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The three dimensional scattering of near-field, from a point source, is studied for acceleration in
the time domain. The perturbation method is applied to define the acceleration for the first order
scattering from a weak inhomogeneity in a homogeneous surrounding. A body force, arising from
the interaction between the primary waves and the inhomogeneity, acts as the source generating
the scattered motion. The acceleration of scattered waves is related to the velocity and density
fluctuations of the inhomogeneity. No restrictions are placed on the inhomogeneity size or locations
of the source and receiver. Decoupling of scattered motion enables the identification of different
phases. Integral expressions are derived for the scattering acceleration due to the incidence of near-
field wave (from an impulsive point force) at a radially inhomogeneous volume element. These
integrals are solved further for scattering from an inhomogeneous spherical shell. The accelerations
for back scattering are obtained as a special case. These accelerations are simple analytically
solvable expressions in closed form.

Only spherical asymmetry of P wave velocity inhomogeneity can affect the scattered S acceler-
ation. Scattered P acceleration is affected by the gradient of S wave velocity inhomogeneity. The
back scattering of near-field from a spherical shell, is independent of radial inhomogeneity of P
wave velocity. Inhomogeneity with smoothly perturbed S wave velocity does not back-scatter any
acceleration. Accelerations are computed numerically for scattering from a part of inhomogeneous
spherical shell. Hypothetical models are considered to study the effects of the distances of spherical
shell from source, receiver, its thickness and its position relative to the direction of impulsive force.

1. Introduction

The factors affecting any recorded motion are
source effects, wave path effects and site response.
The complex effects of wave paths do not affect
the near-field studies. Hence, the data from the
near-field offer better information on the para-
meters of the source in a nearby fault zone. Reser-
voir characterisation and non-destructive testing
of materials are important examples of near-field
studies. Elastic wave scattering could be an effec-
tive tool to characterise a material or a structure
for any existing fault. The study of the dynamism
at such a fault may help in improving the moni-
toring techniques used presently. This requires an

advancement of scattering theory by incorporating
the various aspects of physical property distribu-
tions in the theoretical models.

The modeling of waves scattered by a small inho-
mogeneity has taken a variety of approaches. Some
of the approaches leading to advanced scattering
theories are mentioned in an earlier paper of the
author (Sharma 2004). The studies available in lit-
erature (Sato 1984; Wu and Aki 1985a, b, 1988;
Wu 1989) assume the point source to be either a
P wave source or S wave source and, hence, dis-
cuss only the far-field scattering. Moreover, most
of the analytical studies in scattering are in fre-
quency domain whereas the experimental data are
collected in time domain. This is a mismatch of the
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theory with the experiments. The time domain sce-
nario always presents a more transparent picture
of any process.

Sharma (2004) is, perhaps, the first such study
that discussed the scattering of the near-field of a
point source. In the paper, the author stressed the
importance of near-field in scattering. The scatter-
ing of near-field of a point source from the spherical
shell shaped inhomogeneity was studied to calcu-
late the strains of scattered waves in time domain.
In the work presented here, a similar study is
considered, but to calculate the accelerations of
scattered waves.

The author, here, derives the integral expres-
sion for acceleration of scattering, and solves it
for the near-field term of the Green’s function
(Aki and Richards 1980) from an impulsive point
source. Integral solutions are solved, further, for
the scattering from an inhomogeneous spherical
shell. The work presented is important on the follo-
wing counts:

• Scattering is studied in time domain.
• Accelerations of different scattered phases are

computed without any restriction on the posi-
tion of receiver. Whereas, the studies available
in literature compute displacement assuming
both source and receiver far from the scatterer.
Recording of acceleration as strong ground
motion is necessary to solve the problems of seis-
mic design and construction of safe structures.

• The near-field intermediate wave from point
source is considered as a primary wave. When
the source is very near to the inhomogeneity, this
represents the ever ignored part of the scatter-
ing studies. Otherwise, this study is a comple-
mentary supplement to the far-field scattering
approximations.

2. First order scattering theory

A finite volume weak inhomogeneity is consid-
ered in an isotropic elastic homogeneous medium
of Lame’s moduli λo, µo and density ρo. Elastic
constants and density of this inhomogeneity are
defined as

p = po + δp, (1)

where |δp| (¿ |po|; p = (λ, µ, ρ)), denote perturba-
tions in elastic parameters and density. The inho-
mogeneity is weak so that scattered waves obey the
wave equation of the unperturbed medium.

The displacements in the inhomogeneous
medium are written as u = uo + δu, such that
|δu| ¿ |uo|. The equation of motion in the inho-
mogeneous medium is given by

ρüi = ρfi + (λuj,j),i + {µ(ui,j + uj,i)},j, (2)

where, f is the body force (per unit mass) repre-
senting the source fixed in the homogeneous part
of the medium and generating primary waves.

For a weak inhomogeneity (ignoring terms of sec-
ond and higher orders of perturbations), using (1),
the equation (2) is resolved into two equations.
These are

ρoüo = ρof + (λo + µo)∇(∇ · uo) + µo∇2uo, (3)

and

δ̈u =
(

λo + µo

ρo

)
∇(∇·δu)+

(
µo

ρo

)
∇2δu+Q, (4)

where,

Qi =
(

δρ

ρo

)
(fi − üo

i ) +
(

δλ + δµ

ρo

)
uo

j,ij

+
(

δµ

ρo

)
uo

i,jj +
(

δλ,i

ρo

)
uo

j,j

+
(

δµ,j

ρo

)
(uo

i,j + uo
j,i), (5)

represents the body force (per unit mass) which
is determined by the interaction of inhomogeneity
with the primary wavelets from source.

Using (3) in (5), changing the elastic para-
meter perturbations to velocity perturbations and
ignoring the terms of second and higher orders of
perturbations, the scattering source is given by

Qi = (2αoδα)uo
j,ij +

(
2αoδα + α2

o

δρ

ρo

)

,i

uo
j,j

+ (2βoδβ)(uo
i,jj − uo

j,ij)

+
(

2βoδβ + β2
o

δρ

ρo

)

,j

(uo
i,j + uo

j,i − 2δiju
o
k,k).

(6)

From (4), we can write

∂2(∇ · δu)
∂t2

= α2
o∇2(∇ · δu) +∇ ·Q, (7)

∂2(∇∧ δu)
∂t2

= β2
o∇2(∇∧ δu) +∇∧Q, (8)

and equation (4) itself can be written as

δ̈u = α2
o∇(∇ · δu)− β2

o∇∧∇ ∧ δu + Q. (9)
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Applying grad to (7) and curl to (8), we obtain

∂2[∇(∇ · δu)]
∂t2

= α2
o∇2[∇(∇ · δu)] +∇(∇ ·Q),

(10)

∂2[∇∧ (∇∧ δu)]
∂t2

= β2
o∇2[∇∧ (∇∧ δu)]

+∇∧ (∇∧Q). (11)

Solutions of (10) and (11), for the waves scattered
from a small volume V and recorded at r, can be
written as

∇(∇ · δu(r, t)) =
1

4πα2
o

∫
1

|r− q|∇(∇ ·Q)

(
q, t− |r− q|

αo

)
dV (q), (12)

and

∇∧ (∇∧ δu(r, t)) =
1

4πβ2
o

∫
1

|r− q|∇ ∧ (∇∧Q)

(
q, t− |r− q|

βo

)
dV (q). (13)

V is the inhomogeneous region where Q is non-
zero.

Using (12) and (13) in (9), the acceleration of
scattering reaching at r is given by

δ̈u(r, t) =
1
4π

∫
1

|r− q|∇

{
∇ ·Q

(
q, t− |r− q|

αo

)}
dV (q)

− 1
4π

∫
1

|r− q|∇

∧
{
∇∧Q

(
q, t− |r− q|

βo

)}
dV (q)

+ Q(r, t). (14)

It is an integral expression for acceleration of scat-
tering in which various phases can be identified.
The first integral represents the scattering received
as compressional waves and the second integral
represents the shear waves in scattering. The last
term, i.e., Q is zero outside V .

Receiver        R 

r 

 Source   S               q   r-q 

 ξ        P  

   

    
∆ξ

Inhomogeneity  

Figure 1. Geometry of the medium.

3. Geometry of the medium (figure 1)

Consider a point source at S ↔ (Sx, Sy, Sz) in a
Cartesian co-ordinate system (x, y, z). The unit
vector n = (nx, ny, nz) defines the direction of the
force at S. An arbitrary location for receiver is
represented by R ↔ (Rx, Ry, Rz). Hence, we have
r=(Rx−Sx, Ry −Sy, Rz −Sz). An arbitrary point
P ↔ (Px, Py, Pz) in the inhomogeneity, is repre-
sented by the variable q = (Px − Sx, Py − Sy,
Pz − Sz). In a local spherical co-ordinate system
centered at S, the variable q = (q, θ, φ) is related to
its Cartesian components by qx = q

√
1− χ2 cosφ,

qy = q
√

1− χ2 sinφ and qz = qχ. For a spherical
shell inhomogeneity of thickness ∆ξ at radial dis-
tance ξ from source, q will be varying from ξ to
ξ + ∆ξ. dV = q2dqdΩ, where, dΩ = dχdφ repre-
sents the solid angle subtended by the inhomogene-
ity at the source. For a complete spherical shell,
χ(= cos θ) varies from −1 to 1 and φ varies from 0
to 2π.

4. Acceleration of scattered near-field

Following Sharma (2004), the displacement at a
point q in the near-field of an impulsive point unit
force at S along the direction n̂, is given by

uo(q, t)

= 4πuod
s2

oαo

q3
t

[
H

(
t− q

αo

)
−H

(
t− q

βo

)]
.

(15)

The meanings of variables and parameters involved
are unchanged in the present study. Similarly, the
scattering source is the body force Q generated
by the interaction of primary wave, given by (15),
with the inhomogeneity. The perturbation func-
tions F (q), G(q) and E(q) are assumed to be thrice
differentiable. The scattered waves from impulsive
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sources have their acceleration defined by the equa-
tion (4). The integral expression (14), calculates
the scattering acceleration to be recorded at a
receiver at R. Solving this equation, the scattering
acceleration δ̈u of P and S phases are obtained as
follows:

δü
(j)
i = uoαos

2
o

∫
X(q)
q3

[
χf

qi

q
Vj + niWj

]
dV (q);

(j = P, S), (16)

where, χf = q̂ · n̂ and X(q) = 1/|r− q|. Vj and Wj

are given by

VP = 4α2
o

[
FYqqqq +

(
3F

′ − 8
q
F

)
Yqqq

+
(

3F
′′ − 16

q
F
′
+

24
q2

F

)
Yqq

+
(

F
′′′ − 8

q
F
′′

+
24
q2

F
′ − 24

q3
F

)
Yq

]

− 24β2
o

[(
1
q
G
′
)

Yqq +
(

2
q
G
′′ − 6

q2
G
′
)

Yq

+
(

1
q
G
′′′ − 6

q2
G
′′

+
6
q3

G
′
)

Y (q, tP )
]

+ 2α2
o

[(
E
′
Yqqq +

(
2E

′′ − 5
q
E
′
)

Yqq

+
(

E
′′′ − 5

q2
E
′′

+
5
q2

E
′
)

Yq

]

− 2β2
o

[(
5
q
E
′
)

Yqq +
(

11
q

E
′′ − 31

q2
E
′
)

Yq

+6
(

1
q
E
′′′ − 6

q2
E
′′

+
6
q3

E
′
)

Y (q, tP )
]

,

(17)

WP = 4α2
o

[(
1
q
F

)
Yqqq +

(
2
q
F
′ − 4

q2
F

)
Yqq

+
(

1
q
F
′′ − 4

q2
F
′
+

4
q3

F

)
Yq

]

− 24β2
o

[(
1
q2

G
′
)

Yq +
(

1
q2

G
′′ − 1

q3
G
′
)

× Y (q, tP )
]

+ 2α2
o

[(
1
q
E
′
)

Yqq +
(

1
q
E
′′ − 1

q2
E
′
)

Yq

]

− 2β2
o

[(
5
q2

E
′
)

Yq +
(

6
q2

E
′′ − 6

q3
E
′
)

× Y (q, tP )
]

, (18)

VS = 2β2
o

[
GYqqqq +

(
3G

′ − 8
q
G

)
Yqqq

+
(

3G
′′ − 22

q
G
′
+

24
q2

G

)
Yqq

+
(

G
′′′ − 20

q
G
′′

+
60
q2

G
′ − 24

q3
G

)
Yq

−6
(

1
q
G
′′′ − 6

q2
G
′′

+
6
q3

G
′
)

Y (q, tS)
]

+ 2α2
o

[(
1
q
E
′
)

Yqq +
(

1
q
E
′′ − 5

q2
E
′
)

Yq

+β2
o

[
E
′
Yqqq +

(
2E

′′ − 12
q

E
′
)

Yqq

+
(

E
′′′ − 18

q
E
′′

+
46
q2

E
′
)

Yq

−6
(

1
q
E
′′′ − 6

q2
E
′′

+
6
q3

E
′
)

Y (q, tS)
]

,

(19)

WS = −2β2
o

[
GYqqqq +

(
3G

′ − 6
q
G

)
Yqqq

+
(

3G
′′ − 18

q
G
′
+

16
q2

G

)
Yqq
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+
(

G
′′′ − 18

q
G
′′

+
40
q2

G
′ − 16

q3
G

)
Yq

−6
(

1
q
G
′′′ − 4

q2
G
′′

+
4
q3

G
′
)

Y (q, tS)
]

− 2α2
o

[
1
q
E
′
Yqq +

(
1
q
E
′′ − 3

q2
E
′
)

Yq

]

− β2
o

[
E
′
Yqqq +

(
2E

′′ − 10
q

E
′
)

Yqq

+
(

E
′′′ − 16

q
E
′′

+
30
q2

E
′
)

Yq

−6
(

1
q
E
′′′ − 4

q2
E
′′

+
4
q3

E
′
)

Y (q, tS)
]

. (20)

Subscripts ‘q’ to Y denote the derivatives of
Y (q, t) with respect to q, evaluated at t = tj,
where, Y (q, t) = t[H(t− (q/αo))−H(t− (q/βo))]
and tj = t− (|r− q|/vj), (j = P, S). H is Heavi-
side unit step function. Primes to F, G and E
denote their derivatives with respect to q.

5. Spherical shell inhomogeneity

To solve the equation (16), the inhomogeneity is
assumed to be a spherical shell between two spheres
of radii ξ and ξ + ∆ξ, having the same centre at
the source S. Thus, dV = q2dqdΩ with q varying
between the two radii. dΩ spreads over the solid
angle subtended by the spherical inhomogeneity at
the source. Properties of δ function help to reduce
the volume integral, in equation (16), to an integral
over solid angle Ω. The scattering acceleration is,
then, given by

δüi(r, t) = uos
2
oαo

[∫
χf

qi

q
(T (P )

1 + T
(S)
1 )dΩ

+ni

∫
(T (P )

2 + T
(S)
2 )dΩ

]
, (21)

where, if we define

v1(q) =
∣∣∣∣

1
αo

+ X(q)
(q − rχr)

vs

∣∣∣∣
−1

; χr = q̂ · r̂,
(22)

v2(q) =
∣∣∣∣

1
βo

+ X(q)
(q − rχr)

vs

∣∣∣∣
−1

, (23)

qo = [rχr − tvsvr + {r2(χ2
r + v2

r − 1) + v2
st

2

− 2rχrvstvr}1/2]/(1− v2
r), (24)

qoo = 0.5(r2 − t2v2
s)/(rχr − tvs), (25)

then

T
(P )
1 = v2(q2)V11(q2)

q2

β2
o

− v1(q1)V11(q1)
q1

α2
o

+
∫ q2

q1

(
t− |r− q|

αo

)
V12(q)dq, (26)

T
(P )
2 = v2(q2)W11(q2)

q2

β2
o

− v1(q1)W11(q1)
q1

α2
o

+
∫ q2

q1

(
t− |r− q|

αo

)
W12(q)dq, (27)

with vs = αo, vr = αo/βo, q1 = qoo and q2 = qo; and

T
(S)
1 = v2(q2)V21(q2)

q2

β2
o

− v1(q1)V21(q1)
q1

α2
o

+
∫ q2

q1

(
t− |r− q|

βo

)
V22(q)dq, (28)

T
(S)
2 = v2(q2)W21(q2)

q2

β2
o

− v1(q1)W21(q1)
q1

α2
o

+
∫ q2

q1

(
t− |r− q|

βo

)
W22(q)dq, (29)

with vs = βo, vr = βo/αo, q1 = qo and q2 = qoo.
Other functions, used in (26)–(29), are given by

V11(q) = −4α2
o

(
1
q
X3 +

5
q2

X2

− 2
q3

X1 − 6
q4

X

)
F (q)

+ 2α2
o

(
1
q
X2 +

3
q2

X1 − 3
q3

X

)
E
′
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− 24
q2

β2
o

[
XG

′′ −
(

X1 +
4
q
X

)
G
′
]

− 2
q2

β2
o

[
6XE

′′ −
(

5X1 +
21
q

X

)
E
′
]

,

V12(q) = −β2
o

(
12
q2

)[
2

(
G
′′′ − 6

q
G
′′

+
6
q2

G
′
)

+
(

E
′′′ − 6

q
E
′′

+
6
q2

E
′
)]

X,

W11(q) = α2
o

2
q2

[
2

(
X2 − 2

q2
X

)
F (q)

−
(
X1 − 1

q
X

)
E
′
]

− β2
o

2
q3

[12G
′
+ 5E

′
]X,

W12(q) = −β2
o

(
12
q3

)[
2

(
G
′′ − 1

q
G
′
)

+
(

E
′′ − 1

q
E
′
)]

X,

V21(q) = −2β2
o

[
6
q2

XG
′′ − 6

q2

(
X1 +

4
q
X

)
G
′

+
(

1
q
X3 +

5
q2

X2 − 2
q3

X1− 6
q4

X

)
G(q)

]

− 2α2
o

(
1
q2

(
X1+

3
q
X

)
E
′− β2

o

[
6
q2

XE
′′

−
(

1
q
X2 +

10
q2

X1 +
24
q3

X

)
E
′
]

,

V22(q) = −β2
o

(
6
q2

)[
2

(
G
′′′ − 6

q
G
′′

+
6
q2

G
′
)

+
(

E
′′′ − 6

q
E
′′

+
6
q2

E
′
)]

X,

W21(q) = 2β2
o

[
6
q2

XG
′′ − 6

q2

(
X1 +

2
q
X

)
G
′

+
(

1
q
X3 +

3
q2

X2 − 2
q3

X1− 2
q4

X

)
G(q)

]

+ α2
o

2
q2

(
X1 +

1
q
X

)
E
′
+ β2

o

[
6
q2

XE
′′

−
(

1
q
X2 +

8
q2

X1 +
12
q3

X

)
E
′
]

,

W22(q) = β2
o

(
6
q2

)[
2

(
G
′′′ − 4

q
G
′′

+
4
q2

G
′
)

+
(

E
′′′ − 4

q
E
′′

+
4
q2

E
′
)]

X,

where

X1 = −(q − rχr)X3,

X2 = −X3 + 3(q − rχr)2X5,

X3 = 9(q − rχr)X5 − 15(q − rχr)3X7.

Special cases

• Smooth variations of density inhomogeneity (i.e.,
E
′
(q) = 0) reduces the expressions of Vij, Wij,

(i, j = 1, 2), to a great extent.
• The back scattering expression for acceleration

is expressed as follows:

δüi(r, t) = uos
2
oαo

[
(T (P )

1 + T
(S)
1 )

∫
χf

qi

q
dΩ

+ni(T
(P )
2 + T

(S)
2 )

∫
dΩ

]
, (30)

where qo = tvs/(1 + vr), qoo = 0.5tvs, and in the
case of smooth density inhomogeneity,

V11(q) = −β2
o

24
q3

(
G
′′ − 3

q
G
′
)

;

V12(q) = −β2
o

24
q3

(
G
′′′ − 6

q
G
′′

+
6
q2

G
′
)

;

W11(q) = −β2
o

24
q4

G
′
;
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Figure 2. Variations in scattering acceleration with the source-inhomogeneity distance {ξ = 4m: ——; ξ = 5 m: - - - - -;
ξ = 6m: ...........}.
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Figure 3. Variations in scattering acceleration with radial thickness of inhomogeneity {∆ξ = 3m: ——; ∆ξ = 4m: - - - - -;
∆ξ = 6 m: ...........}.
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W12(q) = −β2
o

24
q4

(
G
′′ − 1

q
G
′
)

;

V21(q) = 0.5V11(q); V22(q) = 0.5V12(q);

W21(q) = β2
o

12
q3

(
G
′′ − 1

q
G
′
)

;

W22(q) = β2
o

12
q3

(
G
′′′ − 4

q
G
′′

+
4
q2

G
′
)

.

It may be noted that the above expressions are
independent of function F (q) and its derivatives.
This implies that acceleration for first order scat-
tering from a spherical shell inhomogeneity is not
affected by the P -wave velocity inhomogeneity.
The effect of S wave velocity inhomogeneity is rep-
resented by the derivatives of G(q) which means
the inhomogeneity with smooth perturbation of
shear wave velocity will not back-scatter the near-
field of a point source. Hence, the accelerations of
back-scattered near-field are controlled only by the
derivatives of G(q). Similar results are obtained
by Leary (1995) for the scattering of far-field
shear motion. Even, for a radial inhomogeneity
of any shape and size, the scattered S accelera-
tion (i.e., equations (19) and (20)) is independent
of P wave velocity inhomogeneity. Moreover, the
integrals in (30) are simple enough to be solved
analytically over any given size of spherical shell
inhomogeneity.

6. Numerical results and discussion

The purpose of numerical computation is to
explore the use of expressions derived in the sim-
ulation of the records of near-fault observations.
The numerical study of the effects of various
parameters on scattered acceleration, also, verifies
the correctness of the expressions derived. This
requires the integral expressions (21)–(29) to be
solved over the volume of the inhomogeneity. In a
hypothetical model, the spherical co-ordinate sys-
tem is chosen with its origin at the source. The
inhomogeneity is only a part of spherical shell
defined by χ varying from −0.1 to 0.1 and φ
varying from −0.2π to 0.2π. Density perturbation
is assumed constant to simplify the computation.
The perturbations in wave velocities are defined by
F (q) = G(q) = 0.05 sin k(q − ξ). This implies that
the velocity perturbation is zero at the inner sur-
face of the inhomogeneity and changes outward
with sine function. Wave velocities in the homo-
geneous surrounding are αo = 4 km/sec, and βo =
2.5 km/sec. Numerical integrations over dq and

dΩ (= dχdφ), are computed through summation
method.

To study the effects of size (∆ξ), distance (ξ) and
position (r) of inhomogeneity from source and the
direction of force (n̂) on scattering, the computed
phases are exhibited in figures 2–5. Details are as
follows.

All the three components of acceleration are
plotted, phase-wise, in figure 2, for values
of ξ = 4, 5, 6m. k = 0.1, ∆ξ = 6 m, r = 5m,
r̂ = (1, 1, 1)/

√
3 and n̂ = (0, 0, 1). The scattering

decreases rapidly with the increase of ξ. The
direction of force being along z-direction, x- and
y-components of acceleration are negligible as com-
pared to its z-component. Peak acceleration for P
phase is nearly twice that for S phase.

The effect of thickness of inhomogeneity on scat-
tered acceleration is presented in figure 3, for the
values of ∆ξ = 3, 4, 6m. ξ = 8 m and r = 5 m. As
expected the initial part of the signal is common
and the effect of increase of ∆ξ is observed, only
in the later part. Alongwith the increase of scat-
tering, the increase of ∆ξ also increases the signal
duration.

Figure 4 contains the variations of accelera-
tions with the distance of receiver from source.
For an easy comparison with the back scatter-
ing the receiver location is restricted to the nega-
tive direction of polar axis. Hence, r̂ = (0, 0,−1).
ξ = 5 m, ∆ξ = 6 m and computations are made for
values of r = 0.001, 8, 20m. In the present geome-
try, x- and y-components of scattered acceleration
may increase but resultant of scattered accelera-
tion decreases with the increase of r.

To study the effect of position on inhomogene-
ity with respect to force orientation, n̂ is taken
along different axes. Accelerations are plotted in
figure 5. The value of parameters are not changed
except ξ = 8 m, and r = 5 m. Scattered S phase
components are smaller as compared to P phase
components. When the force is along z-direction,
negligible motion is observed in x–y plane. Con-
versely, when the force is in x–y plane, there
may not be any considerable acceleration along
z-direction.

7. Conclusions

The analytical expressions derived in previous sec-
tions are interpreted to characterise the behaviour
of the first order scattering of near-field. It is noted
that, in general, the behaviour of P and S phases
of scattered acceleration is similar to the behaviour
of dilatation and rotation, respectively, of scattered
waves studied in Sharma (2004). For example, the
acceleration of S waves scattered from a radial
inhomogeneity is independent of P wave velocity
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inhomogeneity and the acceleration of scattered
P motion does not depend upon S wave velocity
inhomogeneity but its gradient. The expressions for
back-scattering may be interpreted for the follow-
ing conclusions:

• Acceleration of back scattering from a radially
inhomogeneous spherical shell is independent of
P wave velocity inhomogeneity.

• A radial inhomogeneity with smooth variations
of S wave velocity does not back-scatter the
near-field of a point source.

The numerical results are obtained for a very
particular hypothetical model. The quantitative
interpretation of these results should not be gen-
eralised. However, qualitative behaviour of these
results may be of some use in simulation studies.
Here, also, the effects of source-receiver distance
and source-scatterer distance on scattered acceler-
ation are similar to their effects on scattered strains
(Sharma 2004). The few additional observations
made out of the discussion of numerical results are
as follows.

• The increase in the thickness of spherical shell
may increase the scattered motion. It, also,
increases the duration of the signal.

• The scattering acceleration is confined to the x–y
plane when the force is along x- or y-direction.
However, for scattering due to z-component
of force, the acceleration is parallel to the
force.

The work presented studies the scattering of
near-field of a point source in time domain. The
expressions derived may be used to calculate
the acceleration of scattered phases without any
restriction on the locations of source and receiver.
Back scattering expressions are obtained in simple
closed form. Acceleration, being a directly mea-
surable quantity, can be used to investigate the
physical phenomenon that shapes the relations
between material response and source properties.
A major application of scattering acceleration may

be the ultrasonic detection and characterisation of
flaws in elastic materials (Rose 1989). Near-field
accelerograms may be used, more effectively, to
simulate and interpret the time-lapse borehole data
from a uniwell or crosswell survey (Paulsson et al
1994) for reservoir characterisation. The earth-
quake/structural engineers may be interested in
the realistic ground accelerations that are site
specific. A reliable interpretation of the ground
motions can be obtained by the use of arrays of
strong motion accelerometers (Iwan 1978). Hence,
this study may, also, be useful in the modeling of
accelerograms to predict the seismic hazards due
to an impending earthquake in any region.
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