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The theory accepted today for the origin of the Earth's magnetic field is based on convection currents created in the Earth's outer core due to the rotational motion of the planet Earth around its own axis. In this work, we show that the origin of the Earth's magnetic field is related to the gravitational mass of the outer core.

Introduction

The Earth's interior is divided into 5 layers: the crust, upper mantle, lower mantle, outer core, and inner core [START_REF] Jordan | Structural Geology of the Earth's Interior[END_REF]. Seismic measurements show that the inner core is a solid sphere with a radius of 1,221.5 km, and that the outer core is a liquid spherical crust (plasma) around the inner core, with an external radius of 3,840.0 km, and density of 12,581.5 kg.m -3 [START_REF] Dziewonski | Preliminary reference Earth model (PREM)[END_REF]. Thus, the inertial mass of the outer core is . The outer core is composed mainly of liquid iron (85 %) and nickel (5 %) 

3].

The temperature of the inner core can be estimated by considering both the theoretical and the experimentally demonstrated constraints on the melting temperature of impure iron at the pressure which iron is under at the boundary of the inner core (about 330 GPa). These considerations suggest that its temperature is about 5,700 K [START_REF] Alfè | Composition and temperature of the Earth's core constrained by combining ab initio calculations and seismic data[END_REF]. The pressure in the Earth's inner core is slightly higher than it is at the boundary between the outer and inner cores: it ranges from about 330 to 360GPa [START_REF]CRC Handbook of Chemistry and Physics[END_REF].

Currently, the theory accepted for the origin of the Earth's geomagnetic field is based on convection currents created in the Earth's outer core due to the rotational motion of the planet Earth around its own axis.

Here we show that the origin of the Earth's magnetic field is related to the gravitational mass of the outer core.

Theory

The origin of the Earth's geomagnetic field can be described in the framework of Quantum Gravity.

The quantization of gravity shows that the gravitational mass m g and the inertial mass m i are correlated by means of the following factor [START_REF] De Aquino | Mathematical Foundations of the Relativistic Theory of Quantum Gravity[END_REF]:
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where is the rest inertial mass of the particle and 0 i m p Δ is the variation in the particle's kinetic momentum;

is the speed of light.
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In general, the momentum variation p Δ is expressed by

t F p Δ Δ =
where is the applied force during a time interval

F t Δ . Note
that there is no restriction concerning the nature of the force , i.e., it can be mechanical, electromagnetic, etc.
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For example, we can look on the momentum variation p Δ as due to absorption or emission of electromagnetic energy. In this case, it was shown previously that the expression of χ , in the particular case of incident radiation on a heterogeneous matter(powder, dust, clouds, heterogeneous plasmas * , etc), can be expressed by the following expression [START_REF] De Aquino | New Gravitational Effects from Rotating Masses[END_REF]:
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where and f P are respectively the frequency and the power of the incident radiation; is the number of atoms per unit of volume; n μ ,σ and ρ are respectively, the magnetic permeability, the electrical conductivity and the density of the mean.

In the case of the free electrons of the outer core plasma, the variable m φ refers to the average "diameter" of these particles; is the geometric cross-section of the particle. When the particles are atoms its "diameters" are well-known. In the case of electrons, their "diameters" can be calculated starting from the Compton sized electron, which predicts that the electron's radius is Since the Curie temperature for Iron is 768 °C and it's melting point as 1538 °C (1811K), then for liquid Iron,
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Substitution of these values into Eq. ( 2) gives
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The inner core with the temperature of 5,700K works as a black body. The density of the black body radiation can be expressed by the Planck's radiation law i.e., its temperature. Substitution of Eq. ( 6) into Eq. ( 4) yields The quantization of gravity leads to the following expression for the electric charge, q, [START_REF] De Aquino | Mathematical Foundations of the Relativistic Theory of Quantum Gravity[END_REF]: , and 0 = + - + q q ( ) ( )
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The rotational motion of this electric charge produces the Earth's magnetic field (See Fig. 1), whose intensity at the Earth's center can be expressed by
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where is the Earth's angular velocity around its axis. Figure1, shows the length
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. The temperature of the inner core can be estimated by considering both the theoretical and the experimentally demonstrated constraints on the melting temperature of impure iron at the pressure which iron is under at the boundary of the inner core (~330 GPa). These considerations suggest that its temperature is about 5,700 K [START_REF] Alfè | Composition and temperature of the Earth's core constrained by combining ab initio calculations and seismic data[END_REF]. The pressure in the Earth's inner core is slightly higher than it is at the boundary between the outer and inner cores: it ranges from about 330 to 360 GPa [START_REF]CRC Handbook of Chemistry and Physics[END_REF]. Iron can be solid at such high temperatures only because its melting temperature increases dramatically (and also the Curie temperature) at pressures of that magnitude (see the Clausius-Clapeyron relation) [START_REF] Aitta | Iron melting curve with a tricritical point[END_REF]. This means that the inner core have ferromagnetic properties. The inner core is believed to consist of a nickel-iron alloy known as NiFe [START_REF] Stixrude | Composition and temperature of Earth's inner core[END_REF]. Typical relative magnetic permeability of nickel-iron alloys are: 50,000 (78.5% Ni-Fe), 17,000 (49% Ni-Fe), 7,000 (45% Ni-Fe) [13]. Note that the value of the relative magnetic permeability ( ) r μ decreases with the reduction of the Ni percentage in the alloy. The Ni percentage in the inner core is very low (6%) [START_REF] Stixrude | Composition and temperature of Earth's inner core[END_REF].

For short coils there is an effective relative permeability defined as
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where is the demagnetizing factor. For very long coils we can take m N ( )
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≅ [START_REF] Marshall | Electromagnetic Concepts and Applications[END_REF]. In the case of the Earth's core, due to its very large dimensions, it can be considered as a very long coil. Thus, we can assume ( )
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Thus, the Eq. ( 15) can be rewritten as follows ( ) In order to calculate the intensity of the Earth's magnetic field at outer core and at the Earth's surface, we can use the wellknown relation: (
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which reduces to Eq. ( 15) for . 0 = x It is rather difficult to determine the boundary between the outer and the inner core since this boundary is not as sharp as the separating line between the core and the mantle. Seismologists presume that instead of a boundary there is a transition layer whose thickness is about 100 km. [START_REF] Gutenberg | Monthly Notices Roy[END_REF]. This is the so-called Lehman zone, which separates the outer and the inner core at a depth of about 5000 to 5100 km [START_REF] Völgyesi | The Inner Structure of the Earth[END_REF]. Thus, in order to calculate the intensity of the Earth's magnetic field at the outer core we will take the average value of 5050 km, i.e., we will assume that outer core begins at 
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In order to calculate the value of we can consider the Earth's magnetic field as produced by a solenoid with (See Fig. 1), and apply the expression of
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The average magnetic field strength in the Earth's outer core was measured to be [ T 
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The magnetized rocks in the crust and in the upper mantle of the Earth increase this value, in such way that on the Earth's surface This is the radius of the innermost inner core of the Earth (See Fig. 1). Based on an extensive seismic data set, Ishii, M. and Dziewonski, A.M. [START_REF] Ishii | The innermost inner core of the earth: Evidence for a change in anisotropic behavior at the radius of about 300 km[END_REF] have proposed in 2002 the existence of an innermost inner core, with a radius of ~300 km, which exhibits a distinct transverse isotropy relative to the bulk inner core. 
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  we can assume that the electron's "diameter" is On the other hand, by considering that the outer core plasma is composed mainly of liquid iron, the values of , n μ ,σ , ρ and are given by

  black body temperature. Thus, the Equation above can be rewritten as follows:
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  Substitution of this expression into Eq. (9) gives

  Then, at this region, Eq. (17) gives
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 1 Fig.1-Similarity between the magnetic field produced by a toroid and the Earth's magnetic field.
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