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Jean Tournez, member of the BGI staff in Toulouse since
May 1st 1980, is retiring the 4th of January 1385.

J. Tournez made all his career with the Institut Géographique National and
remained under its management even when he was transfered to our office.

He was a surveyor for IGN and participated to many compaigns in the 50°s,
in Africa, before settling with his family In Pakar, where they lived for six
Years.

His work at BGI, at the time the office was getting reorganized and ¢trying
to find a new way and new goals, has been essential. J. Tournez was responsible
for the gravity map catalogues and undertook their digitization. He put all the
reference station description documents on microfiches with cross-references 1in
computer form. He coded all gravity observations of the BGI data base according
to a country code. He was finally in charge of key cartographic tasks for the
I8CM project.

Te this very nice fellow whose company everyone gnjoyved, and to his wife,
we wish a long and pleasant retirement,




PART I

INTERNAL MATTERS



SUMMARY OF BGI ACTIVITIES IN 1984

The Buresau Gravimétrigue International, located in Toulouse {7 persons)
and Orléans {2 persons) has essentially been continuing his task of data
collection and dissemination to users and, besides, has been engaged in data
evaluation and other scientific activities.

Data Celliection

48 new sources of gravity measurements were collected and added to the B8GI
data base, for a total of 140773 observations. Land area covereds are

Morocco, Mali, Tanezrouft, Algeria (part), Brazil (part), South-West Africa
{part), Greenland (part), Cameroun, Congo Rep., Ivory <Coast, Upper Volta,
Gabon, Nerway, South Africa, Zimbabwe (part), Zambia, Ethiopia {part),
Swaziland, Mozambigue {part), Tanzania (part), Botswana (part), Malawi (part).

Sea gravity data were received from U.K., Japan, USSR.
Data Evaluation and Scientific Activitiss

{1) At the request of the Soviet Geophysical Committee, BGI issued a series of
10° x 10° maps covering all the North Atlantic Qcean and displaying the
cruise tracks together with the gravity measured values along the tracks
{sampled or initerpolated) : this material is being used for completing the
Atlantic geclogical-geophysical Atlas (scale 1:16 000 080).

{2) BGI is engaged in the I0C-~IBCM project for which he has produced a
preliminary set (10 maps at scale 1:1 000 000) of Bouguer anomaly maps of
the Mediterranean. The work should be completed sometimes in the sacond
half of 1985, Details are given in the next pages.

(3) Softwares have been developped in the following areas
Stokes, inverse Stokes (revision of previous softwares),
Vening-Meinesz {new),
Manipulation of high degree and order sp s#rical harmonic expansions (new
algorithms : analysis and synthesis, not based on FFT),
General collocation (not limited to geodetic quantities) combined with
analvtical representations,

Technical Notes, of which the production was interrupted during 18 months
due to typing volume problems will be issued on each subject.



IBCM AND OVERLAY SHEETS - BOUGUER GRAVITY MAP -
PROGRESS STATUS -

(M. Sarrailh - G. Balmino)

B6I is involved in a new compilation of gravity data and Bouguer anomaly
maps in the context of the International Bathymetric Chart of the Mediterranean
and Overlay Sheets activities, under the auspices of the International
Oceanographic Commission (of UNESCO}.

In its preparatory phase, BGI has undertaken the preparation of all the
data (point and mean values, maps) it has at its disposal and has made a
preliminary automatic contouring of the 10 sheets covering the Mediterranean
area at scale 1:1 000 000, Evaluation of this phase is in progress and partial
comparisons are being made with some similar products obtained by the team of
Professor Makris ({from Hamburg University}, who is alse inveolved in the IBCM
project.

DATA

a) BGI Data Basse

About 113 000 gravity data points were extracted from the data base {26 000
of them have topographic corrections, and 8 400 pts are without bathymetry).
Since the points with +topographic corrections provide only a partial
coverage of high relief areas (South and MNorth-East of Spain, a part of
Italy) and are superimposed to surveys without corrections we considered
only the simple Bouguer anomaly for all points, in this project.

In order to make use of points without bathymetry, which cover areas without
any other information (East Mediterranean Sea), we have used the SYNBAPS
bathymetric data file, compiled by the U.S.M.0. {Navoceano) (point values
along a 5" x §' gridding). After taking into account the Matthews <correction
(1986 tables), we have computed the Bouguer anomaly for these gpoints {the
lack of bathymetric data in the Black Sea did not allow us to use the main
part of a cruise of the WHOI in this areal. We Hhave screened the points
extracted from BGI data base, keeping only the nearest point from the center
of a 5 x 5’ grid.

b) B° x 10' mean free air anomalies (Institut fur Erdmessung, Universitat
Hannover ~ Torge W., Weber 6., Wenzel H.G.)

These values have been digitized mainly From Prof. Morelli et al.’'s maps for
the West and Central part of the Mediterranean Sea, from Woodside's map for
the Eastern part. We have extracted blocks belonging to the sea area, with
the help of the USNO bathymetry ; the result is not very accurate with
respect to the coast limits (a mean free air block belonging to the sea area
i+ the nearest point from the block center of the bathymetric grid is
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defined).

c) Bouguer anomaly maps

For areas or countries not covered by a regular digitized gravity data set,
we have digitized the available Bouguer gravity maps (Israel, Egypt,
Tunisia, Morocco [sedimentary basins], Greece}, with a regular gridding of
3' x 5 or B' x 18', function of the scale and the isanomal interval. The
obtained values are converted to the GRSE7 system and connected to the IGSN
71 net, after correction of some bhiases - introduced during the early
processing of these data (Israel, Sinail. 0f course, the original density
(by example d = 2.3 g/cm3 in Egypt) could not be modified.

Nota : In Greece, we have used two maps from the IFG6 of Hamburg ; the first one
for Peloponese ; the second one is more recent, more global but with a
high degree of smoothing, therefore vyielding connection problems with
the first one and discrepancies at sea with Morelli's map.

DATA PROCESSING

The whole data set {digitized and screcned data, Bouguer anomalies issued
from the mean ' x 10' free-air data set, the points without bathymetry and
points from digitized maps) have been interpolated, at the nodes of a 3' x §'
grid.

We have used the following method : we search the nearest gravity point
inside each quadrant around the interpolation grid node, at least up to 03
degree. The weight of each point is a function of the distance to the grid node
{1/d”}. This regular gridding is wused by the contouring software (isanomal
interval : 10 mgall).

We have plotted on the gravity maps the measurement points, with different
symbols, and produced 10 sheets for the whole Mediterranean Sea.

REHMAINING PROUBLEMS

Various problems appear from the preliminary maps and from the comparison
with published maps :

+ None or too few digitized point values in many countries {Albany, Bulgaria,
Greece, Israel, Turkey, U.S5.S.R., Yugoslavia, Black Sea...) and, when maps
have been published, the wedging is unprecise (Israel, Sinail} or the
smoothing toa high {(Greece),

+ The superposition of the point values at sea (from cruises which often are
not well wedged, using or not the SYNBAPS +file to determine the Bouguer
anomaly) and of the values issued from the mean free-air anomaly set shows
in some cases a significant bias, which is difficult to reduce.

+ The smoothing inherent to the averaging procedure which yielded the 6' x 10'
mean free air anomalies is increassd by the introduction of the USNO 5" x &'
bathymetric gridding {the 5' % 5' grid itself results from a smoothing by
spline functions, which have introduced distortions and does not represent



the digitization precisien).

The cartography with superimposed measurement point plots brings out the
erronecus data, most often isclated points : digitization errors or mean
Bouguer anomalies (issued from 6’ x 10' +free air} in terrestrial areas.
Their elimination will be done By means of an automated cartographic
procedure which requires a graphic terminal, with local computing resources.

Pigitizing Bouguer gravity maps is obviously a simple and efficient way but
it does not allow to homogenize all the results : corrections with different
densities, with or without topographic (terrain) corrections, at different
distances...



AFRICAN GRAVITY STANDARDIZATION NETHORK

ARNOUNCEMENT

Following the presentation of the African G6ravity Standardization Network
(AGSN) project at the 11th IGC meeting in Hamburg (Fig. 1), discussions between
the Earth Physics Branch (EPB, Ottawa, Canadal, representatives of african
countries and possible supporting organizations {mainly DMA} vielded positive
decisions on further steps to be taken.

In order to carry on a first phase of establishment of a zero order net in
Africa, to be composed of probably 9 absolute stations, with excenters and
relative gravimeter ties (Fig. 2), saveral actions must be undertaken including
a training program for the experimenters. The planning will be discussed and
settled at a meeting in Paris, which is presently scheduled for the fourth week
in May 1885 (tentative dates are May 21-23).

Those who intend to come to this meeting should notify immediately the
Bureay Graviméirigque International. EPB is trying to find some financial
support for those who could absolutely not have their travel expenses covered
by their own organizations.

A circular letter will be sent out as socon as the dates and place are
finalized, and will include a provisional agenda.

G. Balmino



5o°r«li
’— 20°w

— 409N

H-20%N

e an L
AR = O O R LS e R

2005 53

259w 38

s

AFRICA GRAVITY NETWORK
KEETMANSHOOP 39

WINDHOER
GABORONE
LUENA
MASERL
MBABANE
MARPUTO
NAMPULA
HARARE
LUSAKA
BLANTYRE
MORGH! )
ANTANANARIVO
DAR ES SALAAM
MOMBASA
LUBUMBASH!
LUBANGO
LUANOA
KINSHASA
BRAZZAVILLE
KANANGA
KIGBALL
BUJLMBLAA
NAIRDBI
ENTERBE
MUQDISHO
dUBA
KISANGANI
SANGU
LIBREVILLE
MALABO

ACCRA
ABHIJAN
MCMROVIA

FREETOWN

40 CONAKRY

BISSAU
BANIUL

DAKAR

PHAIA
NCOUAKCHOTT
NOLIACHIBOU
BAMAKD

GAD
QUAGADAUGOU
NIAMEY

ABECHE
KHARTOUM
ADDIS ABABA
B0SASQ

PORT SUDAN
ASWAN

CAIRQ

AL KUFRAH
BANGHAZI
GHAT
TAMANRASSET
IN SALAH

3T DENIS

PARIS

—
409

FIRST ORDER
AFRICAN GRAVITY
STANDARDIZATION NET

- (AGSN)

O Absolute stations

a Calibration line stations

207

Gravimeter Ties (8)

NEMA
ZOUIAAT
TINCQUF
BECHAR
PORT LOUIS
SAQ TOME
VICTORIA
DIRKOU
Wau

40N —

209N —

02

L9505 _1_

Fig1



- 10 -

ZERO ORDER
- AFRICAN GRAVITY STANDARDIZATION MET(®)

O ABSOLUTE STATIONS
e RELATIVE GRAVIMETER TIES

Q CAIRO

TAMANRASSETO

2 KHARTOUM

O ADDIS ABABA

KINSHASA Y

O GABORONE

Fig 2




- 11 -

ANNOUNCEMENT

The 12th Meeting of the International Gravimetric commission (I.6-C.) will
take place in Toulouse (France) from September 23 to September 267 1986.

Administrative meetings of the Bureau Gravimétrique International (B.G.I.}
Directing Board and of the Working Groups will be held the day before (Sept.
227.

A preliminary program is given in the following pages
Comments and informations should be sent to

- @ither the convenor : J. Tanner
Earth Physics Branch
Department of Energy, Mines & Resources
3, Observatory Crescent
OTTAWA, Ont. K1A 0Y3
CANADA

Tel. (613} 995-53-07

- gither the local organizer
6. Balmino
Bureau Gravimeétrique International
16, Avenue Edouard Belin
31055 TOULOUSE CEDEX
FRANCE

Tel., (681} 27-44~27 ~ Telex : CNEST B 531081 F
A first circular will be sent out in May 1985,
Submission of papers will normally start after the second circular 4in
September 1985. The last call for papers will be made in March 1986. The

deadline for submitting papers is April 30, 1985.

A separate anncuncement will appear in the next issue of the Bulletin
Géodeésique,
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12TH I.6.C. MEETING SEPT. 22-26. 1986

Place : Bureaw Graviméirigue Internatiomal {B.6.1.}
and
Formation Internationale Aeronautigue et Spatiale [F.I.A.S.)

Avenue Edouard Belin, Toulocuse, {France)

PROVISIOMAL AGENDA

Monday Seplt. 22
D.B. and W.G. meetings
Tuesday Sept., 23

Morning : Administrative session
Afternoon : Scientific sessions............. 1,2

Wednesday Sept. 24

Scientific sessions f(cont.,) a.m., 3,4%
p.m. 5.6
Thursday Sept. 25
Scientific sessions (cont.}) a.m. 7, .
p.m. 9

{10* special lecture)
Friday Sept. 26

Scientific sessions {cont.}

a 11,12
Closing session 0.

33
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etailed ggram
Monday Sept. 22

Directing Board and W.G., meetings {at B.G.I.])

a.m. 9.00 D.B. Briefing
10.00 W.G, 1
11.00 W.G6. 2

p.m, 2.00 W.6, 3
{Registration for IGC participants : 2.30 p.m. - 6.00 p.m., at
FIAS)
3.00 W.G6. &
5.00 D.B. meeting

- Adjourn 6.00 p.m. -

Tuesday Sept. 23 (at F.I.A.S.)
Registration continues : 9.00 a.m. to 12.08 p.m. and 2.00 p.m, to 5.00 p.m.
a.m. Administrative Session

9.30 Opening : Allocution of President of french National Committee of
Geodesy and Geophysics

9.45% 1GC President report

10.900 BGI report

10.15 WG 1 report

i0.2%9 WG 2 report

10.35 Coffee Break

10.50 WG 3

11.00 WG &

11.10 Sub-Commission

11.20 Sub-Commission

11.30 Sub-Commission

11.40 Sub-Commission

11.50 Sub-Commission

12.00 Sub-Commission

t2.10 Sub-Commission

12.20 Sub-Commission

report : North Pacific Region
report : South West Pacific Region
report : North America

report : Central and South America
report : Africa

report : Western Europe

report : Eastern Europe and USSR
report : India and Arab Countries

o i A W -

- End of Administrative Sessiow 12.30 -

p.m. 2.15 to 3.45 Session 1. Dynamic¢ Gravimetry
Satellite Results, Airborne and Sea
Measurements
SST and Satellite Gradiometry Projects

3.45 to 4.00 Coffee Break

4.00 to 5.30 Session 2. Absolute Comparisons
Sévres {(BIPM) Calibration Activities in June
1985
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Hednesday Sept. 24 (at FIAS)

Registration will continue for late arrivals : 9.00 a.m. to 12.00 p.
2.00 p.m., to 5.60 p.m.

a.m. 9.00 to 10,30 Session 3., African Network
The project
Scientific Aspects
16.30 to 10.45 Coffee Bresk
10.45 to 12.15 Session 4. Regional and National Networks
p.m. 2.15 to 3.45 Session 5. Geophysical Interpretations

3.45 to 4.08 Coffee Break

£.00 to 5.30 Session 6. Geoid Determination & European Geoid

Thursday Sept. 25 (at FIAS)
Registration will continue as on the other days

a.m. 9.00 to 10.30 Session 7. High Precision Gravity Technigues
{SSG6. 3.85]}

1G.30 to 18.495 Coffee 8Break
10.45 to 12.15 Session 8. Secular Changes of Gravity {(SS6. 3.88}

p.m. 2.15 to 3.45 Session $. International Absolute Gravity Base
{SSG. 3.87])

3.45 to 4.00 Coffee Break
4.00 to 5.00 Session 10. Special Lecture
5.00 to 5.45 Presentation of Resolutions

Evening : Banquet

Friday Sept. 26 (at FIAS)

a.m. 9.00 to 10.30 Session 11, Local Gravity Field Determination
{SSG. 3.90)

10.30 to 10,45 Coffee Break
10.45 to 12.15 Session 12. Geodynamics Applications

p.m. 2.15 to 3.45 Closing Session
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Proposals and Resolutions
Various Items
Program of the Next Quadriennal

- Closure : 4.00 p.m. -
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PART I1

CONTRIBUTING PAPERS
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RECENT DEFINITION OF ABSOLUTE GRAVITY AT SINGAPORE-2 SITE

*

Yu.D. Eoulanger*, G.P. Arnautav**, E.N. Kalish*x, Yu.F. Stus® , SON. Scheglavx

Institute of Physics of the Earth, Academy of Sciences of the USSR
Institute of Automatics and Electrometry, Siberian Branch of the Academy of
Sciences of the USSR

Abstract

The new results of repeated measurements of absolute gravity given in the
paper were obtained by the Soviet gravimeter GABL in July, 1984. Their
comparison with the earlier obtained results allowed us to conclude that from
1979 ta 1384 the gravity in Singapore remained the same within the accuracy
interval of ¢ 10 to & 20 ugal.

Lately, developments in the geocdynamics resulted in the increasing
interest of wider range of specialists to the problem of the Earth's gravity
field instability in time. The gravity variation problem concerns many fields
of natural sciences, in particular, geoasciences, metrology, geodesy, astronomy,
etc.

Establishment of principal new measuring techhnigues, that is, of absolute
ballistic gravimeters with accuracy about several units in 1073 provided for a
real possibility at least to evaluate the order of probable changes in various
regions of the Earth if not to study in detail the character of this
phenomencon.

Considering this, the Institute of Physics of the Earth, Academy of
Sciences of the USSR (IPE) and Institue of Automatics and Electrometry,
Siberian Branch of the Academy of Sciences of the USSR (IAE) carried out a
number of repeated measurements of absolute gravity acceleration in the Equator
Zone, in particular in Singapore, where such variations might be great.

The first gravity measurements in Singapore were made in December,
1976/1/. They turned to be not so good because the vibration-proof equipment of
the gravimeter went out of order. That might allow an unconsidered systematic
error over 0.2 pgal in the measured gravity acceleration.

The next two measurements were taken at the same site in April and June,
1979, within the framework of the Soviet-Australian expedition on its way from
Moscow and Sydney and on its way back from Peru to Moscow /2/.

In December, 1979, unexpectedly, it became clear that, first, the site in
Singapore, where the absolute gravity was previously measured, would be closed
for the gravimetric work from April, 1982. Second, the site chosen, by us as a
perfect one for a prolonged observations could not be used by us : it was an
isolated pavilion (with good concrete basement) surrounded by a marsh with



- 18 -

constant water level, but from 1980, drianage of the marsh would be initiated.
So, we faced the problem where to transfer the site. Due to many things, it was
only in February, 1982 that we managed to make measurements connected with the
site transfer. Measurements were taken at the "old” site, that is, Singapore-1
and "new" one, that -is, Singapore-2 /3/.

In July, 1984, there was an opportunity to repeat measurements in
Singapore. The results of these measurements are given in the paper.

Absolute gravity acceleration was measursd at Singapore-2 site (1984}, as
previously, by absolute gravimeter GABL worked ocut in IAE /4,5/. During the
installation of the instrument it was found out that the floor of the
laboratory in Singapore-2 which in 1982 was covered by a concrete layer, in
1983, was covered by a ceramic tiles. Therefore, the place where the instrument
was installed was uplifted at 63 mm. The place of the instrument installation
is marked in figure 1.

In 1984, the measurements were performed according to the previous
program. When the gravimeter was installed, all 1its measuring fracks were
heated and the necessary vacuum was achieved. Then, the observations of the
free~fall of a test body were made. Each measurement was an average for 100 to
120 drops which followed in 15 to 20 seconds. Each measurement took 30 minutes.
The adjustment of the instrument was checked out after each measurement. Then
the instrument was set on again and the measurements continued. Two series of
such measurements were performed : on July 20, 1984 and on July 23, 1984. The
first series comprises 12 and the second t4 measurements,

The measured g values were correcited for

Agp residual air resistivity in a vacuum,
Agc - light velocity,

A95 tidal gravity variations,

Ag, - attraction of atmospheric masses.

Corrections for

Ag, - deviation of the measurement line from the vertical,
Agh - frequency deviation of a working laser,
Agt - error of time intervals,

were methodically reduced to zero and were not introduced. In accordance with
the Resolution of the International Association of Geodesy, the Honkasalo
correction (AgH) was not introduced either.

The expedition did not have high accuracy gravimeters to define vertical
gravity gradient. Therefore, like in 1982, the measured gravity acceleration
was not reduced to the floor level, The final g value is given at the effective
instrument altitude which is 1.274 m.

Correction for the tidal changes of gravity was calculated by linear
interprobation for the average moment of time of every measurement from tables
previously calculated from formulas published in /6/. The tidal factor &  was
assumed equal to 1.186.

Correction for the attraction of atmospheric masses was calculated from
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formula

AQA = + 0.406 (P - Poi {1}

suggested by N. Pariisky /7/, where P is the measured and Po is the normal
atmospheric pressure expressed in millibars.

Evaluation of the accuracy of accomplished measurements was made by
formula

=z 2
M x Mo + [ m, {(2)
where M is the total error of determination of the absolute value of gravity
acceleration at the effective height of the  instrument, ma is the errors
arising due to inaccurate determination of corrections Agi. whereas Mg is
incidental errer determined by convergence of measurements.

The following values for my errors were assumed from the data obtained as
the result of specially conducted experiments

m, = + 5 pgal m. = * 2 Hgal m, = & 4 pgal
p P
my = % 3 ugal m. = ¢ 0 wpgal ms = % 2 ygal
my = ¢ 0.5 pgal

The results of measurements at point Singapore-2 (1984) are given in
Appendix 1.

It is interesting to compare the obtained results with measurements made
garlier /f2/, /3/. For this purpose, the measurements made in 1979 and 1982
should be reduced first to one system and then to point Singapore-2 (1984},

Let us analyse the necessary reductions.

1. Honkasalo correction. Since by the IA6 Resolution the introductian of
Honkasalo correction is pot recommended, into all measurements of 1979
and 1982 should be introduced reduction + 35 pgal, which is equal to
Honkasalo correction with the sign reversed.

2. Correction For the changes of hydrological conditions at point
Singapore-1. This corrections should be introduced into the
measurements of 1979. Calculations have shown that its value c¢an reach
about 50 % 15 pgal. Since the masses have diminished, this carrection

should be introduced with minus when reducing measursments of 1979 to
those of 1982.

3. Correction for the attraction of atmospheric masses. In accordance with
the recommendation, adopted by the International Gravimetric Commission
in 1983 in Hamburg, correction for the attraction of atmospheric masses
should be introduced into all absolute determinations. In order to take
this effect into acccount we received from the Meteorological Service
of Singapore the value of atmospheric pressure which was during the
measurements in 1979 and 1982, These data are given in Appendix 2.
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4. .Reduction to point Singapore-2 (1982). The measurements, made in 1982
at peoints Singapore-1 and Singapore-2, allow to determine Ag between
these points /3/. The results are as follow :

Singapore-1 (1982) g = 978 069 911 &+ 9.4 pgal
Singapore-2 {1982) g = 978 064 084 ¢+ B.D0 pgal
Ag = -6827 + 12.3 pgal

This reduction should be introduced into all measurements made at point
Singapore-1.

5. Correction for the change of height of peint Singapore-2 (1982). As
previously mentioned, the floor on which the gravitymeter was installed
in 1982 at point Singapore-2 was subseguently covered by a layer of
concrete and ceramic tiles thus raising the height of point Singapore-2
{1984) by 63 mm. Since in future point Singapore-2 (1984) shall be
used, all previously made measurements should he reduced to that point.
The value of reduction for the change of height H was calculated from
fhe usual formula (correction for height with account of attraction of
the intermediate laver)

AgAH = {0.3086 ~ 0.04180) AH (3}
Assuming in our case o = 1.8 (concrete of average density} we shall
find that

AgAH = - 14,7 pgal

Since the precise density of the concrete and tiles is wunknown, this
reduction should have the error of about * 2 ugal.

Appendix 3 presents a summary of all absolute determinations made by GABL

gravitymeter and of their reductions te point Singapore-2 (1984). Final results
are given in Table 1.

Table 1. Results of absolute determinations in Singapore

g M 2
Y = .
ear (ugal) (ugall P 1000: M
1979.4 378 064 091 £ 22.0 2
1962.2 103 §.2 15
1984.6 095 8.3 15
Weight Average 978 064 098 + 2.8

From the data in Table 1t we obtain

5g (1962-1972) = + 12 ¢ 23.5 pgal
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(1]
i
-]

n
g
-
L, L

5g (1984-1982)
59 (1984-1979)

11.7 ugal
23.5 ugal

The given data allow to determine the gravity field stability with time in
Singapore with sufficient reliability. All differences were essentially less
than the errors with which they were measured. This provides grounds to
consider the gravity field in Singapore unchangeable within accuracy of
measurements in the time interval 1974.4-1984.6.

In this case, the most probable value of absolute gravity acceleration for
point Singapore-2 {1984} at the height aver the floor level h = 1.274 m for the
epoch 1983.2 should be assumed as average weight from all three determinations,
which 1is

g = 978 084 098 + 2.3 pgal

In conlusion, the authors consider it their pleasant duty to express deep
gratitude to Pr. A. Radjaratnam and his colleagues Dr. Ratpam and Eng. Chou Pow
Hust, who were extremely helpful in organising the work of the Expedition.
Without their assistance, especially that of Pr. A. Radjaratnam, the described
measuremaents could hardly have been accomplished.

Moscow, August 1984
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Addendum 2

Atmospheric pressure at Singarore
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AN IMPROVED ELECTRONIC FEEDBACK FOR LACOSTE~-ROMBERD
GRAVITY METERS

by M. Schniill, R.H. R2ider and H.-G. Wenzel

Institut fir Erdmessung

Hriversitat Hannover
Nienburger Str. &
D-3000 Harmover 1

Abst ract

The electronic feedback circuit developed by HARRISON and SATD 1333
for LaCoste—-Rowmberg model G gravity wmeters has been improved in ovcer to
compensat® a much larger asymmetvry of the capacitar’s plates at the gra-
vimeters rgading line. Additiorally, a new ouiput Filter circuit has
been construcied, which generates ® 0.3 pgal reading precision undsr
normal ponditions at less than 1 wminute delay time. The electranic Ffood-
back can be opevated frowm the gravimeters's 12 Y battery and becauss of
it's small size of 72 wm x S0 mwm % 18 wm, it can be installed diract
in the gravimeter’s box. The impraved electronic feedback system ha
been installed in LaCoste~Romberg model G Na. 79 and has been used &
determine the 1 mgal and the 7.88 wmgal periodiec calibration function a
the gravimeter, to observe the gravity gradient and sowme small gravity
differences without using the gravimeter’szs screw.

l. Introduction

For the past ten years, LaCoste—Rowmberg {(LIR) wodel B and D fizld
gravity meters have been equipped by the manufacturer with a cagagitive
position indiecater (CRI) to improve the -reading precision. For fisld
observations, the filtered CRI  output can be ubservnd with a digital
voltweter and gives & reading precision aof about £ Hoal {e.g. WENZEL
1978). For gravimeiric earth tide obsgrvations, the letered C2I ouboud
can be recorded with an electronic strip chart recoerder and gives a
reading grecision of sowe 0.1 pgal (e.g. WENZIZL 19768). The wmagor dis-
advartage of cobserving the CPI output is the depencence ef the sensitiv—
ity from the tilt of the instrument by about 1 % per arc ser and the

complicate fregquency transfer function of the instrument due to hyste-
resis effects of the spring (e.g. WENIEL i?r&, 5ATC 1378).

HARRISON anc SATD 1982 have sho that an slectronic fezdhack systewm
can be applied to LCR model B and D metﬂrs wh*ch ho‘ds tﬁe oRam in a
fixed zero position, by simply att L to already
avallable gonnections on  the CRI board., The electronic Faeﬁback SyshEm
is a priori non—-linear, because *%tne slectrosiatic force is p
to the square of the voltage applied 4o the eapacitor’s nlates.
applying two bias voltages, the fesdback system can be linearizad
if the zero position aof the beaw is not exactly centerad between fhe ca-—
pacitor’s fixed plates (HARRISCN and SATO 1983). Thne wajor advaqbage of
the feedback system is the independence of the feadhack's senzzulvzty
From tilt, the much masier {reguency transfer function of the f:edbacR
instrument due to the elimination of hysteresis offects o
and the practical independence of the freguency &ransfer Fw a:ior from
£ilt. This opens new dimensions for abserving small gravity differences

A

without using the gravimeters screw, and better acnuracy of earth tide
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recording because the calibration of the electronic feedback is stakle.
The major disadvantage of the develepwment made by HARRIGON and SATO 138Z
tp linearize the electronic feedback, is that it can be apalied anly for
small deviations of the beam’s zere position from Bhe center between the
capacitors fixed plates. In practice, deviations up to 30 % have beesn
observed (e.g. BECKER 13984) and thus not all LCR wodel G or D weters can
be equipped with an electronic feedback system applying the HARARISON and
SATD 1983 method.

2. Design of the Feedback

HARRISON and SATD 1983 have given a circuit diagram of an elecironic
feedback system, which can be applied to LaCoste and Romberg (LCR) grav-—
ity meters with a capacitive readout in order to hold the gravimeters
beam at a fixed position, when the gravity is changing. This feecback
system eliminates hysteresis effects of the spring, and the calibration
of the feedback output voltage is independent from tilt. The relation
between feedback ocutput voltage and applied electrostatic Fforce can bde
linearized even if the Ffiked position of the beam is not exactly half-
way between the capacitors fixed plates. The schematic oiveult diagram
of the fesdback’s plate drive section is given in Fig. 2.1.

Eq R3 N -
b ————————
J: dq BEAM
- <

Fig. 2.1% Schematic diagram of the electronic feedback’s
olate drive circuit

Fﬁ+
[«
l___

The foree applied to the plate attached to the gravimeter’s beam
is given by ;

Co+d< s U™ .
= — — — (Z.1)
dy+dz dy* d?_";
with di, dg = distances of the beam plate to the fixed plates,
Uy, Uz = voltages applied to the fixed plates

and d = (dy + dz)/2. ' (2,3
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Substituting di df{i-&/d}, (2. 3}

dz

i

d(t+8/d), (2. 4)

with 8 = distance of the beaw $to the center

gives
2
F=_ Lo Uit Uz? (2.5
dy+da {(1-8/d) < (1+6/8)<

Using the plate drive circuit schematically given in Fig. Z.1, the plate
voltages U] and Up are given by

= Rz Ro -
-y = e R: + Bt Rz (2. 6)
=Un = a2 ;% - Ep -g% . (2. 7)
HARRISON and SATOD 1283 assumed that
, R2 . Re _ ¢ .
E1 ﬁE Eh ' ﬁZ E (2. 8)

which in practice can only be fulfilled by an adjustment of the resis—
tars Rz, Rz, R4 and Rg for the individual bias wveltages E1 and Ez.

Bubstituting Re/Ry = 1+k, Rg/Rg = 1-k gives the feedback farce
c= Co [(+k)e+EIL  _  L[(i-k)e—EIZ (2. 9)
= (1-8/d) 2 (1+6/d) 2

A series development of (1-8/ed)™2 and (1+8/d)~2, which is valid only
for 18/dl {{ 1, gives

Co
=d

und thus the feedback can be linearized for small &8/d by adjusting

- 28 2 = 2
F = (1 + 28y eE + { Se1ek®+kfe? + Lgz (2.10)

3(1 k) +k =0, (2,119

Because of |kl { 1, 1&8/dt { 9.5 is a Ilimit for applying the
method developped by HARRISON and SATO 1983. In practice, this condition
is not fulfilled for all LCR model D and G meters (e.g. BECKER 1984) and
thus not all instrumenis can be equipped with the HARRISON and SATOD 1983
feedback system. '

Without changing the feedback circuit in principie, we will show in
the following hew to adjust the electronic feedback system in order to
be applied even for instruments with large asymmetry of the heam.
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Substituting
vy = Rf . 0V (@ (2.12)
R
Yoy = E% ., 0 ({Vz ¢ o (2.13)
k. =L 0 (k. { w (2. 14)
1 Rz I
ko = g% . 0 {kz{ ® (2. 15)
yields
-Uy = (e + EjkIVy (2. 16)
“Up = (& = ExkalVa (2.17)

and the feedback force

£ = Co le + E3kpI3Ve2 (& - Egks) 2y .
2d (1-8/d)< (1+6/d) <

The gain factaors Vi and V2 can be adjusted with Rz and Rg resp., so that
the conditions

Vi =t - &/d (2.19)
Vo =1 + &/d (2.20).

are fulfilled, and the gain factors ki and kz can be adjusted with
Rz and R4 resp., so that the condition

Eiky = Ezke = Ek (2. 21)

holds; under these conditions the farce function becomes

F o= % v 4ekk, (2. 22}

and the feedback force is perfectly linear with the feedback volfage e.

Qutput Low Pass Filter

The feedback voltage shows a moise of about * 10 ... 30 pgal with
periods of azbout & seconds due to microseismic. In order to increase the
reading precision, a low pass filter can be used. The low pass filter
applied by HARRISON and SATOD 1983 with a cutaff frequeney of O.167 s~1
and 20dB/decade damping is not appropriate to give a reading accuracy
better than *+ ¥ ugal. We have used a double section low pass filter
with 0.0482 s~1 cutoff frequency and 40dB/decade damping per section
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(sme Fig. 2.2}, The frequency transfer function of fthe imprnvéd laow pass
filter, as observed using a signal generator and a recorder, is givem in
Figs 2.3, The step response of the low pass filter, shown in Fig. Z.4,
can also be used to determine the frequency transfer function (e.g.
WENZIEL 1976); both methods agree well in the range of 1073 .., 10~! g~i,
At & sec period with maximws noise amplitude of the feedback voltage,
the damping of the improved filter is about Z0dB better than the filter
usad by HARRISON and SATO 1983. Additionally, the delay time of the
improved filter is much smaller,

The step response of the complete measuring system (gravimeter,
feedback, filter, recovder) given in Fig. 2.4, can be used to determine
the frequency, transfer function of the complete wmeasuring system, which
is necessary for phase lag correction for earth tide observations (e.gq.
WEMZEL 13978). The frequency transfer function for the main tidal sands
is given in Table 2.2,

Table 2.2% Freguency transfer function of LCR G-79 Ffeedback system
for tidal waves .

Wave Frequency Period Amplitude Gain Phase Lag
th=13] Lh] £e]
5i 0. 042 2 1. Q0000 0. 062
82 0. 083 12 1, 00000 0,122
= 0,123 8 1. Q0000 0.184
{Ff-‘&';g“.ﬂa?;_'—_ 1 r " Plate Drive _g
1 0,buf
[ F“-il { { 82X 5K }
i
CH | 0H ~ | [ 10K |
Qutput, . — % '
i || | Ta Plate 5
)._l_l ! l X I
| L ~ | All Operational Amplifiers
I 4 | are TL 062
ok v E L3 Metal Film
ﬂszwer Supply Ry ; ¢ 01 uf E Resistor
1. ["-—+—————;
I | |
Tk [ =05
ge b {1 x 10K E
3\’— w 5V IE 1 o [—{:]7 ;
| 0K ~ |
T i ° N _}_C
} I Ta Plate 6

Fig. 2.2f Circuit diagram of the improved =lectironic Feedback system
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Temperature Effects

The output of the electronic feedback system depends slightly on the
temperature; the main influence is caused by the bias veltage regulators
{(1...5+1073/0¢C change of the bias voltage). The temperature
dependency aof the whole electronic feedback system, as observed in a
thermostatically controlled oven, is shown in Fig. 2.3. The caligration
factaer of the Teedback changes lineary by —2*10“5/08, whereas the
zero point changes quadratically with zero at 3090 and #3pgal/9C
at 20° resp. 40°C. Because the feedback has finally been installad
inside the gravimeters box, the temperature will not change by wore than
£0.30%C at 209C change of the outer temperature and thus the wali=-
bration should remain stable within £1+1075,

10-10°24 © = Calibration Factor
O = Zero Reading
5-1075
ch
B
o
8
[2 4
s o
04< Nio
§
5
g L-20
3
L-40
-5
L~ 40
. Temperafure . - 80pGal
5 /0 20 % 40 50 OC

Fig. 2.5% Temperature dependency of the electronic feedback
system installed in LCR B-79.

Za Rdiustment and Calibration

A major problem is the accurate adjustwent and calibration of the
electronic fesdback system. The feedback output has to be linearized
by changing the gain of ane of the plate drive amplifieﬁs {see Fig.
2.1). This can be done with an =sccuracy of some pgal by observing the
feedhback output voltage at different positions of the gravimeter’s
serew, The major limitation is caused by the (unknown or unsufficienmt
known) screw errors af the graviwmeter.

R calibration of the adjusted feedback can also be nerformed by ob-—
serving some gravity differences at different feedback output voltages
ont a suitable calibration line (e.g. KANNGIEBSER et al. 1983).
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Comparing the results of this two wetnods we found a linear discrep-
ancy of about &+1073. The reason for ihat is unknown. All  external
nhysical effects, e.g. magnetic and air pressure effects can be sxclucded
to be responsible. We suspect this diserepanecy is caused by thne diffar-
ent working points of the electrostatic force and the spring force at
the beam. Therefore, the base line calibration has to be used.

We have determined the linear and quadratic scale factor of the LLR
5-79 feedback system to 1.032 rESP. £25+¢10-6 by observing a nun-
her of gravity differences of 1...8 mgal at different positive and neg-
ative output voltages. The acouracy of this calibration allows the. de-
termination of gravity differences ( 8 wmgal with an accuracy of +54 1074,

4. Determination of Periodic Calibration Zrrorg

By observing the feedback output voltage in a station at different
positions of the gravimeter’s screw, the differences between foedback
oubtput voltage and screw position are creatad by the non—linearity of
the feedback and the calibration function of the screw. Frovided the
non-linearity of the feedback has carefully been adjusted, the observa-
tions can be used te determine periodic calibration 2rrors of the gra-
vimeter, caused by ecentricities of the screw and the gears. Due fo
the limited feedback range of & 4 wmgal, oniy periodic errors with
pericds less than 8 mgal can bhe determined. Compared to the convention-
al wethod for the determination of periodic errors by observing a aum—
ber of gravity differences at a suitable calibration line (2.g. KANNGIE-
SER et al. 1983), the feedback method is more accuraite because ng trans-
portation erraors occur and the enivirornmental conditions remain stable
and needs only approximately 1 hour for a set of observations at 20
different screw positions in a double lpop. In Fig. 4.1 is compared the
determination of the 1 mgal periodic ervor of LCR G~-72 oy <¢he feed-
back methed with the calibration line method; both wmethods agree within
¥ 2 pngal, which is approximately the accuracy of setting the dial at
a defined position.

b= Adjusted from zaolibration base

S 4 HGal Observed with feedback

L7LT 500 48,5 Iﬂ Counter unifs
o L i : : L

49.5

-10 4 uGal

Fig. &4.1: Comparison of tie 1 wmgal periedic error of
LCR model G No. 79 deterwmined with feedback
and calibration line wethod.
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. Observation of the Vertical Gravity Bracient

For combining absolute and relative gravity measurements, the know-
ledge of the wvertical gravity gradient in the absolute station |
gssary, because absolute gravity is vormwally observed in a point
imately one wmeter above the ground, whereas the gravity value
station is defined at the ground. Frovided the gravity gradient is con-
stant over this distance, it can be computed from gravity pbservations
at two different positiens in height. The error of the gradient should
be less than the sum of the known systematic ervars of the absolute gra-
vimeter (e.g. FALLER et al. 1982). By observing the gravity gradient
with LCR D or G weters, it’s accuracy is limited by the unsufficient
knowledge of short periodic calibration errors (e.g. GROTEN and BECKER
1983). A gradient observed with a single LCR gravimeter in usual manmer
can have a several pgal error, even if a number pf  repetitions have
begn carried out and the internal precision is better than *1 pgal (e.g.
Table 5.1). Additiomally, the observation of the gravity gradient is
very time consumirng and can exceed the time required for the absolute
observation.

elect ranic feedback system to LOR gravimeters, small
be observed without changing the dial and thos
is eliminated. The limitation of the
feedback method 1is the adjusiment and the calibration of fthe feedhack
system, which is in the order of #3:107% and thus vestricts the
arcuracy of determind gravity oradients to some 0.1 pgal/ms  In Table
9.1 are compared observations of the gravity gradient iv the station
station Hamnover Z by two LCR model G and three LCR wmodel [ gravimeters
using the conventional observation wethod with observations using the
feedback system installed in LCR G-73. Applying the feedback systewm, the
ohservation time for a single gravity difference is about two times loss
compared to the conventional method. Additionally the accuracy of the
observed gravity gradients using 10 feedback shbsevrvations is *1...2 pgal
compared to #3...4 pgal by using S0 observations carried out in conven-—
tional manner.

By applying an
gravity differences can
any calibration error of the meter

Table 5.1! Comparison of the gravity gradient in the station Hannover
determined by conventional gravity aobservations and by
feedback observations

Coriventional chservations

Feedhack observations with LCR G-73
¥

Instr. Epach Bradient bl Date Gradient
fugal/ml Tpgal/ml

LCR  D-8 1984 Z65.921i0.5 50 1984/06/16 ZEE. 420.6 10
LER D-i4 1984 266.320,5 30 1884/06/16 ZEB. 2t0.4 10
LCR B-23 1984 269.210.&6 30 1984/06&/17 268, 120.6 10
I.CR G-79 1983 274.310.9 32 1984/06/ 17 268.610.5 10
LCR G-73 1384 26B.8:0.5 30 1984/06/18 286.910.4 10
LCR G-238 1983 272.3%#0.9 46

Mean: 2E9.5x1.4 298 2E7.420.6 50
n = number of observed gravity differsnces.
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B. Fipld Ohservations

fis firnal test of the feedback systewm, we have observed <wo gravity
differences of & mgal resp. 8 mgal located at the Hanmover — Harz cali-
bration lire. The precision of a single observation was & & jugal; the
mean of the ohservations agreed with the given gravity differences with-
in Z...4. pgal which is in the order of the calibration uncertainty of
feaedback system.

For observations of gravity differences greater than 8 mgal during a
field campaign of several weeks duration, the feedback system in combi-
nation with the wechanical systewm was applied instead of the CPI output,
because of it's better low pass output filter,
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E"x 107 BOUGUER ANOMALIES AND ELEVATIONS OF EUROFE INCLUDING MARINE AREAS
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Aibstract

A set of 47,473 mean elevations for &’ x 107 bloecks has been comouted
covering main parts of Eurcoe and survrounding marine areas. These data
are based on a collection of mean values, gridded resn, ungridded noint
data and bathymetric maps. In connection with already published mean
free air anomalies of Eurcoe, the mean elevations have been used for the
computation of 41,678 &' x 10’ Bouguer anomalies. The orecision of the
mean Bouguer anomalies is estimated to + 7 mgal; the precision of mean
glevations is estimated to + (5 w + 0.03 « H).

1. Introductian

The compilation of high resolution free air anomalies far Euraoe (see
€.g. TORGE et al. 1983a) was a preliminary condition for the determina-
tion of geoid heights and vertical deflections as oublished 2.g. DYy
TORGE et al. 1983b. As these avomalies have been comouted partly from
Bouguer anomalies by restituting the Bouguer plate reduction, cowpre-
hensive sets of 6&” x 10" mean elevations resp. wean Bouguer anomalies
were established. Since they can be generally utilized for geodetic or
geophysic purposes as @.g. smoothing and interpolation of earth gravi-
tatiognal field parameters or geophysical analysis, both data sets are
aresented here in order to satisfy reguirements of scientific investi-
gators outside the Institut fiir Erdmessung.

2. &7 x 10’ Mean Elevations

Cancerning +the area of Europe and surrounding marine reqions, 1o
homogeneous sat of high resolution mean elsvations was available., There—~
fare the comoilation based on data sources of different tvoe, azalying
soecific estimation oprocedurss for the determination of €'x 10" blgck
MEANS,

The orimary way of data compilation was the adaotion of already
@xisting mean or gridded point elevations, convenient swall comoart-—
ments sunovesad. A short descriotion of existing aoprooriate sources is
given in Tab. 1 (sources 1..7). Due to t*the fact that the original
gridding of sources 2 and I was compatible to the desired hlaock sizes,
67 x 10° mean values could be comouted frow fhese data using the sivnle
arithmetic means orocedure, whereas the least s=sguares prediction

algorithn has been acplied for fhe orocessing of sources 4..7.

About 62,000 point elevations were available especially  for marine
areas inside the borders 470 ( ¢ { E30, -ii0 ( a { 160, Mean ele—
vations have been astimated from these data by averaging point data
located inside & x 10’ block borders {(source 8): around 10 observations



per block were available. In order to generate a mostly complete data
set, mean elevations for remaining gans in marine areas have been esti-
mated by digitizing bathywmetric maps (source 9).

Due to =owme sourge ovearlaopings, a final merging was necessary to
produce an  univoeal data set. The total number of compiled & x 107
elevations haz heen reduced by this procedure  from 52,718 ta 47,473,
Their precision is estimated to + (B wm + 0,03 - H). This is anly 3
rough estimation because detailed error analysis are generally not
available for the collected elevation data. The location of comoiled
block wmeans can be taken frowm Fig. i. A wmostly complete coverage is
shown for western Europe excent Spgain and adjacent parts of the Medi-
terranean Sea.

Je &7 w 107 Mean Bouguar Anowvalies

High reseolution mean free air anomalies are available for Eurooe from
TORGBE =% al., 1983a, WEBER 1984). Concerning main parts of the land
arsas, these anomalies ave terrain cerrscted. Roplying the Bouguer
plate reduction

~ -

Sap Z2nlB 9 H,

with G = gravitational constant
A = mean elevation
2.67 g/omd , H) O
7 = R
1,64 g/cwZ , H {0,

the mean free air anomalies Agr have been used for the determina-
tion of mean Bouguer anomalies

AGR = AGF - &Tp .

Mean values for 41,878 &° x 10’ blocks were estimated by this procedure
for those compartments where both mean free air anomalies and mean ele~-
vations could be supplied. Their precision is estiwmated to * 7 mgal,
considering the accuracy of the elesvation data and errar estimations far
the free alir anomalies. The data distribution is given in Fid. &,
showittg again a mostly complete coverage for western Europe exceont
Sweden and Spain. A contour line mag of mean Bouguer anomalies for the
southeast North Sea and adjacent land areas is shown in Fig. 3. This
computer plot offers a visual impression of the resolution aof the com~
niled data sat.

4, Data Availability

In order to satisfy the reauest on & x 10 mean slevations and mean
Bouguer anomalies for Eurooe, the described data have bestt made avai-
lable for the scientific community. These unclassified block means,
released for'public use by %he originators, were surrendered to the
Burean GBravimetrigus Interynational. The Bouguer anowaliss are refered to
the International Gravity Standardization Net 1971 and to the Geodetic
Raference System 1967.
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Figure 1: Distribution of 6' x 10' mean elavations
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Figure 2: Distribution of 6' x 10' mean Bouguer anomalies
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