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SATELLITE LASER RANGING AT HYDROGRAPHIC DEPARTMENT,
LAUNCH OF JAPANESE GEODETIC SATELLITE AJISAI
AND ESTABLISHMENT OF SATELLITE GEODESY OFFICE

Summary — The Hydrographic Department of Japan (JIID) has carried out satellite geodesy
including satellite laser ranging obscrvation. On August 13, 1986, the Japanese
geodetic satellite Ajisai was launched. The observation of the satellite will play
the most important part in the project of establishing the marine geodetic
control network by THD. Also, to cope with the services mainly concerning the
new satellite, the Satellite Geodesy Office was established in JHD in April,
1986.

Key words: satellite laser ranging — marine geodetic control network — Ajisai — Satellite
Geodesy Office

1. Introduction

Since the first launch of artificial satellite in the world in 1957, the Hydrographic
Department of Japan (JHD) has been interested in the geodesy using artificial satellites.

In the 1960%, the JHD carried out satellite geodesy making use of the satellites Echo I,
I and the geodetic satellite Pageos and determined the positions of several off-lying istands
around Japan. However, as the observation was made only by photographing of the satellites,
the accuracy was estimated to be a few tens of meters.

In the 1970%s the determination of off-lying istands by the use of navigation satellite
system, namely, the Navy Navigation Satellite System (NNSS) was introduced, The positions
of many islands were determined by the so-called Doppler observations of NNSS satellites.
At this period, however, the receiver employed for the observation was that on board the
survey vessels.

The relative positions between the antenna on the ship and the fixed points on the
islands could not be measured so rigorously. Also it was performed by the point positioning
method. Thus the accuracy of positioning using the NNSS in this period is not so good.
It is also estimated to be a few tens of meters.




2 ESTABLISHMENT OF SATELLITE GEQDESY OFFICE

Although the accuracies in both photographic observation of satellites and the NNSS
observation were quite insufficient from the present point of view, the results contributed
greatly to correct the positions of many off-lying istands which had been determined astro-
nomically in the old days and had the difference from the geodetic positions referred to the
Tokyo Datum amounting to more than 1000 meters in some cases.

Also the results have been reflected on the preparation of the nautical charts published
by the JHD, ie. in the newly published or revised charts the positions of the off-lying
istands are corrected based on the results of the satellite observations for those islands where
the observations were carried out.

Recently, in the context of the demarcation of the jurisdictional sea, a high accuracy
for the coordinates of many off-lying islands has come to be required, and a quite new full-
scale geodetic work has been commenced by the JHD by the methods of Satellite Laser
Ranging (SLR), translocation observations of navigation satellites and so on. Also the Japa-
nese geodetic satellite was launched for supporting our work. And to cope with these situa-
tions a new office namely the Satellite Geodesy Office was established in the JHD,

This article summarizes the SLR observation at the JHD and the services of the newly
established Satellite Geodesy Office.

2. Marine geodetic control network

For the purpose of the exact demarcation of the boundaries of the so-called jurisdic-
tional sea such as the territorial sea or the exclusive economic zone which were provided
in the Convention on the Law of the Sea, the project of establishing the marine geodetic
control network was commenced by the JHD in 1980. This project is necessary to be per-
formed by a full scale satellite geodesy with high accuracy. The projeci consists of the
foltowing three stages:

a) The connection of the Tokyo Datum to a worldwide geodetic system.

This is carried out by observing the U.S. geodetic satellite Lageos at the Simosato
Hydrographic Observatory (SHO) where the fiduciai point of the marine geodetic control
network is established. An SLR system was installed for this purpose at the SHO and the
observation has been made since April, 1982,

b) The connection of the principal off-lying islands to the Tokyo Datum,

Comparatively large off-lying islands which are not connected to the main land geo-
detically at all or connected very poorly are incorporated into the Tokyo Datum by the
observation of the Japanese geodetic satellite “Ajisai” on which the explanation is given in
the below.

The SLR observation and direction observation by photographing of Ajisai are made
simultaneously at the SHO and on the island. This observation will start in January, 1988,
The point whose position is determined by the observation of Ajisai is called the first order
control point.
¢) The connection of the second order control points to the first order ones.
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On smaller islands are set up the second order controf points. The positions of these
peints are connected to the nearby first order control points by the NNSS observation.
In this case the translocation method is applied in order to attain a high accuracy. This
observation has been continued since [980. In the near future the observation of the Global
Positioning System (GPS) will take the place of that of the NNSS.

Besides, many third order control points are set up near each second order point.
Their positions are determined by the usual survey using a theodolite and a distance meter,
not by the satellite technique.

In Figure 1, the location of the control points of each order is shown.

3. SLR observation at JHD

Since 1982, the SLR observation of the US geodetic satellifes Lageos and Beacon-C
and the French geodetic satellite Starletie has been continued at the SHO for the purpose
of determining the relation between the Tokyo Daium and a worldwide geodetic systen.
The observation data have been reported annually in the Data Report of Hydrographic
Observations, Series of Astronomy and Geodesy, so far, and from this year in the Series
of Satellite Geodesy of the same Report. Since August, 1986, the ranging to Ajisai has
been made in place of Beacon-C.

Instruments

The first SLR system which is of fixed type was installed at the SHO in March, 1982,
and it has been in operation since then. The system will be overhauled as well as a function
of measuring the times of the flash-lights from Ajisai will be attached during the fiscal year
of 1987,

A new transportable SLR system which is to be transported to istands in order to make
SLR obscrvation there will be completed in October, 1987, The specifications and capacity
of the both systems are listed in Table 1 to meet the convenience of comparison.

Besides, a satellite camera for direction observation of Ajisai at SHO wiil be completed
also in October, 1987. Tt is equipped with the objective lens of 20 em in diameter, the auto-
matic plate exchanger, the very precise driving mechanism, etc..

As for the satellite camera which is to be operated on the islands, an astro-camera
which was used in the satellite observation in 1960’s is alloted to the purpose with some
remodeling,

International cooperation

The work of determining the position of the fiducial point at the SHO in the frame of
a worldwide geodetic system requires the observation of geodetic satellites in cooperation
with many other SLR stations distributed all over the world and the exchange of the daia
obtained at each station. While, the National Aeronautics and Space Administration (NASA)
of the U.S. is promoting an international project called the Crustal Dynamics Project (CDP)
in which many SLR as well as VLBI stations are parlicipating and all the obtained data are
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Figure 1. Marine geodetic control network
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Table §. Comparison of capacities between the fixed-type
and transportable SLR systems of JHD

Item Fixed-type Transporiable
Apperture of receiving telescope 60 cm 35cm
Length of laser light 532 nm 532 nm
Qutput energy of emitted laser pulse 150 m¥ 50 nJ
Width of laser pulse 200 ps 100 ps
Repetition rate of laser shot 4 [sec 5 fsec
Ranging precision per shot 9 cm 5 em*
* expected

Table 2. Nominal and actual orbital elements of Ajisai

Nominal Elements

Epoch 46654.9058 (86 Aug. 12 21™4M21 56 UTC)
a 7869.7 km (daily variation)
€ 0.001141 —0.0000164 [day
i 49,968 deg —0.00005 deg/day
@ 183.304 deg +2.45186 deg/day
Q 253.085 deg ~3.07147 deg/day
M, 285,508 deg
n 12434750 rev/day —0.0931E-6 rev/day?
Actual Elements
Epoch 46674.0 (86 Sept. 1 01 UTC)
a 7866.3 km (daily variation)
e 0.000391 —0.0000109 /day
i 50.007 deg —0.00036 deg/day
w 281.736 deg +2,58103 degfday
9] 194,269 deg —3.07411 deg/day
M, 307.363 deg
n 12.443568 rev/day —0.6159E-6 rev/day?




ESTABLISHMENT OF SATELLITE GEODESY OFFICE

Table 3. Designed and confirmed functions of Ajisai

Function

Designed

Confirmed

Spin rate
Orientation of
rotational axis

40 £ 4 rpm
perpendicular to
Earth equator, no
free nutation

40.3 rpm

satisfactory

Brightness 2 ~ 4 mag ~2mag
Reflection of laser receivable at - received at many
SLR stations SLR stations

collected at the Data Center of the project. So it was expected that if the JHD participated
in this project, the necessary data would be provided from the Data Center in return for
offering the data obtained at the SHO.

For the purpose of exchange of the SLR data as weil as information on the hardware of
SLR system and the software such as computer programs for orbit analysis or prediction,
an agreement was reached between the JHD and the NASA in December, 1982,

The discussion between the JHD and the NASA for the-preparation of the agreement
had been continued since the spring of 1982 seizing such opportunities as the visit of import-
ant persons of the NASA to Japan for soine conferences. And finally in Dcce'm.ber, 1982,
the letters of agreement were exchanged between the director general of JHD and the
director of international affairs of NASA, This was done under the control of the Standing
Senior Liaison Group (SSLG) for the Japan-U.S, cooperation in non-entergy fields.

When the Japanese geodetic satellite Ajisai was launched in August, 1986, the agreement
was extended to include the cooperative observation as well as the exchange of the data and
information concerning Afisai. The agreement was realized in the form of the exchange of
new letters in August 1, 1986, between the persons in the same positions as in the parent
agreement. The letters of agreement for general cooperation and for Ajisai are listed as the
Annex A and B.

This JHD-NASA cooperation is one of the bilateral cooperation between the govern-
ments. The JHD has other bilateral cooperational relations on the intergovernmental level
with Centre D’Etudes ¢t de Recherches Geodynamiques et Astronomiques (CERGA) in
France, Institute of Applied Geodesy (IFAG) in West Germany, Shanghai Observatory and
Institute of Seismology in China and Division of National Mapping (NATMAP) in Australia,
They are put into practice under the agreements for cooperation in science and technology

between the two governments,

4. Launch of Ajisai
At 5:45 am. on 13th of August, 1986, IST, the first Japanese geodetic satellite was
launched successfully from the Tanegashima Space Center by the National Space
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Development Agency of Japan (NASDA) as a payload for the first test flight of newly
developed H-I rocket . The satellite was named “Ajisai” immediately after the launch.

The announcement of the success of the launch by the NASDA and the spesch of the
president of NASDA in which the name of ““Ajisai” first appeared are listed as Annex C.

The launch of this satellite had been requested to the Space Development Committee
continuously for more than 15 years by the JHD and the Geographical Survey Institute
(GS1), for their own uses, The JHD’s intention was to use it for expanding the marine
geodetic control network. In fact, Ajisai is destined to play the most important role in the
project.

Ajisai was put into an orbit as scheduled beforehand quite exactly. In Table 2, the
nominal Keplerian orbital elements and the actual ones are listed. The nominal ones are
those scheduled before launch and the actual ones are those at the epoch, about 2 weeks
after launch, The comparison of the both sets of elements shows how exact the launch was.

Also all the functions of Ajisai are proved to be perfect as the only geodetic satellite
in the world the both distance and direction of which can be measured. Table 3 gives the
functions of Ajisai, designed and actually confirmed by observations.

By QOctober 6, 1986, the NASDA officially confirmed that all the functions stated above
are normally operating, and on October 7, 1986, the operation of Ajisai was transferred

from is initial phase to the regular one,

5. Establishment of Satellite Geodesy Office

Ajisai is to be used to determine the positions of the principal off-lying islands and the
like. The observation and analysis concerning this satellite will occupy the biggest part in
the project of establishing the marine geodetic control network. Moreover the JHD is respon-
sible for the prediction of precise orbit of Ajisai necessary for the geodetic observations,
according to the agreement among the NASDA, JHD and GSI.

In order to cope with these massive and quite new jobs, the Satelite Geodesy Office
{(SGQ) was established in the Geodesy and Geophysics Division (GGD) of JHD on 5th of
April, 1986. The new office started with 10 members including the Head.

The main services assigned to SGO were as follows:

a) Prediction of the orbit of Ajisal and its distribution,

b) Collection and Selection of observational data of Ajisai from the stations in the world,

¢} Observation of Lageos and NNSS (this is the job which was continued from before the

establishment of 8GO), and

d) Management of the obtained data and their analysis.
To each above job accompanies the development of computer programs for each purpose. It
should be noted that the above items are those officially authorized by the authorities,
Actually a little flexible allocation of jobs is adopted.
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On October 1 of the year the fixed number of the positions at the SHO was increased
by one to strengthen the SLR observation so as to include Ajisai,

In 1987 fiscal year the increase of the fixed number of the positions both at the SGO
and SHO was approved again. That is, on May 23, 1987, the members of SGO were increased
from 10 to 16. The four of newly obtained six members are for engaging in the SLR and
photographing observations on the islands, and the other two are for analyzing the data of
Ajisai acquired on the islands and the SHO to get the accurate geodetic positions of the
islands, And on QOctober 1, 1987, two new members are to be added at the SHO on the
pretext of letting them engage in the photographic observation of Ajisai,

As a powerful aid to the work at SGO other than personnels, the budget for introducing
the satellite data reduction system was approved. The system will be rented from January
1, 1988.

Expansion of the services of SGO

The official accuracy of the determination of the positions of all the off-dying islands
as well as the main land is about I meter. However, it is well known that a far better ac-
curacy can be expected by the geodesy using SLR observation. The precision of the ranging
to the satellites itself is considered to be several centimeters with the system at SHO. Newest
systems in the world are said to have attained the precision even less than 1 cm,

Therefore, if we have a good software for data analysis it will be possible to determine
the positions of the stations with the same accuracy. Then it enables to detect the piate
motions or {o observe crustal deformations. Keeping this in mind, the members in SGO have
made efforts to develop a software to analyze very accurate coordinates of the station as
well as the so-called Earth rotation parameters at the same time. The resuiis of some simula-
tions seem to promise a bright hope.

The Global Positioning System (GPS) can not be neglected when we consider the
precise geodesy, According to the recent reports published numerously, a very high accuracy
has been attained, for a short baseline at least. But it is very Hkely that the high accuracy
will be possible for a longer baseline as well in the near future, To provide for such a day the
SGO began the fundamental study on GPS as soon as its establishment, The study is carried
out by participating in a study and research work of the Japan Hydrographic Association.

Recently, the Ministry of Transport is eager to develop its own multi-purpose satellites.
Also the Maritime Safety Agency has begun the study on its services using artificial satellites.
The SGO will have to play a positive role in these activities,

This article was prepared by Yoshio Kubo.

(This article is as of September 1, 1987.)
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NASA

National Aeronaudics and
Space Administration

Washington, D.C.
20546

LiD-18
Qctober 22, 1982

Dt. Kunito Sugiura
Director General
Hydrographic Department
Maritime Safety Agency
3-1, Tsukiji S-Chome
Chuo-Ku, Tokyo, 104
JAPAN

Dear Dr. Sugiusa:

Technical discussions between NASA and the Hydrographic Department of Japan (JHD), Maritime Safety
Agency have confirmed our mutual interest in initiating a joint projeci to: (1) conduct satellite laser
tracking observations by stations in the U.S. and Japan and (2) to exchange laser tracking data and infor-
mation concerning developments of geodynamics research software and hardware. This cooperation will
confribute to the U.S. and Japan’s expanding Interest in applying space technology to geodynamics and
geodesy and support further the global network of international geodynamics research activities. It is
undersiood that this activity will be included as part of the NASA/Space Activities Commission of Japan
cooperative program periodically reviewed and endorsed by the Senior Standing Liaison Group (SSLG).

In suppott of this cooperative activity, NASA, for its part, will use its best efforts to:
1. Provide Crustal Dynamics Project schedules for laser tracking operations;
2, Develop a detaited plan with the JHD for joint laser ranging experiments;

3. Conduct mytually agreed upon laser ranging operations in conjunction with Crustal Dynamics project
Stations and other cooperating laser stations;

4. Provide orbit predictions and preprocessed and analyzed laser ranging data, which includes the data
deposited in the Crustal Dynamics Data Bank upon request, in a mutually agreed upon format;

5. Provide NASA-developed sofiware for use in the analysis of the laser tracking data and provide reports
on the results of research activities conducted with laser ranging data, upon request;

6. Provide systems designs as currently used or contemplated in NASA laser systems and assist in the
identification of commercial sources for components, as appropriate;

7. Make available, on a reimbursable basis, the assistance of NASA personnel for mutually agreed upon
time periods to perform instalfation of software systems and training of Japanese personnel, as appro-
priate; and

8. Cooperate with investigators from Japan, Europe, South America, Australia, U.S. and other selected
scientists to identify and develop a coordinated program ainied at the establishment of a global geode-

tic network involving fixed and mobile laser ranging systems to detect and monitor crustal and plate
motions,

Foy its part, the Hydrographic Department of Japan (JHD) will use its best efforts to:
1. Provide Geodetic Network Project schedules for laser tracking operations;
2. Develop a detailed plan with NASA for joint laser ranging experiments;

3, Conduct mutvally agreed upon laser tracking operations in conjunction with Crustal Dynamics
Project stations and other cooperating laser stations;

4. Provide to NASA on a timely basis all Japanese acquired laser tracking data in a mutually agreed upon
format;

5. Provide semi-annual teports on the results of research activities conducted with laser ranging data,
inctuding JHD-developed software for use in the processing and analysis of this data;

6. Provide reporis on the development of laser systems in Japan, including systems designs as currently
used or contemplated in Japanese laser ranging systems;
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7. Cooperate with investigators from the U.S., Europe, South America, Australia and other selected
scientists to identify and develop a coordinated progiam aimed at the establishment of a global geode-
tic network involving fixed and mobile laser ranging systems to detect and monitor crustal and plate
motions; and ’

8. Arrange for participation by apprepriate Japanese represeniatives in Crustal Dynamics Working Group
meelings to be held twice yearly at Goddard Space Flight Center,

NASA is pleased to designate Dr. Edward A. Flinn, Chief Scientist, Geodynamics Program as the NASA
point of contact for this project. We note that JHD has designated Dr. Akira Yamazaki, Director, Astro-
nomical Divislon, JHD as the JHD point of contact,

It is understood that this project will be conducted with no exchange of funds between NASA and JHD
and that each side wil be responsible for funding its respective obligations, including travel and subsist-
agce for its personnet and transportation for any materials for which it is respensible, except where noted
above. b

It is understood that the ability of NASA and JHD to carry out their obligations is subject to their respec-
tive funding procedures.

It is understood that the final report on this project will be made available 1o the general scientific com-
munity through publication in appropriate scientific journals and through other established channels.
Copies of such publications will be made available to NASA and io JHD. In the event such publications or
reports are copyrighted, JHD and NASA shall each have a royalty-free license under the copyright to use
such publications for their own purposes. : feo

The pfaprocessed and analyzed laser ranging data will be deposited in the Crustal Dynamic Pata Bank at
the Goddard Space Flight Center where it will be available to the international scientific community.
Upon termination of NASA’s Crustal Dynamics project, all data wilt be deposited in a permanent archiy-
ing facility.

It is further understood that NASA and JHD will use their best efforts to make available without restric-
tions on use current or contemplated software, reports on systems development and systems designs. In
the event that it is agreed to exchange design or manufaciuring information, such information will be
exchanged under any protective conditions as agreed between the furnishing and receiving parties, If no
protective conditions are stipulated by the furnishing Parties at the time of exchange, such additional
information furnished is available without restrictions on its use. No rights are granted by this agreement
te any present or future paients of the participating agencies and universities or their contractors, sub-
contractors or agents,

If the above terms and conditions are acceptable to the Hydrographic Department, we propose that this
letter, together with your affirmative reply, constitute the agreed basis for proceeding with this coopera-
tive project. )

Sincerely,

(Signature)

Kenneth S. Pedersen
Director of International Affairs
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HYDROGRAPHIC DEPARTMENT, MARITIME SAFETY AGENCY
3-f, TSUKIJI 5-CHOME, CHUO-KU, TOKYO, 104 JAPAN

H.D. 170/82 - Dec. 6, 1982

Dr. K. 8. Pedersen

Pirector of Internationat Affairs

National Aeronautics and Space Administration
Washington, D.C. 20546

USA

Dear Dr. Pedersemn:

11

With reference to your letier LID-18 dated October 22, 1982, the Hydrographic Department of Japan,
Maritime Safety Agency (JHD) is pleased to confirm that it is prepared to initiate a joint project with
NASA to conduct satellite laser tracking observations by stations in the U.S, and Japan and to exchange
laser tracking data and information concerning developments of related software and hardware, This
cooperation will contribute to the promotion of the study on geodesy and geodynamics in Japan and the
U.S. It is understood that this activity witl be included as part of the NASA/Space Activities Commission

of Japan cooperative program periodically zeviewed and endorsed by the Standing Senior Liaison Group

(SSLG). A
In support of this cooperative activity, JHD, for its part, will use its best efforls to:
1. Provide Geodetic Netwoik Project schedules for laser tracking operations;

2. Develop 2 detailed plan with NASA for joilit faser ranging experiments;

3. Conduct mutually agreed upon laser tracking operations in conjunction with Crustal Dynamics Project

stations and other cooperating laser stations;

4, Provide fo NASA on a timely basis Japanese acquired laser tracking data in a mutually agreed upon

format;

5. Provide semi-anual reports on the results of research activities conducted with laser ranging data,

including JHD-developed sofiware for use in the processing and analysis of this data;

6. Provide reports on the development of laser systems in Japan, including systems designs as currently

used or contemplated in Japanese laser ranging systems;

7. Cooperate with investigators from the U.S., Europe, South America, Australia, Japan and other select-
ed scientists to identify and develop a coordinated program aimed at the establishment of a global
geodetic network involving fixed and mobile laser ranging systems to detect and monitor crustal and

plate maotions; and

8. Arrange for participation by appropriate Japanese representatives in Crustal Dynamics Working Group

meetings to be held twice yearly at Goddard Space Flight Cender.
For its part, NASA will use its best efforts to:
1, Provide Crustal Dynamies Project schedules for laser tracking operations;

2. Develop a detailed plan with JHD for joint laser ranging experiments;

3. Conduct mutually agreed upon laser ranging operations in conjunction with Crustal Dynamics Project

Stations and other cooperating laser stations;

4. Provide orbit predictions and preprocessed and analyzed laser ranging data, which includes the data

deposited in the Crustal Dynamic Data Bank, upon request, in a muiunally agreed upon format;

5. Provide NASA-developed software for use in the analysis of the laser tracking data, and provide

reports on the results of research activities conducted with laser ranging data;

6. Provide system designs as currenily used or contemplated in NASA laser systems and assist in the

identification of commercial sources for components, as appropriate;

7. Make available, on a reimbursable basis, the assistance of NASA personnel for mutually agreed upon
time periods to perform installation of software systems and training of Japanese personnel, as appro-

priate; and
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8. Cooperate with investigators from Japan, Europe, South America, Australia, 1.8, and other selected
scientists to identify and develop a coordinated prograimn aimed at the establishment of a global geo-
detic network involving fixed and mobile laser ranging systems {o detect and monitor crustal and plate
motions.

It is understood that this project will be conducted with no exchange of funds between JHD and NASA
and that each side will be responsible for funding its respective obligations, including travel and sub-
sistance for its personnet and transportation for any matesials for which it is responsible, except where
noted above.

It is understood that the ability of JHD and NASA to carry out their oblipations is subject to their respec-
tive funding procedures.

Tt is understood that the final report on this project will be made available to the general scientific com-
munity through publication in appropriate scientific journals and through other established channel.
Copies of such publications will be made available to JHD and NASA. In the event such publications or
reports are copyrighted, THD and NASA shall each have a royalty-free license under the copyright to use
such publications for their own purposes,

It is understood that the preprocessed and analyzed laser ranging data will be deposited in the Crustal
Dynamic Data Bank at the Goddard Space Flight Center where 1t will be available to the international
scientific community, Upon termination of NASA’s Crustal Dynamies project, all data wilt be deposited
in a permanent archiving facility.

1t is further understood that JHD and NASA will use their best efforts to make available without restric-
tions on use current or contemplated software, reports on systems development and systems designs, In
the event that it is agreed to exchange design or manufacturing information, such information will be
exchanged under any protective conditions as agreed between the furnishing and receiving parties. If no
protective conditions are stipulated by the furnishing Parties at the time of exchange, such additional
information furnished is available without restrictions on its use. No rights are granted by this agreement
to any present or future patents of the participating agencies and universities or their contractors, sub-
contractors or agents.

JHD is pleased to designate Dr. Akira Yamazaki, Director, Astronomical Division, Hydrographic Depart-
ment, Maritime Safety Agency as the THD point of contact for this cooperative activities. We understand

that your Ietter of Qctober 22, 1982 and this reply constitute the agreed basis for proceeding with this
cooperative project.

Truly yours,
(Signature)

Kuniro Sugivza
Director General
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NASA

National Aeronautics and
Space Administration

Washington, D.C,
20546

LID
July 25, 1986

Dr, Takahiro Sato
Director General
Hydrographic Department
Maritime Safety Agency
3-1, Tsukiji 5-Chome
Chuo-Ku

Tokyo

104 JAPAN

Dear Dr, Sato;

Represenfatives between our two agencies have been discussing the technical feasibility of providing
laser tracking support to the Japanese Geodetic Satellite (GS)/Experimental Geodetic Payload (EGP), to
be launched in 1986, We have recently determined that it is technically feasible to provide laser tracking
support from the NASA Iaser network, taking into consideration the existing NASA requirements, The
tracking supportt that NASA will provide to the EGP builds upon and exiends our ongoing cooperation
on joint laser measurement campaigns for Geodynamics research utilizing the JHD Simosato Observatory,
as part of the Space Activities Commission of Japan/NASA cooperative program periodically reviewed
and endorsed by the Standing Senior Liaison Group (SSLG).

We would now like to propose the following atrangements for this activity.
NASA, for its part, will use its best efforts to fulfill the following responsibilities:

1. Develop a detailed plan with JHD for observations of GS/EGP, taken into account ongoing NASA
laser tracking requirements;

2, Provide orbit predictions of GS/EGP to JHD in a mutually agreed upon format as jointly defined in
ihe mission support plan;

3. Conduct mutually agreed upon observations of GS/EGP and provide to JHD the quick look range data
and full observation data ina mutually agreed upon format;

4, Provide reports on the results of research activities conducted with applications of GS/EGP to JHD;
and

5. Consult with JHD regarding the possibility of cooperating on future tracking activities involving NASA
and JHD facilities and experiments to be defined in follow on arrangements,

The JHD, for its part, will use its best efforts to fulfill the folowing responsibilities.

1. Provide the necessary design information, upon request by NASA, of GS/EGP and the schedules of
faunching and observations of GS/EGP to NASA;

2. Provide orbit predictions of GS/EGP to NASA in a mutually agreed upon format as jointly defined in
the mission support plan;

3. Provide the quick look range data and full observation data to NASA in a mutuaily agreed upon
format;

4, Provide reports on the results of research activities conducted with observations of GS/EGP to NASA,
upon request; and

5. Consult with NASA regarding the possibility of cooperating on future tracking activities involving
NASA and JHD facilities and experiments to be defined in follow on arrangements.

NASA and the JHD will each bear the costs of discharging iis respective responsibilities, including travel
and subsistence of its own personnel and transportation of all equipment for which it is responsible.

Further, it is understood that the ability of NASA and the JHD to carry out their obligations is subject
to their respective funding procedures,
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Release of public information regarding this project may be made by the appmpnate agency for its own
portion of the program as desired and, insofar as participation of the other is involved, after suitable
consuitation.

It is the intent of the Parties that the exchange of technical information for the purpose of carrying out
the objectives of this project wilt be accomplished without the involvement of restricted or proprietary
information. In the event it is determined that the exchange of such restricted or proprietary information
is necessary, the Parties agree to consult and provide for appropriate protective conditions for its
exchange.

Results of the investigations will be made available to the scientific community in general through pubti-
cation in appropriate journals or other established channels, In the event such reports or publications are
copyrighted, the JHD and NASA shall have a royalty-free right under the copyright to repmduce and use
such copyrighted work for their own purpose,

NASA and the THD agree that this project is experimental in nature. Fach side will use its best efforts to
assure the successful completion of this activity. It is to be understood that NASA in no way warrants its
tracking activities under this agreement,

NASA and the JHD will use their best efforts to arrange for free customs clearance of equipment required
for this project.

NASA and the JHD agree to designate poinis-of-contact responsﬂ)[e for implementing the agreed upon
activities, The NASA point-of-contact is: )

Mr. John Bosworth

Goddard Space Flight Center
Cade 601

Greenbeli, MD 20771

The JHD point-of-confact is:

Mr. Minoru Sasaki
Hydrographie Department
Maritime Safety Agency
3-1, Tsukiji 5-Chome
Chuo-ku

Tokyo

104 JAPAN

The THD and NASA agree that should circumstances change that would affeet each agency’s ability to
continue the project, a ninety day notice of intent to cease activities shall be submitted to the cooperating
pazrties, without penalty to any party,

If the above terms and conditions are acceptable to the JHD, we propose that this letter, together with
your affirmative reply, document our joint understanding as to the implementation of this cooperative
effort,

Sincerely,

(Signature)

Richard I.H. Barnes
Director of International Affairs
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HYDROGRAPHIC DEPARTMENT, MARITIME SAFETY AGENCY
3-1, TSUKUI S-CHOME, CHUO-KU, TOKYO, 104 JAPAN

August 1, 1986

Dr. Richard J.H. Barnes,

Dizrector of International Affairs,

National Aeronautics and Space Administration,
Washington, D.C. 20546

USA

Dear Dr. Barnes:

It is our pleasure that the cooperation between the Hydrographic Department of Japan, Maritime
Safety Agency {(JHD) and the National Aeronautics and Space Administration (NASA) on the satellite
laser tracking observations has been made successfully as part of the Space Activities Commission of
Japan/NASA cooperative program periodically reviewed and endorsed by the Standing Senior Liaison
Group {SSLG).

With reference to your letter dated July 25, 1986, THD is pleased to confirm that it is prepared to
extend our ongoing joint project with NASA to include satellite laser tracking observations of the Japa-
nese Geodetic Satellite (GS)/Experimental Geodetic Pavload (EGP), to be launched in 1986.

b For this cooperative activity, JHD, for its part, will use its best efforts to fulfill the following respon-
sibilities:

1. Provide the necessatry design information, upon request by NASA, of GS/EGP and the schedules of
faunching and observations of GS/EGP to NASA;

2. Provide orbit predictions of GS/EGP to NASA in a mutually agreed upon format as jointly defined in
the mission support plan;

3. Provide the quick look range data and full observation data to NASA in a mutually agreed upon
format;

4, Provide reports on the results of research activities conducted with observations of GS/EGP to NASA,
upon request; and

5. Consult with NASA regarding the possibility of coopetating on future tracking activities involving JHD
and NASA facilities and experiments to be defined in follow on arrangements.

NASA, for its part, will use its best efforts to fulfill the following responsibilities:

1. Develop a detailed plan with JHD for observations of GS/EGP, taken into account ongoing NASA
laser tracking requirements;

2. Provide orbit predictions of GS/EGP to JHD in a mutually agreed upon format as jointly defined in
the mission support plan;

3. Conduct mutually agreed upon observations of GS/EGP and provide to JHD the quick look range data
and fult observation data in a mutually agreed upon format;

4. Provide reports on the results of research activities conducted with applications of GS/EGP to JHD;
and

5. Consult with JHD regarding the possibility of cooperating on future tracking activities involving NASA
and JHD facilities and experiments to be defined in follow on arrangements,

JHD and NASA will cach bear the costs of discharging its respeciive responsibilities, including travel and
subsistence of its own personnel and transportation of alt equipment for which it is responsible.

Further, it is understood that the ability of JHD and NASA to carry out their obligations is subject to
their respective funding procedures.

Release of public information regarding this project may be made by the appropriate agency for ifs own
portion of the program as desired and, insofar as participation of the other is involved, after suitable
consultation.

It is the intent of the Parties that the exchange of technical information for the puipose of carrying out
the objectives of this project will be accomplished without the involvement of restricted or proprietary
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information. In the event it is determined that the exchange of such restricted or proprietary information
is necessary, the Parties agree to consult and provide for appropriate protective conditions for its ex-
change.

Results of the investigations will be made available to the scientific community in general through publi-
cation in appropriate journals or other established channels, In the event such reporis or publications are
copyrighted, JHD and NASA shall have a royalty-free right under the copyright to reproduce and use such
copyrighted work for their own puipose.

JHD and NASA agree that this project is experimental in nature. Each side will use its best efforts to
assure the successful completion of this activity. It is to be understood that NASA in no way warrants its
tracking activities under this agreement.

JHD and NASA will use their best efforis to arrange for free customs clearance of equipment required for
this project,

JHD and NASA agree to desighate points-of-contact responsible for implementing the agreed upon
activities.

The JHD point-of-contact is:

Mi. Minoru Sasaki
Hydrographic Department
Maritime Safety Agency
3-1, Tsukiji 5-Chome
Cio-ku

Tokyo, 104

JAPAN

The NASA point-of-contact is:

M. John Bosworth

Goddard Space Flight Center
Code 601

Greenbelt, MD 20771

USA

The JHD and NASA agree that should circumstances change that would affect each agency’s ability to
continue the project, a ninety day notice of intent to cease activities shall be submitted to the cooperating
parties, without penalty to any party.

If the above terms and conditions are acceptable to NASA, we approve that your letter concerned and
this affirmative reply document our joint understanding as to the implementation of this extended co-
operation fo be effective,

Sincerely,

(Signature)

Takahiro Sato
Director General
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SATELLITE LASER RANGING OBSERVATIONS IN 1986

Summary — Satellite Jaser ranging observations have been continued at the Simosato
Hydrographic Observatory, The total numbers of returns obtained at the ob-
servatory in 1986 are 147,526 from 224 passes of Lageos, 25,286 from 92
passes of Starlette, 15,359 from 56 passes of Beacon (BE)-C and 138,956
from 169 passes of Ajisai, respectively. The range precisions estimated by poly-
nomial fitting to measured range minus predicted range (0—C) are 9.5 cm for
Lageos, 10. 3 cm for Starlette, 10. 3 em for BE—C and 9. 3 em for Ajisai.

Key words: satellite laser ranging — global geodesy

This is a continuation of the report series of satellite laser ranging (SLR)} observations
made at the Simosato Hydrographic Observatory and contains the list of data obtained in
1986, Previous reports appear in Series of Astronomy and Geodesy, Data Report of Hydro-
graphic Observations. '

1. Observation

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

The major specifications of the SLR system are listed in Table 1 (Sasaki ef l., 1983).
The locations of the system and a fiducial stone marker set up near the system are shown in
Table 2 (Takemura, 1983).

The observation schedule is made by selecting passes of maximum elevations of over
30 degrecs of Lageos and Ajisai, over 40 degrees for daytime passes and over 45 degrees for
night passes of Starlette and BE—C, except daytime of both Saturday afternoon and Sunday.
The priority of the selection for simultaneous transits is in the order of Lageos, Starlette
and BE—C until July and Ajisai, Lageos and Starlette since August.

The SAO-formatted orbital elements of the satellites for the use of scheduling and
tracking are sent from Goddard Space Flight Center (GSFC) of NASA through telex. The
orbital elements of Ajisai are also calculated in the Head Office of JHD by using quick-look
data which are sent from GSFC via GE Mark III network. For the satellite tracking, an
analytical tracking program using the elements are used. The tracking is carried out for
elevation above 20 degrees. The atmospheric temperature, pressure and relative humidity
are measured once in a pass. Before and after ranging to a satellite pass, the ranging calibra-
tion by using a ground target 1 415 m apart are made.
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The total numbers of returns and passes observed at the Simosato Hydrographic Ob-
servatory in 1986 are listed in Table 3.

The microchannet plate PMT {R-2024U No, 79) was replaced by a new one (No. 162)
on March 27, This micro-channel plate (No. 162) was again exchanged to the older one
(No. 79) on July 18 as the function of No. 79 was tested and no loss of sensitivity was
found. Terminals for data communication network were installed at the Head Office and all
the Hydrographic Observatories in the end of May. An additional view finder (14 c¢m aper-
ture) was attached to the receiving telescope on July 16 in order to prepare for the observa-
tions of Ajisai. A remote controller of the telescope was set on July 18. An observer can
track Ajisai by this controller pearing the view finder. The limits of the corrections applica-
ble to the predicted azimuth and elevation by using a joystick were enlarged from 0.3 degree
to 3 degrees by a software. Fortunately, neither the remote controller nor the enlarged
limits of the joystick are used owing to good predictions of Ajisai.

2. Polynomial fitting and preliminary analysis of range data

The false range data are removed by visual rejection on a CRT screen and by applying
the filter of polynomial fitting to measured range minus predicted range (0—C) in use of
onssite compuier, Preliminary values of measurement standard deviation for each pass are
estimated in this process.

A part of range data, quicklook (QL) data, is sent to GSFC through telex within two
days. All the range data, named full rate (FR} data, after applied correction of the internal
delay time of the SLR system obtained by the ground target ranging, are recorded on a
magnetic tape together with satellite ID, station ID, transmitted time corrected into UTC
(USNO MC), meteorological data, preliminary measurement standard deviation, clock
precision and some preprocessing indicators in the Seasat Decimal (SSD) Format (Schutz,
1983). The FR data on magnetic tapes for the four satellites are sent from the Simosato
Hydrographic Observatory to the Head Office of JHD, GSFC and the Center for Space
Research (CSR) of the University of Texas,

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

The weighted mean range precisions estimated by using the higher polynomial fitting
for all the data obtained in 1986 are 9.5 cm for Lageos, 10. 3 em for Starletie, 10. 3 em for
BE--C and 9. 3 cm for Ajisai as shown in Table 3 instead of 9.6 ¢cm, 15.2 cm, 14.5 cm and
10.1 cm for the case of on-site fittings, respectively.

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

JHD has been processing a part of SLR data obtained at Simosato and other SLR sites
by using an orbital processor (Sasaki, 1984a). A preliminary result of the geodetic coordi-
nate for the cross point of azimuth and elevation axes of the SLR system at Simosato site,
which is based on the longitude determined by the lunar laser ranging (LL.R} observations
at the McDonald Observatory, the University of Texas, is 33°34'39"68N, 135°56'13!'35E,
1009 m for latitude, Iongitude and hight above the reference ellipsoid of 6 378 137 m
semi-major axis and 1/298.257 flattening, respectively (Sasaki, 1984b).

Calculations and compilation for this report have been made by T. Kanazawa, A,
Sengoku and M., Nagacka of JHD Head Office and E. Nishimura of the Simosato Hydro-
graphic Observatory.

References

Abshire, J. B. 1980: NASA Reporf, ‘Plan for Investigating Atmospheric Errors in Satellite
Laser Ranging Systems”,

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

Sasaki, M., Ganeko, Y., Harada, Y, 1983: Data Report of Hydrogr. Obs., Series of Astrono-
my and Geodesy, No. 17, p49.

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

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

Schutz, B, E. 1983: Satellite Laser Ranging Procedures Guide for Project MERIT, CSR,
Univ, of Texas, Austin,

Takemura, T. 1983: Date Report of Hydrogr. Obs., Series of Astronamy and Geodesy,
No. 17, p44.

USNO 1986, 1987: Daily Time Differences and Relative Phase Values, Series 4, No, 988 —
1040.

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

Sasaki, M., Nagacka, M, 1984: Data Report of Hvdrogr. Obs., Series of Astronomy and
Geodesy, No. 18, p.55 (for 1982).

Sasaki, M., Sengoku, A., Nishimura, E,, Nagaoka, M. 1985 ibid., No. 19, p.50 (for 1983),

Sasaki, M., Sengoku, A., Nagaoka, M., Nishimura, E. 1986; ibid., No. 20, p.44 (for 1984).

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




Table 1.

SATELLITE LASER RANGING IN 1986

Principal specifications of the satellite laser ranging system
at the Simosato Hydrographic Observatory

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

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

Time comparison

clevation over azimuth

20 bits (1.2 arcsec)

17 em

60 cm

532 am

150 m] {normal)

200 ps

4 pps _

PMT (9% Q.E. and 300 ps rise time)
20ps resolution '
Rubidium oscillator

mukti-Loran C waves (NW Pacific Chain)

Computer PDP 11/60 (64 kw) with two disk- and a MT drives
Table 2. Geodetic coordinates
, , Coordinates

Location Site ID (Tokyo Datum)
Cross point of AZ, and EL. axes, International 33° 34° 277496 N
the SLR system at Simosato 7838 135 56 23.537E
Hydrogr. Obs, Domestic 62.44 m

SHO-L
Cross line, the fiducial stone Domestic 33° 34" 287078N
marker at Simosato Hydrogr. SHO-HO) 135 56 23.236E
Obs. 58.36 m
Table 3. Data acquisition at the Simosato Hydrographic Observatory in 1986

Satellite No. of ranges No. of passes RMS deviation
Lageos 147,526 224 9.5 cm
Starlette 25,286 92 10.3
BE-C 15,359 56 10.3
Ajisai 138,956 169 9.3
Observers E. Nishimura, K. Matsumoto, K. Koyama, H. Sasaki, A. Masuyama, M. Sawa,

M. Naka, M. Nagaoka*

* temporary support from JHD Head Office
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Table 4. Observations and data fitting

Explanation

Serial number of passes ranged successfully for each satellite.
Observation time (UTC) of the first return and the last return observed in the
satellite pass.
Satellite identification (ID), LG: Lageos, ST: Starlette, BC: BE-C, AJ: Ajisai,
Azimuth when the tracking of the satellite started at 20° of elevation.
Elevations at the maximum, at the first return obtained and at the last return
obtained in the satellite path, U means through the maximum elevation.
Number of successful returns from the satellite in the pass.
Order of the polynomials applied and the root mean square deviation of the
curve fitting to 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

dR = g™ A+B

CTeH - gy BIAYE)
sin E+0.01

where

g (\)=09650 + 0-2;64 . 0.0(;(‘);228

£ (¢, H) = 1 — 0.0026 cos 2¢ —0.00031 H,
A =0.002357 P+ 0.000141 e,

3

p? 2
= -3 |y e =
.B (1.084 x 107 %) PTK +(4.734 x 107%) T GoIK
K = 1.163 — 0.00968 cos 2¢ — 0.00104 T + 0.00001435 P,

e=6.11* Rh | 107.5(1:273.15)[{237.3+(‘1‘—273.15)}
’ 100

Here
Range correction (meters),
True elevation of satellite,
Atmospheric pressure at the site (millibars),
Atmospheric temperature at the site (degrees Kelvin),
Relative humidity at the site (%),
Wavelength of the laser {microns),
Latitude of the site,
Altitude of the site (kilometers).
This term is not corrected for the measured range in the final MT file.
Station ID, 7838: Simosato Hydrographic Observatory.
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Column

10 Atmospheric temperature (degrees Centigrade).

11 Atmospheric pressure (millibars).

12 Relative humidity (%).

13 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 atmospherie correction, Fhis term is corrected for the range data in
the final MT file.

The group velocity of light in the air is given by

v=¢ (1+1076N) 71,

where
0.0164 | 0.00028
+
A2 .

e=6.11 « 1, 107.5_(1‘»—273.15)/{537.3+(T~273.1s)}
' 100 )

N = 80.343 (0.9650 + .)% S113L

T 3

Here

The vactuun speed of light,

Atmospheric pressure (millibars),
Atmospheric temperature (degrees Kelvin),
Relative humidity (%),

Wavelength of the light (microns).

w;-aruc

14 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.

15 Time correction: UTC (USNO MC) minus transmitting time of the Loran C
North West Pacific (997) Chain (USNO, 1986, 1987). This term is corrected
for the transmitted time in the final MT file.

16 Comments.
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Table 4. Observations and data evaluation
(1) {2) Obs,Time{UTC) (3) {4)Aaz.{ {5}EBlev. {6} {7)Fitting
Ho. date caught losat SAT. ST MX CT LT RTN N RMS
Y M D h m s h m = ¢ ° ® ® CE
1 |8 01 04 08 40 37 09 20 56 LG 20L | 60 28U 2t 748 7 9.6
Z | 86 01 04 15 29 16 15 48 22 LG 105L | 50 39U 42 107 5 7.6
3§86 01 04 18 52 18 19 33 05 LG -180R | 55 20U 20 623 7 9.8
4 | 86 01 65 18 02 189 18 09 41 LG -210R | 85 43 25 139 5 3.0
5 | 86 01 06 06 10 07 06 28 32 LG 36R | 60 550 44 393 i .3
6 | 86 01 06 09 28 03 09 69 28 LG 20L | 45 220 30 422 7 8.6
7 | 86 01 06 16 08 54 16 34 338 LG 120L | 65 32U 53 559 7 10.3
8 | 8 01 07 14 6D 07 15 25 &7 LG S0L | 45 25U 20 473 7 9.7
4 | 86 01 08 06 50 07 07 02 51 Le 28R | 80 42 80 233 5 6.6
10 | 86 01 08 10 24 50 10 47 39 LG 15L | 85 31v 20 107 5 10,0
11 | 86 01 08 17 00 46 17 30 04 LG t40L | 85 48U 38 53 5 10.9
12 | 86 01 08 05 24 56 05 52 27 LG 40rR | 50 29u 42 115 5 8.0
13 | 86 01 09 08 53 18 09 27 33 LG 20L | 50 220 32 696 7 8.7
14 | 86 81 09 15 33 40 16 13 34 LG 1156L | 55 26U 22 779 7 8.3
15 | 88 01 09 19 24 24 19 34 59 LG -170R | 45 45 36 39 5 5.8
16 | 86 01 10 07 60 43 08 12 56 LG 251 | 75 740 27 235 5 8,3
17 | 86 01 10 14 17 24 14 51 37 LG 80L | 38 22U 20 302 7 8.8
18 | 86 01 10 17 39 08 I8 11 i8 LG -200R | 75 24U 55 590 9 i,
19 | 86 01 11 09 41 56 10 15 15 LG 2oL | 40 21v 22 397 7 9.4
20 | 86 01 11 16 19 04 17 03 31 LG 130L | 756 28U 20 575 7 2.0
21 | 86 01 12 08B 35 25 08 58 10 LG 20L | 60 56U 27 262 7 7.7
22 | 86 01 12 15 11 20 15 40 18 LG t05L | 50 42U 20 282 7 9.8
23 | 86 01 12 18 30 18 18 48 22 LG -180R | 55 25 54 325 5 11,2
24 | 86 01 13 17 06 40 17 50 16 LG -Z10R | 85 28U 24 717 7 9.7
25 | 88 01 14 09 kI 25 09 39 18 LG 20L | 45 28U 30 399 7 12.2
26 | 86 01 14 15 50 57 16 28 13 LG 1201 | 65 37U 22 2884 T 1t.1
27 | 86 01 16 16 41 3% 17 17 48 LG 140L | 85 50U 20 1022 ] 8.7
28 | 86 01 17 15 12 45 15 54 50 LG 115L | 65 24U 20 538 7 8.8
2¢ | 86 01 17 18 45 22 19 17 2% LG -170R | 45 23U 33 663 1 9.3
30 | 86 01 20 18 10 27 18 46 00 LG -180R | 55 25U 33 989 7 9.8
31 | 86 01 22 08 51 05 09 20 27 LG 20L | 45 27U 28 281 7 9.8
32 | 86 01 22 15 44 50 15 57 36 LG 125L | 65 65U 46 124 7 10.4
33 | 86 01 23 07 46 16 07 50 41 LG 20L { 70 66U 52 137 5 10.3
34 | 86 01 23 14 12 49 14 45 586 LG 0L | 45 29U 20 576 7 8.5
35 | 86 01 23 17 33 24 18 10 31 LG ~190R | 65 220 39 1170 g 10.8
36 | 86 01 24 06 03 40 06 21 32 LG 25R | 80 26 76 61 5 8.2
37 | 86 0f 24 09 36 34 [0 O1 33 LG 15L | 35 220 28 375 7 7.8
38 | 86 01 24 16 10 29 i6 58 01 LG 140L | 85 220 26 369 7 8.8
38 | 86 01 25 14 51 55 15 34 04 LG I15L | 55 22U 22 1311 9 9.3
40 | B6 01 25 18 25 11 19 06 49 LG -170R | 45 22U 20 678 7 10.3
41 | 86 01 27 08 05 17 09 26 09 LG 20L | 38 26U 35 165 T kb4
42 | 86 01 27 15 40 42 15 54 12 LG tzsL | 75 30U 85 148 5 9.2
43 | 86 01 28 14 24 33 14 59 35 LG 105L | 50 30U 22 246 7 2.7
44 | 86 01 28 17 52 22 18 22 52 LG ~180R | 55 290 19 153 7 9.6
456 | 86 01 20 13 22 59 13 32 25 LG 70L | 38 34 27 61 5 9.4
46 | 86 01 29 16 44 06 17 11 08 LG ~210R | 85 77U 22 81 5 11.6
47 § 86 01 31 17 19 06 17 56 15 LG ~E90R | 60 34U 26 299 7 10.5
48 | 86 02 02 4 47 08 15 11 50 LG 115L | 55 52U 26 323 7 8.0
49 | 86 02 02 18 04 56 18 38 36 LG -1TOR | 45 21U 31 526 7 11.9
50 | 86 02 03 13 18 12 13 42 14 LG 85L | 38 23U 33 100 5 9.0
51 | 86 02 03 16 44 41 17 22 33 LG -200R { 75 38U 27 959 7 8.7
52 | 86 02 04 05 21 22 05 26 47 LG 30R { 75 54 68 69 5 10,4
53 | 86 02 04 15 21 29 15 68 05 LG 135L | 75 32U 33 1005 7 10.4
54 | 86 02 05 07 38 54 07 42 30 LG 20L | 60 57U 56 65 5 8.0
56 | 86 02 06 16 07 22 16 49 50 LG -210R | 80 29U 2§ §16 7 8.1
56 ] 86 02 08 13 43 12 14 06 45 LG 95L | 45 43U 21 323 7 13.0
57 | 86 02 08 16 58 20 17 3% 48 LG -180R | 65 320 20 832 7 10.3
58 | 86 02 09 15 31 25 18 18 02 LG 140L | 85 24U 20 1125 9 9.6
52 1 86 02 10 14 14 11 14 27 63 LG 115L | 85 26 52 97 5 14,5
60 | 8 02 It 13 03 18 13 28 45 LG 851 | 40 30U 25 371 7 t1.8
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Table 4. Ohservations and data evaluation
(8} {9} (10} {11} (12) (13} (14) {156} (18}
No. STN TMP PRESS HUM IDT DTS DTL COMMENTS
*C nb % ns ps pe
1 7838 6.5 098,86 68 7.4 -0.2 -0,17
2 7838 2.6 997,3 73 7.2 -0.5 -0.7
3 7838 1.5 998,1 64 7.4 -0.6 -0.7
4 7838 | -0.9 1004.0 83 7.8 -0.7 0.7
5 7838 5.0 1006.4 30 7.5 -0.5 0.7 DAYTIME
6 7838 1.0 1010.4 49 7.6 -0.6 0,7
7 7838 | -0.2 1010.8 69 7.5 -0.5 0,7
8 7838 2.6 1008.0 80 7.8 -0.3 -0.7
9 7838 | 10.6 1004.7 73 7.4 -0.7 -0.7 DAYTIME
10 7838 4.9 1008.0 56 7.4 -0.5 -0.7
11 7838 | . 1.8 1010.5 79 7.4 -0.5 -0.7
12 7838 {. 5.9 1012.8 33 7.6 -0.4 -0.7 DAYTIME
13 7838 | 2.4 1014.1 44 7.5 -0.5 -0.7
14 7838 0.8 1015.6 53 7.5 -0.5 -0.7
15 7838 0.0 1015.2 50 7.5 -0.6 -0.7
18 7838 3.1 1014, 1 52 7.6 -0.4 -0.7 DAYTIME
17 7838 0.7 1014.5 45 7.8 -0.6 -0.7
18 7838 | -0.3 1016.4 57 7.8 -0.7 -0.7
ig 7838 2.9 1016.9 55 7.6 -0.3 -0.17
20 7838 | -0.5 1017.5 75 7.6 -0.4 -0.1
21 7838 3.7 1017.8 38 7.8 -0.4 0.1
22 7838 1.3 10614.9 61 7.4 -0.8 -0.7
23 17838 1.8 1013.6 66 7.1 -0.5 -0.7
23 7838 2.0 1008.6 52 7.6 -0.2 -0.8
25 7838 1.5 1009.9 55 7.5 ~0,4 -0.8
26 7838 1.0 1010.6 74 7.3 -0.7 -0.8
27 7838 6.6 1006.2 63 7.4 ~0.8 -0.9
28 7838 2.4 1011.4 76 7.3 ~0.1 -0.9
29 7838 2.7 1010.6 68 7.2 -0.4 -8.9
30 7838 7.1 1007.1 81 7.2 -0.3 -0.9
31 7838 3.8 1000, 3 74 7.3 -0.8 -0.9
32 7838 1.1 1063.4 87 7.8 -0.7 -0.9
33 7838 5.7 1004.0 50 7.4 ~0.4 -1.0 DAYTIME
34 7838 1.8 1006.4 70 7.4 0,5 -1.0
35 7838 3.7 1006.9 52 7.4 -0.2 -1.0
36 7838 4.9 1006.,6 37 7.2 -0.7 -1.0 DAYTIME
37 7838 5.0 1010.0 52 7.2 -0.3 -1.0
38 7838 3.3 1012.1 55 7.8 -0.4 ~1.0
39 7838 2.0 1009.9 67 7.1 -0.7 -0.8
40 7838 0.3 1008.9 66 7.0 -0.8 -0.9
41 7838 2.1 1011.4 58 7.3 -0.5 -0.9
42 7838 | ~1.3 1011.9 71 7.5 -0.7 -0.9
43 7838 1.0 1013.8 68 7.2 -1.0 -0.9
44 7838 0.6 104,56 66 7.3 -0,5 ~0,9
45 7838 4.1 1013.8 80 7.0 -0.8 -0.9
46 7838 1.6 1013.0 76 7.4 -0.6 ~0,9
197 7838 1.7 1006.6 62 7.2 0.0 ~0.8
18 7838 2.2 1009.0 65 7.0 -0.4 -0.8
19 7838 3.4 1007.7 62 7.3 -0.3 -0.8
50 7838 4.1 1007.7 53 7.3 -0.8 -0.7
51 7838 2.1 1008.2 40 7.2 -0.7 0.9
52 7838 7.2 1007.1 39 7.4 -0.4 0.7 DAYTIMR
53 7838 1.1 1011.4 48 7.4 -0.6 0.7
54 7838 7.3 1008.4 38 7.3 ~0.4 0.7 DAYTIME
55 7838 0.2 1008.1 61 7.7 -0.9 -0.7
56 7838 | ~0.5 1012.5 72 7.1 -0.9 -0.8
57 7838 | -0.5 1013.3 67 7.4 -0.9 -0.8
58 7838 | -0.2 1014.7 87 7.4 -0.4 0,17
59 7838 0.4 1011.5 67 7.3 -0.8 -0.7
60 7838 2.3 1006.7 19 7.2 -1.3 -0.7
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Table 4. Observations and data evalnation
(i) {2) Obs.Time{UTC}) {3) {4)Az, {5}Elev, (6} {7)Fitting
No. date caught lost SAT, ST MX CT LT RTN N RMS
¥ M B h m s h = s ® ° * ¢ [s3:3
61 | 86 02 11 16 21 24 17 06 06 LG -200R | 75 28U 20 1014 9  10.5
62 | 86 02 12 15 04 42 15 43 20 LG 135L | 75 40U 21 1024 g 8.6
63 { 86 02 13 17 25 32 17 52 46 LG -180R | 55 510 21 388 5 8.3
64 | 86 02 18 13 10 55 13 45 37 L 95L | 45 260 21 221 7 11.8
85 | 86 02 16 16 34 66 17 13 24 LG -190R | B85 23U 33 1286 9 9.7
66 | 86 02 17 15 13 45 15 33 09 LG 145L | 85 29 84 216 5 9.7
67 | 86 02 19 12 43 51 13 11 20 LG 85L | 38 31U 21 304 5 9.4
68 | 86 02 13 16 03 36 16 45 47 LG -~200R | 76 33U 21 842 2 10.4
69 | 86 02 20 14 42 21 15 23 4% LG I35L | 75 34U 20 998 3 10,0
70 | 86 02 21 13 24 50 13 48 24 LG 105L | 50 31UV 43 327 7 .4
7L ) 88 02 2} 16 57 39 17 31 40 LG ~180R | 55 38U 23 832 ] 8.7
72 | 86 02 22 15 25 32 16 12 15 Lc ~210R | 85 25U 20 1854 ] 7.5
75| 86 02 23 14 11 66 14 48 36 LG 125L | 65 40U 20 1458 9 9.7
74 | 86 02 24 12 54 45 13 25 16 LG 951 | 45 32U 22 665 7 8.2
75 | 86 02 24 16 12 57 16 69 29 LG -130R | 65 21U 21 308 g a.8
76 | 86 02 26 14 51 02 15 37 25 LG i45L | 85 23U 22 1623 g 8.0
77 ] 86 02 27 12 19 21 12 &t 48 LG 85L | 40 250 20 828 7 9.4
78 | 86 02 27 15 38 16 16 26 12 LG -200R | 75 21U 20 1967 9 9.9
79 | 86 02 28 14 16 47 15 03 54 LG 135L | 75 21U 20 2253 9 9.9
80 | 86 03 02 15 03 51 15 52 13 LG -210R | 85 21U 20 2576 9 8.5
81 | 86 03 03 13 44 27 14 28 24 Le 125L | 65 22U 22 303 9 8.7
82 | 86 03 04 12 35 52 12 58 10 LG 95L | 45 34U 34 139 7 9.2
83 ] 85 03 04 15 54 25 15 29 &9 LG -F90R | 65 24U 40 1656 7 9.5
84 | 85 03 05 14 30 68 15 16 82 LG 145L | 85 23U 23 1443 g 9,23
85 ] 86 03 06 I3 20 37 I3 54 18 LG 115L | 65 40U 22 276 7 9.3
86 | 86 03 06 16 46 10 17 24 45 LG ~165R | 45 23U 22 570 ] 8.5
87 | 86 03 07 12 06 45 12 31 49 LG 85L | 38 35U 20 347 7 7.8
BB | 86 03 07 15 28 58 1B 05 17 LG ~200R | 75 49U 22 768 g 9.6
83 | 86 03 08 14 09 34 14 43 19 LG 135L | 75 52U 21 497 7 7.7
90 | 86 03 10 15 09 25 15 21 14 LG -205R | 86 82 47 174 5 8.6
51 ] 86 03 EI 13 36 04 14 00 43 LG 126L | 85 49U 20 2348 g 9.3
92 { 86 03 12 12 08 31 I2 45 35 LG 95L | 45 220 21 156 7 8.1
93 | 88 03 12 15 44 66 16 19 55 LG -190R | 60 46U 20 913 7 8.2
94 | 86 03 k5 15 08 04 15 45 55 1.G -200R | 70 44U 21 852 7 8.2
85 | 86 03 17 12 19 31 13 00 42 Le i05L { 50 21U 20 1549 9 7.8
86 | 86 03 17 15 5§ 35 18 32 32 LG -175R | 60 34U 21 1222 8 7.4
97 | 86 03 20 11 49 07 12 26 18 LG 95L | 45 23U 20 1048 7 8.5
98 | 86 03 20 15 17 45 15 58 40 LG -190R | 60 30U 22 203t 7 7.9
99 | 86 03 21 13 56 00 14 37 42 Lo 145L | 85 34U 21 2029 9 8.6
100 | 86 03 23 14 39 33 15 25 59 LG -200R | 70 23U 21 2447 3 8.6
101 | 86 03 24 13 28 23 13 55 18 LG 135L | 76 49U 40 682 g 12,1
102 | 86 03 25 12 14 18 12 36 42 LG 105L | 50 47U 28 954 1 8.9
103 | 86 03 25 15 29 13 16 10 02 LG -176R | B0 22U 26 1106 9 3.1
104 | 86 03 29 13 31 16 14 04 54 La t45L | 85 23U B4 702 9 3.8
105 | 86 03 31 1t 02 10 11 19 18 LG 85L | 40 29 37 427 7 8.8
106 { 86 03 31 14 41 48 15 02 54 La -200R { 75 73U 27 224 5 2.8
107 | 86 04 01 12 58 18 13 38 20 LG 135L | 75 24U 38 935 g  10.8
108 | 86 04 02 11 46 01 12 13 07 LG 105L | 50 33U 35 68 5 8.2
193 | 86 04 05 11 16 44 11 38 41 La 95L | 45 360 34 501 9 11.3
E1O | 86 04 05 14 34 59 15 19 59 La ~190R | 60 24U 20 2029 9  10.3
111 | 86 04 07 }I 67 23 12 31 10 LG 1161, | 60 33U 29 721 9 ¢.2
112 | 86 04 07 15 26 13 16 05 47 LG -165R | 40 22U 20 561 7  10.8
113 | 86 04 10 11 23 5 11 B2 10 LG 10568 | 50 28U 37 254 7 9.3
114 { 86 04 10 14 49 I8 15 31 00 LG -175R | 50 21U 24 1015 9 8.2
118 1 86 04 11 13 32 27 14 12 31 LG -205R | 80 41U 20 544 7 8.8
116 | 86 04 12 02 06 36 02 09 05 LG 36R | 65 48 54 24 5 10.5
117 | 86 04 12 12 08 03 12 48 54 LG 125L | 65 30U 22 1316 7 10.0
118 | 86 04 13 14 29 40 14 42 18 LG ~190R | 60 55 66 45 7 10,7
119 | 86 04 16 10 20 04 10 51 25 LG 85L | 40 26U 21 528 7 16,1
120 | 86 04 16 13 58 00 14 17 11 LG -196R | 70 68U 41 320 8 10.8




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation

(8) {9) {10) {11} {12) (13) {14} {15} (16)
No. S5TN TMP PRESS HUM DT BTS BTL COMMENTS
*C mb % ns Hs jit]
61 7838 2.5 10086.9 48 7.4 -1.5 -0.7
82 7838 2.9 1013.0 52 7.2 -1.0 -0.7
63 7838 8.8 1006.6 48 1.5 -0.3 -0.86
64 7838 0.3 1016.0 38 7.3 -0.4 -0.6
65 7838 -0.2 1015.8 45 7.5 0.0 -0.6
86 7838 2.4 1014.4 84 7.2 -0.3 -0.5
67 7838 4.0 1008.2 58 7.2 -0.2 -0.5
68 7838 0.9 1009.7 5 7.5 -0.7 0.5
69 7838 3,8 1006.3 59 7.1 -0.7 ~0.4
70 7838 1.3 1008, ¢ 58 7.6 -0.3 -0.4
71 7838 1,1 1007,56 87 7.6 -0.5 -0.4
72 7838 1,0 1008.9 63 7.5 -0.4 -g.3
73 7838 5.0 1604.2 41 7.5 -0.2 ~-0.2
74 7838 1.1 1008.6 486 7.8 -0.5 ~-0.2
75 7838 -1.2 1002.6 64 7.7 -0.5 -6.2
76 7838 -1.6 1013.6 61 7.6 -0.5 -8,2
ki 7838 3.4 1004,¢ 54 7.6 -0.7 -0.2
78 7838 2.0 1004.2 40 7.8 -0.4 -0.2
79 7838 2.2 1008,2 53 7.5 -0.2 -0.2
80 7838 2.6 1003.9 66 7.5 -2.6 -0.4
81 7838 4.1 1009.3 53] 7.6 -0.3 -0.4
82 7838 3.3 1011.0 61 7.5 -6.8 -0.5
83 7838 1.6 1009.7 67 7.6 -0.4 -0.5
84 7838 3.3 1013.0 38 7.3 -0.5 -0.7
85 7838 4.7 1018.2 T4 7.3 -0.5 -0.8
86 7838 6.4 1018.2 77 7.7 -0, 5 -0.8
87 7838 6.9 1017.5 8% T4 -0.7 -1.0
88 7838 6.8 1017.8 82 7.6 -0.5 -1.0
89 7838 6.8 1020.4 29 7.6 0.4 B N
90 7838 11.0 1009.0 a8 7.5 -0.2 -1.2
g1 7838 9.6 1002.1 68 7.4 -0.4 ~£.3
92 7838 5.8 1014.3 65 7.8 -0.4 -1.3
a3 7838 5.0 1014.7 78 7.6 -0.4 ~1.3
94 7838 8.6 1001.6 9@ 7.6 -0.4 -1.4
95 7838 5.7 1005.1 41 7.1 -9.86 -1.5
98 7838 3.8 1008, 2 40 1.6 -.9 -1.6
97 7838 5.9 1008.1 58 7.5 -0.4 -1.5
98 7838 2.8 1008.4 71 7.8 -9.4 -1.5
99 7838 5.6 1016.0 70 7.5 ~0.6 -1.4
100 7838 5.7 997.3 62 7.4 -0.5 ~-1.3
101 7838 3.3 1010.8 45 6.8 -0.3 -1.3
182 7838 5.0 1018.0 51 7.3 -0.5 -1.3
103 7838 3.4 1018.2 83 7.4 -0.5 ~1.3
104 7838 10.0 1005.8 20 7.6 -0.5 ~1.7
105 7838 9.8 1008.4 35 7.8 -0.4 ~1.7
106 7838 7.7 1009.7 42 7.4 -0.5 -1.7
107 7838 6.2 i011.7 16 7.5 -0.7 -1.8
108 7838 9.7 1015.6 i1 7.6 -0.3 -1.8
109 7838 2.0 1008.0 54 7.6 -0.2 -1.8
110 7838 8.8 1009.3 64 1.6 -0.2 -1.8
111 7838 1.0 1018.8 65 7.5 -0.4 ~1.7
112 7838 3.8 1019.7 57 7.5 ~0.4 -1.7
113 7838 17.4 1003.2 93 7.4 0.0 ~1.7
114 7838 17.2 1002.3 95 7.5 -0 -1.7
115 7838 9.3 1006.6 55 7.6 -0.6 -1.7
118 7838 12.8 161:,7 33 7.2 -0.6 -1.7 DAYTIME
117 7838 9.8 1013.6 47 7.3 -0.4 -1.7
I8 7838 4.6 1017.3 78 7.4 -0.6 -1.7
119 7838 i1.0 1008.6 80 7.7 -0.2 -1.7
120 7838 9.5 1010.4 65 7.5 -0.2 -1.7
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Tahle 4. Ohservations and data evaluation

{1} {2) Oba.Time{UTC} {3) {d}Az, {6)Blev. {6) {7}Fitting
No. date caught lost SAT. ST MX €T LT RTN N RMS

Y M D h m s h m s ® ¢ * ® cR
121 | 86 04 23 14 46 34 15 24 25 LG -165R 40 22U 22 745 9 9.1
122 1 86 04 24 10 02 29 10 26 52 LG 85L 40 30U 28 377 7 10,3
123 | 88 04 24 13 20 02 14 00 07 LG -185R ¢ 24U 34 1513 9 9.5
124 | 86 04 26 12 02 38 12 36 39 LG i35L 75 34U 37 1301 ] 7.4
126 | 86 04 29 13 39 34 14 05 24 LG ~1BSR 60 33U 50 1013 g 7.4
126 | 86 05 06 i1 20 28 11 49 57 LG [25L 70 59U 20 941 9 8.5
127 | 86 05 07 10 03 44 10 26 07 LG 5L 45 44U 21 282 7 %.1
128 | 86 05 07 13 14 37 13 63 10 LG ~185R 60 23U 34 973 g 7,8
128 | 86 05 69 10 38 11 11 14 37 LG 115L 60 35U 22 894 9 10.1
130 | 86 05 09 14 21 43 14 34 32 LG -165R 45 41U 38 55 7 12.86
131 | 86 05 12 10 10 03 10 30 48 LG 105L 50 41U 40 515 7 10.8
132 | 86 056 12 13 32 158 13 58 25 LG -175R 50 26U 48 397 9 12,0
133 | &6 05 15 12 57 31 13 40 08 LG ~185R 60 28U 20 970 9 10.7
134 { 86 65 16 11 31 32 12 18 35 LG 145L 85 23U 20 1775 9 9.1
135 | 86 05 17 10 i56 11 10 55 42 LG 115L 60 28U 20 1431t 9 8.3
136 | 86 05 17 13 46 51 14 26 Ol LG -165R 40 22U 20 1053 ] 8.9
137 | 86 05 23 12 39 42 13 20 05 LG -185R  B& 33uU 20 548 8 0.0
138 | 86 05 31 12 18 55 12 37 28 LG -185R 60 31 60 99 5 12.7
£139 | 8 06 0B 12 07 1F 12 37 23 LG -185R 60 48U 26 534 7 14.2
E40 | 86 08 09 10 33 58 11 14 46 LG t45L 85 28U 29 865 8 11,7
141 f 86 06 1t 11 40 37 11 68 49 LG -1858 10 T0U 37 242 7 11.8
142 | B6 06 19 11 ©3 38 11 40 5% LG -13858R 70 31U 32 929 g 16.2
143 F 86 06 26 12 09 02 12 45 05 LG -165R 40 24U 21 359 8 12.9
144 86 07 31 00 12 33 00 27 39 16 20L 55 486U 47 103 5 1.5
145 | 86 07 31 10 19 37 10 49 35 LG -175R 50 37U 27 864 ] 3.3
146 | 86 07 31 22 46 01 22 54 33 LG 25L 80 44 69 66 5  10.0
147 | 86 08 05 00 32 06 00 39 49 LG 20L 50 47 43 LE6 5 9.5
148 | 86 08 05 10 28 6% 11 05 19 La -160R 40 23U 2% 460 7 9.5
149 | 86 08 05 23 02 55 23 28 32 LG 20L  TO 50 38 281 7 8.7
150 | 86 08 08 22 34 20 22 57 53 LG 25L 80 88U 33 152 7 8.7
151 | 86 08 i3 10 21 30 10 26 19 LG ~160R 40 38 39 69 5 10,3
152 | 86 08 14 05 2t 33 05 46 43 LG 90L 40 29U 30 357 7 8.7
153 | 86 08 8 19 24 34 19 41 34 LG 50R 40 330 138 65 5 8.1
154 | 86 08 19 21 31 1t 2} 57 36 LG 25L B85 42U 51 427 7 8.5
155 | 86 08 29 22 09 45 22 20 47 LG 20L 70 66U 58 369 5 9.4
156 | B6 08 31 19 24 61 19 46 38 LG 40R 50 48U 27 446 7 10.1
157 | 86 09 03 18 44 1¢ 19 03 28 LG 45R 40 32U 34 19t 7 10.8
158 | 86 09 05 19 34 03 20 60 30 LG 35R 60 47U 31 739 7 8.8
159 | 86 09 11 06 11 01 06 14 13 LG 130L. 70 87 60 38 3 10,2
160 | 86 09 21 18 51 13 19 26 18 LG 35R 60 41U 29 1871 9 8.8
161 | 86 09 22 05 16 38 06 34 46 LG 110L 85 61 23 261 7 16.0
162 | 86 09 24 I8 10 23 18 29 04 LG 40R 50 25 49 260 7 7.7
163 | 86 09 24 21 50 56 22 12 54 LG 20L 50 420 37 193 5  10.1
164 | 86 09 26 04 28 53 04 42 08 LG 116L 65 40 54 128 5 10.8
165 | 86 09 25 20 18 16 20 52 33 LG 251, 80 24U 47 782 ] 9.0
E66 | 86 09 28 19 46 33 20 25 49 16 261, 85 30U 29 1530 9 8.1
167 | B6 69 29 18 24 38 18 37 21 LG 35R 60 28 53 239 9 1i.4
168 | 86 10 03 18 57 03 20 38 12 LG 25L 80 21U 32 1672 g 8.0
169 | 86 10 08 20 30 39 20 36 02 LG 20L T0 66 68 197 7 7.3
170 | 86 10 12 18 32 57 19 o1 34 LG 30R 70 84U 20 1309 9 8,0
171 § 86 10 13 17 00 48 17 28 41 LG 48R 40 280U 28 325 7 8.0
172 | 86 10 14 03 23 1¢ 03 34 24 LG 90L 50 46 43 135 7 10.4
173 | 86 10 15 7 51 07 18 20 02 LG 35R 60 41U 33 1274 9 8.1
174 | 86 10 16 04 15 41 04 24 23 LG 120L 65 63 47 71 5 9.7
175 | 86 10 16 20 01 04 20 30 29 LG 20L, 70 44U 33 1309 9 8.8
176 | 86 10 17 02 56 42 03 02 28 LG 0L 45 42 37 54 5 8.8
177 | 86 16 19 19 20 0% 20 03 17 LG 25L 80 28U 20 1904 ] 9.0
178 | 86 10 22 18 54 50 19 16 19 LG 26L 85 52U 56 756 1 8.2
179 | 86 10 23 05 09 10 05 36 32 LG -210R 85 69U 26 224 5 10.0
180 | 86 10 30 18 25 34 19 05 12 La 26L 856 27U 31 1320 9 8.2




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation

{8) (9} {10} {11) S (12) {13} (14) {15} {16}
" No, STN TMP [ PRESS HUM IpT DTS bThL COMMENTS

°C mb b3 ns us pns

121 7838 13.5 1010.1 93 8.0 -0.3 -1.4

122 7838 17.4 1012.3 72 7.9 -0.5 1.4

123 7838 4.4 i013.2 [ 86 7.9 - «0.,8 ~bod

124 7838 17.5 10i2.3 19 7.9 -0.6 1.3

125 7838 2.4 1014.3 . 1)) 7.9 -0.3 -1.2

128 7838 15.0 - 987.3 a8 7.8 -0.4 -1.0

127 1838 18.0 1003.8 60 7.8 -0.86 -0.9

128 7838 I6.2 1005.6 80 T.7 -0.5 -0.9

129 7838 | 20.1 1001.0 73 7.9 ~0.5 -0.8

130 7838 17.3 1001.4 91 7.8 -0.8 -0.8

i31 7838 18.4 1008.4 B3 7.8 0.4 -0.5

132 7838 18.2 1009.9 87 7.9 ~0.6 0.5

133 7838 15.86 994.0 |58 1.7 -0.4 -0.3

134 7838 16,0 1002.0 50 7.8 -0.7 -0.3

136 7838 18.8 1008.90 60 1.7 -0.2 -0.2

136 7838 14.8 1010.6 77 7.8 ~0.,3 -0.2

137 7838 13.5 1008.8 75 7.0 ~0.5 ~0.2

138 7838 19.4 "1001.6 80 7.2 ~0.,4 ~0.,3

139 7838 | 18,1 1003.8 © 89 5.9 -0.3 -0.2

140 7838 21.1 1002,9 - 65 5.7 -0.8 -0.2

141 7838 19.5 1011.4 59 6.5 -0.8 -0.2

142 7838 | 23.3 1001.2 680 6.5 ~0.4 ~0.4

143 7838 | 25.2 895,7 60 6.7 -0.4 -0.4

144 7838 | 27.56 1008.9 34 9.2 -0.4 -1.8 DAYTIME

148 7838 26.6 1009,6 90 7.0 0.4 -1.8

146 7838 | 27.1 1009.7 81 6.6 -0.5 -1.8 DAYTIME

147 7838 29.6 © 987.2 47 6.5 -0.8 -1.9 DAYTIME

148 7838 27.1 990.4 52 6.6 -0.6 -1.9

149 7838 | 28,1 994.9 55 6.8 -0.8 -1.9 DAYTIME

150 7838 25.7 1008.0 ;B4 6.8 -0.5 -2.2 DAYTIME

151 7838 | 26.1 [ '1006.4 91 7.4 -0.3 -2.3

162 7838 | 28,8 1008.56 82 7.1 S -0.86 -2.3 DAYTIME

163 7838 | 22.5 1001.2 895 7.1 -0.4 -2.4

154 7838 | 25,7 487, 7 92 T.1 -0.3 -2.56 DAYTIME

156 7838 | 26.1 998.9 96 7.2 -2 -2.8 DAYTIME

1586 7838 18,9 1006.4 96 7.0 -0.3 -2.5

157 7838 24.8 1003.2 81 5.9 -0.8 -2.4

158 7838 | 22,3 1009.3 87 7.1 -0.6 -2.3

159 7838 | 27.8 1002,1 87 7.1 -0.5 -2.1 DAYTIME

180 7838 { 24.9 1003.2 84 6,8 -0.6 -1.9

161 7838 | 26.0 1005, 1 817 6.9 -0.4 -1.8 DAYTIME

162 838 17,86 1008.,17 78 7.1 -0.3 -1.7

183 7838 8.5 1009.5 71 7.2 0.4 -1.7 DAYTIME

164 7838 | 26.2 1008.4 57 7.1 ~0.5 X DAYTIME

165 7838 14.7 1010.8 75 7.0 -0.4 -1.7

166 7838 19.5 1001.9 78 7.1 -0.3 -1.5

167 7838 18.2 1003.4 86 6.9 -0.4 -1.,5

168 7838 6.2 1011.6 67 7.2 -0.8 -1.3

169 7838 14.8 1009.4 67 7.1 -0.7 -1.90

170 7838 4.9 1006.8 81 7.1 -6.2 -0.7

i71 7838 14.3 10106.2 T 7.1 -0.3 -0.8

112 7838 | 23.0 1008.9 59 T4 0.4 -0.5 BAYTIME

173 7838 4.9 1009,2 B85 T.2 -0.6 -0.4

174 7838 | 25.2 1007.5 45 7.0 ~-0.3 -0.3 DAYTIME

175 7838 12.9 10609.7 6 7.3 ~0.6 ~0.3

176 7838 21.7 1009.7 42 7.3 ~0.4 -0.2 DAYTIME

177 7838 11.2 1020.2 61 7.1 -0.4 -0.1

178 7838 8.9 1013.86 71 7.1 -0.1 0.0

179 7838 ig.2 1015.7 58 7.3 -0.5 0.1 DAYTIME

180 7838 1.5 1019.9 68 1.3 -0.% 0.3




32 SATELLITE LASER RANGING IN 1986
Table 4. Observations and data evaluation

{1} {2) Obs,Time{UTC} {3} {4)Az, {5)Blev. {6} {?)Fitting
No. date caught lost SAT. ST MX ©T LT RTN N RMS

Y M D h m s o s * N N * am
181 86 190 31 04 49 10 05 08 54 LG -210R 85 69U 46 63 5 9.8
182 86 19 31 17 06 48 17 29 38 LG 35R 60 32U 55 551 9 10.0
183 86 11 96 03 38 03 04 08 43 LG 130L 70 54U 25 1114 g 8.4
184 86 11 09 18 54 11 19 36 31 LG 20L 70 27U 20 1070 9 8.9
185 86 11 10 01 54 59 G2 00 14 LG 90L 456 42 40 38 5 9.9
186 86 11 11 19 42 48 20 12 13 LG 20L 50 28U 38 £61 g 8.7
187 86 11 12 02 44 53 02 55 32 LG 1i0L 55 53 34 102 3 0.9
188 86 11 17 i8 33 05 19 10 04 LG 20L 85 24U 34 1482 9 10.7
189 86 11 18 E7 09 I8 17 50 45 LG 30R 80 22U 32 404 g 3.3
90 86 11 19 15 49 58 i8 30 39 LG 40R 60 240 21 643 b ] 7.8
191 86 11 21 16 41 59 17 16 35 LG 30R 70 37U 31 828 g $.4
192 86 11 25 i5 03 20 5 16 53 LG 50R 33 32 29 70 5 1.7
193 B6 It 26 04 42 21 05 00 28 LG -190R 66 66U 34 334 b 8,1
184 86 11 26 18 51 16 17 13 565 LG 30R 85 26 381 101 & 12.4
195 86 1 27 15 30 91 16 10 68 Lt 490R 50 24U 20 618 9 10,0
186 86 1 28 02 03 02 02 1} 08 La 1101 56 65 42 56 5 8.5
197 86 11 30 15 02 35 15 28 52 LG 45R 40 31IU 29 237 7 10.6
198 86 12 0% 17 10 18 17 49 23 LG 25L 85 38U 22 1135 g 9.4
189 86 12 02 15 42 03 16 25 29 LG 36R 60 22U 23 1078 a9 9.2
200 86 12 04 16 32 57 17 91 61 LG 30R 80 30U 40 189 9 11.2
201 86 12 05 15 08 17 15 44 19 LG 40R 50 23U 33 315 7 11.0
202 88 12 07 15 586 45 18 41 10 LG 308 70 25U 21 1176 9 9.9
203 86 12 08 Q2 30 653 02 36 20 LG 1301, 75 179 &7 50 7 8.9
204 286 12 08 14 37 30 15 14 08 LG 45R 40 24U 21 368 g 11,8
205 86 12 038 18 08 21 18 48 44 LG 20L 60 26U 2% 591 9 9.3
206 86 12 09 16 42 57 17 30 03 LG 25L 86 214 20 890 T 9.5
207 86 12 10 I5 27 47 i6 03 41 LG 35R 50 34U 26 124 b4 10,0
208 86 12 10 18 55 46 19 21 43 LG 200 45 22U 39 169 9 9.1
208 86 12 11 14 09 B9 I4 36 21 Lg BOR 33 27v 21 73 5 1.1
210 86 12 11 17 33 22 i8 16 15 LG 20L 65 25U 21 836 9 10.3
211 86 2 i2 16 1& 08 16 65 44 LG 30R 85 24U 21 1675 9 10.0
212 86 12 12 19 446 67 20 12 22 LG 20L 35 20U 24 143 T 11,4
213 86 12 b 16 36 30 16 21 28 LG 30R 70 24U 21 1286 9 11.0
214 86 12 1B 15 10 41 19 41 27 LG 0L 40 23U 24 632 7 1¢.9
215 86 12 20 00 08 43 00 24 40 LG 80L 45 40U 35 193 g 10.2
216 86 12 22 00 48 32 01 14 23 LG 1104L 56 39U 37 219 T 9.7
217 86 12 22 16 37 47 17 23 2¢ LG 26L 76 224 20 524 9 11.7
218 86 12 23 15 15 09 16 01 49 LG 30R 70 210 20 1607 9 10.9
2198 86 12 23 18 50 49 19 22 45 LG 20L 40 230 22 482 T it.6
220 86 12 24 g1 38 20 02 00 20 LG 130L 76 65U 48 268 7 11.7
221 86 12 24 13 55 50 14 34 37 LG 46R 40 21U 20 5217 7 1.9
222 86 12 24 17 26 08 18 08 286 LG 20L 0 210 21 960 9 10.5
223 86 12 26 i6 04 24 16 49 486 LO 26R 85 24U 21 12990 g 13.5
224 86 12 26 14 45 09 15 18 00 LG 358 60 290G 39 710 9 0.9




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation

(8} {9} (10} {11) (12) (13) (14} (15) {16)

No. STN TMP PRESS HUM IDT DTS BTL COMMENTS
G nb % na hs It

181 7838 | 16.2 1019.9 50 7.2 -0.9 0.3 DAYTIME

182 7838 10.8 1018.0 86 6.9 0.0 0.3

183 7838 18.1 1017.1 40 7.2 -0.5 0.6 DAYTIME

184 7838 11.7 1004.2 68 7.3 ~0.5 0.5

185 7838 17.0 1007.56 50 7.2 -0.6 0.5 DAYTIME

186 7838 7.2 1018.1 66 7.2 -0.4 0.6

187 7838 16.4 1019.7 59 7.3 -0.4 0.6 DAYTIME

188 7838 8,7 1014,3 70 8.4 -0.6 0.7

189 7838 i0.6 1012.5 69 7.1 -0.8 0.8

130 7838 9.4 1013.4 71 7.2 -0.8 0.8

191 7838 8.5 1020.8 80 7.3 -0.3 0.8

192 7838 16.0 1008.0 51 7.1 -0.4 0.9

193 7838 13.6 1014.6 45 7.1 -0.5 0.9 DAYTIME

194 7838 5.3 1022.6 65 7.l -0.6 0.9

185 7838 6.0 1024.0 77 7.2 ~0.1 0.9

196 1838 5.0 1023.0 68 7.3 ~0.4 0.9  DAYTIME

187 7838 6.3 1018.6 72 7.4 =0.5 1.8

198 1838 9.3 1019.7 60 741 0.1 1.0

189 7838 8.8 10174 87 7.2 ~0.4 1.0

200 7838 8.0 1008.0 51 7.2 -0.2 1.0

201 7838 6.4 1016.2 T4 7.3 -0.5 1.0

202 7838 6.5 1014.9 58 7.7 -0.3 0.8

203 7838 12.8 1016.9 48 7.9 -0.3 0.9 DAYTIME

204 7838 7.0 1018,1 10 7.8 0.2 0.9

205 7838 6.9 1017.5 10 8.1 -0.3 6.9

206 7838 8.2 1016.3 89 7.8 -0.5 0.9

207 7838 8.2 1011.9 ki 8.0 -0.4 0.8

208 7838 6.6 1012.% 19 7.9 -0.6 6.8

209 7838 8.5 1016.3 69 7.7 -0.4 0.8

210 7838 7.6 1015.7 64 7.8 -0.8 0.8

211 7838 9.8 1619.3 55 7.5 -0.86 0.8

212 7838 9.0 1019.8 59 7.6 6.0 0.8

213 7838 6.9 1014.3 81 7.4 -0.8 0.8

214 7838 4.8 1015.8 90 7.5 ~0.5 0.8

2186 7838 8.7 1¢12.7 64 7.4 -0.4 0.6 DAYTIME

216 7838 10,8 1615.7 49 7.4 -0.4 0.6 DAYTIME

217 7838 3.8 1021.1 62 7.6 -0.2 0.6

218 7838 8,7 1015.2 81 7.6 -0.4 0.6

219 7838 9.8 1014.4 65 7.8 -0.4 0.6

220 7838 15.5 1014.3 52 7.5 -0.5 0.5 DAYTIME

221 7838 6.9 1013.7 79 7.4 -0.3 0.5

222 7838 7.8 1¢12.1 81 7.4 -0.5 0.5

223 7838 9.0 1012.7 72 7.6 -0.4 0.5

224 7838 4.2 1019.5 73 7.6 -0.2 0.5




34 SATELLITE LASER RANGING IN 1986
Table 4. Observations and data evaluation
(1) (2) Obs.Time(UTC) (3) {4)}Az. {5}Elev. (6) {(7)Pitting
No. date caught lost SAT. ST MK €T LT RTN N RMS
Y M b h m = h m s * ® ° ° cm
t 18601 05 23 35 23 23 42 28 ST -60L | 80 23U 32 393 i0 7.8
2 |85 01 08 14 44 21 14 51 03 ST 200L | 55 32U 29 288 11 10.3
3 85 01 08 15 22 3% 15 31 0O ST -110R | 60 29U 24 215 it 10.8
4 86 01 13 13 23 20 13 30 39 ST ~126R 80 51U 20 265 13 9.9
] 86 01 14 11 652 0% 12 00 05 ST i90L 40 24y 21 30 13 i1.6
i1 86 01 17 18 22 53 18 31 55 ST -35R 50 23U 21 263 i7 g.1
17 86 01 20 10 10 25 i0 17 66 ST 200L 50 25U 32 478 1 ¥ 8.8
8 86 01 23 09 19 44 09 27 &7 8T 206L 65 26U 21 388 I8 3.3
G 86 01 27 08 48 00 08 55 22 ST -128R 80 24U 32 536 18 9.0
10 86 01 28 09 12 25 09 15 42 8T -105R 45 45U 24 88 9 10.2
11 86 01 31 06 29 49 06 35 13 ST 190L 45 330U 24 141 10 1.3
12 86 02 03 05 39 15 05 43 18 ST 200L 50 36U 35 114 10 8.8
13 86 02 04 046 00 45 06 04 52 ST 225L 85 81U 22 185 9 10,0
14 86 02 05 13 38 07 13 42 50 ST -B0L 60 27U 58 131 & 1.8
15 88 02 07 t2 28 13 t2 33 14 ST -50L 85 31U 64 98 7 .9
16 86 02 08 12 47 47 12 66 18 sT ~65L 55 29U 20 1624 12 12.8
17 {86 02 11 11 57 66 12 02 26 ST -65L | 50 34U 40 47 6 1l.1
18 88 02 12 03 06 04 03 13 20 sT 2151, 65 28U 29 157 10 8.9
19 86 02 17 08 27 34 08 34 23 ST ~35R 55 38p 21 51 10 11.3
20 8¢ 02 20 00 16 07 o0 21 24 8T 200L 50 37y 22 123 18 4.8
21 86 02 22 00 53 32 00 59 18 ST -105R 50 230 30 328 18 9.5
22 86 02 23 23 43 51 23 46 09 8T -125R 15 30 11 61 15 9.5
23 86 02 24 07 04 31 07 12 23 ST -50L 80 30U 23 397 i8 8.9
24 86 02 25 00 05 39 00 07 23 ST -95R 45 44U 40 74 i6 10.3
25 88 02 25 G5 34 31 05 42 07 ST -30R 45 220 21 2286 i 9.5
26 | 86 02 26 05 54 47 066 02 0B ST -40R | 70 33U 22 240 17 11.3
27 | 86 03 04 04 13 15 04 20 54 ST -46R | 80 30U 20 436 18 15.5
28 | 86 03 12 ©1 25 60 01 27 37 ST -40R | 70 66 33 172 16 9.1
2¢ | 86 03 13 01 43 14 01 45 1g ST ~-55L, | 65 55U B1 175 8 8.8
30 | 86 03 31 11 47 44 11 53 29 ST 226L | 85 43U 30 247 17 9.6
31 86 04 01 12 05 11 12 13 32 8T ~LEOR 60 22U 24 178 17 1.3
32 86 04 23 12 03 10 12 10 13 a7 ~556L 75 28U 28 289 13 8.4
33 86 04 24 05 04 46 05 06 58 8T -100R 50 49 23 26 5 7.8
34 86 06 07 00 11 05 00 12 21 ST -125R 80 76 b9 24 5 10.9
35 86 06 07 07 34 00 07 37 00 E¥y -65L 6 74 33 a7 8 1t.1
386 88 06 09 06 21 49 06 25 50 ST -45R 75 5H6U 44 71 T G.4
37 86 05 16 0d 39 29 04 45 23 ST -§0R 856 47U 33 34 14 1.9
38 86 06 23 01 46 30 0 49 05 ST -45R 75 34U B8 45 8 13.6
398 86 05 08 13 01 43 13 08 19 ST 220L 15 320 21 258 17 12.3
40 86 06 11 2 11 47 12 16 41 ST 225L 80 42U 30 168 18 13.9
41 86 06 12 12 30 16 12 36 47 8T ~106R 50 26U 22 236 | ¥4 13.5
42 86 06 19 09 1% B67 0% 24 28 ST 215L 65 32U 41 184 17 i2.8
43 86 07 29 04 17 13 04 18 E7 8T -550 75 56 38 31 5 8.6
44 86 07 310 02 45 45 02 48 45 ST ~30R 45 42 29 82 9 9.4
45 86 07 30 04 35 33 04 36 24 8T -75L 45 4% 37 86 7 8.8
418 86 07 31 a3 02 31 03 10 02 8T -40R 70 27U 20 455 16 7.9
417 86 08 01 03 23 36 03 28 47 8T -55L 66 454 25 43 8 6.5
48 86 08 05 01 01 45 01 04 33 8T -36R 66 27 b2 57 & 2.3
49 86 08 07 01 40 41 01 47 42 ST -65L 55 27U 23 451 12 4.5
50 86 08 09 00 30 29 00 34 31 ST -50L 85 30 175 289 i 8.3
51 86 08 12 i4 49 48 14 55 3¢ ST 1901, 45 390 21 118 8 9.1
52 86 08 20 13 45 34 13 49 36 8T ~1056R B0 3% 55 118 8 7.0
53 86 08 30 7 04 39 7 14 06 5T -45R 80 27U 20 1089 20 11.9
54 86 09 03 08 11 23 09 15 05 ST ~110R 8¢ 26 60 83 11 10.8
56 | 86 08 03 14 43 53 14 52 38 ST -35R | 40 220 20 445 10 8.9
56 86 0% 04 07 42 21 07 48 4% 3T 200L 556 28U 28 566 i1 8.7
57 86 09 22 02z 38 11 02 45 38 8T -125R 75 28U 20 4t} 12 8.3
58 86 09 22 399 58 60 186 04 06 ST -50L 80 24U 67 499 i0 10.6
68 86 09 24 08 48 25 08 56 56 8T -40R 70 220 26 463 I8 9.8
60 86 09 25 09 08 34 63 16 27 8T -551 70 27U 26 3568 i6 8.8




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaination

{8} {9} (10} (11) {12) (13) (14} (15} (16)
No. STN T™MP PRESS HUM mT pTs DTL COMMENTS
*C nb “ ns Ha ns

i 7838 1.7 1006.2 71 7.4 -1.2 -0.7 DAYTIME

2 7838 | -0.8 1010.8 87 7.5 -0.6 -0.7

3 7838 1.9 1010.1 84 7.4 -0.5 -0.7

4 7838 4.4 1007.3 49 7.5 0.4 -0.8

5 7838 3.5 10k1.1 55 7.2 -0.4 -0.8

6 1838 2.3 1010.6 14 7.5 -0.4 -0.9

7 7838 8.5 1007.5 83 7.0 -0.2 -0.9

8 7838 3.8 1004.7 59 7.3 -0.1 -1.0

9 7838 2.6 1011.0 61 7.3 -0.5 -0.9

10 7838 4.4 10131.9 86 7.2 -0.7 -0.9

11 7838 12.0 1003.8 40 7.3 -0.4 -0.8 DAYTIME
12 7838 13.3 1pe2,17 25 7.1 -0.8 -0.7 DAYTIME
13 7838 7.3 1007,3 38 7.3 -0.3 -0.7 DAYTIME
14 7838 1.7 1011.4 45 7.1 -0.4 -0.7

15 7838 2.3 1009.3 658 7.0 -0.8 -0.7 O FITTING
16 7838 | -0.3 1012.4 70 7.3 -1.0 -0.8

17 7838 2.3 1004.89 50 6.8 -1.2 -0.7

18 7838 10.3 1010.7 24 7.4 -0.5 -0.7 DAYTIME
19 7838 6.9 1015.8 53 7.2 -0.6 -0.5 DAYTIME
20 7838 7.6 1019.1 10 7.1 -0.8 -0.4 DAYTIME
21 7838 8.2 1007.4 42 7.7 -0.2 -0.3 DAYTIME
22 7838 5.0 1005.3 43 7.4 -0.4 -0,2 PAYTIME
23 7838 6.8 1003.3 20 7.5 -0.5 -0.2 DAYTIME
24 7838 3.5 1011.9 52 7.6 -0.3 -0.2 DAYTIME
25 . 7838 7.8 1008.4 24 7.8 -6.4 -0.2 DAYTIME
26 7838 9.9 1008.6 39 7.6 -0.5 -0.2 DAYTIME
27 7838 1e.0 1010.5 51 7.8 0.5 -0.6 DAYTIME
28 7838 2.1 1008.5 34 7.5 -0.3 -1.3 DAYTIME
29 7838 14.7 1016.0 39 7.5 “0.5 ~1.3 DAYTIME
30 7838 9.3 1008.5 38 7.5 -8.2 -1 7

31 7838 6.8 101L.6 71 7.6 -0.5 -1.8

32 7838 15,3 1009.0 89 8.0 -0.4 -1.4

33 7838 | 20.7 1011.,7 56 8.0 -0.6 -1.4 DAYTIME
34 7838 18.0 1002.2 56 7.9 ~0.4 -0.9 DAYTIME
35 7838 | 22.5 1001.6 55 8.¢ ~0.6 -0.9 DAYTIME
36 7838 | 23.0 998.6 65 8.0 -0.6 -0.8 DAYTIME
37 7838 | 21.2 989.4 42 7.8 -0. -0.3 DAYTIME
38 7838 18.9 1008.4 50 7.0 -0.4 ~0.2 DAYTIME
38 7838 17.8 1003.8 89 5.3 ~0.4 -0.2

10 7838 19.2 1011.7 58 6.6 -0.6 -0.2

41 7838 18.5 1015.86 75 B.7 -0.5 -0.2

42 7838 | 25.5 1000,1 53 7.0 -0.4 -0.4 DAYTIME
43 7838 | 28.3 1008.8 84 9.4 -0.8 -1.7 DAYTIME
44 7838 | 28.1 1009.8 a4 9.4 0,1 -1.7 DAYTIME
46 7838 | 28.2 1008,3 84 9.3 -0.4 ~-1.7 DAYTIME
46 7838 | 28.1 1009.9 84 9.4 -0.3 -1.8 DAYTIME
47 7838 | 28.9 1009.3 83 6.6 -0.4 -1.8 DAYTIME
48 7838 | 30.0 987.2 46 6.4 -0.5 ~t.9 DAYTIME
19 7838 | 27.2 1000.5 T4 6.4 -0.4 ~-2.1 DAYTIME
50 7838 | 27.2 1008.6 81 (! -0.2 -2.3 DAYTIME
51 7838 | 24,2 1006.3 7 7.2 -0.3 -2.3

52 7838 | 25.5 994,89 93 6.9 -0.6 -2.5

53 7838 | 21.8 i002,7 82 7.1 -0.2 -2.5

54 7838 | 30.5 998.8 51 7.2 0.7 ~2.4 DAYTIME
55 7838 | 24.1 1002.0 78 8.0 -0.5 -2.4

56 7838 | 29.1 1004.5 73 5.8 -0.7 -2.3 DAYTIME
57 7838 | 26.3 1005.6 87 7.2 -0.5 -1.8 DAYTIME
58 7838 | 22.56 1607.7 88 7.1 -0.4 -1.8

59 7838 | 22.5 1007.1 69 7.0 -0.5 -1.7 DAYTIME
60 7838 | 22.7 1008.9 72 7.0 -0.3 -1.17




36 SATELLITE LASER RANGING IN 1886
Table 4. Observations and data evaluation
{1) {2} Obs.Time{UTC} {3) {4)Az, {5)Elev. (6} {7}Fitting
No. date caught lost SAT. st MX CT LT RTN N RMS
Y M b h m s h m s - * ¢ * ' om
61 | 86 09 26 07 38 48 07 46 15 8T ~35R { 45 24U 25 551 14 8.7
62 { 86 09 26 09 27 659 09 36 05 ST -70L {45 230 20 391 16 8.8
63 | 86 09 28 23 28 43 23 34 I§ ST 195L | 45 30U 21 163 16 9.9
64 1 86 09 20 08 48 26 06 56 01 ST ~30r | 50 28U 22 560 I8 9.8
66 | 86 09 26 23 50 21 23 53 2§ ST 225L | 85 82 26 213 11 11,5
66 [ 86 10 08 21 20 38 2@ 22 13 ST -120R | 37 37 21 88 7 7,1
67 [ 8 10 13 02 16 07 62 23 0O 5T -35R | 50 26U 20 466 18 16,8
62 | 86 10 16 01 26 30 ©1 31 az ST -25R | 50 37U 26 600 18 11.8
69 | 86 10 23 00 03 19 00 09 15 8T -60L | 70 24U 34 461 18 9.6
70 | 8 11 04 11 50 42 11 57 32 ST 210L | 65 36U 25 866 19 11.8
71 | 86 11 05 12 08 21 12 17 38 8T -120R { 15 21U 20 761 17 3.0
72 | 86 11 12 08 57 12 09 06 08 ST 190L | 55 21U 23 831 11 3.9
73 { 86 11 18 ©7 18 11 07 23 30 sT 210L | 70 28U 34 272 It 9.4
74 | 86 11 18 07 38 29 07 43 37 ST -120R | 75 35U 29 221 17 10,0
75 | 86 11 19 14 57 46 15 Db 54 ST -66L | 70 230 20 732 ¢ 12.5
96 F 86 L1 21 06 27 13 06 34 20 ST 220L | 75 480 22 194 it 7.2
77 | 86 11 25 05 57 14 06 01 46 ST ~115R | 656 58U 31 302 g 8.4
78 | 86 11 25 13 22 43 13 24 34 ST ~BOL | 60 38 20 83 7 8.3
79 | 86 11 26 06 15 33 06 21 1% ST -95R | 45 34U 27 207 17 9.5
80 86 11 27 04 45 21 04 52 4} ST -130R 85 46U 23 296 17 4.9
81 | 86 11 28 05 05 00 5 11 14 ST -105R | 60 41U 27 335 18 9.1
82 | 86 12 01 02 28 I0 02 29 55 ST 170E | 40 39 31 69 7 8.0
83 | 86 12 D1 04 18 01 04 19 34 ST -106R | 50 48 35 36 8 9.8
84 | 86 12 02 02 47 48 02 49 09 ST 2i0L | 70 60 44 87 15 9.7
85 | 86 12 05 0% 16 11 09 23 09 ST -46R | 75 43U 22 147 10 11.7
86 | 86 12 08 ©1 65 63 0@ 09 30 ST 2201L | 80 70 26 103 8 9.6
87 186 12 08 08 24 00 08 3 03 ST -45r | 80 30U 34 171 ic 19.0
B8 | B6 12 09 08 42 47 08 50 52 ST -80L | 60 23U 28 234 11 ¢.5
8% | 8 12 11 07 33 24 07 41 o7 ST -60R | 85 31U 27 276 17 9.8
90 | 86 12 12 07 55 01 07 59 04 ST ~65L | 55 48U 37 226 17 9.4
91 | 86 12 24 02 40 I9 02 49 06 87 -40R | 60 29U 20 562 s 12.1
92 | 86 12 26 01 29 36 01 38 00 87 S25R | 40 24U 2} 148 16 13.2




SATELLITE LASER RANGING IN 1986

Table 4. Ohservations and data evaluation

(8) {8} {10) (11) (12) {13) {14) {16} (16}
No. STN T™P PRESS HUM IDT DES DFL COMMENTS
*C nb % na s us
61 7838 23.2 I011.2 72 7.1 -0.4 -i.6 DAYTIME
62 7838 22.3 1011.9 76 7.1 -0.5 -1.6
63 7838 24.0 1001.8 63 6.9 ~0.3 -1.5 DAYTIME
64 7838 27.3 998.4 64 7.1 -0.4 -1.6 DAYTIME
65 7838 23.9 1007.1 70 6.8 -0.5 -1.5 DAYTIME
66 7838 14,9 1009.9 66 7.2 -0.6 -1.0 DAYTIME
67 7838 | 23.1 1007.8 62 7.2 -0.,2 -0.86 DAYTIME
68 7838 2%.6 1010.1 [14] 7.1 -0.3 -0.3 DAYTIME
69 7838 14,7 1017.5 51 7.4 -0.5 ¢.1 DAYTIME
70 7838 14,0 1009.3 75 7.2 -0.6 0.4
71 7838 11.1 1014.9 68 7.2 -0.6 0.4
72 7838 11.85 101%.7 79 7.3 -0.3 ¢.6
73 7838 16.3 1013.6 64 7.0 -0.6 0.8 DAYTIME
74 7838 15.1 1011.4 58 7.1 -0.5 .8 DAYTIME
75 1838 9.8 1013.4 70 7.3 -0.4 0.8
76 1838 16.4 1019.5 60 T.2 -0.5 0.8 DAYTIME
™ 7838 | 22.6 i004.9 59 7.0 -0.6 0.9 DAYTIME
78 7838 16.3 1007.8 64 7.1 -0.3 0.9
79 7838 13.0 1015.8 46 7.0 0.5 0.9 DAYTIME
80 7838 12.4 1023.4 53 7.2 -0.3 0.9 DAYTIME
81 7838 16.6 1019.7 56 7.2 0.3 G.9 DAYTIME
82 7838 15.2 1019.0 49 7.1 ~0.4 .0 DAYTIME
81 7838 14.8 1017.2 53 7.0 0.2 1.0 DAYTIME
84 7838 15,0 1020.0 B3 7.2 -0.3 1.0 DAYTIME
85 7838 8.8 1014,2 1 7.1 0.2 1.0
86 7838 11.1 1017.8 61 7.8 0.2 0.3 DAYTIME
87 7838 9.2 1017.7 65 7.9 -0.4 0.9
88 7838 11.8 1016.5 78 7.9 0,1 6.9
89 7838 13.8 1014.7 66 8.0 -0.8 0.8 DAYTIME
90 7838 16.3 1016.7 62 7.5 -0.6 0.8
91 7838 16,1 1013.1 47 7.3 -0.3 0.5 BAYTIME
92 7838 12,0 1018,3 50 7.8 ~0.3 0.6 BAYTIME




38 SATELLITE LASER RANGING IN 1986
Table 4. Observations and data evaluation
{1} {2} Obs,Time{UTC)} {3) {4})Az, {6}Rlev. {6) {T)Fitting
No. date caught lest SAT. 8T MX €T LT RTN N RMS
Y M D h m = h m s ° M M ® cm
1 86 01 04 26 32 38 20 38 40 BC -95R 65 50U 34 H K] 8 8,9
2 86 01 05 19 50 41 18 55 16 BC -105R 75 565U 47 3256 10 3,0
3 86 0} 06 01 33 05 01 38 53 BC -70L 60 28U 50 620 it 7.8
4 86 01 09 17 00 07 17 16 00 BC 220L | B0 25U 21 763 18 10,4
5 28§ 0t 10 i6 18 21 18 27 11 BC 205L 50 23U 24 475 14 10.2
6 86 01 11 00 02 10 00 06 05 BC -75L 356 B3 26 209 g 6.5
i 86 01 11 19 29 64 17 38 43 BC -110R 80 25U 33 465 18 9.4
8 86 01 13 16 06 17 16 09 34 BC 235L 15 26 64 175 8 11.2
9 86 01 14 16 26 08 15 30 26 BC 220L 60 39U 51 108 i6 9.9
10 86 01 16 15 54 33 i8 03 28 BC -105R 75 26U 27 485 18 10.4
il 86 01 23 18 38 33 18 48 43 BC -B6L. 80 25U 24 781 IS 9.2
12 88 01 26 13 25 68 13 34 46 BC -90R 60 24U 20 692 19 10,1
13 86 01 28 13 14 43 13 22 51 BC -75R |. 45 23U 21 222 134 io.1
i4 86 01 29 12 33 29 12 40 34 BC -80R | 50 28U 23 T2 11 8.9
5 86 ¢1 31 13 03 3% 13 11 32 BC -B0R 45 230 20 27t 1 I1.5
16 | 86 02 02 13 35 49 13 42 12 BC ~65R { 50 38y 22 154 12 11.4
17 86 02 03 12 56 59 i3 00 24 BC ~55R 45 44 20 149 12 9.1
i8 86 02 05 13 25 17 13 30 54 BC ~60R 66 58U 23 283 17 0.2
19 86 02 08 06 58 21 07 05 28 BC 20010 40 229y 22 302 17 10,0
20 86 02 07 13 55 45 13 58 07 BC -70L 65 BH8U 69 o8 7 1.2
2% | 86 02 10 06 07 43 06 12 25 BC 220L | 60 57U 22 180 11 10.1
22 86 02 11 11 056 43 11 12 42 " BC -65R 65 26U 28 344 r2 2.1
23 86 02 12 06 34 34 06 42 2% BC -106R T4 270 24 352 18 1t.1
24 86 02 22 03 24 19 03 30 32 BC ~I00R 70 370 38 124 18 9.5
25 86 02 24 42 00 20 02 08 56 BC 240L 86 410 2¢ 441 18 11.3
26 86 02 24 05 48 41 05 56 21 BC -60R 50 23U 3§ gt 13 7.4
27 86 02 2B 07 01 24 07 08 22 BC -66R 86 28U 33 527 18 13.4
28 86 02 26 04 29 46 04 32 37 BC -80R 46 44 24 95 ki 10.5
29 86 02 26 06 18 54 06 26 35 BC -60R 70 240U 32 474 i8 11.3
30 B6 02 28 01 07 1t 01 16 16 BC ~106R 76 480 20 455 18 8.8
31 86 03 03 04 45 49 04 52 38 RC ~B0R 80 51u 22 276 17 i0.¢
32 86 03 05 a1 31 9 01 33 23 BC ~T0R 50 3% 23 37 6 8.2
33 86 03 05 03 21 41 Q3 26 586 BC -BOR 65 46U 36 187 13 9.3
34 86 03 06 60 41 32 00 49 138 BC ~75R 50 23U 37 45 14 12.6
35 86 03 07 a1 55 57 02 00 03 BC -60R 55 32 B3 43 8 G.7
36 86 03 08 03 12 58 03 13 24 BC -65R 85 175 66 45 ig 10.7
37 86 03 12 23 40 22 23 44 35 BC -60R 50 49 386 179 g 9.0
38 86 03 13 01 34 21 01 36 46 BC -65L 85 56U 82 i3] 4 9.9
3¢ | 86 03 17 00 37 11 00 42 b4 BC -65L | 75 25 71 368 12 10.2
40 | 86 03 20 00 26 01 00 33 55 BC -80L | 45 26U 30 213 17 9.2
41 86 03 23 15 55 46 16 00 28 BC 2301 70 53U 42 368 it 2.4
42 86 04 10 10 67 29 11 0L 59 BC -95R 60 44U 36 190 11 16.1
43 86 04 12 11 31 61 11 34 07 BC -70R 45 35 20 87 7 8.5
44 86 04 23 05 44 40 05 47 10 BC 240L 90 51 25 184 9 13.8
45 86 04 23 07 36 586 07 41 00 1o -75R 48 44U 23 243 ¢ 9.8
46 86 04 24 06 55 19 06 58 23 BC -80R 506 49U 29 127 8 8.5
47 86 04 24 10 40 44 10 47 22 BC -65R 85 280 32 198 19 19.5
48 86 05 09 02 09 03 02 1t 10 BC -80R 506 50 38 34 5 5.3
49 86 05 09 05 58 16 06 0} 44 BC -65L 15 45 29 300 13 10.3
50 | 86 05 I5 Ot 44 58 01 49 28 BC -6OR | 50 49 31 i16 8 10.2
51 | 86 05 22 23 65 08 23 59 52 BC ~BOR | 85 39u 58 340 10 8.3
52 | 86 05 256 23 46 14 23 46 33 BC -65L | 90 81 87 33 6 9.9
53 | 86 06 08 13 52 29 13 59 48 BC -105R | 75 28U 34 115 16 10.5
54 | 86 06 09 13 13 58 13 17 38 BC ~115R | 80 79 36 125 8 11.3
56 | 86 06 k2 11 05 37 11 13 02 BC 210L | 50 25U 22 717 15 10.8
66 | 8 06 19 09 59 58 10 06 51 BC -110R | 76 27U 31 313 17 12.2




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation

{8} {9} {10} (11) (12} (13) {14} {15) (16)
Ne. STN TMP PRESS HUM jay DTSs DTL COMMENTS
°C nb % ns ns Jit]
1 7838 1.5 997.9 61 7.4 -0.7 -0.7
2 7838 ~-1.1 1004.2 88 7.4 -1.1 ~0.7
3 7838 3.8 1006.4 71 Te3 -1.0 -0.7 DAYTIME
4 7838 0.3 1015.6 80 7.5 -0.4 -0.7
] 7838 -0.3 1014.8 ©obt 7.7 -0.5 -0.7
6 7838 ‘3.1 10186.9 417 7.8 ~0.2 -0.7 DAYTIME
7 7838 | -1.3 1017.8 84 7.4 0.5 -0.7
-] 7838 2.0 1008.2 59 7.8 -0.2 -0.8
9 7838 0.8 1010.8 74 7.3 -0.7 -0.8
16 7838 5.3 1005.8 70 7.2 ~0.4 -0.8
i1 7838 2.7 1006.7 60 7.1 0.5 -1.0
12 7838 2.8 1010.1 74 7.0 ~0.8 -0.9
13 7838 i.2 10138.6 69 7.0 ~E 0 -0.9
14 7838 §.8 1013.8 58 7.1 ~0.6 -0.9
i6 7838 6.2 1006.4 55 7.2 -0.4 0.8
16 7838 3.1 1009.5 62 7.0 -0.4 -0.8
17 7838 1.8 1007,3 53 7.1 -0.5 0.7
18 7838 1.7 1011.4 15 7.3 -0.4 0.7
19 7838 9.5 1007.1 18 7.2 -0.6 0.7 DAYTIME
20 7838 2.4 1008, 8 52 7.2 -0.7 0.7 O FITTING
21 7838 6.8 1013.1 41 7.4 -0.6 0.7 DAYTIME
22 7838 3.1 104,17 48 7.1 -1.5 ~0.7
23 7838 10.0 1010.4 32 7.4 -0.6 -0, 7 DAYTIME
24 7838 § 11.3 1006, 1 3z 7.7 -0.4 ~-0.3 DAYTIME
25 7838 8.8 1005.¢ 33 7.7 -0.5 -0.2 DAYTIME
26 7838 8.3 1002,8 23 7.5 -0.6 -0.2 DAYTIME
27 7838 7.2 100%.2 28 7.5 -0.5 -0.2 DAYTIME
28 7838 8.5 1009,8 34 7.6 -0.6 -0.2 DAYTIME
29 7838 10.0 1008.4 37 7.6 -0.6 -0.2 DAYTIME
30 7838 4.8 1005.2 18 7.6 -0.4 -0.2 DAYTIME
31 7838 10.6 1004.0 34 7.6 -0.3 ~0.4 DAYTIME
32 7838 13.2 10056.8 46 7.7 -0.6 -0.7 DAYTIME
33 7838 | 15.6 1004.8 3z 7.6 -6.5 -0.,7 DAYTIME
34 7638 t1.2 1016.7 38 7.6 -0.2 -0.8 DAYTIME
36 7838 13.2 1018.6 63 7.1 ~0.,3 -1.0 DAYTIME
36 7838 16.2 161%.5 52 7.5 -3, 6 -1.1 DAYTIME
37 7838 1.8 1016.7 44 7.5 ~0.5 -1.3 DAYTIME
38 7838 14,1 1016,0 39 7.5 -0,6 -1.3 DAYTIME
39 7838 9.1 1008.8 30 7.6 0.5 -1.5 BAYTIME
40 7838 10.2 1001.2 41 1.5 -0.3 ~1.,5 DAYTIME
41 7838 5.9 997.3 53 7.6 -0.B -1.3
42 7838 17.6 1002.5 97 7.6 ~0,3 -1.7
43 7838 10,2 1013.4 47 7.l ~0.5 -1.7
44 7838 | 20.56 1006.3 70 7.9 -0.,2 -1.4 DAYTIME
45 7838 20.3 1006.0 10 8.0 -4 -1.4 DAYTIME
46 7838 20.8 1011.0 68 8.0 0,4 -1.4 BAYTIME
47 7838 17.1 1012.5 72 7.8 0.6 -1.4
48 7838 22.3 1001.2 70 7.8 ~0.5 -0.8 DAYTIME
49 7838 23.7 998.8 658 8.0 -0.5 ~0.8 DAYTIME
50 7838 | 22.¢% 990.1 48 7.8 -0.2 0.3 DAYTIME
51 7838 | 18.5 1008.4 48 7.2 -0.4 -0.2 DAYTIME
52 7838 | 20.1 1004.7 38 7.3 ~0.1 -0.3 DAYTIME
63 7838 16.6 1004.0 78 5.9 -0.4 -0.2
54 7838 | 21,3 1004.2 687 5.8 -0.5 -06.2
65 7838 | 19.1 1015.2 74 6.8 -0.7 -0.2
&6 7838 | 24,1 1000.9 60 7.1 ~-0.4 -0.4 © DAYTIME




40 SATELLITE LASER RANGING IN 1986
Table 4. Observations and data evaluation
(1) {2) Obs,Time{UTC) {3} (4}Az. {6)Elev. (6} {7)}Fitting
HNo. date caught lost SAT. ST MX CT LT RTN N RMS
Y M D h m s h m s ® M * ° cm
1 | 86 08 13 17 43 13 17 53 44 AJ -30R | 35 22U 20 1581 11 7.0
2 | 8 08 13 19 46 43 19 50 62 AJ -60R | 80 38 86 186 7 17.0
3 | 86 08 14 10 40 39 10 45 29 AJ 176L | 35 27U 34 624 11 7.5
4 | 86 08 14 12 43 29 12 47 51 AJ -115R | 85 64U 53 646 11 7.8
5 ] 8 08 14 18 58 09 18 659 37 AJ -40R | 856 B9 47 77 g 20.8
6 | 86 08 i5 13 53 0L 13 55 25 AJ -76R | 40 36 3§ 286 9 12.5
7 i 86 08 15 18 01 I8 18 03 59 AT -36R | 50 45U 45 106 10 23.1
8 | 8 08 16 10 52 30 1l 04 10 AJ 210L | 60 28U 20 1838 11 7.3
9 | 86 08 16 12 54 08 13 05 35 AJ ~80R | 46 24U 22 1160 20 9.2
10 | 86 08 17 11 59 46 12 12 10 AJ ~110R | 65 27U 20 1571 11 8,0
11 | 85 08 17 18 11 42 18 14 49 AJ -40R | TO 31 57 28 3 6.7
iz { 86 08 18 17 16 19 17 28 03 AJ -30R | 50 22U 23 14115 11 8,0
13 | 86 08 19 12 14 28 12 26 33 AJd -85R | 45 26U 20 1523 11 5,9
14 | 86 08 18 15 22 27 16 33 40 AT -26R | 40 22U 20 1844 11 7.4
1341 86 08 19 18 24 33 18 37 22 AJ -55L 80 26U 20 2041 15 17.4
16 | 86 08 20 09 18 38 09 26 14 AT 1851 | 46 26U 36 536 18 9.4
17 | 86 08 26 i1 19 30 11 30 07 AJ ~106R | 60 26U 29 859 16 9.0
18 | 86 08 20 5 28 24 15 38 14 AJ ~26R | 32 21U 20 1391 11 6.6
19 | 86 08 20 17 29 48 17 43 10 A -40R { 70 22U 20 2383 14 12.2
20 | 86 08 24 15 5% 19 16 00 47 AJ -35R | 55 46 &% 205 g  13.7
21 1 86 08 26 16 09 44 16 17 09 AJ -45R | 80 26U 87 684 i9 9.6
22 | 86 08 27 16 16 09 15 22 49 AJ -35R | 60 27U 58 624 13 9,0
23 | 86 08 28 10 16 00 10 23 09 AJ -80R | 40 33U 25 829 15 9.2
24 | 86 68 28 16 31 05 16 35 59 AJ -55L | 65 55 20 731 13 9.3
25 | 86 08 30 14 35 34 14 39 29 AJ -40R | 65 26 58 832 11 8,9
26 | 86 08 30 16 40 26 16 48 04 AJ -70L | 40 34U 21 734 11 8.6
27 | 86 08 3F 13 42 37 13 47 03 Ad -40R | 50 30U 48 781 11 7.9
28 | 86 09 01 12 50 41 12 54 30 Al -35R | 38 35U 34 221 9 8.8
29 | 86 09 03 06 51 06 07 02 22 AJ ~130R | 85 370U 20 1620 11 7,9
36 | 86 08 03 08 54 41 09 03 47 AJ -75R | 356 27U 20 1165 1% 6.6
31 | 86 09 03 15 02 33 15 15 01 AJ -60L | 55 220U 20 2044 11 6.9
32 | 88 08 04 056 59 29 06 08 LD AJ 205L | 65 54U 20 917 1l 7.7
33 | 86 09 04 08 04 i5 08 09 b1 AJ -90R ] 45 44U 20 694 11 7.2
34 186 09 04 12 08 21 12 17 33 AJ -35R | 40 29U 21 798 15 g.1
35 | 86 08 04 14 12 00 14 21 38 AJ -50L |} 80 52U 20 881 11 7,8
36 | 86 09 05 05 04 55 05 13 37 AJ 185L | 45 36U 20 596 13 9.7
37 | 86 09 05 07 12 @4 07 1§ 02 AJ -110R | 45 44 20 330 1¢ 8.0
38 | 88 09 06 13 15 19 13 27 30 AJ -45R | 70 37U 20 421 12 8,5
38 | 886 03 07 11 27 31 11 36 43 Ad -35R | 40 27U 25 593 13 10,1
40 | 86 09 07 13 28 47 13 39 53 AT -65L | 75 28U 27 1120 11 8.1
41 | 86 09 11 03 45 65 03 538 12 Ad 195L | 50 50 20 760 11 8.3
42 | 86 08 11 05 46 16 05 55 03 AJ -100R | 65 37U 21 1293 11 7.8
43 | 86 09 11 09 52 18 10 02 23 Ad -35R { 35 23U 20 1425 1t 6.6
44 | 86 08 11 11 54 3fY 12 08 51 AJ -46R § 85 30U 20 866 14 12.7
45 | 86 09 22 01 52 52 02 06 18 AT -I25R | 80 22U 20 1636 15 9.6
46 | 86 09 22 03 57 47 04 07 37 AJ -7O0R | 35 23U 20 780 11 8.0
47 | 86 09 22 08 06 I6 08 17 08 AJ -40R | 55 32U 20 1637 11 7.1
48 1 86 09 22 10 07 14 10 i8 38 AJ -B5L | 60 26U 20 1479 11 7.8
49 | 86 09 24 06 I6 31 06 26 41 AJ -30R | 36 2IU 20 837 il 7.9
50 | 86 0% 24 08 1& 08 08 31 25 AT -45R | 80 23U 20 2150 12 8.7
51 | 86 09 25 07 23 52 07 38 57 Ad -40R | 80 2ty 20 1900 11 8.6
52 | 86 09 25 09 29 56 09 37 47 AJd ~70L | 45 40U 21 573 it 8.5
53 | 86 09 26 00 20 22 60 24 19 AJ 216L | 75 34U 73 517 10 8.6
54 | 86 09 26 06 30 56 06 41 48 AJ ~35R | 45 25U 21 1148 Bl 7.8
55 | 86 09 26 08 32 59 08 44 34 Ad ~65L | 70 29U 22 1347 11 8.6
56 | 86 09 27 01 27 43 01 39 24 AT -100R | 50 26U 20 1362 11 7.1
57 | 86 08 28 23 40 33 23 51 29 AJ 220L | 80 39U 20 962 15 2.1
58 | 86 09 29 01 42 14  OF 52 54 AJ -75R | 38 23U 20 1013 12 8.2
53 | 86 09 280 05 49 48 08 01 51 AJ -356R | 45 22U 20 1423 11 8.5
60 §{ 86 09 30 00 54 33 00 59 05 Ad ~45R | 50 44 20 289 ] 6.6




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation
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{8} {8) (10} {11) (12) {13) (14} (15) {16)
No. STN T™MP PRESS HUM IpT DTS DTL COMMENTS
*C mb % ns ns ns
1 7838 | 23.2 1007.1 99 7.2 -0.4 -2.3
2 7838 | 23.1 1007.6 99 7.2 -0.4 -2.3
3 7838 1 26.0 1009.0 90 7.1 -0.56 -2.3
4 7838 | 24.7 1009.3 a6 7.0 -0.7 -2.3
5 7838 | 23.5 1008.9 96 7.3 -0.6 -2.3
] 7838 | 23.5 1006.6 97 7.2 -0.5 -2.4
7 7838 | 23.5 1006.8 97 7.0 -0.4 -2.4
8 7838 | 26.1 1004.2 86 7.0 -0.3 -2.4
9 7838 | 24.2 1004.1 94 7.1 -0.3 -2.4
10 7838 | 26.2 1003.8 a8 6.9 -0.4 -2.4
1t 7838 | 24.0 1001.8 89 7.1 -0.5 -2.4
i2 7838 | 23.2 1001.2 94 7.2 -0.5 -2.4
13 7838 | 24.3 1000.1 97 7.1 -0.3 -2.5
14 7838 | 23.5 998.4 98 7.0 0.0 -2.5
15 7838 | 23.6 997.7 98 7.2 -0.2 -2.5
16 7838 | 27.7 984.0 87 6.9 -0.2 -2.5 BAYTIME
17 7838 | 26.5 994.6 88 7.0 0.5 -2.5
18 7838 | 24.9 994.3 44 7.0 -0.2 -2.5
19 7838 | 24.8 993.8 91 7.0 -0.56 -2.5
20 7838 | 24.1 1006.9 15 7.0 -0.3 -2.8
21 7838 | 26.2 1005.4 91 7.2 -0.14 -2.6
22 7838 | 25.0 1005.1 45 7.1 ~0.6 -2.86
23 7838 | 26.4 1002.1 85 7.1 -0.3 -2.6
24 7838 | 26.1 1000.7 41 7.3 -0.3 -2.6
25 7838 | 21.3 1002.9 87 7.0 0.4 -2.5
26 7838 | 21.6 1062.7 84 7.0 -0.3 -2.6
a7 7838 | 21.7 1006. 4 93 7.1 ~0.3 -2.5
28 7838 | 26.5 1005.7 83 7.2 0.2 -2.4
28 7838 | 33.6 997.0 48 6.9 -0.7 -2.4 DAYTIME
30 7838 | 30.8 998,86 50 7.2 -0.7 2.4 DAYTIME
31 7838 | 24.1 1001.8 78 6.1 -0.7 -2.4
32 7838 | 29.6 1604.2 75 5.9 -0.6 -2.3 DAYTIME
33 7838 | 29.1 1004.5 73 5.7 -0.7 -2.3 DAYTIME
34 7838 | 25.9 1606.,6 45 6.2 -0.4 -2,3
35 7838 | 23.5 1007.,1 95 6.0 -0.4 -2.3
36 7838 | 29.2 1607,17 81 7.0 -0.4 2.3 DAYTIME
37 7838 28.7 1007.5 84 7.1 -0.14 -2.3 DAYTIME
38 7838 | 24.3 1008.9 917 6.8 -0.8 -2.3
39 7838 24.4 1006.0 a1 7.1 ~0.3 -2.2
40 7838 | 22.8 1006.4 96 7.0 -0.3 -2.2
i1 7838 | 27.8 1062.7 65 7.1 -0.4 -2.1 DAYTIME
42 7838 27.7 1002, 1 67 7.1 ~0.5 -2.1 BAYTIME
43 7838 | 24.3 1003.2 82 7.0 ~0.5 -2.1
44 7838 | 22.6 1004.0 81 7.0 -0.8 -2.1
45 7838 | 26.4 1005.6 66 7.1 -0.3 -1.8 DAYTIME
46 7838 | 26.3 1006, 2 85 7.0 -0.5 -1.8 DAYTIME
47 7838 25.6 1006.5 T4 7.1 -0.3 ~1.8 DAYTIME
48 7838 | 22.3 1007.7 90 7.1 -0.5 -1.8
49 7838 | 26.86 1007.5 58 7.2 -0.5 -1.7 DAYTIME
50 7838 24.3 1007.1 58 6.9 -0.4 ~E.7 DAYTIME
51 7838 | 23.8 1008.2 70 7.0 -0.5 -1.7 DAYTIME
52 7838 | 22.5 100%.0 72 7.0 -0.2 -1.7
53 7838 | 23.0 1012.1 55 7.2 -0.3 -1.8 . DAYTIMRE
54 7838 | 23.5 1011.0 70 7.0 -0.5 ~-1.6 DAYTIME
55 7838 | 22.3 1011.4 15 7.0 ~0.5 -1.8 DAYTIME
56 7838 | 23.6 1012.3 66 7.1 -0.6 ~-1.6 DAYTIME
57 7838 24,89 1001.6 63 6.9 -0.2 -1.5 DAYTIME
58 7838 29.0 1600, 5 41 7.1 ~0.3 -1.5 DAYTIME
59 7838 | 28.0 988.4 58 7.1 -0.1 -1.5 DAYTIME
60 7838 | 25.1 1007.4 69 T.2 -0.6 ~-1.5 DAYTIME




42 SATELLITE LASER RANGING IN 1986
Table 4. Observations and data evaluation
(1) {2) Obs.Tine{UTC) {3} {4)Az, {5)Blev. (6} (7)Fitting
No. date caught loat SAT. ST MX CT LT RTN N RMS
¥ M D h m s h B =a * * © M om
61 | 8 10 062 o5 11 04 05 21 3t AJ ~35R 5O 31U 2t 856 13 8.7
62 186 10 03 00 10 0% 00 18 37 AJ -80R | 46 33U 20 703 11 8.6
63 | 86 10 03 04 15 42 04 26 26 AJ -35R | 38 22U 20 806 -1 8.2
64 | 86 160 03 06 16 52 06 30 23 AT -50L | 80 220 20 1386 16 11,8
65 [ 86 10 03 23 11 48 23 23 55 AJ -1108 | 60 22U 24 1542 11 7.8
66 | 86 10 04 03 21 28 03 24 00 AJ -30R | 32 21 =29 272 9 7.0
87 | 86 10 07 23 4 48 23 51 53 AT -70R | 35 2lu 20 389 14  10.3
68 | 8B 10D 08 05 50 46 06 02 44 AJ -65L | 60 22U 20 563 14 9.5
69 | 886 10 08 20 44 02 20 56 24 Al 215L | 70 27U 20 1406 14 8.7
70 | 86 10 09 02 54 57 03 08 03 AJ -35R [ 40 220 2t 601 18 10.0
71 | 86 10 12 19 09 41 19 21 44 AJ 200L | 55 23U 20 1026 20 9.2
72 | 86 10 13 ©1 21 12 0 30 51 Ad -25R | 35 24U 20 916 9 8.6
73 | 86 10 13 03 30 37 €3 35 10 AJ -45R | 80 58 21 562 10 9.0
74 | 86 10 13 18 16 58 18 28 45 AJ 1754 | 35 22U 20 1008 iz 7.9
75 | 86 10 14 02 27 53 02 40 59 AJ -40R | B0 22U 20 1013 16 9.4
76 | 86 10 14 19 28 53 19 35 40 AJ 220L { 86 B84 20 604 12 10.0
77 | 86 0I5 01 34 41 01 46 06 AJ -35R | 45 25y 20 946 11 9.2
78 | 86 10 E5 18 29 I8 18 41 16 AJ 200L | 60 240 21 734 14 8.0
79 | 86 10 16 06 40 18 00 50 02 A -30R | 37 22U 23 593 11 8,7
80 | 86 10 16 02 42 t4 02 47 55 A -50L |} 90 26 88 821 11 8.1
81 | 86 10 16 19 36 28 18 47 48 AJ -115rR | 65 23U 29 1107 12 8.3
82 [ 86 10 16 23 46 08 23 56 08 AJ -35R | 30 21U 21 379 g 8.3
83 | 86 10 17 03 50 24 03 52 38 AT -95L | 37 22 81 141 q 7.8
84 | 86 10 17 18 43 08 18 47 45 AJ -135R | 80 29 78 657 13 10.3
85 | 86 10 17 20 46 D8 20 56 49 AT -75R | 35 2MU 20 616 4 9.8
86 | 86 10 18 18 57 25 19 08 47 AJ ~110R | 60 30U 21 1221 11 9.7
87 | 86 10 20 0 10 46 01 20 27 AJ -40R | 70 48U 2o 871 13 10.0
88 | 86 10 22 0 22 35 01 24 39 AJ -60L | 75 33 51 203 g 2.9
89 ] 86 10 22 18 17 ©7 18 2B 39 AJ -110R | 60 . 20U 20 1303 11 9.2
90 | 86 10 23 00 27 25 00 40 07 AJ -46R | 75 250 20 1443 12 9.3
91 | 86 10 30 00 14 33 00 25 33 AJ -75L | 40 21U 21 682 9 8.9
g2 [ 86 10 30 17 10 35 17 21 27 AJ -80rR | 38 2z1u 20 984 13 9.3
93 | 86 10 30 23 20 09 23 28 47 AJ -80L | 60 23U 47 8992 11 8.9
94 | 86 10 31 16 15 37 16 27 34 AJ -95R { 50 23U 20 1340 11 9.7
95 | 86 t1 02 16 3! 49 16 40 14 Ad ~76R | 35 27U 23 214 9 7.8
96 | 86 EI 03 15 35 38 15 47 07 AT -90R | 45 23y 20 937 19 2.5
97 | 8 11 04 12 41 15 12 50 37 AJ 1801 | 40 29U 21 1017 12 8.3
98 | 86 1} 05 13 45 49 13 59 25 AJ -130R | B0 21u 20 1059 20 10.5
99 | 86 11 06 12 53 32 13 05 10 AJ 2101, | 70 30U 20 1676 12 8.6
100 { 86 11 03 18 23 18 18 33 Ot AJ -35R | 40 21U 28 922 bE 8.8
161 [ 86 11 10 11 18 37 11 30 31 AJ 190L, | 60 23U 20 1289 14 8.1
102 | 86 11 10 19 30 47 192 44 04 AJ -45R | 80 22U 20 1213 14 10,1
103 | 86 11 17 19 18 60 19 28 35 AJ -15L | 35 21U 22 321 10 4.5
104 | 86 11 18 10 10 24 10 23 59 AJ ~130R | 80 21U 20 1281 15 9.7
105 | 86 FF 18 18 22 17T 16 34 00 AJ ~35R | 50 220 22 702 13 9.0
106 | B6 I 19 09 16 43 09 28 11 AJ 205L | 85 21U 29 374 g  10.5
107 | 86 11 19 11 1% 29 I 31 28 AF ~G0R | 45 21U 20 198 14 8.5
108 § 86 11 19 15 28 34 15 39 20 AJ -30R | 40 22U 20 590 13 8.8
109 | 86 11 21 09 34 19 09 40 02 AJ -130R | 80 55U 46 179 17 10,0
110 [ 86 11 21 11 34 37 1} 45 OB AT -T0R | 35 21U 20 761 9 7.3
111 | 86 11 21 15 41 47 15 54 10 AJ ~40R | 55 22U 21 &82 19 9.2
112 | 86 11 25 07 556 56 08 0% 13 AJ 215L | 75 22U 20 1623 12 8.4
113 | 86 §F 25 10 02 25 10 10 22 AJ ~86R | 40 36U 21 53 8 12.7
114 [ 86 11 25 14 08 01 14 17 55 AJ -35R | 45 24U 25 469 12 8.7
P15 | 86 11 28 07 02 22 07 14 il AJ 1951 | 50 21U 23 366 18 9.4
i16 | 86 11 26 09 04 08 09 16 53 AJ -100rR | 55 21U 20 1299 12 8.4
117 | 86 11 27 06 10 45 08 19 29 AJ 165L | 32 23U 21 442 10 8.8
118 | 86 11 27 98 09 35 08 23 01 AJ -120R | 75 22U 20 1526 18 9.7
119 | 86 11 27 14 21 26 14 33 29 Ad -40R | 60 24U 22 878 19 9.7
120 | 86 11 27 16 23 47 16 33 24 AJ -T0L | 45 23U 26 493 iz 11.8




SATELLITE LASER RANGING IN 1986

Table 4. Observations and data evaluation

(8) {9} (10} {11} {12} {13) {14} {15} {16}
Ne. STN T™P PRESS HUM IDT PTS PTL COMMENTS
*C mb % ns ps ps
81 7838 25.86 1008.2 64 741 -0.3 -1.4 PAYTIME
62 7838 24.6 1011.9 71 7.6 0.5 -1.3 DAYTIME
63 7838 | 26.0 100%.7 51 7.1 -0.4 -1.3 DAYTIME
64 7838 24.7 1009,3 548 7.1 -0.3 -1.3 DAYTIME
65 7838 | 20.7 1012.3 61 .2 -0, 8 -1.3 DAYTIME
66 7838 23.3 1011.1 55 7.3 -0.4 -1.3 DAYTIME
67 7838 22.5 1002.5 58 7.2 -0.3 -1:1 DAYTIME
68 7838 | 26.2 1002.1 46 7.2 -0.3 -1.0 DAYTIME
69 7838 14.7 1009.5 67 7.1 -0.8 ~1.,0
10 7838 23.5 1010.8 67 7.0 -0.7 ~0.9 DAYTIME
KR! 7838 15.1 i006.6 80 7.2 -0.3 -0.7
12 7838 22.6 1008.2 60 7.3 -0.2 ~0.6 DAYTIME
73 7838 23.6 i007.3 61 7.2 -0.3 -0.6 DAYTIME
74 7838 14.1 1010.1 T4 7.0 -0.6 -0.6
75 7838 22.4 1011.0 62 7.4 -0.5 ~0.5 DAYTIME
6 7838 16,0 1010.0 90 7.5 -0.6 ~0.6
77 7838 22.1 1010.8 64 7.4 -0.56 ~0.4 DAYTIME
78 7838 14,7 1009.2 86 7.1 -0.86 0.4
79 7838 21.7 1010.8 67 7.2 ~0.3 -0.3 BAYTIME
80 7838 24.8 1008.8 43 7.3 -0.3 -0.3 DAYTIME
81 7838 13.9 1009.5 71 7.3 0.7 -0.3
82 7838 20,90 1¢16.8 57 7.4 -0.,4 -0.3 DAYTIME
83 1838 22,5 1008.0 46 7.3 ~0.5 -0.2 DAYTIME
84 1838 11.3 1515.8 53 7.4 -0.8 -0.2
85 1838 10,1 1016.2 654 7.1 -0.6 -0.2
86 7838 10.7 1020.2 60 7.1 -0.4 -0.1
87 7838 16,1 1022.86 53 7.3 -0.3 -0.1 DAYTIME
88 7838 22.8 1004.,9 70 7.1 -0.9 0.0 DAYTIME
89 7838 9.4 1013.2 66 7.3 -0.3 0.0
a0 1838 16.8 1617.3 49 7.4 -0.6 0.1 DAYTIME
91 7838 i6.1 1614.1 62 7.2 -0.5 0,3 DAYTIME
a2 7838 8.1 1020.2 59 7.0 -0.7 0.3
93 7838 1.3 1621.7 63 7.2 -0.8 0.3 DAYTIME
a4 7838 10.4 1018.6 a8 7.2 6.0 0.3
95 7838 16.7 1011.7 74 7.3 -0.4 0.4
96 7838 14.4 i006.2 96 7.2 0.1 0.4
97 7838 13.3 1009.7 75 7.3 ~0.4 0.4
a8 7838 10.4 1014.9 70 7.0 -0.4 0.4
99 7838 10.6 1018.2 67 7.3 -0.5 0.5
i00 7838 12.1 1003.8 70 7.3 -0.8 0.5
iol 7838 10.8 i008.3 69 7.0 -0.4 0.5
102 7838 11.6 1009.9 63 7.0 -0.5 0.5
103 7838 9.1 1014.2 69 6.2 -0.2 0.7
104 7838 1.1 1014.5 78 7.3 -0.56 0.8
1056 7838 19.3 1013.0 71 7.2 -0.4 0.8
106 7838 11.0 1012.4 75 7.2 -0.6 0.8
107 7838 16.6 1013.0 T4 7.3 -0.6 0.8
108 7838 9.5 1013.4 71 7.3 -0.6 0.8
109 7838 11.8 1020.8 79 7.1 -0.3 0.8
110 1838 9.7 1021.9 87 7.2 -0.6 0.8
111 7838 9.0 1021.5 84 7.4 -0.4 0.8
112 7838 9.5 1005.8 68 7.2 -0.4 0.9 PAYTIME
113 7838 17.8 1006.6 70 7.1 -0.4 0.9
114 7838 i5.9 16067.9 55 7.0 -0.6 0.9
115 7838 11,4 1016.7 49 7.1 0.4 0.9 BAYTIME
118 7838 8.5 1019.,7 54 7.1 ~0.8 0.9
117 7838 12.6 1023.2 52 7.2 -0.3 0.9 BAYTIME
118 7838 8.9 1024.1 66 7.1 -0.2 0.9
119 7838 5.9 1o24.5 77 7.1 -0.5 0.9
L2 7838 6.1 1023.9 77 7.4 0.4 0.9
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Tahle 4. Observations and data evaluation

(1) {2) Obs.Time{UTC} (3) {4}Az. {6)Blev. {8} {T)}Fitting
No. date caught loat SAT. 8T MX CT LT RTN N RMS

Y M D h m =8 h m s M ¢ ° ¢ cm
121 | 86 11 28 07 18 13 07 28 57 AJ 220L | BO 41U 20 714 13 7.9
122 | 86 11 28 0% 19 10 09 30 17 AJ -80R |40 21U 20 307 8 9.9
123 | 86 11 30 13 4t 58 13 62 51 AJ -40r | 65 29U 25 833 15 1i.1
124 | 86 11 30 15 43 33 15 54 03 AT -78L | a0 22U 20 475 14 10.8
125 [ 86 12 01 06 37 33 06 48 24 AJ 225L | 85 38U 21 801 19 2.3
126 | 86 12 01 08 3% 56 08 47 52 AF -75R | 37 24U 28 181 T 10,5
127 { 86 12 01 12 486 59 12 56 30 AT -40R { 45 22U 32 658 15 10.3
128 | 86 12 02 05 41 34 05 54 22 AT 200E | 60 220 2¢ 1023 20 9.0
129 | 86 12 02 07 44 06 D07 56 06 AJ -96R [ 45 22U 20 1155 12 8.5
130 | 86 12 02 11 53 28 12 03 41} AJ -35R | 37 23U 20 608 13 9.9
131 § 86 12 03 08 54 37 09 03 03 AT -55R | 30 21U 22 285 7 10.1
132 | 86 12 05 11 12 54 11 23 25 AJ -35R | 40 23U 2] 308 7 11.9
133 | 86 12 06 06 10 16 08 1% 29 A -120R | 60 29U 34 155 16 13.3
134 | 86 2 07 13 28 46 13 40 11 AJ -65L | 50 26U 20 168 18 11.3
136 | 86 12 08 04 24 02 04 33 28 AT 210L | 70 47U 22 269 1t 10.5 {
136 | 86 12 08 06 25 48 06 34 11 A -90R | 45 31U 25 326 10 10.3
37 | 86 12 08 10 32 36 10 43 34 A -35R | 40 23U 20 332 g 2.1
138 | 86 12 09 03 31 67 03 38 25 AJ 190L | 45 45 24 65 5 10.6
139 | 86 12 09 05 30 06 05 39 09 AJ -1058 | 55 28U 33 29¢ 17 1e.5
140 | 86 12 09 09 38 56 09 48 12 AJ -30R | 33 24U 20 639 g 8.7
141 | 86 12 10 19 46 56 10 57 19 A -40R | 55 28U 26 334 18 9.7
142 [ 86 12 11 03 44 44 03 53 03 AJ 215L | 75 60U 22 618 11 8.4
143 | 86 12 11 06 45 30 06 53 04 AT -86R | 40 30U 28 153 7 9.5
144 | 86 12 11 09 51 53 10 03 26 AT ~36R | 45 22U 20 163 11 8.3
146 | 86 12 12 02 51 49 02 59 08 AJ 180L | 50 50U 20 136 7 10.2
146 | 86 12 12 04 50 17 05 00 04 AJ -100R | 55 31U 25 586 19 9.4
147 | 86 12 12 08 58 11 09 08 10 AJ -35R | 35 22U 20 1239 12 8.4
148 | 86 12 16 08 23 5I 08 28 03 AJ -35R | 35 35 20 108 7  11.8
149 } 86 12 15 10 22 15 1¢ 32 11 AJ -60R | 80 470 21 1017 12 8.8
150 | 86 12 16 11 29 26 11 38 15 AJ -70L | 38 28U 20 112 10 9.2
15} | 86 12 17 04 26 32 04 34 I6 AJ -75R | 37 33U zo 239 7 11.8
152 | 86 12 17 08 32 12 08 43 16 AJ -35R | 50 27U 20 1110 1z 10.1
153 | 86 12 17 10 33 08 10 39 15 AJ -60L | 860 23 59 31 7 8.3
154 | 86 12 19 02 34 47 02 46 31 AJ -110R { 65 30U 20 843 15 10,4
1556 | 86 12 19 04 38 43 04 418 00 Ad -80R | 30 21U 20 528 10 8.7
156 § 86 12 19 08 45 11 08 57 15 AJ ~45R | 70 25U 23 471 18 10.0
167 | 86 12 20 01 41 07 01 52 31 AJ ~-E30R | 80 36U 20 681 18 10.5
158 | 86 12 22 @01 56 37 02 05 68 AJ -105R | 60 44U 21 422 18 10,9
159 | 86 12 22 06 03 56 0B 12 35 AJ ~35R | 3z 25y 20 458 7 11.2
60 | 86 12 22 08 06 46 08 17 3z AJ -45R | 76 39U 20 430 12 11.0
161 | 86 12 23 01 01 49 o1 12 01 Al -126R | 80 45U 21 308 15 9.0 (
162 ) 86 12 23 07 12 35 ©7 22 &7 A -40R | 55 35U 20 175 14 10.8
163 | 86 12 23 09 13 04 09 24 29 AJ ~B5L | 50 25U 20 807 19 g.8
164 [ 86 12 24 00 13 27 00 18 01 AJ 2i5L | 70 54 =20 258 7 10.6
165 | 86 12 24 02 08 26 02 19 37 AJ -90R | 40 24U 20 1070 14  1t.3
166 | 86 12 24 08 17 49 08 31 14 AJ -56L | 756 21V 20 1669 13 8.5
167 | 86 12 26 00 19 50 00 3t &1 AJ -120R | 75 31y 2@ 862 19 1o0.8
168 | 86 12 26 06 31 19 06 42 47 AJ -40r | 55 29U 20 930 19 13.4
169 | 86 12 26 08 32 08 08 43 54 AJ -70L | 45 21U 20 905 19 1.1
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Table 4. Observations and data evaluation

{8) (9) (10) {11) (12} (13) (14) (15} (16}

No. 3TN TMP PRESS HUM iDT DTS DTL COMMENTS
*C mb % ns Ms He

121 7838 15.5 1018.8 53 7.2 -0.5 0.9 DAYTIME

122 7838 10.5 1019.1 74 7.2 ~0.5 0.9

123 7838 7.6 1019.3 67 7.3 -0.3 1.0

124 7838 6.0 1018.2 72 7.3 -0.3 1.0

125 7838 14.4 1017.1 52 6.9 -0.2 1.0 DAYTIME

126 7838 11.2 1018.2 57 7.1 -0.4 1.0

127 7838 9.1 1019.5 656 7.0 -0.38 1.0

128 7838 14,9 1018.7 66 7.1 -0.2 1.0 DAYTIME

129 7838 12.3 1619.1 16 7.0 -0.5 1.0 DAYTIME

130 7838 9.2 1019.3 88 7.1 ~0.4 1.0

131 7838 13.2 1009.6 B7 6.9 ~0.4 1.0

132 7838 8.3 1015.3 73 7.3 -0.4 1.0

133 7838 15.4 1016.0 &1 7.7 -0.6 0.9 DAYTIME

134 7838 6.9 1015.6 59 7.7 -0.3 0.9

135 7838 13.3 1015.86 19 7.8 -0.3 0.9 DAYTIME

136 7838 13.0 1016.5 53 7.8 -0.2 0.9 DAYTIME

137 7838 7.1 1018.2 70 7.8 -0.3 0.9

138 7838 16.8 1016.5 59 77 0.0 0.9 DAYTIME

139 7838 16.6 1016.1 62 7.6 0.1 0.9 DAYTIME

140 7838 10.3 1016.7 83 1.7 -0.2 0.9

141 7838 11.3 1010.8 86 7.8 ~-0.8 0.8

142 7838 16.6 1013.8 56 7.8 -0.6 0.8 DAYTIMRE

143 7838 16.2 1013.8 55 8.0 ~0.6 0.8 DAYTIME

144 7838 9.2 1016.0 87 1.6 -0.8 0.8

145 7838 18.1 1016.7 53 1.6 -0.4 0.8 DAYTIME

148 7838 18.7 1015.8 48 7.7 -0.4 0.8 DAYTIME

147 7838 11.5 1018.0 70 7.1 -0.6 0.8

148 ., 7838 12.0 1009.0 64 7.5 -0.6 0.8

149 7838 11.0 1011.,9 66 7.3 -0.5 0.8

150 7838 6.4 1017.5 [i1:] 7.8 -0.3 0.8

151 7838 15.0 1016.8 67 7.5 -0.5 0.7 DAYTIME

152 7838 11.3 1018.6 76 7.5 -0.5 0.7

153 7838 8.0 1019,0 86 7.7 -0.6 0.7

154 7838 14.7 997.2 80 7.5 -0.4 0.7 DAYTIME

155 7838 5.1 995.7 51 7.4 -0.3 0.7 DAYTIME

156 7838 9.6 998.5 70 1.8 -0.3 0.7

157 7838 0.4 1013.1 48 7.3 -0.3 0.6 DAYTIME

158 7838 11.8 1016.0 5Q 1.4 -0.4 0.8 DAYTIME

159 7838 10.8 i0E7.8 50 7.5 -0.4 0.6 DAYTIME

160 7838 7.3 1019.5 68 7.4 ~0.3 0.8

i61 7838 10.9 [021.0 54 7.5 -0.3 0.6 DAYTIME

162 1838 12.4 10§6.2 64 7.7 -0.5 0.8 DAYTIME

163 1838 9.5 I0i6.7 81 7.8 -0.5 0.6

164 7838 13.0 1014.3 53 7.5 0,3 0.5 DAYTIME

166 7838 16.4 1013.4 49 7.5 ~0.4 6.5 DAYTIME

166 1838 11.1 1012.8 63 7.5 -0.4 0.5

167 7838 10.7 1018.6 57 7.5 -0.2 ¢.5 PAYTIME

168 7838 13.1 §016.8 a7 7.8 -0.3 0.5 PAYTIME

169 1838 9.2 1018.7 57 7.5 -0.2 0.5
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SATELLITE DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1986

This paper is a continuation of the series of report on the satellite Doppler positioning of thetoff-lying
islands in Japan which so far appeared in “Data Report of Hydrographic Observation, Series of Astron-

omy and Geodesy”. The provisional resuits of the observations made by the JHD in 1986 is given.

Key words : satetlite Doppler positioning-marine geodetic controls

REFEECIE, 1980 LI RIRORE: LT, ALGELAML CRLHr L8lEic b s Biogsl
DRABEEAT > T b, FR T, 19868 I L 2R ERTHIRIC L 2B 0GR BRI OB R
DWIHET L. BEBE EOFERC OV CIRKBGRESER CHEEIT R 2R E Aoy (il
iR, 1983),

FHERITEZEORMD L RAHL FBAERMEORR L B 1 RIORT, BEELTROARTEIESICHT
& BERERTHD,

Table 1. Sumimary of the positions of the fiducial markers expressed in the Tokyo Datum by means
of the satellite Doppler observations

Station Marker @ A h

. v P m
= Bt (Lki) Gl 33 46 01.996N | 120 38 46.626E 32.11
HEEE (Io Tori Sima) Hi 27 51 44.976 [28 14 11,736 123.59
" H2 27 51 51.505 128 14 06.789 68.58
" Gl 27 52 11.722 128 13 33.199 144.08
" G2 27 51 45.286 128 14 11.662 125,57
M4 B (Yokoate Sima) H2 28 47 38.731 128 5% 11.868 21.48
b /iR (Kaminone Sima) H2 28 49 53.989 120 00 19,427 16.16
il B (Naha) H} 26 14 26.149 27 40 32.266 31.91
* 2 (Bisei) HE M 40 35.556 133 34 24,747 513.16
" H1 M40 36.242 133 34 26.102 516.43
F e (Tukiji) H 35 39 41811 139 46 10.393 40.40
" A 35 39 40.048 130 46 06,920 4.57
" Hi 35 39 39.793 139 46 06,52 3.56

h : the height above the (lecal) mean sea level
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Figure 1, Plan of Doppler positioning in 1986
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2.

DOPPLER POSITIONING OF OFF-LYING ISLANDS IN 1986
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Figure 9. Yokoate Sima, Kaminone Sima
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DOPPLER POSITIONING OF QFF-LYING ISLANDS IN 1986

LR R 7237 A -2 ELIBT L, IR EERENR oS b T,

Table 2. Positions of the NNSS antennas : the solutions of the transloeation of the Doppler observa-

tions in the reference system of NNSS

Station ¢ A H Note
T £ {Simosato) 33 34 30.123N | 135 56 12.089E | 107.19 | SEEE
% B (Bisel) 348 47,867 133 M 15.743 | 553.08
M (Tukij) 35 39 51.352 139 45 54.490 41.13
F 4 (ki) 33 46 13.435 129 38 37.674 64,43
T B (Simosato) 33 34 39.242 135 56 12,109 | 106.60 | FHIEELRI
¥ B {Bised) 3¢ 40 47.975 133 34 15.798 | 552.49
F R CTukif) 35 3% 51.45% 139 45 54.528 | 41.42
#  JH (Kanbara) 3B 06 58,633 138 3¢ 59.233 57.52
T B (Simosato) 33 34 39.038 135 56 11,887 105.36 | Bt B EEW]
I ¥ (Naha) 2% 14 40.359 127 40 24.420 | 65.80 | B
B E (o Tori Sima) 27 52 05.160 128 13 58.279 | 102.54
T # {Simosato) 33 34 38.818 135 56 15921 | 100.28 | WM AEEE
T B (Naha) % 14 40147 127 48 24.492 68.60 |
HEERE (lo Tori Sima) 27 52 {4.95% 128 13 58.372 | 105.39
T # (Sinosato) 33 34 39.196 135 56 11,962 | 108.27f 8 - b/ 1His
# B (Naha) 2% 14 d0.52 127 40 24.481 66.68 | LM
# %4 & (Yokoate Sima) 28 47 52.200 128 59 03.460 55.36
+ 24 (Kaminone Sima) 28 50 07.444 120 60 1010 | 50.13

H : the height above the WGS-72 ellipsoid {a=6378135m, f{=1/298.26)
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Table 3. Positions of the NNSS antennas : the transformed resulis of Table 2 into the Tokyo Datum

Station ¢ _ A H g;};ﬂfgggg Note
o oo 1t n

T H 33 34 27.008N 135 56 23.041E 67.61 | AU= 133,935 | ESrEEH]
E E 3440 36,497 133 34 26.082 497.24 | AV =—522.654
E 35 39 34.800 139 46 06.915 4.69 | AW=—676.591
g K 33 46 01.99 129 38 46.626 0.17
T B 33 34 27.008 135 56 23.041 67.61 | A= 132,484 | WRERR)
x B 34 40 36.485 133 34 26.121 497.18 | AV =—520.532
E 35 39 39.785 13% 46 06.926 5.40 | AW=—679.320
W 35 06 46.261 138 35 11.188 | 19.79
B 15 33 34 27.098 135 56 23.041 67.61 | AU= 130.258 | i B HEN
H B 26 14 26.157 127 40 32.297 47.90 | AV=—526.345 | fiId
EHBS 27 51 51.546 128 14 06.447 74.43 | AW=—673.397
T By 33 34 27.098 135 56 23.041 67.61 | AU= 135.908 | i 558
W B 26 14 26,144 127 40 32.301 46.12 | AV =—530.593 } &%
BRBR 27 51 51.547 128 14 06,473 72.86 | AW=—0669.918
T By 33 34 27.098 135 66 23.041 67.61 | AU= 131.410 | BiLE - |k /1Rt
#H 50 26 14 26.146 127 40 32.290 46,76 | AV =524 769 | B
B 28 47 38.731 128 59 11.868 20.85 | AW=—679.062
L tReE 28 49 53.989 129 00 19.427 15.41

H : the height above the reference ellipsoid of the Tokyo Datum
¥ shows the fixed station to derive the corresponding translation parameters. The coordinates of this
station were obtained by the previous Doppler observations and the ground surveys,

Iz B L R, BIBLIRLASET  FHoGBII R NAERSOMETHD, 270, &
EhE AL SIS oW TE, 25O FRHE B,

S
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Table 4. Positions of the NNSS antennas ; the ground survey results in the Tokyo Patum or in the
local datum

Station ¢ a h Note
. . A m

T By 33 34 27.008N 135 56 23.041E 67.61 =il
* B 34 40 36.418 133 3 26.019 518.26
% 3B 39 39.822 138 46 06.859 .46
T 33 46 0L.878 129 38 46.647 33.66
F By 33 34 27.098 135 66 23.041 67.61 IR A
* 2 34 40 36.418 133 34 26.019 518.26
E O 35 39 39.822 139 46 06.85% 5.51
F 23 - - -
F By 33 34 27.098 135 56 23.041 67.61 S BER
# 5 26 14 26.582 127 40 32.046 33.91 Hij
HEEE 27 51 51.922 128 14 06.185 70.06
T fiths 33 34 27.098 135 56 23.041 67.61 BEBEER
i 5 26 14 26.582 127 40 32.046 33.9 #F
A1 27 5F 51.922 128 14 06.185 70.06
T iy 33 34 27.008 135 56 23.041 67.61 WS - kiR
il E 26 14 26.582 127 40 32.046 33.91 B
BLE - — 23.10
b /1R - - 17.69

h : the height above the (local) mean sea level
vr . Defining values of the coordinate system adopted by this series of report {expressed in the Tokyo
Datum)
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Tahle 5. Differences between the Doppler results and the survey results : Doppler (Table 3) minus
survey (Table 4)

Station N AN hg
T 8 (Simosato) 0’.'(300 0’.’090 (?.1{]0
£33 2 (Bisei) +0.073 +6.083 —21.05
.12 M (Tukiji) —0.036¢ +0.062 —0.44
=] i (Iki) +{0,118 —0.621 -33.49
# B (Naha) —0.433 +0.250 +13.02
HEEE (lo-Tori Sima) —0.376 +0.275 +3.59
# 4 5B (Yokoate Sima) — — —2.25
b/ (Kaminone Sima} — — —2.28

hg : geoidal height referred to reference ellipsoid of the Tokyo Datum or lacal datum

Table 6. Positions of the reference triangulation points used for the survey (expressed in the Tokyo
Datum or in the local datum)

Station é A h

. s . .+ on m
T L) (D 33 34 36.088N 135 34 58.50ZE 123.35
" Hb (1) 33 34 51.29 135 56 37.380 79.57
% B HEEEH (IV) 34 40 35.610 133 34 24.281 513.48
" Lot (I 34 41 05.0M4 133 34 23.529 504.15
B H &3 (0D 35 37 50.603 139 46 34.542 9.64
= i3 FE () 33 46 01.878 129 38 46.647 32.11
# i} Radg (D 26 13 37.202 127 41 05.766 45.85
'f ~ ) — {IV) 26 11 46.784 127 40 24.714 48.01
HEBE G1 (I) 27 52 12.0W 128 13 38.924 143.89
" G2 (I1%) 27 51 45.661 128 14 11.387 125.38

‘I'he Roman number denotes the class of the triangulation points.
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COMPLETION OF A TRANSPORTABLE LASER RANGING STATION (HTLRS)

Abstract

A Transportable Laser Ranging Station for the project of the expansmn of the Marine
Geodetic Controls around Japan had been manufactured since 1985 and was completed by
the end of October 1987.

The Nd YAG laser subsystem transmits pulses of 50-100 psec wadth in the repentmn
rate of § pps. The output energy of each pulse is around 50 millijoules.

The receiving optics, eiectromcs and elevation axis are on a bench gimballed on the
azimuth axis. The transmitter laser beam of 10 cm diameter passed along the azimuth axis
is transmitted to a satellite by using the central part of a square mirror for elevation control.
The refurn signal from the satellite is also recewed by the outer part of the same mirror for
elevation control and is guided to the Cassegram receiver with 35 em aperture.

AH the system is housed in two shelters. The mount and laser subsystem are installed _

in one of the shelters and control/measurement electronics are set up in the other shelter.
The total weight is about 5 tons and the system can be trahspo_rted by a ship ora transpdrt
plane, o

The system can measure the timing of flickers of reflected solar light from the Japanese
Geodetic Satellite “Ajisai” by using the same receiving optics for laser ranging: except the
final stage for detection, The timing data are used for photographing of the sateltite by
a transportable satellite camera. The station is capable of ranging not only fo Ajisai but also
Lageos. Test observations and total adjustments of the HTLRS started in September 1987
at the Simosato Hydrographic Observatory, The ranging precisions for Ajisai and Lageos
given by the test observations are 3 — 4 cm level. The specifications of the HTLRS are given

in this report.

Key words: satellite laser ranging — TLRS

1. System configurations

A Transportable Laser Ranging Station of the Hydrographic Department was completed
in October 1987 and named as HTLRS. The station has been manufactured since 1985 and
is to be used for the precise determination of position of offlying islands in the project
named the expansion of the Marine Geodetic Controls around Japan. The station is com-
posed of the following subsystems; (1) a Jaser subsystem, (2) a mount, (3) transmitting
optics, (4) receiving optics, (5) receiving electronics, (6) a control subsystem, (7) a clock
subsystem, (8) a computer subsystem, (9) timing measurement subsystem for the reflected
solar flicker light from “Ajisai”, (10) meteorological measurement equipments, (11) shelters
and (12) power generators. The overview of the HTLRS is given in Figure 1 and the control-,

computer- and clock subsystems are shown in Figure 2.
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2. A laser subsystem

The laser is a frequency doubled and mode Jocked Neodymium YAG (Nd YAG) system
(Quantel International YG 501C) that produces a pulse of 50 millijoules (imJ) energy and 50
— 100 ps width with a repetition rate of 5 pps. The laser subsystem consists of a transmitter
asserﬁb_ly, a laser control console with power supplyer and a heat exchanger, The transmitter
assembly is located on the laser table under the mount in one of the shelters and the control
console and the heat exchanger are housed in the other shelter,

The transmitter assembly consists of a pumping. oscillator followed by a pulse slicer,
one stage of a double-passing pumping laser amphﬁer and an optical second-harmonic
generator. The oscillator transmits 2 mode-locked pulse train which includes seven to nine
pulses of 7.5 ns interval and the slicer selects one pulse from the pulse train. The selected
narrow pulse is amplified by the double-passing amplifier. The output pulse width can be
selected as 35 ps, 50 ps, 100 ps or 200 ps. The maximum output energy for the case of
200 ps pulse width is 70 m] in the wavelength of 532 nm. The diameter of the output laser
beam is 7 mm and the stability of the output energy is around 7% RMS. The beam diver-
gence is 0.6 mrad and polarization is perpendicular, The time jitter is around 10 us. The
optical block diagram of the laser transmitter assembly is given in Figure 3.

The oscillator and amplifier are illuminated by two and four flash lamps, respectively,
To release the heat from these flash lamps the subsystem has a water-circulating cooling unit.
The volume of the circulating water is 7.6 Ifmin. The heat of the water is released to the
outside of the shelter by two air conditioners.

3, Mount

The mount has a form of a gimballed elevation axis over the azimuth axis. The transmit-
ting optics, receiving optics and major part of receiving electronics are on a bench over
the azimuth axis. A transmitter laser pulse passed along the azimuth axis is transmitted to
a satellite by using the central part of a square mirror for elevation control. A returned
signal from the satellite is also received by the outer part of the same mirror for elevation
conirol. The optical block diagram of the system is shown in Figure 4. The elevation axis
is driven by a DC-torque motor (Magnedyne R9223-01-T with 295 Watts) and controlled
by both a tachometer (Magnedyne T9224-100-P) and a 20 bits encoder (Tamagawa-Seiki
TS1303N50) with a resolution of 1.2 arcsec. For the azimuth axis, a DC-forque motor
(Magnedyne RE10428-04-T with 325 Watts), a tachometer (Magnedyne T9224-100-P)
and a 20 bits encoder (Tamagawa-Seiki TS1303N50) are used. The ranges of the azimuth
and elevation axis are £300 deg and —96 deg to +91 deg, respectively. The tracking angular
velocities are from sidereal to 13 degfs both for elevation and azimuth. The estimate of
the tracking accuracy Is within 10 arcsec.
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4. Transmitting optics

The laser pulse beam transmitted from the transmitter subsystem with the diameter of
7 mm is expanded to 10 cm by a beam divergence control and is reflected into a Coude
path along to the azimuth axis by a mirror. The pulse is also reflected by a mirror at the
center of receiving optical path and by the central part of elevation control mirror. At the
front end of transmitter/receiver a high precision flat coverglass is equipped. Total loss
estimate for transmitter light is about 6%. A corner cube prism for alignment and mitror
adjustment is attachable in front of the coverglass. A He-Ne laser for collimation is also
applicable for a beam alignment.

The divergence for output laser light is controlled from 80 urad to 2.0 mrad by a motor
driven lens positioner.

For the case of ground target ranging for calibration, a pinhole attenuator for output
laser light is inserted after the beam expander/divergence control.

5. Receiving optics

A returned light from a satellite is guided to a Cassegrain telescope (a modified Celestron
C—14 by Yukigaya-Seimitsu) after reflection by the flat square mirror with the size of 35¢m
x 50 c¢m. The aperture of the telescope is 35 cm and the focal fength is 3.9 m, The first
mirror is made of aluminum and the shadow of the second mirror of the telescope is well
used for light path of transmitting pulse. The paralie] light beams to the optical axis of the
telescope make a point image at the focus where a remote controlled iris limits the field
of view with a range from 100 prad to 5 mrad.

The light is splitted to two ways by using a dicroic mirror with 99.5% reflectivity for
532 nm, The light with the wavelength near 532 nm goes to a micro-channel-plate photo-
multiplier tube (MCP—PMT: Hamamatsu R2024U-01 with gating function) through a
remote controlled optical attenuator with range from 0 to 40 dB, a mechanical chopper to
protect the PMT from the strong scatter transmitting light and an interference filter with
1.0 nm bandpass and 45% transparency. This green light is also guided to an eyepiece,
The course of the remaining splitted light without green spectrum is changed by some
mirrors, In one case all the remaining light goes to a television guide with an image intensifier
with 6.5 star magnitude tracking capability, In another case the light goes to a photo-
multiplier tube (Hamamatsu R669) for detection of the timing of flickers of reflected solar
light from the Japanese Geodetic Satellite ““Ajisai”’, The timing data are used for photo-
graphic direction determination of the sateflite by using a transportable satellite camera
(Sasaki, M., Hashimoto, H,, 1987). Both reflected fight and transparent light by the dicroic
ntirror can be seen through two respective eyepleces.
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6. Receiving electronics

The start pulse is detected by a photodiode (Hamamatsu S-2381 with 200 ps risetime)
at just after the laser transmitter. The receiving electronics to detect the returned signal
and to measure the flight time consists of the MCP—PMT, two amplifiers (NEPA 1001AA
with 50 MHz — 3 GHz bandpass and 20 dB gain, each), a fast dual comparator {Plessey
SP9687), a receiver control unit and a flight time counter with 20 ps resolution (HP 5370B).
The PMT has a gain of 5 x 10°° and a rise ime of 300 ps, The quantum efficiency of the
PMT is 6% at 532 nm of the wavelength, The position and width of range gate are controled
within the range from 0.6 us to 0.1 s and from 200 ns to 30 ms, respectively. The receiving
electronics can detect one electron signal level.

7. Control subsystem

The mount is controlled by a survo controller and amplifier according to computer
output values at the IfO rate of 20 Hz,

The following items are remotely controlled through the console panel and control unit:
satellite tracking and ranging; pround tfarget ranging; star tracking for mount calibration;
joystic control of the mount (manual and computer aided); optical receiver attenuation
(0 — 40 dB); start and stop threshold level; system clock adjustment; shutter for input light;
range gate width (200 ns — 30 ms with ! ps interval) and gate position control (0.6 us —
0.} s in 2 ps interval); tracking time offset, manual motion of the mount, transmit laser
beam divergence (80 urad — 2.0 mrad), field of view (100 urad — 5 mrad).

The following items are displayed on the console panel: elevation and azimuth encoder
bits (20 bits x 2); elevation and azimuth angle in degree; time; start and stop thresholds;
field of view; beam divergence; conductivity of cooling water; shutter status; detected flash
timing of Ajisai; wave form of transmitted laser light. On a CRT screen elapsed time after
tracking start, predicted and actval elevation and azimuth angles, additional values for
elevation and azimuth by joystic control, observed range (O) and observed minus calculated
(0-C) range values and number of return signals, Some of these values are given by pictures
and the tracking to satellite can be made by a computer game like operation.

8. Clock subsystem

The clock subsystem includes a Rubidium frequency standard (NEC Rb-3100), a digital
clock (Kokusai KPM-3930), a Loran C receiver (Koden LR-787), a Loran C simulator/
transmitter (Koden LSR-128), a counter (Iwatsu SC-7201), a oscilloscope (Hitachi V-212),
a JIY receiver, a printer/recorder and its interface and battery power supply.

The frequency standard supplies a 5 MHz signal with the stability of 2 x 107!, The
delaytime in the Loran C receiver is calibrated by the Loran C simulatos/transmitter and
receiver. The cycle time of Loran C, for instance 99.7 ms for the Northwest Pacific Loran
C chain, can be adjustable for any other cycle times,
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9. Computer

Hitachi B16/FX (8087) microcomputer with a S inch- and two 3.5 inch-floppy disks is
used as the computer for system control and satellite ephemeris calculation. The peripheral
devices are a hard disk, a printer and a CRT display.

To record the timings for Ajisai (lashing another Hitachi B16{/FX (8086) microcomputer
is used. As the sofiware the programs for those for the former fixed SLR system (Sasaki
ef gl., 1983, Sasaki M., 1983) installed at the Simosato Hydrographic Observatory are used
with some improvement. Some of the status of the system and computed resuits are shown
on CRT colorfully and in picture. The calculation speed is also improved compared with the
computer of the former fixed system. For telephone line communication, a modem with
300/1200 baud rates (Hitachi HP-120F) is prepared.

10. Ajisai timing record subsystem

The brightness of the Ajisai flashing is from 4.5 to 1.0 star magnitude. The timings
for both risetime and falltime of Ajisai flashing are measured by the other PMT and the
timning is recorded by another timing unit for this purpose, In this timing unit amplifier
of detected signal and time latch mechanism are included. The threshold for timing signal
level can be adjustable, The field of view is controlled in the range from 100 prad to 5 mrad,
The maximum data record rate is 4 pps and all the timings are recorded on a floppy disk.
The precision of these timings is 50 ps. The each time of Ajisai flash can be observed by a

monitor lamp on the console panel with sound.

11, Meteorological equipments

As the meteorological equipments a thermometer for the range from —20 deg C to 40
deg C with the accuracy of 1 deg C and a humidity meter (Oota-Keiki TH-85}, an Assmann
humidity meter for calibration, an Aneroid pressure meter for the range from 740 mb to
1045 mb and wind direction and speed meter are prepared. These equipments are set up out-
side of the shelters.

12, Shelters

Most part of the system is included in two shelters. The mount and laser subsystem
are installed in one of the shelters and the controlfmeasurement electronics are set up in
the other shelter. The shelter protects the system from water, rain, high humidity, salinity
and high and low temperature. The temperature in the shelter is maintained at 20 deg C
and humidity is under 65% by using air conditioners, The air conditioners (Hitachi
RA4503T with heater WH 403P) are equipped in the controlfelectronics shelter. The con-
suming power is 1.9 kW for cooling and 4.2 kW for heating. The shelters are made of
aluminum mainly, The size is 2.1 m x 2.3 m x 3.5 m for mount/opticsflaser part and 2.1 m
x 2.3 m x 3.8 m for the other shelter. The total weight of all the system is around 5 tons.
The system housed in the shelters can be transported by a ship or an transport plane.
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13, Power generators

The system has two power generators. They are on two carts, The output power is 20
kW in AC 200V (Denyo DCA-25) and 7.5 kW in AC 100V (Denyo DCA-10SPX) each with
50 Hz. The total weight of the two generator is 1310 kg. The quantity of the oil consuming
is about 9 1/h for both,

The total specifications of the HTLRS are given in Table 1.

14, Miscellaneous
Test observations and total adjustments of the HTLRS has been started and continued

from September 1987 at the Simosato Hydrographic Observatory. Two ground targets are
used for the system calibration. The position of a brass marker under the HTLRS set in
September 1987 is 33°34'26.'2895N (lat.), 135°56'23.'5855E (lon.) and 57.587 mhlght
in the Tokyo Datum,

The HTLRS is capable of ranging both to Lageos and A]lsal The range precisions for
both satelites given by the test observations are 3 — 4 cm level,

The HTLRS will be shipped to Titi-shima in Ogasawara (Bonnin} islands in late Decem-
ber 1987 and field satellite observations will start in mid-January 1988. A precise report
for the test observations and satellite observations in the fields to establish the marine

geodetic controls witl be made later.

This report was compiled by M. Sasaki of the Geodesy and Geophysics Division,

Reference

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

Sasaki, M, 1983: Technical Bulletin on Hydrography, No, 1, p.42 (in Japanese).

Sasaki, M., Hashimoto, H, 1987: IEEFE Transactions on Geoscience and Remote Sensing,
Vol. GE-25, No, 5, p.526.
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Table 1. Specifications of the Hydrographic Department Transportable
Satellite Laser Ranging Station (HTLRS)

Subsystem Specification
Laser
Oscillator modedocked Nd:YAG with an amplifier
Wavelength 532nm
Ouiput energy 50mJ .-
Pulse width . 50 —100 ps
- "Repetition rate -5 pps '
Mount : S
. Configuiation - elevation over azimuth/Coude path
“Tracking rate from sidereal to 13 deg per second
Angular resolution 20 bits (1.2 arcsec)
Fracking accuracy fess than 10 arcsec
Transmitter/receiver optics .
“Type .. a common flat plate for elevation cortrol
‘Telescope Galitean for transmitter and Coude for receiver
' Diameter 10 cm for transmitter and 35 cm for receiver

Beam divergence
Field of view.
Spectral filter
Optical attenuator
Electronics . .
Start pulse detector
Receiving detector
Discriminator
Flight time counter
Range gate
Control
Mount conirol
Data flow rate
Clock
Frequency standard
Comparison
Computer
CrU
Peripherals

Ajisai flash timing recorder
Detection

Meteorological sensors
Functions

Shelters
Size
Weight
Air condition
Power generator
Qutput power
0il consuming

80 prad — 2 mrad

0.} — 5 mrad

1.0 and 3.0 bandpass (changeable)
0 - 40 dB

photo diode with 200 ps rise time
Micro-Channel-Piate PMT with 300 ps rise time
fast dval comparator

20 ps resolution

0.6 us — 0.1 s shift with 200 ns — 30 ms width

DC servo using torque motor/tactiometer/encoder
20 Hz between a computer and a servo system

a Rubidium oscillator with 2 x 107" 1ate
multi-Loran C wave

two 16 bits micio computer
a hard disk, 2 5 inch- and two 3.5 inch-floppy disks,
printer/recorder, two CRTs and a modem

rise/fall time measurements by using a PMT

temperature, humidity, pressure wind speed and
wind direction

21mx 23mx3.5mand21 mx23mx3.8m
5 tons for fwo shelters including contents
two air conditioners for cooling and heating

20 kW for AC200 Vand 7.5 kWfor ACI00 V
9 liters per hour for two generators
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Figure 2. Control-, computer and clock subsystems of HTLRS
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DEVELOPMENT OF ORBIT PREDICTION SYSTEM FOR GEODETIC SATELLITE
AJISAI

Satellite Geodesy Office has developed on orbit prediction system for Ajisai by combining the computer
programs of data handling, orbit prediction computation, precision evaluation etc, so far developed at the

Office.

Key words : orbit prediction — Ajisai
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ORBIT PREDICTION SYSTEM FOR AJISA
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BRFICRH T 5 AR EIREIER DFTE S

CALCULATION FORMULA FOR THE RELATIONSHIP BETWEEN WGS-84
AND TOKYO DATUM INDICATED ON JAPANESE CHARTS

It is recommended by the International Hydrographic Organization (IHO) that all charts at scales
targer than 1:500,000 shall carry appropriate transformation notes to enable the navigator to use directly
or to convert to chart datum and vice-versa satellite-derived geographical positions which are in the
worldwide datum. The Hydrographic Department indicates the transformation notes to convert the
positions which are given in WGS-84 to chart datum, that is, the Tokyo Datum on the new charts since
April, 1987. The notes will also appear on other charts in due course. Calculation formula for this

conversion are reported in this article,

Key words : Datum conversion-Tokyo Datum-WGS84
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Fable I. Parameters adopted to calculate the transformations of the positions from WGS-84 to
Tokto Datum for Japanese nautical charts
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NOTE ON THE SATELLITE LASER RANGING OBSERVATION IN 1986

Summary — The efficiency of Satellite Laser Ranging (SLR) observations performed at
the Simosato Hydrographic Observatory (SHO) is discussed. Some topics on
the SLR system at the SHO are explained, The ranging characteristic of this
system is discussed also,

Key words: satellite laser ranging — global geodesy

This paper gives complementary information to the paper tifled “SATELLITE LASER
RANGING OBSERVATIONS IN 1986 (Kanazawa, 1988) included in the same volume of
this report. The emphasis is put on the technical side of the Satellite Laser Ranging (SLR)
system at the Simosato Hydrographic Observatory (SHO).

1, Efficiency of observation

In order to study the efficiency of SLR system at the SHO, we present Tables ! and 2
and Figures 1 and 2.

Table 1 shows the numbers of passes we tried and succeeded in SLR observation in
1986 for the satellites Lageos, Starlette, Beacon (BE)-C and Ajisai, respectively, The
numbers of daytime passes are given in parentheses, The value for BE—C in 1986 is for
the observations during January through June while that for Ajisai is for those since the
launch of Ajisai in August, 1986. The detailed information on this change of observed
satellites is written in Kubo (1988). The full information of observed passes is given in
Kanazawa (1988).

The ratio of tried and observed passes is also listed in Table 1 year by year since the
start of SLR observation at the SHO. It is remarkable that the ratio for Ajisai exceeds 90%
even in daytime observation. This fact shows that the satellite Ajisai is much easier to be
observed than Lageos.

Table 2 lists the total number of laser pulses we shot and received through the year
1986 for each satellite. The column for the ratio of returns and shots clearly presents the
high efficiency of Ajisai as an SLR target. The comparison with the cases of Lageos and
Starlette tells us that this high efficiency is achieved partly due to the relatively low altitude
of Ajisai and partly due to a large number as well as a large effective area of the retroflectors
equipped on the surface of Ajisai.

The averaged numbers of returns per pass are also shown for each year in Table 2.
A relatively strong correlation between this and the year-by-year variation of successful
passes in Table 1 indicates that a high efficiency in detection of return pulses improves
the number of successful passes.

Figure 1 shows the number of laser pulse returns per pass for Lageos, Starlette and
Ajisai, The bright area depicts the observations at daytime while the dark one does those

at night.
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Table 1. Numbers of Passes Tried and Observed ( ) Daytime
Tried Observed Observed/Tried Ratio
Satellite Passes Passes
in 1986 in 1986 1986 1985 1984 1983 1982
% % % % %

LAGEOS 310 (103) 224 (35) 72(34) {7757y 1 54434) § 36(22) 5 28(18)
STARLETTE 109 ( 68) 92 (57 84 (84) [ 82(81) |64 (5D | 5449 | 42( 35)
BE--C 83( 49) 56 (31) 67(63) 177(14) | 59(56) | 62({50) | 40 (32)
ATISAI 181 ( 76) 169(73) 93 (96) - - - -

BE—C {in 1986): Jan. — Jun., AJISAI : Aug. — Dec.

Table 2. Numbers of Shots and Returns

. Returns Shots Return/ Averaged Returns por pass
Satellite in 1986 in 1986 Shot
! 1986 | 1985 | 1984 [ 1983 | 1982
%
LAGEOS 147526 2389600 6.2 658 | 815 | 418 | 221 | 221
STARLETTE 25286 191800 13.2 275 | 359 | 320 | 268 94
BE—C 15359 126800 12.1 274 | 440 | 374 | 454 | 175
AJISAL 138956 497200 27.9 g2 | - - - -
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Figure 1. Number of returns per pass
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Figure 2 illustrates the distribution of ranging accuracy for Lageos, Starlette and Ajisai.
Here the ranging accuracy means the standard deviation of residuals obtained by a 9-th order

polynomial fitting to the raw data.

2. Topics on SLR system in 1986

2.1 Damage of Pockels Cells
We have been troubled with the optical damage of the Pockels cell No. 4 (PC4) since
August, 1985. We replaced the PC4 in December 1985 and it was damaged immediately
after the replacement. At present we make the power of the regenerative amplifier as small
as possible in order not te increase the damaged area so much, This is not a good resolution
because it makes the generation of laser pulse much unstable.
This damage seems to arise from the change of matching oil for the cell from FC104 io {
FC43 because the damage happened a little after the change. The former oil is now sold out
and we can purchase only the latter. The optical characteristics of these two oils are almost
the same, however, the viscosity is much different.

2.2 Photomultiplier

On March 27, 1986, we changed the photomultiplier from the MCP-PMT R2024U
(No. 79) made by the Hamamatsu Photonics K.K. to a new one R2024U (No. 162) in order
to remodel No, 79, The staff at the Hamamatsu Photonics K.K. tested the old one (No. 79)
and assured its quality was almost the same as when it had been used at the SHO before.
The remodeling of No. 79 was made so as to make the time constant of gate variable in
the range of 5 s to 5 ms and to add a new gate pulse generator which enables us to change
the gate pulse width as 55, 10 s, 20 5, 50 5, 100 s, 500 s, 1 ms and 5 ms, The remodeling
finished in the middte of July and we started to use the remodeled No. 79 on July 18,

2.3 Improvement for Observing Ajisai
In order to observe the Ajisai which was launched on August 13, we added a remote (
control box with a joystick on May 23 and a wide-field finder telescope of the 14 em dia-
meter named SP-—-1408S on July 16. These enable us to control the whole SLR system
while watching the reflection light of the satellite, which increased the observation efficiency

for Ajisai drastically.

2.4 Trouble in intesference Filter

On December 4, 1986, when the maintenance staff from the Hitachi Ltd. researched
the pattern of received laser pulse from Ajisai, the heater of the interference filter was
damaged, This brought an instability into the temperature control of filter, which degraded
the detection efficiency until December 15, On December 16, we adjusted the temperature
to about 37°C which seemed to be optimal by a preliminary test. Since then the detection
efficiency was recovered aithough the transparancy of filter decreased to 20%.
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2.5 Clock Comparison by Transportation

During the 2nd and Sth of July, 1986, we made the comparison of atomic clocks
between the SHO and the Tokyo Astronomical Observatory at Mitaka, Tokyo by transport-
ing the SHO clock to Mitaka. However, our atomic clock suffered the variation of battery
voltage or temperature during the transportation so that the rate of clock was not main-
tained so good. Therefore the result of comparison for this year is not reliable. Further
investigations are needed to find a more accurate and reliable way of clock comparison.

3. Ranging characteristic of SLR system

We researched the ranging characteristics of our SLR system at the SHO by performing
& ranging to ground targets with a variety of values of parameters

At first, after warming up the regenerative amplifier about half an hour, we performed
a continuous ranging to a ground target for more than two hours in the same way we observe
the Lageos. Figure 3 shows the time variation of 10 minutes average of obtained ranges
after the atomospheric cotrection, The data concerning the measurement are as follows:

Date of experiment 1 January 9, 1987, 1900-2200 IST
Highest voltage ¢ 2750V

Start threshold level o 60mv

Stop threshold level : 8mV

Attenuater value : 17dB

Observer/Recorder ¢ E. Nishimura and H. Sasaki

The surveyed value of baseline length is 1414.6987 m while the mean value of ranging was
1416.274 m with a standard deviation of 0,047 m. The time variation of 10 minutes average
of ranging reaches to 4.2 em for the maximum to minimum difference while the standard
deviation is 0.9 c¢m. The stability of generating a laser light was not so good during this
experiment.

Next, we made a ranging to a ground target varying the attenuater value from 24 dB to
4 dB. Figure 4 shows the obtained 1 minute average of ranging data. The data of measure-
ment were the same as in the first experiment except for the attenuater value and the
date of experiment which was January 20, 1987, 1900-1930 JST. We could not obtain
a meaningful range for the attenuater value less than 12 dB, probably because the reflecting
light was too strong. The arrow in the figure depicts the standard value for our SLR observa-
tion.

Thirdly, we did the experiment similar to the second one varying the stop threshold
level from 32 mV to 2 mV. Figure 5 shows the obtained 1 minute average of ranging data.
The data of measurement were the same as in the first experiment except for the stop
threshold level and the date of experiment which was January 20, 1987, 1935-2005 JST.
Just as the same as in Figure 4, the arrow in the figure depicts the standard value for our
SLR observation, :
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Judging from the result of these experiments, we believe that the smaller the amp-
litude of return laser pulse is, the larger the obtained value of range becomes as long as
the measurement environment is normal. However, the amplitude greater than the normal
value seems o affect the voltage in the amplifier circuit so that the phase of measured
signal or amplification factor of the circuit varies. This occurs probably because the dynamic
range of amplifier used in the detection part of our SLR system is so narrow that the input
signal with a large amplitude will be transformed into a strongly deformed output signal
due to the saturation effect. This conjecture is partly supported by a kink in Figure 4.

This paper was written by T. Fukushima of the Satellite Geodesy Office on the basis
of the report made by E. Nishimura of the SHO.
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OBSERVATIONS OF AJISAI ON THE DAY OF ITS LAUNCH
AND ON THE FOLLOWING DAYS

Observations of Japanese geodetic satellite Ajisai have been made at the Hydrographic Observatories,
other institutes in Japan and many observatories in the world since immidiateh" after its launch to this
day. This report reviews how those observations of Ajisai have been made, especially focusing those

conducted immediately after the launch.
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Table 1. The result of observations of Ajisai made at the Hydregraphic Observatories on the day of
the launch

5] ] # 8 9 16 i1 12
Aok ¥R BB R BH X O X O x
B & 7K P& 8 R THE O O O X X
T B oK % &8 WA HHE x O X X %

Lot e x X O O
B K P B A HH O O O X %

(OB 2Y)) R )

Table 2. The monthly siatistics of the SLR ebservations of Ajisai at the Simosato Hydrographic
Ohservatory in 1986
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Table 3. The resutt of ohservations of Ajisai made by the institutes in Japan on the day of the launch
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Table 4. The SLR observations of Ajisai made in the foreign observatories on the day and the next
day of the launch

£ H H Bow (UT) #wooow 15 U —¥
198 8 13 0 16 50 - 0 17 40 RGO (3%) 56
3 53 22 - 3 56 20 Quincy () 377
5 52 23 - 6 2 19 Quincy 1684
9 55 3 - 10 7 27 Quincy 3212
11 12 11 - 11 21 52 Yaragadee (%) 2638
11 57 14 - 12 11 2 Quincy 3591
4 0 7 - 14 10 46 Quincy 2688
14 130 22 - 1 31 2 Zimmerwald (2) 25
2 2 3 - 2 14 43 Yaragadee 2909
3 3 21 - 3 15 38 Maryland (&) 2289
3 26 57 - 3 31 30 RGO 724
4 55 14 - 5 8 0 Quincy 3506
5 5 24 - 5 17 38 Maryland 1970
6 58 59 - 7 10 11 Quincy 2749
9 33 - 7 19 35 Maryland 1245
9 0 31 - 9 12 48 Quincy 3364
9 12 44 - 9 22 52 Maryland 1250
11 3 10 - 11 16 38 Quincy 3610
13 6 14 - 13 18 6 Quincy 3365
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Table 5. Monthly statistics of the observed passes of Ajisai at the foreign observatories in 1986

) il & 8 H 9 F 10H 11H 12H it
Potsdam U4 3 4 3 3 13 26
Haleakala K, 74 10 4 3 — — 17
Bar Giyyora A 27z 7 4 12 9 3 35
Metsahobi (74> Z>F) — 5 — 13 3 23
Zimmerwald (A4 2} 6 7 2 19 5 39
Wettzell : (FEh) — 4 6 25 — 35
Grasse (4) = - 8 40 24 72
Shanghai ([ — — — — 4 4
Graz (A=A VT 8 15 3 43 12 81
Herstmonceux (RGO) () 14 42 25 29 16 126
Arequipa {(~—) 16 39 44 15 31 145
Matera () 23 45 23 31 28 150
Monument Peak CRe A T740=T) 7 41 40 18 13 119
Yarragadee (55 17 17 13 11 16 74
Mazatlan (A% ) 4 20 13 2 1 40
Goddard Gk, #U—=F > F) 24 8 41 13 3 89
Quincy e, 27527 39 14 16 15 6 90
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Yoshio Kubo, 1988 : Data Report of Hydrographic Observation-Series of Satellite Geodesy, 1, 1.
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