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How to study the effect of the Sun or the Moon’s gravity on ocean motion? Of 
course, Newton’s gravity should be considered. However, Newton’s law consid-
ers the Earth as a 0-D point, the ocean motion inside of a 0-D point of the Earth 
is negative 3-D, and Newton’s law becomes invalid in a negative space. In order 
to solve the problem, we divide the Earth into two parts, one part is the studied 
ocean, the other is the left Earth without the ocean. A mechanics model can be 
then established for the 0-D ocean dynamics.  
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Introduction 

The ocean motion is extremely complex [1], it is affected by various factors. This 

paper focuses itself on the effect of the Sun and the Moon’s gravities on ocean dynamics. The 

Qianjiang tide [2] occurs from the 16th to 18th of the eighth Chinese lunar month when the 

Earth, the Sun, and the Moon is in a straight line. It is generally considered that the tide is 

produced by the combination of gravitational effect due to the Sun and the Moon and the rota-

tion effect of the Earth and the Moon. 

According to Newton’s law, the gravitational attraction between two bodies can be 

expressed:  

 1 2

2

M M
F G

R
=   (1) 

where M1 and M2 are masses for the two bodies and R – the distance. Equation (1) considers 

the two bodies as 0-D points, that means the Earth is a 0-D point, so the ocean motion, if 

Newton’s law is applied, is of negative 3-D [3-8]. 

Invalid Newton’s law in a negative space  

Dimension is everything, at different scales, we have different physical laws [9, 10]. 

For example, the ocean motion can be modeled by the continuum mechanics on a large scale, 

but when the scale becomes small and small until to a molecule scale, all laws in continuous 

fluid dynamics becomes invalid, and many phenomena have to be explained in a fractal space, 

where fractal calculus has to be used [11-19].  
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Though the Earth is large enough and can be considered as a 3-D object on any ob-

servation scales, it is a 0-D point with a huge mass according to Newton’s gravity. The water 

in a sea is on the surface of the 0-D Earth is in a negative space when the Earth is considered 

as a point [6-8]. To elucidate this, we first consider the boundary dimensions of an object.  

The boundaries of a 3-D cube, 2-D surface, and a 1-D line have, respectively, 2-di-

mensions, 1-dimension, and zero-dimensions. The boundary dimensions can be easily derived: 

 

3-D (cube) 1 2-D (surface)

2-D (surface) 1 1-D (line)

1-D (line) 1 0-D (point)

− →

− →

− →

  (2) 

Then what is the dimension of the boundary of a 0-D point? According to the deri-

vation, the boundary of the 0-D point is negative one dimension:  

 0-D (point) 1 1-D (negative space)− → −   (3) 

Continuing the derivation, we have the negative three-dimensions in a 0-D point.  

If the Earth is considered as a 0-D point, the 3-D ocean motion on any observation 

scales is negative 3-D in view of Newton’s law, which cannot be directly applied to a negative 

space.  

Effect of the Sun and the Moon’s gravities  

on ocean motion  

In order to apply Newton’s law to studying 

the effects of the Sun and the Moon’s gravities 

on the ocean motion, we must consider the 

studied ocean as a 0-D point, and the other part 

of the Earth is also a 0-D point as illustrated in 

fig. 1.  

The 0-D ocean is attracted by the Earth 

(point B), the Sun and the Moon: 

 Sun sea
S 2

Sun-sea

M M
F G

R
=   (4) 

 Moon sea
M 2

Moon-sea

M M
F G

R
=   (5) 

 Earth sea
E 2

Earth-sea

M M
F G

R
=   (6) 

where MSea is the total mass of the studied 

ocean, MEarth – the mass of the Earth without 

the studied ocean, MSun and MMoon – the masses 

of the Sun and the Moon, respectively. The REarth-sea is the distance between A and B as illus-

trated in fig. 1, RSun-Sea and RMoon-sea
 
are the distances of the Sun and the Moon from the point 

A, respectively.  

 

Figure 1. The Earth system consisting of two 
parts: one is the studied ocean, the other is left 
part without the ocean; O is the center of the 
Earth, A is the mass center of the ocean, and B is 
the mass center of the part without the ocean 
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Ocean dynamics  

In this section, we use the variational principle [20-23] to establish a mathematical 

model for the point A illustrated in fig. 1.  

The potentials acted by the Sun, the Moon and the Earth without the studied ocean 

can be expressed, respectively: 

 Sun sea
S

Sun-sea

M M
E G

R
= −   (7) 

 Moon sea
M

Moon-sea

M M
E G

R
= −   (8) 

 Earth sea
E

Earth-sea

M M
E G

R
= −   (9) 

The kinetic energy consists of three parts: the ocean’s kinetic energy, 1/2Mseau
2, the 

kinetic energy due to Earth’s self-rotation, 1/2JEarthω
2, and the kinetic energy due to Earth’s 

rotation around the Sun 1/2JSunΩ
2: 

 
2 2 2

Sea Earth Sun

1 1 1
+

2 2 2
K M u J J = +   (10) 

where u is total velocity of the point A in fig. 1, JEarth and JSun – the rotational inertias of 

Earth’s self-rotation with frequency of w, and Earth’s rotation around the Sun with frequency 

of W, respectively.  

The Lagrange function can be easily obtained: 

 
2 2 2 Sun sea Moon sea Earth sea

sea Earth Sun

Sun-sea Moon-sea Earth-sea

1 1 1
+ + + + +

2 2 2

M M M M M M
L M u J J G G G

R R R
=    (11) 

We can use spherical co-ordinates (r, q, f) to derive the governing equations:  

 0
L L

r t r

   
− = 

   
  (12) 

 0
L L

t 

   
− = 

   
  (13) 

 

0
L L

t 

   
− =    

  (14) 

 
We obtain a coupled non-linear vibration system, which can be solved by various 

analytical methods [24-38]. 
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Conclusions  

Newton’s gravity due to the Sun or the Moon will greatly affect the ocean motion. In 

this paper, for the first time ever, we consider the studied ocean as a 0-D point, so that New-

ton’s gravity can be effectively applied.  

According to Newton’s gravity, the Moon’s attraction to the sea water is almost 

twice of that from the Sun. As a preliminary study, the Sun’s effect can be ignored. On the 

other hand, if the effects of wind and water temperature are considered, the model will be 

much more perfect though it becomes much more complex.  

The following conclusions are made:  

• The Earth is divided into two parts, one part is the studied ocean, the other is the left 

Earth without the ocean. 

• The whole studied ocean is considered as a 0-D point so that Newton’s gravity can be ap-

plied.  

• A 0-D ocean dynamics is preliminary established by the variational principle.  

When the frequency of the ocean vibration is closed to that of the Earth’s rotation, 

orbital frequencies of the Earth and the Moon’s motions, tsunami-like waves [12, 17, 34] can 

be predicted due to the resonance.  
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