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ABSTRACT

Numerical seismic modeling techniques were developed by 
using finite difference solutions to one- or two-dimensional 
inhomogeneous elastic wave equations. Analytic solutions for the 
modeling of plane wave propagation in horizontally layered media 
were also obtained.

The first part of this report presents solutions to a one- 
dimensional elastic wave propagation equation by an analytic 
method and a finite difference method. The second part presents 
some solutions to a two-dimensional elastic wave equation by a 
finite difference method in an orthogonal cartesian coordinate 
system. The third part presents some calculations of wide 
angle reflection coefficients and interference patterns 
associated with a thin bed with varying angles of longitudinal 
wave incidence using Haskell's matrix method.

This study showed that a finite difference approach for 
numerical seismic modeling may be a good method, particularly 
in two-dimensional cases when there is emphasis on the 
amplitude and shape of seismic signals returning to the surface.

The following three computer programs and user's manuals 
are included in the appendices:

(1) Synthetic seismogram computer program for a plane 
wave in perfectly elastic media.

(2) One-dimensional finite difference computer program.

(3) Two-dimensional finite difference computer program.
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INTRODUCTION

In seismic exploration, it is very important to compute 
the shape and amplitude of reflected and transmitted seismic 
signals for a complex subsurface geologic model. Particularly, 
in stratigraphic trap oil exploration, the examination of 
amplitude anomalies of seismic signals play an important 
role in the interpretation stage in contrast to the travel 
time anomaly used in the structural oil trap exploration. 
Also the advent of vertical seismic profiles has increased 
the applicability of the seismic modeling still more.

The purpose of this report is to study some of the basic 
theories of elastic wave propagation and to make a computer 
program to calculate reflected and transmitted seismic signals 
very efficiently.

Numerous authors (Peterson and others, 1955; Wuenschel, 1960;

Trorey, 1962) have studied plane wave propagation in a 
horizontally layered media using an analytic solutions to a 
one-diinensional wave equation. For a perfectly elastic medium, 
this analytic solution approach is the best, in this author s 
opinion. However, for the realistic earth material which 
always has some degree of attenuation, this analytic solution 
is difficult to program. Therefore, we studied an inhomo- 
geneous, attenuating one-dimensional wave equation by a 
finite difference scheme along with the analytic solution 
approach.

%

One of the advantage of this finite difference approach 
over the analytic solution approach can be found in making 
synthethic vertical seismic profiles, or VSP s. In finite 
difference schemes, we must calculate seismic signals at all 
grid points to solve the wave equation. Therefore, the 
execution time for one output trace is exactly the same as



for the outputs at all grid points in a model. On the other
hand, one of the disadvantages of finite difference approaches
is its inaccuracey due to the accumulation of local truncation
errors, propagation errors, and grid dispersion errors,
which almost surely will increase as the length of a seismogram
increases.

We studied very simple models using finite difference 
approaches and compared these with corresponding analytic 
solutions. We found good agreement.

For an irregular boundary and/or non-normal incidence, 
we conventionally use ray tracing techniques. For the 
computation of arrival times of seismic signals from the 
different geologic boundaries, this approach provides reliable 
information. But for true amplitude calculations, and 
particularly in the study of converted waves, this ray 
tracing technique fails. Thus, as in the one-dimensional 
case, we studied two-dimensional wave propagation by a 
finite difference approach.

Aboudi (1971) computed elastic wave fields by a finite 
difference scheme with a body force as a forcing function. 
Alterman and Aboudi (1970) studied a one-layered half-space 
in a cylindrical coordinate system by implementing the 
analytic solution around the source region with a difference 
scheme. Also Alford and others (1974) investigated diffraction 
problems and the accuracy of finite difference schemes in an 
acoustic material by solving for a displacement potential 
function with an analytic solution around the source.

Those authors, in common, used a homogeneous wave 
equation and fitted the boundary conditions at many boundaries. 
If these boundaries are simple (vertical or horizontal 
interface) and there are not many of them, this approach may 
be appropriate. But for complex geological models, this 
homogeneous formulation may not be adequate. Therefore, we 
studied an inhomogeneous wave equation using a finite difference 
approach.

Finally we studied wide angle reflection coefficients 
and interference patterns due to a thin bed by Haskell's 
matrix method.



This report has three parts. The first part of this 
report presents the solution of a one-dimensional elastic 
wave equation by analytic and finite difference approaches. 
The second part presents a finite difference scheme for 
solving a two-dimension inhomogeneous elastic wave equation. 
The third part presents the reflection coefficients of a 
thin bed.

Three computer programs and users's manuals are included 
in the appendices:

(1) Synthethic seismogran computer program for a plane 
wave in perfectly elastic media.

(2) One-dimensional finite difference computer program.
(3) Two-dimensional finite difference computer program.



ONE-DIMENSIONAL WAVE PROPAGATION

In geophysical exploration, it is very useful to compute 
reflected and transmitted seismic signals for a horizontally 
layered half-space, assuming plane wave propagation. Numerous 
authors have studied this one-dimensional wave propagation 
problem, either without multiples (Peterson and others, 
1955) or with multiples (Wuenschel, 1960; Trorey, 1962), 
either without attenuation (Peterson and others, 1955; 
Wuenschel, 1960) or with attenuation (Trorey, 1962).

The purpose of this study is to make a computer program 
to solve this horizontally-layered problem. We followed 
Wuenschel's approach to make a synthetic seismogram for a 
perfectly elastic medium, with all multiples. We also 
studied the phase and amplitude distortion of a reflected 
plane wave with attenuation but without multiples. Finally, 
we studied the latter problem using a finite difference 
scheme to solve an inhomogeneous, attenuating one- 
dimensional wave equation.

Analytic Solution 

(A) Perfectly Elastic Medium

To calculate the reflected and transmitted seismic 
signals, consider Figure 1, composed of N layers of homogeneous, 
isotropic and perfectly elastic material.



fi, r,

Figure 1. Multi-layered half-space.

The one-dimensional wave equation to be solved in each 
layers is

where ^ is the particle displacement, V is the compressional 
velocity of the medium, and £ is time.

Let A



Then the Laplace transformed solution of the wave equation 
for the ft -th layer is

where #**J, is one way travel time from the free surface 

to n-th layer.

The transformed stress in the /? -th layer can be written as

- -tr, z,

where ^ =

/*n : density in the /? -th layer
fr- : normal stress . u?

The boundary condition to be satisfied in each layer is 

(1) When there is no source at ft -th interface,

(3)

(2) When there is a unit impulsive velocity source at 
h interface,

or

6



When there is a source on the free surface, we used a pressure 
source.

Assume that there is a unit impulsive velocity source at 
^-th interface. Using Equation (1), (2), and (4), we can 

show that, in matrix notation,

where

(5)

3*

z ~



When there is no source at an interface, we can show the 
following:

 71

(6)

Therefore, if there is no source, by iteration,

(7)

By combining Equation (5) and Equation (7), assuming there 
is only one source at ^-th interface, the following equation 
can be derived:

It
and

*/
(8)

- 7T
J ft

(9)

8



Equations (8) and (9) are the essence of the synthetic 
seismogram computation.

From Equations (8) and (9), it can also be shown 

2>
4,

/*
(10)

where

In the following subsection we calculate the geophone 
velocity response for the specific source and detector location

(1) Source at free surface. . .As mentioned before, in this 
case, the source is a pressure impulse. 

From Equation (2), at K-s-O,

= -4fiH (*,-*,) * -

where f>(4) is the Laplace transformed source function. 
Define

M - Z (11)

Since there is no source from the first to the //-th 
interface, using Equation (9),

'



Notice that there is no incoming plane wave from the half-space,
so we can set
Therefore,

c,
(12)

, ( C, - 

C*./

Define

When a detector is on the free surface, using Equations (1) 
and (12),

(13)
CCtf -

When a detector is on the ^-th interface,

i _/,

Let

77" Cr =

Then,

Therefore,

(14)

(15)

10



(2) Source at the ?tf-th Interface...From Equation (10),

Since there is a source on the 7^-th interface, a free boundary 
condition must be satisfied at X~^. 
Therefore, from Equation (4), %  - £ 

Define / '

 V7

(16)

From Equations (9) and (10), using Equation (16),

where

*>/

When a detector is on the free surface,

(17)

where

When a detector is on the £-th interface and 
can show that

we

(18)

11



where

When a detector is on the j^-th interface and 
we can show that

The main computation for a synthetic seismogram is the 
multiplication of the layer matrix. An iterative scheme to 
calculate matrix multiplication is as follows:

From Equation (6)

Let

where ^ = 

Define

where /% -J-c +' .
From Equation (21)

Let

<*x #*/*

ff*

(20)

(21)

12



Then, by the matrix multiplication, 

/   ^_/<£V^V*-,

(22)
)

By the properties of matrix ,

From Equation 20 and Equation 22,

By induction, we can show that

+ --- *4^/v (23)

Combining Equation 22 and Equation 23,

(24)

_ j'

13



IThis is the iterative formula for the matrix multiplication 

:Likewise, we can show that

4< 
4, <

(25)

(B) Attenuating medium
In the case where the medium is nor perfectly elastic, the 

reflection and transmission coefficients are complex qualities. 
So we studied the effect of these complex reflection and 
transmission coefficients for a plane wave in a horizontally 
layered half-space without multiples, and showed how to compute 
a synthetic seismogram for this situation.

A solution of the one-dimensional wave equation in an 
attenuating medium can be written as

(26)

where tsl<J) is the Fourier transform of the displacement and 
of is an attenuation constant.

To calculate reflection and transmission coefficient, 
consider the following situation.

M»

tit

A; *  

Figure 2. Normal incidence of a plane wave at a boundary.

14



From Equation 26, the stress can be written

The boundary conditions at ^=0 are

Let

Therefore, the boundary conditions become,

Let

Then,

4 ,!/, tsu)

Let's assume 
frequency, so that

Of.

is proportional to the seismic wave

/

15



Define

Then,

*- _ ... .

The general form of &, / 7Z at *- ** interface can be,

where ^ x is the transmission coefficient from (/t-#J-*4 to 
layer.

The layer thickness is adjusted such that j, ? = 2 is constant 
in all layers. ^

16



This means that the two-way travel time in each layer is 
the same.

Therefore, the reflected displacement on the free surface 
due to the^-th reflector can be written in the following form 
in the frequency domain with unit delta function input.

- X*& *=> j (27) 

where ^

The synthetic seismogram is the sum of the series of
reflections. Therefore, for a N-layered half-space, the total
impulse response in the frequency domain is

4, . ,»,
 =-/

Examples and Discussions

Figure 3 shows a 4-fold surface to surface synthetic 
seismogram from a sonic log acquired at the Lusk area, Wyoming. 
A velocity versus time section plot is shown in Figure 4. In 
this synthetic seismogram, we deleted the source pulse since 
its amplitude is so large it obscures the reflections.

The computer execution time to make a 2.2 second synthetic 
seismogram for a surface source and a surface receiver from 
about 6,000 sonic data points (2 feet sampling interval) and 
1 milli-second time sampling (2 milli-seconds for two-way 
travel time) is 1 . 5 seconds on the PDP-10.

Another useful application of this modeling program is to 
make vertical seismic profiles (VSP's). This is done by 
generating a whole series of synthetic seismograms, each one 
assuming successively greater geophone burial depth. From the 
attached computer program, which is written only for one source 
and one receiver position for each execution, it is easy to 
make VSP's. Figure 5 shows 121 synthetic seismograms for the 
Collins well, Wyoming. Each member of the set represents the 
wave field at a different burial depth.

17
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The phase and amplitude change due to a complex reflection 
coefficient was studied using a simple model without multiples. 
The model description is shown in Figure 6.

Figure 6. One-layered half-space attenuating model.

Let the input wave function be f^-(^} , which we take as

*=/ when 0 N< z£- ^ y

 = £> otherwise.

The reflected pressure £/££) at the free surface can be 
written, using Equation 28, as

where R is the amplitude of the complex reflection coefficient, 
? is the phase angle of the reflection coefficient, ^>_ ^^

Figure 7 shows the reflected wave form with varying layer 
depth "d", from 5 m to 200 m. From Figure 7, we can easily see 
that the phase distortion due to a complex reflection coefficient 
may be negligible unless "d" is small. When "d" is large, we 
can see only broadening of the wave form due to attenuation. So, 
in calculating a synthetic seismogram for many layered case, we 
may use a real reflection and transmission coefficients.

21
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Although phase distortion may not be seen in a synthetic 
seismogram, it might be worth while to include the complex 
reflection and transmission coefficient in the following cases:

(1) To study a thin layer with high acoustic impedance and 
attenuation contrast with adjacent layers, especially when 
receiver and source are very close to the thin layer.

(2) Theoretical study.

Finite Difference Solution

The numerical solution of an elastic wave equation with a 
finite difference technique and high-speed digital computers has 
become a powerful seismic modeling tool. The analytic wave 
equation solution for an inhomogeneous, attenuating medium with 
multiples is very complicated. Even if we find the analytic 
solution, the numerical computation of the results is lengthy 
and complex. This is the reason we studied a finite difference 
scheme to solve the one-dimensional wave equation.

In this study, we included a perfect elastic medium, a Voigt 
Solid, and a medium whose attenuation is approximately dependent 
on the first power of frequency over any limited frequency range.

Since we are interested in many-layered earth models, we 
solved an inhomogeneous wave equation with two boundaries (one 
at a free surface and the other at the top of a half-space) 
instead of solving a homogeneous wave equation with many boundaries

(A) Perfectly Elastic Medium

The inhomogeneous wave equation in a perfectly elastic 
medium is

(29)

where f is density, a' s ^^^)^ S\ and /^are £&'*& constant, X is 
vertical distance, and -zf- is time. '

We will replace the continuous function //^z^with discrete 
samples of this function as

Using the central difference formula, we can show that

23



Therefore, Equation 29 can be written as the following 
difference equation

where -- - (30)
Equation 3(7 is an explicit difference scheme, and we can 

compute the displacement at each grid point at time step ( I-*-/ ) 
in terms of the displacement at the previous time steps (# ) and
( n -/ ) .

The solution of Equation 30 has physical meaning only when 
the finite difference equation is stable. The sufficient stability 
condition of the above difference scheme may be derived by 
considering a homogeneous wave equation.

The stability condition for a homogeneous wave equation is

^ / /~ $/ t where V is the velocity.

So, we used the following stability condition
<"/
* / j where Vmax is the highest

velocity of the medium.

We often impose a free surface boundary condition. This 
requires that the stress must vanish, or at least be a given 
function of time when a source is located at the free boundary.

Therefore, at ^- G

, where ^±s stress 
and /V^is a pressure source function.

Using an imaginary grid point at ^-^V* we can write the 
above boundary condition as

24



where Uf is displacement at *=-*X, and jg is the displacement 
at v=4X. Notice that when p»>0 , tf*-^" , this is the free 
boundary condition. * '

At the interface between the two media, continuity of 
displacement and stress must be satisfied. Let lit. be the 
displacement in the half-space and since there is no incoming 
wave from the half-space, ^ = 4^**">-  £') where ^ is the

velocity of the half-space. Hereafter the subscript k, means
half-space. The boundary conditions at r-r(boundary at
half-space) are ^ ~ v

Therefore,

because

Using a 3-point backward first derivative operator for 
the radiation boundary condition at /-T can be written,

zL 6. ft
1 -2^

Notice that when

25



This is a rigid boundary condition, since initially all 
displacement is zero ( Ct^. ^o>o) %

When

r ~ .^ tCtS,~ MT , ) ' > which is a free boundary condition
~' >/ "*  S

(B) Voigt Solid

The inhomogeneous wave equation in a Voigt medium (White, 
1965) is

_ /nf \ + - a
-~ 2* J 4*1

_ /nf \ + - a
~ (31)

Where f/Ot is the same as perfect elastic case and fe ^A   
which is attenuation term.

Using the same method applied in the perfectly elastic 
medium, the finite difference equation of the Equation 31 is

/' V

<"'

y (32)

-P-JL
/~-~

^ ^

t/-/

2.

26



Notice that when A is zero, Equation 32 is the same as 
Equation 30. When A 3? 6 , the above equation is an implicit 
difference scheme, and its solution can be easily solved by the 
property of tri-diagonal matrix method (Richtmyer and Morton, 
1967).

Balch (1970) showed that the stability condition is

The free boundary condition at *=<? is

The radiation boundary condition at

where
£»nL-~ fci^* «».

*tr

c -

27



(C) Linear with Frequency Medium

The following sets of equations satisfy the condition that 
a first power dependency on frequency could be approximated 
over any limited frequency range (White, 1965).

03)

Where

*y/ & = attenuation constant. 

In difference equation notation,

+ **
J

-*-*

^*w
(34)

From the above coupled equation, we can compute explicitly the 
displacement at the (n+1) time step using the previous displace­ 
ments and stresses.

The free boundary condition is

 

28



radiation boundary condition is

«*: -
J_
3

*

Where

Examples and Discussions

To study the accuracy and feasibility of an explicit 
difference scheme for the solution of an inhomogeneous perfectly 
elastic wave equation, we examined the following simple model, 
which consists of two different perfectly elastic bars in 
welded contact, Figure 8.

Figure 8. Geometry for one-dimensional perfectly elastic model

29



The external boundary conditions for this model are the 
displacement field at one end and a rigid boundary at the other 
end. We computed the displacement field along the bar at 

£= 350 >ws , and ±r- 550/^5.

The solid line in Figure 9 represents the solution using 
a finite difference approach and the dots represent the analytic 
solution. The free surface reflected wave looks a little 
delayed. But overall agreement between two solutions is excellent

To test the computer algorithm for the Voigt solid, we 
compared our result with a known analytic solution derived by 
Collins (1960). For a pressure impulse at the free surface of 
a homogeneous half-space, we calculated the velocity wave form 
at a dimensionless distance X = 4 with respect to dimensionless 
time 7"~ . The dimensionless distance and time are defined as

X-

where

The points in Figure 10 were calculated from Collin's 
analytic solution, and the solid curve was computed by the finite 
difference method. The agreement between the two solutions is 
excellent .

To examine the computer program for the linear with frequency 
medium, we computed the attenuation of longitudinal wave versus 
frequency. Figure 11 shows the attenuation of longitudinal 
waves versus frequency for a semi-infinite medium whose 
longitudinal velocity is 7100 ft/sec; shear velocity is 2860 
ft/sec 7* is 0.345 ms, and fi = 0.375 ms. This figure shows that 
attenuation is nearly proportional to the first power of 
frequency in the limited frequency range.

30
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One of the problems encountered in solving an inhomogeneous 
wave equation by a finite difference scheme is that the ratio 
At/At is constant throughout the medium. The ratio ^^x 
controls the accuracy of the propagation of a given input 
wavelet in a finite difference method. If (^zy^xT'is the same 
as the speed of the medium, the propagation error is zero  
this means that if a delta function of a displacement is 
introduced into a finite difference equation for an infinite 
one-dimensional medium, it propagates as a delta function 
without tails or precursors, as the theory predicts. However, 
if £>y./#-t is not the same as medium speed, precursors and tails 
appear and the results are distorted. The larger AX/t>£~ 
compared with V (medium velocity) is, the more the propagation 
error is. This kind of error is more severe than the local 
truncation error and round-off error. Therefore, some method 
must be developed for the estimation of this propagation error.

The amplitude spectrum of the Fourier transform of a 
delta function is equal to one for all frequencies. Knowing 
this, we put a delta function displacement into our finite 
difference computer model and computed the amplitude spectrum 
of the resultant displacement at a certain point.

Figure 12 shows the amplitude spectrum of the displacement 
at X = 200^X with two values of f> , which is defined as ^> 
Figure 13 shows the amplitude spectrum at X = 100 AX* . Both 
figures clearly show that the larger p is, the more accurate 
the amplitude response is. Also the shorter the propagation 
distance is, the more accurate the response is.

Therefore, from a set of curves of this kind, we can 
estimate the maximum frequency which may be contained in an 
input wavelet, if the wavelet is to be propagated without much 
distortion. With this maximum frequency, a stability condition, 
and some criteria for the local truncation error of the difference 
operator, we can choose the optimum value of the ^X^*- ratio 
for a given numerical model.
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TWO-DIMENSION WAVE PROPAGATION

The previous chapter deals with one-dimensional wave 
propagation through horizontally layered media. This approach 
provides reasonable answers for many problems encountered in 
geophysical exploration. But it has limitations. For example, 
it cannot handle such problems as predicting the converted 
wave from a boundary, the geometrical spreading effect, or a 
non-normal incidence wave. Therefore, to make a realistic 
seismic model, it is necessary and important to study the solution 
of a two-dimensional elastic wave equation.

Presently, most of the two-dimensional modeling techniques 
use ray tracing. To calculate an arrival time for the seismic 
signal for a normal or nearly vertical ray path for an arbitrary 
subsurface, the ray theory may provide a reliable answer. Also 
this technique can solve some of the problems such as geometrical 
spreading, and mode conversion for a simple model. But present 
two-dimensional modeling techniques cannot fully solve the 
diffraction problem, all kinds of mode conversion, and true 
amplitude and shape of the seismic signal.

One way to eliminate the above problems, as far as theory 
is concerned, is to compute the entire elastic wave field by a 
finite difference method. Currently, numerous authors are 
studying the solution of an elastic wave equation by a finite 
difference method (Aboudi, 1971; Alford and others, 1974; 
Alterman and Aboudi, 1970; Alterman and Karal, 1969). 
Theoretically, a finite difference equation can give an exact 
solution of the elastic wave equation as the sampling interval 
both in space and time approach zero for any complex geological 
subsurface.

Thus, the purpose of this section is to study the feasibility 
and applicability of this finite difference approach. If 
subsurface structure is simple, it seems to be more reasonable 
to solve a homogeneous wave equation with appropriate boundary 
conditions at each boundary by a finite difference method. 
However, for a complex geological model to fit a boundary 
condition at each boundary is rather complicated. So we set 
out to solve an inhomogeneous elastic wave equation, which 
contains all interface boundary conditions in itself, by a 
finite difference scheme.
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Difference Equation

Two-dimensional inhomogeneous ealstic wave equation in 
an orthogonal cartesian coordinates x and y can be written as

tit

+ f F

where
* : density

Lame constants 
44 : horizontal displacement 
t*> : vertical displacement 
£ : x and y-conponent of body force.
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Let

Using a central difference approximation for all of the derivatives, 
we can write Equation 35 as the following coupled difference 
equation, assuming 4*«4* for simplicity:

#£ -

Jl***/£ f
~7T <

/ ,

**~^ -I   -   W - xqfyN
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where X»   {. 
7

The finite difference Equations 36 and 37 are explicit, 
SO that the displacement at the (n+l)-th time step can be computed 
usinp: the previous n-th and (n-l)-th time step displacements 
and a body force term.

The difference equations have physical meaning only 
when they are stable* A sufficient stability condition 
may be derived by considering the homogeneous difference 
equation. Aboudi(1971) showed that the difference scheme is 
stable when

*t
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where Of is p-wave velocity and ft is s-wave velocity.
So, in the inhomogeneous case, we can determine
by the maximum value of j/cy "V /3 *" °^ ^*ie medium. 

The free boundary condition at y-0 is

s 20f + l^L

KL *f *f -t ^^ >^, ^^ 7-V ^^^^7 +3? } +}«& m $

where 7JJ and ^ are given surface tractions and K^y and Gyy
are components of stress.

As in the one-dimensional case, we introduced an imaginary
grid point at /m -*y to compute the first derivative.
In difference equation notation, the above boundary condition
can be written as

 *.
-a. "

When there is no surface traction, Equation 38 serves as a 
free boundary condition.

At the edge of the model , we provided a rigid boundary 
condition, which will produce unwanted "artificial" 
reflections. We tried to implement radiation boundary 
condition, but have as yet not been successful.

In the inhono^eneous finite difference formulation, 
every elastic constant (velocity and density) must be a 
continuous function of grid points. Thus, all discontinuous 
variation of elastic constants must be changed into 
continuous ones. If the continuous variation of elastic 
constants is sufficiently abrupt in the inhomogeneous 
formulation, we can approximately treat this continuous 
interface as a discontinuous interface. Figure 14 shows 
how we treat this discontinuous interface in the 
inhomogeneous difference scheme.

Most of the authors (Alford and others, 1974, Alterman and 
Karal, 1969) used an analytic solution in an infinite
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of,

Figure 14. Elastic constant transition for inhomogeneous 
formulation. ',

medium around a source region to initiate an elastic 
disturbance. Alterman and Karal (1969) discussed how to 
fit a boundary condition around the source usine: an 
analytic solution. In this study, we used an initial 
disturbance by a finite difference method, which has been 
fully explained by Aboudi (1971). So we will not discuss 
this simulation of seismic source in a finite difference 
scheme here.
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Grid Dispersion Relation

When we perform numerical calculations of wave 
propagation, using a finite difference equation, a 
propagating pulse on a discrete grid shows dispersion 
(Alford and others, 1974). This phenomena, called grid 
dispersion, can be examined by considering phase 
velocity as a function of frequency. The following 
derivation of grid dispersion for the displacement 
is based upon the plane wave propagation in a whole space 
by a finite difference scheme.

Let O be the plane wave solution such that

(39)

We substitute Equation 39 into Equations 36 and 37, 
retaining only the homogeneous terms. Then,

where

f . ° w JL 

4

Let
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= 
A *

Then, to get non-trivial solution for P0 , the following 
determinant should be 0.

0- 5:̂
r

A 0 (40)

The Equation 40 can be written as

The solution £ or fit is

(41)

The Equation 41 provides us with a relation between grid 
dispersion and the sampling interval. Examining the _. 
limiting case (i.e., <dx->o , 44 -* * ), ^>*^/i tr 4^/Sj^ 
gives us a grid dispersion relation for the longitudinal wave 
and Vatfa a- tftffVT"  fcx" gives us a grid dispersion relation 
for the shear wave.

Grid dispersion relation for the longitudinal wave is 
as follows:
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where C0 is the phase velocity at zero frequency and C_ is 
the phase velocity at frequency cO  

Define
/>* 4 

Then,

P*
where G is the number of grid points per wave length.

Like the p-wave grid dispersion relation, the s-wave 
grid dispersion relation is . .

Examples and Discussions

Grid dispersion is one of the potential sources of 
trouble in finite difference calculations. So it is very 
important to study this kind of error in numerical modeling 
by finite difference schemes.

Figure 15 and Figure 16 show the normalized p-wave 
phase velocity for different propagation angles as a 
function of grid points per wave length, where

: p-wave phase velocity/zero frequency p-wave
phase velocity

: -number of grid points/wave length 
: propagation angle with respect to the grid

From Figures 15 and 16, we can say that:
(1) The larger the value of p becomes, the smaller 

the grid dispersion error becomes,
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Figure 15. P-wave grid dispersion relation for 
p-0.3 and r-0.

46



1.00

0.90 -

0.80 -

0,70 -

0.60 -

0.50

Figure 16. P-wave grid dispersion relation for 
p-0.7 and r-0.
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(2) If 1/G is less than 0.05, this type of error Is 
almost independent of p, and its phase velocity is nearly 
that of zero frequency p-wave phase velocity.

(3) Propagation angle is a minor factor for the p-wave 
grid dispersion error.

Figures 17 and 18 show the grid dispersion relation 
for the s-wave propagation, where

Q : s-wave phase velocity/zero frequency s-wave phase 
» velocity. 

From Figure 17 and Figure 18, we observe that:
(1) As the value of ̂ ^^approaches the s-wave velocity, 

the s-wave grid dispersion error becomes smaller.
(2) If 1/G is less than 0.05, this type of error is 

almost independent of p, and its phase velocity is nearly 
that of the zero frequency s-wave phase velocity.

(3) The grid dispersion is largely dependent on the 
angle of propagation.

Therefore, for a given /^t ratio, which must satisfy 
the stability condition, if the value of 1/G is nearly 0.05 
for both p-wave and s-wave, we may not expect severe grid 
dispersion errors in a finite difference scheme.

A point source approximation in a finite difference 
scheme is described by Aboudi (1971). Using his temporal 
and spacial dependence of a point source, we compared the 
displacement field in a whole space computed by an analytic 
solution with a finite difference solution. Figure 19 
shows a radial displacement at 'Xe^'^X , and Vsr<z 
The consistant discrepancy between two solutions is caused 
by the finite sampling interval and the ratio of grid size 
to the pulse width of the input source function. 
Actually, in this finite difference scheme, any theoretical 
point source is approximated by an extended source (in this 
example, the source region is extended by y-Gf and <$£4X 
in x- and y-direction respectively, which is the cloest 
numerical approximation to a point source). For the further 
discussions of these kind of extended source compared with 
point sources, the readers may consult Alterman and Aboudi 
(1970).

0 Figure 20 shows the radial displacement at O 
&cO and ^5:37* in an elastic whole space- One of the 
displacement is reversed in sign. We cannot see any noticeable 
differences between these two displacements. So we can say 
that, in this particular example, the angular dependence of 
the propagation error of a symmetric point source is

48



0.6

Figure 17. S-wave grid dispersion relation for 
p«0.3 and r-0.16.
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Figure 18. S-wave grid dispersion relation for 
  p-0.7 and r-0.16.
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1.00

-1.00

Figure 20. Radial displacement at £* -£>"and &=lj°. The
negative value at (S^^'was plotted for the comparison 
of the two displacements.

52



negligible compared with the discrepancy between the 
analytic solution and the finite difference solution. 
In general, it is difficult to compare these two types of 
error. But it confirms that propagation angle is a minor 
factor for the p-wave grid dispersion error.

Figure 21 shows vertical and horizontal displacements 
In an elastic half-space at TC^z^^X, y-0. An explosive 
source is located at x-0, /s^aX. We can clearly see two 
distinct arrivals;a direct compressional wave (p) and 
Rayleigh wave (R). Me can expect a surface generated shear wave 
in addition to p and R. But, this arrival time is near the 
Rayleigh wave arrival time, so it is not seen clearly 
in this example.

The geometry and parameters of the vertical fault model 
are shown in Figure 22. Figure 23 shows the vertical 
displacement on the free surface at various geophone positions. 
Each trace is normalized separately, and the normalization 
values are shown at the edge of the Figure 23. Using ray 
theory, the arrival times for different wave types are also 
shown in Figure 23, where

P: direct p-wave arrival
D: diffracted p-wave arrival 

PP: bottom reflected p-wave arrival.
The amplitude decay of the direct p-wave arrivals follows 
the yf$* lav/, the theoretical prediction. The quantitative 
analysis of the later arrivals are difficult, so we did not 
investigate the amplitude of the later arrivals. However, 
the arrival times are in good agreement with ray-theoretical 
arrival times.

Figure 24 shows the vertical displacement at the free 
surface for a vertical fault model, whose parameters are 
exactly the sane as the parameters of Figure 22 except the 
upper medium is a Poisson's solid (i.e.,^*/<) instead of 
a fluid.

Like Figure 23, each trace is normalized separately, 
and its normalization value is shown at the edge of that 
figure. Compared with Figure 23, in addition to P,PP,D, we 
can see the lar^e amplitude surface wave after the first p-wave 
arrival and converted s-wave( reflected at the top of the 
fault). Due to the surface wave development along the free 
surface, its amplitude decay is quite different from 
Figure 23.
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Figure 22. Geometry for a vertical fault model
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vertical fault model, embedded in a fluid.
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Figure 24. Vertical displacement on the free furface for a 
vertical fault modal embedded in a solid.
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Figure 25 shows the geometry for a one-layered half-space 
model. The vertical and in-line horizontal motions at the 
free surface are shown in Figures 26aand Figure 26b respectively, 
with ray-theoretical travel times indicated for selected 
arrivals. The converted s-wave (PS-reflection) is distinctly 
visible on both horizontal and vertical motions. The PS-reflection 
at short ranges is stronger on the horizontal motion than on 
vertical motion. The propagation of PS-reflection at long 
ranges is faster than expected, which is caused by the grid 
dispersion effect. Me can see the dispersed wave train at the 
tail of the direct p-wave arrival, particularly on the hori­ 
zontal motion. The sampling interval used in this computation 
j.s ^-2 ms, and -^X -25 ft. Using these values, p-0.48 for 
the upper medium. Vfe did not study the frequency content of 
the propagating pulse. So it is difficult to estimate, quantitatively, 
how much the grid dispersion effect on the dispersive wave 
train might be. However, the dispersed wave train is caused 
possibly by the grid dispersion effect. This grid dispersion 
error, like other types of error, might be increased as the 
number of iterations increases. On the vertical motion, the 
phase change of the totally reflected p-wave (beyond the 
critical angle) is also visible.

Due to the truncation of the model, we can see the arti­ 
ficial reflections around 0.5 sec in Figures 26a and 26b. 
This is the one of the major problems in using finite difference 
schemes for a realistic numerical modeling. Unless a radiation 
boundary condition at the edge of the model is implemented, 
we must always expect these unwanted artificial reflections.

Figure 27 shows the geometry of a localized inhomogeneity 
embedded in an elastic half-space. The p-wave velocity 
Of the half-space is 7000 ft/sec and p-wave velocity of the 
inhomogeneity is 4000 ft/sec. Vertical and horizontal motions 
on the free surface are shown in Figure 28a and Figure 28b 
respectively with the identifiable reflections around the 
epicenter. The later part of the seismogram is severely contaminated 
by the arificial reflections from the edge of the model. 
The strong horizontal motion at short ranges,around 0.32
second, is quite comparable with the vertical motion. 

"This strong horizontal motion is a ghost diffracted shear wa.ve.. 
The extension.of the p-wave reflection from the top layer 
beyond the ray-theoretical reflection limit is p-wave diffrac­ 
tion.
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Figure 27. Geometry for localized inhoraogeneity model.
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THIN BED REFLECTION

The reflection and transmission amplitudes of an 
incident longitudinal wave due to a thin bed is of 
considerable interest in stratigraphic oil trap studies, 
The purpose of this section is to exhibit the calculated 
energy partition of the incident seismic signal due to a 
thin bed by varying the angle of incidence and frequency.

Theory

The basic theory for this problem can be found 
elsewhere (Bath, 1968, Haskell, 1953). \!e shall merely 
summarize the final results here and make some important 
definitions.

Figure 29 illustrates the problem.

Let

/

longitudinal wave velocity of the i-th medium 
shear wave velocity of the i-th medium 
density of the i-th medium 
dilatational displacement potential of the 
i-th medium for the down-going wave 
dilatational displacement potential of the 
i-th medium for the up-going wave 
rotational (i.e. shear wave) displacement 
potential of the i-th medium for the down-going 
wave
rotational displacement potential of the 
i-th medium for the up-going wave.

From the Haskell *s matrix method, we can compute all 
^* in terms of incident potential

tr
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Figure 29. Thin bed reflection and transmission. 

Define -_£'
r

7-
'* ~

Then the energy partition between incident longitudinal 
wave and transmitted or reflected wave can be written by 
the following way.
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where A* means the complex conjugate of A, E means the 
energy ratio, whose superscription identifies the wave 
type (p or s-wave) and subscription differentiates between 
the reflected (r) or tranmitted (t), c is horizontal phase 
velocity, and

The above energy ratio is not an instantaneous energy 
ratio, it is the ratio averaged over one period.

Examples and Discussions

Figures 30 through 33 show the square root of the energy 
ratio as a function of varying bed thickness, using the 
following parameters (Table 1) for the computation.

67



Jo fo 3 ooo

'7 of

Table 1. Parameters of a thin bed-A.

In these figures 1 represents bed thickness with l-4d/X 
and A. is the wavelength for normal incidence in the thin 
bed. Y/hen the angle of incidence is less than the p-wave 
critical angle ( 55°) between medium 1 and medium 2, we 
can clearly see the interference effect. For the normal 
incidence case, when 1 is an even number, the reflection 
coefficient is equal to the usual coefficient of 
reflection from the boundary between medium 1 and medium 3, 
just as if they were in direct contact with one another. 
Thus we can say that a layer, an integral number of half 
wave lengths thick, has no effect on the incident wave.

Figure 34 through 37 show the ratio of the square 
root of the reflected p-wave and s~wave energy to the 
incident p-wave energy as a function of frequency. The 
parameters used for this computation are shown in 
Table 2.

$000

ZZ,'/

Table 2. Parameters of a thin bed-B.

In these figures "d" represents bed thickness and & 
represents angle of incidence of the incident wave. We 
can see how the interference pattern varies with incident 
pulse frequency.
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Figure 31. Energy partition for the reflected s-wave with varying 
bed thickness as a function of incidence angle.
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Figure 32. Energy partition for the transmitted p-wave with varying 
bed thickness as a function 01 incidence angle.
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Figure 33. Energy partition for the transmitted s-wave with varying 
bed thickness as a function of incidence angle.
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If we can separate a direct wave from a reflected wave, 
it Is possible to measure^ the amplitude ratio between two 
waves in the frequency domain and compare with the calculated 
reflection coefficients, which may provide a thin bed 
characteristic. But much of our analysis of field 
measurement indicates that it is difficult to separate a 
reflected wave from a direct wave. In this case, we cannot 
directly compare the reflection coefficients with frequency. 
So it seems to be more useful to calculate a waveform in the 
time domain to study the effect of a thin bed or a packet 
of thin beds.
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CONCLUSIONS

An analytic solution of an one-dimensional wave 
equation for a horizontally layered elastic medium provided 
a good computer algorithm to generate synthetic seismogram 
for arbitrary source and detector locations. By a slight 
modification of the appended computer program, vertical 
seismic profiles can be easily generated.

The phase and amplitude distortion of a reflected seismic 
wave, caused by complex reflection and transmission coefficients, 
may be ignored in generating synthetic seismograms.

Finite difference approaches for the solution of 
one-dimensional, inhomogeneous, attenuating media may be a 
good and powerful technique for one-dimensional modeling. 
For simple models, the solutions by finite difference schemes 
are in good agreement with analytic solutions. V(e successfully 
implemented a radiation boundary condition in the one-dimensional 
difference formulation. The main problem in applying finite 
difference approaches to realistic modeling will be the 
computer execution tine, since we may use very small sampling 
intervals to reduce the propagation error in each inhomogeneous 
region.

In making two-dimensional seismic models, finite difference 
approaches may be a useful tool. Even if there are some erroneous 
arrival times, particularly converted shear waves, and 
dispersive tails in the wave propagation, we can identify 
all types of elastic waves in synthetic seismograms. Also we 
can see the phase change beyond the critical angle reflection 
and diffractions, For complex subsurface geologic models, 
particularly in studying amplitude and shape of the reflected 
and transmitted seismic signals and in studying shear motions, 
finite difference schemes of the inhomogeneous two-dimensional 
elastic wave equation seem to be the most pertinent method.

Wide angle reflection coefficients and interference patterns 
of a thin bed may be used to find characteristic parameters
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(thickness and elastic constants) of a thin bed. But it seems 
to be more promising in analyzing the effect of a thin bed 
or a packet of thin beds to calculate seismic wave form in the 
time domain rather than calculating reflection coefficients 
or interference patterns.

79



APPENDICES

80



APPENDIX A

Computer Program and User's Manual for
Synthethic Scismonrram tor Horizontally
Layered Perfectly Elastic Half-space

This computer program calculates a synthethic seismogram 
for a horizontally layered elastic half-space using an analytic 
solution* The input cards consist of directive cards whose . 
format and forms are specified in this program and other data 
cards (velocity, density, pressure wavelet, check shot data). 
In this program there are 8 directive cards to read parameters 
and to execute the program. The format of this directive cards 
is (A5,5X,7F10.3).

Let's devide an SO-column computer card into 8 10-column 
fields and denote each field as DF, (i=»l-*8).

(1) Directive POSIT
This directive card provides general parameters.

DF1: POSIT, directive.
DF2: Ing, see comment for definition. 

- DF3: ISONIC, see comment for definition.
DF4: Shot depth in feet.
DF5: Detector depth in feet.
DF6: Sampling interval of time in milli-second.
DF7: Sampling interval of depth in feet.
DF8: Number of samples of the output, the length of the 

seismogram v/iil be 2.0*DF6*DF8 milli-seconds.

Comment:
ING: Control number for a source and detector location.

IKG-1, Both source and detector on the free surface.
ING~2, Source at free surface and detector buried.
ING-3, Source buried and detector at free surface.
lNG=-4, Both source and detector buried. 

ISONIC: Control number for velocity input.
ISONIC-1, Input velocity is interval transit time.
ISONIC-2, Input velocity is real velocity.

(2) Directive FO2MT
After this directive card a format card must be followed.

DF1: FOKMT, directive.
DF2: Number of data per card.
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(3) Directive VELOG
This directive card provide parameters for the velocity input 
and can accept next deck of velocity input cards whose format 
is described on a previous format card and number of input data 
per card is described on F03J.IT card.

DFl: VKLOG, directive
DF2: SCALV, see comment for definition.
DF3: IGOV, see comment for definition.
DF4: TPJSF, see comment for definition.
DF5: Depth of the first data point in feet.
DF6: Surface velocity in ft/sec/1000.
DF7: Velocity of half-space in ft/ms.
DF8: FACT, see comment for definition.

Comment:
IGOV: Control number for the over-burden velocity.

IGOV-1, Constant velocity from the free surface to
the first data point. 

IGOV-2, Linear change of velocity from the free surface
to the first data point. 

IGOV-3, Velocity data is given from the free surface.

In case that input velocity is velocity rather than sonic 
log, DF4, DF3 can be any number. DF2 is a scale factor to convert 
the dimension of input velocity into ft/ms. If the dimension 
of input velocity is ft/sec, then DF2 is 0.001. If input 
velocity is interval transit time (sonic lo^) , it must be 
converted into velocity by using the following equation:

v« c/(a*DT + T)
where v is velocity in ft/ms, DT is the interval transit time, 
and c,a, and T are constant to make correct velocity in ft/ms. 
In directive card,

DF2-, 3" c
DF4 - T
DF8 - a.

(4) Directive DS^ST
This directive card provides parameters for density input and 
can accept next declc of input density cards. If there is no 
density information, this card can be ignored.

DFl: DEi;ST, directive.
DF2: Scale factor to make all density in same dimension, 

DF2 can't be 0.
DF3: Same as DF3 field of directive VELOG except that 

it applies to the density.
DF4: Depth of the first data point.
DF5: Surface density.
DF6: Density of half-space.
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(5) Directive PULST / 
This directive card has no parameters and can accept the e 
next deck of input pressure wavelet cards. If an impulsive 
seismogram is desired, this card must be ignored, 

DFl: PULST.directive.

(6) Directive SHOTP
This is necessary to read check shot data, if available. If 
check shot data are available, two SHOTP cards are needed: 
One to read check shot depth in feet and another one to read 
check shot time in ms. If there are no ckeck shot data, this 
card should be ignored.

DFl: Shotp, directive.
DF2: 1 or 2, see comment

Comment:
If you want to read check shot depth after directive SHOTP, 

yoy must put 1 in DF2 field. If you want to read check shot 
time after SHOTP, you must put 2 in DF2 field. The first check 
shot point must be at the free surface- that is check shot 
depth is 0 feet and check shot time is 0 ins.

(7) Directive DEVIC
This is necessary to assign logical units for input-output
devices. .

DFl: D3VIC, directive.
DF2: Logical unit for input.
DF3: Logical unit for outputCline printer).
DF4: Logical unit for output(other than line printer 

for further processing).

Comment:
Pre-assigned value of this card is
DF2«2,
DF3-3,
DF4-12. 

The format for logical unit DF4 is
(4X,F10.0,eX,E20.8,3X,F10.0,6X,E20.8), where 

first field is time and second field is velocity.

(8) Directive BEXIT
This directive card must be included to execute the computer 
program. This card must be the end of input deck cards. 

DFl: BEXIT, directive.

Further illustrations:

After 'FORMT* card, a format card must be followed, whose 
format is (16A5). This format card must include a signal space 
between two field characters. The following symbols are legal 
signals.
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* «  ». Stop code. This signal is an end of data and te
terminates reading of the data. 

S ..... Skip code. The field of characters proceeding
this code and all remaining field on
the card are skipped. 

D ..... Omit code. The field of characters proceeding
this code is omitted. 

(blank) .......... The proceeding data value is stored
in an array. 

The following are examples of valid format card;
(F9.2,1A), (F10.0,1A).

i
After 'V3LOG*-, 'PULST 1 1 'DENST','SHOTP' card, there must 

be followed an input data deck velocity, pressure wavelet, density 
density, check shot data respectively f whose format is described 
on the proceeding format card which appears after 'FORIuT 1 card.

When there is no V3LOG directive card, the program termi­ 
nates the .job. Therefore, the minimum number of directive 
cards to exectite this program are 4 (FOEMT, POSIT f V3LOG,BEXIT), 
and other directives are optional.

Example:

Given that:
(a) Input velocity is sonic log such that

v-1000/(DT*4Q) i and check shot data and density 
data are not available.

(b) four first sonic input data is at depth 200 ft and 
over-burden velocity is assumed to be constant.

(c) Half-space velocity is 20 ft/ins and sampling interval 
DT«1 ms, DX-2 ft, and both shot source and detector located 
at the free surface. ,

From above information, we are going to make one-second 
long inpluse response of layered half-space. The top of Figure 
A-l shows the directive cards and the bottom of Figure A-l 
shov/s how to put together input data cards.
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DF1

POSIT

FORMT

VELOG

BEXIT

DF2

1.0

2

1000.

DF3

1.0

1.0

DF4

0.0

40.

DF5

0.0

200.

DF6

2.0

 

DF7

2.0

20.0

DF8

500.

1.0

DIRECTIVE CARDS

DATA

BEXIT

VELOG

( F9.2.1A)

FORMT

POSIT

SEQUENCE OF INPUT CARDS

Figure A-l. Preparation of input cards for a synthetic seismogram
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MAIN, LN47TL.FOR FORTRAN V.4AC230) l-OCT-75 22126 PACK

00001
00002
00003
00004
00005
00006
00007
0000«
oooov
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
0002-1
00025
00026
00027
0002*
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003*
00039
00040
00041
00042
00043
00044
00045
00046
00047

00049
00050
00051
00052
00053
00054
00055
00056

C J
C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

PPOlnTI 
DT |

IHIS PROGRAM COMPUTES SYMHETHIC SWOGRAMCVELOCITY RESPONSE) 
FOR AN HORIZONTALLY LAYERED PERFECT ELASTIC HALF-SPACE. 
ARGUMENT DEFINITIONS!

ING sCOwfROL NUMBER FOR SOURCE AND DECTOR LOCATION,
INGsl SOUKCE AT FPEr: SURFACE AND DETECTOR AT FREE SURFACE, 
ING=2 SOURCE AT FREE t,'JRFACK AND DETECTOR MURlED. 
ING=3 SOURCE BURIED A'^D DETECTOR At FREE SURFACE. 
I*G = 4 SOURCE BURIED Af-0 UETKCIOR BURIED, 

IGOV I CGnfROL NUMBER FOR THE OVERBURDEN VELOCITY INFORMATION,
1GOV = 1 ASSUME CC'^S'iAi'-T Vfc,uOCn'Y FROM THE SURFACE TO Thfc FIRST

DATA POINT(INPUT DATA), 
IGOV32 LINKER INTERPOLATION OF VELOCITY FROM THE SURFACE TO

THE FIRST DATA POIrfT. 
IGOV=3 VELOCITY DATA IS GIVEN FROM THE SURFACE,
  THEREFORE, ''HEN YOUR I.\iPUT IS START FKOM 1000FEET BELOW THE SURFACE
AND ASSUME CONSTANT VELOCITY FOR 0 - 1OOOKEKTr THEM IGOV=1, 

ISOHICI CONTROL NUMBER FOR VELOCITY INFORMATION OF THE XLPUT, 
JSOwlC=l IivFUT VELOCITY IS INTERVAL TRANSIT TlME(SONlC LOG), 
1SOMC = 2 li*PUT VLLOCIfY IS REAL VELOCITY,

SPOINTI DEPTH SOURCE LOCATED IN FLET.
DEPTH PETECTUR LOCATED IN FKET,
SAMPLING UJTLRVAL IN TIME SECTION,.,ONE-^AY TRAVEL TIME.
Dli^E.-iSlON OF DT MUST BE i-ULLI-SECONO.

DZ : SAMPLING INTERVAL OF DtPTH IN FEET, MUST BE IN FEET, 
NOUTj THE LENGTH OF TttE SEISMOGRAM,
SCALVI (i) WHEN ISOMC=<J, SCALE FACTOR TO MAKE CORRECT 

. OF VELOCITY OF INPUT IN FEET/MS. YUUR INPUT
SCALV=1.0.
WHEI* isciNicci, SCALE FACTOR TO NAKE CORRECT DIMENSION OF
VELOCITY FROM Tnt SO.VlC LOG 8Y THC- FOI-LO^I^^ FUHf-uJLAR, 

V=S/(C*TtTR), *HERE VsVELOCHY IN FT/MS, 1 = INTERVAL TRANSSIT 
TIMF. /S,TR,C ARE SCALE FACI'OH FOR THE CORRECT VELOCITY. 
S=SCALV. 

TREFJ TR lu THE ABOVE EQUATION, f
FACT I C IN THE ABOVE EQUATION
UREFVI THE DEPTH IN FLET UF THE FIRST DATA POINT OF VELOCITY INPUT.
DREFDI THE DEPTH IN FEtT OF TH!5 FIRST DATA POIKT OF DENSITY.
VSUR! SURFACE VELOCITY IN MVMS.
VBASEI VELOCITY OF THE HALF-SPACE IN FT/MS,
DSURj DENSITY OF THE FP?E SURFACE.
DVASE.I DENSITY OF iHf HALF-SPACE,
SCALDI SCALE FACTOR FOR THE DENSITY.IT CAN BE ANY NUMBER EXCEPT &EKQ.
ISELJ COMHOL NUKBEK Fflrt rhti CHECK £>HOT DATA ,

ISLLei INPUT DATA IS DfJPlrt 1^ F LET *HE*b CHECK SHUT DATA IS GIVgN, 
15EL=2 I»PUT Ib CHLCK SHOT TIME IN MS i-HEKfc CHECK SHOT DATA IS GIVEN.
* FIRST CHECK SHOT POINT IS ON FRKE SURFACE,

t»»*******»«***»»***ft»**»*ft***************** 
LOGICAL 
DIME'ISJPN

DIMENSION
DATA Ii> FEET/MS*

(2)

CTlMt:(500U),rvKL(500y} / K(5000),SNEGA(3000) 
CHtlCKr(bu) ,C> £CKI>(bO)/PULSc:(200) 

D1 fiEf,S IO,^ T VEL ( 1500 ) , ULN ( 1 b JO ) , SPOS1 ( 1500 ) , TEMP (1500)
/BM/IN,IOUT,ITAPE

COMMOf. 
COMMON /t>»s4/IDEC,lsOuK,NOUT/NPUL, FRONT, NTrtAX,l5lGN, ING
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MAIN, LN47TL.FUR FORTRAN V.4A(230) /KI l-OCT-75 22126 PAGE 1-1

00057
00058 
0005?
00060
00061
00062
00063
00064
00065
00066
00067 
OOUbd
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085 
00080 
00087 
0003* 
00049
00090
00091
00092
00093
00094
00095 
00u9o 
00097 
0009« 
0009*
00100
00101
00102
00103
00104
00105
00106
00107 
OOlOrf
00109
00110
00111
00112

UATA 
5HUt,VIC»5rtBeXlT,bH3HUTP/

DATA MAXI*1/10000/
DATA l f',IUUT,ITAt'K/2,3, 12/
DATA Dl'gQlt SPOlNT , DpulNT , PULSF. ( 1 } / 1 , 0 , 2 , 0, 0 . 0 , 0 , 0, I , O/
DATA !CHt;CK,IMGN,ISOrUC,NOJT,hPUL,lNG/2,2,2,*99,i,l/

1100 CALL MONIi-R(LUiARX,NL,PARA, INDEX) 
GO

HUH

C HEAD PARAi^ETfclH CARD,
C*#
701

Uf=PARA(5)

GO TO 1100
702 xPCsPARACl)

  ****» »*# ** + 
C READ FOF M AT CARD 

*#***< 
UIOJFMT 
6AI 

(JO TO 1100
h****** **»* !

C R£AO PARA.v'KT£i< 
C*#^
703

1110

FOR THE VELOCITY

1GPV=PARA(2)
TREF=PARA(3)
DR£FV=PAKA(4)
VSUR=PARA(5)
V8A5fc=PARA(b)
FACT = PARA(

RtAU VfcJLOCIfl II.'PUT.

CALL H E AUIN (I) V F,l,, N VF.L, M AXIN 1 , N PC » F^T » tRH l N ) 
IF(£RR1N) CALL LXI.I

<iO TO 1100
t«**»««»***4

C Kb'AU PARA'-'ETfcK CAnU FUR THE
i 

704 6CALD = PARACD
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MAIN, LN47TL.FOR FORTRAN V,4A(23U) /KI l-OCT-75 22126 PACE i-2

00113
00114
00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00l3o
00137
00138
00139
00140
00141
00142
00143
00144
00145
00140
0014;
00148
00149
0015U
00151
00152
00153
00154
001S5
00156
00157
0015B
00159
00160
00161
00162
00163
00164
00165
00166
00167
00168

C**'
c
C**'

c**
c
c*«
7U5

c**
c
c*#
700

708

C**
C
c**
801

C**
c
c**
bU2

707

711

709
c»«
C
c««

c#*
c
c*»
714

715
C**
C
c»»

DRtTD=PARA(3)

DVASE=PAHA(5)
  ######*# ##» *#  

READ DENSITY INPUT
HHHHH»###*IHHHHHH

CALL READIN(H,^DEN,MAXINT,NPC,FMT,EKRIN) 
IF(ERRIN) CALL EXIT

GU TO 1100
C******»********#****»*********«**»**»**ft********* 

READ INPUT PULSE
 ***»»*##***»***#*4»ft##*#***#*#**»**#*»#»**#*##

CALL REAUJN(PULSE,UPUL,MAXIWT,NPC»FMT»ERRIN) 
IF(ERRIN) CALL EXIT
GO TO 110U

l *»#****#********#*#**##*-**## it***************** 
READ INPUT, OUTPUT DEVICE Ll'GICAL UNIT,

IUUT=PARA(2) 
I1APESPAKA(3) 
GO TU 1100 
ISt.L=PARA(l)

GO TO(801,802),1SEL
C#**#*#***-*»#**#+*#* »+#*#*****»*****»»****#»**#*## 

READ CHFJCK SHUT DATA.,. DEPTH
*#****-*###*#*###****##*** + #-K,»**#***#*»**#*#*##

CALL KEAUlN(CHLCKD f K.6HUT,^AXINT»NPC,FHT,ERRlN) 
IF(bRklh) CALL EXIT 
GO TO 1100 

C** ***»**«**«*«*** » *******************************
REAU CHECK SHUT DATA, . t TIME

CALL
IF(EHRIN) CALL EXIT 
GO TO 1100
IK(ITEhM.NE,l) GO TO 709 

WR1TE(IOUT»711)
FORHATC///4X,'NO VELOCITY INFORMATION,,,JOB ABORTED1,') 
CALL EXIT
CONTINUE

 **#*****4#»*»*#**##*#*####******#***#*#*»###

CHECK THE INPUT VELOCITY (SUi-aC OR VELOCITY)
  *»i 
GO
 #»< 

COHPUIES VELOCITY FHOM THE SOMC LOG
h*#********# + *****HH(-4H

CALL SOwVbLCUVEL, 
SCALVal.O 
GO T0(71b»71b*7i:

t*»*»ft**ft«*»»»***«**4H

COMPUTES OVEK-tiUKUEN

CALL SOiMVbL(t»VEL,FACT,SCALV»TREF,NVEL) 
SCALVal.O 

GO TO(71b»71b*717)»XGOV
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00169
00170
00171
00172
00173
00174
00175
00l7«j
00177
00178
com
00180
00181
00182
00183
00184
001P5
00186
00187
00188
001B9
00190
00191
00192
00193
00194
00195
00190
00197
0019B
00199
00200
00201
00202
00203
00204
00205
00200
00207
00208
00209
00210
00211
00212
00213
00214
00215
00210
00217
0021 a
00219
00220
00221
00222
00223
00224

716
717
718
c**
c
c**
811
t>12
C*«
C
c«*
719
c*#
C
c*#
c»*
c
c**

C-**
c
c*»
813
814

c*»
c
c«#

815

C**
C
c*»
10
818
c*»
c
c*»

c*#
c
c*#

c*#
c
c«*
111

CALL MOVE(VSUR,DREFV,DVEL»NVEL»DZ,1GQV) 
GO TO(718,719),ISIGN 
GO Tu(ail,8ll,812),IGOD
h*-#*»#**#»#*** + ***##**»*( 

COMPUTES OVER-bUKl'E'J DENSITY. 
h**»*«***»«**-*«******»**«»* 
CALL N'OvE(l>SUP,DPEKD,SNEGA,NL>E^,U2,IGOD) 
HVELaAMINO ( NVLL, NDE r* ',

r*#*1**#*********»*****'

COMPUTES CUMULATIVE TIME

CALL CU'lUT(ClIHt,DvEL,fJVEL,D2,sCALv,CHECKT,CHECKD,ICHECK,MSHOT)

INTERVAL VKLCCIIY itJ «S«JUAU rihE SECTION.
>****#**#*»**#*«***#» »********************#*#**

CALL VEL1 1-'-' ( U VLL , CT U'E , N VEL , T VhlL , NTf-.AX, DT )
tft*ft*»»4M*«*****«********»***«+*»****»*«*******

COMPUTES INTEKKAC*-- MjHBLR KUR THE SHOl AND DETECTOR POSITION,

CALL PGslT(TVLL,SPUll-.T,DTrlSOUR) 
CALL POSIT (TVt.L,UPOINT,DT,IOEC) 

Gu 10(813, «14),IS1GN
****#*#*#*****#+*. 

COMPUTES IwTtKVAL DtuSITY FOR THE EQUAL TIME SECTION,

CALL vELTl f; (H,Cl'IME,Nye:L,UE!v,NTMAX,DT)

TVEL(f»THAX) =
C* ************#***+#***»****»***#***#*»*#***#***** 

LIST IKTEHVAL VELOCITY IM TlMS SECTION 
 «*** 
CALL
TVEL,NTMAX,2) 
GU 10(^15, B13),ISIGN
DEN(KTMAX)=DBASE 

00 JO I=1,NTMAX

COMPUTES ACOUSTIC IMPEDANCE
C****»#****#-**************#****#*******##**#*»#*## 

TVEL(l)=TVhL(I)*PEN(l) 
NTMAXsNTMAX-i

REFLbCTlCu-J COEFKJCIENf 

CALL KKFLCFVELf NfMAXfK)

COMPUTES SO.W.E CONSTANT

CALL FHT ( IftG , T V EL , ISOUK , IUEC , FhOM , KTlME / R) 
GO 10 (111, 111,^22, 222), ING

h*******»**»*ft**«**tf«**-********4»«»**ft**ft*ftft*ft*

SYKTHETHIC SEISr^OGHAM FOR THE SUKF'ACE SOURCE 
»»**«***« *»»*»*««.»****»**«*«««*»***««»»»»»»«*#» 

CALL SUHFAC (h »CTJ ME, DVtL,TVEL, DEN, TEMP, PULSE) 
GQ TO 3000
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00225
00226 C SYNTHETH1C StIISriOGRAM FOR THE rtURIED SOURCE.

0022* 222 CALL bUHILD (R,CT1!-'E, SNEGA,! V£L, DEN,DVEL,TEMP,PULSE,SPOSI)
00229 3UOO CONTINUE
0023U
00231 C LIST VELOCITY RESPONSE
00232
00233 CALL OUTLlS(KTlMt|DT,ISlG^,IGOV,SPOINT,DPOINT,VUA5E,DEN,P,CTIME,
00234 1 NOUT,1)
00235 STOP
00230 END

COMMON BLOCKS

/BKl/(4-3)
IN +0 IOUT
/6K3/C+3)
DT +0 SPOINT
/BK4/C-HO)
IDEC 4-0
ISOUR + 1 NOUT
ISlGi* 4-6 IMG

SUBPROGRAMS CALLER

OUTLIS REFL CUMUT
SURKAC FRT MONITR
BURIED VELTIH

SCALARS AND ARRAYS C "#"

*ICHECK 1 *NDEN
CT1ME 3023 L1BARY

#NPC 14730 F.Vf
#IN'DEX 22644 #5CALV
#IGOt) 2t>122 *KSrtUT
#TREK 37737 TEMP
*IGOV 57442 *I
«DbASE 57450 «DPEFV

+1 ITAPE
-

tl DPOINT

+2 NPUL
*?

AMItjO, POSIT
MOVE READIN

 

+2-  '

+ 2

+ 3

SOHVEIi
EXIT

NO EXPLICIT DEFINITION

2 CHECKD
14b33 *DZ
14731 *DRfcFD
22645 SFOSI
2C'123 fclSOrilC
37740 R
57443 *FACT
57451

3
14{j43
14/51
22046
2bl24
42074
57444

FRONT +4 NTMAX +5

» "%» NOT REFERENCED J

TEMPORARIES

MAIN. t NO ERRORS DETECTED 1

»RTIME 65 
CHECKT 14644 
SNEGA 14752 
PARA 25602 
DVEL 26125

*VBASE 54504
*ICKECK 57445

66TVEL 
ERRIN

*DVASE 22642
*VSUR /boll

*NVEL 3022

«ITERM 54505 
*SCALD 57440

*!StL 22643 
PULSE 25612

#D5UR 37736 
DEN 54506 

57447

90



OUILIS LN47TL.FOR FORTRAN Y,4A(230) /KI l-OCT-75 22126 PAGE 1

00001 
00002
00003 
00004
00005 
OOOOb
00007
00008
00009
00010
00011
00012
00013
00014
00015
00010
00017
OOOltf
0001V
00020
00021
00022
00023
0002-*
00025
0002b
00027
0002U
0002*
00030
00031
OOU32
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
0004t>
00047
0004&
00049
00050
00051
00052

c  -
cc---.

10

111
100

12
200

13
300

112
400

21
500

22
bOO
20
700

210
900

800

220

30

1000

1100

SUBROUTINE OUTL!S(RTlME,DTf ISIGN, IGQ, SPQlNTrDPOlNT, YBASE»TIME/ 
1 DEP,VKL,NMAX,1FLAG)

THIS SUBKOUTI-JE LIST THK OUTPUT,

COMMON /BM/Irf, 10UX,1XAPS
DIMENSION TlME(l),VELCl)»DEP(i)
Orfs[)T*2,
UTC3RIIME-DXT
UO 10 1=1,NMAX
DlCsDTC+UTT
riME(i)=orc
GO XOUll* 112),IFLAG
*RlTEdOUT» 100)
FOH'-lATdHl ,//,%%., 'SYKTHETHIC SE1SMCGRAM ' //,

1 8X, 'OUTPUT IS VELOCITY RESPONSE')
GO TU(12t 13),ISIGrt
v»rtITE(loUTf200)
FORHAX(//,8X, 'HEhSIIY INFORMATION IS GIVEN')
GO TO 20
foRITEdOUT, 300)
FUKMAX(//,«X, 'DENSIXY IS AvSSUMED TO BE CONSTANT')
GO 10 20
*iUXL(IUUX,400)

FORMAT CIHI , // , BX, ' INTERVAL VELOCITY. , . . , FEET/HILLI -SECOND » )
GO TO(2l,22,20),IGO
«KtXE(lCUT,500)

FOHHAT(//,«X/ 'OVERBURDEN VELOCITY Is ASSUMED TO BE CONSTANT')
GO TO 20
*RIT£dOUT,bOO)
FORKAr(//,«JX» 'OVERBURDEN VELOCITY IS ASSUMED TO BE RAMP 1 )

* R I TE ( J OUT , 7 0 0 ) SFO I ft T i DPI) U< f i V B AS E
FORMAT (//,«x, 'SOUECE POSITIONS i,F6.o,2x» TEET«/»

1 BXf'DEXECTUR POSI TlliN= ' r Fb . 0 » 2*n ' FEKX ' / 1
2 bx, 'VELOCITY OF HA^F 5PACK= ' f Fl 2 . b, « FT/MS ' ///)

GO XO(210, 220),1FLAG
^RjTtdUUl'^OO)
KORMA1(11X,   TIME ',1 5X, ' VELOCITY t , 1 1 X, JTIME»,15X, ' VELOCITY t //)
*"-ftlTE(IUUT, WOO) (IIFEC I) i VSLC I) » 1*1 »NMAX)
VvKITE(ITAPE,yOo)(TlME(IJ,VtL(I),J=l,NMAX)
FORM Al(4X, F10 ,0,oX,E20 i e,3X,KlO.O,6X,E20,S)
RETURN
DEP(l)sO,0
UO 30 I=2,NMAX
DEP(I)=!)LP(I-l)4-DT*VEL(I-l)
^KlTFdoUf, 1000)
FORMAX(14X, »TIME',7X, ' DEPTH ', bX, ' VELOCITY ', iOX, ' TIME' , 8X, ' DEPXH' ,

1 bX, 'VELOCITY'//)
nRITE(IOl'T, 1100)(TIME(I),UEP(1),VEL(I), X B 1 ,NKAX)
FORMAX(13X,K<>.U,!>X 9 F6.0,3XfFl2.b,7X l f--t>.0,7XfF(> t Of3XfKl2 l 6)
RETURN
END
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00001
00002 
00003
00004
00005
00006
00007
OOOOB
00009
00010 
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026

C
C
C
C
C
C
C

41

51

61

SUBROUTINE MOMTR (MRARY , ML* PARA* INDEX)

THIS SUBROUTINE MONITORS CONTROL CARD INPUT AND RETURNS,,
THE INDEX OF THE COuXPOL CARD NAME PLACED IN THE LIhARY ARRA*.
ARGUMENT DEFINITIONS,,

HL * THt. jJUrtot.R OF NAMES IN LIBAR*
PARA s THE ARKAY OF REAL PARAMETfc.RS TO BE READ FROM THE CARD,
INDEX a iNwtx OF THE CONTROL CARD NAME FOUND IN IHE LIBARY

TO BE RECOGNIZES BY THE KOiUTUR

DIMENSION LlBARY(tJL) ,PARA(7)
COMMON XbKl/lN,ItJUTf ITAPE
DATA N-1AX/7/
NUMaNMAX
KEADCINf 41)NAl>iF.» ( PAH A ( I ) , 1= 1 1 MUM)
FOKMAT(A5, 5X|7F10,3)
DO 51 J=1,NL
IF(NAME.NE.LIBARYCJ)) GO TO 51
IND&XSJ -
RETURN
CONTINUE
WRITE (IOUT, 613 NAME, (PARA ( K) , K=l , NUM)

FOR/- AKlriU,l8M ERROR UECECTIOW «//»24H ILLEGAL CONTROL CARD,
1 1HO,A5,5X,7F10,0)
CALL EXIT
END

COMMON BLOCKS

<fl ITAPE +2IN +0 IOUT

SUBPROGRAMS CALLED

EXIT

SCALAH5 AND ARRAYS [ "»" NO EXPLICIT DEFINITION - "%" NOT REFERENCED J

»K 1
»j 7
,10001 15

TEMPORARIES

.MOM6 43 

MONITR t NO ERRORS DETECTED J

#NAME 
PARA

*I

2
10
16

LIbARY 3 
.S0002 11 

#NMAX 17

»NUH 4 
.S0001 12 
,10000 20

«NL 5 
,50000 13

*INDEX 6 
,10002 14
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00001 
00002
00003
00004
00005
00006
00007
OOOOd
00009
00010
00011
00012
OOulJ
OOU14
00015
00016
00017
00018
00019
00020
OOU21 
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055

C  
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

10
99

88

40
50

60

70
89

90

SUBROUTINE READIN (A » NA, rtMAX i NPC/ FMT, KRRQR)

THIS SUBROUTINE RhAUS A ONE DIMENSIONAL AKRAY IN VARIABLE FORMAT,
THE NUMbER OF VALUES PER CAKD AND THE FORMAT ARE SPECIFIED IN THE
SUBROUTINE ARGUMENT, EACH FIELD OF CHARACTERS IS SEPARATED BY A
SIGNAL SPACE, THE FOLLOWING SYHHOLS ARE LEGAL SIGNALS,

(BLANK) THE pRnCEhDluG DATA IS STORED IN AN ARRAY,
READING UF THE DATA.

S SKIP CODE, THE FIELD OF CHARACTERS PKECBEDING THIS CODE AND
ALL RE.MA1NING FIELDS ON THE CARD ARE SKIPPED,

D OMIT CODE, THE FIELD UF CHARACTERS PRECELDING THIS CODE IS
imjTIED,

* STOP CODE. THIS IS THE END OF THE DATA AND TERMINATES READING
OF THE INPUT DATA,

ARGUMENT DEFINITIONS,.
A a ARRAY CONTAINING DATA READ FROM CARDS,
NA a NUMbER OF ELEMENT IN ARRAY A,
NfiAX = MAXIMUM NJMBER OF DATA VALUES ALLOWED.
NPC s NUMbEH OF DATA VALUES PUNCHED PER CARD,
FMT s FUHMAT FOB DATA CARDS,
EHKORs fc.RRUR MESSAGE FfcTUHNED- ,TRUE, IF AN ERROR PRESENT

LOGICAL ERROR
INTEGER BLANK,STUP,UMT,SIGNAL(20)
DIMENSION *OkD(20),F;j.T(lt>),A(l)
COMMON /bKl/IN,IUUT,lTAPE
DA1A rtE5S/briERKUK/,BLAi.K, STOP, SKIp, OMlT/lH , 1H«, IHSf 1HD/
ERRORS .FALSE,
IGOsl
NASO
READ (IN, FMT ) C WORD ( I ) , SIGNAL ( I ) , Is 1 , NPC )
00 60 J=1,KPC
ICKEC=SIGUAL(J)
!F(lChF,C,EU, BLANK) GO TO 50
iFllCHtC.t.O.STOP) GO TO 40
IFUCHEC,E«J,SKIP) GO TO 99
IF(ICHEC.EU.OMlr) GO TO 60
NUrfshA/NPC+1
KRlIE(IOUTf8B)'MESS|NUM
FOMAT(1HO» 10X,A6//,4X, 'ILLEGAL SIGNAL IN INPUT ON DATA CARD'i
ERROR=. TRUE,
GO TO 60
IF(NA.GT.NMAX) GO TO 70

1GOB2
NAaNAtl
A( NA) a^ORD( J)
GO TO(60,90),IGO
CONTINUE
GO TO 99
"RITL(IOUT,89)MESS,NMAX
FOKMAf(lHO,10X,Ab//,8x,29HlNpU'f IN EXCEsS OF ALLOWABLE ,14)
ERRORS, TRUE,
GO TO 10
RETURN

END

14)
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00001 
00002
00003
00004
00005
OOOOb
00007
OOOOH
00009
00010
00011
00012
000 1 3
00014 
OOOlb
OOOlb
00017
OOOlb
'00019
00020
00021
00022
00023
00024
00025
0002b
00027
0002tf
00029
00030
00031
00032
00033
00034
00035
0003b
00037
00038
00039
00040
00041
00042
00043
00044
00045
0004b
00047
00048
00049
00050
00051
00052
00053
00054

C
C
£

C
c
c
c
c
c
c
c
c

111

222

333

444
r

80

SUBROUTINE FRTC ING, TVEL, ISOUR, IUEC » FRONT* RTIME* R)

THIS SUBROUTINE COMPUTES THE CONSTANT TERM FOR VELOCITY RESPONSE,
ARGUMENT DEFINITIONS

SPOIN'TaSUUPCK POSITION.,,,. ,,FEET,

ISOUR =IN1ERFACE NUMBER fcOUrtCE LOCATED
1DEC sIMhHFACE NUMBER DETECTOR LOCATED,
FRONT =COuSTANT TERM,
ING SCO'*TRUL WUMBEF FOR SOURCE AHO DECTOR LOCATION,

ING=1 SUUnCfc. AT FKEE SURFACE AND DETECTOR AT FREE SURFACE,
iNG=2 &OURCF. AT FFEE SURFACE AND DETECTOR BURIED,
ING=3 SOUKCE JURIED AND OEC
1KGS4 SOURCE dURltO A^O DETECTOR BURIED,

I^IMENSIO^ P(l)fTVEli(l)
COMMON /oK3/DT,SPOINT,DPOINT
GO TO(111,222,333,444),ING
RT1ME=0,0
FROMT=1,0/TVEL(1)
RETURN
HTIME=DT*IDEC
IDECl=}UEC-l
FRONT=1,0/TVEL(1)
CALL IRA«S(SUi",,i,IDECl|R)
FHONT = FKOI»T#SUM
RETURN
&T T Mf"2i>VjlT t; O M O*\4 A.'w^t/i *O»-'Ul>

1SOUK1=ISOUR-1
FROt'4 1 = 1,0
CALL TKANS(SUM,1,ISOUR1,R)
FRO^iTsF'RONT/SUM
RETURN
IDEC1=IOEC-1

1DEC2=IDEC+1
ISOUR1=ISOUR-1
lSOUR2=JSOURf 1
IFCSPOlNf.LE.UPOINT) GO TO BO
RTIME=i)T*(I50UK-IDEC)
FRONT =o,b*TVEt,( i ) /TVEL(IDEC)
IFIST1=1
ILAST1=IDECI
1FIST2=IDEC
TffcCT'j»«Tcrnitot X u A o i j;-»iou*.| r\i
CALL 1PA'.SCSUM,IFIST1,ILAST1,R)
FRONT=FFONT/(SUM*SUM)
CALL IHAwS(SUMrIFISl'2,ILAST2|R)
FRONiaFhONT/SUM
RETURN
RTIME=DT*C1DEC-ISOUR)
CALL IRAI^(SUM,lSOUR r IDECl|R)
FRONTsSUM*0,5
RETURN

END
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00001 
00002 
00003 
00004 
00005
000Gb 
00007
OOOUd
00009
00010
00011
00ul2
00013
00014
00015
OOOlb
00017
OOOIH
00019
00020
00021
00022
00023
00024
00025
0002b
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
ooo3y
00039
00040
00041
00y42
00043
00044
00045
00046
00047
0004«
00049
00050
00051
00052
00053
00054
00055
00056

SUBROUTINE Bl'RIEP(R,DlliDl2»Ell,El2»SNEGAfTE^P»PULSE»SPOSI)

C THIS SUBROUTINE C0f> PUTES VELOCITY RESPONSE FOR BURIED SOURCE*
c AKGUMENT DEFINITIONS
C * SEp: SUriRlHJTINE SURFAC *

COMMON /HK4/IOLC,ISOUR,uOUT,NPllL,FROiYJ.VJTMAX,ISIGN,ING
DIMENSION *(1),D11 (1),D12(1) t SNcGAC 1 ) r TLrtF C 1 ) t PULSE ( 1 ) , SPOSI ( 1 )
DIMENSION fc:i I(l),bl2(l)
NTrtAXlsrtTMAX* 1 >.
IDEC1=IDEC-1
IDEC2=IDEC+1
ISOUKl=ISUUR-i
ISOUR2=ISOURfl

     

IFCIDEC.GT.ISUUR) GO TO 8000
IlNal
IF(ING.EO,3) GO TO 531
CALL J^ATRIXCR, iriuEci*Diif
TKMP( 1)=U11(1)

D12,E11,E12)
-

TEMP(2)=D11 C2)-D12(2)«D12(IDEC)
IFCIOEC.LT.2) GO TO 531
TEhPClf;'EC) s Dll(2)»012(IDEC
TEN;P(IDEC2) = D11(1)
IF(IDLC1,LT,3) GO TO 531
DO 432 I=3,IDEC1

432 'f£MP(I)aDll(I)"D12(i)+Dll(
531 CALL MATHlX(K,l,IS'JURl,DU

SPOSI c i ) =DI 2 ( i )
SP05I(2)=L)12(2)
IF(ISOUK,LT.2) GO TO 532

) *Di2 (2)

10ECl*l + 3)*D12(IkECl*»I + 3)
rUl2,£ll r E12)

SPUSIdSUUFJsDl 1 12J+D12USOUR)
SPOSKISUUR2)=L'11(1)
1FCISOUH.L1.4) GU TO 532
DO 433 I=3,ISUUR1

433 SPOSI (1)=D12(1)+LH1 (ISOUR1
532 SNtGA(l)=L>ll(l)

IF(ISOUR.LT,3) GO TO 444
DO 43b I=2,1SOUR1

438 5!JLGA(I)sui 1 (I ) +U 12 ( IsOuR"
444 SNEGA(ISOUH)=U12(2)

CALL fcATRlXCR»l»NTMAXi,Dii
D11(NI>;AX)SO.O

C
CALL CONV(D12,NTHAX,SNLGA,
CALL CONVCUl^NTPAX/SPOSIr
R(L20UT)=O f
DO 435 I=l r L20UT

435 SPOsI (I )=R( 1 )"S'*EGA(I)  
1FCI*G.E'3.3) GO TO 10

 1 + 3}

1+2)

,D12,E11,E12)

I30UR,R,L10UT)
ISOUR2,SNEGA»L20UT)

CALL CONV(SPOSl,L2oUT,TEMp,IDEC2,SNEGA,L3oUT)
DO 777 l=ISOUP2,L30Ur
SNEGA(IIN) c SiMEGA(I)

777 IINsllNfl
L3UUT=L30UT-ISOUR
Ul 1 (foI.AAX) B O t O
DO 43b Ial,NTMAX
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00057 436
00058 C
00059
00060
00061 38
00062
00063 10
00064 58
00065
00066
00067 888
00068
00069
00070
00071
00072 59
00073
00074 8000
00075
00076
00077
00078
00079
00080
00081 633
00082 632
00083
00084
00085 640
00086
00087
00088
00089
00090 641
00091
00092
00093 437
00094 3000
00095

5POSI(I)=D11(I)-D12(I)

CALL PCONV(D11,NQUT,SNEGA,L30UT,SPOSI, NTMAX, PULSE, NPUL)
DO 38 Ial,iMOUT
Dli(l)suil(I)*FRONT
GO TO 3000
DO 58 1=1, NTMAX
5Nfc,GA(I)sDll(l)-l'12(I)
UO 8tfb I=ISuUHi,L20UT
SPOSI iiiN)ssposi(r)

IIN = III4tl
L20UT=L20UT-J5UUR
CALL PCONV (Dll»NUUT,SPOSI»L20UT,SNEGA»NTMAX»PULSE»NPUL)
IF(ISlGN,fcQ,3) GO TO 3000
UO 59 181»NOUT
DH(1)=D11(I)*FRQNT
GO TO 3000
CALL HATRIXCH, 1 , JSDUK1 , Dl 1 i D12, El 1 ,E12)
SPOSI ( 1 ) =t)i i ( i )
5PI)S1(2)=D1 1(2)-012(2)+I)12(ISUUR)
SPOSI(ISUUK)=-l'll(2)-D12USUUK)tlH2(2)
SPDSl(l5UUR2)s-im(l)
IFClSOUkl.LT.3) GO TO 632
DO 633 1=3,ISOUK1
5POSl(I)=Dll(I)-l'llClSUURl-I + 3)"Dl2(I)-«-Dl2(l50URl-I + 3)
iMAX^NT^AXl-IOKCfi
CALL KATRIX(Kt 10EC,IMAX,DlliDl2»Ell»E12)
UO 640 I=1,IMAX
TEMP( I )-Ul 1 ( I ) +L>i 2 ( JDEC-fl )

CALL Ct)NVCSPOSjilSOUR2,T2MPf IHAX»SNEGA»L30UT)
CALL f-iAjHlXlK, 1 , N'fMAXl , 01 1 , Dl 2, El 1 ,E12 )
D11(NTHAX)=0.
DO 641 1=1, NTMAX
SPUSICDsuil CI)-012(I)

CALL pCOMVCDl l,f:UUr,5NEGA,L3oUT,SPoSl#NTMAX, PULSE, NPUL)
DO 437 J=1,NOUT
Uli(I)=Dil(I)*FRONT

RETURN
END

COMMON BLOCKS

/BK4/(+10)
IDEC +0
NTMAX +5

SUBPROGRAMS

PCONV CONV

SCALARS AND

tNTMAXl 1
5NEGA 7

I SOUR tl NOUT f2 NPUL i3 FRONT -i-4
ISIGN +b ING +7

CALLED

MATRIX

ARRAYS I "#" NO EXPLICIT DEFIMTION   "%" NOT REFERENCED 1

tIDEC2 2 K12 3 tIDECl 4 Dll 5 *IIN 6
SPOSI 10 ,50007 11 ,50006 12 PULSE 13 UMAX 14
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SURFMC LN47TL.FOR FOHTHAN V,4A(230) l-OCT-75 22|2b PAGE 1

00001
00002
00003
00004 
OOUOb 
OOOOtj 
00007
ooooa 
00009
00010
00011
00012
ooou
UOU14 
0001S 
OOOlb 
00017 
OOOlb
00019
00020
00021
00022
00023
00024
00025 
OOU2b 
00027 
00024
00029
00030
00031 
OOU32
00033
00034
00035 
0003b 
00037 
OOU38
00039
00040 
OOU41
00042
00043
00044
00045 
OOU4b
00047
00048

SUBROUTINE SUHFAC (R*Dll*D12fEU»E12f TE.V.P» PULSE ) 
 ............SUBROUTINE SUkFAC.....................
THIS SUbROUTI^E COMPUTES THE VbLUCIIY RESPONSE FOR SURFACE SOURCE. 
ARGUMENT DEFINITIONS

IOEC sINTEKFACE NUMBER DETECTOR LOCATED.
ING sCOnTKOL NUMBER FOR SOURCE ANQ DtcTOR LOCATION,

ING=1 SOURCE AT FREE SUFFICE AND DETECTOR AT FREE SURFACE, 
Gs2 SOURCE AT FHEE SURFACE AND UEfECfOR BURIED. 

SUURCE «U«IKD AND ubTRCTOH AT FK^E SURFACE, 
ING34 SOURCE bURIEO ANU OETtCCfOR BURIED, 

KOUT =L£NGfH OF THE OUTPUT ARRAY Oil,
OF LAYER + HALF-SPACE 
INPUT '*AVE FUNCTION. 

OF THE ARRAY PULSE 
s CONTROL NUMBER FUR OgNSITY, 

1SIG1'. = 1 DENSITY INFORMATION IS GIVEW, 
ISIGN=2 DENSITY IS ASSUMED TO BE

DI hEIISIOrf R ( 1 ) , U 1 1 ( 1 ) , D 1 2 ( 1 } , DEN ( 1 ) , TEMP ( 1 ) , PULSE ( 1 ) , SPUSI ( 1 )

COMMON /HK4/IDhC,lSOUR,NOUT,NPUL, FRONT, NTMAX/ISIGN, ING

33

30

34

C 
44

60

70

49
3000

GO TU(33,44),IF^G
CALL MATK1XCK,1,NTMAX1,D11,D12,EU|E12)
Dll rNTHAX)=0,0
t>U 3U KslfNTMAX
R(K)=Dll(K)-Ol2(K)
D12(K)=D11 (K)+D12(K)
CALL PCONV(Dll,NOUT,D12,NTMAX,R,NTMAX,PULSE,NPUL)
DO 34 l=l,NUUT

GO TO 3000 
SYNFHETHIC sEISHOGRAM FOR BURIED DETECTOR AND SURFACE SOURCE

1DLC1=IDEC*1 
1DEC2=IDEC+1 
IMAX=HTMAX-IDEC
CALL MATRIX(R,IDEC/IHAX,Dll»Dl2,Ell»El2) 
DO bO K=1,IMAX 
TEKP(K)BDii(X)+D12(K-HDEC) 
CALL MM'RlX(R,l,m-,AXl,Dll,012,Ell,E12) 
Dl 1 (K; TMAX) = 0,0 
DO 70 Ksl«NTMAX 
D12(K)=D1 1(K)-D12(K)
CALL PCON'VCDll,.NiUllT f TE.^P,IMAX,Pl2,NTMAX,PULSE r NPUL) 
DO 49 jsijHOUT 
U1J(I)=D11(I)*FRONT 
RETURN 
END

COMMON BLOCKS

/BK4/C+10) 
IDEC tO 
NTHAX +5

ISOUR 
ISIGN

NOUT 42 
ING 47

NPUL 43 FRONT 44
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00001
00002 
00003
00004
00005
OOOOb
00007
OOOC'd
00009
00010 
00011
00012
00013
00014
00015
OOOlb
00017
000l»
00019
00020
00021
00022
00023
00024
00025
0002b

c   .
C
C
C
C
c
c
c

99

2

3

1

SUBROUTINE P051T(Y,DFUlNT,LrrIPUlNT)

THIS SUBROUTING DETERMINE ARRA/(LA*ER NUMbEB) INDEX FOR
DETECTOR AND SOURCE,
ARGUMENT PEriMTIONSl
IpOlNTI ThL LAYfcK IN'i'LKFACE NUMBER EITHER DECTOR OR SOURCE
DPOIr.il THE ACTUAL DEPTH fclTHER DKCIOR OR SOURCE LOCATEDt
YI INTERVAL VELUCIIY F'UK EQUAL TIME SECTIOM
DT» TINE INCREMENT IN Y,

DIKENS10N Y(l)
M»l
SUMaO.O
SUMsSUf'fDT#Y(W)
IF(DPOlM'-i>UM)l,2,3
IPOINTc.M
RETURN
MSM41
GO TO 99
TEMP=SUM«i'(M)»DT
DlsSUM-DPOlNT
[>2 = aFUItST-TEMP
IFCD1.GT.02) IPOINT=K-1
IF(D1.LE.U2) IPOIM5H
RETURN
END

LOCATED

SUBPROGRAMS CALLED

SCALARS AND ARRAYS i "* n NO EXPLICIT DEFINITION - n %" NOT REFERENCED J
Y 4 #M*IPOINT 1 

7
*DT 
«TEMP

2
10

*02 3
#DPOINT 1

#01

TEMPORARIES

POSIT [ NO ERRORS DETECTED )
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VELTIM LN47TL.FOR FORTRAN V.4AC230) /KI l-QCT-75 22|2o PAGE I

00001
00002 
00003
00004
OOUUb
00006
0000?
oouod
00009
00010
00011
00012 
00013
00014
00015
00016
00017
OOOlb
00019
00020
00021
00022
OOU23
00024
00026
00026
00027
0002«
00029
00030
00031
00032

c   .
c
c
c
c
c
c
c
c
c

99

55
100

10

SUBROUTINE VELTIH(X,T,NT,Y,ND,DT)

THIS SUBROUTINE COMPUTES IN'IERVAL VELOCITY
SECTION FrtUrt VfciLUClfY FUR tUUAL DLPIHt

ARGUMENT DEFINITIONS!
TI CUMULATIVE TlMFJ (T(l)a090)
xi INFERNAL VELOCITY FOR EUUAL DISTANCE
Yl NE* INTERVAL VELOCITY FOR 6.UUAL TIKE
NTl TOTAL NUMbER IN APHAY X,
NDI TOTAL NUMK'Ek IK A»hAY Y.
DTI TIME INCREMENT IN Y.

oii'.er.siow x(i)/Y(i)»T(i)
Y(l)=X(l)
hOaiFlX(T(KT)/DT)
rt=2
DTlsO.O
DO 100 Is2,ND
DTlsDT+DTl
CRTSOTI-T(M)
IF(CRf,LE,0,0) GO TO 55
M3M + 1
GO TO 99
Y C I ) =X ( H )  «  ( X ( M ) -X { M- 1 ) ) *CR1 / (T(M)-T(M-l))
CONTINUE
NDsNO-1
DO 10 1=1, ND
Y(I)=(Y(I)*YCItl))/2,0
*»DSND*I
Y(ND)=X(NT)
RETURN
END

FOR EQUAL

CALCULATED
SECTION

TIME

FROM SONIC LOG

SUBPROGRAMS CALLED 

IFIX.

SCALARS AND ARRAYS i «#" NO EXPLICIT DEFINITION   "%" NOT REFERENCED 3

»DT1 1 
,50001 7

T 2
,50000 10

*DT 
X

3
11

Y
#ND

4
12

*M
*I

5
13

»CRT 
*NT

6
14

TEMPORARIES

.VEL16 i5 

VELTIM [ NO ERRORS DETECTED J
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00001 
00002
00003 
00004 
00005 
00006 
00007
ooooy
00009
00010 
00011 
00012 
00013 
00014

 JOOOOOOf

1 1 1 1 1

40

SUBROUTINE SONVb:L(V,FACT,SOZl

THIS SUBROUTINE CONVERTS INVfcg 
INTERVAL VELOCITY. 
ARGUMENTS DEFINITIONS I 
VIIMKKVAli TRANSIT TI-^E AND 
SDZlfFACliTREFl CONSTANTS FO 
NMAXITHE LENGTH OF ARHAY V.

DIMENSION V(l) 
DO 40 lal,NMAX

RETURN 
END

,TKEF,NMAX)

VAL TRANSIT TIME

INTERVAL VELOCITY 
R MAKING OCHHF.CT

INTO 

VELOCITY AND DIMENSION

SUbPHOGHAMS CALLED

SCALARS AND ARRAYS ( »*" NO EXPLICIT DEFINITION   "%" NOT REFERENCED } 

\ ,80000 2 ' *SDZ1 3 *TREF 4 «IV 
tFACT

TEMPORARIES

50NVEL I NO ERRORS DETECTED ]
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00001
00002 
00003
00004
00005
OOoOb
00007
0000<J
0000*
00010
OOOli
00012
00013
00014
00015 
000 Ib
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00030
00037

c--- 
c
c
c
c
c
c
c
c
c
c
c
c
c c  

10

41
20

42

30

SUBROUTINE Mr)YE(SUR,rREF,V,NT,DZ, IGO)

THIS SUbHOUTlNE CU'lPUTKS UVErt-BURDEN VELOCITY OH DENSITY BY
LINEAR INPEKPULAT10N UR CONSTANT VALUE. THE INPUT AND OUTPUT ARE STORED AT
THE SAME ARRAY NEKE V,
ARGUMENT DEFINITIONS!

SURI FKF;E SURFACE VALUE.,, INPUT,
DREF: FIRST DATA VALU
DREFl DEPTH OF THE FIRST DATA POINT IN FEET,
V| VELOCITY OK DENSITY.
NTI THE LENGTH UF ARRAY V,
DZ: SAMPLING IrtTtRVAL IN FEET(OF.:PTH) ,
IGO: CONTROL I-UMBER *HICH REPRESENTS*

IGG=1.. .CONSTANT VALUE FUR OVER-BURDEN MEDIUM,
IGOs2 LINEAR 1NTEKPULATIUN OF OVtR-faURDEN MEDIUM,

DlfciENSIUN V(l)
FIF=V(1)
IREF=IFIXCUREF/DZ)
IREFlsIREFtl
IFdPEF.LT.l) RETURN
N^AX=^T^IREF
DO 10 I=^KAX,IREF1,-1
V(I)=V(I-1REF)
GO T0(4l f '4 2), IGO
DO 20 I=l,iREF
V(I)=FIR
NTeNMAX
RETURN
SLOPES (FIR-SUR) /DREF
UZ2s-DZ
DO 30 I=1,IREF
DZ2=DZ>DZ2
V(l)=SUR4SLOpE#DZ2
NT=NMAX
RETURN
END

SUBPROGRAMS CALLED 

IFIX.

SCALARS AND ARRAYS i  #  NO EXPLICIT DEFINITION   "%" NOT REFERENCED J

*IGO
V

*I
7 
IS

»DREF
#IREF
 NMAX

2
10

*DZ
#FIR

3
11
17

*D22 4 
.S0002 12 

20

»IREFi 5 
.50001 13

*SLOPE 6 
.50000 14

TEMPORARIES

.MOV16 21 

'HOVE [ NO ERRORS DETECTED ]
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00001
00002
00003
00004
00005
OOOOo
00007
OOGOt*
oooov
00010
00011 
00012
00013
00014
00015
OOOlb
00017
OOOlb
00019
00020
00021
00022
00023
00024
00025
0002o
00027
00028
00029
00030

C
c
C
c
c
c
c
c
c

10

100

30
20
200

SUBROUTINE CUMUT(T, V, NT, [)Z f SCALE, CHECK, CHECKD, ICHECK, JMAX)

THIS SUBROUTINE COMPUTES CUMULATIVE TIME FOR WAVE TO PROPAGATE FRO
SURFACE TO INSIDE THE HALF SPACE.
ARGUMENT DEFINITIONS
iCHECKj =1 CHECK SHOT DATA IS GIVEN

e2 CHECK SHOT t)ATA IS NOT GIVEN
Oil QEiPTH IfiCREKENT
TI CUMULATIVE TIME
Vi INTERVAL VELOCITY FOR EQUAL DEPTH
NTj DIMENSION UF V,

DIMENSION V(l),T(l) f CHECKCl),CHECKD(l)
T(l)cO,0
OZ=I>Z*SCALE
DO 10 1=2, NT
TEMP = l)Z/V(l-l)
T(I)6T(l-l)+TEHP
GO TOtlOO,200),ICHECK-

IMAXlsXKAXtl
CHtCKCiHAXl}tT(NT)
DO 20 I=1,IKAX
Wl=IFlX(CMtCKU(I)/DZ)-H
rt2slFIX(CHbCKD(l+l)/DZ)*l
CUrS 1I = (CHt,CK(Itl)-CHECK(I))/(T(M2)-T(Ml))
DO 30 KSMl,M2
f (M)=CON5T#(TC-')«T(M1))+CHECK(I)
COMINUe
RETURN

END

SUBPROGRAMS CALLED 

IFIX,

SCALARS AND ARRAYS c "#" wo EXPLICIT DEFINITION %" NOT REFERENCED 1

«ICHECK 1 
V 7 
.80000 15

»NT 23

TEMPORARIES

CHECKD 2
10 

CHECK Ib

T
*M
*SCALE

3
11
17

»DZ
*IMAX
»CONST

4
12
20

#M2 S
,50002 13

*T£MP 21

»1MAXI 6
.50001 14

»l 22

.CUM16 24 

CUMUT [ NO ERRORS DETECTED 1
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ooooi
00002
00003
00004
00005
OOOOb
00007
00008 
00009
00010
ooou
00012
00013
00014
00015
00016
00017
00018
00019

C
C
C
C
C
C

10

1

SUBROUTINE CONV(A,l.A,B,L»,C,LC)

THIS SUBROUTINE CONVOLVES T«0 FUNCTION'S,
A,B1 1X0 FUNCTIONS TU BE COrtVOLVED t
Cl RESULTAuT FUNCTION,
LAt THE LENGTH OF ARRAY A,
LBI THE LENGTH OF AKHAY B,
LC» Trifcl LENGTH OF ARRAY C,

DIMENSION A(LA),6(LB),C(I.»C)
t,C = LA*LB-l
DO 10 1=1, LC
C(I)sO,0
DO 1 I=1,LA
DO 1 J=l r LB
K=1+J-1
C(K)=C(K)-fA(I)*6(J)
RKTURN
END

SUBPROGRAMS CALLED

SCALARS AND ARRAYS [ »*" NO EXPLICIT DEFINITION - "%" MOT REFERENCED J

,10010 i 
.soooi 7
,10004 15
,10000 23

TEMPORARIES

*K 2
,50000 10

«LB 16
C 24

3
11

B
*LC 
,10003 17

*LA 25

»J 4 
,10007 12 
,10002 20

A 5
,10006 13
,10001 21

,50002 6
,10005 14

*I 22

.CON16 26 

CONV C NO ERRORS DETECTED J
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00001 
00002
00003 
00004 
00005 
00005 
OOU07
00006 
00009 
OOOiO 
00011 
00012

C 
C 
C 
C

20

SUBROUTINE REFL(Z»NMAX»R)

THIS SUBROUTINE CO?- PUTtS NEGATIVE HEFELCTION COEFFICIENTS! 
ARGUMENT OEFINI1IUNSI 

HI REFLECTION COEFFICIENT 
Z\ IMPEDANCE

DIMENSION Z(l),R(l) 
DO 20 I=1,NMAX

RETURN 
END

SUBPROGRAMS CALLED

5CALAPS AND ARRAYS [ "*" NO EXPLICIT DEFINITION - "%" NOT REFERENCED J

Z 1 ,50000 2 R 3 #1 4 *NMAX 5 

TEMPORARIES

REFL I NO ERRORS DETECTED J
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00001
00002 
00003
00004
00005
00006
00007
00008
00009 
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
0002b
00027
00028
00029
00030
00031
00032
00033
00034

c 
c
c
c
c
c
c
c

10

20
30

70

SUBROUT 1 N £ M ATK IX ( R , I NG » PT » 0 1 1 r l> 1 2 * L 1 i r E 1 2 )

THIS SUBROUTINE COMPUTES THE MULTIPLICATION OF THE LAYER
MATRIX BY A ITERATIVE SCHEME,
ARGUMENT DEFlNll'IONSl
R! REFLECTION COEFFICIENT
Dlir(>12*Ell*E12l WORKING ARRAY.
INGI STARTING LAYER MATRIX TO BE MULTIPLIED,
Mil TOTAL MJMBFR OF MATRIX TO HE MULTIPLIED,

DIMENSION Dll(l),D12(l),EllCl),E12(l),RCn
l>H(J) = l,0
bl2(UG+l)3K(lNG)
RT=P12(INGtl)
D12(1HG)=0.0
IF(KT,LT.2) GO TO 70
DO 30 1=2, MT

hCsf\(ING + I-l)
11=1-1
DO 10 K32,I1
Ull(K)aEH(K)»E12(IMG4-I-K*l)*RC
l>12(Ii»G + K)=El2(il<GtK)+£;UU«K + l)*RC
DH(I)=RT*RC
U12(iNG+I)SKC
DO 20 KB1,I
KMsK+ING
EnCK)=DU(K)
E12(KH)=D12(KM)
CONTINUE
RETURN
Dll(2)aO,0
IF(MT.LT.I) D12(ING+1)=0,0
RETURN
END

SUBPROGRAMS CALLED

SCALARS AND ARRAYS C "*" NO EXPLICIT DEFINITION   "%" NOT REFERENCED J

#K 
D12 
R

1
7
15

«ING 
#11

2
10
16

E12
*KC

3
11
17

*MT 4
,50002 12
Ell 20

Oil 5
,50001 13

#RT 6
,50000 14

TEMPORARIES

MATRIX I NO ERRORS DETECTED )
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TRANS LN47TL.FOR FORTRAN V,4A(230) XKI i-OCf-75 22(26 PACE i

00001 
OOU02
00003 
00004 
00005 
00000 
00007 
OOOOd
00009
00010 
00011 
00012 
00013 
00014

o 
c 
c 
c 
c 
c

10

SUBROUTINE TKAf'S(SUM,NIN,NLAST,R)

THIS SUBROUTINE COMPUTES MULTIPLICATION OF TRANSMISSION COEFFICIENT^ 
ARGUMENT DEFINITIONS 1 
Rl REFLECTION COEFFICIENT, 
NIHI STARTING LAVKR TO BfcJ MULTIPLIED, 
WLASTl bNDIWG LAYtR TO Bfc MULTIPLIED.

DIMENSION RU) 
SUMsl.O 
DO 10 I=NIN,NLAST 
SUHasUf^Cl.OfRCD) 
RETURN 
END

SUBPROGRAM'S CALLED

SCALARS AND ARRAYS [ "*" NO EXPLICIT DEFINITION - "%" NOT REFERENCED j

*SUM 1 .SOOOO 2 #NIN 3 R 4 *I 5 

TEMPORARIES

TRAN5 C NO ERRORS DETECTED 1

tNLAST
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00001 
00002
00003
OOU04
00005
00006
00007
oooob
00009
00010
00011
00012
00013
00014 
00015
00016
00017
OOOld
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003d
00039

C   
C
C
C
C
C
C
C
C
C
C
Co-

10

77
20

30
8W

60

70

SUBROUTINE PCONV(Y,NOUT,A,.U,B,NB,X,NS)

THIS SUt«nOUTl'«E cn.MHUTtS POLYNOMIAL CONVOLUTION OF THE
TYPE Y(Z)sA(£)»5(£)/ti(Z) USING HtCUKSIVfc RELATION

AkGUMfclNf D6H Nil 10*3
Yl OUTPUT AKRAY
X| I«PUT 60UKCE FUNCTION
A,B: THE COEFFICIENT UF THE TRANSMISSION MATRIX
NOUTI DIi-iEf'SIO* UF ACJUTPUi1 ARRAY
HSI Dir-'ENSIOtV OF X
NAJ DIMENSION OF A
N8I DIMENSION OF B

NOTICE THAT b(l) SHOULD BE 1.0,

DIHE.-&IOH Y(1),A(1),B(1),X(1)
KTOTsf«UUT»l
IF(-iS.EO.l) GO TO 77
CALL COUV(A,f;A,X,NS,Y,NTEMP)
NTEr;P2 = NTEJ*P+l
DO 10 IsNTEHp2fNOUT
Y(I)=O f O
GO TO 88
00 20 1=1, NA
Y(I)=A(I)
NA23NA+1
OU 30 I=NA2,NOUT
YCDaO.O
NAlaNA-l
N61SNb-l
00 60 K=1,NB1
DO 60 1K=1,K
KT=K+1
YCKT)=Y(KT)-B(lKtl)»Y(KT-lK)
DO 70 Ks?iB,NTOT
PO 70 IK=l/NBl
KT»Ktl
Y(KT)sY(KT)-rKIK+l)*YCKT-lK)
RETURN
END

FOLLOWING

SUBPROGRAMS CALLED 

CONV

SCALAR5 AND ARRAYS t "*" NO EXPLICIT DEFUUTION - "%" NOT REFERENCED J

B 7
,S0006 15
.50001 23

«KT 31

*NS 2
#NTEHP 10
,»S0005 16
,50000 24

#NA 11 
.S0004 17 

25

«N8 4
»NA2 12
,50003 20
X 26

*K 
Y 
A

*NB1

5
13
21
27

*IK 6
*NTEMP2 14
.30002 22

*I 30
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APPENDIX B

Computer Program and User's iVanual for 
One-dimensional finite Difference Scheme

This computer program computes particle displacements in 
an one-dimensional inhomogeneous medium by a finite difference 
scheme. This program calculates displacement fields for the 
follo\ving three types of earth material;

(1) Perfectly elastic material.
(2) Voigt solid.
(3) Sol.id whose attenuation varies approximately linear 

with frequency*

To solve a free boundary condition, an imaginary grid 
point is included at x  DX, where Dx is the spacial sampling 
interval. We implemented a radiation boundary condition under 
the assumption that half-space is perfectly elastic.

The pre-assigned logical units for the input-output 
devices are:

2=» Input logical unito-
" 3« Output logical unit for line printer. 
12s- Output logical unit except line printer for the

further processing.
The format of logical unit 12 is the same as logical unit 3 
except that there are no headings.

Figure B-l shows how to prepare input cards to run this 
program. Each BLK^ contains parameters of the model and each 
BLK will be read by a format described previous FMT (format) 
cari. The definition of each BLK are written below.

This block contains DT, DZ,T, NITER ,NGEO, I DENS, IMODE.VEHL, 
DENH, NMAX, IGJEOP sequentially.

1. DT: Sampling interval of time.
2. DX; Sampling interval of distance,
3. T: The width of source function* In this program,

we used the following function as a sourer function
F ; -*£ *- 

-ft t) - e.
The width T is defined as
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FMT

fBLK

IDENS =2 IDENS=1

IGEOP=1

Figure B-l. Preparation of input cards for one-dimensional 
finite difference schemes.
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4. NITErt: Number of iteration.
5. NGEO: Number of output geophone(arraY) ,
6. IDENS: Control number for density,

IDENS-1, Density is assumed to be constant.
IDEIJS-2, Density data are £iven. 

7« IMODS: Control number for the model type,
IMODE-1, Perfectly elastic.
IMODE-2, Voist solid.
IMODE-3, Linear with frequency solid.

8. VELH: Velocity of half-space. .
9. DE1JH: Density of half-space.

10. HMX: Number of input data (velocity , density , etc)
11. IGEOP: Control number for the output,

IGEOP-1 , Output are regularly spaced. 
IGEOP-2, Output are irregularly spaced.

BLK2

This block contains the p-wave velocity of the model. 

BLK3 j

This block contains the density of the model. 

BLK4

This block contains the attenuation term of the Voigt solid, 
The equation of motion for the Voigt solid is:

where u is displacement, f is density, and
are Lame* constants. The attenuation input is defined as

BLK5 . :

This block contains the second attenuation term for the 
linear with frequency solid. See BLK6.

BLK6  i
This block contains the first attenuation terra for the 

linear v/ith frequency solid. The constitutive equation for 
this material can be v/ritten as

where <xj is the first attenuation term and p is the 
second attenuation term.
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BLK7

This block contains the information about regularly spaced 
output array.

1. ID3C3: The starting index number for-the output. 
2» ID2CL: The ending index number for the output. 
3» IP2IIIC: Index interval between output arrays.

BLK8

This block contains the information about the irregularly 
spaced geophones. So the input of this block is the index 
numbers of the output.
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00001
00002
00003
00004
00005
000Gb
00007
ooood
00009
00010
0001 1
00012
00013
OOOJ4
00015
00010
00017
OOOlb
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
0003b
00037
0003H
00039
00040
00041
00042
00043
00044
00045
00040
0004?
00048
00049
00050
00051
00052
00053
00054
00055
00056

C<
C-
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

c**###***»**»*#»»**#**»*t#»###»*»*#***»«*#***»»**#
THIS PHOGHAM C<Ji PUTRS PARTICLE DISPLACEMENT IN AN Oh£»DIKENSIQNAL 
INHOMOGENcOUS Hh-UlU" BY A FINITE DIFFERENCE SCHEME   THIS PROGRAM 
CALCULATES DISPLACEMENT FIELD FUH THE FOLLOWING IhREE TYPE OF 
EARTH .MATERIAL.

(1) PERFECT ELASTIC.
(2) VUIGT SOLID.
(3) SOLIO *H05fi ATTENUATION VARIES L1NEARY WITH FREQUENCY, 

THE DISPLACEMENT SOURCE IS LOCATED ON Ihg FKEE SURFACE, 
RADIATION bOUi-DAWJf CONDITION IS IMPLEMENTED, 
LOGICAL UNIT OF IHE UPUT-UUTPUT AREI

2« INPUT.
3s OUTPUT (Ll»-e PRINTER)
12= OUTPUT (MA^ETIC TAPE OK DISK FILE), 

THE HALF-SPACE JS ASSUMED TO BE PERFECT ELASTIC.
TO SOLVE THE FKEE BOUNDARY CONDITION AN IMAGINARY MESH POINT IS 
iNCLU£D( iNUEXcl, ACTUAL FRfc.fi BOUNDARY IS LOCATED AT lNU£Xc2) t 
ARGUMENT DEFINITIONS I
1MCJDEI CONTROL NUMBER FOR THE TYPE OF THE MEDIUM. 

ail PERFECT ELASTIC. 
VOIGT SOLID.
LI.4KAR "JlTH FREOUENClf SOLID, 
CONTROL NUMBER FOR UE^SITY,

IS ASSUMED TO BE CONSTANT,
IWFORNATIUN is GIVEN.
iJUMatP FOK Trib OUTPUT GEOPHONfi ARRAY, 

SPACED OUTPUT.

S3!
1DENSI 

=11
B2;

IGEOP! 
= 11 
321

DTI TI
DXs

DENSITY
DENSITY
COMKUL 
REGilLARY
IRKEGULARY SPACED GEJPHONE GROUP,

SA>1PL1»G INTERVAL IN DISTANCE,
NUMbLR OF ITERATION, 

10ECSI STAHHIKi INDEX FOR THE OUTPUT. 
1DECLI ENOING INDEX FOH THE OUTPUT. 
IDf.INCl INTERVAL B£'irtEt;* GEOPHfjNE QF THE OUTPUT, 
Tj THE WIDTH OF THE SOURCE FUNCTION, 
NGEO| NUtfbtR OF THE OUTPUT ARRAY*
NKAXI TOTAL NU.'-BER OF INPUX ARRAYCVEL OR DEN,,,), 
VELHl VELOCITY OK HALF-SPACE, 
DEMHj DENSITY Cf HALF-SPACE 
VELI P-WAVE VELOCITY, 
DENI DENSITY,
PULSEI IKPU1 DISPLACEMENT PULSE 
IGLOl ARRAY /H.lCH COMAlKS THE INDICES FOR THE OUTPUTC SELECTED GEOPHONE)
^*«*«***4*««-«-**»»««-»««->»« »*###*»*#»»*»##*#»

DIMENSION VEL(200),OE^(2UO),A(20U),H(200),C(200),PULSE(100)
DIMENSION Tt-P(2C'0) f A1EKP(200),ALPAC200),BLTAC200),5(10)
DIMENSION fc(10),r(10),G(2UO),I(,KO(10),KMT(16)
COMMON /IMjUr/IN,lL)UT»ITAPE»lDKCL»IDECS,IDEINC
COMMON /BM/DTfUX,TEND«r
COMMON /BK2/VEL]
BETAB
COMMON /BK3/IMODE,IGEOP,
COMMON /BK4/SU;-. 1 ,CONl ,CO.'J2
DATA IN,IOUT,rCAPE/2,3,U/
READ(IN,100)FMI
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00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081 
OOOB2 
OOOB3 
00084 
000&5
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097 
0009b
00099
00100
00101
00102
00103
00104
00105
00106
00107 
OOIOB
00109
00110
00111
00112

FORMAT (16A5)
f #*##*#*### »# 

HEAD COMMON PARAMETERS

KKAD(i-V,100)FMT
C*******#«**»****«********»*#*****t***»*****»*»*»» 
C HEAD VELOCITY

KEAD(lN,FrtT) *1, UMAX)

12
GO TO Cllil2),JDENS
CONTINUE
READClf, 100)FMT

C HEAD DE«SZTY
C«»*»*«^»*****»*********«*«*»*»* «****« «*»»*»*»» *** 

READ ( I ,v , Ftt F } (DE« (I) , 1 = 1 ,

11

15
14

GO TO 15
DEW I a 1,0
D£NB=1.0
GO TO C13 f
CONTINUE
R£AD(IM,100)FMT

14), IMODS

READ ATTENUATION PARAXETER

HEAD ( IN , r'MT ) ( BETA ( I) , 1= 1 , MAX)

IF(lMUUb,E&,2) GO TO 13
   ***#*## »#« **#*#*#*# *#**i 

HEAD A'fTENUAllON PAKA^lETER

13

31

32
Ci 
C
c<

33

ALPAB=ALPA(NHAX)
CONTINUE
GO TO(31,32),IGEOP
K£AD(IN,100)FMT

>«  + »***»»**#**#»  
READ OUTPUT PARAKETbHS FUR THE SPACED GEOPHONE

GO TO 33
READ(JNilOO)FMT
^**»****«««*«*««^

HEAD OUTPU1 PAHAMCfKRS FOR ARblTKAn5f SPACED GEOPHONE 
**»***« ****»**»****»«******««*«  
HEAD(lAf,FHT )(IGtU( I ),!«!, NGEO) 
NKEDaNKAX-1

N2eNMAX-2
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00113
00114
00115 
00110 
00117 
OOlltt
00119
00120
00121
00122
00123
00124
00125
00120
00127
00128
00129
00130
00131
00132
00133
00134
00135 
OOJ36 
00137 
0013b
00139
00140
00141
00142
00143
00144
00145 
00140 
00147 
0014*
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00100
00161
00162
00163

LIST INPUT PARAMETERS

CA[,L L I S f ( I MODE , 1 PENS , 0 T » OX » T » M TER )
»*»*-***4**4 *#«« ****»**** »# 

 ***«*+****

CHbCK THE STAIUL1TV COi.'D ITION,
t********** »4 
KATIOsDT/UX

ofa

20u

DO 66 I=2,NMAX 
UMAX=VEL(I)
IK(DVAX.GT.VMAX) VMAXsDMAX 
CK1T=VMAX*RATIO 
IFCCPIT.LT.1,0) GO TO 67 
W«ITE(10UT,200)
FuKMAT(//,4X, 'ERROR DETECTED, ... .UNSTABLE! <) 

CALL EXIT 
CONTINUE
t»****«ft<H

COMPUTES INPUT PRESSURE FUNCTION
h««-*»****«-»'**fr*«-««-**#*-«-*»***<
CALL GAUSbCPUL&t,PT,T,I-ipb'L)

#-##-*»*4****'
FOR THE HOUNUAR*C COf-.PUTLS Cl 

C**#**»*»»****»*ft«*«-
CALL bGU,'iu(5UM ,CO*i ,CUrJ2 , CON'3 , C0u4 ) 

C************* » + « #»*****#*#**#**»*»**»»*#»##*#*##* 
C COMPUTES ARRAY FOH THE

81 
C^
C

CALL COEF(VEjJ ,ALPA / BETA / L»r:;4,A,C,R,E,F,G)
GO TO(bl,«2,83),IMODE
CONTINUE
K**t-  »****!

PERFECT ELASTIC 
»****»*» »** » ».
CALL LLAST (VEL,UtN, PULSE, A/C/R, TEMP, IGEO) 
GO TO 987 
CONTINUE

CALL VC'lGl (VEL» BETA, DEN, A TEMP, TEMP, E,F,G,C,R, A, PULSE, S»IGEO) 
GO TO 987 

CONTINUE

987

COMMON BLOCKS
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00001
00002 
00003
00004
00005
00006
00007
00003
00009
00010 
00011
00012
00013
00014
00015
00016
00017
0001*
00019
00020
00021
00022
00023
00024
00025
00026
00027
0002U
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003B
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048

COMMON

/BK2/(< 
VEL1
DENH

SUBROUTINE BOUMHSUM1,COH1,CON2,CQN3,CQN4)

C THIS SUBROUTINE COMPUTES APPROPRIATE CONSTANTS FOR THE
C FREE BOUNDARY AM) RADIATION HOUUDAKY CONDITIONS,
C ARGUMENT DtKINIHOrtSl ,
C VELl! p-^AVE VtLUCITY AT FKEE SURFACE.
C VELB! P-WAVE VELOCITY AT fht BOUNDARY OF A HALF-SPACE.
C VELHt p-«AVE VELuClTY OF A HALF-SPACE,
C OE^l , DLMB, UENH t DENSITIES,
C ALPAl,ALPAB,BETAl»BETAHJ ATTENUATION TERMS,

COMMON /BN2 /VELI,VELB,VELH, DEN I^UENB^DENH, ALFA I,ALPAB,BETAI,
1 BETAB

COf-MOH /BM /DTf l)X, TENU»T
COMMON /BK3/IMUDL,IGEOP,IDEiiS,NPUL,NMAX,NMED,N2|NGEO
IFLAG=1
GO TO(10, 11,12), IHODE

10 CONTINUE
AsDENh*VELK/DT
B=DENB»VEL&*VELB/(2»0*DX)
COMaA+3,0*B
CONl=U/COM
CON2=A/COM
RETURN

11 CONTINUE
SUM1=2,0*DT#VEL1*VEL1/BETA1
A=DENH*V£LH/DT
B = DE[<B*VELb# VELb/ (2 « 0*DX)
C=BtTAD*DENb/(2.0#DX*DT)
COMsA-f3,0*bf 3,0#C
COM=A/COM
CON2 = B/COi1
CON3=C/COM
RETURN

12 CONTINUE
SU M l=2 t O*DT/BETAl
SUM2=1 .U/3,0
AsALPAB/DT
B s D E f   H # V E L H / D T
CsDENiJ*VELii#VELB/(2, 0*DX)
D=BETAB«C/OT
(j=(l t O + A)*6t3,0#C + 3,0*D
CONlsC/U
Cu^2=D/Q
CON3=b*(l,0+2.0*A)/Q
CQ,N4=A#B/U
RETURN
END

BLOCKS

L | O \

+ 0 VELB +1 VELH 4-2 DEN1 +3 DENB
t5 ALPAl tb ALPAB 4-7 BETAl +10 BETAB

+ 4
til
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00001 
00002
00003 
00004
00005
00006
00007
00009
00009
00010
00011
00012
00013
00014
00015
00016
00017
OOOlb
00019
00020
00021
 00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
0003?
0003*
00039
00040
00041
00042
00043
00044
00045
00046
00047
0004*
00049
00050
00051
00052
00053
00054
00055
00056

C

10

c*#
C
C**
21
C**
C
c**
11

20

c*#
c
c
c**
12
70

30

22
31

SUBROUTINE COEF(VEL,ALPA»Bfc;TA,Dfc:N,A,CfR,E,F,G)

THIS SUBROUTINE COttPUThS AHK4YS FOK THE ITERATION

DI HENS! OK VEL( 1 ) f ALPA( 1 ) , BEi'A ( 1 } , DEN ( i ) , AC 1 ) »C ( i ) , R( 1 ) , E( 1
DIMENSION F(1),G(1)
COMMON XBKIXDT,DX,TEND,T
COMMUN XHK3XIMUDE, IGtOP, INENS, NPUL, NMAX, NMEDf N2 f NGEQ
RAMOAs(l>T*lvf)/(L)X*UX)
KAMDASRAMUAX2.0
HANOI'S RAht">A/C2«0*DT)
KCONSTaRAMPA
TCOMSTsRAMDT
50M=DT-*Dr/DX
DTDX = iiT*nX
00 10 I=1,NMAX
VEL(I)6VEL(I)#VEL(I)
GO TO(21 / 22,23),IHODE

#**«#*##»-»*»#**# »#«*#*<*«## »**#**########*#*##*#
CritCK DK.HS1TY If.FORiiATlOM
*##«*#* »* »****«**#****##*#*«*** »# »*»###***# »**#

GO TU( 11, 12), IDErtS
#*##* + #*##****** »**## #* + *»*#»#####**#« ***######
UEt^SITY lei C 0 ! ' S T A N T
####*##*##****» *#**#*#**»##»##***** fr***********

UO 2U ls2iXMKD
VF-Li»!=(VEL(l}-l-VtLi(I*l))*RAMDA
VKlips(VEl»(l)4VtLi(I-fl))#RAMDA
Aci)=vt:tiP
CCDBVELH
R(l)a2,0-VELN-V£LP
RETURN

*#*#***#-»**##*# »»#***»####**#* »»#*###» *#*######
DENSITY IMPORTATION IS GIVEN,
CHANGE THE VELOCITY IrtfO tLASTIC MODULUS
*»##*»-»***4#*»#*-»#**#***»*#»**##***###*****####

UO 70 l=l r NMAX
VEL(l)sVEl.CI)*OEN(I)
DO 30 I=2,NMFO
RAHUA=«CON5T/i)£N(I)
\.'P*fO**fW(rT ff^A-V/^'f fTX1^^4^D&iiDA»t*l.j"*\ Vu|j\ ,L / T » *-*ij \ i** r y i» ** i   '  *

VELNS(VtbCl)+VtLCI-l) )*KAMUA
C(I )sVELN
A(l)3Vc.LP
R(I)»2.0-VELN-VELP
RETURN
GO TOC31,32},IDENS
DO 35 1»2,NMED
ATT^ a (BtTA(I)+BETA(I-l) )*RAMDT
ATTPK(btTA(I)*bt:TA(Itl) )«RAMOT
VELNa( VEL(I)-fVh,L(I»l ) )*KAMDA
VtLPs(Vtli(I) *VEL(I*1 ) )»RAMDA
A(I)sATTN
C(1)KATTP
R(I)=l,OtATTN+ATTP
E(I)sVELP
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00057
OOOSb
00059
00060
00061
OOQ62
00063
00064
00065
00066
00067
00066
00069
00070
00071
00072
00073
00074
00075
00076
00077
0007S
00079
00080
00061
00082
00083
00084
00085
00080
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100

35

32

60

50

23
41

40

42

45

F(I)s2.0-(VELp4VELN)

RETURN
DO bO I=1,NMAX
VEL(I)aVEL(l)*DEN(I)
BE,TA(I)=Bt:TA(I)*DfcN(I)
1)0 50 I = 2

RAKDTsTCQfiST/OCNU)

))*>UMDT 
LN = C V fcL ( 1 ) 4 V t'L ( 1   1 ) ) *RAdD A

A(I)=ATTN 
C(I)=A1TP

E(I)sVtLP
F (I)=2,0-CVELPtV£LN)

HETURN
GO TO(41,42),IDENS
DO 40 I=1,NMKD
AlTs(ALPA(l)-fALPA(I-H))/2 f O

A(I5=5UNl
G(l)sWV/(DX*CCC)
C(I)=VVV*ttTT/<CCC*DIDX)
RCl)=ATT/(DI*CCC)
CONTINUE
RETURN
DO 45 I=1,NMED

:iA( 14-1) )/2,0

CCC=1.0+ATT/UT

C(I)sWV»bTT/(CCC*DTDX)
R(I)aAT'iVCDT*CCC)
CONTINUE ,
RETURN
END

COMMON BLOCKS

OT 40 
/BKJ/CtiU) 
iMUOt ^0 
IDE'M 
NGEO

42

DX

IGEOP 
NPUL

TEND +2 

NHAX 44

T 43

NHED >5 N2
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00001 
00002
00003
00004
00005
00006
00007
00008
00009 
00010
00011
00012
00013
00014
00016
00016
00017
00018
00019
00020
00021

c ...
C
C
c
c
c
c
c

10

SUBROUTINE GAUSSCF,DT,Vv,NMAX)

THIS SUbFQUTI'JE COMPUTES TIME DEPENDENCE °*
USl^G GAUvSSlAN Flll>CrION(BOO* FORCE),
ARGUMENT DEFINITIONS,

Fl SOURCE TI'V E FUNCTION,
DTl SAMPLING INTERVAL OF TIME,
NMAXl THP: LENGTH OF ARRAY F, n
*! PARAMETER OtTERMNG THE rtlDTH OiS-THE

DIHENS10H F(l)
X5T=w# \ g $
NMAXsIKlX(T5T*2,0/DT)*l
ALPA = 2 t O/(v^#W)
Ta-TST-DT
DO 10 1=1,NMAX
TaT+DT
TT=T*1*ALPA
F(I)=EXP(-TT)
RETURN
END

I1 SOURCE

SOURCE

22125 PAGE i

FUNCTION

FUNCTION,

CALLED

IFIX, 
EXP,

5CALARS AND ARRAYS I "*" NO EXPLICIT DEFINITION 

»W 1 »T
*NMAX

2
10

*ALPA
#TT

3
11

»DT 
F

"%" NOT REFERENCED ] 

*TST4
12

,50000 6

TEMPORARIES

.GAU16 13 ,00000 14 

3AU5S t NO ERRORS DETECTED J
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)0001 SUBROUTINE MATRO(D,R,C,A,E,3,Nl,N2,NMAX)
30002 C--------"-----SUbRUUT!NE KATKO--------    -     
)0003 C THIS SUBROUTINE SOLVES THI-D £AGu.>»AL MATRIX,
30004 C------------------ -    ...       ..«  -      «    

)0006
)0007 UU 10 IaM2,NMAX
30008 10
)0009
)OOtO DO 20 ls.NKAXl,Nl,»l
30011 20
30012 RETURN
30013 END

JUBPKOGRAMS CALLED

5CALARS AND ARRAYS C « »" NO EXPLICIT DEFINITION   "%" NOT REFERENCED ]

«N1 1 E 2 S3 D 4 A 5 ,50001 6 
INMAX1 7 ,50000 10 R 11 »I 12 #NMAX 13 C 14

TEMPORARIES

4ATRO [ NO ERRORS DETECTED 3
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)0001 
)OU02 
)0003 
)0004 
)0005 
)0006 
)0007 
)000b 
)0009 
)OOiO 
)0011 
)0012 
)0013 
)0014 
J0015 
)0016 
)0017

)0019 
)002U 
)0u21 
)0022 
)0023 
)0024 
)OU25 
)002b 
>0o27 
)002B

)0030 
)OU31 
>0032 
>0033 
)0034 
)0035 
)0036 
J0037

)0039 
J0040 
)OU41 
)0u42 
)0043 
J0044 
)0045 
)004t> 
>0047 
)004b

)0050 
)0051 
J0052 
)0053 
J0054 
)0055

SUBROUTINE ELAST( VEL, BETA,PULSK r A,C , R, TE.M.P, IGEO) ' 
C-.............SUBROUTINE ELAST--     « *         
C THIS SUBROUTINE COMPUTES DlbPLACEME^f DUE TO A PRESSURE SOURCE
C ON A FhEE SURFACE IN PERFECT ELASTIC MEDIUM.
C ARGUMENT DEFlMlTIONSI
C TEMPI DISPLACEMENT AT PRESENTC N-TH) TIME STEP
C VELI DISPLACEMENT AT (N-IJTH TIME STEP 
c BETA: DISPLACEMENT AT (N-2)-TH TIME STEP
o»...........».......«....i»....<«.....«...........

DIMENSION VELC1),BETA(1),A(1) , C(1),ft(i),TEMP(1),PULSE(1) 
DIMENSION IGEfJ(l)
CDMMOM /aKi/DirOX,TEND»T
COMMON /aK3/lhUDE,IGKOP r ID£iJS,NPUL,!4MAX,NMED/ft2»NGEO 
COMMON /B^4/SUfr'i,CO(«l»CO;-2»CON3,CON4

C INITIALIZATION
C*#******»****-#****#*****#*#*****#»#**#*»-##**##*»#

DO 4u I=1,NMAX
VEL(I)=0,0 

40 BErA(I)=0.0

888

42 
Ci
C

TIME=0.0
IF(NP.GT.NPUL) GO TO 42
TEMP(2)spULSE(NP) 
GO TO 4i
NSTa2 
»***#*< 

COMPUTES CURRENT DISPLACEMENT
t***«******+*****i
DO bo IBNST,NMED

CHANGING THt ARRAY FOR THK NEXT TIME STF.P

no t>u is:
BETA(I)=VEL(I) 

60 VELU) S TEMP(I)
C + #***#**»*»***»*#***  »*****####*#*'»##«»*»#»##****# 
C LIST THt 

»«*** «
CALL LJ5TP(Tfc:nF,TlMfc,IGKO,IGeOp,NGEO)
IF(TIME.GT.TEND) RETURN
TIME«TIME+DT

GO TO 888 
END
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00001
00002
00003
00004
00005 
OOOOb
00007
00008
00009
00010
00011
00012
00013
00014
00015 
0001 b
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026 
0002? 
0002B
00029
00030
00031
00032
00033
00034
00035
00036
00037 
0003b
00039
00040
00041
00042
00043
00044
00045 
00040 
00047 
0004U
00049
00050
00051
00052
00053
00054
00055
00050

SUBROUTINE VOIGT<YEL,BETA,COM,ATfcMP,TEMP,E,F,G,C»RiArPULSE* 
i S,IGEO) 

C---.-.«.«.--.«SUhRUUTINE VOiGl----      «- ---«---
C THIS SUbKGUllNE COMPUTES DlSpLACEf.ENl DOE 10 A PRESSURE SOURCE ON
C FFte 5URFACK IN VUIGT vSOLID,
C AkGUHEM DtFlNlTIONSi
C 1EMP1 DlSHLACEKhiVi AT FHESENT( N-TH) TIME STEP
C VEbl UISPLACtFKNi1 AT U-O-TH TIME STEP
C BE1AJ DlSFlvACEf.KM AT (,\-2)"Tri Tly.R SfEp

DIMENSION VfcL( 1 ) , BK'fA ( 1 ) , ATfi^-Pc 1 ) r TtHP( 1 ) ,COM( 1 ) t E( 1 ) *K( 1) 

S(l),IGtO(l)

COMMON /bK<»/suj-'l,coM
CQMHUIv /BM/DT,DX,TENI),T

C***#***-**#***-»*«-******##*****-**********»****»*##* 
C

00 10 1=1,NMAX

10 BETA(1)=0,0 
TERMBO.O 
Nps? 
TlMEaDT

NST2S4
t#**#**'

COMPUTES THE COEFFICIENT OF Th£ TKI«DIAGONAL MATRIX 
v**fr#** + *##*##«-*-»**
ATEMP(3)=Cl3)/H(3)
DO 50 IeN$T2fNrtED

50
888

777

21

ATEMP(I)sC(I)/COM(I) 
lF(tJP.GT t HHUL,) GO TO 40 
UISPBpULSE(NP) 
TEMP(2)=DISP

^F(I^G.EQ,2) OlSPaQTERM 
DO 21 IsNSTl,Nf'ED

CONTINUE

SOLVE THE TRI«DIAGUNAL HA181X 
COMPUTES CURRt.NT

CALL MAT»<OlS,R,COf.l,A r Tl:.rtP,ATE,Mp, »\STi ,NST2,NMED)
m*#****#»*#»##*#*»##i

FKEE BOUNDARY CUNUITION

RADIATION BOUT.DARY CONDITION
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00057 
0005 «
00059
00060
00061

00063
00064
00065
0006b
00067
00068

00070
00071
00072
00073
00074
00075
00076 
0007?
00078
00079
00080
00081
00082
00083
00084
00085

C************************ *************************
TEN',P(NMAX)BCUH2»(4.U*TEKP(N:iKD)«lL:*P(N2) ) +CON3*(4 ,0»TENP(NMED)' 

1 Tey,P(K2}t3.0*VKL(NKAX)-4,y*Vt:L(N.v £lO+VbL(^2))+CONl*VKL(NHAX) 
C****##*»»************#*****»************»*******# 
C CHANGING THE AKRAY FUR THE NEXT TlMc1. STEP

DO 30 lei,MMAX

30

C************************************************* 
C LIS1 THE DISPLACEMENT

CALL Ll5TPCTEMP,TlMEf 
IFCTIftE.GT.TENU) RETURN 
TJC,E=1 JME + DT

40

20

1FCING.E0.2) GO TO 777
GO TO
NST1=2

ING=2
CXT=C(2)+A(2)
ATKMPC2)=CXT/R(2)
1>0 20 Is3|NHED
CUM(l)=R(I)-A(I)*ATEMP(t-l)
ATEMP(I)=C(I)/COM(I)
GO TO 777
END

COMMON BLOCKS

/BK3/C+10)
IMODE +0 
NMED t^

IGEOP *1 IDENS 
N2 +6 NGEO

+2 NPUL +3 +4

SUMl +0 CON1 4-1 CON2 +2
CON3 +3 CON4 *4
/BKl/C+4)
DT 4-0 DX +1 TEND +2 T *3

5UBPKUGRAHS CALLED

MATRU USTP

5CALARS AND ARRAYS I "»" NO EXPLICIT DEFINITION . »%" NOT REFERENCED J

#NST1 
»DISP 
ftlNG
  TERM 
TEMP

1
7
JS
23
31

«QTERM 2 
E 10 
,50004 16 
,50000 24> 

32

3
11

IGEO
S
,50003 17

#NP 25
*I 33

COM 
»CXT 
A

4
12
20

ATEMP 26 
F 34

VEL 5 
G 13
,50002 21 
TIME 27 
C 35

BETA 6
PULSE 14
.50001 22
R 30
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LINER LN4XOE.FOR FORTRAN Y,4A(230) /KI 29-5EP-75 14153 PAGE 1

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010 
OOOU
00012
00013
00014
00015 
OOOU
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056

SUBROUTINE LINER(SECD,FIRD|SECPPrFIRPP,A»CiR,G,TEMPO»TEMPPi 
1 PULSE,IGEO) 
..........-SUhRQUTINE LINER       -         "   
THIS SUBROUTINE COMPUTES DISPLACEMENT DUE TO A PRESSURE SOURCE 
ON FREE SURFACE IN A SOLID *HOSE ATTENUATION VARIES LINEAR* 
WITH FREQUENCY, 
ARGUMENT DEFINITIONS!
TEf'.PD! DISPLACEMENT AT PRESENT (N'TH) TIME STEP 
SECDI DISPLACEMENT AT (N'-l)-TH IIME STKp 

AT (M-2)-rH TIME STEP 
N-TH TIME STEP 
(N-l)-TH TIMS STEP 
(N-2J-TH TIME STEP

FIROl DISPLACEMENT 
TEMPPI PRESSURE AT 
SECPPI PRESSURE AT 
FlPPPI PRESSURE AT

1

DIMENSION SKCD(l},FIRD(l),SECPP(l),FlHPP<l),AO),CCl)iR(l)*G(l) 
DIMENSION TEMPD(l),TLMPP(l),PULSfc;Cl),IGEU(l) 
COMMON /BK3/IMODf-;,lGEQP,IDENS,NPUL,NMAX,NMED,N2»KGEO

/BM/DT,DX,TEND,T
/BK2/VEL1,VELB,VELH,DENi,DENB,DENH,ALPAl,ALPAB r BETA!»

COMMON
COMMON
BETAB 
COXHON /BK4/5UK1 l,CCNl|CON2,CON3,CON4

c *##**#***»** »##****#*#**####*###**##*#***#**#**##
C INITIALIZATION 
C****##*******#»#**»***#*********#*#****#*t **##***

DO 10 I=1|NMAX
SE,CD(I)=0,0
FIRD(I)=0,0
5ECPP(I)aO,0 

10 FIPPP(I)BO,0
NPM
TIME*DT
N5Te3
NSTPB2
IF(NP,GT,NPUL) GO TO 44
TEHPD(2)=PULSE(NP)
GO TO 56
NST=2
CONTINUE 

C*»##* *******###*#** ##*****#*#»##**###**t »*#**#*#»
c COMPUTES CURRENT DISPLACEMENT 
c***#****#****#*****#**** **#**#**»*#*****#»*#*##*# 

oo 40 ISNST,NMED
40 TEMPD(I)=A(I)#(SP.CPP(I)-SeCPP(I-l))*SECDCI)+SECD(I)-FlRD(I)
c##* *«»#»***# »*#**»**#»**#»**#**»*##**»*«**#»*#*#*
C RADIATION BOUNDARY CONDITION

TEHPD(NMAx) =COia*(4,0#TtMPl)(NMED)»TEMPt)('J 2))+CON2»(SECD(N2}'

999

44
56

2 CON3*SECD(NMAX)-CON4*FIKD(NMAX) 
C***#*##»»####****»##***##»#*#»###*  ****#*##»****#
C FREE BOUNDARY CONDITION
C***»**ft*»**»*«****«***»*ft»ft»**»*** ***»*»«*»**»*»»

. TEMPD(1)=1EMPD(3)
C»*»***»ft*»****»ft««****»»*ft»»**««***»«»ft»»»ftt*»*«* 
C COMPUTES CURRENT PRESSURE
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LINER LN4XOE.FOR FORTRAN V,4A(230) /KI 29-SEP-75 14133 PAGE

00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082

66

60

C**'
C
c#*

55
c»«
C
c*#
300

400

CONTINUE
DO 60 IsN5TP,NMED
TEMPP(I)=G(l)*(rEMPDU-H)«T£MPD(I))+C(I)*(TEMPD(Ul) 

1 5ECD(I)-StCD(Itl))+R(I)»SECPP(I)
TEMPP(1)=-TEHPP(2)

»«»**#«#*#**#*#»»**»#*# * »**#* »*#****»»»*#**»»* 
CHANGING THE AKRAY FOR THE NEXT TIME STEP 

C*ft*»*»*«»**»*«»****»»#**»*#****»#*#***#»4»*##»#»# 
DO 55 IslfNMAX 
FIRD(I)=SECO(n

'TEMPD(I)*

FIPPP(I)=SECPP(I)
5ECPP(I)=TEMPPU)
CONTINUE 

C*«* **»***#***»#»**»***#***#**#**#»»****»*#**#**»#
LIST THE DISPLACEMENT 

C*#*# ******»***#**** **###***##*###****#«#»*#*#####
ft'RITK(12,300)TEMPO(12),TK4PU(22),TE:NPD(42),TEMPDCb2)fTEi4PD(l62)
FORfUT(5El6.6)
WRIT£(3,400)TIM£,TEMPD(13),TEMPD(123),TEMPD(N2)
FORMAT(2X,F10.5,3E20.8)
IF(TIME.GT.TEND) RETURN
NPaNP+1

GO TO 999 
END

COMMON BLOCKS

X8K3/(+10)
IMODE +0 IGEOP fi IDENS +2 NPUL 4) NMAX +4
NMCO +5 N2 +6 NGEO +7 "
/BK1/C+4)
DT +0 DX +1 TEND +2
T +3
/BK2/(+12)
VEL1 tO VELB +1 VELH +2 DEN1 *3 DEN8 44
DENH ^5 ALPAl 46 ALPAB 47 BETA! 4iO BETAS 4il
/BK4/(45) "
SUM1 40
CON1 4i CON2 42 CON3 43 CON4 44

SUBPROGRAMS CALLED

SCALARS AND ARRAYS ( »«  NO EXPLICIT DEFINITION   "%« NOT REFERENCED J
FIRD 
G
,50001 14

»I 22

tlGGO 
PULSE 7 
,50000 15 
C 23

FIRPP 2
,50003 10 

»NP 
TEMPO

16
24

SECD
»NST 
TEMPP

3
11
17

5ECPP 4
A 12

*TIHE 20

«NSTP 5
,80002 13
R 21
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00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029

SUBROUTINE LIST(IMODE,IDENS,DT,DX,T,NITER)
.        SUBROUTINE LIST                 
THIS SUBROUTINE LIST PARAMETERS OF THE MODEL.

COMMON /INOUT/IN,IOUT,ITAPE,IDECL,IDECS,IDEINC
GO TO(11,12,13),IMODE 

11 WRITE(IOUT,100) 
100 FORMAT(//,4X,'PERFECT ELASTIC MEDIUM 1 )

GO TO 14
12 WRITE(IOUT,200) 
200 FORMAT(//,4X,'VOIGT SOLID 1 )

GO TO 14
13 WRITE(IOUT>300) 
300 FORMAT(//,4X,'LINEAR WITH FREQUENCY')
14 GO T0(15,16),IDENS
15 WRITE(IOUT,400)
400 FORMAT(/,4X,'DENSITY IS ASSUMED TO BE CONSTANT 1 )

GO TO 23
16 WRITE(IOUT,500)
500 FORMAT(/,4X,'DENSITY INFORMATION IS GIVEN 1 ) 
23 CONTINUE

WRITE(IOUT,600)DT,DX,T,NITER 
600 FORMAT(///,8X,'TIME INCREMENT* 1 ,F10.5,/,

1 8X, 1 DISTANCE INCREMENT^,F10.5,/,
2 8X,'TEMPORAL SOURCE WIDTH=',F10.5,/,
3 8X,'NUMBER OF ITERATION^ 1 ,15,/,
4 8X,'TIME 1 ,4X,'X-INDEX',10X,'DISPLACEMENT' 
RETURN 
END
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00001
00002 c-~
00003 C
00004 C
00005 C--
00006
00007
00008
00009 11
00010
00011 10
00012 400
00013
00014 12
00015 40
00016
00017
00018
00019
00020
00021

SUBROUTINE LISTP(A,TIME,IGEO,IGEOP,NGEO)

THIS SUBROUTINE LIST THE OUTPUT GEOPHONE DISPLACEMENT 
IN LINE-PRINTER AND MAGNETIC TAPE.

  MMMMBBMMMMMMMMMMWM«MM«.MMMWWM«MWMWMMMWMWWWMWM«»WWWWWMWWMM

DIMENSION A(1),IGEO(1)
COMMON /INOUT/IN,IOUT,ITAPE,IDECL,IDEINC
GO T0(ll,12),IGEOP
DO 10 I=IDECS,IDECL,IDEINC
WRITE(IOUT,400)TIME,I,A(I)
WRITE(ITAPE,400)TIME,I,A(I)
FORMAT(2X,F10.5,2X,I6,4X,E20.8)
RETURN
INN=1
IT=IGEO(INN)
WRITE(IOUT,400)TIME,IT,A(IT)
WRITE(ITAPE,400)TIME,IT,A(IT)
IF(INN.GT.NGEO) RETURN
INN=INN+1
GO TO 40
END
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APPENDIX C

Computer Pro^ran and User's Manual for 
Two-dinensicnal r'inite Difference Scheme

This computer program computes vortical and horizontal 
displacements of an elastic wave in a two-dimensional 
orthogonal cartesian coordinate system. In making a general 
computer program for an tv/o-dinensional, inhoaogeneous wave 
equation by a finite difference scheme, large core-memory 
is required, because v/e must store all elastic constants 
in addition to the 4 working arrays at each grid point. So we 
selected three types of model to reduce this large memory 
requirement. This program can handle the following three types 
of model:

(1) One-layered elastic half-space.
(2) Vertical fault in an elastic half-space. 
(5) Localized arbitrary shaped inhomogeniety extended 

in the horizontal direction in an elastic half-space.

The geometry of the vertical fault and localized inhomo- 
geneity model is left-justified, which means the discontinuity
of half-space starts from the left and ends at right side of 

model(see Figure C-2 and Figure C-3).

Throughout the computer program, we used the same sampling 
interval in x- and y-direction. Also we used an imaginary grid 
line at y~-DY to solve a free boundary condition.

The pre-assigned input-output logical units are:
2«- Input logical unit.
3s* Output logical unit for line printer. 

12s* Output logical unit except line printer. 
The format of logical unit 12 is the same as logical unit 3 
except that there is no heading.

Figure C-l shows how to prepare input cards to execute 
this program. Each BLK^ contains parameters of the model and 
each BLK. will be read by a format described previous rVT (format) 
card. The definitions of each block are written below.

BLK1

The BLK1 contains DT, DX, T, TX, ALPA1, BETA1, DEN1, 
DEK2, IG^O, ::GIi)0 sequentially.

1. DT: Sampling interval in time.
2. DX: Sampling interval of distance.
3. T: Parameter determine the wiJth of temporal source 

function (see source function).
4. TX: Parameter which controls the extent of the source 

region (see source function).
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BLK2

BLK3

BLK4

5.
6.
7.
8.

3. T: Parameter which determines the width of temporal 
source function (see Source function).

4. TX: Parameter which controls the extent of source
region (see Source function). 

ALPA1: P-wave velocity of the upper medium. 
BETA1: S-wave velocity of the upper medium. 
DEN1: Density of the upper medium. 
IGEO: Control number for the output.

IGEO-1, Either vertical or horizontal index of 
the output arrays is fixed and output 
arrays are regularly soaced.

IGEO-2, Output arrays are irregularly spaced. 
9. NGEO: Number of the output geophone.

1. NITER: Number of iteration. 
2» IWODE: Control number for the model type: 

IMODE-1, One-layered half-space. 
l'IMODE-2, Vertical fault model. 
IMOD3-3, Localized inhoniogeneity model. 

3 0 ISYM: Control number for the symmetry of the model. 
ISYM-1, Symmetrical model. 
ISYM-2, Asymmetrical model. 

Imax: Horizontal dimension of the model. 
J1IAX: Vertical dimension of the model.
1ST: Parameter for the source region (see source function) 
IFN: Parameter for the source region. 
JST: Parameter for the source region. 
JFN: Parameter for the source region.

4.
5.
6.
7.
8.
9.

1.
2.
3.
4.

1.
2.
3.
4.

ALPA2: P-wave velocity of the lower medium. 
BSTA2: S-v/ave velocity of the lower medium. 
DEN2: Density of the lower medium.
JINT: Vertical index number of the horizontal interface 

(see Figure C-2).

Alpa2: P-wave velocity of the fault medium. 
BETA2: S-wave velocity of the fault medium. 
DSN2: Density of the fault medium. 
JINT: Vertical index number of the horizontal 
. Interface (see Figure C-2). 

5. IINT: Horizontal index number of the vertical 
interface (see Figure C-2).
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BLK5

!  JTOP: Vertical index which specifies the upper boundary 
of the localized inhonogeneity model.

2. JBOT: Vertical index number which specifies the lower 
boundary of the inhomogeneous region,

3. IRIG: Horizontal index which specifies the right boundary
of the inhomogeneous region, 

For further illustration, see Figure C-3.

BLK6

1. ALPA: P-wave velocity inside the inhomogeneous region.
2. BETA: S-v/ave velocity inside the inhomogeneous region.
3. DEN: Density inside the inliomogeneous region. 

These parameters will be read as:
( (ALPA( I, J) , BiiTA( I, J) f D3lK I, J) , 1-1, ITOTX) , J-l, JTOTY) .

BLK7

1, Idecs: The starting x- or y-index number for the :.--.
regularly spaced geophones. 

2.ID3CL: 1'he ending x- or y-index number for the
regularly spaced geor>hone.
( ID.3C3 ID^CL)

3. ID2INC: Index interval between output array. 
4* ICONS: Fixed index number for the output. 
5. IT3KM: Control number for the fixed index of the output.

ITEKT.XL, Horizontal index is fixed.
ITERM-2, Vertical index is fixed.

BLK8

This block contains the information about irregularly 
spaced output.

1. ICOUL: Array which contains the horizontal index number
for the irregularly spaced output. 

. 2. JROYf: Array \vhich contains the vertical index number
for the irregularly spaced output. 

These arrays will be read as
( ICOUL( i), JRO./C i), 1=1, :;GSO)

Source function

Before reading this section, the users are recommended 
to read Aboudi's paper (1971) for clarity.

As an input source function, we used a body force   Let 
the body force be defined as

where ;£ is body force. It is obvious that v(V,tf) is the
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function determines the spacial dependence of body force and
9ft)\.s the time dependence of the source function. Y/e used 

a symmetrical source function, so the spacial extent and shape 
of f^ (x, .) in x- and y-direction are the same*.

Let the center of the source be located at (nDX,mDX) and 
the spacial dependence is shown in the Figure C-4, The spacial 
extent of this function is 4DX. But at x-(n±4)DX f the function 
values are zero. So we defined spacial extent TX as shown in 
Figure C-4. The smallest possible source extent is TX-DX, 
whixh is the cloest approximation of the point source in this 
program. For this example, input parameters for the source 
region are:

TX-3DX,
IST-n-3 f
IFN-n+3,
JST-m-3,
JFN-m+3, 

In this program there are limitation for.the source region:

JST or IST-^ 3,
JFN or IFN ^JMA.X-2 or Imax-2.

For the temporal dependence of the source function, 
we used the following function:

The width of the temporal source width T is defined as the 
following relation

7-
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MAIN. LN47TN.FOR FORTRAN V.4A(230) /KI 2-OCT-75 2139 PAGE 1-1

C*****#***#*#*»*#*****»******#****»***»***********

si I SYMMETRICAL
B2I ASYMMETRICAL MODEL,

IGF.OI CONTROL KUMBLR FUR THE OUT GKOPHCKJE,
si | E1THKR VERTICAL L'R HORIZONTAL INDEX IS FIXED AND OUTPUT 51

PtGULARY SPACED,
B2I RHNDOM( OH SELFCTED) IRREGULARY SPACED OUTPUT, 

ITERM I CONTROL KUfcbER FOR THE FIXfcD INDEX OF THE OUPPUT, 
= 11 HORIZONTAL. I.n-EX IS FIXED, 

VKRTICAL INDEX JS FIXED,

00057
00058
00059 
OOObO 
OOObl
00062
00063
00064
00065 
OOObb
00067
00068
000fa9 DIMENSION FX(3*5)»FY (5»b)»ALPA(2b , 1 1 ) , bEl'A (2b> 11 ) i DEN (25 ,11 )
00070 DIMENSION lCOUL(bO),JRO^CSO)
00071 DIK£*S ION PULSK C 1^0 ), GX ( 1 <J ) , GY (10 ) , FhT (1 b )
00072 COMMON /GEUPH/IGPIG, 1TEFM, IDECS, IOECl,,NGEOfIDEI>jC,ICONS
00073 COMMON /INtJUT/1",IOUT,ITAPE
00074 COMMON /bKl/IDX,JDY,SOM,SOtf2,DTrNPUL^ISYrt,ISET»IST/IFNf
00075 1 JST, JFN, «»I1 ER
0007b COMMON /BK2/COM,CON2,COf-'3,PONl,POf;2,PON'3»TOfJl,TON2,TON3
00077 COMMON /KK3/C1,C2,C3,Si,52,33,11,12,T3
00078 COMMON /t-K4/DYl,DY2,DYJ,CXl,CX2,CX3,SXl,SX2,SX3fTXlfTX2/
00079 1 TX3,DX1,DX2,DX3
00080 . DATA I *,IOUT,IIAPE/2,3,12/
00081 KtAU(I^,100)FMT
00082 100 FORMATC10A5)
00083 c---«»-----»---»-"------------------»-"---*""««-«"
00064 C HAtU COMM.JN PAKAMtTEHS FOR AliL MODELS,
00085 C---.«............................................
00086
00087
00088
00089 GO TO(U , 12,13)»IHODE
00090 11 HEAlJ(lN, 100)FMT
00091 C---------.----.--...................
00092 C READ PAHA.'^TbRS FUR LO^ER MEDIUM
00093 c-"----------"-------'-------"------ 1
00094
00095 GO TO 29
00096 12 KEAD(1N,100)FMT
00097 c-"----«----"---«------...............
00098 C READ PARAMETERS FOR FAULT MEDIUM,
00099 C------------------------------------

00101 GO TO 29
00102 13 READ(1N,100)FMT
00103 C----.............................................
00104 C READ PAKAsEIEKS FUR THE iMiO,4PGfc,NEOUS MEDIUM,
00105 C----.............................................
00106 KEAI)(I>v f Fell )JTUP,JDOT,IRIG
00107 ITOTXalKlG

00109 READ(I^,100)FMT
00110 DO 3o J=1,JTOTY
00111 30 KEAU(JN,F,ST)(ALPA(I,J),BETA(I,J),DEH(I,J),I=1,ITOTX)
00112 C-------------------------------------------------
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00113 C RECOGNIZE THE OUTPUT GEOPHONE PATTERN,
00114 C-----------------------------------------
00115 29 GO TO(41,'i-O,IGEO

00117 300 FORiiAT(5l5)
00118 GO TO 19
00119 42 K£Al)(Ir! f IGO)FMT
00120 HE AH ( X ».-, Ff.T ) ( 1COUL (I ) , JR04 ( I ) , 1 = 1 * MGEO)
00121 C---------------------------  -------- -  - ---
00122 C- CHECK TriE S1ABIL1TY CONDITION,
00123 c-----------------------    .       ..  ...     .,
00124 19 GO TU(14,14,15),1MODE
00125 14 VMAXl=ALPAl*ALPAl4fcETMl*8ETAl
00126
00127
0012H GO TO IB
00129 15
00130 UO 20 i=l»ITOTX
00131 L>0 20 J=i,JTOTY "   ' '
00132 DMAX=ALPA(I,J)*ALPA(I,J)+HETA(I,J)*BETA(I/J)
00133 20 iF(DMAX.Gl.Ar'AX) VMAXaDMAX
00134 18
00135
00136 IFCKATIt'l .LT.RATI02) GO TO 17
00137 WRJTE(IOUT»2<)0)
00138 200 FOHMAT(//,4Xr'ERROR DETECTED,.i
00139 CALL EXIT
0014U C*-------------------------- -----------«-----  - «
00141 C COMPUTATION OF THE SOURCE FUNCTION,
00142 c------------------------------------*--"---*- - -
00143 17 CALL. GAU3S(PlJljSE r i>T,T» N FM'L)
00144 CALL SPAC(GX,tiY,TX,DX,X5HA)
00145 1CQU^T=1FN»1ST+1
00146 JCOUNlsjFN-JST+l
00147 Do 22 IslflCOUNT
00148 iTCMBltl
00149 DO 22 Jal r JCOUNT
00150 JTEMsJ+1
00151 FX(I,J)sGY(ITb.iD«GX(JT£M)
00152 22 f Y(l» J J=GX(I TE.M)*Cijf (JTEK)
00153 C-------------------------------------------------
00154 c INITIALIZATION OF THE DISPLACEMENTS,
00155 c-------------------------------------------------
00156 IJQ 10 I = l,l;^AX
00157 DO 10 JB1,JMAX
0015W A(I,J}=0,0
00159 IHI,J)=0,0
00160 C(I,J)=0,0
00161 10 L>(I»J) = OtO
00162 IFdSY^.EU.l) ISET=1S1>IFN-1
00163 CALL MST(lHOLF,,AjJ PAl,ALPA2,HETAl,bETA2,DENl,DEN2,DXrTXfT)
00164 C-------------------------------------------------
00165 C COMPUTES SO/E CONSTANTS.
00166 c--------------------------------------------- -« 
00167
0016B RDTaRAMDA/4,0
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00169
00170
00171
00172
00173
00174
00175
00176
00177
0017B
00179
00160
001*1
00182
00183
00184
oom
001 BO
00187
OOlfcB
001B9
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
0020B
00209
00210
00211
00?12 
00213
00214 
00215
00216 
00217
0021W
00219 
00220
00221
00222 
00223
00224

C

C 
C  
43

C

c*«
C

COMcALpAl*ALPAl*RAMDA
CO'\'2s(ALPAl*ALPAl-hETAl»8ETAU*RAMDA/4,0
COK-3 = BETAl»tfETAl»HAMDA
SO!v2=(ALPAl*ALPAl-2.0«BETAl»8ETAl)/(ALPAl*ALPAi)
lUXKUiAX-1
JDysJMAX-1
JF(1MOPE.E0.3) GO TO 32

ALPABB(ALPAl + ALt'A'2)/2,0
bhTAb=(BETAl4Bt;TA2)/2.0

DEi<Bs(DENl+UEN2)/2.0
POHlsALPAb*ALPAb*HAMDA
t> ON2a(ALPAb#ALt1 A8"»ETAB»bETAB)*RDT
PtUJ 3 = bETAb*br:TAH»KAMDA
TONisALPA2*ALPA2*KAMDA
TO I i2B(ALPA2*Al J t-A2-BbTA2*dETA2)*RA{-'DA/4.0
TON3=bETA2*bETA2*HAMPA
CALL BOl»MD(Be:T^l,bEl1 Al»Bfc.TAiJf DEf*l»DfcMrOENB»FDT»Cl)
CALL. bOL"iD(Ai..PHl r ALFAl,ALPAd,DENl,DEM,DE"W r HUTfC2)
CAl'L BOUFiDC BETA l, BET Aii»bETAi# DEN J , OKI-B , DEJ'2 t HDTr Si )
CALL bOUr4U(Al,pAl,ALPAb, ALPP^»D£N1 t PEr tt, nE"J2 , HDT» S2 )
CALL BOUUD(bETAH,BtlA2,dKi< A2,DENB,DE.J2,l)EN2,FOT f Tl)
CALL bOU?Ml)(ALPAb/ALPA2,ALPA2 f DENb,DE:.'2,DEN2,RDT»I2)
4>3 = S2»2.y*Sl
C3=C2-2.0*C1
T3=T2-2,0*Tl
IFCIi-'ODE.EO.l) GO TO 43
CALL BI)UNU(BKTA1 r b^TAB , BETAb , DSN 1 , DENB , DENli, FDT ^ DYl J
CALL bOUNUCALP/.l,ALPAb,ALPAB r Dfc:Nl,DEN-b,DE^BfHOTrDY2)
DY3=nY2-2.0*DYl
CX1=-C1
CX2=-C2
CX3=-C3
SXl=-5t
5X23-S2
SX3=-S3
TXls-Tl
TX2s-T2
TX3=-T3
1)X1=-UY1
DX2=-DY2
L'X3a-DY3

VERTICAL FAULT MODEL.

CALL FAULT ( A ,b ,C , D, I;,AX , J^AX, PULSE ,FX, KY, JlNT»HivTf ICOUL, JRO*)
GO TO 999

ONt-LAYEHED HALF-SPACE MODEL,

CALL LAYEH(A,b,C,U,lf)AX/ JMAX,pULSE,FX,F'Y^vTlNT»lCoUL,jRQW)
GO TO 999

LOCALIZED IK HOMOGENEOUS MODEL,

********»« **«****««******«******»*»»»***»**»* ttft
CHANGE VELOCITIES INTO LANE'3 CONSTANTS AND DENSITY INTO
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00225 C (DT*DT)/(DX»DX«f)EN5lTY)

00227 32 UU 90 I=1,1TOTX 
00228 DO 90 JelfJXOTY 
00229 CCsDEM I,J)*aLr&(l,J)*Be;TA(I,J) 
00230 bB=Dfc:N(I, J)»ALPACJ> J)*ALPA(If J) 
00231 ALPA(l,J)=Bb-2.0*CC 
00232 BETA(I,J)=CC 
00233 90 UE"J(I , J) = RAMDA/l)EN( I/ J) 
00234 CALL lNHOMO(A,H,C,D,IMA.X,jyAX,PULSE,FX,FY,ALPA,BETA,D£N,

00236 999 STOP 
00237 END

COMMON BLOCKS

/GEOPH/(+7)
IGEO +0
IDtlNC +5
/1NOUT/C+3)
IN +0

IPX +0
SONl +2
ISET +7
NITEK +14

COM +0
PON3 +5
/BK3/C + H)
Cl +0
C3 +2
T2 +7
/ c h* A / / A 1 "J %
/ D ̂  " / V T * ' i

[>Y1 +0
CX2 +4
TX1 +11
DX3 +16

f

I TERM
ICONS

IOUT

JDY
SON 2
IS!

CON2
TON1

C2
SI
T3

DY2
CX3
TX2

+ 1
+ 6

+ l

+ l
+ 3
+ 10

+ 1
+b

+ 1
+ 3
+ 10

+ 1
+ 5
+ 12

IDECS

ITAPE

DT
IPS

-

CON3
TON 2

S2

DY3
SX1
TX3

+2

+2

+4
+ 11

+ 2
+ 7

+ 4

+ 2
+6
+ 13

IDECL

NPUL
JST

PON1
ION 3

S3

cxi
SX2
DX1

+3

+5
+ 12

+3
+ 10

+5

+3
+7
+ 14

KGEO

ISYM
JFN

PON2

Ti

SX3
0X2

+4

+6
+ 13

 4

+6

+ 10
+ 15

,

SUBPHUGHAMS CALLED

GAUSS SORT.
SPAC EXIT

FAULT
BOUND

SCALARS AND AHKAYS [ "*"

*DEN2 1
#JlNT 431
  OEN1 1061
ICOUL 16136

»KSPA 16336
.S0006 Ib344
.S0003 335b4
 SOOOO 50652

»JTOP
BETA
B
FMT

 KAT102
PULSE
A

*DX

AKAX1.
LIST

LAYER INHOHO

NO EXPLICIT DEFINITION

2
432
10b2
10220
Ib337
Ib345
33565
50653

*T
*TX
*JCOUNT
JHO^
*IH1G
.S0005
,S0002

#DENB

3
1055
Ibl32
Ib240
16340
Ibbl 1
50o35
50654

  "%"

»ITEM
*iiorx
«DMAX
GY
»IINT
»IMAX
#ICOU^J
tJl'OTY

NUT REFERENCED J

4
105b
16133
16322
16341
16512

T 50b36
50655

*VHAX
*BH
*DZ
*RATiOl
 J
D
.soooi

*JBUT

5
1057
16134
16334
16342
16513
50637
50650

ALPA 6
*JMAX 1060
 AHAX 16135
#IMtJDE 16335
,50007 16343
.S0004 33563
GX 5061U
#ALPAb 50657
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00001 
00002
00003 
00004 
OOOOb 
OOOOb 
00007 
00008 
00009
00010 
00011 
00012 
00013

c 
c 
c 
c
c
c

SUBROUTINE HOUNOC AH , A, Ap. DN, u, Qp , RDT, CONST)

ThlS SUHMJUII.'.'E CO'-'Pl'US DfiRlVATIVtS OF LAME CONSTANT AT THE
INTERFACE UK OKK-LAYE.PLC UK /KRTICAL FAUI/C MODEL. 
AKGUMENT DEHHIT1UNS. 

AN',A,API P- OK S-KAVE VELOCITY. 
0»»D,DPI DENSITY. 
CONST J UEKIVAT1VE OF LA«t CONSTAUT/UKNSITY.

CUNST5AP*AF-AU*AN>A#A*(Dl''»DN)/D 
CO--<SI=CONST*RDT 
RETURN 
END

SUbPKOGRAMS CALLED

SCALAP5 A^O ARRAYS ( "*" NO EXPLICIT DEFINITION   "%" NOT REFERENCED J

*DN 3 *AN 4 *D#DP
*CONST

*AP
#RDT

2
10

#A

TEMPORARIES

BOUND £ NO ERRORS DETECTED ]
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00001
00002
00003
00004
00005 
OOOOb 
00007 
OOOOtf
00009
00010
00011
00012
00013
00014
00015
00016
00017 
0001 H
00019
00020
00021
00022
00023
00024
00025 
0002b 
00u27 
00028 
0002V
00030
00031
00032
00033
00034
00035
0003b
00037
00038
00039 
OOU40
00041
00042
00043
00044
00045 
0004b 
00047 
0004b 
00049 
Q005U
00051
00052
00053
00054
00055
00056

SUBROUTINE LAYER(A,B,C,D,INAX,JMAX,PULSE,FX,FY,JINT, 
1 ICOULfJHGrt) 
...........SUBROUTINE LAYKH-------------------
THIS suufcuuii.'it; COMPUTERS VERTICAL A*D HORIZONTAL DISPLACEMENTS
FOR A Oivt-LAYEREO HACF-SPCAt MODEL

N A(l«AXf J'-1AX)»H(IJ AX, 
DIMENSION ICOULU)«JKrj :»(l)

, C ( I MAX, JMAX) ,D(IKAX, JMAX)

COMMON /GLt'Prf/IGtU,lT£RM,IDECS,10ECk,NGEO,IOEINC,ICONS 
COMMON /BKl/IDX,Juy,SOiVl,SUN2,i)T»NPUL,ISYM,I5ET»lST;IFN» 

1 JST, JFN , iMTEH
JjJ /BK2 /COf. 1, COM2 »COP 3 t POK1 , POK'2 » POW3 t TON' 1 , TON2, TON3
DP A^3/C1,C2,C3,S1,52,S3,T1,T2,T3

I01.MXSIMAX 
JOIMYajMAX 
TIMEsO.O

999 UMh
C + ****#***#*»**#*-**#**#^##**##***#*)(-# #***-*******## 

FOR THiC HOMOGENEOUS HEGION

52
77

71

40

CAUL lTbR(A,P,C,L.',IOIMX, JO J-^Y, CO'-1 1, CON'2, CO* 3,2,1 DX, 2,
CAUL ITEH(A,B»C»P»lUlnX,JOl-iY,TONl»TON2,TO\3f 2t IDX»JINTP»JOV)

COMPUTATIUN FUK THE HORIZONTAL I

CALL 1NTERHA»B,C,D,CON1,CO!,2,C0^3,C1,C2/C3,2,I2,
JINThf XDI^XrJOIMY)
CALL Irt IKRY I A , b , C , D , POV 1 , PO^Z , POf 3 , Si » 52 / S3 , 2 , 12 ,

Dl.vX»JDIMU
i T^RY(A,B,C,D,Tuf,l,XO.\f 2,TOr,3, 11 , T2, T3 , 2, 12,

GO TO 77
**#***#» »*#*#*# « ##**## 

COrlPUTAT 1UM FOH THE SijUHCE REGION

UU 52 I = IvSi, IFN 
ITEK81-IST4-1 . 
DO 52 JBJST,JFN

CONTINUE

SYMMETRY CONDITION

GO TO(71,72),ISYM 
DO 40 Ja2 f JMAX 
b(l,J)=-P(ISET,J)
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00057
00058
0005V
00060
00061
00062
00063
00064
00065
00060
OOU67
00066
000b9
00070
00071
00072
00073
00074
00075
0007b
00077
0007b
00079
0008U
00081
00082
000«3
00084
00085
00086

c** *******«*«»*«****«*»**»««**« *«***««****«»«***»*
C
c*»
72

30

83

84

FREE HOUI-.DARY CONDITION,
*^##**##*##*#**#«####«#*»*#******##*###*#*#*#*#

1)0 30 1=2, 1DX
B(lrl)sh (1*3) +D (1+1*2) -0(1-1*2)
D(I, J )=U(I*3)+SOfi2*(B(I + l*2)-B(I-lf2))
GO TU(fcJ,y4),IS*M
B(l, 1 )a-»(ISET* 1)
D(l,l )sr?USET*l)
NPSriP + I

c***«**»******»*««**********«**#***********#*»*»**
C
c*#

LIST THE OUTPUT
*##*##******»**#*#*****##* *####*»***# ##**###*** 

CALL LI&TPCBjD,!!1 AX, vJMAX,ItiEO,IXtKM,lUFCS,IDECL,NGEO,IDEINC*
I 1COUL* JF<Uf, ICO? S,TIf-iK)

C***********«***»***********»*ft**«**#**«»«**«*****
C
c»*

90

CHANGING THE ARRAY FOR THE NEXT TIME STEP,
***#******##*****« *******#*##**#***#*#**« #*##*#

L-0 90 I=1,1HAX
DO 90 Jsl,JMAX
TE^ PBay(J,'J)
TEK.PU=9(I, J)
H(J,J)=A(I,J)
A( I , J) = TEi'JPB
U(I , J)-C( I , J)
C(J,J)=TEMPD
CONTINUE
GO TO 999
RETURN
END

COMMON BLOCKS

/GEOPli/C+7)
IGEO
IDE INC
/BM/( + 
IDX
DT
IFN

CONJ .
CON 3
TON2

Cl
$2

+ 0
+5

15)
+ 0
+ 4
+ 11
H)
+ 0
+ 2
+ 7

11)
+ 0
+ 4

I TERM
ICONS

JDY
NPUL
JST

C0h2
POM
TON 3

C2
S3

+ 1
+ 6

+ 1
+ 5
+ 12

+ 1
+ 3
+ 10

+ 1
+5

IDECS

SONl
ISYM
JFN

PON2

C3
Tl

+2

'+2

+ 6
+ 13

+4

+ 2
+6

IDECL

SON2
I SET
NITER

PON3

SI
T2

+ 3

+ 3
+7
+ 14

+5

+ 3
+ 7

SUBPROGRAMS CALLED 

HER LISTP INTERY

NGEO +4

1ST +10

TON1 +6

T3 +10
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00001 
00002 
00003 
00004 
00005
OOOOb 
00007
OOOOB
00009
00010
OOUll
00012
00013
00014
00015
OOOlb
00017
00010
00019
00020
00021
00022
00023
00024
00025
0002b
00027
00028
00029
00030
00031
00032
00033
0003fl
OOOjS
00030
00037
0003B
00039
00040
00041
00042
00043
00044
00045
0004b
00047
00046
00049
00050
00051
00052
00053
00054
00055
OOOSto

SUBROUTINE FAULT C A, B,C , 0, IN AX, JMAX, PULSE, FC 
1 ICOUL,JKUw)

,FY,JlNT,nNT,

C THIS SUrtROUTlMi COMPUTES DISPLACEMENT FIELD FOR THE VERTICAL 
C FAULT PUDEL I'-' THE HALF-SPACE,

DIMENSION ICOUL(1),JKO.'.(U
DIf-iK r'SION A ( IKAXj JMAX ) » tt( I MAX/ JMAX) iC ( IMAXj
Ulf-ENSlUN PULSr.(O»FX(5fb),FY(b»5)

JHAX) »D( IMAXf UMAX)

COMMON /GbLlPH/IGEC>,nEFM»Il)fc:CS,lDECL»NGEO»lDElNC» ICONS
C O K M U N /ISNl/IUX JDY SUf'l S U 4 2 DT NPUI I S Y M

1 JST, JFN, NITER
CO'-.NQN /BK2/CO?-1 ! »CON2 »COf!3 t PON 1 »PUN2,PON3»T
C 0 1-   H 0 N / B K 3 / C 1 , C 2 , C 3 , S 1 , S 2 , S 3 , T 1 , 1 2 , T 3
COMMON /UM/DYl,L>Y2»DY3iCXi,CX2rCX3»SXl,SX2

1 TX3, DX1,DX2,DX3
IOIMXSIHAX
JDJ !'iY = JSAX
JNEGA=iJINT-2
JINTNsJINT-l
JIMlaJINT-f 1
JI!;TP-JINT-f 2
1 IMTP=IIiJT + 2
H^Tl = llNr + l
IINTNSIINT-I
i:jEGA«HNT"2
TIHE=0,0
Npal
TEfiOoUT#NITER

999 T1VE=TIME*DT
C** *******«**#******»*****»****** **#**********#»##
C COrtPUTATltJiJ tOH THE hOiOGK^EOUS REGION
c**»«*****-******»+**# ******+***#»*»*******#»»***#*

CALL I TLF c A , p , c , u , i u i MX , o a l -i Y , c OM , c a* 2 , c ON
CALL iTE^(A»^ r c»ii »iDi^Xf JOI.^Y,TOM ,TOiv2»TO!-
CALL iTtR(A,B,c ,o, IDIIVIX» JDIMY,CO'. i ,corj',a,cor«

ISET»I5T»IFN»

OUl »TON2»TON3

,SX3,TX1,TX2,

3,2,IOX,2,JNEGA)
3»2»INEGAivJl^TP» JOY)
3,llNlP,IUX,JINrM»aDY)

CALL 1IKR(A, B,C,l' f IOJhX,Ji3lMY,CUNl,COM2»CO.\3»lINTl,IIWTli
1 JlNT\»JIi*TN)

C##*«-*******#*»***#**#*»-******#***** **»*****« *#*##
C COhPUTATION FOR THE HORIZONTAL lUTEHFACE,
C**«****«***«**»*«*****4«**«**ft**»**»*************

CALL lr'TEKY(A,t*,C,D f COiiH f COi«li!,C0^3 f Cl|C2rC3
1 li)IMX»JDINY)
CALL l"iTEkY(A,B,C,D,POM,PON2,PON3,Sl,S2fS3

1 IL'I'IX t JDIrtY )
CALL 1 M EH Y ( A , b , C , D , TON 1 , TOK 2 , TON 3 , T 1 1 12 , T3 ,

1 1 L) 1 K. X r J U I N Y )
c**«**************»**************+************»***
C COHPU1ATION FUT THE VERTICAL INTERFACE
c***»*******#*******»*****# ***************#***#»**

,2 f IINT» JINTN»

,2,IINTN, JINTf

2,lNEGA, JlKTl »

CALL IMEPXCA,b,C,D,PONl,POr 2,PON3,SX2,Sx3,Sxl|HNT,JINTl f
1 JOY» IUIMX t JDIMY )
CALL iNTEKX(A f b,C,D, TON 1 , TON 2 , TON 3 , TX2 , TX3 ,

1 JDY t lUI^-X »JDIMY )
CALL lNTEKX(A r B,C,D l CUNl,COhl2,COw3,CX2 f CX3,

1 JUY i IUIWX» JUIHY)

TX1,HNTN,JINTP»

CXl,llNTl»JlNT,
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ON3
x3>*

666 OX Of)
06

(P'I)D=(P'£)(1
fjdwais(p't)v

(p'T)V=CP'I)fl

XVWPM=P 06 oa 
xvwt'tsi 06 on

##**#*##**#****#***************#**^*###****#*#***3

(3WIX'SKODT 'MUHP"Tfl03t I

am jsn D
#******#**#***#* *##*****«********#*#******ft#*#*#*0

on
##*#*###*#*#***# **#« + *#**#**-**#**#*#**#**#*#*#**O 

NOI03H 3DdnOS 3'-{.T. MCM MiTXVJ.nd"!f)3 3

t O.t Of) (TndMVtf)*d -OJT 
(iXl'f.t'Z.L'FXl'ZXX'Tl I

3MX HO i MOT.lVxnd'A'03

zuoo 
tuoo
OTtOO 
60100 
POIOO
totoo
90TOO 
SOIOO 
&OIOO 
COTOO 
?OIOO 
TOIOO 
00100 
66000 
«6000 
£6000 
96000 
S6000

£6000 
Z6000 
T6000 
06000 
68000 
PftOOO

08000 
S8000 
frSOOO
caooo 
zaooo
18000 
08000 
fitOOO 
RtOOO
anno
0/.000
5tooo
frtOOO
f tooo

uooo 
otooo
69000 
09000 
£9000 
Q9000 
S9000

C9000 
Z9000 
19000 
09000 
6SOOO 
ft^OOO 
/LSOOO

T-T 39VdNVHXMOJnnvj
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00001 
00002 
00003 
O000'» 
00005 
OOOOb
00007

oooov
00010
000 11
00012
00013
OOOH
00015
00010
00017
00018
oooiy
00020
00021
00022
00023
00024
00025
00020
00027
00o2d
0002V
00030
00031
00032
00033
00034
00035
0003c
00037
0003B
OOU39
00040
00041
00042
00043
00044
00045
0004b
00047
00048
00049
00050
00051
00052
00053
00054
00055
OOOSb

SUBROUTINE 1NHOMOC A, R ,C , D, MAX, JMAX, PULSE, frX*FYf ALPA, BETA, DEN t 
1 JTOP,<JBOT, TRIG, 1TUTX, JTOTY, ICOUL, JROW)

C THIS SUBROUTINE CUMPuiEP-5 Dl;iPbACtME*T FIELD CAUSED bY A 
C IfiHOMOGK'jEITY Ei" 'bt'DDEO IH A''; bbASTJC ^iAbF"SPACEt

MMENSIUM 1COUI-C 1 ) , JFOk ( 1 )

DIMENSION' ALpA(llOTX,'jTOTY)?bETA(lTOTXf J 1lUTY)»DEN(lTOrx!
UIHK^SlOu HULSK(1)»FX(5»5)»FY(5»5)
COMMON /GtupH/iGKu, IIERM, IUECS, IDECL,NGP:O, iDbif.iC, ICONS
COMMON /BM/Il>X, JDY,SOf«l,S0^2,DX,NPUb,lSYf1 f I6fc,T, IST,1FN,

1 JSr,JF», NITER
COMMON /»^^/COM,CON2,CON3,PONl,PON2,PON3,TOKl f TON2,TON3
JBOTT^JBOT"! . i
JTOPP=JTUP+1
1RIGG=IRIG-1
TlMb=0, 0
N'PSl

TEivil)ei)T»NITER
999 Tl^E=TlMEfDT
c***###*##*#*#**#***#** ** #***##****#***»*******#»#
C COKPIITAIION fOh THfc hOMC'-GENEOUS REGION
C***##*-»»#****#*#*##****-#*#*##****4***«-****#****-B-#

C Abb I TER ( A , r» , C , 0 , 1 f.A X , J>' AX , CON 1 , C»)f- 2 , CON 3 , 2 / IDX , 2 , JTOP)

LOCALIZED

CAbb lTEPCA»b,C,U,I.MMX, J.MAX, COM ,COr 2,COr'3, 2 , IDX, JBOT, JOY)
C**##*«-**«-*** *** ***« **#**« ******** *****# !»#****** ##

C Cl'MPUTATlU'J fl-'H THE INhPKUGE'^tOUS REGION,
C ****#**#« *<** + « *« « *** + *»**« fr **** *#* + #*#« *****#** *#

CAbb HERh(«\ / {3,C,D, I^rtX, JrtAX,ALPA, BETA, DEN, IfO'fX, JTOXYr
1 2,IRJGG,JlUPP»JbU!T)

JF( JRIG.iM .IDX) GO TO 7b9
CAbb lTtA(A,B,C,D,lMAX, JMAX,CON1,CUN2,CON3,

1 lRlG,lDX,JTUPP»JkJOTT)
789 CONTINUE

IF(NP.GT.HHUL) GO TO 77
C « *»#»*#«###***##**##***#*»****#*#*# »#»« #»» ######
C CONFUTATION FOR THE SOURCE REGION
C **#***** « «^***»«»tf*»**»********««*«*«*»«***»**tt*

L>U 52 1 = 151 ilFN
ITEM=I-ISTtl
l>0 52 JsJSTf JFN .

JTEMaj»JST>l
B ( I » J ) eh ( I f J ) *FX ( ITEM , JTCM ) #PULSE ( NP )

52 D(I,J)=0(l,J)-fFY(JTEM,JTEM)*pUL&E(Np)
77 CUHTIf'Ufi

GO TO(71»72),JSYM
C*###»*#* *»**« »**« *#****##**###*»*#*#'»*#*###»##*##
C ' SYh^ElRY CONOllIOtM
c******«**#****«**»*****#*******#*#»-****#**#»**##*
71 UO 4U J=2,JhAX

BClf J)a-B(ISEI»J)
40 U(l , J):U(1SET, J)
C»****###»**-»*»»«t##***#***********#ff-##ff-*##***»#*#*
C FREE BOUNDARY CONUII10N,
c*#*#***#»*#*»*#**#*#****#***«******#*#****»#*»##»
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00057
ooosa
00059
00060
00061
00062
00063
00064
00065
OOU66
00067
0006b
OOU69
0007U
00071
00072
00073
00074
00075
00076
00077
0007B
00079
OOOtJO
00081
00082
00083
00084

72

30

83

84
C*
C
C*

C*
C
C*

90

DO 30 1=2,IDX

-1,2))
GO
B(l,l )s-B(lStT|1 
U( J r D = D(JSET,D

LIST Trtfc: OUTPUT

CALL LJMPCb,l),I'-!AX,JFAX,IC;c:n f 
1 1CUUL, JHO f ICU.'S/TIME) 

I F ( T I ft . GT . Thi.L- ) RKTUHN

lDtCL,NG£0,IDEINC»

CHA'-GlNG THE MKP.AY FUR Tht: NEXT THE STEP,
**

L»0 Vt> 1 = 5 , IMAX 
DO VO J»1,JMAX 

J)
J)

COf.'TINUE 
GO TO 999 
KBTURN 
END

COMMON BLOCKS

/GEOPH/(f7)
lGc.0
IDfcU'C
/BM/(> 
IDX
DT
IFN

+ 0
+5

15)
+ 0
+ 4
+ 1 1

I TERM
ICONS

JOY
NPUL
JST

+ 1
4-6

+ 1
+5
+ 12

I DEC 5

SOH1
1SYM
JFH

+ 2

+ 2
+ 6
+ 13

IDECU

SON2
ISLT
NITER

+ 3

+ 3
+ 7
+ 1

/6K2/U11)
CON1
CON 3
TON2

+ 0
+ 2
+7

CON2
PON1
TON 3

fl
+ 3
+ 10

PON2 +4 PON3 +5

1ST

TON.1

SUBPROGRAMS CALLED 

HER LI5TP ITERH

SCALARS AND AHRA^S [ «*" NO EXPLICIT DEFINITION - "%« NOT PEFEBENCED ) 

.10013 1

,10024 15
.10020 23
.10032 31

+6

,10012 2 
.10027 10 
.10023 16 
B 24 
.10031 32

.10011 3 
ALPA %11 

«ITOTX 17 
»TEMPB 25 
.10030 33

.10010 4 
,I002b 12 
,10022 20 
ICOUL 26 

*IK1G 34

»1RIGG 5 
BETA 13 
.10021 21 
.10033 27 

*J 3S

«JTOP 6 
.10025 14 

*JMAX 22 
JROA 30 
PULSE 30
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00001 
00002
00003
00004
00005
00006
00007
oooob
00009
00010
oooii
00012
00013
00014
00015
00016
00017

oooiy
00020
00021
00022
00023
00024
00025
00026
00027

c...
C
C
c
c
c
c
c
c 
c...

70

SUBROUTINE I1ER(A,B,C,D,IX»IK ,CONl,CON2

THIS SUBROUTINE COMPUTERS DISPLACEMENT
REGION BY FINITE DIFFERENCE SCHEME.
ARGUMENT DEFINITIONS.

Al HURIZI'HTAL DISPLACEMENT AT (M)-TH
BI HORIZONTAL DISPLACEMENT AT (* + !) 

,CON3,I1,I2,J1,J2)

FIELD FOR A HOMOGENEOUS

TIME STEP
OR (M-l)-TH TIME STEP .

Cl VERTICAL DISPLACEMENT AT (K)-TH TIME STEP,
Dl VERTICAL DlSPI.ACL'itrvr AT (M + l) OR
coNi»cofj2,C(ji«3i CONSTANT TERM FOR A

U1MKNS.IO;J A(IX,m,B(lX,IY),C(IX,lY),0
DO 70 1=11,12
1P=I+ 1

IWsI-1
DO 70 J=J1,J2  
V *  " V ̂  *

\J N S \J ** J

B(I,J)BA(I,J)+A(I,J)-b(I,J)-fCONl»(A(IP,
1 COi. 2#(C(IP > JP)«CCItt,JP).C(IPrJiO-»-C(I^»
2 A(IrJ)+A(IrtJN)}
D(I,J)=C(I»»J)4-C(IfJ)»D(I r J) +CON1 *(C ( It J

1 CO!--'2*( A(IPr JP)-A(1N» JP)"A(IP, JJO^AClii,
2 C(l»J)*C(Ii'-|J))
CONTINUE
RETURN
END

(K-l)-TH TIME STEP,
HOK.QGEr-EoUS REGIOU.

(IX, IY)

J)-A(I,J)-A(I,J)+A(lN,J))t
JN))-fCOiv3#(A(I,JP)"A(

P)"C(I,J)"C(I,J)+C(If
JN) )+COiO*CC(IP» J)»C(

1 1 J)*

J N ) ) +
I»«J)"

SUBPROGRAMS CABLED

SCALARS AND ARRAYS [ "#" NO EXPLICIT DEFINITION - "%" NOT REFERENCED J

#JP
#J2 
D

.10013 2 
Ip 10 
A 16 
IY 24 
.10003 32 
C 40

.IOOJ2 3 
*JN 11 
,50001 17 
,10007 25 
,10002 33 

*IX 41

1
7
15 

«lN 23
*CON1 31 
.10000 37 
.10014 45

TEMPORARIES

,ITE16 46 

ITER C NO ERRORS DETECTED J

.10011 4 
*J1 12 
.SOOOO 20 
,10006 26 
,10001 34 
,10017 42

,10010 5
#CON3 13
#CON2 21
,10005 27

#11 35
,10016 43

B 6
*J 14
*I2 22 
,10004 30

*!' 36 
 10015 44
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00001
00002
00003 
00004
00005
OOOOb
00007
OOOOB
00009
00010 
00011
00012
00013
00014
00015
00016
00017
0001B
00019
00020
.00021
00022
00023
00024
00025
00026
00027
00020
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003B
00039
00040
00041
00042
00043
00044
00045
00046
00047

SUBKOUTIN'E ITERH ( A, B,C,D,IMAX,JMAX,ALPA, BETA, DEN, ITOTX,
1 ^*TOiYfXl*X^-fv'lfu2j

C THIS SUBROUTINE CUi-'PUTES DISPLACEMENT FIELD FOR AN INHQKOGENEOUS
C REGION BY hlNITt DIFFERENCE SCHEME,
C AKGUMfclhT DtFIHITlOMS;
C AbPA,HKTA: LAME CONSTANTS,
C DEWS DENSITY,
C *ALSU SEE SUBROUTINE HER FOR DEFINITIONS .

DIMENSION A (If) AX, J»- AX ) i H ( I/- AX , JtfAX ) , C ( 1*AX , JX AX) i D ( lMAX» Ji'.AX)
DIMENSION ALPAdi'OTX, JTOT Y) , BETA ( 1TUTX, JTOTY)., DEN ( ITQTX, JTO'H
Ihal
DO 10 1=11,12
IPsl+l
Ho B I « 1

lH=IHtl
IHP=IH+1
IHNSIH-1
JH=1
DO 10 JaJi,J2
JHBJH4-1
JpsJ+1
JNBj.l

JHP=JH*1
JH\=JH-1
COi^ST = PEf 1 (IH,JH}/4,0
CONl=DEN(lh,jM)»^ETA(IM»JH)
TEMPs DEN ( IH , JH ) # ALPA ( IH , JH )

COU2s (C'J'i 1 -f i'Ef-'P ) /4 » 0
CON3=CO fU-fCONl+TE'''P

b(I» J)aACI» J)+A(1« J)-b(I,J)^CONST»(ALPA(IHP,JH)+BETA(IHPf JH)*
i BETA( If'p, JH ) -A'jpA ( I»lf. , JH ) "I-'ETA ( IHf»,J:l)-pETA(IHfi,JH) )*(AClP,J)
2 A(IN,J))+Ci-| r. 3#(A(]P,«.')-A(liJ)-A(I,J) + ACl''-,J))*CONSr*(Al..PA(IHP
3 -ALPA(lH,N,JH))*(C(I,Jp)-C(i,J,n)+Cui.2«CC(IP,JP)-C(lN»JP)-C(lP
4 *C(IfJ,J^))*CO^ l*(ACl f JP)«A(I f J)-A(1, J)4-A(I«JN))4-
5 CONST* (UBTMCiH, jKp)-bETAtlH, jhN ) ) » (C ( I? , J } -C ( IN r J)+A(I,JP)-

~ 6 A(I,Jlv))
' D(I, J)=C(1» J)+C(I» J)-D(I> J)*CON'ST»(ALPA(IHf JhP) +HETA ( IH> JHP)*

1 fcETA(lH, Jhp)-ALPA(lH,jHN)-bETA(IH, Jhr, )-BKTA(Iri, JhT4))*(C(l,Jp)
2 C(I,Jh) )+C(JU3*(C(l,JP)-CCl,J)-C(l , J)+C(I, J.i))+COr>5T«(Al>PAClH r

)

 »
,JH)
>Jw)

 
JHP)

3   ALPA ( I H » J h IO ) * ( * ( I P » J )   A ( 1 N , J ) ) +CON -«« ( A ( I P , JP )   A ( x N , JP ) - A ( IP > JN )
4 +A ( I ri , JM ) ) +COM * (C ( IP , J } -C ( I , J ) -C C 1 , J ) +C ( i * , J ) ) +CONST* (
5 BETA (lHP,Jh) -BETA (IHKiJri) J*CC UP, J) -C UN, J ) +A( 1 1 JP) "AC I , JN))

10 CONTINUE
RETURN
END

SUBPROGRAMS CALLED
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00001 
00002

00004 C 
00005 C 
OOOOto C
00007 C
oooo« c
00009 C
oooio c
00011 C-- 
00012
00013
00014
00015
OOolb
00017
00018
00019
00020
00021
00022
00023
00024 10
00025
0002<j

SUBROUTINE IMTEKY(A,b,C,D,COKl, 
1 11,12,J,IUX,IDY)

CON2,COf3» BOUM,BOUN2, BOUN3f

THIS SbbRt-turiKE CU.ipblfcS DI^PLACE'-'tNI A I HORIZONTAL 
INTERFACES FUR UUt-LAYEHcCD OR YER1ICAL FAULT MODEL, 
ARGUMENT DEFINITIONS.

A,B,C»DI SEE subPu'iTiNE ITF.R,
COS1»CO J2»CO;i3l CUi-STAM TERM FOR A HOMOGENEOUS REGION,
BUUul ,hu'uN2,tOi'N3: Cd.NSl'AuT TERM FOR AN IwHOMOGENEOUS REGION.
Jl VERTICAL li'UEX MlKBtK FOR

DIMENSION A(lDX*IL>Y)»b(IDXf 10^),
J,v=J»l
JP=J+1
DO 10 Isll,12
1NBI-1
IPBl+1

B(I,J)=A(l|J)4A(I,J)"B(I,J)+CONi
1 COf«2*(C(lP,Je> )-C(IN»JP)«C(lP,j!:
2 A( I, J) +A(I , J.% ) ) -fhUUNi#(C ( IP, J)»
D ( 1 1 J ) =C ( 1 1 J ) +C ( 1 1 J ) -n ( 1 , J ) +C CV* 1

1 C(J<«2*CH(IP» JP)-A(1N,JH)-^(1P,J.!
2 C(I»J;*C(If'*J))-*-bUUiv2*(C(I»Ji> )-
CONTINUE
RETURN
END

THE HORIZONTAL IMEPFACE,

CUDA,lDY),t>(IUX»IDY)

»(A(lP,J)-A(I,J)-A(IrJ)+A(IN,J))+
)tC(I^»JM) )*CON3*C:V(I^ JP)-A(I/ J)»
C(I'',J)4A(I|JP)-ACI,JN))
* ( C ( I » JP ) -C ( 1 t J ) "C ( 1 i J ) +C ( I i JN ) ) +
) + A ( 1  - , JN ) ) +CQN 3 * ( C ( IP » J ) -C ( I , J )  
C(I»Jiv))+bOUN3*(A(IPfJ)"A(lN»J))

SUBPKOGHAMS CALLED

SCALAHS AMD ARRAYS [ "*" NO EXPLICIT DEFINITION - "%" NOT REFERENCED J

*BOU(,J 
tBOUNl

1
7
15
23

.10004 31
#1 37
,10014 45

TEMPORARIES

,10013 2 
B 10 

16 
24 
32 

,10000 40

,10012 3
+BUUN2 11
*J 17
+ IN 25
.10003 33
C 41

,10011 4
»IP 12
D 20
,10007 26
,10002 34
,10017 42

,10010 5
*IDY 13
A 21
,IOOOb 27
.10001 35
,10016 43

*IDX 6 
»JN 14 
.SOOOO 22 
,IOOOb 30

,10015 44

,INTlb 4b ,00000 47 ,00001 50 

INTERY ( NO ERRORS DETECTED J

149
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00001
00002 
00003
00004
00005
OOOOb
00007
00008
00009
00010
00011 
00012
00013
00014
00015
OOOlb
00017
00018
0001V
00020
00021
00022
'00023
OOU24
00025
00020

C
C
C
C
C
C
C

10

SUBROUTINE INTfc;RX(A»BfC»D,CONl,CON2,CON3,BOUi\!l,BOUM2,bOUN3,
1 If 01 , J2, IDXfTUY)

THIS SUBROUTINE COMPUlfcS OISPLACEMENl FIELD AT VERTICAL
INTERFACES FOR A VERTICAL FAULT MODEL,
ARGUMENT DEFINITIONS.

CON1 ,C<'H2,COr<3l CONSTANT TF.RM FOR A. HOMOGENEOUS REGION,
II HORIZONTAL INDEX NUMBER FOR THE VERTICAL INTERFACE!
80UM,BOUN?,BOUK3l CONSTANT TERM FOR AU IiJHOMOGEhEOUS REGION.

* ALSO SEE SUbROUflU'E INTLRY FOR DEFINITIONS,

DIMENSION A(IDX,lPY),b(lDX,Ii>Yj,C(IDX,IUY),D(IDX,IDY)
INsl-1
IP=Ifl
DO 10 J=J1,J2
JNsJ»l
JPaJt 1

b ( I , J ) = A ( 1 1 J ) f A ( I , J ) - P { 1 , J ) + C 0 M * ( A ( I P , J ) - A ( I » J ) - A ( I / J ) + A ( I N , J ) ) t
1 COi\: 2*(C(IP»Jp)"C(Ii,tJP)-C(Ii>fJ,J)i-C(I'v»JN))+COr«!3*(A(I»Jp)-> A(IfJ)»
2 A ( I , J ) ) + HOU A I * ( A ( I P , J ) -A ( I * , J ) ) t BOU !. 1 * t C ( I , JP ) -C Cl , JN ) )
y(IfJ) = C(IfJ)tC(IfJ)-D(I,J)+CONl*(C(I»JP)~C(lMJ)-C(l»J)+C(I»JN))+

1 CON 2* ( A ( 1 P , J p ) - A ( I N , JP ) - A ( 1 F , JN ) + A ( 1 N , J N ) ) tCf ̂  3 * ( C ( I P i J ) «C ( 1 , vj )  
2 C ( 1 1 J ) +C ( 1 »i J ) ) tbOUfi 3 * 1C ( IP » J ) -C ( I N » J ) + A ( I » JF ) - A ( I » JN ) )
CONTINUE
RETURN
END

SUBPHOGPAMS CALLED

SCALAHS AND ARRAYS C "*" NO EXPLICIT DEFINITION   "%" NOT REFERENCED 3

*JP 1
#BOUiJ3 7
*JN 15
A 23
,10005 31
,10000 37
,10014 45

.10013 2
B 10

*BOUNl ib
,50000 24
,10004 32

*I 40

,10012 3
*BOUN2 11
*J1 17
*CON2 25
#CONj 33
C 41

,10011 4
»J2 12
 CON3 20
*IN 26
.10003 34
,10017 42

,10010 5
*IP 13
*J 21
,10007 27
,10002 35
,10010 43

#IDX 6
#IDY 14
p 22
,10006 30
,10001 36
.10015 44

TEMPORARIES

.1NT16 46 ,00000 47 ,00001 50 

INTERX [ NO ERRORS DETECTED J

,00002 51
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00001 
00002

00004 C 
00005 C 
00006 C 
00007 C
OOOOb C--« 
00009
00010
00011
00012
00013
00014
00015
00016
00017
OOOlb
00019
00020
00021
00022
00023

SUBPROGRAMS

SCALAPS AI^-D
*JP i
*80UN3 7
*BOUU1 15
«CON2 23
,10U04 31

*I 37
.10014 45

TEMPORARIES

,COR16 46
,00005 54

SUBROUTINE CaRfJER(A,B,C»D,lDX,IDY,I,J,COM/CGN2,CON3,bOUM,

THIS SUBROUTINE C'J 
ARGUMENT DEFIMTIU 
THE VERTICAL FAULT

.'  PUTKS DISPLACEMENT AT THE CORNER OF 
US. 
MODEL, 
INTfcRY AMU If'TERX FOR DEFINITIONS,

DIMENSION A(IDX/ 1L>Y)«B(IDX» J.OY ) , C ( IDX, ID*} » U ( 1DX , IDY )
jNsJ-1

JPsJfl
I n » I - 1
IP3l.fr 1

d( I / J )=A ( I
1 COu2*(A(I
2 A(l,J)+A(
3 +bOUfc2»(A
D(J,J)=C(I

l c u '-; 2 * ( c ( i
2 C(i,J)+C(
3 bUllNb#(CC
RETURN
END

CALLED

ARRAYS C "*"

.10013
B

*CUN3
*IN
«CUN1
»BOUN4

.QOOOO

» J ) + A ( I. r
P, Jp) -A(
l,JiO)*-4
(1P,J)-A
  J ) +C ( 1 ,
P» JP ) *C C

J) "t (. 1 1 J ) +CON1 *( A (
lri»JP)*A(lp / J;;)4-A(
OUH1#(C(IH» J)-C ( II*
CINf J))+OUUN3#(C(I
J)-r(i , J)tCOM»(C(
1^»JP)"C(1P»JM)+C(

1 N , J ) ) ffaUUrJ ̂  * ( C ( 1 , J P ) -C ( 1 ,
IH,J)-C( I' r »J)tA(I^JP)-A(l|

NO EXPLICIT DEFINITION  

2
10
16
24
32
40

47

.10012 3

IP»J)"A(I/J)"A(I»J)+A(lNic
lfj»Jii))+Cf)f!3*(C(IP»0)"C(li
»J)+ACl»JP)-AtI»JN))
> JP)"C(I»JM))
I, JP)-C(If J)-C(I, J)fC(I, J^
i t»jN))4-CON3*(A(I»JP)"A(Ii
J "J ) ) +BOUN5* ( A ( I p , J ) -A ( IN , c
JN) )

"%" NOT REFERENCED 1

10011 4 ,10010 5
«BOUN2 11 «IP 12 «IDY 13
»BOU.N6 17 *J
#BOUNS 25 ,
.10003 33 .
C 41

,00001 50 ,

20 D 21
10007 26 ,10006 27
10002 34 ,10001 35
10017 42 ,10016 43

00002 51 ,00003 52

1) ) *
J)  

'))*
1 0 ) **
im

*IDX 6
*JN 14
A 22
,10005 30
.10000 36
.10015 44

,00004 53

CORNER t NO ERRORS DETECTED J
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GAUSS LN47TN.FOR FORTRAN V.4A(230) /KI 2-QCT-75 2139 PAGE t

ooooi
00002 
00003
00004
00005
OOOOb
00007
00008
ooooy
00010
00011
00012
00013
00014
00015
OOOlb
00017
oooiy
oooiy
00020
00021

c 
C
c
c
c
c
c
c

10

SUBPROGRAMS

IFIX,
EXP,

SUBROUTINE GAUSS (F, DT ,V, , NMAX)

THIS SUHKuUTi'JE COMPUTES Tlf'.E DEPENDMCE OF SUUFCE FUNCTION
USING GAUSSlAf-' FUNCTION (BODY FORCE).
ARGUMENT DEFINITIONS,

F: SOURCE TIKE FUNCTION.
DTt SAMPLING INTERVAL OF TIME,
NMAX1 THE LENGTH Up ARRAY F,
«l PARA^KTER DtTER^I.-iG THtC «1QTH UG THE SUURCE FUNCTION,

UIME'-SION F(l)
TST= v<i#l ,6
NMAX=1FIX(TST#2.0/DT)+1
ALPA=2 ,0/(rt#w)
TS-TST-DT
UO 10 I=1,NHAX
f sT*DT
1T=T*T*ALPA
t (I)=EXP("TT)
RETURN
END

CALLED

SCALAHS A^D ARRAYS C "*" NO EXPLICIT DEFINITION

2
10

#ALPA
*TT

3
11

"%" NOT REFERENCED )

4 «TST 
12

.SOOOO 6

TEMPORARIES

,GAU16 13 ,00000 14 

GAUSS t NO ERRORS DETECTED 1
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SPAC LN47TN.FOR FORTRAN V.4A(230) 2-OCT-7& 2139 PAGE: i

00001
00002 
OOU03
00004
00005
OOOOb
00007
oooob
00009
00010
00011 
00012
00013
oooi-J
OOOlb
00010
00017
0001*
00019
00020
00021
00022
00023
00024
00025
0002o
00027
00028
00029
00030
00031
00032
00033
00034

C
C
C
C
C
C
C
C
C

21

22

10

SUBROUTINE SPAC(Y,D,DT,T,NMAX)

THIS SUBROUTINE CALCULATES THE SPACIAL DEPENDENCE OF SOURCE
KutiCTio.i.TMK SMALLEST SUUKCE HECUON IN THIS COMPUTER PROGRAM is
2uX*2DY,*Ht;Pt UX AND D* ARE SAMPLING INTERVAL IN SPACIAL DOMAIN,
ARGUMENT nEKI'JlTIONS,

Y,DI FUNCTION WHICH CAN DETERMINE SPACIAL DEPENDENCE
OF SOURCE FUNCTION.

DTj SAMPLING IMEKVAL ( =DX OR OY),
TI PARADE fKK WHICH CUhTrtL THE EXTENT OF THE SOUHCE REGION,
NMAXj THE LENGTH OF ARRAY Y OR D.

DIMENSION yen, 0(1)
T2=T#2.0
T3=T*3,0
T4=T*4,0
NMAX=IFIXCT4/DT)*1

' A=0.5/(T*T)
Xa-UT
DO 10 I = l,f'MAX
X=X+DT
IF(X.GT.T) GO TO 21
Y(I)aA#X*X
D(I)=2,0#A#X
GU TO 10
IFCX.Gf.T-i) GO TO 22
Y(I)=-A*(X-T2)*(X-T2)+1,0
D(I)=-2.0#A»(X-T2)
GO TO 10
Y(I)sA#(X-T4)*(X-T4)
D(1)=2.0*A*(X-T4)
CONTINUE
RETURN
END

SCALARS AND ARRAYS C "*" NO EXPLICIT DEFINITION   «%" NOT REFERENCED ] 

*.   . i «DT 2 Y 3 «T4 4 D 
,50000 7 «X 10 *T3 11 ttl 12 #NMAX

S 
13

*A
«T2

6
14

TEMPORARIES

.SPA16 IS 

SPAC I NO ERRORS DETECTED ]
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00001 
00002
00003 
00004 
00005 
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00013
00019
00020
00021
00022
00023
00024
00025
0002t>
00027
00028
0002*

C
c

11
13

10
400

14

20

12

40

SUBROUTINE LISTP (B, D, IMAX, J 1AX, IGEO, ITKRM, IOKCS, IDECL»NGEO» . 
1 10£ir,C,ICOUL, JKQ 1*, ICONS, TIP-E)

This SUBROUTINE MITKS THE DISPLACEMENT OUTPUT IN LINE PRIMER AND 
IN A MAGNETIC TAPE,

DIMENSION B(IMAX,JMAX),0(I!".AX,jNSAX),iCOUL(l),JRQW(l)
COMMON /INOUT/IN, IOUT,JTAPE
GO 'rO(ll,12),IOEO
GO TO(l3,14),ITtRM
DO 10 J  JOt'CS » 10ECL , IDEIuC
*RITE ( IOUT, 400 )T1ME, ICONS, J,B( ICONS, J),D( ICONS,*])

!«KlTe(lTAPE,400)TlwE,lCC.JS,J,B(lCON5, J) » D( ICONS, J)
FORMAT(2X,F10,5,2X,lG,2X,lb,4X,2t20 t a)
RETURN
DO 20 I = IDt:CS,IDECL,IDEINC
ARJTE(IOUT,400)TIHEf I,ICO«5,B(I,ICONS),D(I/ICON5)

wKlTE(ITApE,400)TXME,I,ICO'VfS,b(I,ICONS),D(I,ICONS)
RETURN
iNNsl
jMNsl
1T=1COUL(INN)
JTsJROA(INN)
1»R1TE(IOUT,4UO)TIHE,IT,JT,J3(IT,JT),D(IT,JT)

WRI TE ( 1 TAPL , 400 ) TIME , I T , JT , tf ( IT , JX } , 0 ( IT , JT )
If (INN t GT«NG£0) RETURN
IKMsINN+1
GO TO 40
END

COMMON BLOCKS

IN +0 IOUT
s

SUBPKOGRAMS CALLED

ITAPE +2

SCALARS AND ARHAYS i "*" NO EXPLICIT DEFINITION   »%» NOT REFERENCED 3

*J
  TIME

7
15
23
31

*IDECL
*JT
*IMAX

2
10
16

.10007 24

.10003 32

*IGEO 
1COUL 
D

3
11
17

.10006 25
,10002 33

4
JROW 12
,S0001 20

*IUECS 26
.10001 34

5
13

«JMAX
*NGEO 
,50000 21 
,10005 27

  I 35

B 6
ftlNN 14
#IT 22
,10004 30
,10000 36

TEMPORARIES

.LIS16 46 

LISTP [ NO ERRORS DETECTED )

154



99T

INGS T+
3dVXI T-f

o+
(S 
0*

xai
fl/
Nl

NOtiHOO

4X8'ilN3K33VldS10i'XU'/'
*xoi< ix/JOin-Ai 4xe'iX3GN'i*xi

is 
4/'StZTJ'iB

MI

dN3
NHDXSH

fitOOO

'XOl'ilVtMOZTMOHi t 
'X<?'////).1.VHHCH

AIIDOTIA HV3HSI 'X8 Z 
TYNinnilfHOli 'Xq I

3C10WI '(?.?.' IZ'TZ)OX Of)

ST

Vs'oij' isHialM 3D*nnF Tvvod^gii'xa  
4/'S*OlJ'isHiaii" 33MilOS TVIDVdSi'X^ Z 

4/'SintJ'i=X'*3rt3H3>!T 3DNY1STO I 'XR I

0 p' 31' w 311 N M' x i' x o' i a (o o a M n o i) 3 x i H M

(iivoiyiauwxsv si
NJI)=DI

*X*)JV^MOJ
(oos'inoi)aiia*

L\ 01 CD
si aaaow STKH 'xtrUvwaoj

00
( AJI3N390WOHNI Q3ZITYDCT SI ^3aOW IN3S3«di'Xfr'//)IV*

ST aaaow

SI 13Q04

»T 01 09 
'Xfr'//)JVWWOJ

(ooz'innr)3iiHM
H OX 09

aaowi'Cf I'zi'ti) 01 oo

006
zz

008
tz

oot

ooq

n
onS 
9t

00*

ooc 
tl

on?. 
ZI

001 
IT

 a3CJO<4 3HJ JO SH313i.-VHVd ISIT 3l.'I.inf)HenS STH1

OfrOOO

frfrOOO
C^ooo

uooo
OfrOOO 
6COOO 
fltOOO
tcooo
QCOOO
seooo
^ 000

zcooo 
uooo 
oeooo
62000 
RZOOO
tzooo
Q2000 
52000 
frZOOO 
C2000
zzooo
12000 
02000 
61000 
81000 
UOOO 
91000 
51000 
frtOOO 
CTOOO 
ZIOOO 
UOOO
otooo
60000 
80000 
£0000 
90000
soooo
&0000
eoooo 
zoooo
10000

MVH1HOJxsn



SELECTED REFERENCES

Aboudi, Jacob, 1971, Numerical simulation of seismic source: 
Geophysics, v. 36, p. 810-821.

Alford, R. M., Kelley, V. R., and Boore, D. M., 1974, Accuracy 
of finite-difference modeling of the acoustic wave 
equation: Geophysics, v. 39, p. 834-841.

Alterman, Z. S., and Aboudi, J., 1970, Source of finite
extent, applied force and couple in an elastic half- 
space: Geophysical Journal, v. 21, p. 47-64.

Alterman, Z. S., and Karal, F. C., 1969, Propagation of 
elastic waves in layered media by finite difference 
methods: Seismol. Soc. America Bull., v. 58, p. 367- 
398.

Balch, A. H., and Smolka, F. R., 1970, Plane and spherical 
transient Voigt waves: Geophysics, v. 35, p. 745-761.

Bath, Markus, 1968, Mathematical aspects of seismology: 
Amsterdam, Elsevier.

Collins, Francis, 1960, Plane compressional Voigt waves: 
Geophysics, v. 25, p. 483-504.

Ewing, W. M., Jardetzky, W, S., and Press, Frank, 1957,
Elastic waves in layered media: New York, McGraw-Hill.

Haskell, N. A., 1953, The dispersion of surface waves in
multi-layered media: Seismol. Soc. America Bull., v. 
43, p. 17-34.

Horton, C. N., 1959, A loss mechanism for the Pierre shale: 
Geophysics, v. 24, p. 667-680.

Munasinghe, M., and Farnell, G. W., 1973, Finite difference 
analysis of Rayleigh wave scattering at vertical 
discontinuities: Jour. Geophys. Research, v. 78, p. 
2454-2466.

Peterson, R. A., Fillippone, W. R., and Coker, F. B., 1955,
The synthesis of seismogram from well log data: Geophysics, 
v. 20, p. 516-538.

Richtmyer, R. D., and Morton, K. W., 1967, Difference methods 
for initial-value problems, New York, Interscience.

156



Sherwood, J. W. C., and Trorey, A. W., 1965, Minimum-phase
and related properties of the response of a horizontally 
stratified obsorptive earth to plane acoustic waves: 
Geophysics, v. 30, p. 191-197.

Trorey, A. W., 1962, Theoretical seismogram with frequency 
and depth dependent absorption: Geophysics, v. 27, p. 
766-785.

White, J. E., 1965, Seismic waves; radiation, transmission, 
and attenuation: New York, McGraw-Hill.

Weunschel, P. C., 1960, Seismogram synthesis including
multiples and transmission parameters: Geophysics, v. 
25, p. 106-129.

157


