4 ¢
et

intornal Report TMP 75-1

Hugerical compud

Lation of electro-

Eo

was supportzd by the

reh institute of the national defence,

of Tneoretical

Lop]

B )
1
s
1
o
=%,
o2
\n




[

UNIVERSITAT ’3
F—B4»\'r.f1"‘vr' N g
Postf. 3254 40 - T, (4 21/27 81
2800 Bremen 33
. 3iB 32¢

Introgduction

In Ref. L1J P.C. Waterman desciribes the numerical solutioun of

a certain class of electromagnetic scattering problems, using the

T matrix formaiism developed by him in Ref. [2] . Later new theo-
retical results have been obtained which mekes it poseible to con-
sider more general bodies and configurations of such bodies, Refs.
[3] and LL] The purpose of the present work is to document a sys—
tem of computer programs for the caloulstion of ‘scattering from
rotational symmetric configurations of hedies. In seclion I the
relevant results from the T matrix formslism are given. In section
IIa we describé the various Nalqrou JAGS in the computer prograoms.

In section IIb we describe the varicus suvbroutines and functions

(6}

@

called by the Mainroutines. TIn Appendix I we give some lengthy
1]
forrulas. In Appendix IT we give a complete list of the routines

in Fortran,




I. Theory

Consider the problem of scattering of an electromagnetic wave
by a system of obstacles. The problem ic desecribed by a wstrix

T in the following was

-3 Bt
Tncoming wave /F ﬁ_ Qi Re UIU’; = Re \-}/ G {1.1)
=y~
scattered wave /li Z %U" ‘f,ez = ‘4‘;} ‘S’ (1.2)
with fnx = E' r,wme @,y (1.3)
where Tamn’ is the T matrlﬁ.‘ A time dependence e T s

suppressed. The expression (1.2) for the scattered Tield is
valid oculside the smallest sphere circumscribing the bedy or bodies
and with ceantre at origin. The total field IE is the sum of the

incoming and scattered fields.
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As basis functions we use the spherical wave solu s \r

4 -2 \ . ~
to VX(V'}((]U) = K ‘f”’“c‘ et (;’MTI;:'O (1.5)

which form a complete set:
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Pin = Z’t‘fs@m(“} X (K LK (?‘)hf VK Fy
vhere T=1,2 ,([T=¢€,0 ("even" or "odd"), n = 1,2,3...,

m=0,1,2,... n, and
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Em (20+1) (0 -m) i
! (1.7)
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(,/’;" 15 a spherical Hankelfunction and

YEng P (cose -’\JS’m\i/ (1.8)
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(ry= Fn (cose) Sinmg (1.9)
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where P; is an assoclated Legendre funecticn. Retylr stends for
the regular part of Qﬁﬁ:i.e., the expression (1.6) with h

4 © . - SR 5, . 5 .
replaced by Jn(ﬁr),a spherical Bessel function. The expiicit

. - . 5 N
expression for W - 1s ‘given 1un Appendix I. Because of the rots-—

t

tional symmetry of the configurations we shall treat several simpli-
fications . We choose the z—axis as axis of rotational symmetry
and this implies that all matrices involved in the formalism are

. o s " S i ’ . . . e -
disgonal in the indices m,m.. We define the polarization to be

orthogenal or paraliel according tc whether the electric vechor

rallel or orthogonal to the plane spanned by the z-axis and
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the wave vestor.  More specifically for the incoming wseve we choose
the wave veclor to be in the x~z plane. In this case we have wave

vector

K=k {sine, 0, c050) (1.1

and the crthogonal respectively parallel polarization unit vectors

A A
e, - Ej {11

A cms -~ '.' ¥
e_ = (503@,@,"9&4‘?5?; (4].1

During the scattering these two polarizations do not wix. This
is reflected in the fact that all matrices involved (in caseé of

rotaticnal symmetry) fulfill the relations:
=M
Mi&hw;,;é:mw" lomn, toyin
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facma, 2omn’
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with all olhicr combinations cof. /5 (4 ; c’; T gLVing zero.
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The orthogzonal polarization is expressed by the four compinations

- Yo { e f
of the 1€ and 20 in the indices "E;f}-; T 0. and the parallell

polarization by the four combinations of {Q and 2.8

alsc clear that the two polarizations can be treated sevarately

and from

to the T matrix for the other polarization.

gonal polarization as the normal case and méke the follow

nitions for

M

lewn, lema’

Migmn, 20mn’ = M “m)

&

the matrix M:

— i
= M {?ﬁ) ne

!H'?
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A - ,
;\”‘Zomm lemy =M im)ﬁa‘

N

Mosmn, 20me’

=M

After rearranging the uatrices we get the T matrices

-
QF “r"l -i-? 1 T 5,.:);;.} . "_‘;("} 1,, ....T,_
,- 1} = T .T i and 3 } b !""“T; T‘*{

for the orthogonal and parallell pclariz

order to reduce the

ing transformation.

M-Qm)
M U"")rm
M (m)hn'

M y(!ﬁ)nﬁ

Ve row turn

T matrix-is

: ==»ﬁ¢}(yn)

Sesn

ah-1, an?
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to the case of infinitely conducting bodies.

expressed by Q maitrices as

number of matrix indices we make the

It is

We treat the ortho-

the T matrix for one pola rization we can easily transform

ng defi-

ations respectively.

Tollow—

The

o

(1.15)

(1.36)
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S is the surface of the body and the first e rgament in Q tells
wpnether the function associated with the left index is irregular
5 = -2 .
regular (%f L o Re?%’,n)_and Lluil rly for the second argu-
i !

-

+ calculations show that

s

ment and the right index. Explic

A L

-~ Q (1.18)

e

Q=1
- Q°

and
Q (1.19)

= o Ee . e 2 . 5 T T .
The explicit expressions for § and § are given in Appendix 1.
In general Q{Re,Re) is symmetric. Further,if the z-y plane is

- .1 ‘! LA o ?- ~
a plane of symmstry we have thg: 0 when n+n’ 3g odd and th, =

A% AEa:

when n+n’ iIs even. The spheroid shsped bodies have symmetric

Q(Out,u,) and mirror symmetr“ 1“ the spheroid exes intersect at the
fach that infinitely conducting

bodies are lossless 1s reflected in the following two relations

for the T matrix.

s
T=T* (t is transpds
T‘f‘T =-Re T (t is Fermite conjugation) (1.21)

{1.20)
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These relations can be used as subsidiary conditions by which a
direct igversion of Q(0Outl,Re) can be avoided. The procedure which
is called orthogonalization is described in Ref. [1] and is very
importent because the procedure with direct inversion of Q(Out,Re)
has to be perfcrmed with double dimension compered to the other
cne in order e obtain bthe same numerical accuracy. in the numer-
ical tiuncations of Q we need a dimension NA2KA ~, where a is

the radins of the smallest sphere civcumscribing the body, in



the orthogonalization procedure. The homogeneous dielectric

bodies can be treated in the same way as the infinitely conduc-

ting bodies, although cne then has a more complicated § matlrii.

We now have
is g, outs
é i

given Ly

CQ(Ou%)RE}@

I i

“the v

1de and

"‘(" i ez
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By keeping 5} 1 = 52/

the relative dielectric constants, and taking iim L.

T
*.

we ge

by the surface S

i

inside the surfaceggi

- 5
=k (5 [(vx

Moo= i %
,2' U F) x(Vx Be vy, (k, 7))

'y

wave vectorz k., and k. outside respectively
=8

J]

of the bedy. The relative permeability

Y inside the surface. The matrix Q is

N

~
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(i P te ik
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) ) R .
2 (thus k1 = k?), where the £ :s are

“the Q matrix for the infinitely conducting body bounded

In order to avoid duplicate operaticns we

partition the matrices Q n the following. way

[
i

"Ann’

2 .

O\rm' N ;‘a “nyt
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The explicit

When k1 = k2

bR

a

ki
M2 D

.? ht,
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¥ k, oy

3 - I
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y k:
Q'rm’ ‘[{; D

Fiks ,
fviﬁ<7 hi ,

expressions for A, B, C and D are given in Appendix I.

and }/1

tollovwing relations:

flg the Q matricos have to fulfill the

f“'{"e,f’%} foOuE,OuC)m 4, {1.2L)
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For real k. the matrices Q(Re, Re), Q{out,Re) and Q(Re, out)

have the same real part while Q{out, out) and Q(out, Re) +
h

+ G(Re, out) have the same imaginary part. The orthogonalina-

5

tion procedure 1s

o

1lso well suited for lossless (i.e. real kj)
homogeneocus dielectric bodies. By a muitilayered scatberer we
nean a body consisting of several layers, each of vhich has

constant electric and magnetic properties 'and which conse-

éuﬁiveiy enclose each other. Consider a body with N surfaces,
as depicted in Fig. 1, separating layeirs with constan? proper—
ties.  If the surface Si_ouﬁside the surface S; . can be sepa-

oLy

rated by a spherical shell, with centre at origin, we can ap

or the different T matrices

)

the following iteration formuls

¢

T(i) for the lavered object whose ouler surface is Si. {(The

[uR

T matrix T(1) is defined as a relaiion between the coefificients

of the reguler end irregulsr functions.)

Ti~g=-[Q

I

«

| e=1 Y
(Re,Re)+ Q7 (Re,0ut) Tti)] %

vhere @  i1s the Q matrix of the surface Si' Thus starting with
the T matrix T(I) for {he homogeneous innermost body (which

alse can be infinitely conducting) inside the surface S, snd
N

R

the @ matrices of the surface S appiying the formula (1.2€)

N1
N-1 times we finally obhtain the T matrix T(1) of the whole malti-

layered body. The orthogonalization procedure can be used to

obtain the T matrices T{i) &s long as the layers inside S, _, are
.

iossless. Consider a coniiguration of two bedies as depicted
in Fig. 2. The bedies have their T mabriceg Ti agssociated

to the local coordinate systems with cenitre at 0. within the
L

podies. The ccordinate systems with centre at Oi are piure trans-



lations & distance a of the original one with center at 0.

& "’”n ) . 3 . O 4 e
[f the radius veetor ri Trom Qi to the surface Si fulfill the
5 dilend ’/< P """r YA w4 o e d S i o .
relation ry ‘3aj -a.l . 1,2=21%]3=1,2we gel the fcllowing
- A4

formila for the total T matrix of the configuration.
e ST T T oy T
T-—~ZR’CL I (1= TR +80 T, T 3) T )+

2=k Hi=1,2 Ly (1.27)
g o A
a0 Ty RIE-EHR(E,)

I+ T2,

where R and § are the translation matrices for the basis

-3

functions as defined by:

-5 el o]
(Cy) RE. y/ "'V?) ’(!‘OV el (1.29)
t

we aiso have

‘, i
%,. -u)"‘Z R, )\,/‘m,(if) 'fO" F>q (1.30)

I
The matrices R and ¥  are given, for translations aloag the

z-axis, in the Appendix I. The precseding resvlts can b2 com-

bined to the case of an arbitrary number of bodies.

. )
1t T,#0  then T”*R(Qf}T Rﬁl?} (1.31)
Thls is just the formula for the transfor rmation of T, which

1
is referred to origin Oi,tb the corresponding matrix T, which is

maxy

] is the radaius of the smallest

referred to origin 0. If r

sphere , with centre. at origin (., circumscribing the body:1

13

(body 2 is removed c.f. Fig. 3), we have an expansion sbout 0

1
4 4 St ] <] [, max e .n( 'I ) > e & s -
as in (7.2) valid for r,> r, . Here £ ' ' are given in terms
1 1 i
G s - o : . A
cf a, , both referred to G, by T The T matrix T gives another

(541 ‘ 4 1.



expanzion , with cosfficients £, and &, about 0 wvalid

1 max . : A o e
where r is the radius of the smalliest sphere, with

for r » ¥
centre at 0, circumscribing the body 1. It it clear tkat by such
transformations we cen obtain the field at sny point cutside the
convex pert of the surface Si, Tn order to obtain the field at
points just culside the concave part of the body wz have to mske

an expaznsion in terums of regular functioms about an origin 0

tside the body o
el T r P'@3

5§ e LTEY .,_-? R
G 3 ] & 4 e
)= Re t &k?") = Fe ot (1.32)
' w19 i . i
. i . . ey mr L. ¥
This expansion is valid for r < r» (see ¥ig. 4) where g

¥ Y

row is the radius of the greabest spherc; with centre et 0, and

. 5 o s ; e ; " Jyeg .
not intersecting the interior of the body. hHowever now Ir1g 18
1

,:.-'

TRREY ey oy . .
=T T R(&) & for (1.

L)

jos]
——

% i :
(Instead of '§“*R{«J k { 17 o as in the other cage.)

In the numerical trestment of (1.27) it is important to noiice

[¢]

that it is not only the radius. r1 * of the two smallest spheres,

circumscribing the resp. hodies and with centpre at O . which determin

do

the dimension needed. The distance between the bodics also plays
an escential role and the dimension K of the matrix T is given by
- o~y wdn i ma
== S
Nz 2lk|d, c:.zg s mex ]

The formula (1.27). consists of two texrms, 1 = 1 and 2 where the

term 1 = 1V corresponds to all those waves which are scattered in
81l possible combinations between the bodies and then scattered the

last time from body ne 1, and similarly for i = 2. The matrix

-1 A = A )
irw’£&} s F)nwv (c) > for large < {C”Cli) . This

mekes the von Neuman series expansion of the inverses. in (1.27)

bl : o L . 8T : I o> i ™ { pe
raplqu convcrgenu, The Iimit value of T becomes ,R{qﬁljfoIQT} d

qr‘; . v I 8 =X =3
6;47‘5\{u for large separabtion. (l.e. large {a1 - ??i)



For intermediste separations it can be preferable to use only

a few terms in the von Neuman series. This means that the

5

important centributicn comes from the first few waltiple reflec—
tionus between the bodies. In some case it mey be preferable

to use the result of the translation -operators cperation om

the basi%fuuctions and the plane wave coefficients.  Oae such

case 1s when one wants to calculate the far field for plane

1
:;J
Ci
s
=]
53
—~
QY
N
3
=
[0}

vave scattering using the T matrix TO
asymptotic behaviour of the basis functions gives the follcwing

relation:

4
Vi
« 5 S al
. F-t A"> & A A - ) I
The plane wave [E = = where A 35 a constant vector
. . . X . IE [.Z_-_-_ % oA "}e f,‘?
defining the polarization, has the expansicn I& \¢F,f\ Yn
Hal
~3 . 5
This gives §§e¥relg§1on (A is unaffected by transiation and
LS T .7 o
Ciker_ eke Ty o B8 o & o
= U it s 1« o f_*: ):
¢ TP e

Used together these two simplifications give
o Y
- Lo, 2 e
/S.., L e P chk-k:f}o“‘ —=T -
E=y T,a®¢t W T, QG for rexc
vhich of course is cof great importance in the numerical

computation of scattering amplitudes.

(1.36)



IT. Deseripticn of the coppuber vrogram

we assouliate

ds
f i
b
4
=y

in the sysgbtem are gevern Malnroutines whil

with the following symbols.

T-00 computes the T metrix of an Pinitely conducting body.
Q-D computes @ matrices for a dielectric body.
a1 computes, for given Q matrices, the T matrix for a homo-

geneous dielectric body.

Q,T-71 (omLut 5, for given Q and T' matrices, T matrices for

o
N
.

layered bodies by means of the iteratica procedurs in (1.7

T1,T2- tes, for given sgingle body T matrices, ihe total

]
0
B
=]
o
I
¢
m

T matrix of a twc body sestterar.

!

T-T computes, for given T watrix, the translated T matrixz.
BSIS computes the scattered field by meane of I mabtrix and

[}
O
[©)]
=y
]
rJ
O
'n
5
r.@.
C
R
i..: .
in
o
(o]
=]
'_I
]
L]
4
H
AV
=
]
O

These rowbines can be nused together as follows by Fig. £. FRouhines
. 5 : e }I
called hy the Mawroullnes ars:

BESSFL  computes the spherical Bessel function for real argument.

CBESS computes the spheriecal Bessel functicn for camplex argument.
BN computes the spherical Neuwwsn function for real argurent.
CBN computes the spherical Weuman function for

IBG compubtes the associated Legendre polynom.

TRI XS LUmyUt s the three-j symbol for m3 equal to zero.

VPST computes the basgis functions.
VKORT computes the plane wave coefTicients.
VR computes the translation matrices.

The following routines perform some matrix operations.

MCHV inverts a complex matrix
COND conditions Q matrices in the gense of Walerman.
ORTHO orthogenalizes § matrices,

PERFT computes, by the orthogoneliization procedurs, T matri



in the numerical

o the body.

TRCIRC a circele with cenbre cn the z-axis.

LiNE- a line

ELLIPS an ellins with centre at origin and one axis slong the

TRELLI  an ellips with centke on and one axis parallell with
the z—axis.

Spnere-cone—sphere 1g a combination of routines which generates

the sphere-cone-sphere shope.

The following rouwtine computes the en

the various secticn

2

2

# . P S
iM o conmposed figures.

0

&

SPCOSF  for & sphare-cone—sphere with the z-axis as axis of rota-

tional symmetry.
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T-00 rrogram

The M&ia&outine T-0C whieh computes the T matrix for an infinitely

conducting body has the fcllowing input parameters.

NRISK, NTRIX and NEND (integers) are parameters used for the

1

faclorials FOT (k+1)
{low, see TRIXJ.
NR (integer) is helf the dimension of the Q matrices and is chosen

is the radius of the

[

as NR 2 ka where k is the wave vector and
smailest around the body circumseribed sphere, with centre at
origii.

(integer) iz the polarization index which is G for orthogonal
and 1 for parallell polarimstion.
ISYN (integer) is the symmetri parzmefer and
I”vuwb {or no svametry {other than the rotetional)
ISYM=1 for mirror symwme bry in the x-y plans and
I8YM=2 for ellipsoid "symmetry". (i.e. for ellipsoids with center
in.origin).
K1 (real ¥ 8) is the wavevector.
A, B, C, D, E, F and G (real ¥ 8) are body size varsmetsis which
are given values according to the type of body (See the routines

I'or body shape.).

k! (FOT real % 8) in order to aveid over—

NSECT (integer) is the number of sectiocns in the numerical integra-—

tion choosen according to the different sections which the body is
constructed of.

NDLTH(I) (integer) is the nurber of integration intervals in the
numerical integration in section number I. Obeerve that NDLIH(T)
has be divisible by four

THETAT (real % 8), in radians, is the endpoint arnd starting peoius



respectively for the numericsl integralion in seclion I resp.

I+1.

O
)
i
Q
=]
ot
B
e
0]
52]

After 41 continue the routine or syshen which generates
the body shape are called.

The various fields are dimensioned as follows

NDLTH and CDH are vectors of dimensicn NIECT,

PN is a vector of dimsnsion NR ¢ 1.

X and Y are vectors of dimension 2-HR.

AR, AT, BR and BI are matrices of dimension NR.

T, RE and IM are matrices of dimension 2-¥R.

TN is a matrix of the the type(¥R+1}x 2-Nk x 2-HR.

The rowutine uses the subroutines BESEEL, BN and IEG to compute

1 & r
: a S . -
the transpose of Q  and @ by mesns of the Simpsonfs Tormmia,

in Apnendix I, for the numerical integration. The subroutine
calle the conditioning routine CCND and orvthogonalization routine

ORTHO and computes the T matrix U (1) called T in the progran.

1 lohe “i:- i) i th YT an i = & ol le ,Ei Y . 1
The matriz TN 1n the program 1s the Jleciion of all B + 9
= . . o - N
T () matrices. That is TN{(m + 1, I,J; = 1 (m;T.J, The routine
s

separates the real and imaginary parts of all matrices except the

matrices T and ‘TN. Thus AR resp. Al are ithe real resp. imaginary

. . i . . .
‘part of § (cut, Re) -and BR resp. BI are the real resp. imaginary

. z2 s _ . .
parts of Q (out, Re)". Furthermore RE resp. IM are the real resp.

- -+
imaginary part of Q(out, Re)” .

o



The Ma‘nrcutine O-D which computes the § watrices for

(
bodies hasz the following inpubt paramelers:

NRISK, HTRIX and NZND (integers, are perameters vsed for the facto-
rials FCT (k+1) = k! (FCT real ¥ 8) in order to avoid cverilow,
see TRIXJ.

NR (integer} is half the dimension of the Q matrices and is chosen
as NRz E{kkl for a homogeneous body. Here k 1c the complex
wave veclcr ovtside the surface and 2 ig the radius of the smellest

around the body circumseribed sphere, with centre at origin, when

a direct inversion of Qout, Re) is assumad.

NP (integer) is the polarization index which is C for crihogonal

LAY (dnteger) is a parametsr which is © for homogeneocus bhodie
{only Q(Re, Re) and Q(out, Re) are computed) and 1 for lsyered

bodies (Q(Re, out) and Q(out, out) are also computed).
PMY1 and IPMY2 (real % 8) are the relative permeabilities ocubside

K1 (complex 2% 16) is the complex wave vector outside the surface.

NIND and KAFPA (real % &) are parameters which determine the

complex wave vector K2 (complex % 16) inside the surface in the

following way: K2 = NIND-(1 + 3-XKaPPA)-K1 (1 is the imaginery
?

unit with i =-1).  Observe that we always have InkK2 2 0!

size parameters which

o5 ]
—
2]
[C]
Ay
bt
- 4
co
(4]
H
]
o’
(o}
jor}
<

A, B, C, D, E, F and
are given vaiues according to body (see the roulines for body shape)
NSECT (integer) is the number »f sections in the numerical integra-

ticn choosen according o the different sections of which the boady

s constructed.

ta



t'D

NDLTE(I) (integer) ig the nwmber of integratlon intervalls in the
o o

nurerical integration in section number I. Observe that NDLTE(I)
has to be divisible by Tour!t

1.5 the endpoint and starting point

THETAL(real % 8), in radians, i
respectively for the numerical integration in section I resp.
I+ 1.

After U1 continue tbhe routine or system of routines which generabes

the body shape are called.

The various fields are dimensioned as foll
NDLTH and CDH are vectors eof dimension NGECT.
PN is o vechtor of dimensicn NR -+ 2.

X1, Yi, X2, Y2 are vectors of dimension HR + 1,
ARR, ACR, ARG, ACO, BRR, BOR, BRO, BOO, CRR, COR, CRO, COG, DRER,
DRO, D00 sre matrices of dimension HNR.

Q is & matrix of dimension 2<NR.

he rovtine uses the subroutines CBES3, CBN and LEG to coumpute the

DOR,

matrices A, B, C and D, which are defined in .(1.23) and called ARR,

d

AOR etc. in the program (ARR = A(Re, Re), AOR = Al{out, Re) ete.)

Simpson's formala, which is given in Appendix I, is used for the
numerical integration. These matrices are then used to compute
the matrices Q{m) which ave stored on a tdpe. TIf LAY = O the
matrices Q(Re, Re, m) and Q(out, Re, m) are stored on one tape (21

in the following order:

a(Re, Re, 0), Q(out, Re, 0), Q(Re, ke,

Q{Re, Re, 2), Glout, Re, 2},..0vcven.. Q(out, Re, m ) If LAY =

the metrices Q(Re, out, m) amd Q{out, out, m) are stored on an

)



additional tepe (22) in the following order:

QiRe, out, 0), Qlcut, out, Q) out, 1), Qlout, out, 1),

by

The matrix Q in the

o

Q{Re, out, 2},..0.0.... .,Qf0ut, out,

program is used Tor & R



The Mainroutine Q-T which computes T malrices
I

dielectric bodies has the input parameter

for homogeneous

NR-(integer) which is half the dimension of the Q matrices.

;The various fields are dimensioned as follows.
‘,’\»

LI, and MM are vectors of dimensicn 2¢NR.
QRE and QOR are matrices of dimension 2-NR.
TN iz a matrix of the type(NR+1}y Z*NR x 2-NR.

The routine rezds Q{Re, Re, m) and Q{out, Re,

2]

By means of the inw

r) frem a tape.

ion procedure MOV the collection of the

T(m) metrices,which is called TN in the program, is computed.

That is TW(x + i, I, J3) = T(m)
1,7



L

N

_ . ! . P ™ d . L 3
The Meinroutine G, T-T which computes T matrices for

bodics hasz the inpul parame

NR(integer) which is half the dimension of the Q end T matrice
The vericus fields are dimen
Ll and MM are vectors of dimer

Q1, @2, Q3 and T are matrice

TH is & matrixz of the type

eteyp

n

1 a

and 9(0ut, Re, m) from the fi

—

1sioned as follows,

5 D
S INDL e

dimension £-NR

st

tape (21), G(Re, out, m) and Qlout, cut, m) from the secoand teps

o

T

melrices, slso called
The collecticn of the resul

3 .. SO S &
progrexm. Thneat 1s TH(m+d, I

(22) amd T(m), called T in the program, from th

By mesns of the-inversion procedure MCHV

= T{m

-

D
cT
s
-
e
=~
~
£
i
N
i}
0]
—~

the resulting T{m)

m) matrices is called TH in

A3

I1. 8"

in the program, szre computed by formoia



TN is a matrix of the t;pe(- +

! = o
The Mwl routine T, TE—T wiich compultes the total T matrix for
i .

two bodies has the following input parameters.

NRISK, WTRIX and NEND (inteéers} are parsmeters used for the
factorials FCT(k+1)= K! (FCT real % &) in order to avoid over-—
flow, sece TRIXJ.

ND (integer) is the dimension of the E%(mj watirices.

LP (integer) is the polarizalion index which is O for orthogonal
and .1 for parallell polar tion.

SEP (real % 8) -is the wave vector timoy the dis stance hetwesn

the origins to which the T matrices of the two bBodies are related.
: o

Body number one with T ma.trix,'l"1 is situated at =z z'mS?waave vectlor
on the negative z—axis and vody number twe with T matrix To is
2
situsted at z = +SEP/wave vector on the positive z-axis.
The varicus Tields are dimfn”icned as follcws,
LL and MM are vectors of dimension HD.
X1, X2, Y1 and Y2 sre vectors of dimension D + 1.
Ri, R2, R3, B4, AT1, AT2, BT1, BI2, T, REY, RETT , TRAN, T1 and T2

are matrices of dimension HD.

- WD x HD.
The T matrices E,(m) reép. (m) of bodies number 1 resp. 2, called
T1 resp. T2 in the program, are read én tape {21) and tape (22)
respectively. By means of the translatiocn matrices computed by

the routine VR and the inversion procedure MCNV the total T matrix
T(m), called T in the program, is computed by formula (1.27).

The collection of the matrices E(m) is called TH in the program.

That is TN(mt1, I,J) that the subroutine VR calls

the subrcutines BESSEL and BN as well as the function TRIXJ.



Y

m

The Mai r ubine T-T which computes

giver T matrix has the fullowing

NRISK, NTRIX ard NEKD (intzzers)

factorials PO + 1) = Ki (FCT

S
overficw,

ND (integer) is the dimersion of

NP (inmteger) is the polarization 3
1 for orthogonal pelarizabion.

TR (real % 8) 1s the wave vecior

the

vranslated T matri

input poreametars.

Sy o

Lo

paremsters used fer

reel

thwe

=+ 8) in order to avoid

the T{(m) matrix.

wAa

incex

which is O for par:

times the transletion

. TR (positive) is defined

in suck a way that

resultaet T matrix refers to & ccordinate system which 1

lell tremslation TR/vwave vector

original one.

i

TN is a matrix of +the type{ﬁ* +
5

The routine reads the collection

called TN in the program. That iz T

<

mesns of the regular translation matrices

the translation of T(m), which

puted. The collection of the resultin

in the program. Observe that the

r.

in

T, R1, R2, R3 and R4 are matrices

T)X N

the

regative n—direction o

ed as follous.

il

of the "\m) matrices, which is

ub

{m+1, I,J) = T(m

.
i

alled by subr

’I,J

cutine VR

e
-3
—~
=1
S’
e
0
Y
| |
v
[0}
3
@
‘._l
o
21
3

outine VR calls the

BESCEL and BN ag well as the function TRINT.



PSIE progren

The Main?outine PSIS which computes ths scattered field has the
£

followving input psrametors.

NRISK, NTRIX ard NEND (iniegers) aré.parameters used for the

factorials PO k+L) = KR! (¥FCT veal ¥ 8) in order to aveid over-—

flow, see TRIXJ.

NP (integer) is the polariszation index which is 0 for orthogonal

and 1 for parallell polarizetion.

NPCHAN (integer) is a parameter which fer the value O has no

influerce on the computatica. If one has computed the T mabrix

for the other pclarization (i.e. cther than the before given

value of NP) it is nacessary to give NPCHAN the value 1. This

will transform the T matrix used in the program to the one with

D (integer) is the dimension of the T{w) matrix.
NB (integer) is a parameter used in the gubroutine VPSI whie

computes the basis functions,

et

N N
kreexp(-ikr) %ﬂﬂ is computed.

I NB = 1 then
If NR = 2 then Re 9%& is ccmputed.
% g - -
If NB = 3 then %/ 1s computed.
In

KV (real % 8) is the wave vestor,

BHETA (real 3 8) is the pclar angle, in radians, of the wave
vector of the incoming plane wave

BHETAD (resl % 8) is the angle BHETZ in degrzes.

DIST {real % &) is the wave vector times thes radius to the
obcervetion point .

1 radians, to the cbserva-

TRETA (real ¥ &) is the nclar angle,

tion peint.



THEPAD (real 3¢ 8) is the aagle THETA in degrees
g 8

'\(l

FHI {real % 8) is the szzimut angle, in radisns, to the cbserve-
tion point.
FHID (real % 8) is the angle FUI in degrees.
The varlcug Ticlds are dimensioned as follows.
PN, X and Y are vectors of dimension ;*~v 2.
AP, TEXP, PSIR, P3ITH, and PSIFH are vectors of dimension D,
ND )

™ is a2 matrix of the tyﬁe(;—-+ ljx ND z ND.

The program reads the ccllecticu of the matrices T(m) which is

called TN <in the program. That is TH(m + 1, I,J) = T(m) -
- ’L

After calling the subroutines VKOEF aud VPSI the plane wave

coeffizients resp Tasis functions are computed. FEXP corres-

pond to-the expansion coefficients © f{or the scattered wave.
FExp(r) =2 T(m) a. where a. is after
EXF(I) =2, 1,7 % 7

C.)

having performed the same btransformation 2s in the definition of

Lo Sy R o A -~

T(aa}. PAIR, PSITH resp. F3IFH are the r, 3 resp. W components
5 s |
'T"U'.\\ £ gl\ b 3‘!’( 2,'/"}]-_-‘;
Uy 3 Fa > WES
. of LR& Jql which also s transformed like the plane wave

B
L IS

icients. P1 resp. P2 are the 8 resp. @ components of the
v
s > g e ; -
frelid W multiplied by ki « exp(-ikr) when WB=1., Thess two
A
"smplitudes' defines the scattered far field completely and can

pe used for olher computations as well.



ITb. The subrovtines and functions

Subrouting BESSEL computes a svherical Bessel-function of given order

and (9’.1. vea reel a""”Ji&ean The rcutine uses tne series expane ion

& : }& (ﬁ-z«-‘i
. @, =1 .=
KRN T}”'.'" oo 0 ‘ ¢ ?.’(Zn +U.L"~‘T)}
ela

This series 13 sumaed up at most Lo 10% terms or until the r

20

. . . = . a5 8 . - I
contributicn is less than or egual to 10 . If after the eaddi- -
ticn of the 101:st term the relative conbtribution 1s grester than

3

) will be given the value 1,

=

¢ the error parameter (intege
instead of O, and ERROR IN SUM OF BESSEL will printed. The routine
is used as follows: BESSEL (n, x, jn(x),.errcr parameter). . Sub-
routine BY computes two vectors where tlie elements are the sphe-

rical Bersel ard Neuman Ffunctions respe

argument =nd varying order up to one unit less than a glven mng-
ber. The routine calls subroubine BESSIDL to obtain the two Bessel
functionsz of highest order necded. The rccurrence relation

-1
()= {2n+1) X -iinzjx}

for the two kinds of sphervical Tunciions iz used to generate the

r \ T
SO B
h"‘? |n+‘?
Besgel Ffuactions of lower order. The rouisine starts with j {X)z**";“‘
0 X
o . Sth /£

b (X) e+ 2tk and vses the recurrence relation to gene-
rate the remaining Neuman functions up to the same ovder as the
Bessel functions. From the Wronskisn for the two kinds of sphe-
rical functions it is possible to construct twe tests for the.
functions:

& F.4 ) l‘l
Fer Bessel functions: A 53)ﬁ0(&}"}a/{}ﬂ iX) = A
. v

For Neupan funchions: } )
Jh



where N is the higgest order used. There two tests are used

in the rovtinss T=00, VE and VPSI. Cbserve that the resu

Lalhls =

e

fields of BN hus the dimesgion ¥ + 1 which also is an iaput pars-
meter of BN. Tne routine 1s uced as follows:

BN{x,N-ﬁ,{jﬁzx),jgx}

4 R
The subrcutines CBESS resp. CBN are like the czubroutines BESSEL

resp. BN with the exception that the argument cof the two kinds

of Bessel functicns is complex. The test for complex Bessel

functions is performed 2n the routiase Q-D,



Subroutine LEC cemputes a vector

where the elements are tha

associated lLegendre functions for given argument and azimu

index and for varying order up to cne ualt less than & given

nunber. The routihe uses the formla:

" omi! (1=
P (x) = LB 1

and the recurrence relaticn

m -
PUx)=0 for {<wm

" - q ¥ W
PRy = (n-m) ((2a-0x B ()= (nem-1) £~ (x))

Observe that the resultiug field

which algo-is an input parameter.

i P “
LEG{®,m, nmxﬁ‘,{ﬁa

o 2

of TLEG has the dimension n + 1
max

The rouvtine i1s used as follows:

- 4
e, FEF . . lg”"t ¢
58), {7 {cos8) / /)]



Function TRILT computes the Wigner 3-3 symbol for four parassiers.

The routine uses the Wigner formula. The cosnection te the 3-]

pra
Leof
" A
prs
[ |
Pt S
[
3
5
Tt
ﬁg’ P}
L,
tat
-~
A
~
3
T

r
[ ;
, CTFV’IL.)::\\ o D

where FCT is the factorials of integers storsd ss a vector (veT

=t
2
=
—
2y
+
el
~—
1

= k! for kx +1 £ N

) +
O "dfork+ 12 N+

o

v
—
o
e’
i
>
»
-

T

The routine TRIXJ has two different error indications. One indi-

i<z

e

cation "Error in argument of 3-3" ig givern if the following

not sabisfied:

hY - Is Y
1) the arguments are even, (The -5 and m~s).
Y < ;1 -

2; J}.’f !ﬁl' s gQL 51"‘2

is given no value at all and the whols pregram will stop.



Subioutine VPZI which compiites the basis functions has the
following ipput varsmeters.

1 wave voecbor tin the radius vector

Lod

2
o
£

RAD (real ¥ 8) is
to the observation point.

THETA (real 3 &) is the polar angie, in radius, to the chser-
vatlion voinb.

FHI (real ¥ 8) is the azimut angle, in radiaans, to the ohser-
vation point.

NP (integer) is the polarization irdex which is 0 for crihogornal
and 1 for parallell polerization.

NB (integer) is a parameter for choice of cind of basis funchion.

\(. ‘ ¥, ..;;
B = 1 givesrRAD-ex {~i 'RApl'F .
—
i 3 ‘e
NB = gives Re AL,
o
-

NB = 3 gives W
M (integer) is the azimutindex
ND (integer) is the dimcnzion of the T{w) matrices.
. ) A A
The oulput PSIR, PRITH resp. PSIFH cre the p, € reso.

componarts of the basis funechtions which of course are trans-

formed in the same way as the T{m) matricecs

.

=3

PN, U and V are auxiliary fields FTor the storage of ILegendre

o)
]

polynomials and spherical Rescel functions.
The variovs fields are dimensioned as follows.
PSIR, PSITH and P3IFH are vectors of dimenmsioan ND.

PN is & wechtor of dimzasion 2.

N!r
!
+

U, V are vectors of dimension %~ + o1,

I

The routines LEG, BESSEL and BN sre called when NB = 2 or 3.

27

Vhen NB = 1 cnly the routire LEG is calied.






/ A + '
cee R(CZz. M),

10n maty

renalat

+
b

v

b

;

i

i
S

vie

"y
B

onn

r
o

EN
£ 1
@) B [
g [ i @
N () & > 3
G 3 P L (]
ja > . 0 )
3 WD & ~i ]
4 B> e o) o= 3
~— v 4= -
= oo - @
W 0] 3 [
o ® O [
g 2y " =5 i
D +5 s =]
S 5 : o 4
o Ui 5 & o] =
o~ ) -4
= oot 0 o
o © e o @
%) s = @
= < g rm =
= e - o [ea
W iy 3
+2 -
[ (6] G o3
= ¢!
] et 3 ]
L A w S . 0 o
Sl + 4 o ul S A
[t} = ] 4 H
O © © 42
o} [ o . Wit 9] 0
o 74 ] b =
& i L 5} 49 e @
5 O 12 it &
2 o i < = o 0
(] (37} ! e B ]
= BR szl D i =t
b 0 4 + A3 o e
4 o i) o +2 - 12
SIS R i T
Oy 0] o G- Il a3
< [@F] [N O o3 =
+2 O a3 fis] [
o i [} &
jw il -2 ) [} < 0] -
] B o = e [ 0
o b + 5] o il w0
0] 2] B = U O
o G e & o) T o @ v
¢ o I R - - B~
8y — gt
& + = = e o] b U
*r @ o T =
Q EG U D @ - <
A3 3 0] £ o 3 o=t 43
4} + - © g 4 - ~ =
e fae I d dy 6]
i 1y, et r = 0 >4 B B
= i — b st e
= o S n [} @
as L 2N o] = T & =
< kg b = = 2 +2 =4

o) o

TRI2



Subroutine MCHV inverts a given comulex matriz. The roubine

vses the standard Gausg-Jdordasn metnod. When the routine i

L1

calied it destroys the given motrii and storss the ele
the inverse in the storage wherce the given matriz was stored

before. The deberminant is computed. One has to give the

-

dimension of the matrix a2z well 25 to msks area for two auxili-

=

ary vectors of the same dimwension but with inbeger elements.
The rcutine ig used as Follows. MANV (metrix, dimensicn,

detercinant, i, avxiliary vector).




. -
5 ¥ 3 I S e ¥ " B, il - a1 eata e
resp  imaginery parts of Jiout, Re) in bhe cethogonaiisetion
procedure hias the following input i
M (integer) ls the azimvut index.
';'.\" .

Jimension of the 2 mairices

Lie
w
cx
ks
¢]

ND (integer )
The metrices RE wod IM Wave dimenszion AD.

{hoth reai X &) gre the r

m
o
o
=
[®]
r.v:
]
.
—_—
=
m



Subreoutine ORTHC which orthegenalizes the conditioned

métrices the real and imaginary ovarts resp. of E(Oqtﬁ 79)? has
the.fol}owing input parawmsters.

M (integer) is the azimut index.

ND (integer) is the dimension of the.a natrices.

The fields are dimensioned as follows

X ang Y are lLary vectors of dlm‘nflbﬂ KD,

RE and IM are matrices of dimension ND

The matrices RE and IM are tlhe condibioned real and imaginary

- .. t . - . .
parts resp. of Q(out, Rz) ws input. The orthogonalized matrices
are also called RE snd IM in the reutine. The rousine vorks

as described in Ref J



Subroutine PERYT which

WP (integer) is the polarization iadex whiel is O for orthogonal

larization.

=
=
[
e)
[
3
©
B
o
I.._I
L_.v
l__l
=
e}
o}

ol

WE (integer; is half the dimencicn of tne Q(m) matrices.

LR, AT, BR and EI arc matrics
T, RE and LM are wmatrices of dimension ND,

The matrices LR, AL, BR -and BI arc tae real part of @ (ouh, Re) ,

a3
"y
i
il

the imaginary part of Q'(out, Re) , +he resl porc of @ (o

: . . ) L2 .
and the imagioary part of @ (Out, Re; as inpub.

These mabrices are used to compute ER and IM (i.e. the

OJ

RE and 1M mabtrices are conditioned

and orthogonelizeld. Finelly

the T{m) matrices (complex % 16),

computcd by RE amd IM (of course
that we could have separated real and imaginary partis of T{(m) zlsc,

thus not introducing complex numbers.



’ w - : , dr , . , ,
Subroutine LIAE couputes r{f) and 3= for a line. The angle 8

iz the poler angle {(reasuvred [rom the z-axis). The vould

the following

THETA (real % ) is the polar angle, in radians.

-, )

WIP {integer) is a parameter which has the values +1 and ~1 and
dz
34

s i SEEE Y g . ;- ; -
gives the value 2= of the line (considercd as a line in the x-2

<t

¢ {real ¥ 8) iz the s—coordinate of the intersecticn of the z—axis

and the line.

—
s
3
6]
4!
hel
.

The output R and DR (bothk real ¥ 8) are the corputed r(8

dr
da °
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TRCLES computes
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polar

. £ N : N . - Fod
lated Trowm thoe orlg

& =3 * - rod a > <3 k1
avgle imeasured from the z-axils;. The routine has the follow-

in

o

S snd CTH are sin resp. cos of the angle 2. (both real ¥ 8).
: N s : X . .
¢ {real % 8) is the z-cocrdinate of the center of the circle.

A (real ¢ 8) is the radivs of the circle.

Q. t~
B i



ey

Subroutine BLLIPS computes r(6) and

1 S 2B e & Z 1 5 N .
center ab the origin. The angle € 18 the polar angle (meas

from the z-axis). The routine bas tbe following input pareneters

STH and CTH are sin  resp. o3 of the angle 0 (both real

<

AZ is the length of the ellips half axis which lies on the

BEA iz the length of the other hali exis (rsal 3¢ 8).

The output R and DR {(both real ¥ 8) are the computed r(9)



-
di

- el 2 soas - L o3
Subroutine TRELLI comprtes r{(6) and =
de

for an ellips with

the cevter translated from the origin. The routine has the same
in and cutput as ELLIPS axcent C (real 3¢ &) which iz the

z~coordinate of the center of the ellips.



Sphere~cone-sphere,

The shape of & sphere~cone-sphere as  in Fig

2.

6 is penerated

by the subroutines TRCIRC and LINE using subrovtine SPCOSE to
C‘Ol‘lpuue the end-szud St@ru._‘xé p«’)l)l ot tbe three vections.

' A B 2 2 mae 711 1= - . 4

The body shape used 1n Ref. | 1) 1s well suited as g tent sur-

alsc went to give it in order to illustratve how to use a

site DLody shape. The body consists of & bilg

radius a abt the upper end of

Sin i+ Cosoc) . L SiRO (g 5ind) o .
i , Where g ~—— ~ e 12 conical
: fl 2(7"1‘5[,{(&1 ? =

. . o N LR o R
gsection starts with conmtirnucus = . At éhfe:ﬁuxvc%g T i
5 2 S i3 g Gl
* & i
the second spherical part, with radius pv= o~ | , starts

e QLK iy !

. . e _ . . . N )
also with continuous ?—- . The shepe of this body 1s not gener-
ce

eted by a single subroutine because of the speed of the coupuba-

tion. Anyhow, the above procedure is easy Lo use beceuse one

2 3 . i . %
only has to put 1n a few cards in the Mainprogram and define
/

8)

b4

the {ive parameters needed. The first perameter A (real
is the radius of the bigger sphere. The second parsmefer is

ALPHA the half coane angle (real ¥ 8)? in radians. Then follovs
NDLTH(I) the number of integration intervals in the three sections,
which 2l can be different but all has ©to be divisible hy four.

The cavds (as shown in Lppendix JI) A =.... DO to CDH{3) =....
shall be inserted before the card N = NRISK in the programs T-00

or @-0. The cards GO TG {1, 2, 3), ISECT to Ut CORTINUE shall be

inserted after card 41 CONTINUR in the programs T-00 or “—p



Subroutine SPCOST computes the endpoials of the HoAn
the traee sections ia the sphove-conz-zvherc. The routine
is used together with the roubtines TRCIEC and LINE (o zenerate

S 1n -

g

[0
L
.
Lt

o EN % D Tt T o
Npus pareresel’t

AITHA (real % 8) iz the half-angle of wthe conical section, in

A (reel 2 8) is the radius of the Ligger sphere, which always
is situated above the smaller sphere (on the z-axis).

The cut put THETA 1 (real 3% 8) is the eudpoint, in radisns, of
the first infegration (gection 1) which is over a part of the
igger epbers with radius A.

THETA'1 icg also starting point of the second integration

o

h halt cone an

[ % 29

e N Gl ot o g o R — e &
icn &) wnich 15 over the conical part vi

e

L
je)
iy

ALPHA,
THETA 2 (real 3¢ 8) is the end point, iu rvadians, of the second

integration, (section 2) and startin

0
1=
@]
fut}
B
or
o
h
cT
=
o
o+
=
=
a
[oF}
|}
o
fd
[$)
t

gration (azection 3) which is over a »zrt of the smaller sphere.
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Appendix T

The explicit expression for the basis functicns is,

l
¥ N /z ;{.) (..-?:’“- pﬂ/‘i -—5“”4“ 7 A fa );-'yg (’a:;si_ ’f?? I\\}
LF'I mmn*?{w )’/‘\St"f@’,‘h ?cacm@ "‘5-'1’7 T"Tbnmg{fn /
{ xﬂ \ g : ./ u/}
1 ;é7) #i A
= ' "cosmey
y/n 9 SX/Z ( & }H"?)” ~F 15 a’nquw +
a{ecmn mn e 000 g)
G)
”) /" # ¢ ‘ \
i _j__{@_ yzfr, )\ 9 /gm 108 m:j&’,"ff_} g Pm —~ Sty b rJZ f{;‘;“?
rOY e ("{;«Q no (Stnmg §7 "sing'n [cosmg) iy
Note the following relations.
’ n+ | M -
A S ‘; X | SS—— 4 ("\’:: — v !y\___ 7 "\
‘!:}'i (X) .—H"‘f (~‘ ) X Lﬁ\)\‘ X R .:'j e 4 {l J
4 d [:)’
no(X) = (-0) = X >>n
H 4 X ;

Here Zn is a spherical Bessel-Neuman— or Hankel function cr auvy linear

combinsation of these.
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Here igﬁ 15 the associated Legendre function as in Ref
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The orthogeonally and parallely polarized plane waves are
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The plane wave can be expanded
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The trengiation matrices for the basis functicn are given 1
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The Q matriz for infinitely conductiug bodies, with the z-axis as axis of
rotational symmetry, is given by {c.f. formuZa (i.1k4), (1.18) and (1.19)):
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The Q matrix for dielectric (lossy) bodies, with the z-axis as axis o
rotational symmetry, is given by (c.f. formula (1.1L) and (1.23)):
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For the numerical integrations we use the Simpson formula:

{

b
h 29 1 w27, -
a[?ﬁ‘xﬂ“- = 2o\ 7 Yo+ 32y, ¥ 12y, t S0y

_..( ) in. 7( ()
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where h = 3”/"% s N=HMm is the number of intervalls (divisible

N yé:f(awh) and (e{a,b},



The equation of a line, as in Fig. 7, 1s given by:

L Sente
Sin{gxe)

where 9 is-tbe'pola§éngle (measured from the z-axis). ¢ is the z—coordi-
nate of the intersection between the lirne and the z-axis. & is the
smaller angle between the line and the z-axis. The + sign is for nega-
tive slcpe and the ~sign is for positive siope (as curve in x-z plame)
The eguation of an ellips, with centre on the z-axis, as in Fig. 8, is

given by:
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vhere © is the polar angle (measured from the z-axis). ¢ is the z-coordi-
nate of the centre of the ellips. a is the half axes, along the z-axis.

b iz the half axes, orthogonal to the z-axis.
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25

T-00 PROGRAHM
DIMENSION NDLTHIA) ;CDH{ 4 sAR{S:5) sAT 4551 2BRIG .5
LR{LO 3o Y {10 s THiI0 10}y RE{ 10 10 IM{ 10, 10 TRI 6,10
DOUBLE PRECISION THETA,COMy DLYHSRMULS5TH, CTH /1
1+ CToWle NZ} WA s Wa oW 3AR AT +BR B s R I MyKi o Re DRy ALP
ITHETAL ¢ THETAZ; TRETAZ, THETA G E 1 36
COMEBLEX®1SH T ,TN
COMMUON/FAC /FCTIL100Y s NRISKeNTRIX
NAMEL IST/HE) /AR AL BRyBIeREIM: T
CALL UNSTAEL
PI = 4.0DC*DATAN{L.ODG)

2
4

t
fi.
fJ
BHA;

NRISK = 57
NTRIX = 32
NEND = 78

NR = §

NP = O

ISYM = ©

K1 = 0. 5D0

A = 1.0D0
NSECT = 1
NOLTH{L1Y = 192
THETAL = P}
COH{1l}) = THETAL/DFLOAT{NDLTH({1}}
N = NRISK

i = NVRIX

M = NEND-2

N1 = N-1i

DO 5 K = 1,100
FCTYIKY = .00
FCT{i} = 1.000
DO 5 K = 1M1
FSY{K+15 = FEV{KI#DFLOATIK Y

FLTINGL
D3 7 K =
FCY (11+2)
KD = ZxNR
NR1 = NMNR+1

DO 130 M1 = 1,sNR1

= 0.1 00%uLXFCY (N} HDFLOAT N
M

*

FiT£K+13*DFLﬂqT‘K*i3

=

H

M= Ml-~

MDD = M :
IF{M-EQs0Y MD = 1
DD 25 4 = 1:NR
‘DG 25 T = 1:hR
ARTL 94} = 0.000
Al{il,31 = 0.000
BR{I+dF = 0.0D0
BI{i.d? = 0. ODO

CONT INUE
THEYA = 0.000
Do @ fﬁECf * 1,
NYHETA = NDL THH
SLTH = COHUISEC
NFIX = 1

DO £9 K = L:NTHETA
IF{iK~1151s 31,32
CORNTINUE
SREUL = DLTH®Y
TE{ISEOT-RG L

3115515 PNIS I
3

pré*; .;TQ)IOY‘;ET
v Be e Do P



36

37

33
40

AT
Lie]

AT A
N e

GO YO 41
CONTINUE

IFIK-NTHETA)34,33,33

LONT INUE
SRMUL = DLYH®T7.0D0/722.5D0
IF{ISECT~-NSECTI40,89,89

NT INUE
GO TO (25:30+37:381:NFIX
CONTINUE
SRMUL = DLTH*32,000/22.5D0
NEIX = 2

G2 10 39
CONTINUE
SARMUL = DLTH*12.0D0/722.5D0
NFIR = 3
GG 7O 3¢
CONT INUE
SRMUJL = DLTH#3Z2.000722:5D0

"‘V‘l' HD 4

GoTO 3¢
CONY INUE
SRMUL = DLTH®L&.UDD/22.500
NFIX = 1
CONT IRUE
COMTINUE
THETA = THF*A*D‘YP
STH = DSIN{TRHEYA)
CtH = DLOS {THETF A2
CQLL LEGITHETA Mo NRL ,PN)
ONTIRUE
CAL. TROIR{STH: LTH; Co A R,y DR
KR = KL*R , )
DER = KI%DR & et
IF{K-EQ.1} GO 70O B2
CALL BN{KRyNRL #X:Y?}
B7= DADSIKR® FR*iF!”)“Y(l)-Xi»?V%'2?)“
CT= DARSIKRSKR%IXINRIIEY(NRI=X{NR}HY!IN
FF{DT=1.D~101143:468:45
CONTINLE
PRINT 42
FORMAT {70 ERROR IN BESSEL TESTY,
PRINT 4T, BT ISECLT K
FORMATIDZ25.15%,21 3}
L0 YTMU‘:
IF(CT=1.0~10152:52 .49
CSNT{NUL
PRINT 50
FOEMAT {#0 ERROR IN NEUMAN TEST ¥}
FRINT Ble CTSISECTeK
FLarmMaT{25:, 15, 21 3)
CoNy INUE
DO 88 I = MD-MR
O BB J = MI NR

1L = I+1
o= del

JFIMaEQe O) GO TO 74

IFCISYMWOT 0 ANDMOD T+, 2V aEQe O} 80

t0

Th



g4
88
&9
90

5

WL = DFLOAT {1+4J }4 CTH#PN(IL}*P\{JL) CFLOATL T 4+M)
CLJEHIFPNITL Y ¥ PN J)

W2 = KR¥KREX{I1}

W3 = Wlxu?

IFLISYMaNE.2) GO TO 71

IF{d~117207L4 71
CONT INUE

BITIL8) = BI{1.d
CONTINUE

IF{d =174, 732,73

YEPNL T EPN(JL1Y ~DF LOAT

JHSRMUL*KEI=Y (JL}/STH

CONTIMNUE

BRET ¢ Jdi = BR{I;IF+SRMULRWIEXT JL ) /SSTH

CONT INUE ,
IF{ISYMaGT oD« ANDLMOD{I#+J: 2 uNELO} GO YO &

Wad = KR¥{KR&EX{II=-DFLOATLLII®X{IL 1}

W5 = DFLOAYLT LI #DKRESTH&X{T 1)

Wl = PN(I’1*PN{J‘§4iN4*\DFLLA\fE*JT*(rTP’*Zifbu QAT{MEMYI4DFLOATY
TR ) XWSHROTH )

Wz = DFLOATI A &M %PNIT L =PRIV RIC THEKGHWS §

Y3 = DFLOAT{ LM iePNI T YA (DFLOAT(I sRI=PNLY i=-DFLCA T S RC THEPNL J1 1Y
IF{ISYNMNE-Z2)Y GO TO 81

iFlJ-1182481,81

CONT INUE

A f{Iedl = AT {IsJ34SRMULEIHI-W24WI Y (J1)/5TH
CONTINUE

IF{i-1}124s B3, 83

CONTI HUE

ARTI v} = ARET Y+ SRMULRIWI W2+ W2 EXLELI/STH

FSNI YM)\.

CONTIRUE

CUNTENUE

CORTIMUE

G092 I = Z4NR

JEND = I~-1

GO 91 J = isJEND

BR{Is3) = BR{J:I}

ARTIJ) = ARILJ: 1)

IF{TISYiWNE.2) GO TG 51

Blii,d) = BItdel)

AM{Eedl = AI(S, 1)

CONTINUE

CONTENUE

DO 97 T = MDeNR

0o 97 J = MD¢NR

I1 = I+1

Ji = 3+1

Wl = -DSQRVICFLOATI( 2T+ 12l 2553 L) /OFLOATI DRI > Ix3L /2,000
’F{ﬁi@&796z95

CONTIRUE .

Wi = WISRDSORYIFCT(IL=-MiarCT i) A {rCr {1 ieMInFCTEdLsME)}
CONTINUE

ARIT ¢dd = WITARI{L 2J%

I:'ufvixu) = h.«.’“»tf‘isﬁi

ARITJY = DRLOATIMY2MWLI =R (T, 4}

G013 = DrRLOsTIOMI®sRLI®RI (10}

CONTINUE

CALY PERFTIMNP N NRMD, ARy AT R R I, VRS, Ti; X, V)



DO 130 } 1 «ND
Do 13204 1O
THiMls Isd) = T{lsJ1)
120 CONTINUE
IF{McNEs L1} GO 70 150
WRITELE,HESY
150 CONTINUE
WRITE{LL} TN
PRINT 161
161 FORMAT{?0 TN NOW HOPEFULLY REPLACED INTO DATA SET?}
STOP
. DEBUG SUBCHK
END

noy



G~ PROGRAM

DIMENSION NDOLTHU ST COHI4) dARRIS 81y AORIS 151 5 AR0D(5 .5 ). A00(555 ),
1 :P\Q{JV‘S) BL}K!.jp Ve BRO{ G, 51800 5 5} CRRI{5:5) ﬁC()R‘_}gq}-'CDDl)'JS 7
1020155 +DRR(S5,5)DORIS “feDRCKJx‘)tSUD!?;Sj PNET)e XitE ), X216,
IYI( G e V216 Q110,103 T ' o

S BOUBLE G%&’FSICR THETAG CDR DL TH« SAMUL s STHs CTHePNyDPNI 3 DPNUFL T oBL ¢

L%

IB2 02 302 ,PMYY SPMY2 cGAR DR NIND KAPPA: ALPHAT Ay B CeDe P I THETA L,
1TPETAL.«3THElQJQT*‘L TAG L E )t;f\} )

COMPLEX®*1S LI IR(K2R e FMY DR IR DK2R s X o X201 9 Y2231 322 04 DKRXY T
TOFRY L L DHRZT 1+ DERA2 U k;.\r{‘f}\;; DRKRZZ I W I oW WAs A, W5, U{)p' TeW8;: WG
TARR ZANRARDpAQDsBRRBORBRO:BOULCRR;CSRs CRE: CO0-DRRs DORL, DRG. DDD
iK1 \/‘y xg%C

COCHMONAFAC/FUT {100 e NRISKeNTRIX

NAMELIST/HEJ/ARRZADR ARD . AU, BRR, BGRiBRbfPOU:CPP:bFRvCRC?CCO;DPRs
IDOR:DROCOGANEL /R ’

CALL UNSTAE .

P! = 4,000%DATAN{LODD)

NRISK = EB7

NYRIX = 39

NEND = T8

NR = 5

NP o= 0

LAY = 1

PMYL = 1.0D0

PHYZ2 = 1.0D0

Kl = {0.,7500: 0000}

NIND = 4.,0D0/5.000

KAPPA = D 0DC

L = =3.1D0 .

A = 1.0D0

NSELT = 1

NOLTHILY = 192

THETAL = B

CDHIY)Y = THETAL/DFLDATIHRDLYH{L )
N = KRISK
L o= NTRIX

M = NENTD-2

NI = j~1

DO % K = 1,100

FCTIK) = 0.L.000

FCTL1) = 1.0D0C

l‘uk & K = !.yr‘él

FOT (K41 = FOTER JADFLOATIKS
FOTINGT ] = Q.1DOFEIAFCTIMNISDFLOAT EN)
DO T K = NyM

FOTIR+2) = FCTIK#L}4DFLOATIH®]L]
FC = {(1.0D0-C.0001

IFINP.EQul} FC = =FC

C! = (0.000y 10003

FHY = DOMPLY {PHYL/PMYZ: 0.0D0)
K2 = DOMPLAININD NIND¥IKAPPA) #KL
ND = 2%NR

NRL = NR<+1

NRZ = NA+Z

DC 130 #1 = 1IgNRL
Mo Ml-d

Mo o= M

IF{MNEQaDYl HD = L
DO 25 & = LeNR



25

*%)
N

36

37

33

DU 25 I = 14HMR

ARRILT o 3}
AGRU I 4}
ARD{ 1,3}
AOO(Ts 3}
BRR{IJ}
BAR{ I N

(0-00040.0007
{0-000:0.G00)
10.000,0.0001
{(0.C00040.0D03
(0.000,0.000)
§0.0D00,0.000)

L S O | R 1]

vl
"

BRO{Ie¢Jd) = {0.000:0.0D003
BOO{Eed) = {0.0D0:0.0R0)
CRR{I‘!J; = (OQUUGQQ’)C!PO)

COR{T 2 4) { 0. 000:0.0D0}

[

CRO(Iy 31 = {0a0DO:0.0D0)
CO0(I¢JY) = {(0UD050.0001)
DRRET ¢ 31 {0.000+0.000)
DOf{lsd} {0.0D0s0.0D0}
ERE{I, ) {0.000,0.000%
DOOLY ¢4} {0.05C5C-0D0
CONT INUE

THETA = 0.000

i

I I ]

DO 30 ISECT = L4NSECT
NTHETA = NDLTH{ISECT)¢1
OLTH = CDH{ISECY)

NFIX = L

B0 8% K = LyNTHETA
IF{K=11321:31,32

CONT I NUE

SRMUL = DLTH¥7.0D0/22.5D0
PF415E CT.Eq»a? G0 1O &9
5O 70 41

CBNTINUE

IF{K~NTHETA) 24,33, 33

CONTINUE

SRMUL = DLTHXT.000/22.500
IF(IQF tﬂNJECa)waGQqBQ
CONT IR

GO TO H7 730;3?128i3NF1X

CONTINU

SEMUL = DLYH#*32.050/22.500

NFIX = 2-

GO 70 3¢

CONT INUE

SRMUL = DLTH%*LIZ.0DC/22.5D0

NFIX = 3

GG TO 39

-CONT INGE

SRMUL = DLTH%32.0D0/22.500
NFIX = 4

G0 TO 39

CONTINUE |
SRMUL = DLTH*14,G0D0/22.5D0
NFIX =
CONTIN
CONTLR

THET A

i
=
1
THETA+DL T

SYH S INA{Y HET A‘
CTH LG)ETHfT
CALL LEGT THETA ;M. Nt'\;.g{m”

':JC“CC

HEN



41 CONY INUE
CALL YRCIRLSTH,CTHsCsAs ReDRY
KIR = K1I#DCMPLY{R 0. 0D0}
DKIR = K1%DCMPLXIDR, 0.CD0O}
K2R = K2%DCMPLX {Re00D0)
IF(K.EQ- 1} 60 TQ 52
CALL CBNIKIRsNR1sXEs Y1}
CALL CBMN{KZRsMR1:X2,Y2)
Bl = CDABS{KIR¥KIR¥{X1{23%YL (L3-X14L %YL {2);-DCMPLX{1.000,0.000})
B2 = CDABS{KZRAKZRHF{X2{2)#Y2i11=-X2111¢YZ(2)1-DOMPLY 1 .0D0C 0000}
Cl = COABS{KIRMCIRH{XI(NRIIAYL{NRI~XLINR IEYLINRL) ) =DCMPLX{ 1. 0DC 400
1GL0Y)
C2 = COABS{KZREKZREINZ {NRL IRY2 {NR) X2 {NRI%YZ {NRL} }~DEMPLXI1 40C0,0 «
1000 1)
IF(BlalY el eD-10.ANDaClLY o1 D10} €GO YO 47
PRINT 45
45 FORMAY{*0 ERRCR IN BESSEL-NEUMAN-1 TESTYS
PRINT 4864 BLL.C1,ISECT:K
46 FORMATI{ZD25.15,215}
47 CONTIHUE
IF(B2:LT.1uD~10-AND-C2.1L.To LD-10) G0 TO 52
PRINT 48 '
48 FORMATI?0 ERROP IN BESSEL-NEUMAN-2 YTESTY)
45 FORMATIZD25.15,215)

PRINT 49, BZ:02y I5ECT K

52 CONTINUE
DO BE T = Mi,NR
D0 88 J = MD,NR
i1 = 1+l
d1 = gl
12 = j+2
J2 = g2
DPHI = -iQFLP&inLi#LTH‘D (I17-DFLOAY {I1-¥1%PN {125 3/5
DPNJ = ={DFLCAT! J1)%CTH#*EN{ J1)~DFLOATL g1~ M?ﬂPNiJZ)fJS¥H
711 = »11111&ri*v1<11) ,
DKRX1I = KLR¥XL {I}=DCHMPLX (DFLOAT {I)s0 000X 11
DKRYI = KIR*YI{I)- DCNPLX(ﬁFiOATifiyG.GDO?*YE{EX?
DKRZII = DKRXLI+CIRDKRY

20 = X2{J1)+CIi%Y2(J1}

DIERXZG = KZREX2{J)=DCMPLXIDFLOATL{U) 50,000 #X2 {1}

DEKRY 2 = K2R*Y2{J)~DCMPLY{DFLOAT{J) +0-000)%Y21 41}

DKRZ2J = DKREX2J+CIXDKRY2S

W1 = DCMPLX{SRMULESTHER [OPNIXDPNI+*DFLOAT [ MeM 19PN 11 1RaNIJ 1/ STH=®2)
T 1:0.080)

W2 = DOMPLX{SRMULSSTH®DFLOAT! IR 11APN{I1}SDONI+ 00001
W3 = BOMPLXLSRNMJLSSTHEDFLOAT {J#J1 RPN {1 L J#DPN 1, 0000 }
AREITpd? = ARRIT pJ ¢ KIRSDKKAIT# K2 (T S WL4OKIREAL £ IFNZ 101 J W2

AR e AURE Tod VoK LR 4DKRZ 1T %X 28 31;:U1+LKJR’TQI$}£§JE)*H2
DRR{Isd) = DRAR{IGIIHHIRML (L} HDER SN 140K ‘“ﬁ‘§f§134x253%2*w3

Of
G&
KK

#Won

CORET 42 DORI{LI s JV+KIR*T] I’”kﬂiﬁ;‘k:fﬁxlﬁ«L}; SNEN L
IF{LAYEC.O0! GU. TO 332

AROQI[I ¢ J} = oy YVRZASwHE
AQGLLsd) = -3 27 Z23%d2
DRO{IsdY = tKIR i*;pkgm}*w T{ITYRE2 JeH3
004G liruf = D00 L4 +K1 {#?ﬂf URRZch“i‘ T2IEW5

53 CONTIRUE

HEMLEQ.0Y GO TD &8



GB
89
G0

98

3G

We = DCMPLY (SRMULZ(DPNI®PN{JLI+PN{IL)%*DPNI)+0.0D0}
W5 = DCMPLX{SRMULEPN{ILI®*PN{JL)},0.000:

BRERIIp2) = BRELI yJI+KIRKKIREXI(T LI R A2 441 %W

BORL i, 0) BOR(ieJ)+K’R SCIRMZ LI HX2{J L% WA

Wé DEIRH{XT {IL JRDKRN2 JRDCHPLY (DFLOAT LI 141 ) 1, 0000 }+DCKPL X4
1DFLDAT{ J* (Jvlzﬁav CDOY*DKRXLI%®X2{ 411 /KIR

CRR{IyJ} = CRR{IJIIDKRXITEDKRAZS W4+ WEEUE

W6 = DKIR®{Z1 I=DKRX2 JYDOMPLY {DFLOAT (i1 [+1))50.0D04DCHPL X¢
INFLODAT{%( I+ 1)) y 0. 0D RDKRRZII#*X2 L UL 1/7KER

COR{Isd) COR( T, SIFDKRZ LT #DKRX2JIH WA+ USHWE

IF(LAY.EQ.0) GO TO 88

BROLI, J) BRO(T s JI+KIRMKIA®AL (LI 472 s¥W

500(1,31 BOC{I.J)4KIRFKIRAZ I #7720 Ws

Wo = DKLR¥{X1{IL#DKRZZIRDIMPLY(DELUATL{ I#{ I+1)}:0.0D04D

CMPL XY

1DFLOAT'M*(Jv1)ifﬂ¢0007igﬁﬁﬁ3I«x;});eiv

CRO{Te¢d) = CROCI II4DERXITHDHRZ 2% WG WS R Wh

W6 = DIRH{ZIIADKRIZIFDUMPLXIDFLOATI IR I+1) ) 0. COQ}+DOMPL XY
IOFLOAT{ R J4 )} s0.0D0=DKRZIIXT2I/KIR

COD{L1+d1 = COD{ I3 +DKRZLI*DURZZ JEWELWSEWS

CONT INUE

CONTINUE

CONTIRUE

DO g8 1 = MDyNR

DO 98 J = MD:NR

11 = i+}

Ji = 3+i

GA = DSQRT{DFLOATIL 2RI« 1) 2534 1Y) FOFLOAT(IHIIndsd1 3 /2000

IFIMI96:906.55
CONTINUE

GA = GA#DSQRTAFCTLEL-MIAPCT{II-MI/{FCTLL 1o M RFCTIIL+M) ) )
CONTINUE

W1 = DCRPLX{GA.0:.000)

ARR{Is 1) = JI*:PQ(I#}!

AOR{I,J}) = Wl* AQN’I,J‘

DRR{IsJ} = W14DRR(I:4)

DOR{1:J} = WL*DUR{I 1}

IFILAY.EQ.D} GO TO 97

ARC{ I+ 4)
AUO{ 1 1\”,

WIXARO(Y, 41
WL xALO(I 2}

LI I T ]

OROCIzGI WISDROUI 53
D00 Iy d ) WiD00(I+4d}
CONT INUE

IF{MEQa. Q) TQ 98
Wl DOMPLX{DFLOATIM I 0. 0DC %K1
BRR{1,J) = WI*BRR{fsJ}

BOR(I ¢ d} WIRBORII )

CRRiisd} WI*CRRET - 4}

COR{E:.0 3 HisxLOR{ I, 410
IFILAY.EQ.D! GO TO 28

BRO(I 41 WISBROLT » 4
BOCLY: 41 WisBOD{Isd
LRO(LI=J) CRIORO{E J
COoO(I g}

Widr OO0t ¢03
CONTINLE
IF{M.GY 221 G
VIRITE (& 4HE J)

COMT Elvl, o)

G3

L

;]
¥

}
}

oW R

110 29



[ o]
D
e

102

[
(@)
W

104

112

Qiz%I=1e2%})

LLAY = 2+LAY =2
DO 120 LL = 1,LLAY

DR 110 1 = 1.NR

DO 110 J = 1eNR

GO TO (1014102910%,1063, LL

CONTINUE

QI2%T~1y2%i=1) = ~A2R{ Iy )I+FMYEDRR(T 4 J)

QI2%1=1,2%0) = FCXIKIHCRR{I¢J}/K2+KZXFMY*BRR(T, 4} /K1)
QU2%T 4 2%0=1) = ~FCXIBRR{I s JV+FHYHCRRIL, 4))

TU2EL 2450 = (K LHDRE(T,d ) /K2-K 2Z%F MYRARR{T 53} /K1)

GG TO 11D
CONTT NUE

Qi 211y 26023

LIt

= ~ADR{ L 2 JYAFMYEDOR{T 5 4}
FORIELIRCDR I I J I/K2# 2FHYRBOR{ 19 ) /K1
mcr*(SORprJ5+FM’*LGQ(I~St}

1%

)
Qi2*] 42% -1} =
iK ORIL$JY AR2-K2EFMYRAGR{L 2 J1 A1}

QI2%Ly 204 =
GO TO 110
CONTI NUE
Bi2%IeleZ2%d=17 = «ARQ{I ¢ 2} +FMY*DRO{I; 1)

QE2ZxI-1,2%0 ) = FOR{KI*FIROI T JI/K 2K 2HEMYRBRAGTL 00 /K1)
Q2% [ 2% d=1) = ~FCH{BRO{IJI+FMYXCROII, 31}

QUzxT 2% 0y = {KIMDROUI 53} FKZ~K2RFMY2ARCIT 33} /KLY
G0TO 110

CONTINUE

QU2%I~12%5-1) = ~ACDI{sJ)+FMYXDODI{T + J}

QiIZ¥I=ly2%i) = FOKIKLIATO0(T 30 ) /K 24K ZEF MY SB00LT 5 J) FKL}
Qizkisd®xy=1) = ~FCR{BOO( I, d }+FMY SRCO0ET, 53 .
W27 2% J) = (KI*DO0I1ed) FR2-K2¥FHYXAU0{1,J1/K1)
CONT INUE .

WRITVE (6, HEJ)

GO TO (11 : 118,112,312 ,0 0

CoRTINUE

WRITE {213 Q

END FILE 21

G 10 129

CONT INUE

WRITE{2Z)Y Q

ENG FILE 22

COMT INUE

PRINY 777, M1

T FORMAT{IA}

CONTINUE

PRINT 199

FORMATI?D Q-MATRICES NOW HOPEFULLY PLACED INTD TAPE®)
STOP

OFRUG SUBCHR

END



12
12

1%
16

A-T PROGRAM

DIMENSIGN QRR(‘O¢10:;QJ1: D10 L LULG) sMM{LO) 3 TNIG 10,100

COMPLEX #1656 QRRy QORs TNy Py D
CALL UNSTAE

NR = 5
NR1 = NR+1
NG = 2%NR

DD 30 ML = I,NRI
READ({Z21,END = 8) QRR
GO Y0 9

READ(21y END=999} QRR
CONTINUE
READ (21 ,END=12) QUR
G0 TO 13
READI21+END=999) QOR
CONTINUE

IF(M1.LT.3} GO TO 16
MDL = 2%M1-%

DO 15 1 = 1,MD1
QIR(T,11 = (1.0D050.000C

(‘C,e?‘ Y f.

CONT I Sf

CALL MORVIGDRNDDsiL oMM}
D0 21 I = J¢ND

B0 21 J = 1+KD

P = {0.0D0:0.0D01}

DO 20 K = 1,80

P = P-QRR{I:KI¥QOR{KJ 1}
CONTINUE

TN{MLyId} = P

CONT INUE

CONT INUE

WRITE (11} TN

PRINT 50

FORMAT{'0 TN NOW RHOPEFULLY REPL

» CONTINUE

STOP
DEBUG SUBCHK
END

ACED

INTO DATASET?®)



12,

13

16
17

26

25

30
31

35

40
41

Qe T-T PROSRAM

v

DIMENSION Qi(105101,Q2(10,10)3Q3{10s2CG1 oT(20,10) sLL{1L0)MMI10) TN

1{6+10:10)

COMPLEX*#16 Q14+Q2:Q3+,7,PsDy TN

"CALL UNSTAE

NR = 5

MR1 = NR+1

ND = 2*NR

N0 50 ML = 1oNR1
READ{Z1 zEND=8Y Qi

GO 10 9

READ(21, END=9972) Q1
CONT INUE
READ!21,END=12} Q2
GO TO 13
READ{21,END=GGG } Q2
CONTINUE
READIZ22:END=161 Q3
GO 70 17

READ (22 +ERND=992} Q3
CONTINUE

READ{23:, END=20) T

co Tg 21
READUIZ23,END=993) T
CONT INUE

DO 25 4 = L+ND

DO 25 1 = 1,;ND

P = {0.0D0:0.C00)

DO 24 K = 1.ND

P o PrQ3{I s KinTIKyJd)
CONTINUE

Qliled i = QllEy ] 2sP
CONTINUE
READ{ZZ,END=30F Q3
G0 70 3¢
READ(Z22 ¢+ END=9G2}) Q2
CONTINUE “,
D3 26 3 = 1l:4D

DC 36 1 = 1yND

P = {0.0D0;0.0001)

DG 25 K = 14ND

P = P+Q3(§vﬁ3?T{KiJ)
CONTINUE

Q21 ,d) = QZLI,A)+P
CONTINUE

IF{ML.LY L2} GD TU &1L
MDL = Z2¥%Ml-4%

DO 40 T = 1.MDI
Q21Iy 7} = {1.0DG,0.000}
CONTINUE

CONTINUE

CALL MOMVIC24NDsDoLL MM}
B0 46 & = L4AND

B0 461 = §;ND

p {0.0D0;5 060501

DO 45 K = 1,ND

Bo= PHQUIL K32 1K)
CONTINUE
T(I,

Fa

) = -p

(-4



46
50

70
999

TNIMLyI-J) = =P

CONTINUE

CONT INUE

WRITEILL) TN

PRINT 70

FORMAT{ 0 TN NOW HOPEFULLY REPLACED
CONT INUE

STae

DEBUG SUBCHK

END

INTO DAYASETY}

d



IN=T PROGRAM FOR Q+7T~T PROGRAM
DIMENS ION TN{6s 10+, 103;7(10s 10)
COMPLEX*16 THN,T

CALL UNSTAE

ND = 10

NS = ND/Z+1

READI{I1} TN

DO 20 M = 1.NS

DO 10 I = L.ND

0O 10 J = 1¢ND

}'('11\]5 - THE ﬁwi-g‘_”

CONT INUE

WRITE{21) 7T

EMD FILE 21

CONT INUE

STQOP

DEBUG SUBCHK

END



c

/7794

T1:72~T PROGRAM

DIMENSION RI{10.,10) 4R2(120:10) sR3(10,10)4RE{1I0,10,ATL{20,10),AT21
1i0s 101 BTL{10: 10 BT20105 10047010102 RFT{10,10) «RETT(L0410) sTRAMN
110610 o TL IO 103 T250 10 e X 01 1o X2{ 1 e YE{ 11 Y20 L300l {1 C) ¢ttt
1101 TH{6;10410)

COMPLEX*15 RINRZ2¢R3sR4:ATLAT2 BT +B T2 TyRET,RETT TRAN; TNeTL, 72,
l‘b’!.’t91‘121&‘7{39“!’!’151DD ’

DOUBLE PRECISION XY X2Vl sYZ oSEPFCT
COMMON/FAC/FCTL IO o MR SK,,NTRIX

NAMELIST/HEJ/ ToRET ¢ RETT s TRAN

CALL UNSTAE

NRISK = 57

NTRIX = 39

SEP = 1,500

N = NRISK
o= NIRIX
M = NEND~2
~ NI = N-1
DO 5 K = 1,1C0
5 ¥CT{KY = 0.000
FCTHLY = 1.000
DO 6 K = L1sNL
A FOTIK+LY = FCT{KI*DFLBATIK)
FCT NI} = 0 1D0%8 AFCT {NI*DFLOATIN G
DO 7 € = NeM
7 s FOTEK+1¥DFLOAT(Ke L)

Lt e ]

DO 200 ML = 1.NS
M= Ml-i ,
READ{21, END=8) T1
GO T0 9
READ(2]1,END=999) T1
CONT INUE

READ(225 END=12) T2
60 TO 13
READ(22,END=599) T2
CONT INUE
[F(M-1120+20,21
CONTINUE

MD = 1

GO TD 22

CONTINUE

MD = 2¥H-1

CONT INUE

DO 34 1 = 1,ND

DO 34 J = 1,MD
T{Isd} = (G.0D0,Q.000}
TN{MIgIod) = (0.0D0:0.0D0)
IFEI-d) 20531,3C
CONT INUE

ATL{l:Jd} = {(0.000.0.0D0}
AT2L: 50 = (0. 0008.5-6D01
BTIL{IyJd?! = {0000y 3a000)
BTetlseldi = {0.00040.0001)

G0 710 34
CONTIMUE



IF{M-2130,32; 32
32 CONTINUE
MDLI = MD-1
FF{MDL=j )30, 53+ 33
33 CONTIRNUE '
ATLLT 4.0
AT2(I+ 1)
BTi{I«d)
BT2(1,J}
34 COMTINUE i :
CALL VR{SEPsNPsM¢NDsRIyR2sR3,R43X1,X2r¥Y1yY2)}

{1.000+0.000)
{ 2.* GD O& O'u ODO)
{1.000,0,0D00}
{1.0D0,0.0D0)

WonoRon

02 41 1 = MDyND
B0 41 J = MD.ND
W1 = {0.000,0.000}
W2 = (0.0D0;0.0D0)
W3 = {0.000,0.0D01
N‘fr = {OOOUO‘POGO}G;

B0 40 K = MDOy,ND

Wl = WI4RZ{I.KI*T2{Kyd}
W2 = W2+R2{I KI*TLIKsJ)
H3 = HW3+R&4&{K TIX*TLI{Kd]}
Wae = We+RA{I KIXT2{KyJ)

40 CONTINUE
T!l}éy"‘ Wl
RET(I,J} = W2

RETT{I J) = ¥3
TRANTI ¢J) = W4
41 CONT INUE
D0 45 I = MD,ND
DO 45 4 = MDLNEZ
Wl = (0000, 0,000}
WZ = {0.0DC:D.G00)
H3 = {OEOD:)’GGCDDi
W& = [0, 0004 0 0DOY
00 42 K = MDyND
WL = Wi4T {1, KIRRET {Ky.))
W2 = W2#RETLI ;KI*T{K: Ji
W3 = W3+T{ I K}I*¥RI{JsK)
We = WEwRET{I.K}I%RL{KsJ )

42 CONTINUE
IF(I-J344043,44
43 CONTINUE
ATL (T 403
AT2{1s41
BT1{i,s4)
BTZ{IyJdi

(1.000¢0.0D0)~W2
{1.000:0.0001}1+W3
{1.000+40.0D0}%W4&

i

ar
v

it

GO TO 45

44 CUONY INUE
ATI(IsJd) = ~Wi
AT211 ;00 = =-W2
BYL{TF;J) = W3
BI2{1:d) = W&

45 CONTINUE
CALL MCNVIATELHD DD yLL oMM
CALL MUNY(ATZ NUsDO; LLe MM
DO 47 1 = MD.ND
DO 4F J = D, HD



47

47

70

80

81

200

St
939

W1l = (0.0R0:0.0001)
W2 = {(0.0D040.000)
W3 = {0-000:0.0001}
W4 = (0:000,0.000)

DO 46 ¥ = MDyND

WL = WLI#REYVT{I,K}I®ATV1{K.J}
W2 = W2+ TRANIT »KI%ATZ2(Ked)
W3 = W34BT LI K)*¥R4{KsJ)

We = WHHBTZ2{I+KiFR4ldsK

CONTINUE
R1iIsd) = Wl
R2II,33) = W2
R3{I¢di = W3
RET{I+3) = W&
CONTINUE

DO Y0 I = MDyND
00 TO J = MDyND

WL = {0.00C» C.0D0}

H? = {00090100030;

DO 49 K = MD,ND

Wl = WLI#RITI LKIHR3[H,.0)
W2 = W2¥RZ({IKYFRETIKR J)
CONT INUE

S = Wh+ewd

T{Ied3Y = 5§
THiMIp Ted}
CONTINUE
TF{(M~1.NE.O) GO 70 200
D0 81 1 = 1¢ND

00 81 J = 1¢ND

S = {(C.CD0,0.0D0)

DD 80 K = MDeND

= 5

S = S~DCONJGITIKe P} I%T (KyJ ¥

COMTIMUE

RETT 15\37 = §
REYT(Ie3) = T(I
TRAN(IsJd) = T{I
CONTINUE
WRITE{ 6. HES
CONT INUE
WRITE{L1} TN
PRINT 68

et

FORMAT {*Q TN NOW HOPEFULLY REPLACED

CONVIMIE
STGP

DEBUG SUBCHK
END

INTO RDATASET®:

s



TN-T PRDGRAM NR 1 FOR T1,72-T7 PROGRAM
CIMENS ION ThN{6s10,10)sT (10 102
COMPLEX*16 THN,T

CALL UNSTAE

NG = 10

NS = ND/72+1
READ{LLI} TN

DO 20 M = 1¢NS
DO 10 I = 1¢ND
DO 10 J = 1,ND

JUiTIsd) = TN{MsI, 01
10 CONTINUE

WRITE(21} 7

EMD FILE 21
20 CONT INUE

STOP

DERBUG SUBCHK

END



[3x]

TN-T PROGRAM NR 2 FOUOK Tl.72~7 PROGRAM
DIMENSION TN{6y 10,103y T{1C, 10}
COMPLEX®16 THNsT

CALL UNSTAE

ND = 10

NS = ND/72+1

READ{LILY TH

DO 20 M = 1,NS

g 10 1 1 ND

oo 10 Jd 1sND

(1,0 = TH{M;I 40}

CONT INUE

KRITE{Z1l) ¥

ERD FILE 21

CONTYINUE

sToP

DEBUG SUBCHK

END

i "



wn

10

| §

15

16

20

T-T PROGRAM

7S

DIMENSTON TN{6: 105 10 T(10:20)sR1L10,10)4R2{10,10),R3(10:10), R4

Lil01C o X (103 X2{ e V{22411
JOUBLE PRECISION TReXIX24YL Y2y FCT
COMPLEX*16 TN:TsR1:N2:R3¢R&,F
COMMON/ FAC/ FCY {100 1, NRISKZNTRIX
RAMELISY/HEIST

RRISK = 57
NTRIX = 39
NEND = 78

NO = 10

NP = 0

TR = 0.05D0

N = NRISK

L = NTIRIX

M = NEND-2

Nl = N-1

DO 5 K = 1,100
FCT{K} = 0.00D0
FCT{1) = 1000
DC &6 K = LI4N1

FCTIK+1}Y = FOTIKIRDFLOATIK)

LT {N+L § ColD0%AL*FUT (NI #DFLOATING
DO 7 K = Ne#
FFCT{RE2) FCTIK& LI *DFLCAT{K+ 1)
READILIL )} TN

NS = ND/2+1

DR 20 M1 = L¢NS

M= Mi-1

i

H

CALL VRITR:MP:MaNDp R1sR2yR34RE3 X1 X25¥ 1Y 22

DO 11 4 = 1eND

DO 11 I = 1,ND

P = (0.0D0:0.000])

DO 10 K = 1 :ND

P = P+IN{ML TKIRR1I{I+KD
CONTINUE

R&{I ) = P

CONTINUE

DO 16 J = 1.ND

DO 16 1 = 1:ND

P = {0, 000:0. 000}

DO 15 K = 1,HND

P o= PRI (I K1%R4{Ks )}
CONTINUE
Fllsd) = P
TN“‘”; IyJ’
CCNTINUE
WRITE{ &,HEY)
CONT INUE
WRITE{12} TN
PRINT 70

p

]

FORMATL*0 TH NOW HOPEFULLY REPLACED INTO

sTCR
DERUG SUBCHK

ERD

Ty
i/

ATASETYY;



c

11

i2

i3

PSIS PROGRAM
DIMENSION TN{O210:10)AP{LQI ¢ PN{TI¢FEXP{LI0)},PSIR(1D
IPQIFHiLGMM Ty YL

7o

}35’51‘1‘?‘!{‘1031

"DOUBLE PRECISION BHEVAY PNe DISTy THETAFHI. X Y, FngDTFSC,RAD AMPL,

IBHETAD (FHID , THETADs PLsKV, AMPLZ s A9 B9 Sy T €

COMPLEX*16 TN;AP»PSI%gP?ITHgPSingFE\P$QsymaePL PZ e
COMMDNZ FAC/FCTUL00 Iy NR ISK o NTRIX
NAMELIST/HEJ/G) + Q2,5 PL s P22 R14R2

CALL UNSTAE

P1 = 4.0DO*DATAN(1.00C)

NRISK = 57
NIRIX = 39
NEND = 78

NP = 1
NPCHAN =1
ND = 10
NB = 1

KV = 2.0C0%PI/1%.53333D0
BHETA = PI1/2.000

BHETAD = BHETA%®180.000/P1
DIST = 1.0D0

THETA = P1/2.0D0
THETAD = THETA®1€0.000/P1
FHI = 0.0D0

FHID = FHI®180.0D0/PI

N = NRISK

L = NTRIX
M = NEND~2
NI = W=l

|

DG 5 K = 1,100

FOTE{KE = D.0DD
FCTilY = 1.000
DG 6 K = 1l¢N1
FLT K+ ) = FOYIK I=DFLOAT(IC)
CTIN$LY = 0,3 DO#R*LxFCT {N)RDELOAT IN)
DD 7 K = .M

FOTHEK$2) = FCTER+11ADFLCATLK+ 1}
NPC = NPCHAN+1

6D TO {11+121, NPC

CONTINUE

FC = {1.0D0:0.800)

GO 0 13

CONTINUE

FC = (-1.0DD,0.CD0;

CONTINUE

READ (11} TN

NS = ND/Z2+1

Pl = {0.0D0,0.00D0)

Pz = {0s000+0.C00)

DG 23 Ml = 1yNS

Ml-1

M = Z%E=-1

IFLEM=-2]LT.0) MDD = 1

CALL VKOEF(BHETASNP MoHNDyAP PN
ChAll VPSIHOIST s THET Ay FHEs NP . NA M NG PSIR PRSI THGESTIFH
Do 211 = t“h},i‘m

Q1 = {0.000:0-.0D03

DD 20 J = MDyND

QL = QI+THIUML oY s JrRAPTSIRFCE2 T+

R ¢RZ,FC

%3



20 CONTINUE
. FEXP(I} = Q1
21 CUNTINUE
Q}» (Os C‘DO’ Ot SDO)
Q2 = (0.0D0, 0000}
bg 22 1 = MOsND
Ql = QI+PSITH{IV*FEXP{I)
02 = Q2+PSIFHUII*FEXPIL}
22 CONTINUE

i

Pl = P1+Ql
P2 = P2+Q2
R1 PL/DCHMPLX(KV:0.0D0}

woit

R2 P2 /DCHMPLX{KV0.0D0)

WRITE( 6,HE )

AMPL 2= CDABS{P1)*%2+CDABS{P2)+%x2
AMPL = DSQRT{AMPLZ)

A = THETAD
E = FHID

C = AMPL

D = AMPLZ

E = AMPL/KV

PRINT 40; AsByC:sDoE
&) FORMAT (5D25.15)
23 CONYINUE
100 COMNY INUE
300 COWNTINUE
599 CONTINUE
' sSToP
DEBUG SUBCTHK
END



i

12

20
99

T TEST PROGRAM

DIMENSION TN{6910:1017T{10+10),RET{10,10 3 RETT(10,10},TRANI 10, 10}

COMPLEX*16
NAMEL IST/HEJ/ToRETRETT, TRAN
CALL UNSTAE

KD = 10
READ {11) TN
NS = ND/2+1
DO 20 M = 1,
DO I0 I = 1,
DO 10 4 = 1,
T{IsJd} = TN
CONTINUE

0 12 1 = 1
DO 12 4 = 1,
S'= {00000
PO 11 K = i

NeTsRETHRETT:TRAN:S

NS
NC
nND
Hal o D

ND
WD
« GO OY
NE

S = S-DCONJGIT{K, I} )%V Ky}
CONTINUE

RETI I,

RETY {fgd?
e d)

TRAN{I

Ji = §

il

CORNTINUE

WRITE(Gs HEJ §

T{I=3)-S
T{Ied)=T(Jds 1)

-

IF{M.GT.3) G0 TO 99
CONTI NUE
CONT INUE

STOP
DEBUG
END

SUBCHK

72



75

SUBROUTINE BESSEL{NCORDER, ARGMNT 3 ANSWR 4 1ERROR} i
DDUBLE PRECISION ARGMNT:ANSWR ¢ X: SUM APR; TOPRSCIZCNI 4 AGR,PROD, FALT

IERROR = 0

N = NORDER

X = ARGMNT

SUM = 1.0D0

APR = 1.000

TOPR = =0 5D 0% X%X
Cl = 1.0D0

CNI = DFLOAT{2%N+3)
DO 60 I = 1,100
ACR = TOPR*APR/{CI*CNI}
SUM = SUM+ACR
IF{DABS {ACR/SUMI=1.0D0-20 110G, 1005 4D

40  APR = ALR
CI = CI+1.0DO
CNI = CNI+2.000

60 CONTINUE
IERROR = 1
PRINT 10

10 FORMAT(24H0 ERROR IN SUM OF BESSEL)

G0 TO 200

100 PROD = DFLDAT{2%N+1)
FACT = 1.00C
IF{N}160,160.120C

120 DO 140 IFCT = I,N
FACT = FACT*X/PROD
PROD = PROD-Z.0DO

140 CONTINUE

160 ANSHR = FACT#SUM

200 RETURN
END



g &

SUBROQUT INE BN{PCKR, NRINK,;BSSLSPONEUMN)
GIMENSION BSSLSPINRINKY sCNEUMNINRIHKY
DOUBLE PRECISION PCHRsANSUHR JANSA sANSE sANSE sCONNLCMULNy SNSAp SNSB,
1SNSC.BSS LS Py CNEUMN
NRENKI = NRINK
NRANK = NRANKI-1
NVAL = NRANK -1
DO 40 I = 1446
CALL BESSELINVAL,PCKR+ANSWR+iERROR])
IF{IERROR} 20y 20, 32
20 ANSA = ANSKR
NVAL = NVAL+1
CALL BESSEL{NVAL,PCHR:ANSWR,IERROR}
IF{IERROR 124424528
24 ANSB = ANSWR
GO 7D 60
28 NYAL = NVAL~1
32 NVAL = NVAL+NRANK
40 CONTINUE
SToP
60 IF{NVAL-NRAMNK)Y1DDy 100, &4
64 IEND NVAL=-NRANK -
CONN DFLOAT(2®{NVAL-1}+1}
DO 72 IP = 1,.IEND

ANSC = CONN®ANSA/PCKR-ANSB
CONN = CONN~2.000

ANSB = ANSA

ANSA = ANSC

- 72 CORTINUE

100 BSSLSP{NRANKI) = ANS3B
BSSLSP{NRANKI-i} = ANSA
CONN = DFLOAT{NRANK+NRANK-1}
IE = NRANKI=-2
JE = IE
DG 120 4B = 1,JE :
ANSC = CCNN*ANSA/PCKR-ANSB
BSSLSF{IE} = ANSC

ANSB = ANSA
ANSA = ANSC
IE = IE-1

CONN = CONN-2.0D00
120 CONTINUE
CHULN = 3.0D0
SNSA = -DCOS (PCKRIFPCKR
SNSB = =DCOS{PCKR}Y/ {PCKR*PLCKR}~DSIN{PLKRI/PCKR
CNEUMN{ 1) = SNSA
CHEUMN(2} = SNSB
DO 280 I = 3 ,NRANKI
SNSC = CMULN*SNSS /PCKR-SNSA
CNEUMN{I} = SNSC
SHSA = SNSB
SHSB = SNSC
CMULN = CMULN+2.0D0
280 CONY INUE
RETURNM
END



s

SUBROUT INE CBESS{NOURDER; ARGMNT¢ ANSHR; IERRGR }
COMPLEX*] &6 ARGMNT sANSWReXsSUMs APRyTOPRyCls CNI; ACRLPROD, FALCT

IERROR = O
N = NORDER
X = ARGMNT

SUM = {1.0D0+0.00D0)
APR = {luODOQOoOTJO}
TOPR = ={0<5D0y0.0D0 ) %X %X
CI = (10000’00093)
CNI = DCMPLX{CFLDAT{2%¥N+3} ,0.0D0)
DO 60 I = 1,100
ACR = TOPR*APR/{CI%®CNI)
SUM = SUMFACR
IF{CDABS(ACR /SUMI~1.0D-20)1005100,40

40 APR = ACR :
CI = CI+{1.0D0;0.000)
CNI = CNI+{2.0D0y0.0D0}

60 CONTINUE ’
TERROR = 1
PRINT 10

10 FORMAT{ 70 ERROR IN SUM OF CBESS®}

GO T 20¢

100 PROD = DCMPLX(DFLOAT{2%N+]1,0.000)
FACT = {1.0D0,0.CD0O}
IF(N)160, 160,120

120 DO 140 IFCT = 14N :
FACT = FACTXX/PROD »
PROD = PROD-{2.0DD,0.0D0) ‘

140 CONTINUE

150 ANSWR = FACT*SUM

200 RETURN
END
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SUBROUTINE CBNIPCKRyNRINK;BSSL 3P UNEUMN]
DIMENS YCH BSSLSFINPINK ), CNEURNIME INK}
COMPLEX*16 PUKRZANSKHR, ANS Ap AN By ANS Co CONNy CHMULN SNSA,SNSB,SNSC,
1B 5SL 5P, CNEUMN
NRANKT = NR INK
NRANKE = NRAMNKI-~1
NVAL = NRANK-1
PN 40 I = 1.4
CALL CBESS{NVAL,PCKRy ANSWRy IERRCR)
IF{IERRORIZ20:20,32

20 AKSA = ANSHR
NV &L = NyAL +1
CALL CBESS({NVAL, PCKR;ANSWR IERROR §

24 ANSB = ANSHR
GG TO 60

28 NYAL = NVAL-I

32 NVAL NVAL+NRANK
&0 CONTIMUE
sST0P

60 IF{NVAL-NRANKY}L1O0D.,100+04

64 IEND = NVAL-RRANK
CONN = DCMPLX{DFLDAT{2%I{NVAL~-1}+11:.0.0D0)
DO 72 1P = 14IEM

ANSC = COWNN®ANSA/PCER-ANSB
CONM = CONN-{2.0D0D,0.000"
ANSB = ANSA
ANSA = ANSC

72 CONT INUE
100 BISLSPINRANKI) = AHSH
BSSLSP{NRANKI-1) = ANSA T
CONN = DCMPLX{DFLOATINRANK* NRANK-~1} ;0.0D0}
it NRANK[-2
JE 1E
DO 120 4B = 14JE
ANSC = CONN®ANSA/PLKR-ANSB
BSSLSPLIE} = ANSC
ANSE = ANSA

LI H

ANSA = AKNSC
IE = JE-1
CONN = CONN~{2. 0D0,0.0D0]}

120 CONTINUE
CHULK = {3.0D0,0.0D0)
SNSA = ~CDRCOS(PCKRI/PCKR ;
SNSE = -CDCOSIPCKRIJ{PCKREPCKR)I-CDSIRIPCRE) /PCKR
CNEUMM(11 = SNSA
CNEUMNIZ) = SNSB
Do 280 [ = J,MRANKI
SHNSC = CMULNZSMSB/PCKR-SNSA
CNEUMNIT) = SKSC
SNSA = 5NSB
SN3B = SNSC
CMULN = CMULN+{2.0D0;0.0D0}
280 {ONTINUE
RE TURN
END
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SUBRDUTINE LEGITHETA M NRUNK; PNMLLG)
DIMENSION PNMLLG!NE JNK)
DOUBLE PRECISION THETAZPLAPLE:PLC:DTWM,CNM:CNMM,CNHUL; PRODM,
PFQUANM: PNMLLG
NRANKI = NRINK
KMy = M
DTWHM = DFLOAT {2%M+1)
IF{THETAY L6+4,16
4 IF{KMVYILZ,12,6
& D0 8 ILG = 1sNRANKI
PMMLIGIILG) = Q.0DC
8 CONTINUE
- GO 7O 88
12 PNMLLGI{L} = 1.0D0
PLA = 1. 0DO
63 TO 48
16 IF(KMV 20520440
20 PLA = 1.0D0
PLB = DCOS{THETA}#PLA

PNMLLG{l) = PLA
PNMLLG(2) = PLB
{BEG = 3

[ GO TO 60

40 DO 44 ILG = LleKMV
PNMLLGIILG) = 0.000
l 44 COMNTINUE
PRODM = 1.0DO
QUANM = DFLGAT (KMV)
DO 52 IFCT = KMV
l QUARNN = QUANM+1.0D
PRODM = QUANMEPRODM/ 2 .0D0
52 CONTINUE
PLA = PRODM#DSIN{ THE TA) ¥%¥KMY
PNMLLGIKMY+1) = PLA
48 PLB = DTWMEDCOS{THETA)%*PLA
PNMLLGI{KMV+2) = PLB
IBEG = KMV 43
60 CNMUL = DFLOAT(IBEG+IBEG-3)
CNM = 2.000
CNMM = DTHM
DO 80 ILGR = IBEGy NRANKI
PLC = {CNMULHDCOS{THETA}*PLB-CNMM%PLA}/ CNH
PNIMLLGLXLGR) = PLC
PLA = PLB
PLB = PLC
CNMUL = CNMUL+2.000
CNM = CNM+1.0DO
CNMM = CNMM+1.8D0
80 CONTINUE
88 RETURN
END



FUNCTIUN TRIXJIUIL 5025 Js My FCT 4Ny L} 24

IMPLICIT REAL®B{A-H 402}

DIMENS ION FCT{1)

INTEGER 7, ZMIHs IMAX

Y:}.. 000

CC=0.0D0

JSUM=L 442 +J

JM1=Jl=TABSE M)

JM2=32~-1ABS{H}

IFCIMOD{ISUM, 23 cNE LD} OR o {MDDL UMY 2} o NEL 01 o OR- { MDD UM2 92 a NEL D)
150Re {IMLalTa0)uOR{IMZ LTWC )} ‘
260 TO 3

IF1{d 0T ud2402).0Ka{JLTeIARSII1-S212) GO TO 1

IMIN=Q

FFUJ=Jd2¢Ma LT 0 ZMIN=~J+J2=M

IFLA=J14+M+ZMIN. LT D) ZMINH=-J4 1=}

IMAX =Jl + 42 =y

IF{J2~M~ZMAXa LT« 0 ZHMAX=J2-M"

IF{J1I-M~ZMAXLTa 0} ZMAX=Jl=M

JAZ{JL 4R/ 241

JB=JA-M

JC=(J2=-M} /241

JD=JC+M

JE= /241

JF=i J1+ g2~ 31 /241

JG=QA+JB~-JF

JH=JC+3D-3F

JJ=2% JE+ JF~1

IF{JJeGTeNY Y=0o IDO%XL

IF(FCT (A4 )}7 4547

7 CONTINUE-
1A=ZMIN/FZ
B=JF-1A+1

[C=JB~1A+1

IpD=JC~1 441

IE=JA~JF+]A

IF=JD~JE+IA

FASE=1.QD0

IFIMOD{IA+2)-E0e0) FASE=-FASE

I=ZMIN

2 IA=IA+1

IB=Ip-1

IC=I1C-1

ID=10-1 .

1E=iE+}

IF=IF+1

FASE==FASE

CC=CC+FASE/ (FCT {TAYAFCT(IB)*FCY L ICIAFCT{IDISFC T(IEY*FCT{IFY §
=742 :

IF{Z.LE.ZMAX) GO TD 2

FASE==DS IGN{1.000,CC)

TFIMOD{JL~J2 431 .5Qo01 FASE=~FASE
CC=FASEXDSQR TLY*FCTI UBYSFOT{ICI R FCTLUEI# CORFCT {IAY#FCT{JDIXFCTLIED
LACCHFLT (I FISFECT (G ¥FCT{IRI/FCTL ) )

1 TRiIXJ=CC
RETURN

3 PRINT 4 -

& FORMAY{%0 ERRDR IN ARGUMENT OF TRIXU®)
CALL EXIT

5 PRINT & :

& FORMAT{®0 ERROR FACTORIALS EXCEEDED IN TRIXJ®
CALL EXIV
BN
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SUBPUuT'NE VPST{RAD; THETAFHI yNP yNB s Mo ND s PSIR:PSITH, BSIFHy PNyl 4V
DIMENS ION PSIR{L}PSITH{SIoPSIFHILI»OPN( L, UL U3V 1)

DOUBLE PRECISION RAD Ry THET Ay T FHI FuPNy UV s FOT o FReFR 15 FRZ9 B,
COMPLEX*16 FCLFCIFL2, POl R« PSITHPSIFNH

COMMON/ FAC/FCT{I0D s NRISK,NTRIX

R = RAD

T = THETA

F = FHI

NPiL = MNP+l

K = M

f = ND

L= N/F2

Ll = t+1

L2 = L#2

FL = 10.0D0:1.000}

IF(NB.EQ.LY GG TO 5
CAL{ BM{R",‘., ;"g‘v}
B o= DABSIR*R#{U(2IFVILI=-ULL}®VI2I-7.0DD)
C = DABS{R=R*{U{LLi*=VIL)-U(LIXV{L1}}~1.0D0}
PRINT 3
FORMAT({*0 BESSEL~ MEUMAN- TEST FOR VBSYI*®*)
PRINT 4y By C
FORMAT (2D25:15)
CORTIMNUE
CALL LEGITyK,LZ,PN}
DO 42 1 = Lot
I1 = f&1
12 = [+2
IF{I-K)6:7.7
6 FR = 0.0D0
GO 710 10
7 IF{K)Bs8: 9
8 FR = DSQRT{DFLCAT{Z*1+1 J/{DFLOAT{I®*ILiI*16.0DOSDATAML 1a0D0OY))
GO TC 10
9 FR = DSQRTI{DFLOATI 2T+ L3 FCT(Ii~KIZ{OFLOAT{ R L3 *FOT{ 14K #8,000%
IDATANELLCDO )
10 CONTVINUE
IF{T116,16410
16 CONYINUE
IFIK-1318417 .18
17 CONTINUE
FR1 = DSGRTEHFLQAT{Z*IvBJ/{?Z DDOFGATAN( Y CDOY G )
FRZ = DSQRT{DFLOATI{Z2%*I+1}/(32.000%DATANI 1.0D0J 1}
GO TO 20
18 CONT INUE
FRI = 0.00D0
FRZ2 = 0.0D0
G0 IO 20
19 CONTINUE
FRI = FRAPNIIIIXRDFLIATIKIZ DS INAT )
FR2 =_—FR#(DFLD&T(I'§¢PCub\T3*(m I1}-DFLJAT (11 -KI&PNLI233/DSINITY -
20 COMT INUE
0 TO (30+31.327,N8
30 CONTINUE
Fi1 = {=FEL)F¥l1
FC2 = {(-FC)%X]
GO 1O 33
3] CONTIKRUE
FCL = DCHMPLX{U(IL1}0.0D0)

(€8]

v



<
Pl

FC2Z2 = DUMPLX{UIL}-DFLDATIII®U{IL}/Rs0.0D0C}
GO 10 33
32 CONT INUE
~ FCYL = DCMPLX(ULIL),,V{ILl})
FC2 = BCMPLXLUITI-DFLOATIII®U(I L) /RVIII-DFLOAT{T IRV {11 )/R]}
33 CUNTIRUE
PSIR{2*I-1) = {0.0D0sC.00D01}
IFUINB~1) 34434435
34 CONTINUE
SIRE2%I}) = {0.0D0:G.0D0)
35 CONTINUE

GU TO (36533) NP1
36 CONY INUE
IF{NB-1128.:38,37
37 CONTINUE
PSIRI2XT) = FCLADCMPLX{DFLOCAT(I*I 1) *FRAPN{I 1I4#DSIN(DFLOATIK)I®F) /R,
10.0003
38 CONTINUE
PSITHUZ%*I~1])
PEITHI2%]) =
PSIFH{ 2%#1=1] ~
PHIFH{ 2%} =
GO 7O &2
39 CONTINUE
IFINB-1)41:.41,440
40 CONT INUE
PSIR{2%xY} = FCL*DUMPLX{DFLOAT (I*I1)*FR&PN{ILI*DCOS{DFLOATIN I 2F /R,
10. 0D O)
41 CONT INUE
PSITH(Z%I-1) = FCL=DOCMPLX{FRI*DLQS{DFLCATIRKI M 1,0.000)
PSITHL2%T}) = FCZ¥DOCMPLAIFR2*DCOSICFLOATIKI*F},0.0001
PSIFH{ Z2¥I-1}) = <FCLIEDCMPLX(FRZ¥DSIN{DFLOATIKI*F} +0o0D0)
PSIFH(2*]}) = -FC2ZADCMPLXCFRIXDSINIDFLDATIKI*F} 0,000}
42 CONTINUE
RETURN
END

~FCLADOMPLX{FRISDSINIDFLODATIK) AF} 5 0. 000}
CZ#DCMPLY {FR2%DS IN(DFLUATIK I%F ), 0.0DU)
~FCI*¥DUMPLX{FR2*DCOS {DFLOAY {K)%Fis0.000) 5
C2*DUHPLXIFRI*DCOSIDFLOATIKIXF} s0.00D0)

t TN

i



27
SUBROUTINE VKODEFIBHETASNP sMoRNDsAP PN}
DIMENSION PN{1j,8P{1)
DOUBLE PRECISION BDHETA;Us DIy PNs FR:FCY
COMPLEX*16 FUILI4FC24AP
COMMORN/FAC/FCT{ 100! s NRI SKsNTRI X

o= NP )

M1 = K+1 7

K= M // fo '/7/
L = ND/2

L2 = L2
U = BHETA
DI = DATAN({ 1.0D0?
FCl = (0.0D0,1.0D0)
CALL LEG{U+K¢L2sPN}
IF{U)10,10,20
10 ©5 100 I = 1,0
IF{K=131141251)
11 AP(2%1=1) = {0,0D0+0.0D0)
AP(2#I} = {0.0DO; G-0DO}
GO 70 100
12 FR = DSQRT{ 5. ODO*DI#DFLOAT(2%T+1))
FCZ = DCMPLX{FRy 0»CDO)
GG TO {13¢14).N1
13 AP{2%1-1i) = ~{FCI%=]}#FC2
AP{2%I) = —{FCUI#%{I+1)I*FC2
G0 7O 100
14 AP(2%1-1) = {FOL*%I}%FC2
AP(2%T) = (FCL¥%11+3)}%FC2
100 CONT iNUE
GO TQ 300
DO 200 § = 1.t
11 = I+1
12 = 142
CIFIKIZ2E 421,30
21 FR = 4. ODO¥DSQRTE(DI*DFLOAT((Z¥I+11%{I+1) )}/ DFLOAT (1) 1% {DCOS{L I
IPN(ILI=BN(I2)1/DSINIY)
FC2 = DCMPLX{FR,0.0D0}
GO TO {22,231} 5N}
22 AP(2¥I-1) = (FCI%*))%F(2
AP{2%1) = {0.00Gs0.0D0)
GO TU 200
23 AP{2%I~1) =
AP(2%1) = (F
G0 TO 200
30 IF{1-K)34,33,431
31 FR = 4.0DO*DSQRT{(Z2.0D0*DI*DFLOAT 2%+ i *FCT{I=-K+1}) Z{DFLOATLI®(]
141} )RFCT{i+K*L ) )}
FC2 = DCMPLXI(FRE(DFLOAT(I+1)EDCOSIUIEPNIIL I -DFLOAT { I~K <1 J%PN{ 12
113/DSINIUI0L0D0)
“FC3>= DCMPLX { (DFLOAT (K} =FR#PN{I1)}/DSIN{U}, 0.000)
GO TO {32433} ,K1
32 AP(2%I=1) = {FCL¥x])%F(2
AP(2%]} = ~{FCL#&{I+1}}%FC3
GO TO 200
33 AP(2%I-1} = {FCl®%i}%:C3
APL2#T)} = {FCIA%{I41))%FC2
GO TO 200
34 AP{2%I=1) = {0.0D0j0.0D0)
AP{2%1) = {0.CD0:0.000)
200 CONTIMUE
300 RETURM
END

N
L]

10.0D0s0.0D0)
Cl#x{I+1))%*FC2
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SUBROUTINE VRI{ARSNP:MsNDyRI¢R2sR3; R4y X1y X2¢ Y1y 72)

52

DIMENSION RIUIMD 917 4RZIND o1} yRI{IND 213 »RE(NDa 1o XL {1 )y X2¢L boYL{L)},Y2

1{1}

DOUBLE PRECISICN ARy Us Ve F3J1e FRIZ F3I34 FACT L, FACT2s FACT 34 FAC T4y

I¥1:YZeB 1y B2y CN1,CN2,FCT
COMPLEX®16 R1yR2sR3yR4sW1cW25 W3y Wy W5s W5 WT W8
COMMON/FAC/FCT(L00) s MPISKy HTRIX

NPi = NP+1
N=M

NK = ND+1

U = AR

¥ = 0.5D0%AR

CALL BN{UsNKeX1pY1)
CALL BN{V4NK,X2,Y2)

L1 = NK-
. = NK-1
Bl DABS (Us%2¥ {{1{21%Y L{1)-X1{1}*¥1{2}}~-1.0D0}

o

B2 DABSIVERZ2E[XZ(21%Y2(1)=-X2 11 1%Y¥2{21)-1.0D0)
CN1 = DABS{UM&2RI YT{L 1) ¥YLILY-XLiLixYLI{L1})-1,.0001
CNZ = DABS IV ®#2 % (X2(L1)%Y20L:j-X2{Li%x¥2{L1)}}~-1.0D0)
PRINT 89

FORMAT{ *0 BESSEL~ REUMAN- TEST FOR VR'}
PRINT 30y BL,CHNL1I.82:CNZ
FORMAT{4D25.15)

O T 1 = 1L

B0 7 4 = 1oL

Ri{I,4) = {(0.0D0+:G.0001}"
RZ2{F 4 = {0-050+:0.0D0!
R3(I,d1 = {0000, 0.0050)
Ralisd) = (00DCs0.0001
CORTINUE

NR = L /2

DO 200 1 = 1,.NR

PO 200 J = 1 ¢NR

IFIN~-1)8,8,200

IF(N-41%9¢9,200

L1 = [+J+1

W2 = {0.000,0.0D0}
W3 = {0.,0D0:0.000)
Wse = {0.0DC.0.000)
W5 = {CaCDU»0.000)
W6 = {0.0D0, 0050}
W7 = (0.0D0,0.0DC}
W8 = (D.000:,0.0D01}
DO 100 & = 1,41
K= L-1
IF{K=-TABS(I=J¥il00.10,10
CONTINUE

TFIN)L11. 18,12
IF{MODI{I+J+K},2 Y. NE.0] GO TO 100
FACTL = 1.000 )

GO 10 13

FACTL = DFLOAT {{~1)Y%%N)

41 2%

J2 2%

J3 2#K

M1 2%N

Wi oy

AFACTS s FACTGOy FACTT +FALTB yFACTY o FACTIOyACRL s ACRZ+ ACR3; ACRG X 1g X 2.



23
24

25

206

27

28
29
20

F31

FACT E
&3

105@8

FALT3 =

IF{M0

= TRIXJIIL 93203 ML oFCTaNRISKNTRIX)

= O S5DC*DFLOAT 2%K41)%F3J1 %

{OFLOAT (25141 )2 (2%J+1 ) )/DFLOATO IR I+ 1T %J%{ J+1}))
= FACTI*FACTZ

DIfS~i+K1, 21NE. G} GO 10O 27

IF{j=14K1)25:23: 24
FACTS4 = 1.0D0

G0 1O
FACTS

26 ‘
= DFLOAT{{~1i%¥{{J-13K}/2})}

GC 74 26
FACT& = DFLOAT({=1}*x{(I-J=-K}/2})

Jl
J2
J3
M1
F3J42
FACTS
GO 7O
FALCTO

wowoyon

2%7

2%

2%K

0

= TRIXI{J1:J26d39 ML, FUTsNRISKSNTRIX)
= DFLOATUI®{I4) + 0% (Jel J~K*(K+1 }I#F3 42
28

= 0.G00

[ S

GG 7C £¢

FACTS

FACTA*FAC TS

IF{K-TABS{1-J )1)4%4 30,30
FFIMODITJ-T4K+1 12 )NE.O) GO VD 44

1R~
FACT?

I#K+1133,31 432
= 1.000

GQ T4 a1

FACTY
GO 70
FACYT
Ji
Jz =
Jd3
Ml =

F3J3

IF{IA
FACTS

]

5

= DFLODAT(I=1)Y &5 {{J=I+K+11}/2))
41
= DELOATI{~li%¥{{T-j=-K~-1)/72}}
2% 1
2%
2H{K~1}
0
= TRIXJOSL 229 J3 oML FCT yNRISK,NTRIX )
BSII~jliaZe42:43
= DFLOATIK JHDSQRY(OFLDATI (I 4441 %€ 2-K¥%2) ) xF3 2

GQ 70 45

FACTS
GO 70
FACYS
G0 10
FACTY
CONT I
IF{K)
FACT1
GO TO
FACTL
ACR1

ACRZ2

ACR3

ACR4

K1 =

PF{n;

K

'DSQQ?{DFLOAT(!K**Z“EABS{!~J§**2%*((I+J+13**2‘K¢
g

_L-.

= 0,080
50
= FACTY*FACTS
NUE
E1 951,452
0= 1.00C
53
O = DFLOAT {{=1 ¥%%K)
FACTS%FACTS
FACTI0%ACR L
FACT3%FACYS
FACTLO®ACRZ
1

Moy oM

¢ W1+DOMPLXLACRIHCIEK 1) 0-000)

W2 DCHMPLXTACRI XL KL )y ACRIAY LIKLE DY)
W3+DOMP L XVACRZHEXI{RL) sACKZHYLEKL )]
HassDUMPLRUALR IR 2(K 1) 0,000}

LOG L0092

A ¥
b e

}YI¥F333



99 CONTINUE

100

W5 = WO+DCMPLXTACRIXXLIKL} 0.000)

W6 = W6+DUMPLXTACRIAXTI (K1} ACRIXYLI(K1)])
WT = WT+DCOMPLX{ACRG XY {1 )4 ACRG#YL iK1 )}
W8 = WB+DCHMPLXIACRI*X2{K1} 0. ODO}

CONT INUE

RI{Z¥I~1 42%J=-1) = Wi

R2{2%I=142%j~1} = W2

R3I(2%I=142%J=1} = W3

RG{2¥1-1;2%j-1} = W&

RI{2%¥I42%J) = Wi

R2(2%*1y2%5) = W2

R3{2%1.2%J) = W3

R&] 2%I y2% d} = W4

GO TO (101;103},NP1
CORTINUE

1FI{N} 2005200102
CONTINUE

RI{2%I=142%i} = W5
R2(2%]=1s2%J) = Wd
R3{2%I-1y2%d) = WY
Re{2%I=le2%*i ) = W8
RI{ZHT 2% J~13 = ~Wh
CR2U2%¥I 4 2%3-L) = <UWE
R3(2%Ts2xi~11) = ~KHY
Re{2%] 2% J~1) = ~Wd

104

200

GG TO 200

CONT INUE
IFIN:200:200:104%
CONTI NUE

Ri{2%I=1y2%3) = =W5S
R2(2%[-1.2%J} = Wb
R3{2%*1~142%J) = -WT7
R4{2%I~1,2%J} = =-W8
RI{Z2*T2%1~1} = W5
R2Z{Z%] s2%J~11 = Wb
R3{2%1¢2%3-1) = W7
Rei2%1,2%)~11 = W8
CONTINUE

RETURN

ENG
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SUBROUTINE MCNV {AyNs Dyl #™)

DIMENSICON A{L] L (1) yM{LD
COMPLEX¥16 A+:,BIGAHCLD
0 = [1.000,0.0D03

Ni{=~N

DO 80 K=1,N

NE=MNK +N

LK) =K

MIK) =K

KEK=MNiK K

BIGA=A{KK]}

DO 20 J=K4N

IZ=pN¥(J~1}

L0 20 I=KsN

[Jd=17#%1

IF{COABS{BIGAI-COABSIA{IJ})})

BICA=ALIS)

LiKI =1

MiK)Y=J

CONTINUE

J=L{K}

IF{J=KY 35;35,25
K 1=K -N

DO 30 I=le¢H
Ki=KI#+N
HOLD==-A(KI}

J IR I+
A{KI)=AlJI}
AfJI} =HOLD

I=M (K}

IF{I~K}) 45:45,38
JP=aNE{I~1) '
DO 40 Jd=14N
JK=NK+J

JI=JP+
HOLD=-A{ JK}
AlJKI=AWJT}
A{JI} =HOLD
IF{CDABSIBIGA)Y 4B.46,48
D = (0.000:0-0D0}
RETURN

DO 55 I=1,.N
IF{I=K) 5055:,50
iK=NK+I
A{TKY=A{IK}/{~BIGA}
CONTINUE

D0 65 I=1.N
IK=NK+}¥
HOLD=A{TK}
IJ=1-N

DO 65 J=1,N
I14=14+N

IF{I=-K} 60,65,60
IF{J=K) 62365:62
Kdasl J=~T1+K
A{TISi=HDULDRACKII+ALT D)
CONT INUE

{Jd=K~N

DG 75 g=1,.N

TE A 3 veely S{ovoof ag a voelor

o,
theaw vuiafo(q ie‘*«ﬂnaéa:fcn.,« Ka

15,2020

L¢’pv("’



70
75
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100

1065

108

Pt
L
o

Kd=KJ+H

IF{d~Ki T0+75 .70
ALRJII=ATKIY /RIGA
CONT INUE
D=0%x81GA

ATEES = (1.0D0:0.0D0) /BIGA

CONT INUE

K=N

K={K-1)

IFIKY 1504150, 105
I=L{K}

IFIT-KY 120120108
JA=NF{K-1}
JR=ENH{I-~1)

DD 110 J=1 M
JK=40+3

HOL D= ALJK G

JI=JR+4J

AL JK ) ==A{ S]]

AU01) =HELD

J=MIK}Y

IF{Jd-K) 10Q0:1004123
Kiz=K-N

£0 13¢ i=1l;N
KI=KI+N

HOLD=A{KI}
JI=KI-K+4
ATKII=—ALJL}

BitIY =HOLD

GO V0 160

i RETURIN

END

g6
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SUBROUTINE COND{MoNDsRE I M}
DIMENS ION RE{ND: 1)y IMIND¢ 1)
DOUBLE PRECISION RE, IMySCALE
MD = 1

{F{MOGT&II) ME = 2*{”}“1

MDI = MD+1
NBGR = ND
NROW = NBGR

D0 60 KR = MD1,NBGR

SCALE = 1.0DO/IM{NROWeNROW ]

B0 8 LC = MD4NBGR

RE{NROWs LT} SCALEXRE(NROW,LC)
ITMINROW, LC) SCALEXRIM{NROWsLC)
CONTINUE

MROW = NROW=-1

DO 2C MR = MD,MROY

SCALE = IM{MR,NROW}

DO 16 MC = MD4NBGR

RE{MR, ML) = RE{MR;MC }-SCALEXRE{NROW ML}
TH{MR; ML) = IMIMRsMC}I}=-SCALE*IM{NRGW:HL]
CONTINUE

CONT INUE

NROW = NRUOR-~1

CONTIMUE

NROW = NBGR-1

3 80 ! = 1.NROW

I8 = 1+}
DG 72 4
IM{Igd}
CONTINUE
CONTINUE
RETURN
END

nou

I3 yNBGR
0 .000

13 3
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SUBRDUTINE

CRYHOTMGND yRE o1 iy X5 YD

DIMENS TON RE{ND: 1)y IMIND: L) X{1)y¥Y(1)

DOUBLE
MD = 1
IF(M.CT.1)
NBGR = ND
SUM1
D0 20 K =
sym
CONTINUE
SUM1 =
D0 28 K =
RE{ NBGR s K)
IMINBGR ¢KJ
CONT INUE

NMI =
NROW
DO 100
NROW
MROW
D0 36 K =
X{K)
YK} = TM{
CONTINUE

i=

[

(LI

PRECISION RE$IMeX Y s SUMLgSUMZ

HD = 2%¥4-1

0. DO
MDs NBGR ~
= SUML4RE(NBGRy K }5%2 +IM {NBGRgK } %2

DSQRT{SUM1}

MD;NEGR x
REINBGRK) /SUML
IMINBER K} 7S5UML

ok

NEGR-1
NBGR

MOy NM |

NROW=-1
NROW

ME +NBGR
REINROWsK )

NEOWs K}

DO 84 J = NROWeNMI

SUM1
SuMZ
MROW
DO 40
SUMI
SuM2
CONTINUES
DO 48 K =
X {K)
Y{K}
CONT INUE
CONTINUE
SuMi

oo

0
0
f

iR e s

K

Pou

0DD

0o

O+ 1

MDD o NBGR
SUMLARE{MROWs K }HRE(NROW K )+ THIMROW KT HIMIN
= SUMZ+RE{MROW KIFIM{INTOW K I~ I {IMROU K JSRE (R

MR W, K
QOWQK)

MDyNBGR
¥ (K}=SUMISRE{MRON, K IISUM2 X IMIMROW. K}
= VIR = SUMI# T MIMRDW K y~-SUM2Z®RE{MROW K

= (3,000

DO 84 K = MDNEGR

Suil =
CONTINUE
sSuMl =
00 88 K =
RE (NRCH K}
IMINROW:K)
CONT INUE
CONT INUE
RETURN

END

SUNRL+X{K j%=2+Y{K }%%2

DSQRT{SUML)
MD, NBGR

= X{K}FSUML
= Y{K}/SUML
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SUBRDUTINE PERFTINPsMNR¢NDeARALI sBRBI s TeREsIMpX oY}
DIMENSION ARINRy 1)s AL(NRy) 135 BRINR:1)oBI{NRy LI TEND» 1Y ;RE(NDy1) o
TIMIND S L) o X153 ¥ (1)

DOUBLE PRECISION ARsAL«BR:BI yRE9IMsNeYFAC
COMPLEL %16 ¥

MDD = 1

IF{ML.GCT,1} MD = 2&M~1

HR = ND/2Z

FAC = 1.90D0

IFINP.GT0) FAC = =1.0D0

DO I1G I = L,HNR

DO 1G J = 1:NR

RE{2%]~1 2% =1} = AR{I¢.0) -

RE(IZ2%]=1:,2%]) = FAC¥*BR{I.J)

RFE{2#1¢2%45-11} FAC*BR{Is4)

REL2%I 2% ) = =AR{I,4}

IM{22]=1¢2%J3=11 = AT{1I;J}

Imi2 % J=1,2%0}) = FAC¥BI{Is4)

IMigwl s2%d=1) = FAC*BI{l:J}

IH{2%T42% 5} = =AI{T 4.0} )
IF{T.EQod} IM{2%I;2%]) = 1.0DO-AL{Igi}
CONTINLUE

CALL CONDUMsNDLREIM)

CALL OBRTHD(MeNDyRE: IMy Xs Y

DO 11 1 Ly ND

pooil J 1,ND

-

[T ]

CONT INUE

D0 12 1 = FDoND
DO 12 J = MDsND
DO 12 K = WMDyHD

T{Ied) = TH{Iedi-DOMPLXIREIK, D)*RE(KJ Yo —IM{Ky T HREIKSJI
CONTINUE

RETURN

END
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SUBROUTINE LINE(THETANIP,CyALPHA R DR}

DOUBLE PRECIS [ON THET Ay Co ALPHA R, DR

R = C*DSIN{ALPHA)/DSINITHEY A+DFLOAT (NIP)I%ALPHA}
DR = -R/DTAN(THETA+DFLOATINIPIXALPHA}

RETURN

END

SUBRCUTINE TRCIR{STH:CTHsCsAsRsDR)
DOUBLE PRECISION STH CTHC sAaRsDReX 45T 4CT

§T = C*%STH
CT = C%CTH _
X = DSQRTIARZ2-SThEZ)
R = CT+X

DR = =S§T=STHLT/X
RETURN

END

SUBROUTINE ELLIPS{STHCTHSAZBRALR,UR}
DOUBLE PRECISION STH:CTH;AZ<BRALRDR

Ro= AZ/DSQRY {LTH¥%2 ¢ {AZ=STHABRA G2

DR = REABLSTHHECTHY (1. 000~ [AZ/BRAY®RXZ (/7 AT *%E
RCTURN

END

INE TRELLI{STH;CTH,AZ,BRA;Cs Ry DR}
PRECISION STHCTHAZ+BRAC 4Ry DRy NESRD

NE= {CHSTH %22

DIGRT{RO}

R = {(BRA*2XCHCTHEAZ ¥BRAXRO Y} /NE

DR = =2 . 0D0%STHRCT H& (AZ#*42~BRAX%2 JAR/NE+] ~BRAXF24LC2STH+ STHXC THRAL ¥
IBRAM{AZ¥*2-BRAX®C2-CE%2) /RO) /NE

RETURN

END

R —



)

Sphiere—cone-sphare.

A = 1.0D0
ALPHA = PI*15,0D005180.0D00

NDULTH(L? 64

NDLTH{Z2} 64
NDLTH{ 3} b4

CALL SPCOSPUALPHAy A, THETAL, YHETAZ)

NSECT = 3
HIP = -1

0-5D0%¥A%(1.0D0-DS IN(ALPHAY) /(1 CDOFDSIN(ALPHAY)

0.5D0% A {DSIH{ALPHAY®:XZ+DS INTALPHA}Y+2.0D0 )/ {DSIN(ALPHA Y *{ 1. 0B0
IN{&.-HH& IRR

&/ {1.0D0+DS5SINTALPHAY)
THETAS P
COH(1}

iouon

&

1+D

M D

I VLN TR 1

, AL/ZDFLOATINDLTHEL))
(TULrIP ~THETAL )/ DFLOAY{NDLYHI 2}
(YRETAS-THETAZ I /DFLOATINDLY R3]}

‘,
©
X
i 1
powonoy

GO T {1:¢2,3),1SECY

CONT INUE

CALL TRCIR(STHeCTH+Bs ARy DR}

GO T3 4

CONT INUE

CALL LINE{VHETA.NIPy Co ALPHA:Ry DR}
Go 70 4

CONTIMUE

CALL TRCIR{STHeCTHeDsE)R+DRJ
CONTIRUE

SUanhTENE SPCOSPIALPHA A, THETAL s THETAZ)

DOUERLE ECISION ALPHA,;SNA,CSAyA¢BDA,Q, THETAly THETAZ
SNA USI% ALPHA)

CSA DCOSIALPHAY

BDA = 1.0DO0S11.00C+SNAS

Q@ = (1l.000-BUA*{1.000-SNA} 2,000

0o

THETAL = DATAN{SNA*{SA/{Q-SHNA¥%2))

THETAZ = DATAN{BDA%RSMARLSAS{1.0D0-Q~BOARCSAXX2) )
THETAZ = 4.020%DATAN{L 000 ~THETA2

RE TURN

END



Translated cirole

A 1.0D0

C -0.1D0
NDLTH{1) = 192
NSECT = 1

THET AL
CDH{ L)

Hoh

PI
THETAL /DFLOATINDLTHIL

8

CALL TRUIR{STHsCTH:CsAsRLDR)

o =
i
ot
@
<
<7
o

= 0., 500
NDLTHIL)Y = 192
RSECT = 1
THE TAL
COH{L

how

PI
THETAL/DFLGATI{NDLTH{1}}

CALL ELLIPS{STHoCTH: A; ByRy DR)

Translated ellips

1.0D0
0.500
”ODIDO
NOLTHILY = 132
NSECT = 1
THET AL
CDHI1)

Mo
[T

PI
THETAL /DFLOCAT (NDLTHIL))

noH

CALL TRELLI{STHsCTH+A 4B CoReDR)



