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ABSTRACT

The probìem of scattering of SH-waves by surface, near surface

or embedded inhomogeneìtìes'in a semi-infinite medjum is studied'in thjs

thesjs. A combined numerical and anaìytical technìque is used to solve

the problem. One of the advantages of the combined technique is that it
is appljcable to arbitrary shapes of scatterers and multjple scatterers.

The resuìts compare well with other available analytical and numerical

res ul ts .
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CHAPTER I

I NTRODUCTI ON

In the past ten years, the subject of two-dìmensjonal scattering

of incident SH-waves by inhomogeneities has received consjderable atten-

tjon of researchers ìn earthquake engineering. However, most of these

studies have dealt with the case of an infjnite medium. 0n1y recentìy

has the problem of scatterjng in a semi-'infjnite medium been given

adequate attention. The presence of the free boundary of the ha'lf-space

influences the scattered field jn a signìfìcant manner. Previous works

on the scattering of plane SH-wave jn half-space will be summarjzed in

the next sect'ion .

I .l PREVIOUS I'IORKS

In the study of the effects of surface structure interaction,

analyt'ical solutions for interaction of a shear wall with the sojl for
'incident SH-waves have been obtained [1,2]. Luco [l] obtained the

closed-form solutjon for the dynam'ic interaction of a shear wall with

an ìsotropic, homogeneous and elastic half-space for verticalìy 'incident

SH-waves. Later, Triffunac [2] generalized Luco's results to arbìtrary

incidence of SH-waves. The studies showed that waves scattereci from a

rigid foundation contribute s'ignificantly to the surface ground motion

near and away from the shear wal I .

in the study of the effects of surface topography on ground mot'ion,

ana'lytical solut'ions for sem'i-cyl indrical [3], and semi-elì iptical can-

yons [4] under incident SH waves have been obtained by Triffunac. He
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solved the two problems by the method of separat'ion of varjables. The

solutions were in the form of infinite series whose coefficients were

determined directly from the boundary conditjons on the surfaces of the

canyons. It is indìcated that the nature of ground mot'ion depends on two

princìple parameters: (l) the angìe of incidence, and (2) the ratjo of

the canyons width to the wave length of incident SH-waves. The solutjons

of the two problems provide a check on the validity of other ana'ìytical

or numerjcal approaches. Us'ing the method of asymptot'ic expansions,

expressions for the diffracted field of the surface ìrregularìty of

arbitrary s'lope have been obtajned by Sab'in and Willjs [5].The expressions

are restricted to low frequency. Another approach uses numerical solutjons

of integraì equations to describe the effect of topography on ground

motion under 'low frequency inc'ident waves [6]. It assumes perìodicìty

of surface shape and uses discretjzed integra'l equat'ions to describe the

movement i n the nei ghbourhood of topographi c 'irregul ari ti es w'ith smal I

sìopes. The SH-wave diffraction problem has also been formulated in

terms of Fredholm 'integra'l equations of second kind [7], and of first
kind [8,9] to study the topograph'ic effect. !^long and Jenn'ings [7] form-

ulated the probiem'in terms of singuìar integral equatìons to solve the

scatterjng and djffraction of SH-waves by canyons of arbitrari'ly shaped

cross-section. Sañchez-Sesma et al. [s,9] formulated the same problem

in terms of a system of Fredholm integraì equations of the first kind

with the integration paths defined outside the boundary'in order to get

regular kernel s.

D'iffraction of SH-waves by an edge crack in a seni-jnfinjte, homo-

geneous elastic medium has become a subject of considerable interest in
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the area of non-destructive testing. Anaìytìca'l results [10] were ob-

tajned when the crack was oriented at an arbitrary ang'le to the free

surface. The ana'lysis was confined to the case of long wave-jengths. A

nunierical technìque, Ill], based on an ìntegraì equations formulation

has been applied to study the case of normal cracks in a homogeneous

half-space for both long and short wave-lengths.

In recent years, several studìes dealing w'ith scattering of plane

SH-waves by embedded cavities in a sem'i-jnfinite elastìc medium have

appeared in the literature [2,.l3].Djffract'ion of SH-waves by an elìiptic

el ast'ic cy'lindrjcal incl us j on has been sol ved using the method of matched

asymptotìc expans'ions [.l2]. The near and far field distribut'ions of the

displacement were reported. The solutìon for a buried c'ircular cavjty in

a half space has also been obta'ined in terms of ìntegral equations [13].

Each technìque mentioned 'in the review is restricted to solve

only one type of scatterer after formulat'ion, and the elastìc material

surrounding the scatterer is lim'ited to jsotropìc and homogeneous mat-

erials. For multip'le scatterer these techniques wi1I be very difficult,

if not jmpossible, to apply. It is the ajm of thjs thesis to present a

single technique which wjll investigate scattering of plane SH-waves by

ìnhomogenejties which are either near the surface or embedded in it.

1.2 PRESENT I^JORK

Scattering of elastic waves by surface canyons, edge

embedded cavities or cracks is investìgated 'in th'is thesis
.l,2 

and 3). Solutions to these problems are obtained by a

eri cal and anaìyti cal iechnì que. in thi s techn'ique , med'ia

cracks,

(see Figures

combi ned num-

'inhomogene-
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.it'ies are enclosed'ins'ide a contour. The jnterjor reg'ion so defined'is

bounded and is represented by fjnite elements. For the exterior region,

two approaches are considered:

l) In the first approach, wave function expans'ion ìs used jn the

region outside the contour. Continuity conditions for the field and its

derivative are imposed at a finite number of points on the contour.

2) In the second approach, an integral equation 'is formulated 'in

the extenior region using haìf-space Green's function. The field on the

contour may be'interpreted as a boundary cond'it'ion for the interjor re-

gion and as an equivalent source distribution for the ìntegral equatìon.

Thus, the integraì equation 'is taken as a constrajnt.

Th'i s thesi s wi I I be separated i nto two parts . Scattering of Sll-

waves by surface or near surface 'inhomogeneities will be dìscussed

in Chapter 2, wh'ile scattering by embedded ìnhomogeneities will be inves-

tigated ìn Chapter 3. The final chapter summarizes and concludes the

thesis.
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CHAPTER 2

SCATTERING OF SH-WAVES BY SURFACE OR

NEAR SURFACE DEFECTS

Scatterj ng of hori zontal ly pol ari zed shear (SH) waves by arbì trari ly
shaped canyons and cracks, iocated near the surface, is studied in this

chapter, usjng a combined finite element and analytìca'l technique.

Attention is focused here in the ìong to medium wave lengths.

Two approaches of the proposed techn'iques, namely, the combined

finite element and integral equat'ion, and, the combined finite element

and wave function expansions, are used jn solving the scattering problems

of arbitrarily shaped canyons. Surroundìng materials are assumeo to be

homogeneous and isotropic. To gauge the accuracy and the applicability

of these two methods, numerìcal results are compared with the analytical

solution [3] for the semi-c'ircular canyon. Then the results for triangu-

lar canyon are presented in comparison with other available numerical

solutìons tB]. In order to demonstrate the versatifity of the methods, a

probìem of multip'le scattering is studied. The effect of a near surface

buried c'ircular tunnel on the surface displacements at a triangu'lar can-

yon ìs studied for different angles of incidence. It is found that the

result obtained by the wave function expansjon method has better agree-

ment than the integra'l equatìon method wìth the solut'ions given in [3,8].

The probìem of scattering by an edge crack of ìength.e. at d.iffer-

ent orientations relative to the free surface of the half-space is studied

next using the wave function expansion methoci. O*lng to the stress sing-

ularity at the crack tip, six-node 'isoparametrìc triangular quarter.point
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elements [14;15], (see Figure 4) were used for the reg'ion around the

crack tip. Then seven-node isoparametric quadrilateral transjtjonal

elements [.l6] were used between the crack tip elements and the constant

strain triangular elements, which were used in the rest of the reg.ion

Rr. A typìcal fjnjte element mesh is shown 'in F'igure 5. Numerical results

are presented for crack openjng dispìacements and scattered fields on the

surface when the medium'is homogeneous, or when the crack is located in

an jnsert with different materjal properties. in order to ascertain the

accuracy, comparìson has been made between the results of thjs numerical

technique and the method of matched asymptot'ic expansions (MAE), which is

valid when the wave-length'is long compared to the dimensjons of the

scatterer. Applìcation of MAE to solve scattering problems in bounded

and unbounded media has been demonstrated in some pubiished papers

[lo,l2,l3].

2.1

2.1 .1

METHOD OF ANALYSIS

Numeri cal -Analytical Technì que

Figures I and 2 show a portion of the xy-plane and the r,o-coordin-

ates. A bounded region R, is contajned with'in the boundary B + Br, and the

unbounded exterior reg'ion is denoted by R1. The surface defects and the

non-homogeneìty are contained w'ithín Rr. In the fol'lowing formulatjon

region R2 is assumed to consist of isotropic materjal.

i ) Interior Regjon

For the propagation of harmonjc polarized SH-waves in region Rr,

the dispìacement in the z-direction, w(z), satisfies the Helmholtz equa-

ti on
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(2.r )

k' = 
":'r?' 

, e(')un¿ r(z) are the mass density and shear modul us
tt\z)
F

regjon R, and o the circular frequency.of the materials jn the

R2.

The boundary conditions on w(2) are

^ 12ìdw' ,

t =O'Y=0

%3= o, reBl , Bz ,

F - t (vw(r).vT(2) - k2w(2)fr/(2))dx dy ,tRz

à2w(2) 32v¡(2)*+"" +k2w(2)-0e
àx2 ày'

where

of the

regi on

where n is the outward normal to the contour B, and B, (see Fìgures I

and 2), B, has been taken to be the surface of a canyon or a crack.

The varìat'ional formulatjon for the solutjon w(') in the reg'ion

R, is the minimization of the quadratic functional.

where vw(2)' vw(2) = l vt^l(2)12 The overbar denoies cornpìex conjugate.

R, is sub-d'ivided into finjte elements having Nr +Ne nodes, where

N, and N" are the numbers of interior nodes and nodes on B, respectiveìy.

The displacement field withjn each element ìs represented in terms of

shape f unct'ions L, (x,V) and nodal val ues W, as

"(z) 
(x,V) = ILj

The subscript j refers to the node positjon, some internal (subscripted

I) and some on the boundary B (subscrìpted B). Then the Equatìon (2.4) may

be wri tten as

l^lj
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where {L}, {l,J} are col umn vectors

transpose.

Defjning the matrices Sr,,

and superscript repres en ts

t^ = / [{vt*}r{vLN} - ¡r¡Lr}r{L*}idx dv ,
R2

the funct'ional F of (2.3) can be rewritten as

Sr", S", and S"" as

(2.6)

¡ = 1ñrlr Isrr]{wr} + {wr}r IsïB]{t^tB}

+ 1r^r"]r[S"r]{wr} + {w"}r [sBB]{l^JB} Q.7)

bo u nda ry

0 , it 'is

Takìng the boundary conditjons {I^l"} as known (Dirichlet

condjtion), but yet unspecified, and taking the variation -èI- =
âhlr

found that W, is related to W" by the equat'ion

ISrr]il^lr] = - [SïB]{hlB} (2.8)

i i ) Exteri or Reqi on

In regìon Rr, the displacement w(1) jn the z-direct'ion is composed

of two parts

*(t) = *(o) + w(=) , (2.e)

where w(o) is the free-field d'isplacement and w(") the contributìon of

the scattered waves. The excitation of the half-space, *(i), is assumed

to consist of an infjnjte train of plane SH-waves with frequency t,r gìven

by

w(i) = exp[jot - ik,sìn yx + ikrcos yy] (2.10)

where y is the ang'le of inc'idence (shown in Figures 'l and 2), k| = p(r)

u2¡p(t), p(r) and p(t) are the mass densìty and shear modulus of the mat-

erial occupying Rr. Rl is assumed homogeneous and linearly elastjc. To
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satisfy the free boundary condjtions at y = 0, a refìected wave must be

given by

*(r) = exp[jot - ìkrsin yx- ìk,cos yy] .. (Z.ll)

The free-field solution w(o) = !'l(i) + ¡,(r¡ may be written as

uu(o) = Zcos(krcos yy) expfiurt - ìkrsin yx] . e.jz)

The total field w(t) and the scattered field w(s) satìsfy the

Helmhol tz equation ìn Rr,

¡2 (s) ^2 (s)dw d\^r_+k]p(sr =0 .(2.13)
ð"' * 

a/ "r

(a) Illcglcl-Eguc!1sl-Ue!!q9

A contour c is 'introduced as shown in F'igure l. The regìon of

the plane outside c is called R" and it is st'ipulated that the region of

overlap between R" and R, be homogeneous and isotropic having material

propertìes of Rt. The overlap region precìudes evaluation of the ìntegrai

equatìon at a source po'int, thus avoiding the Green's function sìnguìari-

ties.

In the region R. the Helmholtz Equation (2.13) holds. The scattered

solutjon satisfying the stress-free boundary condjtion at y = 0 can be

written in ìntegral form [B] as

*(') (r, = [ [w(')(a) tr (p,Q) - G(p,a) # (Q)] ds , (2.i4)

where

G(p,Q) = 4 [Ho(t) (krrr) + Hotz) (krrr)J (2.15)
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j = !q, Ho(2) is Hankel function of the second kind and order zero,

Fr = [(x - xo)' + (y - !)'1\ is the distance point from Q(xo,yo) to P(x,y),

y, = l(x-xo)' + (y+yo)2]t it the djstance from P to the image po'int of

Q wìth coordjnate (xo, -ye), s is arc length aìong c, and no is the out-

ward normal to the contour c. In equation (2.15) Hankeì functjon represents

cyì indrìcal SH-waves propagat'ing outwards to infinity w'ith speed o/k,

and satisfies Sommerfeld's radiation condition.

Equat'ion (2.14) can al so be wrj tten i n terms of the total fi el d as

w(") [w(t)

- I I ({1"}r

Eval uatjng the integra'ls at al I Ns node

and collecting terms, the constraint equation

scattered field in the matrix form as

{w jsl} = [M]{htr} ,

or in terms of total field

(P,Q) - G(P,a) *j (Q)l ¿s(P) = I (a) P
dDo

(2.16)

Sjnce w(t) = *(z) on c, field quantities on c in Equat.ion (2..ì6)

may be represented by the node functions and d'isp'lacements given by Equa-

tìon (2.5) as

*(s) (p) ({lr}r tr G{fff )dsl{t,,rr}=rILJ

âc
dlo

dL_ -G{*]}')dsl{tJsi (2.17)

{hJJ')} = [M]{wr}

where 1P(o)] is the value of w(o) at

po'ints on the boundary B,

can be written in terms of

(2 . l8)

(2.1e)+ ¡tnl(o)1 ,

the node points on B. Equations
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(2.8) and (2.19) can be solved to yìeld

ltrrrl + [SrelrN:] {Ljr} = - [sre]{rd 
(")

{r,.rr} - 
[ trrr] 

* [Sref it'rl]-'[sr"]{w 
("1

Substitut'ing Equation (2.20) into Equatìon (2.19) ,

and substjtut'ing these, ìn turn in Equation (2.17)

exterjor point can be evaluated.

]

Ì,

{t^le} can be

di sp1 acement

(2.20)

eval uated,

at any

It may be mentioned

M is complex. The contour

circular for convenience.

here that matrices S'
c can be arbitrary.

and Sr" are real while

Here it has been chosen

b ) hrc yc- fsls!iql__r¡ps!:te!_y9!!eg

The solution of Equation (2.13),

condjtjon at y = 0, is wrjtten in terms

satjsfying the stress

of series t3l

free boundary

/^r Ng

vr(s) (r,e) = I_ [Arr,_r_ ,fi]-,_rr(kr)cos2(n-l )0
n=l_

* Azr, r#lr(kr)sin(2n-l )ol : . e.z1

where An are constants and Hj2) a"e Hankel functjons of the second kind of
order n. It may be noted that only a fìnite number of terms ìs kept-in

Equatìon (2'21), so that Equatìon (2.2i) represents an approximate solution.
Gujded by the expansion Equation (2.2.l) the interior field can be

represented as

* tz) 1r,o) [Dr,,-, *jilr(r,o) * Dz,, *j;,(r,o)] , (2.2'¿)

where Dn are constants ano wl2) (t,e) are unknown funct'ions. From Equatìon
(2.21) and wave function expans'ion [17] of free-field solutjon *(o)(F,0),
we concl ude that

Ng
_r-,

n=1"
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w(2) (b,0) = I- [Dzr,-, cosZ(n-l )0 * Dz' sì n(2n-ì )e] ,
n=1
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(2.?3)

(2.24)

Interior

where b is the radius of semi-circle B.

- In order to find w(')(r,0), wj')(r,o) at the interjor nodal pointsare

determjned by assumjng that the nodal values of wÍtl(b,0) are given by the

values of cosZ(n-l )0 and sìn(2n-1 )o at the nodes.

Let

{vB}n = f::il'-l]u" ' 
N = Z(n-r)

[sìn(2n-1)0" , N = 2n-ì

Using tquation (2.24) ìn Equatìon (Z.B

norial val ues of V can thus be constructed a

{V1}¡1 = - [srr]'tISre]iVe

n=l NB

), {V1}¡ are solved.

S

ÌN (2.25)

Equatìon (2.22) can now be written in the matrix form as

NB

{p(2)} = } o,r{v},, = [v]{u} , . . (2.'¿6)

where 
n=l

fu,l ltu'll{v\o=1 | rvr=l 
I

I v"J* | tvBl 
,J

The next task w'ill be to determir.;. constants 4,, and D,, so that

exterior and interior fjelds can be calculated from Equatjons (Z.Zl) and

(2.26), respectiveìy. To this end, the radial derivat.ives of w(t)(",0) are

fjrst evaluated at the boundary nodes as

{wjtz)} = [v;]{D} (2.27)

Sínce the matrjx [V] is known from Equations (2.24) and (2.25), the matrix

[Vå] can be evaluated from Equation (2.5). Next, the continuity condjtjons
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(2.28)

(2.2e)

the elements of vector {l,,l'(o)}

given by

w(r) (b,0) = w(2)(b,0)

+I¿ = â!,(z) . r = bdY dr

This leads to a system of equations

f tu"l tHt I lrorl

L,u' tH r.J t,^,1

and D,r. in Equatìon (2

matrices IH] and IH'

,,, (o) - Aw(o) ,

U¡ : = --;--ll_dr'

Hii = HIll (

,,, _ a"l3l
nii- âr I

fi,;.1,1
to solve for A'

and the diagona'l

.2e)

] are

r=b

k'b)

r =b

The matrices [V"] and [Vå] are real while [H.l and [H'] are conrplex.

2.1 .2 Matched-Asymptot'i c Expans i on

It has been shown that'if the wave-length is long compared to the

djmensions of the scatterer, the scattered fieìd anywhere in the medium can

be obtained by matched-asymptot'ics Il0,lz,l3]. In this techn'ique the

scattered field is expanded into two asymptotic series; onê valjd jn an'in-

terior reg'ion contain'ing the scatterer and the other val'id away from the

scatterer. The compìete solution is obtajned by matching these series in

some overlap region. A 'long wave-length analytical solution for the scatt-

ered field has been obtained [10] for the case when the regìon containing
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The resul tsthe crack has the same property as the surround'ing materjal

of that analysis up to 0(.u) are reproduced in Appendix A.

2.2 NUMERICAL RESULTS AND DISCUSSION

2.2.1 Surface Canyons

Sufficiently general computer programs were written for the two

methods. Isoparametric elements, as well as constant strain triang'les (CST),

were bujlt in. To gauge the accuracy, range of applicab'ility and versatì'lity

of these methods, three illustrat'ive examples are given. In all cases

considered, regions R, and R, have the same materjal propert'ies, and there-

fore the wave numbers k, = k, and are designated as k. In all the examp'les

some typ'icaì length of a scattereris des'ignated as "a", and for comparison

results are normalized as

ka=¡n=+

where ). 'is the i nci dent wave-l ength .

In the first example a semj-cjrcular canyon is cons'idered, while

the second one a triangular canyon is considered. In the final example

trì angul ar canyon wi th a buri ed ci rcul ar cav'ity i s stud.ied .

i ) Semj-Circular_Canyon

To gauge the accuracy and range of applicabiìity of the methods, a

semì-cylindrjcal canyon of radius rrarr is cons'idered. The analyticaì results

for this case are presented by Triffunac [3]. For th'is case of simple

geometry an automatic mesh-generator program was used. This facjljtates

the generation of different sizes of elements.

'ln

a

several runs were made w'ith different combinations of y, n and k.
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For jl I ustratjon purposes val ues of real and 'imag'inary parts of the dis-

p'lacement at some points on the canyon are presented in Tab'le 'l , for

y=30" and ¡=0.1, 0.5, 0.75 and 1.5.

Good agreement was found oniy up to t=1.5. If the maxjmum length

of the element is denoted as L, then good results were obtajned when

a/L > 5. The incident angle was not a governing parameter. The above two

condjtions were sufficient for rapjd convergence of the series (2.21).

j i ) Tri alsul ar Can.von

Real and'imaginary parts of scattered field at the surface of a

trianguìar canyon for two different depths, inc'idence angìe y= -45o and

rì=0.1/tt are shown in Figures 6 and 7. The solution is compared with the

one given in [8]. Both curves show a similar trend. For 45o slope canyon

number of elements and nodes taken were 300 and 150, respectively, while

fur Z2!' slope they were 400 and 200, respect'iveiy.

Figures 8-10 show displacement amplìtudes at the surface of a trj-
anguìar canyon wjth 45o slope wìth depth rrarr for three'incidence angìes

(Y= 90', 45o, 0o) and n =0.25. Results are compared with those given ìn

tB]. It is observed that matching ìs excellent.

jii) Mul!iple Scatterjng

To show the versat'ility of the method, the probiem with two

scatterers is cons'idered. A 45" sìope trìangular canyon'is taken as be-

fore but w'ith a buried cjrcular scatterer as shown in Figure .ì1. 
The

origin was taken at the surface. Number of elements and nodes taken were

400 and 250, respecti ve'ly.

Figures 8-.I0 and l2 show displacement ampì'itudes at the surface of

the triangular canyon obtained by wave function expansion method. From
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these figures,'it is observed that presence of the circular cavity consid-

erab'ly affects the scattering pattern.

It is seen from Figures 6 and 7 that the results obta'ined by the

wave functìon expansjon method are in good agreement wìth the solutjon

given jn [8]. There is some agreement wìth the results obtajned by the in-
tegral equation techn'ique. These methods predìct results in good agreement

wìth the ana'ìyticaì solution for the circular canyon. Further comparìson

of the results obtained by the two methods and those reported in t3l is
shown jn Figures 8-10 for the displacement on the triangular canyon. It js

interesting to note that for incidence angles of 45o and 90o both the

methods predjct the min'imum dispìacement amplitude at smaller values of x/a

than g'iven in [8]. Further, the disp]acements on the shadow side of the

canyon waì1 are predicted somewhat higher than calculated in tg].
Also depicted in F'igures 8-.l0 are the djsplacements of the canyon

wall in the presence of a nearby circular cavìty obtained by the wave func-

ti on method. I t 'is seen that for gràzì ng i ncì dence the d'ispl acement for
x/a < -0.6 is not affected by the cavity. Beyond this poìnt the dispìace-

ment of the canyon wall is modifjed considerably by the presence of the

cavìty. Amplitudes are magnified for -0.6 < x/a < 1.0. The mjnjmum occurs

at x/a = 0.75, whjch is a little to the left of the point nearest to the

cavìty wal l. D'isp'lacement ampl itudes are less magn jfied as the ang'ìe of
incidence decreases. It is observed that for vertical incidence the dis-
placement of the canyon wall near the cav'ity shows deviation from that in
the absence of the wall. However, the other s'ide js not affected much by the

the cavity. Figure l2 shown'uhe effect of different incidence angles. The
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dìsplacements on the illuminated side are observed to be ampl'ified more if
the wave is jncident from the cavity side.

2.2.2 Edge Cracks

Numerjcal computations were carrjed out for a range of non-dimen-

sional wave numbers e(=krl) from 0.0 to 3.0 for the two cases of a normal

edge crack (ß= 90') and when the crack was incl'ined at 45". Here the in-

cidence angle y is measured from the horizontal as shown in Figure 2.

i ) t¡Jjth jn Isotropic._.Begion

First the whole reg'ion R, and R, was assumed to be homogeneous and

isotropìc. In thjs case the results for small E were compared with those

of Datta [t01. For large e and ß= 90o the results were compared with those

of Stone et al . [l I ].
It was found that in the range of 0 < e < 3 good agreement was ob-

tajned with 26 terms in the series (2.21).It may be noted that thjs chojce

led to 137 and l4l'interior nodes for the inclined and normal cracks, res-

pectìveìy. In both cases the number of nodes on the crack face was 
.l3.

Thus the crack opening displacements were obtained at seven locations in-

cludjng the crack tip on the crack face. (See Fjgure 5).

Fìgure l3 shows the absolute value of the crack openìng disp'lacement

at the mouth of the crack for ß= 90o against e for different angles of in-

cidence. It ís seen that resuìts compare very well wjth those of [ll].
Fìgures 14 and l5 show the variation of the absolute value of the

crack open'ing displacement aìong the crack for djfferent e. Also shown in

these fìgures are the results obta'ined by the method of matched asymptotic

expansìons (MAE) [10] and the numerical results of [tt1. For values of e

up to 0.5 the solutjon presented here agrees well with those of [10]. It
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js interesting to observe that for large e the MAE pred'icts smaller crack

openìng displacement (COD) for y > 45o and larger COD for y < 45o. It can

be seen that the agreement with the solution presented in [ll] is qu'ite

good.

Figure l6 shows the absolute value of COD for a 45o inclined crack

'in comparison wjth the solution obtained by MAE. It js again seen that the

comparison is quite good up to e=l. It is noted from Figures l3-16 that

COD jncreases with e reaching a maxjmum at around e=l and then drops

rapidly up to about e=3. The comparison of the low frequency MAE solutjon

wjth the numerical solution shows that the former is larger than the latter
for cracks with large orjentatjon ang'les and/or for small angles of

i nci dence .

i j ) W'ithi n Ani sotropi c ltlateri al

In order to see the changes that may arise in COD of the crack when

it is embedded in a materjal djfferent from the surrounding matrìx, a case

was considered in which the region R, was occupied by an anisotropic

materjal. Computer programs were modjfied to accommodate anìsotropy.

p2/p, = 1.0ì , vr*/tr, = 1.63 , ttr"/tt, = 1.04

The COD's calculated in this case are compared with the predjctions for
the isotropic case in Figures 17-20. At ìong wave-lengths the difference

between the COD's for the isotropìc and anìsotrop'ic cases are quite'large.

At short wave-lengths (p./x = 0.5) , however, there is very l.itile d-ifference.

It is also noted that for 45o jnclined cracks (Figure 20), cOD's do not

change apprecìabìy when the incidence ang'le y'is changed to '1g0. -y. Th.is
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observatjon agrees with that in Reference [10]. Figure 2ì depicts the

variation of the scattered wave ampl'itude for grazing incìdence on y=0

with the distance from the crack for a normal crack. At ìong wave-lengths

the amplitude drops rapidly w'ith the distance from the crack, reachìng

almost a steady value at around tw'ice the crack length. At short wave-

lengths the amplitude oscjllates in'itiaìly and then reaches a steady

value at around thrjce the crack length. It'is interestìng to note that

at short wave-lengths (¿/f =0.¡) the ampljtudes of the scattered wave for
both 'isotropic and anisotrop'ic cases reach the same steady value at the

same d'istance.

Figure 22 shows the comparison of the backscattered amplitude on

the surface y=0 obtained by the finite element method (FEM) wìth the long

wave-length MAE approximatjon. It is seen that the long wave-length app-

roxjmat'ion gìves good results as long as the crack length to the wave-

length ratio js less than 1/2r. Fìgure 23 shows the comparjson for a

45o'inclined crack. It is seen from thjs fìgure that at ìong wave-'lengths

the back scattered ampìitude is almost the same whether the angle of in-

cl'inatjon of the crack is ß or n - ß. The djst.inction becomes pronounced

if the wave-length to crack-ìength ratio is less than 4. It is interestìng

to note, however,that the difference becomes smaller agaìn when this

ratio is about 2. It is observed that the amplitude jncreases more sìowly

than ìn the 'isotropic homogeneous case.

F'inally, Figures 24 and 25 depìct the variation of the phase of

the backscattered field for normal and incljned cracks. Most sign'ificant

feature of this calculation is that the phase changes linearly with fre-
quency except at very iow frequency. It is also seen that the d'ifference
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between

Fi gu re

for 45"

the phases for the

25 shows that there

and 135' inclined

isotropìc and

are measurable

cracks, except

anìsotropjc cases ìs very small

di fferences between the phases

at very short wave-lengths.
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CHAPTER 3

SCATTIRING OF SH-WAVES BY EMBIDDED DEFECTS

In this chapter, scattering of plane SH-waves by sub-surface cir-
cular cavities and cracks in a semi-infinite elastic medium is stud'ied.

The technique of combined finite element and wave functìon expansìon

that'is useful in the long to interrnediate wave-ìength range is emp'loyed

here. The results are checked with those obtained by matched asymptotìc

expansion technique. The results show good agreement for long wave-

'lengths

3.I METHOD OF ANALYSIS

Figure 3 shows a portion of the semi-infinìte xy-plane occupied by

a homogeneous 'isotropìc elastic material of rigidity modulus p and

dens'ity p. A cavjty (or crack) bounded by the contour C is located in

thìs plane at a depth h from the free surface. The cavity wì]ì be

assumed to be enclosed by a c'irc'le B of radius b(. h ). Note that if
h is very smaìì, as will be the case when the cavity is very close to or

penetrates the free surface, then B may be taken as a semi-cjrcle. This

was done in Chapter 2. Although the same could be done in the present

case,jt would great'ìy expand the finite-element region, and thus would

be far more expensive. If the inhomogeneity is deep inside, it'is more

economical to enclose jt by a circle lyìng fuìly ìnside the semi-infinite

regì on .

3..l.1 Interìor Reg'ion

The formulation'in the interior regjon for the present case js
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the same as that'in Chapter 2. Because of the difference in the nature

of the problems, the formulatjon of the exterjor regìon for the present

case is described in the following.

3 .1 .2 Exteri o r Regi on

In order now to solve for w at the jnternal and boundary nodaì

po'ints, it is necessary to match the solutjon ìn R, wjth the solutjon in

the exterior regìon Rl. For this purpose the solutjon for w sat'isfying

equatìon (2.13) and the boundary conditions on y = 0, viz,

ðT(t) = o on y = o ,ây o ony=O, . .(3..l)

wjll have to be found. Th'is solutjon can be formally written as

w(t) =''(0) 1ç(s) , . .(3.2)
where w(0) 'is the total incìdent fjeld near the cavìty and w(s) 'is the

scattered field.

The solut'ion w(s) can be written as

. w(t) = 
,,lo [Arr(H,r(kr)cos n0 + Hn(kR)cos no)

+ B,r(Hr, (kr)sin n0 + Hrr(kR)sin no) I , .. (3.3)

where Hr. is the Hankel function of the fjrst kind and the coordjnates

(r,0) and (R,O) are shown'in Fìgure 3. S'ince

Hn(kR)cos no = Hn(zkh) *ir{Hr,**(2kh) + (-l )*H.,-*(zkh) } x J*(kr)cos m 0

æ

Hn(kR)s jn no =*lr{tr,*^(zkh) - (-l )*n,r_*(zrrr)} xJ*(kr)sìn m0 , ... (s.+¡

Equation (3.3) can be rewritten as
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[F*cos mg + G*sin m0] ,

where

Fn

and

wi th

*(s) =

= ILH*(kr) + Ï
{ n=u
læ
IRoHo( kr) + i

n=0

An{Hn+*(2kh) + (-l )n'Hr,_*(2kh)}J*(kr), ml 0

A H (2kh). m=0n n'

G* = B*H*(kr) + _i^ Ar,{H',+m(2kh) - (-l rHr-*(Zt<tr)}J*(kr)
n=[J

For the purpose of numerical solutjon on'ly a finjte number of terms

of the series will be kept. choosing the number of nodes, NB, on the

boundary B to be even, Equatìon (3.5) will be written as

I
tNtt
i

m=0

å*"
F*cos m0 + ) G'ns'in mO ,

m=1

(3.6)

'-{

G*=

l
ã*t'

AmHm(kr) + I An{Hn+m(2kh)+(-lfHr,_*(2kh)},J*(kr) , ml0
n=0

1---t
ãNe "

AoHo(kr) + I AnHn(2kh) , ffi= o
n=0

1
ãNe

BmHm(kr) + I Bn{Hn+*(2kh) - (-lFHr,_*(2kh)iJ*(kr)
.n=l

Thus there are N" unknown constants A* and Brr.

Guided by the expansion (S.S¡, we assume that the interior field can

be written in the form
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w(t)(r,u) =,.,10 Dr,rÍ')(r,0) * 

"lr- 
E.,u,l')(r,0) , (3.7)

where Drr, E' are unknown co.nstants and, ,j'l and vr{t) are unknown func-

tions. Continuìty cond'itions requ'ire that on r = b,
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(3.8)

(¡.9)

1l
ã*"' ã*"

w(2)(b,o) = I D^cosno + ) E sinno
nãO r¡ n=1 n

In order to find w(r) (r,0), ,(z) (r,0) and v[2)(r,0) are first
solved at the jnterior nodal poìnts by assuming that the nodal values of

,Í')(b,0) and v{'z)(u,0) are given by the values of cosn0 and sìnn0,

respectively, at the boundary nodes.

Let

{U"}r, = cosno" , rì = 0 ,..., å*U,

{VB}n = sìnno" , n = I ,..., å*"

using Equation (3.9) in Equation (2.8) we solve for {ur}r, and {Vr}r,.Then two

rurxlx" matrices can be constructed wjth the nodal values of u and v

in the interior, vì2.,

Iur] = - [srr]'[sr"] [u"], [vr] = - [srr]-'[Sr"] [v"] . (3.10)

Equation (3.6) can now be written jn matrix form as

{w(2)} = [w] {D} , (3.n)

where 1p(z)Ì 'is a (Nr+Ne) x I column matrjx, tl,l] js a (Nr+Ne) x Ne

matrix and {D}'is a N" x 1 column matrjx. Note that
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The next task is

Dr.,, and Err. To this end

ary nodes are calculated
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{D} =

to determine the 2N" unknown constants An, B¡,

the normal derivatives of w(r) (r,e) at the bound-

AS

{::}

1,, vr

['" vB

since the matrjx [t,j] js known, [Ìnt;] can be obtained from Equat.ion (z.s).

The contjnu'ity condi tions

w(')(b,o) = *{z)1b,0) ,*3,b,0) = $1to,rl , (3.1 3)

are now used to obtajn a system of 2N" equations in the 2N" unknown con-

stants. The interior and boundary nodal values of w(2) are then found from

Equation (3.1.l) and the scattered field in the exterjor region js gìven

by tquation (3.3).ffie results of these computations are discussed 'in the

next section, along wìth those obtained by the method of matched asymp-

totic expans'ion (MAE) [13].

3.2 NUMIRICAL RESULTS AND DISCUSSION

The dìsp'lacement w at the nodal poìnts within and on B were

computed by the methoci outl'ined in the last section. Also, the coeffjcjents

An and Bn in the series expans'ion (3.3) were found. Thjs enabled the compu-

tat'ion of w at al ì poìnts outs'ide B. Part'icular attention was focused

on the distribution of w on the surface y = 0 for var.ious ang'les of jncj-

dence y as well as for djfferent orientations of the crack. The wave

number k was varied ìn the range 0 < k < 1.0. For the embedded crack
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the radius of the cjrcle B was chosen to be 5/3 t'imes the half crack-

ìength (a=9"/2). Total number of nodes on B was 32 and the number of

nodes wjthin B was 144. Near the crack tips six-node ìsoparametric

trianguìar quarter point elements [.l4,15] were chosen to obtajn the

correct square root singularìty at the tìps. These were surrounded by a

layer of seven-node trans'itional elements [16]. Constant strajn triangu-

lar elements were used elsewhere. For the embedded cjrcular cavìty the

rat'io of the cavìty radjus to the radius of the cjrcle B was taken as

1.5. The total number of boundary and interjor elements were 40 and 160,

respect'iveìy. 0nìy constant strain triangular elements were used jn th'Ís

case. The inc'idence angle y is measured from the horizontal as shown jn

Fi gure 3.

Scattered displacement fields on the free surface y =0 for grazìng

jncidence, due to an embedded vertical crack and a circular cavity are

compared in F'igure 26. Note that 0 represents the angìe between the

radius from the center of the cav'ity (or crack) to the observation point

and the vertical ljne. It is observed that the backscattered s'igna1 jn

the reg'ion -40o < 0 < 0o due to a cjrcular cavity is much ìarger than a

crack. The difference between the backscattered signals of two different

incident waves are also apprec'iable in thìs regìon. For the cracks, how-

ever, 'large differences are observed in regions somewhat farther away

from the orìgin. It is also of interest to note the marked djfferences

between the backscattered sìgnals from cracks and cavit'ies.

Fìgure 27 shows the scattered field on y=0 due to a vertìcal crack

at two different depths. It js seen that the signals are not much different

as long as the cracks are faìrìy deep.
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The scattered sìgna'ìs from a vertical crack are compared wìth

those from a 45o-jnclined crack'in Figure 28. Thìs figure brìngs out the

marked differences between the sìgnals received from cracks of different

orientat'ions. The most notìceable distinction is that for a 45'-'incl'ined

crack 'in whi ch most of the energy 'is scattereci j n the forward di rect jon ,

whereas for a vertjcal crack the energy'is scattered much more uniformly

i n both di rections .

Figure 29 depicts the scattered sìgnaìs from cracks of djfferent

orientations for varjous incidence angìes. As'in Fjgure 28, it is seen

that scattered signals are sìgnìfjcantly infl uenced by the orientat'ions

of the crack. As observed in Figure 28, most of the scattered energy,

due to a 45o-jnclined crack, ìs confined in the acute angled regìon formed

by the crack and the free surface. It is.interesting to observe that

the scattered fjelds, due to 45o and 135'incidences, are nearly the same.

Comparison of the backscattered fjelds from deeply embedded cracks

and cavitìes, and edge cracks (from prevìous Chapter) is made ìn Fìgure

30. It'is found that the backscattered sìgnaìs from the cjrcular cavity

increase more rapidly with frequency than those from either the edge

crack or the deep crack. Also, the maximum ampìitude js attajned at a

lower frequency for a circular cavjty than ejther for an edge crack or

for a deep crack. Figure 3ì shows the maxjmum backscattered amplì-

tudes for an edge crack and a deep crack. It is quite jnteresting to note

that the backscattered amplitude for a deep crack'increases more s'low'ìy

with frequency, but reaches almost twìce the max'imum value for an edge

crack at a frequency, which is also twice that for an edge crack. Note

that .e, 'is the I ength of the crack.
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Fìgures 32 and 33 dep'ict the scattered d'isplacement fields on y = 0

for a deep circular cavity. It is seen from these figures that the field

ìs strongly dependent on the incjdence angìe, as well as on the

frequency. The d'ispìacement d'istribution on the cavìty walì 'is shown'in

Figure 34. It is noted that the dìsplacement ampììtudes are somewhat

hìgher on the sjde of the cav'ity nearer the free surface than that on the

far side. It is also not'iced that the distribution of the local maxima

occur on the'illumìnation side of the cavity wa'll and local minima are on

the shadow side.

Finally, the comparìson between the pred'ictions for the scattered

displacement ampì'itudes on y =0 by MAE and FEM technjques for a buried

c'ircular cavity is included jn Table 2. It may be seen that values of

e2W1, which is the scattered field correct to 0(e2), agree quite well with

FEM calculations, except when e becomes 0(l ).
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CHAPTER 4

SUMMARY AND CONCLUSiON

A combjned finite element and analytjcal method has been jnves-

tigated in this thesìs for studying the djffraction of horìzontalìy

poìarìzed shear (SH) waves by surface or embedded inhomogeneitjes .in

semj-'infinite elastjc medja. Solutions of the study are obtaìned by

combinìng finite element techniques, wh'ich are val'id in the nejghborhood

of the ìnhomogeneitjes, with analytical solutions, whjch are valid ìn the

far field. The results compare well with other ava'ilable analyt'ical and

numeri cal res ul ts .

In chapter 2, the problem of scattering of sH-waves by surface

depressions (canyons) and edge cracks was cons'idered. Two combjned

numerical and ana'lytical methods of solution have been presented for
studying the scattering of sH-wave by arbìtrari'ry shaped canyons.

Both methods are quite versatile jn that they can be used to study

scattering by more than one defect. As an ìllustrat'ive example, the

problem of scattering by a triangular canyon in the presence of a cìrcu-

lar cavity has been solved. The combined finite element and wave function

expans'ion method has been used jn the same chapter to solve the problem

of djffraction of SH-waves by edge cracks jn jsotropic, as weìl as an'iso-

tropic elastìc media. It is shown that the numerical predictions agree

cìose'ly with the numerical technìque of matched asymptotic expansion

(MAE).

The combjned numerical and anaìytical technique is agaìn used in
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Chapter 3 to study scatterìng of SH-waves by deeply embedded cracks and

cjrcular cavjties ìn a half-space. Comparìson has been made between the

pred'iction of this numerjcal technjque and the method of matched asymp-

totic expansions. The comparison'is found to be favorable as long as

the wave-length ìs long.

The advantage of th'is combjned numerical and analyticaì technìque

investjgated here is that'it ìs applìcable to arbitrarjìy shaped

scatterers. It makes very efficient use of computer time in calcu'ìating

scattering for various 'inci dent waves s'ince most of the computations do

not jnvolve the incjdent fields. Moreover, the artificial contour B

can be placed anywhere to bound all the jnhomogeneities within the jn-

terior reg'ion, and the 'interior and exterior regìons are sol ved separa-

tely. However, the I imitat'ion of the techn'ique i s that at very short

wave-lengths, ìt would become quìte expensìve to implement.

Part of thjs work has been accepted for publicatjon [t41.
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APPENDIX A

RTSULTS OF THE ANALYSIS OF MATCHED-ASYMPTOTIC EXPANSIONS

(uP T0 O(ea))
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APPENDIX A

For the purpose of completeness the long wave-length solution for

an edge crack is g'iven here. (Refer Fìgure 2). The solut'ion w" can be ex-

pressed jn two djfferent serjes, one val'id near the crack and the other

away from the crack. In the 'latter regìon we have

wt = e2[urrHr(eñ)cos 0,+e(ôrrHrcos 0r*àrr{rcos 20,)

+ e2lnE a3rHrcos 0, * e'(uurHrcos 0, *âurHrcos 20,

* âurHrcos 3or)l + o(et) , (Al)

where

âr, =-ågf1-B/n).0, y.-2' , âr,= -i e(t-ßlr) (t-zB/r)cos zye-2"

dr, =-åutl-ß/t)(1-zß/r).o, y.-3' , â3r = # g'(r-ßln)'cos ye-A"

I^,- \ /^ 'l , -2uu, =-;ß(1-ß/r)cos y(A -# g(l-ßlr) 
"-227"-22

^ + fr ø t-ß/r) (z-3ß/r)(t -3ßlr)cos 3ye-4'

-í ^t. ^, \/r \, ^ -42uu, = Ë ß(l-B/r)(l-2ß/n)'cos 7ye ='

I nl -t Õ t*\ l. .õ t-\ l1 .ô /-\ ^^^ ^.^-42u u, = - .;îg(1-Ø /t) (2-38 /r) ( I - 3ß/r ) cos ye

A = ä e(l-ßlr) "-z"l| + f (v -lnz-1/z) * + (zi -r-zz+rcot ß

+ z\)(B/r))f - å Q4B/r)(l -3ßlri)(l -4 s inr^,()"- "

, = ft rn f + (l-ßln)ln(l-ß/ir)

The crack opening d'isp'lacement [w] has an expansìon of the form

[w] = e{w, +ew2 +e2ln ew". + e'wu * e3ln ewu *e3wr} + O(es) (Az)

where
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w=I 2i sinß cosxKN(-l)tå -ni - j, t

+ (n-ß)(r -#)KN(#_ß)Ìl

-kn /ßT

ß ( r-tn73¡ KN (-kr,/ß)

,:kr /ß

r, - fr o**rfr
Iw, -- - 
z

sjn2ß cos2yÇ (-Ðl+-,.*Ð - j, *

-kr / (tr-B)r ]l
rz- kllr
' r-g' 'r-ß) K* (

sin2ßK^, (-1)
l¡, 

= - 
!\ t.,

3 4TK (1) I

klT .-:-;)
il-Þ

w,. = Aw, - i s'inß cosyKN(-l )li' (#* z6|¡)

ß(n-3¡[otrl (3-4sin2g) (t-4sin2ylr*t-rlI .r þ(îï-tJ)Kp(r)
¿ r\- *k=l- ¿nfr-å1lr (t)41T(1- fl*ntrt frçt-u4(3-

-KT /BY ß tn-ßl r<n tr) (3-4sin2ß) (1-4sin2y) R* {-rl
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-kn / Or-ß)
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-2 + klt /g
T

w=
5
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-2 + k (r-ß)
T ]l

z lxzn2 ¡ (n-ß) 2 - t) KN (-kr / (n-ß) )

isinß sin2$ cos2yç(-2)-@

1BW^ =-!åW.* Io zcosY . :.lt

sin4g cosayR*(-2)
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sin4ß cos4yR*(-2) , lkn/ 
(r-ß) KN(-2)sin2ß cos2y

24.a-ffi) ' *\ã. - I

-2 + WT/ß -2 + klT/ (r-ß)
- I L r I \r

rr-T)rr *frßKN(-T) r, -ffir t,-*ffir (r-ß)KN,-"*, '

KN(-l) = ß,:r:á', .-" ' Ke(l) = ezsinß

K",(-2¡ = 2ß(L-ß/n)-!r-zßir) ,-zzn SI_DZÞ

\o(-l ) = -
3sin3$

ß (7-ß /r ) (2- 3ß/r) (r- 3ß /rT) -z
e

Kp(l) = | tinß ez

r*{-z) = - ß¡-g/TT) (3-49/TLl?-4ß/rî) (L-Aß/r) e-22

KN(r-T) =ffi.-T'
R*(z-fl = -rW." **(-knlß)

B - - å ,tnß sin2s cos2y(å-+ (y- I nz-1lz)) ##F

sing sin4g cosayÇ1-z¡ sing sin2g cos2!ç1-z¡ . l
12ß(T-ß) rn (1) 2anrn (1) ' 3

+ 2y + ncotß + 2y( B/¡)j
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APPENDIX C

FI GURES
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cALL INCr?llF( NPI¡rn,X,Y,TOTI!lì, TTliP,C,AlfIrA,ltPOÌ'rß)
cAl,L TFRl,' I ( I TNp, T \¡Fp, I TEI_,-t.,AlrD,a., X, y, Ar\lC j.FC, F C, nFLTA,

+ \P T lrP, ,NPOììR ,ltAT , Crr )
CAI-I- TER}T2 ( ] T}]P, T TEI,, T E]-}TO I, T FL¡'O2, J \IT: P, ;i, Y, P C, A ¡:GI-F C,

+ PlìoDllT,liAT,LAllnA,llllT-TA,ÌlPTNn,iJPOt'R,liPrìl"r-)
cAl_l, FTGIÌT( STp,"t'OTIìE,p STDF, I:pTtì8,)rpO):F,)
CAI-L LEF'l'( PK,SIB,r'AT,l'POl'R,l.-PTi\'.P', T'n)'P,T.SI nl:)
CALI, SOI-\.II'( RS] DIi,I,S]DF,NPT}JIì,}.'PNNT,\]A)

C AT¡II=[rfo{lr''¡
cl0 co¡-TTI:t'F

RFTI]iì}'I
Ei\n
sllBiìollTIl'tÌì côoR( li,Y, TTNP rFS rrcrlìÌ1 rI'P,ltPC't-s)
-l 

l'Tl--(; FR ITI'lP r 
r.ll'ollS, T Sl:PS r l-l'lPS r T SlrP C r T,Ì.p¡ r T SlìPì 1, T,Ì:Pi1,

+ I SIiPB ,T,ltPlì
n FAL'* 8 )i ( TTììp ), y ( T TNtp ), R S, lì C, t )r, rì B, p J, I T\." Ìì T l.rc, l' I l:cC
colrÌlol\/]ìLl: 1 / I SNPS,I,Ì,:PS, J SIIPc, 

.I.):PC, l S)tFì i, l,t Pì t, T S),'p n., l )Ïlì
PI=3.14159?654

c DIY Cl¡¡.ÌiCED llpO): Tlilt PATTF Fj'r OF SEPARTTTjG TrrI' JìECIo)
D l\r=NPONS-2

c ccoFDlN^TES OF S rìôllTOIrR
.IìT 

TIC=PT /DT\¡
R I t:C C=0 .0f 0
T.):PSl" l=] llÌ'S- j
Ðn l0 J=TSIP-c,1,Ì;PS

TF(J .Ecì. T S)rPS .oP. .I .llo. LNPSIi1 )rìT):C=lìlìic/2.C1ìC
TF(¡ .NF. TSl.ÞS .ÂÌ:¡. .Ì .l'ìF. 't.ÌT'Sl'l )lìIl'c=PTll)T\I
X ( J ) = 1t < * ¡)Co S ( R T Ì{C e )
Y ( 'I ) = 11 5;' ¡lS I l'' ( Iì T ¡lC' )
FT)lcC=lIllcC+RTN(:
PI?TNT I n0,J,)t( J) ,ì'( J)

l oo rollì.'AT( " ,1 4 ,?_F 10 .3 ,T.5() , 'Nri¡¡ o): col'Tol'l s' )
t o Clt¡'-i1tt'1t¡

c cooPDTÌì^TFS nF C COì'Tc)iln
P.IITC=P]/DTV
P T Ì'1(ì C=0 . ODO

llo 20 .1=TSl'lPC,l,NPC
X ( J)=P 6*¡Cn s(P I Ì"r-r')
Y ( J ) =R C*nS T li( P T ¡:cc)
R I NC C= R I l'C C+l? T ¡-C

PP.l|,ìT 2nn,J,X(.1),\'( J)
200 FoFlrAT(' ' ,I 4,2Fl0.3,T50,'ì'nllF l)N CONTnI'Ê C')
2C, CoN'f I Nllir

C COORDTI{ATIiS OF }I CÔIITOIlR
PT}.:C=PTlDT\¡
RIì,lCC=0.0D0
L llPllÌ r l =l-ì:r11- l
D0 30 J=I Sl:Pi' ,L¡Pl\r

IF(J .F.n.TSNPìr .olì. J .E0. LltPlfÌI1)nINC=PTljc/2.íìtr)
TI¡(J .NE.TSìrpì\r .AlrD. J .I:1ì. T.Npl\1)lI )ll¡;C=plllrli¡
X( J) =¡¡'1*¡Co S( RI NCC)
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Y ( J ) =Prtx-¡Sl N" ( P I NCC )
R I l'ìCC=RT licC+F T Nc
PFrNT 30o,J,X(.1),Y(J)

300 FORyAT(', ' ,IA,:Ìl-lO.3,T50,',NôDF Ol1 CTTNTOÌrP ì'', )
30 coltTltitru

C CONFD]NATFSI (IF F COì.ITOI'Iì
RIÀ'C=PTlDT\I
RIliCrl=O.ODO
D0 4n J=TSNPP,J,ìiPÌl

X( J )=qÌ'*¡CoS (iì T llcC)
Y ( J ) =¡ ¡'t¡ST Ì'l( R I lrcC )
F T lìC C=PT ljcC+R IiìC
PnINT 4Oo,J,X(.I),Y(.I)

400 FOFÌ',AT( ' ' ,I4,2Fl0.3,T5fr,',Nollf oÌì côlrTC'TT p,',)
4ì c0 NTT ¡'r-'F-

c ,^.DD Ii.' ñ11¡¡¡ Tô FTT TÌtE S/F CAl,AllC
\'( Lì;r'5 ) =¡ . ¡¡¡
Y(LlrPC)=0.n1ì0
Y(LlTÌr)=0.01-ì0
Y ( Lr P ]Ì) =(ì . [)lt(r
P l- TI'l?l',
FNI)
sttui?ol'TI }in \/Ì- pcAT.( T\-rFR, T TFI-)
TltTF.FR T\rlìp(ITFL,3),TTFj,,TSl.tpS,T.ì'r,S,j_Ì\:t)c,Tsl'p),,l.ì,-p)1 ,

+ TSNpp,j.^JpF,TSTAPl,TtlNll2,TST¡!2,11ìIll2,TSTÄFj,IFì:n3,
+ I STAn,1 , T Fl,n4 , T STAP 5 ,I Fì,'D5 , T STl1 - 1, , T FN-'6 ,}t ( 3 )
cc]1ìíoì;/ßItJl ISI\],s,Ll\rps:,TS1-1pc,I_l'pt-,TSÌ:pìf,L¡'pit,TSÌ'J,l',T,l.pI¿
coÌ,1.{ô)-/ pl,ll2 / T sTl\p I, T Fl''l-rl, T sT¡ n r, T r¡'n?, J cT^rì 3, T F¡:Ìtj,

+ lSTAP4 rTFl..fi¿TTSTAI'_5,TFI'Ì crrTS.l'A,tfìrTFl'tìf,

c criAlrcF t-r Ì,Po1.r TÌrF PAI.TFr?lJ oF slp¡\l¡TT)'c TIrE pIClOi'
((1)=1
Ìfl?)=TcIlPC
Y (3)=2
fJO l0 i{=TSTAP I ,IF}:Dl

Do l l li=I,3
I\.¡Fp(it,\)=1,¡¡.,¡
Ì,(¡:)=lr(ì.r)+1

I I CO},TT }:UE
ptìT)ìT 100,):,( rvlÌr(ì,,Ì.:),Ì:=l r3)

10n F(ìirl'AT(",I4r3TP)
1 O CN}ìTT NT]F

c
ì:( 1)=2
ti( 2 )=155Pç
L(3)=ISliPc+l
Do 2() )1= TSTAI2 ,IFND2

Dn 2l l.=l ,3
T\/FP(r', ,ì')=]¿(l:)
ll(tt)=t41¡ ¡-t'1

2) COITTI NI]L
PRIIJT 100,ì1,( IVFR(1"1.),1-':=1,3)

?O CONTT N'I]E

c
I{( t )=15¡¡Pç
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K( 2)=lstrtPtul
K(3)=15¡rPça¡
DO 30 ì1=TSTAR3,IEND3

DO 3l ltl=l ,3
I\rFP(ir ,ì,r)=r(N)
l{ ( N) =( (r')+l

31 CollTIl'ltlE
PFll:T 100,Ìf , ( I\rFR(I"N),Ì:t=1, 3)

30 CO}iTT ì.,-I]E
c

K( I )=TSliPC
I((2)=lSNl'Ìr
Ìi(3)=l5t.'P"-1-¡
IìO 1+0 Ii=ISTAR4,IENl.'4

DO 4l }t=l ,3
I \riìF ( l.1 rÌ') =.J, ( t: )
I((l')=1'¡¡';a1

41 Crìt-TT NUF

PIÌli.1T I 00,\1,(IVFi:1¡,,}J),lrl=1,3)
4 t coNTT \'Irf

c
ll( I )=J5:'1P't
K(2)=JsrPt'
li( 3)=lSÌ;Pì1+l
l)n 50 l.'= I STAIì 5 ,I ElÙ15

no 5l N=I,3
I\/I tì(tf ,Ì,1)=y1n''
Ì:(N) =Ï'(l:)+l

5 I CO NTT Ì:r iF-

PRTNT 100,tr,(T\rFn(lr,x),N=1,3)
50 COl.:TlllllE

c
i(( I )=I SNPII+1
li(2)=TSNPR
K(3)=ISl'ìPF+1
DO 60 ì,1=ISTAIì6,IEND6

Do 6l lj=l ¡3
IVIlR(tt rlj)=ç¡¡*¡
r(tt)=111¡'¡41

61 coNTI l.rln
pRTItT lO0,ìr,( TVFp(tf ,Ìt),N=l,3)

60 C0hrTIì\:IlF
NFTIiRN
FND

sllP.RolrTIllF CA.T,Al'lG( X,y, J TÌip,Äì\ìcLEC)
ÏTiTECFF ]TI.II)
RFAI./r I X ( T TIìp ) , 

y ( I TNp ) , AÀrcLF C ( I Tfrp ) , p T , CE , A cF , Á TE Iì , AATFF
PT=3.14159?654
DO 200 J=I,TTNp

aF=Y/ r\\,1/ ¡l \ U /

ATIìÌì=y( J)
rF(cE)t0,20,30

l0 rF(ATEF)40,50,60
20 Al.lcLE C( J)=PI / 2



ot-(Jt-

co To 100
30 TF(ATEI?)70,t0,90
40 co To 200
50 ANcl.EC(J)=l *PT

co To 100
60 AÂTFIì=I.,\tS(^TER)

¡,CE=D/,RS(cF)
AI:GLFc( J )=PI-DATAI';2 (AArFR, ACF )
ca To t00

70 co To 200
80 Al:cLFc(J)=(r.0

co To 100
90 Al.l(;1.ËC(J)=nATAlJ2(^TEIì,cF )

G0 Tn 100
I ()n coITI ):irF

ppTì:T 300,J,x(J),y(J),At Cl,FC(.1)
3e0 lioFlr.¡\T( " rI4 r3cl5.3)

200 co);TTt:1lF
P I TI]F }J

Fl: f)
SIIFIìOTlTTT:f Z¡i;f.'},(X,Y,ITI]P,T1-'I'Jì,TTf],,]ìI.:,SII.,)'PTÌ]Ìì,}]PCì:Iì)
r lrrÈcl: F T\¡nR ( TTllL, 3 ), I R, T S, T T, TFOU, T COI-, r r}:p, T't-FL, itpl t'Ì],

+ )lPoì:t
Illl{1 r" 9 X ( T T)tP ), V( I tf:l ), A ( 3 ), r, ( : ), AFr'rr, A rìFA4, c, Ir, tì}f ApA I,

+ 7(3,3),nl,1JTì'p,lTt:p),sTp():pT¡;R,rlpo)tp)
¡¡¡t¡r¡r-/n¡,ra3/ Fl:Apr^, l

c llrlTT1\'l.TZ,tTT0Ìl
Tr0 l0 T=l,TTl\l

nO l1 .l=l,TTìiP
Pr'( T ,.I )=0.01,11

I I cot:TTÌ\llrF
1 0 col'TT N:UF

c lll,H)'Fì:T )íATlìT C AI:n i\iqsFrrPT,Y I:¡TpI):
DO 2c .I=l ,lTl'L

Tll=T\¡EF(.I, I
TS=I\¡fP(.Ir2
TT=I\rFrì(J,3
A( r )=x(rr)-x(rs)
A(2)=x(tR)-x(rr)
A(3)=v(TS)-):(lR)
D( I )=y( TS)_y( rr)
rÌ(2)=Y1TT)-Y(TP)
Ir(3)=Y(IF)-\'(TS)
AP]ì/,=( Â ( 3 ) :t¡ ( 2 )-^( 2 )'t¡ 1 3) ) / 2 .Otìo

^pf 
¡ ¿/r=4xl^pEA

6= ( PI(APA I ** 2 ) *APFA/ 6 .0I,ô
nn ?l lr=l ?t L t.)

lPol.J=IVFR ( J,ì')
DO 22 ll=l ,3

TCOL=T\¡FR(;,n¡
IF(ì'r .liE" r')f=c/ 2.aqo
lF(Ìl .Fo. M)D=e
Z ( Ir, ì: ) = ( B ( I'i ) ""¡ I ii )+A ( I'r )'tA ( N ) ) / ¡ n f n¿-n
Rr( ( TR Ot.t, T COI_) =F'r. ( T F Or I, T COL )+Z ( I f , N )
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22 Coir"TTr.IlF
2l col\;TI lil ili
20 co):TIÌIrf

C PAFTTTIO}.] P}1 IìJTO 4 PARTS
C COPY SI]] I}]TO A },EI.] iIATPT)í

Do 30 M=l rllPIllP,
no 3l ll=l rìlPONll

T-=ll+lrlPïNF
s Tl (l'1,1'l ) =RK(ìr rL )

3 I COI:TI titrF
pRlt'T 300,¡1, ( sllr(Ì',t]),]. =I,]ìpo].tp,)

300 FOPITAT( ",I4 r'SrP"(10c10"3))
30 C(r liTI I:lrr

C PII]I:T S]T
c n() 40 l'=l,l';PTlìF
c PnII:T 400,1.1,(FK(it,l:¡,1,'=l,ÌipTÌ;I)
c4(r0 l-otìl1AT( ",r4,'s.TJ"( lncl0.3))
C.4î Col:TT l'll lF

F ETI]Pi.:

Fl:fr
SIIBTI0IITT}:]I ]I'JCPFF(I''PTNR,):,Y,T(\TI'IF,TT},'P,CA)'},IA,IJPO}iB)
T},:TFCER I.IPT};R, TTNP,¡]POi'ìI
RF,\L*'8 I'KAPAI,X( TTÌ.IF),V( ITI¡r),CA}'}'A
flQ!rpl_f f zr l 6 IÌlcG,TOTpE ( )lpC'lJR ), Tllpl" 1,TFF)'2, 

^rìc 
l,^FC2, COliST

ç¡r,rr¡r-/pLla3 / ÌìrApA I
Colriro¡'/ P,Ì,K.5 / Tt',cC
col'Sl'= T I\rGe* j' K AP¡ I
f n l0 J=l ,ÌJPol.:R

J.l=.Ì+)lPT l'F,

TEtlr I =X (.I.I ),rDCoS ( C¡\Mt'/. )
TFFì,2=y( .I.I ) *.¡s 1r..1 CAtl}r^ )
Atc I =côlt -cT* ( TL-plr I -Tf p)12 )
ARC2=ColrST* ( TFlìÌ'lI+TI-l?12 )
ToTllF (.I) =ctlt'lp( nnC I )+cDljliP( 

^PC? 
)

PÌìI}]T IOO, J,TOT}IE(.I)
100 FOpÌ'AT( ",I4,'TOTìtF"2CI0.3)
] O CO}JT]¡:UT

RITIIN}]
Elin
sltnlìol'TIliE TFp]:l(rrxp,T\¡Eìì,ITEL,l,Al:llA,x,\"i\]tGLFC,pC,ÌìELTA,

+ ¡tPTNB,NPOl,lR,llAT,Cp)
Il.:TllCEP ISNPS,Ll.jP-q,ISttPC,LNPC,TSl.:P)l ,l,Ìi'p¡r,ISl.tpIì,l.l.ìpR,

+ ITITP,IVFR(ITEI_,3),LI\)DArl.tpTlll,Ì.po):t],lTFl,,I0(2),
+ IP(2),T0(2),T11,TS,IT

RFAI.*' B X( -t 
TtJp ), y( ITÌ'p ), R C,AlicI EC( ITNp ), TrEI_Tn, AN(ìi.lt,

+ coslììE,sll.IE,Al,A2,AAl,AÁ.2,TÌl,p,2,p,Fl,llì2,
+ Fl ,pl,nnl ,nlì2,sA2,sA3,sB2,Sn3,AqFA ,7,7.1 ,7.7.2,+ PT1APÂ I ,FKAPA:

Çfl)rpl,p!rr l 6 Tl!cc, ltAl':Ll,llAtiL2,]lAì10,lrAN l, cp ( 1.:p I r'f ),
+ ÌrAT(¡i,pQl,n,j\tpTÌ..1ì),TOT^T.

col\fÌ10):/¡LyI/ ISltpg,¡¡rpc,IS)ìpc,Lltpc,TSl':p¡lrT_l':pìj,ISIpl,,l.ìipB
col{t.ioì'i/ JìLl{ 3 / RKAPAI
colllloÌì/ tìLKA / w,. AP 

^2col'ftfot':/nT.ii 5 / Tì.,!cc
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C J IìTTT AL T ZAT TON

no I0 )i=l rl'tPoI'B
DO ll N=lri.lPIT.ìc

Ì.,f¡.T ( Ì.J , N ) = ( 0 . 0Ð 0 , o . 0 D0 )
I I COÌìTI Ì\'UFl

1O CONTT }'JIIF

nO 20 L=IStrtPF,TTlip
nO 21 .I=TSlit)C,LäpC

¡r.¡¡r=fltrcl.FC( J )
c0STilI= De 0 s (^l.tcL| )
STIIF=l-rSTll(ANGi F)
A I = X ( L ) *,r 2+y ( I ) * * 24¡¡ ¡*- * ?_ 2 * X ( I_ ) *F cìk CO c I.'f
A 2 = 2 * Y ( T. ) * r.' ç* 5 1 r¡p

AAI=Al-42
AA2=,^ l{',\2
1r I =2*l C-2*X( L) *Co ST ),ll-

l>.).=) t:y (L ),á s T l:!-
llFl=lrl-R2
Fll2=Èl+ll2
I I =DSntlT( AÂ I )
p2=nSotr-(AÂ2 )
lrR I =0.5* 1/R I'rßR I
lìP 2=0 . 5* 1 / P. 2':,RP,2

zzl =PvAPA2*R I

c^I T. I,lAil(Fr,(7,7,1 ,ltAltT.l ,t¡ANi.2 )
llÂir0=IìAr:'L2*llP l
7,77=\lt AP A?trP2
C ALl. I.l AirTll I l. ( 7, 7.2, Ir 

^Ì:L 
l, Ì I./'Ì.r T.2 )

lr^l: I =Il^IrL2 i ]]P 2
C tl ( .1 ) = ( - T ¡1 C n / 4 . 0 ) :'< f lr fi p A 2't ( Ì r Aì:0+1,4 \ 

f I_-r^ * I r Alì I )
TF(.I .cr. ISNPc "At:lì. .I .T T. LìtpC)co Trr 3n5
TOTAI.=0 . 5*p C*l_rÌ.-LT,\*-Cp ( .l )
C() TO 401ì

30-5 TTITAL=FC:',f)F.LT¡*Cp(.1 )
4 00 K I =L-lrPT i;P.

K 2=J
)1^T( Ì(1 ,K2)= 14T( r I ,K2 )+Tnr¡\L

21 COI.:TT}:I]F
zct COr.ìTI Ì\:t'F

DO 30 r r= I ,ltpO\rf
PPTI:T 300,1,,(t'¡t(lt,Ì'),lr=l,llpTl,r-ì)

300 l:ORlrAT( " rIL r'ljAT' r( 10C10.3))
3 0 CoNTT I'irli

F FTI:PN
FI.]D

silp,RollTT\F Tl:-Fi.l2(tt¡:p,TTliL,lF[]:ol ,TrrlÌ-ô2,T\rl-Il,]î,y,pc,11]:cJ,FC,
+ PRODIjT,l'r,^T,LAlrDA,Di'l.TA,l'Pll:F,ÌlPnÌ,'P,NPOÌ.:C)

IIIT]ìCFp IOo( 3 ), IPP( 3), lOol 3), TFR, JSS,J TT, T1l, TS, JT,
+ ITI':P,ISÌ1PS,l,I'IPS,TSNPC,T.ììP(l ,TS):Prl ,I-NPìf ,TSì.'PR,Ll':Plt,+ LAl.n^rIELìlol,TFl_l.ro2,TVFF(TTFL,3),TTlÌL,\:pTì,rB,lipo¡:R,
+ NPO}'C

RFAL'I8 SA22,SA33, 1t22,Slì33,AFll^.,Aì.'GI E, rIOST)'tì, SIÌ:F,
+ Al,^2,AAl,A^2,p1,R2,X(TTì.tp),y(lttrlp),Fc,ANCt.Fc(TTNp),
+ P,].:APÂ],ARCI,ARG2,DNI,TA,ATìC,r,g¡P¡2,¡
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collPLF)1* I6 IlAI''Ll ,lrAì.'L2 ,lr^l'.K0 ,FiAÌìÌ¿ I ,c, pRonlìT( IrpT ìlF ) ,
+ TOTA'[,( 3) ,Tl'iCC,'.AT(l'lpo)'-r,,l!pI¡'n)

COllI,Ol:/lìLK1/ lSNPS,l.ì':rÞS,IS¡lPC,I.tPC,JSl.Pl',Lripl',ISÌ.'pF,T.i:pn
coì1){o}:/ P,\.Y.3 / F(APA 1

colil'JoN/F.LK4l ¡1r¡p¡2
colrÌ.,olr/BLK_5/ ]}lcc
D(ì It) L=lSl'JPF,1.ttPF,

Ìtro I I J=TELl,tot rTF[_ltn2
T.IK=.7
Too( I )=TyFn(
TPP( 1)=T\¡Ef (
TOCI I )=TVFI¿f
Too( 2)=TPP( l
rPP( 2)=ro0( r

lno( 2 )=T00( I

ToC:( 3)=lPP( 2

TPP( 3)=TnO( 2

T.ìC)( j)=Jon( ?

l)o l2 ì.t=l ,3
TIln=IoO(Ìi)
I S S= IPP( l¡)
I TT=.loo( Ìi)
sA22=i:(TPP)-)i( ITT)
s^33=x(tss)-x(rnF)
1,R22=Y( ITT)-Y( TfìP)
Sp33=y(1pr,)_\,(TSS)
ART:A=0 . 5* ( SA3 3* S 11,2?- g, !.?.2 rl S lì3 r )

CC PßIIiT 9N,TIìI,TSS,TTT,APFA
(;q0 FORIIAT( ' ' ,'T.Pn,TSS, TTTrÁT.ì1.Â' , 

jT4 rCl0.3)
J.1=T\rFn(T.II.,l )
.I.IPl =.1.T+l

c PPTf.r 91,.I.1,.IJÞl
ccl FoTÌÌ.fAT(' ' ,'.lJ,.i.lPl' ,?_r/,)

DO l3laì1=.T.I ,.IJPl
ANGI-E=ANCLFC (l'Ì j)
Co SI liF= DCc S ( AìICLF )
fllìlF=ncTlr(^ìrCl F)

^ 
1 =X ( L ) * * 2+y ( L ) ;r * t+¡ ¡*- * 2_2 ì\ ) ( l_ ) *p c*co s T l.-F

A? =?. .frxy, t,, *Þ c* s T I'F
ÂA 1=A I -¡\2
A,\2=A 1*42
P I =DSOI?T( AA ] )
P2=ì-'SaPT(AA2 )
ARCI =Rl'ÂP^2'^ll I

AP.C2=RliAF 
^?.*R2-cÂT.I Irlrìit{Fl.(APCl,ltÁtiL1

ItAÌìKo=llAÌ:.1.1
C^LI. ll7\lrKtrl-(APC2,l'AÌ.'l.l
'rr,\¡ir 

I =lrAl'tI.l
c pp-n'T 92 ,trAl'110 ,IÌAìtIl l ,COSlt:F, Srt,rF
C.92 FORÌ.IAT(' , 

r' ]lAl..(OrÌt^r,ll{1, r4C20.6)
C=( Tl'GC/ 4 .O¡ * (ll¡,t¡tlO+t,n¡t¡¡*1r¡r¡¡-; ¡ )

c PRTi\]T 93rG
cc)3 FOlìÌ.fAT( ' ' ,'G' ,2C2n "6)

TJt(, t )
TJK ,2 )
TJr,3)
)
)
)

,1.'\Ì:1,2 )

,ÌtA¡tL2 )
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c=( ( (Y( ISS)-Y( ITT) )*¡¡ql¡1F)++ ((x(rTT)-)í(rss)),.srNr))/(2.0*APFA)
c PRIÌ"T g4,c
c.94 FOPì1AT( ' ' ,'C' ,2C?.C,.6)

PROnllT(ì rll)=fi:\¡
l3 col.rTlN'ltE

T0TAI- ( I'l ) =0 . 5*p C*nlt.T^* ( pr ont't ( JJ )+pp olìl rT( JJ p I ) )
1? Co lrTT i\*trF

l-1 .= L-I:P I ìl P
f t l=JJ
I S=J.I+ I +l:Pcl{c
ï T=JJ+ I
t rAT( Ll. , Tr.j) =rr14.¡1Lt. , Ti.t) -ToTAr_ ( I )
l.'^T ( I L r T S ) =t'ttr'¡1 l,I- , T S ) -TôTAL ( 2 )
l'l^T( l.T, ¡ T T) =rt¡11LL, I T) -TOT^L( 3 )

1l coì;TJNItI]
l0 COI*TTNI'E

nO 20 )l=l ,llP¡ì'q
PPll'lT 20n,I', (1,'AT(I,,''),lt=l,ItpTl'ìp)

20n FoiìÌ,,-{,T( " rI4r'}.fu\T', (lr_.c10.3) )
20 CO\TI)rtlF

P FTIIP T]

I-t\*l)

-c IÌ f lì OLIT I I'E F ¡ h-1, F L ( A pr:, i ¡.Â t':L l, I' A l:I.2 )
TI']TIìCFIì N,]FP
RFAL*8 AqC,)f ,OFIrEp,Jìr( 2 ) ,y1,:( 2 ) ,ltrlS.lO ,)rlrBS.I l
COjrpI FX:t l6 TllcC,lf Altl"l ,ÏiA¡,.T,2
Tl.lCC=llC)1PI.)l ( 0.0D0, I .0n0)
OPIìF P=0 .000
r\=.1

X=AFC

'Ill( ì )=\'t¡t¡SJ0 (X, T ]'P)
Jl' ( 2 )=:'rr¡S.I I ( X, TFI')
CAI-1, ì1Ì'FSYli( X rnRlìEIì,r'.' rr¡¡', TFn)
]lÄl'ì1. l=JN( I )+IIlcc*YN( I )
ÏlAl\:I.2=Jlr( 2 )+Il\lcCt Yl.:( 2 )
RFTITPN

Fl';t)
slrpnolTT T NF R T CITT( ST Iì,ToTIrF, p s T l)F-, ¡. pT Nlì,, ltpoj\'n )
I¡]TFCER NP T l'F , NPOfìP,

PE^I * I STIì ( NPTìrR,NpOr\*B )
colrPLF>'* l6 TOr¡rplIpoNB),nsInt(\.pt¡:p,) .

C CNN]STRI]CT TTII PTCIIT ]IA}ID STNF ¡r¡TP]X
DO l0 ìt=l,NPl¡lP

P SI nF ( I:) = ( 0 .0110 ,0 .0tì0 )
Dn l1 N=l rl.lPOl'lB

R SI nF ( l. ) =F Sl nE (Ì1) -S I p (rt ,Ir ) *1o1¡r¡1 r: ¡
T I COI'TTI,'I]E

PIìT ¡tr I00,1.1,Pst Df (1,)
100 FOÌ?ìlAT( " rI4r,lìsTnF"2c20 "5)
I 0 COI{TI IrT-rF

RIìTI]RN
I:NUì

surqPollTIl.;E LE FT ( RK, S r B, ÌíAT, ljp oItB, l\jp T Ntì, I T\rp, LS T t_-,I )
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T}TTECEF NPO}:N, NP TÌ\JB, T T}.-P

PFAL*B SIP(ì:pTlln,NpOi\:Ìì), trKl ITIrp,TTì:p )
coÌ IpLEX* I 6 IlAT( ltpnNp., ¡tp T ¡rn ), t.s T tF ( tip r ì\lR,Ì,:1, I ¡r jr )

C CO}]STRIICT SIF*iT }JATFTX
n0 l0 If= I ,ìIPII:F

Do ll N=l ,NPTl:ll
LS I DF (ì' ,N¡ = ¡ 0 .0nO ,0 .0tì0 )
DO 12 L=l,Ì{POlrR

l.sT Dr (}l, ¡:) =Lc I nF (11,I'l)+s I lr (ìf , l, )'k.',^T( I-,l' )
] 2 CO}JTT TII]F

1 I CONTÌ )irlF
I0 coNTIllt'F

c coì:STRIrcT ;qT T+( STp.'!l: ) ¡íATRTli
l-r(r 20 it=l r"P1r'P

Il0 2l N=l ,i¡pItrtlì
T,SlnF ( I'r,N)=Fll1ìr,N )+l_sl nF(ì"):)

2 1 co ):T I i't'F
P1ìTNT 200,1.r, (LSTnE(Ì,,¡t),Ì.'=1,\tpIt-i )

2nn FOn):AT( ",r4,'LSTDl." ( lOGIrì.3))
20 coì:TI)1iF

F FTI]P }]
Ì' ll l)
SI:RROI'TINF SOI.VE(FSTnL:,l,SI nF,l'ìPIf'li,ì\:l)ONP,tÌA )
TìITFCFP N, JA rl" Tll, T.lolÌ,IFll r¡lplr.'rì,1'F()l lì
FEAI_t P AITTìì\1P

coÌ'!pl.F)i'tl6 l,sIDF(Ìrpltili,l\tpTNÌl),tìsTI\l(lipIi:lt),tJ^():pTi.ltì),TIìtJp
Ì.r= ì.P f l'l
TA=\r T l.'F
r l- Ii :- I

J I¡ = rrl) I l-r'
I Jolr= 0
cAT,l. T,FOTI C(LfìIDF rll rT^rtsIDI"if ,l lìrI.'Ìon,1'A, IFI')
DO l0 J=i,ì'PTNF

TF)1P= Jì S I Df ( .T )
ARTFI'P=CDA ÌìS ( TE}IP )
PnT ifT I 00, J ,lì ST DF(.T ) , ÂfTFyP

100 Fnplr^T('',I4,'lìsTDl,',?c?o.6,3x,Gì.r.6)
1 0 coltTI l,:ltìr

FFTi'Iì}]
l.i'. 1r
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//uoxc ;on' r r rc=0rL=l0rT=30' r'cHol,I, r)1scl_E\¡EL=( l, I )
/ / r,xrc FORTXCLG,opT=2 ,ItAp=Noì\tAp rp=D,AD=DBL/+ ,
/ / csrZE=5t2K,LSrZE=512K,Srz,E=5l2K,pÁn¡r.lKFfi='srzF=( 5rzy,l2Ay),
//ronr.sYSru DD *
C PROCIìA}f S}ì]JALFI (IItPT'T,OI'ITPI]T,TAPEI,TAPì'2)
C CONTOIIR C ìfIlST FE SEI.ÍI-CIRCIE AT y=0.
C KC I'1T1ST BE F,VEN }ITI}ÍBERA
C NOTATIONS:KI=lrloDFS TNSIÐF C" ITFL=TOTAL No.
C OF ELFITENTS.ISTEI-C A¡ln IFNFL=STARTINC AND FNDTI,IC
C ELEì1FNT No. oN C FOR INTFCRATTOI.J.ItHAppA=tr:0. OF
C ÌíAPPAS CALLED RI.iAPPA(I).NGAltlA=ÌJo. 0F T¡tCIt-rFl':CE
C ANGLN S CALLED CAI.ÍIIA ( I ) . TNIII¡T( L)=I.íATFßIA], PROPIIITY
c oF EACìÌ EI-El'18¡ir L.rEl,ND(L)=ttlflrl=¡6. oF NODES col.lNFcrFI')
c To FACII ELFITENT.TVFF(T,,TELND)=ìtOt'ìF NO. FOR EACIr FLE¡1|NT.

c
C

C

C

C

C

C

C

c

C

c
C

c.

Alrlll 
'Alll12¡RÌìo=¡1¡'¡¡RTAl, 

PRoPEFTIFS.lilirtlI,\rc,U0=Z-DrSpI-,1cE)lFIlTS
TOTAL,II.iTFRIOR,oN C, Al.lD II.JCIDF¡:CE+FEl'LFCTFD.ZK r'ND Ft:=
FLEI'íENT ANn cT,oBAl. STTFFIJFSS t'lATRICES.zlr AtiD RÌ,=FLFt'1FÌirAL Al.iì)
GLOBAL l'rASS tlATF.rcES.llt'lAT Al.tfr vIIAT=trrNcTDENCF: A)ìD TTS nERI\.rATr\¡F
oN c.rourPR=Sl¡rrcll FoR PRrNTrl'lc rN ourEP RFGtoN,rF'ottrtF=0
lìo PFI¡:TING,IF IotiTpR.CT.0 READ ¡lO. OF pp(T),TilFTA(I)
IJIIERE vAT,llFS DESrllFD.ìTTERI1=KC+l .Nt't{AT=t\'o. oF Lr.ATItpTAt. pRopFRTrFS.

FOF INTEFIOR I..E ARF SOI,\¡]NG }ìEAL AP]T}II'ÍETTC
PRoBLFI'r I.lI=-( ( Sl T ) TNVFPSF) ""STc*i,rc
S=PK-(liAPPA**2),tPl-1.oN C I..E coLLoCÂTF

-*Kl I KTJ-:l-t C-*--:tll},t[f-/r
-*KJI KJJ-*-*A-?r=-,kVI1AT-)r,t.JFTCH

TO SNT,VN

I.:FFDS COI'1PI,FX A],CFBP A. C

C

C

C

C

C

C

C

C

C

C

REAL RK.APA( 20), cAl0fA l ( 20),AÌ,,!t't ( 6), At'1I12 ( 6), prros( 6 ), x ( t (t7 ),y( t 67 ),
.ArlcLEc( 26),sTT( l¿1, I 4 l ),scc( 26,26)
. ,SlC( lLl ,26) ,tJC( ?6,26),t,'Clnr( 2(t,26),t.:.rinnA( l4I ),
.\rl( I 67 ,26) ,l'rDER( 26,26) ,F ( 26) ,
.P.P(24),TilFTA\'(24)
rìjrEGFF I\¡FR( 197 ,7 ),lnl.lrRt( t97) ,IELND( I97)
I¡TTFCFR rPTt ( 20) , TPr2 ( 20)
I,OGICAL S!,JTTCT]

I'JOTES ON FEAIJ STATEI.ÍENTS:
ìrAIN I?EADS :KI,KC, ITFL, I STF:LC, TFNDr-L, I OIlTpR,Nl'ìiAT

RKAPA I
NcAlfA, ( GAl.rlrA I ( I ), I=l,NGAllA )

COOnD. REAnS :TFLI.1AT, IELND TT\¡ER
IfATFYT- RFADS : AlllJl ,Aì\fI12 ,RìtOS
IF IOUTPR.GT.O THEN RF,AN

0llTPR :ììpRpT, (pp(I),TItET^V(l),I=1,NpRpT)

RFAn( l r* ) KI TKC, TTEL TISTEI-C rTlìfiDFT,, TOItTplì,NItMAT, TSCAT
READ( l,*) RKAPAI,SI,TTTCH,YLEIJC,ICOpy,VFpAItc
BEAD( l,*) NcAl'fA, (cAI.rlfAi (l), T=l ,i\-cAI1A)
PRTNT 400,KI rKC, TTFL,TSTET,C, IFl.lDEL, TOitTpR TNIIITAT

400 FORI.ÍAT( " r2xr'y.I = 
"I4 

rzy r'KC = 
"I4 

rzy.r'TTEL = 
"I4,.2xr', ISTELC = 

"I4r2Kr',IFNIìFL 
= 

"74rzxr'Tol]TpR 
= 

""I4 r2x.r'lill}lAT =' rr4/ /)
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PRII:T 401 , RKAPAT
401 FORI'1AT(' 

"2y.r'RKAPAI 
= 

"C14"4//)PRTNT 402, NCAlfA,(GAIî'{Al (r),r=l,l.JGAt{A)
402 FoRlrAT(' ' ,2xr,NGAI,IA = ' ,I4 r2xr'GAI{A"5 =

PFINT 404,ISCAT
404 FORIIAT(' ' ,2xr 'rsc^T = ' ,r5/ l)

T TNP=K T+KC
l.lTFFl\1=KC*l

:'rl()F9"1rl/)

CALL COORF(X,Y,ITNP)
CALL VFRCAL( TVFR,IFLÌ.íAT, Tltlltn, TTul_)
CALL ITATRYT.(A}ltll rAl'1U2,Rl10S,i,'UÌ'1AT)
cAl.L CALANG( X,y ,R , ANCLEC, ITÀtp ,KC)
cAI.L KANDI'f(X,y rTTNp rITIiL,IVFR, IET_I,ÍAT, TELNTì,

. A}TTI],AI'III2,RÌIOS,NUI'IAT,STJ,SIC,SCCII'],KC'PK¡PAI,SI.IITCII)
c ALL lùCìrrAT ( trc,AllGLF c, I\rc T lì\¡, l.a c, LrA pF A, s cc, s I.rI Tclr )
CAI.T. l.lI¡rAT( ST T, ST C,Lrr rl,rc,tiT, Kc, T TNp,k?AFFA, S\tI TCII )
GIC=Al']r1(l)
G2C=AlfII2(l)
cALL I.IDEFCl (\.lI,Kl,K-C,'|lDFR,A]]GLFe, T\/ER,X,y,

. IT}ìP,ITFL,TSTET,C,]ENDHI,,G]C,G2C,SI]]TCII)
I{RITE( 2,*) KC,tOUTPR, ISCAT
WRTTF( 2,* ) RKAPA],SI.JTTCTI,YT,FNC,]COPY,VFFANC
I,IRITE( 2,* ) ììcAlfA, (GAlf¡'A1 (T), T=l ¡l, cAÌ,tA)
LJRTTE( 2,*) ITNP,IrTFRlr
I,IFITF(2,o) (X(I ),Y( I) ,T=t ,TTl'tp)
l.rRITli( 2,*) (ANCLFC(T),R(I),r=l,KC)
I\'RITF( 2,* ) ( (t.lc( T ,J) ,t\ìcTNv( I ,J) ,r,rDFp ( T ,J) , T=t ,KC) ,J=l ,KC)i'PTTF(2,*) ((uT(T,J) rT=l,TTl'tp),J=l,KC)
IF (TOUTPR.EO.O) CO TO 205
FEAr.)( l,* ) t{pRpT, (Fp(T),TIIETAV(I ),T=l rt^i}'Rpr)
PRTNT 403, (Rp(l) ,TtIFTA\/(I),T=t ,llpFpT)
I\TRITE( 2,'t) l..rpppT, (Fp(I ),THETA\/( T),T=l,NpRpT)

20.5 COIITIl.lllE
rF(TSCAT.F0.0) Co TO 221
READ( l,*) NSCAT,(lprl(l),lprZ(T),T=1,ìJSCAT)
PRTìïT 405, IJSCAT, (lptl (T),TpT2(r),r=l ,¡lscAT)

405 FOR}TAT(' ' ,2X,'NSCAT _ ' ,I 4,2X,' I'IODE PATRS: ' ,20T4¡¡1
I\'FTTE(2,*) I'ÌSCAT, (rprl (T),TpT2(r),r=1,ì.tsc^T)

221 col.tTTNtrtì
403 FORMAT(', ' ,2X,'$$ RP,

STOP

END

sllßFouTIfrF cooPD( x ,Y ,I TNTP )

RFADS Alll) PRINTS X, Y, COORIìS. OF ALl, l'IOnE pOIl':TS"

REAL X( TTNP ),Y( ITrn.P)
PRINT 2OO

DO I0 J=] rITNP
READ(1,*) X(J),Y(J)
PRrNT l0l , J,X(J),Y(J)

I O COI.]TINLIE
101 FOP.I'ÍAT( ",4x rL6 r2G1 6 "6)
200 FORMAT( " r4xr'l':oDE No.'r5xr'x-cooRll ,,l0Xr,y-COoRD, r/)

THFTA APRAYS :=' / (2X,10F9.4))

C

C

C
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c
C

C

C

PFTLIRN

]]NT)

suBRotlTIl,iE \¡ERCAL( rVER ,IELIIAT, TELl,tD, TTET_)

REAI]S AÌTD PRII.:TS NLE},IENT ¡]0. TTS }IATFPIAI TYPE A.NI)
NO" OF NO'DFS CONNF]CTFD TO FACI] EI,F]\íE¡iT

TNTFCER IVER( TT[L,7), TF]_]fAT( ITEL),IELl,rfì( ITFL)
PRTNT 2OO

DO 10 T,=l ¡TTEL
REAn( l,*) IEI_uAT(L),IDriÌl,( ltrrllL,J),J=l,TDIDr)
IFI,ND(L)=Iftllrt
pRTNT 20l,L,IEI.I'AT(I_), TELND(L), (lvrn(I_,J),J=l,TDLr)f)

l0 co¡tTINUE
201 FORITAT( ",4x,Ig,gx,rg,Bx,Ig,gx,7TB)
200 FORI'IAT(' ' ,4x r 'ET,EI, ir.-o. , ¡ -5); r'I1ATÌ.ìRI^L TypF' ,5x,

.,NONFS PER ELE}rFN'T',20X,'I','-O-D-E-5" /)
RETI]RN
ENN

SI]BROLITINF I'íATRYI,(¡I.III ],AI.'II]2,R]]OS,NIII.TAT)
READS SF:TS OF }IATERIAI, PPOPERTIES.
RFAL AT'1Ul (NlllrAT),At.fir2 (1.:tnlAT), RrrOS(ìJtr¡lAT)
PRIIJT 200
DO 10 f=l ,l'llltíAT
RFAD( 1,*) AlfUt (T),An'2(r),Rltos( r)
pRrNT 20t,r,AI1Ut (I),A}fl'2 (r),RIìos( T)

I O COJYTTI,]I]E

2ol FOPI..AT( ",5Y,16,3G1 6.6)
2OO FOR}1AT( ",2X,'I',IATERIAL NO.',5X,'CI', I5X,' C2', I 5Y,'P,Y:î,,, / )

PFT1IRN

ENI)
SURRoL]TIUF CALANC(X,y,R,Aìtcl.FC, ITNp,KC)

CIIÏ,CIILATE S F = SOlt T( X* * 2+Y* * 2 ), .qx Cl.f C=AR CTAN ( X/\' ) =1Tr p.¡n
AT POINTS 0ìl ç ¡¡''1.t
RF'AT. X( ITI.JP),Y(ITNP),ANGLEC(KC),P(rC)
DATA Pr /i.141592654/
PRTNT 299
Ïí I=I Tl.lP-I'C
Do 200 l=l ,KC
J=T*ÌíI
CE=X(J)
ATER=y( J )
rF(x(J).Fo.0..AND.y(J).E0..ì") co To 80
R ( I ) =SQRT( X(J ):t:k2+Y( J) x*2 ¡
TF (CE) I0,20,30

3o rF (¡rrn) 40,50,60
60 ANGLEC( T ) =ATA).¡2 ( CF ,ATEP )

GO TO 300
50 ANCLEC(I)=PI/2 

"co To 300
40 AATER=ABS(ATER)

ANGLE C ( I)=PI / 2.+ATAN2 (AATFR , CE )
G0 To 300

C

c
c
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20 rF (ATER) 70,80,90
9o AIICLEC( r)=o "

G0 TO 300
80 R( r)=0.

ANCLFc(I)=0.
c0 To 300

70 AtrcI-FC( I )=PT
co To 300

l0 ACE=AIrS ( CE)
rF (ATEIì) lOO,ilo,t2o

I 20 ANCI.FC( T)=-ATAN2 (acn,ATFR)
co T0 300

I l0 ANcl EC(I)=-P7¡2 
"co T0 300

I 00 AATER=ABS(^TER)
ANGLEC( 1)=-PI l2 .-ATAL2 (AATER ,ACF )

300 col:TTIT1JF
pRTNT 2Al,I,J,X(J),y(.1),R(t),AticÌ,Fc(T)

200 coNTnluE
2Ol FOIIIIAT(', ' ,5X,T6,5X J6 rîCl6.6)
2c.r9 ¡¡p¡r¡11 " r2x r',sFRIAL NO. 

"5X 
r'l'loDF r.to., rgx,'x-cooRIr"

.'Y-COORn 

"I2x 
r'P." I0X r',TIIFTA" /)

RFTTIRII

F NI-)

SUIìRouTI ¡JF KAI\Dtr ( X' Y' I TNP' lTlll.' TVFR, IFLI-'ÄT, T Fl.)ln,Aì\'l' l,
. AÌlI]2,RIIOS, Nll]lAT, S T T, S I C,S CC, K I, l{C, pKApA I,St.'T TCF)

C

C CAI-CUL¡,TFS TI':DTV]IIUAT, E],F}IF¡IT STIFF}TFSS ZI' Ai:D }IASS ZI.1 }'ATPTCFS
C BY CAT_LTNC SltPlìOtrTTI:FS El.l'rS03 l\l.tD FLI'S,TIttN ASSIìt1Bi.FS TltFt, Tt,-l-o
C CLOBA], }4ATFTCES AS SK = K - (FI{APA]*r<f)JIrI , I]IIFFE
C I STCI
C SK-= I SII I
c I sccl
C

INTEGIiF I\IIìR(TTEL, 7), ]FL}iAT( ITFL), ]FI,I.:D( TTEI,)
Pl:-AL X(lTIIP),Y(TTNP),4Ì4lrl(lrU)1^T),Alrrr2(t.tÌ'AT),RlloS(trlrì:i\T)
RFAL ZK ( 7,7 ),7t1(7,7 ),,\:L( 7 ),y1,(7 ), S I I ( K r, }'( I ), S I C ( ¡: I, lic ),

.scc(KC,r.c)
LOCTCAT, SI.JTTCII

Rl(APA 2= RKAP^ I ** 2

DO l0 l=l,KT
DO I I J=l,KI

ll STT(I,J)=0.
l0 Col.rTIMrE

Do l5 I=l,KT
Do 16 J=l,KC

l6 sIC(T,J)=0.
I5 CO}]TTNI]F

Dn lg I=l ,KC
Do I8 J=t ,KC

I B Scc( I ,J)=9 "
DO 20 l,=l ¡ITEL
l1¡\TYP= IFLIJ^T( L )
Gl=Altul (1.1^TYP)
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G2=AlrU2 (llATyp)
R]IO=RI IO S ( I.!ATYP )
NEN=IELIiID( L)
D0 30 I=l ,l.tEN
XL(I)=X(IVER(L,T) )
YL(I)=Y(IVFR(L,T))

30 CollTIi\-UE
C CONSTANT STRATN TRTAtjcLÌi (CSr):3 rofiFS oI:T_y.

rF (NEN.cT.4) co To 1t1
cAL'l ELlfS03(XL,yl-,cl,c2,RIìO,7.K,71,1)
co T0 200

C

C CAÌ,CIII-ATES ZK A¡ID Z}r FOP 6-NODE TRTA¡]C]-F OF 7-I\:OI'ìF OII,\ÐPTT,ATFN'J

1 1 1 CALL ELIlS(>:T.,Yl-,l'tFl.t,Cl ,G2 ,RTÌO ,T.y ,Zl1)
200 DO 4l I{=l r'I]EN

IpOI.t= I\¡Ftì ( L ,)í )
DO 42 N=l,NEN
TCoL=I\/FF(L,¡l)
TEtrlp=ZIí (Ìr, N ) _RKApA 2*ZÈr (ìí, t,t )
TF(IR0r.r.cT.KT) co To 300
TT (TCOI,.GT.KT) CO TO I2I
sI I ( TFOI.J, TCOL) = S I T ( TFOI,], ICOL)+TFlrp
c0 To 3n0

l2.l TCoLI=TCOL-KT
S T C ( TR OI.], ] CO],I ) = ST C ( I ROI.J, I COL I )+TNUP

3OO CONTINUE
42 COì¡TINtTIi
A1 CO}]TII.]ITE
2 O CON:TT};UF

TF( SI'J]TCTì ) PRT}iT 4 OO

400 FOnÌ1AT(' ' ,2X,'SSppTiiT sTT FOF CI.tFCKS ç, ,l/)
]F(SI.]TTCH) PRTI.:T 4O],ST]
TF( Si.IITC}I) PPTNT 402

402 FORI'1AT(', ' ,2Y-, ',SSpRT¡tT sTC FOR CITFCKS S' , / /)
TF(Si[TCH) PRTNT 40l,STC

401 FORITAT(' ' ,2x,8G16.6)
RETUNN

Flr-l-)

stlp,polÌTTI'ìE El,ìfS03(xL,yÌ_,GI,G2,Rlro, 2K,7.\,,)
C

C CA],CII]-ATES EI,E}{FNTAI, ST]FFI.]ESS A¡'N }1ASS ].lATR] CFS ,c zR AND ZIf , FOP CST.
C

RFAT. Xr.( 7) , 
yL( 7 ) .zK(7 ,7) ,7r1(7 ,7 ) , D( 2 )

FFA't. B( 2,3),tR( 2,3),BTDB(3,3)
D( I )=cr
D(2)=G2
Al=XL( 3)-XL(2)
A2=y1.( I )-xr,( 3)
A3=XL( 2)-XL( l )
Bl=YL( 2)-yL( 3)
B2=yL( 3)-yr,( I )
B3=YL( l )-YL( 2)



-92-

AFFA=( A3*R2_ A2*R3) / 2 .
B(l,t)=nl
B( I ,2 )=32
B( I ,3 ¡=33
B(2,1)=¡\1
T\(2 ,2)=¡2
B(2'3)=43

CAI Cl'LATFS ÐB=D*R
nO lO I=l ,2
DO I I J=I,3

I I DB( T,J)=J-r( T)*B( T ,J)
I O c0llTTNr,rE

CAICIILATES BTDß=P,T*Dß
Do 20 T=l ,3
Do 2l J=l ,3
RTDI]( I ,.1)=0 "
nO 22 K=1,2

22 RTDR(T,J)=¡1¡¡( T ,J)+R(t{,T )*Iìt(K,J)
2I CONTI I.]TIF

2O CONT]NIIE
6=¡¡¡4*p¡r¡/ S .
DO 3l 11=l r3
Do 32 N=1,3
IF (N.NIi.tt) lìrTFIlP=c/2.
lF (N.EO.Ì,f ) DTEIfP=C
zK(l'1 ,N)= FTDB(Ì.1 ,ÌJ) / ( 4 .*ARFA)

32 z,¡.t(it,l')=ffrup
31 CONT]}iUF

RFTIIR}ì
ENf)
slìßFnllrTNF FI_l'1S(XL,yL,l':F¡i, CI,C2,Rlìo, 7.1"7.1,)

C

c CALcllI-^TES ELEIíFIJTAL STIFFI'IFSS ANn l\r,'\SS l'ATRTCF-c,Zr A\D Zll,
C FOR 6-¡IODF TRTANGI,F AIiN 7-NN'F OI'Aì]PT],¡TFRAI,.
c

RFAI, vt_( 7),yT.( 7 ),7.\<(7,7),7.Y(7 t 7),SG( çr),TC(I),t,'T( çr)
FIIAT_ Sitp (3,1 ¡,n( 2),ÐB(2,7),P.TDR( 7,7)
DO I T=lr\ìFN
Dn I J=l r}:liN
7,1¿.(I ,.1) =0 .

I Zl'1( T ,.T )=0 .
CALI_ PGAUSS( SG ,TC ,rrT)

c
C PEFFOR¡1S 9-POINTS GAI]SS TNTFCRAT]ON.
c

DO 100 N=l,9
TF (XnX.F0.7) co ro I I I
cALL StìApF6(SC(t'l),TG(ìJ),XL,yI_,XSJ,SFp)
GO TO t2t

I I I CALL SltApFT(SG(N),TG(ti),Xl,,yt.,xsJ,sHp)
121 DV=XSJ*l,lT( N)

D( I )=Cl *nt¡
D( 2 )=ç2*¡rY
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D0 l0 I=l ,2
D0 ll J=l,NEN

I I DB(I,J)=¡1I)*SHP(I,J)
IO CONTINUE

ì:)0 3l I=l ,l,jFN
DO 32 J= I ,NTir*
BTDR( I,J)=¡.
nO 33 K=l ,Z

33 BTDB ( T,.t )=¡1¡,t ( I, J )+SlìP ( K, T ) *DB ( r, J )
32 col,:TIl.tlrtl
3 1 CONTI N'IIE

DV=XSJ*IIT( N) *NIiO
DO 4l I=1 ,NFti
Dî 42 J=l ,NFN

42 7.t,(I,J)=l¡r(T,.I)+tlvnsltp( 3,I)*si.p( 3,J)
41 C0l'tTtNtrE

D0 -51 I=l ,NEN
DO 52 J=l,NEN

52 7.K.(I,J)=7y, çT,J)+BTDB( r,.l ¡
5l COi\TIl.ltlF

100 coÌ.rTltilrf
R]JTI]FN
FNT)

StlP'ROLlTIl.lF PCATISS( SC,TG, \,'T)
C

C Sc A¡ìD TC AFE g-c^llSS PoTl'lTS '\lT coRRFSPONDTNG IIFIGITTS
C

RE^I. SC( 9),TG( 9),t.rT( 9)
G=SORT( 0.6 )
sc( I )= -c
SG(l)= 6
SG(3)= G

SG(4)= -ç
sG( s)= 0.
SG(S)= ç
SG(/)= 6.
SG(8)= -C
SG(9)= ¡.
rG( I )= -c
TC(2)= -c
TC( 3)= C

TC( 4)= 6
TC( J)= -6
rc(6)= 0.
TC( 7)= 6
TG(8)= 6.
TG(9)= 0.
Lrl=25./81 .
1t2=40 . /81 .
I{3=64 . /Bl .
DO 22 f=l,4
I"l'T(I)=lrl
I I =l*4
ItT( Tl )=\ir2
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22 CONTINUE
I'rJ'( 9)= I^13

RETURN
END

suFROuTrNF sHApF6 ( S ,T, Xt.,yL, XSJ , Slrp )
C

C 6-NODE TR]ANGI-F DEGENNRATED FROI'I 8-}ìODF OIIADRILATEFAI-.
C

RFAL XL( 7),Yi_( 7),SHP (3,7),XS( 2,2)
SHP(3, I )= 0.5xS*(S-l .)
SIIP(3,2)= 0 .25*(1 .+S)*( I .-T)*(S-T-l .)
SlrP(3,3)= 0.25*( t.+S)*( 1.+T)*(S+T-l .)
SlrP(3,4)= 0.5*( l.-S*S)*( t.-T)
SHP(3, 5)= 0.5'*( I .*S):'( I .-T*T)
sHP(3,6)= 0.5*(I .-S*S)*( I .+T)

C S-DF RT \IAT T\¡F
SlÌP( I ,l )= S-0.5
StrP( 1,2)= 0.25*( I .-T)*(2.*S-T)
spP( 1,3)= 0 .25*(l .+t;*(2.*s+T)
SHP(1,4)= -5-*(1.-T)
SHP( I ,5)= 0.5*( l.-T*T)
SirP( 1,6)= -5't( I .+T)

C T-NERT VAT] \'E
SHP( 2, t )= 0.
SHP(2,2)= 0.25*( t .+S)*(-S+2 .*T)
SHP(2,3)= 0.25*( I .+S)*(S+2.*T)
SItp(2,4)= -0.5*( l._S*S)
SljP(2,5)= -( l.+S¡*1
SHP(2,6)= 0.-5*( I .-S*S)
Do 20ì. J=l ,2
XS( I ,.1)=¡.
XS(2,J)=0.
Do 2o2 K=],6
XS( I ,J)= XS( I ,J)+XT.(K)*SIIP(J,K)

202 XS( 2,J)= XS(2,J)+yl.(r)*SItp(J,K)
2OI CO}iTINIIN

XSJ= XS( l,l )*XS(2,2)-XS( 1,2)*Xs(2,1 )
DO 300 I=I ,6
TEI'{p=( xs ( 2, 2 ) *sHp ( 1, I ) -XS ( 2, I ) *5¡rp I 2, r ) ) /xs.l
sÌrP(2,T)= (-XS(1,2)*Sftp( l,I)+xs( l, I )*sirp(2,T) )/xs.l

300 SHP(l,T)= TEIIP
]ìETIJRN
ENf)
suBRotrTr¡tF sÌ]ApF7( s,T,XI_,yt.,XS.I,SHp)

C 7 - NODE OLIADRT ]-ATERAI, .
REAL XL( 7),YL( 7),XS( 2,2),SÏlP( 3,7)

C S}IAPE-FLINCTIONS 
"

SITP(3, I )= -0.25*S* ( I .-S)*( L-T)
SI]P(3,2)= 0.25*(l .+S)*(ì .-T)*(S-T-l .)
SllP(3,3)= 0"25*( l.+S)*( l,+T)*(S+T-l ")
SHP(3,4)= -0.25*S*( I .-S)*( I .+T)
SIIP(3,5)= 0.5*( I "-S*S)*( I .-T)
SIIP( 3,6)= 0.5*( I .+S)*( I .-T*T)
SHP(3,7)= 0.5*( t .-S*S)*( I .+T)
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C S-DERTVATTVES"
SHP( l,l )= -0 .25*(l "-T)*(1.-2.*S)
Sl{P( 1,2)= 0 .25x( l.-r¡*(2.*S-T)
SllP( I ,3)= O "2.5*(l "+T)*(2.trS+T)
SllP( I ,4)= -0.25*( I .+T)*( I .-2.*S)
SIIP(1,5)= -5*(1.-T)
SHP( 1,6)= 0.5*(1.-T*T)
SHP(1,7)= -5:t(1.+T)

C T-DFRI\.¡ATTVES.
SIìP(2,1)= 0.JJ*g;';( I .-S)
sltp( 2,2 )= 0 .25* (1 .+S)*(-S+2 .*T)
SHP( 2,3)= 0 .25*(l .+S)'x(S+2.*T)
Sirp( 2,4 )= _0.25*-S*( I ._S)
SllP( 2,5)= -0..5*( I .-S*S)
Sfìp(2,6)= -( l.+S¡'t1
SllP( 2,7)= 0.5't( I .-S*S)

c I XS(1,1) XS(2,1) I
C FoRlr .IACORIAN = t I
c I xs(1,2) ):s(2,2) I

Do 201 J=\ ,2
XS( 1 ,J)= 0.
XS(2,J)= 0.
Do 202 K.=j ,7
xs( I ,J) = XS( I,J)+XL(K)*SlrP(J,K)

202 XS(2,J)=XS( 2,J)+yL(y)v,Silp(.1,r.¡

2n I eo¡lTTNltÌì
XSJ=XS( l, J )*1;c12,2)-rs( 1,2)*XS(2,1 )
Do 3C0 I=1,7
TElilP=(Xs( 2,2)*SI]P( I ,T )-):S( 2, t )'tgrrp (Z ,I) )/XS.i
SHP( 2 , T )=( -XS( 1 ,2 )*Sttp ( I ,I )+xs ( I , I ) '',Silp ( 2 , i ) ) /xs.l

300 s¡1P1 I ,T )= 1¡¡:t
R F TIIF ¡J
F¡:D
SIiBROI]TII'rE IrIC}IAT(I^IC,ANCLEC,I]CI}¡,¡,I'C,I,]APEA,I,rC2,Sf,iTTCII)

c
C TIIIS StllìRollTIÌ'lE FoRlfS BOIINDARY LoAD Ì,ATpIX :t,rC! Fop EACIr
C COS-:(21'l-2)*tlrfrA-! AND SItr:-;(21rl-l )*ttlttR-!,l1FRt TIrFT^ TS Aì.
C ANGI-F OIi: C.TT AI,SO FINDS Ti]I] TNVEFSF ITJCTTIV.
C KC=NI'ìInFR 0F l.iODES ON C l'iltsT BE E\IFN NlrltBFn.
C

REAL I,tC(l'.C,rC),ANCLFC(rC),r.'AlìEA(KC),t^lcTIr(KC,KC),r.'C2(KC,Ì:C)
LOGTCAT, SITTTCH
Do l0 f=l rKC
I)O 20 .T=l ,KC,2
L=J- I
luf=J

N=.1*l
TFFIIl=L*ANGLEC( T)
TERI.!2=lf*ANcLEC( I )
l'JC( T,Ir) =CoS( TIiRII I )
I'rC( 1 ,¡¡)=5Tl.t( 1pp¡12;

20 coliTI rrriF
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IO CONTINUE
IF(SI,JITC}I) PFINT 2OO
IF(SI\'ITCH) PRtÌtT 20l,hrc

200 FORITAT(' 

"2)ir'$spRlllT 
Itc Fop cHFcKs$,,/)

2Ol FORI'ÍAT(', ' ,2x,9c16.6)
C COPY I'IC T}TTO I,]C2. I.]c2 I.]T.I,L F;F DESTPoYI,ìf).

Do 90 T=l ,KC
f)O gI J=l,KC

9l I.lC2( I,J)=lrc( I,J)
9O CONTI IIIIE

C INVFRT l,JC2=tJC TItROlTGfr T¡fSL.
KPP=I.C
N=l{PP
IÂ=FPP
I DGT=0
CAT,L I_TN\¡l F(liC2,N, TA,t.icI l.v, IDcT,t.jApFA, TFI)
]F( SIJITCIT) PFTI.;T 202
IP( SI.]TTCir) pnl¡lr 20 |,r.rr"¡¡1r

202 FOR}IAT(' ' ,2X, 'SSPR]NT I.:CT}\¡ FOR CFIfCHSS' , /)
BFTIIRN
FNT)

sl:BRol-lrT¡lE IìTt1AT(sTI,sTc,'ltT,l.rc,Kl,Iic,TTllp,t.lApF¡,,silIrclr)
c rIlls sl'PRollrTl':F cALCI't,ATFS r.tr(=1.r AT rtjrtitìTolì l.'onFS) il't -in
C BOIINDAPY t,O^ìlS IIC FROIr FOIIÂTf Ol,' SlJrrllT=-Slcr(\rC TI'pOI!Clr IlrSL.
c IT Ai SO AnnS llP I.rI AÌ'rf 1.rç TO FOFIr lr)j oF stzF(IT¡rpr.KC).
C

REAL SI I ( rI, KI ), S T C ( K I, t C ), ltT ( tTl,tp, Kc), t.¡c ( Kc,rc)
RFAI I/AREA(K])
LOCTCAI, SIIITCI]
DO l0 I=l,TTNp
DO 10 J=l ,KC

lo lrI(1,.1¡=6
DO l5 I=J,KT
DO 15 L=l¡KC
DO 15 J=l,KC

I 5 IiII ( I,L¡=¡.'1 ( I,T,)-SIC( f ,.l¡*tJC( J,L)
DO 2l T=l,KI
D0 2l J=t,KC

2l STC( T,J)=1.1T( f ,.l¡
IF(SI,;ITTCI]) PP,INT 2OO
IF( SWITCH) PRT¡rT 20i ,r.tT
TF(SI,IITC}]) PR]NT 202

202 FOFI'{AT( ', ', ,2X, ',$ gpRrNT _cI C FOR CHFCI|S S' , / l)
IF( ST.JITCFI) PRINT 201,_s1ç
I'f=l¿C

N=KT
T A=Kf
I DG=0

C CA] I-S II.f S]- SURPOUT]NE
c^T,L LEOTI F(SII ¡lf ,ì,Ì, T,Â,sIC,TDc,tJAREA, Ilìlì)

C SI I IS DT]STROYED.
IF(-s¡'1'¡çrt) PRINT 202
IF( SI(ÌITCH) pRln*t 20l,sTC
Do 5l T=l rKI
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DO 52 J=I rKC
52 I{I(I,J¡=51ç(f,.1¡
5I CO}ITI}iUE

DO 53 T= I ,KC
T I =l1T+I
DO 54 J=l,KC

54 \'lI( Il,J¡=1'¡(1,.1¡
53 col.rTINtlE

IF(SI']]TCP)PRTNT 2OO

IF(SI]]TC}ì) PRINT 2OI,I.JI
200 FORÌIAT(' ' ,2X, 'SSpRTl'lT ,f.rT FoR ctrFctas s' , /)
201 FORITAT( ', ' ,2x ,gG I 6 .6 )

RFTI'RIJ
Fì\:I')

sltFRoltT II:F l,JnEp c I (t.tN, K, Lp,I.tnF R, Al.lcLEC, I \¡E Iì, X, y, I TNI,,
.TTEL,I STFI.C, IEIìDFL.,GI C,C2C,Sl"ITClt)

c
c CALCIJLATES THE l'lATRrx hrDER=pADtAL DÌìprvATr\¡F oF tn, oN c.C KP=f C ÁN!ì K=KT.
(-

INTTECEF I0O(3), Ipp(3),Ioo( 3), TVER( ITEL,7)
RFAL r..N(ITNp,Kp),t,,,DF,p(rp,Kp),ANGI_FC(Ìlp),C(3),X(TTNp),y(TT¡J')
LoC ICAL SI'rITCll
I SNPC=K+l
LNPC=K+líP
DO l0 I=l,Kp
DO l0 J=l,líp

l 0 lrnliR ( 1 ,.1¡ =3 .
C

C FOIì EÁ,C]] CO],U},ÍI\. OF i.I,\--FT NN DFR]\¡ATIVF .
C

Do 20 I=l ,Kp
Do 30 L=ISTELC,fENTDFI_
Io0(t)=I\¡FR(L,l)
TPP( I )=IçEP(T-,2)
InO( 1)=I\/FIì(L,3 )
TÔo(2)=TPP(l)
IPP(2)=IQo(l)
TQ0( 2)=loo( I )
I0o(3)=IPP(2)
IPP(3)=TQo(2)
roo( 3)=Too( 2 )
Iit't=Ipp( I )
NN=Ioo( I )
DO 40 Nl_ìrÌ.r,NN

l.fì1Ii=Ir-K
ANGI.E=AIICLEC ( I'f IrK )
co SI I,E=C0 S ( AXCU )'t62 6
sT |1E=STN( ÂIìGLE ) *ç 1 ç
Do 50 l{=l ,3
IRR=loo( N)
ISS=Ipp(N)
ITT= IQQ( N )
SA22=X( IRR)-X( ITT)
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SA33=X(ISS)-X( IRR)
S822=Y(ITT)-Y( TRR)
SR33=Y( IRR)-Y( ISs)
AREA2=SA3 3* SB2 2- SA2 2*S P.3 3

c( lr) =( ( (Y( rss ) -Y( I rr) ) *sr ¡:n )+( ( x( rrr) -x ( r ss) ) *¡¡qrNF) ) /AREA2
5O CONTT NtIE

Nl=Ioo( I )
N2=tpp( t )
N3=IOe( I )
TElrp=c( I )*tjN(Nl,r )+c( 2)*r,rr:(l.t2,T )+c( 3)*i.tt;(N3,T )
TF(Il.NE"ISNPC.OR ;If .t{E.LN'pC) T¡¡rp=tnlry / 2.
J=ìr-K
l.lDFR( J, T )=IJDER( J, I )+TEI'{P

40 CO¡:TIl'iUF

3O CONTTNI]E
2 0 Col.lTI l\lllF

TF(SI,]TTCH) PRTNT 4OO
400 FOBITAT( ' ' ,2X, 'SgPRTI;T I.TDFR FoR CÌÌECKS S' , / /)

IF( STJITCH) pRlr':t 401 ,r...'tFR
401 FoRl'rAT( " r2X,8G16.6)

RETI]RN
ENf)

/ lGo "FTO2F00l DD DSN=cIto\,J.DAl .r:Ef.tr.ìATA,trt lT=syStrA,
/l SpACE=(TRK,(10,5)),t-.cTl=qpLKSTZE=6080,LFFCi,=S0,
/ / RFCFIT=FB),nrsp=(N-FIJ,KEFp),vol=sFR=\.loFKO4
/ / co.FTo I Foo I Dn *
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//iJcrNc Jop.' r r rc=0rL=l0rT=30' r'clio\,'' rilsc].FVEL=( t rl )
/ / r.xr c FoRTXCt,G,opr=2 ,ilAp=NotrtAp,p=tì,AD=DIrT.4,
l / cSlzE=5l2K,LSrzE=-5l2K,sTZE=5l2r,pAnÌ..r.LKFD='sr7.F=(5tzy,l24y),
/ /ror,r"sYSrN DD *
c pRocRAll siltrAlF2(I¡rpuT,oUTptrT,TAPF2)
C COIjTotlF c Irl'ST FF SEI.rI-CTRCTE AT Y=0.
C KC I1IIST P,E F\/EN NII} I]FR"
C l'lOT¡TlÔìiS:IiT=NODFS TNSIIIF C.TTFI-=ToTA-f. NO.
C OF FLFlrEllT-c.TSTELC Alln TFNFL=STAPTTI,:G AND EtinINc
C ELE]\'FNT I. O. OI.] C FOR ]}-TECPAT]ON.}:KÂPPA=NO. oF
C IiAPPAS CAT I.FD IìKAPPA(I).ì:CAtlA=ß*0. oF IitcTnFi\'CF
c 

^ì'rcl.FS 
cAl.l.FD cAÌ'!IfA(T).TFLÌ.fAT(L)=¡r¡1¡RI.¡,T_ pltOpFrìTY

C OF F¡\CI' ELEllFliT I..TEL¡ln(I-)=\f\-=¡'¡. OF l.lODFS eOilÌ:FCTEn
C TN FACI] FI,F}IEìTT.T\IER(I,,TFI-NN)=J\ OI,ìF I,]O. FOF] FAOr F'I-FIlF}'T.

C ,Âl'Ul ,Al.'!l2 rPltO=l.tATFFTAl PFOPFFTIES.I'l.lrl.lT rl.rC rUO=Z-DTSpI.¡CE j\iFITS
c rr.r1'Â1,,1ì'TFFTOp,0l' c, ANn TNcIDFtcF+pF,FLFCl'Ft).zl¿ AÌ'D pll=
c FI-F¡íFìlr A¡'n GLoBAL STTFI:I;FSS l'lATpTCrs.zt" At.'D Pl'=F'l-Fi1fì-TAI ¡Ì'fì
C GI,OPAL },{ASS I.!ATRTCFS.I]ì\1AT ÂNI \,'}rÂT=\'rNC]Iì:NCF ÄNN TTS I,FPT\'¡TT\'tr
C Ol\: C.T0liTPR=Sl.llTCll FOR PRTIJTTI'C Tl'l OllTFIr ITFCTON,TF OIlrFR=0
c l:o PIìIllTIt'rc,lF lctrTpR.rìT.0 pF¡D ItO. OF pp(T),TITFTA(I)
C l'l]lERF \IALIIFS tlFSTPFll .rrTFPÌ1=KC+l .rrlr|.(ÂJ=}.I[r . OF ]'ÂTFPT,ÂL PlôPFFTIFS.
c
C FOIì Tì\TFIì]OR I.;E ¡,PN SOLV]}]C ]ìFAI, APTTI]]\ÍFTTC
C PRoPI lll.r l,rl=-( (STT) TlvFRStì)*51¡""tt¡
c s=RI{-(K^ppA':*2)*RH.n¡: C \F COLI_CC^TF Tn SôT,\:jr
C -*1, IT KT.J-*-t(C-rr=-*-lrl'!^T-tr
C -*K.Il KJ.I-*-*A-*=-*\rì.r^T-*,\.lrTC| liEFnS Cn,.,ipL|X 

^I 
CFpi^.C

c
],T)CICAL SI,]TTCJI

T-i:TFCFP TPTI ( 2N) , TPT2 ( 2O)
PIIA'I- PKAp^(20),CAÌÎ.IA1(20),Allttl (6),AI1tl2(6),RilOs((r),)l( 167),y( tt'7),

.ANCl.tìC( 26 ) ,

. r.rc ( 2 6 , 2 6 ) , l.tc I Ì\nr (26 ,2 6 ) , i.JA R EA ( t 4 I ) ,

.lJl( I (t7,2(,),t,¡Ofn (26,26), R( 26),

.Rp( Z1* ),Tl'FTAV Qa7,BJ (27 ), Ry( 27)
cnl.fpLEX ltilAT( 2 6 ), \¡lrAT( 26 ),ÌrANL( 2 7 ),tìAltLn( 2 7 ),I'tlrot (. ?7 ),

.FTNAT,(t67),AOUT(26),1,r0(167),LRStDF(26,26),RSTtìl-(26),1ìsTtF2(Zr.¡,

.trnTolrs( ?6,26),I.tsrrTFF,\tscAT( I67),1TOT( 24 ),\'SCAT? (24)
RF.An( 2,* ) I:C, JOI'TPì?, T SC^T
P1ìAI\( 2 ,)t
REAn( 2,?t
FFAn( 2,*
FEAD(2,*
RFAn( 2,*

P}lAPA I,Si.]TTC}I,YI-F}:IC, TCOPY,\IFP¡,NC
NGAI'IA, ( GAltltA I ( I ), l=1,IrG¡l\i/1 )
TTNP,ìJTFRì,í
(X(T),Y(T),T=l,lTNP)
(ANcLEC(T ),R( T), I=t,KC)

REA|) (2,*) ((1"'c(I,J),r.,CTlJv(T,.J),t,¡trFI'(l,J),T=l ,I'r-),.I=l ,Tfc)
REAI-r( 2,*) ( (l,rT( l,J),T=t,ITflP),J=l,t¿C)
Ir (rorjTru.Fo"0) Gn To 206
RFAn( 1,:t) NPRPT, (RP(T),TprrAtt(T ),T=1,\'pì?pT)

2 06 col'tTI liLtE

lF(rscAT.Tìo.0) Go TO 2?1
RFAUì( 2,*) Ì\rSCAT, (lptl (T),TpT2(T),I=l,hr-cc^T)

221 CONTIt'UE
Fc=n( I )
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cAI-t, HAllI.I_1(P.C,ìrTFRl'f ,litAÌ\tL,lrA),rLn,HnToI,t ,pTaApAl,RJ,ßy,SuTTClt)
DO 200 IG¡rirA=l,1,,'c^IfA
GÂI1IÍA=GAl\rI'i^ I ( IcAl'lA)
C^T,L ¡IATIIVI(X,Y,UllAT,\/l'AT,ç0,AllCI-FC,t:C, ITI'tp,

" 
cAlf,r.:^ , FI.IAP^ I , sI,lI TCII )
cALI_ SO1,\rFl(t,rnFR,llcrllAl.jI,,l¡DTol¡,\¡li.,aT,llrAT,l,lclll\/,Kc,t.,rI ,

.I'ITEP)r,IT¡lP,AollT,Frl.r^I.,lr0,FAF'FA,T.pSIDl ,FSTllF,RSlDF2,ltDTOIt,.q,

. 1;S CAT , Sr,rI TCIt )
rF ( ToUTPtì.F0.0) CC TO 2I0
CALL OtlTllR(¡otlr,PP,TltìrTA\r,ÌrpppT,I.c,pTa¡pAl,cA),1{A,FJ,l'y,\,tApFA,

.TiAl:LD ,i.rToT, ÏÍi cAT2 )
2 l0 Co¡:tlmln

I NIIFR= ITl.lP-K C

PRTI.:T 100, Il.lNEp,ÌíC, TTNp
nO 500 l=l,TCOpy
crlll- pÌìIÌtT (pt'ApAl,c¡.lfl.1A,TTl\:p,FC,

.FTllAT,1'lsc¡,T,lr0,AoLiTrl.rPRPT,TIrFTA\r,Rp,t,JTOT,\.iSeAT2,rStì^T,

.NSCAT, lpTl,IpT2,\'l.lllic,]"\rl- nAlic)
50 cr CoIrTl l,:t't:
IOO FOFì,JAT(' 1',TO(/)' 

"50X,'I-..TFFPACT]OI: 

OF PI-A}JF SII_I.JA\¡I'S'//
.' ' ,57x, ',Jl.' A TTALF SPACI-, / /
.' ' ,57 <,' (l\tÌ._I "s I.tFTilon)' , j 5( /)
.' ' ,49x136('*')//' 'r5lXr'NuÌ,rßrrp oF TIJNI:-R NonFS' ,hy.r, i, ,.r(,//" r5lx,'Nlrl'.lll-R ol: ßol]NnAFy NoDlis,rlx r'z, rr,lrf ¡.' 'r5lXr'Nlrl.{BJìp 0F TOT^T_ }:onFS'rt,yr'z,116f f
.' 

"4gx 
r36(',*',¡;

2 00 c0l.rrIlÏtE
STOP

F¡:D
SIII-ìPollTINF lIA¡"KLl(Fc,l.r'l'FPl',1ìAtr*T-,F^NI_D,ÌrDl'nir,pI,¡pAl,n¡r ,n]',spITt.p)c F0P sFljI-clRCLF ol' RADlllS=PC,TIITS cALCìlt.ATFS "t'iìF ltt]-r:pT,

c Fr'¡lcTT0ÌJS Alrlì ITS D]ìtìT\¡ATI\rfs.AFC1'lrE¡tT=t,c'"pKApAl .
co}lpl,FX C l, l Al\t I ( t'lTF plf ), Tr¡ \LD( t\rTl- pl{ ), }l,l-)To.lt ( ìrTF ¡l}r )
RFAI R.I(I"l'Fp),), p.\' (1.{TFp}r )
Lrìc ICAL SI.II TCIr
Z=RC*RKAPA I
11=Ì ITF PIr
Cl=Cliplli(0",1 .)
C.^LL Ì.,Ì1BSJl,:( Z ,I{ ,¡J )
cALI_ IfÌ'ßSYl.:( z r0 rf{ rP,Y, IFp )
fO l0 N=l ,I1

I 0 HA¡ÌL( l': )=RJ( I'i) -C I'tlìY( ì\i )
I$11 =l\1- l
DO 20 ll=l rÞrl'll
ItlPl =l{+l
]lAliLD( N) =-RKApA I *Ì:AI]L( lrp I )+( trr_ I ) *1r¡n'¡( lr ¡ 7 * a

20 ilDToll( N)=l!A¡¡LD( t'') /trAl.rL( I:)
I-rAì.Lfr(l.r )=CIlpLX( 0 .,0 . )
HnToll(Ì'r)=Cl.rPLX( 0. ,0 . )
IF(S\JITCH)PRTNT 2OO

IF( SI,IITCti)PRTtrr 20 I,HANL
IF(STJtTCIì)PnINT 202
IF( SI^rITClr )PRTNT 2o l ,Iì^Ììi,D
IF( SI.lITCII) PRINT 203
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rF( srrrTCII) pnrxr 20t ,t:ÐT0lr
2OO rollo¡t(', ' ,2x, ',sspFItrT IIANL FnF CIIIICIaSS,,/)
201 FOFIIAT( ",2Y,9C16.6)
202 FOFITAT(', ', ,2X, ',Sgppll''T lt^NLD FOIì Cl¡FCltSS,,/)
203 FoRlrAT( ', ' ,2X, ',S SpRtltT I]DTOIT FOR CI-lFCKS.c', , / )

F ETTIR }]
El'lf)
SUPRoIITIÌ\:F l.lATIlVl(XrYrUlfATrVÌlATrrrl\,^l't6IECTKC,IT;'Ìp,ç¡r"¡,A,RK^pAl,

. si.JI TClt )
c
C CÁI-CIJLATNS IJO=(I.]TNC.+I,JRFFLFCT]IN) AT AT ]- I.IO'IIAL POI}TS.
C IlIl1\T=(,t'rIL'C.+ÎtEFLf CTED) AT poIl.tTS oÌ! C.
C Vl'rAT=RAI)IAL I-ìEPTVATIVE OF Ill.'AT.
C.

co¡1Pl,EX UIrAT(KC), VIrAT(KC),\.10( TTNt, ), Cl
RF^r_ AI]Ct-ìtC(KC), X( lTl':p),y( TTì'p)
LOGIC¡,I, SlI]TCII
C1=Cl,tpl-ll(0.,1.)
KT=TTI:P_yC
Do 10 T=l,TTNp
TFRIf I = RHAP.A I * S I l.'( CAlflll^ )
TF,PI'2=TFPì!ì*'X(T)
TERì\1 3=Fl'APA I *Co S ( C;\Ì ilrA )
Tl-Pì'¿=TFPI'3*Y( I )
I.l0 ( I ) =2 . *CO S ( TF FIl1i ) *CFli P ( -C I *TFR¡.12 )
TF (i.1,¡.llr) co Tc lo0
l- f t/ I.J- 1-t I

TIIFTA=AlJCLliC ( .T )
LII'rAT(J)=t.'¡1t¡
VÌ'¡AT(J)=-( 2 ."ÃC.l ",TFptrl 'rcOS(TERlf4 )*Slir(rIFT^)+2 .*TFRì13*SIlt(Tt P;rz1¡,r

. côs ( TITETA ) )'kCllXP ( -C I *TFtìt l2 )
I00 co)lTI N:trE

I n cn):TTliltF
C PRT}'T 2OO

c PRINT 201 ,r,J0
IF( S\iTTCH)PtìTl'.T 202
TF( St,rTTCt!) P]ìTNT 2o I,Ul'l^T
TF( S\T]TC}] )PPT\IT 203
tl-( sliTTcl,)PRTNT 20 t,Vl,,ÂT

c 200 FoF),¡T(' ' ,? X,'SSpRJilT rtO Fop cilFcR$ s', , / )
201 FOIì)',^T( " r?X,gCI 6.6)
2n2 FOFITAT(', ', ,2xr ',SSpFTl':T ltllAT FOp CIlFCKSS"/)
203 frt¡.¡r¡11' ' ,2X,'SSPPTt'T \')tAT FOIt CHICtfSS', /)

RFTI]I T:

ENI.'ì

sllBRollTlNF soi.vFI(ÍaJI ,l.JT,lrAl.1.,IÌnTotì,vI,AT,¡Ì,AT,TiITIl.:V,Ì:p,
.\':NrlrTEPi\1 ,TTl-P,AOllTrFll':ALrl'r0rlJATìFATT.FSTDFTPSTDT:rFSlDF2rÌìDTOÏÌS,
. \.Js cAT , SI IT TCt.' )

C

c sOl.\'FS KI Tr.C + I'T.I-å^ = lr\fAT ,
C K.IT*C + Ì¿JJ'."A = \¡ìfAT ,I.IrFRl" l{TT=t,'CrtiJI=I,'IlEp,
c c=lll''l.Nol.rì{ coFl"F. FoF 1":NrA ARF coFFF. FoR ntìTFp FXp^.f:sIn}r
C =AollT.PRocRAìí SôLVES FOR C AND TIìFI' CAT_CtrL^TFS A.Tlrfl Ir
C CALCIILATES ItTOT.ÂL=FI t'Al,( I ) ¡l:n LrSC^TTI:-PliD=ïToTAL-t,'o .
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c KP=l1C,KI ITÌ\l\¡=t.lcINV "
C

RtÌ^L KJI(Kp,Kp),KlT(rp,Kp),1(IIttw(Kp,Kp),t,.1{(ITNp,}ip),t.r^RE^(rp)
colfP].EX Ir^Ì]],(tfTERtl),trnTotr(t'fTEpt',),vlrAT(rp),tt)r^T(l.p),LpsID]ì(l,.p,r.p)
coIlPLL-X RSIt't](Kp),RSItF2(Ìlp),FTt.,\L(ITfip),ilDToilS(rp,tip),AoUT(rp)
COI.IPLEX TISCAT( TTI]P ), I^'O( TT}ìP )
I,OG TC¡]- SI.]T TCII

C TR¡,}]SFER TII]TOII TO A SOIIAPF] }ÍA.TR]X iIDTC)IIS.
n0 .l T=l ,Kp
fro 2 J=1¡Kp
TF (r"F0.J) CO 1'o 3

HnTOIIS( r,J)=çrtpT.X(0. ,rì " )
COTO4

3 l]DToFS( l,.l¡=l'DTOF( I )
4 CONTTNI]F
2 CONTI t,:UF

I coÌ,rrTl.:lrF
c l'oPl.{ i.psI|F=KTTtr}ìDTO|S A}rD pSTDE?=KTTTrrlrx¡'¡,¡.¡.

DO l0 I=l,KP
RSTnF2 ( I)=Cì\rPLiI( n.,0 . )
DO ll L=t,Xp
I qSTnF ( T,l,)=¡I''PLX( O " ,0. )
DO I2 J=l,l¿p
LR ST DF ( t, t- ) =t.R ST DI. ( l, 1 )+K T T ( t,.I ) *Tr nTnp S ( .I, L )

l2 col.:Tll.IlE
ìì ST I-ìE 2 ( I ) =r SI DF 2 ( I )+l( T I T NV ( T, I. )'*iìl'iAT ( I )

I I CN}]TT}]UE
I 0 cot''T] NllÌ'

c RSTIIÌì=I-Iì Sl DFt PSTnli2
DO 20 T=l -XP
RSTDI'( l)=c¡tPt.;':( 0.,0 . )
Do 2l I,=l ¡tp
p 

-c I DF ( T ) =p SI nE ( I )+LI) ST ni- ( t, r. ) *R S I nF 2 ( 1, )
2I CO};T] NTIF

20 coNTTtIrE
C SIIFTPACT LFSTN}- FPO}f KJI TO FOR}! ]..I].S.
C SIIFTRACT RSTDF FROI\I Vr)lAT TO FOPÌ.I P .|.S.

Ilo 30 T=l ,Kp
Dn 31 .T=1 ,KP
Ì-PSIDE( T,J¡=11¡1 ( T, J )-I.PSIDF( I,J )

3 I CoìrTT NrllE

PSI nF( T ) =rt¡t¡11 I )-RSTnF( T )
3O COÌ\TI NI]E

lF( si.lITCtr )PFIirT 400
TF( StlTTCH)PFINT 40t,LRSilrF,
TF( SI,TITCI' ) I'RIliT 402
IF(SV]TTCTI)PR]NT 4OI,PS]DE

4OO FOP}TAT(' ' ,2X.,'$SPRTNT I PSTNF FOR CIIF-C}iSS"/)
401 FORITAT( " ,2X r8ct 6 .6 )
402 FORI'1AT(', ' ,2y., ',SgpRIl:T pslfìF FoB cHECi:SS', , /)

C

C SOI-\¡ES :L.ll.S. !*-:C.-1.= -:P..Ìì"S"-! TIII.ìolÌCll IlrSL"
C

N=XP
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TA=KP
jV= l
I P=IiP
T JoB=0
cALl, I_FOTI C ( r_F STt-rF,N, IA,R ST t)L-, li, J B, T.IOF, t.'^pFA, T Elì )
IF( SrrI'¡¡1r )PPII'iT 402
IF( Sh'ITClr) PRINT 401,RSIrìF

C \¡FCTOF -: C-! TS RETIIFI.JFD lÌ\t FSTnF.
C CAI CIIT-^TF IrTOT^l-=TlrF IIOIIAL nTSPI_ACFlFl'rT C^LLFtr FINAI =t;Ì,*r-.

nn 5C T=l TTN?' ',
FT t:lAI ( T) =CNTPLX( 0.,0 . )
Do .5 I .I=J,l.p
FllìAI-( I ) =rr l;AL( I )+lrN( T, J ) xn STnF( J )

5 ] CO I.]TT ¡ìUF
50 collTI t;ItF.

C CAI-CUI.ATES COFÌrl. .A=ACIIT FOR OllTIilì EXP^l:STo).
nô 2C0 I=1¡lip
AOUT( I)=(RSTDF( T)-rìSr nF2 ( I ) )/HÂ'ìL( r )

200 coNTT IitF
C CI.],CI.]-ATìT SCATTEF}.N FIF] N

lìo 210 I=l ,ITNP
I.'ScAl'( I )=FTNAI ( T)-l'0( T )

210 coÌ:TI )ttrf
FETI]FI]
ENI-)

slllìloilTTI.JE Ol'TFR(ROUT,FPTTIFTA\l ,l.lplìpT,11C,nT(Ap^l,CAÌrliA,RJ,
. BY ,\r^pF.A ,ltANL,t.rToT, i's cAT2 )

C

C TF TOtrTpp.cT.0 TilFl,: Tl'IS Sl'Ff OIlTTf:E IS 
^r"TT\/At.Fn.ç EIAN (PP,TIIf TA) COORDS. OF l.IPPPT PC]I.ITS I]I1FßIi PNSt'I,TS ,\RIr

c nFsTPllD .PÌìcrcl^I' CIVFS T0TAL Aì:D SC^TTFnEIT FT Fl.tì AT Tl'FSF p(rTI:TS
C

RFAL Rp ( l.tpppT), TttFTAV( NpppT ), UARF A ( I'C ), B.I ( ÌiC ), r\' ( Ì,'C )
coì.fPI-lìx AollT(Kc) ,trÄNL(Itc) ,i¡5ç¡1,t,Tor(trpFpT) ,cl ,r'5c^T? (t,pppT)
Cl=CliPT,X(0.,1.)
DO 10 T=l ,I.'PPpT
APC=RKApAl 'rpp( T )
TIIFTA=TllilTA\r( T)
cALI Ìf]"BS.Tl.t(^FC ,rC , P.I )
cALT ll}rlìSyl:(ARc,0,l.c,By,lFF)
DO 2n ¡r=l,KC

20 ll,\l'rT ( Ìi) =¡.¡ ( N)-Cl *ßY( li)
DO 30 .)=l ,yC.,2
L=J- I

I'1= 'I
N=J+l
TFRl,f I =I_*TIlFTA
1f n|.r?=}f *TltFTA

IìAR EA (ii ) =Co S ( TFRI'1 I )
30 I,'AFlìA( N) =SI l'l(TERtj2 )

trScAT2 ( t )=Cttpl-X(0.,0. )
DO 40 J=l ,XC
lrs CAT2 ( T )=1,'s¡¡12 ( T )+H^NI.( J)*t.¡ap.eR(.t ) *'¡eir11.¡ ¡

4O A'III,JSC=CABS (I]SCAT)
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TFFl'lI =RI{APA I *SI l't( T}tF.TA) *SIl't( G.A}q.'A )
TFP){2=RP ( I ) r,.¡O*nt t
TFRit3=RKAPA 1*CoS ( TilnTA) *c0S( CAUì14 )
TFRI.f 4= FP ( I ) *TF]R}.'3

I,IToT( I ) =2 . *C0 q ( rf nlr4 ) t CEXP ( -C l t(TFpt r2 )+r,'S C^T2 ( I )
10 col.rTIlitrF

R nTllP Il
FNI')

sllPRol'TlNl: ìfllRS.l¡1( Z,ir}ÎÎ,lìJ)
PFA] f,J (I'.}'Ìr)
D=1.0D-10
D0 2O0 N=l ,l'll.flr
KIi=ll- I

P J ( ¡r ) =.qli S.l (Z r\<Y., l-r , T F I? )
2OO COIITTN'ITF

RFTtrnii
END

RI]AL FIr]\.CTIOI{ FESJ*8 (X, N, D, ]FP)
IITPI.ICIT FFAT *fl(^-Ì'. O-7)
CIrl'IFRT C
RFAL*8 X, f)
BFSJ = 0.
IF (r.r .GF. 0) co To 10
IEP=1
R IìTtlR¡l

10 TF (X .Cr. 0) Co To 20
TFIì = 2

R F'TtI R I']

20 I\ITFST = 90+X/2
tF (x .t,F. I 5) ìJTFgf = r;, ( l0-y/3)+20
IF (ìi .I_T. ìITFST) Co TO 30
IEF=4
F I]TI'R N

3o trn = r¡

Nl = N+l
BPPFV = 0.000
IlA = X*6
IF ()1 .cF. 5.) lr¡. = 1.4t.x+61./Y
líB = N*IÌ'T(y.) /A+Z
I,IZFRO = ìr^Xn(11A, ilR)
Do 50 11 = IIZFRO, I;TFST, 3

Fl'rl = l.0r-28
Fì' = 0.OltO
ALPIIA = 0 "Ono
JT=l
TF (Ì'l .liO " Ì1/ 2*2) JT = -l
r¿1 

- 
r. Ô

f L - j't-L

llìO 40 Ì{ = l, i12
)1I. = 1.1-li

Bì1H = 2.0D0*ÌfK*Fì.1/X-r'I1
Fl'I = Fl.Jl
Firl = FliK
IF (l1K-N .FO. I ) BESJ = BlrK
JT = -.IT
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g = l+JT
4o ALPITA = AI_P}IA+BIIK*s

ßIfH = 2.0ll0,rFl'11 /r-nl'
TF (N "llo. 0) nls.l = BlrK
ALPiI^ = ALPÌriA+ll}lli
P,F SJ = RE SJ / ALP] IA

c IF (¡ns(ßF;cJ-ßpnF\r) "I tr" ABS(n*Rns;)) nrtllpl¡

]F (RNS(RFSJ-RPRF\') .],F. ABS(N*B]1SJ)) CO TO 55
50 BPIÌÌi\I = P,[ SJ

IlìP = 3

55 IF (nnslRES.l) .t.E" 10.0n-30) BFSJ = 0.nn0

RETI]RI]
F}:D
SIIFiRCITTTNE PRTNT (RK^P^I,CAirl'l^,TTtIP,KC,

.FTÌ'y'Lrl.JSC¡T,1.'0rAO[]Tr]ìPFPTrTlrFTAVrFpr\rTC"frllSrAT?r.T(C;\'l-,

.\tscAT, TPTI , TPT2 ,yi_l'lic,-\"\¡lìp¡Nc)
(:nÌrPLË)i l'TNAT,( ITNp),LrlCAT( TTtìp),\'0( TTìip),AnUT(llc),

.ilTôl'( |:P pPT), \¡S CAT 2 ( l:elnf ¡, r.rSIr TF F

Tìt't'FcFF TpTI (t'tSCAT), TpT2 (1.:SCAT)

FFAI, TI¡F''I'A\¡( NPRPT),FP( I.]PIìPT),Y( TrI'P)
C

PiìT ¡lT .50, RIlApAl,CÂ1.1i!A,yl.Fl:C,\¡EIA¡'C
PPll:T 100
lro l0 I=l,TTl'lP
ABI^ITOT=CABS ( FT N'AI, ( T ) )
A NIlS C= CÂ]ìS ( i.'S CAT ( T ) )
Inr,r0=cABS(rr0(]) )
ppT À"T I I 0, T,FIt:At_( I ), ABiITOT,t,'SCAT( I ), A TìHSC,r:0 ( T ), A Rt:0

1O COTfTTIqIE
PlìIi\jT I20
PRT NT I 30, AOITT

PPI)tT 140
D0 20 I= I ,IiPRPT
AFI.]TNT=CAFS (1.]TOT ( I ) )
f nlrgc=cAPS(rìsc^T2(r ) )
PPT t':T l 5n, T,Rp( I ), TIlFTr\\¡( T ), 1rTOT( T ), ARrrl.OT, t.'SCAT2 ( T ), 

^p|fìc2l coNTt Nilti
IF (IScAT .I0. 0) CO To 222
PRTTìT ] 6O

PPT]':T I7O
DO 3o lS=1,ÌISCAT
Tl=IPrl (lS)
T2=IPT2(IS)
l'JSD TFF=I'S cAT( l l ) -l-rs cAT ( l2 )
ARlr=CABS ( wSD TrF)
APl,Jl =ARI..'/ ( 4 . *YT.FNG*FK^P^ I )
PRTÌ.T lB0, 7l,I2,y(Il ),I:SDTFF,ARi.T,AR\il

3 n colrT] t'rilF
222 CONTI IlIF]
_50 FORIIAT(' l"2yr'RKAPAl="G1 0.3 r2)'r'CAl'1i'lA="C1 0.3,
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"2X.r' CRACK:T,ENGTH=',C10.3,2N.,'AtlcLF FpoÌ'r HORTZ,oNTAT- AXTS=',e10.3,
.2y r' * *l.fE T 

trS Ì.iITFOnå- ^.' )
100 FOßÌ'{AT('-'/'-' ,2Xr,Ì.loDE NO.',4Xrl0('*') r' TOTAI_ F1F,LD"

.g('*' ), l0x,B(,*, ),,scATTFpFn FIFLr,,7 (,*, ),qx,

.8('*'),',TNCIDENCF IrIFLÐ" 7 ('*') /

.", 1 îxr' RFTF', 9): r' Il.fTF' r9y r' 
^nTF', 

gli r' pFSIt,, e)l r, J).lsF,,
.oy r'AnSF' r9Xr'lìFIF' rQXr'lllTF' r9X r' 

^p,IF' 
/ l)

l lo FoPìíAT(",ttr,l6,qCl3.5)
I20 FoRl\{^T('-' ,42X,'*'t**¡OllT = CoFFFTCIFNT OF ot'T[F F]lpA¡'ST¡r.'/r*/r*,/)
130 FoPl.lAT(' ' ,2X,8G16.6)
140 FORI'fAT( , -, /, -, ,47.r,NOI)E ¡'O.' r 32X,I A('*') ,'TnrÂj FTFT.lr' t|t"(.'x'¡ ,

.8):r8(',*',)r',scATTFpFD FllìT.ll"l1(':r')r/'. 
"l6yr'p"loxr,TÌIFT^, 

r\?\:.,
'Dprc t I 1vt , t L ¿\ ,

.' TlfrF" l?.y r'ARTF"l2X.r',FFSF" I 2)ir', Tl"SF" I 2)1,'^ßSF" //)
i50 FORIIAT( ",Or.rl4,gcl 5.5)
lfifr FOPI.'AT('-'/'-' ,25X,'*****l_ìTFFEpFÌicf OF SCATTF,TìFn FTpl.n*;t*ut*,//)
170 Folìl',AT(' 'r' BETITFFN l.lonFS'r5y.r'y'rgXre(';r')r,l-rTFFItlìFNCll ,r!(,,",),

.7x,
"'\ntrrrlElcr\' , _5x ,'rrTFF ßy 4w.' I /)

180 FOIìI'fAT( ",2y,2.r5,2>-,F9.5,2I-,4G16.6)
RFTIIRì\:
FNN

//co.FTn2F00I llt lìSlJ=clro\.i.DA I .x¡r.r11¡14,IrIJTT=SYSlrA,
/ / nTSp=(oln,KF[p) ,trol_=sll=t.]nFK04
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//lrolrc JOR ', ,,T=Io,L=Z' ,'Kf N l.lol'¡G'
/ / rxr,c FORTXCG, S rZE=5 1 2K, p=D, pARìt . Go= (' Ep=I1AIl.',, SIZE=z5 6I'., ),
/ / IIAI'=NOIIAP
//ronr.sYsil.¡ DD'^

I NTEGF,R ITNP/ I 0/, IjTER¡i/20l
REAL*B CAtlI{A/0.0/,RS/ I .0D0/,

* TRy(g)/0.0s,0.1,0.25,0.50,I.,2.,3.,5./
REAL*8 HANX,ANGLES( 10),ATER,RKAPA,RJ( 20)
cOt'1I,LEX* 16 rtiGC,REF( l0),IlANI_( 20),C0trA( 1g),

I COEFB( 19) , SC^T( 10)
D0 i0 J=l ,8
RKAPA=TRY( J )
il.a.I:X=RI¿.APA*lì S

Il.icG=( 0. 0r)0, I . 0D0)
C

CALL COOR ( rTl'ìP,A¡]GLES)
CALL INCREF( IIICG,RKAPA,RS, CA¡fiA,Alict,IÌS, IT]:p,RFtF)
cALt, Hl\NKIìI.( ItANX,l'tTERli,il,AiJL, IlJ, IlrGc)
CALL C()EFF( llANL, RJ, r TNP, c0EFA, coEFB, IrrlF¡], IIAN):, cAit¡1A, I i.tcc)
CALL S CATER ( COEFA, COIIF B, ANGLES ¡ ITì,:p, S CAT, F iF, It AÌ. L, I'iTEllÌ I,

* PS , RKAPA , GA¡r¡1)
1O CONTINUE

STOP

E}iI)
SUBROUTINE COOÌì ( ITòIP,ANGLES)
INTECER ITT,JP

REAL*B ANCLES(ITl':P),PI,DTV,FItic,PINCC
PI=3.141592654

C DI\¡ = ITNP -l IF il'ORIa I,lITll FITI
D IV= ITNP- I

C DIV=ITrr*I'-2
RI NC=PIl D IV
RI NCC=0 .0D0
DO lC J=l,]TNP

C TTIF FOLLOh'ING 3 CODE SIIOT]LIì BE LìEI,ETED IF I.JORK i.I]T}I FIiTI
C ITI;Plil =ITllP-l
C IF(J .FQ. 1 .0F. J "E0. ITl.rPl'í1)nf XC=rILC/2
C IF(J .NE. I .AND. J .NE. ITI.:P}11)RI}]C=PIlDIv

A¡:CLES ( J )=RINCC
RINCC=RINCC{ RINC
ANGLFS(J) =PI/ 2.0D¡-A1':GLFS( J)

c PRrNT 100,J,ANGLES(J)
100 FORIíAT('',I4,'AI,ìGLES',C10.3)
l0 CONTI ¡*LlE

RETURI'l

END

suBRouT I NE I NCRFTF ( IIíGC, RKApA, F S, cAl'ÍI'A, Al'. CLF S, I TNp, REF )
INTEGER ITNP
REAL* 8 RKAPA, RS, CAltlfA ,ANGLES( ITNp ) , TEp.ì.r t ,TERìí2 ,Al.iCLE
COI.IPLEX* I6 T}JCG,REF( ITNP )
D0 l0 J=I¡fTr-P

ANGLE=ANGLES( J )
TERI'11=RKAPA*DSIN( GAlfIlA ) *¡ 5*DSIN(Al.iCLE )
TEBII 2 =RKÁPA* DCO S ( OAl't1A ) *R S* DCO S ( ANc LE )
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REF ( J )=2 .0f0*CDEXP( -IllGC*TERI1 I ) *¡6çS( TER¡:2 )
c PRItTT 100,J,REF(J)

I 00 FOR}IAT( ' ' ,I4, 5X , ' REF', , 2C20 " 5)
I O CCNTII.JUE

RETL'RI.]

END

SUBROUTITT"E HAl.lt EL( IIANX ,¡,TERl.l ,ItAltL, p,J ,IÌ1GC)
II'TTECER I.lTERTl

REAl.',^B IIJ(ìiTERIî), By,BESJ,RESy TD,IIANX
COI'ÍPLEX" 1 6 II'1GG,}IANL(}lTER}1 )
D=1.0D-7
D0 10 J=l,IJTERÌ'I

Jlit =J- t
RJ( J)=3¡ 5J( IIANX, JÌ11, D, InR)
RY=llISY(iìAlix, Jtrl, IER)
iIANL( J ) =BJ ( J ) - II'íGC*llY

c PRI¡ìT t00,J,ßJ(J),HANL(J)
100 FOPIIAT( " r5Xrr4 r5X r' RJ"C20. t0r5xr'ÌlAn-L"2C20. 10)
10 C0NTIT-LIE

RETUR].i

ETII)

SUBiìOLlTIì\lE COEFF(ÌiAIlL,ßJ,TTNp,coEFA,COEFB,ITTERI',ltANX,c¡.IiItA,
{ r}rGC)

I¡iTFCEF ITNP,l''rTERll ,NI'l I ,Ì\2111 ,1.12¡'2,l\r2ìr3,lrlìt': 1 ,llN2Ì't I ,ltl,-21.'2,{ }t N2l'13
PFAl.* I llJ ( I'iTnlìIí ), ItAì\ix, GAI\'Î.IA

CO}ÍPLE):* I 6 IIA¡:L ( I'jTER}i ), COEFA ( ] TI.ìP ), CO EF B ( I Tr,*P ), II'íC C

c0Er 
^ 

( I )=-2 .0n0*BJ( 2 ) /II^NL( 2 )
C0EFB( I )=4.0t'0*Il'tCC*DSIÌ\t(C/\t',l.rA)*(IìA¡tXrrlÌJ( I )-tf J e)) I{ (ilAÌrx*ilAril( t )-HANL( 2) )
D0 10 N'=2,ITNP

Nl'; 1= )i- I
N2|í1=2*N-1
N2|'ll=l*¡-2
N2i\13=2*l,l_3
liNlll=NIlll I
llll2Ili=N2I11t Ì
llN2l12=N2lii2r I
Hìl2lf3=N2M3J 1

COEFA( N) =-4 . 0D0* ( ( - I ¡ **¡'¡, I ) *DCO S ( N2l'r2*GAI1¡14 ) *
{ ((HAtì}là.BJ(HN2}13)-}t2},2*BJ(}tN2rV2))/
r (HAlix*ltAlil(HN2¡13)-N2tí2x"nAlìL(HN21.12)))

C0 EF D ( N ) = 4 . 0D0 * Il'1 GC'å' ( ( - t ¡ * *¡'t'1 I ) * D S I N ( N 2 11 I ?t CAI:¡14 ) *
r ((HANX*BJ(ilN2t'12)-(L-21'11)*RJ(rJN2ìíl))/
{ (}IANX*}ìANl,(HN2l'f 2)-(1.:21'ít )*llAllL(lìN2},1) ) )

t 0 C0NTI I\:UE

D0 20 N=I r ITÌìP
C PRIIiT 200,1.;,COEFA(rr*),COIiFR(N)
2OO FORl.t^T( " rI4,5X, ',COFFA 

"2G70.3,5X, 
',COFFß" 2C10.3 )

20 CONTI N'IJE

RETURN

El;l)
SUBROT]TINE SCATER(COEFA, COEFB,ANGLES, ITI.JP,SCAT,REF,

J HAllLrl'1TERl': ,RS,RKAP^, CAIII'A)
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Il'iTEGEP f fNf ,XZl,t,N2l,12,lìN2¡:l rltli2Il2,ì.1TERl'J
REAL-* B AlrcLFì S ( ITNp ), A^*GLE, AllTEt.lp
COI'IPLEX*16 COEFA(]TNP), COEFB(ITNP), ScAT( TTI{P),RI]F( ITNP),

J itANL(ItTERl'l),TEl.íp,TOT^L
D0 l0 ìi=l rITNP

A}ìCLE=ANCLF S (I,i )
SCAT(tt)= ( 0.0D0, 0 .0D0)
D0 l1 ll=I ¡ITNP

N2ìl I =2 *N- I
lì 2l 12 = 2x Il-2
llN2Ii I =N2Ii 1J l
llN2Ií2=N2112{ I
SCAT(11)=SCAT(Ì-í)I CC,EFA(r,')*¡i¡¡;1.1,'i:2t'2)*DCOS(¡ì2ìí2tAliCLE)t

J C0EFB(¡1)utlIA.NL(liN2l':1)*DSII',(ti2l.il'kANCi,E)
] I CONT]NLIì]

c PRT¡rT I05,Il,SCAT(t1)
I05 F0Rl.tAT(' ' ,I4 r5Xr',SCAT', ,2G20. t0)
10 CO I'lTI l.. lì

PRIl.lT I, RKAPA,CAI\1ì,A,RS
I FORl'lAT(' l 

"',RKAp¿="Gl 
3.5, 5x,',GAlr¡l4="Gl 3.5,5)i,'lìs= 

" 
cì 3. 5)

PRINT I OO

100 I'oRì.rAT(' -' /' -' rZXr'NODE l.'0.' r4):, 10(' *' ) r'TOTAL FIELI',
.g('* '),10>l ,g(,*, ), ,SCATTERED FrELD' ,7 (,:r, ),gX ¡
.P,('x '),,INCJDI.ìNCII FIE]LD, ,7 ('*')l
.' ' ,l4yr'RFTF' ,9X r'Il''lTF' ,9X r'ABTF' ,9x, ,pE_qF, 

,9)i,r, TllSF, ,
.9xr'Al,,sF"9X r',REIF" gXr' Il'lrF" gx r' A9,IF' I l )
I-lO 20 ì''=l -ITl,jP

TOTAL=REF ( }í ) J S CAT( }.1 )
ARTOT=CDABS ( TOTA], )
A]IS CAT=CDABS ( SCAT(}j ) )
ABREF=CDABS(REF(}I) )

PR I ¡:T 200, l'1, TOTAL, A LjTOT, S CAT ( ¡, ), ABS Cr\T, REIr ( ¡; ), A iIREF
200 I'oRìtAT(' ' ,4X,16,9c13.5)
20 CC}]TI I]I.IE

]ì ETUR}]
F ÀìN

FEAI. FI]}ìCTION BESJ*8 (X, I], D, IER)
TI'íPLTCI T REAI.* B (A_II ,O-Z)
(ìENE,P,] C

REAL*8 X, D

BESJ = 0.
rF (N .CE. 0) Go To 10
IER=l
RETURN

t0 rF (x "cr. 0) Go r0 20
IIiR = 2

RETT]PN

20 NTEST = 9CHX/2
IF (X .LE. t5) l';TEST = X*(10-X/3)r20
IF (lì "LT. rr*TEST) c0 TO 3tl
IER=4
RETTJR}]

30IER=0
Nl = Ntl
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IIPREV = 0.0D0
IIA = Xr6
IF (ä .G8" 5,) IrA = t"4*Xr60"/x
IjiJ = Nrrn'T(X)/412
11ZER0 = I1AX0(l\tA, t'1R)

D0 50 Il = IIZERO, NTEST, 3
Flufl = I.0D-28
Fll = 0.0D0
ALPIIA = 0.0D0
JT= I
IF (Il .Eo" l'1l2*2) JT = -l
r-.4 - rr Ôt'tL - 1",-L

DC 40 K = l, Il2
IÍK = Ii-K
BIíll = 2.0DO*l'iK*Fl'11/X-FII
FIí = Flj I
Flil = Rì':K

IF (rlK-N .1t0. I) BESJ = Rì,iK

JT = -JT
( = lJ lT

40 ALPIIA = AI,PllA{IÌì\'fK*S
EtfK = 2.0D0*Fl.it /x-r¡r
IF (N .EQ. 0) BESJ = BtlÌ"
ALPiiA = ALPIIA-.l B}rK
BESJ = BESJ/ALP}IA

C IF (A]ìS(BESJ-RPREV) .LE. ABS(Då.BESJ) ) RETURIÌ

tF (ABS(r,eS.l-nrn¡r.'¡ .Lä. Aßs(n*-BESJ)) r;O TO 55
50 BPREV = DIISJ

IER=3

55 IF (ADS(DESJ) .LE. 10.0D-30) BESJ = 0.0n0

RETUR}i

END

REAL FUNCTION BHSY*B (X, N, IER)
I¡lPLICIT REAI,*8( A-H, O-Z)
CENER]C
REA]-.^'B X

IF (l.l .LT. 0) GO TO i00
IER=0
rF (x .LE. 0) co To It0
rF (x .LE. 4.) CO TO 10
Tl = 4.0/X
T2 = TI*TI
P0 = ( ( ( ( -. 000003704 3*T 2-1 . 0000 t 7 3565) *rz-. 000048 7 6t3)*721 . 000 I 7 343

&)*rz-.001 7 53062)*rZr .3989423
Q0 = ( ( ( ( .0000032312*T2-.000014207 8)x72r.0000342468¡*12-

& . 00008 69 79 I ¡ x12-t . 00045 6 4 3 24) x72- . 01 24 669 4
P1 = ( ( ( ( . C0000 4241 4*T2-.0000200920¡*12, . 00005s0759 )'t12- .000223203

& ) xt2-r .002921826 )*121 .39 89423
0 I = ( ( ( (-.000003 6594*T21 .00001622)*rZ-. 000039 8708 ) *T2{ . 0001064 74 l

&)*rz-.0006390400)*1'21 "03740084
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A = 2.0/SQRT(X)
D = A*TI
C = X-.7853982
Y0 = A*PO*Snì(C){ß*00*CoS(c)
Yt = -A*Pl'rc0s(c){ B*o1*sI¡t(c)
c0 TC 40

l0 )iX = x/2,
X2 = XX*XX
T = LoG( XX)J .5772157
Siill = 0.
TEFtl = T

Y0=T
D0 20 L = I, 15
IF (L .NE. r) St.lll = SUli{1"/(L-1)
TERIÍ = (rnR¡ix (-it2) /l-xtt2)*( I .-t . / (L* (T_SUlr) ) )

20 Y0 = Y0{ TFP}i
TERtr = ¡¡-x(T_.5)
Si.ltr = 0.
Y I = TIlRll
D030L=2176
sulr = su}írt./(t,-t)
FLI = L-I.
TS = T-SUlt
TERii = (Ttnr.r*(-x2)/(FLt',iL) )*( (TS- .5 /L)/(rS+ .5/Fr.r ) )

30 Yl = YltTERli
PIZ = .6366198
Y0 = PI2*Y0
YI = -PI2lXr plZ'*yt

40 lF (¡: .cT. t ) c0 T0 60
IF (ìì .EQ. 0) C0 T0 50
BESY = Yl
RETT]R}ì

50 ßESY = Y0
FETUR}i

60YA=Y0
YE=Yl
Ìl= I

70 T = zxl'./X
YC = T*YB-YA
rF (ABS(YC) .LE. l"0Er70) C0 TO B0
IER=3
RIìTURN

B0 K = llrl
rF (K .E0. N) Co TO 90
YA=YB
YB=YC
c0 To 70

90 BESY = YC

}ìETURN
100 IER = I

RETT]II.N

ll0 IER = 2

RETURN

END
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//t.roNc JoB ' , , ,C=0 rL=l0 rT=30' ,'\.Jol:G' ,l.tsGT.F\,rFi,=( I ,l )
I / rxr.c. FolìTXcLe ,opr=2 ,Ì\,iAp=No)lÂp ,p=D,ÂD=DI:T,4 ,
/ / c-clZE=5lzK,Lsrz.E=_5121í,srZF=5I2K,I,Ap¡t.IXFrr='slz,F=(5j2ll
//rov.r.sYSrl.r tìD *
C PROCRAI.I S}INFEP3(I}"IIT,OUTPL'T,TAPNl,TAPN2)

,l ?AY )',

C

C IIFF}i]N CO}ITOI]R C IS A CIRCl.E.ÂT,I, TIIE CO}li1E]\:TS OF SI1}]AI,F
c APPLY. KC Ìllrsr BF 

^l\r 
F\/FN lt:TFcER"IOUTER=O IF oirrfjì FXp;\ÌrsToi\

C lS NnT RFQilIlìED.ISCAT=0 1F TIIF ITIFFERfìNClì IN SCATTFpT.¡ FIr-1.¡
C IS IIOT REOllIllÌiD.IKlND=0 lF 

^IÌTOìTATTC 
ÌTSII CltIiFIìAToR lSUn.

C

pEAL CAliliAl ( lO),Alfln (3),Alfu?( 3),plros( 3)
RFAL X( 176),y( 176),yPrr1176),ANGI FC( 32),STT( 1¿+4,1t+4) ,.slc( t44,32),rJc( 32,32),

.'t.rApFA( 14t+),t,r]( 176 ,?,2),R( 32),

.PP( l7 ) ,TilET,\\¡( l7)
INTFct:R I\¡EI?( I98,7),IFI_¡1.AT( tgB),TFLNn( 1 OS)
IIITECEP TPTI ( 11),IPT2( I I )
RlìAn ( l,* ) rT,KC, ITEL, T STiil.C, TF.l\,nFL, TOt'Tpt, l:1'),fAT, I sCAT,

. TIiTliì)
PEAn ( 1,*) R} AP.¿il,CPACK,TCOPY
REAn ( l,*) NCAllA,(CA)Î,A1 (l),T=l rìrCAi,A)
lìFAn ( l,'^) DFPTtt,AI.PI{^
Pll T l':T 400, liT, KC, T TllL, T STF LC, T F,¡:nFl., I OtìT'plì, l':llÌ.'AT
PI:T l':T 401 ,FliAP^ I

PRIItT 402,NCAÌtA, (CAlnt'iAl (I ), T=l,Ilc,\t"A)
PR It'T 403, nFPTIt, Al.PÌì^
PRTNT 404 rI SC,\T,TIiTl.:l)

400 FORI'AT(' 'r?.X.r'yI ='rI4r?yr'yC - 'rIAr2yr,TTFI. = ,,IA,
,2\.r' ISTFLC = ' ,I4 r2\ir', IFNDFL = ' ,T4 ,?-y.r' roltTpF = ';
"I4 ,2X r'l.lllll^T = ' J4/ /)

401 FOplfAT( ",?_xr'FKApAl = 
"cl4.tr/ 

/)
402 FORI,^T(', ', ,?-Yr',l.,cAlfA - ', ,I 1r rTy,r' c^)fi'fAs= :',l0Fc) .4/ l)
403 FOFITAT(' 

"?x,',llFpTIl 
= 

"I..15.5,2X,'AlpltA 
= ,,F15.5/l)

404 FOR)'AT(', 

"2Xr'ISCAT 
= 

"I5r2Xr'lKT¡.rn 
= 

"r5//)lTlrlP=KT+tic
Y.Ctt=t<C/2
Lrf f filrf=Izc+ I
IlTFnlr l=ÌiCÌl+l
IlTFRlr,2= Iicll+2
DO 6n0 I=l,TTlìI_
Do 600 J=1 ,7

on¡ 11'¡r.r(I,J)=¡
IF (TKIlrD"Fô.0) CO Tô 251
c^T,L eooRÐ3(x,yryplr,TTl.ìp,ALpltA,nFpTp)
co Tc 252

251 CALL COORD4()i,Y,vplr,ITl.rp,nEpTil)
252 CAI 1. \¡FpC^T.( TVFR,IFL¡TAT,IFt.ND,TTUI_)

cALÌ_ l.f^TpyL(AlfUl,AIí[2,p]lOS,NII]r,\T)
CALi- AllGLE3(X,Y rR,Aì\:CLnC,TTl'tp,I1C)
CAT L K^l'tDì.,4 ( X, y, T Tl:p, I TEL, T \¡ER, T FI.I,1^T, T IiLIt! ), Alfl' I,

. Alrll2, Rltos, NIIIíAT, s T I, S rC, laT, K C, RÌ(Ap/\ t )
cALt_ I,rcÌ1AT4 (r.jc , A\*CLFc , t(c )
cAl,I- IJTI.'fAT(sTI,SICrIiJ r',l¡C,l.iJ,KC, ITNp,UARFA)
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\..RITF (2,r,) 1il, lrFI_,r STEL,C,I FNTIEL
I']RITII( 2,'*) ( (T\/FP(T,.1),T=1,ITFL),J=1,7 )
l,tRTTE( 2 ,* ) KC,IOITTPR, T SC^T
I,tPTTE(2,*) RK^pAl,DEpTIr,CRACr,TCopy
\iPITE ( 2 ,* ) NcAlfA, ( cAlri'¡ I ( I ) , T= I ,¡rG^t:^)
ltrlf!:( l r;; ) TTftp,FCH,lfTFRÌ"ilTFp)!l,l"TììpÌ12
\rpITF (2,',^) (X(T),y(T),ypil(I),T=l,TTtlp)
IIPITf ( 2,*') (AtJCtEC( T) ,F( T ), T=1 ,rC)
Ii.ÞTTF(2,*) ((t'C(J,.I),1=1,ìtc),.I=l,KC)
\.JRTTF( 2,:t ) ( (I.rI ( I,J), T=l ,lTItp) ,.I=l ,Iic¡
IF (IOIìTPR.FO.0) Co TO 2o5
RFAn( I ,*) )rptpT, (tp( T) ,THtTr'V( T),I=t ,l'tpppT)pnIll."t 406, (tìp( I),Tt!].lT^v(t),T=l,]tpppT)
I.llìTTF( 2,*) ìiptpT, (pp(T),Tlr¡1,ï,r(r),t=l,I'pl,pT)

20 5 coÌ;TI¡l{rF
TF ( TSCAT.Fn .0) Cn To 2 2 l
pFAn( t,r.) I'sc/l'f ,(IpTt (l),rptz(T),t=I,NSCAT)
p]ìll.tr 405,NSCAT, (IpTl ( I),TpT2(T),I=t,NSCAT)

405 FOPÌIAT(', ' ,2y.r'l'scAT = ' ,I 4 r2,\i r',lrr)DF pÂTItS: ' ,2AI 4//)
ir1ìITF(?,*) ììSCAT,(tprt (T),Tpr2(T),r=t,r"scAT)

2?-l coÌ.rTIì\rtr
406 FOIIÌ:AT(' ' ,2X., 'SS FP,TlrFTA r',ltpAys,=' , I OFq.h / /)

STOP

Eì\:N

strF ROUTT ).tE COOR D3 ( X, y, \'p}r' l Tt.p, 
^Lplr.^c, 

ll )
c
C PF^nS .AlrD PPTt;TS X ,Y Co0FllS oF .,\l.L N*OIF p0Tt,tTÍì 

, 
yÌ)tr=\'*t r.

c 
^i.pFA 

TS CLoclil.l]SF, PTrìTD nôDY tìOT^TlOl: rìr F):TlpF crìII) s\,'sTt;ì:.
C

PEAI. X(TTtiP),Y(ITt':p),\'i,t,1 TTlip)
P]?TNT 2OO

Do l0 J=l,ITNI'
REAn( 1,*-) X(.r),Y(.1)
PRTI\T l0l,J,)i(.I),Y(.I)
)iTel 1P=)l ( .I )'*Co S ( ALPITA c ) -Y ( J ) * S T r: ( At,pI:.4C )
YTUtlp=)i ( J ) * S I t' ( 

^Lplt,l 
c ) +y ( J ¡ *, ¡n ", AI pFA C )

X( J )=vf Pt'P
Y(J)=Y1¡r'P

lo YPIr(J)=Y(.T)+Tr
PPT¡:T 2OI
Do 15 J=l,TTl'lp

I 5 P]ìtliT I 02,J,X(J),Y(.I),YPlr13¡
1 01 FOFI4AT( " r4X,T6,2C16.6)
ì 02 FOI?I'AT( ,-,4Y. 

rT6, 3C1 6.6)
200 FOPIIAT( " r4X r'l.O¡¡ llo. 

" 
5xr',)i-conRD" l0)lr'\'-ç6¡pT\' / /)

201 l-oFìrAT('',4y r'l. ollE ìto., r 5x r,y-cootD,, I 0x,,.'_coa)Rlì,, l ox,
", Y+DEPTIÍ-COOF.I), / / )
FETI]RN
ETìT)

SIIBROIIT]IüI COORD4 (}:,Y,YPIi,TT}JP,Iì)

c ALITO),ATICALLY GFI']FRATÌ:S l.fFS[] FOR COitCEril.rìtC CIRCI,FS,
C CALCIII-^TFS X,Y ÂND Y*IìS=YPH COOPIìTNÁTF¡q. RA|\¡=FAÐTIIS oF
C TlrE CII?CLE,AIIGV = TNITTAL APCITI'IIIìTS Tl': DFCRFFS Ol,: T|¡\T
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C CIRCLE,NCTÎC = No. OF CIRCLFS. TTÌ:P l.fllsT BF = 4*NP0Tì17
C \...1rERE NPOII.'T = IiO.OF POTNTS O¡: F.¡,Cll CTIìCI-F.
c
C

DATA Pr/3.t4159265/
pE^L X(TTlip),y(tTl'tp),yp|( TT¡'p),IìAlrv( 5),^Rcv( 5)
REAI-ì( I,:';) l.lCIRC, (nADV( T),ApC\r( T ),T=¡,ltcTRC)
PI?Tl'rT 4n0,l.rcIPC, (F.An\'( I),ARC\'( -l),T=1,¡tCIRC)

400 FORI.IAT(', ' ,2Xr ',l'ìCTlìC = ' ,I4 ,2\ r' llADllls ANIì ApCI'l\1Jlì,T = ' ,
.tnF9.s//)
ltpO I trtT= I Tl,:p / lì C I F C

D7.=2.*PI /1.:pOtNt
Pt?tNT 201
DO I 00 I= I ,l'lCT I C

PAlr=tÂD\¡( T )
APC=i\RC\¡ ( I )'tptr t t n 

"
NAtr l= ( I- I ) x.t\;Pr) Ti,'T

f'o I l0 .I=l,liP0TÌ''l'
.l I =J+Ì:ADll'
X(J I )=R.ant'coS(AFc)
Y( J t )=RAn* ST \( 

^llc 
)

YPI!(Jl )=Y(Jl)+lr
ppIì'r 202, J l,/(¡l ),_\'(.Il ) ,yplr(Jl )

I l0 ÂÌìc=Alìc+frz
I00 COI'ITTI'lllE
2Ol Foplr^T('' rîy.r'NoDIì l,lo.' r 5yr'X-Cn0pl-ì, r lnXr,y-conpl-r,, 10)l,

.'(Y+¡¡-CoelD'//)
202 FOIììfAT( ",t,Y.,T1',3Cl f'.6)

P t:.fl rP N

FIIfì
st'PpollTIì,-F vFpcAt ( ltrrp , Tf l,)1AT,I F't.t:D, ITFI )

c
c RI'¡,lls Alìn PFT¡'TS FT.FI.'F Ì{T f-n. TTS }4ATr"FrT¡\I" TYPF Â)ìD
c Ilo. oF lrnDFS côNt't-cTF¡ Tr.r F,¡.cil FLFìÍFt'tT
e

T}JTFCIiR T\IFF(]TFI,,7),TFI,IlAT(]'I'EI,),TEI,ì]N( TTF] )
PPI):T 2r)0
ll0 l0 L=l ,TTl.T,
PI:^ìì( l,;,) TFT,Ì"\T(l-), TDIrl\" ( T\rF,R(L,.t),.i=l,TDItÌ')
Tl-Ll\'l)(i.)=Inlti't
PlrT \rT 20 I ,L,I fLI.f AT( L ) , T FI-ND( i,) , ( l\¡Ìì.q ( L ,.l ) , J= t , T nl'l')

I0 CO¡iTTNItÌì
201 l-oplr¡T( ",0*,T8,8x,T8,8x,T8,8)í,7I8)
200 FnPÌ:AT(' ' ,4y.,',FI.Fl" ]\lO.',-5X,',IlATFFlill. 'T'ypE"5)l 

,

.'l:oDES pEIì F'f_Fl.jt'l'tT' ,20)í,'fr-n-l-r-E-s' , /)
F FTTIRI.i

Fl':n
silliPollTTlf l'^TpYI (¡l"t:l,^lfl'2,RHos,ìiln1A.T)

C R]]ANS SIITS OF }IATFPTA]- PT2NPFRT]ES.
PFAI. Ayl'l (Nhr^T) ,AlfU2 (rl'tr¡'¡¡ ,RUOS(¡rit)lAT)
PiIINT 200
nO l0 I=l ,Il[!1,1^T
READ( I ,r) Á)fUt (r),^Ìql2(T),ptros(T)
pnTl':T 20l,T,AlrUl (l),nllil2(T),ntros( I)
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l0 col''TI ÌIlE
201 FrrFìl^T( ,- ,5X,T6,3C16.6)
200 FORì.,AT(' 

"2|"r 
'I''ATFRrAT. À'C.',r5X,'Cl 

" 
l5)i r'c2" 15x,'R.rro"/)

RETI]PN
Eljn
sltlrlìoltTIlÏ1 AìtcLE3( X,y,p,AÌ:CLEC, ITt\lp,rc)

C

C C,\LCilI-ATFS R=SnFT( X'**2+\/**2 ) ,nXCl.rC=^RCTA\'( X/y)=TilFTA
C AT POII;TS OI.i C O}:T,Y"

nFAL X( ITt':p) ,y( ITNp) ,Al:Gl,FC(KC) ,t(t(C)
DATA PTl3.11+159?654/
PRTI:T 2qç)
IiT=ITÌ\P-liC
DO 2 n0 I= l ,IiC
.i= ï+Ìi T

CFt=ir ( J )
ATFF=y(.I )
IF(x(J).ro.0..AliD.y(J).Fo.n.) co ro 8o
R( T ) =$¡P1( X( J )'t't 2+Y(.T ) t:t: ))
It- (cF-) 10,20,30

3n TF (Arnn¡ 40,_50,60
6fr ¡¡;ç1.P¡( I ) =¡tnU2 ( CF , 

^TFp 
)

cn To 3n0
50 Al'lcl i:c (l )=t'l /Z .

GO To 300
4O AÂTFR=ARS (AT}-P )

Al'lCLr-C ( T ) =]'I / 2 .+ATA¡12 ( 
^ATEP, 

cE)
co To 300

2o Tl: (¡tl.l) 70,i'o,oo
90 4¡'ç1,¡¡( T)=0.

co To 3ôn
80 lì(r)=0.

^ITCLFC(l)=0.co To 300
70 Al:cLFC(t¡=Pt

c0 To 300
I0 ACF=ÂP,S( CE)

TF (ATF,P) 100,I I0,I20
I 2rì ANGLFC( T )=-ATAlt2 (,\Ctì,ATFl?)+2 .*pT

co To 300
I l0 Ar:cl FC( T) =3.*PI I 2.

co To 300
100 AATFR=ABS(ATllP)

Al:cLFC( T)=1 .:tp1 / ? .-¡1¡.r:Z(¡,¡rnp,AcF)
300 CONT]l.lllE

ptìTNT 201,I,J,X(.I),y(.I),R(T),ANCLI,C( T)
2 OO CO}:TTNì]E
201 FOPI{^T( " r,5}i,T6, 5}:,T6,4CI 6.6)
29c) FOpll^T(',',2Xr'Slil?TAl, No.', r 5xr'l''olìE Ìin.',Exr')t-co(rl.I),,

.'Y-COOIì0 

"7 
?Xr' R 

" 
I nX r',TIÌETA 

" 
/ )

RFÏ]NN
FÌrn
SIIPRoUTT¡lF rAlrDI,I4 ( X,Y, T T¡lP' TTFI,' TvER, T FL}'^T, T rl.}Jn,A}r[ l,

. Al'fu2, Rllos, l';trÌ1AT, s J r, s TC,KT, Kc, RK¡.pA I )
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c
C CA.I,CI]I,ATFS I}¡I]IVJI-IIIAI, EI,ETTF}'T STIF]:I'IESS 7I'AI.]D i.JASS Z}r IlATIìICFS
C ]ÌY CALI,INC SI'JìROIITJNFS F[,If SO3 AI'JI^) F],ifS,T}IF}I ASSÌ'ì1N],FS T]IF,I.1 IirTO
C cLolìAL tfATRTCFS AS Sli = H _ (Rllnpnl*;kl)*]f ,IIIERFC I SIC I
C St( = I STT l
C I SCCI
C

TI.]TECTìR TvER( TTT]],,7 ) , TFLI'1AT( rrrI,) , TILND( TTF],)
PFAT- X(TT¡'p),y(TT¡rp),At'rUl(NtìrAT),Al'flt2(t¡lrl'rAT),|ilt.ìS(Ì:r'):^T)
FE.^L 7.X( 7,7 ),7.tr(7.,7 ), xL( 7 ), \'l_( 7 ), s I T ( Ii T, Ìa T ), S I C ( ]f T, KC)
RI:APA 2=RIiAPA I ** 2

nO l0 J=l rliJ
DO ll J=lrll T

I I sTT(T,'I)=o'
I 0 cc).TI t'.'ilF

no l5 I=l rI¡I
¡O I6 .I=l ,KC

l6 STc(T,.I)=¡.
I 5 cof:Tl NtrF

DO 20 [.=l ,TTFl,
ì.'TATYP=TFLlrAT( L)
ct=Alril1(lr¡1yp¡
G2=A.)'li2 (il^TYl')
R]]O=PI]OS(ìTATYP)
ÌiÌll:=TET,ÌiD(L)
IIO 30 T=l ,it Fh'

XI.( T)=X( IVFI¿(L, I ) )
YI-( T )=¡'1 I\¡llF( L, I ) )

3 O CI\}:TTNI]F
C COI':-cT^]]T STR^Tir TRTAl.rct.E (CST) :3 tìoDFS otil t'.

TF (nFÌ, .C.|.1+) Co Tn t 1 I
' CALI ELtlS03(X'f.,yL ,c) ,c2,lìlto,7.y ,7i,)

co Tc 200
(l

C CA]-CIJ],ATFS:1}( A}.]D ZÌ'FOR 6-}:ONF TNTA].JCI,F OR 7-I.]ODF íìIIANFT],ATFF]
C

I I t c^L't. FILì1s ( )i1,, y1.,,ì,'Fli, c l ,c2 ,R1to, 7,1., ,7,t.1)
2 r)0 lìO 4 l ll= l ,l.lFN

TPOIl=1V¡P('t.,t')
llo 42 l\i=1,ÌrtFti
ICÔl =l[PP(i',1:¡
TFÌ,tp=ZK (Ir, l.t ) _RIl ApA 2*7¡r(¡r, ì\ )
Il'(TPOlr.CT.l'I) cO To 3rì0
rF (rcor_.GT.KT) co TO l2l
S I I ( IRoll, T coT.) =ST T ( f Rot,', I Col-)+TFlrp
c0 Tô 300

121 ICnLI=TCoÌ.-Ì17
sIc ( Tnc'r I, TCoI_l )=SI C ( T ROLr, TCOI_l )+TEì,p

300 ccrlrTlì:UF
4 2 COI.:TI NUF

41 COITTTI'1tF

20 col.rTTl.:llF
C PPTNT 1+00
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C

C

¿ON FOPTTAT(' ' ,2X,'SSPRTI:T STT FOR CHECITS S' ,//)
PPIt:T 401 ,ST T

PPIT.]T 402
402 l-oPlrAT(', ', ,2x, ',sspRTlrT sTC FOp CITFCI{S S' , / /)

PPTI.'T 401,SIC
1+01 FOP\rAT( 2)i,8Cl 6 .6 )

RFTTIRN

ENI)
sllRnouTINE FLÌ.1S03(XL,yL,C,l,C2,Riro, 7.1.,7.tf)

CAI,CU],ATF.S ET-E}'FNTAL ST]FF}:ESS A,}:f) IfASS }'i,TIICES
Zi( ANn Zì\!, I¡0R CST.

RIìAL XL( 7),yr,(7),7.R(7,7),7.i1(7,7),n(2)
PÌìAI lr(2,3),DP(2,3),P,TDR(3,3)
D( I )=cl
D(2)=C2
Ar=xL(3)->rL(2)
A2=)iL( r )-xL( 3)
A3=xr,(2)-xL(1)
r.l=\'L(2)=YL(3)
R2=Yr.( 3)-YL( 1)
B3=YI-(l)-YL(2)
AlìllA= ( Â3* \\2- l2r'T,3) / 2 .
B( J ,1 ¡=¡¡
P,( I ,2 ) =92
E( I ,: ¡=¡3
lì( 2,1 )=Al
R/ ? ? \=^?
R(2,3)=¿\l
CAl.Clll,ATFS IìÊ=lì?'rÊ

ll0 ln T=l ,2
D0 ll .T=l ,3

I I DB( T,.I)=D( l ¡*1,( t ,.1¡
I 0 coì1TI I:llF

cAÌ.cllLATFS ETDiì,=BT*FR
Do 20 I=l 13
Do 2l .I=1,3
BTIIB(T,.1)=0.
Dñ 22 l'=7 ,2

22 BTDB( I,J)=¡1¡¡(r,.r)+n1l.,I)*DIì(Ì.,.t)
21 Col.lTIr\*llF
20 coNTtNIÌF

C=ARFA*lìtrO/ 6 .
Do 3l I'J= I ,3
DO 32 Iì=l r3
IF ()ì.lilì.lr) DTEI\1P=c/2.
IF (N.Fn.ìí) DTFITP=C
Zi1(l'?,1.:)= RTDB(I{ r}r) / ( 4 "*AnEA)32 Zlr(11,ìl)=Df[]1p

3l col.tTTllllf
RFTI]R}]
ENN

SURROIITINn ELlrs(xL,yLrl\j:N, Gl ,c2 rptÌo, zy.r7,y)

C

C

C

c
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c
C CAI,CiII,ATES FI,EI.IFNTA], ST]FFT]FSS ANN }lASS I'ATFTCF-C ,7T' AI:D ZIJ,,
C FOP 6-NOI-IF TRTANGL]ì AÌJD 7-}]ODI] OUADFILATIìRA]-.
C

RliAT. XL( 7),yL( 7),7.K(7,7),211(7,7),SC( g),rG(cì),1rr(9)
RE1\L St'p( 3,7),0(2),Dn(2,7),nrDR(7,7)
lo I I=lrllFl.l
DO I .T=l ¡l.lF.i*j
zl:(r ,J)=o.

1 7}1( I ,.I ) =¡ .
cALt. PCAt'SS( fìG,TC ,r 'T)

C

C PFPFOF]'1S 9-PNTI'TS GAIISS I}1TI.-CP.4T]r.}].
C

n0 ln0 }i=l ,9
TF (IlPli.Fcì.7) Cô To lll
cAI_l sr:ApFÉ,(sc(N),Tc(ìì),xL,)'l.,ISJ,Sllp)
cô To 121

I I I CA't-'t_ S,rrApf7(sc(Ì.r),Tc(N),)lT,,yL,):sJ,strn¡
l2l DV=ySJr(l.lT(ìl)

ft ( 1 )=¡-'1*¡'1'
D(2)=C2*l--rtr
Do l0 I=l ¡Z
Drì 11 J=lrL'F.lì

I I DR( I ,J)=l-''( T ) *Sl'P( I,.I)
I 0 CrìlìT'T l'luIi

Do il J=1 ,ìlEli
Dlì i? .1=l j\-FÌ')t

BTIIR(I,J)=n.
Iì)o 33 K=l ,2

33 RTDR(T,J)=l3fti¡( l,J)+SHP(ll,l)/,nÌr,(r,J)
32 COt';TIlltiE
3l coNTlNltE

D\¡=X SJ'tl lT ( l: ) r.p ¡, ¡
DO 4l f =l ,Ì,;E¡l
DO ¿2 .T=1 )t F:i'

42 Zll( I,J)=2¡t1T,J )+D\tr.SlrP( 3, T ) *sup( 3,-l¡
4 I C0¡lTI irtrE

DO 51 T=ì,Ì'tllN
Do 52 .I= I ,lt,Fli

52 7.Y.(I,.1)=7Y(T, J)+¡i¡¡( T,.I)
5l Col.:TIl'lUE

100 co)JTTN'llF
RIìTl]Pii
Fl'lD

sllF'RoilTIljF PGAlrs s( sc ,Tc ,t..T')
C

C SC ANII TC A]?E O-CAI-ISS PO]I.]TS,'I]T COFN'IìSPO};DT}]rì I.'FIIì}]TS.
(.

Rt'At_ sc( g),Tc( çì),t.n( g)
c=soRT( o .6 )
SC( I )= -ç
sG(2)= c
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c
c
c

SG( l)= ç
sc(4)= -c
sc(5)= o.
SG(6)= ç
SC(7)= ¡"
sc( B) = -c
SC(c.t)= ¡"
TC( I )= -n
TC( 2)= -C
TC( l)= 1--

TC( 4)= ç
TC( 5)= -C
rc(6)= o"
rc( 7)= c
Tc( 8)= 0.
rc( 9)= o.
\rt=25./St .
171=[o./nl .
t,t3=61*. /?,1 .
Do 22 I=) ,4
l.jT( T)=\.:l
Tl=l+4
IJT( Tl )=1t2

2 2 CO}:TT NI]F
IJT( 9)= 1,'i
R FTIiR N

Ellfi
sl r F,Ìì ollr I t'f sr¡ ¡\p I' 6 ( s, T, xI,, yl., ): sJ, s l t]) )

6-ì:onF TPTANGT F lìFCf ì,tFRATFII Fl?Crt" B-ì:nnl olr,{lll?lT.ATf.p,^\l

RtìAT, XL( 7),y1.(7),Strp( 3,7),xs(2,2)
SllP(3, I )= 0.-5trs*(S-l . )
SlrP(3,2)= o.25*( 1 .+S)''.( l.-T)'''(S-T-l .)
SIIP(3 r3)= 0 .25*(1,+S)å'( I .+T)+,(S+T-l .)
SllP(3,4)= o.5*(1 .-S*S)*( I .-T)
SlrP( 3,5)= 0.5*( I .+S)*( I .-T*T)
SIIP( 3,6)= 0.5*( I .-S*S)*( 1 .+T)
S-JIIì JìI VATT\.¡E
SIIP(l,l)= S-0.5
SIrp( I,2)= O .25-x (l .-T)-i.(2.*S-T)
SllP( I ,3)= 0.25t ( 1.+T)*( ! "*g+T)
SllP(1,4)= -S*(1. -r)

.- I ^ I /SlrP(1,5)= 0.5'^(l
S.trp( 1,6)= -grL( .+T)
T-|IE R I\¡¡.TI VE

SIIP( 2,1)= 0 
"

SlrP( 2,2)= O.25x (t .+S)*-(-S+? .*r)
SIIP( 2,3)= 0 .25':, (l .+S)*(S+2.*T)
SllP( 2,4)= -0.5*'( I .-S*S)
SIIP( 2,5)= -( I .+S¡*1
SlrP(2,6)= 0.5*( I .-S*S)
Do 201 J=l 12
XS( I ,J)=0.
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XS( 2,J)=¡.
Do 202 Ìi=l ,6
XS( I ,.I)= )lS( t ,J)+XL(Ì¿)*SHl,(.1,()

202 XS(2,.1¡= XS( 2,J)+Yl-(K)*SllP(.I,Ìí)
2Cl C0NITIì.n'E

XSJ= XS( l,l )'tXS(?,2)-)ífì( 1,2)x¡c(2, I )
D0 3n0 T=1,6
TFl.tP=(XS( 2,2);!,5¡,0, l,T)-)iS( ?, I )*5it1,( 2,T) )/XS.l
sl'p(2,T )= (-)is( I ,2)*srrp( I ,T)+xs( I ,1)*strp(? ,t7 )/rs.l

300 SllP(l,T)= 1¡itP
RFTI'RI.,
llìlf)
SI;TìROI'ITTIÌF SIIAPFT( S,T,XI,,YI,,XS:.],SIIP)

c. 7 - NotiF otr^nRT LATt-ìR^1..
RI-t^l xL( 7) ,yL( 7) ,)is( ?.,?_) ,sr{F( 3,7)

c sllAPI -FtIlrcTI oNS .
Sl'P( 3, i )= -0.1s:r$:t( i .-S)'t( I .-T)
SìIIP( 3,2)= 0 .25r,(l .+S);'( I .-T)'t(S-T-l . )
SllP(3,3)= 0 .25)'(I.+S)'t( I .+T)'t(S+T-ì . )
slrp( 3,4)= _o.lJ*gr, ( I ._s)ir( I .+T)
SIrp( 3, 5)= 0.5:r( ì .-S'',S)*( I ._T)
SllP(3,6)= 0.5*(l .+S):t( l.-T*T)
Stlp(3,7)= 0.5*( I ._S*S).i ( I .+T)

C S-NFIII\IATT\¡FS.
SllP( l ,l )= -0.?5't( l .-T)*( I .-2.:tS)
Slrp( I ,2)= 0.25*( t._T)*(!.:',S_T)
SllP( 1,3)= 0.25'!( I .+T):t(l.xS+T)
Silt)( 1,4)= -0.2 5*( I .+T);'( I .-1.*g)
SlÌP( I ,5)= -Ç*( I.-1')
SlìP( I ,6)= ô.5;;( 1.-T*T)
Slrt,( 1,7)= -g:t( I .+f)

C T-NFPTVA.T]\'1.'S.
SÌ¡t'(2, I )= 0.2 5*S.*( I ._f )
SllF( 2,2)= o.25*( I .+S)+r(-$+2.*T)
SI'P( 2,3)= 0,25'k (l .+S):t( g+2 .*T')
strp12,4 )= _0.2 5*s* ( 1 ._s)
SllP( 2,5)= -0.-5*( I .-S'^S)
SlrP(2,6)= -(I.+S¡*1'
SìlP(2,7)= ¡1.5*( I .-S'rS)

c I )ls(l,t) xs(2,1) I
C FoRlr J^C0BT^ìJ = I I

c I )is(1,2) ):S(2,2) I

DO 201 J=],2
XS( I ,J)= 6.
XS( 2,J)= ¡.
ÐO ZñZ t.=J ¡7
XS( I ,J) = XS( I ,J)+XI-(K)t SIìp(J,K)

202 XS( 2,.1)=¡5¡ 2,J)+YL(Ii)*eup(.I,Ìa)

2Al cnt:TlNUF.
)isJ=Xs( l,l )*XS(2,2)-XS( 1,2)'kXS(2, I )
Do 300 I=l ,7
TFI'íP=( X-c'(2,2)*SIIP( l,T)-);S( 2, I ¡xql'p( 2,T ) )/>rs¡
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sHp(2,T )=(-):s( 1,2)x51rrr( 1,T)+XS( l, I )*5up(2,T) )/l's.l
300 SirP(l,T)= TFlllP

R}:TI ìIì i.]

FNIT)

sU]ìpollTI j\tF [,jcì1.AT4 (1.]c,AìjcLFC,KC)
C TIIIS SllÊRoIrTlNF FORITS TFF P,OTII:DAlì\' LO^D ì1^TI-)Tl: :t,rc ! FOP. F^Cir
c CoS(N1'(I)) n¡ln STIì(IrT(l)), r;tirirE r(f )= 

^rrrìt.F 
oN, c. TT 

^LSrìC FTIInS TlrF Il.j\IfPSE OF irc = IiCTN\I .
t,

C ]¿C lfìtST FE Atì F\.rl-l! r.il|\1 
'ìF 

p , y.C.\t = y C / 2
IìnAL I,'C(liC,KC),Al':Ct.EC(l{C)
KCTI=Kcl2
DO l0 J=l,KC
Do 2o J=l,KCtl
Jlr I =.I- I

](CÌ'PJ=PCll+.I
TIIPI' i =.Tlr I *^1. cl Fc ( T )
TFFll2=J*Al.iGLnc( T )
r.'c( I, J )=cos(.1'FPì1 I )

20 \lc( I ,líCllPJ)=STN(TEFN2 )
1 0 CO j\TI NirF

Ènn'Rir-
FND

SIrßROIITIì:F |l I rAT( S T T, S I C, irT,I.lc,l:T, l.C, I Tt'p,I.ìA lìF ¡ )
C TlìTS SIIlllìcrllTIllFl CAT-Clrl.ATES 1..'T (=¡: i\T lliTFPTcìn lionES) Tìt'tr TO
C P.ollNn^RY l.c.ÂDS IIC FPoli FollATIr\i\i STTr'rtI=-STC?'(\.'C T]ìIlOt'Clr Tì'SL.
C TT lli.So Af)Lrs IIP tr] Alrn \.lC To FOPI., I.,tl Oi: gIZI(TTlrf*.¡:C).
C.

IÌF:^.I. SII(I:I,rT),SIC(t:1,KC),HT( ttt:p,KC),irc(ltc,].c)
RF¡L I,IARf A(TT )
Do l0 I=l ,ITì,lP
Do l0 .I=l,l:C

lo IJT(I,J¡=¡.
DO 15 T=l,liT
Do l5 L=l,KC
DO l5 J=l,KC

I 5 I.lT( T,l-)=1.'1( t,l.¡-51¡( t,.l;*r,rc(J,T )
DO 2l T=lrKT
D() 2l .'l=l rliC

21 SIC(I,J)=llI(I,J)
C PRTì:T 2OO
C PRINT 2O],I,IT
c PRII']T 202

202 FOpÌrAT( ', ' ,2x, ',ssppTNl' SIC FOp CiÌFCKS S' , / /)c PRTt'rT 201 ,sIc
11=KC

tj=li I
I A=l¿ T

T IrG=0
C CA],I-S TI.ÍSI" SI]RROTITIììE

CALL LFOTI F(SrT,tf ,N,TA,Src,Tl,rc,\.tApl-A, IItU)
C S] I T S DF STIìOYED .
C PRTNT 202
c PRTNT 2Oi,STC
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DO 51 f=l rtlI
DO 52 J=l,KC

52 t'rl(T,J¡=51ç(l,J)
5I COTTTNIIE

nO 53 T=l,KC
T I =KI+l
lô 5¿ J--1,KC

54 IIT( ll,.l)=iJc(l,J)
53 Cor-TllUF

C PRTNT 2OO

c PRTI:T 201,t^rT
2n0 FOllrAT(' ' ,2X, 'SSppTNT I,JI FOn Cllt,CliSS', , /)
201 FOIìIÍAT( " ,2X,9G16.6)

Rf TlÌPl';
IìND

/ /cc' . rr0 zlo o t IrD DSIì=11cl loì-6 . ¡, .ì'lìt rltrAT'A, ItliT T=91, g¡4,
ll sp^cF=(TRr(,(10,5)),Dcß=(tt.vsrz.T=6080,I.rìECL=,rf),
// RFCFtT=FB),DtSp=(NF-r.',Ì:tlFp),\rol=SFR=tiolti04
/ /co. FTo I Foo I nn *
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//t.loxc .lon 
" 

, rc=0 rT,=10,T=30"'lloNc"Ìrscl_E\tf 1=( l ,I )
/ / r.xv.c. ForrTltclc ,opT=2 , itAp=ÌiolfAp , p=n,AD=DnL4 

,
// csliÌ11=5l2K,LSTz.F=5l2K,STZE=-5l2l,,pAalr.Lt'Frr=,STZF=( 5)2v,j2LI'),
/ /rop.r.sYSIN ì-\n *
C PROCPAIi SlrfiEI-lP4(lt;pttf,ol_:TPItT,Tr\pF2)

II:TFCFR rPTt (t I ),tPT2( I l)
RFAI, cAlrlrA I ( l0) ,A¡1lrl ( 3) ,Alll'2 ( 3) , PlroS( 3)
F]-AT, X( t7 (,),y( I 7 6 ), ypH( I 7 6),Ál:G]ltc( :12 ), rict l.'\¡ ( 32, 3 2 ),

"lj^pt'-A(l4L),trT(176,32),\,JnFTì(37-,32),tì(32),\.'C( _?2,",2),r'c2(32,32),
. ßJ( 33 ), ßy( 33 ), BJDEp( 3: ¡, Rp( I 7 ),'Urrrnr¡( I 7 )
cot:PLEX IrlfAT( 32),\¡IrAT( 32),Frl'lA't.( I 76),Aol'T( 32),

.1r0 ( I 7 6), ËIJ( 32,32), I:.IJ( 3?_,32),t'KH( 33 ),

.lll.t( l8),]tì:ìlrp( tg), sroFFt ( 32),srôRF2 (3? ,3?) ,

.LnsInF( 32,32),nsTDF( 32),llSIIlFt ( 32) ,i,'St)IFF,A\rtrt r( 32),

.\rfìc¡T( 17 6),ilscATl ( 32),trscAT2 ( 32)
DIlrFl.tsTot.t IVFP( I rl8, 7 )
PFAN( 2,* ) RT,TTI--L,TSTEI,C,]ENI'IFI,
REA|(2,*) ((MP(l,J),T=l,TTf-I.),J=1,7)
lìFAtl( l, ;t ) I'C,lollTlF, T;sCAT
I?EAn(2,,r) Rl{ApAl,nFpTlt,CR^CK,lCOpy
FfAt)( 2,"") )ic^}fA, (G^]îtA 1 (r), T=l,ÌtcÂ}.:.A)
PFAt( 2,;. ; Il'i':p,KClr,trTlRì,',l,Tfplrl,ì,TFFÌ'2
RlAl)( 2,;:) (X(T),.:( T) ,ypÌ,( T) , T=1 ,lTÌ'p)
IIEAD(2,:. ) (/,NCLEC(T),I?(T),T=I,}'C)
p.F¡n(2,*) ((\rc(r,J),T=l,KC),J=1,ÌrC)
RFAn( 2,*) ((t.rT(f ,J),T=l,TTlrp),.I=t,r:ç¡
Ir (rnlrTPP.Fo.0) co TO 2n6
RFAn( 2,t ) l';PnpT, (ItP(T),TlIFTA\'( I), T=l,i\Ï'ppr)

206 cot:TTNfIr
tF (TSìCAT.Eo.o) Cc TO 221
RFAÐ( 2,'*) NSCAT, (Ip'l'l (T) ,lpT2 ( f ) , f =l ,ilSCAT)

221 coNTTÌlt'F
cAI T, I'Cll''\r4 (r.rc,I.c,t.rcTr\i rl.rf f ;-¡,t.re2)
CAI-I llnI:P¡l(\:T,11T,Ì'iC,l,rnFP,^ÌlCLEC, T\71-Fì, )t,Y,

. T TüP, TTITL, I STELC, T[],:nFl,)
c¡\T-L Il^.)'Ì:I 3(pK¡pRl,Ì'tTFlì)1,¡FpTlt rl:liIr,p,.'t,R\')
cAI_L FOlll l3 ( F, 

^1.'CLF 
C, Ìilalr, HIJ, lí.1.T,Kc, l fTElll, rclt, l,TFF).:,

.l?1'^PAl,lt-T, py, a3¡¡p,lt¡t,lliiDlìF, lìsIl)ll, AI:lrl,T)
Do 2n0 TCA}.A=l,ì:GAì'14
CÄir)!A=GÂÌ 1ì,^ I ( IGAì'A )
cALl, ÌíÂTLr\¡3 (X rypl!,lr)1^T,\r),AT,tlrO,Al.:cl_Ììc,llc,

. TT¡]P, C^l,1l.rA, Fi¿APA I )
CALI- soI-VE 2 ( l,lDFR, K TJ, Ì..IJ, I:rCT ]'i\r, \.¡ìrA T, it)1AT, I lI, 

^ôlrT,. FïllAL rll0 ,KC, T TìlP , STOFE I ,STOllE2 ,I R ST DII ,Ir STI'F,
. RSI I)F. l, \.tARFA r ltS CAT)
Il: (IOITTPP.Fo.O) cO TO 2lO
C^LL oITIiR3 (¡out, PP,TlrITA\r,lrpRpT, l'C,l'CH, lìIÂpA l,c¡¡.¡rA,Til]r,

.l{Tl.¡'¡trllTFF:}l2rllNrlìÍìlDFrRJrTìYrDIìpTlt,,^ÌllrLTrRSTnll,l)ll}'TIl,

.t:rsc^Tl ,\rscAT2)
210 coNTTtiilE

PRINT lC)0,KI,l.C, ITNP
DO 500 f=I,ICOPY
cÂLL PRINIT(RK^PAl,cAlflt\,DtpTH, cpACK, TTt:p,NpRpT,l¿(:,

. NSCAT,lrSCAT,Fll.t^I, ,I.JO ,lrÍìCATI ,i:scATz ,F SI DF I ,AOÏ'T,pp ,
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50O CONTTI.]I]ìì 
TI.J}iTA.\/'IPT],IPT2'YP}I'ISCAT)

100 FOPIIAT('f ' ,lO(/)' ',50X,'DIFFß^CTTOti nF pI_^)iF slt-t,JA\rES'l/
.' ' ,57x,' Il.ì A IIALF SPACE'/ /
o" r57xr' (ltiET"s l,F.Tlloll)' ri 5( l )
o" r49y.r3(;("k' )/ l " r5lxr'Nl'l'BER oF TNNFP )loDlls' r4|ir' i',
.16/ /' ' ,51 )i,'l.tLDrnE,R OF BOII)'DAPY NoDE_c' , I X ,' :' ,16f f
n' ',-5 lx,',NIrllBFR OF TOTAL NODES' ,4|ir, z, ,I{,f ¡
.' 

"49xr36(',*',¡¡2 00 c0lrTT ¡iuÌt
STOP

FNf)
SI]RROIITINF iJCT ìiV4 (ltC,llc,t,JCTÀ*v,HÂREA,tJC2)
PnAI- I lc ( KC, li c ), I.'AnFA ( I'C ), t.l¡1 ¡¡1' ( I.:C, ¡:c ), t.rc2 ( KC, l.c )

C COPY \]C TÌ\TO 't,IC2 . I.]Cz 1.rT I,L }ÌE TIIISTTOYI]D.
C PPTTJT 2OO

200 FOP)IAT(' ' ,2y r 'SSpRll¡r Hc Fop ctlrctis s' / l)
c PRIÌrT 201 ,uC

201 FOFirr^rT( " r?Xr8Cl6.6)
llìO 90 T=l rKC
Do 90 .I=l,KC

9n 1rç21 T,J)=tr¡1 1,.t¡
C TÌ.'VlìPT IlC2 = t.'C IlSINC I¡1SL lìOllTI¡tE

tiPP=HC
jtl=PPP

IA=KPP
I ICT=0
CALL LTlt\/1 F(t.tc2,ìt, JA,trcTll\/, IDGT, I,l^tìI..{,I T.t)

C P]ìTì\'T 202
202 FOPIÍAT(', '. ,2X.,',SSpFI]\tr '{,'CIlxr FnF c{lEC}lss',//)

c PHT|:T 201 ,t.rc] ¡w
ltFTUPlì
ENf)
slrBRoUTIl'tF l^nF.RC3 (trll, K r Kp, l rllF p, i\Ilcl.EC, J \rE F, X, y, T Tt:p,

. TTFL, T STFI_C ,IFlrnFL)
C

c cAl.cllLATlìc TIIE I',ATFIX I.rl-)Flì=RADTAI nFRIVATJVE OF rJli Oll C.
c I(P=KC Aììl.r K=l{T.
c,

IlrTt:-cfR Io0(3), Ipp( 3), roo( 3),tvT]F( TTfL,7)
PtAt_ I,ilr(ITNp,rp),1lDFIì(lip,Iip),ANCLFC(Ì{p),C(3),X(TTNP),\'(ITNp)
Do l0 J=l ,]¿p
Do l0 J=l ,Kp

l0 \'rDER(I,J)=0.
C

C FOR EACII COI.IIJ\,A OF I.!{--F]ND IIEPI\;'ATT\IF.
C

l.)c 2n T=l,KP
Do 30 L= I STELC , I El'lDEl-
Ioo( I )=I\¡ER(L,1)
lPP( t )=IVER(L,2)
ToA( 1)=I\¡FR(L,3)
Ioo(2)=IP1'(l)
IPP(2)=Io0(1)
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loo(2)=T(to(l
Ioo( 3)=TPP( 2

IPP( 3)=Ioo( 2

Too(3)=I0o(2)
lìo 40 ì:T=1,2
lt=TDÞ/\!T\
i a¡ i \.,f /

Ìf I 1}',-11-l{
Al'ci_F=ANGLE C( 11ì,v )
cn sI r.,F= co S ( nl:r--Ì"¡ ¡
S T }:F= ST }I ( ANCI,F )
Dn .5n N=l ,3
Ti':P=Ioo(Il)
T SS= ]PP( N)
ITT=lon(I:)
sA22=X(rFR)-X(rrr)
SA33=)l(ISS)-)l(rrr)
SF22=Y( ITT)-Y( Iììr)
SF,33=y( IFir)_y( TSS)
ApEA2= SÂ3 3* S F,2 2- S^ 2 ?'! S F,3 3

C(Ì,:)=( ( (Y( ISs)-y( IrT) )'À-SrNt-)+( (X( rTT)-)'( T sS) )?',cnSrl:F) ) /nr,¡.,r:
50 colìTII\IIE

r.:1=ln0( I
rT?=TpÞl't

rr ¡ \ ¡

Ir3= Ioo( I

TEi!P=C( I )*l''N(l'I,T )+c( 2)'rlll.r(lr2,I )+c( 3)'t1'¡¡()r3,T )
TF'ì.'P=TFl"P/ 2 .
J=ì1-K
IInFP( J,T )=1'¡P¡(.I,T )+TFl'P

4 O CO\]TTNI]F

30 cnìtTlÌIrF
2 fr coliTt t'I rFl

C PR]NT 4OO

400 FOTìi!AT(', ', ,2): , 'SSppTÌiT !rnFp Forì cI'FcKS S', , / l)
c PRIij't 401,Q¡¡¡

401 l'oF'\'^T( " r?_x,9c16.6)
R IITI: I N

Fl'lìl
sll Ilì?otrTI Ìrl.' ItAl'rL3 ( pl:^p^ l, Ì,fTF IÌi!,.tt, r rK]1, tJ, It\' )

C

c cAi.cllI_ATFS ltrr,ìilitìI. FIINcTTOIt OI AnCn,FNT = 2*Frli¡r)llrrlr,
C l.lllERF Il = I-TFPTI'"
C

RFAL B.I (l:rnntt) , BY(ÌrTEnl'1)
coyPl_FX cl,ilK[(¡rTEF¡r)
D^TA cl / (O. ,l .) /
i l-.'i i r, x!

z=2.*RÌ'APAI*lt
cALI- lfilBSJlJ( Z ,l'f , BJ )
oAl,L tflíRSYN( 2,0,1'Í,BY, IER)
DO 20 tt=l ril

20 tìKF( l.t)=R.I(N)+CI *RY()r)
C PRII']T 4OO

c PRTNT 401 ,ilKlt
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400 FolìÌlAT(' ' ,2Xr 'SSpFTtiT IrKil FoR CITFCI.SS' I /)
401 FOPIí^T( ', ' ,2X, gCI 6 .6 )

FETI]I?N
FNf)
slJIì}.olrTTt,-l: FoPl{3(ll ,^}icl-nc,IlÌ'Ìt,}aTJ,}i.T.T,lic,ì.rTEFl\1 ,}acil,

. \lTf Rl,2, F.l'APA l, RJ, p.y, RJ l.ìF R, ll N, ll)ìDF p, \¡ r,\l,llII_T)
C

C TIrTS StÌBROIITIIJI: FORìíS :liT.I !=FIlt'CTTOI:S F\¡¡\t_tìATiìD AT l.:0
C POTNTS oN C,AìJn :KJJ!=RAllT¡1, t)ERT\rATI\IE OF :rT.I ! ]roÌr
C OIITFI? FXPA^*SI()l':.CAl,I.S TIIF SITHRT)llTItlF ÂTn.
C

REAr. P(FC),ANGLFC(llC), B.i(I1TErìIí2 ), ßy(I'1'L-Flr2 ),
. n.IDF F ( lrTFRlr2 )
coì.'pLFX c l,ilIilt ( I iTFRì1 ), ìu'r( l1TFRl12 ), tr ¡,ÐI p ( ¡1TF.Fì' 2 ),

.I:tJ ( l:c, IlC ), KJ.i ( lic, l.c ), v( Iic ), AI1l]I T( KC )
ì'lTFRl" I =KC|* l
IiCll)Íl =HCll- I
Cl=C)rp]_)i(0., t.)
RC=R( I )
z=F c*RI¿.APA I

cALL Ì,1Ì.iBS.IN( Z ,llTtipì.2 ,lì.I )
cAl.I_ 11]lpSyÌ:( Z,0,ì.1TEp2,By,TI'tl)
DO 2n Il=l rì'T¡Trl2

20 F)l(1")=R.l(N:)+Cl *RY( ì:)
Do 30 Ii=l rt.lTFPItl
NP I =ll*l
ll¡:nFP ( l. ) =-pt'¡n^ ì'-'l'Ì.i( llP i )+( l'- I ) *ll¡l( Ìì ) / F (ì

30 F.lnFF(t':)=-¡1'"pA I *e..I(l,iPl )+( ì':- I ) :t¡.111.:) /nc
lll:nFP(l'Trlï,2- )=¡]t'1p1 ,r:( 0. ,0. )
lì.Il,F p ()tTFRrr2 ) =0 .
DO l0 l=l ,tíC
TIlFTA=AlrfrI iiC( T )
cAÌ.1- 

^Tll.ì3(lìNrR.IrlrlitrrTI'lìT'Âr\rr].'TFplr,ilTIlpÌt2rÌ{cll,ti(')DO 40 .l=l ,KC
¿0 Kt.r( T,.I)=\r(J)

cAI-l- Aln3(llNìlEIì,DJIrER,llKil,TltFTA,\¡,ìfTIìrì11 ,l,,TI--tl,2,rcl,,Fc)
DO 50 J=t ,F:C

50 Ii.lJ(l,J)=\/(J)
I 0 COt':TT t\lun

Do 60 J=t ,KC
60 AÌllll T(J)=IiIJ( I ,.1)

DO 70 J=t ,liC
DO 7 _5 T=l ,liC
KTJ( l, J )=KIJ ( t,.t ¡ /¡\l'Ílll-T( J )

75 I<.I.1( T,.l )=y.¡.11 T,.I)/¡¡t¡t¡11.¡¡
70 c()l:TIliul

c PPTlil'39q
c PtI NT 40t ,Aì1tt.T

399 FOIì}'I^T(' ' ,2)i,'gS PPTNT AlflrLT l¡OR CI1ÌìCF SS', /)
C PRINT 4OO

C PFll'lT 401,KIJ
C PPINT 402
c PRINT 401 ,K.I-r

400 FOlì)rAT( ', ' ,2x, 'ss pnIÌ\iT liIJ FOtì CHECì{SS' , /)
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402 FORÌ'1AT(', ',,2X,',SS pFTl'tT li.IJ FoF ctiEcriss',/)
401 FntlrAT( ' ' ,2)i,Bcl6 "1.)

RETIIR].ì
ENf)
stlRIìollTlti!ì ATI)3(llìll ,BJl,l,KIi,TItFTA,\/,ìlTFRl :,)!TFI]ì'2,liclr,Kc)

C

c plFFolìIts TItE stÌ)fl!ATIol.l Fotì TflE INTEIìTôF F):I'ATiSICIì.
C

RtAl. n.I t (ItTlìRlf 2 )
coirpLrx lrNl (tlTIìp)í2 ),tr1]ic),FXl1()1Tft)f),sUlil
KClllf I =llclr- I
Do 40 J=l ,KCÌl
l.l=J- l
Slrlrl =CllPÌ.X( 0 ",0 . )
f.ìO 5Cr l1=I rliCtlIl I

ììPì'l =ìl*Ì l* I
ttt(rr_\Ì ì,
:'Jl :'.- j\-r ,

Nlrì11=Nì1Ì.+l
NlilrA= TA ts ( l.ìI11,)

Il rll'\ I =ì1')1.4*l
)lf=(-l):r:tlt
I'l =ì'* I
APC=lr*TlrFTÂ
TF (1.Ì1Ì1) (,Cr,7O,7a

70 s[]'l=SIIIil+]1T,^(]ì]1]t(Npi,l )+r.fT-*]l]ïr(¡.¡:j1l ) );.¡.11(t:l ),rCoS(Äpc)
co To 50

60 SIII'1 I=SI'i.!1+i'T*(IrKII(NPÌ'1 I )+)1T* ( (-1 ):t,',¡rr¡'¡¡'t
.ttlill(¡:],ìrAl ) )v,l,.ll (I,l )'rcoc(Apc)

50 cntitl l':tln
40 \'(J)=( (-r )."*N)'rlrÌ,'I (J),kcos(\,*TFI.T^)+11¡rrr(.i),',R.tI ( I )+s(t),l

DO l4O l-=l rI:CF
¡11: cT ì = \l+1. cll
Ì.ll=l\*1
SIII.'l =Cl'fpLX( 0. ,0. )
DO 1"50 )l=l ,liCll
NPÌt I =N+)1+l
lì).f I{ = ¡1_Ì'1

Nl jl,f I =Llrl*l
ItÌ 1ì\lA = I ¡\ FS ( lt l',ft'f ¡
ltÌÍ)rA I =NlrlvA+l
ì1T=(-l )'d*l{
ÌíTl =(_l )x*(r.l_l )
lf I -Ì1+ I
APC=11*TI-IFTA
TF (Nì.,Íl!) 160,170,t70

I70 suì'I=sUitI+t.TI*(I'Klt( IrpÌ{I )-i:T*}1xlr(}0.{}f I ) )r.
.RJ1(11l )*51¡'ç¡n6¡
cn To lsO

I 60 St tli I = Íìllì1 I +irT l r. ( rtKlt ( Ìtpti I ) -IfT:k ( ( - t ) *:':r'r11..,^ ¡ n

.IlÌ{F(N¡1IíAI ) )*n¡l (}rl ),tSI}r(Anc)
150 cot'ITINITE
1 4¡ V( t{}icH ) =e¡'xr 141 ( -t ¡x't (};-l ) ) *llxl ( xl )'t5 1 r'1 }ì:rTtrFT^ )

R]:TIìRI\]

El'll)
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sllÌÌRollrTNF ITATLI\¡3(x,Y,ttÌ.iAT,\¡11^T,lj0,ANci.FC,l(c,rrìtp,cAlri'^,FKAp^l)
C

c cALeuLATns t¿0=(\1Ir.tc.+I,rjìFFt,EcTt:D) AT AT.I_ I:ôÐA't. pOTt'¡TS.

c t]ì.tAT=(\.rT¡lc.+t.nF,FI_FCTFD) AT POTNTS O¡r C.
c \r)1^T=R-ADTÂI_ ÐEpTVATI\/F Or IIÌ,rAT.
c,

colfpLEX tr}rAT( Kc),\¡:1AT(r,c),r.r0( ITìrp), c1
Rt.Ar. Alict-r-ìc(]ic),x( ITÌ'p),y( rr¡rl )
Cl=CÌ{P1,}i(0.,1 .)
l.l = T Tl.tP_t'c
llo l0 T=l ,TTltÞ
Tlì1ìIr l=-RK APA I *S T N ( G,\lilrA )
TllPÌ.r 2-=TliFlv I't ): ( T )
TF)ìtr3=tìtiApA I *co s ( GAÌ rlfA)
TliÌ-r]r4= Tl"t P]13 *Y ( I )
! ;0 ( T ) =2 . *Co S( TlìPl'í4 ) *clìX P ( -c I'*T¡ Pi' 2 )
TI (t.'t-E.r.T) GO TO Ì00
J= T-IiT
TlìFTÂ=AlìCI.f C(.I)
lllr^T(.1)=t^jo( l)
\Iì{AT(J)=-(2.*Cl*f['tì]rl*"COS(TER]14)'¡Sf ¡¡(Trrrl-A)+2.,rTL-.tì)13'',S1t,(Ttn¡,¿¡*

.cr)s (TllìTA) )*clì)iP( -cl *TFRr\í2 )
I0c' CoNTTìIllE

I O CT\}:TT TIIF
C PPTI]T 2OO

c PPTllr 2ol,t.rO
C PPTITT 202
c PITNT 20l ,trI',AT
C PPT ì:T 203
C pF,Tl,tT 2ll I,\:irAT

200 FOIìI.IAT(', ', ,2X,'SSpRTl:'l- \.'0 Fol? cilFCr¡ss' ,/)
201 FoFI{AT( ",2\,8C1 6.6)
202 FOFÌ',AT(' ',2X,',SSpRINT IIÌ.1^T FOp CtlFCtSs',,/)
203 FORÌIAT( ' ' ,2X , ',SSptìT ltT vì.'^T Fop cilFct(s s', , / )

RFTI'RI':
FNf)
sllnp ol'TTNIì s0L\rE 2 ( x.r l, l<lJ,]. J.i,la l 1 1 ¡¡1r, \rifAT, llì.f AT, \,rì., Aol rr,

.l'Tl'lAL,i.lo,I{CrTTl.lP,S"iORìÌl,STORF?_,LlìSTDIì,RSIIIF,RSTnFI ,i:,\IrI'^,

. r is cAT)
t,
C SOl.VlS f I l*C +llT.I*A = IìI'AT ----DTSPT ACIì¡,nNT
C LJT*C +K.IJ*A = V]'1AT ----Ì'ìoP)14T. D]iRTIJÂTIVF,
C 1'rllFPF IiI l=1lC ¡ KJT=lIDFF , C=llNtlNOL'1] COEFF. F0B ilÌ'j ,
C A=AOIlT=llNl(l\lOI.iN COIìFF" oF OIITIìÞ E)iP,,\NSION.SoT,Vf S FoTr Antt'i
C }-]PST A}:N TIT]i}I FOR C.CALCI'LATIiS I]TNT. A¡]D I]SCATTIIRFN.
C

RIAI. X.IT(XC,KC),KITTtr\/(KC,Ì:e),\,.îi( T1¡'p,y¡¡
RlìAI. r.tAt?FA(KC)
co}iP]-lìx I'I J ( I(c, KC ), IaJJ( XC,11 C ), IIl.fAT( KC ) r\ri..\'f ( Ì,lC ), I r0 ( lTlp ),

,FTNAI-( TT¡rp),AOìrT( lic), rqTOREt (HC),STOttì2 (Ì'C,t.C),
.LR SI DF ( I:C,r¡¡, p SI DE ( 11C), p SI DE t ( l{C ), rrs CAT( IT¡rp )

c sToRFl=l{lTTl\:\Ì*lu\fAT
c sToRF2=KITTI'lt;'1ç1t

llO l0 T=l rKC
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STOREI ( I )=ClrPl-X( 0.,0 
" )

DO lt J=l ,KC
t I ST0REI ( T )=STÔPE1( I )+1{TITI:t'11,J)*ll}'ÅT(.I)
l0 collTll'lur

no 20 I=l ,lc
Dn 20 J=l,KC
ST(ìpF? ( I,.I)=CU,I_X((l.,rr . )
Do 2l K=l ,KC

21 STOIìP2(1,¡)=StolrF2( I,J)+t'T Ill.l\'( T,l')*i'14(l',.1 )
20 c(ìNTI t'Lrn

C LlìSIÌ.ll'= fJJ - I..IT'*}'ITTIì\r:kl'Tr
DO 3L.l I=l ,KC
Do 30 J=l ,K.C
T.PSIDIì( T,.T)=¡¡1P¡-X( 0.,0. )
DO 3l K=l ,KC

3 I Lll sl DF ( I, -1 ) =l,n slDF ( T, J )+I..JI ( I, u ) xSTôRF 2 ( r(,.I )
3O CONTTT'IIF

Do 40 J=l ,IlC
no 4Cr J=l ,li¡

40 LPSInF( I,J)=r.I-T( T,.l )-LPSTnt:( T,.I)
c p.lr.s. cAl.I Fìì TTrtIDORARTIy 

^OIrT=\.r\rAT_K.IT*K111¡-rr*{r}1;\T.l_ro ,50 T=l ,KC
RSIITF( T )=CttPLii( 0.,0 . )
fìO 5l J=l rllC

5l RSInF( T)=llSIDF(T)+l'.IT( T,.I)'tSToPFl (J)
5n 

^nlT( 
I )=\'Ì1AT( I )-RSTnF( I )

C SOI.\'1lS :'l lìSTI'F !?t-: ¡\OIÌT- ! = -: R.lt . S .- ! ,TlrÌ?oTrcil Tl,rSI, .
ì.1=l'C

IA=i:C
ll= I
T R=]iC
TJoR=0
c¡.LT. LËOT I C(l,rl Sl Iì8, I'., I A, ACITT, ì\1, T F, TJO It rl'ÄRFA, T I tì )

C nl'SIP trn SO'l IrTIO)l RFTITFNS I l; ¡,OIIT=A , TITF Cof FÌ.' .
C EOFFFS. C APE }.ICIII CALCIII,ATF,D AS RSTNF(T).

Dn 100 I=l,KC
RSTllli I ( I )=CÌ.fPLli(0. ,0. )
Dn 110 J=l ,KC

I I 0 RSTIFI ( I)=RSTnFl ( T)+STol?l-:2( T,.I)r,AollT(.I)
I 00 FSTnE(I)=STotìEl (I )-pSInIt ( j)

c c^T,cllT,,\TFS IITOTAL=FIirA'1.(T)=',liìr*C.
DO l?0 I=l,TTNp
FTIIAL( T)=ClrPT-X(0. ,0. )
D0 l3n .I=l ,PC

I 30 F'tN^T.( T)=FIlìÂT,(T)+Uil( I,J)tPSTDE( J)
120 co¡:TIÌ.UE

C CA].CIIT,ATIS SCATT]]REIì FTFT,D"
DO 210 T=l ,TT):p
I^rSC^T( I ) =l'Il"Al,( T )-lro( I )

210 coNTlNrrF
Do 151 I=l ,KC

I 51 AoUT( I ) =-AollT( T )
RETlIFN
ENf)
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sIlRFOUTTI..F OI]TEp 3 (nOtrt,Rp, TIIETA\I,ÌìpRpT, KC, KCl¡,FI{Ap^ I,
. CAlrlr^ r T!t:ll r llTEFIl,l'4TERll2 r IlI r V r RJ r Fr,Y rll, 

^Ìlll 
l.T r F S l DEl, llDFP,

"l\rsCATl ,tlSCAT2)
C

c TF TOUTPFì.CT.0,TnFli T]tIS SUplìOItTIII-ì TS ACTI\/Al't-'0.
c

coilPLFli AotJT( KC ), ilKIì ( l,JTERl1 ), lÌ N( Ì.ÍTt:p¡12 ), \' ( l'C ), C l,
.lÌs cAT] ( ]TPPPT ), ris CAT2 ( Xlnnr¡, F ST l-rF I ( ]:pp.pT), Aì IUI_T( riC)
RF^T n.I(t'fTnRlr2 ), rv(t:trnlf 2 ) ,RP(ìJpRpT) ,TIIF'rA\¡(l't,lrr¡
Ct=Ct,pI_X(0.,1.)
Do l0 T=l ,I:P]ìP'f
TITFTA=rlìETA\'( I )
FAt =ìIDFP/CO S ( TITETA)
PP( T)=¡¡c(n,ln¡
7=¡riAPÂ1*IìP(T)
CA]-I, }TìTRSJN ( Z ,I'T I]Rì'2 , }ìJ )
cAl.l. l1Ì']ìsYl.l( z,o ,llTFFì,2 ,ß\" Tt'R)
DO 2n N=l .\rr¡PÌ'2

20 rÌ'(N)=n.l(irr)+cl "rFY(N )
c^I.L ¡1 ¡l (lt\l , ßJ ,lrIítt , TItlÌTA, v , lfTFr')f ,t'Tlp)'2 , rclr , Ìlc)
llSCATl (l)=Ci'PLl(0. ,0. )
DO 4n .T=l rliC

40 \ÌSCATI (1)=1.'qC,^Tl (T)+\r(.I)*¡n1t11.T)/Aì11'1.1'(.I)
DO 140 J=Ì,Ì'Cl l

l'l=.I- I
I 4 fl V ( J ) = ( ( - I )'^*N ) * 2 .,tllì1( J ) *C0 S ( li*TtrFT,\ )

lO 150 l'.=l rl{ClI
NK CI'= l'*l'Clr
N I =lt.+l
Itl.'l I =ll-l

I 50 V ( l.I' clr ) = ( ( - I ) * *lllr I ) * 2 . ?tll N ( ìr I ) -* 
S T ìI( l.::'. 1t' ¡1'-1 ¡

\.rSCAT2 ( I ) =c¡tf i-l:( 0 ",0 . )
D0 I 60 .I=l ,IiC

I 60 \rScA12 ( I )=trsc^t2( r)+t'¡.I)*AolrT( J)/AÌ11'LT(.T)
TEpil I =-Ì?I' ÄpA I * S I ì,t( T}ìETA ) * c 1 ¡.'1 CAÌ'ìÍA )
TFRlr2=Fp( T)^"TFptíI
TFRIr3=PllAPA I t eOS( CAI'ì'A )
Tlt Rì.{4 =Tlì Iìrr I r, ( }ì n ( T ) :t¡¡ t , T}r F T^ ) +l r )
PSTnF I ( T ) =2 . )kCo S( TERìr4 ) *cFXP( -Cl *TFRI'{2 )

l0 Cn¡'11ttt1t¡
DO 180 .I=lrTiC

I g0 AollT(.I )=¡61t11 J) /Ayllr.T(.I )
PETI'PI'
Fl.Jt)

SUBROIITI¡:F l.')ÍIISJÌ\j( Z ,Illg1 , B.I )
PFAL B.I(ìflrIí)
D= I .OIt-10
DO 200 N=1 ,1.')1.r
Kli=Il-1
R Tl\'ì=RTrQ I (;/ vta T\ TFr'\¿ìv\|1/.,',''.,'ll'/

2OO CONTT NI]E

FETI]FN
F¡]I)

RFA], FI]NCTION BFS.]¡'ÍJ (X, Iì, D, IF]ì)
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TITPLTCTT FEr\Lt 8(A-ÌÌ,o-Z)
CIi}.]FPT C

PEA'I.:!B X, II
ntrcT = n

TF (¡i .CF. 0) C;n TO lo
IFI = I

.RFTI'Rì.I

l0 rF (), .GT. 0) Co To 20
TFIì = 2

Ìì FTUP \l
20 ¡JT¡ìST = q}+y.lz

lF (x .t_t. 15) lrTfsr = x'r-(t0-)l/3)+20
IF (Ì'; .LT. ìJTF.ST) CO Tn 3O

IFP = 4

PFTIÌP N

3Cr IEF = 0

¡ll = ìt:+l
BPPE\r = 0.00(^l
!l^ - \'rl

IF ()l .GF. 5.) l.1A = t.4t,X+60./X
ijR = ì.ì*TNT(y) /4+?
Ì.f?FIln = tr^ynf t¡^ ìrn \

r ¡,/ ¡\.¡ir, t t'/

DO 50 l.r = l,'rZFPo, )jTF.ST, 3

Fl.rl = I .0lr_28
Fì' = 0.0110
ALPIIA = 0.0llO
fñ _ 1

Jt - I

TF (l'1 .Tìo. ¡t72:!2) JT = -l
!'2 = l'-?-
nn 40 y. = l, i-r?.

¡11, = rr_]f
RlrÌ.' = 2 "000*r.:Ì,y.Fìrl /x-Ì:j\1
Fi' = FlrÌ
FYI = Bi\1K

TF (trK-ìi .Ìì0. 1) iìlìS.Ì = IlfrH
JT = -JT
S = l+JT

40 AI,PII^ = ALPIJA+JìI1i:,\S
Iìj\T1 = 2.000*Fll />:-rtr
lF (ir .Fo. 0) PESìJ = RÌ'rK

ALP|A = AI-PllA+Plri(
IJFSJ = BES.]/ALPIIA

IF (ABS(nES.I-BPRFV) .LE" 
^nS(D*BFS-I) 

) trrtrnl:

IF (ARS(RES.1-¡PRFI¡) .1.F. ABS(n*BES.l) ) co To 55
5 0 BPI'F:V = Bll S.T

lFP=3

55 IF (nns¡BESJ) .T-ri. 10.0D-30) FF-SJ = Cì.0n0

RETI;Iì}ì
ENI)

SI jBR OIITT i\.-E PF I I'lT( RR 

^P^. 
I, GAÌ'1í^, DRP TI I, C lÌ.ACt:, I Tl.'P,
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* NpFpT,KC,¡;SCAT,IISC^T,FIl'l^L,ll0,IlSCATI ,J^ \.ISCAT2rRSlDFl,AOlrTrlìPrTllFTÂVrIPTl ,\I,TZ,YPIITISCAT)
co)1p't.EX FT tìAL ( t TNp ), \.tS CAT( TTlip ), t r0 ( l TNp ), 1 :S C,tr l ( t:l,rrPt ),

* \'rscAT2(ilpFPT),FSI¡Fl (ì\tpppl'),AOllT(I¿c),\'stìTFF
RFAL TUFT¡v(¡pFpT),pp(ïrpRpT),yllr'1 tTt,p)
]\TFNf II TPTl (I.]SCAT) ,IPTZ(I:SC¡T)
Pf TÌìT 100,Rl',.AP,Al,CAÌ1.1^, DF.PTII, CRACII

PIìT}:T I I O
D0 l0 T=l,TrliP
APÍ.rS C=C¡,I'S (lrSCAT( T ) )
ABI TTOT=CAl.S ( FIì;^f,( T ) )
ÂF,\10=CÂRS(\.r0( I) )
PPINT I20,T,FT]'^L( I) ,Alìl'TÔl',rtSC,\T( I),.,\FllSC,ll0( I ) ,An,\.'n

I0 c0 r:Tlr.''ÛE
PRT}]T ] 3O

Do 20 T=l ,Ì'PIPT
Aiì\lSCl =CABS(t'lSCntl ( I ) )
AR\JSC2=CAlìs(IISCAT2- ( T) )
f,PIt:T l4o,T,Rp(I),'rrrrTAVl T) ,t,SCÂTl ( I),^F,"SC1 ,1lSr-AT:(I),^t".rsCl

2 O CO NTT Ì1IE
PRT IIT I .50

nO 3n T=l rÀIPFPT
r\lìr'S c=cÁ.l,ls ( tì st nl- I ( T ) )
pRItir I 60,T,np(t),TI'FrÁrrlT),FSTnFl (t),ABl'SC

3 0 ccl]TI N:ltF

PPT IIT I7 O

PFTì:T l80,AollT
TF(ISCAT .FO. O)CO TO 222
PPTN'l 1c)0

PFT }JT 2OO

Dft 4¡ TÍì=l r"SCAT
Tl=TPTI (ls)
T2=IPr2 ( I S)
I.]S]¡TFP=IISCAT( T I )-'IISCAT( ] 2 )
Llrl'=CARS(lrSDIFF)
Allt.t I =AtJI t/ ( 4 . *C RAC!:,rtlKApA I )
pPT¡;T 2ln, Tl,12,yptl( T1 ),ItsI)TFF,Alti.',Apt,tl

/+0 COI:Tll:llf
222 Ccl'TIlrlE
I 00 FORÌ.1AT(' l' / / / 2.X,' RI<,\p,\1 = 

,' Cl O. 3, 2X,' C;\l'rl'r,1= 

" 
C I 0 . 3,

.2x r' DlipTìr= 

"Glo 
.j r?.y.r'cll^cti="cl 0.3,

.2y r' **ìlY ìrFT"S ì.lqTl¡Of¡----f¡ffpc;-*' )
I l0 FoFllAT(' -' /' -' r2Xr'ì.-onF l\io.' r4X, l0('t<',\r'TorAJ. FTllt.fi',

.g(':t' ), l0x rg('*' ) r'scr\TTFnEn FIFLÐ"7 ('s,' ) ro)i,

.g('*' ),' IÌ-CTnFÌlcìj FIEl,D"7('*' ) /

.", I |txr' IFTF', nX r' Ti'TF', QX r' 
^PTF', 

n)l r' RFSF' rQY r' Tl.'lSl-',
.OX,,APSF, , Q)1 ,,PFTF, ,9Y ,, TI.íTF, ,9X, 

, ARI)'' / /)
12î FOPI',AT(' ' ,4X,T6,9C13.-5)
130 FoRlrAT(' '//llc)y.,' l.:orìF l.lo.' ,28,y. r'Ílc,\TTt lìFl-ì FTFLIì',30x,

.'SCATTERFn FrFLD', /' 'r 16.)i ,'p' ,I 0xr'TÌ'FT^' ,I ?y,

. 'pFAL 

"7 
zrr 'rI1AC 

" 
I 2X r 'ARSL, 

"72X 
r 'pFAL 

"7 
2::. ,

. ' Ûrr\c ' rl?.y, r' AP,sr.,' , / I)
1 40 FOP}1/\T( ",AX,T1+,8G15.5)
1 50 FOFI.IAT(' 

"10Xr' 
l'tODF NO."2lXr'INCTllFìlCll FIF-Irr"/' 

"ìfi)i,



-l 33-

o'R 

" 
I0Ir'TllFTA" l 2X r'RFAT-, 

"7zl'r' 
T|.r\C 

"12x,',ABSI_, " 
/ /)

I60 FORIT,AT(' ' ,hX,T4,5G15.5)
170 FORÀ1AT(' ' ,2Y.,'------A.0llT=colìFFICTElirs oF olrTr:t) Ellp;\ltST(ìi'--' / /)
180 FOFI{AT(' ' ,2Y,flcl6.6)
190 F0lìl1AT('-'/'-' ,25x.r';r*:k**J)lT..FFql.l\lcE nF scATTl;r'EIl FIFLn-*?r**ìt,//)
2OO FOPi\r^T(' ' ,' F,llTLrFFl.l NODES' ,5); r'y' ,P,>: r0('*') r'I_.JFFEITEI:CF' ,n('-;;'),

"/í,
. '\ntprrREìJCF\' , 5X,'l-.rI.F Ry |i.J.' I /)

2l() FORI'r^T( ",2\",2r 5,2X,Fq .5,2y,4c16.6)
ßETI ] RN

FNN

/ / co "FTO2F00I Ðl¡ r'sl'=KC\,,^Nrc.tlI .Ì\lFlnATA,I'i:TT=sysllÂ,
/ / lr]Sp=(oT_n,KFltp),vot =SEp=tropl:04


