INTERPRETATION
UNIFORMLY

OF THE ANOMALOUS
MAGNETIC FIELDS GENERATED
MAGNETIZED
SPHERE USING FOURIER INTEGRALSt

BY A

S. SENGUPTA and S. CHACKO’
ABSTRACT
The present investigation seeks to interpret
the magnetic anomalies generated by a
uniformly magnetired buried sphere, using
Fourier Integrals. As a first step, the horizontal
and vertical components of the theoretical
magnetic anomaly due to a sphere are
represented in the frequency domain. Then,
analyses of these transforms are made in an
attempt to determine uniquely as many

parameters relating to the buried sphere as
possible. It is shown that the depth to the
centre of the sphere can be uniquely
determined from the amplitude spectrum and
that an idea of the size of the sphere may also
be obtained. It is also shown that improved
resolution is attained by spectral analysis in the
case of two spheres occurring together.

In recent years many investigators (Odegard
and Berg (19651, Bhattacharya (19661, Gudmundsson (1966). Spector and Bhattacharya
(1966), Sharma and Geldart (196% Sharma and
Gill(l970), Bhattacharya(l97lL Eby (1972). Rae
and Avasthi (1973), Sengupta (1975 a,b), Sengupta and Das (1975)) have presented analyses of
potential data in the frequency domain. Most of
these works are on theoretical spectraof different
geometrically shaped bodies.
Spectrallanalysis of potential data may be classified broadly into two groups. In the first group,

spectral analyses are carried out to design spatial
filters for improving signal to noise ratios in field
data. In the second group, Fourier spectra of the
effects due to different types of bodies are investigated in order to determine the parameters related to aparticular body. The present investigation falls into the second category. In this case,
the Fourier transform of the anomalous magnetic
field due to a uniformly magnetized sphere is
obtained analytically. The depth to the centre of
the body is determined from the amplitude spectrum.

iManuscript received by the Editor March 19, 1976.
*Indian Institute of Technology, Kharagpur, India.
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FOURIERTRANSFORMOF THE ANOMALOCIS
FIELD DUE TOA SPHERE
The vertical (AZ) and horizontal (AH)
components of the anomalous magnetic field
due to a uniformly magnetized sphere are given
by Heiland (1951):
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It is also known that the Fourier transform of an
even function is equal to its cosine transform, and
that of an odd function is equal to its sine transform. By using the equations (51, (6) and (71,
Fourier transforms of the vertical and horizontal
components of the anomalous fields, as expressed in equations (1) and (2), can be derived. These
We:
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where i =d-l
Theamplitude and phase spectraas obtained from
equations (8) and (9) are as follows:
Erdeyli (1954) and Dwight (1960) have shown
that
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where K&d) id the modified Bessel function of
the 0 th order. Since both the integrations are
with respect to x we can differentiate the
integrands with respect to d.
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DETERMINATIONOF PARAMETERS
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From equation (11)

Substituting in equation (IO),
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where T = rn:* z;Pzis the total magnetic field of
the earth.
Defining the modified amplitude spectrum
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This shows that the phase spectra differ by n/2
even for small values of w.
Figures I and 2 show the geometry of the
system and the components of the anomalous
118) field respectively. Figures 3, 4 and 5 represent
the amplitude and phase spectra of the
horizontal and vertical components of the
anomalous magnetic field due to a sphere, the
parameters of which are as follows:

Equations (14) and (17) appear identical but in
reality they differ by a small quantity due to the
contribution of the term (liwd).
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Equations (18) and (19) show that for large values
of od or o the phase spectra for the vertical and
horizontal components of the anomalous fields
differ by ~12.
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usual representation of a naturally occurring
ore body, yet sometimes massive ore bodies are
represented by spheres for the purpose of
simplified interpretation. It is also shown that
only the depth to the centre of the sphere can
As the spheres are at the same depth, and are
be determined uniquely, no information regardalso of identical size,
ing the size (V) and the susceptibility contrast
(k) is available.
A quantitative estimate of the susceptibility
contrast from geological information is necessary
and
to calculate the size of the sphere. The depth to
a,,*, :+ =ec-1
the top of the sphere may be determined by
downward continuation of the anomalous field
From the properties of linear superposition of
observed on the ground surface. With the depth
the Fourier transform, the spectrum for the
to the top ofthe sphere known, the radius may be
compound anomaly will be
determined, since the depth to the centre is
c*7i known.
FC”/=Il,“, 11+P”P,.iUOlP”Ph,“ll
In analysing the spectra of field data, the
origin of the samded data will be shifted at the
The amplitude spectrum IFC,,IIwi~~,~ is
This will not affect the
(281 flank of the ano&y.
IAIy,l,,2 a,., LO~~~iZ,
amplitude spectrum but will change the phase
spectrum by an amount ~a where a is the shift
From equation (28) it is evident that the
in the origin. It is pertinent to mention that for
amplitude spectrum will be an oscillatory
reasons beyond the authors’ control, the theory
curve, intersecting the w-axis at oa = (2n +l)r.
Also, from the successive values of W, where
has not been substantiated by analyses of field
data.
[AW]r.z = 0, a can be determined as
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