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Lecure 3 220118 

The tidal field on the Earth due to the Moon 

 

 

 

Where we have applied the Taylor expansion (1.25B) to 2. Order in p. The potential at a point A on 

the surface of the Earth in the gravitational field of the Moon is 

 

The first term, C

Gm
V

R
  , is the potential in the gravitational field of the Moon 

at the center, C, of the Earth.  

The second term, 
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    , is the difference of the potential 

at C and A in the gravitational field of the Moon if one neglects the 

inhomogeneity in the Moon’s field at the Earth. Hence the sum of the first two 

terms is then the potential at A in the gravitational field of the Moon. 
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This means that the third term, 

, 

is the difference between the potential at A in the Moon’s gravitational field if 
the field is considered homogeneous with the value at the center of the Earth, 
and the actual potential at A. This difference is due to the inhomogeneity of the 
gravitational field of the Moon at the Earth, i. e. it is due to the tidal 
gravitational field. It is therefore called the tidal potential at A.  

The height difference, h , between flood and ebb due to the Moon’s tidal field 
is given by 

   0 / 2t tg h V V     

where  t tV V  , and g is the acceleration of gravity at the surface of the 

Earth. This gives 
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The tidal acceleration field (red) at the surface of the Earth due to the Moon is the 
acceleration of gravity at the surface (black) of the Earth minus the acceleration of gravity at 

the center (green) of the Earth in the Moon’s gravitational field. 
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Einstein assumed the general validity of Eq.(1.36) and considered it a consequence of a 

principle which he called the principle of equivalence and which became one of the 

foundational principles of the general theory of relativity. 
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      In the general theory of relativity gravitation is not considered to be a force. Instead one 

talks about gravitational acceleration. A gravitational field is an acceleration field, meaning 

that there is an acceleration of gravity at every point in a gravitational field. 

   It is important to designate between local and non-local aspects of a gravitational field. 

Here “local” means that the extension in space and time is so small that tidal effects cannot 

be measured. In this sense a gravitational field is locally homogeneous corresponding to the 

statement that spacetime is locally flat. 

   Tidal effects are due to the inhomogeneity in a gravitational field. In this sense it 

represents a non-local effect. One can show that tidal effects in Newton’s theory correspond 

to spacetime curvature in Einstein’s theory. 

   Experiencing acceleration of gravity has a local character. It has nothing to do with 

spacetime curvature. In general one experiences acceleration of gravity when one is not in 

an inertial frame, i.e. when one is not in a freely falling, nonrotating frame.  


