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It is shown that the gravity and magnetic fields re-
sulting from an arbitrary three-dimensional object
bounded by plane polygonal facets having uniform
volume density and magnetization, can be expressed
as the field due to an equivalent distribution of sur-
face mass density and surface pole density over the
bounding surface of the source body. This provides a
new relation between the components of the corre-
sponding gravity and magnetic fields and facilitates
construction of a unified algorithm for the computa-
tion of gravity and magnetic anomalies separately or
simultaneously. This algorithm appears to be compu-
tationally more efficient than the well-known
Poisson’s relation, commonly used for the transfor-
mation of one field to another.

THEORETICAL computation of gravity and magnetic
(GM) anomalies due to  arbitrary-shaped  discrete
sources, forms an integral part of any interpretation

scheme used in the modelling of potential field data.
The most convenient and useful geometry adopted for
representing  the  discrete sources is a  polyhedron
bounded by plane polygonal facets. Over the years, a
number of algorithms have been developed based on
analytical solutions provided by various workers' .
These formulations are based on the assumptions that
the source region has uniform volume density and uni-
form magnetization distribution, which seems to prevail
in a great majority of practical cases. It is observed that
there is a general improvement in the analytical ap-
proach of evaluating the required volume integral over
the polyhedral source body. The step involves transfor-
mation of the required volume integral into an equiva-
lent surface integral by the use of Gauss’s divergence
theorem and subsequently the surface integral is either
evaluated analytically over the entire boundary surface
or transformed into line integral along the edge of the
polygon using Stoke’s theorem. Most of these workers
have addressed the computation of the gravity and mag-
netic fields independently or employed the Poisson’s
relation to transform the gravity field into components
of magpetic fields.

In this paper, we present a new relationship between
the components of gravity and magnetic fields using the
concept of surface mass-density and surface pole-
density distribution over the surface of the polyhedral
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source having uniform density and magnetization. This
has resulted in the construction of a unified algorithm
for computing the gravity or the magnetic field or both
simultaneously.

Let the arbitrary object be represented by a polyhe-
dron bounded by plane polygonal facets having uniform
volume magnetization m and uniform volume density p.
Transforming these volume distributions into an equiva-
lent surface distribution, the components of the anoma-
lous magnetic field vector H and gravity field vector F
in the direction of the surface element ds having posi-
tion vector r (Figure 1) may be written in the form of a
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where r is the distance between the point of observation
at P and the source at Q, C, is a constant used to bal-
ance units and has a value that depends on the system in
use. In the EMU system Cp,=1 and is dimensionless,
whereas in SI units Cyu= (/M4 Henry/meter, where Ly
is the permeability of the free space. G is the universal
gravitational constant and N is the number of polygon
facets bounding the object. To simplify calculations, the
origin is placed at the observation point P.
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Figure 1. Three-dimensional body approximated by a surface com-
posed of flat polygonal facets. Small solid arrows show the direction
of line integration (counter-clockwise) around the edge. The scalar
product of the unit outward normal vector n with the radius vector r
of any point (x, y, z) on the polygon surface is negative if the surface
is seen from outside, but is positive otherwise.
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g in eq. (1) is the surface pole density and is numeri-
cally equal to mn;. It is a constant on each facet and
has the unit of pole strength per unit area. The symbol
() represents the scalar product of vectors and n is the
outward-directed unit vector normal to the surface ele-
ment ds. Thus, the problem reduces to the calculation of
magnetic fields caused by distribution of magneto static
charges (magnetic poles) on the surface of the object.
Therefore, a three-dimensional body having uniform vol-
ume magnetization can be completely represented by a
distribution of magnetic charges on the surface of the ob-
ject. Although visualization of magpetic charge is fictive,
the conceptual model is simple and very useful in comput-
ing the magnetic fields. Similarly, o] in eq. (2) is the
surface mass-density and is equal to p(rn;). It is also a
constant on each facet and has the dimension of mass
per unit area. It may be noted that the value of O] can
be positive or negative depending on (rn;). It is merely
an artifice introduced to simplify the calculations.

In the above formulation, the magnetic field due to a
positive surface pole density is directed away from the
surface element ds while the gravity field due to posi-
tive surface mass density is directed towards the surface
element ds. Then, the x-, y- and z-components of the
gravity and magnetic fields may be obtained by multi-
plying the integrand in eq. (1) and eq. (2) by the ratio
(xfr), (yir) and (z/r) respectively.

The surface integrals in eqs (1) and (2) can be evalu-
ated by converting them into line integrals around the
boundary of each polygonal facet using Stoke’s theo-
rem. The results thus obtained are combined with the
outward normal component of the field for that facet to
get the x, y, and z components of the anomalous mag-
netic and gravity fields'" as,
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where Sy, Sy and §;; are geometrical factors, which de-
pend on the attitude of the polygon surface with respect
the observation point and are given as,
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where [, m; and n; are direction cosines of the unit out-
ward normal vector for the ith facet, Q; is the solid an-
gle subtended by the ith facet as viewed from the
observation point and is numerically equal to the nor-
mal field component for that facet. The value of Q is
calculated from any standard procedure, such as the one
given by Guptasarma and Singhlo. P, Q; and R, are sim-
ply the line integrals of the vectors i/r, j/r and k/r taken
around the edge of the ith facet in the counter-clockwise
direction and i, j and k are unit vectors along the x, y
and z axes. The contributions, P, Q;; and R; from the
Jjth edge of the ith facet may be obtained from refs 9-10.

The above procedure has been implemented in a
computer code and tested for different polyhedral mod-
els, including those given by Cogg0n3, Plouff'? and
Xiong and Choutean'”. The gravity field can be com-
puted everywhere, including points on the edge or at a
cormmer of the body where more than two surfaces meet,
because in such a case g =0 and all the facets meeting
there can be omitted from the summation process indi-
cated in eq. (4). However, the magnetic field cannot be
computed when the observation point happens to be at a
corner or on the edge of the body.

By comparing eqs (1) and (2), we find that the com-
ponents of the gravity and magnetic fields have the
same form and therefore a direct relation can be estab-
lished between the components of the corresponding
gravity and magnetic fields. Combining eqs (4) and (5)
we get,
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where H, = ZH“"

1

Equation (6) provides relation between the x
component of the gravity and magnetic
fields. A similar relation can also be obtained between
the other field components.

The above equation allows the construction of a uni-
fied algorithm for the simultaneous computation of
gravity and magnetic fields of an arbitrary three-
dimensional  object approximated by a polyhedron.

a new
anomalous
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From eq. (6) it is clear that the magnetic field may be
obtained by carrying out the same numerical calcula-
tions as those needed for the gravity field, except that
(-GSO) needs to be replaced by (Cyo. Therefore, the
same computer code can be used for computing the
gravity and magnetic fields separately or simultane-
ously.

Keeping the geometry and physical properties same
as above, the Poisson’s relation which is commonly
used for the transformation of gravity to magnetic
anomalies may be given as,
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where M is the intensity of magnetization and I is the
direction of magnetization.

It is interesting to note that the new relation derived
between gravity and magnetic field components (eq.
(6)) differs from the well-known Poisson’s relation (eq.
(7)). The new approach provides a direct relation be-
tween the corresponding field components, whereas
Poisson’s approach gives a relation between the compo-
nents of magnetic field t the gradient of the gravita-
tional attraction in the direction of magnetization. It is
apparent therefore that the new algorithm is computa-
tionally more efficient in the ansformation of gravity
field components to the magnetic fields and vice versa.

A new relation is derived between the components of
the gravity and magnetic fields resulting from an arbi-

trary three-dimensional object bounded by plane po-
lygonal facets having uniform volume density and
magnetization. Gravity and magnetic field components

have been expressed as the field due to an equivalent
distribution of surface mass-density and surface pole-
density over the bounding surface of the source body.
This facilitates construction of a unified algorithm for
the computation of gravity or magnetic anomalies sepa-
rately or simultaneously. This algorithm will substan-
tially simplify and speed-up the numerical modelling of
gravity and magnetic anomalies and may find wide ap-
plications in the joint inversion of potential field data.
The gravity field can be computed at all points, includ-
ing points on the surface of the body or at any of its
corners. However, the magnetic field has a singularity
at the comer. Our formulation does not require coordi-

nate transformation, as with all previously published
schemes. It appears to be computationally efficient
compared to the well-known Poisson’s relation nor-

mally used for the transformation of one field to an-
other.
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The floral lifespan of pistillate flowers of Momordica
tuberosa is terminated by abscission of petals, inten-
tionally, when they are still fully turgid within sixty-
five minutes following their pollination; the stami-
nate flowers do not abscise their petals, but progres-
sively wilt. Petal abscission was found to depend on
the type of pollination: hand pollination using out-
cross pollen induced an early petal abscission than
the self-pollen (geitanogamy). At least six pollen
grains were critical to initiate successful petal ab-
scission in freshly-bloomed flowers, below which the
petals did not abscise even at the end of the day.
There exists a quantitative relationship between the
number of pollen grains deposited onto the stigma
and the time taken for petal abscission; greater the
pollen grain deposition, quicker the rate of abscis-
sion. The time required to induce petal abscission
seems to be controlled by pollen genotype, genotype
of pollen recipient and the interaction between the
two. By invoking the theory of sexual selection it is
explained that strategies of pollen genotype and
those of stylar genotype may not always coincide,
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