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19. Abstract (cont'd)

force transducer operating on the electrical arc discharge principle is recormended
as the source device and three-component borehole-coupled seismic detectors are
recommended for complete SH-wave data acquisition. This seismic exploration system,
designed to operate in the frequency range of 400-1,600 Hz together with specialized
data processing techniques capable of preserving the high-frequency timing accuracies
in the seismic signals and enhancing reflections from localized cavity targets,

is recommended for future prototype development and field evalaution.
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APPENDIX A

The Green's Function for the Unbounded Medium

The two-dimensional Green's function for an unbounded medium in the
absence of a surface layer is a solution of the inhomogeneous wave equation

(92+k2)G(x,y3x",v") = =8(x-x")6(y-y"') . (a-1)

To find the solution, the wave equation is first referred to a cartesian coor-
dinate system (x,y) having an $'-wave line source at the origin

(VZ+:2)6(x,y) = -6(x)8(y) , (A-2)
and is then transformed to a wave equation in polar coordinates. Thus, the
identity

[6(r)de =1 = ffsé(x)é(y)dxdy = ffsrdrd$6(x)6(y) ,
leads to

o

5(x)8(y) = 2L

nr

!

N

aw! the nolar coordinate form of the wave equation is
t

1ad 0y 42 1) -3
[r br(rbr) vk ]G(r) - 2 (a-3
For r ¢+ 0, this equation becomes
1o (.2 2 - _,
[cap(r37) +x 16(r) = 0. (A-4)

The solution of this equation Is the Hankel function of zeroth order. Since
Equation (A-4) exhibits a singularity at r = 0 and the Hankel function sclu-
tion should represent an outgoing wave, then

G(r) = cti, (M) (kr) (A-5)




The constant ¢ may be determined by matching the boundary condition at
r = 0. Thus, integrating Equation (A-3) over an infinitesimal area 2ardr and
letting r » 0, results in

lim {an(

9?%52) + k2f2nrG(r)dr} = -1 . (a=5)

r> 0

Using the asymptotic expression for the Hankel function

Ho(l)(kr) > ] % log (kr) .
kr + 0

and substituting G(r) = ¢ %2 log (kr) into Equation (A-6) yields

lim {ch + kzécjfr log (kr)dr} = ~1

r+> 0

from which it follows that

and, from Equation (A-5),

6(r) =4 by (I (k) .
4

This result is the two-dimensional Green's function in c¢ylindrical coordi-
nates. A more general representation of this solution for an SH-wave 1line
source at (r',9') and a detector point located at (r,d) is

Gr,et) = 4= (3o (D (ke (] (4=7)

Introducing the spectral representation of the Hankel function as given
by Stinson (1976), the free-space Green's function in cartesian coordinates
tikes the form

i @™ ajalx~x1) |
Glx,y;x",y') = 71}? | < eJA{y=y an (a-8)
‘o a




where:

a = (k2 - aH1/2

Or,

® oY (x-x") |, )
%— eJA(y=y")an ; for Y = (W2-k2)1/2 (a-9)

e
A

Glx,y;x',y") =

5

et
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APPENDIX B

The Integral Equation Formulation

The total wave displacement ul in a medium {s composed of two paris
incideat wave ull)

and the scattered wave u'S

ut = o)+ u(s) |

(B-1)
Zach wave function satisfies the Helmholtz first (interior) and second (exte-
rior) formulas. The geome:ry representing the first Helmholtz equation is
illustrated in Figure B-l.

This first equation is given by

ffs[C(r,r') ulr’)

] u(r); for r inside S
£ - aeny 28D gs - (8-2)
or qr 0; for r outside S

where G(r,r') is the Green's function.

Pix, v, 2}

-5

FIGURE B-1.

GCEOMETRY OF THE OBSERVATION POINT P(r) AND SOURCE POINT Q(r')
FOR THE HELMHOLTZ INTERIOR PROBLEM

The Helmholtz interior formula is applicable to the case when all of the sin-
gularitirs of the function u(r) lie outside of the surface S. That is, it is
valid only when the function u(r) and its first and second partial derivatives
are continuous on or inside of the surface S.

B-1

: the:
. Thus,
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Alternatively, if all of the singularities of u(r) lie within a clased
surface, S, the Green's identity given by

d

du

va(uvzc - Gv2u)dv = jjs(u =2 - G =%}ds ,

)

r dr

may be applied to the region V bounded internally by S and externally by
another closed surface ' That is, for example, by the surface of 3 spher:

with the center at the origin and having a large radius, R, as illustirited in

Figure B-2.

FIGURE B-2. GEOMETRY FOR THE OBSERVATION POINT P(r) AND A SOURCE POINT
FOR WAVES EXTERIOR TO THE SURFACE §

")

For this case, the Helmholtz second (exterior) formula is used and is given

by

J Juter) BELED - oe e

or'

vy 2uleDys

~

dr’!

u(r); for r outside S

0; for r inside S .

The scattered wave displacement, uS, which physically represents the
waves radiated by secondary sources on or ‘nside the surface, S, usually is
singular inside Vg. Thus, Helmholtz's se

[I [us(en) ngfffil - G(r,r") éEfi{JIll
S

or

or

B-2

1id formula is applicable with

]dS = uyS(r) ; for r in V .

(8-5)

RO Lo B




In additious, the incident wave displacement, u(l), whic!i has no singularity
inside the boundary, S, satisfies the first Helmholtz formula

HS[G(r, )au(gl(L) ulid(rr) gGé—f»jf»'—)-]ds =9 ; for r in V . (8-6)
r r

Adding Equations (B-5) and (B-6) and substituting the result into Equation
(B-1) yields the total wave displacemcnt function as

dult)(r") ]

or'

w(t) = 4(1) + ff [u(t)(r ) ac{i—iml G(r,r") dS ; for r in V . (B~7)
ar!

Since the Green's function G(r,r') is known, Equation (B-7) states that the
scattercd waves in the region V, outside of the boundary surface S of the
scatterer, can be found from an integration over S if the values of u(t) and

ault
'iij*<on the surface are known. For example, for a cylindrical air-filled

or

cavity, the normal derivative of the total wave displacement vanishes at the
surface S, (i.e., a stress-free boundary condition). Then the total wave
displacement, ub, at the surface S satisfies the integral equation

0) ,
- QESJ;KI)'= Q:<f u(t) () gg—(—[-—,Z—r-—-)-dS ; for r on S . (B-8)
or dr 'S or'

After the value for u{t)(r) at the surface r = a is found, the total wave dis~
placemert for values of r > a can be determined usi.ag the integral equation
for r in V given by

95-9—:—?'—)» ds . (8-9)

or

u(t)(r) = u(i)(r) + jsu(t)([")
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APPENDIX C
Formal Solution of the Integral P,
The integral Py, given in Equation (l07a) may be transformed into a more

convenient form for numerical evaluation. This integral can be converted to an
integral having limits of integration between O to = using the transformation

o

e ldh . (C-1)

(...)eddngy =f:(...)J'“ SRS S S

—>

Thus, the integral P, can be reduced to

-2k (n2-D1/2(H-n) |~

b L2 e v
I PLEL D ares v Al (L2 CRT
— . . otm
+ (—-r] + '/n2_1 ) _|dn (c-2)
’dht't‘:’l
1
-2k (n?-v2) /2

e2(n) = S

_n 221
L - romk2nev?)
in which

22212 (2opy!/2

£2(n2-v2) 2 4 (n2-1)t/2

arnd

5’2 =

ky = -— .

¥ g v Y




The integral Py, can be evaluated along the contour shown in Figure C-1. Branch
points exist at (1,0) and (v,0). The branch lines (0-1) and 0-v) separate the
regions where Im(qb~v2)l/2 and Im(nz—l)l/2 are positive (above the ng-axis) fron
the regions where both of the quantities are negative (below the np-axis). "zt
that Re(n2-v2)1/2 and Re(q~1)1?2 are always positive (the integrals will not

converge otherwise). In addition, simple poles nP are located at

~ 2.,24y1/2
- Re 2k5(nc-v<) -0 .

. e T s

This resonance equation has real solutions in the interval 1l < q(g) {ovoon ite
top Riemann s* -et, and complex solutions, to be denoted by ﬁ(P), for a\il

on the lower Riemann sheet. The former describes spectral aodal fields trapre-d
inside the top layer and which decay into the bottom layer, wheroas the lali=r
describes nonspectral leaky modal fields that transmit enerygy into the 'witon
layer (Kamel ond Felsen, 1981).

LEAKY MODE

POLES
X / / TRAPPED MOLE POLES

X
X X Y C n
ok.-——»-wx—{ R R - — = "R

A Y- : 38

n

FIGURE C-1. CONTOUR OF INTEGRATION TO EVALUATE THE FUNCTION Py

Thus, the integral P,, can be evaluated along the contour illustrated in Figure
C-1 as follows

L -]

A B C ©
Pam = [, ( Ddng = [, € ddn + IA ( )dn + jB ( ddn + jc ( ddng (

(o]
{
&~

where:

n =nr + jni .

c-2




This scheme of integration has been applied and tested using the integral

form of the Hankel function by El-Akily (1980).

cal evaluation of the int-gral, Pp,, the integral
Hn(2kng~hI) miy be used. This Hankel function can be deducel by making

€2(n) = 1 in Equation (C-2); that is,

w _~2k2(n2-1)(H-h) . n+o
1 € {(n + /n2-1 )n "

! L e -
Ha(2ko[H-h ) jn fo (n2-1)1/2

i}

+5
+ (n +mm ) Man

In fact, to check the numeri-
form of the Hankel function

(C-35)
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APPENDIX D
Asymptotic Solution of the Integral Ppp
Making the substitution A = kp sin 8 in the integral Py, given by Equa-

tion (107a) leads to

-1 2ik>(H-h) cos 9§ + jO(n+m) (d-1)
Pag = (=70 L f ea(@)e ™ ) 4

where the integration path I' is shown in Figure D-1 and €2(8) is given by

2ikah(v2-sin?e)1/2

€9(8) = e s e s (D-2)
2 | - Rerkzh(vz-sinze)l/2
in which
o - E2(v%-sin20)1/2 - cos 9
&2(v2—sin29)1/2 b cos 0
an:d
52 = E:_l »
B2
k]
and v = EE .
D-1

é;
R
B

2
B
§

i
!
K.

4
i
N
!
j
i
i
£
q
q 3
it
4
¥
3
i
"3
3




LEAKY MODE POLES

xX
. - — 3 O
—7/2 O\ /2

-~ TRAPPED MODE
POLES

oP)

FIGURE D-1, INTEGRATION PATH FOR THE INTEGRAL Pnn.
IN THE COMPLEX-ANGLE (8) PLAXNE

The asymtotic solution of the integral P, may be derived using the
saddle-point method as described in Kong (1986). To obtain an appropriate
form of the integral given in Equation (D-1) and to remove the singularities
from the resonance equation, the integrand, €2(8), may be expanded in a power
series as

- 2ik2ha @ ~s .

e,(8) = ,flgﬁfi;w — - ) [Rxe‘szha(l+l) _ R1+1e23k2hal] (5-3)
1 - Re“I%2M g=0

where:
a = (v2 - sin29)1/2
Equation (D-1) may then be expressed as
P = (-1)n*m % z { Rlezjkzha(l+1) + Je(n+m)eZJk2(H—h) cos Gde
9=0 T
- R1+182jk2ah1 + je(n+m)82jk2(H-h) cos ede} (0-4)
r

D-2




X
Fach integral of Equation (D~4) may be representz=d in the form R
i
R
.

- ; ~nf(o6

where n is a large parameter. Equation (D-5) has been derived by the saddle-
puoint method and is (Kong, 1986)

. mfy) /2w N S A
L) = Fp@o)e 70 [ {1+ s (5§

1e1y2 '_'A \ :
1 5 (f”, DA (D-6) } %5
4 f 12 (£'1)2 F F

—— - +

where 9, is the saddle point.

From Equation (D-4), the function, f, for the first irtegral is

.- h(l+1) R
fa+1 = Jlcos & + g“f{.};“] | 3

and is, for the second integral

?
e

hi
fq = j[cox g + %:H]

&
IS

ron which the parameter n is deduced to be

n = 2k2(H-h) .

A AP -

Since the integrals of Equation (D-4) have the same form, the saddle point,
80, is determined for the first integral to be

i[cos & + 255=2) =0

[e Yoy
[avd
[S9)

which gives

8 =m; for n = 0,%1,%2,.....

Iy P DSt TR, 5 T 5 A SR IR A N

D-3 .



Since the saddle jpoint must by within the interval -%/2 < 8, < /2, then B,
must be equal to zero. Therelore, cvaluating the derivatives of the functicn

f 2 fg41(8) ar 6, = 0 and substituting them into Equation (D-6) vields

R(LHL), oo —op - o
23k (H- ST 2
Ig(n) = Fp(8, e e-m[1 + 5] T

S, T hGAD)y
/9 nxrl)
v 23ka[ 1+ (H—h)v] !
i
4 3
N N alryeell T e )
’ , 0y L ha+) s Teg+l F c
<y (H- TREALS kA o=
4k (ti-h) 1 (H~h)V] L+
where:
_ h(z+1)
e+l T TR
and Fy(8,), (F"/F)9:30 are yet to be determined.
For convenience, the function Fg = FR(S) is defined as
Fl = Raefc {(2-3)
where:
R 2 R(8) .

In orler to evaluate Equation (D-7) for 85 = 0, the function Fg and the
ratio Fg''/Fg are vequired. The second derivative of Fquation (D-8) is
derived to be

2
d=R dra "
Fo'' = AQC -__._a, + 20 - = 4 Pt Jre -9
I 2 {d02 < 30 Rdc=} ( )
where:
_d}{.i = ,ra-1 dB. ;
do d
? R, 2 d2R
diRE a(a_l)R:]—l(_d_) + gra-l 42 ;
462 de 92
D -4




dR _ (”~a) sin 8

dQ (:“a + cos 9)“

a?
do

R _ > £C2a cns B+ SLnZO I {J
5 = 2(5ma)

(¢2a + cos 0)

At the saddle-point 9, = 0, the ratio between Equation (D-9) and D-8) is

Fg ' .2
B (D-10)

an! the function Fg(Q) is given by

(Fg), =

In the first integral of Equation (D-4%), defined as

@ Mo (Hot Y g Efﬂ%f}). ; .
5 phetR2(Hrnlicos 8 ¢ J o+ s0tata) g (D-11)

1=0T

the function Fp at saddle point 8, = 0 is

Fg(0) = r? (D-12)
ang
F LI ? 2
(—%f—) S 4\2,_1_7‘_ - (nta)? . (D-13)
L 06,=0 (sz) -1

Thus, the asymtotic solution of the inteyral Iy is
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1 e N (1+1)
o 2kp{ (h=h) + h }
I 2 h
< RUL Y = e T } + -,2§—Y-~~—~ - (n+m)2 (b=14)
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and

1
o x .| 12
I 2jkp(H-h) + 2jkohly -~ &+ j 2n
2~ Z € 4 TR
= 332[(H—h) + Vil
x R+l | - »—n—-—-1~——~7{{ -% SR L2 (D~15)
Gkol (H-n) + =] (t2v) _

Finally, replacing the asymptotic solutions of the integrals I} and 1; in
Equation (D-4) leads to the asymptotic solution of the integral, P That
is,

nmn*

J2ika[H-nn(as)v]- U % (n+m)

4
0

o
3
8
i
i o~ 8

1
2 2
2y (Hoh) + (1*1)h]

; or 2
RL 1 - N — %+ .ﬂC_,._\i___ - (n+m)-

k[ (H-h) + 353;;—21 %

E L2kl Hhehav]- g 3 (em)jf 2 2
2=0 2k2[H-h + o

NEAYSY PR B _2alvasl)

5 - (n+n)?
wg mny + Y @2 -

&= |

’

for c;p < pycy o (D-16)

In the optical limit as

Zk2[{(H-h)] » =

D-6




the following approximate expression for the integral P may be obtained in
& t am P
terms of Hankel functions. That is,

=
Pam ~ L agsilpspl 2ko (H-n+n(a+l)v]}? | _

- ¥ bgHy el 2% [EH-R) + nay]jRETE (D-17) =

2=0 k:

where: b,
_ _ 1

h(i+l)v 2 g 7

1 4+ X 3

_,_.Hl - . s -3

e h(wD) " |

(H'—h)\) l‘ "4

- B ]

and t
‘i

- 1 : ’%

2 g 2

i + .}_1_9‘_" { E

- H~h 2

O B T 3

+ — e —
(H-h)v

In order to simplify numerical calculations, the approximate solution of an 5 :'
Ziveu by Equation (D-17) may be written as g =
g2 - 1 f i

Pim~ = Z5—-— Uyegl2k2(H-h)] i

nm sz ‘1 n+m 2
e

% ’T

B -1 MI ; .

> r2, - 2, -
v Yoy kl}_’v"_‘l‘ - Q_iV_,,l Hara(k2sg) (D-13) g

2 =1 v + 1 ey + 1 5 -
- — 1 3]

n-7 i
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APPENDIX E

SH-WAVE SEISMIC PULSES RADIATED BY A LINE SOURCE
IN A TWO-LAYER HALF-SPACE




APPENDIN E

E.1 The Incident Field and Its Represeatation

The transient SH-wave displacement for 3 line source located at tihwe source
position (xs,ys) in the bedrock semi-infinite half-space satisfies the wave
equations:

2»
p;Vzu =Py QW% ; for 0< x < h £-1)
ac?
and
- 324
pov2u - P, i -5 (x-xg)8(y-yg)5(t) ; for x > h . (£-2)
t

The transient solution for cylindrical wave motion may be developed using
the Cagniard-deHoop approach described in defwop (1960) and in Aki and Richards
(198D). This solution employs the Laplace transioram of the SH-wave displace-
ment for a line soutrce in an unbounded mediun

“S{ply-ys) + alx-xg)]

l ]
u(x,y,xg,y5,5) = ERBE—Im{fO 2 dp} , (E-3)
where
1 1/2
a = (-9
e2

[(x—xs)z - (y_ys)le/Z . and

o]
1]

the shear wave velocity.

(g]
]

The branch cuts t% determined by Re a » O and the path p = p(t) for different
values of t are shown in Figure E-l. The function p(t) is obtained by solving
the equation

b = ply-yg) + alxxg) -
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B FIGURE E-1., BRANCH CUTS, THE INTEGRATION PATH FOR THE LAPLACE TRANGFIRM,
5 AND THE CAGNIARD PATH C IN THE COMPLEX p-PLANE

B 1

b { The Cagniard path C in the complex p-pla.e is obtained for which the

; quantity p(y-yg) + a(x-xg) is real. The path begins at t = 0 on tb . uegative
; real p-axis, turns on the branch of a hyperbola at t = R/c and continues on a
; path having an asymptote at an angle 0 = tan'l(y-ys)/|x-xs} with respect to

{ . 1 the positive imaginary p-axis. Note that on the real p-axis the path C cannot
o lie on the branch cuts. Figure E-1 also shows jpart of a large arc, Cy, in the
i first quadrant connecting the imaginary p-axis and the path C. The angle €
o miy be identified as the angle of incidence of the ray from the source to a
- B d-tector.

There is no contribution from the integrand of Fquation (E-3) along that
part of the path C between t = 0 and t = R/c, since p is purely real. Neither
is there a constribution from the large arc Cp in the first quadrant. Since
there are no singularities between the path C and the positive imaginary
p—axis, Aki and Richards (1980) conclude that the Laplace transform of the
SH-wave displacement for a line source in an unbounded medium, in terms of the
Cagniard path C, is

1 o SIply-ys) + alx-xg)]
u(x,y,%g,y5,S) = 3;52? Im{fc 7 dp . (E-4)

-t m e . o o
] e s aa e —a Ty g T S v T, S —— =TT = W - ——— .




£.2 Transient SH- ~Wave Displacen

The integral
(E-4) may be genera
elastic properties.

ents in a Two- -Layer Half-Space

reprzsentation of the wave displacement given by Equation

cpPr

aliz2d for the SH-wave displacement in regions of different
Thus,

For the region 0 < x < h:
~Sp{y-ya)
-S X S h 78 \
up = —~-- ;-Im{f‘[fi(p)e xxy g1{ple GLKJE— dp} (E-5)
2np ¢ * o x|
For the region x > h:
-Sp(v-y.)
- e Ry . PLY7Ys .
up = 1alf Le Sazlexsl g pre SN ap} (£-8)
hnpzcz 2
whore:
1 1/2
ap = (5 - '/
€1
and

The factors £1(p),

\ 1/2
("7; - 92) .
co*

21(p), and f(p) are arbitrary functions of p which rerlor

the integrals convergeat and satisfy the follawing beundiry conditions:

At the surface:

At the layer

and

K=

interface:

duy dup
(Hl 5}N)x=h (u“ 5}")<=h
(up) oy, = Cu2) -n (E-7)




These boundary conditions lead to three linear algebraic equations to =olve
“or the unknown coefficients f1(p), w1 (p), and f2(p). The soluticn of the
Sl-wave displacements for the surface layer and the cavity host medium is:

For the region 0 < x < he

. o SIp(y=ys) + aa(xgh)]
§) = ————5 1 ) —
) <L n{f e10) ¢,

5 [e~5a1(x+h) + e—Sal(h-x)] }

dp (£-3)
For the region x > h
1 o Sip(ymys) + aglx=xg)]
us(8) = —-- Im f = dP}
mpycp? TC %2
NN S E?SEZ e—S[p(y—ys) + az(x-xs)]dp} (2-9)
Anenl o ¥)
M) <
where:
T(p)
e1(p) = “oye
1-R(ple OX1P
2Sah
-R(p) + ' .
z2(p) = P 2821k e
1 - R(p)
2
<p2al
T(p) =

Bl - H2a .
O AL R S E-11)
R(p) NIRRT (

S KA (| W TP




E.2.1 Detector in the Bedrock

The first integral of Equation (E-9) represents the incideat Sil-wave
displacenent, u2<1)(5), for a line source in an unbounded mediu:, having an
SH-wave velocity, ¢p. Applying an inversion technique developed by detloop
(1960) and presented by Aki and Richards (1980), the integrand of the incid.n:
SH-wave displacenent, uz(i)(S), may be inverted in terms of the time variabl~
of integration, t, to yield

© -St

T (1)(") = _M.l_.,,, —_— e . d (,-_17)

un > t |9 Z
- 3192C,2 IRS/CQ (tZ_RSZ/CZZ)l/Z

from which the delta-function respoase can be identified and is given by

uy (i) () = Enp;c;a E}?éii%?%fg ; for t > tg (E-13)
where
Rg = [(x-xs)z + (y—ys)zll/z ; and
tg = Rg/cg = arrival time at the detector location.

. 3 € N . . .
The second term of Equation (E-9), upfeil(sS), sives the generalized reflection
Tesponse in the bedrock medium. The function €2(p) may be expressod 25 a
Po~cr series expansion of the denominator

N
- ;
'—“‘1'5?{" R UL (E-14)
I - Re ML =0

to yield,

(E-15)

N N
2 RQQ-ZSalh(l*l) _ z R1+1e-2511hl
2=0 =0

£2(p) =

where N s the total number of reflectinns within the surface layer. Substi-
tuting Equation (E-15) into the second term of Equation (E-9), the ygeneralized
reflection is




PUE g ew T A - m s s

1
uzrefl(s) R

,® L '
Im} [B_,.(P_)_ .dP,Je"St dt
mpoe2” g

a? de

[Raati’d

0 t1+1 p=pi+l(t)

N o pl+1
S Z Imf [B-—-—(P—l QP_]Q—S[: de . (E-15)

2npacad o2 a? dr
P2C2% 2=0 1ty p=pg (t)

In the time domain, the generalized reflection displacement in the
delta-function response can be identified directly from Equation (E-16) and
is thereby

2
refliey - ~}-3—{ ) Im[B"fP) g%] Ht-tg+1)
mpe2t Tg=0 0 %2 p=pg+](t)
N R'Q*’l( ) d
- 1wl —2—-EEJ H(t-tg)} (i-17)
220 2 p=pg (t)

where pg(t) and pg+1(t) are solutions of the nonlincar equations given by

(ad
]

ply-ve) + ap(xtxg=2h) + 2a Mt (5o18)
and
t = ply-yg) + az(x+xg-2h) + 2z h(L+1) , (£-19)

respectively. The time derivatives of the variable, p, associated with Vqua-
tions (E-18) and (E~19) are given by

ijp_l< = e l e (F_‘:‘\,)

dt (x+xg-2h)Py  2htPy
ly=ysl - e, @) a @

and
Meaer M (E-21)

de . (x¥xg=2h)Ppy  2h(R+1)Pyy

ly=ysi Ta AT T D ‘
E-6




A s w EAE o ke ~
in which
1 2,172
aj(“ = ("’2' - py)
o
J
1 2 1/2 )
a0 = (=5 - pia1) T 5 for = 1,2
Cq
]
The times of arrival associated with the first and the second ter: s of
Equation (E-17) are gziven by
t = _'.iﬂﬁﬂiiz?__,-. — 2h(&il)~-ﬂ,< (E-22)
Ll ¢y cos 82(2+1) cy cos 61(1+1)
and
x+xg=2h 2hi
2 S (E-23)

SRR ¥ UG i S U SO
cy cos 92(1) c] cos ei<1)

where the angles 91 and 6) are the angles of the ray trajectories in the sur-
face layer and in the semi-infinite half-space, respectively. Each term of
Equation (E-17) represents a ray path that reaches the observation point after
2 reflections in the surface layer. 1In fact, the multiples occurriang within
the surface layer are retained and, after 1 reflections, the SH wave s trans-
nitted into the bedrock formation. The ray contribution associated with the
first tecrm of Equation (E-17) is shown in Figure E-2(a). The horizontal dis-
tance between source and detector cdan be inferred directly from the ray geome-
try shown in Figure E-2(a) as

rg+1 = (x+x3-2h) tan 82(1+1) + 2h(2+1) tan 91(Q+1) . (E-24)

Similarly, the horizontal distance between the source and detector for the
second term of Equation (E-17) is given by

rg = (xtxg-2h) tan 8€%) + 2n1 tan 0, (1) . (E~25)

The angles 91(1) and 82(2) may be obtained for an arbitrary point of
observation p(x,y) by solving the following systems of equations:

ry = (x+x4-2h) tan 62(1) + 2h& tan 91(2)

in 9,(1) tn 8L
R LA DR 3 (5-26)

) ]
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FIGURE E-2. GEOMETRY OF SH-WAVE RAY PATHS FROM A LINE SOURCE (0 A DETECTOR
IN THE BEDROCK LAYER SHOWING THE CONTRIBUTIONS ASSOCIATED WITH
THE POWER SERIES EXPANSION OF EQUATION (E-17)
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and

tg+; = (x+txg-2h) tan 82(2+1) + 2h(2+1) tan Ql(i*l)

sin 97(l+1)

€2

These equations may be

sin 91(1+1)

€l

= p(2+1)

expressed in terms of the ray-path paramater, p, as

(x+xs-2h)
ry = SXTRsTVR _Zhip (5~28)
/C“H?ijgt Ve :?ij$5
2 1 p=p2)
and
(x+x5-2h)p 2h(+]
Tel T ToiTooo ¢ ':§§f; }fér (E-29)
se2™t = pt yeTt - p? L+
p:p(i+ )
for 0 < p < -
or P .
For a prescribed source-detector position, Equatioans (E-23) and (£-29)
il obe so.oved numcricall{ for the ray parameler p. 1In this way th» pairs of
angles of incidences (812, 87%) and (81 (2*¥1) | 45" *1)) may be determined and
substitut~d in Equations (E-22) and (E-23) to obtain the arrival tinmes, ty and
ta+1s for 2 =0,1,2,... Nu
E.2.1.1 Numerical Algoriths to Solve the Equation p = p(t)

Since no simple analytical relationships exist either to solve Equa-

tion (E~18) or (E-19), the solution of p =
?f a numerical technique.
If the starting value is chosen judiciously (detoop, 1979).

p(t) must be determined with the aid

An iterative technique can be applied successfully

Starting values of

P = P may be obtained from the equation

Ply-yg| + (1/¢2-p)1/ 20 = ¢ (£-30)

where the unknown quantities H and € are selected such that Equation (E-30)
3pproxinmates that of Equation (E-18) or (E~19)., 1In particular, values C and H
are chosen such that Equation (E-30) asymprotically coincides with Equation




(£-18) or (£-19), as [p| + = and at p = 0. For example, Equation (E-18) nay
be expressed in terms of the parameter p as

) 172
Ao /

‘._, . - -
Piyys| + (h+xs Zh)(cgz Clz

w' ch, for large values of [p|, reduces to ;
p= t/[(y-yg)? + jlxtxg-2h+2n)] . (2-31)
In the same manner, for large values of |P|, Equation (E-30) reduces to
Pz t/[(y-vg) + 3] . (5-32)
Comparing Equations (E-31) and (E-32), it follows that
H = x+xg + 2h{(2-1) .
The second conditions for Egquations (E-30) and (E-31) are

xtxg~2h - apg
p =0 at t = ———— =
2 cl

)

P =0 at ¢t H/C ,

from which

(x+xg=2h)/cp + 2ht/cy
Txtxg2h(R-1) -

Al

Solving Equation (E-28), the starting value Pg to bte used for pg in Egquation
(E-18) to begin the iteration process is, therefore

'y =y | ; v )2 2 1/2
pp e ISy )T (E-33)
ly=ys |2+ 12 ly-ys ]2 + My Cy
1

2
for  [(y=ys)2 + 1g2)7/Cq ¢t <o ,

E-10

TR W T W




where:

t

Hy x+xgt2h(2-1) ; and

X+XS-2h + 2h/9.)

L/¢q = ( /[x+xg+2n(2-1)] .

€2 ¢l

Alternatively, the starting value Ppy) to be used for pg+] to begin Eguation
(E~19) in the iterative numerical procedure is

. 2 }
y7s] Ife+1 ,  (mye)? x Hgy 12 ,
Pisyl = : + — [ < - J (E-34)
[ — |2 + H2 , -— ’2 + H2 Cz
y YS$ 1+1 y )’s 2+1 1"’1
1
2
for [|y—y312 + H1+12] fCrep €t <= 3
where:

Hy+1 = x+txg+2Zh2 ; and

x+xg-2h  2h(2+1)
4 o]/ (g P20

1G4t = |

For an initial value of t > ty, the starting parameter, P, is deter-
mined from Equation (E-31) and then substituted into Equation (E-18) such that
the following requirements for the Cagniard contours are satisfied. That is,

1 1/2 1 1/2
Rel p(y-ys) + (x+xg 2h)(——~2-- - p?) + Zhl(w—é -p2) ) =t
c2 cl
1 1/2 | 1/2
(ol ayova) + (o) (y = 02) 0 oz - 99 -

where p is complex and t is real.

For example, for an initial parameter p = p] + jp2 and a given value
of t greater than the urrival time, ty, the equations

prly-ys| + Relgg(p)) -t

i

3
A (E-36)

fs

p2ly-ys| + Imlgg(p)]
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e R e o T ——

in which

1 1/2 1 L1/2
81(p) = (xtxg=2n)(— - p2)  + 2ni{— - p?)
co cy

may be implemented in a numerical procedure for solving a system of nonlinear
equations for the unknowns pjy and p2. Thus, for given values of t and start-
ing values of the complex variable, p, a Cagniard contour may be constructed
and used to evaluate Equation (E-17).

E.2.1.2 First Motion Approximation

In order to simplify the analysis, Equation (E-17) may be written
with only one summation as

~ ref 1 R(p) d
uy () = PYSUSY) Im{”&%“ E%] _ H(t-to)
mP2C2 p—po(t)
N L
=1 p=pg (t)

where py(t) and pg(t) are solutions of the equations

t = ply=yg) + ap(x+xg-2h) (2-38a)
and

= p(y-yg) + ap(x+xg-2h) + 2aht |, (E-38b)

-
i

respectively. The time derivatives of the variable p associated with Egia-
tions (E-38a) and (E-39b) are given by

dp _ _ _Ja2lpo)
dt i
/t2~t02
and
dp . ____ R
dt x+xs“2h 2hR ) )

IY“Ysl - P('az(g) + al(g)

E-12
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Therefore, the first teri of Equarion (E-3.) may be expressed in clonsed form as

Re: R
- -.e_.‘,a}..{._.gpo_) _]A H( t —tO )

2.2
JEo-tg

where:

1/2
o = [(xrxs20)2 + Iy 2 %c s

and

(y-ysit (x+xg=2h)
Polt) =~y 7t 5 (12mte?)
(y-yg)= + (x+xg-2h) (y-yg)2 + (x+xg-2h)2

Thus, a more appropriate form for the total SH-wave displacement for the delta-
function displacement response is

S(e) - - 1 H(t-tg)  Real({R(py)] H(mt.)
= 5 T T oo Bl
oge2t T2, 2o 2

Ri,ﬁﬂ]

q
+ 1 tef(rR7 - Ry - - oK

H(t-tg) .
L=1 t)

-39
p=py { (E-39)

To reduce numerical computations, the first motion approximation for
the reflections may be applied to the summation tera of Equition (E-39). In
the first-motion approximation, only valies of p near py influence the behavior
of the SH wave displacement (Helmberger, 1963). In Equation (E-39) the only
function that is not slowly varying near pg is the time derivative dp/dt. This
Mumerical technique requires the time, t, to be expanded in a power series
about the time of arrival, tyg, as

dt 1 a2t ,

t =ty + (EB) (P—Pl) + E-(—-ij (p—pl)z + eeen (E-40)
P=py 0P p=py
and since (gfﬂ =0,
P=pg

o1 42 2 (E-41)

et ) () ()2 *

4P p=p,

BVABE. 0 RN B s i,
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Solving Equation (E-41) for p and taking the time derivative yields

4 -1/2 32 1/2 .
(@) - e P2 2y (i) )
P=Pg

-

The second time derivative of p(at p=pg) is obtained from Equation (E-33b) .and
is given by

(=) - - (S Ay (£-43)

Substituting Equation (E-42) into Equation (E-39) yields the first-unotion
soproximation for reflections in the surface layer. The total SH-wave
displacement for the delta-function response at the detector location is,
therefore

H(t-te) Real(R(py)]
1 7 _1~t..-.$,_ - _fi:__PP__ H(t"to)

Gz(t) i ;;pvcz

where:

and

sin 82(2)

py = -;,15_~__..

The first term of Equation (E-44) corresponds to the direct SH-wave pulse hav-
ing an arrival time, tg, while the second term represents the SH-wave pulse
reflected in the bedrock-surface layer interface having an arrival time, tg.
The summation term is associated with multiple reflections of SH-wave pulses

in the bedrock and in the surface layer having arrival times, tg (for & = 1,2,
3,... N).

For a transient SH~wave pulse acting along the z-axis parallel to the
cylindrical cavity and consisting of a body force, f(t), the transient SH-wave
displacement is obtained by convolution; that is,

E-14
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U (D (e) = - () * T () (£-45)
2npocy)

and its time derivative is

d\.l)(l\(t) 1 d A,
- = = {5 (6o * T, (o) (E~49)
where:
~ - H(t- tg ) Real{R{(py)|
Tz(l)(t) = — _____:__,“.E_Q____ H(t-ty)
Jtli-tg? st2-t 2
N 2
I L e Y i (E-47)
a’ 9 1/ -
2=1 < p= (289) /(t-ty)
in which:
S x*xg-Zh 2ht
z a23c22 a13c12
and
LT T

£:2.2 Detector in the Sucface layer

The SH-wave displacement for the line source in the bedrock layer and
the detector in the surface layer as given by Equation (E-9) may be expressod
in terms of two integrals

] tof TR,

U1=..____q_
2npzc22 =0

-S{p(y-yg) + a) [x+h(22+1) + ap(xg-h)}

X e

1
. “__-__k‘ z I f T(E)R( )

2wp2c2 =0

y e—S{p(y-yS) + ) [=x+h(22+1) + ajp(xg-h)} . (E-43)




|
1 From these expressions, the SH=wave displacement at the surface (x = 0) is
. 1
X
¥ | B T(IR(PIY =STp(v=yg) + ah(28+1) + x2(xg-h)]
b & _ 1 2 E Imf-li~‘jL-e PRYTYs 2l 123 Xs -dp (£-49)
- Ul =TS =0 C a?
H AMp2C2©

and the generalized reflection displacement is given by

Y 1 2
g uy(s) =T g
. 2npocy

P

ImI. [Iﬁﬁlﬁiﬂl& ER]e‘St dt . £-50)
J oty a2 dt g (O

In the time domaiin, the generalized reflections for the delta-f.unc .inn
displacement response can be identified directly from Fquation (E-50) .-

: 1 T e R dp
; U (e) = e 2 7 1 2R 1(p H(t-tg) , _
3 2np e XZO ) dt]p=p1(t) * (E-51)
where pg(t) is a solution of the nonlinear equation given by
{
; t = ply-yg) + az(xg-h) + ajh(28+1) . (Z-52)

The time derivative of the variable, p, associated with Fquation (E-52) is

aP !
dt f Xxg—h (28+1) . =
- - re2s 2 s — -
ly ys ! PL a, ) ] (E-53)
& in which
aj = (--1-7 - 12)1/2 ; for 3 =1, 2.
Cs
]
}; The equation to compute the times of arrival of the reflections for a
‘ detector at the surface is given by
Xs ~ h h(22+1) ,
4 S res 5,0 T cos 8,00 (559
i cy cos 07 c] cos B

oy T R PN




where the angles 9 and 8) are the angles of the ray trajectinries in the sur-
face layer and in the sceni~infinite half-~spice, rvespectively. The rav coulri-
bution associated with Equation (E~54) is shown in Figure E-3. The horizoatal
distance between source and detector can be inferred directly from the ray
geometry shown in Figure E-3 as

ry = (xg~h) tan 62(1) + h(221+1) tan 61(1)

The angles 81(2) and 92(1) may be obtain-d for an arbitrary point of observa-
tion p(x,v) by solving the following syst: a of equations:

%3]
|
w
i
~

ry = (xz~h) tan 92(1) + h(21+1) tan Sl(i) (

sin 92(1) sin 91(1)

et D el - = p

€2 €l

These equations may be expressed in terms of the ray-path paranmeter, p,
as a nonlinear equation given by

e - —wTp L, hQRep

-2 2 -2 2
yea o - op” VA S

for 0 < p < L/ey

For a prescribed source-detector position, Equirion (E-56) must be
Solved nUmericalli for the ray parameter, ».  In this wiy the pair of angles
of incidence [61( ), 92(1)] may be determined and subsrituted in Equation
(E-54) to obtain the arrival times, ty, for 2 =0,1,2,... N,

Implementing the first-motion approximation in Equition (E-51), the
SH-~wave displacement, uj(t), becomes

R N Rt T(pg)
Uty = ——l _.35~-<Re[--f532~£3§ﬁ N (E-57)

S N N e s L IOV ey,

where:

s, = {xg7h) , h(2l+1)
25 3c,2 3.2
2°c2® aye)
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GEOMETRY OF SH-WAVE RAY PATHS FROM A LINE SOURCE IN THE BEDROCK

LAYER TO A DETECTOR AT THE SURFACE SHOWING THE CONTRIBUTIONS ASSOCIATED
WITH THE POWER SERIES EXPANSION OF EQUATION (E-51)
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and

sin 93(2)
Py = T

c2

For a transient SH-wave pulse acting along the z-axis parallel to the
cylindrical cavity and consisting of a body force, f(t), the transient SH-wave
displacement is obtained by coanvolution; that is,

UCe) = s (£(e) * 7,0 ()) (£-58)

and its time derivative is

duj(t) . “
S E—~37~3~§; (£¢t) * 1,0 () (-59)
LCPIPE
where:
- N 2
(D -/7] - Re[g—éa?-@] e (E-60)
-0 /53 2P0 Tpapa Vt-ty)




APPENDIX F

ASYMPTOTLIC SOLUTION OF THE INTEGRAL Qunu
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APPENDIX F

Asymptotic Solution of the Iategral Qup

Making the substitution A = kp sin 8 in the integral Qu, given by
Equation (110a) leads to

Qug = (-1)0¥8 L[ ¢ (a)e k2 (2Hhmx) cos 6j(atn)
X

[ejkza(e)(x+h) + ejkga(%)(h—:\')] (F-1)

where the integration path I' is shown in Figure (D-1) and £{(8) is given by

T(6)
9 =TT TS U TN S AN —2
in which
Czu(e) - cos @
R(3) = 2l
£2a(0) + cos ©
T(8) = — - 028
622(D) + cos ©
x(3) = (v2 - sinze)l/z ;
£ = ui/uy 3
and
v = k1/kp .

As was done in Appendix D, the asymptotic solution of the integral Qu, may be
3erived using the saddle-point method. To obtain an appropriate form of the
Ntegral given in Equation (F-1) and to remove the singularities, the inte-

§rand, £1(9), may be expanded in the power series

e1(8) = T(8) | ri(g)eldk2t (F-3)

2=0




where:

a2 = a(8) = (v2 - sin9)l/2

Equation (F-1) may be express as

+ -

k. Chn = Qm * Qn (F-4)
~: ] where:

- . H-h-x r + c . .

4 Qng = ()00 2 ] pr(e)R<e>1eJk2(2‘ h=x)gh(8) + cos B]yp satnem)  (ros,
3 2=0

and
& N L D) frT(e)R(e>1ejk2(‘“‘h"*)[g (©) + cos 9]y5 50(nm) (7o)
£=0
in which

: +(g) = Alx+h+28h)

r: g7 (%) 2R-h-x
s {

i and

- 3 ~(g) = alh-x+2¢h)
3 OO T
ko

S For a detector located at the surface (x = Q)

; - _ - _ad+#20n .
1 §(8) = g*(8) = g7(8) = ST 5 x 0 0 (57

and the integral Qu, is reduced to

i @ . NN . .
i Qun = -3 2] f 1(e)rtelk2@HIE@) + cos 0] yg j0cnrn) (r-8)
oy, 2=0T

To solve the integral Qup using the saddle point method, the following inte-
gral is considered.

F-2

R
. 1 ey 4 T D 3 T
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jko( 200} (2(8) + cos 8) + _j*}(n'm)d‘3

I = IFT<9>R<9)1e (F-9)
which has the general form given by
Iy = jFp<9)e“f(9)de (F-19)
where:
n = x2(2H-h) ;
£(8) = j(g(8) + cos 8) = j(cos 6 + ega) ;
F(8) = T(8)RE(8)eiB(ntm)
and
- {21k
€1 2H-R

The saddle point, 8,, is determined fron

%5'(cos 8 + ega(d)) =0

which gives

<D
1]

. = 2
nn; for n = 0,r1,+2 ...

Since the saddle point must be within the interval -%/2 < 8, < /2, then 8§,
BUst be equal to zero., Equation (F-10), as solved by the saddle-point method,
has the form

f(o 2—-___ 1 £rer P
o+ o O 5

—] + o} (F-11)
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The functiouns F and f and their derivatives are evaluated at 8, = 0, These
functions are given by

2
2 sz -1
F(0) = —p - -
sz + 1 (sz + 1)
3 X 2 2 -
\:_ (»E___) = { ZC V;Q__” _ C (V l/V) - (n+m)2}

8,=0 (1 - g2u)(1 + ¢2v) 1+ 42y

£(0) = j(1 + egv)

(r-12)
- f"(O) = _j(l + Gi\))
; and
(fiv) L+ = eg(l = 3/4v2)
E LerT = oo .
£ 8,=0 L + eg/v
'gi Thus, the asymptotic solution of the integral Ig is
e e n
_ L 2 3k (2H-R) 4 3k (25+1DDhy - ]
Lo = ToRobt /3 Toimny + k3 22+ Dhw © N
B —_— ot 13
ol <1t . Grnlis T+ T2 (F-13
T 2k2(LH"h) + 2k2 ----- —
R v
where:
2
T, = - S
© sz + 1
‘{ ” CVZV -1
2 o fzv + 1 ’
. 1
- 12
., | 1+ (22+1)vh/(2H-h) .
bg = | T N ’
Py 1+ (22+1) —/(21-h)
s v
m - -
' F-4




fiv
Ty = (F77) ;
8o=0
and
( 'l)
Ty = (o .
g =0

Finally, replacing the asymptotic solution of the integral I3 in Equation
(F-6) leads to the asymptotic solution of the integral, Qum, at x = O. That is,

N —— r i R
. 11 2 i{kol 2H-h) + Q2+Dhv] - 5 - (n+a)}
~ 9 Pl e { i
U = “xzobeORO n v kp(2H-h) + kp(22+1)hv N
<[+ --~T--‘«J—-‘-‘~7;~~ gé Ti+T72] . (F-14)
Z{RZLZH—h+(22+1);]}

In the high-frequency limit as 2kp(2H-h) » @, the approximite solution for the
function Quy may be obtained

N
x2) blToRiHn+m1k3E(2H—h) + (1+20)hv ]} (F-15)

Qnm L
2=0
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APPENDIX G

SYNTHETIC SEISMOCRAMS OF SH-WAVE REFLECTIONS FROM A CYLINDRICAL CAVITY
IN A TWO-LAYER LOSSY HALF-SPACE
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APPENDIX G

in a Two-Layer Lossy Half-Space

Synthetic Seismograms of SH-Wave Reflections from a Cylindrical Cavity .

The synthetic seismograms presented in this appendix highlight the impor
tant case in which the medium is represented as a two—layer medium containiag a
cylindrical cavity target in the lower (bedrock) medium. The surface laver
represents the weathered layer and is typified in the model as a relatively low )
velocity unconsolidated soil. The constitutive parameters of SH-wave velocities 28
and the mass densities of each layer are maintained essentially the same in all X
of the computed cases, whereas the 2-meter diameter cavity depth, the surface
layer thickness, and the absorptive characteristics (Q factor) of each layer are
the variables. For convenient reference, the various parameters associated with
each synthetic seismogram are tabulated in Table G-l.

TABLF G-1 &

LIST OF PARAMETERS USED IN LOSSY TWO-LAYER MODEL COMPUTATIONS o

Figure|Cylindrical] Surface |Surface | Seismic [— Surface | Reflections in |
No. Cavity Layer Layer Detector Layer Surface lLayer !
Depth Thickness|{Q Factor; Location|SH Velocity Direct| Cavity |
N S (m) | _(a/s) | Wave Refiection|
t e
G-1 50 5 50 Bedrock 200 0 1 - -
G-2 50 10 50 Bedrock 200 0 1 o
G-3 50 5 10 Bedrock 200 0 1 73
G-4 50 10 10 Bedrock 200 0 1 i
G-5 100 5 50 Bedrock 200 0 1
G-6 100 10 50 Bedrock 200 0 1
G-7 100 5 10 Bedrock 200 0 1
G-8 100 10 10 Bedrock 200 Q 1
G-9 50 5 50 Surface 200 0 1 N
G-10 50 10 50 Surface 200 0 1
G-11 50 5 10 Surface 200 0 1 b
C-12 50 10 10 Surface 200 0 1 b
G-13 100 5 50 Surface 200 0 ! .
G-14 100 10 50 Surface 200 0 1 -
G-15 100 5 10 Surface 200 0 1 ke
G~16 100 10 10 Surface 200 0 1 N
G~17 50 5 50 Bedrock 500 0 1 N
G-18 50 5 50 Bedrock 500 1 2
C~19 50 5 50 Bedrock 500 2 3
6-20 50 5 50 Bedrock 500 3 4 4

T



TABLE G~1 (Cont'd)

FigureICyizBdrical Surface |Surface Seismic Surface Reflections in

No. Cavity Layer Layer Detector Layer Surface layer |

Depth Thickness |Q Factor| location|SH Velocity Direct Cavity !

o {(m) (m) 7_L’ (m/s) Yave [Reflectinn
G-21 50 5 50 Surface 500 0 ‘ 1
G-22 50 5 50 Surface 500 1 2
G-23 50 5 50 Surface 500 2| 3
G-24 50 5 50 Surface 500 3 4

Invariant Parameters:

Surface Layer Mass Density = p; = 1,500 kg/m3
Bedrock Q Factor = 100

Bedrock SH-Wave Velocity = 2,500 m/s

Bedrock Mass Density = pp = 2,700 kg/m3
Source Located in Bedrock

_ Detector Separation Distance = 2 m

- Cylindrical Cavity Diameter = 2 m
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APPENDLIX H

Compuier Prograns

Hel  Plane Wave Scartering

The prograns in this Section H.l model the scattering of plane SH waves
from 2 cylindrical cavity in a honogeneous lossless whole-space as a fun. tion
of frequency. All computational programs dre written in FORTRAN 77 language.
The graphics prograus of Section H.3 are written in C language.

Hol.l  Energy Scattering Cross-Section Program

Program ¢ ocsect

Author : J.C. Biard

Discussinon : The program csect calcelates the total energy-scattering
cross—section as expressed by Equation (37) in Volume I as a function
of frequency for a cylindrical cavity of radius, a, illuminated by a
plane SH wave in a homogeneous whole space. The cross-section is
reported as a function of wavenumber multiplied by the tunnel radius.
The summation of the contributions mide by the different scatrering
modes is computed to an accuracy of 0.01 percent of the value.

Invocation @ The program is invoked by typing

csect > ofile

where ofile is the output filename.

Formal Argunents @ none

Procediires called from this mod:le :

jn Bossel funotion of the first kind., (HP-UX utility.)
yn Bessei function of the second kind. (HP-UX utilityv.)

OO0 00000

Extornal Variables @ none

SALL
SALIAS jn = 'jn' (Zval, Zval)
AS yn = 'yn' (%val, 7%val)

Program csect
imnlicit none

fnteor*s s5td1in, stdout, stderr

H-1




integer*s  j, k, 1, m, n
real*8 sect, ka, ¥, acc
complex*16 aj, i

real*8 jn, yn, re, im

data stdin, stdout, stderr / 5, 6, 6/

C
C Define statement functions for the real and imaginary parts of the =ude
C contribution terms.
C
re(n, x) =n * jn(n, x) - x * jn((n+l), x)
im(n, x) = n * yn(n, x) - x * yn((n+l), x)
i = coplx(0., 1.)
C
C Explicitly write the zero frequency cross-section value.
C
sect = 0.
ka = 0,
n =20
acc = 0,
write(stdout, 2000) ka, sect, n, acc
C
C For ka = .05 te 2. by .05, calculate the cross-section.
C
do k =1, 40
=0
ka = k * ,05
C
C Get the mode contribution term for j = 0.
C
aj = -demplx(re(j, ka)) / demplx(re(j, ka), im(j, ka))
sect = real(aj * conjg(aj))
o
C Loop . ver j to sum the contributions.
C
do j =1, 50
c
C Get the jth contribution to the cross-section.
C
aj = dewplx(re(j, ka)) / demplx(re(j, ka), im(j, ka))
x = 2. * real(aj * conjg(aj))
C
C Calculate the acecuracy test value and add the new term to the
C sum for the cross-section.
C
ace = abs(x / sect)
sect 7 oseer 40X
nos
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[f the sum ‘s At least 15 terms and the accuracy is
stop the sum.
if (j .ge. 15 .and. acc .le. .0001) go to 10
end do
10 continue

Multiply the cross-section sum by constant teras.

sect = sect * 2. / ka

in limits,

If the accurzcy is out of limits then write an error messag-.

if (acc .gt. J0001) then
write(stderr, 2001)
end if

Write the

results to the standard output.

write(stdout, 2000) ka, sect, n, acc
end do
For ka = 2.1 to 10. by .1, calculate the cross—section.
do k = 0, 80
j=0
ka = 2. + k * 1
Get the mode contribution term for j = 0.

aj = -denplx(re(j, ka)) / demplx(re(j, ka), im(j, ka))

sect = real{aj * conjg(aj))

Loop over j to sum the contribut

1}

do j =1, 50

Get the jth contribution to the

ions.

crouss-section.

aj = deaple(re(j, ka)) / demplx(re(], ka), im(j, ka))

x = 2. * real(aj * conjy

(aj))

Calculate the accuracy test value and add the new term €o the

sum for the cross-section.
ace = abs(x / sect)
sect = sect + x

n=1j

thea

If the sum has at least 15 terms and the accuracy is in limits, then

stop the sun.




if (j .ge. 15 .and. acc .le. .0001) go to 20

end do
20 continue
C
C Multiply the cross—section sum by constant terms.
C
sect = sect * 2. / ka
o
C If the accuracy is out of limits then write an error message.
C
if (acc .gt. .0001l) then
write(stderr, 2001)
end if
C
C Write the results to the standard output.
C
write(stdout, 2000) ka, sect, n, acc
¢nd do
stop
2000 format("ka, sect, n, acc = ",
1 g20.,10, ", ", g20.,10,", ", i20,", ', g20.10)

2001 format(M+++++etie++ Not in accuracy limits +H++tbediied’)

end

H.1.2 Displacement Anplitude Programs

H.1.2.1 dispa

Proygram : dispa

Author : J.C. Biard

Discucesion : This program caloulates the totral displacement field as
expressed by Tiuation (26) in Volume 1 at the surface of a cylirdrical
cavity of radis a for an incident pline SH-wave of unit amplitude ~ith
wave nunmber k.
The results are given as the relative amplitude and phave at 45, 90, and
135 degrees for values of k between 0. and 10,

[nvocation @ The jroygram is invoked by typing

dispa > ofile

where ofile is the output filename.

COOOO0000000000000 a0 0

Formal Arpgmments @ uone

n-4
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C Procedures called frowm this module
c
C plane_scatter Subroutine that calculates the displicenen:
C amplitude.
C
C External Variables : none
C
progran dispa
implicit none
integer*s  stdin, stdout, stderr
integer*s k, n
real*§ amp, phase, phi, phi0, phiend, ka, kr, acc, pi
real*3d oldphase, offset, phasemax, accl, krc
conplex*lo dsp
charact-r*] ff
data stdin, stdout, stderr / 5, 6, 6/
data pi / 3.1415926535397/
data acc / 0001/
ff = char(12)
C
C  Set the angle limits and step.
C
phi0 = 45, * pi / 130,
phiend = 3, * phi®
phasemax = 7. * pi / 4,
C
E Loo; over the uangles of interest.
do phi = phi7, phiead, phi0
write(stdout, 2000) fr, phi
offset = 0,
oldphase = 0.
C
g Calcular values for 0. 7= ka <= 2,, stepping by .05.
do ka = 0., 2.01, .05
kr = kg
c a
\ C G .
P c et scattered field value.
c call plane_scatter(ace, ka, kr, phi, n, acsl, dsp)
C
c Add incident field tecm.

kre «r * cos(phi)
dsp = dsp + demplx{cos{kre), sin(kre))




C
C Find amplitude and phase.
C
amp = ubs(dsp)
phase = dutan2(dimag(dsp), dble(dsp))
c
C If phase has wrapped around the 180 or 360 deg. point, unwrap it.
c
if (abs(oldphase - phase) .gt. phasemax) then
offset = offset - sign(2.*pi, phase)
end if
oldphase = phase
phase = phase + offset - krc
c
C Write out results,
C
write(stdout, 2001) n, ka, 2mp, nhase, accl
end do
c
C Calculate values for 2.1 <= ka (= 10., stepping by .l.
C
do ka = 2.1, 10.01, .1
kr = ka
C
C Get scattered field value.
c
call plane_scatter{acc, ka, %r, phi, n, accl, A4sp)
o
C Add incident field term.
C
krc = kr * cos(phi)
dsp = dsp + demplx(cos(kre), sinlkre))
C
C Find amplitude and phase.
C
amp = abs(dsp)
phase = datan2(éimay(dsp), dble(dsp))
C
C [f phase has wrapped around the 130 or 360 deg. point, unwrap it.
C
if (abs(nldphase - phase) .gt. phasemax) then
offset = offset - sign(2.*pi, phase)
end if
nldphase = phase
phase = phase + offset - krc
C
c Write ont results,
C
write(stdout, 2001) n, ka, amp, phase, accl
end do
end do
stop
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2000 foreat(al, "SH Amplitude and Pha.» at r = a, ", "pui =", 520,10
l /7 e2, "n', oeln, Mka', £33, "anp', ©34%, "plhass', t76, "acc'/)

2001 forsat(id, " ", g20.10, " U0 g20.10," 0 L20,10," ", ¢20.10)

end

Author ¢ J.C. Biarzd

Discussion @ This program calculates the roral displacensnt field for the
scattering of a plane SH-wive from a cylindrical cavity of radius, a,
at 3 wave number of ka.

The field is deteramined at a variety of distiaac=s frou the ocvlinder
and at angles to the incideat wave propagitiisn vector of 45, 95, 1) 13i)
el ol »

degrecs.  The wave nuaber also tikes on values of .5, 1., an?! 2.

[nvocation @ The program is invoked by typing
dispb > ofile

where of ile is the output file 1me.
Formal Argucoents @ onone
Procedures called from this mad 1o

plane s-ateer Subroutine thyr catcalaro s the disslicenon:

Ve
amplitnd.,

Extornal Variables @ none

prograan disph
Implicit non.
integer*s  stdin, stdont, stderc

integer*s k, n, nka

real*s amp, phi, phid, phiend, ka, kr, acc, pi
real*s roa, accl, kre, kas(}d)

complex*lH dap

character*l ff




o i o

Jata stdia, stdout, stderr / 5, 6, 6/
! data pi / 3141596535397/
Jata nka, kas / 3, .5, l., 2./
data acc / .000L/
ff = char(12)
C
C Set the angle limits and step.
C
phi0 = 45. * pi / 130,
phiend = 3. * phiO
C
C Loop over the angles.
C
do phi = phi0, phiend, phi0
C
C Loop over the Xa vilues.
C
do k =1, nka
ka = k.s(k)
write(stdout, 2000) ka, phi
C
C Loop over 1. <= r/a <= 10., stepping by .5.
C
do roa = l., 10,, .5
kr = roa * ka
C
C Get scattered field value.
C
call plane scatter(ace, ka, kr, phi, n, accl, dsp)
C
C 3dd incident field term.
C
krc = kr * cas(phi)
dsp = dsp + demplx{cos(kre), sin(kre))
C
C Find asmplitude.
C
anp = abs(dsp)
C
C Write out results,
C
write(stdont, 2001) n, roa, ki, amp, accl
end do
C
C Laop over Y1, <= r/a <= 50., stepping by l.
C
do roa = 11., 50., I.
kr = roa * ka
C
C Get seatcered field value.
C

call p]nnenscatrnr(ncc, ka, kr, phi, n, accl, dsp)
H-8
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2000
l
2001

Pr

Au

Di

Add incident field term.

kre = kr * co-(phi)
dsp = dsp + demplx(cos{kre), sin(kre))

Find amplitude.
amp = abs(dsp)
Write out results.
write(stdout, 2001) n, roa, kr, amp, accl
end do
end do
end do

stop

format(al, "Displacement Amplitude, ka = ", g20.10, "phi
’ p I3 p

end

H.1.2.3 disped

ogran : dispead
thor : J.C. Biard
scusston @ This program calculates the amplitud~ of the displicenent

, 220010
// EZ, nnn' tls, ur/an’ t}%, ”kf", tSA, uampu, t7b, "acc"/)
formar(i4, " ", g20.10, " ", g20.10," ", g20.10," ", g20.10)

field as expressed by Equation (26) in Volume I a3 a function of angle
for the scattering of a plane SH-wave from a cylindrical cavity of

radius a,
The values are determined for a number of cases of radial

distance from the cylinder center and for a numbe: of values of the

wave nunber.

An option is provided in the code where it is possible to comment

out a section and obtain the scattered field only,

Invocation : The program is invoked by typinyg

Fo

disped > ofile
where ofile is the output filename.

rwal Arguments : none




C Procedures called from this madule
C
C plane scatter Subroutine that calculates the
C - displacement amplitude.
C
c External Variables : none
C
program dispcd
implicit none
integer*4 stdin, stdout, stderr
integer*4s k, m, n, nka, nra
real*8 amp, phi, phiO, ka, kr, acc, pi, accl
real*d rea, ra(10), krc, kas(10)
complex*1l6 dsp
character*] ff
data stdin, stdout, stderr / 5, 6, 6/
data pi / 3.1415926535897/
data nka, kas / 3, 5, l., 2./
data nra, ra / 7, 1., 2., 5., 10., 20., 50., 100,/
data acc / .0001/
ff = char(12)
phi0 = pi / 180,
C
C Loop cver the r'a.
C
do k = 1, nra
roa = ra(k)
C
C Find the ka and kr values.
C
do m = 1, nka
ka = kas{m).
Xr = roa * ka
write(stdout, 2000) ff, ka, roa
C
C Loop over the angles.
C
do phi = 0., pi, phiQ
C
C Get scatter~d field value.
C
call plane scatter(acc, ka, kr, phi, n, acel, dsp)
c -
C Add incident field tcrm.
C Tf the following two lines are comacnted, the scattered field only
C will be described.
C
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kre = kr * cos(phi)

dsp = dsp + demplix(cos(kre), sin(kre))
Find amplitude
amp = abs(dsp)
Write out results.
write(stdout, 200l) n, phi, amp, accl
end do
end do
end do
stop
2000 format(al,"Displacer~nt, ka = ", g20.10, "r/: = " ¢20.10
l // t2’ ||n|" tls’ I’phi'l’ EBS, ”ami"" ts“’" I'acc'l/v’)

2000 format(is, " ', 20,10, "', g20,10," ', g20.10)

end
I A dispe
Program : dispe
Author v J.C. Biard

Discussion : This program caleculates the amplitude of the displacenen
field as expressed by Equation (29) in Volume I from a plane SH-wav
unit amplitud. inciden: on a cylindrical cavity of radius, a, and a
wave aumber of k.

t
2 of
toa

The values are determined along the x-axis at intecvals of dx! for a
cylinder located at x=0. and y = -h, and for an incident wave whoso
propagation vector makes an anzle -thetyr with rhe pegative v-axis.
The propagation vector mikes an angle of theta with the y-—axis.
In this exaaple, the propagition vector is parallel to a line from
(~dx, 0.) ta (0., -h).
The point (-dx, 0.) is the shot point for seismic exploration work.
The program also contains an option to sct the angle theta
independently of the position dx.

Invocation : The program is invoked by typiag
dispe > ofile
where ofile {s the output filenane.

Formi Arguments @ none
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Frocedures called from

plane scatter

External Variables

program dispe

implicit none

this module

Subreutine that calculates the
displacenment amplitude.

none

integer*4 stdin, stdout, stderr

integer*4 k, m, n, nh, nka

real*8 amp, phase, phi, ka, kr, acc, pi, hoa(l0), accl, krc
real*8 oldphase, offset, phasemax, x1, h, a, dxl, theta, dx
real#*8 kas(10)

conplex*16 dsp

character*l ff

data stdin,

stdout, stderr / 5, 6, 6/

data pi / 3.1415926535897/

data nh, hoa
data nh, hoa

data oka, kas / 3, .5, l., 2., 7%0./
/5, 2., 5., 10., 20., 50., 5%0./
/S, 20., 40., 60., 80., 100., 5%0./
/S, 5., 10., 15., 0., 25., 5*0./

data nh, hoa

data a, dxl, dx / 1.,

.5, 54,/

data

acc / .000l/

ff = char(12)

Set the value of theta. (Not in use now.)

theta = pi / 2.
theta = pi

(For parallel to yground case.)
(For hole-to-hole rasae.)

Loop over the depths.

do 1, nh

K
h b oa(k) * a

Find the "source point" angle theta.

Jomment out this line when using a preset ctheta value.

theta Jatan2(dx, h)
Loop over the values of ka.
dom =1, nka

ka = kas(m)
wiite(stdont,

2000) ff, ka, h

H-12
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C
C Loop over the points on the detector line.
C
do x1 = -50., 50., dx!

C
C Calculate the kr and phi values.
C

kr = ka * sqredh#**2 + x1**2) / a

phi = datau2(h, x1) + pi / 2. =~ theta
C
C Get scattere! field value.
C

call plane~§catter(acc, ka, kr, phi, n, accl, dsp)
C
C Add incident field term.
C

krc = kr * cos{phi)

dsp = dsp + demplx(cos(kre), sinlkre))
c
c Find amplitude and phase.
C

amp = abs(dsp)
C phase = datan?(dimag(dsp), dble(dsp))
C
c If phase has wrapped ardsund the 180 or 360 deg. point, unwrap it.
C
¢ if (abs(oldphase ~ phase) .gt. phasemax) then
c offset = offset - sign(2.*pi, phase)
¢ end if
¢ oldphase = phase
C phase = phase + offset - ka * cos(phi)
C
g Write out results.

write(stdout, 200!) n, xl, amp, accl

end do
end do
end do

Stop
2000 format(al, "Displacement, ka = ", g20.10, "h =", g20.10
l // tz“ nnn’ clS, "Xl", t35, "amp", CSQ, "acc“/)
2001 format(i4, " ", g20.10, " ", g20.10," ", g20.10)

end

§ H-13
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.1.2.5 plane_scatter Subroutine

Procedure name : plane scatter

Author : J.C. Biard

Discussion : This subroutine calculates the scattered displacement
field as expressed by Equation (25) in Volume I for a unit amplitude

plane SH-wave incident on a cylindrical cavity buried in a
whole-space.

The input arguments are:

ace The fractional accuracy level used in the convergence test,
a The wave number multiplied by the cylinder radius.
kr The wave number multiplied by the obs.rvation puint radial
distance from 'he center of the cyvlinder.
phi The angular position of the observation point relative to

the plane wave propagation vector.

The output arguments are:

n The number of terms used in the summation. If convergence
is not reached in 50 terms, n is negative.

accl The fractional accuracy at convergence (minimum 15 terms)
or the fractional accuracy at the end of 50 terms.

dsp The complex displacement field at the point (r, phi).

External Variables : none

Procedures called from this module

OO OO0 O0O0000000000000000000000000000

jn Bessel function of the first kind. (HP-UX utility,)
yn Bessel function of the second kind. (HP-UX utility.)
SALIL
SALTAS jn = 'jn' (%val, %val)
AS yn = 'yn' (%val, %val)

subroutine plane scatter{acc, ka, kr, phi, n, accl, dsp)
inplicit none

fateger*4d n
real*8 acc, ka, kr, accl, phi
complex*16 dsp

integer*s 3, 1
real*8 acc?
complex*16 aj, i, ij, x

real*s jn, yn, re, im
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C
€ re = x * d/dx(jn(kx)).
C
C im = x * d/dx{yn(kx)).
c
re(n, kr) = n * ja(n, kr) - kxr * jn((n+l), kr)
im(n, kr) = n * ya(n, kr) - kr * yn((n+l), kr)
acc2 = 0.
i = demplx(0., 1.)
if (ka .eq. 0.) then
n =290
accl = 0.
dsp = 0.
else
C
C  j=0 term of the summation.
C
j=0
aj = -re(j, ka) / dempix(re(j, ka), im(j, ka))
dsp = aj * dcmplx(jn(j, kr), yn(j, kr))
C
C Calculate the j=l through j=n terms
c
do j =1, 50
aj = re(j, ka) / demplx(re(j, ka), im(j, ka))
C
C Calculate i*j.
C
1 = rod(j, 4)
if (1 .eq. 0) then
ij = 1.
else if (1 .eq. 1) then
ij = i
else if (1 .eq. 2) then
iy = -1.
else if (1 .eq. 3) then
ij = -1
end if
aj = =2. * {j * aj
c J J J
g Calculate the jth term of the sum.
c x = (aj * demplx(jn(j, kr), yn(j, kr))) * cos{j * phi)
g Determine the accuracy level for the sum with j terms.
c accl = abs(x) / abs(dsp)
g Add the jth term to the sum.

dsp = dsp + x
n = j




C
C Test for convergence.
C
if (j .ze. 15 .and. accl .le. acc
1 .and. acc2 .le., acc) go to 10
acc? = accl
end do
C
C 1f convergence not reached, set n = -n.
C
n = -n
10 continue
end if
return
ond
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H.2 Line Source Scattering

The program listed in this Section H.”? models the scattering of SH-wave
pulses from a cylindrical cavity. The SH waves incident on the cavity radiate
from a line source in a space that is represented either as an infinite loss-
less space or as a lossy two-layered half-space through the selection of
appropriate options.

A sample input file and the first few lines of an output file for the
program are shown in Section H.2.2,

H.2.1 Synthetic Seismogram Program

H.2.1.1 synseis

Procedure name: synseis
Author: J.C. Biard

Discussion: This is the main procedure for the program synseis.
This program calculates the time domain SH-wave seismic propagation
and scattering for a line source and an array of detectors in the
presence of an infinite cylindrical cavity of constant circular
cross—-section in an elastic space. The program is designed to allow
for the presence of a half-space of vacuum if desired, as well as a
surface layer located between the elastic half-space and the vacuunm.
Attenuation and dispersion are also included.

The intent of the program is to produce data for a synthetis
seismogram. As presently written, a set of time domain signals are
produced, one for each of a linear horizontal array of detectors.
These signals are the particle velocity amplitudes at each detector of
a horizontally polarized shear (SH) wave that has propagated through
the space and scattered from the cavity within it. If selected, the
presence of the half-space s:rface anl! the surface layer produce
reflections of the direct propagating and scattered signals, which
become part of the time domain sigznal. The inclusion of different
velocities, densities, and attenuation’dispersion values in the
different media allow for modeling a number of different earth
geometries.

The output data arrays containing the signal amplitudes at each
detector are written out to a file, which may then be interpreted
by a graphics presentation program to produce a synthetic seismograa.

The input data for the program are contained in a file, the name
of which is passed to the program on invocation. An example input file
is shown below.

The cutput data are written to standard out, which must be
Tedirected to a file if the data are to be saved.

Invocation: To run the program, after compilation and linking with the
Subroutines, type "synseis infile", where infile is the input filename.
Ehe output may be redirected to a file by typing the command as

synseis infile > outfile', where outfile is the output file name.
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The input

3
200.,
50. ,
2500.,
100., .05
1000., .9
39,78873577d0
1., S.

0., -50.
-52., -6.
-50., -6.

51, 2.

1500.
.05
2700.

inc_pulse

inc_pulse2

scat_pulse

scat_pulse2

file has the form:

Frequency

L DA DD WD AN AN AN

Subroutine that
for a source
Subroutine that
for a source

No. of reflections. (O=space, l=1/2space, >=2=]ayered)
Layer 1: SH-wave velocity(m/s), density(kg/m**3).

Q factor, reference radial frequency.
Layer 2: SH-wave velocity(m/s), densityv(kg/m**3).

Q factor,
Pulse peak freq., distribution factor.

reference radial frequency.

step.

Tunnel radius, layer depth (h >= 0.).

Tunnel location (x, y).

Source location (x, y).

Detector array starting point (x, y). (y > -h)
No. of detectors,

spacing.

Procedures called from this module:

calculates the incident waveform
and detector in the lower region.
calculates the incident waveform
in the lower region and a detector

on the surface of the half-space.

Subroutine that
for a source
Subroutine that

calculates the scattered waveform
and detector in the lower region.
calculates the scattered waveform

for a source in the lower region and a detector
on the surface of the half-space.

Formal Arguments:

Input:

input Filename of the input data file.

OQutput:
none

External variables:

OO OO OO0 GOOO0OO0OOO000O00O000000000000000000000000000000000

nrefl Number of reflection waves to calculate. (0O<=nrefl<=6)
pi Pi.

h Thickness of the surface layer. (m)

cl SH-wave velocity in the surface layer. (m / s)
rhol Density of the surface 'ayer. (kg / m)

c? SH-wave velocity in the lower region. (m / s)
rho2 Density in the lower region. (kg / m)

a Radius of the tunnel. (m)

alpha Shape factor for the incident pulse.

w0 Peak radial frequency for the incident pulse.
df Frequency step. (Hz)

Xxc X position of the cavity center.

yc Y position of the cavity center.

ql Quality factor for the surface layer.

wl Cutoff radial frequency for the surface layer.
q2 Quality factor for the lower region.

H-18




w2 Cutoff radial frequency for ihe lower region.

OO0

program synseis(input)

implicit none

character input*80

integer*4 nrefl

real*$8 pi, h, ¢!, rhol, ¢2, rho2, a, alpha, w0, df, xc, vc, ql,

1 wl, q2, w2

common /constants/ arefl, pi, h, ¢l, rhol, ¢2, rho2, a,
1 alpha, w0, df, xc, yc, ql, wl, q2, w2

integer*% i, j, fdi, nx, np, timel, timel

real*$§ ti, ts, dt, scale, x, y, xs, ys, dx, x0, y0, alpha?, 0
real*s ipulse(4096), spulse (4096)

save ipulse, spulse

data fdi, np / 10, 4096/

nio= 3.14159265358979340

(@]

' C Obtain the run-time constants.
open{unit = fdi, file = inpu:, status = "Gun™)
read(fd:, *) nrefl
read(fdi, *) cl, rhol
read(fdi, *) ql, wl
read(fdi, *) c¢2, rhol
read(fdi, *) q2, w2
read(fdi, *) 0, alpha®
read(fdi, *) df
read(fdi, *) a, h
read(fdi, *) xc, vyc
: tead(fdi, *) x5, ¥s

‘ . read(fdi, *) x0, yO

{ ’ read(fdi, *) nx, dx

close(fdi)
wO = 2, * pi * {0

1 : alpha = alpha0 * w0 / pi

de = 1. / 256. / df

(e}

! g Find the l-meter incident amplitude scale factor.

call inc_pulse(0.d0, -500.d0, 1.d0, -500.d0, 1.d0, ti, ipulse)
scale = 0.
do i =1, np
scale = max(scale, abs(ipulse(1)))
end do
scale = 1. / scale

i
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C
C Write cut the constants.
C
l write(6,*) nx, np, onrefl, h, cl, rhol, ¢2, rho2, w0, alpha0, df,
1 dt, a, xc, yc, xs, ys, x0, v0, ql, wl, q2, w2, dx
C
C Loop over the number of detector positions
C
1 y =y0
do i =1, nx
X = x0 + (i-1)*dx
C
C Calculate the incident pulse.
C
call time{timel)
if (y0 .ne. 0) then
call inc_pulse(xs, ys, x, y, scale, ti, ipulse)
else
call inc_pulse2(xs, ys, x, scale, ti, {ipulse)
end if
[ call time(time2)
time! = time2 - timel
write(7, *) timel
C
C Calculate the scattered pulse.
C
call time(timel)
1 if (y0 .ne. 0) then
call scat_pulse(xs, vs, X, v, scale, ts, spulse)
else
call scat_pulse2(xs, ys, %, scale, ts, spulse)
end if
call time(time2)
timel = time2 - timel
write(7, *) timel
C
C Write out the ‘ncident and srcattered pulses to the output files.
c

write(6, *) x, ti, ts
write(6, *) (ipulse(j), j = 1, np)

write(6, *) (spulse(j), j = 1, np)

end do

stop

end
H.2.1.2 inc_pulse
C
C Procedure name: inc pulse
C
C Avnthor : J.C. Biard
o
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Discussion : This procedure produces a nunarical solution of
the equation for a line-source SH seismic wave propagating in
a dispe” fve absorptive half-space having a surface layer as given
by Equation (151) of Volums L. The source and detection gnints are
located in the region below the surface layer. At the detection
point, the time domain signal for the direct wave and up to ar={l
reflections from the layer interface and the half-space surface are

calculated using a high-frequency limit approximation formula. This

result is reported in the array output.

To calculate a signal in the time domain, the frequency domain
transfer fuanction is calculated and converted into the time domain
impulse response {or the propagation path. This is then convolved
with the initial signal to produce the signal at the detector.
This process is repeated for the direct wave and all allowed
reflections. These time domain signals are then summed together
to present the final signal.

The transfer function that is calculated is multiplied by
j * omega before the Fourier transform in order to obtain the
time derivative of the displacement amplitud~ signal upon

convolving with the initial signal. The .ting particle
velocity signal is the signal wmost oft . esented in seismic
studies.

Procedures called from this module:

ffe2e IMSL subroutine to calculate the Fourier transforam.
jhe subroutine to calculate Bessel and Hankel functions.
pulse function to calculate the original signal.

zk function to calculate the complex wavenunber.

Formal arguments:

Input:
XS X position of the line source.
ys Y position of the line source.
x X position of the detector.
¥ Y position of the detector.
scale Scale factor to apply to the output waveform.
Output:
t Time value of the initial element of the output arrcay.
output Array of the particle velocity signal waveform values.

External variables:

nrefl Number of reflection waves to calculate. (0<=nrefl1<=6)
pi Pi.

h Thickness of the surface layer. (m)

cl SH-wave veloclty in the surface layer. (m / s)

rhol Density of the surface layer. (kg / m)

c? SH-wave velocity in the lower region. (m / s)

rho? Density in the lower region. (kg / m)

a Radius of the cavity. (m)

alpha Shape factor for the incident pulse.
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w0 Peak radial frequency for the incident pulse.

df Frequency step. (Hz)

xc X position of the cavity center.

ye Y position of the cavity center.

ql Quality factor for the surface layer.

wl Cutoff radial frequency for the surface layer.
q2 Quality factor for the lower region.

w2 Cutoff radial frequency for the lower region.

subroutine inc_pulse(xs, ys, x, y, scale, t, output)
implicit none
XS, yS, X, ¥y, scale, t, output(4096)

real#*8

integec*4 nrefl

real*$8 pi, h, ¢l, rhol, ¢2, rho2, a, alpha, w0, df, xc, yc, ql,
1 wl, q2, w2

common /constants/ nrefl, pi, h, ¢!, rhol, ¢2, rho2, a, alpha,

1 w0, df, xc, yc, ql, wl, q2, w2

integer*4 i, j, 1, m, n, work(9), ier

real*8 dk, k, r, dt, ti, sum, v, w, tsi2, u, tdy

real*8 pwave(256), twave(256)

complex*16 k2, kr, z, jn(2), hn(2), ftrans(256)
complex*i6 ij, krp, nu, rp, s, bn

real~8 pulse
complex*16 zk, znu

znul(k) = zk(1l, k * c2 / ¢cl) / zk(2, k)

Initialize constants,

data m / 8/

ij = demplx(0.d40, 1.40)
dt = 1. / (256. * df)
dk = 2. * pi * df / c2
u = h / (abs(yc) - h)

tsi2 = (rhol * ¢cl**2) / (rho2 * ¢c2*%2)

Calculate the path length time offset.

r = sqrt((xs - x)**2 + (ys - y)**2)

k = 128, * dk
kr = zk(2,k) * r
t = dble(kr) / k / c2 - 20.d0 * dt
H-22
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Clear the output array.

do i =1, 4096
output(i) = 0.d0
end do

Calculate the array for the pulse waveform.

do i =1, 256
ti = (i-}) * dt
pwave(i) = pulse(ti)
end do

Calculate the transfer function for the signal.
Loop over the direct wave (nrefl = 0) and all reflections.

0, nrefl
i -1

do 1
n

Calculate the time delay for the signal.

if (i .gt. 0) then
k = 127, * dk
nu = znu(k)
rp = sqrt((x - xs)**2
1 + (y + ys + 2.d0*(1.d0 - dble(n)*nu)*h)**2)

tdy = dble(rp * 2zk(2, k}) / k / ¢2 - 20.d0 * dt
else

tdy = ¢t
end if

Calculare the value of the transf=r funczion for the siznal at
wavenumbers from O. to 12.7. The k = 0. value is ser to O.

ftrans{(l) = 0.d0
do j = 2, 128
k= (j - 1) *dk

Get the complex wavenuat :r.
This allows for attenuation and dispersion.

k2 = zk(2, k)
if (i .eq. 0) then

Find the direct term.

kr = k2 * r
call jhe(kr, 2, jn, hn)
z = hn(l)

else




C
C Find a reflection term.
C
nu = znu(k)
rp = zsqrt((x — xs)**2
1 + (y + ys + 2.d0*(1.40 - dble(n)*nu)*h)**2)
C

Calculate the reflection coefficient.

el
[N

s = (tsi2 * nu - 1.d0) / (tsi2 * nu + 1.d40)
if (n .eq. 0) then

bn = -s
else
bn = (1.40 - s**2) * g**(n-1)
1 * zsqrt((1.40 + u * dble(n) * nu)
2 / (1.d0 + u * dble(n) / nu))
end if

krp = k2 * rp
call jhe(krp, 2, jn, hn)
z = bn ¥ hn(l)
end if
z = 1j * pi * z * (dble(k2) / k / c2)**2

C
C The procedure presently calculates the particle velocity signal.
C To calenlate displacement amplitudes, comment the next line.
C
z = -ij * kK * ¢c2 * 2z
C
c Remove the time delay from the transfer function.
C
v = kK * ¢l * tdy
frrans(j) = zexp(-ij * v) * z
end do
C
C Force the high k values to zero.
C
j = 5./ dk
w = 128. * dk - 5,
do 1 = j, 128
v =1 * dk - 5,
frrans(l) = frrans(1) * (1. + cos(v * pi [ w)) /7 2.
end do
C
] C Perform the Inverse Fourier trans{orm.
C Cencerate the full complex spectrum and cenjugate it to prepare
C for the back transform.
c
5 C Reflect the spectrum for negative frequencies,
i C
do 1 =2, 128
ftrans(258-1) = conjg(ftrans(1))
end do
’ ftrans{129) = 0.
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C
C Conjusite tie full spectrum.
C
do 1 = 1, 256
frrans(l) = conju(ftrans(1))
ead do
C
C Fourier tran-furn,
C
call fre2c¢(ftrans, m, work)
C
€ Conjugate and normalize.
C
do 1 =1, 256
frrans(l) = conj-(ftrans(l)) * df
end do
C
C Convolve the pulse and the transor fancttion, and normalize.
C
do 1 =1, 256
sum = 0.
do j =1, 1
sum = sun + pwave(l - j + 1) * dble(ftrans<(i))
end dn
twave(l) = scale * sun * dr / (4. * pi * rho?)
end don
C
C Finl the offser of the time domain sisnil in the output arrav
g and sun the signal into the total resule.
j = (tdy - t) / dt
do 1 =1, 256
output (1 + j) = output (Ll + j) + twave(l)
end do
end do
fetrn
end
Ho2.1.3 inc_pulsel
C
g Procedure aame:  inc_pulse?
¢ Author : J.C. Biacd
¢ Discussion . This codiiee o8 a it e ati
C cus: : 3 procedure prodaces a numecical soluation of
C the equation for a line-source SH seismic wave propagating in
¢ a dispersive absorptive half-space having a surface layer as given by
c Equation (167) ia Volume I. The source is located in the region below
C the surface layer. The detector poiat {s locared at the half-space

boundary, which {4 the top of the surface layer. At the detection




point, the time domain siznal ‘or the direct wave «nd up to nrefl
reflections fiom the layer interface and the half-space surface are
calcultated using a high-frequency limit approximation formula.

This result is reported in the airay oatput.

To calculate a signal in the time domain, the frequency domain
transfer function is calculated and converted into the time domain
impulse response for the propagation path. This is then convolved
with the iaitial signal to produce the signal at the detector.
This process is repeated for the direct wave and all allowed
reflections. These time domain signals are then summed together
to present the final signal.

The transfer function that is calculated is miltiplied by
j * omega before the Fourier transform in order to obtain the
time derivative of the displacement amplitude siznal upon
convolving with the initial signal. The resulting particle
velocity signal is the signal most often presented in seismic
studies.

Procedures called from this module:

fft2e IMSL subroutine to calculate the Fourier transform.
jhe subroutine to calculate Bessel and Hankel functions.
pulse function to calcnlate the original signal.

zk function to calculate the ccmplex wavenumber.

Formal drguments:

[nput:
XS X position of the line source.
ys Y pesition of the line source.
X X position of the detector.
y Y positi.n of t he detector.
scale Scale factor to apply to the out ut waveform.
Output:
t Time value of the initial element of the output arrav.
out put Array of the particle velocity signal waveform values.

External variables:

ﬁO(“:Cﬁ(‘)OOOOOOOOOOO(}OGOOO(‘)O(')(')(')OOOﬁ(’)ﬁf}ﬂﬁﬂﬁOOO()(:(‘)OOOOGO(ﬁOOﬁ

nrefl Number of reflection waves to calculate. (O<=nrefl{=6)
pi Pi.
h Thickness of the surface layer. (m)
cl SH-wave velocity in the surface layer. (m / s)
rhol Density of the surface layer. (kg / m)
c? SH-wave velocity in the lower region. (m / s)
rho?2 Density in the lower region. (kg / m)
a Radius of the cavity. (m)
alpha Shape factor for the incident pulse.
w0 Peak radial frequency for the incident pulse.
df Fre juency step. (Hz)
Xc X position of the cavity center.
yc Y position of the cavity (. nter.
ql Quality factor for the surface layer.
H-26
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C wl Cutoff radial frequency for the surface layer.

C q2 Quality factor for the lower region.

C w2 Cutoff radial frequeoncy for the lower region, .

C 5
subroutine iac_pulse2(xs, ys, x, scale, t, output ) :
implicit none _}i
real*s Xs, ys, x, scale, t, output(4096) f
integer*d nrefl .
real*d pi, h, cl, rhol, ¢2, rho?, a, alpha, w9, df, xc¢, vc, ql, ~
1 wl y 4 2 N w2 e
common /constants/ nrefl, pi, h, cl, rhol, ¢2, rhol, a3, alpha, f}‘
1 w0, df, sc, yc, ql, wl, q2, w2 ~
integec*s i, §, 1, m, n, work(9), ‘er ;
real*d d«, k, r, dt, ti, sum, v, w, tsi2 :
real*8§ u, tdy
real*s pwave(236), twave(256)
complex*16 k2, kr, z, jn(2), hn(2), ftrans(23n)
complex*l6 ij, krp, nu, bn, s, rp, p
real*8 pulse
complex*16 zk, znu
znu(k) = zk(l, k * ¢2 / cl) / 2zx(2, k)

c

€  Initialize local constants.

C
dara m / 8/
1j = demplx(2.4d0, 1.d40)
dt = 1. / (256. * df)
dk = 2. * pi * df / ¢2
u =nh / (2.40 * abs(yc) - h)

c tsi2 = (cl**2 * fhol) / (c2**2 * chol)

g Zero the outpur array.
do i - 1, 4096

output(i) - 0.d40
. end do

L T

Calculate the array for the pulse waveform.

do i =1, 256
ti = (i~1) * dt
pwave(i) = pulse(ti)
end do
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Loop cver the direct wave (0) and all reflectie-a,
do 1 = 0, nrefl
Calculate the path length time offset.

k = 127, * dk
nu = znu(k)
rp = zsqrt((x - xs)**2
1 + (ys + h - (1.d0 + 2.40 * dble(i))*nu*h)**2)
tdy = dble(rp * 2k(2, k)) / k / ¢2 - 20.40 * dt
if (i ~q. 0) then
t = tdy
end if

Lo.p over the wavenumbers from dk to 127 * dk to get the travsfer “oaction
values. Set the k = 0 term to zero.

ftrans(l) = 0.d40

do j = 2, 128
k = (§j - 1) * dk
nu = znu(k)

Get the complex wavenunmber.

k2 = zk(2, k)
krp = k2 * rp

Find the direct and reflection terms.

rp = z:qrt{(x ~ xs)**2
1 + (ys + h = (1.d0 + 2.d0 * dble(i))*nu*h)**2)

Find the reflection coefficient.

p = 4.d0 / (tsi2 * nu + 1.d0)

s = (tsi2 * nu - 1.d0) / (tsi2 * nu + 1.d0)

bn = p * g**j
1 * 75qre((1.d0 + u * (1.d0 + 2.d40 * dble(i)) * nu)
2 / (1.d0 + u * (1.40 + 2.40 * dble(i)) / au))

call jhc(krp, 2, jn, hn)

z = bn * hn(l)

z = ~ij * pi * z * (dble(k2) / k / c2)**2

The next statement generates the particle-velocity signal transfer
function. To obtain displacement amplitude results, r~omment the
next line.

z ~z * ij * k * o2
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C
C Subtract the time delay.
c
v = k * ¢2 * tdy
frrans(j) = zoup(-ij * v) * 2z
ead do
C
C Force the high k values to zero.
C
j = 5./ dk
w = 128, * dx - 5,
do 1 = j, 128
v =1 * dk - 5.
frtrans{l) = ftrans(l) * (1. + cos(v * pi / w))
end do
C
C Generate the full complex spectrum and conjugate it to
¢ back transform.
C
C Reflect the spectrum for nezative frequencies.
C
do 1 =2, 128
trans(253-1) - conjg{ftrans(l))
end do
frrans(129) = O.
C
€ Conjugate the full spectrum.
C
do 1 =1, 256
frrans(l) = conjz(ftrans(l))
end do
C
g Inverse Fourier transforna.
c call ffe2c(ftrans, m, work)
g Conjugate and normalize.
do 1 =1, 256
ferans(l) = conja(ftrans(l)) * df
end do
c
g Convolve the pulse and the transfer function, and normalize.
do 1 =1, 256
sum = 0,
.: do j =1, 1
| sum = sum + pwave(l = j + 1) * dble(ftrans(j))
' end do
twave(l) = scale * sum * dt / (4. * pi * rho2)
end do

LT TR
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Find the offset into the output :rray, and add the contribontion {rom
the present wave to the total result.

OO0 O

j = (edy - t) / dt
do 1 =1, 256
output(l + j) = outpur(l + j) * twave(l)
end do
end do
return

end

H.2.1.4  jhe

Procedure Name: jhe
Author: J.C. %iard
Discussion: This procedure calculates the complex Bessel and

Hankel functions for complex argument z for orders zero through
m-1 and places the results in the arrays jn and hn.

The results are obtained using series approximations to the
Oth and lst order Bessel and Neumann functions for complex ar::ment
as given in Gradshteyn and Ryzhik (1965) and uses the recursion
formula for Bessel-class functions to obtain the values at the hiler
orders. There are two different series approximations used for the
calculatinns, one for small values of the argument and one for lar;e
values of the arzument. The number of terms calculated and the
coefficients used were chosen so that there is a region of overiap
between the two solutions, thus providing an accurate and smooth
transition between the two regions.

The constants in the a array were precalculated to
speed the algorithm.

Procedures called from this module:
none

Formal argiments:

Input:
z The complex valued argument for the functions.
The number of orders to find (from 0 to m-1).
Output:
jn Array of the Bessel functioas of order 0 to m-1 of z.

OO OO0 0000000000000 000000000O0

Must be at least 2 elements.




B . - .
C hn Arriy of the Hankel functions of order 0 to n
C Must be at least 2 elomeats,
C
C External variables:
C
C none
C

subrontine jhe(z,

implicit nu-

integer®s
complex*id

integer®y
real*3

complaxtlo

i, ]

u, v, 22,

m, jn, hn)

o
z, jn{x), hn(a)

pi, ¢, a(l00), al(31l), a2(49)
222,
complax*io jli, jla, w, wp, wm, wf, ul, vl,

lnz2¢, ji, jit, ji2, ni, nil, ni?2
aa, ab, im

equivalence (a(l), al(l)), (a(32), a2(1))

O

C Initialize

data pi, ¢/ 3.14159265358979340,

data al/
2,00503200080000040,
4.1h69H6060HKABHHA0,
5.185714285714285d0,
5.857936507936503.79,
6.36024731026751049,
6.761457930645793740,
7.09547931423736044d0,
7.381526350043455040,
7.63191535550701440,
7.85434200779327364d0,
8.05449039087 304040,
3.2364199301390865d0,
8.40317244764333240,
8.557086077872752d0,
8.59999724120365440,
8.83337449197220840,
8.956510676653857d0,
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data a2/
9.076508799139439430,
9.187224423852172d40,
9.292509137485393d0,
9.39252771114937340,
9.43773130741151354d0,
9.57370431475245440,
9,0H507 351 527614240,

* ¥ Ok ¥ N ¥ ¥

local constants.

«57721566490153340/

3, 0000080GAN3000040,
4.56660H6H66A660H20,
5.,43571428571428540,
6.0397546397544539d0,
6.50312465312465440,
6.8791U504528151Ad9,
7.19%5:7931423730440,
7.46353302217363)40,
7,708337343243009040,
7.9233075951741154d0,
8.1169903%.037303040,
8.29356253303372240,
8.455804025593700d9,
8.605866565677030d0,
8.74545178665819940,
8.87592768346156940,
8.99841067665334640,

3.66666665684666730,
4.8999999999999924.7,
5.557935507936507d0,
6.206421356421356d0,
6.6355579:545743740,
6.99021n156392-27d0,
7.29071740952545140,
7.55191135550701 3d0,
7.78291350650415540,
7.9899742613450781d0,
8.177596451479101d0,
8.34911839 38927740,
8.5070860775727514d0,
8.65348561329617740,
8.7898962311020434d0,
8.91759435012823540,
9.03762636293335640/

9.150386073748853540,
9.25302642836470340,
9,135974082590347240,
9.45653130741153540,
9,543854063483797d0,
9,A371020867047113d0,
9,721620307133423d0,

9.11382375045149340,
9.222938709566453d0,
9.32640749257013940,
9.4247857756155) 341,
9.513551033180 75640,
9.608116579455336d0,
9.69384252936155040,
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9.749017567412400d0, 9.77604459443942640, 9, TII2611060040,
9.829027050579779d0, 9.85500107H553%05d40, 9.2x0364210219%-3040
9.90595555739103340, 9.930958557391033d0, 9.95564991591572549,
9,.9800401598181634d0,10.004136545360332d0,10,0279456063162835640,
10.05147548093456140,10,074731294888050d40,10.09771920063517640,
10,1204470733624494d0,10,14291898347480940,10,16514120569703140,
10,187119227675053430,10,20885835810983640,10.23036373445392240,
10.25164033019860340,10.272692961777549d40,10,29352629511088340,
10,3141448518119144d0,10.33455301507722140,10.35475503527924240,
10.37475503527924140/

-
[od

* X X N A X A X N

im = demplx(0.d40, 1.40)

C
C If abs(z) is less than 15 then use the small argument approximation.
C First calculate the Ressel and Neumann function values for z.
C
if (abs(z) .lt. 1!5.) then
z2 =z / 2.40
Inz2¢c = 2.d40 * (zlog(z2) + ¢)
222 = z2%*22
ji2 = 0.40
jil = 0.d0
ni2 = 0.40
nil = 0.d40
C
C Sum the terms for the series, starting with the highest index.
C
do i = 30, 1, -1
u = =222 / dble(i) / dbleli)
v = =222 / dble(i) / dble(i+l)
aa = Inz2c - a(i)
ab = Inz2c - a(i) - 1.d0 / dble(i+l)
ji2 = u * (1.d0 + ji2)
jil = v * (1.40 + jil)
ni2 = u * (aa + ni2)
nil = v * (ab + nil)
! end do
: C
C Add the zeroth teras to the sims.
C
ji2 = ji2 + 1.d0
jil = 22 * (1.40 + ji11)
ni2 = (Inz2c¢ + ni2) / pi
nil = (22 * (1nz2¢ - 1.d0 + nil) - 1.40 / 22) / pi
C
C Cenerate the Hankel function values from the Bessel and Neamann.
C
. ni2 = ji2 + im * ni2
: nil = jil + im * nil
clse
, H-32
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I7 abs(z) is greater than 15 then use the large argunent approx.
z2 = 8,d0 * z
222 = z2%%)

u = 1.

ul = 1.
v = 1.

vl = 1.
jiz = 1.
j2a = 1.
jil = 1.
jla = 3.

Sum the terms of the series.

do i =1, 10
w = (4.d0 * dble(i) - 1.40)
wp = w + 2.40
wo = W —- 2,40
wf = 2.d0 * dble(i)
u = —(w * wn)**2 / (wf * (wf - 1.d0) * z22) * y
v=wp *u/w
wa = oW
W T wp
wp = w + 2.d0
ul = =(w * wn)**x2 / (wf * (wf + 1.d0) * 222) * yl
vl = wp *ul / w

§i2 = u + ji2
j2a = ul + jla

jit = -v + jil
jla = vl + jla
end do

Apply the exteoruil mueltinlying factors, and generate the Bessel and

Hankel function values,

u =1z - pi / %.40
v = zsqrt(2.40 / pi / 2)
niz = v * (ji2 - im * j2a / z2) * zexp(ia * u)
ji2 = v * (ji2*zcos(u) + jla*zsin(u)/z2)
nil = v * (jla / 22 - im * jil) * zexp(im * u)
jil = v * (jil*zsin(u) + jla*zcos(u)/z2)

end if

Store the Oth and lst order Bessel and Hankel function values.

Jn(l) = ji2
jn(2) = jil
hn(1) = qni2
hn(2) = nil

o1y




C
C Applv the recursion relation to obtain the higher crder fanction valieg,
C
do i =3, m
ji = 2,40 * dble(i - 2) / z * jil - ji2
ji2 = jil
jil = ji
jn(i) = ji
ni = 2.40 * dble(i - 2) / 2 * nil - ni2
ni2 = nil
nil = ni
hr{i) = ni
end do
return
end
H.2.1.5 Function pulse
C
C Procedure name: pulse
C
C Author: J.C. Biard
C
C Discussion: This procedure calculates the value of a time-domain
C wive packet function at the time, t, using Equation (63) in Volu=e 1.
C The shape and central frequency of the pulse is determined by the
C external variables alpha and wO0. The variable alpha controls the
c width of the pulse cnvelope and the variable w9 sets the ceatral
C foequency.  Alpha is c¢nnsidered as a fraction of w0 dividad by pi.
c .
C Procedures called from this module:
t,
= mne
C
C Formal arsuments:
C
C Input:
C
C t The time in seconds for which the fanction vilue is
C desired.
C
C Output:
C
C pulse The value of the pulse function at time t.
C
C Faternal variables:
& e arefl Nuwmber of reflection waves to calenlates (0<=nrer1<=6)
o C pi Pi,
’ c h Thickness of the surface layer. (m)
C ¢l Sil-wave velocity in the surface layer. (m / s)
H-34
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%
C rhol Density of rhe surface lay . (kg / m)
c c? SH-wave velicity in the lower region. (m / s)
C rho? Density in the lower region. (kg / m)
C a Radius of the cavity. (m)
C al;hna Shap» factor for the incident pulse.
C wi) Peak radial frequency for the incident pulse.
o df Frequency step. (Hz) :;
c xe X position of the cavity center, -
o yc Y position of the cavity centerv.
C ql Quality factor for the surface layer.
C wl Cutoff radial frequency for the surface layer.
C q2 Quality factor for the lowor region.
C w2 Cutoff radial frequency for the lowor region.
C
real*8 func-ion pulse(t) 3
iaplicit none -
real*8 ¢
integec*ld nrefl
real*3 pi, h, cl, rhol, ¢2, rhol2, a, alpha, w0, df, xc, ve, ql,

1 wl, q2, w2

comnon /coustaats/ nrefl, pi, h, cl, rhol, ¢2, rho2, a, alpha,
1 w0, df, x¢, ye, ql, wl, q2, w2
real*3 at, wit

C

g Calculate the function value.

ar = alpha * ¢t
wlt = wd * ¢
pulse = at * exp(-at) * sin(wOt)

retuarn
end
T2.1.6 scat_pulse
C
C
c Procedure nane: scat_pulse
C
¢ Author ¢ J.C. Biard
c ; .
c Discussing : This procedure produces a numerical solution of
C the equation for a line-source SH seismic wave propagating in
¢ a dispersive absorptive half-space having a surface layer as
¢ expressed by Equiation (148a) in Volume L. The wave scatters fron

S

an Infinite eylindrical cavity of radius, a, located yc meters below
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the half-space surface. The source and detection points are locateg :
in the region below the surface layer. At the detection point the
time domaln signal for the scattered wave, including nrefl pre-
scattering and nrefl post-scattering reflections from the surface
layer boundary and the half-space boundary, is calculated using a
high-frequency limit approximation formula. The results are reporteq
in the array wave.

To calculate a signal in the time domain, the frequency domain
transfer function is calculated and converted into the time domain
impulse response for the propagation path., This is then convolved
with the initial signal to produce the signal at the detector.

This process 1is repeated for the direct wave and all allowed
reflections. These time domain signals are then summed together
to present the final signal.

The transfer function that is calculated is multiplied by
j * omega before the Fourier transform in order to obtain the
time derivative of the displacement amplitude signal upon
convolving with the initial signal. The resulting particle
velocity signal is the signal most often presented in seismic
studies.,

Procedures called from this module:

ffr2e IMSL subroutine to calculate the Fourier transform.
jhe subroutine to calculate Bessel and Hankel functions.
pulse function to calculate the original signal.

zk function to calculate the complex wavenumber.

Formal arguments:

Input:
XS X position of the line source.
ys Y position of the line source.
X X position of the detector.
y Y position of the detector.
scale Scale factor to apply to the output waveform.
Output:
t Time value of the initial element of the output array.
wave Array of the particle velocity signal waveform values.

External variables:

LRTEP A

nrefl Number of reflection waves to calculate. (0<=nref1<=6)
pl Pi.
h Thickness of the surface layer. (m)
cl SH-wave velocity in the surface layer. (m / s)
rhol Density of the surface layer. (kg / m)
c2 SH~wave velocity in the lower region. (m / s)
rho2 Density in the lower region. (kg / m)
a Radius of the cavity. (m)
alpha Shape factor for the incident pulse.
w0 Peak radial frequency for the incident pulse.
df Frequency step. (Hz)
H-36
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C xc X position of the cavity center.

C yc Y position of the cavity center.,

C ql Quality factor for the surface layer.

C wl Cutoff radial frequency for the surface layer.

C q2 Quality factor for the lower region.

C w2 Cutoff radial frequency for the lower region.

c hnkrs Array of variables made external to save memory.
C hnkr Array of variables made external to save memory.
C

subroutine scat_pulse(xs, ys, x, y, scale, t, wave)
implicit none
real*3 Xs, ys, x, y, scale, t, wave(4096)

integer*4 nrefl
real*8 pi, h, ¢l, rhol, ¢2, rho2, a, alpha, w0, df, xc, yc, ql,

[

7
L3
&

1 wl, q2, w2

common /constants/ nrefl, pi, h, cl, rhol, ¢2, rho?, a,

1 alpha, w0, df, xec, yc, ql, wl, q2, w2
integer*4 i, n, j, 1, nr, nrs, virgin, ier, m, work(9)

real*§ dt, dk, suam, k, tdy, ¢, c¢s, phis, phi, theta

real*8 acc, accl, w, v, u, tsi2, acc?

real*g pwave(256), twave(256)

complex*16 k2, z, dispi, ij, aj, ka, krs, kr, nu, r, rs, cnr, cnrs
complex*16 s, ss, b

complex*16 trndsp(128), spect(256), hnka(0:50)

complex*16 hnkrs(0:49,2:128,0:5), hnkr(0:49,2:128,0:5)

complex*16 jnka(0:50), jpka(0:49,2:128), hpka(0:49,2:128)

common /hankel/ hnkrs, hnkr
save jpka, hpka

real*8 pulse, zatan
complex*16 zk, znu

equivalence (trndsp(l), spect(l))
znu(k) = zk(l, k * c2 / cl) / zk(2, k)

zatan(s, x) = .5 * (datan2(dble(s), (x + dimag(s)))
1 + datan2(dble(s), (x - dimag(s))))

Initialize local constants
data virgin / 0/

data m / 8/
data acc / .0001/
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i1y = decwplx(0., 1.)

dt 1. / (256, * df)

dk = df * 2 * pi [/ ¢2

u = h / (abs(yc) - h)

¢ = X - X¢

csS = xs - Xc

tsi2 = (cl**2 * rhol) / (c2**2 * rho2)

]
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C
§ C Zero the output array.
i c
§ do 1 =1, 4096
wave(i) = 0.
end do
c
1 C Generate the pulse waveform.
i C
dol =1, 256
v = dble(l - 1) * dt
pwave(l) = pulse(v)
end do
_ c
i C Calculate the initial path length time offset.
: c
k = 128, * dk
r = sqrt((x - xe)**2 + (y - yc)**2)
rs = sqrt((xs — xc)**2 + (ys - yc)**2)
t = d5le((rs + r) * zk{(2, k)) / k / c2 - 20. * 4t
C
c Get the scattering coefficients for the cavity.
C
if (virgin .eq. 0) then
virgin =1
do { =2, 128
k = dble(i-1) * dk
k2 = zk(2, k)
ka = k2 * a
call jhc(ka, 51, jnka, hnka)
do jJ =0, 49
jpka(j,i) = dble(j) * jnka(j) - ka * jnka(j+l)
hpka(j,1) = dble(3j) * hnka(j) - ka * hnka(j+l)
end do
end do
end 1if
C
C Calculate the Hankel functions used in the field equation.
C This is done to prevent recalculation later.
C
C
C Loop over the direct term and the n.mber of reflections.
c

do nrs = (, nrefl

H-38
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Get the direct source-scatterer and detector—-scatterer distances,

[N e

if (nrs .eq. 0) then
ss = ys - yc
rs = sqrt(cs**2 + ss**2)
s =y - yc
r = sqrt{c**2 + s**2)
end 1if

O

Loop over the wavenumber from dk to 127 * dk.

[N o]

do 1 =2, 128
k = dble(i-1) * dk
k2 = zk(2, k)

x C Get the reflected source-scatterer and detector-scatterer distances.
c

if (nrs .gt. 0) then
nu = znu(k)
ss = —(ys + yc + 2.40 * (1.d0 - 'sie(nrs~1) * nu) * h)
A rs = zsqrt{cs**2 + sg**2)
§ = =~(y + yc + 2.40 * (1.d0 - dblel(rrs-1) * pu) * h)
r = zsqrt{c**2 + s**2)
end {f
‘ krs = k2 * rs
1 kr = k2 * r

Calculate the Hankel function values.

call jhc(krs, 50, jnka, hnkrs{0,i,nrs))
call jhc{kr, 50, jnka, hnkr(0,i,nrs))
end do
end do

Begin the Solution.
Loop over the direct and all the reflection terms for the source.

do nrs = 0, nrefl

Get the direct source-scatterer distance and angle.
Set the source-scatterer amplitude facror.

1f (nrs .eq. 0) then
8s = ys = yc¢
rs = sqrt{csk*2 + gs**2)
phis = zatan(ss, cs)
cars = 1.d0

end {f

L°0p over the direct and all the reflectlion terms for the detector.

do nr = 0, nrefl

H-19
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Get the direct detector-scatterer distance and angle.
Set the detector-scatterer amplitude factor.

if (nr .eq. 0) then
s =y ~yc¢
r = sqrt(c**2 + g**2)
phi = zatan(s, c¢)
cnr = 1.d40
end if

Loop over the wavenumber values from 0. to 127 * dk

doi =1, 128

k = dble(i - 1) * gk

K2 = zk(2, k)

if (1 .eq. 1) then
nu = ¢2 / ¢l

else
nu

end if

b = (tsi2 * nu - 1.d0) / (tsi2 * nu + 1.40)

znu(k)

Get the reflected source-scatterer distance and angle.
Set the source-scatterer amplitude factor.

if (nrs .gt. 0) then
ss = —(ys + yc + 2.d0 * (1.d0 - dble(nrs-1) * nu) * h)
rs = zsqrt(cs**2 + ss**2)
phis = zatan(ss, cs)
if (nrs .eq. 1) then
cnrs = -b
else
cnrs = b**(nrs—2) * (1.d0 - b**2)
zsqrt ((l.d0+u*nu*dble(nrs-1))
/ (1.d0+u*dble(nrs-1)/nu))

—
»

end 1if
end if

Get the reflected detector~scatterer distance and angle.
Set the detector-scatterer amplitude factor.

if (nr .gt. O0) then
s = ~(y + yc + 2.d0 * (1.d0 - dble(nr-1) * nu) * h)
r = zsqrt(c**2 + s**2)
phi = zatan(s, c)
if (ar .eq. 1) then
cnr = -b
else
cnr = b¥*(nr-2) * (1.40 - b**2)
1 * 2s5qre((l.d0+u*nu*dble{nr-1))
/ (1.d04+u*dble(nr-1)/nu))
end if
end if

e < ar
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Ge* scattered field value.

krs = k2 * rs
kr = k2 *
theta = phis - phi

Do the scattered field transfer function summation.
j=0 term of the summation.

j=0

if (k .eq. 0.) then
dispt = O.

else
aj = jpka(j,1) / hpka(j,i)

1 * hnkrs(j,i,nrs) * hnkr(j,i,nr)

dispi = aj

end 1if

Calculate the j=1 through j=n terms

acc2 = 0.
do j =1, 49

Calculate the jth term of the sum.

if (k .eq. 0.) then
z = -1j * cos(dble(j) * theta)

1 / (rs * ¢ / a**2)**j / dble(])
else
aj = 2.d0 * jpka(j,1) / hpka(j,i)
1 * hnkrs(j,i,nrs) * hnkr(j,i,nr)
z = aj * cos(dble(j) * theta)
end if

Add the jth term to the sum.
displ = displ + 2
Determine the accuracy level for the sum with j terms.

if (abs(dispi) .eq. 0.) then
accl = acc
else
accl = abs(z) / abs(displ)
end {f

Test for convergence
n = j
if (accl .le. acc .and. acc? .le. acc

1 .and. j .ge. 10) go to 10

acc2 = accl
end do
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Flag non-convergence error.
write(7, 2000) acc, accl
10 continue

dispi = -ij * pi * cnr * cnrs * dispi

The next statement is for calculating particle velocity seismograms.
To calculate displacement seismograms, comment the statement.

dispi = —-1j * displ * ¢2 * k
Apply partial normalization and add the term to the transfer function,

if (k .eq. 0.) then
displ = dispt / c2**2

else
dispi = dispi * (dble(k2) / k / c2)**2
end if
trndsp(i) = dispil
end do

Remove path length time delay from the transfer function.

k = 127.40 * gk
K2 = zk(2, k)
tdy = dble({(rs + r) * k2) / k [/ ¢2 - 20, * dt
v = dk * c2 * tdy
do i =1, 128
k dble(i - 1) * v
trndsp(i) = trndsp(i) * zexp(-1j * k)
end do

'}

Force the high k values to zero.

j =5./ dk
w =128, * dk - S.
do 1 =3, 128
v =1*dk - 5.
trndsp(l) = trndsp(l) * (1. + cos(v * pi / w)) / 2.
end do

Generate the full complex spectrum and conjugate it to prepare for the
back transform.

Reflect the spectrum for negative frequencies.
do 1 =2, 128
spect(258-1) = conjg(trndsp(1l))
end do

spect(129) = 0,

Conjugate the full spectrum.

T
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2000 format("Convergence failed.

rig
N
s,

4,

do 1 =1, 256
spect(1) = conjg(spect(l))
end do
Inverse Fourier transform.
call fft2c(spect, m, work)
Conjugate and normalize.
do 1 =1, 256
spect(l) = df * conjg(spect(l))
end do

Convolve the pulse and the transfer function, and normalize.

do 1l =1, 256

sun = 0,
do j =1, 1
sum = sum + pwave(l - j + 1) * dble(spect(j))
end do
twave(l) = scale * sum * dt / (4. * pl * rho2)
end do

Find the time offset and add the pulse to the time domain signal.

1 = (tdy - t) / dt
do 1 =1, 256
if (1 + 1 .ge. 1) then
wave(l + 1) = wave(l + 1) + twave(l)
end if
end do
end do
end do
return

end

H.2.1,7 scat_pulse?

rErNrNeNeNeoNeNe Nyl

Procedure name: scat_pulse?
Author : J.C. Biard

Discussion ¢ This procedure produces a numerfcal solution of
the equation for a line-source SH seismic wave propagating in

a dispersive absorptive half-space having a surface layer as

expressed by Equatfion (165) Iin Volume I. The wave scatters from

Al

Limte = ",gl4.6,", value = ", gl4.6)
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an infinite cylindrical void of radius a located yc meters below
the half-space surface. The source point is located in the region
below the surface layer and the detector point is located at the
surface of the the half-space. At the detection point the time
domain signal for the scattered wave, including nrefl pre-
scattering and nrefl post-scattering reflections from the surface
layer boundary and the half-space boundary, is calculated using a
high-frequency limit approximation formula. The results are
reported in the array wave.

To calculate a signal in the time domain, the frequency domain
transfer function is calculated and converted into the time domain
impulse response for the propagation path. This is then convolved
with the initial signal to produce the signal at the detector.
This process 1is repeated for the direct wave and all allowed
reflections. These time domain signals are then summed together
to present the final signal.

The transfer function that is calculated is multiplied by
j * omega before the Fourier transform in order to obtain the
time derivative of the displacement amplitude signal upon
convolving with the initial signal. The resulting particle
velocity signal i{s the signal most often presented in seismic
studies.

Procedures called from this module:

ffr2e IMSL subroutine to calculate the Fourler transform.
jhe subroutine to cal:ulate Bessel and Hankel functions.
pulse function to calculate the original signal.

zk function to calculate the complex wavenumber,

Formal arguments:

Input:

Output:

XS X position of the line source.

ys Y position of the line source.

X X position of the detector.

scale Scale factor to apply to the output waveform.

t Time value of the initial element of the output array.
wave Array of the particle velocity signal waveform values.

External variables:

nrefl Number of reflection waves to calculate. (0<{=nrefl<=6)
pi Pi.

h Thickness of the surface layer. (m)

cl SH-wave velocity in the surface layer. (m / s)

rhol Density of the surface layer. (kg / m)

c2 SH-wave velocity in the lower region. (m / s)

rho2 Density in the lower region. (kg / m)

a Radius of the cavity. {(m)

alpha Shape factor for the incident pulse.

w0 Peak radial frequency for the incident pulse.
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df Frequency step. (Hz)

Xc X position of the cavity center.

yc Y position of the cavity center.

ql Quality factor for the surface layer.

wl Cutoff radial frequency for the surface layer.
q2 Quality factor for the lower region.

w2 Cutoff radial frequency for the lower region.
hnkrs Array of variables made external to save menory.
hnkr Array of variables made external to save memory.

subroutine scat_pulse2(xs, ys, x, scale, t, wave)

implicit none

real*8 XS, ys, X, scale, t, wave(4096)

integer*4 nrefl

real*8 pi, h, cl, rhol, c2, rho2, a, alpha, w0, df, xc, yc, ql,
1 wl, q2, w2

common /constants/ nrefl, pil, h, cl, rhol, ¢2, rho2, a,

1 alpha, w0, df, xc¢, yc, ql, wl, q2, w2
integer*t i, n, j, 1, nr, nrs, virgin, ler, m, work(9)
real*8 dt, dk, sum, k, tdy, ¢, c¢s
real*8 acec, accl, w, v, u, tsi2
real*g acc2, us, phi, phis, theta
real*8 pwave(256), twave(256)

complex*16 nu, r, rs, s, ss, cnr, cnrs

complex*16 k2, z, dispt, ij, aj, ka, krs, kr, b
complex*16 trndsp(128), spect(256), hnka(0:50)

complex*16 hnkrs(0:49,2:128,0:5), hnkr(0:49,2:128,0:5)
complex*16 jnka(0:50), jpka(0:49,2:128), hpka(0:49,2:128)

common /hankel/ hnkrs, hnkr
save jpka, hpka
equivalence (trndsp(l), spect(l))

real*s pulse, zatan
complex*16 zk, znu

znu(k) = zk(l, k * ¢2 / cl) / zk(2, k)
zatan(s, x) = .5 * (datan2(dble(s), (x + dimag(s)))

1 + datan2(dble(s), (x - dimag(s))))

Inftialize local constants.

data virgin / 0/
data m / 8/
data ace / .0001/




OO0

OO0

OO0 OO0

OO0 a

OO0

1j = deoplx(0., 1.)

dt = 1. / (256. * df)
dk = df * 2 * pi / ¢2
us = h / (abs(yc) - h)

u =h/ (2.d0 * abs(yc) - h)

¢ = Xx - Xc

cs = XS = XC

tsi2 = (cl**2 * rhol) / (c2**2 * rho2)

Zero the output array. g
do 1 =1, 4096

wave(i) = 0.
end do

Generate the pulse waveform.

do 1 =1, 256 ‘
v = dble(l - 1) * dt !
pwave(l) = pulse(v)

end do

Get the scattering coefficients for the tunnel.
If this is the first call to the subroutine, then calculate the coefficienty

if (virgin .eq. 0) then
virgin =1

Loop over wavenumbers from dk to 127. * dk.

do 1 =2, 128
k = dble(i-1) * dk

Get the complex wave number.

k2 = zk(2, k)
ka = k2 * a

Find the values of the Bessel and Hankel functions for the
argument ka.

call jhc(ka, S1, jnka, hnka)
Calculate the coefficlents from the Bessel and Hankel functions.

do j = 0, 49
jpka(j,1) = dble(j) * jnka(j) - ka * jnka(j+l)
hpka(j,1) = dble(j) * hnka(j) - ka * hnka(j+1)
end do
end do
end if
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Calculate the Hankel function values used in the solution for

the scattered field. This is done in advance to save execution

time.
Loop over the direct and all image terms.
do nrs = 0, nrefl
Get the direct source-scatterer distance.
if (nrs .eq. 0) then
$S = ys - yc
rs = zsqrt(cs**2 + ss**2)
end if

Loop over wavenumber values from dk to 127. * dk.

do 1 =2, 128
k = dble(i-1) * dk

Get the complex wavenumber.

k2 = zk(2, k)
nu = znu(k)

Calculate the source-scatterer distance with nrs reflections.

if (nrs .gt. 0) then

ss = =(ys + yc + 2.d0 * (1.d40 - dble(nrs-1) * nu) * h)

rs = zsqrt(cs**2 + gg**2)
end 1if

Calculate the detector-scatterer distance with nrs reflections.

s = -(h + yc - (1.40 + 2.d0 * dble(nrs)) * nu * h)
r = zsqrt(c**2 + g**2)

krs = k2 * rs

kr = k2 * ¢

Find the Hankel function values for the arguments krs and kr.
call jhc(krs, 50, jnka, hnkrs{0,i,nrs))
call jhc(kr, 50, jnka, hnkr(0,i,nrs))
end do
end do
Begin the solution.

Loop over all the direct and reflection terms for the source.

do nrs = 0, nrefl




C
C Calculate the direct source-scatterer distance, anvle, and amplitude factcr
C .
if (nrs .eq. 0) then
§$ = ys — yc
rs = zsqrt{cs**2 + s5**2)
phis = zatan(ss, cs)
: cnrs = 1,d0
end if
. C
' C Loop over all the direct and reflection terms for the detector.
C
f do nr = 0, nrefl
! C
i C Calculate values for 0. <= ka <= (nk - l)*dka, stepping by dka.
C
! ‘
‘ do i =1, 128
k = dble(i - 1) * dk
k2 = zk(2, k)
if (k .eq. 0) then
nu = c2 / cl
else
nu = znu(k)
end if
b = (tsi2 * nu - 1.d40) / (tsi2 * nu + 1.d40)
C
C Calculate the source-scatterer distance, angle, and amplitude factor
C with nrs reflections.
c
if (nrs .gt. O) then
x ss = =(ys + yc + 2.d0 * (1.40 - dble{nrs-1) * nu) * h)
1 rs = zsqrt{cs**2 + gs**2)
phis = zatan(ss, cs)
if (nrs .eq. 1) then
cnrs = -=b
else
cnrs = b**(nrs-2) * (1.d0 - b**2)
! 1 * 2sqrt((1.d0+us*nu*dble(nrs—-1))
2 / (1.d0+us*dble(nrs-1)/nu))
end if
end if
C
C Calculate the detector-scatterer distance, angle, and amplitude factor
C with nr reflections.
' C
h a s = ~(h + yc¢ - (1.d0 + 2.d0 * dble(nr)) * nu * h)
: r = zsqrt(c**2 + g**x2)
phi = zatan(s, c¢)
cnr = b**nr * 4,40 / (tsi2 * nu + 1.40)
1 * z2sqrt ((1.d0+u*nu*(1.40 + 2.d0 * dble(nr)))
/ (1.40+4u*(1.d0 + 2,40 * dble(nr))/nu))
T H-48
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Get scat'n»red field value.

kr = k2 * r

krs = k2 * rg
2
theta =

phis - phi
Begin sumnation of the scattered field terms.

j=0 term of the sumnation

j =0

if (k .eq. 0.) then
dispi = 0.

else
aj = jpka’ .-, / hpka(j,i)

1 * hptr- ', ,i,nrs) * hnkc(j,i,nr)

dispi = _j

end if

Calculate the j=l through j=n terms.

acc2 = 0.
do j =1, 49

Calculate the jth teran of the sun.

1f (k .eq. 0.) then
z = ~1j * cos(dble(j) * theta)

l / (rs * ¢/ a**2)*%xj / dble(])
else
aj = 2.d0 * jpka(j,i) / hpka(j,i)
1 * hnkrs(j,i,nrs) * hnke{(j,i,nr)
z = aj * cos(dble(j) * theta)
end if

Add the jth term to the sunm.
dispi = dispi + 2
Determine the accuracy level for the sum with j terams

if (abs(dispi) .eq. 0.) then
accl = ace
else
accl = abs(z) / abs{dispi)
end if

Test for converyence.
n=j

ff (acel .le. acc .and. acc? .le. acc
.and. j .ge. 10) go to 10




AP

aon

Flag non-convergence error.

write(7, 2000) acc, accl
10 continue
dispi = -ij * pi * cnr * cnrs * dispi

The next statement is for calculating particle velocity seismoyrarms.
To calculate displacement seismograms, comment the statement.

i
OO0

dispi = -ij * dispi * cl * k

Apply partial norma'ization and add the term to the transfer fun-ti-n srra.

e

OO0

if (k .eq. 0.) then
dispi = dispil / c2%**2
else
dispi = dispi * (dble(k2) / k / c2)**2
end if
trndsp(i) = dispi
end do

o]

Renmove path length time delay from the transfer function.

k = 127.40 * dk
k2 = zk(2, k)
tdy = dble((rs + r) * k2) / k / ¢2 - 20, * dc
if (nr .eq. 0 .and. nrs .eq. 0) then
t = tdy
end if
v = dk * ¢c2 * tdy
do i =1, 128
k dble(i - 1) * v
trndsp({) = trndsp(i) * zexp(-ij * «)
end do

o N9l

Force the high k values to zero.

j = 5. / dk
w 128, * dk - S,
do 1 =3, 128
v =1 * dk - 5,
trndsp(l) = trnd<p(1) * (1. + cos{v * pi / w)) / 2.
end do

Generate the full complex spectrum and conjugate it to prepare for the
back transform.

OO0
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Reflect the spectrin for negative frequencies.
do 1L =2, 128
spect(258-1) = conjz(tradsp{l))
end do
spect(l29) = 0.
Conjugate the full spectrum.
do 1 =1, 256
spect(1l) = conjg(spect(l))
end do

Inverse Fourier transform.
call fft2c(spect, m, work)
Conjugate and normalize.

do 1 =1, 256
spect(l) = df * conjg(spect(l))

end do
Convolve the pulse and the transfer function, and normalize.
do 1 =1, 256
sum = 0,
do j =1, 1
sum = sum + pwave(l - j + 1) * dble(spect(j))
end do
twave(l) = scale * sum * dt / (4., * pi * rho2)
end do

Find the offset into the array and add the pulse to the time domain signal.

i = (tdy - t) / dt
do 1 =1, 25
if (1 +1 .ge. 1) then
wave(l + i) = wave(l + i) + twave(l)
end if
end do
end do
end do
return

2000 format ("Convergence failed. Limit = ",gl4.6,", value = ",gl4.6)

end
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Corplex Function zk

cedure name: zk
hor: J.C. Biard
cussion: This procedure calculates a complex wavenumber

from a real sced wavenumber, k, using Equation (60) in Volume I.
This complex wavenumber 1s used to introduce dispersion and
attenuation into the e¢quations in which the results are used. The
complex wavenumber can be determined for either of two diff.rent
media, as selected by the index n.

The real part of the conmplex wavenumber is considered to be
the dispersive wavenumber, for which the velocity of propagition
rises with the natural log of the frequency. The imazinary puart
is considered to be the attenuaation, and rises with the owponential
of the frequency.

The calculations of the complex wavenuusber make nuse of a
threshold radial frequency, wi, and a quality factor,
qi, (1 =1, 2), Below the threshold frequency, there is no
dispersion or attenuation. The quality factor is a unitless
quantity that describes the magnitude of the dispersion and
attenuation in a given medium.

cedures called from this Module:
none

mal argunments:

Input:
n The medium for which the complex wavenumber is to be
calculated.
k The real wavenumber, which is used as a seed for the
complex value.
Ditput:
zk The complex wavenumber,

ernal variables:

nrefl Number »f reflectioa waves to calculate. (0<=nrefl<=6)
pi Pi.
h Thickness of the surface layer. (m)
cl SH-wave velocity in the surface layer. (m / s)
rhol Density of the surface layer. (kg / m)
c? SH rave velocity in the lower region. {(m / s)
rho2 Density in the lower vegion. (kg / m)
a Radius of the wcavity. (m)
H-52
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Shapy» factor for the incident pulse.

Pea“ radial frequency for the incident pulse.

Frequeacy step. (liz)

X position of the cavity ceater.

Y position of the cavity center.

Quality factor for the surface layer.

Cutoff radial frequency for the surface layer.
Qv «lity factor for the lower region.

Cutoftf radial frequency for the lower region.

complex*ld function zk{(n, k)

implicit none

integec*s
real*8

n

K

integer*s arefl
real*3 pi, h, cl, rhol, c2, rho2, a, alpha, w0, df, xc, ve, ql,
1 wl, a2, w2

commoun /constaats/ nrefl, pi, h, cl, rhol, ¢2, rho2, a,

1

real*8

alpha, w0, df, xc, yc, ql, wl, q2, w2

beta, kp, wp

Calculate the complex wavenumber for medium 1.

if (n

«2q .
o) =Kk *

€

1) then

l

/ wl

If the wavenumber is over threshold, calculate the new velority
and atteauition.

if (wp .30

kp =
beta
else
kp =
beta
end 1if
else

',
8

i

. 1) then

* (1. - log(wp) / pt / ql)

k * (L. = exp(-wp)) / 2. / ql
0.

Calculate the complex wavenumber for medium 2.

wp =k * c2

/ w?

If the wiveaunber is over threshold, calculate the new velocity
and attenuitinn.

if (wp .
kp =
beosa

To
44
x

x
k.

l.) then
(1. = Yog(wp) / plL / q2)
* (1. - exp(~wp)) / 2. / q2




else
kp = k
beta = 0,
end if
end if
zk = demplx(kp, beta)
return

end

H.2.2 Data Files

A sample input file and the first thirty lines of the resulting output
file from the program synseis are shown below.

H.2.2.1 Sample Input

Below is a sample input file for the program synseis. The first line
in the file specifies the number of reflections that are allowed to be pro-
cessed, up to a maximum of six. For a value of 0, the result will be that of
an infinite space. For a value of 1, the result will be that of a half-space
with boundary conditions specified by other parameters in the file. For a
value of 2 or greater, the program will model a half-space with a surface
layer.

The second line specifies the velocity and density of the sur-~
face layer.

The third line specifies the quality factor of the surface layer
and the cutoff radial frequency of the lossy behavior of the surface layer. If
the cutoff is set very high, ~1030, the surface layer will be lossless.

The fourth line specifies the velocity and density of the lower
region of the half-space.

The fifth line specifies the quality factor of the lower region
and the cutoff radial frequency of the lossy behavior of the lower region. If
the cutoff is set very high, ~1030, the lower region will be lossless.

The sixth line specifies the peak frequency, in Hertz, and the
damping rate of the pulse. A value of .9 {s strongly damped, and smaller
values will cause the pulse to damp more slowly.

The seventh line specifies the step in frequency to use in all
the calculations of the seismic waves in the frequency domain. This value is
in units of Hertz.

The eighth line specifies the radius of the cavity in meters
and the thickness of the surface layer in meters.

The ninth line specifies the location of the cavity in a
coordinate system in which the half-space surface is the surface at y = 0
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meters and in which the cavity and all sources and detectors must be in the
region of negative y. The cavity location is given as an x, y pair, and it
must not be located in the surfacv» layer, which is considered to lie in the
region from y = 0 meters to y = -h meters.

The tenth line sracifies the source location in the coordinare
systen mentioned above. Like the cavity, the source must be locatad in the
lower region.

The eleventh line specifies the starting location for the array
of detectors at which the SH wave signal is calculated. This array is consid-
ered to run parallel to the x axis. The array must be located in the lower
region or on the surface of the half-space, at y = 0 meters.

The last line specifies the numbet of detectors present in the
detector array and the spacing between the detectors, in meters.

The example below is an exact copy of the input file used with
the program synseis to generate the output in the next section. The comaents
on each line are not required, but may be there without disturbing the reading
of the parameters by the program. The numerical values must be preseated in
the order and on the lines as shown below.

3 S No. of reflections. (O=space, l=1/2space, >=2=layered)
500,, 1500. $ Layer l: SH-wave velocity(m/s), density(kg/m**3).
50,, .05 $ Q factor, reference radial frequency.
2500,, 2500. $ Layer 2: SH-wave velocity(m/s), density(kg/m**3).
106., .05 S Q factor, reference radial frequency.
1000., .9 $ Pulse peak freq., damping factor.

39.7887357740 $ Frequeoncy step.

L., s. $ Cavity radius, layer depth (h >= 0.).

0., -s0. $ Cavity location (x, y).

-52., -6. $ Source location (x, y).

L, -6, $ Detector array start point (x,v). (y>=h or y=0)
LoL $ No. of detectors, spacing.

H.2.2.2 sample Output

The output below is an exact copy of the output generatcd by the pro-
8¥2% synseis when the input file is the one shown above, The listing below
Tepresents the first thirty lines of the output.

1 4096 3 5,0 500.0 1500.0 2500.0 2500.0 6233.185307179585800
+900000000000000 39.788735770000002 9.81747704320187£-005 1.0
0.00000000000000E+000 -50.0 -52.0 -6.0 1.0 -6.0 50.0 5.00000000000000E-002
100.0 5,00000000000000E-002 1.0

1.0 1.83343267201207¢-002 4.097938426357965-002
0.00000000000000E+000 -9.86040601716357E-006 -3.73468405469397E-005
“7.41127820050589E-005 ~1.05098616380071E-004 —1.14173362353061E-004
=3.10977460277003E-005 -3.89472225515549E~005 1.89022072857182E~005
3+13377893894403£-005 4.2853740538401 1E-005 1.57501389501543E-005
3:05185341901528E-006 1,720980515121636-005 =5.60444452183851E-006
"8.91955288727754E-005 ~1.34353715526207E-004 2.09600246275653E-004




.
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3
2
i
4
4

3.16942661672617E-004 -6.72339541141405E-004 6.28431448436239E-003
3,50344989238494E~002 7.45644131768735E-002 8,94899625454235E-002
5.74394784148735E-002 ~1.10606362129191=5-002 -8.32881535613962E-002
-.125481864557382 ~,120064508309060 -7,19679496071384E-002
-3,59457213114178E~003 5.70780148819543E~002 8.87964205581875E-002
8.44691452417778E-002 5,15940660037613E-002 6.85730712687943E-003

-3.18017360223787E-002 -5.20535645804432E-002 -5.05630857276737E-002
-3.23559256775042E-002 -7,26885042721200E-003 1.45741310113301E-002
2.63994691891793E-002 2.64215269418879E~-002 1.73436876261574E-002

4.38783468713455E-003 -7.10772120059540E~003 ~1.35689775237856E-002
-1.40038764466985E~-002 -9.72365993731303E~-003 -3.33150856932846E-003

2.48623312293225E-003 5.90465102652766E-003 6.36842672057483E-003

17

4,46687408454538E~003 1.44550730598057E-003 -1.38489499581388E-003

~3.11258612595481E-003 -3.43422291666952E-003 -2.60189768768065E-003
~1.19356238736904E-003 1.67627908958156E-004 1.03727376430705E-003
1,25286085709700E-003 9,15473387332386E-004 2.86564641272363E-004
~-3,420686667695489E-004 -7.58024277573733E-004 -8.74601036794633E-004

-7.31383572196355E~004

5.72093419695609E-005 1

-4,10682906717466E-005
-3.0456:214208585E-004
-1.78922213672084E-004
-8.63435174374761E-005
-1,45443228457183E-004
-1.50338460309153E-004
-1.05941034393917E-004

=4.44758223389613E-004

.28399622417473E-004 7,

-1.70674346539787E~004
-2.90648806702587E-004
-1.25704399895347E-004
-9.88955480004431E-005
-1.58950926514508E-004
-1,40457626177698E-004
-9.35144899234639E~005

-1.48244336254333E-004
88181535909211E-005

~2.65149577682537E-004
-2,40871529864743E-004
-9.37985761310485E-005
-1.22283473354508E-004
-1.59127788009629E~004
-1.29568410935122E-004
-7.45475467721954E-005

4,71950815358815E-004 2,54228770677183E~003 6.,22662776085143E-003

9.66098601708087E-003 1.01414874721488E-002 6.

-9.05278139870855E-004
-1.37967868755026E-002

-8,53631966598725E~-003
~9.65463042458288E-003

27773283276044E-003
~1.34643777973222E-002
-2,92443221398139E-003

3.71748489576844E-003 7.96889631308235E-003 8.73284508063948E-003
6.34246611993576E-003 2,.19481784404365E-003 -1.94947863538670E-003
-4.66935413178174E-003 -5,32398772451678E-003 -4.12148366907396E-003
-1.8684246G9331284E-003 4.40570625435726E-004 2.01082837235533E-003
2,47945519089527E-003 1.94361050229078E-003 8,21435863901723E-004
-3.66795321252783E~004 -1.20178960803560E-003 ~-1.48518179448681£-003
=1.25434602070362E-003 -7.12334403280661E-004 -1.17936535613221E-004
3.16357458824037E-004 4.85282246333699E-004 3,99868929222058E-004
1.54475246850195E-004 -1.26372315875142E-004 -3.37990752963346E-004
=4,26034762024539E-004 -3.91997569976660E~-004 ~2.78266548616755E-004
-1.43144880069879E-004 -3,.69718114397421E-005 1.28243673593586:2-005
5.00642189898001E-006 -4.19214407176348E~005 ~-1.01165464693355E-004
=-1.48899425077008E~004 -1.71543058813405E-004 -1.67625900343532E-004
-1.45041265844154E-004 —1.15866230010875E-004 -9.11668470429”18E-005
—-7.75455582583915E~-005 -7.61175122821318E~-005 -8.36050544654/95E-005
~9.46222420488954E~-005 -1.04064948225721E-004 ~1.087€4734324236E-004
-1.08031982523774E-004 -1.03204260996270E-004 -9.66343329190498E-005
-9.06241584103258E~005 -8,66730962617657E~005 ~8.51948321790042E-005
-8.56656130558596E-005 -8,70494844254843E-005 ~8,.82920652748281E-005
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H.3 Graphics Programs

f This section contains the programs and subroutines for producing graphics

plots of the data computed by the modeling programs. They are written in the
C language to allow for a greater flexibility in manipulating the data and to
take advantage of the same language interface allowed in the use of the star-
base graphics package subroutines, which are also written in C.

The main program segments for each different program are included under
separate sections, while subroutines common to all the programs are included
in another section.

! H.3.1 Graphics for Plane Wave Results

; For the plane wave modeling programs, the data generated by each pro-
gram was different enough that a separate graphics program was written for
each modeling program. Subroutines common to all of these programs are
included in Section H.3.3.

H.3.1.1 graph_csect

*
' / Procedure : graph_csect
Author : J.C. Biard
Discussion :
This procedure draws plots of the data from the program csect.
Iavocation

The procedure is run by typing
graph_csect ifile gdev gdriver
where ifile is the data file output by csect, gdev is the
name of the graphics device special file, and gdriver
is the driver name for the graphics device.

External variables : none

Procedures called from this module

axis Draws axes and tic marks for the plot.
character_size Sets the size of the characters.

init_coords Initializes the plotting surface.

Xx_labels Draws x axis labels and titles the plot.
y_labels Draws y axis labels to the left of the axis.
y_labels r Draws y axis labels to the right of the axis.

*/

#include {stdio.h>
include <starbase.c.h)
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rain(arge, argv)

int

arge;

char *argvl];

/*
*/

/*

*/

char *xtitle, *ytitle, *title;

int i, n, gfd;

float x1, x2, yl, y2, dum;

float wl, wr, wb, wt, xstep, ystep;
float line{250], *aline, extent([12];
double kaf{l25}), sigt[125}):;

FILE *fp:;

FILE *fc¢pen();

Open the input data file.

fp = fopen(argv{l], "r");

Read the data from the file into the appropriate arrays

of the file.

n = 0;
while (fscanf(fp, "%lgZlgi*lgi*lg", &ka[n]}, &sigtin]) > 0)
{
n++;
}

Close the input data file.

fclose(fp);

Open the graphics device special file and draw the axes and labels on

the graphics surface.

gfd = gopen (argv([2], OUTDEV, argv[3], RESET DEVICE|INIT);

wl = 0.;

wr = 10,;

wb = 0.;

wt = 2.3

xstep = 1.3
ystep = .5;
xtitle = "xa";
ytitle = "q";

title = "SH-WAVE SCATTERING CROSS-SECTION";
init_coords(gfd, wl, wb, wr, wt, .15, .15, .05, .05);
we to vdce(gfd, wl, wb, 0., &xl, &yl, &dum);
wc:to:vdc(gfd, wr, wt, O., &x2, &y2, &dum);

clip rectangle(gfd, x1, x2, yl, y2};

text color index(gfd, 5);

line _color_index(gfd, 5);

axis(gfd, 0., 0., xstep, ystep);
line_color_index(gfd, 6);

Tt e e o tg e et

until the end




move2d(gfd,
draw2d(gfd,
move2d(gfd,
drawld(gfd,
move2d(gfd,
draw2d(gfd,
moveld(gfd,
drawld(gid,
moveld(gid,
drawld(gfd,
moveld(gfd,
drawld(gfd,
moveld(gfd,

2., wh);
2., wt);
4., wb);
4,, wt);
6., 1l.);
6., Wt);
8., 1.);
8., wt);
10., wb);
10., wt);
wl, .5);
4.,
wl,

FSese ifpaaee

drawld(gfd,
move2d(gfd,
drawl2d(gfd,
draw2d(gfd,
draw2d(gfd, wr, 2.);

line_polor_ﬁndex(gfd, 5);

character size(gfd, .05, .5);

inquire text extent(gfd, "A'", WORLD_COORDINATE TEX{, extent);
xl - extent{9] - extz2nt{3];

yl = extent[10]) - exteat[4];

text alignment(gfd, TA _LEFT, TA BOTTOM, 0., 0.);

X2 = 4. + xl;

y2 = 1. = 3. * yi;

test2d(gfd, x2, y2, "TOTAL REFLECTED ENERGY", WORLD COORDINATE TEXT, FALSF);
y2 ~= yl;

text2d(zfd, x2, v2, "PLANE WAVE SOURCE"Y, WORLD_COORD[NATE_IES[, FALSE);

y2 == yl;

character_size(gfd, .06, .5);

tex' 2d(zfd, x2, y2, "a”, WORLP COORDINATE TEXT, FALS:);

charactwr_size(gfd, .05, .5); -

X2 += xl;

text2d(gfd, x2, y2, " = 1 METER", WORLD_ COORDINATE TEXT, FALSE);

x2 -= xl

¥y2 ~= yi;

text2d(gfd, x2, y2, "V'", WORLD COORDINATE TEXT, FALSE);
X2 += xl, - -

text aligament(gfd,
text2d{gfd, x2, y2,
X2 += 1;
text_alignment(gfd, TA LEFT, TA_BOTTOM, 0., 0.);

t~x22d(gfd, x2, y2, " = 2,500 m/s", WORLD COORDINATE_TEXT, FALSE);
X_labels(gfd, 0., 0., xstep, 0., xstep, wl, wr, "Z4.1f", xtitle, title);
Y_labels(gfd, 0., 0., ystep, 0., ystep, wb, wt, "Z3.1€", ytitle);

TA LEFT, TA HALF, 0., 0.);

"s', WORLD_COORDINATE TEXT, FALSE);

Draw the cross-section cucve.

aline = §line(0];

for (1 =0 ; 1 ¢=n; (++)




*a3line++ = kalil;
*aline++ = cigt{il;
}
line_color_ index(gfd, 2);
polyline2d(gfd, line, n, FALSE);
/*
Close the graphics device.

*/
}

gclose(gfd);

/*
Procedure ¢ graph_dispa
Author : J.C. Biard
Discussion :
This procedure draws plots of the data from the program dispa.
Invocation :
The procedure is run by typing
graph dispa ifile gdev gdriver
where ifile is the data file output by dispa, gdev is the
name of the graphics device special file, and gdriver
is the driver nazme for the graphics device.
External Variables : none
Procedures called from this module
axis Draws axes and tic mirks for the plot.
character_size Sets the size of the characters.
init_coords Initializes the plotting surface.
x_labels Draws x axis labels uand titles the plot.
y_tiabels Draws y axis labels to the left cf the axis.
y_labels r Draws y axis labels to the right of the axis.
*/

#include <stdio.h>
#include <starhase.c.hd

main(arge, argv)
. int argc;
char *argv[];

char *xtjitle, *ytitle, title[132), buffer[132], *title2, buffer2[80};

int i. n, gfd, virgin;
float x1, x2, yl, y2, dum, pi, extent[12];
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/*
*/

/%

/*

*/

/%

floyr wl, wr, wh, wt, xstop,
float line{300], *aline;
double kal230], ampl250], ph
FILFE *fp;

char *stoepy();
FILE *fopen();

pi = 3.141592654%;
title2 = "SH-WAVE SCAI[ERING
virgin = 0;

Open the graphics device special file and select the defanlt peas.

gfd = gopen(argv[2], OUTDEV, argv(3], RESET DEVICE|INIT);

text_color_index(zfd, 5);
line_colsr_index(gfd, 5);
Open the data input file.

fp = fopen(argv(l], "r");

Vs,

Real one line of data at a time

while (fscanf(fp, "%Z{A-Za-z0-9,. +-=i~n", buffer) > 0)

{

If the line is a title line, get the title or plot

if (buffer{0] == 'S")
{

If th's is the first titls line, gvt the title only.

if (virgin == 0)
{

fscanf(fp, "~n%[A-Za-2z0-9,. + =]-n", title);

strcpy(eitle, buffer);

virgin = 1;

}

If this is not the first title line, plot the data.

else

{

Get a new graphics surface and draw the axes and labels for the amplitude

part of the plont,

until the

FREQUENCY';

clear_view surface(gfd);

wl = 0,;

wr = 10.;

wb = 0.;

wt 2.2001;

i

end of the file,

accunialated dati.
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. U S s o

vstep = 1o

ystep = .2

xtitle = "ka";

vtitle = "AMPLITUDE";

init_coords(gfd, wl, wb, wr, wt, .15, .15, .18, .05);

we_to vde(gfd, wl, wb, 0., &xl, &vl, &dum);

wc_toZvdc(gfd, wr, wt, O., &x2, &y2, &dum);

clip_rectangle(gfd, x1, x2, yl, y2);

axis(gfd, 0., O., xstep, ystep);

x_labels(gfd, 0., O., xstep, O., xstep, wl, wr, "%2.0f.",
xtitle, title2);

y labels(gfd, 0., 0., ystep, 0., ystep, wb, wt, "%3.1f", yritle);

text_alignment(gfd, TA LEFT, TA BOTTOM, 0., 0.);

character_size(gfd, .05, .5);

sscanf(&title{d40], "%f", &xl1);

sprintf(buffer2, "PHI = %2.0f. DEG.", x1 * 180. / pi);

inquire_text_extent(gfd, "A", WORLD COORDINATE TEXT, extent);

xl = extent[9] - extent[3];

yl extent[10] - extent{4];

x2 = 0. + 2, * xl;

y2 = .45;

text2d(gfd, x2, y2, buffer2, WORLD COORDINATE TEXT, FALSE);

y2 -=ylj

character size(gfd, .06, .5);

text2d(gfd, x2, y2, "a", WORLD COORDINATE TEXT, FALSE);

character_size(gfd, .05, .5);

3

x2 += x];
text2d(gfd, x2, y2, " = 1 METER", WORLD_COORDINATE TEXT, FALSE);
x2 == xl;
yZ =yl

text2d(gfd, x2, y2, "V", WORLD CONRDINAIE TLXT, FALSE);

x2 += xl; - -

text alignment(gfd, TA LEFT, TA HALF, 0., 0.);

text2d(gfd, x2, y2, "s", WORLD COORDINATE TEXT, FALSE);

x2 += xl; - -

text _alignwent(gfd, TA LEFT, TA BOTTOM, 0., 0.);

text2d(gfd, x2, y2, " = 2,500 m/s", WORLD COORDINATE TEXT, FALSE);
y2 += yl; - B

x2 = 8.;

text_alignment(gfd, TA RIGHT, TA BOTICOM, 0., 0.);
text2d(gfd, x2, y2, "AMP. ", WORLD COORDINATE TEXT, FALSE);
line_color_index(gfd, 2);

move2d(gfd, x2, y2 + ,5 * yl);

draw2d(gfd, 9., y2 + .5 * yl);

y2 =yl

text2d(gfd, x2, y2, "PHASE ", WORLD COORDINATE TEXT, FALSE);
line_color_ind-x(gfd, 3);

move2d(gfd, x2, y2 + .5 * yl);

draw2d(gfd, 9., y2 + .5 * yl);

line_color index(gfd, 5);

/*
Braw the amplitude data curve.
*/
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aline = &lin=[(0];
for (i =0 ; i <= n ; it+H)
{
*aline++ = kali];
*aline++ = amplil;

}
line_color_index(gfd, 2);
polyline2d(gfd, line, n, FALSE);

/%
Draw axes and labols for the phase part of the plot.
x/
line_color_index(gfd, 5);
wl = 0.;
wr = 10.;
wb = -180.;
wt = 180.;
xstep = 0.
ystep = 45.;
xtitle = "ka";
ytitle = "PHASE";
init_coords(gfd, wl, wb, wr, wt, J5, .15, .18, .05);
we_to_vdc(gfd, wl, wb, O., &xl, &yl, &dun);
we_to vdc(gfd, wr, wt, 0., &x2, &y2, &dum);
clip rectangle(gfd, xl, x2, yl, y2);
axis(gfd, wr ~ .00001, -180., xstep, ystep);
y_labels_r(gfd, wr, 0., ystep, 0., ystep, wb, wt, "%5.0f.", yritle);
/*
Draw the phase data curve.
*/
aline = &line[0];
for (1 =0 ; 1 <= n ; it+)
{
*aline++;
*3line+t = 180, * phas-[i} / pi;
}
line_color_index(gfd, 3);
polyline2d(gfd, line, n, FALSE);
line color index(gfd, 5);
/* - -
. Read the next line of input,.
/
fscanf(fp, "~n%[A-Za~z0-9,. +=]n", title);
strcpy(title, buffer);
}
n = 0;
}
/*

Ny Store the data from the current line into the appropriate arrays.
else

{
sscanf(buffer, "A*d %Zlg %1z %lz %*ig", &kaln], Samp(al, &phase[nl);
ntt,

it




T r—

/ %

*/

N

Cet a new graphics surface and draw labels and axes for the last plot,

clear_view surface(gfd);

wl = 0.;
wr o= 10.;
wb = 0.;
wt = 2,2001;
xstep = 1.3

ystep = .2;

xtitle = "ka";

ytitle = TAMPY ATIIDE"

init_coords(gf , wl, wb, wr, wt, .15, .15, .18, .05);
we_to_vde(gfd, wl, wb, 0., &xl, &yl, &dum);

we_to vde(gfd, wr, wt, 0., §x2, &y?, &dum);
clip_rectangle(gfd, xl, x2, yl, y2);

axis(gfd, 0., 0., xstep, vystep);

x labels(gfd, 0., 0., xstep, O., =step, w , wr, "%2,0f.,", xtitle, title2);

yZlabels(gfd, 0., 0., vstep, 0., vstep, wh, wt, "Z3.1f", vtitle);
text_alignment(gfd, TA LEFT, TA BOTIOM, 0., 0.);
character_size(gfd, .05, .5);

sscanf(&title(40], "%f'", &xl1);

sprintf(buffer2, "PHI = %2.0f. DEG.", xl1 * 180. / pi);
inquire_ text extent(gfd, "A", WORLD_COORDINATE TEXT, extent);

x1l = extent[9] - extent[3]; -

yl = extent[10] - extent[4];

x2 = 0. + 2. * x1;

y2 = ,45;

text2d(gfd, x2, y2, buffer2, WORLD COORDINATE TEXT, FALSE);
y2 == yl;

character_size(gfd, .06, .5);

text2d(gfd, x2, y2, "a", W]RLD_COORDINATE_IEXT, FALSE);
character size(gfd, .05, .5);

X2 += xl;

text2d(gfd, x2, v2, " = 1 METER", WORLD_FQORDINATE_fEXT, FALSE);
X2 -= xl;
y2 == yl;

text2d4(gfd, x2, y2, "vV'", WORLD~COORDINATE TEXT, FALSE);

x2 += x1; -
text_alignment(gfd, TA LEFT, [A HALF, 0., 0.);

text2d(gfd, x2, y2, "s", wORLD COORDINATE TEXT, FALSE);

x2 += xl; - ’
text_alignment(gfd, TA LEFT, TA BOTIOM, 0., 0.);

text2d(gfd, x2, y2, " = 2,500 m/s", WORLD COORDINATE TEXT, FALSE);
72 += yl B B

x2 = 8.,

text_alignment(gfd, TA RIGHT, TA BOTTOM, 0., 0.);
text2d(gfd, x2, y2, "AMP, ", WORLD COORDINATE TEXT, FALSE);
line coler_index(gfd, 2); - -

move2d(gfd, x2, y2 + ,5 * yl);

draw2d(gfd, 9., y2 + .5 * yl);

yZ ==yl

text2d(gfd, x2, y2, "PHASE ", WORLD COORDINATE TEXT, FALSE);
line color_index(gfd, 3);
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/*
*/

/*

*/

/*
*/

/%
*/
R
{ }

moveld(gfd, x2, y2 + .5 * yl);
draw2d(gfd, 9., y2 + .5 * yl);
line_color_index(zfd, 3);

Draw the amplitude dara curve.

aline = &line{0];

for (i =0 ; i <= n ; i++)
{
*aline++ = kalil;
*aline++ = amp{i]);
I

line_color index{gfd, 2);
polyline2d(gfd, line, n, FALSE);

Draw the axes and labels for the phase data.

line color index(gfd, 5);

wl = 0.;

wr = 10,;

wb -180,;

wt 180.;

xstep = 0,;

ystep 45,

xtitle = "ka";

ytitle "PHASE";

init_coords(gfd, wl, wb, wr, wt, .15, .15, .18, .05);
we_to_vde(gfd, wl, wh, 0., &xl, &yl, &dun);
we_to_vde(gfd, wr, wt, 0., &x2, &y2, &dum);
clip_rectangle(zfd, xl, x2, yl, y2);

axis(gfd, wr - .00001, -180., xstep, ystep);

y_labels r(gfd, wr, 0., ystep, 0., ystep, wb, wt, "%5.0f.", ytitie);

Draw the phase data curve.

aline = §line{0];
for (i =0 ; 1 <=n ; i++)

*aline+t;

*aline++ = 180. * phase[i] / pi;
}
line_color_index(gfd, 3);
polyline2d(gfd, line, n, FALSE);
line_color index(gfd, 5);

Close the input file and the graphics device.

fclose(fp);
gclose(gfd);




/%
Procedure : graph dispb
grap

Author : J.C. Biard

Discussion :
This procedure draws plots of the data from the program dispb.

Invocation :
The procedure is run by typing

graph _dispb ifile gdev gdriver
where ifile is the data file output by dispb, gdev is the
name of the graphics device special file, and gdriver
is the driver name for the graphics device.

External V.riables : none

Procedures called from this module

axis Draws axes and tic marks for the plot.
character_size Sets the size of the characters.

init_coords Initializes the plotting surface.

x_labels Draws x axis labels and titles the plot.

y labvels Draws y axis labels to the left of the axis.
y_labels r Draws y axis labels to the right of the axis.

*/

#include <stdio.h>
#finclude <starbase.c.hd>

main(arge, argv)
int argc;
char *argvll;

{
char *xtitle, *ytitle, title{a32), buffer{132], buffer2[132];
int i, n, gfd, virgin, ncurve;
float xl, x2, yl, y2, dum;
float wl, wr, wb, wt, xstep, ystep;
float line[500], *aline;
double ra{250}, ampl(250], phase(250];
FILE *fp;
char *strcpy(), *strcat();
FILE *fopen();
virgin = 0;
/*
Open the pgraphics device and the input file.
*/

gfd = gopen(argv (2], OUTDEV, argv[3], RESET DEVICE|INIT);
fp = fopen(argvill, "r'");
ncurve = 0;
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/*

Read

a line from the input fite until the ead of the file.

while (fs-anf(C o, "%2{A-Za-20-9,. +-=]<n", buffer) > 0)

{

If a title line iIs read than either get the title o: plot data.

if (buffer{0) == 'D")
{

If this i{s the first title line, get tle title.

if (virgin == 0)

{

}

fscanf(fp, "~n%{A-Za-z0-9,. +-=]~n", buffer2);
sscanf(buffer, "%[",]%*26c%26c", title, buffer?);
sprintf(title, "%s, %26c", title, buffer2);
virgin = 1;

If this is not the first title line, plot the data.

else

{

acurvet )

Start a new plot for every third curve.

Get

1 New

if (ncurve % 2 == 1)

{

page a.d draw labels and axes.

clear vi-w surface(gfd);

1ine_typc(gfd, SOLID);,

wl = 0.
wr = 50.;
wb = 0.;
wt = 2,2;

Xstep = 5.

ystep = .2;

xtitle = "r/a";

v.itle = "Amplitude";

init_coords(gfd, wl, wb, wr, wt, .15, .15, .05, .05);

we to_vde(gfd, wi, wb, O., &xl, &yl, &dum);

we_to vdo(gfd, wr, wt, 0., &x2, &y2, &dum);

clip rectangle(gfd, xI, x2, yl, y2);

axis(gfd, 0., 0., xstep, ystep);

x_labels(zfd, 0., 0., xstep, O., xstep, wl, wr, "%2.0£.", xtitle,
title);

v labels(zfd, 0., 0., yutep, O., ystep, wh, wt, "R LEY, ytitle);

o7




e

/*
Select the line style appropriate for each curve ausber in the plot.
*/
switch (ncurve 7% 3)
{
case O:
line_type(gfd, DASH DOT DOT);
break;
case 1:
line_typr(gfd, SOLID);
break;
case 2:
line_type(gfd, DASH DOT);
break;
}
/*
Draw the curve,
X/
aline = &line(0];
for (i =0 ; i <=n ; it+)
{
*a3line++ = rali];
*alinet+ = ampli];
}
polyline2d(gfd, line, n, FALSE);
/*
Read the next line.
*/
fscanf(fp, "~n%{A-Za-z0-9,. +=]+n", buffer2);
/*
1f the next set of data will start a new plot, get the title.
*/
if (ncurve 7% == ()
{
sscanf(buffer, "%[*,]%*26c%26c", title, buffer2);
sprintf(title, "%s, %26c¢", title, buffer?);
}
}
n = 0;
}
/*
Store the input data in the apj:opriate locations.
*/
else
{
sscanf (haffer, "Z*d %1g S*lg “lg %*1g", Sraln), &amp[n]);
nt+;
}
}
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/%
Draw the last line in the file.
y
/
line type(gfd, DASH DOT_DOT);
aline = &line[D];
for (i =0 ; i <=n ; i+t)

{
*aline++ = ralil;
*alinet+t+ = amp(i];
}
polyline2d(gfd, line, n, FALSE);
/%
Close the graphics device and the input file.
*/
/
fclose(fp);
gclose(gfd);
}

H.3.1.4 graph.dispcd

/*
Procedure : graph dispced
Author : J.C. Biard
Discussion :

This procedure draws plots of the data from the program dispcd.

Invocation d
The procedure is run by typing

graph disped ifile gdev gdriver
where ifile is the data file output by disped, gdev is the
nane of the zraphics device special file, and gdriver
is the driver name for the graphics device,

Exteranal Variables @ none

Procedures called from this module

axis Draws axes and tic marks for the plot.
character_size Sets the size of the characters.
init_coords Initializes the plotting surface.
x_labels Draws x axis labels and titles the plot.
y_labels Draws y axis labels to the left of the axis.
Ny y_labels_r Draws y axis labels to the right of the axis.
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#include <stdia.h>
#include <stardase.c.hdD

main{arge, argv)
int arge;
char *argvl[];

{
char *xtitle, *ytitle, title{132], buffer{132}), buffer2{132}, *title2;
int i, n, gfd, virgin, ncurve;
float x1, x2, yl, y2, dum, extent[12];
float wl, wr, wb, wt, xstep, ystep, r, psi, pi;
float 1line{500], *aline;
double phi[250), amp(250}, phase[250};
FILE *fp;
char *strcpy(), *strcat();
double sin(), cos();
FILE *fopen();
pi = 3.141592654;
virgin = 0;
/%
Open the graphics device.
x/
gfd = gopen(argv(2], OUTDEV, argv[3], RESET DEVICE|INIT);
/%
Set the pens to use for lines and text.
* /
/
text_color_index(gfd, 5);
line_color_index(gfd, 5);
/* B
Open the inpat file.
*/
fp = fopen(argv([l], "r'");
ncurve = 0;
/%
Read an input file line until the end of the file.
*/
while (fscanf(fp, '"%{A-Za-z0-9,. +-=~f]~n", buffer) > 0)
{
/*
If a title line is scen get the title or plot the accumulated da-a.
.
/
if (buffer[0) == '"~f' || buifer[0] == 'D')
{
J*
If this is the first title line, then et the title.
*/
if (virgin == 0)
{
fscanf(fp, "~n%[A-Za~2z0-9,., +-=~f]<n", buffer);
strepy(title, buffer);
virgin = 1;
}
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/%
If this is not the first title line, thea plot the data.
*/
else
{
/*
Plot three sets of data on a page.
*/
ncurvett;
if (ncurve % 3 == 1)
{
/%

If this is to start a new plot, then get a new surface and draw axes
and labels.

x/
clear_yieg_surface(gfd);
wl = =2,;
wr = 2.3
wb = 0.3
wt = 2.3
xstep = .5;
ystep = 0.
xtitle = "AMPLITUDE (REL.)";
yeitle = " "
title2 = "TOTAL SH-WAVE POLAR AMPLITUDE SCATTERING";
init_coords(gfd, wl, wb, wr, wt, .15, .15, .15, .05);
wc_to vde(gfd, wl, wb, 0., &xl, &yl, &dum);
we_to_vdc(gfd, wr, wt, O., &x?2, &y2, &dum);
clip_rectangle(gfd, xl, x2, yl, y2);
axis(gfd, -3., 0., xstep, ystep);
x labels(gfd, 0., 0., xstep, 0., xstep, wl, wr, "Z3.1f",
T xtitle, title2?);
clip_indicator(gfd, CLIP_TO_VDC);
/*
Draw curved dotted line of radius .2.
*/
line_polor_}ndex(gfd, 6);
r = .23
move2d(gfd, r, 0.);
for (psi = 0. ; psi <= 2. * pi + .00l ; psi += pi / 90.)
{
xl = ¢ * cos(psi);
yl = ¢ * sin(psi);
draw2d(gfd, xi, yl);
}
/*
. Draw curved dotted lines of radius 1. and 2,

for (r = 1. ; £ <= 2. ; r++)
{
move2d(gfd, r, 0.);
for (psi = 0. ; psi <= pi + .00l ; psi += pi / 300.)
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/*

*/

/%
*/

haad

axis?gfd, 0., 0., xstep, ystep);
line_color index(gfd, 6);

{
xl = r * cos(psi);
yl = * sin(psi);
draw2d(gfd, x1, yl);
}
}
Draw radial lines and angle labels at every 15 degrees around the
radius 2. circle.
r = 2.3
character_size(gfd, .035, .5);
inquire text_extent(gfd, "A", WORLD COORDINATE_TEXT, «uxt - nt);
x2 = extent[9] -~ extent{3};
for (psi = 0. ; psi <= pi + .0001 ; psi += pi / 6.)
xl =1 * .os(psi);
yl = ¢ * sin(psi);
move2d(gfd, 0., 0.);
draw2d(gfd, xl, yl);
sprintf{(buffer2, "%1.0f", psi * 180. / pi);
if (psi < pi / 2. - .1)
text alignment(gfd, TA LEFT, TA BOTTOM, 0., 0.);
xl += .5 * x2; - -
text2d(gfd, x1, yl, buffer2, WORLD COORDINATE TEXT, FALSE);
}
else if (psi - pi / 2. < .01)
{
text alignment(gfd, TA CENTER, TA BOTTOM, 0., 0.);
text2d(gfd, x1, yl, buffer2, WORLD COORDINATE TEXT, FATSE);
}
else
{
text_alignment(gfd, TA RIGHT, TA BOTTOM, 0., 0.);
x1 == .5 * x2; -
text2d(gfd, xl, yl, buffer2, WORLD_COORDINATE_TEXT, FALSE);
}
}

Draw graph legends.

line_color index(gfd, 5);

text_alignment(gfd, TA LEFT, TA B iTOM, 0., 0.);
character_size(gfd, .05, .5);

sscanf(&titlel47], "%E", &x1);

sprintf(buffer2, " = %1,0f.", x1);
inquire text extent(gfd, "A", WORLD COURDINATE_TEXT, extent);
xl = extent[9] - extent[3];

yl = extent[10] - extent(4];

X2 = wl;

y2 = wt + 4, * yl;

character_size(gfd, .06, .5);

text2d(gfd, x2, y2, "r/a", WORLD COORDINATE TEXT, FALSE);




character size(gfd, .05, .3);

x2 += 3, * xl;

text2d(: fd, x2, y2, buffer2, WoiL COORDINATH TFXI, Fis«);
x2 -= 3, * x1; - h

y2 == 41

character_size{(gfd, .06, .5);
text2d(gfd, x2, y2, "a", WORLD COORDINATE TEXL, FATSE);
character_size(gfd, .05, .5);

x2 += xl;

text?algfd, x2, y2, " = 1 METFR", WORLD COORDINATH TEX[, FALSE);
x2 -= xl; - -

yZ ==yl

text2d(gfd, x2, y2, "V", WO?LD COORDINATE TEXT, FALSE);

x2 += xl;

text_alignment(gfd, TA LEFT, TA HALF, 0., 0.);
text2d(gfd, x2, y2, "s", WORLD COORDINATE TEXT, FALSE);
x2 += xl; - -
text_alignoent(gfd, TA_LEFT, TA BOTTOM, 0., 0.);

text2d(gfd, x2, y2, " = 2,500 m/s”, WORLD COORDINATE TEV{, FALS<);
y2 = wt + 4. * yl;

x2 = 1.,5;
text_alignment(gfd, TA _RICHT, TA BOTTOM, 0., 0.);
text2d(gfd, x2, y2, "ka = .5", WORLD COORJINATH TEXT, FALSH);

line color_index(gfd, 2);

move2d(gfd, x2 + .5 * x1, y2 + .5 * y1);

draw2d(gfd, 2., y2 + .5 * yl);

v2 ==yl

text2d(gfd, x2, y2, "ka = 1.0", WORLD COORDINATE TEX[, FAISE);
line_color_index(gfd, 3); - -

move2d(gfd, x2 + .5 * xl, yv2 + .5 * yl);

draw2d(gfd, 2., y2 + .5 * yl);

y2 ==yl

text2d(gfd, x2, y2, "ka = 2.0", WORLD CuUORDINATE TuXT, FALSE);
line_color_index(gfd, 4); - B

mos :2d{gfd, x2 + .5 * xl, y2 + .5 * yl);

draw2d(gfd, 2., y2 + .5 * yl);

clip_indicator(gfd, CLIP TO RiCT);

line_color_index(zfd, 3);

}
/*
. Select the proper pen color for the curreat curve to plot,
/
switch (ncurve % 3)
{
case O:
line _color_index(gfd, 4);
break; -
case 1:
line_color_index(gfd, 2);
break; -
case 2:
lin: colar index(gfd, 3);
break; -
}




-t

/%
/

*/

/*
*/

*/

/*
*/

Draw the curve.

] .

<

[

aline = &line(0
for (i =0 ; i
{

n ; it+t)

*alinet+ = ampl(i] * cos(phi[il);
*aline++ = ampli] * sin(phi[il)

}
polyline2d(gfd, line, n, FALSE);
line color_index(gfd, 5);

Read the next input line.

fseanf(fp, "~n . [A-Za-20-9,. 4-=f]-n", bufferl);

If the next curve will start a new graph, save the title

if (ncurv. % 3 == 0)

line.

{
strepy(title, buffer);
}
}
n = 0;
}
Store the input data in the proper arvays.
else
{
sscanf(buffer, "L *d %lg %lg %*1g", &philn], Samplnl);
n++,;
}
}

Plot the last curve in the file.

line_color_index(gfd, 4);
aline = &linef{0];
for (1 =0 ; 1 <=n ; i++)
{
*aline++ = ampli] * cos(phi®il);
*3linet++ = ampl[i] * sin(phi(il]);
}
polyline2d(gfd, line, n, FALSE);
clear_view surface(gfd);

Close the input file and the yraphics device.

felnse(fp);
gelose(gfd);
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H.3.1.5 graph_disp.

/*

* /
/

Procedure ¢ graph dispe
Author : J.C. Biard
Discussion :

This procedure draws plots of the data from the program dispe.

Invocation :
The procedure is run by typing

graph_dispe ifile gdev gdriver

where ifile is the data file output by dispe, gdev is the
nane of the graphics device special file, and gdriver
is the driver name for the graphics device.

External Variables : none

Procedures called from this module

axis Draws axes and tic marks for the plot.
character_size Sets the size of the characters.

init_coords Initializes the plotting surface.

x_labels Draws x axis labels and titles the plot.
y_labels Draws y axis labels to the left of the axis.
y_labels ¢ Draws y axis labels to the right of the axis.

#inciude <stdio.h>
#include <srarbase.c.h>

main{arge, ar4v)
int arge;

char *a. .v!];

{

char *x-itle, *ytitle, title[132], buffer{132];

int i, n, gfd, virgin;

floar x1, x2, yl, y2, dum;

float wl, wr, wb, wt, xstep, ystep;
float 1ine(500], *aline;

doubls x{250], amp(250], phase(250];
FILE *fp;

char *strcpy();
FILE *fopen();

virgin = 0;
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S *
Open the graphics device.
*/
gfd = popen(argv[2}, OUTDEV, argv{3], RFSE?_UEYlCE[INIT);
/*
Cpen the input file for reading.
*/
fp = fopen(argv([l], "r");
/*
Read the 31ile until the end and load the appropriate values.
*/
while (fscanf(fp, "%[A~Za 20-9,. +-=]~n", buffer) > 0)
{
/%
If a title line is found, then get the title or plot the data.
*/
it (buffer(0] == 'D")
/*
If this is the first pass, get tlte title.
*/
if (virgin == 0)
{
fscanf(fp, "~n%{A-Za-z0-9,. +-=]~n", title);
strepy(title, buffer);
virgin = 1;
}
/%
If this is not the first pass, prepare to plot the data.
, */
else
{
/*
Get a ew screen and draw the axes and labels.
*/
clear_view surface(gfd);
. wl = -50.;
3 wr = 50.;
v wb = 0,
wt = 2.,2;
xstep = 10.;
ystep = .2;
xtitle = "x (meters)";
ytitle = "Amplitud.';

init_coords(gfd, wl, wb, wr, wt, .15, .15, .05,

we _to vde(gfd, wl, wb, 0., §xl, &yl, &dum);

we to vde(gfd, wr, wt, O., &x2, &y2, &dum);

clip rectangle(gfd, x1, x2, yl, v2);

axis(gfd, wl, 0., xstep, ystep);

x_Yabels(gfd, w1, 0., xstep, wl, xstep, wl, wr,
title);

y_labels(gfd, wl, N., ystep, 0., ystep, wb, wt,
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/*

Draw the amplitude data accumilated.

aline = &line{0];
for (i =0 ; i <= u ; i++)
{

*aline+t = x[il;

*agline++ = amp(i]; ,
} -
polyline2d(gfd, line, n, FALSE); -

/%

Get a new screen and draw the axes and labels.

clear view surface(gfd); .

wl = =50.; i

wr = 50.;

wb -10.;

wt = 10,; =,

xstep = 10.;

ystep = 2.;

ytitle = "phase (radians)'; ‘g

init_coords(gfd, wl, wb, wr, wt, .15, .15, .05, .05); k>

we_to_vdc(gfd, wl, wb, 0., &xl, &yl, &dum); '

we_to_vdc(gfd, wr, wt, 0., &2, &y2, &dum);

clip rectangle(gfd, xl, x2, yl-.001, y2);

axis(gfd, wil, wb, xstep, ystep);

x_labels(gfd, wl, wb, xstep, wl, xstep, wl, wr, "Z2.0f.", xtitle,
title);

y_labels(gfd, wl, 0., ystep, 0., ystep, wb, wt, "%4.0f.", vtitle);

/*
Draw the phase data accumulated.
*/
aline = &line(0];
for (i =0 ; 1 <= n ; it+)
{
*alinet+;
*aline++ = phasel(il];
}
polyline2d(gfd, line, n, FALSE);
fscanf(fp, "~nX{d~Za-z0-9,. +-=]~n", title); =
strepy(title, buffer); ¥

i

/*

R

If there is not a title, then read the data. k-

£
w

else
{

sscanf(buffer, "ixd Zlg %1z 7y Z*1g", &x[n], samp(n], gphaso(nl);
n+t;




-r

/*

Cet a new screen and draw the axes and labels.

*/
clear_view surface(gfd);
wl = =-50.;
wr = 50.;
wb = 0.3
wt = 2.2;

xstep = 10.;

ystep = .2;

ytitle = "Amplitude';

init_coords(gfd, wl, wb, wr, wt, .15, .15, .05, .05);

wc_to vde(gfd, wl, wb, 0., &xl, &yl, &dum);

we_to vde(gfd, wr, wt, 0., &x2, &y2, &dum);

clip rectangle(gfd, xl, x2, yl, y2);

axis(gfd, wl, 0., xstep, ystep);

x_labels(gfd, wl, 0., xstep, wl, xstep, wl, wr, "%2,0f.", xtitle, tirie);

y labels(gfd, wl, 0., ystep, 0., ystep, wb, wt, "Z%Z3.}f", ytitle);
/*

Draw the amplitude data accumulated.
*/

aline = &line[0];

for (i =0 ; i <=n ; i++)

{
*aline++ = x[i];
*alinet+ = amp[i];
}
polyline2d(gfd, line, n, FALSE);
/*
Get a new screen and draw the axes and labels.
*/
clear view surface(gfd);
wl = -50,;
wr = 50.;
wb = -10.;
wt = 10,
xstep = 10.;
ystep = 2.;
ytitle = "phase (radians)’”;

init_coords(gfd, wl, wb, wr, wt, .15, .15, .05, .05);

we_to vde(gfd, wl, wb, 0., &xl, &yl, &dum);

we_to vde(gfd, wr, wt, O., &x2, &y2, &dum);

clip rectangle(gfd, x!, x2, yl-.001, y2);

axis(gfd, wl, wb, xstep, ystep);

x_labels(gfd, wl, wb, xstep, wl, xstep, wl, wr, "%2.0f.", xtitle, title);

y labels(gfd, wl, O., ystep, O., ystep, wb, wt, "%4,0f.", ytitle);
/%

Draw the amplitude data accumulated.
*/

aline = &line[0];

for (1 =0 ; i <= n ; i++)

{

*alinet++;
*alinet+ = phaselil;
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polyli- 2d(gf!, line, n, FALSE);
/%

Close the in ut file and the graphics device.
* /

fclose{fp);

gclose(zfd);

H.3.2 Graphics for Line Source Results

The progran for graphing the line source results is more complicar-d
ziuin the progra s for graphing the plane wav-e results in that there a-e more
oaraneters to consider for one graph. The program vuseis thus has an inpur
pararetor file trat can be used, if desired., An example of this file is pre-
scated in Section H.3.2.3 below.

Tre program vuseis is also written to read the moleling output data in
binaryv, rather than ascii, form. This was done because the outpur files from
synseis were quite large and were compacted by coaversion to binary. Allowing
vusais to read the binary files saved time and effort. The program that per-
forns the conversion is called compact, and is included in Section H.3.2.2
below.

Procedure aane : vusels
Author : J.C. Biard

Discussion :

This program produces a synthotic scismograa plot
from the data file created by the program synseis. Information
is read in from an input file that specifies the plot limits and
the scale factor to use when plotting the waveforms.

The seismogram is a distance vs. time plot in which a number
of wav:forus are plotted on the same paje. These waveforws
represent the signal recieved at a number of different detectors,
which from a linear array. Each wavefora is drawn parallel to
the time axis, with the zero amplitude level corresponding to
the distance of the detection point from the origin. The
magnitude of the waveforms on the plot is arbitrary. Only
relative sizes of signals and positional information are intended
to be obtained from one of these plots. By setting the proper
variables in the input file, {t i{s possible to cause the signals
above a threshold level to be blacked in, thus aiding in the
interpretation of the data.

The input file contains three sets of information. The first
set specifies the magnification scale factor for the waveforms
in the plot and snots the threshold for the peak blacking if desired.
The second set specifies the x diwension limits in meters. The
thivd set spocifies the time axis limits for the waveforms. Lf
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no input file is included, then defaunlt limits for these values
are used.

The command line arguments include a single character argument
that specifies if only the "i"ncident, "s'cattered, or "b"oth
incident and scattered waveforms are to be plotted in the seis-
mogram., There is also an optionrnal argument specifying an alternate
graphics device for the plot.

Invocation ¢ The proyram is invoked by the command
vuseis [bis] [infile] [gdevice] [gdriver] < datafile

where the arguments are: (bracketed items optional)

b Plot both incident and scattered waveforms,

i Pi>t only i:cident waveforms.

S Plot only scattered waveforms.

infile Input deta file for vusels.

gdevice Device special file for the graphics device.
gdriver Naeme of the starbase graphics driver for gdevice.

datafile Output file from synseis.

The input data file has the form:

100., O. # Scale, blacking threshold (K0 -left,>0-right,=0-nocne)
N., O. # left x limit, right x limit.
J., 120, # starting time limit, stopping time limit.

With no arguments but the indirection of the synseis datafile,
the program will plot all the waveforms in the file, both incident
and scattered, from the leftmost x limit to the rightmost, from
zero time to the maximum time found, with a unity scale factor and
no peak blacking. The graphics output will, by defau’t, go to
the terminal from which the program was invoked, which is assumed
to be compatible with an HP 26xx class graphics terminal.

Proccdures called from this module

axis Draws a pair of x- and y-.xes with optional tick marks.
init_coords Sets up the graphics window and character sizes.
x_labels Draws the labels on the x—-axis and the plot head.

y labels Draws the labels on the y-axis.

Starbase graphirs procedures called fiom this module :
(These program codes are not the property of SWRI and cannot be
published in this report.)

clear view surface Clears the -.creen or ejects the page.

clip_f}ctdﬁgle Sets the software clip range.

gclose Fopties buffers and ecleses the yraphics device.
popen Opens and initializes the graphics device.
interior_ style Specifies the fill attributes for polygons.
line color_index Specifies which pen to use in plotting.

partial polygon2d Builds a set of incomplete polygon cdges.
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polygon?d Uraws a closad polygon or o series of incomplote
polyoons.
polyline2d Draws a line through a nuuber of points.
text color index Specifies the pon to use whon drawing text,
we_to vde Converts a position from the world coordinat-
- systen to the virtual device coordinate
syste .

Eormal Ar_ooents

Input :

aryc The number of commind line arguments + 1.

argv Tk array of commaind line arguments.
argv{0] The name of the procedure being executed.
argv[l] (Opt.) Indicates the tyve of waveform to plot.
argv{2] (Opt.) The input data filenanw.
argv(3] (Opt.) The zraiphics device special filename.
argy 4] (Opt.) The graphics driver.

Qutpur
J
none

External variabies

nanl

Finelude <stdio.hd
Finctude <math,hd>
Hinelnd.: {starbaso.c.hd>

main{irge, argv)
int argo;
chiar Fars SN
chr *stitle, *ytitle, *titl.2, *point;
int i, n, 2fd, j, k, xflag, tflag, wilag, intbuf{3];
int nx, np, nrafl;
Flor  xl, x2, v!, y2, dum, pi, extent{12});
fio © wl, wr, wh, wt, xstep, ystep;
fio 0 s2ale, thresh, xscale, xlolim, xhilim, tlolim, thilia;
I

pat o line{1h324], *aline;

ont= hy el rhol, ¢2, rho2, WO, alpha, df, dt, a, xc, vc, xs, ys, x0, v0;
double ql, wl, q2, w2, dx;

double tli, tds, xd, inc[3096], scat[4096), *ap;

FILE  *fpi;

char *oots();

double sqre();

FLi.E *{open();

pi = 3.151592655%,

Sot the plotting parwaters accocding to the input arguments.




- e,

switch(arge)

{
/*

If no graph option, input parameter fi'e or driver inforwmation is
given at run time, set to plot all and open the terminal as the
graphics device,

*/
case l:
wilag = 2;
scale = 1.;
thresh = 0.
xlolim = xhilim = 0.;
tlolim = thilim = 0.;
gfd = gopen("/dev/try", OUTDEV, "hpterm', INIT);
break;
case 2:
/*

If only the graph option is given at run time, select the graph to
plot, give the maximum ranges, and open the termiral as the gr.phics
device.

*/
switch(argv(1][0])
{
. case 'i':
wflag = 0;
break;
case 's':
wflag = 1;
break;
case 'b':
wflag = 2,
break;
default:
exit(-1);
}
scale = 1.3
thresh = 0,;
xlolim = xhilim = 0,;
tlolim = thilim = O.;
gfd = gepen("/dev/try", OUTDEV, "hrterm", INIT);
braak;
case 3:
/*

If the graph option and input parancter files are given, set

the appropriate values and flags and open the terminal as the

Zraphics device.

*/
switehCargv[1]1(0])
{
case 'i':
wflag = 0
hYreak;
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case 's
wilay = 1,
break;
case 'b':
wflagz = 2

break;
defaule:
exit(-1);
}
/'/ *
Read the plotting parameters from the parameter file.

fpi = fopen(argvi{2], "r'");
fscanf(fpi,"%f , BE4*x["sn)%E, 26%% [ "~ n)Lf, 4E",
&scale, &thresh, é&xlolim, &xhilim, &tlolim, &thilim);
fclose(fpi);
gfd = gopen('"/dev/tty", OUTDEV, "hpterm", INIT);
break;
case 3

If the graphics option, parameter file, and graphics device information
is all supplied at run time, set the appropriate flags and values and
open the specified graphics device.

switch(argv[1][0))
{
case "i':
wflag
break;
case 's':
wflag
breax;
case 'b':
wflag
breat;
default:
exit(~1);

i

0;

H
—

4

Al
!
Read the plotting parameters from the paramcier file.

fpi = fopen(argv{2], "r");
fscanf(fpi,"%f ,WE%E, ZE%E, %",
&scale, &thresh, &xlolim, &xhilim, &tlolim, &thilim);

fclose(fpi);

/ %

Open the graphics device.

*/
gfd = gopen(argv(3], OUTDEV, argv[4], INIT);
break;

de-fanlin:

exit(-1);
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/*
I'f the default limits are taken sct xflag FALSE, c¢lse TRUE.
*/
if (xlolim != 0. || xhilim != 0.)
{
xflag = TRUE;
else
{
xflag = FALSE;
}
/*
If the default values are not taken set tflag TRUE, else FALSE,
*/
if (tlolim != 0. || thilim != 0.)
{
tflag = TRUE;
}
else
{
tflag = FALSE;
}
/%

Read in the first 12 bytes of the input file.
Store the values obtained in the appropriate variables.

*/

point = (char *)intbuf;

fread(point, sizeof(nx), 3, stdin);

nx = intbuf[0);

np = intbuf[l]};

nrefl = intbuf[2];

Read in the next 168 bytes of the input file.
Store the values obtained in the appropriate variables.

*/
poiat = (char *)inc;
fread(point, sizeof{h), 21, stdin);
h = inc[0};

cl = inc{1];
rhol = inc(2];
¢2 = inci3);
tho2 = inzl[é4];
w0 = inc{5];
alpha = inc(6];
df = incl[7];
dt = inc([8];

a = inc[9];

x¢ = inc[l0];
yc = inc[11];
xs = inc[12];
ys = inc[13];
x0 = inc[14];
y0 = inc{15]);
ql = inc(l6];
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/*

wl

2
q2
w2
dx

Clear the

= inc(l7];
= inc{18];
= incf{l19];
= inc(20];

Jiew surface and set the de{ault pens.

clear_view surface(gfd);
text_color_ index(gfd, 5);
line_color_index(gfd, 1);

Set the window limits in the x (horizontal) and t (vertical) dimensions.

if (xflag == TRLE)
{
i = (int)(xlolim / dx);
j = (int)(xhilim / dx);
wl = (float)i * dx;
wr = (float)j * dx;
xscale = (wr = wl) / (2. * (float)(j - i));
}
else
{
wl = x0;
wr = x0 + (floatr)(nx-1) * dx;
xscale = (wr = wl) / (2. * (float)(nx - 1));
}
wl -= xscalej
wr += xscale;
if (tflag == TRUE)
{
wb = —-thilim;
wt = ~-tlolim;
}
2ls
{
wh = =1030, * (sqre(4. * yerye + (wr-wl)*(wr-wl)) / 2 + (double)n; * di);
wt = 0.3
/’ * )
St tive tic mark step size in x and t.
.
/
if ((xstep = (float)((int)({wr - wl) / 10.))) == 0.)
(
xstep = (float)((int)((wr - wl) * 10.)) / 100.;
}
if ((ystep = (float)((int)((wt - wb) / 10.))) == 0.)
ystep = (float)((int)((wt = wb) * 10.)) / 100.;
}
/%
Set the titles, initialize the World Coordinate Systen window,
and draw the ax-s and labels.
*/




xtitle = "DISTANCE (m)'";

ytitle = "TIME (mSec)'";

title2 "SH-WAVE SYNTHETIC SEISMOIRAM™;

init_coords(gfd, wl, wb, wr, wt, .15, .15, .18, .05);

we_to_vdc(gfd, wl, wb, 0., &xl, &yl, &dum);

we to vdc(gfd, wr, wt, 0., &x2, &y2, &dum);

c]?b;?ectangle(gfd, xl, x2, yl, y2);

axis(gfd, (x0 - xstep), wt, xstep, 0.);

axis(gfd, wl, wt, 0., ystep);

axis(gfd, (x0O - xstep), wb+.00001, xstep, 0.);

xl = (wr + wl) / 2.3

x labels(gfd, xl, wb, xstep, xl, xstep, wl, wr, "Z0.0f.", xtitle, ritlel);
y:labe]s(gfd, wl, wt, ystep, -wt, -ystep, wb, wt, "Z0.0f.", ytitle);

/ %
/
Loop over the number of traces to plot conriined in the input file.
*/
for (1 = 0 ; 1 < nx ; i+#+)
{
/*
Read the next 24 bytes from the {nput and store them in the appropriate
variables.
*/
point = (char *)&inc{0];
fread(point, 1, 24, stdin);
xd = inc(0};
tdi = inc(1];
tds = incf2.;
/*
Read the next 8*np bytes to get the direct wave signal values.
i */
; point = (char *)inc;
g fread(point, sizeof(double), np, stdin);
. Read the next E*np bytes to et the scattered wave signal values.
*/
‘ point = (char *)scat;
3 fread(point, sizeof(double), np, stdin);
/*
If the trace is within the pl .t window in x, then plot irt.
*/
P if (xflag -= FALSE || (xd >= xlolim &5 xd <= xhilia))
D {
/*
i Load the plot vector array with the base offset x value and the
‘ t value for . ich point.
*/
aline = &7inef{0];
for (n =0 ; n < 16384 ; n += 2)
{
*alinet+ = xd;
. *aline++ = ~(float)(n / 2) * dt * 1000.;
g }
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x

If the direct wave signal is to be calculated, add the sigual values,
with the appropriate offset in the t direction, to the plot vector
array x values. Scales the added values appropriately.

X
if (wflag == 0 || wflag == 2)
{
j = (int)(rdi / dt) * 23
if (5 >= 0)
{
aline = &line(jl;
i =0;
}
else
{
aline = &line{0];
j=-3 /%
}
for (n = 0 ; n < np ; n++)
{
*aline++ ~= scale * xscale * inc{n+jl;
aline++;
}
}
| *

If the scattered wave signal is to be plotted, add the scattered
wave signal x valuves, with the appropriate offset in t, to the
plot vector array x values. Scale the scattered wave signal
appropriately.

%/
if (wflag == 1 || wflag == 2)
{
j o= (int)(tss / de) * 25
if (j >= 0.
{
aline = iline(jl;
i=0
}
else
{
aline = &line(0];
i=-3 s
}
for (n = 0 ; n < np ; n++)
(
*aline++ += scale * xscale * scat[a+jl:
alinett;
}
}
/%
Draw the signal trace.
*/

interior_style(gfd, INT_SOLLD);
polyline2d(gfd, &line[0), 8192, FALSE);
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%k
/
1f the threshold filling option has Leen selected, find :nd £111 all
trace regions past threshold from the base x offset value.
* I3
/
if (thresh !'= 0,)
{
for (n =0, k = -1 ; n < 16384 ; n += 2)
{
/%
If the x value of the curve over the base offset is greater than the
threshold, start the fill process.
*/
if ((line[n] - xd) / thresh »= 1.)
{
/*

If this is the first point of the region to fill, then set the
point of the plot vector array with the point at which the
line crosses the t!reshold.

*
if (k < 0)
{
k = (n==0) 27n:n - 2;
line[k+1] 4= (line(k+3] - line[k+1}])
* (thresh + xd - linel[k])
/ (line[k+2] - line[k]);
line[k] = xd + thresh;
}
}
/*
If the trace line is no longer over the threshold, then fill the
region.
*/
else if (k >= 0)
{
(’*
Set the point of the plot vector array which ends the fill region
with the point at which the trace line crosses the threshold.
*/
line[n+!l]) = line[n-1] + (lineln+!] - line[n-1])
* (thresh + xd - linel[n-2}])
/ (line{n] = line[n-2]);
line{n] = xd + thresh;
j =1+ (n-%k)/ 2
/%
Ionad the .« propriate part of the plot vector array into the partial
polvgon buffer.
*/
partial polypon2d(gfd, &line(k}, j, FALSE, TrUE);
ko= -1;
}
)
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/%
Fiil all regions selected previously,
x /
polygon2d(zfd, &line[0], 0, FALSE);
interior_style(gfd, INT HOLLOW);
}
}
}
/*
Close the graphics device.
* !

Zeiase(gfd);

: 7 2 nqe
d4.3.2.2 compact

Procelure narme : compact
Author : J.C. Biard

Discussion :
This procedure takes ascii numeric output and converts it to
binary. This allows a large savings in menary.

Invocation :
The program is invoked by the commind

conpact < ifile > ofile

where ifile is the ascii input file and ofile is the binary
output file.
This prugram may be used as a filter.

Procedures called from this module @
none

Exterael variahles
none

#include <{stdio.hd>

mu‘:fl()

{
char ibuffer{80], *obuffer;
int n;
douhle x;

/%
Read strings of ascil characters separated by white space one at
a time until the end of the file.

*/
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while(scanf("%s", &ibuffer(0)) > 0)
{
/%
Seek though the string until a decimal mark or the end of string is found,
x/
obuffer = ibuffer;
while (*obuffer != ',' && *obuffer != '~0")
{

}

obuffer++;

If the seek stopped because it was the end of the string, consider
it to be an integer number string and read it into an integer variable,
Then write the binary contents of the integer variable to the output.

*/
if (*obuffer == '~0")
{
secanf(&ibuffer (0], "%d", &n);
obuffer = {(char *)&n;
fwrite(obuffer, sizeof(n), 1, stdout);
}
/*

If the seek stopped because a decimal mark was found, consider
it to be a decimal number string and read it into a double variable.
Then write the binary contents of the double variable to the output.

*/
else if (*obuffer == '.'")
{
sscanf (&ibuffer[0], "%1lg", &x);
obuffer = (char *)&x;
fwrite(obuffer, sizeof(x), 1, stdout);
}
else
/*
If none of the aluove works, write an error message.
*/
!
{
fprintf(stderr, "Unrecognizable string: %s~n", ibuffer);
}
/%

Push the output into the output file.
*/
fflush(stdout);

He3.2.3 Tnput Parameter File for vuseis

This example input file for the program vuseis specifies the scale,
threshold limit, x limits, and t limits for the graph. The form of the file
mnst o onform exactly to this example in terms of which value is on which line,
Althoayh the comments are not necessary.
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100., 0. # Scale, blacking threshold (<0-lef' ,>0-right,=0-a0n:)
0., 0. # left x limit, right x limit.
0., 120. i# starting time limit, stopping time limit,

H.? 3 Common Graphic: Subroutines

These subroutines are used by the plane wave and line source graphing
prograns to perform the repetitive tasks of coordinate systew inftialization,
chiracter sizing, axis drawing, and labeling.

IS0 ]

H,.3.3.1  axis
*
.
Procedure ¢ axis
Author : J.C. Biard

Discussion :
This procedure draws a pair of axes and optinnally draws
tic marks on the axes.

Fornal Arguncats

Iaput :
gfd File descriptor of the graphics device special file.
x0 X location of the origin of the axes.
yO0 Y location of the origin of the axes.
xstep X axis tic mark spacing.
ystep Y axis tic mark spacing.
Output ! none

Extswraal Viriables @ none

int cmap;

float physlim{2](3], res[3], pl[3}, p2[3];

floar vl, vr, vb, vt, wl, wr, wb, wt, dum, vtx, vty, tx, ty;
float x, vy,

/%
Get the plotting surface limits in VDC and WC coordinate systems.
*/
inquire sizes(gfd, physlim, res, pl, p2, &cmap);
vl = 0,;
ve = (physlin{1](0] - physlim{O][0]) / (physlim[1][1] - physlim[0][1]);
vb = 0.;
vt = l.;




vix = vty = ,01%;
vde to we(pfd, vl, vb, 0., &wl, &b, &dum);
vde to weclgfd, vr, vt, 0., &wr, &wt, &dum);

/ %
/
Get the tic wmark lengths in the WC.
*/
vde_to_wc{yfd, vtx, vty, 0., &tx, &ty, &dum);
tx -= wl;
ty —= wb;
/*
Draw the axis lines.
*/
move2d(gfd, wl, y0);
draw2d(gfd, wr, v0);
wove2d(gfd, x0, wb);
draw2d(gfd, x0, wt);
/*
If xstep = 0, then don't draw x tic marks.
*/
if (xstep != 0.)
{
/*
Draw tic marks on the x—axis from x0 to wr.
*/
: for (x = x0 ; x <= wr ; X += xstep)
¢ {
- move2d(gfd, x, (y0 + ty));
5 draw2d(gfd, x, (y0 - ty));
}
/*
E Draw tic marks on the x-axis from x0 to wl.
3 */
' for (x = x0 ; x >= w1l ; x —-= xstep)
{
E moved(gfd, x, (vO + ty));
drawld(gfd, x, (yO - ty));
}
}
1 Cx
If ystep = 0, then don't draw y tic marks.
*
/
if (ystep '= 0.)
~ {
: /%
H Draw tic rmirks on the y-axis from y0 to wt.
i /
; for (y = yO ; y <= wt ; y t= ystep)
i voveld(pfd, (x0 + tx), y);
: draw?d(gfd, (x0 - tx), v);
}
! /*
i Draw tic rmarks on the y-aixis f om y0 to wb.
! */
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for (y = y0 5 y >= wh ; y -= ystep)
{
movel2d{(gfd, (x0 + tx), y);
draw2d(gfd, (x0 ~ tx), y);

{ .3.3.2 init_coords

| /%
Procelure ¢ init coords
Author : J.C. Biard

Discussion :
This procedure sets the World Coordinate limits
within the physical limits of the graphics device
' and sets default values for some graphics options.

Foraal Argunents

Input
gfd File descriptor for the graphics device special file.
wl World Coordinate window left limit value,
wb World Coordinate window bottom limit value.
wr World Coordinate window right limit value.
wt World Coordinate window top limit value.
fl Fraction of plot surface left of the window.
fb Fraction of plot surface below the window.
fr Fraction of plot surface right of the window.
fr Fraction of plot surface abos o the window.
Qurpus ¢ none

Extorsal Variables : none

init_cewrds{gfd, wl, wb, wr, wt, fl, fb, fr, ft)
int g,f—d;
floar wi, wr, wb, wt, fl, fr, fb, ft;
{
int cmap;
floar physlim[2])(3], res(3], pl{3], p2{3};
float mat[3])(2), vl1, vr, vb, vt, sx, sy;

[ *
h
] Find the physical limits of the graphics device,
*/
inguire sizes(gfd, physlim, res, pl, p2, &cmap);
vl = 0.;

vr = (péyslim[l][O] - phys1lim{0](0]) / (phystim{U](1] = physlim{O}{1]);
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Initiatize the transfoimation matrix to create the World Coordinate

* (vr - vl) / (wr - wl);
* (vt - vb) / (wt ~ wb);

1]
0] = f1 * (vr - vl1) - sx * wl;
1]

= vb) - sy * wb;

vb = 0.3

vt = 1,3
/%

system as specified.

*x/

sx = (1. = f1 - fr)

sy = (1, - fb - ft)

mat{01{0] = sx;

mat {0} (1] = 0.;

mat[1][0]) = 0.

mat [ ] = sy;

mat (21

mat [2]{ = fb * (vt
/%

Set the Virtual Device Coordinate limits and the mapping proj.-ction.

*/

vde estent(yfd, vl, vb, 0., vr, vt, 0.);
mapping mode(gfd, TRUE);

/*

Set the fill style for polygons to empty.

*/
interior style(gfd,
I ._

INT_HOLLOW);

Install the World Coordinate system.

*/
pop_matrix(gfd);

push_vdc matrix(gfd);

replace matrix2d(gfd

H.3.3.3 character_size

’
/ *

Procwdure
Author

Dise ission :
This procedure

Foraal Argurents

Toput
afd
height
fiactor
Output H

Fxternal Variables

*/

e
WY R ST TR ] L T R eI

, wAt);

character size

J.C. Biard

sety the character size :nd aspect ratio.

File descriptor for the graplics device special file.
The character height in Virtual Device Coordinates.

The aspect ratio of the charactors,

noane
none
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chara-ter size(gfd, height, facto)
int gid;
tloat heisht, factor;

; B
1Y
float wa, whd, dua,
Sk
Ibrain the height of the characters in World Coordingr-s.
.
I
vde to we(gfd, 0., 0., 0., &dum, &wh0, &dun};
vde te wo(gfd, 0., heizhe, 0., &dum, &wh, &dum);
wh —-= ¢h0;
*
Set the character height,
X
character helght(gfd, wh);
Sk
Obtain the character width in World Coordinates.
.-
*
Sor othe character width,
.

charaorer width(sfd, wh);

4.3.3.5% x-1abals

*
oot ¢ x_labels
A : J.C, 8iard
;)‘“\ ‘\vf" .
Tais procesure draws labels helow an x—axis line ant! lahols

thh vt owithoa title.

e H :\.T,’ s
Inpue :
gfd File descriptor of the graphics device special file,

®
2
>

position of the x-axis origin in World Coordinates,

20 Y position of the x—axis origin in World Coordinates,
Xstep X axis tic mark increment in World Coordinates.
xhase X axis origin value in user units.
X jnm) X a«<is tic mark incrcement in user units,
1 Left bound of the x-axis ir World Coorldinates.
<r Rizht bounnd of the x-axis in World Coordinates.,
format Formit for weiting tic mark 1a% 15, (As used by print(.)
Ktitle Axis title string.
title Graph tirle striag,
e
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External Variables @ none

*/

x_labels(gfd, x0, y0, xstep, xbase, xjump, x1, xr, forrat, xtitle, title)
char *xtitle, *format, *title;
int gfd;
float x0, yO, xstep, xbase, xjump, xl, xr;
{
char string{20];
int cmap;
float physlim[2][3], res[3], pl[3], p2[3], extent[l12];
float vl, vr, vb, vt, wl, wr, wb, wt, dum;
float x, v;

Obtain the extent of the graphics window in World Coordinates.
*/
inquire sizes(gfd, physlim, res, pl, p2, &cmap);
vl = 0.,
vr = (physlim[1][(0}] - physlim{0][0]) / (physlim[1]{1] = physlim{0]I1]);
vb = D.;
vt = 1.
vde to we(gfd, vl, vb, 0., &wl, &wb, &dum);
vde to wc(gfd, vr, vt, 0., Svr, &wt, &dum);
/* o
Set the size of the label characters, set the text alig.ment, and
set the software clipping boundary to the Virtual Device limits.
*/
character_size(gfd, .035, .5);
text alignment(gfd, TA CEN[ER, TA TGP, 0., »
clip indicator(ygfd, CLIP TO VDC);
/* B o
Label the tic marks n the right part of the x-ixis in user units,
*/
for (x = x0, dum = xbase ; x <= xr ; x += xstep, dum += xjuup)
{

N

sprintf(string, format, dum);
text2d(gfd, x, v0, string, WORLD COURDINATE [7%7, FALSE);

/%
Label the tic marks on the left part of the x axis in user units.
*/
for(x = (x0-sstep), dum = (sbase-xjump) ; x >= x1 ; x —-= xstep, dum -= Xjump)
{
sprintf(string, format, dum);
text 2d(pfd, x, y0, string, WORLD COORDINATE TEXT, FALSK);

Draw the axis title,

*/
inquire text extent (pfd, "A", WOKLD_COORDINATE_THNT, extent);
x = (xr + «1 ) / 2.3

H-96

TR L rapymy TSRO TRRMCS g Y, SV, P TR e e Sl 1 o WSO T O EAET SIS T AN S RN g TY T PRI N SN R T TR, e e s | v



1

y = y0 = 2. % (exteont[7] = extent[4]);

character size(gfd, .06, ,9);

text2d(gfd, %, y, xtitle, WORLD COUNINATE TEXD, FALSH);
text_alignaent(gfd, TA CENTr, TA TOP, 0., 0.);

Draw the graph title,
vr size(gfd, .07, .9);
f

J, %, v, title, WORLD COORDINATE TEXT, FALSE);
clip invicator{gfd, CLLIP TO RECT);

‘. - -
*
Procadace y labels
Aut i : JJ.C. Biard
Discssion :

This procedure draws labels to the left of a y-ax!s line.

Inpu- :
gfd File descriptor of the graphics device special file.
x0 X position of the y~axis origian in World Coordinates.
v0 Y position of the y-axis origin in VWorld Coordinates.
ystep Y axis tic mark increment in World Coorlinites.
ybas: Y axis origin value in user units.
Yy, Y axis tic mark increuwent in user units.
yb Lowst bound of the y-a<is in World Coorlinates,
¥yt Upper bound of the y-axis in World Coordinates.
Eornns Yoraat for writing tic mark labels. (As used by printf.)
vtitle Axis title string.

Dus nat T onone

Yeteraal Variables @ onone

v labels(gfd, x0, y0, ystep, ybas:, yjump, yb, yt, format, ytitle)
“har *yritle, *format;
int zfd,
finat xN, y0, ystep, ybase, yjunp, yb, yt;
{
char string[20];
int cmap;
float physlim{2](3), res(3], pl(3], p2(3], extent[12];
float vl, vr, vb, vt, wl, wr, wb, wt, dum:

floar «, v, mi<lrng
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/*

*/

*/

/%

*/

/*
*/

M AL = o e g -

Obtain the extent of the graphics window ia World Cuurdinates,

inquire_sizes(gfd, physlim, res, pl, p2, &cmap);

vl = 0.;

vr = (physlim[1][0]) - physlim[0){0}) / (physlim{1][1] ~ physlim{O}[1]);
vb = 0.3

vt = 1.

maxlen = 0.;

vde_to_we(gfd, vi, vb, 0., &wl, &wb, &dum);

vde_to we(gfd, vr, vt, 0., &wr, &wt, &dum);

Set the size of the label characters, set the text alignment, and
set the software clipping boundary to the Virtual Device 1imits,

character_size(gfd, .035, .5);
text slignrent(gfd, TA RIGHT, TA BASE, 0., N.);
clip indicator(gfd, CLIP_TO VDC);

Shift the x0 value over by the width of .ne (haracter.

inquire_text_extent{(ygfd, "A", WORLD COORDINATE TEXT, extent);
X0 -= .5 * (extent[9] - extent[3]);

Label the tic mwarks on the upper part of the y-axis in user units.
for (y = yO, dum = ybase ; y <= yt ; y += ystep, dum *+= viump)

sprintf(string, format, dum);

text2d(gfd, x0, vy, string, WORLD COORDINATE TEXT, FALSED;
inquire text extent(gfd, string,_QQRLD_QUORBINATH_TEXT, extent);
x = extent[9] - extent|3];

maxlen = (x > maxlen) ?7 x @ maxlen;

Label the tic marks on the lawer part of the y-axis in user units.

for(y = (y0-ystep), dum = (ybase-yjurp) 5y > yb ; y -= vstep, dum —-= ~ioap®
{
sprintf(string, format, dum);
text2d(gfd, x0, y, string, WORLD CUORDINATE IEXT, FALSE);
inquire text extent(gfd, <tring, WORLD_@“URB&NAFE_?EXT, extent);
x = extent[9] - extent{3];
maxlen = (x > wmaxlern) ? x : maxlen;

Draw the axis title,

character size(gfd, .06, .5);

text alignment(gfd, TA RIGHT, A HALF, 0., 0.);
inq:iremtvxt_(xtvnt(gfg} AT, WOELD_?OORDINATE_YEXT, extent);
y = (yb + yt ) / 2.

x = x0 - 2.5 * (extent[9] - extent[3]) - maxlen;

text?24(gfd, x, y, yritle, WORLD COORDINATE THEXT, FATSE);

H-98

TP AR S TARICVA PO MY R WEWP T S I v AT g T e e T 10T G . TR BT ST O 02 S T




text_aligament (gfd,

TA_RIGHT, Ta CaP, 0., 0.);

x += extent[9] - extentf3];

text2d(zid, x, vy, "s
clip indicator(gfd,

H.3.3.6 y-labels_ ¢

/*

Procedure
Author

Discussion :
This procedure

Formal Arsuments
Inpus :

gfd

x0

y0

ystep

ybase

yjump

yb

P4

vt

format
ytitle

nal Variables

71, x0, yO,
, *foraat;

ystep, vb
char string(20];

int cmap;

float physlim{2}([3],
float vl, vr, vb, vt
floar x, y, maxlen;

/*
Obr.ain the extent of

*/

RETLIN

1"
b

WORLD COORDINA < TEXI, FALSE);
CLTP_TO REC();

v_labels r
J.C, Biard

draws labels to the right of a y-axis line.

File descriptor of the graphics device spacial file.

position of the y-axis origin in World Cootdinaz=s.
position c¢f the y~axis origin in World Coorliaatos.
axis tic mark inccement in World Coordinates.

axis origin value i{n user unirts.

axis tic mark increment in user units.

Lowser bound of the y-axis in World Coordinates.

Uppur bound of the y-axis ia World Coordinate
Format for writing tic mark labels. (As used

Axis title sicing.

~

< g

S
b}'

printf.)

none

non=

ystep, ybas:, vjusp, vb, vt, format, ytitle)

yjunp, vb, vt;

res{3], pl(3], p2{3], extent[12}];
, wl, wr, wb, wt, dum;

the graphics window in World Coordinates.
t

inguice sizes(gfd, physlim, res, pl, p2, &cmap);

vl = 0.
ve = (phystim[L][0]

- physlin[0][0]) / (physlim[1][1} - phystim(O}[L1]);




i
3
s
4
3 vb = 0.
vt = 1.3
maxlen = 0.;
vdc_to_we(gfd, vl, vb, 0., &wl, &wb, &dum);
vdc_to_wc(gfd, vr, vt, 0., &wr, &wt, &dum);
/%
Set the size of the label characters, set the text alignment, and
set the software clipping boundary to the Virtual Device limits.
g */
: character_size(gfd, .04, .5);
1 text_alignment(gfd, TA_LEFT, TA HALF, 0., 0.);
' clip indicator(yfd, CL1P_TO VDC);
/* B
Shift the x0 value over by the width of cne character.
: "
inquire text_extent(gfd, "A", WORLD COORDINATE TEXT, extent);
x0 -= .5 * (c-tent{9] - extent[3]);
% /*
§ Tabel the tic marks on the upper part f the y-axis in uscr units.
Y *I/
: for (y = y0, dum = ybase ; y <= yt ; y += ystep, dng += y ump)
i {
: sprintf(string, format, dum);
text2d(gfd, x0, y, string, WURLD_COORDINATE TEXT, FALSE);
B inquire_text_extent{gfd, string, WORLD COORDINATE TEXT, extent);
. x = extent[9] - extent{3];
naxlen = (x > maxlen) ? x : maxlen;
}
/*
§ Label the tic marks on the lower part of the y-axis in user units.
: ny
3 ) for(y = (yO0-ystep), dum = (vbase-yjump) ; y >= yb ; v -= vstep, Jun
sprintf(string, forzat, dum);
text2d(gfd, x0, y, string, WORLD COORDINATE_ TEXT, rALSE);
S inquire_text extent(gfd, string, WORLD COORDINATE TEXT, extent);
ii: x = extent[9] - extent[3];
i'gi maxlen = (x > maxlen) ? x : maxlen;
kY )
Draw the axis title.
*/
B character_sive(gfd, .04, .5);
text_alignnent(gid, TA LEFT, TA HALF, 0., 0.);
inquire text_extent(gfd, "A", WORLD COCKDINATE T[LXT, extent);
: y = (yb +yt ) / 2.3
. x = x0 + 2.5 * (extent[9] - extent[3]) + mixlen;
H text_path(gfd, PATH DOWN);
: text2d(gfd, x, y, ytitle, WORLD COORDINATE TEXT, FALSE);

text_path(gfd, PATH RIGHT);
clip indicator(gfd, CLIP_TO_RECT);
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