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The Expressions of Vector Gravity and Gravity Gradient Tensor due to an Elliptical Disk
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ABSTRACT

In this paper, the vector gravity and gravity gradient tensor of an elliptical disk are derived. The vector gravity of an elliptical disk
is defined by differentiating the gravitational potential due to the elliptical disk expressed by a double integral with respect to each
axial direction. The vector gravity defined by the double integral is then transformed into a line integral of a closed curve along the
elliptical disk boundary using the complex Green's theorem. Finally, vector gravity due to the elliptical disk is derived by 1D parametric
numerical integration along the elliptical disk boundary. The xz, yz, zz components of the gravity gradient tensor due to the elliptical
disk are obtained by differentiating the vector gravity with respect to vertical direction. The xx, yy, xy components are derived by
differentiating the horizontal components of the vector gravity in the form of a double integral with respect to horizontal directions
and then using the complex Green's theorem.
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Fig. 1. The schematic geometry of an elliptical disk. The center of
the elliptical disk is located at (&,,7,,5,). Two radii of the elliptical
disk are a and b respectively. The heading « is the angle between

the north and one axis of the elliptical disk. The identical Cartesian
coordinates are used for observations and the elliptical disk.
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Fig. 2. Vector gravity due to an elliptical disk. The center of the elliptical disk is located at (0, 0, 500 m). The short and long radius are 400
m and 800 m, respectively. The density of the elliptical disk is 1,000 kgm™. The observation points are located at the the sea level. The red
line represents the elliptical disk.
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Fig. 3. Differences of the vector gravity between circular and elliptical disks.
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Fig. 5. Differences of the gravity gradient tensor between circular and elliptical disks.
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