0.5 -3.1

83 7838 | -0.3 1017,2 78 7.5 -0.3 -3.1

84 7838 | -1.5 1017.1 80 7.5 -0.4 -3.1

85 7838 9.7 1010.4 38 7.6 -0.3 -3.2 DAYTIME
86 7838 7.2 1412.3 46 7.4 -0.3 -3.2

87 7838 4.2 1013.0 62 7.5 -6.4 -3.2

88 7838 3.0 10:2.5 70 7.8 -0.2 -3.2

89 7838 3.1 1013.5 61 7.5 -0.7 -3.1

90 7838 3.2 1014.2 64 7.5 -0.4 -3.1

91 7838 5.8 1006.9 50 7.8 -0.5 -3.1

g2 7838 2.8 1096.4 65 7.6 -0.5 -a.1

93 7838 7.9 1008.5 44 7.4 -0.5 -3.1 DAYTIME
94 7838 5.2 1010.4 47 7.4 -6.8 -3.1

95 7838 1.9 1012.5 56 7.5 -6.86 -3.1

96 7838 3.2 1611.9 58 7.5 -0.4 -3.1

97 7838 | 11.2 1010.8 34 6.2 -0.9 -3.1 DAYTIME
98 7838 7.0 10£2.3 41 6.6 -1.2 -3.1 DAYTIME
99 7838 4.0 1014.2 54 6.4 -1.1 -3.1

100 7838 7.9 1009.7 43 7.4 -0.9 -2.9 DAYTTME
101 7438 4.0 1011.7 57 7.8 -0.9 -2.9

10z 1838 2.6 1014.7 80 7.8 -1.0 -2.9

103 7838 2.0 1015.8 82 7.7 -1.3 -2.9

104 7838 8.3 1019.3 52 8.2 -1.2 -2.9 DAYTIME
105 7838 4.6 1019.5 51 8.0 -1.2 -2.9 DAYTEME
108 7838 3.1 1021.¢ 59 7.9 -t.2 -2.9

107 7838 1.9 1021.3 [} 7.8 -1.3 -2.9

108 7838 2.9 1022.3 43 7.5 -0.7 ~-2.1

108 7838 E.7 1022.8 48 7.7 -0.4 -2.17

110 7838 7.5 1022.3 81 7.6 -1.1 -2.8

11t 7838 5.4 1622.1 37 7.5 -0.9 -2.6

112 7838 8.3 1615.2 65 7.7 -0.5 -2.5

113 7838 7.4 1015.8 54 7.7 -0.9 -2.5

114 7838 14.8 10:6.2 52 7.8 -0.5 -2.4 DAYTINE
i15 7838 i4.0 1016.3 58 7.5 -0.8 -2.4 DAYTIME
116 7838 | 10.0 10186.9 62 7.5 -0.8 -2.4

117 7838 | 11.5 1001.8 34 7.5 -0.6 -1.9 BAYTINE
118 7838 5.2 1006.2 42 7.8 -6.8 -1.9

119 7838 3.8 1008.8 43 7.6 -6.9 -1.9

120 7838 | 10.5 1007.3 40 7.5 -0.7 -1.8 DAY IME




22 SATELLITE LASER RANGING IN 1988

Table 4. Observations and data fitting (continued)

(1) {2) Obs.Time{UTC) (3} {4}Az, {5)Eley. {5} {T)yFitting
No. dutle caught tost SAT. ST MY CT LT RTN N itMs
Y M D h m s h m s . . ' ’ cm
121 88 03 07 04 24 45 04 32 02 AJ -B5R 30 28U 20 122 i4 11.2
122 88 03 07 08 28 38 06 36 07 Ad -35R 30 261 21 105 1o 9.0
123 88 03 07 08 39 54 08 41 44 AJ -40R 65 38U 20 684 19 a.8
124 88 63 47 19 32 38 10 41 12 AJ -70L 347 274U 23 138 20 10,9
125 88 ©3 V8 01 25 48 01 36 33 AJ -135R 85 41U 20 454 22 10.1
128 88 03 08 03 27 01 03 338 47 Ad -80R 37 21U 35 75 13 9.3
127 88 03 24 3 18 48 03 29 49 Ad -40R 56 21y 27 541 20 8.7
128 88 03 28 01 44 47 0L 54 42 Ad ~ 38R 40 220 2b 202 17 16.4
r2g 88 03 28 03 46 12 03 51 08 Ad ~50L 75 22 64 337 10 8.3
130 BS 04 05 23 45 Q7 23 51 34 Ad -40R 45 30 41 42 10 11.5
131 88 04 10 23 19 438 23 23 53 A ~45R 70 44 88 a7 8 4.4
182 48 04 11 18 19 54 186 24 17 MY ~130R 80 57 21 g2 133 9.9
133 88 04 13 14 24 12 14 35 43 A 195L 45 22U 20 1334 18 9.8
134 88 04 13 16 25 30 16 37 58 AJ ~110R 55 230 21 681 23 10.90
135 88 04 14 15 30 34 15 44 i5 AJ -125R BO 210 20 1259 24 9.7
136 88 04 14 23 44 27 23 55 39 Ad -B0OL 50 22U 24 374 22 9.8
137 88 04 15 14 36 35 14 48 b9 AJ Z15L 75 21U 20 1131 24 16.2
138 88 04 15 16 39 b8 6 61 38 AJ ~85R 40 21U 20 TAG 19 9.8
138 B8 a4 7 12 81 05 13 90 28 Ad 1750 a2 21y 20 161 iz 11.2
1406 88 04 18 13 07 02 13 13 58 Ad 200L 55 47U 27 a9 13 9.5
141 88 04 19 16 07 34 15 15 15 A -100R 50 38U 31 350 14 9.5
142 88 04 20 14 17 18 14 22 31 AJ -120R 70 87 25 345 20 9.8
143 88 04 24 12 38 30 12 48 58 Al ~-130R 90 278 20 1243 22 8.5
144 88 04 24 14 38 39 14 50 24 AJ ~-75R 35 20U 20 481 16 9.5
145 88 04 25 11 41 47 11 54 52 Al 216L 65 21U 20 963 23 2.8
148 88 04 25 13 45 28 13 56 32 Ad ~-90R 45 268U 20 793 i5 8.9
147 88 a5 09 11 21 11 1t 28 43 Ad ~G5R 30 26U 28 481 10 7.3
148 88 05 09 313 25 27 13 32 53 Ad ~35R 30 28U 21 237 9 8.5
149 88 05 12 08 42 14 d8 43 58 Al 190L 40 30 22 40 6 8.7
150 88 05 12 08 42 43 08 46 33 AJ ~110R 60 51 21 292 9 B.9
151 88 05 12 14 47 08 14 58 14 Ad -45R 70 360 20 137 17 8.3
152 88 05 12 16 54 57 16 67 37 AT ~T5%, 32 290 20 34 3] 10,2
153 88 05 17 12 18 55 i2 28 33 Al -35R 45 320 20 486 16 9.7
154 88 05 17 14 18 i3 14 31 36 Ad -58L 70 21U 20 839 24 9.4
155 88 05 18 07 20 29 07 25 38 AJ -100R 55 51 22 3i & 10.4
158 B8 05 I8 1l 24 49 11 32 34 Ad ~-35R 35 280 22 395 1 10.2
157 83 G5 I8 13 27 08 13 34 56 AF ~45R g0 43U 38 741 15 4.1
158 848 05 23 10 55 48 11 08 12 Al ~40R 50 211 20 5186 20 9.8
159 88 05 23 12 857 45 13 10 2% AJ -60L 50 220 21 893 23 19.0
160 88 U5 26 64 13 27 04 16 30 Al -130R 80 B0 25 88 13 8.7
161 88 05 28 10 19 06 10 24 52 Ad -4 5¢ 41U 37 42 iG 10,3
162 88 05 26 12 17 20 12 29 53 AJ -60L 85 210 20 1168 24 9.0
163 88 05 28 10 29 23 10 42 27 Ad —-45R 75 23l 20 1085 24 9.1
164 B8 05 28 12 3z 17 12 41 20 At ~76L 320 21U 21 577 149 9.0
165 B8 05 29 1} 39 03 11 45 09 AJ -GoL 50 311 44 87 13 0.5
168 48 05 30 04 40 52 34 44 18 AJ -90% 40 37 2% 43 14 8.9
167 88 05 30 10 45 23 10 53 43 Al -55k 75 38U 35 425 is 9.4
168 88 06 04 04 08 12 04 17 45 Al -G5R 32 210 20 249 i3 10.2
169 88 06 04 08 19 33 08 22 32 AJ -40R 60 57U 53 76 7 9.6
170 88 06 o6 62 24 05 a2 27 02 Ad ~L00R 80 49 35 236 H 8.5
171 BE 08 08 06 32 39 06 34 28 AJ -35R 35 35 431 45 1o 9.8
172 88 086 08B 08 33 58 08 38 53 AJ -50R B85 BOU a7 390 1¢ 8.0
173 88 06 13 06 18 17 06 19 45 AJ -45R 75 B3 74 107 8 9.5
174 88 ¢6 14 a6 22 85 05 25 49 Al -40R 55 430 54 170 8 9.1
175 g 07 41 17 04 38 37 12 12 A 195L 50 21 45 177 16 10.8
176 88 07 0l 18 06 25 19 18 58 AJ -E0O51 55 420 20 871 21 10.2
177 88 07 02 ¢l 18 29 01 22 34 Ad -45R 80 30 7o 521 16 8.1
178 88 07 01 a4 55 34 00 87 57 Ad -8401. 60 57U 59 213 g 9.5
179 88 07 o7 i7 47 25 17 58 03 Ad -100R 50 29U Zi 87 15 10.3
184 88 07 08 14 51 15 14 59 55 AJ 1854 38 23U 27 161 iz 8.7
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(8} (9) (10} {11) (r2) {13) {14} {15} {16}

No. STN TMe PRESS HUM 107 s AN COMMENTS
‘C mh % ns s s

121 7838 10.7 1006, 2 49 T.6 -0.8% ~1.8 BAYTIME

122 7838 9.8 1007,1 38 7.6 0.7 -1.8 DAYTIME

123 7838 7.2 1008.6 R1: 7.6 -6.7 -1.8 DAYTIME

124 7838 4.4 1011.0 42 7.4 -0.5 ~1.6

125 7838 B.O 1013.2 38 7.5 -0.7 -1.8 DAYFINE

126G 7838 0.0 1011.4 35 7.5 -0.9 -1.8 DAYTFIME

127 7838 3.1 1014.9 51 T.4 -0.8 -0.7 DAYTIME

128 7838 13.5 1011.2 40 7.3 -0.5 -0.8 DAYTIME

129 7838 14.6 1010.1 as 7.3 -0.7 -0.,6 DAYTIME

130 7838 17.4 1009.0 47 T.4 -0.9 -0.3 DAYTEME

131 1838 15.4 1024.3 53 7.0 -1.1 -G.2 DAYTIME

132 7848 12.2 1022, T7 T.4 ~(3.9 -0.2

133 1838 12.6 10D4.5 16 7.2 -0.5 -0, 3

134 7838 12.7 1003.6 70 1.3 -0.7 -0.3

136 7838 12.8 1006,2 48 7.2 -0.6 0.4

138 7838 15.8 10t:.0 it 7.3 -1.0 0.4 BAYTIME

137 7838 10.2 10t4.3 &7 7.4 -0.8 -0.4

138 7838 9.6 1014.1 67 7.5 -0.9 -0.4

139 7838 i6.4 1915.2 74 7.2 -1.1 ~0.56

140 1838 165.2 1000.1 [314] 7.1 -0.5 ~0.56

14t 7838 FPi.0 1000.3 T3 7.7 -0.5 -0.5

142 7838 16.9 1002.3 a8 7.6 ~0.6 -0.5

143 7838 FL.O 1005.6 i8 7.8 -3.8 -0.8

144 7838 B.6 1005.8 s 7.6 -0.8 -0.6

145 T838 13.1 1611.7 12 7.8 -0.8 ~-g.6

146 7838 12.2 1011.7 72 6.2 ~-1.0 -0.6

147 7838 14.2 loir.? 89 7.8 -0.5 -0.5

148 7838 16.3 1012.0 71 7.8 -0.8 -8.5

40 7838 22.5 991,86 12 7.9 0.0 -0.5 DAYTEIME

i50 T838 20.6 993.0 43 7.8 0.0 -0.5 PAYTEME

151 7838 14.4 097.9 44 7.8 0.1 -0.5

52 7838 14,1 997.3 45 7.7 0.k -¢.5

153 1838 16.7 1004.0 98 7.8 -0.1 -0.4

154 7838 15.7 1003.6 90 1.6 -0.4 -0.4

155 7838 23.1 ooz, 7 G0 7.7 -0.6 ~0.4 DAYTIME

156G 7838 21.4 1004.7 50 7.6 -0.4 -0.4

157 7838 21.2 1005.3 18 7.7 -0.3 -0.4

158 1838 16.8 098.1 53 7.5 -0.4 ~-0.4

159 7838 t4.8 1000.6 58 7.6 0.5 ~0.4

160 7838 20.6 1006.0 16 7.7 -0.2 -0.5 DAYTINE

16t 7838 17.6 1005.6 92 7.6 0.0 -0.5

162 7838 16.1 1005.8 94 7.7 0.0 -0.5

163 1838 18.3 1007.1 88 7.6 ~0.1 -0.6

164 7838 1.t 1008.2 8i 7.5 -3.3 -0.6

165 7838 18.2 EQ05.6 97 7.3 -0.7 -0.6

LGB 7838 22.1 1on7.7 64 T.5 -0.4 -0.6 BAYTIME

167 7838 19.0¢ 1009.0 17 7.6 -0.3 -0.6

1s8 7838 24.2 0903.8 87 7.3 -0.8 -0.8 BAYTIME

169 7838 24.0 995.6 ;13 7.7 -0.3 -0.8 DAYTIME

170 7838 22.7 1009.90 79 7.6 -0.7 ~1.0 DAYTIME

171 7838 23.1 1008.4 83 7.6 ~0.6 -1.9 DAYTIME

172 1834 22.9 1007.5 76 7.7 ~0.6 1.0 DAYFEME

173 1838 23.7 G86. 0 83 7.7 0.0 ~1.2 BAYTIME

174 7838 23.9 9448 . 1 83 7.6 ~0.2 -1.3 PAYTIME

176 7838 z1.5 998.0 76 7.5 -0.2 -2, 2

176 7838 21.1 998.0 76 7.2 0.0 2.2

77 1838 25.1 098.2 :1) 7.2 0.0 -2.3 DAYTIME

178 7838 25.1 100405 7 7.4 -0.5 -2.7 PAYTIME

179 7838 23.8 997.4 &8 7.4 -0.2 -2.7

180 7838 25.14 908.8 84 7.4 0.2 ~-2.7
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Table 4. Observations and data fitting {continued)

1) (2) Obs.Time{ire) (3) (4)}Az. {51 ey. {6 (TIFILEing
No. dute caughe tosi SAT, ST MX  CT LT RTN N ’MS
Y M D h m s h m s : ' ' ' i
181 88 07 11 ¥4 10 23 14 21 0% AJ 190E, 40 22U 22 915 21 9.7
182 88 07 11 18 18 63 18 265 1t Al ~GOR 30 28U 21 245 9 8.9
183 88 07 19 15 05 12 15 t6 30 Ad -85R 40 2H) 21 930 15 8.8
184 B3 07 31 19 24 19 i0o 32 B2 AJ —-125R 80 53U 25 825 15 i1.1
185 88 47 31 12 25 01 12 35 11 Ad -TOR 35 21vU 2o 1049 141 8.6
188 88 07 3 18 32 16 186 44 42 AlF ~40R 56 24U 20 T80 21 11.3
187 88 07 3% 18 34 27 18 44 34 AlJ -65L 50 23U 27 %18 17 9.7
188 88 08 04 10 49 58 10 86 52 AJ -85 44 230 36 a7 15 8.7
189 88 08 05 09 55 24 16 02 39 AJ ~-100R 50 270 44 280 13 10.0
190 88 08 05 14 03 39 14 13 50 AJ -4 0R 35 210 22 292 15 10.90
191 £8 08 07 0 99 2t 10 k2 38 A ~80R 38 21 34 214 9 8.4
192 88 68 14 12 02 28 2 10 47 Ald -4 01 40 21U 34 2430 17 2.1
193 88 08 17 11 22 33 I} 33 48 A2 ~40R 45 23U 20 600 17 10.8
184 88 08 17 13 23 30 13 35 h8 AJ -55L F0 21U 25 308 21 10.3
195 88 08 23 10 03 58 10 69 08 AJ -40R 50 356U 43 3949 16 1.7
i96 a8 08 25 10 14 44 16 27 a7 Ad -4561 70 210 22 1133 22 .8
197 88 08 25 12 17 42 12 25 26 AJ -75L 35 210G an 851 i3 9.8
198 §8 08 U8 08 20 43 09 33 25 Al -40R 50 21U 20 1701 20 10.0
199 B8 08 28 11 23 03 11 35 24 Ald -60L 55 230 20 1295 24 10.6
204 84 08 28 99 38 52 08 45 33 Ad -451 75 4BU 34 437 14 $.,0
201 88 08 29 02 35 25 02 41 50 Al -130R Bh  B3U 23 522 18 10.6
202 38 08 29 04 39 24 a4 41 42 AJ -8 35 340 28 42 f 12.2
203 88 08 29 8 40 20 08 53 13 AJ ~40R 55 218 20 1854 24 10.8
204 88 08 239 10 42 3o 10 54 43 Ad -651. 50 21U 21 119 16 1.1
206 88 08 30 07 46 32 ¢7 50O 28 AJ -35R 40 21 38 210 11 8.0
208 88 08 30 08 48 46 10 0F 14 AJ -55L. 75 250 22 928 24 8.5
207 88 08 31 02 47 48 02 55 48 Ad -105R 65 51U 21 487 14 10.4
208 88 08 31 06 56 48 07 02 34 Ad -40R 33 43U 20 491 10 8.4
209 88 08 31 68 54 30 09 07 38 AJ -450R 75 24U 20 1690 24 9.5
210 84 09 02 G2 58 17 a3 09 23 AJ -85It 40 220 20 888 17 10.%2
211 88 09 02 07 08 12 o7 10 47 Ad ~ 4R 45 31U 41 79 9 13.8
212 BB 09 07 00 27 54 G0 43 131 Ad -115R 85 21U 20 909 23 8.9
213 88 09 a7 08 44 37 8 51 b4 Ad -T0L 40 33U 24 649 133 9.4
214 Bf 48 08 01 38 10 01 48 44 Ad ~80R 37 220 20 HEY 17 16.8
218 88 09 08 05 46 41 05 57 01 Al -40R 50 28U 23 692 17 16.0
246 B8 0y 12 06 12 39 a6 16 55 AlJ -50L 80 22 58 66 T 8.5
217 88 09 12 21 07 04 21 14 07 AJ i90L 45 230 4% 268 11 10,1
218 88 09 1% 23 08 21 23 15 02 Ad -HEOR G0 26U 56 Gid 11 jo. 8
214 88 09 13 07 29 52 07 31 19 AJ -75i, 42 25 20 43 6 12.2
220 48 00 14 06 34 18 06 39 031 AJ -85[, 50 46 20 214 3 19.8
221 84 04 16 g2 38 56 02 42 13 AJ -35R 33 21 33 148 8 1¢.0
223 48 U4 16 4 38 24 04 48 44 AF -45R B8O 238 41 326 20 10.5
224 88 UY 28 1 44 27 a1l 53 04 AJ -J51 7O 290 42 425 14 10.2
244 88 10 0% 01 16 56 01 23 05 Al -551. 75 24 74 102 10 8.6
225 88 10 10 14 v9 41 14 20 57 Ad 2051, 40 28U 22 u87 19 8.0
226 88 10 13 13 27 58 13 40 58 Ad 2101, 65 21U 21 £51 23 10,2
227 HE 10 14 12 34 55 12 46 19 Al 14960 45 21 21 1073 18 10.4
228 88 10 14 14 35 498 B4 48 40 Ad 1101 54 210 21 1774 22 9.3
229 88 10 18 12 47 23 12 59 48 A 2151, T5 21U 28 1464 22 10.0
200 84 16 18 12 07 02 12 20 18 nJ 2201, 75 21U 21 1950 25 9.0
241 88 10 23 10 82 59 19 45 4¢ AJ 20581 556 21U 20 2050 21 8.2
232 88 10 26 0y 52 a7 1¢ 05 23 Ad 2058 65 220 2t 1887 10 8.9
233 88 1@ Ot 08 32 06 08 44 10 Ad 2151, 75 24U 24 1388 20 &.4
234 88 11 M 10 35 44 10 46 25 Ald -9k 40 25U 20 1093 146 9.6
235 BB 11 02 07 48 29 07 50 24 Ad ZG0L 80 220 21 16a87 22 9.2
230 B8 11 03 19 5O 11 i1 00 o2 Al - TOR 3% 21U 20 Hidh 1 9.9
ey 88 11 06 10 10 12 10 18 33 AT ~65R 3 21U 20 789 1 7.2
28 H38 :1 07 g 15 61 69 25 34 Al -BOR a8 22U 2o L33 H H 9.7
249 88 11 07 13 22 33 13 42 21 Ad -351 45 22U 31 Ti9 5 10.6
240 88 1i 08 12 30 32 i2 37 08 Add -46R 37 29U 29 91 L 1.6




SATELLITE LASER RANGING IN 1988

Table 4, Ohservations and data fitting {continued)

(8) (9} (10) (11) (12} (13} (14} (153 (L6}

No. STN THP PRESS Hum 1T DTS DTL COMMENTS
'C mb % ns us its

i81 7838 24.2 1002.1 92 T.5 ~0.4 ~2.9

182 7838 23.86 100t.8 92 7.4 ~0.4 -2.9

183 7838 21.1 1002.3 96 1.3 0.0 -2.9

184 7838 24.86 1000.1 87 7.1 0.5 -2.86

185 7838 22.3 1001.4 88 6.9 0.4 -Z.6

1B6 7838 2r.4 1001.8 89 6.9 a.7 -2.6

187 T838 20.5 1901 .4 871 6.9 a.8 ~2.8

188 7838 25.1 1003.8 92 6.8 -0.5 -2.5

189 T838 28.6 1008.0 87 8.7 0.0 -2.5

190 7838 24.5 1308.8 94 8.7 o.0 ~2.5

191 7838 25.8 1007. L B8Y 1.4 ~0.3 -2.4

192 7838 25.0 1000.8 95 1.5 “{. 4 -2.2

193 7838 24,1 1001.0 a5 9.0 ~0.5 -2.1

194 7838 24.7 100t.2 a4 8.7 ~0.5 -2.1

i85 7838 27.9 996.0 88 7.0 =0.1 -1.8

166 7838 27.0 948.4 38 T.0 -0.1 -1.9

197 838 25.7 998.8 90 T.0 0.1 -1.9

198 7838 26.8 g98.1 85 7.5 ~0.5 -1.9 DAYTIME

188 7838 25.6 908.8 88 T.2 0.4 -1.9

200 T838 27.8 994 .4 79 T.L 0.3 -1.9

201 7838 30.0 9895.7 (4123 7.2 -0.3 -1.9 DAYTIME

202 7838 30.1 994.9 B85 T.2 -0.2 -1.9 DAYTIME

203 7838 28.0 8995.5 T0 Tl .4 -£.8 DAYTIME

204 7838 25.2 896.4 g2 7.3 ~0.4 -1.8

205 7838 29.4 8997.7 51 T.5 -0.5 -1.8 DAYTIME

206 7838 25.7 998.4 T2 T.4 ~0.5 -1.8

207 7838 29.7 994 .4 [$4 7.4 -0.5 -1.8 DAYTIME

208 7838 30.2 987.3 47 7.3 0.4 -1.8 DAYTIME

209 7838 26.7 87,7 51 7.4 -0.5 ~-1.8 DAYTEME

210 TB3B 27.9 997.49 60 7.3 -0.4 -1.7 DAYTIME

211 T8A8 27.56 497.3 65 7.1 -0.4 -1.7 DAYTIME

212 T838 27.7 8988.1 79 7.1 -0, 2 -1.8 DAYTIME

213 7838 26.5 987.9 84 7.3 -0.4 ~3.8 DAYTIME

214 7838 27.4 1004.2 76 7.5 -0.2 1.9 DAYTIME

2i5H 7838 28.7 1003.8 70 7.1 -0.3 -1.9 BAYTIME

26 7838 28.2 9982.5 Tz 6.7 -0.8 -2.1 DAYTIME

287 7838 21.9 9899.4 T2 6.5 ~0.6 -2.1 DAYTIME

218 7838 24.9 1000.3 69 6.5 -0.8 -2.1 DAYTIME

219 7838 27.0 1000.5 68 7.0 -0.6 -2.1 DAYTEIME

220 TB38 27.4 1000.3 85 7.4 3.6 -2.0 DAY FIME

221 T838 30.7 a93 .3 57 5.3 -0.8 ~2.0 DAYTIME

222 TR38 30.7 99z.17 Gd 8.8 -0.7 -2.0 DAYTIME

223 7838 25.5 283.3 75 6.6 =4 -2.0 PAYTIME

224 7838 23.8 1007.1 63 7.6 0.7 ~2.0 PAYTIME

225 7838 15.5 10612.8 80 7.4 -0.3 -1.9

226 7838 .4 1006.2 749 7.2 -0.4 -2.0

227 7838 2.1 1008.8 79 6.6 -0.8 -2.0

228 788 FE.0 31008.4 83 6.7 0.7 —%. 0

229 7838 17.2 1011.90 71 7.3 -0.5 ~Z. 0

230 7838 4.9 1014.7 69 6.7 -0.8 -2.1

231 7838 14.9 101t.4 73 8.7 -13.8 2.1

232 7838 15.2 1011.0 82 6.7 -0.9 -2.2

233 7838 15.2 1014.7 58 6.9 -0.8 -2.4

234 7838 12.3 1014.1 B5 7.0 -0.8 -2.4

235 7838 17. % 1603.86 36 7.1 -0.6 -2.4 BAYTIME

236 7838 1i.4 1008.8 1343 6.9 0.7 -2.4

237 7838 2.0 1009.9 5% 7.0 -3.8 -2.8

238 788 15.6 10L1.0 Bt 7.4 -0.8 ~2.6

239 7838 12.1 1013.0 49 7.6 -0.6 -2.6

2440 TE3B 13.8 L0156, 2 /82 7.9 B ) ~2.6




SATELLITE LASER RANGING IN 1988

Table 4, Observations and data fitting (continued)

(1} (2} Obs.Fime(UTC) (3) (4)Az.| (5}Elev. 8 (7)Fitting
No. date caught lost SaT, §F | MX CF LT T N RMS

Y 4 B bk m s h m s : T cm
241 | 88 11 08 14 30 02 14 43 16 AJ -50L | 85 23U 21 | 1354 24 8.9
242 { 88 11 09 05 24 40 05 35 14 AT 185L | 38 220 20 586 | 18  10.3
243 | 88 11 09 07 26 48 07 37 54 AJ -115R | B85 34U 20 447 22 10.0
244 | 88 1L 09 09 30 18 09 39 18 AJ -BOR | 30 21U 2o 714 11 7.3
245 | 88 11 09 11 40 35 11 43 54 Ad -40R | 30 29 20 60 7 10,2
246 | 88 11 10 08 33 54 06 43 48 AJ -185R | 90 48U 21 690 23 11.2
247 | 88 11 10 08 34 40 08 45 19 AJ -75R | 35 210 20 951 17 9.9
248 | 88 11 16 12 41 59 12 54 19 Al -40R | 50 210 20 119z | =22 9.4
248 | 88 i1 10 14 43 47 14 58 30 Ad -60L | 55 2iU 20 | 1408 | 20 9.3
250 | 88 ki 11 11 48 04 11 59 11 AJ =38R | 38 21U 20 | 1047 | 18 10.6
251 { BB 11 11 13 49 18 14 03 01 AJ -50L { 80 200 20 ] 1581 24 9.7
252 | 88 11 3 14 03 29 14 18 00 Al -60L | 50 20U 20 | 1168 20 9.7
253 | 88 11 14 11 11 47 11 19 11 AJ -35R | 40 380 20 784 1L 8.7
254 | 88 11 14 13 09 22 13 22 27 AJ -50L | 75 220 21 1375 24 9.5
255 | 88 11 15 12 17 13 12 26 21 Ad -45R | 75 34U 34 544 | 18  10.9
256 | 88 11 18 05 23 56 05 38 41 AJ -105R | 55 2iU 20 965 21 9.5
257 | 88 LI 18 09 34 00 09 43 38 AJ -40R | 35 23U 20 633 | 17 9.2
258 | 88 11 18 11 34 48 11 48 18 Ad -45R | 80 21U 20 | 1249 24 9.8
259 | B8 11 20 09 46 57 09 58 51 Ad -40R | 45 21U ze | 1123 18 9.4
260 | 88 11 20 11 48 38 12 01 43 Ad -551. | 6% 21U 20 | 1IIl 24 10.7
261 | 88 11 22 10 00 22 10 13 I AJ -40R | 65 214 22 1455 20 B.2
262 | 88 11 24 10 14 02 10 27 23 AJ -50L | 85 21U 21 666 23 10,2
263 | 88 12 17 01 46 28 01 51 45 AJ -358 | 33 33U 2t 101 16 12,8
264 | 88 12 18 01 56 08 02 06 48 Al -85R | 45 240 23 514 16 11.4
265 | 88 12 19 03 58 07 04 09 58 AJ -85L | 70 27U 23 600 13 13.3
266 | 88 12 20 01 01 34 Ol 12 08 Ad -35R | 35 21U 20 715 15 9.7
267 | 88 12 21 0% 10 41 02 22 00 Al -40R | GO 30B 21 824 23 1r.0
268 | 88 12 22 01 15 08 01 27 15 Al -40R | 45 21U 20 158 21 9.6
269 | 88 12 23 02 23 00 02 35 57 AJ -50R | 85 23U 22 857 21 8.1
270 1 88 12 26 61 42 21 01 50 11 AJ -50L | 85 220 71 165 | 14 9.3
271 f 88 12 27 00 48 16 01 01 13 AT -45R | 7O 21U 22 803 19 4.5




Table 4. Observations and data fitting (continued)
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27

{8} {9} {16) (L:) £12) (13) {14} (15) {16}

No. STN TMP PRESS HEM IDT DTS PTL COMMENTS
“C mb % ns ns nus

241 7838 12.7 1014.9 82 T.7 -¢.3 -2.6

242 7838 18.8 1010.8 75 8.4 " -0.6 -2.8 DAYTIME

243 7838 17.5 1019.6 82 7.8 -0.3 -2.8 BPAYTIME

244 7838 14.3 1010.4 95 3.6 -G.5 -2.6

245 7838 13.1 1009.9 95 8.0 -0.3 ~-2.8

246 7838 17.2 i002.3 35 6.9 -0.4 -2.8 DAYTIME

247 7838 13.8 1003.4 40 7.9 -0.5 -2.8

248 7838 9.8 1005.8 45 7.8 -0.6 -2.8

249 7838 8.9 1006, 9 42 8.0 ~0.4 -2.8

250 7838 7.6 1008.2 64 6.8 -0.8 -2.8

251 7838 6.5 1008.4 89 6.8 ~-0.8 -2.6

252 7838 14.1 1900.8 68 6.9 ~-0.5 -2.5

253 7838 12.8 i006.8 85 6.4 ~1.9 -2.5

254 7838 11.5 1607.1 7L 6.4 -1.0 -2.5

255 7838 12.3 1613.8 53 7.0 -1.¢ -2.4

256 7838 14.4 1001.3 69 7.0 -0.§ -2.4 DAYTIME

257 7838 11.5 1002.7 61 6.9 ~-0.5 -2.4

258 7838 i0.4 1003.4 62 7.0 -0.5 -2.4

259 7838 .8 10£2.8 53 7.0 -1.8 -2.3

260 7838 9.2 1013.6 59 7.1 -1.6 -2.3

281 7838 9.1 04,3 T8 6.8 -0.7 -2.3

262 7838 7.1 988 .4 57 6.4 -0.4 -2.2

283 T8IR B.8 1013.8 42 8.3 -0.7 -1.8 BAYTIME

264 T838 13.86 1015.6 60 7.4 -0.7 -1.8 BAYTIME

ZB5 7838 i6.2 1912.5 45 7.0 ~0.8 -1.8 DAYTIME

266 7838 13.3 1011.9 b4 T.4 -0.8 -1.8 BAYTIME

287 7838 15,9 1607.5 41 7.6 -0.7 -1.6 DAYTIME

268 7838 11.3 101s8.8 48 T -1.1 -1.6 DAYTEIME

268 7838 12.0 1016.9 57 7.8 -0.8 -1.8 DAYTIME

270 7838 9.3 1012.3 42 7.5 -0.5 -1.5 BAYTIME

273 7838 9.9 1012.3 42 7.6 -0.8 -1.5 BAYTIME
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Table 4. Observations and data fitting (continued)

{1} {2) Ovs.Time(UTC) {3} {4}Az. {5)Elev, (8) {7)Fitting
No. date caught lost SAT. 8T MX CT LT RTN N RMS
Y M D h m s h m s . ‘ ‘ : cm
H 88 2 1 g 13 ag 9 18 32 LG I60R 80 730U 80 44 9 2.5
2 BB 2 3 i0 1 656 10 3 48 LG L70R 80 58 68 28 5 2.4
3 B8 2 &5 10 56 39 i 12 43 LG 200R 38 38 21 644 15 3.7
4 g8 2 5 19 5% 55 20 4 bY LG S50R 45 34U 32 200 9 4.1
5 88 2 12 8§ 42 9 8 47 33 LG 150L 85 33 20 160 9 3.3
8 88 2 12 20 39 45 20 59 B9 LG 36R 70 28U &7 115 15 4.8
T 88 2 14 g 11 20 g 35 as LG 170R T0 70U 20 578 g 4.8
8 88 2 22 8 45 28 9 B 46 LG 170R T0 80U 35 1115 15 4.0
g 88 2 28 19 19 39 19 51 11 LG 50R 45 360 21 752 15 a.1
19 88 2 27 § 58 18 9 28 28 LG 18OR 80 500 21 1458 15 3.8
11 88 2 29 18 52 18 19 13 48 LG H0R 35 3sU 22 J88 9 3.6
12 88 T 27 18 46 53 17 6 2% LG 201 65 65 35 1032 25 3.3
13 88 7 31 14 47 44 165 12 8 LG 30R 65 G0OU 32 1510 25 3.9
14 88 7 31 18 11 38 18 20 6 LG OL 35 28U 34 182 20 3.4
i5s 88 8 1 13 32 3 13 35 30 LG 60R 40 37U 36 57 5 3.2
16 88 8 I 17 1031 17 13 30 LG EOL 60 57U 43 278 15 2.9
17 88 8 2 15 30 28 15 54 47 LG 30L 90 525 48 719 5 3.6
18 43 8 4 16 9 50 18 23 22 LG 20L T 27U 67 404 30 3.5
19 88 8 b 14 56 40 15 19 18 LG 30R 80 36 b2 664 15 4,1
20 88 8 10 15 1 58 15 28 0 1.6 20L 30 28U BYQ T20 21 4,3
21 88 8 17 12 49 41 13 7 34 16 50R 37 37 24 207 8 4.1
22 88 8 19 18 53 19 7 9 71 LG 10L 40 24U 40 388 15 3.4
23 88 8 22 16 22 45 8 47 43 LG 10L 45 33U 386 474 i3 3.4
24 88 8 23 15 20 i1 16 32 53 LG 20L 75 TOH 35 154 9 4.9
25 83 8 25 15 45 23 16 22 a8 LG 10L 53 29U 24 280 18 3.7
26 88 9 2 15 25 33 18 2 30 LG 108 65 29 24 2212 31 3.4
27 88 9 8 14 17 44 14 55 20 LG 208 75 33U 39 2558 a1 3.7
28 88 8 8 13 14 5¢ 13 33 30 iG 301 J0 §89 30 1250 156 3.8
29 BB 89 11 4 14 33 14 20 36 LG 20L 85 480 33 105 5 4.0
30 88 9 12 12 24 35 12 64 7 LG 40R 60 3508 38 673 19 5.2
31 88 9 12 16 56 48 16 22 38 LG 10L 40 29U 27 24 i1 2.3
az 848 9 13 14 28 O 14 49 35 LG 205 65 23 65 1765 25 3.4




Tahle 4. Observations and data fitting (continued)

SATELLITE LASER RANGING IN 1988

29

{8) (9) (10} (11} (12} (13} {14} {15} (18}
No. STN TMP PRESS HuM Int DTS DTE COMMENTS
R mb % ns Hs us
1 7844 15.4 $90.6 85 50.8 -58.8 -2.4
2 T844 15.2 987.5 53 50.8 -58.8 ~-2.8
4 7844 9.5 993.2 94 50.8 -58.8 -2.7
4 7844 13.8 989.1 81 5§0.5 -58.8 -2.7
5 7844 1t.9 992.3 a1 50.8 ~58.8 -3.2
6 T844 15.4 993.3 84 50.9 ~-58.8 ~3.2
7 TB44 15.5 989.8 T3 50.9 -58.8 -3.1
8 7844 14.3 1o01.5 87 50.7 -58.6 -2.8
9 7844 14.2 992.6 98 50.8 ~58.6 ~2.4
10 7844 18.9 900.7 21 50.8 -58.6 ~2.3
11 T844 17.1 995.0 78 50.8 -58.6 -2.1
12 7307 26.9 995.8 93 50.5 - 1.0 -2.8
13 7307 27,0 999.9 a2 50.8 - 1.0 ~2.8
14 7307 27.9 998.8 92 50.58 - 1.0 -2.8
15 7307 28.1 1001.9 82 50.8 - 1.0 -2.8
16 T307 27.2 1001.8 88 5¢.6 - 1.0 -2.6
17 1307 28.2 1062.8 86 56.8 - 1.0 ~2.6
18 7307 26.7 998.8 97 50.5 - 1.0 -2.8
19 7307 25.8 988.9 a7 50.8 - 1i.0 -2.5
20 7307 26.5 1600.6 88 50.8 - 1.0 -2.3
2t 7307 28,2 1e03.3 g1 50.5 - 1.0 -2.1
22 7307 27.8 1002.56 86 50.8 - 1.0 ~-1.9
23 7307 28.0 1001.9 B5 50.7 - 1.0 -1.9
24 7307 28.4 1003.4 85 50.8 - 1.0 ~1.9
25 7307 27.2 1006.7 86 50.8 - 1.0 ~1.9
26 T307 26.5 999.9 29 50.7 - 1.0 -1.7
27 7307 27.0 1006.0 84 50.5 - 1.0 -1.8
28 7307 27.1 1008.1 85 50.6 - 1.0 -1.9
29 7307 27.1 1003.9 85 50.3 - 1.8 -2.0
3o T347 26.9 1003.0 82 50.7 - 1.9 -2.1
31 T307 25.8 1003.1 83 §50.8 - 1.0 -2.1
32 T307 25. 1 1003.7 77 50.7 - 1.0 -2.1
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Table 4. Observations and data fitting (continued)

(1) (2) Obs.Time{d7C) {3} {(4)Az. (5)Elev. (6} (TIFitting
No. date caught lost SAT. 5T MX Ct LT RTN N RMS
Y M B E m s h m s : . ' ' cm

1 88 2 3 13 5 48 13 9 27 ST J30R 45 24U 44 169 11 2.8

2 88 2 5 11 86 46 12 2 18 ST 350R 30 25U I9 1335 11 2.5
3 88 2 12 10 33 18 10 41 2% ST 330R 65 25U 23 208 15 3.0

4 88 2 14 11 12 40 11 17 18 st 290L 38 23U 38 102 11 2.8
5 88 8 24 1} 43 18 11 49 58 ST 230R 80 44U 25 137 25 7.3
[ B8 9 13 12 54 7 13 0 15 ST 350R 33 250 21 379 15 3.7
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Table 4, Ohservations and data fitting (continued)
(8) (9) {10} {it) {12} {13) (14} (15) (16)
No. STN THP PRESS oM IBT DTS DTL COMMENTS
‘C b % s us uns
1 7844 | 14.5 989.0 51 51,0 ~58.6 -2.8
2 7844 9.4 993.1 94 51.1 ~58.6 -2.7
3 7844 | 10.8 993.2 93 1.1 | ~58.8 -3.2
4 7844 | 15.8 989.5 74 51.0 ~58.6 -3.1
5 7307 | 28.2 1006.0 83 50.5 - 1.0 -1.8
8 7307 | 25.6 3003.5 74 50.9 - 1.0 -2.1
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Table 4. Observations and data fitting {continued)

(1) (2) Obs.Itme(UTC) (3) {4}A%. (5)Elev. (6) (7)liteing
Na. dute caught tost SAT. ST MX CT LY RTN N RMS
Y M D h mn s h m s ' ' ; cm
1 88 1 23 189 48 20 19 58 18 AJ J40R 40 36U 21 138 13 4.7
2 88 1 24 18 51 3¢ 19 0 49 AJ 3401 30 20U 20 507 20 3.0
3 88 1 24 20 54 27 21 5 48 Ad a1oL 85 37V 18 389 15 5,2
4 88 1 25 11 44 25 11 66 9 AJ 210L 75 38 21 802 25 3.4
5 88 1 25 13 50 4 13 55 49 AJ Z280R 32 320 20 288 17 3.8
6 88 1 25 18 2 23 18 3 498 AJ J60R 22 22 20 25 9 4.6
T 848 1 25 19 58 17 20 10 25 AJ 320R 65 22U 25 845 25 3.9
8 48 1 28 12 51 47 13 2 49 AJ 260R 45 270 19 1395 25 4.3
Y 88 : 28 19 11 18 18 13 15 Ad 330R 45 44 36 222 15 3.8
L0 88 1 27 9 57 15 10 5 20 Ad 1701 30 230 20 773 31 4.8
11 88 1 39 9 17 1 9 24 41 AJ 170L 33 2ZBH 23 Hob 25 3.5
1% 88 1 3¢ i} 15 50 11 28 20 AJ 240R 60 23U 21 1453 25 3.5
13 88 1 30 13 25 47 13 27 20 Al 320R 25 22 20 32 7 4.2
14 88 1 30 17 32 a7 11 40 49 AJ 340R 35 28U 20 814 25 3.0
15 88 1 30 189 31 54 19 39 52 AJ 310L 70 24U 57 1187 25 3.2
16 88 2 1 9 29 3 9 37 30 At 2001, 60 34U 37 914 34 3.8
17 88 2 1 11 33 48 1L 34 38 AJ 270R 40 35 38 123 5 3.8
18 88 2 3 9 41 39 9 54 18 AJ 230R B0 276 20 1087 25 4.8
19 88 2 4 8 48 12 8 52 27 Ad 2101, 85 29 63 &7 ki 3.4
20 88 2 4 10 54 1 10 54 37 AJ 2708 40 34 36 T9 9 2.8
21 88 2 4 17T 4 11 17 14 8 Ad 330R 55 28U 30 1158 31 3.5
22 88 2 4 1% 7 34 19 6 1 AJ 2905, 35 28U 21 597 15 3.7
23 B8 2 & 8 66 3 10 7 47 Al 250R 50 281 1% 3299 25 3.4
24 88 2 5 i6 L0 57 18 11 35 AJ 340R 40 27 29 61 5 3.4
25 88 2 5 8 11 18 18 22 44 AJ 3001, 80 230 25 1120 45 3.¢
28 88 2 b 15 18 21 15 22 45 Al 350R 28 26U 28 77 9 3.2
27 88 2 i 18 51 30 i6 58 & Ad 300L A0 Z6U 44 T24 15 3.5
28 88 2 12 2 49 16 9 52 9 At 310R 27T 23U 20 87 15 3.1
29 BB 2 12 14 0 23 14 4 53 AJ 340R 32 32 21 279 is 3.0
30 88 2 12 i5 57 9 18 8 18 AJ 310L 75 28U 26 575 25 3.8
at 88 2 14 14 8 38 14 20 2t Al 330R 50 23U 21 1004 25 3.5
a2 g8 2 14 18 15 42 16 16 53 AJ 290l, 45 44U 43 17 5 2.4
33 88 2 22 11 5 6 £l 6 52 Ad I50R 43 29 28 75 7 3.4
34 88 2 22 13 3 8 13 13 8 AF S20L 90 38k 27 i87 19 3.7
35 88 2 28 11 3% a3 11 38 54 AlJ 32Z0R 65  Hgli 25 414 5 3.4
g6 88 2 26 13 32 58 13 37 58 Ad 280L S0 28U 23 167 15 4.9
37 88 2 27 10 35 1 10 42 14 AJd J30R 45 320 34 132 4] 3.7
38 88 2 27 12 36 15 2 40 258 AJ 300L 50 29 48 45 15 4.7
39 88 7 27 18 9 47 18 15 22 Ad S60R 25 25 20 Ti 15 4.0
40 B8 7 29 12 7 7 12 16 4 AT 270R 35 28 21 629 i5 4.4
41 s 7 31 12 22 24z 12 28 8 Al HO0R 23 2311 21 350 25 4.9
E¥4 88 7 31 18 34 54 18 46 29 Al J30R B5 31 21 1764 25 3.1
43 88 8 1 19 43 13 19 43 55 AJ Joot. 45 30U 34 38 10 3.7
44 88 # 2 18 b5 58 19 0 i0 Ad B1oL 5 53U 21 659 25 6.0
45 B8 B 4 10 53 34 10 54 53 AJ 280R 30 250 21 51 15 3.8
46 88 8 &5 18 6 43 16 13 386 AJ a50R G430 24 28 hib 31 3.8
47 88 8 5 18 7 13 18 18 286 Ad 3iof, T 25U 43 548 28 3.4
48 88 8 10 b5 40 44 15 51 5 AJ 330R 55 350 21 889 25 4.5
49 88 8 10 17 43 56 17 45 24 AJ 280%L 35 31 M 19 K 4.5
50 88 H# 186 14 19 12 14 30 50 Ad 3301k 70 a2t 20 57 25 9.2
51 88 8 16 18 22 4 18 289 9 Al 2800 27 23U 21 1434 17 1.5
52 88 8 17 i3 32 22 13 35 2 Al 340R 45 47U 24 G338 15 3.2
53 88 8 17 b5 26 27 15 36 42 AJ 300L 45 25 24 873 11 4.4
54 88 8 18 12 34 1 12 39 48 Ad $H0R do0 30 21 158 15 6.5
55 84 8 18 14 31 39 14 44-17 AT J10L 75 23U 21 985 22 3.8
56 88 8 19 13 40 49 13 50 19 AJ 420K Th o 49U 21 1248 19 3.6
57 88 8 21 14 0 37 14 1 10 Ad 3i0L 65 420 38 44 5 3.9
58 88 8 22 10 58 8 11 3 13 Ad (1384 28 221 26 71 H] h.2
59 88 8 22 12 57 39 13 7 37 Al 320R 80 27 46 1437 25 3.0
GO 88 8 238 123 31 12 12 42 AJ 3301 55 24U 38 6540 15 3.8
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Tabie 4. Observations and data fitting (continued)
(8} (a) (10) {11) (1z) {13) (F4) {15) {16}
No. STN T™P PRESS HUM IDT DTS BTL COMMENTS
f e mh % ns us us
1 7844 | 17.9 985.86 71 5i.1 -58.8 -1.7
2 7844 | 15.1 982.2 69 51.4 ~58.8 -1.8
3 7844 | 13.4 20%.7 81 51.3 -58.8 -1.8
4 7844 | 16.1 994.7 82 51.3 -58.6 -1.9
5 7844 | 13.2 994.4 83 51.1 -58.6 -1.9
6 7844 | 16.4 992.8 67 51.4 ~58.6 -1.9
7 7844 | 16.5 993.0 87 51.3 -58.8 -1.9
8 7844 | 18.8 992.5 78 51.3 -58.6 -2.0
9 7844 | 19.0 290.6 79 51.4 -58.6 -2.0
10 7844 | 1.7 490.5 87 51,3 -58.5 -2.0
1l 7844 | 17.5 92,9 15 51.2 -58.6 -z.2
12 7844 | 18.8 993, 0 82 5i.1 -58.6 -2, 2
13 7844 | 15.8 992.6 82 51.1 -58.6 -3.2
14 7844 | 15,0 990. 9 a5 5.1 -58.6 -2.2
15 7844 1 16.5 960 .6 a2 51.0 -58.0 -2.2
16 7844 § 14.0 990.8 T2 51.2 -58.8 -2.4
17 7844 | 15.4 992.0 68 51.1 -58.86 ~2.4
18 TR44 | 15.3 987.2 54 50.8 -58.8 ~2.6
19 TR44 | 12.3 993.5 73 51.2 -58.8 -2.6
20 7844 | 12.4 094.8 78 50.9 -58.8 ~2,8
21 7844 | 10.0 994.3 87 51.0 -58.6 -2.8
22 7844 7.7 993.9 92 50.9 -58.6 -2.8
25 7844 9.0 993.2 93 51,0 -58.6 -2.7
24 7844 | 13.8 991.3 B2 51.0 -58.6 -2.7
25 7844 | 14.2 989.8 75 51,4 -58.6 -2.7
20 7844 | 19.3 9841 76 51,0 -58.8 -2.17
27 7844 | 12.1 993.8 72 51.1 -58.6 -3,
28 7844 | 10.8 092.9 a4 51.2 -58.8 -3.2
29 7844 | 15.5 993.8 77 51.1 -58.6 -3.2
30 7844 | 16.1 992.9 78 51.1 -58.6 -3.2
31 7844 [ 16.4 987.3 30 51.0 -58.6 -3.1
52 844 | 17,2 9849 83 5.1 -58.8 -3.1
33 7844 | 12.8 1002.8 67 5.0 -58.8 -2.6
Y 7844 | 13.8 1003, 0 63 St.0 -58.6 -2.6
a5 7844 | 16.5 985.5 9z 51.0 -58.6 -2.4
06 7844 | 13.5 994.9 ag 50.9 -58.8 -2.4
a7 7844 | 18,7 995.0 as 51.1 -58.8 -2.3
38 7844 | 8.8 99, 1 a7 51,1 “58.6 -2.3
39 7307 | 26.0 995, 4 90 50,9 - 1.0 -2.8
40 7307 | 27.6 995, 8 82 51.0 - t.0 -2.7
11 THOT | 27.8 999 .3 BB 51.1 - 1.0 -2.6
4y 7307 { 27.0 998 . 8 41 S1.1 - 1.0 -2.6
an Ta07 | 7.7 10601.7 88 50.4 - 1.0 -2.6
14 7307 | 27.8 1001 .5 88 51.0 - 1.0 ~2.8
a5 7367 | 28.1 968 .4 88 51,3 - 1.0 -2.5
6 7307 | 26.1 998, 4 a5 51.0 - 1.0 -2.5
37 7307 | 26.5 997.9 280 51.0 - 1.0 -2.5
38 7307 | 26.2 1000, 3 88 51.% - 1.0 -2.3
49 7307 | 26.4 999, 5 87 51.0 - k.0 -2.3
At 7307 | 28.¢ 1002.0 87 §1.1 - 1.0 -2, 1
a1 7307 | 28.2 10019 85 50.8 - 1.0 -~
52 7307 | 28.2 1003. 3 88 51,9 - 1.0 “2.1
23 73067 | 28.2 10033 &7 51.0 - 1.0 -2.3
64 7307 | 28.2 1003. 4 85 5.1 - 1.0 -2.0
5 7307 | 27.8 10036 85 51.1 - 1.0 -2.0
it 7307 | 2R.0 1003.3 85 51.0 - 1.0 -1.9
57 7307 | 28.4 1003, 2 87 51.0 - 1.0 ~1.9
5y 7307 | 28.8 1001.8 84 51,2 - 1.0 -1.9
5% THOT | 28,4 1003.0 82 53.1 - 1.0 -i.9
it 1307 | 28.7 1003.0 85 50.9 - 1.0 -1.9




34 SATELLITE LASER RANGING IN 1988

Table 4, Ohbservations and data fitling {continued)

(1) {2) Obs.Time(UTC) {3} (4)Az. {G}Eiev. {6} {THriiting
Noe, date caught lost SAT. ST MX Cr LT TN N RMS
Y M I E m s h m s - : . ' cm
GL 88 B 24 11 9 42 11 17 24 Ad 340K 35 220 31 474 15 4.3
B2 88 8 24 13 17 34 13 23 B AJ 310L 80  GoOU 22 412 15 3.8
83 gg 8 25 12 17 18 12 29 356 Ad 320R 85 27U 21 1465 21 3.9
64 88 8 26 13 25 49 13 35 16 Ad 2801 33 23U 20 1321 25 3.7
65 88 8 28 11 37 42 11 49 20 AJ 320L 85 33U 21 635 21 3.9

~3

LB g8 8 2 11 10 7 11 21 34 Ad 300L 45 230 21 1223 25 3.
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Table 4. Ohservations and data fitting (continued)

(8} (2) (10} (11) (123 (13) (14} {15) {16}

No. STN T™MP ‘PRESS THUM ipT DTS ‘DTL COMMENTS
TG mb % ns ns ns

61 7307 | 28B.4 1004.7 42 Si.1 - 1.0 -1.9

82 1307 | 28.5 1605.8 83 51.0 - 1.0 -1.9

63 7307 | 27,1 1006.9 83 5L.0 - 1.0 -1.9

64 130T [ 27.8 1006.2 82 5L.0 - 1.0 -1.8

85 7307 | 27.9 1003.3 86 51.1 - 1.0 -1.8

86 7307 | 26.8 999, 2 86 50.9 - 1.0 -1.1




PHOTOGRAPHIC DIRECTION OBSERVATION
OF
AJISAT AT TITI SIMA AND SIMOSATO HYDROGRAPHIC OBSERVATORY

Summary — Photographic direction observations of AJISAI by satellite cameras at Titi sima
and Simosato Hydrographic Observatory (SHO) had been made in January
through March 1988, 14 photographs were taken by the fixed satellite camera
at SHO while 6 by the transportable one at Titi sima. Among these, the satel-
lite direction data on 15 plates could be collated with flashing time data.

Key words: satellite camera — Ajisai — photographic direction observation

1. Observation

Photographic direction observations of AJISAI by satellite cameras at Titi sima and
Simosato Hydrographic Observatory (SHO) were made in January through March 1988. The
fixed satellite camera at the Simosato Hydrographic Observatory is an astronomical tele-
scope with a plate holder controlled by a personal computer (Kanazawa, 1989). The trans-
portable one is an astronomical telescope with a plate holder worked by hand,

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

The timing data of flashes were obtained by the SHO Laser Ranging System as well as
the Transportable Laser Ranging Station (HTLRS). These observations were performed at

the same time,

2. Collation of direction data with the flash timing

The positions of images on the developed photographic plates were measured with a
comparater by a contractor. The positional data of {lash and star images were converted
into right-ascension and declination by the Satellite Data Analysis Computer System
(Nagamori, 1989). While the predictions of directions were made by means of the SAO
elements provided by NASA. With the aid of these predictions, the obtained directional
data were collated to the obtained timing data (Kubo, 1989). The collated data are listed in
Table .

The data analysis was made by K. Asai and K. Kawai of Satellite Geodesy Office. This
report was written by K. Kawal.
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Kanazawa, T., 1989: Data Report of Hydrographic Observations Series of Satellite Geodesy,
No, 2, p.50.
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Table 1. Directional data of Ajisai’s flash

Explanation
Column 1 Serial number
2 Observation date
3 Observation time (UTC)
4 R.A. (Right-Ascension)} of satellite flash
5 Decl. (Declination) of satellite flash
6 Station ID, 7838: Simosato Hydrographic Observatory

7844 Titi sima
7 Meteorological data, TMP - : Atmospheric temperature
(degree centigrade}
HUM : Relative humidity (%)
PRESS: Atmospheric pressure (millibars)
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Table 1. Directional data of Ajisai’s fiash
{1) (2) {3} (4) (5} (6) (7)
No. dirte Lime AL Dect. STN T HUM 'RESS
Y M D h m s h m s d m s ID e % 1nb
1 88 1 0| HE 19 54.5005 2 37 7.854 +23 4 50.548 TB44 16.8 82 993
2 88 1 30 11 19 55.6294 2 37 32.822 +23 15 12,984 7844 16.8 82 993
3 88 1 4 11 19 56.3432 2 37 49.174 +23 23 T7.898 7844 18.8 82 983
4 88 1 30 |11 18 56.6435 2 37 58.087 +23 26 26.603 T844 16.8 82 a3
5 88 1 36 (11 19 57.14886 Z 38 8.156 £23 32 2.6870 ThA4 16.8 82 993
33 #8 i 1t 19 57.86534 2 38 24.767 +23 39 57.4984 7844 16.8 82 993
T 88 1 30 i1t 19 58,1638 2 38 3i.861 +23 43 £1.530 7844 16.8 gz 9G35
8 88 I 0|11 19 58.66%97 2 38 44.019 +23 48 B1.123 7844 16.8 B2 493
9 88 1 30 |11 19 58.3835 2 30 0.814 +21 hG H2.828 7844 16.8 B2 G493
10 88 1 34 |11 19 58.06840 2 3% 7.544 +24 )} 12.487 T844 16.8 82 993
11 88 1 #0111 20 0.1809 2 39 19.860 +24 5 51.433 7844 iG.8 8z 993
12 &8 1 3 (i1 20 0.98036 2 39 38,908 +24 13 47,872 T844 16.8 82 293
13 38 1 30 |1t 20 1,2041 2 39 44.015 | +24 17 14.458 7844 15.8 82 293
14 88 1 d0 |11 20 1.7160 Z 39 56.281 +24 22 52.971 T844 158.8 82 983
15 88 1 30 |11 20 2.4237 2 40 13.375 24 30 49,310 7844 18.8 82 993
K] 88 1 30 (11 20 2.7242 2 40 20,5823 124 34 15,212 7844 16.8 82 HEHE R
17 88 1 30 111 20 3.2300 2 40 32.638 +24 39 H1.8Bi5 T844 16.8 82 g4
18 88 1 30 (11 20 1.9438 2 40 49.880 +24 47 53.612 T844 15.8 g2 H$O
1% B8 1 e | iE o200 4. 24473 2 40 57.226 +24 51 16,206 7844 i16.8 B2 893
20 88 & 30 | bt 20 4.7502 2 41 9.400 +24 57 1.15% 7844 is.8 82 493
2% 88 1 30 |11 20 5,.4640 Z 41 26.%19 #25 5 $3.838B 7844 16.8 82 RHE}
22 88 1 30 |19 37 55.5946 12 43 52.748 +14 35 21.358 7844 16.5 G2 GHA|
23 88 1 30 (19 37 56.7880 12 45 1.696 +14 19 27.7656 7844 186.5 a2 991
24} BB 1 30 |19 37 57.1145 12 45 h5.082 t14 7 6.812 7844 16.5 92 am
45 &8 1 30 |19 37 58.2880 E2 46 48,68 113 54 46.441 7844 16.56 92 a91
26 88 1 3¢ :1i9 37 58.6346 12 47 4,215 +13 51 6,394 T844 16.5 a2 991
27 88 1 30 119 37 59.8B08) 12 47 57,624 +13 38 38.399 T84 6.5 92 $01
28 88 I 30 {19 38 0,1545 12 48 13,149 +13 35 2,814 7844 16.5 92 BRLE
29 88 1 30 |19 38 1,3280 12 48 55.814 +13 24 28.234 T844 16.5 92 99t
30 88 1 30 |19 38 1.6744 12 49 5.554 13 22 38.149 7844 15.5 92 991
31 B8 1 30 |19 38 2.5034 12 49 37.1i08 +13 15 17.768 7844 18.5 92 a91
3z 88 1 30 (1% 38 2.8480 12 49 hH4.628 +13 11 12,275 7844 168.5 a2 991
33 g5 1 S0 (19 38 3.1944 12 50 14.446 +13 6 33.372 7844 16.5 92 991
34 48 1 40 |19 38 3.5H849 12 50 19.590 +13 5§ 22.852 7844 16.5 92 piz]
35 B8 1 30 |19 38 4.0234 12 50 29.841 +13 2 55.758 7844 I6.5 92 993
as 88 I 30 |19 38 4,5981 12 50 40,220 +13 0 29.544 7844 16.5 g2 991
a7 88 1 a0 |19 38 4,7144 12 50 45.815 +12 59 12.402 7844 15.5 92 nal
a8 88 1 30 |19 38 65.1050 12 51 2.976 +12 55 9.54% 7844 18.5 092 0am
39 88 1 31 [18 43 55,3088 i4 39 27.8660 + 8 29 3.321 7838 4.9 52 1010
44 88 1 31 18 43 55.6552 14 39 37.032 + 8 25 59.2861 7838 8.9 652 1010
41 B8 1 31 118 43 58.0455 14 39 47.176 + 8 22 14.319 TB38 8.9 52 1010
42 a8 1 1 i8 43 56.4844 14 39 58.757 + B 18 15,598 7838 8.4 52 1010
43 88 1 4i |8 43 56.5899 14 40 1,474 + 8 17 13.2568 1838 8.9 52 1010
44 B8 1 31 |18 43 56.828% 14 40 7.970 + B 15 4.748 7838 B.9 52 1010
45 BB 1 31 |18 43 57.059] i4 40 14,002 + 8 12 57.98B% 7838 8.0 h2 0140
48 88 1 31 18 43 57,1754 14 40 17.154 + 8 1F 58.448 7838 8.9 52 1910
47 88 1 31 18 43 58,1201 14 49 42,012 + 8 3 24.129 7838 8.9 52 1610
48 88 1 31 18 43 59.08G5 i4 41 17.205 + 7 54 33.830 7838 8.9 52 1010
49 88 I 3t i8 43 59,6404 14 41 21.864 + T 49 33.%49 7838 8.9 52 1010
50 88 1 3l LB 44  0.8087 14 41 46.379 = 7 40 48.873 7838 8.9 82 10:0
51 B&E 1 3) 1% 44 1.1608 i4 42 1.453 + 7 35 51.997 7838 8.9 52 EQLO
52 88 1 31 8 44 2.1271 4 42 26.433 + 7 27 9.502 1838 8.9 52 1010
h3 88 1 31 |18 44 2.6813 14 42 40.757 + 7 22 B.0356 1838 8.9 52 1010
54 88 1 341 (18 44 3.6477 14 43 6.008 + 7 13 31.727 7838 8.9 52 1010
55 88 | 31 |i8 44 4.6608 14 43 31.9207 +« T 4 28,546 TRI8 8.9 52 110
58 88 1 31 18 44 5H.1877 14 43 44.584 « 70 0,431 7838 8.9 52 1010
57 88 2z 1 3 L7095 5 23 49.395 + B8 11 29.752 7844 14.0 T2 291
58 88 2 1 L3322 5 24 2.751 + 8 14 34.797 1844 14.90 72 991
] 88 2 1 4473 5 24 20.000 + 8 18 40,484 1844 14.0 72 391
(i) 88 2 1 . 2298 H 24 H2.322 + 8 26 5.403 7844 14,0 72 991
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(1} (2) (4) (4) (5} (B8) {7
NG. chatt o Lime R.A. ilecl. STN ™MD 111N PRIFSS
YoM on i om s iiom s ¢ m s E; G S mb
61 84 2 1 9 33 BT.5524 5 2h 5.878 + 8 29 11.603 7844 4.0 72 9494
G2 88 2 1 0 33 57,9675 5 25 23.148 + 8 33 10,378 844 14.¢ T2 941
63 88 2 1 § 33 58.7501 5 25 h5.60H0 + 8 40 392.808 7844 14.0 T2 991
64 88 2 i 4 33 59.0727 5 26 9.250 + 8 43 47.898 1844 14,4 T 991
65 88 2 i 133 hRY_4878 5 28 26,345 + 8 47 47,762 7844 14,8 T2 a9t
GG 88 2 L 934 0.2792 H 26 54.176 + 8,55 17.957 7844 14,8 T2 a9}
67 88 2 | 9 34 0.5929 5 27 12.729 + 8 58 26,066 T8:44 4.0 T4 $91
68 88 2 1 9 34 1.0041 5 27 29,4953 + 9 2 23.503 7844 14.60 T2 951
69 88 2 |1 9 34 1.7906 5 28 2.701 + 3 9 49.162 7844 14.0 72 991
70 88 2 | 9 34 2.1131 5 28 16.068 + 9 12 54.099 T844 14.0 72 991
71 88 2 1 1 34 22,5284 5 28 33.804% + 9 t6 54.302 7844 4.0 T2 HHE]
T2 88 2 1 9 34 3.3108 5 29 6.403 + 9 24 20,235 7844 14.0 72 99¢
T3 g8 2 2 |10 39 55.4131 3 41 9.859 + 9 52 32.50% 7838 T.8 d4d HEIY
74 g8 2 2z |l 1to 39 55.8515 341 26,350 : 9 K6 53,856 TR3B 7.8 4 996
15 88 2 2 10 39 56.1962 341 3%.094 10 0 20.814 7838 7.8 44 a96
16 88 2 2 |10 39 56.4278 3 41 47.904 10 2 36.013 7838 1.8 44 aa6
77 48 2 2 |10 39 56.5427 3 41 52,131 +10 3 48,287 7838 7.8 444 an6
78 88 2 2 |11 39 57.7i164 3 42 36.645 £10 15 28,184 7838 7.8 44 an6
70 88 2 2 |[)0 3¢ 58.062D 4 42 49.837 +10 18 &55.211 T838 7.8 il 996
80 88 2 2 |10 38 59.2360 343 34,319 10 30 39.083 7838 7.8 44 996
81 88 2 2 [t 39 59.5834 3 43 47.480 f10 34 7,008 7838 7.8 44 496
Rz 88 2 2 [0 40 1,.1038 3 44 45.525 t16 48 20,884 7838 7.8 44 Q96
83 g8 2 2 [16 40 2.2773 3 45 30.713 +11 1 8.043 1838 7.8 44 946
84 88 2 2 j14 40 2.8241 3 45 44,054 +11 4 37.885 T838 7.8 44 H96
85 88 2 2 {19 40 3.7977 3 48 29,276 +11 16 26.599 7838 7.8 44 G096
88 B 2 2 |10 40 4.9735 347 14.859 +11 28 20.341 7838 7.8 44 946
87 88 2z 1 9 45 55.2411 4 12 18.410 - 6 38 55,113 7838 -0.5 18 10006
88 88 2 3 9 45 55,8687 2 45 31.690 114 b4 B.BRG 7844 15.3 54 g987
89 88 2 3 9 45 L6B,05HTY 4 12 48.373 - G 32 19.175 7838 -0.5 48 1006
90 83 2 9 45 56,1439 2 45 41.198 £14 BT 17.025 7844 16.3 54 987
91 88 2 3 9 45 57,0753 4 13 25.133 - 6 44 10.082 T8I8 -0.5 48 1006
az 88 2 3 9 45 57.3892 2 46 24.544 +15 11 30.870 T844 15.3 54 487
a3 88 2 3 9 4% 57.6649 2 46 33.581 +15 14 28.989 7444 15.3 54 a87
a4 88 2 3 9 45 58.2821 4 14 9.k82 - 6 14 23.391 7838 -0.5 48 1006
95 a8 2 3 9 45 58,3322 2 46 57.744 +15 22 11.848 7844 i5.3 54 ag7
G 88 2 3 9 45 HB.H95HY 4 t4 20.445 - 8 11 4%9.428 7838 -0.5 48 1004
7 88 2 3 9 45 58,9002 2 47 17.859 +15 28 48.858 7844 5.3 5d a87
a8 g8 2 3 9 45 b9, 1845 2 47 27.578 +15 31 56.243 7844 5.3 54 987
49 gg 2 3 9 45 59,8025 4 15 4,571 -6 2 0.847 7838 -0.5 48 10606
100 88 2 3 9 468 0.1183 4 15 16.002 - H 59 29.316 7838 -0.5 48 1068
101 88 2 3 9 46 00,4296 2 48 11.211 £15 46 L0, 7LL 7844 16.3 HE 987
102 a8 2z 3 a9 48 0.7045 2 48 20.892 £15 49 19,843 7844 16.3 54 a87
t03 88 2 3 g 45 1.3230 4 16 0.283 - 5 49 38,518 7Bae -0.5 48 1006
104 48 2 3 g 46 1.9500 2 49 4.997 +16 3 38,303 7844 15.3 54 987
105 88 2 2 a9 46 22,1398 4 18 30.208 - 5 42 57.903 7838 -0.5 48 o086
146 88 2 3 468 2.2261 2 49 14,768 +16 B 43.935 7844 15.3 G4 net
107 88 2 3 9 46 2.8930 2 49 38.728 +18 14 24,002 7844 15.3 54 987
108 88 2 3 9 46 3.8604 4 7 25.883 ~ § 30 35,990 7838 -0.5 48 1606
109 88 2 3 8 46 4.0218 2 50 18.843 +16 27 25.105 7844 15.3 54 a87
110 48 2 3 8 48 4.2974 2 50 28.785 +16 30 34.828 7844 £5.3 54 a87
111 gg 2 3 9 46 4.6777 4 18 3.387 - 5 22 i4.009 7838 -0.5 48 1606
112 88 2 3 9 46 4.7134 2 50 43.797 +16 35 24.635 7844 15.3 54 087
113 B8 2 3 111 47 55.1438 1 55 2.3234 s4F 48 19.558 7838 -03.8 50 1067
114 88 2 3 |11 47 55.4683 1 65 8.108 #4} H1 5B, 248 7838 -4.,8 50 1007
ti5 88 2 3 11 47 56.6634 1 55 31.939 +42 6  3.688 7838 0.6 50 1007
116 88 2 3 {11 47 56.9883 1 55 37.948 +42 8B 37.133 7838 -0.6 50 1007
117 88 2 3 [il1 47 57.4436 1 55 47.088 42 13 41.663 7838 0.6 50 Lon7
118 88 2 3 |11 47 58.1i840 1 56 1.177 t42 21 43.214 7838 -0.6 50 1007
119 88 2 3 [ii 47 58.5082 1 56 7.408 +42 25 16.917 T838 -G.B 50 1ron7
120 88 2 3 [it 47 59.7038 1 56 30.701 +42 38 31.885 7838 -G.6 hO 1o07
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Table t. Directional data of Ajisai’s flash (continued)

(1) (2) (3} (4) (&) (6) 7)
No. [HHERY) itme R.A. Necl. STH ™R HuM

MoD h m s h m s d m s ib C % mb
121 88 2 Y |11 48 0.4843 1 58 45.554 +42 47 2.930 7838 -0.6 50 ree7
122 88 2 3|1t 48 1.2241 1 56 59.982 +42 55 1B6.511 7838 -0.6 54 o607
123 88 2 U111 48 1.5488 1 57 6.558 +42 58 52,1895 T838 ~3,6 50 1607
124 88 2z W i1 48 Z.0044 1 57 15.488 +43 3 49.021 7838 -0.6 50 1007
125 88 2 a1 48 2.7438 1 57 30.009 +43 12 2,771 7838 -0.8 50 1007
126 88 2 3111 48 3.5244 1 57 45.586 +43 20 39.842 T838 -6.6 50 1007
127 88 2 3|11 48 4.2542 1 58 0.181 +43 2B 53.067 7838 ~0.6 50 ioev
128 88 2 3|11 48 4.5839 1 58 6.982 +43 32 22.650 7838 -G8 S0 LOGT
129 88 2 3|11 48 5.0441 1 58 15.885 +43 37 33.977 7848 .6 a0 1047
130 883 2 4 119 1l 58.7723 1t 20 5,357 -15 35 10.519 7844 1.1 a2 994
131 848 2 4| i9 11 BT7.G6387 11 20 31.765 -15 42  3.020 T844 7.7 a2 994
132 88 2 4 |19 1l 58.2929 11 20 51.771 -15 47 3.689 T844 7.7 a2 884
133 88 2 4 |19 11 59.1590 ii 21 17.7h9 -15 53 49.404 7844 T T a2 994
134 88 2 4 |19 12 0.6783 PE 22 4.002 -i6 5 41.501 7844 7.7 93 944
135 88 2 4 119 12 1.333% £l 22 23.766 ~16 N 49,189 T844 T.7 92 994
136 88 2 4 19 12 J.7209 11 23 36.06GR -16 29 306.542 T844 7.7 Gz a4
137 88 2 4 |19 12 4.6023 1t 24 Z2.89t4 -16 36 1%.123 7844 7.7 92 aa94
138 88 2 4 |19 12 4.8578 11 24 13.682 -16 38 53.981 7844 TLT 92 984
139 88 2 4 19 12 5.2417 11 24 22.282 -16 41 13.424 7844 Feed 02 994
140 88 2 4119 12 5._3951 11 24 26.863 -16 42 25.0186 7844 7.7 a2 a4
141 48 2 4 {19 12 5.8932 it 24 36.062 16 44 40.145 TR44 7.7 92 994
142 88 2 & |14 1 56,5321 2 28 23.8B76 +59 34 41.054 T844 9.9 93 993
143 8 2 &6 |10 1 H8.0520 2 29 44.008 +58 51 18,448} 7844 8.8 93 993
144 88 2 5 |10 I BA.5TI8 4 31 5,024 +60 7 48.644 T844 9.8 93 983
145 88 2z 5 10 2 1.0019 2 32 27.3821 460 24 16.871 7844 8.9 g4 REM
148 88 2 S5 |iuy 2 2.6LHIS8 2 33 51.638 +B0 40 41.283 TB44 9.8 93 993
147 88 2 5 |10 2 4.1317 2 35 17.123 +60 67 3.831 T844 9.6 93 8993
148 88 2 5110 2 5.8517 2 36 43,248 t61 13 19,253 T844 9.4 93 993
144 88 2 6 ;11 9 55,758t 2 25 24.0%m4 +69 50 48.507 T838 8.8 40 986
150 88 2 B 111 9 5B.0%18 2 25 45.374 +B8 54 24.973 T838 6.8 49 8986
151 883 2 6 (11 8§ b56.49561 Z 26 12,128 463 58 44.414 7838 6.8 40 096
152 88 2 6 |11 8 57.29}10 2 27T 4,127 70 7 24,298 7838 6.8 4¢ 998
153 88 2 6 |1i 8 57.6118 2 27 25.767 £70 10 54.282 7838 6.8 40 996
154 88 2 6 | Lt 9 58.0149 2 27 52,655 +70 15 18.526 7838 5.8 40 996
155 B3 2 B |} 9 58.8112 2 28 45.8010 +70 23 H0.223 ‘7838 6.8 40 496
156 88 4 6 |11 9 59.1314 2 29 B.684 +70 27 21.580 7838 6.8 40 996
157 88 2 6 (11 9 59.534t 2 29 35.629 +70 31 40.030 7838 8.8 40 996
168 88 2 8 §11 10 0.3311 2 30 30.584 170 40 12,479 7838 6.8 A0 206
159 B8 2 6 111 r0 0.8511 2 30 52.873 +70 43 42.891 7838 6.8 40 8995
160 88 2 B8 |1li 1D 2.5750 2 33 9.580 +71 4 13.564 1838 G.8 40 995
161 88 2Z 86 |11 10 4.0948 2 36 0.629 +71 20 24,407 T838 6.8 40 986
162 88 2%6 |10 15 55.4753 3 44 58.352 +6F 49 32.180 7838 1.3 50 1006
163 88 276 |10 15 56,9952 3 47 13.884 +82 3 18,187 7838 1.3 50 1006
164 88 24%6 |10 15 57.6899 3 48 18.591 +62 9 32.707 7838 1.3 50 10086
165 88 2946 |10 15 bB.5153 3 49 31.171 462 16 57.491 7838 1.3 50 LO0G
166 88 27% L0 15 59.2102 3 50 34.343 +82 23 B.327 7838 £.3 50 1906
167 88 296 JI0 i6 0.0353 3 b1 49.183 +82 30 28.031 7838 1.3 50 1066
168 88 246 |10 18 0.7303 3 52 54,301 +B2 36 28.002 7838 1.3 50 1006
188 88 2456 |10 18 1.5552 3 54 10.8717 +62 43 39.189 7838 1.3 50 1a06
170 B8 246 |10 16 2.2499 3 55 15.882 +682 49 44.874 7838 1.3 50 1008
171 88 24%6 10 16 3.0756 3 56 33.6R92 +82 56 46.869 7838 i.3d 5¢ FO0G
172 88 246 |10 16 3,770% 3 657 39.324 +83 2 41.573 7838 1.3 50 1006
173 88 246 (10 I8 4.5958 3 58 58.203 +63 9 42.132 7838 1.3 30 1006
174 88 2 12 9 4% h5.5684 1 22 33.830 +78 38 1.538 7838 7.2 46 1612
175 88 2 12 9 49 55.8280 I 23 0.732 +78 40 35.260 7838 T.2 45 1012
176 88 2 12 g 49 56.06782 1 23 28.2090 +78 43 6.817 7838 W 16 1012
177 88 2 12 9 49 58.8848 1 24 33.090 +78 49 9.359 7838 Paih 48 i0i2
178 88 2 12 9 49 57.0907 1 25 17.030 +T8 53 11.437 7838 7.2 F:£5 1012
179 88 2 12 1 49 58.8118 1 28 6.572 +79 B 15.503 7838 7.2 46 1012
[§:14] g8 2z 12 4 48 59, 118% 129 4.920 +79 13 i2,351L T838 7.2 48 1012
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(1) (2) {3) (4} {5) (G} {7}
No. date Lime R.A Decl. STN T™P TN PRESS
Y Mo h m s it m s d m s 1B C % mb
181 88 2 12 4 40 59,7258 1 30 16.891 +79 19 11.241 7838 T.2 46 1012
182 83 24 iz W50 09,1326 1 31 3.850 +7¢ 23 8.3565 7338 T.2 46 te1z
183 88 2 t2 9 60 0.8383 1 32 5.BOHB +7% 28 6.551 7838 T.2 46 1612
184 88 2 12 9 h0 1.2484 1 33 20247 +79 34 0.843 7838 T.2 46 1612
185 BR 2 12 9 50 1.6541 1 34 10,290 +74 37 58.671 7338 7.2 46 1012
186 88 2 12 9 50 2.1804 L 35 12,4950 +79 42 52.859 1838 T.2 46 102
187 88 2 12 9 H0 Z2.7673 L 36 31.282 +79 48 44.544 7838 T.2 46 1012
188 B8 2 12 4 50 3.1718 1 a7 23,241 +79 52 38.457 ‘1838 7.2 45 in12
LBG 48 2 12 50 3.88:12 1 38 31.120 +79 57 31.878 7838 7.2 46 inlz
180 88 2 12 50 4.2877 1 39 51.828 +80 3 17.789 7838 7.2 46 ok
181 BY 2 2211 1 56,1219 10 53 40.108 +72 1 44.871 7838 7.5 81 1022
162 88 2 22111 1 56.7113 10 53 50,338 «71 55 21.499 7838 7.5 83 1022
143 88 2 22 {11 1 57.3184 10 53 59.71L2 71 48 48.925 7838 1.5 81 22
144 88 0z 2214111 1 67.6433 13 54 5.234 +71 45 17.498 TB38 T.5 81 1022
195 88 2 2211 1 50.1653 10 54 29.33t +71 28 50,505 7838 7.5 81 1022
196 88 2 22 (11 1 59.7558 10 54 U8. 704 +71 22 31.049 7838 7.5 81 122
197 88 2 22 (1% Z 03519 i0 54 48,147 +71 15 55.374 7838 7.5 81 1022
198 88 2 22 [if 2 0.486% iD 54 549,422 +71 14 29,849 7838 7.5 81 022
199 88 2 22 |1t 2 0.06864 10 54 53.558 7112 22,296 7838 7.5 81 1622
200 88 2 22 |1} 2 91,1013 Lo 55 6,038 +71 T 58.580 7838 T.5 &1 1022
201 88 2 22 |1t 2 1.2772 10 55  2.465 +71 6 4.8657 7838 T.5 81 1022
202 88 2 22 11t 2 1.608% 10 55 7.1156 +71 2 31.806 7838 7.5 81 1022
203 83 2 223111 2 2.0:192 10 55 13,917 +70 58 0.113 7848 T.5 31 1022
204 83 o 22 11 2 2.6234 19 hs 23.193 +70 51 31.442 7838 T.5 81 102z
205 88 ¢ 22 ;11 2 3.1208 10 55 30.66}% +70 45 59.069 T8A8 7.8 81 1022
2406 88 2 22 i11 2 3.5413 10 55 37.0862 +T0 4t 34,908 TB38 7.5 81 1022
207 8 2 22 111 2 4.1435 1¢ 55 46.1864 £70 35 1.886 7838 7.5 81 P022
208 88 2 22 (11 2 A4.8519 10 55 53.586 +70 29 32,097 7838 7.5 81 1022
209 88 2 22 |11 2 5.0623 10 55 59.848 +70 25 11,225 7838 7.5 81 1022
210 88 2 24 |11 15 55.5789 9 5 21.054 +85 16 53,635 7838 B.3 65 1015
211 88 2 24 1Y 15 57.1017 9 6 53.835 +64 59 55.994 7838 8.3 65 1015
232 88 2 24 |1t 15 58.6239 9 B8 25.16H6 1684 42 58.324 7838 8.3 85 1615
213 88 2 24 | il 15 59.3745 9 9 10.080 +64 34 34.632 7838 8.3 B85 1015
214 88 2 24 |tl 16 0.1456 9 9 55,986 +B4 25 53.035 7838 8.3 65 1015
215 a8 2 24 [t 18 1.6674 911 23,142 +34 8 50,323 7838 8.3 85 1015
216 88 2 24 |tE 16 2.97I8 9 12 36,220 +63 54 10.997 7838 8.3 3343 10E5
217 88 2 24 |11 ie 3.1889 9 12 :49.548 +63 51 37.542 7838 8.3 65 i0tH
218 88 2 24 {11 18 3.9398 ¢ 13 31.580 B33 43 6,919 7838 8.3 65 1015
219 B8 Z 24 {11 16 4.4928 3 14 2.623 +B3 36 47.508 7838 8.3 65 1015
220 BB Z 24 |11 186 4.7118 4 14 14.050 +83 34 26,488 7838 8.3 £5 1015
224 38 2 24 [11 186 5.05809 a9 14 32.433 +83 30 37.898 7838 8.3 55 1015




COLLOCATION OBSERVATION BETWEEN TWO SLR STATIONS
AT THE SIMOSATO HYDROGRAPHIC OBSERVATORY IN 1988

Summary — The collocation observations of a fixed type (SHOLAS) and a transportable
(HTLRS) satellite laser ranging systems were made at the Simosato Hydro-
graphic Observatory in May and November 1988, 20 Ajisai passes and 6 Lageos
passes were obtained. Analyzing these data, it is shown that the range data
obtained by SHOLAS were shorter than those by HTLRS by 0.7 cm in May
1988 and were longer by 2.3 ¢m in November 1988.

Key words: SHOLAS — HTLRS — coHocation observation

I. Observation

The Simosato Hydrographic Observatory (SHO) has observed geodetic satellites with a
fixed type satellite laser ranging system named SHOLAS (Simosato Hydrographic Observa-
tory Laser Ranging Station) since 1982 (Sasaki et al,, 1983). SHO has played an important
roll in the worldwide network of SLR since Simosato is the only one station in Asia con-
stantly releasing SLR observation data.

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

These two systems are collocated at SHO twice a year in order to check their systematic
errors, The first collocation observation was made in December, 1987, It was shown from
the analysis of this observation (Sengoku, 1988) that the systematic difference of range data
of two systems was 1.1 cm. The range data obtained by SHOLAS was longer than those by
HTLRS.

In 1988, the collocation observations were made SHO twice. The one was from May
23rd to May 30th when 7 Ajisai passes and 1 Lageos pass were observed. The other was from
November 8th to November 20th when 13 Ajisai passes and 5 Lageos passes were obtained,
Observed passes are shown in Tables 1 and 2. The sky coverage maps are shown in Figures 1
and 2.
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Table 1. Observed passes observation in May 1988

No. Time (UTC) %{i‘&ﬁﬁf g;ft'afns) Satellite
h m h m

1 1988 May 23 10 55 — 11 08 516 1294 Ajisai
2 23 12 57 - 13 10 893 566 Ajisai
3 26 12 17 — 12 30 1168 640 Ajisat
4 28 10 28 — 10 42 1095 1377 Ajisai
5 28 12 32 — 12 41 577 549 Ajisai
6 28 17 01 — 17 50 1047 115 Lageos
7 29 11 37 — 11 49 87 645 Ajisai
8 30 10 42 — 10 56 425 87 Afisai

B 5808 5933
total
11741
Table 2. Observed passes in Novembey 1988
No. Time (UTC) S&?{hﬁf ggt]:l?l?) Satellite
h m h m

1 1988 Nov, 8 12 28 — 12 39 91 831 Ajisai
2 8 14 29 — 14 43 1354 450 Ajisai

3 9 929 — 1001 7id 932 Ajizai
4 16 915 — 9 54 987 1208 Lageos
5 10 12 41 — 12 54 1192 952 Ajisai

6 10 14 43 — 14 56 1408 1293 Ajisai

7 11 11 48 — 11 59 1047 1102 Ajisai

8 11 13 49 — 14 03 1581 1020 Ajisai

9 13 841 - 9 26 1335 1337 Lageos
10 13 12 14 — 12 56 1019 425 Lageos
i1 13 14 03 — (4 16 1165 1111 Ajisai
12 14 11 07 — i1 19 784 301 Ajisai
13 14 13 09 - 13 22 1375 550 Ajisat
14 15 12 15 — 12 28 544 592 Aljisat
15 i8 12 28 — 13 07 546 18is Lageos
16 20 946 — 9 58 1123 1411 Afisai
17 20 11 48 — 12 01 1111 1047 Ajisat
i8 20 13 17 — 13 59 86 971 Lageos

18495 18373
todal
36868

43
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Sky coverage (November, 1988),

Figure 2,
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2. Survey

HTLRS was put on the concrete base. In May, 1988, the relative position of the center
of rotation of HTLRS (TLO2: May, 1988) to the reference plate (TL) on the concrete base
was measured optically. The relative position between two centers of rotation of SHOLAS
and HTLRS were calculated using the results of T. Takemura (1983) and A. Sengoku et al,
(1988).

In November, 1988, reference points SHO were surveyed by A. Sengoku, M. Nagaoka
and K. Kawai (Figure 3). Their geodetic positions are shown in Table 3. The relative position
of the cenfer of rotation of HTLRS (TLO3: November, 1988) to the center of rotation of
SHOLAS (L) was surveyed at the same time. Survey chart is shown in Figure 3.

The relative rectangular coordinates of the center of rotation of HTLRS to that of
SHOLAS were determined in the equator and Greenwich based system as follows.

dx =~13.915 (m)

dy = 11.707 (m) (May, 1988)

dz = —32.603 (i)

dx =—13911(m)

dy = 11711 (m) (November, 1988)
dz =--32.603 (m)

The distance between two centers of rotation is 37,331 (m) in May and is 37.331 () in
November,
In the local horizontal coordinates, the relative position of HTLRS to SHOLAS was

obtained as follows.

dX = 1.264 (m) eastward

dY = —37.200 (m) northward (May, 1988)

dZ = 2917 (m) upward

dX = 1.259 (m) eastward

dY = —37.200 (m) northward (November, 1988)
dZ = —2916(m) upward
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Concrete base of BTLRS

Figure 3. Survey chart of Simosateo Hydrographic Observatory,
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3. Geometrical analysis
3.1 Principle of geometrical analysis of collocation observation

The difference of two sets of range data obtained by SHOLAS and HTLRS respectively
should be equal to the geometrical path difference if the range observations are made by two
systems sinmltaneously. The difference (D) between the geometrical path difference (dr) and
the raw range difference (Ir, I— 1r, 1), which stands for systematic error of range observa-
tion data, is expressed as follows (Sengoku, 1989).

— —>
D=dr — (e, —Ir, D)

- e > 3 e
=pr, cdf g I=(le, =ty oo (H

- - -
Where d =1, —r,. If D is positive, a range observed by system 2 is longer than that by

system |.

First, raw range data obtained by the one system were smoothed by a polinomial fitting,
Next by using the fitted polinomial, smoothed data were produced to make pairs with the
corresponding observation obtained by the other in equation (1). For a precise estimation
of the geometrical path difference, it is necessary to determine orbils of satellites by a
certain dynamical procedure. Detailed description of the geometrical analysis is seen in the
previous report (Sengoku, 1989).

3.2 . Determination of orbits .

The precise orbits of satellites were determined dynamically by a reduction program
developed at Hydrographic Department {Sasaki, 1984) using the range data obtained by
SHOLAS and HTLRS. Observation of two paéses were used to determine the orbits, GEM-
T1 (degree and order up to 36) was used for Earth’s gravity model. The polar motion deter-
mined by IRIS (IERS bulletin A) was also used. Since the orbit was determined using data
obtained by only SHOLAS and HTLRS, which were placed about 40 m apart, the deter-
mined orbit was not accurate so globally. But it was sufficient for our analysis. In order to
determine D at precision of 1 mm, the accuracy of satellite position is required to be less
than 40 m through the observation. It is possible 1o achieve such accuracy in orbits by the
local analysis we did here. Tables 4 and 5 show the obtained residuals for each pass. Several
passes were omitted since their orbits were not precise enough. Typical neise level of raw
range is about 10 cm for SHOLAS and 4 cm for HTLRS, respectively. Therefore, residuals
are expected to be 4 ~ 10 cm. In most cases, residuals were within this range,

Tihus, the topocentric positions of satellites were calculated with enough accuracy at
each observation epoch,
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Table 3. Relative positions among reference points (Tokyo Datum)

Symbol Latitude Longitude Height
Br2 — Br —0v2723 +071899 +0.036 m
L — Br +0,2572 +(.2971 +1.114
TL — DBr —0.9434 +0.4154 ~3.740
TLO2 — Br —0.9501 +0.3460 —-1.804
TLO3 — Br —0.9502 +0.3459 —1.802
K - Br +32.0635 -39.2401 +43.696
D - Br +8.5170 —3.252

+55.3550

Table 4. Dynamical determination of the orbits in May 1988

No. Used pass No.¥ Satellite Number of data Residual

a £, 2 Ajisai 3269 5.5cm
b 5,4 Ajisai 3598 5.1

c 5,1 Ajisai £858 4.8

*see Table 1
Table 5. Dynamical determination of the orbits in November 1988

No. Used pass No.* Satellite Number of data Residual

a 1,2 Ajisai 2726 5.9 cm
b 5,6 Ajisai 4845 5.8

¢ 7,8 Ajisai 4750 6.3

d 12,13 Ajisai 3010 6.7

e 16, 17 Ajisai 4692 5.8

f 9,10 Lageos 4116 5.8

g HE 12 Ajisai 3361 6.0

h 13, 14 Ajisai 3061 6.3

i 15,18 Lageos 3818 4.7

*gee Table 2
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3.3 Estimation of D

First, smoothed data for SHOLAS were paired with the corresponding one for HTLRS
by means of polynomial fitting. Then, D was estimated by equation (1). The applied orders
of polynomials, the mean of D (D) and the other results are shown for each pass in Tables 6
and 7. Data residuals larger than 15 cm were omitled.

The average of D was 0.7 cm in May and —2.3 cm in November, respectively. Roughly
speaking, this means that range data obtained by SHOLAS were 0.7 c¢m shorter than those
obtained by HTLRS in May and 2.3 cm longer in November. We cannot conclude whichever
SHOLAS and/or HTLRS caused this difference. The average of D is 0.7 cm for Ajisai in May,
~2.1 cm for Ajisai and —3.3 cm for Lageos in November. The average of D for Ajisai does
not differ from that for Lageos significantly.

The relations among D, and the elevation and azimuth of satellites are plotted in Figures
4 through 7. It is clear that D was not dependent on the elevation in 1988, But D seems to

have varied slightly as the azimuth change,

Collocation observations were made by T. Kanazawa, A. Sengoku, K. Fuchida, M.
Nagaoka, K. Kawai and T. Fujii, The reduction of survey was made by K. Kawat and was
checked by T. Takemura. The analysis of collocation observation was made by T, Fujii and
A. Sengoku. This report was written by A. Sengoku and T. Fujii,
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Table 6. Results of the geometrical analysis of collocation observation in May 1988

SHOLAS

: HTLRS . Polynomial | & Used
No. Time (UTC) (returns) | (returns) Satellite order D irms orbit*
h m h m cm cm
i 1988 May 23 13 04 — 13 10 526 540 Ajisai 12 -1.7| 3.8 a
2 28 10 31 - 10 42 975 1,277 Ajisai 20 1.4 3.7 b
3 28 12 32 - 12 41 517 549 Ajisai 18 i.7] 4.1 b
4 28 12 32 — 12 41 513 531 Ajisai 4 1.9 4.0 c
5 29 11 37 — 11 48 643 72 Ajisai i8 01| 7.4 [
average 0.7 4.6

*see Table 5

Table 7, Results of the geometrical analysis of collocation observation in November 1988

No. Time (UTC) fgg";:‘s? (P;Izt[;?nss) Satellite | OIi;‘;’;’i“’ D |rms.| U5
h m h m cm| ¢om
1A| 1988 Nov. 8 14 32 — 14 35 493 250 Ajisai 8 -2.0( 4.9 a
iB 8 14 40 — 14 41 129 97 Ajisai 5 —2.1| 4.7 a
2 16 12 42 — 12 54 | 1,031 952 Ajisai 20 -2.6| 4.1 b
3 16 14 44 — 14 56 1,223 1,293 Ajisai 22 —4.0| 3.6 b
4 11 11 48 — 11 59 863 1,102 Ajisai 17 -3.1| 3.8 c
5 111349 — 13 03| 1,374 1,018 Ajisai 27 -3.8| 4.3 ¢
6 1308 57 — 09 26 852 1,314 Lageos 12 —-1.91 38 f
7 13 i4 04 — 14 16 | 1,020 1,111 Ajisai 23 —1.6] 4.2 g
8 14 11 15 — 11 19 333 301 Ajisai 8 -4.71 4.2 d
9 i4 3 15 — 13 20 687 521 Ajisai 12 —0.1] 3.7 d
10 4 13 14 — 13 20 697 534 Ajisai 13 —0.1] 3.7 h
11 £S5 12 17 — 12 22 371 497 Ajisai 13 —2.9| 4.8 h
12 18 12 37 — 13 08 159 1,525 Lageos 13 -4.6| 3.7 i
13 20 09 47 — 09 59 993 41l Ajisai 18 0.8 38 2
14 20 11 56 — 12 (2 387 654 Ajisai 0 -0.8] 3.6 [
average —2.3| 4.1

#*see Table 6
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ORBITAL PREDICTION OF AJISAI IN 1988

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

ranging observatories,

Key words: orbital prediction — Ajisai

1. Orbital prediction system

An orbital prediction system for artificial satellites was developed in the Satellite
Geodesy Office (SGO) in 1986 {Sengoku, 1988), This system produces orbital elements of
artificial satellites from the laser ranging data by a program named SOAP 111, the Satellite
Orbit Analyzer Predictor ver. I, written in a special language developed by Fukushima
(1986). In SOAP 111, we estimate the JHD elements by the method of least squares, The
JHD elements consist of 9 parameters as follows,

n: mean motion

fFo @ (ecosw)g

o (esinw)y

i ¢ inclination

& longitude of ascending node
Xo © oty

dew/d

d2/dt

desinew),

where ¢ is the eccentricity, 1 is the mean anomaly and w is the argument of perigee, The
subscript 0 means the values at the epoch. The JHD elements are well-defined parameter set
for a nearly circular orbit such as that of Ajisai.

The accuracy of the JHD elements created by SOAP 111 is checked by a rough estima-
tion by means of an independent program.

2.  Summary of quick look data of Ajisai

Quick took laser range data are sent to SGO from the Simosato Hydrographic Observa-
tory and the Goddard Laser Tracking Network once a week via an E-mail system named G.E,
Mark III. We usually produce the JHD elements from the received quick look data in the
latest two or three weeks, Table | is the monthly statistics of the quick look data sent to our
office in 1988, In total, 1348 passes and 33027 returns at 9 stations were sent to our office
in 1988.
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Table 1. Monthiy statistics of quick look data of Ajisai

57

1988, Jan, 1988. Feb. 1988. Mar.

1D Pass Return 1B Pass Return 1B Pass Return
1181 3 54 1181 4 92 7801 3 223
7801 i2 300 7801 11 275 7838 12 526
7838 46 968 7838 64 022 7840 13 437
7840 20 258 7840 29 465 8405 34 1866
8405 7 174 8405 17 443 8502 8 350
8502 9 225 8502 11 275 8704 8 448
8605 15 373 8605 11 270 8805 15 796
8704 1 12 8704 8 200
88035 3 128 8805 29 710

1988. Apr 1988. May £988. Jun.

D Pass Retum iD Pass Return ID Pass Return
1181 7 186 FiBL 7 117 7801 10 251
7801 18 250 7801 12 300 7838 7 152
7838 7 182 7838 21 339 7840 1 128
7840 27 437 7840 30 377 8405 10 248
8405 18 447 8405 7 178 8502 15 375
8605 1 25 8502 1 24 8704 18 448
8704 17 425 8704 2 50 8805 16 397
3805 12 303 8805 8 197

1988. Jul. 1988. Aug, 1988. Sep.

ID Pass Retuin 12 Pass Return D Pass Return
1181 8 171 1181 5 il T8G1 3 150
1307 6 160 7801 12 299 7838 £2 394
7801 i4 348 7838 20 37 7840 8 322
7838 i3 208 7840 33 390 8405 5 268
7840 25 340 8405 8 185 8605 6 300
84035 38 948 8502 [ 148 8704 1 50
8502 6 48 8605 2 50 8805 [ 282
8704 13 322 8704 |15 276
8805 27 667 8805 16 414

1988, Oct, ] 1988. Nov 1988. Dec.

iD Pass Return 1D Pass Return D Pass Refurn
1181 1 21 1181 3 8% 1401 1 25
1401 1 29 1401 2 54 7801 4 100
7801 i5 376 7801 4 100 7838 9 187
7838 5 79 7838 28 555 7840 i?7 399
7840 34 875 7840 48 1197 8405 6 148
8405 31 771 8405 14 359 8502 20 500
8502 i3 320 8502 1 25 8605 9 223
8605 22 546 8605 12 291 8704 2 48
8704 28 693 8704 12 298 8805 7 177
8805 I8 457 8805 8 191 N

1181 Potsdam, GDR 7801 : Haleakala, USA

7838 Simosato, Japan 7840 : RGO, United Kingdom
8405 Mon. Peak, USA 8502 : Yarragadee, Australia
8605 Mazatlan, Mexico 8704 : GSFC, USA

8805 Quincy, USA
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Table 2, Accuracy of JHD elements
Sequential Creation Period of Number of g, a,
No. date data used data used (m) (m)
1988 1987
49 1/06 12/15 — 12/28 961 282 937
1988

51 1/18 12/30 - 112 529 630 604
52 1725 107 — 120 1028 2912 3271
53 2/03 /16 — 129 1174 173 2698
54 2/09 119 - 2/ol 1472 219 191
55 2/16 2/01 — 2/14 £212 549 655
56 2/22 2/03 — 2/16 1957 314 393
57 2/29 2710 - 2/23 2208 369 567
2/03 — 2/23 3159 283 3

58 3/08 2/14 — 2f27 2250 269 490
2jo01 — 2/27 3172 211 365

59 3/23 2124 — 3/08 507 544 460
61 4/01 3/09 — 3/23 763 592 416
62 4/03 3/17 — 3/31 136 439 577
63 4/08 3/22 — 4f05 1205 541 1033
3/14 - 4/05 1808 682 438

64 4/18 3/29 — 4/12 1564 339 691
322 - 4f12 2277 326 530

65 4/22 4/05 — 4/18 1285 298 570
3/29 - 418 1832 304 348

66 5/09 4/19 — 5/03 2565 124 885
4712 — 3/03 3504 200 521

67 5/13 426 — 5/10 743 87 439
4/19 — 5/10 1285 143 219

68 5123 5003 — 5/18 862 153 321
4/26 — 5/18 1227 153 161

69 5427 5/12 — 5026 624 211 180
5/05 — 5/26 1009 219 101

70 602 5/20— 5/31 374 208 248
5{16 — 5/31 598 179 198

71 6/10 5/20— 6/03 573 184 186
5/10— 6/03 1202 180 158

72 617 5/26 — 6/09 466 719 191
5/20 — 6/09 658 i86 221

73 6/23 6/01 — 6/16 547 432 186
5027 — 6/16 789 432 186

74 7/06 6/14 — 6/28 £135 139 262
6/08 — 628 1326 156 142

75 7/07 622 — 7/02 1294 206 367
6/15 ~ 7/02 1834 211 135

76 7114 6{29 — 7/12 1562 183 460
6/22 — T7/12 2185 226 218
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Table 2. Accuracy of JHD elements

Sequential Creation Period of Number of a, - o,
No. date data used data used (m) (m)
1988 1988

77 7121 7/06 — /19 1346 413 1005
6/29 — /19 2145 191 684

78 8/08 7/18 — 731 1068 625 1009
71— 731 1739 304 711

79 9/29 9/07 — 9/19 378 243 74
9/0F — 9/19 392 216 45

80 10/06 9/13 — 9/27 379 68 648
9/06 — 9/27 569 235 297

81 10/17 9/29 - 10/11 1287 470 848
920 — 1011} 1528 206 538

82 10/24 10/01 — 10/18 2111 422 790
9/29 — 10/18 2336 346 715

83 10/31 10/12 — 10/25 1972 556 1160
10/05 — 10425 2732 233 869

84 11/04 10/17 — 10/31 2267 468 1077
10/10 — 10/31 3206 © 230 661

85 1110 10/25 — 1108 2136 409 843
10/18 — 11/08 3115 328 645

86 1117 11/01 — 11/15 1862 600 1216
10/24 — 11/15 3222 297 727

87 11/24 11/08 —11/22 1590 402 1212
1108 — 11/22 2661 322 874

48 12/01 P16 — 11129 947 321 727
FEOY —11/29 1800 155 451

89 12/09 F1/22 —12/05 898 652 1429
F1/15 — 12/05 1563 374 875

9 12/22 12/07 — 12/20 912 713 1482
11/30—12/20 1472 428 938

The elements No.50 and 60 were not created due to errors in data.
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3. The JHD elements

The JHD elements are created once a week by our orbital prediction system. Table 2
shows the accuracies of elements one week {0,) and two weeks (0,) before the period of
quick look data vsed for the creation of elements, respectively, The averages of ¢, and o,
are 364 m and 631 m, respectively.

The created JHD eclements are sent to the Simosato Hydrographic Observatory, Com-
munications Research Laboratory, Wuban and Shanghai of the People’s Republic of China,
for the laser ranging observation.

These works were performed by K. Asai and K, Kawati in 1988,

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

This report was written by A. Sengoku and §. Masai.
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NOTE ON THE CHARACTERISTICS OF HTLRS

Summary — Basic characteristics of the Hydrographic Transportable Laser Ranging Station
(HTLRS) is reported. We performed three tests; the stability test to know the
debendency on the time, the threshold test to know the dependency on the
stop threshold value and the amplitude test to know the dependency on the
amplitude of received pulse.

Key words: characteristics of HTLRS

This is the first report on the basic characteristics of the Hydrographic Transportable
Laser Ranging Station (HTLRS),

Generally,.an observed range to a satellite is a function of a group of parameters such as
the amplitude of received pulse, the electric voltage of PMT, the threshold level of received
signal, etc. In order to clear the dependency of observed range 1o these factors, we perform-
ed the foHowing three tests; the stability test to know the dependency on the time, the
threshold test to know the dependency on the stop threshold value and the amplitude test
to know the dependency on the amplitude of received pulse,

Test observations were made by means of ranging to a ground target which is 1448 m
apart at the Simosato Hydrographic Observatory on November 15 and November 18, 1988,

In each test, the internal time delay was measured for two sets of system parameters,
for Ajisai and for Lageos, respectively.

1. Stability test

It is quite necessary [or satellite laser ranging systems Lo be slable while they observe
satellites, Especially, observed ranges to satellites should be stable, In order {o check this
stability for HTLRS, ranging observations to a ground target are made for about an hour on
November 15, 1988. The system parameters were set for Ajisai and for Lageos, respectively.
1.1 Ajisai case

The adopted system parameters were as follows,

Ts : 50

Te : 60

Vs @ 40V

Ve : —230kV

Att : 10000 (no attenuation)
Ap : 0.1 mm in diameter
Div : 0.5 mrad

where Ts is the trigger level of emitted signal in an arbitrary scale, Te the trigger level of
received signal in the same scale, Vs the electric voltage of PMT to detect emitted signal, Ve
the electric voltage of PMT to detect received signal, Att the indicated attenuation level, Ap
the diameter of attenuation disk and Div the divergence of emitted laser pulse. The relation
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between Att and the transmission rate is shown in Figure 1.
The internal time delays were estimated once ten minutes as are shown in Table 1 and

Figure 2, where r.m.s. means the standard deviation of residuals.

Table 1, Results of the stability test (with parameters for Ajisai, November 15, 1988)

No. of return F.TLS. Internal time delay

Time

(un) (efficient/total) {cm) (ns)
12:54 — 13:01 1921/ 2100 £.2 50.768
13:01 — 13:11 2819 / 3000 1.1 50.775
13:11 —13:21 2868 / 3000 1.1 50.791
13:21 — 13:31 2871 f 3000 1.9 50.663
13:31 — 13:44 2819 / 3000 1.2 50.566

13:41 — 13:44 835/ 900 1.2 50.563

}.2  Lageos case

The adopted system parameters were as follows,

Ts
Te
Vs
Ve
Att
Ap :
Div :

50

20

40V

—3.08kV

3800

0.1 mm in diameter
0.5 mrad

The estimation of internal time delays was made just as the same as in the preceding

subsection whose results are shown in Table 2 and Figure 3.
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Figure 2.

Results of the stability test (with parameters for Ajisai, November 15¢h, 1988).
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Figure 3. Results of the stability test (with parameters for Lageos, November 15th, 1988).
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Table 2. Results of the stability test (with parameters for Lageos, November 15, 1988)

Time No. of return F.HNLS. Internal time delay
(UT) (efficient/total) (cm) (ns)

13:58 — 14:00 411/} 505 3.1 50.209

14:00 — 14:10 2378 /2816 29 50.192

F:10 — 14:20 2405 [ 2890 2.7 50.148

14:20 — 14:30 2473 /2908 2.5 50,146

14:30 — 14:40 2415 /2828 2.8 50.176

14:40 — 14:50 2392/ 2831 2.8 50.168

14:50 — 14:51 183/ 222 2.6 50.175

1.3 Analysis

When the system parameters were set for Ajisai, the r.m.s. was relatively smallas 1 — 2
cm while the internal time delay varied more than the r.ans. did. it changed 0.23 ns (3.5 cm
in range) in 20 minutes in the maximum case, Since the duration of Ajisai observation is as
long as 12 minutes, it is recommended to make two calibration observations: before and
after the satellite observation, as close to it as possible. This is because the difference be-
tween pre- and post-range offsets becomes sometimes greater than 0.1 ns.

On the other hand, when the system parameters were set for Lageos, the ran.s. was
comparatively large as about 3 c¢m but the internal time delay did not change significantly.
The variation became 0.06 ns (0.9 cm in range) at most. Though the duvration of Lageos
observation is fonger than that of Ajisai, the variation of range data is expected to be smaller.

In order to know the detailed features of the system stability, it is necessary to perform
the stability tests further.

2. Threshold test

Generally, an observed range is also a function of the trigger level of received signal
(called the stop threshold level in this report and denoted as Te). In order to check the
reliability of HTLRS, we measured the dependency of the internal time delay with respect
to the stop threshold level by ranging to a ground target. The observations were made on
November [8, 1988,
2.1 Ajisai case

The adopted sysiem parameters were as follows,

Ts : 50
Vs @ 40V




Ve
Att
Ap :
Diy :
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—2.30 kv

10000 (no attenuation)
0.1 mm in diameter
0.5 mrad

The results are shown in Table 3 and Figure 4.

Table 3. Results of the threshold test (with parameters for Ajisai, November 18, 1988)

67

Stop threshold

No, of return

(efficient/total)
20 260/ 300
40 293 /300
60 300/ 300
80 300/ 300
100 2771 300

I.imn.s,

{cm)

1.3
1.1
1.1
1.2
1.2

Internal time delay

(ns)

50476
50.719
50.850
50939
50971

2.2 lLageos case

The adopted system parameters were as [ollows,

Ts
Vs

Ve
Att
Ap
Div :

50

0V

—3.08 kV

3800

0.} mm in diameter
0.5 mrad

The results are shown in Table 4 and Figure 5.

Table 4. Results of the threshold test (with parameters for Lageos, November 18, [988)

Internal time delay

No. of return .S,
Stop threshold (efficient/total) {em) (ns)
10 267 | 300 2.5 50.380
20 273 1 300 2.9 50.607
30 278 1 300 2.6 50.743
40 280/ 300 2.5

50.833
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Figure 4. Results of the {threshhold test (with parameters for Ajisai, Novemher 18th, 1988).
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Figure 5. Resulls of the threshhold test {wilh parameters for Lageons, November INth, [US8),
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2.3 Analysis

In both cases, the internal time delay apparently depends on the stop threshold level,
When the system parameters were set for Ajisai, the internal time delay changed about 0.09
ns (1.4 cm in range) within the stop threshold level 60 to 80, When the system parameters
for Lageos were used, the internal time delay did about 0.23 ns (3.5 cm in range) within the
stop threshold level 10 to 20. Therefore, it is desirable not to change the stop threshold level
through the observation. Also the stop threshold level should be constant when receiving the
laser signals of both satellites and a ground target,

3.  Amplitude test

The stronger the amplitude of received pulse is, the shorter the observed range becomes.
Such sitvation is inevitable in the ranging with a certain kind of threshold,

In this section, the dependency of the observed range with respect to the received
amplitude is described. Test ranging observations to the ground target were made on Novem-
ber 18, 1988, while the attenuator level was changed in order to vary the amplitude of
received pulse,

3.1  Ajisal case
The adopted system parameters were as follows,

Ts : 50

Te : 60

Vs @ 40V

Ve : —230kV

Ap 0.1 mm in diameter
Div : 0.5 mrad

The results are shown in Table 5, Figure 6 and Figure 8, No datum was obtained when
the attenuator was set as 4000, The transmission rates in Tables 5 and 6 were directly read
from Figure 1,

Table 5. Results of the amplitude test (with parameters for Ajisai, November 18, 1988)

Transmission No. of retumn TS, Internal time delay

Attenuator rate (efficient/total) (cm) {us)
10000 9% 2957300 1.2 50.861
8000 47 294 [ 300 1.2 50.864
6000 8.5 292 /300 .4 50.976

5000 33 2537300 1.8 51.144
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3.2 Lageos case
The adopted system parameters were as follows,

Ts : 50

Te : 20

Vs : 40V

Ve : —3.08%kV

Ap @ 0.1 mm in diameter
Div : 0.5 mrad

The results are shown in Table 6, Figure 7 and Figure 9.

Table 6. Results of the amplitude test (with parameters for Lageos, November 18, 1988)

Attenuator Tmn.srigllti;sion (e?fgt)c:é]f; trfetl(;ktraﬁ) r(;)lasj Intern:zlngi)me delay
5400 4. 7% 218/ 300 1.5 50.055
4600 2.2 2521300 I6 50.438
3800 84 281/ 300 2.7 50.582
3000 31 277/ 300 34 50.763
2200 093 248 { 300 4.4 50.876

3.3 Analysis

The ratio of the distance to Ajisai at 20 degree elevation and that at the zenith is 1.96.
This means that the ratio of the amplitude of received pulses becomes about 15. Then, from
Figure 8, the internal time delay is estimated to change about ¢.15 ns (2.3 cm in range) as
the elevation of Ajisai varies from 20 degree to 90 degree. Namely, the observed range of
Ajisai at the zenith will be 2.3 cm shorter than that at 20 degree elevation if the system
parameters are the same. Moreover, it is said that the observed ranges in a hazy sky are
tonger than those in a clear sky. This is one of the limitation of HTLRS caused by having a
relatively low power laser.

On the other hand, the ratio of the range to Lageos at 20 degree elevation and that at
the zenith is 1.44. This means that the ratio of the amplitude of received pulses becomes 4.3,
Then, from Figure 9, the internal time delay is estimated to change 0.3 ns (4.5 cm in range)
as the elevation of Lageos varies from 20 degree to 90 degree. Therefore, the observed range
of Lageos at the zenith will be about 4.5 c¢m shorter than that at 20 degree elevation if the
system parameters are the same,
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Figure 7. Results of the amplitude test (with parameters for Lageos, November 15th, 1988).
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Since it took a few tens of minutes to carry out the threshold test as well as the ampli-
tude test, the results of these tests were affected by the system stability. Therefore more
detailed studys are needed to clear the full capability of HTLRS.

This report was written by A, Sengoku,
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SATELLITE DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1988

This paper is a continuation of the series of report on the satellite Doppler positioning of the off-lying

islands in Japan. The provisional resuits of the observations made by the JHD in 1988 are given.

Key words : satellite Doppler positioning-marine geodetic controls
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Table 1. Summary of the positions of the fiducial markers expressed in the Tékyd Datum by means of

the satellite Doppler observations

Station Marker ¢ A h

A0 4 B (Kume sima) Gl 26 20 10.293N 126 49 38.194E 13.06
® B B (Aguni sima) G1 26 34 34.564 127 13 12,304 95.78
B # (Naha) N 26 14 26.169 127 40 32.369 31.91
o\ B (Isigaki sima) Gl 24 20 32.200 124 98 57.150 6.31
#% B M B (Hateruma sima) Gl 24 03 34.319 126 46 33,061 43.86
W # B {Iriomote sima) Gt 24 27 5%.951 123 49 17.687 31.47
il 78 B (Nakanougan sima) 11 24 11 28.436 123 33 47.476 33.04

" H2 24 11 19.382 123 33 35,131 22.17
% B M B (Tarama sima) Gl 24 40 3.815 124 41 53.739 34.44
B B (Kuro sima) Gl 24 13 59.360 123 59 46.408 15.57

it : the height above the (local) mean sea level
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Doppler positioning in 1988.
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Figure 8 Site skelch for Hatoma Sima, Irivmote Sima.
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Figure 4. Site skelek for Kuro Sima.
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DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1988 &7

P I AT NEHL,
HEEMAIoERL 22 L b Table 3 T,
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FhZENORBEHIEFRCHL,

wF L FS IRk Log s F & T

Table 2. Positions of the NNSS antennas : the solutions of the translocation of the Doppler abserva-

tions in the reference system of NNSS

Station ¢ A H Note
o o m
F 8 (Simosato) 33 34 39.069 | 135 56 11.860 | 107.070 | 2kB - EIEBEW
T 5 (Naha) 26 14 40,473 | 127 40 24.463 | 67.670
A K B (Kume sima) 26 20 24.494 | 126 49 30.550 | 49.680
® OE B (Aguni sima) 26 34 48.626 | 127 13 4.597 | 132.320
W 5 (Naha) 26 14 40,587 | 127 40 24.449 | 65,120 | MEE - BE - R
A 8 & (Isigaki sima) 24 20 47.091 | 124 8 56.851 39.430 | FE - . EE -
# M B B (Hateruma sima) 24 3 49 448 | 123 46 26,649 | 71.190 | B EMBEY]
¥ #F B (Iriomote sima) 24 28 15,156 | 123 49 11.189 | 57.430
it 7 #8RE (Nakanougan sima) 24 11 43.435 | 123 33 41.126 | 61.710
% 8 M & (Tarama sima) 24 40 E8.71F | 124 43 47.047 | 67.790
2 B (Kuro sima) 24 14 14,366 | 123 59 39.904 44.990

H : the height above the WGS-72 ellipsoid{ia=6378135m, = 1/298.26)
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Table 3. Positions of the NNSS antennas : the transformed results of Table 2 into the Tokyd

Datum
Station ¢ A H g:?;lf:;t;?: Note
coro oo m

F B (Simosato) ¥r 33 34 27.008| 135 56 23.041 | 67,61 |AU= 130418 | AKE -

d 5 (Naha) 26 14 26.234]127 40 32.360 | 48.110| AV = —527.468 | EEREN
A0k B (Kume sima) 26 20 10.338]126 49 38.187 | 26.531| AW=—0(75.139
# [E B (Aguni sima) 26 34 34,540 127 13 12,374 { 108,661
B 8 (Naha) 26 14 26,126 (127 40 32.236 | 47.060| AU= 132.35} | A&RE -
¥ W B (Isigaki sima) 24 20 32,0855124 8 57.420 | 21.223| AV =—527.984 | B -
# 8 M & (Haterama sima) 24 3 34.352{123 46 33.086 | 54.177| AW=—682.385 | iZfRfI & -
# #& B (Iriomote sima) 24 28 0.211(123 49 17.641 7 37.265 i 7 M B
i /S (Nakanougan sima) |24 13 28.398(123 33 47.502 | 43.019 - ZRME
% K M & {Tarama sima) 24 40 3.803]124 41 53.806 | 48.604 g
= £ (Kuro sima) 24 13 59.3261123 59 46.419 | 27.214

It : the height ahove the reference ellipsoid of the Tokyd Datum

¥¢ . shows the fixed station to derive the corresponding transtation parameters. The coordinates of this

station were obtained by the previous Doppler ohservations and the ground surveys.

WHiz Bz Table HiE, Table3 2R LR H7 > 7HoME 2 £ $OERFFOMETH S, L77L,
AR S Az on UL, AL OFHEE RV,
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Table 4. Positions of the NNSS antennas ; the ground survey results in the Tékyo Batum or

in the locai datum

Station é A h Note
e s m

T H (Simosato) 33 34 27.008 | 135 56 23.04t 67.61 | AKE - ZEBHEA
#h @ (Naha) 26 14 26.647 | 127 40 32.046 33.53
A #F B (Kume sima) 26 20 10.801 | 126 49 37.925 14.76
# F B (Aguni sima) 26 34 34,936 | 127 13 12.095 97.43
T B (Isigaki sima) 24 26 27.451 [ 124 8 50.255 8.17 | BRE - B8 - #
# BRI B (Hateruma sima) 24 3 29.799 | 123 46 26.039 45.17 | & - O/ R -
A # B (Iriomote sima) 24 27 55.497 | 123 49 10.456 33.40 | SRHEHRE
% B M B (Tarama sima) 24 40 13.038 | 124 41 36.761 35,82
B 5 (Kuro sima) 24 13 54.704 | 123 59 39.319 i7.09

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

¢ © defining values of the coordinate system adopted by this series of report

(expressed in the Tokyt Datum)

Table 5. Differences between the Doppler results and the survey results : Doppler (Table 3) minus

survey {Fable 4)

Station faY: N hg
i i m
F F (Simosato] 0.600 G.000 0.00
# B (Naha) —0.413 +0.314 +14.,58
2 % B (Kume sima) —0.463 +0.262 +11.77
£ H B (Agunisima) —0.396 +0.279 +11.23%
i ¥ (Naha) 0.600 0.080 0.06
B B (sigaki sima) +4.634 +7. 136 +13.05
i B M B (Hateruma sima) +4.553 +7.047 +9.01
¥ B (Iriomote sima) +4.714 +7.185 +3.87
% BB B {Tarama sima) —9.235 +17.105 +12.784
z B (Kuro sima) +4.622 +7.100 +10.12

hg @ geoidal height referred to the reference ellipsoid of the Tokyo Datum or local data
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Table 6. Positions of the reference {riangulation points used for the survey

{expressed in the Tokyo Datum or in the loeal datum)

Station ¢ a h

o o m
TR & ® 33 34 36.058N | 135 54 58.502E 123,35
1 &Ko () 33 34 51.295 135 56 37.380 79.57
o o# Ras 26 13 37.292 127 41 05.766 45.85
" ~2H— (V) 26 11 46,784 127 40 24.714 48.01
A A B (RRB) (V) 26 20 10.756 126 49 37.932 13.06
¥EE (1) 26 34 34,960 127 13 12.025 95.78
HEME WD 24 3 29,766 123 46 26.014 43.86
oM OE (B 24 27 55.237 123 49 10.502 31.47
2 5 Un 24 13 54,738 123 59 39,308 15.57
ERHEB  GERL) (V) 24 40 13,050 124 41 36.634 3.4
E B KMy D 24 22 0.961 124 9 48.086 230.09
i WEAT (V) 24 21 11,0382 124 7 27.438 23.08

The roman number denotes the class of the triangulation points.

W T RS R L, TR L A RINEO SRR s U s,
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GPSIZ & % Eh BRI EER

GPS POSITIONING EXPERIMENT FOR SURVEYING VESSELS

Hydrographie Department had been a technical consultant of “Research and Development of GPS
Precise Positioning System” project of Japanese Hydrographic Asseciation from 1986 to 1989.
In 1988, test observations of this system were made by using the survey vessels Kaiyo and Kurihama in

order to estimate its performance.

Key words : GPS precise positioning
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GPS EXPERIMENT FOR SURVEYING VESSELS
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Figure 4. Configuration of (we antennas at the survey vessel Kurihama,
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Table 1. The positions of the survey vessel “Kaiyo”

10421
Time LC GPS LC-GPS Difference
{5T) Lat Long Lat Long Lat Long
ll m s [=3 r " o ' r o r L £+ 1 " a I3 " o L "

18 20 0 [+34 59 42,72 1+139 21 3.00{+35 0 4,28|+139 20 2,14 —0 0 21.60 +0 1 .88
18 21 0} +34 59 42,84 |+13% 20 50,52|+35 0 4.83]+139 19 49.67] -0 0 21.99 +0 1 1,13
18 22 01434 59 42,66 [+139 20 40,02 | +35 0 5.,23|+139 19 37.33] -0 0 22.59 +0 1 .69
18 23 0 ]+34 59 43.32 [+139 20 26.64]+35 0 5.39|+139 19 24.99| —0 0 21,95 +0 1t 217
18 24 O [+34 59 43.68 [+139 20 14,52i 435 © 5.82|+139 19 12.66| —0 0 22,22 +0 1 2.34
18 25 G[+34 59 44,58 |+139 20 3.24[+435 0 6.48[+139 19 0.36{ -0 0 21.90 +0 1 2.90
I8 26 0}+34 59 44,58 |+139 19 5:£.36[+35 0 6.75|+139 18 47,921 —0 0 22,25 +0 1 3.62
18 27 0434 59 44.34 [+}39 19 3996 +35 0 7.62]+13% 18 35.51{ —0 0 23.28 10 1 443
Mean —22722 1'2752
rms 0748 1711

10/22
Time LC GPS LC-GPS Difference
(I8T) Lat Long Lat Long Lat Long
om s e n L " e u o .. ° o ° +

16 9 0 3:+35 10 4.62 |+13%9 25 44,04: +35 10 8.84]1+139 25 3841 —0 0 4,22 0 0 5.41
16 10 0 (435 10 4,32 ]+139 25 57.00[+35 10 9,18;+139% 25 5:.70| —0 0 4.86 +0 ¢ 5.30
16 11 0 [+35 10 4.62 {+139 26 1002|435 (0 9,38{+139 26 4.44] —0 ¢ 4.78 +0 0 5.42
16 12 0 [+35 10 4,92 {+139 26 22,14 | +35 10 9.45i+139 26 17.851 —0 0 4.52 +0 0 4.14
i6 13 0 p+35 10 4.08 [+139 26 36.24 | +35 I0 9,16} +139 26 3559 —0 O 5.06 +0 0 4.49
16 14 O [+35 10 3,18 |+139 26 48.96|+35 10 8.,39[+139 26 44.18f —0 0 5.21 +0 0 4,78
16 15 O |+35 10 2,70 (+139 27 2.B2)|+35 {0 7.35|+139 26 35,87 —0 0 4,63 +0 0 6,73
16 §6 0 {+35 10 2,16 |+139 27 1548|+35 10 6,99 +139 27 9,i5] —0 0 4,83 + 0 6,17
16 18 0 |[+35 10 0.78 ]+139 27 40.62|+35 10 5,39} +139 27 33.25| —0 0 4.61 +0 0 7,22
16 19 0 |+35 10 0.48 i+139 27 52.86|+35 10 4,72 +139 27 46.41| -0 0 4.24 +0 0 6.45
16 20 0 [+35 9 59.88 |+139 28 6.24|+35 10 4.20[+139 27 59.79| -0 0 4,32 +0 ¢ 6.45
16 21 0 {+35 9 58.86 (+139 28 19,14 (+35 10 3.2f|+139 28 12.15| —0 0 4.33 +0 0 6,79
16 22 0 {+35 9 57.90 |+i39 28 31.38|+35 10 2.31|+139 28 24,98, —0 0 4.39 +0 0 6,25
16 23 0 [+35 9 87,30 |+139 28 43,62|+35 10 1.65{+139 28 37.28} —0 O 4,35 03 0 6.14
16 24 0 [ +35 9 56,64 |+139 28 56.34}+35 10 1,82)+139 28 50.42| -0 0 5.18 +0 0 5,72
16 25 0 [+35 9 56.64 {+139 29 9481435 10 2,34i{+139 29 441 -0 0 5.70 10 0 5.07
16 27 6 [+35 9 56,82 {+139 29 36,00 +35 0 1.,69[+139 29 28,81 -0 0 4,89 +0 0 7.01
16 28 0 |+35 9 56,99 [+139 29 48,84 | +35 0 1.51}+139 29 41.38] —0 0 4.59 +0 0 7.28
16 29 0 {+35 9 57.48 |+139 30 1.80|+35 9 56.87}+139 29 48,03} +0 0 0,59 +0 0 13,55
16 42 0 |+35 8 9.60|+139 30 1746|435 8 11.33|+139 30 8.74]f -0 O 1.62 +0 0 8.69
16 43 0 |+35 B 0.72 |+139 30 [7.76(+35 & 2.24{+139 30 94:[ -0 0 .40 +0 0 B.35
16 44 0 |+35 7 51.00 |+139% 30 17.82 435 7 53.05{+139 30 9.82| -0 0 2,05 +0 ¢ 8,00
16 51 0 |+35 6 47,94 |+139 30 16.56|+35 6 49.14}+139 30 10.71| -0 0 1,02 +0 0 $5.83
16 52 0 {+35 6 39.12 {+139 30 16.20(+35 & 39.97|+139 30 11.12| -0 O 0.69 +0 0 5,12
16 53 0 {+35 6 2970 i+139 30 16.38|+358 & 30.56|+139 30 10,50} —0 0 0.86 +0 0 5.88
16 54 0 :+35 6 20.52 |+139 30 16.74 [+35 6 21.00{+139 30 $0.14| -0 0 ©.30 +0 0 6.60
16 55 0 +35 6 11,28 |+139 30 16.50(+35 6 11,771+139 30 9.91| —0 6 0.35 +0 0 6.60
16 56 0 [+35 6 1,98 |+139 30 16.68:+35 6 3.29:i+139 30 11,51 =0 6 t.i5 +0 0 5,15
17 1 0 (+35 5 15,42 (+139 30 16.20;+35 5§ 17.26}+139 30 11,10 —0 0 1.84 +0 0 5,10
17 2 0+35 § 9,36 {+139 30 16.68|+435 § 7.85}1+139 30 10,89 +0 0 1.62 +0 0 5.77
17 3 0f+35 4 5748 {+139 30 16.62|+35 4 59.04[+139 30 11,57 —0 0 1.40 +0 O 5,05
17 4 0[+35 4 4795 |+139 30 17.58|435 4 4991 +139 30 11,34 -0 0 1,85 +0 0 6.21
17 5 0 ]|+35 4 39.24 (+139 30 17.58|+35 4 41.10|+139 30 12.56| —0 O 1.74 +0 0 5.02
17 12 0 }+35 3 34.32 [+139 30 19,14 {+35 3 35.33|+139 30 11.26| —0 0 1,01 +0 0 7.88
17 16 0 [+35 2 55,44 i+139 30 18,42 |+35 2 57.51|+139 30 {1.11] —0 0 1,91 +0 0 7.33
17 17 0 [+35 2 4572 [+139 30 17.52|+35 2 47.94|+139 30 10,86 —0 O 2,22 +0 0 6,66
Mean —3701 6738
rms 1777 1762
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(ms}
1000 T T T T T T T T T
B GPS transiocation method |
Trisponder !
500 ;
0 i : I Y I i f i I

500 1000 ¢y
Fipgure 6. The positions of the survey vessel Kuwrihama {November 22th, 1988),

Mark (O and + denote the determined positions by the
GPS translocation technique and by the trisponder,

respectively, at the same time.
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(m)
1000 T T T T
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Figure 7. The positions of the survey vessel Kuriliama {November 221h, HISS),

Pogitions determined by the GPS point positioning

method, iransloecation iechnigue and the trisponder.
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Figure 8, GPS-the trisponder (GDOP< 50, November 22(h, 1988),
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Figure 9. Site sketch for Kuro Sima.
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Table 2. Statistics of GPS—{risponder

mean of GPS — trisponder
GDOP Date north east absolute FaiLs,
component{m} ¥ component{m) * valuefm) )
50> 2894 2.58 2.06 3.30 18.2
10> 826 —5.35 —1.99 5.71 10.6

% positive in the north and east direction

GDOPA 0L T B &EInliE 52 % H110m, GDOPASIAT— 2 Z TIRAT 2 X X5 235 18mb - 12,
EAHEEIL, GDOPRROLIT T5, 71m, GDOPHSMLLF €3.30mTHh - 72,

IORANEOEOEBER N FOE L 23 OBBE L L3, GPSICEBET A Lod kgL 55
4 AR Y —ABERL, FEREFR AVEHII0mOt — 5 — T L0 TE N, PP AR T—D
BRELEO—RE L Tw5, SHAOHMNTRMELFETL 2 LEFEERTRTH S,

FHEE, EHH TR L, S REHERE— Ty, BRI SRR R—AT - 12,

B 4 X A&

HAUKERA S (M), 19800 "GPS (£WFErs 27 4) 12k 2MERIGS A 7 A0TSR HEH
5, 19861 "GPS—ATHIRLC L AWERLL 27 4", () HEMHE#e
IR, fid, EM, 1989 "GPS ) 7r Aoy —i 5 Xkl L AT eORE", EBEEERER1ES 1S
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GPS EXPERIMENT IN THE JAPAN AND FRANCE JOINT RESEARCH
PROGRAM ON RIFT SYSTEM IN THE SOUTH PACIFIC OCEAN
(STARMER PROJECT) IN 1988

The Hydrographic Department of Japan (JHD) has been joining the research program on rift systems
in the South Pacific Ocean promoted by the Science and Technology Agency of Japan (STA) and the
France Institute of Research and Expleitation of Marine (IFREMER). In this project, JHD took charge
of precise positioning in the research area and analyzing the sea bottom topography of the North Fiji
Basin area.

This report describes the resulis on the precise positioning by GPS observation during the cruise in 1988
as follows :

1} Reconstruction of the precise positioning system,
2} Research in North Fiji Basin area, and
3) Experimental observation between Simosato Hydrographic Observatory and Minami Tori sima,

Key words : GPS precise positioning-Rift System
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3) TERAREAEEN~ BB R BN,

1. BRI AT AOHE
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187 RIZ Bl L 23 A R (BRI . B LB ZERAORIEROREELRG 0, BT 25040
BrECRECRET 212 3L LR AR ZETAUEN b 2, IOLHBCEE TSR
REHET AR A N TE N, 8512 2RI ENOBIHEEIE A DBEHBEI R & v ) KAtk - 72, 1988
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Figure 2. Track chart of Kaivo.
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