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A NOTE ON THE APPLICATION OF HILBERT TRANSFORM FOR THE TRANSFORMATION OF
- GEOMAGNETIC ANOMALIES DUE TO TWO-DIMENSIONAL BODIES

D, ATCHUTA RAO anp H. V, RAM BABU
National Geophysical Research Institute, Hyderabad 500 007, India

ABSTRACT

In the magnetic method of geophysical prospecting, the anomalous magnetic field of the earth
is measured choosing either the vertical, the total or the horizontal field magnetometer. Interpreta~
tion of the anomalous fleld may be carmried out in a number of ways which can be improved if tlhe
measurements in two or three components are available, Geological structures such as sheet-like
bodies, dykes, faults, etc,, causing magnetic anomalies, may be approximated to be two-dimensional,
For two-dimensional bodies, it is shown here that the magnetic anomaly in any one component can
easily be transformed into the other by means of Hilbert transform. The relations for such trans-
formations, derived using a thin sheet model are presented here. These relations are applicable for
magnetjc anomalies over all two-dimensional bodies,

INTRODUCTION

T is the usual practice in magnetic prospecting to
take measurements of the anomalous magnetic
field of the earth choosing one particular componeni
(total, vertical or horizontal) of interest. The magnetic
anomaly thus measured is interpreted in terms of sub-
surface geological structures assumed to be responsible
for the anomaly, Magnotic interpretation can be
carried out in several ways and may be improved if
the measurements are available in two or three compo-
nents®, Geological structures such as dykes, thun
sheets, faults, etc., extending infinitely in the strike
direction are generally approximatod to two-dimensional
bodies. For two-dimonsional bodies, the magnetic
anomaly in the vertical and t}e horizontal compo-

nents form a Milbert transform pair', ¥lonce, (he

magnetic anomaly in the vertical (horizontal) compo-
nent can be obtained from the horizontal (vertical)
component using Hidbert transform, For two-dimen-
sional bodies it is stown tere that tfe magnetic ano-
maly in any component can be transformed into tre
otter using tFe fundamental relationship amoeng tl em
and the Hilbert transform, Tie relations for comput-
ing these components are derived Using & thin sl ect
model. Those relations are applied on a ficld
pxample,

THEORY

Lot thore be a thin sl eet (Fig. 1), extending ivfinitely
along its strike and is magnetized due 1o mdritan
only, Tho expressions for tie vertical (AV) Ton-
zontal (AH) and total (AT) Hield mugnetio anepali
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at any point P{x) along a line perpendicular to its
strihe are given by

heos & + xsin &

— s !
AY = A X3 L AT )
hsinfl — xcos @
= 5] *2
{AH Asina 1 (2)
and
hsin(9 4 1) — xcos(8-4-1)
— 3
AT = Ab T 3)
w] ere,

k is the depth to t'e top of thre sheet,
A = 2KTbhsind

b= (1l — costicosta)/?

I = arctan (tan i/sin a)

V=I—3

in waich, d is the dip of t" e sheet, k is the susceptibility
confrast of the sheet to its surroundngs, T is the base
level of the total magnetic field intensity, 71is tle
inclination of the geomagnetic field vector and a is
the strike of tle body measured clockwise with respect
to the magnetic North,

FIG, 1,

cll

Cross~sectional view of a thin st eet model.
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FiG. 2. Curves showing the measured vertical (AV)
magnetic anomaly over the Pima Copper mune in

Arizona, analysed by Gay* and the transformed bori-

zontal (AH) and total (AT) magnetic anomalies,

Transformation from one component into the other

of the anomaly functions AV, AH and AT defined in

equations (1), (2) and (3) may be camried out using

Hilbert transform. At present, we treat the Hilbert
transform as an operator which transforms sine func-

Application of Hilbert Transform for Geomagnelic Anomalies
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tions into cosine functions and vice versa®, ¥From the
Table of Integral Transforms®, we have the following
Hilbert transform pairs:

+cc N
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Substituling the above transform pairs in equations (1),
(2) and (3) we get the Hilbert transforms of AV, AH
and AT as

xcos & — hsin 6

AV, = A XA = ~ AHcoseca (5)
o xsm @4 hcos 8 _
AH, = Asina S = AVsina (6)
and
pcos {8+ 1D 4+ xsm(040)
ﬂTH = Ab - x2 4 k2 (7)
respectively.

From equations (5) and (6) we see that the vertical
and the horizontal components of the magnetic ano-
maly due to a thin sheet are related by Hilbert trans-
form and hence when either of the components is
known the other can be computed. Now we know
the basic relation among the three components of the
magnetic anomaly, viz.,

AT = AVsini+4 AHcosi, (8)

Using the relations given in equations from (5) to (8)
we establish the following simple relations for trans-

forming one anomaly component into the other,

(1) Transformation of AV to AH and AT

From equation (5) we see that the horizontal (AH)
component can be obtained directly from the Hilbert
tl‘anSfOIm ‘Gf &V! f_ﬂ_,

AH = — AVgsina, (%)
After obtaining AH, we can compute AT from AV
and AH using the relation given in equation (8).
(2) Transformation of AH to AV and AT

In equanon {6) we found that the vertical compo-
nent ¢an be obtained directly from the Hilbert trans-
form of AH as

AV = AH_cosec a, (10)

Therefore after obtaining AY, the total field compo-
nent AT can be computed using the relation given
by equation (8),
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(3) Transformarion of AT to AV aid ANH

Using equations (5), (6), (7) and (8), we deduce tre
following relations among AV, AH, AT and AT, :

AV = (ATsinI + AT, cos I)/b (1)
AH =sina{(ATcosI — AT, sin1)/b. (12)

Hence, from equations (11) and (12), the vertical and
the horizontal components can be computed from the
total comvonent and its Hilbert transform.

Tre relations given in equations (8), (9) and (10)
arc fundamental to all tlke two-dimensional bodies.
Boattactaryya and Leu! have skown tFat the relations
given in equations (5) and {6) are true for all two-
dimensional bodies, Trerefore, tfe transformations
can be carried out using tle above relations even in
the case of other two-dimensional bodies.

Computation of Hilbert Transform

Thke practical approach of obtaining the Hilbert
Transform F, (x) of any function F(x) using tle
Fourier Transform F (w) of F (x) has been suggested
by Green® which involves tFe following procedure.

Tre Fourier Transform F (w) can be broken up
into a series of sine and cosine terms of known ampli-
tude. lLet a,, a,a,... a, be the amplitudes of the
cosine terms and by, by, b3... b, be the amplitvdes of
the sine terms, Now produce a waveform made of
costne terms with amplitudes O, by, by, bgy0ev - b,
and sine terms of amplitudes —a,, —a,, —a;,. ..
then, the syntkesized waveform is tre Hilbert trans-
form of the original waveform, It amounts to an
interchange of the amplitude coefficients of thke sine
and cosine terms of the Fourier transform with a
change in sign of tle sine terms, Tle following three
steps are involved in tte computation.

(1) Calculate tre Fourier transform of tle profile,
(2) Set the negative frequencies to zero,
(3) Take tFe inverse Fourier transform of tle modi-

fied Fourjer transform,
The resulting output gives the Hilbert transform.,

-"ﬂ“ :
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PRACTICAL EXAMPLE

Tle relations given in equations (8) and (9) are used
to transform a vertical fleld magnetic anomaly (AV)
over Pima copper mine in Arizona, taken from figure 10
of Gay’s paper*. Tfe AV anomaly has been frans-
formed into tte total (AT) and tfe horizontal (AH)
anomalies using tle above relations and are shown
in Fig. 2 along with the original AV anomaly. Gay?
interpreted the anomaly comparing it with tFe standard
curves presented by rim. Tlre transformed AT and
AH anomaly curves are found to fit well! with the
corresponding standard tleoretical curves expected
over the same body,
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YSOZYME, a low mwlecular weight basic protein,
is a non-specific mucolytic enzyme wiich is widely
distribated in nature—botna in the plant and in the
animdl kingdoms, Tis presence in the majority of
animal tissucs and fluids bas been demonstrated as
early as 1922 by Fleming', Reccently, lysczyme deter-
mination in blood and urine has proved to be a4 valu-
able diagnostic tool in tubular kidiney discase®, in

Cu.['l'. Sﬂi-""“S

sarcoidosiy?, certain tumors of the central nervous
system* gnd specilic types of leuhaenuas®»® in myn,
Simiilar studics on animals, however, are relatively fow,

In an attempt (o gun inught inte the bologiil
role of Jysozyme in mabhignant neoplasiil, determmation
of serum levels of this cnzynme in 4 varwty of tumor
bearing miwe was undeitahen, and the changes that
occuned during the developruent of the tunion Roted,



