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OBITUARY

William BULLERWELL
(1818 -~ 1877)

The sudden death of William BULLERWELL on 25th November
1977 not only deprived the Institute of Geological Sciences of
an exceptionally able and loval Deputy Director, but also robbed
the geophysical community of one of its most dedicated practitioners.

Born in Newcastle-upon-Tyne in 1316, he graduated in 1837
in Physics at King's College, Newcastle (Durham University) and
followed that in 1938 with a second degree in Geology, being awarded
the Labour Prize for Field Geology. His doctorate, on mining geo-
physics, was completed in 1951 having been interrupted by war
service from 1940 - 1946. During this period he was ccncerned with
the development and operation cof radar, serving in the Mipnistry of
Supply, the RAOC and REME and being Mentioned in Despatches.

His professional career began in 1946 when he joined the
field staff of the Geclogical Survey of Brezat Britain. Soon after-
wards his geophysical talents were directed towards the introduction
of geophysical methods as a component of the Survey's activitles and
subsequently to the establishment of a Geophysical Department. As
well as organising many local geophysical investigetions he initiated
systematic gravity and aerocmagnetic surveys over the UK mainland and
surrounding waters. Publication of transparent overlays of the
gravity measurements at a scale of a quarter inch to one mile took
pPlace under his supervision from 1954 and these were followed by
interim aeromagnetic maps at the same scale, and in 1955 and 1972
by the "Ten-mile” coloured aeromagnetic maps. In addition to these
officlial duties his energy enthusiasm led him, between 1953 and
1956, to undertake a reconnaissance gravity survey of Scotland
jJointly with his wife, Eileen, whom he married in 1942, and Or.
and Mrs J. PHEMISTER. His resesarches also led to the publication
of a standard geophysical reference on the Tertiary volecanlc centres
ocf the Western Isles.

Appointed Chief Geophysicist in 1962, he was instrumentel
in broadening the scope of the Geophysical Division for which he
was responsible within the Survey and its successor, the Institute
of Geological Sciences formed in 1968 as a component body of the
Natural Environment Research Council. To the systematic surveys and
applied geophysical studies was added research work on geomagnetism
and global seismology.




This broadly based Gesophysical Division formed the
foundation from which work extended into marine gecphysics as
the hydrocarbon search moved inte the offshcre domain. HMis con-
tribution to the organisetion and implementation of the offshore
programme commissioned by the Department of Energy was considerable.
He was also heavily involved in initiating the current Department
of Energy and EEC essessment of the geothermal potential of the
UK and, through his service on the EEC's Advisory Committee on
Programme Management, of the EEC states ass a whele. For many years
he represented the Ministry of Overseas Development at various
multi-national conferences on mineral exploration and offshore
prospecting in the Far East.

He was awarded the Lyell Fund in 1955 by the Geological
Society whom he served as Treasurer from 1963 to 1871. His exten-
sive geophysical knowledge and contributions wers recognised by his
election to the Royal Scciety in 1872 and in the following year %o
the Royal Society of Edinburgh. He was Chairman of the Advisory
Board on Geophysics of the University of London and was a member
of the Bureau of the International Gravity Commission. He served on,
and submitted evidence to, numercus Bovernmental, Parliamentary,
institutional and professional committses.

William BULLERWELL -Bill to his many friends and colleagyes~-
was a very positive personality whose generosity, loyality and
kindness wsre complemented by the dedication, integrity and
professicnalism shown in all his scientifie activities.

O.A.GRAY



Alfred SCHLEUSENER
(1898 - 1978}

On April 13, 1978, Professcr DOr. Ing. Alfred SCHLEUSENER, a
pioneer of applied geophysics, died in Hannover, after a short severe
illpess.

Born on the st March 1838, SCHLEUSENER studisd mining sclences
at the Technical University of Berlin-Charlettenburg in the early twentiss.
Having received his Dipl.-Ing. degree, he turned immediately to the field
of exploration geophysics, which was in rapid development at that time.
From 1825 to 18963 he was actively engaged mainly in gravimetric investi-
gations, in many regions of the world, including Africa, North America
and Western Asia. Since 1928 he was with Sedsmos company, Hannover, where
he became head of the department for gravimetric and other non-seismic
methods. While until the beginning of the thirties, the torsion balance
was nearly exclusively used at gravimetric prospecting, the development
of gravity meters changed the situation completely. Here SCHLEUSENER
made an important contribution by the development together with
St. von THYSSEN-BORNEMISZA - of an astatized gravity meter suitable for
practical field work., Numerous instruments of this type have been built by
Seismos GmbH, and employed for instance at the regional gravimetric
survey of Germany, carried out betwesn 18934 and 1845 under the supervision
of SCHLEUSENER. The gravity maps resulting from this extensive survey today
st1ll serve as a basis for regional gravimetric investigations. After the
second world war, SCHLEUSENER was one of the persons who resstablished
the Seismos Company and brought her to another worldwide activity in
geophysical exploration.

The scientific work of Alfred SCHLEUSENER is characterized by
numerous publications, following his thesis about deformations of level
surfaces, produced by artifieial maess shifts, which was the basis for
obtaining the Dr.~Ing. degree at the University of Breslau in 41936, under
Professor Ludger MINTROP. These publications deal practically with all
fields of applied gravimetry, from instrumental construction and calibration
problems, design of grevity networks and accuracy sstimation, to the calcu-
lation, presentation and interpretation of local and regional gravity
anomalies. But SCHLEUSENER was alsc interested in more gensral geophysical
problems. 3o he took part in a German geodetic, geophysical and geological
expedition to naorthern Iceland in 1238, and carried out a gravity survey
along an east-west profile crossing the axial rift zone. The idea, to get
detailed information about the regional and the time behaviour of gravity
at this part of an active spreading zone, could be taken up by him again
in 19864/1865. From this work, and from the evaluation of the gravity field
in Germany, SCHLEUSENER cams toc a close cooperation with geodesy, sspecially
with the geodetic department of the Technicel University of Hannover. In
callaboration with this department, he continued the Iceland gravity survey
in 1987 and 1970, and could present the first indications of secular gravity
variations at the IUGG-IAG Genesral Assembly at Moscow 1571.



Because of SCHLEUSENER's scientific merits and practical experiences,
the Technical Unlversity of Hannover invited him to teach applied geophysics,
and awarded him a honorary professorship. Ouring that activity period, which
lasted from 1954 to 1988 he gave the students of geodesy a sound background
especially of gravimetric technigues and methods, and fascinated some of them -
including the author - so much that they later went to exploration geophysics
or to gravimetric geodasy. The author personally feels happy tc have had the
chance of a clouse and fruitful cooperation with Alfred SCHLEUSENER at Seismas
GmbH and, since 1968, at the Institute of Theoretical Geodssy, T.U. Hannover.
The outstanding work of SCHLEUSENER in Iceland is continued by this Institute
naw.

Alfred SCHLEUSENER was one of the founder members of the Furopean
Association Exploration Geophysicists, and he was also member of the Society
of Exploration Geophysicists, of the International Gravimetiric Commission,
and of the Deutsche Geophysikalische Gesellschaft, of which he was president
from 1964 to 1966.

The gravimetric community will net forget Alfrsd SCHLEUSENER, who
promoted gravimetry in theory and practice.

Wolfgang TORGE, Hannover.
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INTERNATIONAL GRAVITY COMMISSION

As it was alrsady antwunced in the Bulletin d'Informatien N° 41,
the eighth International Gravity Commission will be held in Paris

from September 12th to 16th, 1978

Meetings will take place at the University Pierrs et Marie Curie
4, Place Jussieu® ., 75005 PARIS, in the amphitheatre 25, next to the
Office of the I.G.B. (Tour 14).

Métro : Jussieu or Cardinal lLemoine

Entrances : 4, Place Jussisu, or
+Rue des Fossés Saint-Bernard {in front of Tour 94}, or
11, Quail Seint-Bernard (same placel.

We give, here-after, the main scientific items included in the
agenda with the title of the various papers already proposed to the I.G.B.
and which will be presented at the meeting.

Item I = C. MORELLI : Report of the International CGravity Commission
J.J. LEVALLOIS : Report of the Internationsl Gravity Bureau

Item II - International Gravity Bureay
J. TANNER : Report of the I.6.8. Working Group I
U. UDTILA : " " " Working Group IT
Yu.D. BOULANGER 1 " " Working Group IIT
Item III - ABSOLUTE GRAVITY MIEASUREMENTS Chairman : A. SAKUMA

- A. SAKUMA (B.I.P.M.., France) / Absolute gravity mesasurements

~ Yu.D. BOULANGER (U,.S5.5.R.) ¢ Results of absolute graviiy measurements in
Ledovo, Potsdam and Paris.

- J.E. FALLER {(U.S.A.)": Plans and progress in the development of a portable
+absolute gravimeter with a few parts in 109 accuracy.
R.L. RINKER and M.A. ZUMBERGE.

- T, MARSON & C. MORELLI {Itely) : Results of absclute gravity measurements
in Eurcpe and U.3.A., 1376/77.

~ B. DUCARME (Belgium! : Precise tidal corrections for absolute gravity
measurements.

Item IV - INTERNATIONAL GRAVITY STANDARDIZATION NETWORK Chairman : C. MORELLT
C. MORELLT (TItaly) : General Report

G. BUEDECKER (G.F.R.) : The new gravity base net of the Federal Republic
of Germany.

- KANN BIESER (G.F.R.) : Direct comparison of absolute and relative gravity
measurements in the Federal Republic of Germany.

- H.G. WENZEL {G.F.R.) : Establishment of & high preeision gravity network for
detecting secular gravity variations in Northwestern Europe.

- J.C. BHATTACHARJII (India) : Proposed absolute datum for Indian geodetic
system.




Ttem V - GRAVITY MEASUREMENTS AT SEA Chairman : J. WOODSIDE
=~ J. WCODSIDE (U.K.]) : General view on the sea gravity measurements
- C. BOWIN (U.S.A. : .
- G.L. STRANG van HEES (Nethesrlands) : On recent gravity measurements on the
Atlantioc.

Item VI - NON-TIDAL VARIATIOM OF G
Special Study Group N® 3.40 Chairman : Yu.O. BOULANGER

- Yu.D. BOULANGER (U.S.8.R.J : An international program of global studies of
non-tidal gravity variations as indicator of mass centre movement.

- G. BARTA {Hungary) : Mass distribution of the Earth on the surface and at
depth and the global secular variation of the gravity field.

- R.S5. MATHER (Australia) : On the recovery of geodynamic information from
secular gravity changes.

= L. PETTERSON (Sweden) : High precision gravity measurements for studying the
secular variation of gravity in Fennoscandiaz. _

- €. GERSTENECKER (G.F.R.) : Investigation of non-tidal gravity changes.

- I. NAKAGAWA (Japan) : Gravity changes observed in the Kindi District, Japan,

= J.M. CALDERA & M. MENA (Mexico) : Secular variations of gravity in Latim Ameeriea.

- 5h.K. SINGH (Mexicol : Secular variations of gravity in Mexico.

- W. TORGE (G.F.R.) : Local gravity variations in Northern Iceland connected
with earthquake and volcanic activity.
- H. DREWES (Venezusla) : Regional subsidence of the Lakz of Maracalbo as

determined by repeated gravimetric measurements.

Item VII - HIGH PRECISION GRAVIMETRY
Special Study Sroup N° 3.37 Chairman : C. GROTEN

- C. GROTEN (G.F.R.} : Report of Sp. St. Gr. 3.37 "Special technigues of
gravity measurements”,

- C. GROTEN (G.F.R.) : High precision gravity campain in the Rhine graben net.

- DEICHL, GROTEN, KIVINIEMI, WEICHEL. SR

- I. NAKABAWA {Japan) : An accuracy of scale censtant of LaCoste-Romberg
gravimeters (model G) revealed by internaticnal and domestic gravimetric
connections.

-~ Z, SZABO (Hungary ) : Investigations of environmental effects on gravity
measurements.

Ttem VITI - SECOND DERIVATIVES OF THE POTENTIAL (Vertical Gradiant of Gravity)

Ttem IX - NEW GRAVIMETRIC INSTRUMENTATION Chairman : 0. WILLIAMS

Ttem X - GRAVITY FIELDS ON THE MOCN AND PLANETS

Item XI - PREDICTION DF GRAVITY VALUES Chairman : U. UOTILA

- A. MESKO (Hungary} : Interpolation of gravity data with practical applications.
- £. TSCHERNING {(Denmark] .




I - 8.

Item XII - COMPARISON AND COMBINATION OF SATELLITES RESULTS WITH SURFACE DATA
Chairman : R. RAPP

- R. RAPP {U.S.A.]} : Ogean gravity data from Gecs 3 altimeter data.
~ 5. DESVIGNES (France) : Soms numerical results on statistical behaviour
of gravity anomalies and geoid undulations.

Ttem XIII - PHYSICAL INTERPRETATION OF GRAVITY ANOMALIES
Special Study Group N°® 5.46 Chairman @ S« SAXOV

3. SAXOV {(Denmark) : General Report

S. SAXOV (Demmark] : Gravity applied to geology.

G. DESVICGNES (France) : Geophysical interpretation of some large scale

gravity anomalies and geoid undulations.

- H.G. KAHLE (Switzerland) : Swiss Alps : gravity field and geodynamic
implications.

- V., VYSKOCIL (Czechoslovakia) : On the constructisn of the density models
of the Lithosphere.

- S. RIAD (Egypt) : On the downward continuation of the gravity field.

I

1

VARIODUS

- H. MEYERS (U.S8.A.) : U.S. land and sea gravity data.

- &, KIVINIEMI (Finland) : National Report on gravimetric activities in
Finlang 1874-77.

- D.E. AJAKAIYE (Nigeriel} : Bouguer anomaly mep of Nigeria.
~ M.J. ABBAS {Irag} : National Report on gravity activity in Iraqg.
- M.G. ARUR (Ingia) : National Report on the gravimetric work done in India.

- K.L. KHOSLA (India} : Future program of survey of India.

- G. MARFOLDI (Hungary) : Physical interpretation of the relativistic
variation of gravity constant.
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inevitable problems, especially when a difference of gravity

values among the measuring stations is large. Afver the daza
that were obitained by two sets of
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respectively, and one set of domestic gravimetric connecition

amounting te about 1.5 gals in gravity differsnces were adjusied

£
by veferring to the IGSH 71, the fellowing values of covrrecition
rfacvor For scale constants of Laloste & Romberg gravimeters
Gw=2%, G118 and G-19206 were determined.

For the gravimeter G-29 : 1,000663 -~ 0.000042 ﬁgohﬁ .

®er the gravimeter G~118 @ 1,000215 - C.000G6L A8 vy *

For the gravimeter G-196 1 1.00086L40 + C.000L2L A8 he ©
Using these correction factors, the graviity value ai saeh
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ngalts at all stations.

-

thaa + 0,03



2 h y
A 1 9] ] W i O k&) oS
o Byl o i ) o b t 4 e L
I 3 o @ @ 3 o o %) @ et g =
-l 73 < 13 e i) = O o £ o i @ a ] +
R 23 o B MO0 e 0 S G A 5|
& ! o} < 0 ) [ o T B A ¢ !
e @ - i Q ] & o] @ 4 o] 13 £ by e
)] I i B i o} - s f 0 Q ] iy © o e ko]
- otk I 0] =] WY e @ o o by 13 s & o
I o 42 i [0} 0 [ o K & g @ fixs Q j s
L o ) . a T > ! o e kR g 10} o] o] 3 i [} 5
& i L O O " o] 1) ] 9] 4 42 f & i o] f
K > o iy & e e o) ] » iy 9] @ s ol
Q 2 O e L fut @ 2 i [0 o o 0 I ]
by i2 o o @ o o o] o t o f - i 0] "
o = .zm o 52 $2 = b4 =] @ i 3 . ) . i
v b LI il (& 9 ¥ o O b - B4 e & o o o
& ] ko e > 2 : & 42 9] = & a a & 2
A2 2 o [5)] ] o 2 3 [&] 4 71 0 ] ~ 4 i
o #1 i i ft w3 4 i1 3 s ol S i i ™
0} 0 o o [t fisd 4 ol i} 4 Q ot Lo 42
et 8 ot v h D LN o @ " [Py 42 et bS] [¥] 0 Ly Gy & i
[o] @ o] a K Eo] f 4+ o] o @ £ = fis] = o o >
Al i} et e [¢] o =) ko) 5 o ol =N o & i3 b2 3
A o ] L3 W ord i) ) e 18] of @ G 4] &
) = it o [ - & 3 o) v} o & “cf 9 % P &0
I I [ i 4 =1 i ] @ 1) e e o] R ]
it} e 5 el i £ & o ® ) 1 o i 2 -4 G
Pt o o 0] o ) o e, 4 £y @ o 6 A - i s}
W - B g p 0 7 o G ey 3 Ay 40 o ol o
- by et A4 v a - o0 = L= ] o o ] 1y 73 b
- &g 5] ] ot @ 1] a i L o £ 42 4+ ) P Q
5] Gt @ P2 i 4 @ £ L) St il ks ha " 4 i « e
& o b “ Q £ o o a af ) 0] § L) @ u 43
@B O e e o o o L= @ N 0 e @ g e B o
] Gy et < ] £ ) f Ex o a2 & ] 0 £ P
o Cieg = o] o -} @ = 0] e ] ¢ 0 & ] o
e o i = o) 4 o e ol ! o o o et vt 2 b}
8 v ‘ G a4 « an o ot T e o - o} ]
o T4 ® s 4 $4 5 o} o = 1 1} &} el 4 hs o w0
G @ ot i) o i a3 - Sy el & ow = Geq QO e O L )
I B0 O g b= 30 G # B -4
bt O ot £ # K ® e G i = o A e 0 e
fuy b 42 tn ! it} &) o} d 2} = @ s Gt ) 0 £ 2 o
o o [ 1 fq - o] [0} ! I o = &] & v $3 &8 &
> el ] 2y o £ 3] u - o] & by i } o - = by 4
I W 2 4 = & H e B 0] ot > 43 R t ® = 2]
ol @ g Gog & i 1 s £ fo o] i o & 42 o 3 a
& v, o] 3 ) i o o] £ §4 ] (] & e i " A Q i ) 0 -
FE st o e &= iy aQ o o K & o fa v )] ~ o ot
™) Q <l oy QD @ Gt ] [ 4D o] L a s (] [ o] =] 3 3]
I &} $4 s Yo Gy 3 R el £ i Gy bl o Q e o of [ @ 54
& kS & o o} e} ® i svd s » G & & 0 O < ™ N el
o o3 o ) e o Y Ba o iy 4 o 3 i [ LI ol £ 1
& s w o @ ot - b o = 42 & ™ et “ o) i
4 0] 4} " W] el a3 = o ] a oy §4 o o M ] H
-3 3 0 s 4 o] w a =] 3 & & i o} af ® fg S 4} 2 ) & I,
e o ¥ fut i o s s =3 w 2 4 ® e = + ¥ o3
N o i) ® e ao @ ] @ ] Gt 9] > b &
ot [ @ &3 4 o » = 4] 4] o £ G 42 7 s} o
o g 0 Gl i b ® o 0] ] ! ) -~ o] £y L3 42 .
E e 4 ] o 3 N o om0 = U g & b 9 m o




L i i ™ ]
g 0 B R
o & ) w g v W o o
I 3 s 3 el - v ST B T
3 #ief red o i} B £ - o 7
$ ] = i & o} ] 2 & o [V
wl o 0] ) b 0] B " +3 " ﬂ_. Ut el &1
W By O 7} “ &0 i o -1 $4 @ o e
s by - by & i e ) ) ST & E 4 in
e I G T \0 i Q U w i) & ol 03
oo 42 Gt a3 G Ko - & ] Gop QL 4 ot k3
} o D o3 I o] & 3 l & bi i 0] f+
s i o G o €] @ "wrd o & ) o @
e o 3 e g o ) 5 2 & » = ] &
W (9} i G ¢ ¢l Ferf i o w I el 2
N m o Q o) o i el 9] ] @ I 9 ] 42
I ot ) I I by 40 e > & Wow ) o 2 ¢t
H b 3] B aQ & Q [V IEAN'y W] i rf < wl q e~ 0
[ & @ ) i et @ 13 Oy i > © I8 o O
Ia® i o) 1 43 i ) sl S 3 i) £ 9 o) o T
n o B o o ! by i wd @ L ] @ 4 N @
i 3 ot ST ! oy joh a1 » m g 192
jus 3 O o 3 i & ) @ o 44 i ! 3
™ a ) 1+ ke ™ P % & 8] ¥ & ] s 0
@ 4 o3 o o 2 Fi < -+ ! 5 o 0]
o £ I - e 4 o - 13 & 45 43 "
N 9 d £ > A S AR« R SIS B~ S
> i Q 4 2w ] 90 b3 i i i 4 43 Q
ot ) R o o i~ i oq D e 5] i) 4 | oid
bt 13 45 ) b & et 4] o 5! 1 ul ! 43 1z Y] {2
bYy] 33 fof 3 o H &0 1 o & i} et i Gl
£ o & o LT B @ @ o3 O £ ol i 42
b} i o s i £ £O & ey 83 o ol ® = n
L I 4 D al ol w = e 8 o ] =3 &4
i _yw 33 3 bt ‘A N e 5 4 © @ & ™ =
&1 e} ol = < - ) o ] o ol i @ 4
e 0 o 4 e t s 6] & &) “ & i
O B - 3 U o ) 3] ) a | SR
et [e] ] i W I L o it oy A 9] 82 e I
e & G 42 ! 3 @ s D 0} ! ol A L4
- £ ol o wi o KRN b o & B oy 1)
w42 b el o @ 2 o] - 13 s o) W s
] G o] o Yy e &N T i} -+ 4 O] ) s o)}
> o o o o ™ 8 ] B - ap o o 5} v 4] 5}
)] ] <3 m [52 s e o (43N 0 o] 50 o) 42 g 0]
) 3 £ o 12 o - i - o o] §4 o £ !
] fot o b4 i ] s 0 3 el ) ] o, @
a by o 2 il - " o @ = b3 o) o a o
P 0] L o O a o il o4 s} : o] 4 ®&
o e 3 e vl L e £ 2 4 o ™
G a P & 3 o o @ (] 2y 0 o &
& g e D e < = i ER] o s o §4 T ® @
4 oMY M ] a 42 ] ! ol G Q s 53
o i e fa (G ¥} D a0 v} = = o Gt e R 2
L3 i e 43 ey i»; @ i & £ o ]
ol §a e @ o w0 o i ] @ 6 T
e ot ) (8] - i1 43 2 B 5 IR ¢ =] 0] - Y o]
Q = 3 ¢l 5! ToaN 4 o) ) ~ 5] B ) 18] o~
: Soom = 4 B W T oo S
1 “y o~ ) - ] 0 - s ) o L o)
o 4 o 5 S > A4 s ol @ P2 W2 193] )
N oY A o %8 B 0 I @ o) $4 i %] -]
» $ £ i ) - & & = L 0] £ Yy i i i) of
R E & = o & 0w @ & < £ ~ B e

SL LS

2

oy,

Ti.
75 &

H

Y

IGSs
JGEN

on The
el Thie

&

those bhased

I

Y

ues vased

-
t

Py

va
=]

i

oY
-
3

avis
in Tab

o
L= R



Gravity values referred to the IGSH 71/JGSN 75 and
gravity differences obtained by applying the scale

constant of the gravimetercs civen by the manufacturer.

13.



TABLE

Gravity values referred to the IGSN 71 / JGSN 75

applying the scale constant of the gravimeters

I

Gravity difference cbtained

. Gravity
R 168 Biiiizy difference G-29
Sretion N (IESN 71/ reiiriizg Japan »~»
e I e i R
America
mGal mGal mGél mbal mGal

Tokyo C 13158 € | 978763.18 G- 0 D )
Moscow 981551.35°°] +1788.16 | +1786.92
Potsdam A §21523 A | 981260.19 +1497.00 | +1495.97 |
Potsdam B 21523 8 | 981260.70 +1497.51 +¢498,48f:
Potsdam L 21523 L | 981257.09 +1493,90 . }1492.&5
Paris A 18082 A | 980925.97 +1162.78 | +4167.98
Paris O 18082 0 | 980898.44 +1135.25 | +1134.40
Kyoto C 113155 ¢ | 979707.75 - 55,44 | - 55.42 | - 55,43
Tokyo B 113159 B | 979788.72 + 25,53 + 25,56 | + 25,55
Tokyo N 13153 N | 979758.08 -~ 5,11 - 5.08| - 5.12
Oezhu-Honolulu B} 08817 8 | 978938.35 | - 624.84 - 824.22
Mexico City C {04693 C | 977926.71 -1836.48 1 -1834.86
Mexico City O 104699 D | 977927.15 -1836.04 ~1834.40
Lima O 36827 0 | 978292.37 -1470.82 -1469.42
Areguipa K 36861 K | 977701.73 -2061.48
Santiage A 44030 A | 979414.11 - 349,08
Nemuro 980663.63%| + 3820.44 +319, 89
Kushiro { 980596.51%| + 833,32 +832.83
Sapporo 9p0477.57*| + 714.38 +713.,97
Sapporo K 148631 K | 980426.52 + B63.33 +562.91
Hachinohe ' | 580360.84%| + 587,85 +537.30
Kakicka 978966.43%| + 203.24 +203,10
Kycto A 13155 A | 978707.27 | - 55.92 - 55,85
Kumamoto A 13120 A | 979551.62°% - 211,57 ~211.34
Kagoshima A 13110 A | 879472.15 - 291.04 ~290.79
Naha | 9780989.42%} - BB3.77 ~B63.30

* International Gravimetric Bureau

°® After Elstner, 1874.
X Referred tc the Japan Dravity Standardization Net 1875 (J8SM 75].

Number.

°x The surroundings around the measuring station were recently changed,

and the gravity velue was subject toc have some change.




and gravity differences obtained by

given by the manufacturer.

by the present investigation

G-118 61198 . Remarks
Japanew | Within gisiﬂm Within
Europe Japan America Japan
mGal mGal mGal mGal
0 0 0 § Geogr. Surv. Inst,
+1787. 4 Grav. St. N°5035, Geod, & Cartogr. Surv.
+1496.76 Cent. Inst. of Geophys.
+1497.29 near Cent. Inst. of Geophys.
+1483.67 near Potsdam Int. Airport
+11682.59 Int. Bureau on Welghts & Measures
+1135.05 Paris Orly Airport
| -55.44 |- 55,43 |- 55,41 | Geophys. Inst., Kyoto Univ.
+ 25.51 + 25,48 | + 25,50 Dept of Chemistry, Univ. of Tokyo
- 5.08 {- 5.10 |- 5.09 Tokyo Int. Airport
~ 824,39 Bishop Museum
-1835.51 Nat. Univ. of Mexieo
-1835.11 Tacubaya Obs,
=1470.01 Lima Int. Airport
-2(60.37 Areguipa Alrfield
- 348.84 Military Geogr. Inst.
+820.,28 +915, 80 Nemuro Weather Station
+833.21 +832.78 Kushiro Local Meteo. Obs.
+714,22 +713.85 Dapt. of Geophys., Hokkaido Univ,
| +863.18 +862.86 Sapporo Int. Airport
+597.55 +587.28 Hachinohe Weather Station
+203.17 +203.06 Geophys. Res. Lab., Univ. of Tokyo
- 55.95 - 55,92 Nat. Fund. St. of Grav., Kyoto Univ.
=211.47 -211.37 Faculty of Education, Kumamoto Univ.
~280.95 -290.84 Kagoshima Local Meteo. Gbs.
-663.61 -663.42 Okinawa Meteo. Obs.
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Fig. 1.

The relaticn between gravity difference of esach station from
the base staticn (Tokyve C) and deviation of the obtained
gravity value from the IGSN 71/JGSM 75, for the gravimetric
G=1926. The straight lines were obtained by least sguares
method for each gravimetric connection.




€
i

e e

)

o,

&

Ll v,
Laeldcm Bl

s
et

PO T
G

3

~

AT -
> xt)
e S e

L1
ule

~
ke

nes
TS

)

P
i 83
ab o

Ny

‘_
4
&)

Vil s By

%

L ALY

ign
SiE

&
2 bhase

h
¥,

e
T
[




‘
St
i¥3

S 5588 7]
C§MEZ§% mgal
& & ++1.5
TR TiiElsimer Japan ~ Eungpe -
B Japan oty A-"‘»Or-ff"- i O &/
IS3E T I}Q -~ A 1800 ® -
v
& & VAT /
ras¥ 71 |gask 75| MDD Japan 405 £
L /)%
O
: 3 %gﬁ ; ) e
- 2 -1 O R _}_‘2 83! o s
/&ﬁi@
x"o// +—05
e
- +=1.0
£
-sm.a‘E'S
&2
Ve
Fig. 3.

The relation between gravity difference of each station
from the hase station (Tokyo C) and deviations of the
obtained gravity value from the IGSN 71/JGS8N 75, for the
gravimeter G-29. The straight lines were obhtainad by
least squares method for each gravimetric connaction.




gravimelters. Cn the trips to South America, however, the
gravimeters could not be carried into the plane cabin on the way
from Los Angeles to Mexico City and baclk because the plane crew
4aid not understand the problem. It is, therefore, doubrtiul
that a Jjump in the readings of the gravimeter tock place on Goth
the going and revurning measurements between Los Angeles and
Mexico City.

4s can easily be seen in Figures 1, 2 and 3, no step is
found Tor the gravimeters G-196 and G-118, whiie there exist two
steps for the gravimeter G~2ZJ. Taking these steps into
consideration and under the assumption that the gravity value of
the IGSN 71 and the JGSN 75 is correct, the scale constants of
the gravimeters G-196, G-118 and G~29 seem to be sligh¥ly small.

Assuming that the discrepancy has a linear relation. to
gravity difference, correction factors for the scale constant
rere determined by applying the least squares method for each

gravimetric connecition, as shown in Table 2.

Table 2 - . 20. |

Since Tokyo ¢ was adopted as the base station, the gravity
values of the internaticnal gravimetric comnection between Japan
and Europe were found to raunge from O to + 1,8 gais, those of
the international gravimetric connection between Japan and South
America from - 2,0 gals to + 0.1 gals, and those of the domestic

gravimetric conmnection frem - 0.7 gals to + 0.9 gals. It may



Correction faosiors for the sozle constant

p Por 4 ey - - P o yn, afam ey - . x g Fl 2 h e Y
Gravimetsas Gravimetrio connection Covreriion Taotor

Tpterncitiona’d A En Farope ) 1.000605% «+ O,000014
229 b intosrnationsl America} LL,O00R9 .
i s N R g

. Uemestic {within Japan) 1. 000640 4

International {Japan:xaEU?op@} 1L, 000157 + G.000000

o3
1

G118
I . It e oy T o o ; e - ey
Domestic {within Japen) L.000205 « O,000017

. international {Jepan ~ South America) LOROB2G + G,000019
G19 -

Domestic {within Jepan) L.000668 + 0,000027

Tk




~ 21.

-4

neratore be thought that thexe exists a discrepancy of correc—
o+ the scale constant depending on its scale rTrange.
as for the gravimeter G-196, the discrepancy between the

romence obtained and that referring to the IGSN 71

[

arma the JOSN 75 seems to be expressed by & second order funciion
in the gravicy difference obtained. T™is can clearly be seen
& Y ¥
inn Pigure 1. The discrepanc Pa! - A4 is expressed
= LGSN obs

by the fellowing formula, by applving the least squares method.

2

BN
]
It

{ X A
{0.,000060 =+ 0.000010) Bobs
+ {0.000640 3.0.000015)><Ag0bs + (0.000004 + 0,000010) ,
where égIGSN is the gravity difference from the base statiomn
{Tokyo C) referring to the IGSN 71 and the JGSN 75, and 8g

is the gravity difference from the base station obtained (unit

in gals). This relationship is shown in Figure k.

(ﬁFigure b o, 22,

The coxrection factor (0196) was finally determined for
the whole scale range amounting to about 3.0 gals as follows 3

Cigg = {1.000640 + 0,000015) + (0.000121 0.000020) X Ag_,

LS for the gravimeter G-~118, the situation is similar *o
he gravimet b . i - A i
the gravimeter G-196 The discrepancy (AgIGSN gobs) is
expressed by the following formula, by applying the least squares

method.

2

Lo - O = e L
& € b {0.000031 + 0.00001 )><Agobs

IGSN
(0.000215 + 0,000019) X Ag . o = (0,000007 + 0.000009) .
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(Upper). The relation between gravity difference of each station
from the base station (Tokve C) and deviation of the obtained
gravity value from the IGS8N 71i/JGSN 75, for the gravimeter $-196.
The curved line was obtained by fitting the second order function.

e b LI L 4

{Lower}. Scale constant given by the manufacturer and revised
scale constant.




“23.

.5 gals as follows :

C..o = {31,000235 + 0.000019) ~ {0.000061 i,o.000028)><agobs

4s For the gravimeter G-25, it was concluded from Figure 32

that the disc¢repancy Deitwesn the gravity difference cobtained and

that referring to the IGSN 71 is expressed by & second orxder
funcrion in vhe gravity Sirfference obtained, which is also the

he gravimeiser G—-196, and that there exist two

same as that for
unguastionable steps; namely, one is between Tokye and Moscow

e TF

and the woither is betwaen Los Angeles and Mexico City.

@

The resulis obtained by applyving the least sguares mevhod

are expressed

wh

oliowing formulia and are alisc shown in

n wvne

3

[ —-- = = - " X )

SEroan ~ Mobe (0.000021 + 0.000015)* Ag_.

+ {0.000663 + &.000016) X Ag - {0,000032 + 0,000010) ,
obs N x

The amount of the steps was determined to be (0@129 + 0“032)

npals on the section bevweewn Tokyoe and Moscow, and {0.323 *

[

0,053 mgals on the section between Los Angeles and Mexico City.

P

x

Yy

nre & - p. 25.

b

¢

The corrsction factor {629) was, therefore, determined fox
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Results of gravimeiric connections

TABLE 3

I-27,

Gravity
Station -5 by Sravity value cprrecte ~| .t
16N 75) G-29 G-114 G-1896 | Msan

-méél mial méal mGal mGal mial
Tokyo C 13159 C | 978 763.18 783.16 | 783.18 | 763.19 | 763.18 | -0.01
Mocscow 881 551.35 551,33 | 551.31 551.32 | -0.03
Fotsdam A 21523 A | 961 280.19 260.20 § 2580.20 260.20 | +0.01
Potsdam B 121523 B | 981 260.70 280.72 | 280.72 260.72 | +0.02
Potsdam L 21523 L | 981 257.09 257.08 § 257.11 257.10 { +0.01
Paris A 18082 A 1 980 925,87 825.99 | 925.99 925.95 | +0.02
Paris 0 18082 0 | 980 B98.44 §96.42 | 898,43 896.43 | -0.01
Kyoto C 13155 C | 3979 707.75 707.89 | 707.73 | 707.74 | 707.72 ¢ -0.03
Tokyo B 13158 B | 979 788.72 788.73 | 788.70 | 788.88 | 7B8.71 ~0,01
Tokyo N 13159 N { 879 758.08 758.05 | 758.88 } 758.08 | 758.08 0.00
Cahu-Honolulu B § 08817 B | 878 938.35 9358.38 938.31 } 938.34 | -0.01
Mexico City C 04699 C | 877 926.71 828.69 928.71 i 926.70 { -0.01
Mexico City D | 04698 D | 977 827.15 827.15 927.11 |} 927.13 | -0.02
Lima D 36827 0 | 978 292.37 292,40 292.37 | 282.38 | +0.01
Arequipa K 36861 K § 877 701.73 70%.74 ¢ 701.74 | +0.01
Santiago A 44030 A | 979 414.11 414.13 | 414.13 | +0.02
Nemyro - 580 B683.63 683.64 | 683.64 | B83.82 | B83.53 G.60
Kushiro 880 596,51 596.53 | 596.55 1 588.54 | 598.54 | +0.03
Sapporo 980 477.57 477.80 | 477.54 4§ 477.52 | 477.55  -0.02
Sapporo K 16631 K | 980 426.52 426.50 | 426.49 ! 426.49 | 426.48 | -D.03
Hachinohe 980 360.84 360.85 { 380.85 | 360.85 | 360.85 | +0.01
Kakioka , 973 8966.43 866.3% | 966.35 | 966.38 { 966.39 | -0.04 !
Kyato A 13155 A | 978 707.27 707.18 | 707.22 } 707.23 | 707.21 -0.08
Kumamoto A 113120 A §{ 979 551.62 551.68 } 551.66 | 551.88 | 551.57 | +0.05
Kagoshima A 13110 A | 979 472.15 472.18 | 472.16 | 472.17 | 472.17 | +0.02
Neha | 879 098.42 599.41 086.42 | 088,37 | 099.40 | -0.02
+Dif. : Difference between the mean value obtained and the gravity value given in

the IGSN 71 / JGSN 75.
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+ 0,085 mgals can be reduced.

by two sets of intermational

gravimetric comnection znd one set of domestic gravimeliric

[ER e

<t

connection, correction

&
4
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LaCoste & Romberg gravimet

+the manufacturer could be det
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o
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The internatior
Europe and the domestic ons 1

nroject.

IGaT

ey
o]
ok
o
by
o
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¥

i
e
[

vetwaen Japan and Scuith Ameri
during of travel ito Peoru and
crustal moevement.

The discrepancy bheitween

investigation and that given

ors Ffor the scale constant of the

G229, G~118 and G-196 given by

grmined.

gravimetric connection between Japan and

in Jepan were carrisd out as a

3

jional gravimeitric connection

Lea was supplementarily carxried owut

Chile to undertake observations of

the value cbhtained in the present

in the IGEH 71 and the JGEN 75 is

generally less than + 0,03 mgals. This may mean ithat the

oresent result is accurate iun spite of unfavorable conditions.
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AUATILIARY GRAVITY STATIONS

alt the "BUREAU INTERNATIONAL DES POIOS ET MESURES” (B.I1.P.M.)

The fundamental gravity station is Sévres Point A, on a concrete pier
about 0,20 m below the level of the flcor, in the room of the absolute gravity
apparatus.

This site is highly recommended for all connections and more specially
for the internstional measurements.

However in order to facilite the current connecticns, excenters have
been established, i.e.

excenter B and C inside the limits of B.I.P.M. in the main vard,
excenter E outside the B.I.P.M. close to the entrance gate. (See diagrams).

The connecticns of these sites to the A station have been observed
by the International Gravity Bureau using the LaCoste-Romberg gravimeter G.225
kindly lent by the "Centre Géologique et Géophysique” of Montpellier
(Mr. Louis).

Two eircuits have bsen observed clockwise and anticlockwise with
closure on the A point.

g (A - L) = - 0.25 mbal
g (C~E)=-0,12 "
g (E-B) = 0.08 "
g (B -A) = 0.z »

The gravity values referred to the absclute A paint run then

&p © 880.925,86 mGal

gg = 980.926,24 \ + 0,02
- P

g = 980.826,21 J

g = 980.526,33

It should be noted that the A g g value referred to A, differs from
the previous value ( A g = 0,33) due 1iéely to some changes in the site
(rise of the pavement].

Furthermore, a new site A, has been chosen by 0Or, SAKUMA for the
absolute gravity measurements pefformed with transportable apparatus.
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CREATION DE 2 BASES GRAVIMETRIQUES

A L'AEROPORT CHARLES DE GAULIE (France)
ROISSY

L.'Aéroport du Bourget étant sur le point d'8tre fermé au
trafic international, le B.G3.I. a gré<é 2 bases gravimétrigues au
nouvel aéroport "Charles de Gaulle" & Roissy en France.

Cet aéroport est situé au Nord Est de Paris, &4 Roissy,
4 23 kilométres du cenire de Paris.

On y accede par 1'Autoroute du Nord A,l de Paris a Lille
et Bruxelles, et également par des trains, bus et des cars Air France,

Deux stations ont été choisies dans 1'aérogare, 1l'une en
zone internationale, située vers les pouiigues hors-douane, facilement
Zccessible par ies cbservateurs venant de 1'étranger (sans formalités
de douane et de police) et 1'autre en zone frangaise, au pavillon de
réception (cour anglaise).

DETERMINATION OF 2 GRAVITY BASE STATIONS

AT CHARIES DE GAULIE AIRPORT (France)
ROISSY

The Bourget Airport being about to be closed to the international
traffic, the I.G.B. determined 2 new gravity bases at the new "Charles de
Gaulle" airport at Roissy en France,

This airport is located in the Northeastern suburb of Paris at
Roissy, at about 23 kilometers of Paris-Center.

Means of access : Northern speedway A.l, from Paris to Lille
and Brussels, and alsc trains, busses and Air France coaches,

T™woe stations have been chesen in the air-terminal, one in the
international zone, in the duty free-shops area, easily accessible by
any Observers coming from abroad (without authorization of Customs and
Police QOffices), and the other in french zone, at the welcome house
(Pavillon de réception, "cour anglaise™).




- 37,

STATION R

ABrogare N° 1. Oratcire cathclique en zone internationale, Ztage
transfert, dans la zone des boutiques hors—douane.
La station se situe & 70 cm devant le pilier de 1'autel, et & 165 cm
du mur gauche de 1'oratoirve.
Pour tous renseignements, demander 1'Aumonier de 1l'agrogare ou
téléphoner au Service des Relations Ext&rieures de 1'A&roport :
862.17.91 ou 862.10.31

R STATION

Adr terminal N° 1. Catholic oratory located im internatiomal zone,
at transfer level, in the duty free-shops area.
The gravity point is situated at 70 em in front of the altar pilliar,
at 165 cm of the wall of the oratory.
For all information, ask the Chaplain of the Air Terminal or call to
"Bervice des Relations Extérieures de 1'A&roport'": 862.17.91 or £62.10.31.

Altitude of the station : 104,80 m

Latitude : 49°00782
Longitude : 2°32'50 E.G.
g observed : 980 915,49 mGal

STATION S

Pavillon de réception, situé dans la zone technique de 17aéroport
(zone francaise}.

La station est situ€e & l'extérieur, dans la cour anglaise, sous
1'escalier conduisant au sous-sol du bAtiment.

Pour tous renseignements, t&léphoner au Service des Relatioms

Extéri :
xtérieures 862.10.31 ou 862.10.33

S STATION

"Pavillon de réception” (welcome house), located in the technical
zone of the airport (french zcne).
The gravity point is situated outside, in the "cour anglaise®,
under the staircase, leading to the basement of the building.
For all information, call to :"Service des Relations Exté&rieures®
562.10.31 or 862.10.33

Alrtitude of the statiom ¢ 99,60 m

Latitude ¢ 49°00776
Longitude : 2°32'09 E.G.

g observed s 980 917, 93 mGal

°




S
Py g, 3

AT

e

|
3
!
P
o
o
A
il
e
e
o
i H
o 3 :
i
;3 !
e 2
.
B
89
ja
P
sa !
g
i B
e Bk } i
B — 1Y
e !
351 }
% I
|
i !
gl

i

oy

R

R

e

i

PRI

o

et

i

Gl

£
21

3=

-'i, o
plissiog

5

e

i

.

o

s
SR,

3
i

i

£ ok
s

;- ¥ 3
ST

Ry

Eo

5

s e
. .:l'woav

]
&

SRR

e

i
S

8
K

AT

o5

7

il

i
¥

:&:.5;

e

Is8y

e ey

>

[N

&
A

¢

s

£
£
:

By

W@%@%

et

g+

A S T T

g

A

S A A g e

e e
SRS e

X
et et el
i

i

g

Ni

2

o
?\K’NW" 5,
3&5

7
R

£

aRinl

o

3

o

!
P
A 1
": -
E
‘%
™

’

Of
ra o ke e i e
o

5T

S5

s
RSN
OO,




I~ 38,

NOILJHOHEY W4 NOTIiavd

9118089 | Snog

HBIVTIONY ¥O00

/ ! —_
%&M; mw.w Fisd
; ISR
; ! tfetijfieloisis
Pl B e o o B Bt R B B O P O
i
il
ONITHYEYd




I -~ 40.

Gravimetry connections belween

ROISSY Stations and 2 IGSW 71 Stations

The 2 ROISSY stations have been connected on ane hand, to the absolute
gravity station SEVRES, on the other hand, to the IGSN 71 station : LE BOURGET
airport. {Hall, code 180 82 KJ.

The gravity connections have been carried out into twe steps.

- sevres (Point BT~ Le Bourget {point K} anc Roissy (point S) :

These measurements have been mads oOn 21.03.1877 by "Le Bursau de
. Recherches Géologligues et Miniéres" (B.R.G.M., Mr. Ogier) with a LaCoste-
Romberg gravimeter, model G, calibrated on americen bases of the IGSN 71,
in February 1976,
The details of the measurements and the results are published in :

"Base gravimeétrigue fondamentale frangaise : Paris - Toulguse - Pic du Midi
de Bigorre - liaison 1977", Mr. Ogier, B.R.G.M., Département Géophysigue ;
77 SBEM 431 GPH.,

The results [\ g are as follows : Adopted valus

- 17,410
- 17,385
- 17,385

2.105
9,085
9,090

8,310
8,300 f

Referring to Sevres Epolnt A), with g = 0,28 mGul for the difference
Saévres (B-A}, it is obitained

ROISSY (S) = SB0 925,96 (SAKUMA value)
0,28 % 880 917,93 mGal
‘B) 3? }

e

Roissy (98] - Le Bourget (K)
- 17,387 ~ 17,480 mBGal-

N, g

Le Bourget (K] - Sévres (B)
4,085 8,08 mBGal

- ”
et

13

Sevres (B) - Roissy {5} 8, 305 8,31 mbal

Referring to Le Bourgest (K), it is obtained :

ROISSY (S) = 980 935,33 (IGSN 71 vazue)}
-17,40 ;

Py

980 517,93 mGail

-~ Sgvres (point A) with Roissy (8) and (R} :

These measurements have been carried out on 15.11.1977 by the
B.G.I. with the LaCoste-Romberg, model G-225, already used for the
relative gravity measurements at the B.IL.P.M. The calibration factoer
was the one given by the menufacturer.

+See p. I-31.
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Twe there and return have been made between the 2 Roissy sites.
The g results are :

S&vres (A) - Roissy (8S)
Roissy (8) =~ Roissy (R)

8,06 mGal
2,44q + 0,02

i

This first difference was neglected, the difference previously
measured by the B.R.G.M. (8,03) was adopted.

Gravity value at ROISSY

Referring to Sévres (point A) : 980 925 96 mGal (Sakuma's value),
it is obtained :

ROISSY (S, Pavilion, staircase : 980 917, 93 mGal
ROISSY (R, catholic cratory}) : 980 91§/49 mGal

5. CORON
M.F. ESNOULT
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Yu.D.Boulanger, G.drnavitov, Z.Kallsh,

Yu.Stus, V.Darazsiuk

DRTERMINATION OF THE ABSCLUTE VALUE OF GRAVITY

IN SINGAPORE

5 o

One of the mos? imporvant problems of modern gravimetry is

i

& study of non-tidel gravity variastions in tims. AT present there

53

ars various estlmations of possinle wvariations nased on these or
those assumptlors on gecdynamic processes ccgourring in the Zarth.
The values of anuual gravity variations are thought to be of from
several to many hundred me gal per year. Thersfors it is of a
great acientific interest Ho ¢carry oub spscial high-precision
vepoated gravity determinations in those reglons of The globs
whera the maximal wvariavtions of its value courld be anticipsted.
he equatorizl sone is the first such reglon.

Bearing in mind the apovesald, the Iastituite of Physics of
the Hartn, USSR Adcad. of Sele., Jointly with the Insbitute of
sdubomatics and Electrical Telemetry, Siberian Branch, USSE Acad.
of Sci. made a detbvermination of the absolute gravity value in
5iﬁgapere in Decenber, 1976, Measurenments were perfornmed with
a laser gravimeter developed &t the Institubte of Asubomatics and
Elsctricsl Telepetry. The instrument and methoeds of idts operatiocns
are described in /I/ /2/. These measurements were different from
the earlier cnes dus o vibroprobvecticn used in The instrument
egainst the effect of vertical disturbing accelerations causad
by micro~ and vibrossisms.

In Singapore ngasurenents were carried out on The territory
of Singapore University in a sepavabts paviliion where earlier

radlocactive substances were kxevt. The pavilion is on & bank of




kN
w
.

a rather large swamp. The device was insballed on a concrets floox.
The installation site is shown on Fige. I.

Before the departure to Singapore and after the return ¥o
Yosoow control measurements of the absolubs valus of gravily
in Ledovo {Moscow) were carried out a¥ the International Gravi-
metric Point to control shability of the instrument operatlon.
The devicae was instelled on a concrete pillar directly above
the mark N 5035 /3/.

Keasursments with the absolube gravimeter were carried outb
as beforse in the following order. Rach result of measurement
introduced into processing was deduced as an arithwetical mean
from 140-150 observabions of free fall angular raflector. The
drops followed one another each 13-20 seconds. Thess observations
are completely automatized and at the end of each measurement
we recorded the wvalue of ??’ measured, its mean gquadraibic
error and the nuwber of psrformed drops. Such a measSucement lasts
ahout 40 mirutese. 4FPter each measurement the conbtrol of the
instrument adjustment is made. Then the lnstrument was switched
on agein and the subsequent measurement began. Two independent
series of observations were made at each point. IDach series con-
sisted depending onr observational conditlons of Y-15 measurements.

To the measurad %f values corrections were introduced for
the £k§$ time interval, JX?%: Doppler effect, rasiduval air
resistance 44

¢

laser wave lengih ﬁﬁgy\/& , tidal gravity veariations A gs
€

, laser beam deviabion from the vertical ﬁﬁé}ga,

and the vertical gravity gradient to adjust the measured g, wvalue
to the surface of the pillar where The instrument was installed
ﬁigﬁ . In Ledove this correction was obtained frem direct

neasurements made by =z group of gravimetres. Its value eppearad




megal. In Singapore the cozrection for

L

LS

te be equal to - 489 4

}

the gradlant was calculatbted assuming the vertical gradient ecual
to tne normal wvalue of 308.& ncgal per netre. Since the effsctive
height of the gravimebter H = 5% c¢m, the correction was assumed
to be squal to A(ﬁ% = 472 nogel. Corrections a4, AGy
anéd A 2.¢ renained unchanged during all obsezrvabtions both ih
Singapore énd in fLedovo. The correstion for tidal gravity vari-
ations was introduced according to specially calculeted tables.

The arithmetical mean was caiculated for esch seriss of msae
surements and by their convergency within the series — meean
quadratic errcrs of +the arithmetic mean for this series.

Table I zives a summary of bhe results of all measuremsnts
accomplished in Singapore and Ledovoe. From these dats it follows -
that in Singapore a rendom error of measurements increased essene
tially as comparsed with tha®t iz Ledovo. I%s msan value for
Singepore appesred to be egqual to 38 megel whereas in Ledovo

rossisms

[

it was 414 megal. This was The result of large =i

- -

oo coul e elinminatsd

ot

no

o

ot

gensrated by the Pacific ocean wh
entirely by selsmic vibrational protecticn. A= a result of Shis
a randomr error of g determination in Singspore appearsd to
equal + 7.0 megal, and in Ledovo 4+ 5.0 mogal inspite of the fact
Tthat in Ledovo the number of drops was by 454 less than in Sipe
gapore.

& total error of the albsolute % value on definite points

is as follows:

Singeapore Ledovo
- random erxror of g neasurenents 4+ 7 nogal + 5 megal
-~ laser wave length determinstion 8 £

arror

- grror of the vertical 10 10
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Singapors Ledovo

o grror of correciuion determination

dus o alir resishancs g 8
- arror introduced by electron-conmpuber

hlock 3
- @arror of tide corrscdion determination b 2
- error of messursed vaius reductlion to

the pillesr surface 5 (7) 5

Hence the total srwor of determination of the gf apsoluts
value as the quadrstizesd sum of all mentioned errors for Singa-
pore will be 4+ 17-7 mcgal and + 16.6 megal for Ledovo.

An excellent coavergence of the results of measurements ih
L.edove hefore and after measurements in Singapore indicates
a high stability of parameters of the absolube grevimeter. This
allows to hope that The error of measurement of gravity value’
difference by vhis gravimeter can be reducsed to the value of
a random error of é? determination l.8. to the errcr on thsa
order of + 5 mcgal.

So we have for

I

978 069792 + 0.017.6 megal
981 551337 4 0.016.5 megal

e

Singapore g.

Ladovo g‘

Unfoxrtunately due to technical reasons independent of
axecutors of these measurements it was not possible to make this
gravisetric connection of the new point with the IGSN-71 pointe.

It is intended to be done during repeated deberminations which
are planned for whe end of 1978 or bheginning of 197%.

In conclusion I should like to express my deep gratitude %o
Prof. Radjaratnaum, professor of The Singapore university for greab
assistance rendered to us during measurements and exceptionally
cordial hospitality which made The stay of the participants of the
expedition pleasantv and interesting.

lioscow, Octoher 22, 1977-
Yu. D. BOULANGER



Results of leasursments in Singepore (series I)

Pable -

H

H

§

"3. L . . e

*
e

Corrections: for time interval » 9y = =17 wogal; for the Doppler effect 89,
‘ - Tor the deviation fwom the vertical
+472 megal.

gradient

ﬂs%w

A%&g =

= 26 megal s
~10 megals for the vertical

éNﬁ g Date . ‘Time of ¢ numbper ,  measuved corrections . CORRECTED grror of
: R ; measurements : of ; valus . : ; ; valus , Getermination
3 ¢ t . drops ? &39 3 AéJ- £ 6%3/ : 1
1 197612018 16 20 -~ 16 50 110 978 069.410 453 =11 el 978 069.79% & 45
2 17 10 = 17 45 120 422 453 -} ~68 815 a7
3 20 45 -~ 21 45 100 +262 442 - & 17 = 834 37
4 2% 30 - 22 00 102 172 443 - & 447 775 58
5 22 20 - 22 50 102 72 i - 6 4162 2789 44
© 23 25 - 24 10 128 0225 440 =26 4447 305 40
7 1976:12615 ¢ 20 - 0 55 123 295 41 =26 4110 + 839 39
8 110 « 1 50 145 2255 440 20 + 62 0756 37
9 2 40 - 2 50 120 e 535 w42 =4 o #7841 54
1O 510 - 3 50 139 o2 b2 2 O w56 0 306 ol
1 4 40 = & 50 2 o405 441 3] 87 810 5%
12 510 - 5 50 141 o429 4.4 =26 =58 2775 Sh
% &40 -~ 7 20 254 42y 44 w26 ey 5 2816 28
4 7 40 - B 20 136 02061 440 - 5 + 571 o PU5 2%
15 8 40 - § 20 145 2282 40 =1 +95 =825 %2
Means 978 069.798 + FeZmegal



Table “h
Results of measuremenis in Singapors (Series IT.

¥ t 3 ] { ]

Time of numbaxr mgasured Corrections ' Corvected Brror of
BN ' Davtvoae ! ! - : ! ' ¢ e rmara e e en
ngssurements of value value determination
4 S k] § § | ¢
drops L E R A

- 1976.12419 11 30 ~ 12 10 126 078 069.191 + 43 =1 4 118 978 069,760 + 56
2 4 30 - 15 00 135 s B84 43 6 -~ 40 830 ay
3 15 30 =~ 16 10 137 0 56 4% 1M -~ 65 o FUT 4%
4 17 35 - 18 15 14 PRETAS 40 26 - 92 =787 36
5 18 30 = 19 40 1%0 e 388 40 26 -~ 5B s 765 4%
6 19 30 =~ 20 10 123 s H44 40 11 0 78 4
7 20 30 - 21 10 110 «316 40 M 4+ 66 +830 42

Means 978 069.787 & 124 mogal

- Counstant corrections: for tims interval bg; = =17 megal; for the Doppler effscs ‘5‘% = «2G negaly

for the deviation from the vertical '&‘@ %

&?,! = +472 megals

= 10 megal: for the vertical gradient

BEA B




Table 2

1 [

N ' Number of = Number of  m g Mg
Point v of k Data ' measure- ' drops ¥ ! $

g series, , ments . ; megal ;  mgal ; megal

Liedove I L 1976012.08 7 990 & 4 981 551.334 & o’
2 1976.12.08 4 558 + 14 558 4a5

Ledovo I 11 1548 + 4 981 551.%3%6 4 B
Singapora I 1976612618/19 15 1995 4 56 978 069,798 b Fol
2 19760712+19 7 912 40 2 78Y 12 6l

Singapore (mean) 22 2307 + 38 978 069,793 & 7a0
Ledovo 2 I 1976412 427 8 905 4 26 981 551.3%39 & 5ol

mmuuwwu—wmmmm—umma—um“mwmMu—amm.—m—"-n—wwm—wmmm_mmmmmmwwmwmm.“m

Ledovo (mean) 49 245% & 20 981 551.3%7 4 %e0
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the zbsciute valus of gravity acceleration in Potsdam,
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/3/ Boulanger Yu., Gusev N. Gravity acceleration at the
International Gravimetric poiant in Ledovo (loscow)
Shornik statsel "Resultaby vwysckotochnykh gravimetricheskikh

izmerenii?¥ Sovebtskoye radio, M., 1977-
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Yu.Roulanger, G.lynaubov, H.Kal

Velaragink, S.5tchegloy

THE ABRSOLUTE VALOR OF GRAVITY ACCETERATTON 00 THE &

POINT LT SETRES

To gompare vhe Soviet abgolubts ballistlce gravimsbar daveloped
a% the Institute of Avtomavics and Electrometry, Siberien Branch,
USSE Academy of Sclsncag with the svabionary =hsolute gravimeten
of Prof. d.Sekums 8 deteymipation of the shscluie value of gravity
accelaration was made by a Sovietv instrument on The 35 point ab
Sévres in September, 1977.

| Before golng %o Pavis and vpon the return Ho Moscow with

controlling purpeses in view absclubte gravity determinsvions wers
made on the Internatvicnsl Creavimetyic Polnt in ILsdove. The
instrumsnt was installed on gz coscrebs pillar above the mark
5035 (27

Megsurenments were accoomplished by vhe sanme program as before
F37s F4F. Each neasuvement, receilwed ¥o the processing, was
obbained as vhe eritvhmetical mesm out of 120150 obssrvations of
the free incidence of angulaer reflector in vacuum. Irops Ffollowed
one another sach 15-20 ssconds. Ohssrvations with gravinpstar are
completbely avbtomatizad and at the end of ¢ash messurement The
value of msasured g, 1ts mean quadrabtic error snd the numbser
¢f drops performed were recoxdsad.

Such & measurement lasts for sbowt 30 minulbes. Upon the
gnd & control of the adiustment of bths instrument is being nade
for about 20 minutes. Then the instrument ils switched on again
and a new measurement beging. A% S&vres 3 series of Such HMeaSUTE-
ments werse performed. Ixn tables 1,2 and 3 the rssults of all mea~
surements done in Sévres are given. Table 4 gives z gunmary of

measurements made in Siévrss and Ledovo.
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ragl ahanga o davistion of ©the lassr haosm from bthe verbiocsal
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o= b Y o e b ! . K ket o % A 2 o
48 4 . laser wave length variatiocn, A g Fidal gravilby

variation, vertical gravliy gradient fox the adjustuent of the

neasured g, value to %he pillar surlace where the lnshrument
is installed g, and 4 g Honkasalo correcstion.
Then calouiabing The correction for the verdical gradiant

in Sivres its valus sccording to Prof. LA.Sskume’s data was

k43

o

assumed o be equal to 273 moegelfm. The verticel gradisnt
Ledovo was measured in 1975 by & group of gravimesbers /37 and /57
and appeared Lo be equal to 320 i 4 mogal/m. The eifective height
of the instrument is both in Sivees and in Ladove sgusl o 132 on.
The arithueticsl mean was salculated tham for cach series
of measurements. Within each series according To their convergence
the mean gquadratic srror of the zrithmeiticsl mean of the given
series was compubted. 4 random error of the result was deducsed
by ths convergence of series.
The total error of the ahsoluts valus of gravivy oo the
points in Séwees and ledovo was daduced by summing ve the fole

lowings

SEvres Ledove
- 2 random By, 6rTOr of g, dater~ 2 ducgal  wh.2rogad
ninationg
= an # , ervor of the laser wave
length deterzinavion & 8 = 2
- an m .» error of the vertical & 10 = A0

reprasentation

= an Dp error in detvermingtion of
the corractlon for elr resistante 4 3 = 8

o 80 W, error introducsed by electmone
compu%ing blocks e

ol
i
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Shvres Tedovo
- zn W gy evror of deberminstion
af the corpesction for bhe Hide o + 2
= B m% error of Jdeberminabion
of +the sorracshion gradiens & @ 4 4

Hents bthae .%% sotal error of dstermination of absolube valus
obtained as quadrated sum of 211 The membicned errors will bs
4 15.8 megal for Sévres and 3 16.5 megel for Ledovo.

A good coﬂveréence of the results of measurements in Ledovo
after and befors measurenments in Sévres and also with neasure-
ments performed earliex /3/, /47 point to a rather high stability
of paramsters of the Sovielt absolutbe gravineter. This allows To
ssgume +the value of the Hotal ervor of gravity debsrmination by
this instrument o be somewhait exaggerated and in reality it musty
he evidenily close G its random pard.

Thus we have obbtained the following wvelues of the absolube
velue of gravity for ths pelinbs:

980925938 + 156 mecgal
831551380 + 16 megal

H

Sévreg by g
Ledove 5035 g

tH

Tet us compare the neasurad g valus with similar - g values
obtained By Prof. Sakuma and by an italisn instrument, the data
on which were given to us by Prof. A.Sakuma (Table 5).

Table 5

Results of g debermination on the point Sbvres éﬁ

W Instrumentcs 4 gg P
Te beSakuns 19761977 980925%26 7 20
2e Ihalian 1976-1977 980925925 =+ 10 40
e Seviev 1977 920925938  + 16 4

the weight mean SROO25927 Dol 32

wfe
the arithmetical mean 980925930 %
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The convergense of sll three debsrpinations appsared to be

shbalnsd by thras

W g 2 b gy e e grer wied dnaey o P pemn TH oy g o gy I e Frgm, ™ g bl
ingtrumenta with the g wvalue given 1x the cabalogne IGSHR-7Y
o T -+ N
for Bevres. We nave:
G Tyl £ N B e % - -
Determinations 19761877 S80925%%0 4 4 mogald
g
mon e N oy M ¥
TGEN-74 %é}ﬁ‘ﬁgfﬂ%{)@ - 44 mogal
) Differance + 50 2 15 megal

Tha obbtained rwesult: is of & wery bigh ssientific intersst.
A question arisess what is 14 - & systematic error whlch pene—
trated to sarlier debermipaticons or & rssult of zgraviby verlation

. & PO + o . ™ .
in Sevres caussd by deep becbonls reasons gr rezscns of local

o,
]

«

The guthors sxpress thelr mest sincers gratitude to Prof. 4.
. Sakume and Prof. J.Teryien, Dirscior. Bureauw Internatiomal des
Poids et Mésures fox The opporbunity they have given us Ho caryy
out the described measurements in Sivres and Ffor o great assis—

tance in thelr organizatloi.

Reducad to the AE point, new site chosen for the

absolute measurements made with transportable apvaratus.




_ Tabhle
Point: Sévres A5

Seriessy 4 Date: Sepbembar 12-13%, 1977 h = 132 en Gradient: 273 mogai/m
g = 980925934 mogal

; ! g
e ons 80 M| a9l ag, Ll Ag a0y Legct sy 4yl agu | & |

T 49?} 30 20" 00" 629 £ 25 426 | = 1B w28 4+ 38 =40 0 ¢ 360 ~ 96 & 26 | 905
Z 20 15 » 20 35 054 26 85 18 24 A8 10 0 520 914 26 1 915
% 20 50 -~ 21 25 650 9 46 18 24 fits 10 O 360 84 26 | 958
£ 2% 40 - 22 10 651 49 932 18 24 26 40 O 360 &1 26 | 862
5 2 5% - 3% 0% 564 24 128 18 24 4% 10 0 360 0 26 | 944
G % oah % 5 05 ouG 20 455 18 24 44 10 £ 260 24 26 Geo
7 B A5« 4 45 5O% 48 456 18 24 80 10 O 360 e A R LA
8 5 05« 5 35 635 18 130 16 a4 %9 16 O 360 15 26 1 ah2
9 5 50 - 6 20 6357 20 135 18 24 A 10 ¢ A60 8% 26 | 925
750 - B 20 840 21 45 18 24 a5 40 O 260 b 26 | Wi
83 -8 40 6% 48 446 18 24 B4 10 0 560 &2 ab | Yske

Mz 20 4432 g =980 925 934 mogel.

rﬂg e 2 7.7 mogal T

v = pumber of drops o

M% =+ 5.4 mogel
i



Hahile o
Polot: Sevres 4

S
o

Serles § £ Dabte 5 Sepbember 12«14, 1977 b=132 cm  Gradient = 27% mopal/in

i

980 925 944 megal

Time of Huaber \
WY | obsexvetioms  Je o OF ) 0G AGy afp afe 4Gi afp 090 ofu | G
1 q§%¢§mg 15 4™ se8 a 17 425 |- 18 24 31 10 - 40 360 & 4 o+ 26 957
2 ] 16 15 = 16 45 607 16 125 18 24 30 10 - 10 360 - 48 26 (o3
% 17 05 = 17 35 07 2% 126 18 24 30 10 0 B60 0 e 47 28 192y
b | 1B 05« 18 35 668 47 4e5 18 24 30 10 = 5 BE0 e 7Y 26 950
S 12015 - 20 45 901 20 125 18 24 28 10 = 45 360 = OF 26 1959
6 | 29 05 = 21 35  $60 19 125 18 24 28 10 - 40 360 - 84 26 {gee
v ) 45 - 2 15 551 16 423 18 L 37 40 0 360 4+ 28 26 1950
8 235~ 305 546 18 422 18 24 Bl 10 O 360 4 23 26 | 939
9 330 . 4 00 584 16 12y 18 24 32 10 = 10 360 4 7 26 | o4y
40 4 35 = 510 625 16 434 18 2t 30 10 = 10 360 - 24 26 955
11 S 20 - & 50 651 97 125 18 24 29 10w 360w 96 26 | 9%3
12 705 - % 30 670 18 107 18 24 29 10 360 = 91 26 | osz
fm =x 18 480 g = 980 925 9471 mogel
o - % 308 hogal
’

9g = 7



. Tahle 3
Points Sovres ﬁﬁ

Series g 5} Dates September 19-20, ‘?9?7; h = 132 en:

s Gradient = 273 mogal/m

g = 980 925 953 mogal

B géﬁﬁrgimom gﬁ m ;%z: 89, 4Gy 29, Ag@ 89 8d4, 29 Gy ﬁy
+ | e 20 e s eu £21 125 | w20 =2 45 «40 =40 & 360 - 69 4 26 | 948
2| 1915 - 19 45 669 22 496 | 20 26 37 40 40 360 - 73 . 26 | 955
5| 2015 - 20 45 663 22 439 | 20 20 35 40 40 360 =78 26 |ou
| 245 @ 2145 670 A9 439 | 20 20 B 40 10 360 w82 26 | 944
5 | 2215 w22 45 666 17 435 | 20 2L B 40 40 360 - 83 26 | 959
6 | 2545 =23 45 657 W5 35 | 20 20 3 40 40 360 - 80 26 | 952
7 10 45« 045 6y 25 w4 | 20 24 32 40 40 360 - 70 26 |93
8 45 -1 85 633 21 480 | 20 25 30 10 40 360 - 55 26 |95
9 & h o~ 245 599 22 2b 20 24 30 10 10 360 = B4 26 | 920

0 345~ 345 580 W% 433 | 20 24 29 10 10 360 - & 26 |925
m = & 20 1328 4 = . 980 925 959mogal
mg= £ 11,6 mogel ‘;"
fdg= & 3,7 mogal X

g



Pable 4

4 summexry of sbsolube messurements in Ledovo and in Sévres

L

NN ; Date of

] §
Number

Point £ th £ 2 b oo
pin of the o number, error
" series Pomeasurements "mepsure~ of | of M P
. . , ments drops , one | @' &
n de ter.
. ; ; . . mination
negat megal megad,
Lodove I I 29 = 30.VIIL.1977 12 1562 + 20 981 501 383 + 5,8 30
Liadove 2 N 30T 1977 1 1448 + 49 981 551 379 4 6,5 24
Ledovo mean o= o 2% A010 4 20 981 551 381 + 45 54
Sévres A 1 12 = 15.VITLA977 M 4432 4 20 980 925 934 4 Gt B4
2 13 = 4. VIIT1977 iz 1489 + 18 980 925 944 4 2,8 128
3 19 =~ 20.¥IIT.1977 10 1528 3+ 20 980 925 939 & 3,7 73
S8vras &5stha welght msan e %3 4249 + 19 980 925 939 4 2,0 2%5
avithmetical mean 3% 8249 £ 19 980 925 938 5 2,2 N

‘85 ~ 1
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%438 ~ RAPP R.H. - "Peotential coefficient determinations from 5° terrestrial
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gravity data”,
The Ohio State Univ., Dept. Geod. Sci., Rep., N° 251, 77 p, Columbus, 14877,
for NASA, GSFC, Greenbelt.

A set of 38406 1° x 17 anomalies were compiled starting from a
smaller set supp’ied by tihe Defense Mapping Agency Aerospace Center.
These ancmalies using least sguares predicticn techniques and a direct
mean approach. Ssveral different covariance functions were used to
examine their effect on the resultant prediction and acouracy. On the
average the estimation is insensitive to the covariances used with the
largest differences occuring when there was only a few known 41° blocks
within the 5° block. The direct mean estimation process was not considersd
as good as the least squares estima%ion because the estimated anomaly
field was too rough when compared through anomaly degree variance data
derived from sateliite dats. A complete 1654 5° gnomaly set was formed
by estimating the 157 remaining blocks using the 10 clesest previously
predicted values.

The determination of potential roefficients from this data was mades
considering a smoothing operator as well as the effects of the atmosphare;
a spherical approximation : and the effect of the terrain. The smoothing
operator is important in these studies abave degree 10. The terrain cor-
rection effects amount te 10 to 25 % of the low degree coefficisnts ;
however, the actual corrections can anly be approximated with such
approximaticns not yielding improved solutions at this time. Potential
coefficients and their accuracy wers computed and listed to degree 52.
Tests indicate that it ig imperative to use intsgrated kernal expressions
in these computations asbove degree 5. Anomalies were computed from the
potential coefficients for comparison to the original anomalies. Tests
showed that the agreement imp-aved considerably as the degree increased
to the maximum considered. Thesa tests shed some doubt on the rule of
thumb that & block of size theta can be represented by a spherical
harmonic expansion to 180°/theta.

SOLER T. - "Global plete tscionics and the secular motion of the pole”.
The Ohio State Unfv., Dept. Seod. Sci., Rep. N° 252, 210 p, Columbus,
1977, Tov MALIL sl ogkon,

Astronomical data compiled during the last 70 years by the interna-
tional organizaticns (ILS-IPMS, BIH) providing the coordinates of the
instantaneous pole, cleariv shows a persistent drift of the “mean pole”
{ = barycenter of the wohble}.

This study was undertaken with a specific ocbigctive in mind : to
investigate the possibility of a true secular motion of the barycenter
that is, an actual movement of the Earth pole of figure resulting from
differential mass displacement due to lithospheric plate rotstions.

The method developed assumes the Earth modeled as a moseic of 1° x 1°
crustal blocks, each one moving independently in accordance with their
corresponding absolute plate velocitiss.

X . . N C e ~
tes numéros font suite & cecx indigués dans le Bull. Inf. N” 44, Novembre

1977 .
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L = 3,

The differentisl contributions to the Earth’s second-order tensor of
inertia were obtained and applied, resulting in no significant displacement
of the Earth's principal axis.

In view of the above, the effect that thecretical geophysical models
for absoiute plate velocities may have on an apparent displacement of the
"mean pole” as & conssguence of station drifting was analyzed.

The investigaticn also reports new values for the crustal tenscr of
inertia (assuming an ellipsoidal Earth) and the orientation of its axis of
figure, reopening the old speculation of & possible sliding of the whoile
crust over the upper mantle, including the supporting geophysical and
astronomic evidence.
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ANDERSEN D. & K. ENBSAGER - "Surface ship gravity measurements in Danish
Waters 1870-1875%.
Meémoires de 17Inst. Géod. Danemark, 3éme sér.. 432me tome. 73 ¢ + maps
I - Novigation tracks
ITI - Free-air anomaly contours E
IIT - Bouguer ancmaly contours £
Copennagen, 1577.

10 mGal
5 mBal

13

[ist of about 7000 points with geographicel coordinates. depth and
the fres-air and the Bougusr anomelies.

In the perioc 1870-75 sea gravity measurements were carried out by
the Danish Geodetic Institute with the purpose of procuring a2 uniform
gravity survey of the waters around Denmark. This project was carried out
in continuation of the early Skagerrak Survey of 1965-66.

The results of the project are praesented in this paper.

SWAIN C.J. & M. AFTAB KHAN - "A catalogue of gravity measurements in Kenya”.
Dept. of Geol., Leicester Univ., 84 p + Bouguer graviiy map, 1377.

This compilaticn is cne of the e2nd products of a research programme
which began at Leicester University in 1965. It supersedes previous
catalogues by SEARLE ano DARRACCTT (1971) and KHAN, MANSFIELD and SWAIN
(1972). although, for reascns to be discussed later, not all the data
listed in those catalogues are included here.

A pre-print of the gravity map on the sgale 1/2 000 00C and based
on the 8709 stations listed is included here.

The data are catalogued in one degree squares in corder of scurce and
station number. The datum used in reducing the gravity cbservations 1is
defined by the IGSN 71 together with the 1967 gravity formula (IAG 18871].
Terrain corrections have bsen made for 6447 staticns, that is for all
except the oll company data. Gravity units (g.u.) have been used
throughout. (1 g.u. = 0.1 mGal = 10°8 ms™4),

ROTSTEIN Y., J. COMBS & 3. BIEHLER - "Gravity investigaticn in the
southeastern Mojave Desert, California”.

from : Geol. Soc. America, Bull, v. 87, n° 7, p. 881-893, Doc. N® 50704,
July 1876.

A gravity dinvestigetion consisting of some 300 stations was conducted
over an area of approximately 3 508 kmZ between the Eagle Mountains and
the Colorado River in the scutheastern Mojave Desert to define the major
anomalies. The data were reduced to the complete Bouguer anomaly and
presented on & contour map. The densiiy contrasts that sxist betwesn
the basin sedimentary rocks end the underlying basement rock produce
gravity anomalies that can be readily delineated by gravity surveys.
Several gravity anomalies are associated with regional structural trends
particularly faults. Two-dimensional model analyses along profiles across
five major anomalies are presented to show the distribution and depth of
sedimentary deposits.
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Subsurface geclogy in the area is poorly known. Analysis of the
gravity anomalies. however, indicates that the basement heneath the
sedimentary basins is highly faulted, consisting of complex structures
and rapidly varying rock types similar to those in the mountain ranges
of the area. In the center of the several subdivisions of the Chuckwalila
Valley, depths to basement range from less than 200 m to more than 2 km.
The Palen Valley is shallow in the northern section yet reaches a probabla
depth of over 1.5 km in its scuthern portion. The Palc Verde Valley east
of the Chuckwalla Valley is dividec into twc separate structural styles.
A northwest trending sedimentary basin in the north has a maximum depth
of at least 2 km, while basement to the south is generally more flat and
less deep. The structural and geological information inferred from the
gravity data and resultant anomalies provides important input toward =&
better understanding of the geology in the area.

BUCKLEY J.S. & R.J. BAILEY - "A free-air gravity anomaly contour map
of the Irish Continental margin”.
from : Marine Geophys. Res., v.2, n°3, p.185-194, 1975,

Compilation of currently available gravity date permits the
construction of a free-air anomaly contour map of the continental
margin west of Iceland (51° - 54°N). Major elements in the struckture
of the margin, previously delineated on the basis of seismic reflection
and magnetic surveys are clearly seen on the FAA contour map, notably
the Porcupine Seabight Trough, and Porcupine Ridge. However, contrary
to earlier ideas, the gravity date imply that the Seablght Trough extends
northwards onto the Slyne Ridge, and the Slyne Trough, formerly regarded
@s northeasterly prolongation of the Seabight Trough, appears tc be a
discrete, fault~-bounded, feature separated from ths latter by a bhasement
ridge. East-west gravity profiles are modelied in terms of thinned crust
with the Moho at & minimum depth of 15 km bensath the axis of the Seabight
Trough. The models tend to support hypothesses invoking formation of the
Seabight Trough by simple westward translation of Porcupine Ridge with
respect to the Irish Mainlarnd.

SABET M.A. - "Gravity and magnetic investigation, Eastern shore area,
Virginia”.
from : Geol. Soc. America. Bull., v. 84, N°© 6, p.2115-2126, 1973.

A simple Bouguer gravity maep and a total magnetic intensity map
were made for the Eastern Shore area of Virginia. Both maps exhibit a
great similarity, thus suggesting that the density contrasi between the
crystalline basemant and the overlying sediments is the main scurcs of
the gravity anomalies. The maps show two major snomaly trends, north,
and N. 30°W. The northwest snd of a trough that trends M. 30°W. appears
to ocecupy the northern half of the ares and extends southeastward toward
the Atlantic Ocean. It also appears to be separated from the adijacent
Salisbury embayment, on the subasrial eoastal plain, by a2 large basement
uplift centered over the town of Girdletres, Maryland.

Quantitative intervpretations of the gravity map were made along three
profiles,

T
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The thicknesses of the sedimentary rocks in the vicinity of the town
of Cheriton, betwesn the towns of Exmore and Melfa, and near Wallops
Island are estimated to be 7,200 ; 2,200 : and 6,300 ft (2,185 ; B70
and 1.920 m), respectively. A fault trending N. 30°W. through Exmore is

also suggested ; if present, its structural throw would be about 1,300 Ft
(400 m).

INSTITUTO GEDGRAFICO MILITAR, Departamento Geofigico -
"Mediciones gravimetricas en Bolivia”.
162 p + mapas de ancmalias de Bouguer y Air Libre, La Paz, 19274.

La presente publicacion, preparada por el IGM e IGE de Bolivia,
incluye la relacidén de objetivos gue nos proponemos con alla, un breve
bosquejo historico. la relacidn de datos de las estaciones fundamentalss
de Bolivia y de la Red Nacicnai (La Paz - Santa Cruz), trabajos ejscutados
en prospeccidn petrolera, enlaces internacionales, los gravimétros emple-
ados, y la relacidn de los q;tos observados y calculados para las
estacionss ocupadas en 15 anos de trabajo. Asimismo, se adjunta a
escala reducide los mapasde Bolivia de Anomelias de Bouguer y Air Libre
(mas & mesnos de 7300 estacianes).

LBOBO M. - "The gravitational attractiocn of a right polygonal prism”.

Boll. Geof. teor. appl., v. XIX. n°® 71, p. 184-130, Set. 1978.

Closed formulae are presented for calculating the vertical component
of the gravitational attraction nf a right polygonal prism. They offer
large possibilities of -pproximatine a buriec body and need shorg
caleculation times on an electronic computer.

COCHRAN J.R. & M. TALWANI - "Frec-air gravity anomalies in the world's
oceans and their relationship to residual elevation”.
Geophys. J. R. Astr. Soc., n® 50, p. 485-552, 1977.

Surface-ship gravity measurements were used to obtain 5° x 57 averam:
freg-air gravity anomelies over much of the world's occeans. Comparison of
the surface data with the recent GEM & "combination” field shows the
combination solution to he in reasonable agresment with the surface data
in most areas in the general locetion and amplitude of major features of
the Earth's gravity field. There is. however, significant disagresement
on the location of extrema and on the exact velues at specific points.

It is thus necessary to use surface data to make deteiled studies of the
relationship of the gravity field to surface features at wavelengths of
lass than 4000 km. Mid-ocean ridges are consistently characterized by a
gravity maximum. The gravity enomaly across mid-oocean ridges can be
described by an empirical 1° x 1° everage gravity-age relationship which
shows a pasitive gravity anomaly of about 25 mBGal falling off to zero by
about 4C my. The observed gravity-age relationship is generally compatible
with current thermal models of the lithosphere. The empirical gravity-age
curve was removed from the free-air anomalies to produce residual gravity
anomalies which can be compared to similarly obtained residual depth
chomalies.
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A correlation betwsen the two is found over some features. The most
prominent of thaese are intermediate wavelength positive festures associated
with areas of extensive off-ridge volecanism. This applies not only to
recently active areas but also to inactive eress such as Bermuds and
aselsmic ridges. On the other hand, areas of unusual elevation and volcanic
activity located at a mid-ocean ridge crest such as Iceland and the Azores
do not have a corresponding gravity znomaly st intermediate wavelengths.
The long-wavelength component of the Earth’s gravity field is characterized
by large areas in which significant anomalies of constant sign are found.
There is no apparent relationship between the long-wavelength gravity
ancmalies and cceanic depths. If the gravity anomalies have their origin
within the asthenosphere, the lithasphere must in effect be decoupled Ffrom
the main body of the asthenosphers. This could result from the effects of
a strongly depth-dependent viscosity on the convecticn pattern under the
elastic plates.

479 - MORITZ H. - "Der Begriff der mathematischen Erdgestalt seit Gauss”.
Zelts. : AVN N° 4, p. 133-138, 1977.

488 - DOYLE F.J., A.A. ELASSAL & J.R. LUCAS - "Selenocentric geodetic
reference system”.
U.S. Dept of Commerce, NOAA Tech. Rep. N° 70NGS 5,53 p, Rockville, 1877.

481 - MORITZ M. - "Least-squares collocation and the gravitaticnal inverse
nroblem” .
from 1 J. Geophys., N° 43, p. 153-162, 1977,

The paper presents a unified least-sguares method {(collccation) which
gncompasses least-squares adjustment and least-squares prediction. This
method is being applied to the determination of the terrestrial gravi-
tational field and of geodetic position by combining data of different
kind. The relationship between this method and gsophysical inverss
problems is discussed.

482 - LACHAPELLE G. - "Estimaticn of disturting potential components using a
combined integral formulae and ccllacation approach”.
Geod. Surv. Div., Surv. & Map. Branch, Dept. Energy, Mines & Res.,
33 p, Ottawa, 1977.

The deviation of the vertical and geoid undulation components of the
disturbing potentiel are estimated using & combination of geopotantial
coefficients and surface gravity data. Least squares collocation is used
in the inner-zone and Vening Meinesz’s and Stokes’ integral formulas in
the outer-zone. The radius of the inner-zone depends upan the density of
the gravity data in this zone and the capabilities of the computer
available. The radius of the cuter-zone is a -Function of the set of
geopotential coefficients used to calculate the global effects of the
disturbing potential on the two components of the deviation of the
vertical and the geocid undulation at the computation point.
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The method is tested by estimating components of the deviation of
the vertical and gecid undulations at several points lccated in Canada.
The corresponding astrogecdetic deviaticns of the vertical and Doppler
derived geoid unduylations provide external compsrison standerds to cbtain
realistic accuracy sstimates. Goddard Farth Model 8 is used to calculate
the global effects of the disturbing potentiel. A radius of 8° for ths
outer-zone is found to be apprapriate : the radius of the inner-zons
varies between 0°7 and 1°5 depending on the density of the pravity data
in the inner-zone.

MATHER R,S., E.G. MASTERS & R. COLEMAN - "The role of non-tidal gravity
variations in the maintenance of raference systems for secular geodynamics”.
Presented at the Int. Symp. on Nan-tidal variations in gravity, Trieste
20-23 June 1977.

UNISURV G 2B, p. 1-25, Univ. NSW, Sydney, 1977.

It has been suggested (MATHER 13873) that the changes in absolute
gravity measured 2t 2 global network of stations, could be used to
monitor the motion of the geocentre in relation to this network. Such
information is of value in high precision geodesy as dynamic satellite
technigues are always referred to the instantaneous geocentre. Gravity
changes are simulated at such a network of stations over epochs upto 162 yr.

These changes in gravity, in additicn to contributions from the
seasonal, Chandler pericd and secular motion of the pole, together with
those due to models of Earth expansion and changes in the flattening of
both the meridien and ecuatorial ellipses concomitant with current
estimates of plate moticn., also take into account variable ampunts of
random noise as well as the effects of seasonal phenomena.

The simulated date banks were analysed io study the effect of the
following factors con the resolution with which the above quantities of
geodynamic interest are determined
» The interval of time over which the changes are measured.

- The extent of random nocise in the data.
» The distribution of the absolute gravity measuring sites at the
surface of the Earth.

It is concluded that informaticn of adequate accuracy for maintaining
geodetic systems of reference for secular geodynamics could be obtained
from & network of 25 well distributed stations using data collected
over at least 10 years in the presence of noise at the 410 pGal level
even if the representation in polar and occeanic reglons were nan-gxistent.
The rescluticn drops by a factor of two if the noise level were increased
to 20 uGal. Even such results cculd be helpful in medelling sscular
geodynamic phenomena of ralevance in maintaining geodetic reference
systems in four dimensions.

BERG E. =~ "Geoid heights and geodetic positions of Pacific Herbors and
deep sea drilling sites".

HIiG-76-15, Prepared for Office of Naval Res.,

Final Rep., 147 p, 1876,

A relatively simple double pass method is used to

a) reduce longitudinal spread of satellits navigation fixes and,

b) obtain antenna height or sea level height on board a ship in a
fixed harbor or fixed open-sea position (over an acoustic beacon).
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Required are the setellite navigator oufput % latituds, longitude,
glevation angle, and path geometry for two consecutive passes (one E and
one W of the site}l of the same satellite.

Sea level height thus determined on Board the R.V. Kana Keoki in
harbors around the Pacific and on board the Glomar Challenger in position
over Deep Sea Drilling Project sitss in the Atlantic show good agresment
with geoidal height models.

Determining sea level (with respect to the Havigaiion Satellite
Reference) using the double pass method thus provides an impertant
independent alternative to Sky Lab Radar Altimetry for the measursment
of geoidal height over the open oceans.

A.I.G. - Bulletin Géodésique - v. 51, n°® 3, Paris, 1877.

SCHWARZ K.P. & J. KRYNSKI - "Improvement of the geoid in local areas
by satellite gradiometry”.
p. 163-176.

Satellite gradiometry is studied as a means to improve the geoid in
locel areas from a limited date coverage. least-squares collocaticn 1s
used for this purpose because it allows to ccmbine heterogeneous data in
a consistent way and to estimate the integrated effect of the attenuvated
spectrum. In this way accuracy studies can be performed in & general and
reliable mannar.

Tt is shown that only three second-order gradients contribute signi-
ficantly to the estimation of the geoidal undulations and that it is
sufficient to have gradiometer data in o 5° x £° area around the esti-
mation point. The accuracy of the geoid determination is strongly
dependent on the degree and order of the reference field used. An
accuracy of about + 1 m can be achieved with a reference field of
(12,12). There is an optimal satellite altitude for each refaersnce
field and this altitude may be higher than 300 km for a field of low
degree and order. The influence of measuring errors is discussed and
it is shown that only gradiometer data with accuracies better than
+ 0.05 E will give a significant improvemant of the geoid. Finally,

Some results on the combination of satellite gradiometry and terrestrial
gravity measurements are given.

The proposed method seems to be well suited for local geocid deter-
minations down toc the meter range. It is especially interssting for
unsurveyed and difficult areas because no terrestrial measurements are
necessary. Furthermore, it has the practical advantage that only a loeal
data coverage is needed.

NAKAGAWA I. & M. SATOMURA - "Gravity changs observed near Lake Biwa, Jzpan”
p. 213-218.

Precise gravity measurements have repeatedly been carrisd out in the
area around Lake Biwa in Japan since 1950 in order to detect the secular
change of gravity. The results obtained so far show that gravity change
observed on ths west line of the first order levelling route around the
lake during the period of 1571 - 1875 was consistent with the results of
levelling surveys. This evidence shows that precise gravity measursment
is one of the powerful methods for detecting vertical crustal movement.
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DUFDUR H.M. - "Feoncticns orthogonales dans la sphére - Résolutiaon
théeorigue du probléme du potentiel terrestre”.
p. 227-238.

I1 est possible de défimir des fonctions orihogonales dans la sphére.
capables d'approximsr an norme suclidienne toute fonction & varlation
bornée (potentiel, densitél.

La représentation de la densit£ &tant supposés docnnée. on trouve le
potentiel intérieur et extérieur, et 1l'on montre notamment gue seul le
sous-enssemble harmonique de la densité interne produit un potentiel
externe non nul.

Cet article a 2té présenté 3 Oberwolfach (Républigque Fédérale
Allemande)} au cours des journées d'études sur les problames mathématigues
en géondésis (Mars 18978), organisées par E. GRAFAREND et R. LEIS {Tagung
{her Mathematische Problemes der Geod&sie, Mathematisches Forschungsinstitut,
Oberwolfachl.

A.I,G. - Bulletin Géodésique - v. 51, n® 4, Paris, 1877.

JO0 I. - International Symposium on Satellite Geodesy in Budapest,
June 28 - July 1. 1877.

p. 248-252.

RAPP R.H. - "Detsrmination of potential coefficients tc degree 52 from
5° mean gravity anomalies”.

. 301-323.

A set of 38406 1° x 1° mean free-air anomalies were used to derive a
set of 1507 5° egual area snomalies that were supplemented by 147 predic-
ted ancmalies to form a global coverage of 11654 anomaligs. These anomaliss
were used to derive potential coefficients to degree 52 using the summaticon
formulas. In these computations, a smoothing operater was introduced and
found to significantly effect the results at higher degrees. In addition,
the affects of the atmosphere. spherical approximation and terrain were
studied. It was found that the atmospheric effects and spherical approxi-
mation effects were about 0.3 % of the actual coefficvients. The terrain
corraction effects amounted %o 10 to 25 % of the low degree coefficients
depending on a specific terrain correction model chossn ; however, the
corrgction terms found from the models did not yield sclutions that
agreed betifer with current satellite derived potasntial coefficient
determinations.

Ancmalies were computed from the derived potential coefficients for
comparison to the original anomalies. These comparisons showed that the
agreement between the two anomalies became significantly better as the
degree of expansion inecreased to the maximum considered. These comparisons
shed some doubt on the rule of thumb that a block of size B° can be
represented by a spherical harmonic expansion to 48B0° / 8°

ISAEV E.N. & M.A. MITWALLI - "Gravity studies in the Suden., Part I :
Gravity Bases”.

Ministry of Ing. & Mining, Geol. & Mineral Res. Dept, Bull. n° 28,
17 p, Khartoum, 1974,

Y
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This bulletin is mainly a reference to gravity base stations in Sudan.
Establishment of these base stations was an effort of several ohservers
including the authors who tried to collect these base stations in & oul-
letin and analyze them so that they can readily available in & better
form to anyone who is interested in them. In such a collection, these
bases cen alsc be a start point for further development of more base
stations in the country.

BEHRENDT I.C., C.S. WOTORSON - "Geophysical surveys of Liberia with
tectonic and geologic interpretations”.

J.3. Dept of the Interior, Geol, Surv. Prof. Faper 810, 33 p, + maps.
1974.

Interpretation of the results of aeromagnetic, total-gamma radicac
tivity, and gravity surveys, combined with geclogic data for western
Liberia and other geologic information, allows the construction of a Lec-
tonic map of Liberia. ...

A regional gravity survay was madz of the country along the coast
using available roads and along tidewater rivers in western Liberia and
showed a 50 to 60 mGal (milliigal) positive Bouguer anomalous area extending
along the coast from Sierra lLeone to Ivory Coast. This anomaly correlates
with mafic granulites in the Monrovia region, where the gradient is too
steep to be entirely due to crustal thickening at the continental margin.
The only major break in this positive anomaly above basemgnt rocks along
the entire coast of Libsrie is above granitic gneiss adjecent to (and
presumably underlyingl the only onshore basins of the coast. Local
negative Bouguer ancmalies exist over two Cretaceousz basins in the coastal
area., The high mean free-air anomaly of + 22 mBal (exclusive of the
coastal anomaly) suggests that the approximately 200 m mean elevation of
Liberia is hot compensated, at least over the Liberia region. A linear
regression, showing a significant correlaticn of elevation with Bouguer
anomaly, has a zerc elevation intercept of + 18 mBal, again indicative of
an isostatic anomaly. Ths standard deviation of + 14 mBal from the Bougiees
anomaly elevation regression line is indicative of the amplitude range of
loeal geologic anomalies. These include a 30 mGal anomaly above an ultre-
mafic intrusion near Juazohn and an approximate 30 mGal snomaly associated
with & mafic intrusion at Cape Mount. A suggested crustal model computed
to fit observed marine and land Bouguer anomalies shows an abrupt thicke-
ning at the continentel margin, several kilometers of sedimentary rock cn
the continental slope, uplifted dense lower crustal rocks at shallow depths
beneath the continental shelf southeast of Greenville. and a high mean
crustal density.

A suggested seguence of events indicates particularly uplift of
Liberia to a mean elevation of about 200 m without apparent isostatic
compensation.

UOTILA U.A. (Editor} - "The changing world of gecdetic scisnce®. Volums I
The Ohio State Univ., Dept. Geod. Sci., Rep. n® 250, 234 p. 1877.
Proc. of the Int. Symp. held Oct. 5-8 1976, Fawcetl Center for Tomoriow.
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This report contains the invited papers which were presented at the
Internaticnal Symposium "The Changing World of Geodetic Science” which
was held October 6-8, 1978, at the Fawcett Center Tor Temorrow, The Ohio
State University, Columbus, Ohioc.

The Symposium was arranged as the culmination to the 25th yeer
celebration of the Teaching of geodetic science at The Bhio State
University. The theme of the Symposium was developments in geocdetic
science during the past 25 years and those to be expected in the naxt
25 years with emphases on current and future developments.

Among the papers presented, it can be mentioned

3ession II

CORDOVA W.R, - "New concepts in Geodetic Instrumentation®.

B. 73-97.
SAVAGE J.C. - "Geondetic measurements of crustal motions”.
g 99-116.
KAULA W.M. - "Geophysical inferences from statisticail analyses of the
gravity field”.
p. 119-141,
Session IIT
MORITZ H. -"Changing techniques of gravimetric geodesy”.
p. 142-149,
GRAFAREND £.W. - "Space-time differential geodesy".
p. 150-218.
WILLIAMS O.W. - "Does geodesy have a future 7.
p. 230-234.

430 - UOTILA U.A. (Editer) - "The changing world of geodetic science”. Volume II
The Ohio State Univ., Dept. Geod. Sci., Rep. n°® 250, p.235-4%8, 1977.
Proc. of the Int. Symp. held Oct. 6-8 1976, Fawcett Center for Tomorrow.

481 - SCHWARZ K.P. - “"Simulation study of airborne gradiometry”.
Ohio State Univ.. Dept. Geod. Sci., Rep. n° 253, 52 p, 1877.
AFGL-TR-77-0128, Sci. Rep. n® 8.

A simulated field of gravity anomalies and second-order gradients is
used to study the recovery of gravity anomaliss at ground level from
measurements at flight level.

The spectral properties of gravimetric guantities simulated by an
array of mass points are discussed for first and second order gradients
and some rules are derived for generating such fields. To study the effect
of observational errors, uncorrelated normally distributed errors and
correlated errors from a stationary Markov sequence are used. Resulis
agree well with estimates ocbitained in a previous accuracy study.

Computations show that & fast operational program can be obtained by
using a least-squares collocation procedure. The programs and a sample
computatiaon sre part of the report.
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RAPF R.H. - "The use of gravity anomalies on a bounding sphere to
improve potential coefficient determinations".

The Ohio State Univ., Dept. G=od. Seci., Rep. n® 254, 18 p, 1877.
AFGL~TR-77-0146, Sci. Rep. n° 8

The precise determination of potential coefficients from terrestrial
gravity deta requires that. among othesr things, the topography of the
Earth's surface must be considersd. This paper first formulaies a prao-
cedure where the poiential coefficients can be determined using anomalies
determined on a sphere that encloses “he mass of the Earth. The resultant
equations can aiso be Fformulatad +to compute correction terms to potential
coefficients derwvad from uncorrected surface free-air snomalies. In order
to obtain the ancvalies on the bousriiny sphere the method of least
sguares collocation was investigated. The computation of anomaly cor-
rection terms for 4654 5° equal area blocks was carried out with the
largest correction being 5.1 mBal with the root mean gquare value being
+ 0.8 mGal, Using these correction terms and previously derived potential
coefficients from terresirial gravity data, an improved set was derived.
From degree 5 to degree 20, the Zmoroved set showed slightly better
agreement with the GEM 3 (satellite derived) potential coefficients
than the original coe®ficients. The correction of the original coef-
ficients was small, however, being 1.8 % of the originzl coefficients
at degree Z, rising to 7.5 % at degree 40.

Finally. the anomaly correction terms were used to aobtain an improved
comparison of satellite darived 5° anomalies and terrestrial data. This
was done by using the sateilite determined potential coefficients to
derive anomalies on = bounding sphere which were then downward continued
to the surface. These anomaliies shawzd a better agreement with the ob-
served anamalies than did anomaliss computed directly on the surface
{mean square difference : 108 mGal?2 vs. 91 mGal2).

MORITZ M. - "On the computaticn of a global covariance model”.
The Dhio State Uriv., Dept. Geod. Sci.. Rep. n® 255, 35 p, 1877.
AFGL-TR-77-01863, Sci. Rep. n° 0.

The report treats the problem of determining & global covariancs
function If the following deta are given : the variances of the gravity
anomalies, the variance of second-order gradients, the correlation length,
and the lower degiree variances, Thn proposed covariance model is a linear
combination of the reciprocas distance cavariznce Ffunction and a covari-
ance function ¢f logarithmic type.

It is found that the correlation length is already fixed, within
rather narrow limits, by the remsining data.

AMES C.B., R.B. CLARK, P.M. LAHUE & R.W. PETERSON - "Rotating gravity
gradiometer development”.
AFGL~TR-77-0088 (I} Final Rep. Period 1 Aug. 1875 through 31 Jan. 1877,

Volume I, 180 p, Hanscom AFB, 1977.

The purpcse of this contract was to further the development of the
Hughes Rotating Gravity Gradiometer (RBG) ; this effort is o direct
continuation of two prior Air Force contracts. The stated parformance
objective for these contracts was the design. censtruction and demons-
traticn of the Rotating Gravity Cradiometer capable of operating in an
airborne environment and producing no more than one (1) Eftvés Unit {EU}
of noise, at an equivalent t=n second integration time, in the
determination of the sonponents of a gravity gradient tensor.

lll/llh
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The scope of effort in this contract was limited to studiss and

performance tests and demonstrations in the labaratory environment.

Two RGG sensors were involved. The first. RGG-1, was built in 1974

and 1375 under the prior contracts. The second, RGG-2, was designed

and built during the course of this contract. The initial scope of work
included vericus tasks to test and modify RGG-1, with the goal of
determining configuration changes to be incorporated in RGG-2.

The design for RGG-Z was frozen in April 1876 ; however, RGG-1
testing continued through November 1978. RGG-Z was assembled and
ready For grooming and initial pecformance evaluation by December
1976. Since this contract was completed on 31 January 1977, the period
of RGG~Z performance evaluation was limited to a brief span of a feow
weeks. However, during that sheort time, it was conclusively demonstrated
that significant progress had been made toward achieving the ultimate
performance goals.

Specifically, the performance results obtained with RGG-2 demons-
trate that ;

1)} The design goals have been met for thermal and electronics noise,

2) The sensor output noise goals have nearly been met TFor the vertical
spin axis crigntation .,

3) Considerable optimism is warranted that the sensor cutput noise ggals
can be met for the horizontal spinh axis orientation,

4j Continued develcpment is both necessary and warranted.

A second purposz of this contract was to study the reguirements of a
rlatform needed to stabilize up to three RGG sensors in an airborne
mapping environment. The results of this study, conducted under sub-
contract by Incosym, Inc., is reported in Volume IT of this Final Report.
The study resulis are encouraging. particularly because an existinz DoD
platform has been identified as being suitable to support a triad of
RGG sensors.

In summary. the availability of a platform and the performance suc-
cess of RGG-2 permit immediate consideration of a follow-on program which
would test and demonstrate all the components of a gravity gradiomster
system. It is the recommendation of this report that the Hughes RGG
sensor be integrated with a platform at the eariiest passible time, and
tested in the laboratory environment. It is alsc the recommendation ot
this repcrt that the RGG-1 sensor be retrofitted up to the RGG-2
configuration to permit simultaneous development and test efforts,

AMES C.B., R.B. CLARK, P.M., LAHUE & R.W. PETERSON - "Rotating gravity
gradiometer development”.

AFGL-TR-77-0086, {IT) Final Rep. Perind 1 Augusl 1875 through 341 Jan. 1377
Volume II, 74 p, Hanscom AFS, 1977,

PEARLMAN M.R. - "Cooperative laser ranging research program”.
AFGL~TR-77-0140, Final Rep. 1 Nov. 1973 - 30 April 1877, 19 p, 1977.

A lunar laser ranging facility waes established at Orroral Valley,
Australia by the Australian Division of National Mapping with the
assistance of the Smithsonisn Astrophysical Observatory with sguipment
obtained from the Air Force Geophysics Laboretory. Range measurements
to lunar reflectors are made from this facility regularly. Some egquipment
preblems must still be overcome before this observatory becomes fully
cperational.




498 -~ BLAHA G. - "Refinements in the combylned adjnstiment of satellite
altimetry and gravity enomaly data®,
AFGL-TR-77-0168, F'nel Rep., Pericd : 25 Sept. 1875 ~ 31 Aug. 1877,
246 p. 1877.

One of the moost imaortau“ objectiver accomplished during the present
analysis has beer the upgrading of tho AFGL computer program SAGHE
(Satellite Altimetry owd GLDL"4 Gravity:. This progrem serves in the
determination o the globsl geoid and t1 Earth’s gravity field, based
on the combination of satellite altime'ry chservations and graviisy
anomalies. A typical Ffeaturs of SAGG is the simuifanecus recovery of
both the orbital parameters and “he spherical harmonic poitsntial cosf-~
ficients. The short arc adiustmsnt mode maies these determinations
possible without the reguirement of highly precise refererse orbits,
Perhaps the most important retinemen® in SAGG has been the differen-
tiation of the redial distanc: to a sub-satellite gaoidal point with
respgct to the state vector DGP”PQ.B ‘8. A practicae’l benefi®™ of this
feature 1s faster convergence ir the adjustmant. which as remowved the
need for iteratsd solu® 1onm.

The new version o SAES has bsen o 1
real data, in conjunction W¢uh a { gecpotential mogel. A compa-
rison of internal precirion hoe desonrtrated the beneficial effect of
adding altimet:zy data to tre exi-iing body of grevity anomaly data.
However, adding this relatively iuw and corplet=aly indepandent source
to a more traditional tyos of <2ata in = combined adjustment is beref:
cial also Tor othsr reasons, such as i wpa"ing the axternal reliabil
of the results. 'he recovered geold over most of the globe shows good
agreemaent with gravimstrio gvc;é¢ J}L““HDM from itndependent scurcrs.
This is especially trus of t areas sovered by tne GEOS-3 setelliis
when compared with the eariler raported »~guilte of the AFGL COMDULED
program SARRA [(Short Arc haiwc?:ou of Racdar Alzimziryv].

As a senaraln Laak a thnore*ical S‘PJ; nas baen performed in
comparing the spherisal harponic veprenntialior of the poisntial with
sphercidal harmmnlc representatien, “ha cuteors of this sivdy has indi-
cated thet trurnated expresslcns £m any coordinate system cther than
the spherical (e.g.., in a spheroidal sgordinaie cystem) would be
essentially egulva’ent o using cphersical hamernics, and “hey would be
far less convenient.

The last, indep=ndent pert of the nia2sent eifort hes been devohed %o
an an: lysis of “he point macs tachnigue. The puoposs of intcoduning the
point mags pare.2ters into the ediustment is to add +ine sirvetuere to
a geopotential model that iz based o ophericsl harmonic coefficients.

The main attractive atiributss of sush an approach are its economy and
its flexibility. In pazriizular, in arsas whe#e an accurate geoid deter-
mination iz not w=cuired or carnot be ennomplished due to the lack of
data, no point masses would b dntrodized ; the geoid in such areas
would accordingly be described by peotential soefficients alone. This
means that on the whole. the numbor of parametscs sould be kept relatively
small. The pcint masses would be =yaloyed in areat: where, for various
reasons, & more detailed knowladge g20id Teaturses may be required.
The point mass tecinigue has an lmaadiate appeal rnot oniy for iis
relative simplizity and 7ts practical applicabiliiy, but elso benauss
it is founded on a plausible chysicel wonent,

n a cembinad adjustment of
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KEARSLEY W. - "Non-stationary estimaticn in gravity prediction problems”.
AFGL.-TR-77-0186, Sci. Rep. n° 1, 57 p., Hanscom AFB, 1977.

This report investigates the impact that the assumptions of homoge-
neity and isotropy. when applied to potential related fields, have upon
the stochastic procssses which are applied to these fields. After seeling
how these assumptions are incorporaeted into the statistical model to
produce the familiar covariarce -function, the investigation centers on
technigues which can be used to dstect the presence of anisotropy in the
field. The method found most useful in *he two-dimensional covariance
function, and somz methods of representing this functicn are also
investilgated.

Numerical studies are then carried out to see the effect the use of
the 2-D covariance function has upon the results of prediction and
collocation computations. It is found that, under certain circumstances,
the 2-D function produces e result superior to that given by the general
function. Recommendations are then given as to when the 2-D covariance
function should be used in practical solutions, and suggestions made as
to the possible areas of furiher research.

SJOBERG L. - "0On the errors of spherical harmonic developments of gravity
at the surface of the Earth ».
AFGL-TR-77-0229, Sci. Rep. n® 12, 74 p, Hanscom AFB, 1977,

The spherica’ harmonic expension of the external gravity field of the
Earth is divergent at the surfas of the Earth. From the practical point
of view a truncated series can be used if the errors are small. The
errors are of two types : the truncation error and the downward conti-
nuation error. In this report we investigate the latter, which is caused
by the disturbing tcpograpny &bove the point where the series is developed.
This error is studied for potentials, gravity anomalies and for the
vertical gradient of gravity. It is shown that the usual relstion
between the spherical harmonies of T and ﬁ;ggg is also valid for their

[

errors, while the relation between Ty and 9 r gn deaes not hold for the
downward continuation errors. The relative errors of /A g are found toc be
more serious than those for T.

Some global RMS errors are estimated based on the degree variances of
TSCHERNING and RAPP (1974). Furthermore, formulae are developed for a
numerical intsgration of the errors over an approximately known topo~
graphy. Finally, these formulae are tested for 1654 5° x 5° mean elevations.
In the Earth model "a level ellipscid with topography of constant ‘density”
these computations gave the RMS error 0.13 m for global undulations in
an expansion to degree 16. The gravity anomaly errors were generally
within + 5 mGal except at the edges of the continents and for raough
areas inside the continents. where larger errors might be expected.
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INTROCASO A. - "Resultados gravimetricos 2 treves de la parte media de
la Sierra de Cordoba, Republice Argentina”.

Inst. Panamericano de Geod. e Historia, Revista Geof. n° 6,

o. 118-138, 14977.

The gravimetric results obtained crossing Sierra de Cordoba by the
middle (roughly parallell 31°30'S) are tentatively explained imputing
a lesser part of the negative anomaly to the granitic intrusicn of
batholithics dimensions of Achala. and the rest (large negative anomaly)
to a corthical thickening. Several possibilities are analized such as
density changes and corthicel thickness changes, rise of materials from
the upper mantle related to the glevation of the set of blocks constituting
Sierra de Cérdoba, etc. ; together with the difficulties of the gravimetric
method 1n order io obtain & more accurate interpretation.

RUBINCAM D.P. - "General relativity and satellits orbits : the motion
of a test particle in the Schwarzschild metric®.
from : Celestrial Mechanics, v. 15, p. 21-33, 1977.

The motion of & satellite with negligible mass in the Schwarzschild
metric is treated as a problem in Newtonian physics . ...

"Gravitational potential energy of the Earth : a spherical harmonic
approach"”.
GSFC X-921-77-81, 26 p. Greenbelt, 1877.

A spherical harmonic eguatlon for the gravitational potential energy
of the Earth is derived for an arbitrary density distribution by concep-
tually bringing in mass-slements from infinity and building up the Earth
shell upon spherical shell. The zeroth degree term in the spherical
harmonic eguation agrees with the usual expression for the energy of a
radial density distribution. The second degree terms give a maximum
nonhydrostatic energy in the mantle and crust of - 2.77 x 1028 BI'gs,
an order of magnitude below McKenzie'ls {1386} estimate. This figure is
almost identicel with Kaula's (1963) estimate of the minimum shear strain
energy in the mantle, a not unexpected result on the basis of the virial
theorem. If the Earth is assumed to be a homogeneous viscous cblate
sphercid relaxing to an equilibrium shape, then a lower limit to the
mantle viscosity of 1.3 x 1020 poises is found by assuming the total
geothermal flux is due to viscous dissipation. This number is almost
six orders of magnitude below MacDonald's {1966) estimate of the viscosity
and removes his objection to convection. IF the nonequilibrium Figure is
dynamically maintained by the Earth acting as a heat engine at one per
cent efficiency, then the viscosity is 10 22 poises, a number preferred
by some (e.g. Cathles (4975)}) as the viscosity of the mantle.

ESTES R.H. - "A computer software system for the generation of global
ocean tides including self - gravitetion and crustal leading effects”.
GSFC X-923-77-82, 58 p, Greenbelt, 1877.

A computer software system is described which computes global numerical
sclutions of the integro-differential Laplace Tidal Equations, including
dissipation terms and ccean loading and self-gravitation effects, for
arbitrary diurnal and semidiurnal tidal constituents. ...
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WAGNER C.A. ~ "The spectrum of the geold from altimeter data”,
GSFC X-921-77-83, 115 p, CGreesnbelt, 1977.

A variety of sources of detailed information has been analyzed to
arrive at a geoid cower spectrum from global altimeter data. Using the
goguivalent of only two revolutions of data (mostly from GEGS-3} from all
the major oceans, the high freguency geoid power (rms) is estimated (most
simply) o be

- 1.4
80.7n .47 meters,

where n 1s in cycles/glebal revoclutions. This law is valid for all
frequencies above 19 cycles but includes sea state. The (simple) law

has mors power than predicted by Kaula’'s rule for the gecpotential.
However, the data shows significantly less power for frequencies below

100 cycles. A closer approximation ftc the altimetry sccumulates 2.18 m
(rss) for all fregusncies higher than 19 cycles/rev. {including ssa state],
somewhat less power than predicted by the rule. The data permits up to

1 1/4 (rms) non-gravitational departures from the high frequency marine
geoid.

MATHER R.S. - "The analysis of Geos~-3 altimeter data in the Tasman and
Coral Seas”.
NASA, GSFC, Teech. Memorandum 78032, 34 p, Greenbelt, 1877.

A technique has been developed for pre-processing SE0S-3 altimetry
data to establish a model of the regional sca surface. The algorithms,
as presently used, develop models for a 35 x 106 kmZ2 area with an inter-
nal precision of * 1 m. This figure is substantially influenced by the
data acguisition periocd and the sea state. There are discrepancies
between the sea surface model so obtained and GEM 6 based geoid profiles
with wavelengths of approximately 2500 km and amplitudes of up to 5 m in
this region. The amplitudes are smaller when compared with GEM 10G-based
geolid determinations. However. the comparison of 14 pairs of overlapping
passes in the regicn indicates altimeter resclution at the + 25 cm level
iF the wavelength carresponding tc the Nyguist frequency were 30 km. In
most cases, the spectral analysis of such comparisons indicates the
existence of significant signal strength in the discrepancies after
lzast squares fitting., with wavelengths in excess of 200 km. Regional
studies of time varying features of the sea surface in the data analysis
area are not currently possible due to inadeguate fracking support and
the limited time span over which a denss date coverage was available.

MARSH J.G6. & R.G. WILLIAMSON - "Precision orbit computations for
satellite”.
GSFC X-81-77-25, 23 p, Greenbelt, 1976.

The Starlett satellite, launched in February 1875 by the French
Centre National d’Etudes Spatiales, was designed to minimize the effects
of non-gravitational forces and to obtain the highest possibls accuracy
for laser ranpge measurements. Analyses of the first four months of global
laser tracking data have confirmed the stability of the orbit and the
precision to which the satellite's position can be established.

NP SN
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Initisl orbit computations using the GSFC GEM-7 gravity model
nroduced rms fits of about 8 to 10 meters for arc lengths of 5 days.
Through a serigs of gravity model improvements these rms fits have been
reduced tc 1 to 2 meters for the 5 day arcs. An rms fit of 4.3 meters
was obtained for a 80 day arc. Five day arcs overlapped by 2.5 days
showed rms satellite position differences gensrally less than 2 meters.
Prediction errors at the end of two months were less than 30 miiliseconds.

FELSENTREGER T.L., J.G. MARSH & R.G. WILLIAMSON - "Tidal perturbations
on the satellite 1967-32 A",
GSFC-X-821~77-22, 22 p, Greenbelt, 4877.

The orbit of the 1967-32A satellite has been studied to ascertain
the extent to which tidal forces centribute to orbital perturbations.
This study has permitted an estimation of parameters describing the
gcean tide potential - in particular for the M5 and 82 constituents.

VONBUN F.A., W.D. KAHN, P.D, ARGENTIERC & D.W. KOCH ~ "Speceborne
Earth applications ranging system (SPEAR}™.
from : J. Spacecraft & Rockets, v. 14, n® 8, p. 452-485, 1977.

A technique is discussed for the accurate (i.e., tb within fractions
of cantimoters per year) detection of Earth surface motions utilizing
the latest space technology. It is shown that, over a six-day period
and ascuming a 50 % cloud over {i.e., as experienced over the past few
years of laser operation) utilizing spaceborne precision ranging systems,
interz te disterces on the order of 5 to 15 km (dependent mostly on the
beam widzth of tne laser) can be determined in the vertical and horizontal
components, With errors in the 0.5 %o 1.5 cm range. These errors are
elmost Iindependent of ground survey errors up to 0.25 m and orbit errors
up to 200 m. A spaceborne laser ranging system is assumed to range to
two or more ground-emplaced retroreflectors. This can be done either in
a simuitaneouz or nonsimultaneous mode. Hardware is under development
for the latter technigue.

TORGE W. & H. DBREWES - "Gravity variations with time in Northern Iceland
1955-1975".
from : J. Geophys., n°® 43, p. 771-798, 1977.

Since 1938 repeated gravity measurements alcohz a west-east profile
in northern Iceland {® = B5°40') have been carried out in order to detect
eventual changes of gravity in the young velcanic zone. The latest survey
tock plece in 1975. when 179 stations of the main profile with more than
150 km length have been occupied. Four gravity meters of type LaCosite and
Romberg have been used, measuring 1169 gravity differences at the main
profile, yielding root mean sguare errors of the gravity values from
F 3 to » 11 pGal, the average being + 7 jGal.

II-/Au-
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The campa"‘won of the 1875 survey with the results of 1870/71 and
965 indicates a lesting inucease of gravity in the young volcanic zore

"(
lative to the adjacent tertd ifary basalt zones. Different mathematical
methods ere epplied to represent the behaviour of gravity variations wils
time elong the profile. The maximum gradient of gravity changes occurs
n the Mevain-Namatjall rezion with & total difference of nearly
1 omgal/year betwezn the adjacent parts of the profite.

ESVICNES G. - "Potent” U de gravité ol & des structures esylindricues
g

d’ EKBEQ?lc] limitée”.
C.R. Acac. Scil. Paris, t. 285, Sér. B, p. 21-23, 4 Juillet 1977.

-

Ca“te Nots présente une méthode de caleul du potentiel de gravité oréc
par un corps cyWihdriQLe d'extension limitée. La méthode peut permettre
liintarprétation cuantitative du géoide obtenu & partir des données des
satellites artificiels. I' ast en particulier montré gque ces dornées ainsi
que ics metives gravimdirigues sont compatibles avec 1'hypoth2se de sub-
on de la placue Arabligue vers le Nord-£st.

. & K. 3CHULLER - "Gravimastrische Erdgezeiten-Station Kerguelen
Paranotor der Partialticen fiir den Bechachtungezeitraum 1973/747,
S.6.K.; Reihe B : Angew. Geod. H. n° 246, 36 S, Minchen, 41976.

reom 4.1.1873 until 27.1.1974 gravimetric sarthtide chservations
weTe norformed at Kerzuelen island (southern Indian Ocean). Results of
totel cnaiysls of data afier Chojnicki's and Veredikov's method are
ted. fonthly analvois show veriations of tidal parameters of psrily

tsrhaSLle stwractar 3 tha determination of the reason for these
L.l be Yhe aim o7 furtiper dnvestigations.

l\""—""‘"‘l =

REVITUTS flr AMOSWANDTE GECDASIE - Weitere Beitrdge aus der
cunmesrtepublii Deutschland zur .Gr?age bei der XVI Generalversammiung

der Int.riwtionalen Union fir Gnoddsie und Geophysik, Grenoble 1875.

C.G.H., fnihe & @ Angew. Gsad. H. n® 224, 435 n, Frankfurt, 1977.

CREVES H. = "A mathod of direct gravimetricel determination of
t{erenses of geoid undulations”.

The gravimetric levelling reduces the determination of relative B201
dulations by the ror“"a of Stokes to some simplie procedures of least
prediction and the summation of the predicted values. Absolute
lonz avi obtained by treansformation with at laast three identina:

2. The @zouracy of disferences of peoLu ungurations is in geod
ger~rt with practical detarminations of several authers (HONKASALG
LEEMANN 1874).
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TORGE W., G. DOEDECKER & H.F. WENZEL - "Astrogesodetic geoid determination
in the Wsestern Harz"”.
p. 107-122.

In the geodetic test network Western Herz (Federal Republic of
Germany), relative geold determinations have been carried out, using
different terrestrial methods. The eim of this research work is, to
investigate the possibilities of solving the height problem in three-
dimensional terrestrial networks of regional extension ...

The accuracy level obtained by the differsnt methods for the
ellipsoidal heights and the relative geoid, is at the order of a
few om.

DOERGE W., E. REINHART & G. BOEDECKER -~ Das "International Gravity
Standardization Net 1871 [IGSN 711}" in der Bundesrepublik Deutschland.
(Transformation des Deutschen Schwerenetzes 1962 und Stationsbeschreibungen
des IGSN 71).

D.6.K., Reihe B : Angew. Geod. M. n® 225, 58 p, Minchen, 1977.

For the transformation between the German Gravity Net 1862
{Deutsches Schwerenstz 1962, DSN 62) and the International Gravity
Standardization Net 1974 (IGSN 71) perameters (differences in reference
level and scale) are determined by least squares adjustment. For the
comparison gravity measurements have been made at 111 referring stations.
An Appendix comprises 79 sketches of IGSN 7i-stations in the Federal
Republic of Germany, updated in 1978 and recommended for use.

ACADEMIE des SCIENCES de 1'U.R.S.5. - "Catalogue des mesures de pesanteur
1%éme croisiére du bateau "Akademik Kuyrchatov" dans 1'Atlantigue Nord.
Juin & Septembre 1373".

Inst. Phys. du Globe 0.U. SCHMIDT, 145 p, Moscou, 1875.

Liste d'environ 5.000 points gravimétrigues.

ACADEMIE des SCIENCES de 1'U.R.S,S. - Rapport scientifique et technique :
Mesures de pesanteur avec satellites naigation, au ccurs de la 15&me et
20&éme croisidres du bateau "Akademik Kurchatov?” (Atlantigue et Océan
Glacial Arctigue, 1873-75).

Inst. Phys. du Globe 0.U. SCHMIDT, 33 p, Moscou, 1975,

WENZEL H.G. - "Zur Optimierung von Schwerenetzen”.
Zeits. Vermess. 102, Jahr. 1977, H. 10, S. 452-457, 1977.

The method of sequential optimization for the optimal design of
geodetic networks is described and applied to the planned German gravity
basic network 1876 and to the planned gravity network of Lower Saxony.
The practical aspects of the optimal design with different targst
functions are discussed.




