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Abstract
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Seismic wave propagation in the near field of a point
source is studied theoretically. Barker (1970) formulation
is extended to include the horizontally polarized shear (SH)

~waves for the case of a layer over a half-space. Synthetic
seismograms are then calculated for P, SV and SH sources
using an approximation in the Cagniard-deHoop technique.
Seismograms are displayed to show the effects of the varia-
tions of source type, source depth, range and structure on
the wave-forms so obtained. Near surface P or SV sources
are efficient generators of Rayleigh waves. Dispersion of
Love waves become more prominent as the contrast between
layer and half-space parameters increase.
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Chapter I

INTRODUCTION

With the advent of high-speed computers there has been
an upsurge of interest in theoretical seismology. The ex-
tensive computations needed in this field seem to be less
formidablé now than in the past. Further, with the accumu-
lation of large amounts of data, obtaining better and more
accurate seismograms has become almost essential. Here in
this thesis an attempt has been made in this direction.

Helmberger (1967) has shown how to compute seismic records
in the high frequency range for long distances. He was mainly
interested in the refractions of P and SV waves from the oce-
anic Mohorovicic discontinuity, well known as head waves.
Harkrider (1964) also calculates theoretical seismograms for
long ranges. Filson (1970), utilizing the technique devel-
oped by Pekeris et., al. (1963) computes long period SHn re-
cords for long ranges.

Here in this thesis, an attempt has been made to compute
synthetic seismograms for a simple case of a layer over a
half-space. We consider a point source responsible for
generating P, SV or SH wave types to be embedded in the layer.

Barker (1970) has solved this problem using Helmbergers(1967)



approach for the case of P and SV sources. The author
here incorporates'an SH source into this problem and then
computes seismograms for different models which could be
synthesized by the use of the above sourceé. The Cag-
niard-deHoop method has been utilized to put thé solution
into operational form.

In order to compare synthetic seismograms with the
observed ones we require a double convolution process with
the response of the model. The source-function, a func-
tion describing the behavior of the source, is first
convolved with the response of the model which in turn
is again convolved with the instrument response to give
us the synthetic seismograms. However, in this thesis we
have only convolved the impulse response of the model with
a source time function, a triangle of base 0.4 and area
unity. This would allow us to see the effects of source
type, source depth, range and structure on the wave forms
thus obtained which is the main aim of this study.

The technique exposed in Barker (1970) and here
requires less computer time and the results obtained are
accurate for both high and low frequency ranges. Near
field P, SV ahd SH wave seismograms computed in this thesis
show the accuracy of our results. It should be remarked,

however, that in order to obtain a more exact seismogram
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at a distance of about 50 or 100 km for P, SV case a greater
number of rays have to be incorporated, whichvincreases
the computation time considerably. As a further test,
comparisons have been made with the results of Pekeris
et.al. (1963,65) for P, SV and SH sources.

Chapter II deals with the statement and the for-
mulation of the problem. Here we solve the inhomogeneous
wave equation by the Laplace Transform technique, which
is simple and straightforward. Chapter III ‘deals with the
computation éf seismograms. Finally in Chapter IV we outline

the conclusions reached by undertaking this study.



Chapter II

THEORETICAL FORMULATION OF THE PROBLEM

Let us consider a homogeneous, linearly isotropic, elas-
tic half-space overlain by a homogeneous, linearly isotropic
elastic layer. Further, let there be a point source of P, SV
and SH waves in the layer. The geometry of the assumed model
is shown in Figure 1. We would like to formulate the problem
in circular cylindrical coordinates (r,0,z). The angle 6
would not appear in the final form of the expression for the
displacement because of the axial symmetry of the source. Let
A and u define Lamé's constants, p be density, o and B denote
compressional and shear (SV and SH both) wave velocities.

The response at éhe observation point A can be calculated
by solving the inhomogeneous wave equation, e.g., for SH waves

H(t) 8 (xr) & (z-h)

2 _ Qi : _
uav ue(r,Z.t) patzue(r,z,t) = ST (1)

where ue(r,z,t) denotes the component of the displacement in
the 6 direction. H(t) is the Heaviside unit step-function

defined as

H(t) =
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and § denotes the Dirac-delta function. The‘quantity on the
right-hand side of Equation 1 represents thé force produced
by the point source of torque about the z-axis in the layer.
We then exploit Laplace Transform technique to solve Equation
1, as done by Helmberger (1967). The details have been given

in Appendix A.

The once-transformed in time deplacement due to the nth

generalized ray can be written [Barker(1970)] as

1% 4o
U, o(r,0,8) =s Im/pFn,Z(p)Kb(SPr) e759n (P gp (2)
0

i :
ﬁr’n(r,o,s) s ImJ/.pFn’r(p)Kl(spr) e—sgn(p)dp (3)

0

and

ioo ,
s Int/ppFn(p)Ko(spr) e-sjn(p)dp (4)

ue’n(r,o,s) :

where a bar has been placed over the quantity whose Laplace
transform has been taken. In the above equations, s denotes
the transform variable in complex frequency, p is the complex
integration variable, and the Im symbol means that only the
imaginary part of the complex function is considered. Further,
Ko (spr) and K, (spr) are the modified Bessel functions of zero

and first order respectively. The notation u, n(r,z,t) and
14
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ur’n(r,z,t) represent the vertical and the radial components
of displacement for P or SV source and similarly ue,n(r,z,t)
is the component of the displacement in the 6 direction for
an SH source. However, in Equations 2, 3 and 4 these dis-

placements have been Laplace transformed in time. The func-

tions Fn,z(p), Fn,r(p) and Fn(p) are

Fn'z(p) =S Rz(p)Cn(p)
Fn'r(p) = 8 R.(p)T  (p)
— ]
and Fn(p) =S R cn(p)
where
{S = 1/27%n1 (A1+2u1) for P source
S = 1/2m%nlm for SV & SH source
and
ni = (%7~p2)”2 na = (%—T-pz)"/2
1 1

where o; and B are the compressional and shear (SV and SH)
wave velocities in the layer. ?he functions Rz(p), Rr(p) and
R are the responses due to the presence of the free surface
for an upgoing P or SV and SH wave. Cn(p) and C;(p) are the
reflection coefficient for the nth generalized ray for P or
SV and SH sources. These functions have been written out
explicitly in the Appendix B. Finally, the function gn(p)

and jn(p) are given by
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For P and SV waves:

(n)

g, (B) = (1-HK_g-h) [(1-Kg )ni+k mil + 1M nim + 170

S

and for SH waves

3_(p) = [2h-HIK gni + (H-hInj + 1M nim

where
1 if, at the source, the ray is directed upward
Kud B {0 if, at the source, the ray is directed downward
and
1 if the source emits P waves
KSP ) {0 if the source emits SV waves

l;n) denotes the number of traverses made by the nth ray

l(n)ls the number of traverses

as an SV or SH wave. Similarly,
as a P wave.

We choose to approximate Ko (spr) and K;(spr) by its asym-
ptotic expansion for large arguments and making use of the

Laplace inversion formulae [See Barker (1970)] to get

9 1 d 1
n(rrort) = Im ‘5‘{{7{ *[&Fn'z(p)a'% = ‘S'H(t) *

1
1 d 9 d
(72pr5Fn,z(p)aE) + o8t * (72p5r5 Fn,z(p)ag) }

3 1 d 3
u 'n(r,o,t) = Im 3E {7{ *[ gEFn’r(p)a% - §H(t) * (6)

( _%f? n r(p)_B) + __3— (72%—— Fn r‘P’HB)]}
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245

l .
- §H(t) *

1 d 9 1 d
(WF,,(P’E‘E) * 128t * (;72“‘3"5p 3 Fn(P)ag')]}

 ~where * denotes convolution. We have done calculatibns based
on Equations 5, 6 and 7. We use only the firét two terms in
the modified Bessel function which holds good for large argu—
'ments, i.e. for long ranges. It seems that for long ranges
.we get most of the céntribution in Bessel function's asymp-
totic expansion from the first term as it should be. A com-
'puter program for evaluating Equations 5, 6 and 7 has been
given in Appendix C with a detailed listing. However, we

- would like to add that the computations for all cases dis-
cussed in this thesis, we have taken 64 generalized rays.
'Pekeris’et al. (1963,65) have used almost as much as 5 times
the number of rays we have used.

In order to get synthetic seismograms the impulse re-
sponse obtained from evaluatinngquations 5, 6 and 7 is con-
volvéd with a suitable/source-time-function. (Figure 2a).

The step-function with rounded shoulders defined by

*  Figure 2a is mathematically equivalent to (where A is the

digitization interval)

£(t) =0 t <0
1.
-z-t 0 <t <A

(8)
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f(t) = %—tz - (t-A)?2 A < & < 2A

%—tz - (t-A)2 + %‘-(t—ZA)Z = A2 oA < t

At long distances Equation 8 produces saw-tooth-like dis-
placements, as shown in Figure 2b. The impulse response

obtained by evaluating Equations 5, 6 and 7 was convolved
with a triangle of base-.4, and an area of unity. This is

true of all the plots shown in this thesis.

We should be careful in using equations 5, 6 and
7 because they hold good for sufficiently long ranges
and large times, otherwise we cannot justify the use of
asymptotic expansion for the modified Bessel functions

Ko(spr) and Kl(spr).

17

(8)



Chapter III

COMPUTATION OF SEISMOGRAMS

Synthetic seismograms for a layer over a half-space have
been computed in the distance range zero to 100 km using the
numerical technique described in the previous chapter. Barker
(1970) computer program was modified to take into considera-
tion SH wave option. Seismograms have been calculated to
investigate the effects of structure, source-type, source-
depth and distance range. 1In all the synthetic seismograms
presented in this thesis, the impulse response is convolved
with a triangle of base 0.4 sec and area unity. For structure
we chose two’separate crustal models listed in Table I. Model
I represents a 10 km thick granitic layer over a gabbroic half-
space. Model II represents a sedimentary basin with a 2 km
thick sedimentary layer overlying hard basement rock. To see
the effect of source-type, we computed theoretical seismograms
for P, SV and SH wave sources. We embedded each of these
sources in case of Model I at 5,2.and 5. km, while in Model
II the source-depth was 1 km. We have made computations for
50 and 100 km distance range and in one case for 20 km.

Now let us examine each of the above-mentioned factors

in detail. We start our discussion with source effects
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beginning with a P source at different depths in the Model I
(Figures 3, 4). The seismograms show that the‘record begins
with P ane refractions, which is later followed by reflections
and Rayleigh waves. Here it is very clear that shallow P
sources generate Rayleigh waves quite efficiently. As we in-
crease the source depth we see a change in the surface wave
amplitude and spectral characteristics. Now to determine
the range effect we use a P source and Model II. 1In Figures
5 and 6 we see that as we increase the range, we get well-
defined P reflections arriving at t = 25.3 sec. and also at
later times.

To illustrate the effect of source type we go back to
Model I but this time use an SV source at different depths
for range 50 km. This is shown in Figures 7 and 8. Here we
see that Rayleigh wave is an outstanding feature. In Figures
9 and 10 we consider the same model as has been used above,
but now at the 100 km range. The first of these figures rep-
resents the early part of the seismogram showing the refracted
and reflected arrivals. We did this just to show the simi-
larity in body wave-forms for different source depths. Later
in Figure 10 we display the generation of Rayleigh waves.
These are so strong and large in amplitude that on a scale
such as the one used in Figure 10, we could not see any other
type of waveforms. In the real world, when we are actually

recording the events, the response of the instrument can be
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controlled, which enables us to see different sorts of wave-
forms, though they differ greatly in amplitudes. We compu-
ted for an SV source, Model ITI and a range of 50 km, both
the early part and the later part of the seismograms (Figure
1lla,b).

Further, we also compare records obtained for different
ranges using Model II. This is shown in Figure 12, for body
waves. Then we compare the z component of the seismogram for
Model II for SV and P sources for a range of 50 km (Figure 13).
We see a resemblance between the two waveforms which we should
expect. We can also see that the Rayleigh wave generated by
an SV source has a larger amplitude than for a P source. It
is clear than an SV source is a more efficient generator of
Rayleigh waves than a P source, for the simple reason that
the integration contour comes closer to the real axis in the
case of the SV source.

Following our earlier procedure we examine the source-
depth effect on the computed model seismogréms for an SH
source. To begin with, we look at Model I and range 50 km.
This is shown in Figure 14. There is a very close resemblance
in waveform shape for source-depths 0.5, 2 and 5 kms. We can
clearly see the SHn arrival (in Figure 14 b,c), which is fol-
lowed by SH reflections. There is no indication of dispersed
Love waves. We again consider the same model but increase

the range to 100 km (Figure 15). We see a long quiet period
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beginning with refracted SH arrivals followed.by SH reflec-
tions. Finally we consider Model II and here we investigate
the range effect. Figure 16 shows the synthetic seismograms
for the ranges 20, 50 and 100 km. In all of these seismograms
we can see the generation of Love waves, which clearly stand
out with their relatively larger amplitudes than the body

waves.



Chapter IV

CONCLUSION

kIn this thesis, we investigated the effects of source
type, source depth, range and structure or seismic wave propa-
gation in a layer over a half-space. We considered compres-
.sional sources, vertical torque (SV) and horizontal torque
(SH) as point source models. A close examination of the syn-
thetic seismograms discussed in the last chapter revealed the
following

(a) A relatively thin high-contrast layer accentuates
the surface waves on the seismogram by increasing the dis-
persive effects in near-fields.

(b) Source-depth plays a very important role in deter-
mining the relative amplitude of the surface waves. Frequency
content of these waves are also affected by thé source-depth.

(c) For a given structure and source depth, SV type
sources generate Rayleigh waves more efficiently than purely
compressional (P type) sources.

(d) Body wave response (early portion of the seismogram)
changes more rapidly with distance than the surface wave

response.
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(e) An exfension of this work is to compare the theoreti-
cal seismograms with those of field data and to investigate
earthQuake source characteristics. However, before this can
be done we need to incorporate the instrumént response and
realistic source-time function in the calculatibn of synthetic

seismograms.,
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.Table I

'MODELS FOR COMPUTATION

Model I
Layer Thickness H = 10 km.

o B o) o]
(km/sec) (km/sec) (gm/cc)
Layer 5. 2.9 2.7 .25
Half-Space 7.2 4,2 2.9 .25
Model 11
Layer Thickness H = 2 km.
o B P o
(km/sec) (km/sec) (gm/cc)
Layer 4.0 2.9 2.2 .25
Half-Space 6.0 3.46 2.4 .25

In both Models I and II o denotes a compressional wave velocity.
B denotes shear wave velocity, p denotes density and ¢ denotes
Poisson's ratio. Unless otherwise stated, source-depth is one-
half the layer thickness.
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COMPUTER PLOTS

In the figure captions, the first entry refers to the
source type (P, SV, SH and CO' where the last symbol means
simultaneous comparison of two source types), second to
component (Z and R for P and SV cases, otherwise omitted in
SH case where only radial component can be plotted), third
to the model (I or II) and finally fourth, to the range (20,
50 or 100 km. or C, in which case the seismograms are simul-
taneously compared at two ranges for the same model). Unless
otherwise stated, source-depth is one-half the layer thick-
ness. However, while examining the plots we should note the
variation of the amplitude scale. It should also be em-
phasized that the horizontal (time) scale is not always

uniform in all the plots.
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Appendix A

SOLUTION OF THE INHOMOGENEOUS WAVE EQUATION

Here we would like to solve the inhomogeneous wave egquation
(1)

2 i o
quue(r,z,t) - D%ETue(r,Z.t) = H(t)aéiid(z h) (Al)

The Laplace transform of (Al) in time domain is

2
27 _ s° = _ _8(r)d(z-h)
v qe(r,z,s) . ug(r,z,s) = TTIT (A2)
Note that
S U - R G S
Ve E rdr T dr + dzz -~ vr + dz?2
And now let us define the bilaterial Laplace transform as
+
= _ = vz
ue(r,v,s) = j[ ue(r,z,s)e dz
When this is applied to (A2) we get as a consequence
V2R (r,v,8) - (KE-v3)d (r,v,s) = @
r’g Vo Vv 8 A "‘_f'ﬁ.‘—m.—"‘ (Aa3)
Define z? = K?-v?, where K? = g?/B%, radiation condition be-

comes Re ¢ 2 0 which has to be satisfied. Consider the

equation
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2y _ ,2vy = - 0(¥r-ro)
,VrV gV = - (A4)
which has as its homogeneous solutions
which for large r behaves as
cr
vV, = 'e V., = [=n e F
1 = V2wer 2 \N2zr
V = cI;(zr )Ko(zr,) (A5)

min(r,r,) and ¢, a constant, to be

where r, = max(r,rqg) ., r,

determined from the continuity condition of V at r = ry.

Multiplying (A4) by r and integrating from ro-¢ to rote

we get
rote
lim r%% = -1 (a6)
€->0 Yo—¢€ :
Put (AS5) into (A6) to get
crrol[Io(zro)Ky(gro) - Ij(Zro)Koe(Zrol)l= - 1 (A7)

where the prime (') denotes differentiation with respect to
ro. The quantity in parenthesis in (A7) denotes the Wronskian
of (I,,K,) and is found to be -1/¢r,. Hence c = 1, giving

the particular solution as
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V = Io(gr )Ke(zr,) | (A8)

0 which gives us

From (A3) we get ry

ug = Ko (gr) Io(0) =1

and therefore the particular solution of (A3) is

Ug (x,v,8) = Ko(gr)e P/ 2my

The inversion from v to z gives us

&

u.(r,z s) = *l?
e ’ r 2,"1

N

+io
+V (z-h) .
NU[ Ko(zx)e dv (A9)

-3 oo

Alternatively we can write (A9) as

i
ae(r,z,s) = iﬁ%ﬁ-lmj[ Ko(;r)ev(z_h)dv (Al0)
or
ico
ug(r,z,s) = “z‘Flz‘u' Imﬁxo(cme“(z'h)dv (All)

Keeping in mind the condition Re £ 2 0 has to be satisfied,
we cut the v plane as shown in Figure Al.

Shifting the path of integration in Equation AlQ0 to the
tip of the cut in the left half of the v plane for z > h, we

get
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= 1 vi{z=h
uglr,z,s) = 5o Im/qKo(Z;r)eA | ldv | (a12)

or making a change in the variable of integration gives us

ioo
u, (r,z,8) = -5-1;12—11- Im/Ko(Cr)% e+"|z‘hldg (Al13)
0
for Re v < 0.
If we put v = -v in (Al2) we get
joo
ﬁe(r,z,s) ’EF%H Imj[ Ko(;r)% e—vlz—hl dc (Al4)

]

for Re v 2 0. If we again consider for z > h an appropriate
equation corresponding to (Al0), i.e. (All) , we would see
that we get (Al4). This shows that (Al4) holds true for all

z. Let r = sp, v = sn in (Al4) to get

joo

= _ _S p -sn|z-h]| .
ue(r,z,s) el Im}[ = Ko (spr)e dp (Al5)

which is the solution for the homogeneous half-space. This
formulation can easily be extended for layered media if we
introduce a function Fn(p) in (Al5) which takes into consi-
deration the reflection coefficient at the interface, the
receiver directivity function and the source radiation function

to get
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joo
Uy o (X.0,8) = s Imf PF, (p) Ko (spr) e In(Plap (AL6)
0

where jn(p) describes the time taken by the nth generalized
ray to traverse the layer. This is Equation 4 in the main
text of this thesis. Proceeding in exactly the same way,

we can obtain Equations 2 and 3 for P and/or SV sources.



Appendix B

CALCULATION OF REFLECTION COEFFICIENTS AND RECEIVER FUNCTIONS

P and SV Waves. The reflection function cn(p) is a

measure of the attenuation of energy due to internal reflections
and is given by
1n) @ @ @ ;M0 ;@ () ;(n)

— DPP DPS DSP DSS UPP UPS Uusp USs
Cn(p) - RDPP R DPS R DSP R DSS RUPP R UPS R UsPp RUSS

where lég; denotes the number of P to P reflections off the

lower boundary and similarly, légé is the number of P to P
reflections off the free surface. The functions RDPP’ RDPS’
etc. denote the reflection coefficients and are given by

[See for details Helmberger (1967), Barker (1970)]

RDPP

(-[1) + [2] + [3] - [4] - [3] + [6])/Dy

R

bps = 2PNy [(K,=p%) (K3=p?) - n,nj (K -p?)1/D,

Rogp = 2pn} [(K,=p%) (K3-p%) - n,n3(x,-p*)1/D,
Rpgg = (-[11 + [2] +[3] - [4] + [5] - [6])/D,
where D, = [1] + [2] +[3] + [4]1 - [5] - [6]

1

) )
[1] = p (K3-p2)2 [2] = nlnzninépz
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2,2
131 = nyn} (Ky-p2) [4] = nyn} (K, -p%)
[51 = nynyK; K, - 18] = mynKyKy
and
K = 1 i K. = }_ b2
1 2 112‘111 2 2 Uz_ul
Ky = K, + K,
Also
_ 42 L .2.2.2 |
Rypp = Ryss = [48,p"n Ny (1-287p7) "1/D,

R g = 4pn; (1-287p%) /D,

= -4pn, (1-282p%) /D
Rysp PNy 1 2
a4 2 .2.2.2
where
U 2
_41 - 2 1 ="l - P

_1‘P |.._..l 2
N2 =Var n2 Vg - P

where o; and B; are velocities of compressional and shear
waves in the layer, and o, and B, that in the half-space.
p and ¢ denote density and rigidity respectively and p is

complex integration variable which has dimensions of sec/km.
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For SH Waves. Taking Figure 1 of the main text into

consideration, we have the following wave equations

. "2,
Vs (x,2,8) = By gpb = 6 (£)6(x)6(2-h) (B1)
and
Vi, (x,z,t) - Sy SK2 = 0 (B2)
VX2 14y 'B"‘g‘at ,

where x: and X, are SH-potentials in the layer and half-space
respectively.

We define unilateral and bilateral Laplace Transforms
with respect to t for the function g(t) and similarly with

respect to x for g(x) as follows

[+
g(s) =./”g(t)e8tdt where s is positive real (B3)
0
and

4

§(z) = [ g(x)e”"*dx where ¢ is complex (B4)

-0

After transforming (Bl) and (B2) with respect to s and r, the
solutions for SH wave displacements after Gilbert and Knopoff

(1961) in the layer and the half-space respectively are given

by
1 - z-h -ViZ
X1 = 2\)1 e \)II l + Ae V1 (BS)
_ B Vo2
X2 = go—e’* (B6)
where

1 }
v1=v—2-pz vy = %-zz—pz

1
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Boundary conditions at the interface require continuity of

displacement and stress, viz.

X2 = X2 ' (B7)

- X1 — _ .. 9X2 '

Poyli = mightl, = pyyle = wagltls (B8)

in order to determine A and B in (B5) and (B6). If we change

the origin of the coordinate system to the top of the inter-

face we get

e + A =B
=vih —
viuie - M1V1A = U2V2B (B9)
A =R = Mivi-uavy -Vvih

DSH Hi1Vi+U2V2

If we put v; = sn: V2 = Sn2

_ bni-nz _-snih p = M1 (B10O)
A = b, ¥, e where P
and
2V -vi1h 2vii) _-snih
= —— = ———— Bl1l
B H1V1 U2V2 € H1N1 Ha2M ( )

The reflection coefficient given by (B10) turns out to be of
the same form as given by Pekeris et.al. (1963) and Mitra
(1963). Similarly, we can find out the reflection coefficient

(c) for the free surface by requiring stress 526 to vanish at

that surface.
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C= RUSH =1 (B12)

The reflection function ;n(p) is, therefore given by

(n) (n)
lUSH LpsH

ta(P) = R gy R pgn (B13)

where RUSH and RDSH are given by (B12) and (B1l0) respectively.
légé is the number of SH to SH reflections off the free sur-

face and similarly lég% is the number of SH to SH reflections
off the lower boundary.

The receiver function is calculated from stress-free
boundary condition at the free surface (Phinney, 1967). The

once transformed in time displacement due to an upgoing SH

wave is
joo
u (r,o,s) = . Imv/ﬁEE-K (spr) {1+ }e_n;h d (B14)
o,n'Tr0r LA oA Ko Rusu P

The function in braces is our receiver function R which can be

easily seen to be identical to

R =2 (B15)



Appendix C

COMPUTER PROGRAM

Here we give a printout of the program that we have used
in evaluating Equations 5, 6 and 7. We have incorporated into
this listing a detailed explanation of various features of
the program. It was originally written by Don Helmberger.
Barker (1970) extended it for the P-SV problem valid for both
high and low frequency ranges. We included the SH wave op-
tion in it. The main program produces the impulse response.

A secondary program then convolves this with a suitable

source-function to give the final results.
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MAIN
IMPLICIT PEAL*E (A=H,(=2)

00000000
00000010

Crzrm mmr sk NTRIDUCT TON % &k % b 30 kaok & 50805 8 2008 o d0k gk & x wokak %% X0k Kok ok ok ok sk k x %% 00000020

OO OO0 OO0 DO OO MO,

BRUCE G3RDON AND CHANDRA Mo NAUTIYAL 454-524, M. 1o T.

MAY 12, 1972

THIS PROGRAM FOP DETERMINING THE THEJRETICAL RESPONSE TJ
SCURCE OF AN ELASTIC LAYER OVER AN ELASTIC HALF SPACE IS
REVISIOMN T3 EXTEND THE ORIGINAL MODEL JF TERRY BARKER T3
AN SH SOURCE.

A POINT
UNDER
INCLUDE

THIS PROGRAM IS IN A FORM SUITED T3 AN N-LAYER MODEL. THERE IS ALSO
PROVISIUN FJR MCDELING A FALF-SPACE ALONE(THE KPEK DOPTION) WHICH 1
HAVE REMOVED FRCM THIS PRCGRAM FOR SIMPLICITY). SOME OF THESE
UNNECESSARY FEATURES HAVE BEcN REMOVED, BUT FURTHER CLEANING UP IS
FEQUIRED T3 UOBTAIN A GOOD WORKING PRIGRAM, WHERE POSSIBLE I HAVE
NOTEC THE NECESSARY CHANGES.

AT PRESENT ALL CCMMON STATEMENTS ARE NOT OF THE SAME LENGTH IN EACH
SUBPRGGRAM NOR THE VARIABLES INTERFACED PROPERLY(I.Ees IN ORDER OF
DECREASING LENGTH)oCLEANING UP THE COMMIN STATEMENTS WILL IMPROVE
THE EFFICIENCY CF THE PROGRAM,

ALL CALCULATIONS 4RE DUUBLE PRECISION UNLESS OTHERWISE NATED

00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250

H ok wAkE & kSR PROGRAM S 30w sk 0ok bk s dookaok e adode ookl e e 3 o 3 Aok sk o o o ke ok skokokok sksteokdokok 00 0 002 60

THE PRUGRAM IS DIVIDED INTO MAIN AND THE FOLLGWING SUBPROGRAMS IN
ALPHABETICAL OJRDER: ADJUST,CUNTORy CRy CURAY, DELPS,FA,FINDZ,
HELP yHIGHy INTERP,PLNLyPLN2,PSICO,PTIM,RAYDEF 4RECVRyREFFTSETUP,SF2,
TIME2,TS

THE FUNCTIJIN OF EACH SUBPROGRAM WILL BE MADE CLEAR IN THE BODY JF THE

PRIGRAM AND IN THE COMMENTS INCLUDED IN EACH.

00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350

MAINOOOL
MAINO0O2
MAINOOO3
MAINOOO4
MAINOOOS5
MAINOOOS
MAINOOO7
MAINOOOB
MAINOOOS
MAINOO1O
MAINOO11l
MAINOOlZ
MAINOOL13
MAINQOL4
MAINOO1S
MAINOO 16
MAINOQOOL7
MAINOO18
MAINOO1S
MAINOO20
MAINOO21
MAINOOZ22
MAINOO23
MAINOO24
MAINOO25
MAINOO26
MAINOO27
MAINOOZ28
MAINQO29
MAINOO30
MAINOO31
MAINOQOO32
MAINOO33
MAINOO34
MAINOO35
MAINOO36

3]
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OO N0 OO0 MmO

THZ SUBPPTGRAMS SETUPSCONTZR,ZTIMEZ2PSICUIREFFTY
FEVISED

AND RECVR HAVE BEEN

SINCE THE LIBRARY WAS CREATED AND ARE NIW RUN AS SOURCE DECKS.

00000360
00000370
00000380

xwksoxhan2A DO I TIONAL PRIGRAMS dorack ook ok dkx ok 4 & s ok Aok ok dokokok 4k s x sk ok ok ko ok Xk k%20 00003 90

CONVOLYTI_N WITH A SPECIFIED SOURCE

FUNCTION AND PLLCTTING ON CALCOMP
ARE PE=XFJIRMED IN ANDTHER PROGRAM, '

Pnd

THE INPUTS TU THIS PRUOGRAM ARE AS FOLLOWS: THE NUMBER OF LAYERS,NMOD,
IN FGRMAT (110) ON THE FIRST CARDe IN THIS CASE NMOD IS ALWAYS 3,
INCLUDING THE HALF SPACE ABUVE THE LAYER,WHICH IS A VACUUM,

THE NEXT CARDS CONTAIN IN SUCCESSION: THE COMPRESSIUNAL AND SHEAR
VELSCITIES IN TACH LAYER (KM/SEC), THE DENSITY (GM/CC),AND THE
THICKNESS (KM)e THE UPPER HALF SPACE PARAMETERS AND THE THICKNESS

JF THE SCLIO HALF SPACE MAY BE ASSIGNED ANY VALUES.EACH CARD CONTAINS
THE VALUES FOR OZNE LAYER IN FORMAT (4F1U0.0) .

THE NEXT CARD CONTAINS THE RANGE IN FORMAT(F10.0) .

THE NEXT CARD CONTAINS THE DESIRED INTERVAL BETWEEN RECORD POINTS(DP)
IN SECyTHE LENGTH OF RECCGRD CALCULATED FOR EACH RAY(TMX, IN SEC), AND
THE NUMBER OF RECORD POINTS(NN) IN THE FINAL OUTPUT IN FORMAT(2F10.0,
110)s THIS COMPLETES THE CATA READ-IN IN THE MAIN PRGGRAM.

IN THE SUBRIUTINE RAYDEF,THE PARAMETERS DESCRIBING THE PARTICULAR
MODEL ENTER THE PRUGRAM,ON THE FIRST CARD THE LAYER THICKNESS IN

00000400
00000410
00000420
00000430

fodm powmom o | P TR % w8 ok B 3 Rk ok i g ARl 3 0Kk o o R HOK el Otk e ke Kok kX o % ook Kok k% %% 00000440

00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610

METZRS, THE SOURCE DEPTH IN METERS,AND THE KIND OF SOURCE(KSSP=0 CESIGNO0000620

—-AT ES SHEAR SCURCE, AND KSSP=1 DESIGNATES CUMPRE SSIONAL SOURCE)
FGRMAT(2F10.,049110). NOTE THAT IN PUTTING THE PROGRAM IN FINAL FORM A
SEPERATE DESIGNATION FOR SH SOURCE MIGHT BE CONVENIENT.

THE NEXT CARDS CONTAIN THE RAY PARAMETERS FOR (19,LAST RAY USED), THE
FIRST EIFHTZEN RAYS ARE CLRRENTLY DEFINED IN RAYDEF,.

ALL INOOO0O00630

00000640
00000650
00000660

AS THE SUBRGUTINEGOOQ0670

RAYDEF HAS NO DTHER FUNCTION,IT WOULD BE CONVENIENT TCO READ IN ALL THEO00000680

RAY PARAMETERS AND CLIMINATE THIS SUBRIJUTINE. THE FIRST SET OF (
PARAMETER CARDS CUNTAIN THE FOLLOWING IN FORMAT(4I1): KUD(J) | FOR
UPGUOING RAY&{ FCR DCWNGOING) 3 LTS(J) yTHE NUMBER UF S-S REFLECTIUNS;

O

00000690
00000700
00000710

MAINO0O37
MAINOO38
MAINOO39
MAINQOO40
MAINOO41
MAINOO42
MAINOO43
MAINOO44
MAINOO45
MATNOO46
MAINOO47
MAINOO48
MAINOO04S
MAINOO50
MAINOOS1
MAINOO52
MAINOOS53
MAINOO54
MAINOO55
MAINOOS56
MAINOOS7
MAINOOS5S8
MAINOOS59
MAINOO6O
MAINOOS61
MAINOQO62
MAINOO63
MAINOO64
MAINOO65
MAINOO66
MAINOO67
MAINOOG6S
MAINOO&9
MAINOO70
MAINOO71
MAINOO72

u
N
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ROV
/ v S
LTP(J’y THE NUMBER UF P-P REFLECTIUNS, KRSP(J’!
CEIVER (=0 FOR S AND L FCR P)
THE NEXT SET OF CARDS CONTAIN T4 VALUES JF THE TWu DIMENSIONAL ARRAY
LREF(I,J) WHICH DEFINE THE NATURE OF THE REFLECTIONS AT THE Tap
AND THE BITTCM GF THE LAYER,EIGHT VA GR EACH RAY DEFINING GIVING
FIRST THE NJMBER JF P T5 #,(5 T2 Py P T3 S,DAND S TU S INTERACTIONS
AT THE 30TTIM INTERFACE, NEX TWEVALUES FOR THE FREE SURFACE.
THE SH PRIGRAM SETS LTP AND KRSP ALWAYS EQUAL ZERG AND HAS NO PP,PS,
GR SP INTERACTICNS

THE MODE OF THE

' 00000720

00000730
00000740
00000750
00000760
00000770
00000780

+00000790

00000800
00000810

****#***#3UTPUT*#*x&****##4*#x***********#**#************##***t*******OOOOOBZO

THIS PROGRAM GENERATES PUNCHED JUTPUT FOR THE THEORETICAL RESPONSE

000008 30
00000840

UNCCNVOLVED WITH ANY SOURCE FUNCTION, PRINTING FIRST THE STARTING TIMEQ0000850

FGR THE RECIRD IN SECONDS,TT(1l),
IN SECONDS,DPy AND THE NUMBER OF
FORMAT(2E154649110)s THIS HEADING
RESPONSE IN FORMAT(5E15.6).

DATA POINTS IN THE RECORDysNN IN
CARD IS FOLLOWED BY THz SURFACE

THE

THERE IS ALSO PRINTED OUTPUT,,SOME OPTIONAL SUME NOT:
JOF MODEL PARAMETERS; THEN FOR EACH RAY,
OF REFLECTION(AN INTEGRATIUN PARAMETER)
THEN THE TIME(IN SEC)
=Sy FOLLOWED BY THE SURFACE RESPINSE AT EVERY FIFTH CALCULATED VALUE.
NOTE THE DESIREL RESPONSE IS HeERE GIVEN BY PHIZ,
=Ty AS THAT COMPCNENT IMVOLVES THE KO BESSEL FUNCTION REQUIRED FOR AN
SH SNURCEe. THE PHIR(RADIAL) COMPONENT USES THE K1 BESSEL FUNCTION.
IN THIS APPROXIMATION ONLY THe FIRST TW3O TERMS IN THE EXPANSION OF
THESE FUNCTIUNS ARE RETAINED. THEREFORE THE TwO ITEMS DIFFER ONLY IN
THE SECOND TERM, AND IN THE FIRST-URDER NOT AT ALL.

THE RAY QUTPUT IS FOLLOWED BY A LISTING UF THE TIME SERIES OF THE
QUTPUT SURFACE RESPINSE. NITE THAT THIS PRINTED RECORD IS PADDED WITH
ZERJOES AT THE BEGINNING TC 10% 3IF ITS LENGTH

FIRST A LISTING
THE VALUES GF P AT THE PGINT
AND DP/DT AS CUMPLEX NUMBERS;

Fowdkk wkkgExTHE ORDER GF

THE TIME INTERVAL BETWEEN DATA POINTS00000860

00000870
00000880
00000890
00000900
00000910
00000920
00000930

OF THe REFLECTION APRIVAL OF THE SURFACE RESPGNS00000940

00000950

THE VERTICAL COMPGNENOO0OO960

00000970
00000980
00000990
00001000
00001010
00001020
00001030

00001040

00001050

EXECUT TUN % dok ok adook o xos ok w ok ok % & okok ok ok %k 2okacokok sk ek k% 00001060

00001070

MAINOO73
MAINOO74
MAINOO75
MAINOO76
MAINOOT77
MAINOO78
MAINOOTS
MAINOOS8O
MAINOOS8L
MAINOO82
MAINOO83
MAINOO84
MAINOO8BS
MAINOO86
MAINOQOQ87
MAINOOS8S
MAINOO89
MAINOO90
MAINOOS1
MAINO0OS2
MAINOO93
MAINOOG4
MAINOO95
MAINOOSS
MAINOOS7
MAINOO98
MAINOOSS

MAINOL100O

MAINO1O1l
MAINOL10Z2
MAINOQOL103
MAINO104
MAINO10O5
MAINOL106
MAINO1 07
MAINO10O8
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THE PROGRAM IS EXECUTED APPROXIMATELY AS FOLLUWS: 00001080
MADEL PARAMETERS ARE R EAC IN JR OTHERWISE SPECIFIED IN MaINe CUNTROL 00001090
IS THE!N PASSED TO SUBRUUTINE SETUP,. 00001100
IF THIS CALL IS FIRST TU SETUP,THE SUBROUTINE RAYDEF IS CALLED TC REACO000L110
IM JR NTHZRWISE ESTABLISE THE RAY PARAMETERS, THE ARRAYS WHICH CONTAINOOOOL120
THE OUTPUT ARE INITIALIZED, AND THE FUNCTIGN TS IS USEC TO DETERMINE 00001130
THE TIME J)F FIRSTARRIVAL,THE BEGINNING OF THE RECURDe THE PROGRAM THENOOOOL140
ITCRATES OVER EACH RAY (FCR EACH RAY THE FIRST SUBRJUUTINE CALLED IS 00001150
FIGH. IN HIGH WE EMPLIY THE SUBRIOUTINE FIND2 TO DETERMINE THE VALUES 00001160
CF PZ AND TOJ,THAT IS THE VALUE JF THE INTEGRATIUN PARAMETER P AND THE 00001170
TIME T AT THE REFLECTION ARRIVAL FOR THIS RAY.IN GENERAL EACFK RAY 00001180
RESPONSE IS DIVIDED INTU TWO PARTS, AN INTEGRATICGN ALONG THE REAL 00001190
AXIS FOR THE REFRACTED RESPUNSE, AND AN INTEGRAT IUN ALONG THE COMPLEX 00001200
CONTOUR F3R THE RESPONSE AFTER REFLECTION. FCR A DISCUSSION CF THE 00001210
METHCD SEE THE REFERENCES. THE POINT JF REFLECTION IS FOUND WHERE THE 00001220
CONTJUR LEAVES THE REAL AXIS AND DP/DT HAS A POLEe. 00001230
BEFCRE THE REFRACTIIN ARRIVAL,THAT IS BEFJRE THE FIRST BRANCH POINT 00001240
AS GIVENBY P=1/(LARGEST VELOCITY OF PRUGPAGATION IN THE HALF SPACE), 00001250
THE INTEGRAL IS 7ERQ. THE FIRST BRANCH CUT MAY NOT OCCUR UNTIL AFTER 00001260
THE RZFLECTION ARRIVAL oIF THIS IS SO THERE IS NO REFRACTED SIGNAL 00001270
THE SUBROUTINE HELP IS NCOW CALLED TQ FIND THE TIME UF ARRIVAL OF THE 00001280
REFRACTED SIGNAL AND THE VALUE JF DP/DT THEREW, WE NOW COMPARE THIS 00001290
REFRACTED ARRIVAL TIME WITH THE REFLECTED ARRIVAL TIME AND CALCULATE 00001300
THE INTEGRATIUON INTERVAL CELP FOR THE REFRACTED RECORD,THAT IS UP TO 00001310
BUT NOT INCLUDING THE POINT OF REFLECTION. DEPENDING LN THE SEPERATION00001320
BETWEEN THE BRANCH CUT (REFRACTIUN ARRIVALS) AND ThE POLE (REFLECTION 00001330
ARRIVAL) THE INTERVAL SIZE MAY BE CONSTANT OR CALCULATED IN SUBROUTINEO00O01340
BELPS USING A SINE RELATICNSHIP. IF THERE IS A REFRACTED ARRIVAL 00001350
CONTROL IS TRANSFERRED TC SUBRJUTINE PLNL1 TUO PERFORM THIS PART OF THE 00001360
INTEGRATIONSNOTE THAT IF THERE IS A REFRACTED ARRIVAL THE FIRST VALUE 00001370
uF THE TIME SERIES OF SURFACE RESPONSE IS ALWAYS SET TO ZERG. IN PLN1 00001380
Wi St THE ALREADY CALCULATED INTERVALS DELP AND THE SUBROUT INE HELP 00001390
T3 CALCULATE THE TIME AND DP/DT FOR EACH VALUE UOF THE INTEGRATION 00001400
PARAMETER P4,FGR EACH P WE THEN CALL THE SUBROUITNE PSIC3.IN PSIC3 00001410
WE PERFURM THE INTEGRATION,CALCULATING THE Thy COMPLEX TERMS IN THE 00001420
EXPANSION USED BY TERRY BARKER T APPRIXIMATE THE INTEGRAL.FIRST WE 00001430
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CALL THc SURRNUTINE REFFT TO DETERMINE THE VALUE OF THE REFLECTION 00001440
FUNCTIGH, THEN THE SUBRIUTINE RECVR TO DETERMINE THE RECEIVER FUNCTIONOOOOL450

WZ THEN MULTIPLY THE REFLECTIUN FUNCTIJN RY ITSELF ACCORDING TO THE 00001460
NUMBER CF REFLECTIONS SPECIFIED IN ARRAY LREF.THE TANO COMPLEX TERMS 00001470
IN THE EX2AMSIJN FOR THE RADIAL AND THE VERTICAL SURFACE RESPINSE ARE 00001480
THEN CALCJLATED CONTRUL RETURNS TU PLNle WE THEN COMPLETE SIMILAR 00001490
CALCULATIINS FIR GRADUALLY DECREASING INTERVALS APPROACHING BUT NOT 00001500
INCLUDING TrE PO INT 3F REFLECTIINGCUNTRIL IS RETURNED TJ HIGH.THE 00001510
SUBRCUTINE CONTCR IS NOW CALLED TU DEFINE THE CIMPLEX CONTOR OF INTE 00001520
=GRATION FJR THE SIGNAL AFTER THE REFLECTION ARRIVAL.FIRST A SERIES 00001530
7F DECREASING INTERVALS IS CALCJLATED ABJOUT THE POINT OF REFLECTION. 00001540
THE INTZGRATITON PARAMETER P IS NUW COMPLEX AND THIS COMPLEX CONTOUR 00001550
IS DEFINED BY REQUIRING THAT ANOJOTHER PARAMETER,THE TIME,BE REAL. 00001560

THEREFORE T THE CONTAOUR IS DEFINED BY MINIMIZING THE IMAGINARY PART JF00001570
THE TIMC PARAMETER IN SUBRCUTINE TIME2. THE INTEGRATION INTERVALS 00001580
ABJUT THE SEVERAL BRANCH PJINTS ARE DEFINED USING THE SUBRDUTINE DELPS00001590

FOR A VARYING INTERVAL SIZE.AFTER THE LAST BRANCH POINT THE INTERVALS 00001600
INCREASE IN SIZE UNTIL THE END OF THE RECORDSCONTROL IS RETURNED TO 00001610
HIGH,. 00001620
THE SUBROUTINE PLN2 IS THEN CALLED T3 COMPLETE THE INTEGRATION FOR 00001630
THE REST 3F THE CONTOURGPLN2 USES PSIC3 TU CALCULATE THE TWO COMPLEX 00001640

TERMS FTR THE RACIAL AND THE VERTICAL SURFACE RESPONSE FOR THE VALUES00001650

OF P DETERMINED IN CONTOUR. THIS NOW COMPLETE SET OF VALUES IS 00001660
CONVOLVED WITH THE APPRGPRIATE TIME FUNCTIONS FOR THE ENTIRE CONTOUR. 00001670
NOTE THAT THE POINT OF REFLECTION IS SPECIALLY TREATED,USING THE 00001680
SUBROUT INE INTERP FOR INTERPOLATION AS NEEDED.CUNTROL IS RETURNED TO 00001690
HIGHs. THE OUTPUT IS PRINTED FGR EVERY FIFTH VALUE UF THE TIME SERIES 00001700
AND THE CONTROL TS RETURNED TC SETUP.WE NOW CALL USE THE SURROUT INE 00001710
ADJUST e GRIGINALLY WE SPECIFIED A DESIRED JUTPUT,DESIGNATING LENGTH OF 00001720

RECORD FOR EACH RAY,TMX,THE TIME INTERV AL,DP,AND THE NUMBER OF POINTS00001730

IN THE SERIES)NNSWE NGW ADJUST THIS DESIRED SERIES SU THAT ONE PCINT 00001740
CF IT COINCIDES WITH THE REFLECT ION ARRIVAL AT TC. WE NJW USE THE 00001750
SUBROUTINE INTERP TC INTERPOLATE THE DQUTPUT TO THE DESIRED TIME SERIESO0001760
THE SUBRIUTINE DOGT3 IS THEN USED TJ TAKE THE TIME DERIVETIVE 4AND 00001770
THS GUTPUT IS PRINTED ANC PUNCHED ON CARDSGCONTRIL RETURNS TO MAIN 00001780
AND PROGRAM ENDS. 00001790

MAINOL4S
MAINOLl46
MAINO147
MAINO148
MAINO149
MAINOL50
MAINO151
MAINO152
MAINO153
MAINOL154
MAINO155
MAINO156
MAINOL1S57
MAINO158
MAINO159
MAINOL1 60
MAINOL161
MAINOL162
MAINOL163
MAINO164
MAINOL 65
MAINOLl 66
MAINOLl67
MAINO168
MAINOL169
MAINOLT7O
MAINO171
MAINOL172
MAINO173
MAINOL74
MAINOQL175
MAINQL176
MAINOL77
MAINOL178
MAINOLT9
MAINO180

(%)
\Xe}



OO

{

OO0 RO

~

[

00001800
RRT m AR R R AOE R R KK R R K RAOR 5Ox K % HOR ROR 0 R ok o A R oK K koK ok K o ok R kokok Rk kk %% 00 001810

THE MAIN PRITGRAM 00001820
00001830
T4E MAIN PROGRAM SFRVES THREE FUNCTICINS, READ-IN OF PARAMETERS DESCRI 00001840

=BING THE MDDEL, SETTING THE VALUES OF CONSTANTSy AND CALLING ONCE THE 00001850
SUBRCUTINE SETUP WHICH CONTROLS ALL ACTUAL CALCULATIONS.IT IS 00001860
SUGGESTED THAT ALL THEZ PARAMETER READ-INS BE INCLUDED IN MAIN EL IMINAT00001870
=IMG 4y THE SUBKJUTINE RAYDEF,WHICH DEFINES RAY PARAMETERS,AND THAT THE 00001380
CINSTANTS MIGHT Bt SET IN A BLUOCK DATA SUBPRUGRAM FOR CUNVEN IENCE, 00001890
SO THAT THE MAIN SIMPLY READS IN PARAMETERS AND CALLS SETUP. THUS ALL 00001900
THE SUBRUGUTINES MAY BE PLACED IN A DISC LIBRARY AND THE LENGTH OF THE 00001910

MAIN PROGRAM MINIMIZED. 00001520
00001930
THE MAIN PRIGRAM CALLS THE SUBPROGRAMS CURAY AND SETUP 00001940

kR Sk dofe A ok e e ek sk KoK oK Rk 3 ok % o ok K K v K K K SR e ek oK ke ook ok ok oK ok oK Rk ke ok ok Rk Xk k % %00001 950

COMMON/ORSTF/C(100),S5(100),D(100),TH{100),X 00001960
COMMON/CONFIX/DELyNNyNDP o TMX 3 XDI My, YDIM,DP,KJ 00001970
COMMON/STUFF/CC(100) +SS(100),DD(100),TTH(100) yXX,RCS5Q(100), 00001980
1 RSSQ(100) 00001990
COMMGN /THY/T(1000) 4PP (1000} 4RP(£00) 00002000
COMMUN/PLIOTC/CONGNNF ¢yNPT yNSYN 00002010
COMMON/FIXP/CON(100) 4 ARN(100), FL AT 00002020
COMMON/STOR/P({1000) ,TD(1000) 00002030
COMMON/THZ/TT(1000),PPZ(1000),PPR{1000) 00002040
COMMON/TINP/DELTM,DLTV,NDA,MTD,DLTPyNDBy JIy NDIRT 00002050
COMMON/LPRINT/PRNT 9PRNTS KST 4KENDJPRNTC o NDC,DET 00002060
COMMON/CTRSTF/NCAS £y NPRAY,NYTyNDUMyVRL 2, VRL3 00002070
COMMON/MYER/ DTIM 00002080
DIMENS ION R(10) 00002090
LOGICAL PRMTPRNTSsPRNTC,FLAT 00002100
FLAT=, TRUE. 00002110
PRNT = oFALSE. 00002120
PRNTS = +FALSE. 00002130
PRNTC=,FALSE. 00002140
FLAT IS USED IN CURAY ANC FUR THIS PRIGRAM IS ALWAYS TRUE,INDICATING 00002150
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200
100
300
600
500

501
C

0OF SGCME

PART CF THZ

IN GENERAL IT IS BEST
INVOLVING MJIRE THAN A FEW RAYS

cAD (5,100)
D2 200 J=1y NMOD

READ (5,300) C(J)yS(J)yD(JI)yTH(I)

FURMAT (110)
FORMAT (4F10.0)
READ(5,500)
FORMAT (Fl0.Cy2110)
READ (5,501)
FAORMAT (2F10.0,110)

ELF TH

THAT THL M73DelL USES A FLAT SECTION RATHER THAN AN ACTURAL SPHERICAL
MUDEL OF THZ
THESE THREE VARIABLES CINTRILS THE PRINTING OF INTERMEDIATE RESULTS
DIAGNOSTIC IMPORTANCE.
ITERATI 2 STEPS

SUBROUTINE TIME2 FIR DETERMINING THe IMAGINARY

INPUT MODEL PARAMETERS

NM3D

Xy IGI 4 KPEK

DPyTMX,y NN

C ASSIGM VALUES T3 CONSTANTS

C

(@]

OO0

o

NN F=1
NPT=0

Jo=

3

CESIGNATES A THREE LAYER MODEL

CALL CURAY (J3)

OF THE

ConN

tARTH AND

INTEGRATION VARIABLE T,THAT IS TIME ALONG THE COMPLEX
CONTOUR AFTER REFLECTIONSDJ NOT USE THIS TOPTIUGN IF RUNNING FCR MQORE
THAN ONE RAY AS A PROHIBITIVE VILUME OF JQUTPUT IS PRUDUCED,

NOT TG SET THZSE OPTICNS TGO

TRUE FOR A RUN

CURAY IS APPARENTLY DESIGNED T3 ALLCW FOR USE OF A SPHERICAL SECTION
IS REALLY UNNEZESSARY HERE,IT CALCULATES A FEW
CONSTANTS SUCH AS THE SQUARES COF THE VELOCITIES.
CoULD EASILY BE INTEGRATED INTS THE MAIN PROGRAM
=1e0/(2%(3,141594%2)*D(2)%S (2)%%2)

CON IS A FACTOR USED IN PSICO TO CALCULATE THE TERMS OF THE SURFACE

THESE CALCULATIONS

00002160
00002170
00002180

IN PARTICULAR PRNTC=TRUE.PRINTS ALL THEQ0002190

00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510

MAINOZ2LT

MAINO218
MAINO219
MAINO0220
MAINO221
MAINQ222
MAINO223
MAINO224
MAINO225
MAINO226
MAINOQO227
MAINO228
MAINO229
MAINOZ230
MAINO231
MAINO232
MAINO233
MAINO234
MAINO235
MAINO236
MAINOQO237
MAINO2338
MAINO239
MAINO240
MAINO241
MAINO242
MAINOZ243
MAINO244
MAINO245
MAINOZ246
MAINO247
MAINO248
MAINO249
MAINO250
MAINO251
MAINO252
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C RESPUNSE, 00002520
XX=X 00002530
C XX IS THE RANGE 00002540
MTD=2 00002550
C MTD IS UStD IN CCNTOR TO INCREASE THE INTERVAL SIZE BETWEEZN THE LAST 00002560
C ERANCHPJINT AND THE END OF THE RECUJRD 00002570
CELTM=,0025 00002580
C DELTM IS THE MINIMUM SIZE P(INTEGRATION VARIABLE) STEP,SEE CCNTOR 00002590
C SUBRGOUTINC 00002600
DMAX=1eE~4 00002610
CLTM=,1 00002620
NDP=30 ; 00002630
C NDP IS A PARAMETER USED IN SUBRJOUTINE DELPS IN CALCULATING INTEGRATIONO0002640
C INTERVALS USING A SINE RELATIUNSHIP 00002650
DET=1l.E-5 00002660
DT IM=DP 00002670
C IN CALCULATING INTEGRATICN INTERVALS OUN THE COMPLEX CONTOUR SIDE OF 00002680
C REFLECTION POINT oTHE CALCULATION IS TERMINATED WHEN IT IS WITHIN 00002690
C CTIV OF TCO,THE TIME NF REFLECTION 00002700
DEL=DP 00002710
C DEL IS USED AS THE DELTA INTERVAL FOR THE TIME SERIES OF SURFACE 00002720
C RESPCNSE 00002730
DLTP=DP 00002740
NYT=3 00002750
VRL2=e32%S( 2} 00002760
VRL3=.92%S( 3) 00002770
NPRAY=40 00002780
K=NN/2 00002790
NCASE 00002800
C NCASE REFERS TO THE SOURCE AND MODEL COMBINATION,NCASE=D DESIGNATES 00002810
C SH SOURCE AND THREE LAYER MODEL AS HERE,=1 P,SV,SOURCE AND SAME MODEL 00002820
C s=2 1S APPARENTLY USED FOR SOLID HALF SPACE RUNS NOT RELEVENT HERE 00002830
C SETUP EXECUTES THE PROGRAM AND GENERATES OUTPUT 00002840
CALL SETUP(1409019364CoMPLUT,y1) 00002850
ZMD 00002860

ADJT
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MAINOZ59
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MAINO263
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MAINOZ269
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MAINO271
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81

83

85

84

70

SUBRUUTINE ACJUST (NN,NFIX)
IMPLICIT REAL*8

CIMMON/EXACT/PHIZ(1000),PHIR(1000),TD(1000)y NENDyNM

(A=H,0-2)

COMMOION/THZ/ T(1000),PPZ{1000),PPR(1009)

M = MM+l
TR = TLC(M)
I =0
1 = 1I+1
IF{ILGTLNN) GO TN 70
IF(T(I)sGTe TR) GU TU £&1
Gl T4 80
DNLC = TR=-T(I-1)
DPL = T(I)-TR
IF (DABS(DNE) .GT. DABS(DPL))
DELTA = =DNE
NFIX = -1
GJd TGO 85
DELTA = DPL
NFIX = 1
D3 8+ J=1,NEND
TD0(J4) = TD(JI+DELTA
CONTINUE
RETURN
NFIX =0
RETURN
END

GOT

0

83

00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
000030S0
00003100
00003110
00003120
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SURROQUT INE CONTOR{TMXeMy KNyN,MO)
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THIS SUBRIUTINE SPECIFIES THE COMPLEX CONTOUR OF INTEGRATIGN FOR THE

REFLECTED ARRIVAL

THE SUBRPIGKAMS TIMEZ2 AND DcLPS ARE CALLED

CALL LIST:

00003130

00003150
00003160
00003170
00003180

TMX IS THE LENCTH OF RECORD(IN SEC) TO BE CALCULATED AFTER 00003190

THE REFLECTED ARRIVAL,M HAS NO APPARENT FUNCTION,NCR DOES KNyN IS THE 00003200

RAY NUMBER

ARRIVAL.

s AND M3 TNE NUMBER OF POJINTS FIRST FOLLOWING

IMPLICIT REAL*8 (A=-H,y3-2)

COMMON/MAGIC/PP(1200)4DDPT{1200) oTT{1200)
CIMMON/SPE/CELP(RBOO) DD1,DD2,0D3yND4&yNU

COMMON/PATHC/PU,TO,K

COMMON/TINP /DELTM,DLTV,NDAyMTDDLTPyNDBy JOyNDIRT
CCMMON/TFIX/TNLyTN2y TN3y TNGy JN1y IN2y IN3, JN4
CCMMUN/CTRSTF/NCASE,NPRAY,NY T, NDUM,VRLZ2,yVRL3

DIMENSION DER(400)
LOGICAL PRNT,PRNTS,PRNTC

CCMMON/LPRINT/PRNT yPRNTS yKST yKENDyPRNTC, NDCy DET

CIMMON/MYER/ DTIM
COMPLEX*x16 PP,DDPT,P,CT,DEV

DET = 1.D-5

JN = 10

Q = PG

1 = MO-1

PIL = leE-6

PP(I1) = PC

T7LI) = T0C

KM = 100

IF{DELP(1)eLEsDELTM) DELP(1)=DELTM
33 I = KM-1

L =0

DO 10 J=1yJM

L

= L+l

THE REFLECTIGCN00003210

00003220

% ok ok ok ok Kk ko kol ook s ko e ool sk kolkok sk sk o % ok ke sk el ok o %ok Kok ok ok ok e ok 3 0k Kok sk k ak dkokakok ok k k %%k (00003230

00003240
00003250
00003260
00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390

- 00003400

00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480

CONTO0001

CONTO002
CONT 0003
CONTO0004
CONTO005
CONT 0006
CONTO007
CONTOO0O08
CONT 0009
CONTO010
CONTO0011
CONTO012
CONTO013
CONTOO014
CONTO0015
CONTO0016
CONTOO017
CONTO0O018
CONTOO019
CONTO0020
CONTO0021
CONY 0022
CONT 0023
CONT 0024
CONT 0025
CONT 0026
CONT0027
CONT 0028
CONTO0029
CONT 0030
CONT0031
CONTOQ032
CONT0033
CONT 0034
CONTO035
CONTO0036

[e)}
1=



10
30

101

32

I I1+1

Q = O#DELP(J)
PI = PG¥,2
DL = PI%.45

CALL TIMEZ(Q4PI+DLyPyDEVCTyKNyNHPIL)

RTIME = CT

TIMEI = CT*(04y-14)
CR = CEV

DDPTH(I) = DEV

TT(1) = RTIME

PP(I) =P

IF(TT(I)=TJdeLELDTIM) GO TS 32
IF(DReLE«QOs) GU T3 30
IF(DABS(TIMEI)&GTeleE=3) GO TO 30
IF(RTIME~TO.LT««001) GO TO 30
JJ = J+l
DELP(JJ) =
CONTINUE
IF(I.LEKM) DELP(1)=5.%DELP(1)
IF(I.LEsKM) GO TO 33

((PO=PF(I))/2,)

PRINT 101
FORMAT(/ /% EXIT LOCP CONDITION IN CUNTUR:
1 = I-1

JJ = I-KM+1
DO 31 J=1,JJ
LL = MO+J-1

NN = I-J+1
TTCLL) = TTINN)

PP(LL) = PPINN)
DDPT(LL) = DCPT(NN)

CONTINUE

I = LL
DELP(JN) = (PP(LLI=PP(LL=1))
J = JN

MM =1
™ = TMX+TO

00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
00003640
00003650
00003660
00003670
00003680
00003690

TeGToKM= STATEMENT 30°'/)00003700

00003710
00003720
00003730
00003740
00003750
00003760
00003770
00003780
00003790
00003800
00003810
00003820
00003830
00003840

CONTO0037
CONTO0038
CONTO039
CONT 0040
CONT 0041
CONT 0042
CONT0043
CONT 0044
CONT 0045
CONTO046
CONTO0047
CONTO0048
CONT 0049
CONTO0050
CONTO0051
CONTO0052
CONTO0053
CONTO0054
CONTO055
CONTO0056
CUONTO0057
CONT 0058
CONTO0059
CONTO0060
CONTO0061
CONT 0062
CONTO063
CONT 0064
CONT 0065
CONT 0066
CONTO067
CONT 0068
CONTO0069
CONTOO070
CONTO071
CONTO0072

s9



21

24

23
1G0

PI

0

JF = LL
CEP(JF) = PP(LL) - PPI(LL-1)
IF(HNCASE.EQ.O0) GU Tu 12
IF(NCASESEQs L)IRG=DABS(1le /VRL2=Q)
IF(NCASE<EQ«2)RG=DABS (1. /VRL 3-Q)
CALL DELPS(INPRAY RGy14NYT)

PP‘LL,*(O. "‘10,
peP(LL)

[}

J1 = LL

J2 = J1+NO

1J = 0

L3 21 J=Jd1yd2

1J = TJ+l

DER(J) = DELPI(IJ)

JF = J2
IF(NCASE.EQ.l) GO TO 23

RG =DABS(1le/VRL2-1./VRL3)
CALL DELPSINPRAYyRGy1yNYT)
J1 = J2+1

J2 = J1+NO

1J =0

DG 24 J=J1yJ2

1J = [J+1

DER(J)} = DELP(IJ)

JF = J2

IF(PRNTC) WRITE(641C0) (DER(J)d=d1lyJ2)
FURMATI(6EL1Z2.44)
0O 285 Jd=LL,JF

Q = Q+DER(J)

I = J+1

DELPR = {(PP(I-1)-PP(I=-2))

DELPI = (pP(I-1)=-PP(]I=2)) *¥(Oey~1le)
PI = (DELPI*DER(J) ) /DELPR +PI

DOL = PI%,.,5

CALL TIMEZ2(Q4PI,DLyPsDEVCT9KNyN,PIL)
PP (1) =P

00003850
00003860
00003870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
00003990
00004000
00004010
00004020
00004030
00004040
000040590
00004060
00004070
00004080
00004090
00004100
00004110
00004120
00004130
00004140
00004150
00004160
00004170
00004160
00004190
00004200

CONTO073

CONTO074

CONTO0075
CONT 0076
CONTO0077
CONTO0078
CONT 0079
CONT 0080
CONTO0081
CONTO0082
CONTOO083
CONT 0084
CONTO0085
CONTO0086
CONTO0087
CONTOO088
CONTO0089
CONTO0090
CONTO0091
CONT 0092
CONT 0093
CONTO0094
CONTO0095
CONT0096
CONT0097
CONTO0098
CONT0099
CONTO100
CONTO101
CONTO102
CONTO103
CONTO104
CONTO105
CIONTO106
CONTO107
CUNTOl08

)]
(o))



14

13

RTIME = (T
DDPT(IY = DEV
TT(1I) = KTIME
IF(TT(I)GTTM) GO TC 13
CONTINUE
0 = Q#MM3DER(JF)
I = [+1
DELPR = (PP{I-1)=-PP(1I=2))
DELPI = (PP(I-1)=PP(I-2)) *(0ey-1.)
PI = (DELPI®*MM*CER{(JF))/DELPR +PI

oL PI*e5
CALL TIME2(QsP14DLyPyCEV4CTyKNyN,yPIL)

PP (1) = p

RT IME = CT
DDPT(I) = DEV
TT(I) = RTIME

IF(TT(I)«GT.TM) GO TO 13
IF(TT(I)=TT(I=1)¢LE<CLTM) MM=MT D*MM
Gl TO 12
CONTINUE
M =1
RETURN
END

00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430

CONTO109
CONTO110
CONTOL11
CONTOl1l2
CONTO113
CONTOLl1l4
CONTOL15
CONTO116
CONTOL117
CONTO118
CONTOL119
CONTOL120
CONTO121
CONTO122
CONTO123
CONTO124
CUNTOL25
CONTOLl26
CONTOLl27
CONTOLZ8
CUNTO129
CONTO130
CONTO131

L9



COMPLEX FUNCTIUN CR*16 (P,C)
IMPLICIT REAL%8 (A=H,0-1)
COMPLEX%16 P,CZ
CZ=1e/C¥%2-P¥P

u=C?Z

X=CZI%(0ey9=1le )

R=DSQRT (X*X + U*U)

Wl= DABS(R+U)/2.

W2= DABS(R-U)/2.

R1=DSQRT (W1)

R2=DSQRT(W2)
CR=P.1-R2*(00110)

RE TURN

END

00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570

CRFNOOO1
CRFN0OOO2
CRFNOOO3
CRFNOOO4
CRFNOOOS
CRFNOQOOOS6
CRFNOOO7

CRFNOOOS8

CRFNOOOS
CRENOOLO
CRFNOO11
CRFNOO12
CRFNOO13
CRFNOO 14

89



10

20

SUBRGUTINE CURAY(JD)
IMPLICIT REAL®B (A=H,0=1)

CIMMON /SENSE/ DRCSQ(100) ,DRSSQ(100)
COMMON/STUFE/C(100),S(100),D(100),TH(100),X,RCSQ(100),RSSQ({100)
COMMON/ORSTF/CC(100) 4SS({100) yOD(100) »TTH(100) +XX

CCMMON/F IXP/CDN(100) 4 ARRNC 100 )y FLAT

LOGICAL FLAT
DIMENSIJON DEPTH(1090)
DIMENSION DT(100)

X = XX
PRINT 2y X

FIRMAT (1HL ¢10X,*'CURAY" /11X, *RANGE'F1l0+0/16Xy ' THICKNESS?9y9X,y*
+DEPTH' 45Xy *P=VELOCITY?,5X,* S=VELOCITY' 48Xy *DENSITY ")

DEPTH(1) = TTH(1)/2.0
D3 10 J = 2,40

DEPTH(J )= DEPTH(J=1)+(TTH(J)I+TTH(I=-1))/ 2.

D3 5 J = 1,JC

Q = 63710 / (£&371.0-DEPTH(J))

IFCFLAT) Q = 1l

ARN( D) = 1le/Q

ctJ) = CC(JI*Q

StJ) = SS(J)*Q

D(J) = DD(JI*Q

TH(J) = TTH(J)I*O

BRCSQ(J) = 1.0 / C(J) *%2

DRSSQUJ) = 140 / S(J)*%2

RCSQUJ) = DRCSO(J)

RSSQ(J)Y = LRSSQ(J)
CONTINUE

bT(1) = TTH(1)

DY 20 J=2,JC

CT(J) = DT(J=1) +TTH(J)
CCNTINUE

DL 25 J=1,JC
IFUFLATY DT(J) = 0.0
DDONCJ) = (6371-DT(J))/6371.

00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004790
00004800
00004810
00004820
00004830
00004840
00004850
00004860
00004870
00004880
00004890
00004900
00004910
00004920
00004930

CURYQ0001
CURY0002
CURY0003
CURY0004
CURY0005
CURY0006
CURYOQ007
CURY0008
CURY0009
CURYO0010
CURY0011
CURY0O01lz
CURYO0013
CURYQO014
CURYO0O015
CURYO0016
CURYQOL17
CURYO0O018
CURYO0O019
CURY0020
CURY0021
CURYQ022
CURY0023
CURY0024
CURY0025
CURYQ0026
CURYO0027
CURY0028
CURY0029
CURYO0030
CURY(Q031
CURYQ0032
CURY0033
CURYO0034
CURYO0035
CURYO0Q36

69



2%

CONTINUE
PRINT Ly (JyTHOJ)yDEPTH(JI,CUI)ySUI) DI DI9yARNIJ) DON(J) 4 J=1, JO)

FRemAT
PETURN
EMD

(I595X,7Gl5.4)

00004940 CURYO0037
00004950 CURYO038
00004960 CURYQDO039
00004970 CURY0040
00004980 CURYO0O041

0L



SUBRJOUTINe DELPS (NNNJRG¢NNyN)
I4APLICIT REAL*S

DIMENSION PP (200)

COMMON/SPE/DELP(800) ,CD1 40D2,00D3 ,0D4,4NQ

e
Pl
AN
J
A
DELP(J)
TO
A

K
PP(1)

J

K
PP(K)
DELP(J)
DELP(J)
TG
A

RG-IOE‘OB
3.141593
PI/ZUNNN%2,)
NN

AN
RG*(DSIN(A)*%N)
DELP(J)

A+AN

1

DELPI(1)

J+1

K+]
RGXDSIN(A) *%xN
PP(K}=PP(K-1)
DABS (DELP(JD))
TO+DELPLU)

A +AN

IF(TO.LTSRG) G2 T2 1

NO
RETURN
END

J=-1

(A=H,0-17)

00004990
00005000
00005010
00005020
00005030
00005040
00005050
00005060
00005070
00005080
000605090
00005100
00005110
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
00005220
00005230

DELPOOOL
DELPOOOZ2
DeLP0O0O3
DELPO0OO4
DELPOOOS
DELP 0006
DELP00O7
DELPOOOSB
DELP 0009
DELPOO10O
DELPOO11
DELPOO12
DELPOO13
DELPOOLl4
DELPOO1S
DELPOO16
DELPOOLY
DELPOO18
DELPOO19
DELPO0020
DELPOO21
DELPOOZ22
DELP 0023
DELPOO24
DELP 0025

1L



SV S e

SUBKJUTINE FIND2 (QyK4DELJET,PQ,TQyNRY)

IMPLICIT REAL*3

(A-H,0~2)

DIMENSICN E( 1001

COMMUN/RAYPAR/KUDI100)yKRSP(100) 4L TS(L00)yLTP(100) LREF(100,4)

COMMII/PLACCZ/THIC,Hy KSSP
CCMMIN/STUFF/C(100),S(100),2(100),TH(100),X
CoMMIN /SENSE/ RCSQ(100),RSSQ(100)

CaMMON / LPRINT/ PRNT,,PRNTS

LOGICAL PRNT,PRNTS

TH(1)
TH( 3)
TH(4)
IF (KSSP
IF (KSSP
KF
KOUNT
TDE
P
KOUNT

p
PSQ
E(2)
E(3)
BLTEM
BLTEM
BLTEM
8L
IF (DABS

+EQe 1)
«EQ. 0)

LI T L T L T L [ T A TS

(1o=KUDUNRY))*(THIC-H) + KUD(NRY) *H
O.

0.

TH(4)=TH(1)

TH(2)=TH(1)

1

0

DEL

Q

KCUNT + 1

P+4DEL

P *x 2

DSQRT(DABS(RCSQ(2)-PSQ))
DSQRT{DABS(RSSQ(2)-PSQ))
=TH(2)xLTP(NRY)/E(2) =TH(2)*LTSINRY} E(3)
BLTEM=-TH( 4)/E(2)

BLTEM=TH(3)/E(3)

X + BLTEMxP

(DEL JeLEeleE~-18) GO TO 1

IF (DABS(BL)LEX/DET) GO TO 1
IF(BL)3, 1y 4
==0ABS (DEL*.5)

DEL
GO TU 5
DEL

G3 T2 5

=DABS(DEL*,5)

IF(DABS(BL) eLTeleE=-8) GO TO 7
IF (KOUNTeGESS) GU TG 7

00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580
00005590

FND20001
FND20002
FND20003
FND2000%
FND20005
FND20006
FND20007
FND20008
FND20009
FND20010
FND20011
FND20012
FND20013
FND20014
FND20015
FND20016
FND20017
FND2OO18
FND20019
FND20020
FND20021
FND20022
FND20023
FND20024
FND20025
FND20026
FND20027
FND20028
FND20029
FND20030
FND20031
FND20032
FND20033
FND20034
FND20035
FND20036

ZL



17

G = 0/10.0

DEL = TDE

Guo TDO 3

PU =P

TITEM = FU2)¥TH(E)+E(2)XLTPINRYI*TH(2 )+E( 3 ) %L TS (NRY ) *TH(2)

+E(3) *TH(3)

\(3 PXX + TOTEM
PQ PG
L) = 79

IF (DABS(BL)WLTeleOE=6) RETURN
IF (WNOT 4PRNT) RETURN

WRITE (6,17) PU,T3,8L

FORMAT (1HO 94Xy 'PO " yE18¢6910Xs"TO ' 4yE1846 410X ,'BL ! 4ELB8e6)
RETURN

END

00005600
000055610
00005620
00005630
00005640
00005650
00005660
00005670
00005680
00005690
00005700
00005710
00005720
00005730
00005740

FND20037
FND20038
FND20039
FND20040
FND20041
FND20042
FND20043
FND20044
FND20045
FND20046
FND20047
FND200438
FND20049
FND20050
FND20051

€L



100

SUBRJUTINE HELP(K¢NyP»TTP4yDTPyNRY)

IMPLICIT ReAtL®x8 (A-=H,3=2)
COMMON/STUFF/CU100) 4 SC100)43(100),T4(100) Xy RCSQ(100),RSSQ(100)
CIMMUON/ RAYP AR/KUD(100 )y KRSP( 10091 ,LTS{100),LTP(100) 4LREF{ 1004 4)
CCMMON/LPRINT/PRNT yPRNTS yKST yKENDyPRNT Cy NDC,y DET

LOGICAL PRNTWPRNTSyPRNTC 4FLAT

FORMAT (10X, * SUBe HELP 3P EyTOTEMy BLTEM, DTP,TTP ',/ €(E16e6))

PsSQ = P*x2

J = 2

£ =DSQRT(DABS (RCSQ(J)-PSQ))
TOTEM = EX¥{TH(4)+TH(2)%LTP(NRY))
BLTEM = =(TH(&)+TH(2)*LTP (NRY ))/E

IF(PRNTC ) WRITE(6,100) PyEJTOTEMBLTEMDTP,TTP
E =DSQRT(DABS(RSSQ(J)~-PSQ))

TOTEM = TCTEM#¢TH(2)XLTS(NRY)RE +TH(3)*E
BLTEM = BLTEM=TH( 2)%LTS(NRY)/E =TH(3)/E

BL = X + P*BLTEM

™ = PxX + TOTEN

DTP = le/BL

TTP = 70

IF(PRNTC) WRITE(6,100) P,E,TOTEM,BLTEM,DTP,TTP
RETURN

END

00005750
00065760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
00005870
00005880
00005830
00005900
00005910
00005920
00005930
00005940
00005950
00005960
00005970

HELPOOO1
HELP 0002
HELPOO0O3
HELPOOO4
HELPOOO5
HELPOOO6
HELPOOO7
HELP 0008
HELPOOO9
HELPOO10
HELPOO11
HELPOO12
HELPOO13
HELPOO14
HELPOOLS
HELPOO16
HELPOO17
HELP 0018
HELPOO19
HELPQO20
HELPOO21
HELPOO22
HELP 0023

PL



SUBFRIUTINE HIGH(NDP 3 TMXyKyKI yN)

00005980

O R w e s e o 0k KR AR bR 0K ROK K R 0% K FOKHORK KKK 3K ok ok o ok ok 0k X0k ok k% 0 0005 9 G0

C THE SUBPRIGRAM HIGH CALCULATES THE SURFACE RESPONSE FOR EACH RAY

C NDP IS USED IN CALCULATING THE INTEGRATIGON STEPS ABUUT REFLECTIGN ,
C TMX IS THZ LENGTH OF THE RECORD READ IN MAIN,K AND KI D3 NUT SEEM TO
C BE USED,y, N IS THE RAY WNUMBER

C THE SUBRPRTGRAM FIND2yHELP,DELPS,PLN1,CONTOR,AND PLN2 ARE CALLED

C THE SUPFACE RESPCONSE IS PRINTED FOR EVERY FIFTH RAY

C

00006000
00006010
00006020
00006030
00006040
00006050

R OROK R oK ok 3 3k e S KR R RO R0k b oK ok ok ek o R R K R Hk ok Rok 3k 20k o ok Kok Kok & ok ok kK ok % % %0 0 00606 0

IMPLICIT REAL%8 (A=-H,0-1)
COMMON/RAYPAR/KUD(100),KRSP(100) yLTS(100),LTP(100) LREF(100y4)
COMMON/PLACE/THICyH,y KSSP
COMMON/EXACT/PHIZ(1000),PHIR(1000),TD(1000), NEND,yNM
CIMMIN/MAGIC/PP(1200),DDPT(1200),TT{1200)
CTIMMCN/SPE/ DELP(800),LD1,DD2,0D3,0D%,NO
COMMON/PATHC/PO, TO s KK

COMMON/T INP /DEL TMy DL TMyNDA4yMTDyDLTP,NDBy JUyNDIRT
COMMON/CRSTF/CC(100) ,S5(100),0D(100),TTH(100) XX
COMMON / LPRINT/ PRNT,PRNTS

LOGICAL PRNT,PRNTS

COMPLEX%®16 PP,DDPT
JN1 = 12

JN2 =10

JN3 = 8

JN4& = 1C0

TN1 = +8

TN 2 = o2

TN3 = W1

NG = L,001

THESE EIGHT PARAMETERS ARE USED IN CALCULATING THE INTEGRATICN
INTERVAL ABOUT PU ,THE PJINT OF REFLECTION

VZz = SS(3)
V2 SHOULD BE THE LARGEST PROPAGATION VELOCITY USED IN THE MODEL,
FAIR P,SV MIDEL ,CC(3)

NKY = N
NRY BECOMES THE RAY

OO oo

(@)

NUMBER

00006070
00006080
00006090
00006100
00006110
00006120
00006130
00006140
00006150
00006160
00006170
00006180
00006190
00006200
00006210
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
00006300
00006310
00006320
00006330

HIGH0001
HIGH0002
HIGH0003
HIGH0004
HIGH 0005
HIGH0006
HIGH0007
HIGH0008
HIGH0009
HIGH 0010
HIGHO011
HIGHO012
HIGH0013
HIGHOO0 14
HIGHO015
HIGHOO 16
HIGH0017
HIGHO0018
HIGH0019
HIGH0020
HIGH0021
HIGH0022
HIGH0023
HIGH0024
HIGHO0025
HIGHO0026
HIGH0027
HIGH0028
HIGH 0029

HIGHO0030

HIGHO0031
HIGH0032
HIGH0033
HIGH 0034
HIGHO0035
HIGHO0036

SL



OO0

DEL IS THE

USE

AP IVAL IF THE S IGNAL IS AT ANY TIME IN P OR COMPRESSIONAL MODE DEL

INITIAL ITERATIDON STEP INPyTHE INTEGRATION PARAMETER, FOR

00006340

InN FIND2 IN DETERMINING THE VALUES OF P AND TIME AT THE REFL ECTIONO0QO06350

1le /CC(T),IF NOT DEL =1./SS(2)

82
81

KHRY = NRY%KSSP

DEL = 14/55(2)
IF(LTPINRY)GTs0) GC TO 82
IF(KSSP.EQeO) GU TO 81

DeL = 1./CC(2)
p = =1,E~9
DAT = 14E+12

CALL FIND2(P,KKyDELyCAT, Py TOWN)
NNN = NDP

NK = 2

IF(NKYeEQel) V2=49%SS(2)
P = le/V2

RG =DABS( PU-P)
CALL HELP(K yNyPyTTP,DTPyN)
TC = TTP
T6 = TG-TTP

IF(PO.LEola/V2) G3 TO 6
IF(TG.GT ,TN1) GO TO 6

JN = JN1
IF{TGsGT 4TN2) GU TO18
JN = JN2
IF(TGeGT«TN3) GO TO18
JM = JN3
Qz = RG/(JIN+1)
DO 15 J = 1ly4JN '
DELP(J) = QF
CONTINUE
N3 = JN
IF(TG.LT.TNe) GO TO 2
G3 T8 19

CALL DELPS (NNNyRGylyNK)
IF (LNOTLPRNT) GJ Ta 19

00006360
00006370
00006380
00006390
00006400
00006410
00006420

00006430

00006440
00006450
00006460
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540
00006550
00006560
00006570
00006580
00006590
00606600
00006610
00006620
00006630
00006640
00006650
00006660
00006670
00006680
00006690

HIGH0037
HIGHOO038
HIGHO0039
HIGH 0040
HIGH0041
HIGHQ042
HIGHO0043
HIGH0044
HIGH0045
HIGHO0046
HIGHO0&4T7
HIGHO0048
HIGHO0049
HIGH0050
HIGHO0051
HIGHO052
HIGHO0O053
HIGHO0054
HIGHO055
HIGH 0056
HIGHO0S57
HIGHO0058
HIGHO0O059
HIGHO060
HIGHOO0#61
HIGH0062
HIGHO063
HIGHQ064
HIGHQ065
HIGHO0066
HIGHOO067
HIGH0068
HIGH0069
HIGHO0070
HIGHO0T71
HIGHGOO072

9L



7

200
60

97

99
98
100

PRINT 74 V29 XMy P3Oy RG, TCy Ty (DELP(J)sd=1,NC)
FORMAT (1HO94Xe'W2= ',G13,695Xy " XM= '3 G13.695%X9'P0=
LGLl3,.6/5X 9 "RG= " yGLl3e695X9'TC= *yGl34695X'TI= ¥,G1l3.6/5X,'DELP"/

2(615.¢€1))
IF(PlelLEeloe/V2) GL TO 2

CALL PLNLI(PGsTO Ky Ny TCyN,V2)

MO = NJ+2

IF(TGeLTaTNG) MO=2

IF(PJeLTele/V2) MG=2

CALL CONTOR(TMX My KNygNyMO)

IF (JNJ3T.PRNT) GJ T3 620

WRITE (645)

FORMAT (1HO 913X, 'PP? 427X *DDPT v, 24X, 'TT ')
JJ = MC

WRITE(64200) (PPLJ)yDDPTLU) »TT(J)9d=dJeM)

FCRMAT (SEL1 S5 .4)

CALL PLN2(PQOTG9sKeMTyMyN)

NEND = M

NM = NC

IF(PS.LTele/V2) NM=0

IF{TG.LT o TNG JNM= O

LK ==19
WRITE (6,498)
KJMPp=5

LK = 1=-KJMP
LK =LK+KJMP

IF (LK +GT. NEND) GC TO 99

WRITE (645100) TD(LK)PHIZ(LK) PHIR(LK) LK
GO T2 @7

CONTINUE

FIRMAT (12X,y*SUR, KHIGH
FORMAT (3EL8.6,110)

RE TURN

END

TD 4yPHIZHPHIR?, 2X)

?

00006700
00006710
00006720
00006730
00006740
00006750
00006760
00006770
00006780
00006790
00006800
00006810
00006820
00006830
00006840
00006850
00006860
00006870
00006880
00006890
00006900
00006910
00006920
00006930
00006940
00006950
00006960
00006970
00006980
00006990
00007000
00007010
00007020
00007030

HIGHO0073
HIGHOO074
HIGHOO075
HIGHOO076
HIGHOO077
HIGHOO078
HIGHO0079
HIGHO0080
HIGHO0081
HIGH0082
HIGHO0083
HIGHO084
HIGHO0085
HIGHO0086
HIGHO0087
HIGH 0088
HIGHO0089%
HIGH0090
HIGH 0091
HIGH0092
HIGH0093
HIGH0094
HIGHO0095
HIGHO0096
HIGHO0097
HIGHO098
HIGH 0099
HIGHO100
HIGHO0101
HIGHO102
HIGHO103
HIGHO1 04
HIGHO0105
HIGHO1 06

LL



162

SUBROUTINE INTEPP(XP,YPyNyX,Y)
IMPLICIT REAL*%s (A-H,0-2)
DIMzNSIOGN  XP(1000), YF(1000)
IF (X GTXP(N)IGD TC 6

IF (X oLTe XP{1)) GuU TO 6

DI 10 I=1,N

IF (XP{I) -X) 10,102,2

CONTINUE

K = I-1

DIF1 = XP(I) =XP(K)

DIF2 = XP(I) =X

RATID = DIF2/DIF1

DIFY =DABS (YP(I) - YP{(K))
DR = DIFY%*RATIQ

IF (YP(I) +GTe YPI(K)) GU TO 4
Y = YP(I) + DR

RETURN

Y = YP(I) - DR

RETURN

Y = YP(I)

RETURN

Y = Q.

RETURN

END

00007040
00007050
000070690
00007070
00007080
00007090
00007100
00007110
00007120
00007130
00007140
00007150
00007160
00007170
00007180
00007190
00007200
00007210
00007220
00007230
00007240
00007250
00007260
00007270

INTP0OO1
INTP0002
INTP 0003
INTP 0004
INTPOOOS5
INTP 0006
INTPOOOT7
INTP00OS8
INTP0O009
INTPOOLO
INTPOO11
INTPOO12
INTPOO13
INTPOO 14
INTPOO15
INTPOO16
INTPOOL7
INTPOO18
INTPOOLY
INTP0020
INTP0021
INTP 0022
INTP0023
INTP0024

8L



8C
100

SUBKIJUTINE PLNL(PUsTO 4Ky NyTCyNRY,V2)

IMPLICIT RzZAL%8 (A=-H,0~2)

CIMMOIN/T INP/CELTHM, DLTMyNDAyMTDyDLTP,NDB,y JOyNDIRT
C MMON/SPE/DELP(800),CD1,DD2,DD3,0D4,NJ
COMMON/JRSTF/C(100),S(100)4D(100),TH{100),X
COMMUN/TRESL/PZ21(5001,PR1(500)
CTOMMIN/MAGIC /PQ(1200) 4DDPT(1200) oTTT(1200)
COMMUN/EXACT/PHIZ(1000)yPHIR(1000) 4 TT(1000) y NEND 4 NM
COMMCN / LPKINT/ PRNT,PRNTS

LGGICAL PRNT,PRNTS

CIVPLEX*16 PQyDDPTyFNZyFNRyFNZ1,4FNR1,Q

P = 1le/V2

D2 80 I=2,4NO

J = I-1
P = P4DELP(J)
Q = P4+04*{ 00y le)

CALL HELP(KyNyPyTTP,CTPyNRY)

IF(PRNT) PRINT 100,Q4PyDTP,TTP

T7(1) = T7TP

DDPT(I) = DTP

CALL PSICO(QysFNZ,FNRyFNZLyFNR1,I yNRY)
IF(PRNT) PRINT 100,yFNZyFNR,FNZ1,FNR1

PHIZ(I) = FNZ % (Qsy=1le)
PHIR(I) = FNR * (Qejy=1le)
PZ1 (1) = FNZ1 * (Q49=1l.)
PRI(I) = FNRL * (0.9-1,)

IF ((TJ=-TTP) +LT. DLTP) GO TaS
CONTINUE

FGRMAT(B8E1544)

WRITE(6,100) P3,TU

NC = J+l

I = N3
IF(TO=TTP.LT.OLTP) G3 T3 3
PP =pPC-pP
P =P + PP/2.0

I = I+l

00007280
00007290
00007300
00007310
00007320
00007330
00007340
00007350
00007360
00007370
00007380
00007390
00007400
00007410
00007420
00007430
00007440
00007450
00007460
00007470
00007480
00007490
00007500
00007510
00007520
00007530
00007540
00007550
00007560
00007570
00007580
00007590
00007600
00007610
00007620
00007630

PLNL1OOO1
PLN10002
PLN10003
PLN10004
PLN10005
PLN10006
PLN100O7
PLNLGOOS8
PLN100OO09
PLN10O10
PLN10011
PLN10OO12
PLN10013
PLNL1OO14
PLN100O15
PLN100O16
PLN10OO17
PLN10018
PLN100O19
PLN10020
PLN10021
PLN10022
PLN10023
PLN10024
PLN10025
PLN10026

PLN10027

PLN10028
PLN100O29
PLN10030
PLN10031
PLN10032
PLN10033
PLN10034
PLN10035
PLN10036

6L



NS

Q

CALL HeLr
TT(I1)
COPT(I)
CALL PSIC
PHIZ (1)
PHIR (1)
PZ1(1)
PR1(I)

IS (PRNT)
Gl T2 4
T7(1)
PHIZ (1)
PHIR (1)
PR1(1)
PZ1(1)
RETURN
END

I
P

KeNgPyTTP4DTPyNRY)
TTP
DTP
GUQeFNZyFNR yFNZL 4FNRL oI 9yNRY )
FNZ * (Qe9—1le)
FNR * (Qa.y-1l.)
FNZL * {(Qe9—=1ls)
FNR1 * (00’-10)
PRINT 100,FNZyFNRyFNZL1,FNR1

o~ u

nowoun

TC
O.
Oe
O.
O.

00007640
00007650
00007660
00007670
00007680
00C076%0
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
00007820

PLN10037
PLN10038
PLN10039
PLN10040
PLN10041
PLN10O42
PLN10043
PLN10044
PLN10045
PLN10046
PLNLOO47
PLN10048
PLN10049
PLN10050
PLN10051
PLN10052
PLN10053
PLN10054
PLN10055

08



SUBRIUTINE PLN2(PTS 2 TC9sKyMOyMyNRY)

IMPLICIT REAL%*8 (A=H,3-17)
CuMMON/FIXP/ECDN(100) » ARM(100)

COMMUN/TINP /DELTMyDLTNyNDASMTD,DLTP,NDBy JGyNDIRT
COMMIN/MAGIC/PP(1200),0DPT(1200),TT(1200)
COMMCH/EXACT/PHIZ(1000)yPHIR(1000),TTT(1000) 4NEND,NM
COMMON/TRESL /PZ1(500)4PR1(500)
COMMCN/URSTF/C(100)5S(100)4D(100)yTH(100),X
DIMINSION FFI(50) +GG(50)

COMMON / LPRINT/ PRWNT,,PRNTS

L3GICAL PRNT 4PRNTS

COMPLEX*16 PP4BTyDDOPTyRP4RPPHGCHP

COMPLEX®16 FNZyFNRyFNZ1yFNR1

DO 5 1=M0O,M

TITT(I) = TT(])

P = PP(I)

CALL PSICO(P,FNZ,FNR4yFNZL,FNR1,IyNRY)

PHIZ (1) = FNZ *{0e9=1ls)

PHIR(I) = FNR *(049-1s)

PR1(I) = FNR1 * (0s9=1s)

PZ1(1I) = FNR1 * (0e9—=1s)

IF(PRNT) PRINT 100,FNZyFNRyFNZ1l, FNR1
CONTINUE
FCRMAT (8E15.4)

NQ = MQ@-2

bpP = DLTP

P = pG*(lnyOQ’*O‘*(Ooylo)

I = M{O-1

Q = PO

DOPT(I)Y = SF2(QsK,NRY,DP)

TTT(I) = 70

WRITE(6,100) P,DDPT(I)

CALL PSICO(PFNZyFNRyFNZL14FNRLyI sNRY)
IF(PRNT) PRINT 1009FNZyFNR,FNZ1yFNR1L
PREZ = FNZ

PIMZ = FNZ * (00"1.)

00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900
00007910
00007920
00007930
00007940
00007950
00007960
00007970
00007980
000079390
00008000
00008010
00008020
00008030
00008040
00008050
00008060
00008070
00008080
00008090
00008100
00008110
00008120
000081390
00008140
00008150
00008160
00008170
00008180

PLN200O1
PLN20002
PLN200O3
PLN20004
PLN20005
PLN20006
PLN20007
PLN20008
PLN20009
PLN20010
PLN200O1l1
PLN20012
PLN20013
PLNZ20014
PLN20015
PLN200O16
PLN20017
PLN200O18
PLN20019
PLN20020
PLN20021
PLN20022
PLN20023
PLN20024
PLN20025
PLN20026
PLN20027
PLN20028
PLN20029
PLN20030
PLN20031
PLN20032
PLN20033
PLN20034
PLNZ0O35
PLN20036

18



PR ER FNR

PIMR FNR % (009-10,

IF (PENT) PRINT 100,PREZ4PIMZ,PRER,PIMR
F1 = Qe

Gl = 0.

SuM = 0o

TUM = 0.

IF{MJeLEe3) GU TO 46

TNN = T2-DP

CALL INTERP(TTT yPHIZ yMyTNN,Y)

Fl =Y

FF(1) =Y

CALL INTERP(TTT 4PHIR y¥yTNNyY)

Gl =Y

6GG(1) =Y

SUM = SUM+2,*PIMZ*DSQRT(TO-TTT(NO))
TUM = TUM+24 #*PIMREXDSQRT(TO=-TTT(NI))

IF (PRNT) PRINT &, Su¥
IF (PRNT) PRINT 7, TUV
FIRMAT (5Xy *TUM=1,G18,¢)
FORMAT (5 Xy? SUM=',G18,.6)

DELL = (TTTINJ)-TNN )/5.
TT(1) = TNN

FF(&) = PHIZ({NQ)

GG(6) = PHIR(N3)

PHIZ(I) = PHIZ(NQ)

PHIR(I) = PHIR(NO)

DD 41 J=2,6

T17(J) = TT(J=-1) +DELL

CALL INTERP(TTT,PHIZ MyTT(J),Y)

FFL{J) =Y

CALL INTERPUTTTPHIR,MyTT(J) ,Y)

GG(J =Y

TUM = TUM+(GG(J-1)+GG(J))/2.%DELL
SUM=SUM+(FF(J=-1)+FF(J))/2.=DELL

[F (PRNT) PRINT 7, TUWM

00008190
00008200
00008210
00008220
000¢8230
00008240
00008250
00008260
00008270
00008280
00008290
00008300
00008310
00008320
00008330
00008340
00008350
00008360
00008370
000C8380
00008390
00008400
00008410
00008420
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
00008510
00008520
00008530
00008540

PLN20037
PLN20038
PLN20039
PLN2 0040
PLNZ20O41
PLN20042
PLN20043
PLN20044
PLN20045
PLN20046
PLN20047

PLN20048

PLN20049
PLN20050
PLN20051
PLN20052
PLN20053
PLN20054
PLN20055
PLN20056
PLN20057
PLN20058
PLN20059
PLN20060
PLN20061
PLN20062
PLN20063
PLN20064%
PLN20065
PLN20066
PLN20067
PLN20068
PLN20069
PLN20070
PLN200O71
PLN20072

Z8



41
4 ¢

42

43

[IF(PRNT) PRINT4,SUM 00008550 PLN20073
CoHT INUE 00008560 PLN20074
PP = TTT(MO) 000C8570 PLNZ200O75
TT(1) = TTT(MO) 00008580 PLN20076
IF(TTT(HAC}-TO.GT.DP) GO TU 43 00008590 PLN20077
SUM=SUM+ 2% PREZ®DSQRT(TTTIMI)=TT) 00008600 PLN20078
TUM = TUM+2,%PRER¥DSQRT(TTT(MC)=TO) 00008610 PLN2007S
IF (PRNT) PRINT4,SUM 000C8620 PLN20080O
IF (PRNT) PRINT 74 TLUWV 00008630 PLN20081
CALL INTERP(TTT,PHIZ yMyTPP,Y) 00008640 PLN20082
FF(1) =Y 00008650 PLN20083
CALL INTERP(TTT+PHIR y¥,TPP,Y) 00008660 PLN20084
GG(1) =Y 00008670 PLN20085
DELL = (TO+DP=-TTT(MO))/5. 00008680 PLN20086
DO 42 J=246 00008690 PLN20087
IF (PRNT) PRINT4,SUM 00008700 PLN20088
1T(J) = TTtJ=-1) 00008710 PLN20089
CALL INTERP(UTTTSPHIZ yMyTT(J),Y) 00008720 PLN20090
FF{J) =Y 00008730 PLN20091
CALL INTERP(UTTTyPHIR yMyTT(J) Y) 00008740 PLN20092
GG(J) =Y 00008750 PLN20093
TuM = TUMH(GG(J=1)+GG(J))/2 «*DELL 00008760 PLN20094
SUM = SUM#(FF(J=1)+FF(J))/2.%DELL 00008770 PLN20095
IF (PRNT) PRINT 4, 00008780 PLN20096
IF (PRNT) PRINT 7, 00008790 PLN20097
CONTINUE 00008800 PLN20098
F3 = FF(6) 00008810 PLN20099
G3 = GG(6) 00008820 PLN2010O
PHIZA{I) = (34%SUM/DP-F1-F3)/4%. 00008830 PLN20101
PHIR(I) = (3.%TUM/DP=G1l-G3)/4. 00008840 PLN20102
G3 TO 44 00008850 PLN20103
TTT(MJO) = TO+DP 000C8860 PLN20104
PHIZ (M3) = PREZ/(DP%*,5) 00008870 PLN20105
PHIRK (MN) = PRER/(DPx%,5) 00008880 PLN20106
F3 = PHIZ(MT) 00008890 PLNZ2010O7
G3 = PHIR(MD) 00008900 PLN20108

€8



44

81

47

82

111

SUM = SUM+2,xPREZ*DSQRTI(DP)
TUM = TUM+42 ,%PRER*DSQRT (DP)
PHIZII ) = (3.*SUM/O0P=-F1-F3})/4%.,
PHIR(I) = (3,*%TUM/DP-G1-G3) /4.

IF (PRNT) PRINT 4, SUWV
IF (PRNT) PRINT 7,TUM

CONT INUE
PRGZ21 = FNZ1
PIMZ1 = FNZ1 =* (007"'10)
PRER1 = FNR1
PIMR1 = FNR1 * (Q49~1s)

IF(PRNT) PRINT 100,
IF(MO.LE«3) GO TO 47
DC 81 J=2,NGC

PREZ1,4PIMZ1,PRER14PIMRL

ARE A = (PRL(JIPRIGJ=1IIXTTT(II-TTT(J-1))
PHIR(J) = PHIR(J)+AREA/2.
AR EA = (PZL(JI+PZ1J=1)) *(TTT(J)=TTT(J=1))
PHIZ(J) = PHIZ(J)+AREA/2.
CONTINUE
PHIZ(I) = PHIZ(I)42,#PIMZ1%DSQRT{TTT(I)=-TTT(NG))
PHIR(I) = PHIR(I)+2,%PIMRL*DSQRT(TTT(I)=-TTT(ND))
CUNTINUE
PHIZ(MO) = PHIZ(MO)+2.%PREZL*DSQRT(TTT(MO)-TTT(I))
PHIR(MJ) = PHIR(MO)+2.%PRER1*DSQRT(TTT (MG)=TTT(I))
JM = MO+1
DD 82 J=JM,M
AREA = (PRLIJI+PRI(J=1)VR(TTT(I)=TTT(J=1))
PHIR(J) = PHIR(J)+AREA/2.
AREA = (PZL{JV+PZL{J=1) ) *(TTT(J)=-TTT (J-1))
PHIZ(J) = PHIZ(J)+AREA/2.
CONTINUE
WRITE (6,111) TTT(I),PHIZ(I),PHIR(I)
FORMAT  (2X, 'CRITICAL TIME®,G20e 85Xy 'PHIZ"1G20s8*PHIR? 4G2048)
RE TURN
END

00008910
000C8920
00008930
00008940
00008950
00008960
00008970
00008980
00008990
00609000
00009010
00009020
00009030
00009040
00009050
00009060
00009070
00009080
00009090
00009100
00009110
000091290
00009130
00009140
00009150
00009160
00009170
00009180
00009190
00009200
00009210
00009220
00009230
00009240
00009250

PLN20109
PLNZ2OL110O
PLN20111
PLN20112
PLN20113
PLN20114
PLN20115
PLN20116
PLN20117
PLN20118
PLN20119
PLN20120
PLNZ2O121
PLN20122
PLN20123
PLN20124
PLN20125
PLNZOL126
PLN20127
PLN20128
PLN20129
PLN20130
PLN20131
PLN20132
PLN20133
PLNZ201 34
PLN20135
PLN20136
PLNZ2O137
PLN20138
PLN20139
PLN20140
PLN20141
PLNZ20142
PLN20143
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SUBRZUTINE PSICC (PoFNZWFNRyFNZL4FNRLyIyNRY)

00009260

£ % skesn e ki o w3 xg 2 3¢ 5 Ok %0 dap 3 X 50K 6 W B Rk Aok 3k W Rk ok e a3 e ook Aok Sokkok ok kR R Rk k R kk k wk kX kdx%k%k (0009270

C
C
C
c
c

PSICO CALZULATES THE TWO TERMS IN BARKERS EXPANSICN OF THE SOLUT IGN
SUBPRCGRAM REFFT ,RECVR ARt CALLED

CALL LIST:P,THE INTEGRATIUN PARAMETER,FNZ,THE FIRST TERM IN THE

VERTICAL RESPCNSE sFNR,
C VERTICAL RESPINSE,FNR1l,ySAME FUR RADIAL,I INDICATES WHICH VALUE CF P
C ALONG THE CONTOUPR (STJRAGE ARRAY INDEX ),NRY IS THE RAY NUMBER

SIMILAR FOR THE RADIAL, SECOND TERM

00009280
00009290
00009300
00009310
00009320
00009330
00009340
00009350

C % dokok dodkesie ok o sk % ok ko ok ot ok ok o ok 2 e e ool ke ok o e e ok 3ok 48 3 ok % 4ok ook o akodkoi dk ok ok skl ok ok ko k kokok ok k k(00009360

IMPLICIT REAL*¥8 (A-H,3-2)

COMMON/RAYPAR/KUD(100)9yKRSP(100),LTS(100),LTP(100),LREF( 1004 4)
COMMON/JORSTF/C(100),5(100),2(100),TH(100) 4X
CCMMON/MAGIC/PP(1200),DDPT(1200),TT(1200)

COMMON/PLOTC /CONyNNF oNPT
COMMON/PLACE/THIC,HyKSSP
COMMON /LPRINT/ PRNT 4PRNTS
LOGICAL PRNT,PRNTS

DIMENS ION RF(16)

COMPLEX*®16 P 4RF4DRyG1lyG2yG3,FNZy FNRy FNZ14FNR1,RCyDDPT,PPyRDS,DZ

RID=D(2) /D( 3)
CALL REFFT (PyS(2),S(3)yR0OD,yRDS)
RF{2)=RDS

CALL RECVR({S(2)4P,KRSP{NRY),DZyDRyKSSP,RSS)

RF(1)=RSS

RC:( 1. 100’

CJ 100 J=142

IF (LREF(INRY,,J) «EQe 0O) GOTI 200
RC = RCXRF(JI%*LREFINRY,J)
CONT INUE

CUNTINUE

IF(KSSP.EQe1l) GO T3 3
IF{NRY.EQel ) KRSPINRY)=0
CONTINUE

Gl = DOPT(I)*RCACIN

00009370
00009380
00009390
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
00009580
00009590
00009600
00009610

PSIC0001
PSIC0002
PSIC0003
PSIC0004
PSICO005
PSIC0006
PSICO0007
PSIC0008
PSICO0009
PSICOO10
PSICO011
PSICO012
PSICO0013
PSICO014
PSICOO015
PSICO016
PSICOO017
PSICO018
PSICO019
PSIC0020
PSICO0021
PSIC0022
PSIC0023
PSIC0024
PSIC0025
PSICO0026
PSIC0027
PS1CQ028
PSIC0029
PSIC0030
PSIC0031
PSICO0032
PSIC0J33
PSICO0034
PSIC0035
PSICQ036

-G8



400

300
500

1

52

FHiz
FMNR
63

FMNZ1
FNR1
IF

IF(PRNT)

FORMAT (L X,

IF

TR L L [ L

(PRNT ) WRITE

DZ2%G2
DRxG2

G3%D7
Gjﬁ‘DR*(-so’

(PANT) WRITE (6,30C)

Gl*CDSQART(P/(2e4%X))

Gl/{-8.%CDSORT(2,*PkX%%3))

PyCU3)4C(2)4S(3) 4S(2) yKUDINRY) ,KRSPINRY),
LTS{NRY ) LTP(NRY)

WRITE(64400) (RF(J) HyLREFINRYyJ) yJ=1,4)

KECVR
{(6,500)

'y4(2(E13.4),12))

GlyG2yG3,4RC

FORMAT (1Xy 'RECVRY 4 2(E15.4)+94(F10e3)42X94(12))

FORM AT
RE TURN
END

{1Xy *RECVR'y8(EL13.4))

00009620
00009630
00009640
00009650
00009660
00009670
00009680
00009690
00009700
00009710
00009720
00009730
00009740
00009750
00009760

PSICO0037
PSIC0038
PSICO0039
PSIC0040
PSIC0041
PSIC0042
PS1C0043
PSICO044
PSICO0045
PSICO046
PSIC0047
PSICO0048
PSIC0049
PSIC0050
PSICO051

98



REAL FUNCTIUN PTIM=8

IMPLICIT PLAL®S

COMMCH/ PAYPAR/KUD(100)yKRSP(100),LTS(100),LTP(100),LREF( 100, 4)

(A-H ,O"Z)

COMMUN/PLACE /THICoHyKSSP

COMMOM/STUFF/C(100),5(100),D(100),TH(100),4X, RCSQ(100)4yRSSQ(100)

PSA

J

E

PTIM

€

PTIM
PTIM
RETURN
END

[ (I | O TR | R T ]

p % 2
2

DSQRT{(DABS(RCSQ(J)-PSQ))

+ LTPINRY)%*TH(2)) =*E
DSORT(DABS(RSSQ(JI=-PSQ))

PTIM + (TH(3) + LTS(NRY)I*TH(2))*E

(TH(4)

PxX +

PTIM

(PyKyNRY)

00009770
00009780
00009790
00009800
00009810
00009820
00009830
00009840
00009850
00009860
00009870
00009880
00009890
00009900

PTIMO0O1
PTIMQ0002
PTIM0003
PTIMO004
PTIM0005
PTIMOOO06
PTIM0007
PTIMO008
PTIMO009
PTIM0010
PTIMO0011
PTIMOO12
PTIMO013
PTIMOO1l4

L8



800

400

700

1300

14G0

1200

SUBROUTINE RAYDEF
COMMOIN/ RAYPAR/KUD(100)yKRSP(100)4LTS(100)4LTP(100) 4LREF( 100, 4)
COMMON/PLACE /THIC,H,KSSP

COMMON /LPRINT/ PRNT,,PRNTS

LOGICAL PRNT 4PRNTS

REAL*3 THIC 4 H

WRITE (6,800)

FORMAT (10X, 'WHGOPIE, WE MADE IT TO RAYDEFY)

READ (5y400)
FORMAT (2F10.0,110)

WRITE (6,700) THIC,H

FIRMAT (/10X,'LAYER THICKNESS

IF (KSSP
IF (KSSP

READ(5,1200)
FORMAT (4 12)

Kub(l)=1
KubD(2)=0
KUubD(3)=1
KUD(4)=0
KUD(5)=1
KuD{é&) =0
KUD(7)=1
KUub(8)=0
KUD(S) =1

THICyH,KSSP

'yF6e3/10X4*SOURCE DEPTH' y F6e3)
«EQe 0) WRITE (6,1300)

1) WRITE (641400)

FORMAT (15Xs*SHEAR SCURCE')

FORMAT (15X ,'COMPRESSIONAL SOURCE?')
(KUD(JYyLTS(JI) 4 LTPL J) yKRSP(J) yJ=19964)

KubD(10)=0
KUD(11) =1
Kubl(12)=0
KUD(13)=1
KUD(14) =0
KUD(15)1=1
KUD(16)=0
KUD(1l7)=1
KUubD(13)=0

00012310
00012320
00012330
00012340
0001£350
00012360
00012370
00012380
00012390
00012400
00012410
00012420
00012430
00012440
00012450
00012460
00012470
00012480
00012490
00012500
00012510
00012520
00012530
00012540
00012550
00012560
00012570
00012580
00012590
00012600
00012610
00012620
00012630
00012640
00012650
00012660

RYDF00O1
RYDF 0002
RYDFOQ003
RYDFQ0OO04
RYDF 0005
RYDF 0006
RYDFO00O7
RYDF 0008
RYDF0QO09
RYDF 0010
RYDF 0011
RYDF0012
RYDF Q013
RYDF0OO 14
RYDFQO15
RYDFOO16
RYDF0O017
RYDFO0O18
RYDFOO19
RYDF0020
RYDF Q021
RYDF0022
RYDF0023
RYDF 0024
RYDF0025
RYDF 0026
RYDFO027
RYDF0028
RYDF 0029
RYDF0030
RYDF0031
RYDF 0032
RYDF0033
RYDF 0034
RYDF 0035
RYDF0036

88



WO NO TN Ny Il
W

~ U W 4

S
LTS(11)=10
LTS(12)1=11
LTS(13)=12
LTS(14)=13
LTS(15)=14
LTS(16)=15
LTS (17)=16
LTS(18)=17
LTP(1)=0
LTP(21=0
LTP(3)=0
LTP(4)=0
LTP(5)=0
LTP(6)=0
LTP(7)=0
LTP(E8)=0
LTP(9)=0

-
ot
v
—
(=
o

LTP(11)
LTP(12)
LTP(13)
LTP(14)
LTP(15)
LTP(16)
LTP(17)

)

0
0
0
C
0
0
0
0
LTP(18)=0

| LI L | I T O [ N { BT

00012670
00012680
00012690
00012700
00012710
00012720
00012730
00012740
00012750
00012760
00012770
00012780
00012790
00012800
00012810
00012820
00012330
00012840
00012850
00012860
00012870
00012880
00012890
00012900
00012910
00012920
00012930
00012940
00012950
00012960
00012970
00012980
00012990
00013000
00013010
00013020

RYDFO0O37
RYDF 0038
RYDF0039
RYDF 0040
RYDF0041
RYDF0042
RYDF 0043
RYDF0044
RYDF 0045
RYDF 0046
RYDF0047
RYDF 0048
RYDF 0049
RYDF 0050
RYDF 0051
RYDFQO052
RYDF 0053
RYDF 0054
RYDF 0055
RYDF 0056
RYDF0057
RYDF 0058
RYDF 0059
RYDF0060
RYDF 0061
RYDFQ0462
RYDF 0063
RYDF 0064
RYDF0065
RYDF 0066
RYDFOO67
RYDF0068
RYDF 0069
RYDF0OO70
RYDFO0O0O71
RYDF Q072

68



100
200

[

KRSP(1)=0

KRSP(2)=0

KRSP(3)=0

KRSP(4)=0

KRSP(5}=0

KRSP(6)=0

KRSP(71=0

KRSP(81=0

KRSP(3)=0

KRSP(10) =0
KRSP(111)=0
KRSP(12)=0
KRSP(13)=0
KRSP(14)=0
KRSP(15)=0
KRSP(16) =0
KRSP(17)=0
KRSP(13)=0
KR=1E8

DO 200 NR=1,KR

D2 100 K=1,2

LREF(NRyK)=0

CONT INUE

SH SOURCE
LREF(2,2)=1
LREF(3,1)=1
LREF(3,42)=1
LREF(4,1)=1
LREF(442)=2
LREF(5,1)=2
LREF(5,42)=2
LREF (641 )=2
LREF(642)=3
LREF(7,1)=3
LREF(T,2)=3
LREF(8,1)=3

00013030
00013040
00013050
00013060
00013070
00013080
00013090
00013100
00013110
00013120
00013130
00013140
00013150
00013160
00013170
00013180
00013190
00013200
00013210
00013220
00013230
00013240
00013250
00013260
00013270
00013280
00013290
00013300
00013310
00013320
00013330
00013340
00013350
00013360
00013370
00013380

RYDFOO73
RYDF 0074
RYDFOQO075
RYDF0O076
RYDFOO77
RYDFO073
RYDF 0079
RYDF0080
RYDF0OO081
RYDF 0082
RYDF0083
RYDF 0084
RYDF0085
RYDFQ0O086
RYDF0087
RYDF 0083
RYDF0089
RYDF 0090
RYDF 0091
RYDF 0092
RYDF 0093
RYDF 0094
RYDF 0095
RYDF 0096
RYDFO0097
RYDF 0098

RYDF 0099 ~

RYDFO100

RYDFOl01

RYDFO102
RYDFO103
RYDFO0Ol104
RYDFO105
RYDFO0106
RYDF 0107
RYDFO0108

O
o



1000

1100

600
500

LREF(3,2)
LREF(3,1
LREF( 3,2

LREF(10,1

LREF (10,2

LREF(11y1

LREF (11,2

LREF (12,1

LREF(L12,2

LREF(13,1

LREF (13,2

LREF(14,1

LREF (14,2

LREF(15,1

LREF(15,2

LREF (16,1

LREF(1642

LREF (17,1

LREF(17,2

LREF(18,41)=8

LREF(18,2)=9

READ(541000)

FORMAT (2 I5)

READ(5,1100)

FORMAT(212)

L N

g

A Y W W P oy Nt N gy T s o T g o e ||

L T I T | | T | T T (A T T T O © N | N Y

PO N~NJO YO W

IF(PRNT) WRITE(6,600)
[F(PRNT) WRITE(64600)

FORMAT (' R2

RETURN
END

1B, IE

(CLREF(ITyJJU)yJdJd=142),11=1IB,yIE)

((LREF(JQL)’L=19 Z)rJ=196,
‘((LREF(JyL)9L=1y2) 1J=T412)
'96(212,42X))

FORMAT(* RAYDEF *,4(1212,2X))

00013390
00013400
00013410
00013420
00013430
00013440
00013450
00013460
00013470
00013480
00013490
00013500
00013510
00013520
00013530
00013540
00013550
00013560
00013570
00013580
00013590
00013600
00013610
00013620
00013630
00013640
00013650
00013660
00013670
00013680
00013690

RYDFQ109
RYDFOL10
RYDFO111
RYDFOL12
RYDFOl13
RYDFOl1l4
RYDFOL15
RYDFO116
RYDFOL117
RYDFQlls8
RYDFO119
RYDFQ0120
RYDF Q121
RYDFO122
RYDFO0123
RYDFO0O124
RYDFO125
RYDF 0Ol 26
RYDFO127
RYDFO0128
RYDF 0129
RYDFOL130
RYDFO0131
RYDFO0132
RYDFO133
RYDF Ol 34
RYDF0135
RYDFO136
RYDF 0137
RYDFO138
RYDF 0139

T6
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SUBRDUTINE FECVR(BLyPsKRyDZyDRyKSSPyRSS)
TC CCMPUTE SURFACE RECEIVER AND RLFLECTICON FUNCT IONS
SH AT THE RECVR
IMPLICIT COMPLEX*16 (£-H,0-7)
REAL%*8 R1,4RSS
LZ2==2./CDSQFRT(1/81%x%2=PxP)
Cr = DZ
RSS=1.
RETURN
END

00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770
00013780
00013790

RCVROOO1
RCVR 0002
RCVR 0003
RCVRO004
RCVR 0005
RCVR0O00O6
RCVR 0007
RCVR0008
RCVR0O009
RCVR 0010

Z6



SUBROUTINE REFFT{(P,Bl B2,4,DyRDS)
Aokt s ok gk ok Kk KK & B0kok ok kRO F0k 3 Rk S0k 3 A R ok ok ok ok ok % ok ok ook dokokok oxok xRk kx k%00013810
REFFT CALCULATES THE REFLECTION FUNCTION FJOR RAY INTERACTIIN WITH AN

SOLID INTERFACESNOTE THAT THIS SUBRQOUTINE IS WRITTEN ESPECIALLY FOR
A SH SOURCE

C
C
c
C
c
C
c
C
C
c
c
c
o
C

EA = CR(P,B1)

EB = CR(P,B2)

CS = D*B 1*%2 /B 2%%2

EC = OS*EA

RDS (EC-EB)/(EC+EB)
RETURN

END

CALL LIST:

THE SUBPRIGRAM CR IS CALLED.
(VELOCITY ) *%2 -

IF THE SEVERAL KINDS OF SCURCES ARE INTEGRATED IN ONE PROGRAM THIS
SUBROUTINE MUST BE GIVEN A DISTINCT NAME
e ok 2 sk ok ok ok KKK 3 ok 3R oo ok KK HOKK K HK KK ARk ko ko ok kol oKk oKk % ok ok kkkk k%00013950
IMPLICIT COMPLEX%L6
REAL*8 B1yB2,D,DS

CR CALCULATES THE RADIAL ETA=SQRT(1/
P%P )

INTERFACE

(A=H,0-27)

00013800

00013820
00013830
00013840
00013850
00013860
00013870
00013880

PsTHE INTEGRATION PARAMETER ,B1 IS VELOCITY IN THE LAYER,B8200013890
2 IS VELDOCITY IN THE HALF-SPACE,D RATIO OJF THEIR DENSITIES,RDR,THE
REFLECTION FUNCTION FOR THE LOWER(SOLID=-SOLID)

00013900
00013910
00013920
00013930
00013940

00013960
00013970
00013980
00013990
00014000
00014010
00014020
00014030
00014040

REFT0001
REFT0002
REFT0003
REFT0004
REFT0005
REFTO0006
REFT 0007
REFTO008
REFTO0009
REFTQO010
REFTOO011
REFTO012
REFTO0013
REFT0014
REFTO0015
REFTOO016
REFTO017
REFTO0018
REFTOO019
REFT0020
REFTO0021
REFT 0022
REFT0023
REFT0024
REFT0025

€6



SUBROUTINE SETUP(KyMMyNSyNDOy MO, MPLOTyMPUNCH) 00009910
C % ko % Mok e o kol o Kok 3 ok Aok ko % e o ook ol ok Kk ok o e 3 o ok ok 3 gk ok ok % ko ok o K ok ok ok k ok kk 00009920

C THE PROGRAM IS EXECUTED THROUGH THIS SUBROUTINE oWHICH CALLS THE 00009930
C FCLLOWING SUBPRUGKAMS DIRECTLY; RAYDEF,TSyHIGH,ADJUST, INTERPLPRINTED 00009940
C AND PUNCHED QOUTPUT OF THE TIME SERIES OF SURFACE RESPONSE ARE PRODUCEDO0009950
C BERLC :THE VARIABLE LIST: K IS ALWAYS L,MM IS APPARENTLY NO LCNGER USEDOQO09960
C NS DESIGHATES THE FIRST RAY,NO, THE LAST RAY;;MO=0 INDICATES THAT THIS 00009970
C IS THE FIKST TIME SETUP CALLED,IF NOT THE FIRST TIME USE ANY OTHER 00009980
C NUMBER «GTeleMPLIOT IS NOT USEDyMPUNCHeLTel PRODUCES PUNCHED OUTPUT 00009990
C % ek i koo ok ko Xk e ek 3 ok Aok sk ok Ak ok ok ek ko sk 3k ki ok sk Ak A o el ok kol ok ok ek 3k i ok % dkak ok kkok ok kk 00010000
IMPLICIT REAL*8 (A-H,0-Z) 00010010
COMMON/CONFIX/DEL 9y NNoNDP yTMX o XDI M, YDIM,DP,KQO 00010020
COMMON/FOURCT/MF ¢yNMF 4 KMF g KNMF 00010030
COMMON/THZ/TT(1000) ,PPZ(1000),PPR{1000) 00010040
COMMCN/EXACT/PHIZ(1000)yPHIR(1000),TD(1000) ¢ NEND ¢NM 00010050
COMMON/RAYPAR/KUD(100Q),KRSP{100) 4L TS(100),LTP(100),LREF (100, 4) 00010060
COMMADON/PLACE/THIC, Hy KSSP 00010070
CCMMON/L PRINT/PRNT yPRNTS yKST 9y KENDyPRNTC 00010080
DIMENSICN PPC(800) 00010090
REAL %4 ZIX{890),22Y(880)+ZXDIM,ZYDIM 00010100
LOGICAL PRNTPRNTS,PRANTC 00010110
IF(MC.EQ.0) CALL RAYDEF 00010120
C IF MO.EQ.0 CALL RAYDEF TQO ESTABLISH RAY PARAMETERS (SEE PREVIOUS 00010130
C CCMMENTS ON READ IN OF RAY PARAMETERS) 00010140
NF =1 00010150
IF(MD.GT.1) GO TO 11 00010160
C IF MOJNE.O DO NOT INITIALIZED THE ARRAYS WHICH CONTAIN THE GQUTPUT 00010170
1 = K 00010180
T7T(1) = TS(I) 00010190
C 7S IS A SUBPROGRAM WHICH ESTABLISHES THE TIME OF FIRST SIGNAL ARRIVAL 00010200
PPZ(1) = Q0. 00010210
PPRI(1) = Q. ‘ 00010220
C PPZ AND PPR WILL CONTAIN THE VERTICAL AND HORIZONTAL SURFACE RESPONSE,00010230
C RESPECTIVELY 00010240
C TT IS AN ARRAY 0OF SAMPLING TIMES FOK THE TIME SERIES 00010250
D) 10 J=2¢NN 00010260

STUPOOO1
STUPQ002
STUP00O03
STUPO0O4
STUPOOOS
STUPO0O06
STUPOOO7
STUP 0008
STUP0OO9
STUPQO10
STUPOO11
STUPOO12
STupPO0013
STUPOO14
STUPOO15
STUPOO16
STUPQOO17
STUPOO18
STUPOO19
STUP0020
STUPO021
STUP0022
STUPQO23
STUP 0024
STUP0025
STUP0026
STuP0027
STUPOO028
STUP 0029
STUP0O030
STUPO0031
STUP 0032
STUPOO33
STUP0034

STUPQ035.

STUP0036

149



10

TT(Jd) = TT(J-1) +OEL
N2TE THAT DEL = DP SET IN MAIN
PPZ(J) = 0o
PPR( J) = 0.
CONTINUE
CONT INUE

11

ITERATE OVER THE RAYS FRCM NS T3 NO

102

THE

31

37

33

C3 32 N=NS, NO

WRITE (6,4103) N

FORMAT (5Xy *RAY NUMBER',I3)
CALL HIGH(NDP,TMX, Ky KIyN)

SUBPRUOGRAMME HIGH CALSULATES THE SURFACE RESPQNSE FOR EACH RAY

CALL ADJUST(NNyNFIX)

N2 = 1

M = NM+1
IF{NFIXeLTel) G TO 37
N2 = NFIX+1

N1 = NFIX-1

IF(N1.LE.2) GO T3 42
D0 31 J=1,N1
CALL INTERP{(TDyPHIZ,yNEND,TT(J),Y)
PPZ(J) = PPZ(J)+Y*NF
CALL INTERP(TDyPHIRGNEND»TT(J)yY)
PPR(J) = PPR{J)+Y%NF
CONTINUE
CONTINUE
PPZ(MFIX)= PPZ{NFIX)+NF*PHIZ (M)
PPRINFIX)= PPRINFIX)+N¥xPHIR (M)
CONTINUE
DO 33 J=N2, NN
CALL INTERP{TD,PHIZ,yNEND,TT(J)yY)
PPZ(J) = PPZ(J)+Y%NF
CALL INTERP(TDyPHIRJNEND,TTLJ)yY)
PPR( J) = PPR{J)+Y%NF
CONT INUE
L=0

00010270
00010280
00010290
00010300
00010310
00010320
00010330
00010340
00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010500
00010510
00010520
00010530
00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620

STUP0037
STUP 0038
STUPOO3S
STUP 0040
STUP0O41
STUPOO42
STUP 0043
STUPOO44
STUPOO45
STUP 0046
STUPO0047
STUP 0048
STUP 0049
STUPOO50
STUP 0051
STUPOO52
STUPOOS53
STUP0054
STUPOOS55
STUPOO56
STUPOO57
STUPOOS8
STUP 0059
STUPOO60
STUP0061
STUP 0062
STUPOO63
STUP 0064
STUP 0065
STUP0O66
STUP 0067
STUPOO68
STUPOO069
STUPOOTO
STUPOOT71
STUP Q072

S6



13
14
12

20

300

202

100
200

CONTINUE

IF(JHITLPRNT) G3 T3 12

PRINT 134,(TD(J)4PHIZ(J)yPHIRI(J)yJ=1,NEND)
PRINT 144(TT(J)9PPZ{J)yPPR(J) yJ=1yNN)
FIRMAT (1HO, 15X,°*TD'y 15X, *PH*y /4y 3(EL18.6))
FORMAT (1HO91S5X"TTY 415X ,'PP*,/,3(E1B.6))
CONT INUE

NQ = NN/10

NP = NQ + 1

NP = NN + NO

D) 201 =1, NO

ZZX(1) = TT(1) = (NQ=-I+1)%DP
ZIY(I) = 0.0

NDIM=NN

IER=0

CALL DDGT3(TT,PPZ,PPC4NDIM, IER)
D3 300 IZ = NP, NR
ZIX{1Z)=TT(IZ-NP+1)
ZZY(1Z)=PPC(IZ-NP+1)
WRITE(6y202)€(ZZX(1Z)y2ZY(IZ)41Z=14NR)
FORMAT (* DEBUG 202 ',2E20.10)
CONTINUE

IF{MPUNCH.LT 1) G3 TO 2
WRITE(7,200) TT(1),DP,4NN
WRITE(T,100) (PPC(J)yJ=1,NN)
CONTINUE

FORMAT (5E15.6)

FORMAT (2E1546,110)

RE TURN

END

00010630
00010640
00010650
00010660
00010670
00010680
00010690
00010700
00010710
00010720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010610
00010920

STUP00O73
STUPOOT74
STUP 0075
STUPQO76
STUPQOO77
STUPOO78
STUPOO79
STUP0O 8O
STUuP0081
STUPQOB2
STUP Q083
STUPO084
STUP0O85
STuUPQ086
STUPOO8B7
STUPO0OS8S8
STUPQO089
STuP0090
STUP 0091
STUP0092
STUPO0093
STUP 0094
STUP0095
STUP 0096
STUPOGIT
STUPQ098
STUP 0099
STUPOL100
STuPOlOl
STUPO102

96



REAL FUNCTICN SF2%#8 (PyK4NRY,DP)
IMPLICIT REAL*S
COMMON/STUFF/C(100),S5(100),D(100),TH(100),X,RCSQ{100),RSSQ(100)
CIMMON/RAYPAR/KUD(10G)yKRSP(100) 4L TS(100)4LTP(100) 4LREF(10044)

PSQ
J
£SO
E
Tt
ESQ
E
Tc
TE
SR
SF2
RETURN
END

(A=-H,0-2)

DABS (RCSQ(J)=-PSQ)
DSQRT(ESQ)
(TH(4)+TH(2)%LTP{NRY) )*RCSQ(2)/(ESQ*E)
DA3S (RSSQ(J)=-PSQ)
DSQRT(ESQ)
(TH(3) + TH(2)%LTSINRY))*RSSQ(2)/ (ESQ*E) + TE

oy oWy

SR/DSQRT(TE)

00010930
00010940
00010950
00010960
00010970
00010980
00010990
00011000
00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090

SF020001
SF020002
SF020003
SF020004
SFQ20005
SF020006
SF020007
SF020008
SF020009
SF020010
SF020011
SF020012
SF020013
SF020014
SF020015
SF020016
SF020017

L6



SUBROUTINE TIME2(PRyPIsDLyQyDPTy TyKNyNyPIL)

00011100

C o ok sk ook ok deok ok ddook 3 ik 2 0K Sk ko 3 Rk oK ok e oK Xl o R okOK ok ook ok okdok ok skokok Sk ok kakok k kokkx k% 00011110

AOOOOOOCOOOO

C FOR PI

FCR A PARTICULAR VALU:Z CF THE COMPLEX INTEGRATION PARAMETER P,TIME2

FINDS A VALUE FUR THE COMPLEX PARAMETER TIME SUCH THAT THE IMAGINARY
PART OF TIME IS MINIMIZED

NO SUBPKRUOGRAMS ARE CALLED

CALL LIST:PR,yTHE SPECIFIEDC REAL PART 0OF P;PI A GUESS AT THE IMAGINARY
PART DLy A SPECIFIED FRACTIIM OF PI USED AS AN ITERATION STEP,Q IS THE
FINAL VALUE OF THE COMPLEX INTEGRATION PARAMETER P,DPT IS DP/DT FOR

THIS VALUE,T IS THE COMPLEX INTEGRATION PARAMETER T FOR THIS VALUE OF
Py KN HAS NO APPARENT USE,N IS THE RAY

NUMBER, AND PL IS A MINIMUM VALUE

00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011220
00011230

C % 3 30k A dofeote e e kool ok s ok ok g ke kol o o sk ek 3 koK ol ok ok 3k ok ok ok Ok ko ok Aokok kR ok ok ok kkkk k% 00011240
IMPLICIT REAL*8 (A-H,0-1)

COMMON/RAYPAR/KUD(100)9KRSP({100) 4L TS(100)4LTP(100) 4LREF(100,4)
CCMMON/L PRINT/PRNT yPRNTS,KST,KENDyPRNTCyNDC,DET
COMMON/STUFF/C(100),S(100),D(100),TH(100),R

COMMON /P ATHC /PU, TO 4K
DIMENSION E(100)
COMPLEX*16 P4yEBLyT4PC4DPT,Q

DIMENS ION Y1(100),Y4(100),X1(100),X4(100)

LOGICAL PRNT,,PRNTS,PRATC

NRY
X1M
X4M
NNN
I

6 P
T
J
BL

E(J)
T

J

L T | 1 T | A T O { N [ [ 1}

N

1 .E+4

0.0

0]

0

PR¥( 1le 906 ) +PI%¥( 06 yl.)
P *R

2

le/{C(J)%%2)=Px%P
CDSQRT{(BL)
THo(J)*(TH(4) +THIZ2)%LTPINRY ) )
3

00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
00011350
00011360
00011370
00011380
00011390
00011400
00011410
00011420
00011430
00011440
00011450

TME20001
TME20002
TME20003
TME20004
TME20005
TME20006
TME20007
TMEZ20008
TME20009
TME20010
TME20011
TME20012
TMEZ20013
TME20014
TME20015
TME20016
TME20017
TME20018
TME20019
TME20020
TMEZ20021
TME20022
TME20023
TMEZ20024
TME20025
TME20026
TME20027
TME20028
TMEZ20029
TME20030
TME20031
TME 20032
TME20033
TME20034
TME20035
TME20036

86



111

43

44

BL
E(J)
T

le/ (S(2)*%2)=P%p
CDSQRT(BL)
THE(JIE(TH(3)+TH 2V *L TSINRY))

" IFUPRNTC) WRITE(64+110) PyE(2),T

IF(PRNTC) WRITE(6,111) E(3),1,NNN

FORMAT ('OE(3)="42G184€&y" I=",159 " NNN=1,15)
T1 = T*(O."‘lo)

IF (DABS(T1) «LEe. DET) GO 7O 2

IF(I.GT.90) GJ TO 2

I = T+l
X1(1) = 100.
X4 (1) = 040

IF(TIeGTe0s) YLIIN=TI
IF({TI1eGT 006 ) X1{I)=P1I
IF(TIelLTeO06) Y4(I)=TI
IF(TIelLTeO0e) Xa&(I)=PI
IF(I.EQel) G3 TO &3
IF(NNNeGTel) GO TO 44
IF(TI®TL sLE«Qe) GD TO 44
IF(TI«GTeOe) PI=PI-OL
IF(TIeLE«QOs) PI= PI+DL
IF(PIsLEeleE~5) PI=PK/2,

NNN =1

PK = PI
TL =TI
G3 TO 6

DO 52 J=1,1
IFI{X1(J)«GT«XLIM) GO TC 53

X1M = X1(J)
NJ = J
IF(X4(J)elLEeXeM) GJ TC 54
X4M = X4lJ)
MJ = J
CONTINUE
CONT INUE
Y1 M = Y1{(NJ)

00011460
00011470
00011480
00011490
00011500
00011510
00011520
00011530
00011540
00011550
00011560
00011570
00011580
00011590
00011600
00011610
00011620
00011630
00011640
00011650
00011660
00011670
00011680
00011690
00011700
00011710
00011720
00011730
00011740
00011750
00011760
00011770
00011780
00011790
00011800
ooollslo

TME20037
TME20038
TME20035
TME20040
TME20041
TME20042
TME 20043
TME20044
TME2 0045
TME20046
TME20047
TME20048
TME20049
TME20050
TMEZ20051
TME20052
TME20053
TME20054
TME20055
TMEZ20056
TME20057
TME20058
TME20059
TME20060
TME20061
TME 20062
TME20063
TME20064
TME20065
TME20066
TME20067
TME20068
TME20069
TME20070
TME20071
TMEZ20072

66



Y&M = Y4({MJ)
DPI = (X1M=X4M)/(YIM=-Y4&M)
DPM = Y 1IM%DPI
Pl = X1M=DPM
NNN = 2
IF(PI.LESPIL) PI=PIL
GJ TG 6
CONTINUE
BL = QOe
BL = BL-(TH{4) +TH{(2)%LTP{NRY))/E(2)
BL = BL=THI2)}*LTS{NRY) /E(3)-TH(3)/E(3)
BL = R+P*BL
Q = p
DPT = 1l4/BL

IF(PRNTC) WRITE(6,110) P,E(2),T,DPT
110 FORMAT(LHOy&4Xy'P= ' 42G18s6/5X4"E(L) =',2G1l746/5X'T=
1 5X4'DPT=  ,2G18,.6)
RE TURN
END

' 9261846/

00011820
00011830
00011840
00011850
00011860
00011870
00011880
00011890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970
00011980
00011990
00012000

TME20073
TME20074
TME20075
TME20076
TME20077
TME20078
TME20079
TME20080
TME20081
TME 20082
TME20083
TME20084%
TME 20085
TME20086
TME20087
TME20088
TME2 0089
TME20090
TME20091

00T



81

100

REAL FUNCTION TS*8 (K)

IMPLICIT REAL*8 (A-=H,0-2)

COMMON/PLACE/THIC, HyKSSP

COMMON/ RAYPAR/KUD(100)yKRSP(100),LTS(100),LTP(100),LREF( 100, 4)
COMMON /JRSTF/CC(100) 4SS(100) 4NDD(100) s TTH(100 ) XX
CIMMON/STUFF/C(100),S5(100),D(100), TH(100) 4 X, RCSQ( 100) 4RSSQ(100)
DIMENSION T(200)

COMMON/LPRINT/PRNT yPRNTSyKSTyKENDyPRNTC s NDCyDET

LOGICAL PRNT,PRNTS,PRNTC

DC 10 N=1,2

DEL = 14/55(2)

IF(KSSP.EQ.0) GO TO 81

IF(LTS(N)GT.0) GO TO 81
DEL = 14/CCL2)

p = =1leE-9
DAT = 1sE+12

CALL FIND2(PyM, DELyDATyPO,TIyN)
P=1/SS(N+1)

TTP = 70

IF(PO.LE.P) GO TO 6

CALL HELP(KyNyP»TTP4DTP,yN)

T(N) = DMINI(TO,TTP)
CONTINUE

TS = DMINI{T(1),7(2))

N = 2

IF (PRNT)IWRITE (6491) (T(J)yJ=1,N)
FORMAT (5Xy'T 19243',32(E1846))
FORMAT (110, 2E1846)

RETURN

END

00012010
00012020
00012030
00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
000121590
00012160
00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
00012280
00012290
00012300

TS010001
TS010002
TS010003
TS010004
TS010005
TS5010006
TS010007
TS010008
75010009
TS010010
75010011
TS010012
TS010013
TS010014
TS010015
TS010016
TS010017
TS010018
TS010019
TS010020
75010021
75010022
TS010023
TS010024
TS010025
TS010026
TS010027
TS010028
TS010029
TS010030
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3 kol ok R A K K A o ok oKk R OKOK 0K X0 oK ook ok ok ok sk i ok sk e ak i 3ok o ook ok ok s ok ok ok ok akok o ok
Be GOPDIN AND CoeMe NAUTIYAL

MAY 12, 1972

THIS PROGRAM GEMERATES CALCOMP PLITS QOF THE OF TERRY BARKER'S
PRIGRAM M3IDELING THE RESPUONSE 3F AN ELASTIC LAYER OVER AN ELASTIC
HALF-SPACE AS CUNVOLVED WITH A SPECFIED SOURCE FUNCTION,

THREE PLJ3TS ARE PRODUCED,THE UNCONVOLVED DJUTPUT, THE CONVOLVED OUTPUT,
AND THE SOURCE FUNCTION, ALL PLOTS ARE IN SAME SCALE IN TIME.

TﬁE SUBROUTINE CONVLV IS USED.

THE SOURCE FUNCTIUN,SRC,A LINEAR ARRAY,IS SPECFIED IN A DATA
STAT EMENT

XDIM,YDIM SPECIFY THE SIZE OF THE OUTPUT

DELTA IS HALF WIDTH OF THE SOURCE ASSUMED SYMMETRIC
NOTE THAT THE BREGINNING OF THE JUTPUT [S PADDED WITH ZERDS TO 10%
OF ITS LENGTH
K e A ok sk ok e i 3 ke o e Ak 3 e ok 3 K sl ok ok ko e e ek ok ok kR ke akoe ok ok 3k ok okl o e ok o ok i kKo ek Rk
REAL*3 P,SRC,PC
DIMENSION P{1000),SRC(L000)},PC(20001),PPLCT(1000), TPLOT (1000)
DIMENS ION XL(2)yYL(4)4¥YM(4)
DIMENSION SRCP(1000)
DIMENSICN PPL(1000)
CATA XL/ *TIME®'y* SECY/
DATA YL/ YCONV' ,*OLVE',*'D OU',*TPUTY/
DATA YM/'UNCO', 'NVOL*,'V OU*','TPUT?/
C SPECIFY SUURCE FUNCTIUN
DATA SRC/0e 1265956125906 3995%04/
C SPECIFY PRIGRAM PARAMETERS
XDIM=6,

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

MAINOOOL
MAINOQOOOZ2
MAINOOO3
MAINOOO4
MAINOOOS
MAINOOO®
MAINOOO7
MAINOOOSB
MAINOOO9
MAINOQOO1O
MAINOOL1
MAINOO12
MAINOO13
MAINOO1l4
MAINOO15
MAINOOL6
MAINOOL17
MAINOCO18
MAINOO19
MAINOO20
MAINOOZ21
MAINOOQ22
MAINOOZ23
MAINOO24
MAINOQO25
MAINOQO26
MAINOO27
MAINQO28
MAINOO29
MAINOO30
MAINOO31
MAINOO32
MAINOO33
MAINOO 34
MAINOO35
MAINOO36

20T



oy

YDIM=2,
DELTA= o4
READ IN PUNCHED DATA
READ(5,100) TTDPyNN
PRINT 200, TT, DPy NN
200 FORMAT(* TT=%,Gl5e69"' DP=',Gl566s' NN=',110)
READ(5,101){P(I),yI=14NN)
100 FORMAT (2E1546,110)
101 FORMAT(SEL5.6)
102 FORMAT(3(I10,G15.6))
PERFORM CUNVOLUTION WITH SOURCE FUNCTION
NS = 2%DELTA/DP +1.5
CALL CONVLV(NN,PyNS,ySRC,yPC)
PAD RECORD WITH ZERDOES

NQ = NN/10
NA = NQ + 1
NB = NN + NQ
DO 15 1 = 1, NQ
SRCP(I) = 0,0
TPLOT(I) = TT-(NQ-1+41)%DP
PPL{I) = 0.0
15 PPLUT(I) = 0.0
DO 16 I = NA,NB
SRCP{I) = SRC{I-NA+1)
TPLAT(I) TT +« (I-NA)=®DP

PPL(I) = P(I-NA+1)
16 PPLOT(I) = PC(I-NA+1)
LIST QUTPUT
PRINT 201 :
201 FORMAT('OUUTPUT AFTER CONVOLUTION-BEFIRE CONV=SOURCz FUNC'//)

PRINT 2024( TPLOT(I)4PPLOT(I) 4PPL(I)ySRCP(I),I=14NB)
202 FIRMAT (4G15.6)

PLOT ON CALCOMP
CALL NEWPLT{'MBB00',"€894", *WHITE ', *BLACK')
CALL PICTURIXDIM,YDINMyXLy84YMy16,TPLOT,PPL +NBy 0es0Q)
CALL PICTUR(XDIM,YDIMyXL yEB9YL9loyTPLOTyPFLOTyNByOe40)

MAINOQO37
MAINOO38
MAINOO39
MAINOO4O
MAINOO41
MAIN0O42
MAINOO43
MAINOO44
MAINOO45
MAINOO46
MAINOQO&T
MAINQO48
MAINOO49
MAINQO50
MAINOOS1
MAINOO52
MAINOO53
MAINOOS54
MAINOQOOS55
MAINOOS56
MAINOOS7
MAINOQO58
MAINOOS59
MAINOO60
MAINOOG61
MAINOO62
MAINQOG63
MAINOOG4
MAINOO65
MAINOQO®6S
MA INOOG67
MAINQOO68
MAINOO69
MAINOOT7O
MAINOO71
MAINOOT72

€0T



L3 17 I = 1y NB
17 TPLOT(I) = TFLOT(I) - TT7

CALL
1 0)
CAaLL
CALL
5TOP
END

PICTURCXDIMyYDI MyXL¢8,y" SOURCE FUNCTION

ENDPLT
EXIT

'+16,TPLOT ySRCPyNB 9O oy

MAINQOO73
MAINOOT74
MAINOQOT5
MAINOO76
MAINQOT77
MAINOOT78
MAINOO79
MAINOOBO
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OO OO0 OO A0 OO0 N OO0

SUBRJUTINE

TITLE = CONVLV =
COMPLETE

LANGUAGE
EQU I PMENT
STIRAGE
AUT HOR

CONVLVILX ¢ XX9LY»YY,LCC)

CONVOLVE

CONVGLUTION OF TWO TRANSIENTS

=-==ABSTRACT=-~

CONVLV CONVOLVES TW3J TRANSTIENTS, X(I) I=0ylyeeeslX-1

AND Y(I) I=0OylyeeeslY~1 , TO PRODUCE THE COMPLETE
CONVOLUTION FUNCTION
LX-1
C(I) = SuM ( X(J)I*Y(I=-4) )
J=0
FOR I = Oy9lyeeeylX+LY=2
WHERE

LX AND LY ARE INPUT PARAMETERS
Y(K) IS ASSUMED = 0.0 FOR K QUTSIDE OF
THE RANGE 0 TO LY-1
NOTE THAT THE CONVOLUTION IS INDEPENDENT OF THE ORDER
OF THE INPUTS X AND Y,

TECHNIQUE USEC IS AN ALGORITHM BASED ON ANALOGY TO
MULTIPLICATION OF P3LYNDOMIALS
-~STATISTICS--

FORTRAN 1V
NG SPECTAL REQUIREMENTS

JeFe CLAERBOUT,

TRANSLATED FROM
6765

FIRTRAN II TO FORTRAN

00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370

CONVOOO1
CONV0002
CONV0003
CGNVO004
CONVO0005
CONVOO0O06
CONV 0007
CONVO0O08
CONVO0009
CONVOO010
CONVOO1l1
CONVOO012
CONV0O013
CONVO0O1l4
CONVOO015
CONVOO16
CONVOO17
CONV0O018
CONVO019
CONV0020
CONVO0021
CONV0022
CONVO0023
CONVO0024
CONV0025
CONVO0O026
CONVO0027
CONV 0028
CONV0029
CONVO030
CONV0031
CONVO0032
CONVO0033
CONVO034
CONV0035
CONVO0O036

G0T



LIBRARY RIUT INES REQUIRED = NONE

SAMPLE CALL
CALL CONVLV (LX9XXyLY,YY,CC)

INPUTS
LX
XX(1)

LY

YY(I)

JUTPUTS

ccen)

EXAMPLES

IS NO.

I=1 veeelX

IS NG.
MUST EXCEED ZERO

I=1leeelY
EQUIVALENCE

CONTAINS

-—--USAGE---~

CONTAINS

OF TERMS IN X VECTOR

X{0)yeoes X{LX-1) RESPECTIVELY

OF TERMS IN Y VECTOR
(PROGRAM EXITS IF ZERO OR LESS)

Y(O)soeaes YILY-1) RESPECTIVELY
(XXsYY) IS PERMITTED

00000380
00000390
00000400
00000410
00000420
00000430
000004490
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590

I=lseeeyLX+LY=1 CONTAINS C(O)yeeasl{LX+LY-2) RESPECTIVELY00000600

EQUIVALENCE

WHERE C( 1)
{XXysCC)

le SHUWINS REVERSIBILITY CF X AND Y

INPUT

USAGE

S

- LX
Ly

3
2

XX{ leoe3)
YY(leoo2)

l' ’2' ,3.
10e91.

CALL CONVLV(LXyXXysLYyYY,CC1)
CALL CONVLV (LY, YYoLXyXX,CC2)
QUTPUTS = CC1l(leee4) = CC2(1leeek)

IS GIVEN IN ABSTRACLT
ALLOWED IF XX NOT EQUIVALENT TO YY.

= 10, ,210'320’3.

00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730

CONVO0037
CONVO0038
CONVO0039
CONV 0040
CONV0O04l1
CONVOO042
CONV0043
CONVO00 44
CONV0045
CONVO0046
CONVO00 47
CONVO0O04E
CONVO0049
CONVO0050
CONVOO051
CONVO0O052
CONVO0053
CONVO054
CONVO0055
CONV0O056
CONVO0O057
CONVO0O058
CONV0059
CONVO0060
CONVOO061
CONVO0O062
CONVO0063
CONVO006&4
CONVO0065
CONVO066
CONVO0O0s67
CONVO0068
CONV0069
CONVOOT70
CONVOOT71
CONVOOT72
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2o ILLEGAL INPUT CASES (NC DUTPUT)

CLEANEDy leEe CCl(leee4) = CC2({1leee4)
USAGE - CALL CCNVLVI(=24XXyLY,YY,CCl)
CALL CONVLVIL Xy XX90,YY,CC2)
OUTPUTS = CCl(lees®) = 06906950690 (ILLEGAL LX)
CC2(lese4) = 00908906190 (ILLEGAL LY)

PROGRAM FILLOWS BELUW

OO0

SUBROUTINE CONVLVILX 9 XXy LY,YY,CC)
IMPLICIT RcAL*¥8 (A=H,G-17)

(S Na

DUMMY DIMENSION STATEMENTS
DIMENSION XX(2),YY(2)},CC(2)
C CHECK LEGALITIES
IF (LXeLEsO) GO TO 9999
IF (LYJLESO) GO TI 9999
C CLEAR PIRTION OF QUTPUT AREA

LC = L X+LY-1
B = LX+1
DO 10 I=I8,LC
10 cct1) = 0.
C
C DU CONVOQLUTION
c
IX = LX
DO 30 1I=1l,LX
X = XX(IX)
CCLIX) = Q.
DO 20 J=1l,LY
K = IX+J
CC{K=1) = CCUK=1)+X*YY(J)
20 CINT INUE
3C IX = IX-1

INPUTS - SAME AS EXAMPLE 1. EXCEPT START WITH QUTPUT VECTORS
= 0690, th'Oo

00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850

00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080

CONVOO0T73
CONVOO074
CONVOOT5
CONVOOTo
CONVOOT77
CONVOO78
CONVOOT79
CONVQO080
CONVOOB81
CONVO0082
CONVO083
CONVOO0B84
CONVO0085
CONV0O086
CONVOO087
CONVOO0B8S8
CONVO0O089
CONV0090
CONV0091
CONV0092
CONV0093
CONVO0094
CONVO0095
CONV0096
CONVO0097
CONVO0098
CONVOO099
CONVOl100
CONVO1l01
CONVO102
CONVO103
CONVO1l04
CONVO105
CONVO106
CONvOlO07
CONVO108

LOT



OO0

exXIT

9993 RETURN
END

00001090 CONVO109
00001100 CONVOLl10
00001110 CONVOLl1ll1
00001120 CONVO1l12
00001130 CONVO1l13
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