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A DIFFERENT APPROACH TO THE 2D FOURIER
TRANSFORM OF THE RESPONSE OF A BURIED

IMPULSIVE SOURCE

Gomuli Nokta Bir Kaynagin Cevabinin 2B Fouirer

Doénusiumine Farkli Bir Yaklagim

ismet SINCER* and Turan KAYIRAN**

ABSTRACT

This paper is focused on the 2D Fourier Transform of
the response of receivers to a buried impulsive source. Such a
transformation was analytically studied by Bolondi., Rocca
and Savelli (1978). However, analytical solutions are not al-
ways found easily. Therefore, an alternative approach may be
useful in handling these sort of problems. In this study, the 2D
stationary phase approximation has been used as an approach
to the same problem.

OZET

Bu ¢ahigmada gomiili bir nokta kaynagm yatay bir kayt
diizleminde olusturdugu dalga alaninin 2 boyutlu Fourier donii-
simil incelenmigtir. S6z konusu doniigim Bolondi, Rocca ve
Savelli (1978) tarafindan analitik olarak bulunmugtur. Oysa
analitik ¢oziimleri her zaman bulmak mimkiin degildir. O ne-
denle bu ¢esit problemlerin ¢oziimiinde farkli bir yaklagim fay-
dali olabilir. Bu makalede duragan faz yaklagumi kullanilarak
s6z konusu iki boyutlu Fourier doniisiimi elde edilmigtir.

INTRODUCTION
In a study made by Bolondi, Rocca and Savelli (1978),
_the Fourier transform of the response of the receivers to a bu-
ried 1mpulsive source was analytically calculated. It will be
shown later that the same result can be obtained in terms of
the phase spectrum of the response function, using the station-
ary phase approximation. First of all, it would be a nice idea
to review what the authors did. The response of the receivers

to a buried impulsive source is given by the following rela-
tionship.

R(x.t,z))=0 t<rtfv
Rx,t,zq)= M t>1/v
72 2 2
2RV v t —x -2
Where, 1% = x>+ z° the distance between the source

and receiver, and X ., y .z, v, t are the coordinate of the
receivers, the depth of the source, the constant velocity of the
medium, the travel time, respectively.
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Noticing that _—— Y i>xN
icing R(x.1.0) '\/___, /
2RV vVt =X
Its 2D Fourier transtorm follows:
L=} o0
~ ik x+wt)
R(k,(,w,O):f f — Y ¢ T dxdt
_ wod g / 2tz 2
letting ~TVV =X
q=vi-Xx
p=vt+x

The Jacobian matrix will be
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applying the backwards operator
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Equation (1) is the desied 2D Fourier transform.

THEORY

As a different approach, the 2D Fourier transform of
the response of the receivers 1o a buried impulsive source may
be obtained using the sationary phase approximation.

To start with,

A\
Rxt.2)s — o
22 2 2
2aV vV Lt —x -2

if the 2D Fourier transform is taken,

— 1w+ ik x

dxdt (2)
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On the other hand. the Bessel function Jo () of the

first kind and zero order can be written Papoulis (1962) as
follows:

ik x

: i Y sin B)

]O(t)z_fw dx= f Te dB

e
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Keeping in mind the 2D stationary phase algorithm
Papoulis (1962) and then substituting the value of J (1) into
equation (2) and letting G denote the total phase, one may take
the derivates of G with respect to X and B to obtain the
extremum values of the function. If these values are inserted
again into the phase function, the following result is obtained.
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G= —zy(w/v - k,) +xr/2 (3)

The phase given by equation (3) is identical to the phase
n equation (1).

CONCLUSIONS

The 2D Fourier transform of the response of receivers
to a buried impulsive source has been obtained using the 2D
stationary phase approximation in terms of the phase spec-
trum. The result is identical to the conclusion arrived by Bo-
londi, Rocca and Savelh (1978). Therefore this i1s an alternate
approach to the same purpose.
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