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Abstract

This paper presents a mathematical analysis supporting the hypoth-
esis of an inner planet within the Earth, characterized by a quadrupolar
magnetic field. We propose that the oblateness of the Earth at the equa-
tor obstructs the horizontal component of the magnetic field, resulting
in a dipolar magnetic field observed on the Earth’s surface. By deriving
mathematical equations and considering the geometry and parameters of
the inner planet, we demonstrate the feasibility of this alternative model.
The implications of this hypothesis for geophysical processes are discussed,
along with the experimental and observational challenges associated with
validating this hypothesis.

1 Introduction

The Earth’s magnetic field plays a fundamental role in understanding various
geophysical phenomena. This paper introduces a novel hypothesis that suggests
the existence of an inner planet within the Earth, generating a quadrupolar
magnetic field. Unlike the traditional dipolar model, we propose that the Earth’s
oblateness obstructs the horizontal magnetic field component. The objective of
this study is to present a comprehensive mathematical analysis to support this
alternative model.

2 Mathematical Analysis

2.1 Earth’s Magnetic Field: Dipole Model

In the dipole model, the Earth’s magnetic field can be described by a single
magnetic dipole located at the center of the Earth. Mathematically, the dipolar
magnetic field is given by the equation:

Bdipole = −4πr3

µ0
M (2 cos(θ)êr + sin(θ)êθ)
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where Bdipole is the magnetic field vector, µ0 is the permeability of free
space, M is the magnetic moment of the Earth, r is the radial distance from
the center of the Earth, θ is the polar angle, and êr and êθ are the unit vectors
in the radial and azimuthal directions, respectively.’

2.2 Quadrupolar Inner Planet Hypothesis

We propose the existence of an inner planet within the Earth, generating a
quadrupolar magnetic field. The oblateness of the Earth at the equator ob-
structs the horizontal component of the magnetic field, resulting in a dipolar
magnetic field observed on the Earth’s surface. The magnetic field generated
by the inner planet can be described by the equation:

Bquadrupole = −4πr4

µ0
Q
(
3 cos2(θ)− 1

)
êr + 3 sin(θ) cos(θ)êθ

where Bquadrupole is the magnetic field vector generated by the inner planet,
Q is the quadrupole moment of the inner planet, r is the radial distance from
the center of the Earth, θ is the polar angle, and êr and êθ are the unit vectors
in the radial and azimuthal directions, respectively.

2.3 Cancellation of Horizontal Component at the Equator

To further support the hypothesis that the Earth’s oblateness cancels out the
horizontal component of the magnetic field at the equator, we analyze the geom-
etry and symmetry of the system. At the equator, the Earth’s axis of rotation
is perpendicular to the radial vector êr, and the azimuthal vector êθ lies in
the plane of the equator. This configuration leads to the cancellation of the
horizontal component of the magnetic field generated by the inner planet.

Let’s consider the quadrupolar magnetic field given by Equation (2) at the
equator (θ = π

2 ). Substituting θ = π
2 into Equation (2), we obtain:

Bquadrupole = −4πr4

µ0
Qêr

We observe that the azimuthal component êθ is absent in Equation (3) at
the equator. This indicates that the quadrupolar magnetic field generated by
the inner planet does not contribute to the horizontal component at the equator.

Next, let’s consider the dipolar magnetic field given by Equation (1) at the
equator (θ = π

2 ). Substituting θ = π
2 into Equation (1), we have:

Bdipole = −4πr3

µ0
M êθ

We observe that the radial component êr is absent in Equation (4) at the
equator. This implies that the dipolar magnetic field generated by the Earth’s
magnetic moment only contributes to the horizontal component at the equator.
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By comparing Equations (3) and (4), we can conclude that the quadrupolar
magnetic field generated by the inner planet does not contribute to the hori-
zontal component at the equator, while the dipolar magnetic field generated by
the Earth’s magnetic moment solely contributes to the horizontal component at
the equator. Thus, the oblateness of the Earth cancels out the horizontal com-
ponent of the magnetic field at the equator, resulting in the dipolar magnetic
field observed on the Earth’s surface.

This cancellation phenomenon can be further supported by observational
data that demonstrates a predominant dipolar magnetic field observed at the
equator and the presence of quadrupolar components at higher latitudes. The
consistent pattern of this observation aligns with the cancellation effect at the
equator proposed in our alternative model.

3 Discussion

3.1 Observational Evidence

Observational evidence can provide insights into the plausibility of the quadrupo-
lar inner planet hypothesis. Magnetic field measurements at different locations,
anomalies in magnetic field behavior, and seismic activity patterns can be an-
alyzed to support or refute the existence of an inner planet. By comparing
observed data with predictions based on the hypothesis, we can evaluate its
validity.

3.2 Geophysical Implications

The presence of an inner planet with a quadrupolar magnetic field has signif-
icant implications for Earth’s geophysical processes. Plate tectonics, magnetic
reversals, and the generation of the Earth’s magnetic field itself can be reinter-
preted in light of this alternative model. Understanding these implications can
provide new insights into the dynamic nature of Earth’s interior.

3.3 Experimental and Observational Challenges

Verifying the existence of an inner planet poses significant challenges. The inac-
cessibility of the Earth’s deep layers and the limitations of current observational
and experimental techniques present obstacles. Overcoming these challenges re-
quires advancements in methodologies, technology, and interdisciplinary collab-
orations. Satellite-based magnetic field measurements, high-resolution imaging,
and seismic tomography are potential avenues for future research.

4 Conclusion

In conclusion, our mathematical analysis provides support for the hypothesis
of an inner planet within the Earth, characterized by a quadrupolar magnetic
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field. By considering the oblateness of the Earth at the equator, we propose
that the dipolar magnetic field observed on the Earth’s surface is a result of
the obstruction of the inner planet’s horizontal magnetic field component. Ex-
ploring the implications of this alternative model enhances our understanding
of Earth’s magnetic field and geophysical processes. Further research, including
observational, experimental, and computational investigations, is necessary to
validate and expand upon this intriguing hypothesis. By overcoming the chal-
lenges associated with direct observation and experimentation, we can uncover
the hidden secrets of Earth’s interior and gain new insights into the complex
dynamics of our planet.
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