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3.5 Green’s Equivalent Layer

An argument was presented in Section 2.1.3 on the basis of Green’s third
identity that any given potential has an infinite variety of consistent
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boundary conditions. Here we carry that point a little further and show
that a gravitational potential caused by a three-dimensional density dis-
tribution is identical to the potential caused by a surface density spread
over any of its equipotential surfaces (Ramsey [235]).

Let Se be a closed equipotential surface resulting from a distribution
of mass with density p, and let R represent the region inside S.. The
gravitational potential is observed at point P outside of S.. Green’s
second identity (Section 2.1.2) is given by
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where U and V are any functions with partial derivatives of first and
second order. Now let U be the potential of the mass and let V = 1/r,
where r represents the distance away from P. Because P is located
outside the region, the second identity reduces to
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where Uy is the constant potential of the equipotential surface. The first
integral on the right-hand side vanishes according to equation 2.2, and
substituting Poisson’s equation into the integral on the left-hand side
provides

o, 1 ou
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The left-hand side of equation 3.26 is the potential of the density dis-
tribution observed at P. The right-hand side is the potential at P of a
surface distribution ¢ spread over S., where o = —ﬁg—g. Hence, from
the perspective of point P, the potential caused by a three-dimensional
density distribution is indistinguishable from a thin layer of mass spread
over any of its equipotential surfaces. This relationship is called Green’s
equivalent layer.

Furthermore, the total mass of the body is equivalent to the total

mass of the equivalent layer. This can be seen by integrating the surface
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density over the entire surface and applying the divergence theorem (Ap-
pendix A), that is,
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Green’s equivalent layer is of more than just academic interest. It
shows that a potential can be caused by an infinite variety of sources,
thus demonstrating the nonuniqueness of causative mass distributions.
In later chapters, we will discuss applications of equivalent layers to the
interpretation of gravity and magnetic data. The fact that the equivalent
layer may have no resemblance to the true source will be of no impor-
tance in those applications. These hypothetical sources simply prove to
be handy tools in manipulating the potential field.



catherine
Cross-Out


