
Tides of the Earth/M o on

Earth
What causes it? Luni-
How is it? Time varying
How much does it vary? (peak-to-peak)

Gravity tide ~ 0.24 mgal
Deflection of the vertical ~ 0.05’’

Most important freqency? ~1/2 day
How to measure? Gravity, Tide Gauge,
Extenso m eter, Tiltmeter

M o on
What causes it? Geo-
How is it? Constant 
How much does it vary?
Gravity tide ~ 1 mgal
Deflection of the vertical~ 1.0’’

Most important freqency? ~1 month
How to measure? LLR, Satellite orbit,
Deflection of vertical (ILO M)



Optical Libration of the M o on

Libration in longitude
~ ± 8°

Libration in latitude
± 6.68°

Distance change



Diminishing factors in tidal measurem e nDiminishing factors in tidal measurem e n

Tide gauge

Gravim eter

Tiltmeter

Telescope

Photo Zenith Tube

D = 1 + k2 − h2 k2, h2 : Love nu m b ers

G = 1 − 3/2 k2 + h2

Sa me as tide gauge

L = h2 − l2 l2 : Shida nu m ber

L = 1 + k2 − l2

k2h2k2 



M ethod
In-situ
Absolute (pendulu m, free fall)
Relative (cryogenic, spring, etc.)

Satellite
Direct tracking (Doppler, VLBI)
Satellite-to-satellite tracking 

Gradiometry (GOCE), 

Interest
Spatial variation (roving)

M e asurem e nt of Gravity FieldM e asurem e nt of Gravity Field
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Factors
D = 1 + k − h      G = 1 − 3/2 k + h      L = 1 + k − l 

TIDE



TerrestrialTerrestrial TidesTides

SolarSolar TidesTides


