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Introduction to geodesy

1. A very old guestion: what is the shape of the Earth?
2. The revolution of the satellites

3. Gravity field from a static mass distribution and its
spherical harmonics representation

4. Sources of the gravity field (geological timescales)

5. Timevarying gravity and surface displacements
(timescales of weeks to secular)



A very old science

Premier Partie de la
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Cefte Figure demonffire guelaTerreeftronde.,

Aristotle 4th century BC

Circular shadow of the Earth on
the Moon during lunar eclipses

Sila Terre eftoit quarree, 'ombre diicelle paroiftroit
de cefte melme forme enlEcclipfe de Ia Lune.

Sila Terre eftoit trizn;fgu!airc, l'ombre dicelle feroit
aufsien I'Ecclipfe eriangulaire.

Ex: lunar eclipse of 03/03/2007
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Inferenceby Apian Germanastronomey 17th
century.



Eratosthene
3rd century BC

Alexandrie

=72

1 Egyptian stadium = 157.5 m

Assumption: Alexandrie and Assouan on the
same meridian

Summer solstice at noomn

- no shadow in a well in Assouan
- shadow of an obelisk in Alexandrie

9 | NXirsuéhferenceestimate 39375 kmiasteadof 40 008 knalonga meridian)



A spheroidalshape

Pendulum clock

Richer(1672

A Newton (1689
Ri chéb@srvat ions astronomiques et pRyisi6Pues f ai't esg ein | 6i sl e de
pole
Slower oscillations of the pendulum in Cayenne
(near the Equator) than in Paris
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Newton spheroidalshapeof arotating fluid body,

flattened at the polesbecauseof the centrifugalforce.

Jequator < Jpole
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Measuringa meridianarc

Laponie

N
\ Guyana
g

/ f”/é\ English conclusions

\ French conclusions

Expeditions to measure a meridian arc near the
Equator and near the pole, to discriminate
between a prolate or an oblate spheroid

(I\/Ieasurementsof long distanc%
from manymeasurementof
shorter distances and angles

\within a network of points. )

. Echelle de 30,000, Tnises

Triangulation of Parisneridian
(DunkerquePerpignan)

Picard: 1 arc = 108 km (North of France)
110 km (South of France)



Enigmatiadeviationsof
the plumbline

T Nearmountains
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Bouguer (1698.758)

TWhenmeasuringmeridianarcs

The local verticalleviatesfrom the normal to theellipsoid
(Laplace, Gauss, Bessel)



The Figure of the Earth: the geoid

Departure
to ellipticity:
5100 m

Geoid surface of constant gravitational + centrifugal potential energy, that coincides
with the sea level at rest (no tides nor currents), continued below the continents.

(The surface of a rotating fluid at equilibrium is an equipotehtial

In the absence of other forces: a ball placed on the geoid will not move

- Thehorizontal surface of referenceover land and oceans = zero level of altitudes



Reference ellipsoid
e

g= 9.83”‘r'n732][ -

A dynamical definition:

Consider a homogeneous, rotating Earth with
constant angular speed @ ; / b=6356752m

total mass M includes the atmosphere. a=6378136m | X

-— >

g # 9.78 m/s2

Centrifugal potential: V.., (P) = % w?r? sinf

1 Equipotential surfaces of its gravity potential
U (gravitational + centrifugal) = ellipsoids

sphere of equivalent volume:
R=6371000m

1Reference WGS&lipsoid
- centeredon thebarycenterof the9 | NIn&6sea
- Spacegeodesy semimajor axis agravitationalconstant GM
- globalgeoidmodel (Gy) - dynamicalflattening

Thusthis ellipsoidis basedon the observedgeoidflattening.



Non-hydrostatic geoid

1 The observed flattening may be different from that of an Earth at
hydrostatic equilibrium: it is indeed affected by the glebahle mantle
density heterogeneityChambat et al., 2010)

1 The nonhydrostatic geoid is defined with respect to hydrostatic state
of reference: a radialHayered, rotating selgravitating Earth.
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Geoid anomalies with respect to the Geoid anomalies with respect to a
WGS84 geodetic ellipsoid hydrostatic, PRENayered reference
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Observing satellite motions

, L _ Source: Reiner Rummel
Homogeneous sphere fixed elliptical orbit

Oblate spheroid precessing elliptical orbit [(Precession of orbital plare dynamical flattenin@
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A first globaliew of the geoid
basedon thetrackingof
satellitesorbits usingcameras

BakerNunn camera

Kaula, 1963



