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Relaxation processes are important in the study
of clectromagnetic prospecting techniques. These
processes can be the result of magnetic fields due
to eddy currents in electrical conductors or duc to
displacement currents from dielectric progesses
or magnetic fields associated with direct magnetic
loss phenomena. In the past, most attention has
been focused on eddy-current losses since this is
the dominant effect. Dielectric losses also may
be of importance, particularly at high frequencies,
where the conductivity is extremely low or where
the dielectric propertics become anomalously
high. In general, however, little attention has
been given to magnetic losses and the effect they
might have on the clectromagnetic response
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parameter. Magnetic minerals do have a measur-
able magnetic loss due to various mechanisms.
This effect has been measured in a frequency
range from 125 to 5000 hz for a variety of sam-
ples. In synthetic samples with varying amounts
of magnetite dispersed in a nonmagnetic matrix
the effect is linearly proportional to the magnetite
content. The magnetic loss causes a distinct, but
small, change in the electromagnetic response of
a body. The effect can be detected, provided the
peak frequency of magnetic loss is lower than the
peak frequency of electrical loss. The most diag-
nostic feature is the reversed phase relationship
from the electrical response (for constant geome-
tries).

INTRODUCTION

Strangway (1970) has discussed possible oc-
currences of magnetic loss phenomena in electro-
magnetic material responses, and Colani and
Aitken (1966) have discussed the response of
magnetite in ancient hearthsites in terms of a
magnetic relaxation loss mechanism. We will
investigate here some of the magnetic effects
theoretically expected in electromagnetic phe-
nomena and then discuss some measurements of
magnetic loss in minerals and possible applica-
tions.

The electromagnetic response of a sphere in
free-space under the influence of a plane-wave
source field has been considered by several auth-
ors (Wait, 1953; Grant and West, 1958; Ward,
1967; and others). For simplicity, we will use it
in our calculations. The basic expression is of the
form:

H = HyR¥M — j\N)
(22 — y* — 52 + 3wyj + Jaczk

yd

(1)

where H is the secondary magnetic field measured
at a distance r, Ho is the source field, and R is the
radius of the conducting sphere. 3/ and .V are
the real and imaginary components of the electro-
magnetic response parameter containing all of the
electric and magnetic parameters describing the
materfal causing the response. i, j and k are unit
vectors in the coordinate directions v, v, and s

Following the notation of Ward (1967), we
write:

(M—jXN) ()
2u(tan y—v) —uo(y—tan y+v7* tan )
”u(tan v—7)+2uo(y— tan y+7? tan y)
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