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anelastic deformation, see also Q
Chandler wobble period, 208
complex modulus, 15
dissipation mechanisms, 13-18
frequency dependence, 15-17,

19-20, 198

astronomical observations, see also time
accuracy, 75-7, 81-2, 88, 95
ancient, 304-14
errors due to catalogue, 82, 94, 187
instrumentation, 64-6
latitude, 63

lunar orbit evolution, 299-301

Mocn, Sun and planets, 69-73
telescope, 301-3

atmospheric circulation, see winds and

zonal angular momentum
atmospheric excitation functions, see
also atmospheric pressure
Chandler wobble, 238-243
long-period fluctuations in
193-4, 275-8
seasonal changes in lo.d., 173-9,
181-90
seasonal changes in wobble, 150-9,
179-81

atmospheric pressure
changes in inertia tensor, 152
excitation of Chandler wobble, 238
excitation functions, 150-9, 239, 276
inverted barometer, 148-50
long-period fluctuations, 279
monsoon, 153
ocean response 148-50
seasonal fluctuations, 148
water vapour pressure, 151

atmospheric tides
ocean response, 131-2

pressure variations, 129

radiational tide, 131

l.o.d.,

celestial mechanics
coordinate transformation, 113
dynamics of lunar orbit, 290-9
Lagrange equations, 133
orbital elements, 113, 115
tidal perturbations in satellite orbit,
134
tidal perturbations in lunar orbit, 292,
294
centre of mass, seasonal shift, 87, 147
Chandler wobble, see also Eulerian
precession
atmospheric excitation, 238-43
core effect on period, 197, 201-3
discovery, 85-6, 195
dissipation in core, 208-11
dissipation in mantle, 206, 208
dissipation in oceans (see pole tide)
elastic mantle and period, 198-201
energetics, 203-5
Love number, 197, 219
period, 196-8, 219
Q, 19, 195, 205-6, 217
resonance with annual wobble, 45-6
seismic excitation, 220-3 (see also
seismic excitation)
spectrum, 97-104
variation in amplitude and phase,
100, 219
core, see also magnetic field and core-
mantle coupling
Brunt-Vaisala frequency, 22
density, 22
dynamics, 23
long-period oscillations, 23
seismic structure, 21-2
viscosity, 24, 209-10
core~mantle coupling,
Chandler wobble, 201-2
dissipative, 208
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core—mantle coupling—cont. energy dissipation in oceans—cont.

electromagnetic and lLo.d., 59, 248-
54

electromagnetic and wobble, 263-6

general formulation, 247

inertial or pressure, 38, 201-2, 246

observational evidence, 258-63

passive, 246

for seasonal oscillations, 180-1, 187,
192

topographic, 246, 266-8

viscous, 208-11, 247

decade fluctuations in lLo.d., see also
core—mantle coupling
astronomical evidence, 173-80
atmospheric excitation, 193, 275-7
Brouwer’s model, 78
Brown’s model, 78
oceanic excitation, 276-8
relation with climate, 4, 278-81
seismic excitation, 281-3
solar wind, 284
spectral investigations, 79-80
diurnal wobble, 33, 39, 196
dynamics of rotation
angular momentum, 30, 33, 291, 353
Euler’s equations, 30-1
Liouville equation, 34
non-rigid motion, 33-36
perturbation equations, 35
Poinsot representation, 33-4, 40
rigid body rotation, 30-33
separation of wobble and l.o.d., 37

Earth, see also core, mantle, gravity field
dimensions and shape, 27
early evolution, 391-3
free oscillation, 8, 18, 23
Kelvin model, 10
seismic model, 11
elastic deformations, see also Love
numbers
boundary conditions, 8-9
equations of motion, 6
general solution, 7
load Love numbers, 10
energy dissipation in oceans, see also
pole tide

bottom friction, 218, 321-2, 220-1

breaking of waves, 331

energy equation, 320

energy flux, 322-3, 330

estimates of global dissipation, 327-
29

internal tides, 3314

Q, 331

tidal dissipation in past, 389-90

turbulent friction, 125, 129, 332

virtual internal friction, 125

work integral, 321, 324-6

Eulerian precession, see also Chandler

wobble

deformable body, 42-4

dynamic equations, 31

frequency, 35

kinematic equations, 32

excitation functions, see also under

entries for specific mechanisms

angular momentum versus torque, 48,
166-7

Cartesian and spherical coordinates,
48-9

comparison with astronomical data,
47, 60

definition, 35

modification of by mantle elasticity,
43

rotational deformations, 42

schematic, 52-60

gravity field
density anomalies, 9
departures from hydrostatic equili-
brium, 27, 345-6
dynamical oblateness, 26, 27
moments of inertia, 25
spherical harmonics expansion, 25
Stokes potential coefficients, 25, 27
groundwater
balance, 160
conservation of water mass, 161
excitation functions, 162
variability, 242, 278

inertia tensor, 25-6, 30
polar moment, 27
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inertia tensor—cont.
rotational deformation, 41
temporal variations, 29
tidal deformation, 107
international time and latitude services
Bureau International de I'Heure
(BIH), 68, 80-2, 88
comparison of BIH and ILS, 88-90
International Latitude Service, (ILS),
36, 86-7
International Polar Motion Service
(IPMS), 86, 90

Legendre polynomials
addition theorem, 113
definition, 25
normalisation, 26
products, 121
length-of-day (l.o.d.) see also tidal
accelerations
accuracy, 75-7, 81
amplitude spectrum, 3, 77, 84
decade fluctuations, 73
definition, 63
high-frequency and irregular changes,
84-5
historical records, 2, 299-314
new observation techniques, 105
paleontological evidence, 388-9
seasonal fluciuations, 82, 166-70,
173-9
secular acceleration, 289, 337-9
tidal variations, 138-42
Love numbers
Chandler, 208, 219
complex, 21
definition, 10
fluid, 28-9
for elastic Earth, 12-13
frequency dependence, 18, 20
load, 10, 50
mantle structure, 12
Maxwell body, 21
observations, 111, 192
satellite observations, 135-6
secular, 29
tidal effective, 293
lunar orbit evolution
dynamics of evolution, 290-9

lunar orbit evolution—cont.
eccentricity, 336, 353
energetics, 297
evolution due to ocean tides, 293-4
future evolution, 287, 353
geological constraints, 391-4
inclination, 336, 354-7, 398-400
past evolution, 286, 352-7, 389-90
time-scale problem, 398

magnetic field
archeomagnetic, 254
at core-mantle boundary, 249, 251,
258
Eurasian anomaly, 256, 263
long-period fluctuations, 255
paleomagnetism, 346
reversals, 342
secular variation impulses, 255
solar cycle, 255-6
South African anomaly, 254
torroidal field, 249-59
mantle
anelasticity, 16-17
electrical conductivity, 254-8
seismic velocities, 12
Q, 18-19, 340-1
viscosity, 345, 351
meteorological excitation
atmospheric pressure, 150-9
centre of mass, 87, 147
comparison with Lo.d., 8, 181-90
comparison with wobble, 179-81
groundwater, 162
high frequency, 190-2
low frequency, 1934
seasonal, variability of, 97, 185
Moon, see also lunar orbit
evolution, 392
formation, 394-8
origin, 394-98
Q, 296
tides, 295-6

new observation techniques
long-baseline interferometry, 106
lunar laser ranging, 105
satellite tracking, 104-5
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nutation, see also Eulerian precession
and diurnal wobble
constraint on core viscosity, 24
fluid core effects, 1, 37-9
motion of rotation axis in space, 32-3
observational evidence, 1

ocean—continent functions, 51-2, 121,
142, 164, 268
ocean current
Bering Sea, 330
Circum-Antarctic, 165
excitation function, 166
geostrophic, 164-5
tidal, 321-2, 332
ocean tide, see also pole tide
due to rotation change, 144
effect on rotation, 127-8, 140-2, 145,
185
equilibrium, 121-4, 138
frictional forces, 125
interaction with solid tide, 111
Laplace equations, 319
models, 124-129
near resonance, 129, 293, 334
Q, 331
satellite observations, 139
spherical harmonic expansion, 119-
21

paleontological observations of l.o.d.
bivalve acceleration, 378-81
bivalve growth rhythms, 371-3
coral accelerations, 370-1
coral growth rhythms, 363-6
paleoaccelerations, 388-9
paleontological clocks, 358-62
stromatolites, 381-5
Precambrian stromatolites, 385-6
plate tectonics
effect on polar motion, 92-4
hypothesis, 347
relative motion, 347-50
separation from polar wander, 342
polar motion, see also Chandler wobble,
meteorological excitation and
polar wander
amplitude spectrum, 2, 90-2, 97-9
comparison of results, 89-90

polar motion—cont.
deconvolution, 61
early search, 85-6
errors in data, 95-6
impulse response functions, 60
Kimura term, 87, 147
low-frequency variations, 90-1, 94,
245, 273-5
observations, 86-9
paleomagnetic evidence, 3467
secular, 2, 91, 94, 274-5, 282, 285
seasonal variations 3, 95-7
tectonic displacements of stations,
924
tidal variations, 138-142
polar wander
adjustment of equatorial bulge, 344~
S
Gold’s beetles, 343-4, 351
mantle viscosity, 345, 351
paleomagnetism, 346-51
Pleistocene deglaciation, 285
separation from continental drift,
342, 350-1
pole tide
atmospheric, 239
dissipation, 216-8
global representation, 142-144
oceanic, 212-4
seasonal, 108, 142
Chandler wobble period, 215
post-glacial rebound, 20, 285, 289
precession, see also Eulerian precession
constant, 27

Q, see also anelastic deformation

definition, 14

frequency dependence, 18-20, 206,
208, 219

linear damped system, 44

mantle, 340-1

Moon, 351

Maxwell and Kelvin-Voigt solids,
21

structure of Earth, 18-19

reference systems
inertial, 32
motion of stations, 92-4
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reference systems-—cont. tidal accelerations—cont:

relation between inertial and ter-
restrial, 32

terrestrial, 36-7

rotational deformation

adjustment of equatorial
344-4

excitation functions, 42

inertia tensor, 41

potential of centrifugal force, 40

radial deformation, 40

bulge,

sea level, see also ocean tide and pole
tide
decade fluctuations, 274-5
deduced from ice budget, 272-3,
278
excitation function, 58, 163-4, 269-
74
exchange with groundwater, 161-2
exchange with ice sheets, 268
long-term variations, 270-2
response to air pressure, 148-50
sterric changes, 1634
water temperature, 278
seismic excitation
aseismic contribution, 236-8, 242-3
comparison with astronomical data,
233-4, 243
cumulative, 223, 233-4
earthquake parameters, 230, 235
excitation function, 57
Lo.d., 281-3
moment-magnitude relation, 230-2,
235-8
silent earthquakes, 237
static displacement field, 229
Tsunami earthquakes, 237-8
solar torque, 246, 284

tidal accelerations, see also tidal phase

lag and energy dissipation in
oceans

astronomical evidence, 69-71, 301-3

constancy of lunar acceleration, 338~
340

Earth’s secular acceleration, 3, 69,
289-91, 314-8, 336-8

historical evidence, 304-14
lunar acceleration in longitude, 3, 17,
292, 300, 3446
non-tidal acceleration, 289
paleontological evidence,
378-81, 388-9
satellite results, 335
tidal phase lag
age of tide, 129
correction for atmospheric tide, 132
equivalent lags, 294-5
gravity and tilt tide, 119
satellite motion, 118, 137-8
tide, see also Love numbers, ocean tide
and pole tide
changes in rotation, 4, 67, 84, 107-8,
138-40, 145, 182
deflections of vertical, 81, 108
generating potential, 112, 116-18
lag in response, 118-19
loading of crust, 109
observations, 111-12
potential, 118-19
relative importance of solid and
ocean, 107
time
atomic time, 68
clocks, 66, 67
ephemeris time, 68
universal time, 62-3, 66, 73

370-1,

wind, see also zonal angular momentum
angular momentum versus torque,
166-7
seasonal fluctuations in zonal wind,
172-3
torques and l.o.d., 169-70
torques and wobble, 170

zonal angular momentum
annual, 173-4
biennial, 175-8, 187-90
semi-annual, 174
variability of biennial, 179, 189-90
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