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Abstract— Why is the Earth always stable and
in dynamic equilibrium on its orbit?

Vibration caused by mass imbalance is a
common problem in rotating bodies like wheels
and rotating machines. It's an important
engineering problem to eliminate the vibrations of
a rotating body. Imbalance occurs when the
principal axis of the body's inertia is not aligned
with its geometric axis. The Qur'an talks about
mountains and their usefulness several times over
1400 years ago. It presents them as stabilizing
pegs and anchors that ensure the dynamic
equilibrium of the Earth's globe and its stability.
This role isn't explained, although mountains are
said to play an important role in this regard. The
Qur'an says that it is a great role, greater than the
role of stopping the movement of tectonic plates.
If the mountains were made like pegs and
anchors, it is to ensure the dynamic equilibrium of
the Earth's globe, not to stop parts of the Earth as
in the theory of plate tectonics. Therefore, the goal
of this work is to show how mountains stabilize
the Earth's rotation. This is a physical
phenomenon that, until now, imperceptible to
humans. This work is an introduction to highlight
the role of mountains stabilizing corrective
weights of the Earth's globe motion.
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I.  INTRODUCTION

The Earth's rotation is a fascinating subject that
has long attracted the interest of scientists in various
fields, including geologists, geodesists, geophysicists,
and astronauts. The main studies of the Earth's
rotation focus on the study of changes in angular
velocity, the determination of the variation of the
length of day (LOD), the flattening, and the tilt of the
Earth's spin axis relative to the ecliptic plane. The
factors that have been most extensively studied about
the Earth's rotation include both oceanic and solid
tides, atmospheric wind, solar wind, ocean movement,
plate motion, earthquakes, and all anthropogenic
activities that contribute to global climate change.
Research on the effects of these factors on Earth's
rotation often uses the tensor of inertia and the
conservation of angular momentum theorem to
analyze changes. The Euler-Liouville equation is used
to describe the Earth's rotation, with the moment of
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inertia tensor playing a key role [2]. Changes in the
Earth's mass distribution, resulting from any process
like the melting of ice due to global warming, alter its
moment of inertia tensor and thereby affect its
rotational motion. Nevertheless, studying the physical
mechanisms associated with the Earth's rotation helps
us understand the complicated geophysical
phenomena that govern its motion, and developing
effective strategies to control and predict the Earth's
motion requires this knowledge. Research in this field
is crucial for developing related scientific disciplines
and generating new ideas for research advances and
science fiction topics.

Il. THE ROLE OF THE MOUNTAINS

Mountains may appear motionless, but they're in
constant motion due to the Earth's rotation around
itself. The mountains at the Earth's equator, for
example, move at a tangential speed of about 1672.5
km/h due to the Earth's rotation. Mountains between
the equator and the Earth's rotational axis move at
different speeds, but all their speeds are less or equal
to the value of 672.5 km/h. A stunning effect is that
mountains appear as if they are motionless for us but
in reality, they move at the speed of clouds and some
airplanes [3] due to the Earth’s rotation. These
movements are governed, to a first approximation, by
the laws of classical mechanics of the material point.
The purpose of this study is to show that mountains
are pegs and anchors stabilizers that stabilize the
Earth’s rotational motion. In this paper, we will show
that the real function of mountains as corrective
masses is to regulate the Earth's motion. We have
come to this conclusion because the Qur'an mentions
this role several times. Therefore, the other roles
should be considered minor. This underscores the
significance of mountains in the grand scheme.

I1l. OBJECTIVES AND RESULTS

This study aims to discover the effect of mountains
as pegs and anchors stabilizers on the Earth's rotation
motion. The application of Newton's laws to the forces
acting on a physical system of the mountain leads us
to find out the equation of the rotation of the Earth.
Solving this equation we found that the angular
acceleration oscillates with an amplitude of ~ 3.95 x
10! rad.s[4]. The analysis of the results we
obtained shows that a single mountain, if it existed
alone, would destabilize the Earth and hide all the
effects of the tides on the rotation of the Earth causing
it to shake. What prevents us from seeing this kind of
shaking is the fact that the mountains that exist on
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Earth are numerous and properly and fairly distributed
in relation to each other, although they seem to have
been randomly anchored into the earth's crust to act
as stabilizers. There are several thousand mountains
and seamounts on the globe, and the Earth's crust
also contains many other irregularities. Thus, the
effects of the mountains and anomalies and their
antipode anomalies on the Earth's motion cancel out
each other, and thus its stability is constantly
maintained. If it weren't for the mountains, the Earth
would have been vibrating from the very beginning of
its existence and thus would have long since deviated
from its orbit. Ultimately, mountains are to the Earth
what counterbalancing small corrective masses are to
rotating bodies like vehicle wheels: they stabilize the
Earth's rotation. Without mountains, the vibrations of
the Earth can cause catastrophic failure, as well as
noise and discomfort because the entire Earth's globe
will vibrate, and sway (i.e. move away) with us. Thus,
the mountains are stabilizing pegs that stabilize the
Earth's rotation motion while swimming along its
helical trajectory following the Sun through space.

The Qur'an presents the mountains as stabilizing
pegs and anchors that ensure the dynamic equilibrium
of the whole globe and therefore ensure its stability,
but it has not been mentioned anywhere in the Qur'an
how they function to accomplish this extremely
important role. In fact, according to the Qur'an, the
role that mountains play as stabilizing pegs should
normally be great, miraculous, incredible, and even
very great, far more important than the small role of
stopping the movement of tectonic plates. If the
mountains are made like pegs, it is to ensure the
equilibrium of the whole planet Earth, not to stop parts
of the Earth as in the theory of plate tectonics. That is
why most of a mountain is embedded in the earth's
crust. This means that when the Earth was created
4.5 billion years ago, it was initially created without
mountains, that is, it was created unbalanced without
corrective small masses; and it began to vibrate, tilting
to the right and left, moving forward and backward,
vibrating in all directions. These disturbances made
the Earth's globe shake and tremble, and it did not
allow anyone to stabilize on its back. As a result, life
on the Earth was impossible in the beginning. Then
mountains were created, and the Earth was anchored
by mountains, that is, from the moment the mountains
were created and returned to the right places on the
Earth's crust, surprisingly, the disturbances were
pretty much gone, and at the same time, the Earth
was stabilized under their force, like a tent that's
stabilized by stakes. This is a reality that is impossible
for human beings to perceive without the
advancement of science in the last centuries of our
era, although it was mentioned in the Qur'an more
than 1400 years ago.

The obijective of this work is to show that the main
role of mountains is to regulate and stabilize the
movement of the Earth's globe as corrective small
masses.

IV. MOUNTAINS AS STABILIZERS FOR THE EARTH FROM
THE PERSPECTIVE OF THE QURAN

This research grew out of an idea inspired by
several verses in the Qur'an that mention mountains
as stabilizers of the Earth's globe. The Qur'an, the
holy book read daily by 2.5 billion Muslims worldwide,
says that mountains were originally created by God to
stabilize the Earth's globe and keep it from vibrating.
Specifically, the Quran mentions mountains in two
different Arabic keywords, "jibal", which is mentioned
39 times, and "rawasiya", which is mentioned 10
times. In the light of these verses [1], God Almighty
says regarding the role of mountains on Earth’s globe:

1. And He is the One Who has spread out the earth
and made therein firm mountains (as stabilizers)
and rivers, . .. (The Qur'an, 13:3)

2. And the earth — We have spread it and cast
therein firmly set mountains (as stabilizers), (The
Qur’an, 15:19)

3. And He has cast into the earth firm mountains (as
stabilizers), lest it should vibrate/sway (i.e., it
move away) with you, ... » (The Quran, 16:15)

4. And We have made firm mountains (as stabilizers)
in the earth, lest it should oscillate/sway with
them, ... (The Quran, 21:31)

5. And you see the mountains, thinking them
motionless, while they pass as the passing of the
clouds, . .. (The Quran, 27:88)

6. He has created the heavens without any pillars
that you may see, and has cast firm mountains in
the earth, lest it should sway (it move away) with
you,... (The Qur’an, 31:10)

7. And He set in the earth firmly set mountains over
its surface, . . . (The Qur’an, 41:10)

8. And the earth — We spread it out and cast therein
firmly set mountains and caused to grow therein
every kind of delightful thing. (The Qur’an, 50:7)

9. Have We not made the earth as a bed, and the
mountains as pegs? (The Qur’an, 78:6-7).

Note: In this verse, the used interrogative is mean
as an affirmative.

10. And the mountains He anchored firmly (as
stabilizers). (The Quran, 79:32)

11. And We made in it (i.e., in the Earth) lofty firm
mountains and provided you with sweet water to
drink. (The Quran, 77:27)

As can be seen, the Qur'an mentions mountains
as the pegs, stakes, and anchors that stabilize the
Earth's rotational motion. The key word mentioned in
the Qur'an to describe the formation of mountains is
"alga" in Arabic, which means to throw, to cast, and to
bring mountains into existence.

According to verses 13:3, 15:19, 16:15, 21:31,
27:88, 31:10, 41:10, 50:7, 77:27, 78:6-7, and 79:32 of
the Quran, the Earth was "spread out” and the
mountains served as stabilizers of the Earth.
Accordingly, the Qur'an says that the mountains are
pegs, stakes, and anchors of the Earth’s globe. God
has never said in the Qur'an that mountains have
roots; rather, He says that mountains are pegs,
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anchors as stabilizers of the Earth's globe, like the
stakes for a tent.

According to the theories of Isostasy [5-6],
Continental drift [7-9], and Plate tectonics; and since
the continents move and drift relative to each other,
one can believe that the role of the mountains as pegs
is to stop the movement of the tectonic plates, or at
least to slow it down so that they do not move more,
and thus avoid shaking [10-11]. When these theories
tell us that the tectonic plates are moving, we say yes,
they are; they are moving, and seismological stations
record their movement every day. When they move
more, earthquakes occur. The problem, however, is
that the mountains themselves aren't immobile as we
thought; in fact, they move along with the Earth's crust
by a few centimeters per year, depending on their
continent. This is because the Earth's crust floats on a
molten layer, which means that if the crust moves, the
mountain will also move. However, the mountains
have been there since the beginning of time 4.5 billion
years ago, so they have already been created; and
these theories are provisional and therefore may
disappear in the future. The data in the Qur'an allow
us to understand that the main role of the mountains
is not only to stop the continental plates from moving
or to limit their movements; the real role of the
mountains is much greater than that; their role is to
stabilize the motion of the of the entire globe. The
Quran clearly states that the consequences of an
Earth without mountains are described by the Arabic
word "an tameeda bikum," which translates as "lest it
shakes with you". Contrary to some translations of the
cited Quranic verses, mountains do not prevent the
Earth from shaking. God never says the word "shake"
or "tremble" in these Qur'anic verses [1]. Furthermore,
mountains do not prevent earthquakes or reduce their
strength. That is, mountains do not prevent
earthquakes from occurring, because earthquakes
often occur in mountainous regions [12-14]. In
general, earthquake occurs in a limited area around
the epicenter, which means that earthquakes affect
only very limited regions or some parts of the Earth's
globe like the powerful 7.7-magnitude Myanmar
(Burma) and Thailand earthquake of March 28; 2025.
The Arabic phonetic keywords "waalga fee al-ardi
rawasiya an tameeda bikum" mentioned in the Qur'an
are much broader because the subsequent reaction
which is "an tameeda bikum" affects the entire globe
and not just one of its regions or parts. This means
that the phrase "an tameeda bikum" in the Qur'an has
nothing to do with tremors known to man. Rather,
mountains like seamounts act as corrective masses
that balance the total moment of inertia of the globe
so that the Earth's globe does not vibrate or sway and
move away.

V. THE MOUNTAINS IN SCIENCE
In 1865, Delaunay published an article on "The

effect of the Tides on the Earth's rotation" in which he
showed that the cause of the deceleration of the

Earth's rotation was the friction of the tides on the
oceanic crust [15]. The hypothesis of Tides slowing
down the Earth's rotation was also mentioned by Kant
in 1754, more than a century before Delaunay [16].
According to Kant, tides exert a slowing friction on the
Earth's rotation due to the irregularities of the ocean
seabed, principally islands and cliffs. In 1912,
Wegener proposed the hypothesis of "continental
drift'[7]. In 1915, he published "The Origin of
Continents and Oceans" [8-9]. He exhibited a theory
based on a new conception of the terrestrial globe: the
continents, floating on a more fluid layer, are mobile
on the surface of the globe. United into a
supercontinent, the continental masses are separated
by the interplay of fractures that become oceans, the
continents will drift to their current position; the
mountains are thus formed. In their books published
between 1920 and 1970, Wegener et al. relied on a
thin, dense ocean crust and less dense mountains
with deep roots to support the theory of continental
drift. They also postulated the permanence of the
continental drift movement, where the location is not
permanently fixed, but this phenomenon occurs over a
geological time scale.

Today, plate tectonic models, and geophysical and
GPS satellite measurements seem to confirm
Wegener's theory. On the contrary, modern
geosciences have proven that mountains have deep
roots below the surface and that these roots can
reach several times their height above the surface.
Thus, the appropriate keyword to describe mountains
on the basis of this knowledge is the keyword "root,"
since most of a properly placed root is hidden beneath
the surface of the ground. The theory that mountains
have deep roots was introduced in the second half of
the nineteenth century [17]. The Airy and Pratt models
of isostasy are commonly used to explain the
formation of mountains [18]. The Airy model of
isostasy tells us that mountains have deep roots
below the surface of the ground and that these roots
can reach several times their height above the surface
of the ground, e.g. Frank Press says in his book
entitled "Earth" [19] that mountains have deep roots.
Also, mountains have deep roots are mentioned again
in the Hicks' book [20]. This can also be found in
many other sources. These roots are deeply
embedded in the earth's crust, which is why
mountains have the shape of pegs.

Moreover, the modern theory of plate tectonics
also states that mountains have deep roots and play
an important role in stabilizing the Earth's crust [21]
because they interfere with the shaking of the Earth.
This is also found in many other bibliographic sources
[22-23]. In particular, Airy estimated that the density of
the crust is largely the same in all continental regions
and therefore concluded that topographically higher
regions must be compensated by crustal roots at
depth. Seismic studies in many mountain belts show
that most regions of high surface elevation are indeed
compensated by significant deep roots. So many
bibliographic resources rightly talk about mountain
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roots providing balance and stability to the Earth's
lithosphere.

Regarding the nomenclature of mountains as pegs
rather than roots, it is clear that an object cannot
serve as a peg unless it performs the function of a peg
by contributing significantly to the stability of another
object, such as a tent. The term "peg" becomes
superfluous when the object is not used to secure an
animal or stabilize an object. Pegs, stakes, and
anchors are typically made of materials such as
wooden branches, metal rods, concrete, etc. This is
different from the roots that naturally grow at the base
of trees. This distinction explains the Quran's use of
the terms "pegs" and "anchors" to describe mountains
as stabilizers of the entire globe.

VI. EARTH’S TENSOR OF INERTIA

The angular velocity and, consequently, the length
of the day (LOD) of the solid Earth is subject to
change due to the torque generated by forces acting
upon it and due to alterations in the mass distribution
of the Earth's globe [4]. The length of the day (LOD)
can also be determined from the variation of gravity.
Before we proceed, it is necessary to provide a brief
explanation of the Earth's tensor of inertia. The tensor
of inertia is a measure of the mass distribution inside
the Earth. The mass distribution with mountains in the
Earth's crust that we observe today is not the same as
that just after the creation of the Earth 4.5 billion years
ago. Initially, the Earth was formed without mountains
[1]. So the tensor of inertia of the Earth's globe
without mountains had to be very different from that of
an Earth's globe with mountains. Nonetheless, the
mass distribution is not only the solids, it's also the
atmosphere, the terrestrial crust with its mountains,
defects, faults, and mine deposits, the ocean, and the
hydrosphere, as shown in Fig. 1.

It is evident that anomalies and defects exist in the
Earth's crust and the mountains are the corrective
small masses that balance the Earth's anomalies and
defects. Mountains are for the Earth which are
balancing small corrective weights for a vehicle wheel
and rotating machinery. In this regard, an analogy
between the Earth and the wheel of a vehicle is
evident: the Earth's crust is the analog of the tire, the
continental mantle of the Earth and its core are the
analogs of the wheel's rim, and the mountains are the
analog of small wheel balancing masses, and the axis
of rotation of the Earth is the analog of the vehicle
hub. The role of the wheel balancing corrective small
weights is to eliminate vibrations in the vehicle's
wheel. Various forces that perturb the Earth's rotation
[24-25] are analogous to the friction of the wheel with
rolling, asphalt, and air, as shown in Fig. 1.

The study of the Earth always considers mountains
as integrated components of the Earth's crust. We
believe this approach is incorrect. Mountains must be
studied as independent physical systems. The
mountains' effect must be considered along with that
of the tides, the atmosphere, and all other
disturbances. Most studies interested in determining

Fig. 1. Schematic illustrations of the forces that perturb the
Earth’s rotation (from Lambeck, Nature 286, p. 104, 1980)
[24-25, 42]. The core topographic refers to R. Hide's model
of topographic coupling. The beetles refer to T. Gold's
representation of continental drift. Réf. K. Lambeck.

the change in the length of day (LOD) consider the
rotation of the Earth around its axis. These studies
consider the Earth, with its mountains and defects, as
a single physical system, and this assumption is not
correct in our opinion. The angular velocity at which
the Earth rotates, and thus the LOD, changes due to
the action of torques on the Earth and changes in the
Earth's mass distribution. Moment of inertia changes
can be studied using the Earth's tensor of inertia in
both isotropic and anisotropic cases [26].

In principle, the moment of inertia of the Earth's
globe can be calculated with respect to arbitrary axes.
Let X, Y, and Z be the coordinate system with its
origin in the geocentric reference frame, where axis Z
is the orbital axis of the Earth and axis X points to the
prime meridian. Let the Earth's principal moments of
inertia be A, B, and C, and the corresponding principal
axes of inertia be axes a, b, and c. Since the Earth is
not a regular sphere, the inclination of the Earth's
principal axis of rotation (c) with respect to the
perpendicular axis (Z) to the plane of the ecliptic is
equal to ~ 23°26', as shown in Fig. 2 & 3 hereinafter.
So, the Earth’s tensor of inertia that changes in time
can be written as,

_ 11 12 13
It)={1_, |1 | 1
() 21 22 23 1)
|
31 32 33
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Fig. 2. The relationship between the Earth's principal axes (a, b,
¢) and (X, Y, Z) axes system.
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Fig. 3. Exaggerated Earth's elliptical orbit around the Sun,
showing the Aphelion and Perihelion orbital extreme points.
Earth is farthest from the Sun when it is summer in the
Northern Hemisphere.

It should be noted that this matrix has nine
elements, so in fact, it's there are six elements that
are important, we have I, = loq, l13 = lz1, and lx3 = la.
The elements of the moment of inertia |;; (i, j = 1, 2, 3)
are computed by these integral over X, y, z

coordinates where, | - 2, 22ydm »
Ill_'”(x +2%)dm |22=”(x2+zz)dm
yz Xz

and | _[[(2+y2)am ; @and the other elements of the
33 Xy
tensor of inertia are [ [ = [ yadm and
Xy

= [ [ xedm where dm=p(r)dV [27-28], so these are

Xz
the theory about the formula for calculating the tensor
of inertia of the Earth.

In general, the Earth’s tensor of inertia also can be
written in terms of two other tensors as,

| | I c

1 12 13 _ A 0O 11 12 13
|11 |=1()=]0o B of+|c

21 22 23 12 22 723
| 00 C c

| I c. C
31 32 33 e 31 32 33
%/—J

const tensor -
variable tensor

()

It is imperative to understand the connection between
the tensor of inertia and gravity. That's the important
guestion. It is known and proven by Chen et al. [27-

28] that the C,, formula of spherical harmonics of the
gravitational potential is,

C 0" 1+ k2 I(Zz 2 _y2ydm ©)
2MR2

The coefficient k'2 is the second Love number.

So now, that's interesting, we see something in
equation (3) which is very similar to the integral
formula for the tensor of inertia into the equation (1).

Then, this integral relate to the inertia (i, j =1, 2, 3)
elements of order 2 according to,
o1ty
C =@+k,)—|=—=-1
o = (Arke) =1 = . )

MR

The interesting part here is that the second-order
spherical harmonic coefficient of the Earth can be
written in terms of elements of the Earth's tensor of
inertia. If we want to calculate the third one, la3(t) , it's
a function of time, it is changing in time. And solve it
from equation (4), we can simply write the I35(t) axial
element as,

e ool ()
2 1+Kk,

|33(t) = Ill

Cy(t) a second-degree harmonic of the gravitational
potential has a direct relation with the I35(t) axial
element which is the third moment of inertia around
the Z-axis or the third axis. So, if we define the trace
of the matrix in equation (1) will be summation of its
diagonal elements, then we can simplify writing the
axial element Iz3(t) in terms of this trace by adding and
removing the element Is3 into the right side of equation
(5) and making some arrangement calculations, the
third moment of inertia becomes,

C
L,(t) = %Trac{f(t)J—gMRzL(t.) (6)

The Earth's tensor of inertia is decomposed into two
tensors, as shown in eq. (2). If we want to get the
variation of Cas, it's simply we can write C33= 33 — C,
and the constant C goes to the other side. The
variation of this term is constant. Thus, the variation of
the term Cs3 in eq. (2) is a function of the variation of
second-order spherical harmonics Cy(t) as,

1 - 2 AC_(t)
Cy,(t) = §ATrace(I ®)— 3 MR? ﬁ @)
2

So we could find the variation of Cs3 in the variation of
the third moment of inertia ls;. Why it is the third
moment of inertia? The third moment of inertia I3 is a
somehow rotation around the third axis or the rest
rotation axis. If this rotation of rest actually changes,
then the length of day (LOD) also changes. According
to Lambeck [24-25,29], the changes in the length of
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the day, ALOD, in time over the mean length of the
day, LOD, are

ALOD -1 '
A =m3(t):a[Ah3(t)+(l+ k;Jac,m]. @)

m

where o is the mean angular velocity of the Earth,
©=7.292115x10"° rad.s™ [30], Cm is the polar moment
of inertia of the earth’s crust and mantle, and the term
hs(t) is due to motion relative to the rotating reference
frame. After simplification of equation (8), we get

ALOD _ (1, 1:)Cas®) , ANy(t) (9)

LoD C, Co

m

It has proved that the trace is very small. The
variation of the trace is almost zero, i.e. ATrace(I(t))=
0. Thus, the trace is gone in the eq. (7). The, keeping
terms to first order in perturbed quantities, the axial
component Cs3(t) changes into eq. (2) can be written
in the absence of external torques as (e.g., Munk and
MacDonald [31]; Wahr [32]; Barnes et al., 1983 [33]),

ALOD Ah,(t) 2
LOD C,0 3C

|\/|R2AC20 () (10)

m

DOL = 86400 s, C, = 7.1242x10* kg-m?
®=5.292115x10° rad/s, masse of the Earth
M=5.9736x10** kg, R is the radii. And after some
arrangements, we can easily get

ALOD = 9P Ah, (1) +(L+k)wAl__@t)],  (11)
C.wo 7z

m

where the coefficient k; is the Love number;

k’~—0.244 [25]. The change ALOD in the length of the
day is related to m,(t) by ALOD/LOD = — m,(t), LOD is
the nominal length of day of 86400 s, C, is the polar
moment of inertia of the Earth’s crust and mantle, and

the factor of 1+ ké: 0.756 into the eq. (11) accounts

for the yielding of the crust and mantle to imposed
surface loads [26].

Equation (11), which is called here the length of
day equation, will be used to compare the observed
length of day changes with modeled variations
computed using the products of atmospheric and
oceanic general circulation models. The gravitational
potential of the Earth is the result of different
perturbing acceleration phenomena. Therefore, you
have to somehow consider AC,, as the change due to
the gravity, you need to consider the solid tide,
atmospheric pressure, and ocean tides. You have to
calculate these effects and you know how to compute
these things and remove them from the determined
AC,y coefficient. Then what you get is residual is the
corrected one. Then, you will come to the variation of
the length of day ( ALOD). The atmospheric pressure
should be added back because it is some part of this

Earth system. Atmospheric pressure is always around
the Earth but the solid tide is the thing that comes and
goes so there are periodic variations so this is
permanent. The pressure of the mountains that are
firmly fixed to the Earth should be added buck.

It should be noted that without the existence of
mountains on the earth's crust, the Earth's rotation will
deviate strongly from a state of uniform rotation, the
globe will move back and forth around the axis of
rotation (c), causing this axis to vibrate, and it will also
tilt to the right and left around one of its axes A and B,
see Fig. 2 and 3 above. The study of the Earth's
moment of inertia tensor becomes more complex due
to the absence of mountain disturbances. Here we
have deliberately limited ourselves to the ellipse
model to further clarify the effect of the mountains on
the stability of the Earth's motion.

In general, the variation of the LOD can be the
measure of the deceleration of the rotation of the
Earth around its axis (c) due to various disturbances
such as surface pressure due to Earth tides, ocean
tides, ocean currents, atmospheric winds, friction of
ocean water with undersea mountains, climate
change effect, melting of the north pole, etc. These
studies always involve the rotation of the Earth around
a single axis, the axis (c). The role of mountains as
stabilizing anchors of the Earth's rotation has never
been on the agenda. In the studies of the Earth,
mountains have always been confused with the
Earth's crust, even more often they have been
considered as a homogeneous solid body.

The phenomenon that concerns us in this work is
completely different; it involves the vibration of the
Earth in all directions as if it were swaying as if there
were no mountains before the achievement of its
dynamic equilibrium. To understand this, we must be
able to imagine the terrestrial globe with and without
mountains 4.5 billion years ago!

The mountains play the role of stabilizing small
corrective masses of the rotation of the Earth, and to
modulate this crucial role, we can continue the
calculation using a concept similar to the geoid model
[34]. Geophysicists and geodesists generally use the
ellipsoid model [35-36] to study the Earth's globe and
thus avoid the problems of irregularities of the earth's
crust. This makes it easy, for example, to calculate the
elements of the Earth's tensor of inertia. However,
since the Earth's ellipsoid is only strictly valid on a
large scale, it is as smooth as a billiard ball and does
not take into account any irregularities such as
mountains or valleys. From this point of view, the
ellipsoid is the shape closest to the true shape of the
Earth, because the Earth is slightly flattened at the
poles and bulges at the equator [37]. Nevertheless,
the ellipsoid is only a mathematical model, and we
must take into account the real shape of the earth's
crust as it is. Therefore, we should use a concept like
the geoid to see how the Earth behaves without
mountains and with mountains.
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VIl. THE GEOID VERSUS THE ROLE OF THE MOUNTAINS

The aim is to highlight the effect of the existence -
or not- of mountains as stabilizers of the Earth as a
physical system. It is known that the Earth is an oblate
spheroid [37-40]. Moreover, it should be noted that
the greatest difference in height of the solid Earth is
about 11 km (Marianas) + 8 km (Everest) = 20 km.
Compared with 6371 km, the average radius of the
planet seems barely perceptible to the eye, but the
mountains is so important that they stabilize the entire
Earth’s globe. Today, the "real" shape of the Earth is
approximated by the geoid. The geoid is a model of
the global mean sea level that is used to measure
precise surface elevations (z=U/g where U is the
potential and g is the acceleration of gravity, g=9,82
m/s® at Casablanca city) with a high degree of
accuracy. According to an animation published by the
European Space Agency, which simulates the real
shape of the geoid's rotational motion in space [41],
although the geoid appears to have a smooth, regular
shape, this is not the case; it shows how the geoid
represents deviations from the Earth's ellipsoid.
Although it has 'highs' and 'lows', it is a surface of
equal gravitational potential U, as shown in Fig. 4.

Fig. 4. This geoid view is from the video in [41]. Yellow/red
color is where gravity is the strongest and blue is the
weakest. It shows how the geoid represents deviations from
the Earth's ellipsoid. The lighter the area "yellow" would
have a higher elevation than orange or red.

It is evident that the dark deep blue area, which
appears as a hole in Fig. 4 in Sri Lanka, South India,
corresponds to the lowest gravity on the globe.
However, the geoid is a surface where the
gravitational potential, denoted U, is the same
everywhere, see Fig. 5. It best corresponds to the
mean sea level. Place a ball anywhere on the geoid
surface and it will not roll. The irregular shape of the
geoid shows that the density of the Earth is not
uniform; it is unevenly distributed both on the surface

and in the volume, meaning that some areas of the
planet experience a greater gravitational "pull" than
others. The Earth's gravity varies in different areas of
the planet because of the different densities of the
various materials that make up the planet. Much of
this mass is in a state of flux, and the geoid can
change over geologic time scales. Because of these
variations in gravitational force, the height, N, of
different parts of the geoid is constantly changing,
moving up and down in response to gravity, as shown
in the rotating geoid in the animation in Ref. [41].

The geoid has an irregular shape with a wavy
appearance; there are elevations in some areas and
valleys in others. The colors of the image in Fig. 4
represent the height of the geoid surface above or
below the WGS84 ellipsoid surface. Red is high, blue
is low. When we measure heights, they must be
relative to some zero level, usually sea level; but even
sea level can change. The geoid is a global height
plane that approximates sea level throughout the
planet. The geoid, as measured by satellites, makes it
possible to distinguish the flattening of the Earth, the
equatorial ridge, the undulations of the geoid, and the
shape the Earth would have if it were uniformly
covered by oceans at rest.

Figures 6 and 7 show possible shapes of the
terrestrial globe and equipotential surfaces of the
geoid on a large scale. In Fig. 6, points A and B are
on two different equipotential surfaces, i.e. they are
not at the same height, since one has to work against
gravity to move from point A to point B. On the
contrary, points A and C are on the same
equipotential surface. If an object were placed on the
geoid at any two points A or C, it would not move.

n Earth’s surface

R

Ellipseid
A\

Fig. 5. Earth’s surface, sphere, ellipsoid, and geoid on a
large scale.

As for the causes of geoid elevations, there must
be lateral variations in the density of the Earth. The
presence of a local excess of mass at a point above
the reference ellipsoid, especially mountains, as
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shown in Fig. 8, must warp the surface outward to
keep the total gravitational potential constant.
Variations in geoid height, N, relative to a reference
ellipsoid represent undulations that vary by
about £100 m. For comparison, the contribution of
changes in continental water stocks at geoid height,
N, is only a few centimeters. A trough especially the
valleys, leads to a geoid lowering, see Fig. 8. And, at
a smaller scale, there is topography — mountains
have more mass than a valley and thus the pull of
gravity is regionally stronger at mountains.

Fig. 6. The dashed lines represent the large-scale
equipotential surfaces of the Earth's gravity. The
equipotential surface coinciding with the mean sea level is
the geoid [42-44].

Deflection

ofthe - Mountains
vertical

P N
Details

\
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(@) Large-scale depiction.

Mountain Rock surfacs
H
Gaeid

— .\.
= o o ‘\
/ {/"/ = Ellipsoid e
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(b) Smaller scale details.

Fig. 7. Shapes of the Earth’s surface, the geoid surface, and
ellipsoid surface reference. Variations in geoid height, N,
relative to a reference ellipsoid represent undulations.

Mountains

Ellipsoid surface

Roots of the

mountains

Fig. 8. On the left, mass excess (mountains and their roots)
on the reference ellipsoid surface. On the right, mass defect
(valleys) beneath the reference ellipsoid surface.

Also, the presence of a high-density mass below
the ellipsoid surface reference, such as the roots of
mountains, deposits of mine such as iron mines, etc.,
causes an elevation of the geoid. On the contrary, a
hollow of lower density, e.g. the dark deep blue area
appearing as a hole in Sri Lanka, South India in Fig. 4,
or the Canadian shield level, causes a lowering of the
geoid. As we can see, the geoid is the irregularly
shaped "ball" that scientists use to more accurately
calculate the depth of earthquakes or other deep
objects beneath the Earth's surface. Satellites such as
GRACE and LAGEOS are widely used to measure the
temporal variations of the geoid.

If the globe were a perfect sphere, then
calculations of depth and distances would be easy
because we know the equations for these calculations
on a sphere. However, the Earth is more like an
ellipsoid. Ellipsoid calculations aren't as easy as
spherical calculations, but they're still known and
doable. Anyway, we all know that the Earth is not
really an ellipsoid, because there are oceans,
mountains, roots of mountains, deposits of mines,
cliffs, faults, valleys, etc. that are not part of an
ellipsoid. The geoid is an imaginary sea level surface
that undulates (has a wavy surface) over the entire
globe; it's not just for the oceanic areas; it extends
through the solid land masses as well.

Locally and on very small scales, i.e. regional
scales, based on the concept of the geoid; the
moment of inertia relative to the center of the Earth of
an area occupied by a mountain, for example, is
greater than the moment of inertia of a valley.
Therefore, their moments of force are also
incomparable. So the Earth's moment of inertia tensor
is not uniform. Calculating the moments of inertia of
mountains on smaller scales, mountain by mountain,
square meter by square meter, will allow us to obtain
a tensor of moments of inertia more complex than that
of an ellipsoid shape. It will be a colossal task to be
accomplished. It is therefore the tensor of inertia of
such mountains that ensures the stability of the
rotation of the Earth. First of all, mountains are
heavier than waves of tides and the atmosphere.

To obtain a swaying Earth, simply remove the
mountains in the simulation software. Without the
mountains, you will see the planet Earth swaying and
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vibrating. In the simulation shown in the animation in
Reference [41]; if the mountains are removed, then
the planet Earth will sway and vibrate. The Earth turns
in dynamic equilibrium because of the existence of the
mountains. Thus, the mountains play the role of
corrective masses, as in rotating machines.

The Earth's rotation is perturbed by mass
redistributions and relative motions within the Earth's
system, as well as by torques from the Earth's interior
and from celestial bodies [45]. The GRACE satellite
mission has been measuring the Earth's gravity field
and its temporal variations since 2002. Although these
variations are mainly due to mass transfer within the
geofluid envelopes, they also result from mass
displacements associated with phenomena such as
glacial isostatic adjustment and earthquakes [46-47].
However, the calculation we have performed in this
paper is highly simplified. For a complete calculation,
it is necessary to consider changes in the Earth's
inertia.  tensor due to mountains, faults, and
irregularities [48]. We do not know what all the
physical quantities we have calculated will be when
the calculation is complete and more in-depth.

As a perspective, using an accurate 3D model of
the Earth’s globe, one can run some simulations that
simulate the actual shape of the Earth's globe, both
with and without mountains. As we try to visualize
what the planet might have looked like 4.5 billion
years ago, we expect an Earth without mountains to
shake and vibrate.

CONCLUSION

The mountains and their usefulness for the
terrestrial globe are mentioned several times in The
Holy Quran [1]. Especially, The Qur'an presents the
mountains as stabilizing pegs and anchors that
ensure the dynamic equilibrium of the entire globe
while swimming on its helical trajectory around the
Sun, and therefore they ensure its stability but it has
not been mentioned anywhere in The Quran how they
function to accomplish this extremely important role.
That is, when the Earth was created 4.5 billion years
ago, it was created initially without mountains, i.e. it
was created unbalanced; and it began to vibrate tilting
to the right and left, going forward and moving
backward, i.e. the Earth “vibrates” in all directions.
These disturbances made the Earth shake and
tremble, and it did not allow anyone to stabilize on its
back. As a result, life was impossible on the Earth at
the beginning. Then, mountains were created and the
Earth became gravitationally anchored by mountains,
that's to say from the moment when the mountains
were created and returned to the right places on the
Earth's crust surprisingly, the disturbances were pretty
much gone and the Earth simultaneously was
stabilized under their strength effect like a tent
stabilized by stakes. It is a reality impossible for
humans to perceive without the advancement of
Sciences during the last centuries of our era despite
the fact that it was mentioned in The Quran more
than 1400 years ago. In this article, based essentially

on some calculations of moments of inertia for the
rotating bodies, we have shown how mountains play
the role of stabilizing anchors of the Earth's rotational
motion and this is one physical phenomenon, up to
date, imperceptible to humans. Therefore, this work is
an introduction to understanding the role of the
mountains as stabilizing pegs and anchors of the
Earth's rotation motion.
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