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Asymptotic representation of transient electromagnetic fields
in geophysical prospecting

RAINER IGNETIK

This thesis deals with the mathematical aspects of modelling problems arising in
transient electromagnetic (TEM) prospecting, and in particular the asymptotic analysis
of these fields in time and space. The problems appearing in geophysical prospecting
for massive sulfide ore-bodies provide the main motivation for the thesis and lead to
a wealth of interesting mathematical problems. The solutions for a loop in whole
space are analysed in detail as generalised functions for Heaviside switch-off and several
new switch-forms are considered. The late-time asymptotic representations of the field
for impulsively initiated electromagnetic fields show that they are almost identical for
a dipole and a finite current loop, within carefully specified ranges. The late-time
asymptotic representation of the field within an inhomogeneous whole-space shows that
TEM measurements can be confused with the response from layered medium.

The late-time asymptotic representations for the electric field on and above a per-
meable and conducting half-space is next developed for Heaviside switch-off and linear
ramp switch-offs. The relevance of an impulsive start to the evolution of the electric
field is discussed in detail in relation to the switch-off model. It is shown that the perme-
ability dependence of the electric field can be expressed in terms of certain elementary
functions rather than the more cumbersome hypergeometric functions. The electro-
magnetic field in a conducting and permeable ground is considered and in particular
we consider the effect permeability has on the “smoke ring” propagation.

We derive the complete and explicit solutions for the electric field in the air for
the problem of a sphere in a two-layered ground, allowing for permeability contrast
between the various media. The analysis is carried to the stage where a Fourier inverse
transform can be used to obtain the electric field in the time domain.

Two models for inhomogeneous conductivity profiles are studied. Specifically we
consider a half-space with an exponentially decreasing and increasing profile with depth
and derive the corresponding late-time asymptotic representation for the electric field.
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The exponentially decreasing model shows that it behaves like a slab in a resistive
whole-space. The results are applicable to salinity mapping in Australia and can be
extended to other conductivity profiles.
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