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Véme REUNION de la COMMISSION CRAV IMETRIQUE

INTERHATIONALE

Paris - I3-I8 septembre I965

Lo I L L
« ™. . .

Ls Commission Oravimitrique Internationale s'est réunie pour la Seme
fois du I3 au I{ scptembre I965 3 PARIS ,dans les locaux de 1 ¥nstitut
¢'Astrophysique ( €8 bis,Boulevard Araco ) ; ces locaux ayant Eté mis
aimablement & la disposition des délégués par le Directeur de 1'Institut,

HLLALLEHMAND |

Les participants aux réunions de la C.G.I. &taient d'une part les délé-
lézués de grands scrvices pdodésiques et zéophysiques et des techniciens
confirmés ,d'autre part, les délégués principaux veprésentant officiellement
leur pays ; au total ,I07 délésués qui provenaient de 25 nations différentes,

Les I0 pays suivants ont regretté de uc pouvoir @tre représentés
Bulgaric,Ethiopie,Gréce,Inde,ﬂaroc,ucxique,&ouvelle Zélande, Portugal ,Tunisie,
Union Sud-aAfricaine jcependant certains d'entre cux ont envoyé des Rapports
Nationaux ou des publications relatives A 1'activiié sravimétrique de leur
pays { Voir page 33-34 ),
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QOrdre du Jour

13,

Les questions 4 1'ordre du jour sont réparties dans les rubriques

suivantes
I - Activité du Bureau Gravimétrique International et vue d'en-
semble des Rapports Nationaux,
II - Mesures absolues de la pesanteur,
II1 Chaines officielles d'étalonnage pour gravimetres
. Europe-Afrique
. Amérique
. Ouest Pacifique
IV - Réseau Gravimétrique International de ler Ordre et Problémes
d'étalonnage.
V - Réseau Gravimétrique Européen de ler Ordre,
VI - Mesures de pesanteur en mer,
VII - Mesures de pesanteur en avion.
VIII Emploi des anomalies de pesanteur en Géodésie,
IX - Mgeures du Gradient Vertical de pesanteur,
X = Variation Séculaire de la pesanteur,
XI - Questions Instrumentales.
XIT -

Anomalies de la pesanteur et Isostasie,

Séance d'ouverture : . L.

: La séance d'ouverture a eu lieu le lundi 13 septembre 3 15 h., sous
la présidence du Prof, BROWNE, ainsi que du Dr, D, RICE, Président de la
Section IV de 1'A.I.G. et du Prof, TARDI, Directeur du B.G.I.

Dr, RICE souhaite la bienvenue aux délégués et rappelle l'origine
de la Commission Gravimétrique Internationale., Prof, BROWNE insiste sur 1'im-
portance des réunions de la C.G,I. qui groupent de plus en plus de partici-
pants, d'une part, parce que les problémes de Gravimétrie intéressent des
disciplines de plus en plus nombreuses, d'autre part parce que ces réunions
sont maintenant ouvertes & tous les spécialistes de 1a pesanteur,

Le Prof, TARDI évoque le souvenir de plusieurs personnalités qui
étaient des habitués de nos réunions et qui y apportaient chaque fois une
contribution intéressante, Certains d'entre eux n'ont pas pa venir a la pré-
sente réunion soit du fait de leur santé, de leur 2ge ou de leurs occupations,
Parmi eux, nous citerons en particulier le Dr. Walter D, Lambert, le Prof.
Vening Meinesz, le Dr de Graaf Hunter, le Prof. Heiskanen, le Prof. Kneissl ...
Nous ne les oublierons pas et souhaitons qu'eux-mémes en fassent autant.
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Pour le Prof, Bodemiller quil nous avait présenté la derniére fois
unt exposé intéressant sur le gradient vertical de la pesanteur, cfest hélas !
un adieu définitif que nous devons lui dire,

Le Prof, TARDI donne ensuite toutes informations utiles sur l'ecrga-
nisation matérielle de la réunion et 1'Assemblée approuve l'emploi du temps
qui sera le suivant

Agenda

Monday 13 September

3.30 - 4 p.m, . Report on the Int. Grav., Bureau

4,30 - 6 p.m, E{and National Reports F. TARDL - 5, CORON

Tuesday 14 September

9.15 - 10.45 a.m. : Absolute Gravity Mecasurements

Recent determinations or in project T. HONKASALO
11.15 - 12.30 : Calibration Lines Europe-Africa L. SOLAINI
- North America D. RICE
West Pacific T. QKUDA
2.3C¢ - 4 p,m, : First Order World Net and Calibratiom
Problems ) C. MORELLI
. Present state of the question
. Pendulum and gravimetric results
4.30 - 6 p.m, : Absolute Gravity Measurements
. Interconnexions between the absolute C. MORELLI
sites
. Corrections to the Postdam System ( P TARDI
. Results of the analysis of satellite ' , -
orbits,
Wednesday 15 September
-9,15 - 10,45 a.m, : Gravity Measurements at Sea L. WORZEL
» Instruments - Problem of inter-
calibration
11,15 - 12.00 a.m. : Airborne Gravity Measurements 0. WILLIAMS
12 - 12,30 a,m, : Instrumental Questions K. REICHENEDER
2.30 - 4 p.m, : First Order World Net and Calibratioen
rand } Problems
5.30 - 6 p.m, . Anglyesis of gravimetric results G, TOGLIATTI
_ . Adjustments H. WOLF
4,30 - 5.30 p.m, ! Gravity Measurements at Sea y L. WORZEL

. Results - Reductions - Gravity anomalies |



Thursday 16 September

9,15 - 10.30 a.m,
10,30 ~ 10.45 a.m, :

11,15 - 12.30 a.m,

Afternoon

Friday 17 September
95.15 - 9;35

9.35 - 10.45 a.m.
11.15 - 12,30 a.m.
2.30 -
4,30 - 5.30 p.m.

« 7.00 -11.30 p.m.,

4 p.m,

Saturday 18 September

9.15 - 9.45 :

9.45 - 10.45 a.m»
11,15 - 12,30 a,m,

15.

Vertical Gradient of Gravity L, CONSTANTINESCU

Absolute gravity Measiirements
(Discussion)

Use of Gravity Anomalies in E, TENGSTROM
Geodesy
The present state of the Test

Work in the West Alps.

Free time

Vigit to the "Burcau International
des Poids et Mesures" or visit to
the "Institut Geographique National",

Instrumental questions K. REICHENEDER
Gravimetric European Net C. MORELLI
Secular Variation of Gravity G. BARTA
Measurements at Sea L, WORZEL __.
Gravity Anomalies and Isostasy J. LAGRULA
Dinner-Cruise on the Seine

(Yacht "BORDE-FRETIGNY")

Use of Gravity Anomalies in E. TENGSTROM

Geodesy

: propositions
discussion

Resplutions
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RESOLUTIONS
. adopted by the
INTERNATIONAL GRAVITY COMMISSION

Paris, September 1965

Resolution n° 1 : SUPPORT FOR THE INTERNATIONAL GRAVITY BUREAU

The Tnternational Gravity Commission,

recording its great appreciation of past and present activities
of the "Bureau Gravimétrique International” in collecting gravity data on
an international basis,

expresses the hope that the Bureau may be given support to extend
these activities in the light of the great expansion in gravity information
likely to result from recent advances in instruments and measuring techniques.

La Commission Gravimétrique Internationale,

Avant hautement apprécié les activités passées et présentes du
Bureau Gravimétrique International dans son rdle de centralisateur des
" données gravimétriques sur une base internationale,

exprime le voeu que le Bureau regoive l’'aide nécessaire pour donner
4 ses activités l'extension correspondant au grand développement des infor-
mations gravimétriques qui va résulter des progrés récents des imstruments
et des techniques de mesure,
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Resolution n® 2 : NEW SYSTEM of ASTRONOMICAL CONSTANTS

The Internmational Gravity Commission,

considering that the International Astronomical Union at its General
Assembly in Hamburg, 1964, adopted a new system of astronomical constants which
included : '

- the equatorial radius of the Earth in meters,

- the dynamical form-factor for the Earth Jj

- the flattening factor for the Earth,
which values allow one to compute the apparent gravity at the equator as well
as at any other point taking account of its latitude,

considering that.although the International Astroncmical Union stated
that the new values of these comstants are not intended for geodetic use, it
nevertheless. seems necessary for geodesists to know in detail how these values
have been adopted,

asks the Internaticnal Association of Geodesy to appoint a Working
Group to-draft a report on this matter in an objective manner and to present
it at the next General Assembly,

would like that this Working Group include, besides the General Secre~
tary : J.J. LEVALLOIS, M, P. TARDI who could be the Chairman and MM. ARNOLD,
CAPUTO, COOK, PELLINEN, SCHLEUSENER, SZABQO and UQTILA who belong to the Commis-.
sion, Some other members could be appointed by the International Association of
Geodesy.

A draft Report would be sent before 1 February 1966 to the members of
the Working Group,

La Commission Gravimétrigque -Internatiomale,

' considérant que l'Union Astronomigque Internationale a adopté, 2 1'Assem-
‘blée Générale de Hambourg en 1964, un nouveau systéme de constantes astronomiques
et parmi elles :
- - la valeur en métres du rayon equatorial terrestre ;
- le factsur d'ellipticité géopotentielle J, ;
- l'aplatissement terrestre ;
"quantités qui permettent d'obtenir la valeur de la pesanteur 2 1'équateur aussi
bien qu'en tout autre point de latitude connue,

considérant que 1'Union Astronomique Internaticonale a déclaré que ces
valeurs n'étaient pas destinées 3 &tre employées en géodésie,

souhaite néanmoins que les géodésiens fassent une é&étude détaillée des
conditions dans lesquelles les valeurs adoptées avaient été choisies;

demande 2 1'. ssociation Internationale de Géodésie de nommer un groupe
de travail chargé d'établir un rapport objectif sur cette question et de le pré-
senter A la prochaine Assemblée Générale ; : :

sguhaitexrait voir figurer dans ce groupe de travail, ocutre le Secrétaire
Général J.J. LEVALLOIS, M.P., TARDI qui pourrait en assurer la présidence, MM. ARNOLD,
CAPUTO, COOX,. PELLINEN, SCHLEUSENER, SZABO et UOTILA, pris parmi ses membres,
D'autres -membres pourraient &tre désignés par les soins de 1'Association Interna-
tionale de Géodésie,

Un texte préliminaire serait adressé pour le ler février 1966 aux membres de
ce groupe de travail.
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Resolution n°® 3 : SECULAR VARLATIONS in GRAVITY

The International Gravity Commission,

recognizing the importance of determining the magnitude of secular
variations in gravity,

recommends that the International Association of Geodesy should form
a Special Study Group to counsider both the theoretical and practical aspects
of this question, This Special Study Group should work in close collaboration
with the International Commission for Earth Tides.

La Commission Gravimétrique Internationale,

reconnaissant qu'il est important de déterminer la grandeur des va-
riations séculaires de la pesanteur,

. ‘ recommande que 1'Association Internationale de Géodésie forme un
Groupe Spécial d'Etudes pour examiner les aspectes théoriques et pratiques de
cette question, Ce Groupe spécial d'Erudes devrait travailler en étroite
collaboration avec la Commission Internationale des ilarées Terrestres,

Resolution n® 4 : COLLABORATION with the UTPER MANTLE COMMITTEE

The International Gravity Commission,

considering the importance of geodetic and gravitational observa-
tions, (particularly the secular variations in gravity), in connection with
the study of the Upper Mantle of the Earth,

requests that the International [ssociation of Geodesy should
"arrange with the Upper Mantle Committee of the International Union of
- Geodesy and Geophysicsfor & symposium er joint meecting to be hold during
the next General Assembly, to discuss these aspects of the problem,

- -

La Commission Gravimétrique Internationale,

considérant 1'importance des observations géodésiques et gravita-
tionnelles (en particulier des variations séculaires de la pasanteur) pour
1"étude du Manteau Supérieur de la Terre,

demande que 1l'Association Internationale de Géodésie organise, avec
le "Comité du Manteau Supérieur" de 1'Union Géodésique et Géophysique Inter-
nationale, un symposium ou une réunion commune qui sera tenue au cours de la
prochaine fssemblée Générale, pour discuter les différents aspects de ce pro-
blame.
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Resolution n® 3 : FIRST ORDER WORLD NET and PRIMARY CALIBRATION LINES

The International Gravity Commissicn,

considering the importance of pendulum measurements for improving
the accuracy of the International Gravity Calibration Bases and the desira-
bility of obtaining further data for statistical analysis,

recommends that further pendulum observations should be made and in
particular

1) that the pendulums of the Postdam Geodetic Institute should be
used to make measurements on the Euro-African Calibration Base and,

2) that observations should be made with the Cambridge pendulums at
the major stations of the West Pacific Calibration Base.

- —— -

La Commission Gravimétrique Internationale,

considérant 1'importance des mesures pendulaires pour améliorer la
précision des chaines Internationales d'Etalonnage et la nécessité d'obtenir
d'autres données aux fins d'analyse statistique,

recommande que de nouvelles observations pendulaires soient exécutées
et, en particulier

1) que les pendules de 1'Institut Géodésique de Postdam soient utili-
sés sur la chaine d'Etalonnage Euro-Africaine,

2) que des observations soient faites avec les pendules de Cambridge
aux stations principales de la chaine d'Etalonnage Quest-Pacifique,

Resolution n® & : PUBLICATION of the RESULTS (INT. CALIBR. BASES and F.0.W,G.N.)

The International Gravity Commission,

wishing to expedite the important work of establishing the Inter~
national Gravity Calibration Bases and the First Qrder World Gravity Network,

requests the Governments of those countries in which observations
have been made, to cooperate with them in this International Project by
granting permission for the results to be published as soon as possible,

La Commission Gravimétrique Internationale,

désirant accélérer 1'important travail d'établissement des Chatnes
Internationales d'Etalonnage et du Réseau gravimétrique Mondial de Premier
Ordre, '

demande aux Gouvernements des Pays dans lesquels de telles obgerva-
tions ont été faites, de coopérer & ce Projet International en donnant 1'auto-
risation de publier les résultats obtenus le plus rapidement possible,
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Resolution n® 7 : UNIFORMITY im thke PUBLICLTION of DATA

The International Gravity Commission,

considering the fundamental importance in the internatiomal field
of the establishment of first order calibration bases on an homogencous basis,

and recognizing the contribution of the subgroup of Special Study
Group n® 53 to this end,

urges the continuation of their efforts and in particular the prepa-
ration of firstly 2ll pendulum data and secondly all gravimetric data, each
in accordance with = uniform mode of reduction and presentation.

La Commission Gravimétrique Internaticnale,

considérant qu'il est fondamental, sur le plam internationel, que les
chaines d'étalonnage de ler ordre soient établies sur une base homogéne,

ct reconnaissant la contribution apportée par le sous-groupe du Groupe
Special d'Etudes n® 5 & cette réalisation,

demande instamment que ces efforts soient poursuivis et em particulier
que soient préparés selon un mode unique de réduction et de présentationm,
d'abord toutes les données pendulaires, et ensuite toutes les données obtenues
au gravimétre.

Resolution n® 8 : SURFACE SHIP GRAVITY MEASUREMENTS

The International Gravity Commission,

con31der1ng that the extension of seaz gravity measurements on all
the QOceans is a great necessity,

urges that-all the qualified organisations continue their efforts
in that field

and recommends that all details about the gravity cruises, the areas
which have been covered, the reference harbour stations ele, should be sent
to the International Gravity Burcau as scon as possible ; these details would
be published in the "Bulletin d'Information"

La Commission Gravimétrique Internationale,

considérant qu'il est d'une extréme importance d'étendre les mesures
de pesanteur & la surface de tous les Qcéans,

~

demande instzmment 3 tous les Services qualifiés de poursuivre leurs
efforts dans ce domaine,

et recommande que tous les détails relatifs aux croisidres gravimétriques,
aux surfaces prospectdes, aux ports de rattachement, etc ... soicnt envoyés au
Bureau Gravimétrique International d&s que possible ; ces détails seraient pu-
bliés dans le Bulletin d'Information,
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Resolution n® 9 : SE4 BOTTOM GRAVITY ME/SUREMENTS

The International Gravity Commissicn,

considering the need of having morc bottom gravity mecsurements on
continental shelves for completing and extending the gravity information on
land and for allowing tests for surface sca measurements,

recommends to all the countries to perform sea bottom gravity meas-
surements on their continental shelves, with remotely contrelled bottom gra-
vity-meters and - if necessary - in collaboration with the institutions of the
countries having such apparatus.

La Commission Graviwmétrique Internationale,

considérant la nécessité d'intensifier les mesures 3 1'aide de gra-
vimétres immergés sur les plateformes continencales, pour compléter ¢t é&tendre
les informations de pesanteur obtenues sur terre, ot pour permettre de contrd-
ler les mesures faites en bateau, & la surface.

recommande & tous les pays intéressés d'effectuer des déterminations
gravimétriques sur leur plateforme continentale, avec das gravimétres télé-
commandés -si nécessaire -en collaboration avec les Institutions des pays qui
possaddent de tels appareils,

Resolution n® 10 : TEST WORK in the WEST ALPS (Sp. St. Gr. n® 16)

The International.Gravity Commission,

recognizing the importance of starting immediately the numerical
"testwork" in the West Alps,

recommends that the material presented at the meeting in Paris in
September 1965 should be used by all intercsted working groups, for their
first computations,

- v e ma A

La Commission Gravimétrique Internationale,

reconnaissant 1'importance de commencer immédiatement les calculs

-

relatifs & la "région test’ dans les Alpes Occidentales,
g P

‘ recommande que tous les groupes de travail intéressés utilisent
pour leurs premiers calculs, le matériel présentd & la réunion de Paris
en septembre 1965,
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Resolution n® 11 : GRAVIMETRIC TRANSVERSE PROFILE ACROSS thc SOUTH AMERICA

The International Gravity Commission,

considering that the International Union of Geodesy and Geophysics
at its General .Assembly in Helsinki, 1960, recommended that the gravimetric
profile on the parallel of 34° 5 §, between Buenos Aires and the Pacific
Ocean be completed, '

taking in account that the execution of this profilec has been
performed through Argentina and Chile,

recommends that such a gravimetric profile be prolonged from Buenos
Aires to the Atlantic Ocean, through Uruguay, with the agreement of the
Compctent Organisms of Acvgentina and Uruguay,

La Commission Gravimétrique Internationale,

considérant que l'Union Internationale de Géodésic et Géophysique,
a son Assemblée Géniérale & Helsinki, en 1960, avait recommandé qu'un profil
gravimétrique, le long du parall2le 34° 5,soit exécuté entre Bucnos iires
et 1'Océan racifique,

 tenant compte du fait que 1'exécution de ce profil a é&té accomplie
a4 travers l'Argentine et le Chili,

demande qu'un tel profil gravimétrique soit prolongé de Buenos-
Aires & 1'Océan Atlantique, & travers l'Uruguay, par ententc entre les Orga-
nismes Compétents d'Argentine ct d'Uruguay. : .
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I - A
BUREAU GRAVIMETRIQUE INTERNATIONAL

Situation Générale (Prof, P, TARDI)

Le Prof. TARDI présente l'organisation du Bureau Gravimétrique
International et insiste sur la situation financiére de cet QOrganisme en
fonction des téches internationales qu'il doit remplir.

"Le Bureau Gravimétrique International (BGI) est un organisme qui
est compté comme un Service Permanent, rattaché & la Fédération des Services
Permanents d'Astronomie et de Géophysique (F.A.G.S.) en méme temps que 14
autres Services Permanents, La F.A,G.S, fonctionne sous le contrSle du Conseil
International des Unions Scientifiques (I.C.S5.U.) qui la subventionne, en par-
tie sur ses fonds particuliers et en partie sur une subvention spécialement
versée par 1'UNESCO,

Le B.G.1. est donc un organisme international.

Certains peuvent penser que d'@tre un organisme international cor-
respond & un Pactole, Il m'en est certes rien, Tout au contraire, La subven-
tion annuelle que reg¢oit le B.G.I, est de § 3,000 (dans les bonnes années),
Juste de quol payer une bonne secrétaire (charges sociales comprises) et
sans pouvoir payer, sur ce modeste crédit, ni un loyer, ni du matériel, ni
faire exécuter des travaux.

Heureusement, le pays qui a 1'honneur d'abriter un Service Permanent,
lul apporte son aide, En ce qui nous concerne

a) 1'Institut Géographique National (IGN) nous fournit le local avec
chauffage et &clairage et nous préte une volture automobile chaque
fois que nous en avons besoin,

b) le Centre National de la Recherche Scientifique ragle les dépénses
de traitement du Dr, Suzanne Coron et de deux secrétaires.

En outre, lorsque nous effectuons des travaux d'intér2t général, mais
4 la demande d'un organisme particulier, nous demandons % ce Service une cer-
taine rémunération, ce qui nous aide, comme 1l'on dit en francais, & "joindre
les deux bouts',



Je-

tuites,
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précise que les fonctions de Directeur sont strictement gra-

Retenez~en que nous sommes un Service pauvre, surtout si 1'on
considére 1'immensité de la t@che qui est 2 accomplir sur le plan interna-
tional, tdche que nous poursuivons avec enthousiasme grace au dévouement du

"staff",

Quel a été en fait le but de la création du B.G.I. (décidée en
1951) et quelles sont exactement ses fonctions ?

A)

B)

C)

Initialement, il s'agissait avant tout de procéder i 1'homogé-

néisation des réseaux gravimétriques. Vous savez tous ici

combien ce problame est délicat puisqu'il ne s'agit pas en gra-
vimétrie de mesures absoclues en des points individuels, mais de
mesures relatives et de mesures d'interpolation.

Il s'agit maintenant de rassembler et de publier un répertoire
général des stations gravimétriques du monde entier, avec, pour
chaque point, un grand nombre de données dont vous avez arrété
les détails au cours de notre derniére réunion, il y a trois ans,
Ces résultats doivent &tre mis sous forme de cartes perforées
(deux cartes par point),

Ce travail est trés long et trés cher,

Il faut d'abord rassembler les données trés compladtes que nous
avons décidé de publier et il est rare qu'elles figurent toutes
dans un méme document ; puis perforer les cartes et les vérifier.
Puis, pouvoir les mettre sous forme de listes tabulées, . Lo

C'est-a-dire que nous devons avoir :
- une perforatrice
- une vérificatrice
- une machine trieuse
- une machine tabulatrice,

Je répéte : tout cela est trés cher et, pour le moment, en de-
hors de nos moyens. Nous avons en tout et pour tout : une perfo-
ratrice, Comme il est dit dans 1'Evangile ,"le reste nous sera
donné par surcroit', du moins, nous 1'espérons,

Nous publions aussi des cartes isanomales, dans différents 8ys-
témes et & différentes échelles, pour permettre des &tudes géné-
rales, Plusieurs feuilles sont déja sorties,



D)
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Nous devons enfin &tre l'organe de liaison entre les gravimé-
tristes du monde enticr, A cet effet, nous publions un "Bulle-
tin d'Information', édité par lecs "moyens du bord" qui parait
deux ou trois fols par an.

Avant de donner le "feu vert" 2 nos discussions, je voudrais en-
core vous préciser deux points ;

1

2)

Un grand nombre de pays considérent les données gravimétriques
comme des données secrétes - et cela de plus en plus depuis que
les besoins des procédés de navigation par inertie sont venus
s'ajouter & ceux correspondant au calcul des déviations absolues
de la verticale par la formule de Stokes,

Notre position est donc difficile : nous devons rassembler et
publier des données que de nombreux pays ne peuvent pas nous
donner ¢t mous ne pouvons pas inventer des résultats nous-mlmes
Llors, nous en sommes réduits & souhaiter que la fraternité hu-
maine remplace le plus tdt possible ce que l'on a appelé la
"guerre froide".

En 1951, il avait été spécifié gque la Commission Gravimétrique
Internationale devait se composer d'un Délégué par pays, Il fut
ainsi fait pour la premiére de nos réunions en 1653,

Mais par la suite, il s'est avéré indispensable que de véritables
délégations nationales prennent part aux débats,

Nos réunions sont alors devenues de véritables congras de gravi-
métrie qui se réunissent en principe une annde avant 1'Assemblée
Générale de 1'U.G.G.I. et qui préparent le détail des décisions
qui seront soumises & la Section IV de 1'Association Internatio= -
nale de Géodésie,

Nous demandons seulement qu'il y ait, dans chaque délégation, unm
délégué principal , leur ensemble constituant la Commission Gra-
vimétrique Internationale,

Ce sont ces délégués principaux qui voteraient, s8'il y avait un-
jour & voter. Cela n'a jamais eu lieu et c'est normal puisque nous
avons un rdle d'étude et de consultation et non de décision, "



26,

I -B

BUREAU GRAVIMETRIQUE INTERNATIONAL
Activités scientifiques (Dr. S. CORON)

Avant de commencer son exposé, le Dr. S. CORON insiste sur le
rdle du B.G.I., qui est 3 la disposition de la C.G.IL. pour exécuter les
taches que les délégués signaleraient comme utiles ou les plus urgentes,

Puis, elle présente rapidement les différentes activités du B,.G.I,

A) CENTRALISATION des DONNEES GRAVIMETRIQUES

CARTES PERFOREES
;

o s i A R i e e it 1

I - a: ADOPTION d'un CODE INTERNATIONAL

Il vy 2 3 ans (Paris, 1962, voeu n° 14), la C.G.I, avait
chargé le B.G.I, d'établir un modéle de cartes perforées des-
tinées & 1'archivage des données gravimétriques ; ceci en col-
laboration avec une dizaine de délégués qualifiés et choisis
par la C.G.I.

.

La Commission souhaitait

- que le plus grand nombre de renseignements soient in-
diqués sur ces cartes, o

- et gque le relevé puisse &tre fait simplement,

Afin de remplir ces conditions, deux cartes ont été adop-
tées pour chaque observation gravimétrique et le syst2me déci-
mal code IBM a été choisi,

La I&re carte ou "Index Card"™ est la carte générale qui
donne les informations principales utiles en Géodésie

a) informations géographiques permettant de situer la
station et de faire des réductions d'altitude tenant
compte ou non des masses superficielles ;

b) informations sur la valeur méme de g, valeur mesurée

sur la station de référence 3 laquelle est
raccordée la station considérée (emplacement et valeur)
permettant de modifier la valeur de g de 1l'observation
considérée suivant le systdme de référence adopté ,

PR
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De plus, 6 colonnes (col. 40-46) sont réservées a une infor-
mation sur l'étalonnage, c'esta-dire 2 une autre station prin-
cipale, présentant une différence de g assez grande par rapport
24 la premidre, Dans certains cas, on pourra indiquer dams cette
zone appelée "Calibration Information' une chafne d'étalonnage
pourvue d'un code spécizl. ‘

c) La 32me partie de cette I&re carte fournit les résultats des
anomalies classiques :_

anom, air libre

- anom. de Bouguer avec ou non des cor-
rections topographiques,

- anom, isostatique (de préférence, Airy,

30km)

Le B,G.I. remercie tous ceux qui ont bien voulu fournir eux-
mémes les codes particuliers aux stations spéciales de référence
mises sur cette Iere carte - ces codes sont faits aussi en accord
avec ceux du Catalogue préparé pour le Groupe n® 5 par MM. GANTAR
et ZAMPIERI, ( voir p.54 ) ‘

La 2eéme carte "Complementary Card" donne quelques informations
supplémentaires sur

~ 1'appareil utilisé,
- la précision des anomalies & l'air libre,
-~ la source d'information etc ... |

Remarques sur le code proposé :

Le texte du code a paru dans le Bul. Inf. n® 5, déc. 1963
(p. 27) toutefois, 3 remarques sont 2 faire 2 ce sujet :

1) Absence de données :

Dans le code proposé, on avait prévu une perforation spé-
ciale ("punched zero'" or X-II) dans les zones dépourvues
de renseignements ou dans les colonnes olt la valeur ins-
crite n'atteignait pas la précision demandée.

Ce code a été modifié et aucume perforation n'est faite dans
la (ou les) colonne correspondante au manque d'information,
Cette modification est apportée du fait que des renseigne-
ments ultérieurs peuvent venir compléter les données man-
quantes ¢t qu'il est toujours possible de reproduire ces
cartes avec des perforations supplémentaires (sans valeur
d'information) dans le cas ot les machines utilisées nécessi-
teralent des perforations dans chaque colonne,




2) Source d'Informatiion (complementary card)

Un overpunch (col, 70) indique que les cartes relatives 3 la
station considérée comporte outre les informations relevées:
dans la publication codée (col. 68-72) des informations supplé-
mentaires provenant d'autres publications ou de communications
personnelles. '

3) Information géologique :

Les colonnes 29-32 de la 22me carte sont réservées pour "Geo-
logical Information" - mais aucun code n'a pu 8tre encore
adopté - pourtant l'intérét de la géologie scmble de plus en
plus en faveur auprés des géophysiciens et méme des géodésiens -
je pense en particulier & 1l'article de DURBIN et WOOLLARD sur
"The geologic effect on computation of the deflection of the
vertical,

Evidemment, il n'est pas question d'indiquer des détails géolo-
glques, mais de grands traits structuraux, tels que bassins sé-
dimentaires ou régions volcaniques ou chaines plissées, &rodées
etc ..., Dans certaines rubriques, 1'épaisseur des sédiments ré-
cents pourrait &tre aussi codée.

Ces quelques remseignements permettraient d'une part de faire
des corrections exactes de terrain et d'autre part, dans 1'ave-
nir, d'étudier les corrélations entre les divers facteurs géo~
physiques et géologiques.

Le code antérieurement proposé est distribué alors aux délégués,
non pas comme modédle, mais comme sujet de réflexion :

Geological Information : 2 ou 4 colonnes.

F ormation géologique en-dessous du point d'observation

1. Socle plissé ancien érodé
. Socle métamorphique

. Couverture sédimentaire

2

3

4. Granites intrusifs

5. Chaines plissées récentes (Alpes)
6

. Chafnes plissées et massifs rajeunis (piateformes -
plateaux rajeunis)

7. Bassins sédimentaires épais
70 ... inférieur a2 100 m
71 ... inférieur 3 300 m
72 ... X1000 m
73 ... ®3000 m



29,

8. Remplissage de dépressions récentes
(dépdts marins récents, débris d'érosiom)

9, Volcans,

Remarque : A l'intérieur de chaque subdivision, on pourrait
par exemple indiquer dans certains cas, 1'age du socle ou des .
sédiments et dans d'autres, différentier les bassins et les
ages des volcans, )

A la suite de cet exposé, plusieurs remarques ont été faites par
les délégués ; en particulier, le Prof, SOLAINI pemse qu'il faudrait tenir
compte dans cette lit¢e, de la nature des roches sédimentaires car leur den-
sité est trés variable (2,0 & 2,7). Cette classification des roches doit
donc @tre faite en accord avec les géologues spécialisés en gravimétrie
(MM, GOGUEL, VECCHIA ...) et doit &tre plus détaillée que le schéma proposé.

Le Dr. BULLERWELL fait les suggestions suivantes

a) The above list does not give a sufficiently detailed division and
there are important omissions, e.g., plateau basalts, ice-caps,
mid-oceanic ridges, basic intrusive compilexes, etc ...

b) I suggest that for the first column, a classification as to geo--
logical setting similar to that used on the "World Tectonic .Map'
currently in preparation by a commission of I.,U,.G.S. might be
considered. I have no copy here, perhaps Prof. GOGUEL would be
ablec to make some information available to the Bureau, It should
be noted that the number of subdivisions could probably only
be accomodated by use of alphabetic code for column,

c) For a detailed classification, 3 additional columns would be

required : ' "o
. second column : geological age ¢, code
. third column : lithological group - Num, or¢¥ code
fourth column : lithological type - Num, or ¢ code wK

I-b : EXECUTION des TRAVAUX

1) Depuis un an, le B.G.I. a commencé cet archivage.de données gravi-
métriques : ceci nécessite un travail trés long de préparation, de
recherches dans les publications de manidre 2 n’oublier aucun
détail, Mme MEROU qui s'occupe de ce travail a souvent.df@ écrire
pour demander un suppiément &'informations.

A l'heure actuelle, de nombreuses stations s'étendant sur 14 -pays
européens sont perforées ou en préparation. On peut espérer qu'a
la fin de 1'année, envirom 5Q0.00C observations _seront mises sur

A
Un premier -projet vient d'@tre préparé en collaboration- avec le Prof. GOGUEL_”
et sera soumis & un -certain nombre de spécialistes, -
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cdrtes., Ce travdil de prépatation a déjh été étendd aux résultats
du Japon et du Liban,

Evidemment, ce chiffre est trés peu important, mais la mise en
route a été assez longue, compte tenu du fait que nous avons voulu
faire figurer sur chaque carte le maximum de renseignements - ce
qui implique la connaissance parfaite des documents de base,

2) Certains pays comme la Norvége et la Nouvelle-Z&lande nous ont com-
muniqué directement des duplicata de leurs cartes,

Nous tenons & les remercier et nous espérons que d'autres pays sui-

vront leur exemple. Le B.G.I. pourrait envoyer A ceux qui en font

la demande, des cartes vierges IBM, spécialement imprimées pour cet

archivage ; ces cartes lui seraient retournées aprés perforation des

données gravimétriques,

IT -| BIBLIOT\:IEQUE i
Le B.G. I continue l'archivage des publications sous la forme
classique de fiches : plus de 3000 articles sont classés par auteur
et discipline,

La Biblioth2que comprend aussi :

- une''cartotheque" ol sont classées des cartes d'anomalies par
espéce et par pays,

- et une''schémathéque" qui rassemble tous les schémas des empla-
cements gravimétriques, Ces schémas sont rangés suivant la clas-
sification du.BGI, par catrreau de 10° x 10° et a 1'intérieur
par degré de latitude, puis de longitude (code B, Inf. n°-5) -
p.- 32).

A 1'heure actuelle, il y a environ 1500 schémas ainsi classés,
avec différentiation pour les aéroports et les ports,

Avec le développement des mesures en mer, la nécessité s'est’
fait sentir de tenir 3 jour une liste spéciale de schémas de stations
gravimétriques dans les ports, Nous avons donc commencé 3 faire cette
schémath&éque pour mesures en mer en nous inspirant de la présentation
de modéles antérieurs (du Prof. Morelli, du Dr. Whallen, etc ...), en
essayant 13 aussi de donner le plus d'informations possibles, avec la
meilleure représentation,

Quelques exemples sont affichés pour que les délégués en
prennent connaissance et fassent part de leurs remarques.
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B) INFORMATION - DISTRIBUTION

Je viens de vous parler longuement du Ier r8le du B.G.L.,, son
rdle d'archividte, mais le but final et réel du BGI est 1'information
et la distribution.

I) Le Bureau a poursuivi la publication du Bulletin d4’Informa-

2)

tion, conformément au voeu émis par la C.G.I. en 1959. Ce
bulletin a pour but, d'une part, de donner les renseignements
sut les projets ou les travaux trop récents pour avoir fait
l'objet d'une publication (stations de ler ordre, liaisons
motidiales, etc ,..), d'autre part, de fournir des listes bi-
bliocgraphiques avec toutes les références utiles sur les ar-
ticles classés par catégorie,

Cette année, 3 bulletins seront faits ; 2 ont déja paru.
Nous pensons continuer sur ce rythme,

Dans le dernier (n® 9) , la présentation a été améliorée et
on a commencé la traduction frangaise d'un article russe sux
le problame d'étalonnage (X. Ja. KOZ'JAKOVA) ; la fin de 1'ar-
ticle sera mis dans le n® 12 (février 1966).

Ces Bulletins sont entigrement faits par le BGI ; ils sont
tirés & 200 exemplaires et distribués gracieusement 2 environ
150 correspondants.

Les délégués présents qui n'auraient pas encore regu ces Bul-
letins, peuvent les demander au Secrétariat.

Le BGI publie aussi des collections de cartes d'anomalies qui
représentent un travail de synthése, travail qui est fait par
Mlle BOUVET em colliaboratisn avee les pays intéressés

- une I2re collection comprend des cartes avec anomalies de
Bouguer, pour les régions d'Europe (échelle : 1/1.000.000).
L'an dernier, les 2 feuilles de "Berlin" et de "Vienne" ont
été publiées en noir (faute de crédits) ; dans quelques se-
‘mdines aprés les ultimes remarques que les délégués pourront
faire, les 2 feuilles de "0slo'" et de "Budapest' seront tirées
par procédé Dorel, avec des isanomales de 2 couleurs (posi-
tives en rouge, négatives en noir),

En 1966, nous pensons soit terminer la feuille "Rome'' et
établir les feuilles '"Varsovie" ou "Sofia" dans le cas oiz

la Yougeslavie, la Bulgarie, 1la Roumanie et 1'URSS pourraient
nous fournir quelques renseignements sur leurs travaux, soit
entreprendre des cartes d'Afrique du Nord.

- des cartes plus générales (Europe~Afrique, échelle approxima-
tive : 1/10.000,000) avec les anomalies de Bouguer ou les ano-
malies isestatiques (Airy, T = 30 km), sont tenues & jour &
mesure que les ohservations sont connues.
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L'impression de la carte (An. Boug.) date de 1962 jce ti-
rage est épuisé ; et un nouveau tirage sera bientdt fait
en tenant compte des observations supplémentaires qui sont
parvenues au B.G,IL.

Ci-dessous tableau d'assemblage de la carte d'Europe (1/1.000.000).

Tirage definitif en
deux couleurs

N
N

Tirage en noir

En préparation

|

Remarques sur la représentation des anomalies gravimétrigues en mer.
a) Autrefois, les observations étaient peu nombreuses, 1l était
donc possible d'indiquer, m@me sur carte 3 petite échelle,
les résultats de chaque point. Maintenant, les mesures cons-
tituent des profils continus - et il n'est plus possible d'u-
tiliser la représentation antérieure,

b} Faut-il représenter sur la méme carte les anomalies de Bouguer
(régions continentales et mers intérieures) et les anomalies 2
1'air libre (océans), ou faut-il reporter le méme type d'anoma-
lies sans distinction de région (continentale ou océanique) ?

Sur la carte nommée ci-dessus (échelle_l/lO‘OOQOOQOn a reporteé,
preés des cBtes (dans les régions ol la profondeur nc dépasse pas 500 m),
seulement 1'anomalie de Bouguer - ceci assure la continuité des isanomales
sur le continent et la plateforme continentale - ; par contre, dans les ré-
gions plus profondes, on a inscrit les valeurs des ? anomalies (air libre
et Bouguer) en chaque point, Mais, comme on vient de le dire, ce mode de
représentation n'est plus possible avec la multiplicité des résultats.

Ces questions seront envisagées A nouveau au cours de la dernizre
séance "Mesures en Mer" et les délégués feront part de leurs divers points
de wvue,
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I bis

"VUE d'ENSEMBLE sur les TRAVAUX GRAVIMETRIQUES NATIONAUX

Le Dr. COROM, & la fin de la séance du lundi 13 septembre, remercie
tous ceux qui ont envoyé un Rapport concernant 1'activité gravimétrique de
leur pays et fait quelques remarques générales sur ces Rapports qui seront
distribués aux délégués les jours suivants.

A l'heure actuelle, tous les pays n'ont pas le méme programme de
travail ; ce programme différe suivant le but poursuivi - géodésique ou
géophysique

- ¢cortains continuent systématiquement l'établissement d'un réseau

national de pensanteur, ou reprennent avec plus de précision 1'é-
tablissement d'un réseau natiomal,

- La plupart des Services géodésiques font des relevés gravimétri-
ques le long des lignes de Nivellement en vue du calcul des cotes
géopotentielles ou effectuent des réseaux serrés pour calculer 1a
deviation de la verticale en des points géodésiques fondamentaux,

- Dans un grand nombre de pays, les Services géodésiques ou Géophy-
siques poursuivent leurs travaux en vue de la publication de cartes
générales ou régionales d'anomalies de la pesanteur, tout en s'ef-
forgant d'unifier les réseaux locaux incorporés dans le réseau fon-

damental national,

- enfin, de nombreux levds gravimétriques détaillés sont faits en vue
d'études d'anomalies locales.,

. Rapports nationaux :

Allemagne Démocr., (K. REICHENEDER) Liouv,~Z&lande (W.I.REILLY )
Allemagne Fédér, Norvége (0.TROVAAG-" ¢, JELSTRUP)
Argentine (G. GOMEZ) Pays-Bas {G, BRUINS)

Australie (J.C. DOOLEY) Pologne (G, KAMELA)

Autriche (Bund .Eich-Vermess.) Portugal (J.M. MARTINS)

Canada (M. J.S, INNES) Su&de (L. PETTERSSON)
Etats-Unis (D.A, RICE) Suisse (F. GASSMANN-W. FISCHER)
Finlande (T. HONKASALOD) Tchécoslovaquic (dcad, Tché&e, Sei,)
Great Britain (W, BULLERWELL) U.R.5.85. (J. BOULANGER-L.P,PELLINEN)
Inde ( K.L. KHOSLA)

Ireland (T, MURPHY) U. Sud. Afrique (Geol,Survey)

Iran (Inst. Geop, Teheran)Yougoslavie (M, GRASIC)

Japon (Geod,Counc,-G,S8.1.)
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Publications complimentaires aux Rapports nationauk :

Argentine

Ing. E.E. BAGLIETTO - Ing. A.A. CERRATO - Contributions & la Géodésie
Appliquée ; texte frangais, traduction du rapport espagnel "Contribu-
ciones a la Geodesia Aplicada’, présenté 34 la IXeéme Assemblée générale
de 1'Inst, Panaméricain (Guatemala, 1965).

Espagne

L., LOZANO CALVO - Metodos y Mapas para la reducciom isostatica de las
estaciones de Gravedad. Inst. Geog. Catastral,., Madrid, 1965, 5 p.
+ 12 cartes h.t,

Etats~Unis

C.P., WOOLLARD - H.R. JOESTING - Bouguer Gravity Anomaly Map of the
U.S. States (I/2,.500,000) 2 shcets,(exclusive of Alas! a and Hawaii)
Aner, Geophys. Un,, 1964, Dep. Int, Geol. Surv.- '

G.P. WOOLLARD - United States Isostatic Gravity Anomaly Map - 30 km
compensation - (Airy-Heiskanen system) (1/2,500.000) - 2 sheets. Pre-
liminary Draft, Hawaif Institute of Geophysics, 1965,

Ethiopie

P. GOUIN- P,A. MOHR - Gravity traverses in Ethiopia (interim report)
Bul. yeophys., Obs., Addis 2baba, vol. 3, dec. 1964 u® 3, p, 185 - 236
+ c.h.t,

France :

S. CORON - Etat des:travaux gravimétri@ues i carte gravimétrique de
France (BRGM) et carte anomalies moyenses & 1'air libre - Com. Grav,
Int. Paris, 1965, Ip. ronéotypée et 2 c,h.t,

OQutre ces Rapports, quelques déléguéds présents fournissent des pré-
~ cisions sur les travaux e¢ffectués, le Dr WHALLEN en particulier signale les
prospections effectuées au Brésil dans le Bassin de 1'Amazone par la National
0il Cie,

A la fin de cette séance d'ouverture, le Prof, TARDI remercie tous
les délégués de leur étroite coopération pout 1l'avancement des recherches
gravimétriques ct donne lecture d'un extrait de lettre du Dr. MARTINS, du
Portugal (qui n'a pu venir).

"Il n'cst pas nécessaire de rappeler que nous restons toujours, en
particulier A mon Institut, attentifs & la collaboration interna-
tionale dans le domaine de la Gravimétrie et que nous serons heu-
reux de donner aux gravimétristes étrangers qui passent aux stations
portugaises, les informations nécessaires et 1l'assistance convenable
pour faciliter leurs travaux,"
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1T

MESURE ABSOLUE DE LA PESANTEUR

Deux séances principales ont &té consacrées aux Mesures Absclues de
la pesanteur,

La premiére, tenue le mardi matin, fut réservée & l'exposé des dé-
terminations récentes ou en cours. La deuxigme, tenue le mardi apras-midi,
fut plus particulidrement consacrée aux liaisons entre les stations de me-
sure absolue, aux diverses valeurs calculées pour lLa correction au systéme
de Postdam, et aux résultats obtenus d'aprés 1'analyse des orbites des sa-
tellites,

Premiére séance

Le Dr HONKASALQO préside la lére séance, en 1'absence du Dr COOK,
Président du Groupe d'Etudes n® 18 '"Mesures absolues de la pesanteur'.

I1 présente le bref rapport du Dr COOK, sur la nouvelle détermi-
nation faite au National Physical Laboratory, Teddington (I}

"A new absolute determination of the acceleration due to gravity at
the NPL has been made by the symetrical free motion method in which
freely moving glass ball has been timed at its passages across two
horizontal planes:separated by a vertical distance of about Im,

-

The advantages expected for the symetrical free motion experiment,
as discussed in a recent review (2), have been fully borne out,
despite a number of technical difficulties,

The value of gravity, reduced to the British Fundamental Station,
is
g = 981,181,77 mgal ¥ 0.13 mgal (standard deviation)

The new value is 13,7 mgal below the Postdam value,"

Le Prof., MORELLI signale le Rapport Général du Dr COOK (2) dans le-
quel sont énumérées les déterminations absolues et sont discutés en détail
les principes des différentes méthodes (une attention particuliare est donnée
& la définition des paramétres expérimentaux et des effets perturbateurs), Il
donne lecture de la conclusion de cet article, insistant sur le fait que les
mesures absolues de pesanteur demandent beaucoup de temps, nécessitent des
observateurs qualifiés, ces mesures ne devant pas &tre entreprises a la légare
pour ne pas conduire & des résultats douteux.
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A propos de cet article, mais dans une séance ultérieure (jeudi ma-
tin), le Dr FALLER fait quelques remarques.

The substance of the remarks made will be submitted in the form of
a letter to Metrologia. Particular case will be taken to clarify
what appears to be an error in Dr COOK's re-analysis of the eddy- .
current drag correction which should be applied to the Princeton g
determination.

Further some attempt will be made to stress the importance of consi-
dering the effects of systematic errors on absolute measurements when
discussing the relative merits of the various methods. Finally the
great promise of interferometric determinations for the future will
be mentioned,

Le Dr FALLER fait un bref exposé sur la mesure absoluc exécutée 3
Princeton Unlver51ty. Il rappelle gue ce (ravail a été décrit avec beaucoup
de détails 2 1'Assemblée de Berkeley et que la discussion des résultats est
relatée dans la publication suivante (3) dont nous donnons le résumé

"The acceleration of gravity has been determined by using one element
of an optical interferometer as a freely falling object. A rotation-
insensitive mirror was dropped approximately 10 cm and generated
three sets of white light fringes as it fell, The times betwcen the
occurence of these fringes were measured electronically. The spacing
of the white light fringes was measured interferometrically and was
continuously monitorable, The rms accuracy of the experiment is 7
parts im 10/ . This work serves to demonstrate again the Postdam
error of more than 10 ppm. The value obtained for g at the surface
of the piler in room 130, Palmer Phys, Lab,, Princeton Univ., is : - -

g = 980.160.4 mgal £ 0.7 mgal

This value transferred to the Washington Geoph, Lab. would be
980.035.6 mgal",

Dr FALLER points out that the significance of the Princeton measu-
rements is twofold : first, the value of g obtained (of accuracy 7 parts in
107) is of considerable 1nterest ; and second the work serves to point out
the great promise of interferometer measurements for the future.

Then, the major portion of the discussion at this meeting was
devoted to a description of a new free fall apparatus at the Joint Institut
for Laboratory Astrophysics which Dr FALLER and one of his graduate students
from the University of Colorado, Mr, James HAMMOND, are working on : the new
falling interferometer-laser measurement. B
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The new apparatus uses a laser as the light source and a dropping
distance of approximately one meter (This is to be contrasted with the Prince-
ton freefall length of approximately 5 cms), To date, fringes have been obtained
during free fall over the entire one meter path, The apparatus presently a-
waites over the completion of the vacuum chamber, The necessary electronic
instrumentation is well under construction,

It is expected that, with the new apparatus (which is portable),
that it will be possible to obtaln a considerable improvement in accuracy
over the Princeton measurement, Further the fact that it is portable will
permit absolute tics between the United States and Europe.

Le Dr SAKUMA donne quelques détails sur la détermination absolue en
cours au Bureau International des Poids et Mesures (méthode "des 2 stations"
ou "symmEErical Free Motiom method™s & 1a posxtlon du corps mobilc, un triade
trirectangle, est détectée au moycn de’ franges d'interférence en lumidre
blanche dans un interféromdtre de Michelson.dont 1'un des bras est horizontal
et 1'autre vertical.

Il montre & l'aide de nombreuses projections les différentes parties
de l'appareil, indiquant les principales modifications apportées au schéma
donné en 1962 : le remplacement de 1'étalon Pérot-Fabry antérieurement prévu,
par un autre montage avec 2 miroirs parall2les qui servent ainsi de miroirs
terminaux. Il signale qu'aprds 6 ans d’études, les préparatifs atteignent la
phase finale, les premiéres mesures définitives commenceront vers le milieu
de l'année I966 ; (le point de mesure est situé un peu plus haut que la sta-
tion de référence S&vres, Point A et la différence de g mesurée est de 0,30
mgal),

En outre, il indique que 2 projets sont envisagés :

- d'une part la construction d'un appareil portatif, selon la méthode
du Bureau International en utilisant un laser stabilisé ;

- d'autre part, la réalisation de liaisons gravimétriques interconti-
nentales, d'abord entre Sévres Point A et Ottawa, avec 1'appareil
absolu du B.I.P.M., cette liaison pourrait avoir lieu en 1967-68.

Le Dr MORAN fait un exposé sur la détermination absolue, méthode du
pendule réversible, en préparation & Air Force Cambridge Research Laboratories,
indiquant 1'état d'avancement des travaux, (5)
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Two fused quartz pendulums about 12 centimeters long, oscillate
on synthetic sapphire knife edges in opposed phase on opposite sides of
an aluminum support., The interior of the case is normally operated at
40° C and is held to +.005° C at a vacuum of 2 x 10 "® mm Hg.

The length of the pendulum is measured directly in place by the
Fabry-Perot method, requiring no additional end-standard comparision, The
oscillation of the pendulum is detected optically, and the period measured
by electronic means, using precision crystal oscillators (compared to VLF
signals) for a time base.

Historically, the reversible pendulum has been the preferred
means of measuring absolute gravity because of the facility of making
observations over a relatively long period of time under conditions which
were casier to control than, say, falling body experiments, The greatest
. drawback te the experiment has always been the need for making numerous
corrections to satisfy imperfect application cf the practical experiment
to the theory.

The AFCRL apparatus has been designed to eliminate some of these
corrections and to minimize others (for example, flexure of the pendulum
and support, temperaturec and pressurc effects during observatiom, transfer
of external length measurements in air to vacuum), but other new corrections
have alsc been introduced.

-------

In conclusion,

At the present. time we are attempting to measure the amount of
indentation of the knife edge into the pendulum and the radius of curvature
of the four existing knife edges. This should be completed by the cnd of
September,

Following these measurements, attention will be focussed on the
knife edge problem which remains the most important unknown of the expe-
.riment. Hopefully by the cond of 1965 we should be able to obtain a value
of gravity with an uncertainty of ¥ 1 milligal, and by early 1966, a
value to T 0,5 milligals.

TLe Prof. REICHENEDER présente les txavaux en cours dans la République
Allemande Démocratique :

"There are absolute measurements of gravity in progress at twe places,
namely in Berlin, in the Deutsches Amt fur Messwesen und Warenprufung,
this is a Buro of Standards, further in the Geodetic Institute Post-
dam, well known to everybody. et



In Berlin, the method of the free fall is applied. A bar Im of
length passes during its falling three limits of light, The elec-
tronic equipment of the apparatus is finished but the apparatus

itself is not yet in action,

In the Geodetic Institute, Postdam, the method of reversible
pendulum is applied, For the first time, two reversible pendu-
lums are used for absolute measurements, swinging with contrary
phases on a common layer in order to eliminate the effects of
movement of the underground,

There have been constructed 2 apparatus for the absolute measu-
rements : the first has one pair of pendulums of 25 cm in length with
knife-edges swinging on a stable layer. The entire apparatus may

be turned for accomplishing the reversion of the pendulums, which
occurs with the method of two-ray interferences, In the last year,
many 1mprovements had to be done for this purpose, Measurements with
this apparatus will begin in the near future.

The second apparatus has stable knife-edges on which 3 pairs of
quartz pendulums of the length 37,5 - 50 and 75 c¢m are swinging,
The lengths of the pendulums of these pairs are equal within an
accuracy less than Iy as indicated by the producer Zeiss, in
Jena, Measurements with this apparatus cannot yet begin because
the equipment for themeasurements of the lemgths of the pendulums
is only in construction,

Great efforts have been made in the German Democratic Republic for
cbtaining a good absolute value of gravity and the Prof. REICHENEDER
hopes thdt in the next meeting of the Gravimetric Commission

he would be able to present some measured values,"

Dr GERMAN reports on the measurement at the Physikalisch-Tectaische
Bundesangtalt Braunschweig

"The principle is well known : a slit illuminated by a spark is

pictured on the surface of a falling rod (in principle a photo-

graphic plate), Some previous drops had been made, but an optical
lens has been damaged. Now, some parts of the apparatus have been

rebuilt and new rods (tubes of a length of 2100 cm grindes with

an accuracy of 10ym) have been made with a reduced mass (about

7 kg) because the electrostatic device to keep the rod before the

drop was not able to keep the first rods with greater mass

(about 12 kg), Now all parts together are review, ;
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Le Dr SZABO insiste sur la nécessité d'obtenir des appareils faci-
lement transportables, (6)

"For the solution of the absolute gravity refercnce problem, por-
table experiments have c¢ritical importance, Currently, AFCRL is
directly engaged in or supports the preparation of such portable
absclute experiments : 3 cxperiments are in various stages of re-
finement, comstruction or research. It is anticipated that 2 of
these experiments will be completed during 1965 or the first part
0f 1966 and the instruments could be used for experiments at other
absolute sites

~ the AFCRL Reversible Pendulum Apparatus (5)

-~ a Laser-Interferometric Absolute Experiment, constructed at NBS
in Boulder Colorado (sece above Note of FALLER)

- a Charged Particle free-fall experiment in the research stage at
Martin Co., Orlando, Fla, Laboratory cxperiments are being
conducted ton determine the parameters of an experimental apparatus.
Application of this technique in a complete cxperlment is not an-
ticipated until the end of 1966,

Le Dr HONKASALO donne lecture de la note de E. HYTONEW sur la mesure
absolue avec un pendule & long fil, en préparation & Helsinki.

"The plans to measure the absolute gravity by the aid of a long pen-
dulum was mentioned by T.J. KUKKAMAKI in 1957. The idea was to use
so long wire pendulum, may be 200 m long, that errors of determining
the 9w1n§1ng point in relaticn to the length of pendulum are small,
say 10

Preparatory experiments have been made since that, At present, the
measurements with 2 8 m long pendulum are going on, The pendulum wire
is 0.7 mm phosphor bronze wire,

The pendulum is supported by the aid of one and the same rigidclamp
at the upper end and then in the middle of the pendulum wire, The
distance of these two clamp positions will be measured with Vaisula
interference comparator vertically adjusted.

The pendulum is mounted in a plastic tube with observation chambers
at both ends and in the middle, The tube is evacuated untill the
pressure of 1 mmHg.

The swinging period is determined with a digital counter, The
swinging pendulum wire cuts a well defined light beam directed into
a photomultiplier, This gives through an amplifier a 20 V-pulse with
a rise time of O.l)J s to the counter,

In the provisory cxperiments an internal accuracy better than 10-0 has
been obtained,

In the fineal observation a longer pendulum, possibly of a length of
200 m, will be used,
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Le Dr HONKASALO donne ensuite lecture du rapport de T, KITSUNEZAKI
sur la mesure absolue (méthode de la chute d'un corps) en préparation au
National Research Laboratory of Metrelogy, Japon (8).

"Some of fundamental experiments has been made by NRLM at Itabashi,
Tokyo from 1956 to 1963, As a falling bedy, a straight scale of
about Im long with calibrated line - marks at every one centimeter
is used, The relation between the distance of fall and time corres-
ponding to every line-mark which successively passes over an
observing point is determined with the accuracy of 0.1y and 0.1
micro-second respectively,

The experimental approach is now going on at Kakioka field station
which was built for this purpose in April 1963, and up to May 1965.

The investigation on the effect of residual gas pressure in falling
spacc upon falling motion and the first series of absolute measure-
ment are carried out with an invar scale., Data of these experiments
are under examination and mathematical treatment. According to pre-
liminary estimation, the standard deviation is less than one mgal.

For en investigation on the effect of magnetic field, ancther series
of experiment using a fused guartz scale as a falling body is sche-
duled in this year."

Le Dr, OKUDA donne quelques informations complémentaires (8 bis) sur
les premiers résultats cbtenus, en particulier il indique que ces déterminations
absolues aboutiraient 2 corriger le systéme de Postdam de -15,2 mgal.
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Deuxjiéme séance ;

At the beginning of the meeting on Tuesday afternoon;  Prof. MORELLI
presents some remarks on the problem of interconnexions between the absolute
sites, He informs that also the Absolute Net is depending from the solution
of the Standardization problem, through the First Order World Gravity Wet.
All the absolute sites are now well interconmected since APCS realized with
4 LC & R a new loop Teddington - Paris - Braunschweig ~ Bad Harzburg ; and
Bad Harzburg has been connected to Postdam :

- directly, by Morelli, Grossmann, and Peschel,
- indirectly, by Woollard, Hamilton.

The error of 0,9 mgal in the Bad Harzburg conventional value
{980,180,40) has been confirmed. ’

Only one leg of the greatest importance remains to be closed :

- Postdam - Leningrad - Helsinki,

Le Prof., TARDI fait la communication suivante relative 2 1'adoption
par 1l'Union Astronomique Internationale, d'une série de nouvelles valeurs de
constantes générales concernant 1'Univers, parmi lesquelles se trouvent cer-
taines valeurs intéressant la Gravimétrie

"L'Union Astronomique internationale, lors de son Assemblée Géndrale
de Hambourg a adopté “e nouvelles valeurs pour certaines constantes
astronouiques - en s¢ basant plus particulidrement sur les résultats
obtenus grice aux satellites artificiels, Quelques-unes de ces cons-
tantes intéressent la Géodésie, .

L'U.A.I, ajoute "These constants are not intended for geodetic use",

ce qui ne veut pas dire qu'il soit interdit aux Géodésiens de s'y

rallier,

Ces constantes sont :

- le rayon équatorial terrestre a, = 6 378 160m

1

le facteur d'ellipticité géopotentielle J, = 0.00I 082 .7
- 1l'aplatissement terrestre f = 0,003 352 9 = 1/298,25

- la constante géocentrique de la gra-

- 9 3 -2
vitation G.E, = 398 603 x I0”" m” s

En fait, la valeur de l'aplatissement dépend de la valeur adoptée

: £ .
pour J, par la formule ‘- ..—':’_32+£ n & E_Jg + 15 Jom - 39 m2
2 "2 8 . 28 56

2
avec.m = a )

z ( & = 0.000 072 92T rad/sec)
e
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On peut de méme calculer la valeur de la pesanteur équatoriale 8e
par la formule

= &G.E 43 27 _ 6 47 2
g, = ;g— (I ')Ja + > Jy ~m+ A J2 7 J, m+ Tg W
(}Ja'étant la valeur relative de la masse de 1'atmosphére = I x 10-6)

On obtient ainsi : g, = 978 030,87 mgal

Et en recalculant la valeur de la gravité normale avec les valeurs
adoptées par 1'U.A.1I., on obtient la formule suivante :

g = 978,030 87 (I + 0,005 302 87 sin’({ - 0,000 005 85 sin® 2 (& + ,..)

Le probléme qui se pose est de savoir si les Géodésiens doivent ou
non accepter ces valeurs ou ces formules (en totalité ou partiellement) et
1'usage qui pourrait en 2tre fait. '

On ne doit pas perdre de vue que les uns et les autres ont fait
l'objet de discussions approfondies de la part des astronomes,

La question mérite en tout cas d'@tre étudiée avec grand soin."

Dr RICE says that geodesists appreciate that physicists need the
best value of absolute gravity at any given time. However, geodesists need
to employ a gravity model in their work. This standard must be rather stable
over a period of years otherwise there would be great confusion in leaving
large quantities of inconsistent gravity data outstanding, Therefore, it
seems that the physicists should not expect the gravity model of the geodesists
to serve as their source of gravity data of the most up-to-date accuracy, The
geodesists can always furnish the most accurate gravity values for any given
purpose without necessarily making frequent and inconvenient changes in this
model,

: Prof. REICHENEDER points out that "the astronomy is only interested
in the gravitational effect of the earth as a whole , whereas the geodesy
wishes to know the gravity on every point of the geoid or of the surface of
the earth ; only here, the gravity my be measured directly, Moreover the new
- gravity formula is founded on new values of the equatorial radius and of the
flattening of the earth. Considering that these new values for practical
reasons areé not expected to be generally accepted in the triangulations of
all the states, the importance of the new gravity formula would remain
limited on problems in the external gravity field,"

seeleen
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M. LAGRULA fait remarquer que l'adoption d'une nouvelle formule de
. pesanteur n'obligera pas a modifier les cartes gravimétriques, Celles-ci
correspondent en général & des portions restreintes de la surface ter-.
restre : la différence entre les nouvelles et les anciennes valeurs.des a-
nomalies y variera si peu qu'il sera facile de la représenter par une for-
mule simple (une constante ou une formule linéaire) ajoutée 3 1'ancienne

carte,

Dr. PELLINEN said that the value g = 978 031 mgal is not of an
absclute accuracy,

__oH hs  _ A(EM _ 2 2s
From g = o7 = = - .

Then the value a = 6 378 I60nis an astro-geodetic value (I. FISCHER)
for which ' ‘

A -
a=+ 20 m therefore a-='\\;3.IO"6 5 f?g-:bG-Io ® ana Ag = $6oGal

Le Prof, TARDI propose la formation d'un petit groupe de spécia-
listes pour étudier cette question dans le cadre de la Géodésie, Le Prof,
BOULANGER est d'accord avec le Prof, TARDI et d'aprés les suggestions des
délégués présents, les noms suivants sont proposés

- MM, TARDI, LEVALLOIS, ARNOLD, CAPUTO, PELLINEN, SCHLEUSENER,
SZABO and UOTILA,

Dr LONCAREVIC points out that the present programme of gravity
measurements at sea will produce up to 400 000 new gravity values at sea,
Therefore it is important to consider seriously what changes in the Inter-
national Gravity formula should be made in the near future before the
wealth of the new material from oceanic areas is reduced and published.

Dr, SCHLEUSENER replies that, as long as the mean error of
ge == (978 03I (,...) ) has a value of about + 6 mgal, the real error
might be as well as I5 or 20 mgal Therefore it would be much too early
to change the maps,

Mr. BROWNE points out that for geodetic work and also for many
geophysical applications, the existing International Gravity Formula and
the corresponding International Reference Spheroid are quite adequate and
should be retained because great confusion would be caused if they were
to be changed,

R AN
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On the other hand, there are a growing number of metrologists and
physicists who require to know the actual (absolute) value of gravity at a
particular point, For their information, My. BROWNE suggests that some or-
ganization (perhaps the I,G.B.) should publish a short Note explaining
how this can be estimated from existing gravity data, which is based on
the International Gravity Formula, In the future, as the absolute gravity
measurements are improved and our knowledge of the major harmonics of the
Earth's gravity field increases, revised Notes could be issued.

Mr, DOOLEY insists on the fact that there are two separate problems
one is whether to adopt a new absolute value, and the other whether to adopt
a new reference formula for gravity anomalies.

Only the first problem is of concern to metrologists, who are in-
terested in the actual value of gravity at a particular place e.g. a labora-
tory, This is not affected by adoption of a new international formula, but
is affected by a change in value of absolute gravity, i.e. a new basis for
the Postdam System,

Dr, FALLER suggests to put forward that some program of updating
numbers in the form of a formal publication of the Int, Grav, Com, be es-
tablished for the benefit of scientists from other disciplines., A not
unreasonable approach would begin in 1970 to issue a publication giving
what in the Commission “s considered judgement are the best value for the
correction to the Postdam value, the constants related to the Figure of the
~ Earth, etec ..,

‘These best vallies would be updated in a formal publication each
five years (1975, 1980, etc ,.,). Other international commissions would~“be
urged to adopt such a program using the same five years intervals, In this
matter, all scientists (irregardless of field) would be aware of the
newness (or oldness) of the best values as available in any given vear,
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Publications présentées ou distribuées & la Réunion :

1) A/H. COOK - A newAbsolute Determination of the Acceleration due to
Gravity at the NPL - Typewritten text, 2 p.

2) A,H., COOK - The Absolute Determination of the Acceleration due to Gra-
vity - Metrologia, July 1965, vol. I, a° 3, p. 84-114,

3) J,E, FALLER - Results of an Absolute Determination of the Acceleration of
Gravity. J. Geoph. Res,, 1965, vol, 70, n°® 16, p. 4035-4038.

4) A, SAKUMA - Note sur l'état actuel de la Mesure Absolue de la pesanteur
au Bureau International des Poids et Mesures, Texte ronéotypé,
2 p.

5) Thomas F. MORAN - Report on Progress of the AFCRL Absolute Gravity Expe-
riment by Reversible Pendulum - 15 p, + 7 fig,

6) Bela SZABO - The status of the World Gravity Standardization and First
Order Net - AFCRL, Bedford, Aug. 1965, 19 p. (p. 14-16)

7) Erkki HYTONEN - Absolute gravity measurement with long wire pendulum in
Helsinki, Report on progress of the experiments - Typewritten
text, Ip.

8) Tomiji KITSUNEZAKI - An interim Report on the absolute measurement of
gravity at NRLM ~ Typewritten text, 8 p.

8 bis) - Some examples of data at NRLM (Japan) 1965, Ip,

Note : N

-

Le Prof. REICHENEDER propose le résumé suivant (au lieu de celui paru dans
le Bul, Inf. (0n°® 9, p. 16 - art, n° 47) pour som article "Zur Definition
des Potsdamer Scheweresystems” - Vermess. Technik. 7,1959, S, 205-209,

"It is emphasized that the Postdam gravity value and also the height 87 m.
have the character of a definition., The reason for applying several pendu-
lums of differentlength in the determination of g is interpreted and the
reference-high, introduced by RIECKMANN and GERMAN is rejected, The different
sites for gravity measurement in the Geodetic Institut Postdam are described
and all measurements in these points with gravimeters are made up,"

Un résumé plus complet en allemand a paru dans le Zwl - Dok-Dienst Ceoddsie
(Th Dresden) sous Dok. n® 526,7.
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LIGNES d'ETALONNAGE pour GRAVIMETRES

Une premidre séance fut consacrée exclusivement aux lignes d'étalon-
nages internationales pour gravimétres, établies en Europe-Afrique, en Amé-
rique et en Asie-Australasie 2 travers le Pacifique.

Ligne d'étalonnage Européenne

En 1l'absence du Prof, KNEISSL, Président du Groupe Spécial d'Etudes
n° 6 pour 1'Europe, le Vice-Président, Prof., SOLAINI, rappelle les travaux
qui ont été effectués pour memer & bien la tAche proposée 3 ce Groupe d'E-
tudes, Le but a été atteint dans la compensation finale des travaux (1962),
comme en témoigne le voeu n® 23 (Berkeley, 1963)

"1'A.I.G. reconnaissant les bons résultats obtenus dans la compen-
sation du systéme d'étalonnage gravimétrique en Europe, avec une précision de
facteur d'échelle de 2.10-4 qui correspond aux mesures faites avec les pen-
dules actuels, recommande ,.."

Cette ligne a eu le mérite d'étre la premidre et de servir de "test"
son étude a révélé certains défauts systématiques tels que la corrélation,
entre les gravimitres transportés ensemble (décelée par le Prof. MAZZON et
démontrée par 1'analyse). De nouvelles études sont en cours pour éclaircir
quelques points,

Le Prof., SOLAINIL demande alors si les nombreuses et nouvelles me-
sures doivent &tre prises en considération 2 nouveau par ce Groupe d'Etudes
n® 6, c'est-a-dire, si ce Groupe d'Etudes, qui a terminé son rdle, doit re-

prendre le travail en améliorant la précision des résultats,

Le Prof. MORELLI rappelle que, dans un cadre plus général, la ligne
d'étalonnage Ruropéenne a é&té prolongée sur le continent Africain jusqu'a
Johannesburg, par Tripoli, Nairobi ,, (C.G. Int., 1962, voeu n° 4) et résume
les travaux effectués sur cette ligne d'étalonnage Europe-Afrique (EACL) :

"The pendulum measurements in the EACL have been completed with

the Cambridge pendulums (Browne - Honkasalo) and with the Gulf pendulums
(Longfield-Carlson)., Final results have been presented for both equipments,

Cl'/..l
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The I.G.G. pendulums operated recently on the Line in 2 periods
from Catania to Hammerfest in 1958-59 (Mazzon) with apparatus n°® 1 and n° 3,
but poor temperature and pressure constants ; from Rome to Capetown in 1963
(Mazzon~Tomelleri), but n® 1 was practically destroyed in Nairobi on the
going by, and n” 3 in Nairobi in the back by.

The LaCoste & Romberg gravimeters that operated on the EACL are as

follows

(°) g&3, 44, 47, 48 operated by APCS

() G 2, g5, 15 " USNOO (enly Catania-RBodo)
g 7, 9 " " Dom, Obs.(only Catania-Bodo)

(°) G3, G7, g2 " " 0GS Trieste{(G7 only in Europa)
Gl " " Wiscons, Univ,
g 54 " " 0GS, Trieste (only in Africa)
g 21, 24 " " AMSFE

For those indicated with (°) final results are already presented.

Ligne d'étalonnage Américaine (ACL)

Dr. RICE, Chairman of this Sp. St. Group n® 6 for the Americas,
summarizes also the state of the American Calibration Line

"The American Calibration Line extends from La Paz, Bolivia to
Point Barrow, Alaska, with a gravity range of 5 700 mgal, Based on plans
formulated at the 1962 IGC meeting, a coordinated series of pendulum obser-
vations have been executed with the Cambridge, Gulf and Italian pendulums,
The Cambridge and Gulf pendulum observations were completed in 1964,

The Italian pendulum cobservations will be completed about Nov., 1965.
There are nine pendulum stations in this line and all observations were per-
formed in ladder sequence working North and South from the station at Denver,
Colorade,

Gravity meter calibration operations in the ACL have recently been
concluded by the APCS group under M, WHALLEN and by the U,S. Naval Oceanoc-
graphic Office (USNOO), Meters belonging to other U,S, organisatiocns have been
included in these projects. Also several of the APCS and USNOO meters have
been calibrated previously on the Euro-Africa calibration Line,

When all data from recent operations have been satisfactorily ad-
justed, it will then be possible to transfer the calibration standard from
the ACL by East-West ties to the Mid Continent Calibration Line in the U.S.
and other secondary lines on the North American continent, These calibration
standard transfers can be made with very high accuracy since the individual
gravity meter connections will be made between pairs of points having very small
gravity differences,

ceelenn
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Prof. MORELLI gives some details about this subject

The pendulum measurements have been completed in 1964 by the Cam-
bridge pendulums (Browne - Gough) and by the Gulf pendulums (Longfield -
Heidemann)., Final results have been presented., (10) (22)

The C.G.I. pendulum apparatus n° 2 (new onc) is mcasuring on the Line

in 1965,
The LaCoste & Romberg gravimeters that operated om ACL are as follows

gll, 43, 44, 47, 48 operated by APCS (also in South America)

g45, 46 n H from Point Barrow to Houston

g56 " " " from Houston to South America

g7, 9 " " Dom. Obs. (also in South America)

G 1 " " Wisconsin Univ, (several operations)
(°)6l, €3, G7 (G8, g54) " " AFCRL-0GSTrieste-Hawaii Univ. (Point

Barrow ~ Paso de Cortes)
g5, 15, 33, 50, 57, 61, 62,
72, 76, 81 i T USNOO (Point Barrow - Paso de Cortes)
+ other meters AMS and by AMSFE

Ligne d'étalonnage Quest-Pacifique (WPCL)

Dr, OKUDA, Chairman of this Calibration Line reported (15) :

The establishment of the WPCL was discussed in 1962 and the parti-
cipation of Japanese pendulums in the measurement on this line was requested
by the IAG in 1963 at Berkeley,

Particularly, he points out that a plan of pendulum measurement to
be conducted in 1965 ; this plan is composed of 3 series of tie measuremeats.:.

- the first series of tie between Tokyo, Honolulu, Sam Francisco
and Denver was carried out in the Spring of 1965,

- the second series of tie between Tokyo and Fairbanks is now going
to start,

~ the third series of tie between Tokyo, Manila and Singapore will
be made in the coming Autumn.

Thus, a direct connection between the WPCL and the ACL was achieved.
The above measurements are a part of the project of the WPCL,

Mr, BROWNE drawes attention to the importance of the choice
of the pendulum sites and Mr. DOOLEY points out that it will be neces-
sary to select a new site at Melbourne for the ¥,0.W,G.,N. and WPCL, As the
geophysical Branch of the Bureau of Mineral Resources is moving to Canberra
in 1965, the buildings of the Geophysical Laboratories at Footscray in which
the Melbourne first-order pendulum station is situated, will be transferred
to another authority,

R S



e

50.

: Mr. IVERSON promises to send to the I,G.B. the copies of the
descriptions of the pendulum sites occupied on this Line,

‘ En terminant, le Prof. MORELLI souligne que 1l'établissement de

chacune de ces chatnes d'étalonnage se rattache au probléme plus général
de "standardization mondiale" et de niveau de référence gravimétrique :

ces problémes intimement 1iés sont étudiés en détail dans le Groupe Sp.

d'Et., n® 5,

Au cours d'une séance ultérieure (vendredi matin), Mr. DOOLEY
répond a4 la question de Mr. BROWNE relative aux mesures pendulaires en
Australie, sur la W.P.C.L. :

"We have purchased a set of Japanese G.S.I. pendulums and hope to
use there on the W,P.C.L. eventually, However, they are not operating
satisfactorily at present, and we will not make any definitive plans
for this until we are sure that we can get the accuracy required,

An observer with LaCoste-Romberg gravity meter n°® g 20 accompa-
nied the ACPS partv over theAustralian portion of their run early this

year (1965),

Mr, BROWNE has kindly offered to make the Cambridge pendulums
available for work on the W.C.P.L., and it is believed that we could
make an observer available for these measurements,

Mr, BELL of the Wat. Standards Laboratory, Sydrey, is making. -
an absolute determination of g by a rise of fall method, using a corner
reflector as one arm of a Michelson interferometer, and detecting its
position by white light fringes, He plans to make this apparatus portable,
so that it may be used at the ends of calibration lines, or at the same
sites as other determinations for comparison,

Meanwhile, pending the adoption of definite values for FOWGN
stations, we have been improving the accuracy of our internal network
Three gravity meters (a LaCoste-Romberg, a Master Worden, and either a
World Wide or a Shape for different parts of the work) were flown in a
chartered aircraft along 2 number of lines East-West across Australia,
The gravity variation along each line was small, hence the name "isogal
survey'". Each interval of about 100 miles was observed in the form ABAB,
and if necessary repeated, In 1966, we hope to have three LaCoste-Rom-
berg gravity meters, and to carry out some North-South traverses to
strengthen the network." '
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PROBLEMES d'ETALONNAGE et RESEAU GRAVIMETRIQUE de ler ORDRE

Qutre les séances générales résumées ci-aprés, 3 réunions de groupes
de travail eurent lieu entre les délégués intéressés, pour discuter des résul-
tats obtenus (précision, méthode d'évaluation des dérives etc ...} et envisager,
aprés avoir effectué quelques observations complémentaires ou de contrdle, une
méthode standard de calcul et de présentatiom.

Au cours de ces réunions, des Notes de travail ("working paper') ont
été d isxribudes A tirage restreint (voir bibliographie p. 64 )

IV a - Observations

Mardi aprés-midi, le Prof, MORELLI, président du Groupe Sp. d'Etudes
° 5 (Réseau International de ler Ordre) présida une lare séance consacrée
aux récents travaux gravimétriques effectués en vue d'établir le Réseau Gra-
vimétrique de ler Ordre et de ré&soudre le probl2me général de "Standardisation"
des appareils gravimétriques,

Le Prof., GROSSMANN rappelle la contribution apportée par 1'Institut. .
Géodésique de Hanovre, 3 1l'établissement du Réseau International de ler Ordre,
par les nombreuses liaisons effectuées de 1958 2 1964 en Europe et en Afrique,
2 1l'aide de gravimétres Askania du type GS 12,

I1 31gna1e que tous les résultats ont déja &té publiss (1960, 1963,
1964) mais qu'ils viennent d'étre recalculés par W, TORGE (18) et il donne .
les raisons de ce nouveau calcul: (11)

“In the report (18), the gravity differences were calculated assuming
linear drifts and corrected for systematic effects, Furthermore the weights
and the scale factors are given, These factors resulted from an adjustment of
the differences measured by Askania gravimeters and by modern pendulum appa-
ratus in Europe and Africa, Reference station of the adjustment is Bad Harzburg
{981 180,40 mgal), The adjusted gravity differences between neighbouring sta-
tions have an accuracy of a few 0,01 mgal.-
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Le Prof, MORELLI remercie l'Imnst, géod, de Hanovre de la contri-
bution importante qu'il a apportée et fait un exposé sur 1'état actuel du
R.I. de ler ordre,

In particular, he points cut that when the Standardization problem
will be solved, also the problems of the FOWGN will be practically solved,
Indeed, the Calibration Lines and the interconnections by pendulums bet-
ween thgr constitute the framework of the FOWGN. Moreover, most of the FOWGN
stations are already connected by group of LaCoste & Romberg gravity-meters.

Extensive work in this sense is mainly due to APCS, USNOO, AMSFE,
Dom, Obs,

Further improvements in instrumental accuracies are steadily added,
both to the pendulums and to the gravimeter results. But alsc with the present
status of the instrumental calibration, operation and reduction of data, an
accuracy of the order of + 0,2 mgal can be estimated for the FOWGN statioms.

Le Prof, BOULANGER fait quelques remarques 2 propos de la comparai-
son de 1'étalonnage des gravimdtres et des pendules,

En 1952-54, une ligne gravimétrique d'étalonnage a été établie en
URSS d'une fagon indépendante avec des pendules et des gravimétres, La compa-
raison de ces 2 séries de résultats a montré 1l'existence d'une différence sys-
tématique de 6 = 1074 £ B

En 1960-62, une série des points d'étalonnage a été mesurée de nouveau
avec les pendules et les pravimétres et on a trouvé de nouveau une différence
de 6,5 x 104 ~g. Dans le deuxi2me cas, les mesures ont été faites dans des
conditions géographiques différentes, et avec des grav. perfectionnés,

Ces résultats montrent la grande rigueur des chafines d'étalonnage en
URSS5, mais soulévent un probl2me qui n'est pas encore résolu et la cause dé ..
cet &cart entre gravimetres et pendules sera étudiée au cours des années pro-
chaines,

Dr. WHALEN reports on the gravity teams from the 138lst G55 under
the APCS World Gravity Base Survey plan from 1963-1965 (20), Gravity bases
observed were located on the American, American Secondary, Euro-African, Euro-
African Secondary, West Pacific and Central Asian Secondary Calibration Lines
(approximately 257 primary and 405 auxiliary gravity bases).

Observations were made in ladder sequence with 4 or more LaCoste &
Romberg geodetic gravimeters on all surveys (other organizations and instru-
ments participated in some surveys with the 1381 st GS8 gravity teams).

Gravimeter measurements corrected for the effects of non linear
dial response, earth tides, pressure, linear survey drift and scale, and
least squares adjusted gravity values have been already computed for the
American, Euro-African and WP, Calibration Lines,

-

{ Le C.R. du Dr SZABO (16) reproduit partiecllement plus loim (p. 68)
donne un apercu clair et précis du programme de travail et de sa réalisationm,
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The Euro-African Secondary Calibration Line will be extended
southward from Dakar to connect with the Euro-African Calibration Line
in Southern Africa in 1965, Long range North-South and East-West ties
will be made in 1966 to interconnect the calibration lines and strengthen
the FOWGN,

Mr, WHALEN points out that the publication (2) gives the detailed
results of the gravity values between the base stations of the East Coast
Calibration Line (ECCL) determined in 1963 with 4 gravimeters calibrated
against the Gulf M 1961 pendulum intervals on the ACL,

Dr. HAMILTON indicates that the Dom, Obs. gravimeters:f 7 and.j:9
had been used on the secondary American Calibration Line in collaboration
with APCS early in August and at the time of the meeting (Sept, 14) they were
being carried on a Canadian aircraft doing geomagnetic surveys between
Greenland and Scandinavia. During this survey, they will also be taken over
the E.C.L. and the Northern part of the N,A.C.L.

Le Prof., MORELLI insiste sur les interconnections entre les diffé-
rentes chalnes d'étalonnage, liaisons entre les extrémités des 3 chaines et
une dans la partie moyenne. Déja plusieurs sont réalisées. (voir rapport
Szabo, page 66 ), La seule difficulté qui reste est le transport des ap-
pareils pour relier les extr@mités sud des lignes d'étalonnage,.

br. ERNBERG presents preliminary results of PROJECT MAGNET CGravity
Connectlons accuracies obtained to date, outlined General scheme of Project
Magnet Gravity Surveys, .

The chart showing these gravity ties was published in the last
Bul, Inform. n° 9 (p. 9) ; on this Chart, it is to be added the 147 gravity
measurements over the E,C.L, from Catania to Bodo, (with 3 L.C, Romberg
gravity meters),

Dr. SZABO gives a general view of the actual situation and indicates
the tentative schedule for the remaining measurements (16) ; he adds that
selected pendulum apparatus and group of gravimeters have been used to per-
form the measurements,

At the end, Prof, MORELLI speaks about the reoccupation of the
same sites and presents the ''Catalogue of pendulum stations and excenters
FOWGN", which contains the descriptions of all the FOWGN stations and all
the modern pendulum stations ; the differences, normally very small, between
the principal sites and auxiliary sites (excenters) are indicated,

cosdian
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Through the kind cooperation of all the Members of Sp. St. Gr., n°® 35,
this catalogue was prepared at the Osserv, Geof, Sp., Trieste (by MM, GANTAR
and ZAMPIERI) and published by the care of I.G.B.

The parts concerning Europe -~ Afrique - Asie - Australie and South
and Central America could be asked to the Secretariat at the I,G.B. A few
copies have been printed, these two parts will be distributed only to some
delegates in each country%‘The part concerning the North America will be
published at the beginning of 1966.

IV b - Comparaison et analyse des résultats

A 1l'ouverture de la séance de mercredi aprés-midi, le Prof. MORELLI

confirme que le Dr WOOLLARD ne pourra pas venir 2 Paris, mais. qu'il vient
d'envoyer quelqucs exemplaires de son Rapport '"Results for Gulf pendulum
measurements in 1964 on the American Gravity Standardization Range and in
1963 on the European-African Standardization Range" (22),

The writer has included in this report an analysis section based
on simplified examples to illustrate the effect of each type of measurement
aberration, singly and in combination. These examples not only show the
effect produced by each type of aberration, but how such effects can be
identified most of the time as to type, location and magunitude through a
systematic analysis of closure values when data have been taken in a ladder
sequence., Once identified, -the effects can be allowed for adequately, providing
one is willing to accept gravimeter comparisons as a means for establishing ..
on which leg of a ladder sequence of observations the aberrations occurred,
As the role of the gravimeter measurements is solely that of an indicator,
an< the values do not enter into the pendulum reduction in any way, there
is no mixing of the 2 types of data.

The actual use of the gravimeter comparison values would give
essentially the same final pendulum values as adjustment without their use
most of the time, merely points up the fact that the basic observaticnal re-
liability of the pendulums equal that of geodetic-type gravimeters,

In essence, the procedure proposed is that used in gravimeter reduc-
tions for establishing instrumental drift and tares, and as with gravimeter
observations, auxiliary data used to clarify and uncertainty as to which
intervals on the 2 legs of a ladder sequence of observation are affected
by creep, tare or an environmental effect, This is standard practice in
gravimetric work, and the only reason why gravimeter results with different
instruments are in gocd agreement and pendulum results are not, is that
everyone recognizes that gravimeters are subject to drift, tares and occasional

Y AN

*KSome copies may still be circulated.
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environmental effects and reduces the data in such a way as to recognize

these effects and make suitable corrections: As aptly demonstrated by the

1963 and 1964 Gulf, Cambridge and Italian pendulum results as well as

earlier pendulum measurements, pettdulum are subject to the same types of
measurement aberrations as gravimeters, Treating all closure error as noise by
averaging results, can only degrade the quality of results that could other-
wise be obtained by identifying aberrations in the measurements and applying
-appropriate corrections on the basis of the closures and gravimeter compa-
ris—on values,

After having studied Prof. WOOLLARD's report, he has just received
the day before, Prof, HONKASALO gives a comparison between the ocbserved
data with those of Cambridge pendulum apparatus.

** With the Gulf apparatus the American calibration line has twice
been observed in both directions, viz in 1959 and in 1964, S0, we have
four observed values for each 8 gravity differences, except Mexico - Ta paz ,

which was not measured in 1959, The quadratic mean of the RMS - errors
of the mean of four observations was + 0.15 mGal, In these computations, I
nave rejected only one observation viz, the first measurement in 1964 bet-
weon Edmonton and Whitehorse, where "the power supply failed" and where the
result deviates from the others more than 10 times the RMS-error. The RMS-
errors of the Cambridge measurements by Dr, Gough and Prof. Browne are very
near the same. The agreement of both apparatuses is with the RMS-errors
above, In the maximum g-difference, Point Barrow - La Paz, the both apparatuses
deviate 0.75 mGal,

On the Buropean-African line the RMS-errors are slightly greater,

- viz. +.0,22 mGal for Gulf apparatus and + 0.14 mGal for Cambridge apparatus.
The Cambridge pendulums have been observed with the same method on both )
calibration lines, but with the Gulf apparatus the whole European-African
line has been observed only once in both directions in 1963, For this reason
the accuracy is smaller. The quadratic mean of the d{fferences of the results
with both apparatuses on the 6 gravity differences measured, was + 0,29 mGal
which again well agrees with the RMS-errors above. In the maximum g-differemce
Hammerfest-Nairobi the both apparatuses deviate 0.59 mGal but in opposite di-
rection than on the American line. The RMS-error of the gravity difference
from equator to pole on the basis of the above measurements is + 0.24 mGal
but after the measurements with the Italian apparatus are completed, the
RMS~error + 0.2 or 1:25 000 seems to be possible, It does not, however,
include the errors common for all pendulum measurements.

There are still small differences in the reductions of the observa-
tions which we have discussed in the study group. After a uniform treatment
of all observations, we can adjust the results with the least square method,™
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Dr, WHALLEN draws attention to the importance of settling standardized
procedures in reducing the gravimeter observations. Thus, he thinks the "dis-
crepancies reported by MORELLI and GANTAR (1965,)between their gravity values
and WOOLLARD's (1964) gravity values which were obtained from the same set of
gravimeters readings, must have been caused by the use of different procedures
to locate tares and to correct for the effects of gravimeter drift". (21)

He gives some examples showing that the drawing of a smooth drift curve
through the plotted points is not always the best method, "some tares may have
occured where readings changed rapidiy with time but the plotted points gave
insufficient evidence to define these tares."” For instance, readings from G-3
were quite steady, instrument drift was linear at 0.0001l2 mgal per hour and
tares occured in the intervals Whitehorse ~ Edmonton (-0.Imgal) and Mexico-
City - Monterrey (+ O, Imgal).

In the same publication (21), he reported that five sets of mean gravity
values were computed for the Ameriecan Calibration Line based on observations from
a 1964 survey with large LC & R gravimeters G-I, G-3 and G-7 and five different
methods for correcting gravimeter observations for drift. Because gravimeter
drift rates were low and similar criteria were used to locate tares with all
methods, there were no significant differences between the five sets of gravity
values. The drift correction methods were rated in order of preference for their
use on the FOWGN and international calibration line programs as follows

- linear survey drift (Whallenm, 1965)
- internal closures, lcop drift (Geller ..., 1983)
- internal closures, graphical solution (Woollard ,.., 1965)
- zevo drift : mean value if travel times for out and back measurements
of individual intervals roughly equal (Hamilton, 1963)
- sequence computations (Morelli and Gantar, 1965. Ernberg and Hollensbe, 1964

This last method should not be used in the international program, tares
should be located on a mathematical basis which can be easily duplicated and
measurements containing tares should be rejected.

Mr. IVERSON points out that on several occasions Army Map Service has
experienced large tares (over 10 mgal) in LaCoste and Romberg gravimeters, To
date, no known change in constants has been experienced.

& Dr. TOGLIAITI reports on "4n analysis of the gravity measurements on the
Eurcpean Calibration Line" (17). She reminds that in Nov, 1963, in the meeting
of the Sp. St Group n® 6, in Munchen,it was agreced that the ) stituto dGeodesia ,
Topografia e Fotogrammetria, would participate in the preliminary studies in view
of the choice of a method for the adjustment of the FOWGN to be applied when both
the pendulum and gravimeter measures will be completed,

N
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According to the adjustment method that was chosen (see C.R., Berkeley,
1963), the measures of the land gravity-meters are intrinsically adjusted by
giving a unitary scale factor to an arbitrary reference gravity-meter. The
correct value of the scale factor of the reference gravity meter is determined
afterwards by means of the introduction of the pendular measures,

An intrinsic adjustment (A) was made for all the measures of land gra-.
vity meters up to the end of 1963, between Catania and Hammerfest ; in this
adjustment, the unknowns are the corrections to the approximated gravity values
in 13 stations of the ECL and the correctioms of the calibration factors of 32
gravity-meters. Bad Harzburg (981 180.40) was chosen as reference station and
the LC & R n® 3 as reference gravity meter,

Some remarks were drawn from this intrinsic adjustment (4) and from
its comparison with the previous adjustment II™(calibrated on the pendulums) :
calibration error of the LC& R n® 3,remarkable improvement in the gravity
values determination by the addition of the measures of the five LC & R.

The results obtained with adjustment A ; namely the Ag and the scale
factors of the 32 gravity-meters have been taken as a basis for the analysis of
the behaviour of the gravity meters, from the view point of the scale factor
stability, of the correlations and the mean measure errors,

The adjusted clementary & g have been used to investigate about
eventual variations of the scale factors, (variations in time or accidental
measure errors) according to a method already explained (Cunietti, Inghilleri,
1955). Some results arc given.

For solving the problem of the linear correlations existing between ™
gravity-meters which have been transported together, we have used the discre-
pancies vij between the elementary adjusted QA g and the corresponding mean

Ag, in the section Catania-Munchen ... It can be seen, in some cases, that
the correlation coefficients r between instruments which have been transported
and wsed together by the same operator are rather large.

The mean errors of the measures have been computed by means of the
same discrepancies used for the determination of the r values ; however, we
have taken into account 2il the values at our disposal, In a table (17, tab.4)
it is shown the number of the elementary comnections used for the computation
of the mean error of cach instrument and its weight (mean error : 6,7 x 10-2 mGal
. with unit weight). The number of degrees of freedom of several gravity-
mefers is actually too low for the good determination of the mean error.

For comparison purposes, 2 new intrinsic adjustments B and C were
executed with the same method and computation program of the previous ones,
but the data introduced were not exactly the same (individual gravity-meters
and the means of group with different weights) ...

>kBol‘ Geof, teor, apl., 1963, vol. vV, n° 19 R S
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We can deduce that the gravity variations in the fundamental
stations are very slightly influenced by the choice of the weights and
also by the fact that the measures are considered separately for each
gravity-meter, or that they are meaned in groups (17 fig. 6). On the
contrary, the mean errors of the /S g in respect to Bad Harzburg, the
errors of determination of the scale factors are different in adjustment
A or G, Further, the size of the errors changes rather considerably if
we attribute to the measures their correct weights.

Therefore, it is evident that in any future adjustment, it will
be suitable to establish, through preliminary studies, the elements neces-
sary to the evaluation of the relative weights. This, not so much with the
aim of substantially improving the determination of the most probable gra-
vity values, but of reducing the uncertainty of the values to be assumed
as definitive,

Further, Dr TOGLIATTI says :

Another problem to be considered is the ome relative teo the use
of pendular measurements, a thoroughly discussed problem, which can be
approached in different ways, among which we consider the following ones :

a) introduction of the pendular gravity differences, with the only
aim to determine the value of the reference gravity-meter scale
factor,

b) general adjustment of both pendular and gravity-meter measures,
considering together the pendular measures and the gravity-meter
measures, according to the maximum likelvhood method of COOK,

¢) independent adjustments of the measures with gravity meters and =~
pendulums and, afterwards, an overall adjustment, taking into
account the mean errors and the correlation coefficients of the
quantities partially adjusted (TIENSTRA-WOLF).

The procedure a} is not rigourous, but gives quite satisfactory
results, provided that the mean errors of all conncctions obtained through
the intrinsic graivty-meter measures adjustment, be surely lower than mean
errors of the corresponding pendular connections,

The procedure b) is absolutely rigorous, but its application is
very difficult for 2 reasons (determination of the weights ; degree of
correlation somctimes very high in the gravity meter observations) ;

The procedure c¢) is, in our opinion, the best one, since the mean
errors of the comnections and the correlation coefficients to be introduced
into the overall adjustment come out, with good approximation, from the 2
partial adjustments ,,,

ceid e
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Compariscns have been made between the results of pendular adjust-
ments a) and those of pendulum adjustment c¢) giving unitary weight to all
connections : the mean errors of the unit weight are respectively &+ 0.38 mgal
and 0.37 mgal and the errors of the A g in respect to Bad Harzburg vary

from + 0.13 to + 0,29 mgal, .

Dr. MARZHAN remarks that if the weights in an adjustment are chosen
properly, the mean square error of an observation with unit weight before and
after the adjustment must correspond within the scope of the statistically
specifiable bounderies., This condition is not sufficient indeed, but absolu-
tely essential for 2 correct estimation of the weights. In the presented
paper, there is no proof that the condition is fulfilled ; the mean square
error of an observation with unit weight before the adjustment is + 6,7 x 10" 2mgal
(table 4), and after the adjustment + 17.10°2 mgal {(tabie 7).

Dr. TOGLIATTI replies that the mean square errors were not comparable
since they refer to small gravity differences in onec casc and to the' gravity
differences between the fundamental statioms in the other case .

Dr, MAFZHAN answers if that is true, the standard errors must be
convertable with aid of the law of crror propagation to the same unit of
weight before and after the adjustment. As this has not been done yvet
(after Dr TOGLIATTI), there can only be spoken of "supposed” and not of
"correct” weights, The weights were calculated correctly for the small
differences of gravity in consideration of correlations, but subsequently,
they were taken over for the differences of gravity between the mean
points without examination whether this supposition is vindicated,

En fin d'aprés-midi, le Dr. WOLF donne quelques informations sur
son étude relative & la détection des "tares' par 1'analyse statistique,
Puis, il fait quelques remarques & propos de l'ajustement du réseau gra-
vimétrique mondial, insistant aupras des observateurs pour que la méthode
d'observation comporte le plus grand nombre possible de "fermetures" afin

de faciliter la recherche du degré de précision des mesures.

Il explique qu'a partir de premiers ajustements partiels, il sera
probablement possible de détecter des différences systématiques ; c'est
seulement apreés ce travail et 1'élimination de toute systématicité, qu'on
procédera au '"'main adjustment',

Enfin, un calcul ultéricur permettra de déceler s'il ¥ a ou non
des variations séculaires de la pesanteur. Dans ce but, on devrait envi-
sager la répétition périodique de mesures de pesanteur, comme on le fait
pour les levés de Nivellement.
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In conclusion, Dr WOLF resumes his proposals for the numerical
construction of a world-wide gravity net by adjustments and statistical
methods ;

“The proposal is made to built up the world system in a rigorous
manner by the correct unification procedure ("main adjustment’) of partial
nets or partial system which will result from a subdivision of the total
system into groups of homogenous observations or into groups of regional
nets,

This offers the advantages :
a) of a better organisation of the calculation work,
b) of a relisble determination of the group-weights,

c) of the possibility to perform statistical investigations for
finding any systematic effects.

For these statistic investi§ations (after the partial adjustments,
before the '"main adjustment")the F,& and t-Test are to be used (on a small
sample the use has been demonstrated). In the case thesec statistical inves-
tigations will have a positive result, some further unknowns for the syste-

matic effects should be included in the main adjustment.

There are solutions for the main adjustment alsoc in the case of
existing correlations between the observations and in the casc of secular
changes which should bétaken into consideration, too, as far as their evi-
dence has been proved. ¥
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RESEAU GRAVIMETRIQUE EUROPEEN de Ier Ordre

En ouvrant la séance, le Prof ,MORELLI résume les conclusions du (2)
Prof WOLF relatives & la compensation des mesures au pendule et au gravimdtre
et rappelle 1'article dans lequel ont &été exposées ses idées sur la méthode
a utiliser pour la compensation du réseau Européen (B) ,Les idées principales
sont reproduites ci-aprés :

" ...With regard to retaining the dominating exceptional position
of the calibration line Hammerfest-Catania, the following proposal may be
presented which results in an adjustment by groups.

These groups may even be formed from 2 points of view. Then the
possibility is offered that the final system for the common adjustment -
quite independtly - can be obtained by 2 ways ( thus a valuable possibility
of checking the calculation is offered which should not be underrated ),

In the first case, the following grouping is to be performed :

a) the calibration line Catania-Hammerfest
b) all other gravity connectioms of the European gravim.Net,

In the second case, the groups consist of
a) pendulum measurements Ag'
b) terrestrial gravimetric measurements

i
¢} airborne gravimetric measurements a

The scheme of the <alculation process will be
- independent partial adjustments ( for each part in the first or second -case) -
including calculation of the mean error in the individual partial systems;

- investigation with regard to systematical errors and preparation of the
total adjustment ;

- formation of a common final system of normal equations with ensuing solution,”

s 0 e a0w

Le Prof.MORELLI rappelle encore qu'au cours d'une Session Spéciale
tenue a Munich (mars I964) quelques représentants de 1'A.I.G. et des Gr.Sp.
d'Et.n®5 et 6 , s'étaient intéressés au projet du Réseau Européen Gravimétrique
Uniforme et avaient considéré que ce Réseau serait un "réseau test"pour la
compensation ultérieure du Rés, Intern., de Ier Ordre .

A L'établissement de ce Réseau serait envisagé comme celui du Rés,Intern,:
dans chaque pays, on choisirait I ou 2 points de référence déja reliés 3 la
station de Potsdam ou & une station principale ( de Ter ordre ou d'étalonnage ).

(a) C.MORELLI-H.WOLF ~ On the adjustment of the pendulum and gravimeter
measurements - Bol.Geof. teor.appl. ,1I964,vol.VI,n°23,p.226.

(b) H.WOLF - Proposal for the adjustment of a uniform european fundamental
gravity net,~Bol,Geof. teor,appl. ,1964,vol VI, n°22,p,189.
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Il montre un schéma avec les différents réseaux européens, souligne
que ce systéme est plus vaste que le syst2me d'étalonnage proposé par le
Prof KNEISSL et un peu différent de la subdivision en blocs qui avait été
proposée ( blocs scandinave, central, sud-ouest, sud-est ) ;toutefois, le
systéme KNEISSL pourrait &tre étendu 2 toute 1'Europe,

Le Prof,SOLAINI est d'avis que le réseau Européen doit &tre rat-
taché a la ligne d'Etalonnage ,mais ne peut-Ztre une simple extension du
systéme d'étalonnage européen, Il pense qu'il faut d'abord choisir les
stations qui doivent constituer ce réseau ,définir les mesures qu'il faut
introduire dans la compensation et &tudier leur précisionjcette étude devrait
étre faite par un petit Groupe d'Experts; la compensation du Réseau Européen
ne peut donc pas commencer dis maintemant,

De plus, la ligne d'étalonnage n'est pas encore définitivement
fixée et d'aprés la compensation du réseau mondial de Ter ordre,des varia-
tions de g dans les stations fondamentales introduiront des corrections non
négligeables, :

Enfin, il avait été question d'utiliser le Réseau Européen comme
un 'test" pour étudier la meilleure méthode de compensation du Réseaun Mondial
cela ne semble pas possible car la forme géométrigue des 2 réseaux et méme
les méthodes de mesures sont tras différentes, ‘

Le Prof, MORELLI répond qu'il a envisagé cette question d'une fagon
tout a fait générale, surtout en vue de la préparation pratique du travail,
Pour avancer la réalisation de ce réseau,il serait bon que les pays européens
envisagent - si cela n'est pas encore fait - le rattachement de leur station
nationale ( ou de tout autre station principale ) 2 Potsdam ou & une station
de Ter ordre :Belgrade pourrait &tre reliée & Rome ou 2 Potsdam. Une liaison
toute récente (I964) a été réalisée par le Geod.Inst,Potsdam » entre Potsdam
et Rome ( p.64,n%4%).

& propos de la méthode générale de compensation,il souléve la ques-
tion du rattachement de L1*Europe Centrale :rattachement direct & Potsdam ou-. .
rattachement par blocs aux autres réseaux de 1'Europe,

Le Prof, HONKASALO insiste sur le groupement cn blocs des divers
réseaux Européens;il souligne la trés bonne homogénéité de toute la partie
Nordique, - comme il 1'a précisé dans la Note distribuée 2 la réunion et
" teproduite ci-dpras,

: Quelques questions sont posées par le Dr TOGLIATTI a propos de l'in-
sertion dans cette compensation,des résultate de la ligne d'étalonnage et des
valeurs utilisées.

Mf BROWNE étend le débat et pense que
11

"to determine the scale of the European Gravity Net,we have to rely on pendu-
lum measurements,0Owing to their lower accuracy,the best results will be obtai-
ned by comparing the gravimeters and pendulums over as large a range as possible,
This would involve measurcments outside Europe ,"

Mr,DOOLEY donne quelques détails sur les projets de mésures pendu-
laires en Australie (voir p.50) et le Prof.MORELLI demande si les appareils
allemands pourraient faire la liaison Potsdam-Nairobi et Potsdam-Hammerfest
(Voeu n®5,p,19).Une demande semblable est faite au Prof ,BOULANGER qui étudiera

la question,
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Proposal for the Uniform Adjustment of the National Gravity Net
of Fennoscandia

T .HONKASALO

«+.+. In his paper at the IUGG Assembly in Helsinki,Prof.Kneissl pointed
out that the gravimetric nets of Demmark, Finland, Norway and Sweden are
strongly tied together and have only a few connections with the Central-
European nets. These nets form the Fennoscandian block.

In fact,nearly all tying of the Finnish,Norwegian and Swedish nets
with the Central-Europecan and with the world nets go still today from the
national base stations.Thus,after the gravity values of Copenhagen,Oslo,
Helsinki and Hammerfest are fixed with the world net adjustment or with
the European calibration system adjustment , the gravity stations in
Fennoscandia will get the same values if adjusted together with all Euro-
pean nets or separately,

In addition to this a separate uniform adjustment of the Fennoscandia
nets has the following advantages:

I) These nets are more homogeneous than those of the Central -European
nets.So the adjustment will be easier,

2) The discrepancies, the scale factors and relative weights of obser-
vations can be studied easier by the Institutes performed the measurements
than in a common European center for gravity net adjustment.

Preparations for this adjustment have already been done.The Finnish
net has been measured and published. The standard error of one measured
gravity difference in this net is + 0.03 mGal, The tyings with the Swedish
net have been made in 5 places with double measurements from both sides. The
Finnish net is also tied with the Norwegian net with direct measurements to
Oslo and Hammerfest , S

According to personal information the observations of the Swedish
first order net will be completed this year.According to preliminary adjus-
tments ,the accuracy of this net is of the same order as that of the Finnish
net, The scale difference has been controlled with the Swedish gravimeter
on the Finnish calibration line. However,the control would be best, if the
Swedish measurements could be continued to the same northern base station,
Hammerfest, as the Finnish and Norwegian nets.

The European calibration line forms the basic part of the national
Norwegian first order gravity net.The international studies give the standard
errors of this line. On the basis of these ,we can easily estimate the rela =
tive weight of the Norwegian net,

& On the basis of this above, I propose that the national gravity nets
of Fennoscandia, the Finni-h,N¥orwegian and Swedish nets should be adjusted
together independtly from the Central-European nets and that the task should
be given to a committee of onme gravimetrist from each of these countries.
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PROBLEME d'ETALONNAGE - RESEAU de ler ORDRE - RESEAU EUROPEEN
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1) B.C. BARLOW - Establishment of gravity meter calibration ranges in
Australia ; 1960-1961 - Bur. Min. Res., Rec. n° 1965/19, 17 p, + 22 pl.

2) H.J. BUBEAU and C,T., WHALLEN - The East Coast Calibration Line {ECCL) -
Am, Geoph, Un., Dallas, Sept, 1965, Typewritten text, .10 p, + tab. and
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ANNEXE I

THE STATUS OF THE WORLD GRAVITY STANDARDIZATION
AND FIRST ORDER NET

Bela SZABO

Alr Force Cambridge Research Laboratories
L.G. Hanscom Field , Bedford , Massachusetts,USA

( Extract )
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2. .The Status of the Pendulum Observations1

On the basis of the general plan shown in Fig. a the pendulunm
observations were started in the Spring of 1963. Considering the few
instruments available to achieve the required accuracy, (+ 0.2 mgal)
and the high cost of operation, it was agreed that the selected pen-
dulums will be used only for

1) the establishment of the primary calibration lines for
gravimeters,

2) inter-line (East-West) connections between very distant
stations with large gravity intervals,

3) Control of important intersections of the First Order
Gravity Net.

It was also agreed among the participants that the pendulum
measurements along the calibration lines are to be made in a ladder
fashion starting from central station on each line. Identical sites
have been occupied, with a few exceptions, by all participating ins-
truments,

2,1, Euro-African Calibration Line (EACL)

This has been fully completed by two instruments : The Gulf pen-
dulums of the University of Hawati, USA, under the direction of Prof. P.
Woollard ; and the pendulums of the Department of Geodesy and Geophysics,
Cambridge, England under the direction of Prof. C. Browne, Two apparatus
of the Italian Geodetic Commission, Milano, Italy under the direction,
of Prof.L.S8olaini and C.Mazzon observed only the douthern portion of the
line ( Rome -~ Mowbray }.: '

The Gulf "M'" pendulums occupicd the following statioms during the
1963 measurements : 1-¢adison (Wisconsin) as base station, 2-Washington,
D.C., 3-Teddington, 4 and 5-Postdam, 6-Teddington, 7-Rome, 8-Nairobi,
9-Johannesburg, 10 and ll-Mowbray, 12-Johannesburg, 13-Nairobi, l4-Rome,

" 15-Bad Harzburg, 16-Helsinki, 17 and 18-Hammerfest, 19-Helsinki, 20-Bad
Harzburg, 21-Rome, 22-Teddington, 23-Postdam, 24-Teddington, 25-Washington,
D.C., 26-Madison. The observations have been made by Mr. Richard Long¥ield

and Mr, Barry Carlson of the University of Hawati,

Simultaneoulsy, with the Gulf '"M" pendulums, Prof, Jose Mateo of
the University of La Plata, Argentina, carried out observations with an
Askania (invar) four pendulum apparatus, The sequence of the observa-
tions and the sites occupied were identical with those occupied by the
Gulf apparatus : 1-Madison, 2-Washington, D.C., 3-Teddington, 4 and 5
Postdam, 6~Teddington, 7-Rome , 8-Nairobi. Unfortunately, because of
illness, Prof. Mateo returned from Nairobi to Argentina without closing
the observations.

R
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The Cambridge Pendulum Apparatus was used on the EACL in 1963 by two
observers, Prof, T. Honkasalo of the Finnish Geodetic Institute ob-
served the Northern section of the line and Prof. J.E. Jackson of
Cambridge University, England swung the pendulums along the Southern
section. The observations were made between March and September 1963,
The sequence of observations and the sites occupied were as follows
Northern. section : l-Teddington, 2 and 3-Helsinki, 4-Bad Harzburg,

5 and 6-Rome, 7-Bad Harzburg, 8-Helsinki, 9 and 10-Hammerfest, 11-Hel~
sinki. Southern section : l-Rome, 2-Nairobi, 3-Johannesburg, 4 and 3-
Mowbray, 6-Johannesburg, 7-Nairobi, S-Rome.

The Apparatus n® 1 and n° 3 of the Italian Geodetic Commission operated
by Prof. C. Mazzon and Dr, V., Tomelleri of the Geodetic Institute of

the Politecnico of Milan, observed the Southern part of the Euro-Afri-
can line in Nov. and Dec. 1963, The stations and the sequence of the
observations were the following : 1-Milan (base station), 2-Rome, 3-Nai-
robi, 4 and 5-Mowbray, 6-Nairobi, 7-Rome, 8-iiilan. Due to damages
occured during tramsportation to both instruments, the results of these
mgasurements are doubtful,

2,2, American Calibration Line (ACL)

The American Calibration Line (between Point Barrow, Alaska and
La Paz, Bolivia) has been completed during the 1964 scason by the Cam-
bridge Pendulum Apparatus and the Gulf "M" pendulums. Apparatus n® 2 of
the Italian Geodetic Commission started the observations in April 1965
and at the present time the observations are completed on the southern
section of the line (Denver-La Paz).) The Northern sector will be
completed by Nov. 1965,
The Cambridge Pendulum Apparatus operated by Dr. D.I. Gough of the South-
West Center for Advanced Studies,Dallas, Texas, completed the Northern
section between June-Sept L964 according to the following schedule
L-Teddington, 2-Washington D.C., 3-Denver (Colorado), 4-Great Falls
(Montana), 5-Edmonton (Canada), 6-Whitehorse (Canada), 7~Fairbanks (Alaska),
8-Point Barrow (Alaska) and back to Denver. Occupying each station twice.

The Southern section of the ACL was observed by Pref. B.C. Browne
between Sept. and Dec. 1564, observing at the following stations
1-Denver (Colorado), 2-Monterey (Mexico), 3-lMexico City (Mexico), 4-La
Paz (Bolivia) and back to Denver occupying each station twice, thence
Washington, D.C. and Teddington .

The Gulf "M" pendulums operated by Mr, R. longfield completed the ACL
during the Summer of 1964. The sequence of the observatrions based on

the University of Wisconsin base station (Madison) was as follows
1-Madison, 2-Denver, 3-Great Falls, 4-Edmonton, 5-Whitehorse, 6-Fairbanks,
7 and 8-Point Barrow, 9~Fairbanks, 10-Whitehorse, 11-Edmonton, 12-Great
Falls, 13-Denver, l4-Monterey, 15-Mexico City, 16 and 17-La Paz, 18-
Mexico City, 19-Monterey, 20-Denver, 21-Madison.
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— 2.3, West Pacific C&libfation'Line (WPCL).

The pendulums of the Geophysical Survey Institute, Tokyo, Japan
(G.5.I. pendulums) and the Guif "M" pendulums are scheduled for obser-
vations along this line during the 1965 observation season.

The G.5.I, Pendulums completed the following measurements

a) letokyo, 2-Homolulu ., 3-San Francisco, 4-Denver, 5-San Francisco,
6-Honolulu, 7-Tokyo, providing a horizontal connection between the
central stations of the WPCL and ACL,

b) Tokyo~Sapporo-Tokyo
c) Tokyo-Kyushu-Tokyo
The observations schedules for 1965 are : 1-Tokyo, 2-Manila, 3-Singa-

pore, 4-Brisbane, 5 and 6-Melburne, 7-Brisbane, 8-Singapore, 9-Manila,
10-Tokyo, and Tokyo-Fairbanks-Tokyo.

The 1965 program of the Gulf 'M" pendulums which started on 15 July 1965
and will be completed by December 1965 is as follows :

a) l1-Madison, 2-Denver, 3-San Francisco, &4~Honolulu, 5-Tokyo, 6-Fairbanks,
7-and 8-Teddington, 9-Fairbanks, 10-Tokyo.

b} Tokyo-Sapporo-Tokyo,
¢) Tokyo=Kyushu, ~-Tokyo,

d) 1-Tokyo, 2-Manila, 3-Singapore, 4-Brisbane, 5 and 6~Melburne, 7-Bris-
bane, 8-New-Delhi, ¢ and 10-Rome, l1-New-Delhi, 12-Singapore, 13-
Manila, l4-Tokyo.

e) 1-Tokyo, 2—Honoluiu, 3-8an Francisco, 4-Denver, 5-Madison, . -

- These observations will provide the required measurements on the WECL
in addition, they will connect the three primary calibration lines,

2.4, Reduction of the Pendulum measurements,

The pendulum observations carried out under this program in 1963 and
1964 have been reduced by the respective observers and the data examined
by the principal investigators, The preliminary results have been discussed
during two sessions of S,G6r, n® 5. The first mecting was held in Milan in
April 1964 and was concermed with the 1963 observations. The measurements
carried out during 1964 were presented and discussed in Turin on 24-25
April 1965.

Although the accuracy of the observations, as obtained from the preli-
minary reductions are satisfactory (with few exceptions) the publication
of the data has been postponed until the comprehensive study of the mate=
rial and reduction methods are completed, Due to the fact that pendulum
observations frequently are biased by tares, period creep and environmental

Y E



-00/-'. ' 70.

effects, Prof, G.P. Woollard proposed that the available accurate gravi-

meter measurements be used for the detection of these systematic effects,

The suggestion has been accepted in principle by the group ; however,

the investigations regarding the mode and the extent of ut{lization of
gravimeter comparisons, and the establishment of a uniform reduction

method, have not yet been completed, It is anticipated that by the next
meeting of 8§ Gr. n° 5 (September 1965 in Paris) the problems will be resolved
and the results of the observations can be published, The preliminary re-
sults are available in the report on the meeting of S Gr. n° 5 -(Turin,

April 1955),

t
3. {The Status of the Gravimeter Observations{

The gravimeter measurements started in 1963 with the partici-
pation of the following organizations and instruments :

1. Air Photographic and Charting Service (APCS), LCRg 43, g 44
g 47, g 48,

2. Alr Force Cumbridge Research Laboratories (AFCRL) LCR G 3,
G 8, LCR g 2.

3. University of Hawaii, LCR Gl, G 7, W-607.

4. U.S8, Naval Oceanographic Office (NAVOCEANO) LCR G2, LCR g 5, g
5. Army Map Service (AMS) LCR g 45, g 46,

6

. Osservatorio Geofisico Sperimentale (0GS), Trieste, LCR G3,
ICR g 2, LCR G 7.

7. Inter American Geodetic Survey, (IAGS), LCR g 56, g 57, g 11.

8. Dominion Observatory, Canada, ILCR g 7, g 9.

The observations required for the cstablishment of a uniform
world gravity system have been divided into four basic categories :

a) observations along the calibration lines,
b) transversal ties between the calibration lines,
c) connections between absolute gravity stations

d) re-occupation of previous pendulum and first order stations
not observed under a, b and c.

The gravimeter observations completed between 1963 and !} August
1965 are schematically illustrated in Fig, b The additional planned
measurements are illustrated in Fig. c.

3.1. Euro -African Calibration Line (EACL).

The observations on this calibration line have been completed in 1963
and 1964, Most of the imstruments listed in the previocus paragraph carried
out measurements at least along a section of the line for the purpose of
testing the instruments for linearity, periodic errors, and drift,

¥ Recent ties of APCS (see p.65,n°20) have been added. wordenn

15



7i.

9834 T983
Point Barrow
SBZ.7C0
- Hammerfésl
982, 632
A Absolute stations
4 ’ ¥ Proposed absolute stations
i Reykjavik & ®  First Order stations ' .
. ' 0. esze HELSINKI @ srandardization stations Al
982 . QLENINGRAD o New stations
YS)Whitehorse
581,745 i —— EOTH WAYS
Edmonton TEDDINGTD &E0TSDAM. o ONE WAY
934 0, 281.168 . Elnd Harzburg 981,180
Vancouver OTTARA PARI »’\UNSCHWE!G
Great F 9g0.s2r : 2 a >,
MADISONg Trores Mifond famo 80.3ea Sapporepmich
ggo} - San Frontisco, x — LisbonF Madrid ‘ Beyrourh ' 4 960
' : aiger \ . (e roxyo
- i B {-11-] N
; bla Tripoii Y Sairo \ o New Dethi Y 8,000
W asaplanca B y
o3y . e Karach ' Dkinawa 978
1 HONOLULU . ’ :
i ! Aden o
. ) & M'BOUR Lagos o Uiy, ¢ Manila o7s 396
_ o SiRgapore 8 ] + 978
978 B ooz d?} 78
97757 s +977.5
& L
sis} Leopsituil a2 m Lare
. Johunnes{'urq 578314 Derwin H
oFiit 97487 978, 950 r
Rio de Janeiro Mayritius :
979 b Antotogaetd ° . 979
ADDITIONAL TIES Perth Brisbane } .
L 975160 3
. MIGUIRE AFB, WS A TO FRANKFORT, GERMANY - I
1 BUENDS A Mowb: MCGUIRE AFB YO TEODINGTON .
930t %59‘9055 IRES ao:,";.'s%’; TEDDINGTON TO HANOVER, GERMANY Meglt;gu;; @] { 580
X HANGVER TG PARIS ) -
WASHINGTON TQ LORING AFB, U.S. AL Cnris‘lchur:h 4 -
' :BUENOS AIRES TO SALTA, ARGENTINA 989.519, , X
LTS . - BUENOS AIRES TO ASUNCION, PARAGUAY Mgahv;uégg o {98l
- F\,q b. COMPLETED GRAVIMETER QBSERVATIONS SINCE 1943 A5 OF  AUGUST 1945
2 TC Atert
¥ £S5 3
Point Barrow =3 m hule
982,700 {?
o .
Hammerfest, -
982,632 -
A Absolute stotions )
o ¥ Proposed absolute stations
P ®  First Order stations
a8 981,927 o 7 HESL“E“;J‘NGR.QD @ Standardization stations
@wmlehorse ©  MNew srations
901749
. TWO WAYS
'@Edmcn!en TEODINGTON {af POTSDAM ——— v am  ONE WAY
5814 . Voncouves 981,168 o Bad Horzburg 9s1.150
Greot F gt o PA:‘J’iam 'BRAUNSCHWE!G o
1
. P Arores r ama 980364
agol San Framcisce A s e o - _l_LEbon Jddrid
' 2 Alger
k e . yore
1 Mo Tiipeli o Néw Delhi 979.800 }
9791 Sraen 978
R )
HOROLULY Mgg.rp)-ﬂgco P :
a7 o M BOUR Lagos ‘bMani\c 978.396
9784 Kharroum 4t 4978
978. 303 ‘.f
9775 £
ADDI TIONAL TIES Nmrotu E * 9775
977541
a7al LAFAZ TO 540 PALLD, BRAZIL Lespoldvuille e L
REYKJAVIK TO TRINDHEIM, NQRWAY + 978
oFi) GREAT FALLS TQ SEATTLE, WA A Lima ""-. La Paz Johumes{:’urg 976.314 Darwin £
iji : 977467 ® o858 :
o793 Rio de Janeiro Mauritius ,'979
- : e |
160
To Melbourne Sentiogomib L
se0L BUENOS AIRES Mowbzay
979,705 979,647 980
1 Christchorch
989.510, .
EET 98!

Mc Murda |
$02. 392

-F(,g_c-

PLANNED GRAVIMETER CBSERVATIONS



72.
R

The pendulum sites occupied during this program have been
connected bya*ninimt drife' fun utilizing air transport by the following
ivstrumgents : LCR G 3, G 7, and g 2 ; in addition LCR Gl performed simul-
taneous observations alomg the ECL with the Gulf pendulums and LCR g 2
has been utilized for the same purpose by the Italian pendulum party

along the Southern section of the line,

In 1964 APCS re-cbserved the existing ECL and extended it to
Capetown, South-African, e¢stablishing gravimeter statioms at about 100
mgal intervals. The previous and new pendulum sites along the line have
been re-observed.

3.2. In comnection with the Ruro-African gravimeter and pendulum opera-
tions, the following gravimeter connections have been made in Europe :

a) Bad Harzburg - Postdam (LCR G 3, G 7, ¢ 2 by Osservatorio Geofi-
sico Sperimentale, Trieste),

b) Teddington - Postdam (LCR G 1, G 7, University of Hawaii),.
c) Postdam - Paris - Teddington (LCR G 1, W-607, G.P. Woollard).

3.3. American Calibration Line (ACL).

In 1963 APCS completed the ACL in two trips. In the first trip the
present North American Calibration Line was measured occupying the pen-
dulum sites between Houston and Point Barrow, utilizing seven small LCR
gravimeters, In the second trip the line was extended to South America,
establishing new stations at about 100 mgal intervals between Mexico
City (Mexico) and Suhauaia (Argentina). Eight LCR gravimeters (five iden-
tical with the instruments used along the Northern section) were used
for these measurements. - '

In 1964 a party composed of AFCRL, 0GS and Univ. of Hawaii perfor-
med a2 "minimum drift" run between Point Barrow and Panama, utilizing
ICR G 1, 63, G7, G 8 and g 54 gravimeters transported by a special
aircraft.

During 1962 and 1963 Dominion Observatory, Ottawa, performed obser-
vations along the ACL, using LCR g 7 and g 9. The data are under ré-~-compu-
tation.

3.4, West Pacific Calibration Line (WPCL).

APCS comnected existing pendulum stations between Fairbanks (Alaska)
and Christchurch (New Zealand). Intermediate gravimeter stations have
been established at 100 mgal intervals, The observations have been accom-
plished in 1964, The WPCL and EACL have been connected between Rome and
Singapore occupying Ankara (Turkey), Beirut (Lebanon), Teheran (Iran),
Kabul (Afganistan) and New-Delhi (India) intermediate stations.
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3.5. Secondary Calibration Lines.

APCS will establish three "secondary" calibration lines which will
serve the purpose of instrument calibration ia the respective areas and
to provide connections for the First Order World Gravity Net (FOWGN).
Figs b and c show only those portiomns of the secondary lines which are
anticipated to serve the purpose of the FOWGN,

American Secondary Cazlibration Line

The presently existing line between Key West, Florida and Maine is
extended southward along the Eastern coast of South America joining the
ACL at Buenos Aires, The observations include existing pendulum and
first order stations and provide intermediate stations at approximately
100 mgal intervals. The line will be extended to the Northern edge of
the North American Continent. '

o

Central Asian Calibration Line

This line has been established by APCS during the return trip from
the WPCL. It is a north-south line between New-Delhi and Ceylon, in-
cluding the stations established by Woollard in 1962,

3.6, Data Reduction and Analysis.

The large quantity of gravimeter observations collected since 1963
are provisionally reduced by the observers, For some observations,
adjusted values are also available. Obviously, these results remain
provisional until a unique calibration standard is established. The
observation material with few exceptions, has been submitted to S.Gr.n°5

The Osserv. Geof. Sper. Trieste, analyzes the observations and
utilizes the measurcment for

a) determination of instrument characteristics and accuracies,
b) comparison of the measurements and to catelog the data,

¢) evaluation of the reduction methods for the purpose of
establishing standardized computation procedures,

d) comparison of the scale of existing calibration lines,

e) preparation of the existing material for the purpose of the
FOWGHN.

ER R B R I I

- "R Euro- African Secondary Calibration Linc__

This line is partially completed and includes several first order
stations along the west coast of Africa and Europe .




ANNEXE II

ARGUMENTS FOR THE NEW CALCULATION OF THE GRAVITY MEASUREMENTS

CARRIED OUT BY THE GEODETIC INSTITUTE HANNOVER

(W. GROSSMANN)

In 1958-1964, observers of the Geodetic Institute Hannover
carried-out long-range gravity measurements by Askania-gravity meters
of the type G5 12, Gravity differences werc observed between airport
stations during the periods 1958, 1959/60, 1961, 1962/63 and 1964,

The European statioms of the net were occupied in 1958-1961 by one and
the African stations in 1962/63 by two gravity meters, In 1964 the
conmnection Bad-Harzburg - Postdam has been observed by two instruments.
The complete gravity-net consists in 43 stations. It includes all the
stations of the First Order World Gravity Net situated in Europe and
Africa and the first order station Beirut.

The results of the measurements were presented at the Ceneral
Assemblies of the IUGG in Helsinki 1960 and in Berkeley 1963 : the Bad
Harzburg ~ Postdam connection has been carried out in cooperation with
the Geodetic Institute Postdam ; the results are published in the Bul-
letin Géodésique 1964, p, 335,

The xeasons for the new calculation of the gravity differences
presented here, are

1) The values published until now were not corrected for effec

depending on the latitude. Corrections are necessary :

T4,

ts

“a) on account of the influence of the vertical intensity of

the Farth's magnetic field and,

b) on account of the systematic deviations of the tabulated

, tidal corrections, found by Prof. Honkasalo.

In the gravity difference between Cape Town and Hammerfest,

correction a) amounts to - 0,16 mGal for one instrument and

- 0,04 mGal for the other. Between the cquator and Hammer-
fest the correction b) is + 0,10 mGal,

In the new calculation, the observations have heen corrected

for these effects.
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2)

3)

4y

5).

75,

The gravity differences measured by two instruments boetween
Rome and Johannesburg exceed 1700 mGal. They had to be measured
not only by the additional masses of the Askania gravimeters,
but also by longer parts of the measuring-spring. Therefore
errors of the spring celibration will effect these connections.
In the adjustments,a smaller weight should bhe given to them,

The gravity differneces given in this report thus get a weight
of 0,4 respectively 0,2 for the Rome - Kano - and 1,0 resp.
0,6 for the Rome - Johamnesburg - comnection.

In the differences published till now, the drift has been

obtained by using all the repeated observations in a certain
period, e.g, in the period 1958-1960. From these observations,

a drift curve was constructed for the whole period, In this

method, the systematic drift errors will be eliminated rather

well. But, as the method of obtaining the drift is a graphical
adjustment, all the gravity differences of one period are cor-
related with cach other in an indefinite manner, Without hypothesis
it is not possible to introduce them in a further adjustment,

e.g. in the adjustment of the world gravity net,

Now, nearly all the connections have been observed in the proce=-
dure A-B-A. As the drift between the first and the second obser-
vation in A is approximately linear, all the gravity differences
have been calculated new assuming linear drifts. These diffe-
rences are independent and may be introduced in an exact acdjust-
ment. Some differences have been obscrved in the manner A-B-C-A.
They got a weight of 0.5 in relation to the welight 1 of the
connections A~B-A.

In the single measuring periods the external conditions were gquite
different. For instance, the time betwecen the repeated obser-
vations changed, the temperature differences and the drifts

caused by them were greater in Africa than in Europe and so forth,
S50, it could be suspected that there is a different precision in
the single periods, Tests of the partial nets resulted in a welght
proportion of 2,4 : 1 between the period 1959/60 and the rest of
the years.

The gcale factors of the pravity differences published till now
resulted from different comparisons :

a) the gravity meters used in 1958-1960 were calibrated against
the pendulum measurements carried out in Europe up to 1959,

b) the measurements in 1961 were compared with 5 gravity diffe-
rences of the Europcan Calibration System,

c) The Instruments used in 1962-1964 got their calibration by
comparison with the Oslo-Copenhagen-Rome connection of the ECS.

N
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The gravity differences new calculated were examinated for
differences in scale. It was found, that there is a significant
difference between the measurements of the periods 1958 - 1961

and 1962 - 1964,

In the report presented here, you will find the gravity diffe-
rences calculated by assuming linear drifts and corrected for systematic
effects, Furthermore the weights and the scale factors are given, These
factors resulted from an adjustment of the differences measured by As-
kania-gravimeters and by modern pendulum apparatus in Europe and Africa.
Thus, the adjusted gravity values arc given in the absolute scale, The
standard deviations of the adjusted gravity values are referring to the
reference station Bad Harzburg.




