
Index 

Addition theorem for spherical harmon-
ics 125 

Airy-Heiskanen model 220 
Airy's theory of isostasy 220 
Analytical continuation 192 
Angular velo city of earth 6 
Anomalies 

gravity 232 
density 186, 203, 218, 221, 246 
potential 8, 186 

Anomalous gravity field 8 
Anomalous potential 8 
Approximation 

first-order 25, 45, 54, 69, 78 
linear, ue first order 
planar 234, 256 
plane 218, 229 
second-order 79, 95, 99, 108, 171 
spherical 233 

Asthenosphere 220 
Attraction, gravitational 229, 231, 236 
Axis, semimajor 2, 13 

semiminor 2, 13, 61, 120 

Bessel functions 226 
Biharmonic equation 188, 210 
Biharmonic operator 225 
Bipotential equation 212, 224 
Bouguer anomaly 231, 243, 245 
Bouguer plate 232, 240 

spherical235, 237, 245 
Bouguer reduction 231,245 
Boundary conditions 45, 95, 99, 117, 

210 
Boundary-value problem, Jee 

Dirichlet's problem 
Bruns' formula (gravity gradient) 7,71 

Bruns' formula (height difference) 8, 
176 

Capacity 193 
Center of mass (of gravity), &ee geocen

ter 
Centrifugal force 6 
Clairaut's equation 45, 60, 69, 78 

of second order 95, 117 
Clairaut-Lichtenstein approach 53, 72 
Collocation, least squares 181, 217 
Compensation, isostatic 218, 229, 241 
Condensation 239 
Continuation, analytic 192 
Convergence problems 

in inverse isostasy 262 
of spherical harmonics 13, 80, 90 

Convolution 224, 246 
Coordinates 

Cartesian, Jee rectangular 
ellipsoidal 119 
geographie 14, 15 
rectangular 4 
spherical 9, 171, 194 

Core 18 
fiattening of 18 

Correlation with elevation 244 
Covariance matrix 201 
Crust 18, 217 
Curvature 8, 15, 105 

Darwin-de Sitter theory 79 
Darwin's equation 99, 114 
Deconvolution 249 
Delta function, Jee Dirac delta function 
Density 5, 18 

transformed 62 
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Density model (law) 
Bullard 23, 24, 145 
for level ellipsoid 135, 155, 156 
PREM 18, 20, 21 
Roche 23,24 

Deviation 80, 88, 101, 172, 176 
Differential equation 

Clairaut 45, 95 
Darwin 99 
Radau 47, 96 
Riccati 47 

Dipole 193, 232 
Dirac delta function 74, 139, 253 
Dirichlet's principle 169, 170, 189 
Dirichlet's problem 125, 211 
Disturbing potential 8 
Dufour's functions 204 
Dynamical ellipticity 18, 51 
Dynamical form factor 17, 51 

Earth modell 7 
Earth rotation 3 
Earth tides 3 
Ellipsoid 

and equilibrium figures 69,101,173 
coordinate 120 
equipotential8, 11,17,119,126 
geometry of 13 
gravity field 8, 134, 163 
heterogeneous 37, 39, 69 
homogeneous 34, 37, 68 
level 8, 101, 119, 126, 134 
Maclaurin 68, 101, 140, 142, 145 
reference 8 

Ellipsoidal coordinates 119 
Ellipsoidal harmonics 122 
Ellipsoidal stratification 39, 65 

impossibility of 69 
Ellipticity 88, 172 
Energy, potential 73, 166, 167 
Equilibrium figures 1, 42, 50, 53, 79 

geometry of 60 
Equilibrium, hydrostatic 1, 2,42 

condition of 42, 93 

INDEX 

deviations from 3, 104, 180 
figures of 1, 42, 50, 53, 79 

Equipotential surface 7, 42, 175 
Equisurface 42 
Excentricity 13, 14, 120 
Existence and uniqueness 54 
Extremum principles 75, 167, 169, 170, 

198 

Figure of the earth 1 
Finite functions 192, 223 

support 192 
First-order approximation (theory) 25, 

34,45 
Flattening 2, 13, 79 

of intern al equisurfaces 45 
Focal-disc singularity 158, 162 
Free-air anomaly 244 
Free-air reduction 231 

Geocenter 4, 11 
Geodetic Reference System 1980 17, 

136 
Geoid 1, 2 
Global condition 70 
Gradient 6 
Gradient tensor 7 
Gram-Schmidt orthogonalization 204 
Gravitation 4 
Gravitational constant 5, 211 

geocentric 17 
Newtonian 5 

Gravitational field 
external 3, 11, 25, 29 
intern al 30 

Gravitational inverse problem 183 
Gravity 7 

equatorial 8, 17, 28 
inside earth 18, 20, 33 
inside ellipsoid 163 
normal 8, 129 
polar 8, 28 
reduction of 231 

Gravity anomaly 232 
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Bouguer 231 
isostatie 232 

Gravity field 8 
anomalous 8 
external 25, 126 
normal 8, 126 
of level ellipsoid 126 

Gravity flattening 18, 28 
Gravity formula 8, 28, 130 
Gravity gradients 7 
Gravity potential 6, 26 
Gravity veetor 6 
Green's function 187, 211 

for sphere 213 
Green's identity 207 
Greenwich meridian 4 

Hamy-Pizzetti theorem 69 
Hankel functions 226 
Harmonie density 188, 199, 212, 216 
Harmonie function 7, 184 
Harmonies 

ellipsoidal 122 
spherieal 8 

Heaviside's function 74 
Hertz' theory of plate bending 223, 225 
Homoeoid, ellipsoidal 71 
Homogeneous 

sphere 30 
ellipsoid 34, 37, 68 

Homothetie stratifieation 67, 187 
Hydrostatie equilibrium I, 2, 42 

lAG 17 
Impossibility of ellipsoidal stratifieation 

69 
Improperly posed problems 185, 194 
Inertia, moments of 11,17,22,49,97 
Infinitesimals 41 
Integr°al formulas for spherieal harmon

ies 12 
Integral equation 

for general formulation 77 
linear 54 
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of Liehtenstein 53 
Integro-differential equations for 

Clairaut's problem 43, 44, 46, 
60, 99, 103 

Internal field 29, 40, 90, 163 
Inverse problems, gravitational 183 

Dufour's solution 203 
general solutions 190, 197, 205,211 
in isostasy 246, 255 
Laurieella's solution 212 
spherieal-harmonie solution 197 

Inversion in the sphere (Kelvin) 213 
Isostasy 217 

Airy-Heiskanen model 220 
dipole model 232 
inverse problems in 246, 255 
Pratt-Hayford model 218 
Vening Meinesz' model 222 

Isostatie anomaly 232, 243, 246 
IUGG 17 

J aeobi polynomials 204 
Jaeobian determinant 83, 131 

Kelvin functions 227 
Kelvin transformation 213 
Kernel 

isotropie 247 
of eonvolution (integral) 247 
of operator (as nullspaee) 186 

Laplaee equation 7 
Laplaee harmonies 12 
Laplaeian 7, 184 
Latitude 

geoeentrie 14 
geographie 8, 14 
redueed 14, 120 

Laurieella's theorems 188, 212 
Ledersteger's theorem 69, 101 , 180 
Legendre's differential equation 122 
Legendre functions 10, 123 

of the seeond kind 123 
Legendre harmonies 10 
Legendre polynomials 10 
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shifted 254 
Level ellipsoid 8, 101, 119, 126, 134 

and equilibrium figures 101, 173, 
180 

Level surface 7 
Liapunov-Lichtenstein theorem 54 
Lithosphere 220 
Local properties 70 
Longitude 9, 15 

Mantle 18 
Mass distributions 

continuous 194, 205 
for level ellipsoid 131 
of earth 18, 20 

Mass of earth 17, 21, 137 
Matrix 

corresponding to linear operator 
185 

generalized inverse 185, 198 
infinite 185 

Mean curvature 8, 16, 62 
Mean density 22, 34, 44, 91, 137 
Mean gravity 18 
Mean radius 

of earth 18, 22 
of level surfaces 37, 90 

Mean terrestrial sphere 22 
Meusnier's theorem 15 
Milligal 231 
Minimum norm 188, 201, 216 
Models 

density, see Density model 
earth 1, 17 
isostatic 218 

Mohorovicic discontinuity (Moho) 221, 
246, 262 

Molodensky's series 236, 262 
Molodensky's theory 3, 60, 184, 232 
Moment problem 253 
Moments of inertia 11, 17, 22, 49, 97 

Newtonian gravitational constant 5, 
211 

Newtonian operator 184 
inverse 184 

Newton's integral 4, 183 
Newton's theorem 71, 187 
Normal earth 1 
Normal gravity 8, 129 

inside ellipsoid 163 
Normal potential 8, 129 

inside ellipsoid 163 
Nullspace 186 

Operator 
biharmonic 225 
inverse 184 
Laplacian 7, 184 
linear 185, 250 
Newtonian 184 

Order of magnitude 26, 86 

INDEX 

Orthogonal functions 11,204,254,255 
Orthogonality 11, 205 
Orthogonalization process 204 
Orthonormal functions 204, 205 

Parameters, earth 17 
Physical earth surface 1 
Pizzetti's model for level ellipsoid 138 
Pizzetti's theorem 69 
Plane approximation 218, 229 
Plate equation 224 
Plumb line 1, 7, 61 
Poisson's equation 7 
Potential 4, 6 

anomalous 8 
disturbing 8 
ellipsoidal 17, 126 
extern al 11, 39 
gravitational 4, 26 
gravity 6, 26 
internal 30, 33, 40, 81, 90, 163 
normal 8, 129, 163 
zero 146, 186 

Potential energy 73, 166, 167 
Potential theory 4 

modern 183 
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Pratt-Hayford model 218 
Pratt's theory of isostasy 218 

inverse 246 
PREM earth model 18, 20, 21 
Pressure 18, 20, 42, 77 

Radau's approximation 48, 49 
Radau's equation 47, 96 
Radau's function 48 
Radau's transformation 46,96 
Radius of eurvature 15, 105 
Rank of matrix 202 
Reeiproeal distanee 

in ellipsoidal harmonies 125 
in spherieal harmonies 13 

Reduetion, gravity 231 
Referenee earth 1 
Referenee ellipsoid 8, 17 
Regional isostatie eompensation 222 
Response funetion, isostatie 248 
Runge's theorem 90, 194 

Sea level 1 
Seeond-order approximation (theory) 

79 
Shell 71, 85 

ellipsoidal 37, 187 
spherical 30, 168, 187 

Singularities of harmonie functions 192 
Somigliana's formula 8, 130 
Spectrum 249 
Sphere 

homogeneous 30 
stratified 32 
terrestrial 22 

Spherical approximation 233 
Spherieal coordinates 9, 171, 194 
Spherical harmonies 8, 195 

fully normalized 204 
Laplace 12 
sectorial 10 
solid 10 
surface 10 
tesseral 10 

zonal 10 
Stability 65, 72 
Stokes' eonstants 64, 126, 215 
Stokes' function 260 
Stratifleation 

confocal 146, 187 
ellipsoidal 39, 65 
homothetie 67, 187 
of equisurfaees 61 
spherical 32, 64 

Stress, deviatoric 180 
Support 192 

finite 192 
minimal 192 

Surfaee layer 6, 35, 169, 188, 239 
Surfaee of revolution 105 
Surfaees 

equipotential 7, 42, 175 
of eonstant density 39, 42, 175 

Symmetry 
equatorial 58, 70 
rotational 58, 70 

Terrain correction 232, 238, 243 
Terrestrial sphere 22 
Tesseral harmonies 10 
Tisserand, desideratum of 89 
Topographie correetion 232 
Topographie masses 231 
Topographie surfaee 1 
Topography 231 
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Variational prineiple 75 , 167, 170 
Vening Meinesz' theory of isostasy 222 

inverse 255 
Volume distribution 6, 183 

Wavre's geometrie theory 60 
Wavre's "proeede uniforme" 73 , 80, 90 
Wavre's theorem 64 
Weierstrass' theorem 195, 205 

Zero-potential density 146, 186 , 200 , 
206 , 212, 215 

Zonal harmonies 10 
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The Book 

The Author 

Helmut Moritz, born 1933, study of 
surveying and geodesy at the Tech
nical University of Graz, doctorate 
(Dr. techn.) 1959, 1962-1963 
Research Associate, Ohio State 
University, 1964-1971 Professor, 
Technical University of Berlin, since 
1971 Professor of Theoretical 
Geodesy, TU Graz. Adjunct Professor, 
Ohio State University, Honorary 
Doctorate (Dr.-Ing. h. c.), TU 
München (1981), member of the 
Austrian Academy of Seien ces and 
of 8 foreign Academies, 1979-1983 
President, International Association 
of Geodesy, currently Bureau 
Member, International Union of 
Geodesy and Geophysics. 

The formerly neat boundary between geodesy and geo
physics beg ins to dissolve for various reasons: geodetic 
measurements are essential for plate tectonics, earth rota
tion and earth tides; the theory of rotation and tides, which 
presuppose an equilibrium figure as a reference, is left to 
geodesists, and generolly, geodynamics requires a close 
interoction between geodesy and geophysics. Furthermore, 
the separation between external and internal grovity field 
cannot be maintained in proctice. 

So it is time to drop the temporary restrietion of geodesy 
to the external gravity field and to reconsider the earth's 
internal gravitational fjeld ond its source, the density distri
bution, again as part of geodesy. 

The title of the book, "The Figure of the Earth", purposely 
attempts to continue a great tradition, and its subtitle 
"Geodesy and the Earth's Interior", may seem provocative 
to some people, but perhaps interesting to others. 
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