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ABSTRACT

In this study, the expressions of magnetic vector and magnetic gradient tensor due to an elliptical cylinder were derived. Igneous
intrusions and kimberlite structures are often shaped like elliptical cylinders with axial symmetry and different radii in the strike and
perpendicular directions. The expressions of magnetic fields due to this elliptical cylinder were derived from the Poisson relation, which
includes the direction of magnetization in the gravity gradient tensor. The magnetic gradient tensor due to an elliptical cylinder is
derived by differentiating the magnetic fields. This method involves obtaining a total of 10 triple derivative functions acquired by
differentiating the gravitational potential of the elliptical cylinder three times in each axis direction. As the order of differentiation
and integration can be exchanged, the magnetic gradient tensor was derived by differentiating the gravitational potential of the elliptical
cylinder three times in each direction, followed by integration in the depth direction. The remaining double integration was converted
to a complex line integral along the closed boundary curve of the elliptical cylinder in the complex plane. The expressions of the
magnetic field and magnetic gradient tensor derived from the complex line integral in the complex plane were shown to be perfectly
consistent with those of the circular cylinder derived by the Lipschitz-Hankel integral.
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Fig. 1. The schematic geometry of the semi-infinite vertical
elliptical cylinder. The origin of the top plane is (&,,7,,5,) and
two radii of the elliptic section are indicated by a and b,
respectively. The identical Cartesian coordinates are used for
observation and for the elliptic cylinder. x indicates a northward,
and y indicates an eastward and downward positive system. The
heading angle « is measured from the north to one of the elliptic
radii in a clockwise direction.
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Fig. 2. Magnetic fields due to an elliptical cylinder (red ellipse) with a length of 1,000 m. The origin of the elliptical section of the top plane
is (0, 0, -500 m). The short and long radii are 400 m and 800 m, respectively. The magnetization vector has an inclination of 50°, the
declination of -10°, and magnitude of magnitization of 1 A/m. The observation points locate on the the sea level.

Fig. 3. Differences between the magnetic fields due to a circular cylinder (red circle) as calculated by Rim and Eom (2020) and this study.
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Fig. 4. The magnetic gradient tensor due to the same elliptic cylinder used in Fig. 2.
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Fig. 5. Differences between the magnetic gradient tensors due to the circular cylinder (red circle) calculated by Rim and Eom (2020) and this

study.
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