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Abstract

The following theoretical findings are the complement of my paper “On the Tides' paradox”. Here, I calculate the
origin of the main sea currents in the equator's region that rotate counter-clockwise against the Earth's spin, and
that cause on their turn the flows in the northern and southern hemisphere.
Th documentary “An inconvenient truth” of Al Gore and similar information from other scientific sources suggest
that the melting down of the ice reserves of Greenland and the North of the American continent could occasion the
ceasing of the main current, called “great conveyor belt”, between the warm Indian Ocean and the North Sea
(North-Atlantic ocean). As a result, there would begin a short-time ice age period. 
In this paper I would like to discuss this issue scientifically.  I come to the evident conclusion that the “great
conveyor belt” will not stop at all, even in the worst case. At the contrary, it will help shorten the ice age period
significantly.

1. Multiple effects generating ocean tides.

The calculation of the tides in my paper  “On the Tides'  paradox” was based on the expansion of the basic
gravitational potential in a Legendre polynomial. (Unlike the former paper, we use the notation G instead of g for
the universal gravitation constant.)

Fig.1.1:  The attraction of a point of the sea by the Moon or the Sun.

The basic relationship for the gravitational potential VCel between a point on the Earth surface (sea) and a celestial
body (distance r1) is given by:

(1.1)
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where M is the mass of the celestial body. Equation (1.1) can be expanded to a Legendre polynomial (see “On the
Tides' paradox”) in terms of  r/R :

(1.2)

We saw also that the first term exactly compensates the 'centrifugal force' of the Earth, assuming that the velocity
of the point P of the sea equals the orbital velocity of the Earth's centre vc . (Notice that I put 'centrifugal force' between
brackets because it is not actually a force. In fact, it doesn't exist at all. It only is an unhappy name to express the resistance to the change of
direction of an object undergoing an action from a radial force. This resistance is originated by the inertia of masses.)

Further, the third term is too small to have any substantial effect at all. Only the second term shows a dependency
on the angle j   and is large enough to have an influence to the motion of the seas.

In reality, the seas are spinning together with the Earth in such way, that for every angle  j  , we get another
velocity. For the Earth's side close to the celestial body, this velocity goes against the Earth's orbital velocity and
for the Earth's side away from the celestial body, this velocity goes with the Earth's orbital velocity. Thus, we have
a few problems to cope with and we will need to handle them one by one.

2. Consequences of the first term of equation (1.2).

2.1. Global equilibrium between the attraction force and the 'centrifugal force'.

When the quotient between the influence of the Sun versus the Moon was calculated by the mainstream scientists,
it resulted that the Sun's influence is 0.46051 times that of the Moon.

However, that was done in the assumption that the first term of (1.2) was fully compensated by the so-called
centrifugal force. In reality, this is indeed the case since the Moon as well orbits about the barycentre of the Earth-
Moon system. A total equilibrium state is found for the first term of (1.2).

Fig.2.1:  The attraction by the Moon of the first term of (1.2) compensate with the 
centrifugal force of the Earth-Moon system.

The value for  rb  can be found via the balance � � � 	
 � �= (2.1)

where the suffix ' E ' stands for Earth and ' M ' for Moon.

The velocity of the Earth about the barycentre is found out of the angular velocity w  of the system Earth-Moon
(one lunar month) : � �
 �


= w (2.2)
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2.2. Local disequilibrium between the Moon's attraction force and the 'centrifugal force' of the water.

Besides the Earth-Moon system global equilibrium, the Moon stills attract the seas. However, this doesn't result in
a particular steady flow. The calculation of it shows that this effect is small and does not directly affecting our
reasoning.

2.3. The first term of (1.2) , the Moon and the equatorial flux.

Besides the fact that equation (1.2) is responsible
for  the  bulges  of  the  oceans  and  the  seas,  it
generates another phenomena, which is due to the
Moon's  attraction  force  gradient  upon  the
equatorial waters.

The barycentre B is the centre of the Earth-Moon
system.  The  rotation  of  the  Earth  about  the
barycentre is generating an extra spin besides the
Earth's own spin. The four points Q on the fig.2.3
show the  corresponding velocities  of  the  waters
(blue arrow). There is an acceleration from  Q1 to
Q2 and  a  deceleration  from  Q3 to   Q4 .  The
horizontal component of the water of the oceans
cannot follow these motions because they are not
physically bound with the Earth. The water stays
behind,  as shown in fig.  2.4.  ,  especially  in the
region of the equator, where the Earth's spin is the
largest.

Fig.2.3. Equatorial flows.

Fig.2.4: The Pacific Ocean shows that at the equator level, the water is running behind in relation to the spin of the Earth. 
This is due to an asymmetric acceleration of the Earth about its barycentre.

The difference of velocities  Q1 and  Q3 can also be seen as originated by the gradient of the Moon's gravitation,
what generally is named by the confusing term “(celestial) tides effect”. This effect is at the origin of crashed
planets when they come in an orbit that is too close to heavy stars. 

The counter current that we find at the equatorial level is the one that is needed to close the water circulation,
since the land is completely obstructing the water at some places at the equator-level.
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3. Consequences of the second term  of equation (1.2).

The second term of (1.2) , the spin of the Earth and the Coriolis force.

The  second  term  is  dependent  from  the  angle  j  and  is  responsible  for  the  motion  of  the  oceans  :

-
� � �

	 � 
�� j  . The corresponding force has been found in equation (4.8) of  “On the Tides' paradox” and

equals to :

(3.1)

Fig.3.1: The horizontal displacement of the seas, due to the Moon or the Sun. The barycentre of the Earth-Moon system  is  rb .
The force F2(H) refers to the horizontal component of the second term of equation (1.2).

This force induces an acceleration as of the seas towards the equatorial area forming a bulge at the Moon-side (or
the Sun-side) but also at the opposite side of the Earth. These bulges are static in relation to the Earth-Moon
system (or the system Earth-Sun), what means that there are no absolute flows related to it in relation to the Moon
(or the Sun). Only the spin of the Earth is causing that the bulges locally create tides because the land and the seas
spin, while the bulges remain on the axis Earth-Moon (or the axis Earth-Sun).  

Fig.3.2: The North and South Equatorial Currents are flowing the same way than the relative 
direction of the bulges in relation to the absolute spin direction of the Earth. 
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Remark that  only the upper few meters on top of the bulge really  matter.  De rest of the water  is  relatively
untouched by the bulge displacement. Of course, when land is hit, that superior part of the oceans will be deflected
following the most convenient direction at that place. 

The static position of the bulges in relation to the Earth-Moon system or Earth-Sun system implies that we cannot
expect a global Coriolis effect because there is no global north-(or south)-to-equator motion (or vice-versa) of the
seas. Locally however, while the Earth is spinning and the bulges are (relatively) moving from place to place,
water is moving along the land and indeed this motion generates Coriolis rotation if a vector component of the
water travels north-(or south)-to-equator or vice-versa.

Fig.3.3: The North and South Equatorial Currents cause the circulation of water in very large areas, due to the Coriolis force
upon the flows that are going from North (South) to the equator and vice-versa. Remark that the latitude of the vortices is
mainly around 45°, there where the Coriolis forces have the largest impact.

Since (3.1) changes sign when j   > 90°, but b  remains positive, there is a small difference between the size of the

bulges at both sides of the Earth. The Moon-side is slightly larger. For the Sun, b  is almost zero, and both bulges
are nearly identical. The dependence of the season (inclination of the Earth axis) is of importance as well, but in
our equations, we supposed it to be zero. The cyclic change only displaces the reference latitude (equator) more to
the north or to the south, depending from the month in the year.

4. The great oceans conveyor belt.

The ocean flows shown in fig.3.3 show mainly the surface currents of the seas. However, there is a circulation that
is as global as the whole Earth : the so-called conveyor belt. In fig.4.1 we see how the currents looks like. The
water from the warm Indian Ocean has a lower density and floats near the surface, then travels by the gravitation
effects explained above to the North-Atlantic Ocean, where it warms up the West-European coast.

Fig. 4.1 : The great oceans conveyor
belt. Red flows are warm and lighter;
violet flows are cold and heavier; white
flows are transitions.
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After that, the water is cooled down in the North, near Greenland, flows downwards in lower waters, due to its
higher density and finishes the circulation back to the Indian Ocean.

5. Why the great oceans conveyor belt will not stop even if ice-caps melt down.

When the ice on Greenland would melt due to the climat
change (increase of global  temperature)  ,  several  authors
suggest that the conveyor belt would stop functioning. 

At the first place, the study above shows that the conveyor
belt is not a matter of currents by temperature differences. It
really is a mechanical engine, based on gravitation and spin.

If the northern seas would become much colder due to the
presence of melted ice and ice rocks, this would cool down
the land near Canada and the north-east coast of the United
States. The whole conveyor belt will finally cool down as
well during several years, but the flow will not stop.
After  ten or twenty years,  the Indian Ocean has gathered
enough heat  to melt  down the ice entirely,  thereafter  the
warming-up comes back very quickly. 

Fig.5.1: The conveyor belt (part).
We see that the beneficial effect of the conveyor belt for the 
North-Atlantic Ocean could dangerously collapse for a while without any fatal issue on the long term.

6. Discussion and conclusion. 

The first term of the Legendre polynomial is ruling the sea-flows, mainly at the equatorial zone of the Earth. Only
the Moon causes this phenomena, because the seas run irregularly behind the Earth's spin about its barycentre. 
The so-called main conveyor belt, which sends water-currents from the Asian oceans to the Atlantic Ocean via the
equator from east to west is caused by the counter-clockwise motion of the seas against the Earth's spin. The map
on ocean currents of reference [3]  shows that most of the currents are indeed equatorial and counter-clockwise.
Due to the Earth's tilt, the symmetry is slightly unbalanced: the largest flows will occur in summer and the smallest
flows in winter. Due to that tilt of 23°, there will also occur Coriolis forces on the component of the seas' velocity
that follows longitudinal paths.
The counter-clockwise flow velocity should not been mixed-up with the flood velocities that occur locally, and
strongly depend from the shape of the sea bottom and of the surrounding land. The counter-clockwise rotational
velocity is indeed also influenced by the possible obstruction of land, but the velocity effect should be considered
at the globes' level. The land obstruction is responsible for the large curves that the ocean flows make to the
northern and the southern part of the globe. As soon as the flow deviates from the equatorial path, Coriolis forces
get into action and produce these flows along the sea coasts. These flows are back-flows.

The second term is responsible for the classical tides, and makes the Moon's influence more important than the
Sun's, by a factor of (roughly) two. The tides are cycles of about 12 hours, due to the symmetric bulges at the
opposite sides of the Earth, along the axis Earth-Moon and Earth-Sun. Is is clear that the third and the following
terms are insignificant to tides.
Very important is the conclusion that, since the first term compensates the centrifugal force, at the exception of the
seas and oceans, the second term has absolutely nothing to do with centrifugal nor centripetal forces. It does not
compensate them, it does not overrule them. The second term just exist as it is, and originates the Coriolis large
circular motions and some more local vortices. Many publications on tides violate this conclusion.
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