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Section I

INTRODUCTION

The determination of the skin currents induced on a mis-
sile in flight is an important first step in predicting the
response of internal subsystems to an impressed electromagnetic
field. The missile skin currents, however, may be affected
by the presence of the rocket exhaust (plume) which consists
of partially ionized gases or plasma and therefore has a
finite conductivity. Because of the difficulty and expense
lavolved in obtaining measured data, a reasonably accurate
numerical solution procedure is desirable, Furthermore, num-
erical results can provide a partial validation of actual
experiments., The more sophisticated numerical analyses gen-
erally involve a body of revolution model for both the mis=~
sile and the plume. In this report we consider body of
revolution models in general, for both perfect electric con-
ductors and dielectric bodies, without reference to a parti-
cular structure.

The primary impetus for the development of the computer
code described in this work has been the desire for simplicity
of formulation and for increased accuracy and efficiency.

Other numerical formulations for bodies of revolution are




already available [1, 2, 3] and, indeed, the formulation of
[3] has been generalized to the missile/plume problem and
results have been presented in a recent report (Wu, et. al.
[3]). However, ;;me stability problems have been encountered
in these formulations for certain geometries, whereas the
formulation presented in Section II has been extensively
tested and has demonstrated no apparent stability problems.
More importaintly, however, this formulation and computer code
serves as a basic buillding block from which an extremely
complicated code 1s to be developed which treats a very sophis-
ticated model ~i the missile/piume structure in which the
inhomogeneous plume is modeled by layers of homogeneous mat-
erial. This formulation will be described in a forthcoming
report.

The numericsal solution procedure for a body of revolution,
which may be either a perfectly conducting body uvr a dielectric
body, is presented in Section II. Numerical results for sev-
eral cases are also presented and discussed., In Appendix B
the implementation of the numerical formulation is discussed
with direct reference to an available computer code which is

also listed in the appendix.
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Section II

NUMERICAL SOLUTION PROCEDURE

FOR A BODY OF REVOLUTION

In this section integral equations are derived for
equivalent surface currents induced on a dielectric body
of revolution subject to plane wave illumination. Scatter-
ing by a perfectly conducting body of revolution can also
be obtained as a special case. The numerical solution pro-
cedures are described and the method of moments is applied.
Numerical results are cbrained for several cases and are

compared with other available data.

2.1 Formulation of the Integral Equations

Consider the body of revolution of Fig. 2.1, where
the body 1s formed by rotating a planar curve, called the
"generating arc," around the z-axis (also called the axis
of the body of revolution). The regions exterior and in-
terior to the body are denoted as regions 1 and 2, respec-
tively. The t-coordinate, which is depicted in Fig.2.1,
follows the generating arc on the body surface S. The body,

with constitutive parameters (uz, €s5 02 = 0), i8 considered




Figure 2.1.
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to be immersed in an infinite homogeneous medium with pa-
rameters (ul, €19 0y ° 0). The generalization to non-zero
conductivity of either the body or exterior medium param-
eters is trivial, but has not been considered here.

Boundary conditions require that the total fields tan-
gential to the surface of the body be continuous from Region

1 to Region 2. These conditicns may be expressed as

8 x (E-E% =~ & x B7C (2.1a)
§ x (H-7% = & x A" | (2.1b)
where (Einc, iinc) congtitute the incident fields, (EB, ﬁs)

are the scattered fields in Region 1, and (%, H) are the
total fields in region 2, and n= $ % t is the outward unit
necrmal to the body surface., Via the equivalence principle,
the body is replaced by two sets of electric currents (31,
i=1,2) and magnetic currents (ﬁi, i1=1,2) — one set just
inside the surface, and the other just outside the surface.
Each of .p2 two sets of currents radiates in an infinite
homogeneous medium having the constitutive parameters with
the correspornding medium index, i- 1,2. Thus the fields

indicated in (2.1) may be expressed as

B (D) = 30k, (D) - Vo (D) - -3; v < F (D) (2.2a)
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BT = -10F, () - W (@ + -V x K@

- — - - —. ! o
E(r) = -jwd,(r) - Ve, (ry ~ = V x F,(r)

H(r) = -jm?z(?) - T, () +

v x Xz(?)

where the potentials are defined by

F, (r)

Qi(r)

Wi(r)
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=
[S

%1 ffji(;')Gi(;’ ;') dS'

S
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(2.34)




-3k R

6, (r, T = E‘TF‘” , (2.4a)

i =1,2,
- - . &
R = r-r'] -[p2+p'2-2pp'cos(¢-¢')+(z-z')z) .
(2.4b)

The continuity of the tangential fields at the boundary

requires that

!
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1 9 . (2.5a)
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x|

(2.5b)

Note that we have introduced unsubscripted currents J and

M. One may then also define an unsubscripted charge by

©
[

pf = -p§ - %[V;-F(?')] (2.6a)

o} = -0y = d[viHEH) . (2.6b)

Combining Eqs. (2.1) through (2.6) allows one to write two
vector integro-differential equations which may be enforced
on the surface of the body to obtain the unknown electric

and magnetic currents:
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1 = )
+HV xffn (Gl +G2) ds (2.7a)
S
%—«-Ifﬂ(e +e 2) ds'

¢,
+ (v'-u) —+-—-] as'
P
S
1 - '
-HfofJ (G1+G2) ds , (2.7b)
S

where the dependence of the appropriate quantities on source

a x ﬁinc -

=

and/or field coordinates is understood. Since the term in-
volving the curl operator appearing in (2,7) is not contin-
uous at the bcundary, the direct interchange of integration

and differentiation is not allowed. It can be shown [ 4],
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however, that on the surface S,

v x ffﬁ'(cl+c2) ds' = - ffﬁ x (G, +G,) ds' , (2.8)

S S U=TorhH,

where ff represents a Cauchy Principal Value integral.
S
Eqs. (2.7) can be written in a component operator form as

inc

B m By (3,) +8),(3,) 8,50 ) +B,, (%) (2.9a)
EXRC w B (J.) #B,,(J,.) +B,.(M ) +B,, (M) (2.9b)
¢ 21e) T P22 ) T3 M) T B :
inc

B"C @ By (3) #By,(3,) + By (M) 4By, (M) (2.9¢)
BIPC w8 () 4B,, (3. ) +B, . (M) +B,, (M) (2.9d)
¢ 41 ¢ 427 ¢ 43t 44" ¢ ?

wvhere Bij is the appropriate integro-differential operator.
It 1s desirable to express all of the quantities of (2.9)
in terms of the local coordinates (t,$) on the body surface.
An orthogonal triad of unit vectors (3,6,2) may also be
assoclated with each coordinate point (t,4), where ﬁ, 6,

and E are defined as follows:

n o= cosYcostD;t + cosysingy - sinyz (2.10a)
$ = -sindx + cosdy (2.10b)
t = sinycos¢ x + sinysindy + cosyz , (2.10c¢)




where ¥ is the angle between the tangent to the generating
curve, E, and the z-axis, defined to be positive if t points
away from the z-axis and negative if t points toward the
z-axis. We note that the surface divergence in this co-

ordinate system becomes

v."...l_.g_._ ' .l...a__._ .
veru Y (p'U ) + o a¢.(U¢) ) (2.11)

One may now expand (2.7) into components and compare to

(2.9) to obtain expressions for the Bij:

Bll(Jt)n'}‘% th [sinysiny'cos{(¢'-¢)+cosycosy"'] {u1G1+u262} ds'
S

4+ - 3 A1
4w 9t p!
S

812(J¢)--‘}%ffJ¢sianin(¢'-¢){u1G1+u2G2} ds'

\ 6 . %2l ..,
(p Jt) ot ds (2.12a)

€ 2

le;

Q

t'

(2.12b)

+
'w
Sy
!>..
lw
~~
[
-
g’
=12
+
Nm !NO
a
“

10




S

4

+ (z-z')sinysiny'sin(¢'-9)] 33

L
{G1+G2} ds

M
814(M¢) = -f;{f—f—[p'cos‘f - pcosycos($'~¢)
s

+ (z-z')sinycos($'-¢)] %i{G1+GZ} ds'

BZI(Jt) -%%fthsinY'sin(¢'-¢){ulG1+u2G2} ds’
S

G G
I 19 A2
+ 4dtwp 39 p! at'(p'Jt) € + €y ds’

S

822(J¢) -‘}%IIJ¢cos(¢'-¢){u1Gl+u262} das’
S

G G
3 pyr o3 A, 2 '
" Tup 39 .U" o878 {El ’ 52} "

s

11

M
B (M) = -z%ff—R—t[(p'sinYcOSY' - pcosysiny')sin(¢'-9)

(2.12c)

(2.124)

(2.12e)

(2.12f)



M
823(Mt) = -ﬁff—;}[pcosw - p'cosy'cos(¢'-9¢)

S
d .
- (z~z")siny'cos(d'~0)] 'EE{G1+G2} ds' (2.12g)
B, (M,) =~ i) "Yainld'-¢) S-{c.+G.} ds° (2.12h)
24 ¢) "4." R (2"2 8 n'\¢ "¢ dR 1 2 ’ . 4
S

where R is defined by (2.4)) and

dc, . (1 + 3k R) e-jkiR .
R ") ’ '

1-1,2-

Eqs. (2.12) define the B for (2.9a) and (2.9b) . Recall
i]

that Bi (U) is an operator on the function U. One may also

b

consider 8 i=1,2, j=1,2, to be dependent on the param-

ij’
eters of the media, i.,e.

Bij(U) ™ Bij(U; Mis €15 U ez) ’

i=1,2,

1=1,2.
Similarly,

1=3,4,

j- 3,4 .

12




One then finds that

Bag(Mys Mys €15 Myy €5) = By (M 5 €44 My, €95 Wy)  (2.14a)

m

Bag(Mys Mps €10 Mgy €)) = Byp(Mys €14 Uy €55 Uy)  (2.14D)
Baa(Mt; 1119 el) Uz, 82) = BZI(Mt; 81’ 111’ ez’ 112) (2.14(‘.)

844(M¢; Mys €5y Uy, 22) = 822(M¢; Eyv Ups €ys uz) (2.144)

and

By (3,) = =B 5(3) (2.14e)
B3p(3y) = =B, (3y) (2.14£)
By () = -Bp3(3 ) (2.14g)
342(J¢) - -824(J¢) . (2.14h)

Thus Eqs. (2.14), which are actually statements of duality

[5], serve to define the Bij in (2.9¢) and (2.9d) via

Eqs. (2.12), Furthermore, if the body is a perfect conduc-

tor, (2.9) reduces to

inc 4 = - . = =

(2.15a)

inc * = - * = »

(2.15b)




For a numerical solution of (2.9) or (2.15) the gener-
ating arc is approximated as a sequence of iinear segments
as depicted in Fig.(2.2) where the approximation to the
generating arc is shown in the plane ¢ =0. This segmented
generating arc is rotated about the z-axis to obtain an
approximation to the surface of the body of revolution.

The points t

t specify the end points of the

0° t1v s Eyy

linear segments approximating the generating arc and are

written in terms of the coordinates p and z. The "half
" £+ -

points tk’ tlk’ ceey tN+k are defxued as

(tn'+tn-1)

taoy = g (2.16)

The variations of the unknown electric and magnetic currents
flowing on the surface are approximated by pulse functions
in the t-direction and are expanded in Fourier series in
the ¢-direction. The expansion of the electric current is

given by
N N

J(tt,e') = -2—;%,- 5 I:nP?(t')ejw'
ul

m- -0 n-

o  N4-1

mn_n jmd!

¢

+ 9 3, Py (t")e (2.17a)




e R

Figure 2,2, Approximation cof the generating arc by linear segments.
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The derivative of Jt with respect to t, which contributes

to the charge, is approximated as

© N+l oo 0. nei
) G '
%E_'—[pwt(t"(b')] ) E!TT : Att Pg(t')ejm‘1> )
n
n=-o =]
(2.17b)
In the preceding,
t
PR (t') = Lot S Sty
' 0 , otherwise ’ (2.18a)
1 » t S t' S t
PR (') = n-1 n
2 ’ (2.18b)

0 , otherwise

Atn B ltn‘ tn-ll

L
[(Dn-on~1)2+(zn-zn_1)2] , (2.19)

and I:n ie the coefficient of the "total" current flowing

in the t-direction as defined by
I(t",0') = 2mp'3 (£',0') . (2.20)

This "total" current has no physical meaning (except for
m=0; for m¥ 0, the integrated current vanishes) but, as a

mathematical concept, its use is advantageous in the

16




solution procedure. In (2.17b) it is assumed that

m,N+1

m,0 . = ’
e = I =0 .

The magnetic current M(t',¢') and its derivative,
%ET[p'Mt(t’,¢')], are defined similarly with K:nﬂ-Zﬂp'Mﬁn
and M:n replacing I:n and J?n, regspectively.

The current expansion scheme (2,17) has a number of
advantages. The first, and most obvious, is that the
Fourier components of the current can be decosupled; thus
one can solve for each unknown Fourier component of the
current distribution independently. The remaining advan-
tages arise from the use of the staggered pulse basis sets
indicated by (2.18), To frrther illustrate some of these
advantages we consider the case cf a perfectly conducting
cylinder (Fig. 2.3) which has one closed end and one open
end. Note that the "total" current flowing in the t-direc-
tion (It) is zero for all Fourier couponents at t =0 end
t=b [ 6,7 ] and should therefore be well represented in
the neighborhood of these two points by half pulses vith a
zero coefficient, as in the cases of the TE strip and the
rectangular bent plate described in other works {8,9]. On

the other hand, the current density in the ¢-direction (J

¢)

approaches zero (m# *1) or 2 constant (m=%1) as t+0 [ 6,7 ]

17
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Figure 2,3, Cross section of a perfectly conducting cylinder with
one open end.
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and is always singular at t=b, as required by the so-called
edge condition [10]. It has been demonstrated in the pre-

vious works [8,9] that the staggered subdomain scheme, such as
(2.17) and (2.18), employing full pulses to represent J¢
adjacent to the points t=0 and t=b, can accurately model
the singular currents near 2dges and should clearly model

a finite current as well. The full pulse, however, may not
model a current which approaches zero well, but in view of
the fact that such a situation occurs only at points where
the surface 1intersects the axis of the body of reveolution
(p=0) and that the current moment represented by the pulse
is therefore relatively small, this deficiency should not
significantly affect integral functionals of the curvent
such as radar cross section, etc. Thus the staggered pulse-
Fourier series basis set enjoys the same advantages de-
scribed for the staggered subdomain scheme on the rectangu-
lar beut plate, namely, the current expansion ensures that
t-directed components of current vanish at knife-like edges
and are continuous at structure edges (sharp bends), and
that the ¢-directed current and the charge, both of which
are singular at an edge, are allowed to vary independently
on opposite sides of an edge. The basis set (2,17) there-
fore allows one to model both open and closed bodies, and

bodies with sharp edges, with nc special procedures required

19
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at edges or points where the surface intersetts the body
axis. Of course, a dielectric body has no knife-like edges,
but it may have structure edges at which, depending on the
parameters of the medium, it may be necessary to represent
currents which are singular [11]. The basis set (2.17),
which is used for both the electric and magnetic currents,
provides accurate modeling in the vicinity of such edges.

We next define the testing functions
29(t,¢) = p(e)eP? (2.21a)
29(c,0) = p‘zl(t)e‘“"’ i (2.21b)

Eqs. (2.9a) and (2.9c) are tested with (2.21a), while (2.9b)
and (2.9d) are tested with (2.21b) , The testing procedure
results in two surface integraticns being required for each
Bij' However, we note that the current has already been
expanded as a Fourier series in the variable ¢'. Likewisge

the various kernel terms appearing in (2.12) may be expanded

in Fourier series of the form

~3k,R -
s___.i_‘i._l.z o om0 =07
R 27 i
0 m
me= =00

and

20




m--oo
i = 1,2,
with Fourier coefficients
Ll
e—jkiko
Gi = -y cos(mf) di (2.22a)
m ) o 0
Y -jk,R
¢! = 14 Je O cos(mf) dE (2.22b)
i R, dR R ’ *
m 0 0 0
-7
where
2 2 2 %
Ry = [p"+p'" - 2pp’cosE +(z2-2")°) . (2.22¢)

Testing with the testing functions (2.21) permits all inte-~
grations in the variables ¢ and ¢' to be carried out analyt-
ically, simultaneously decoupling the equations with respect
to their dependencé on the indices p and m. The double in-
tegral in the t-direction is reduced to a single integral
via eppropriate approximatigns (such as used in [8,9]). We
also note tnat derivatives with respect to ¢ and ¢' can be

performed analytically during the testing procedure. By

means of such approximations and procedures, one obtains

21




qn
ijm

ance matrix, where the subscript m refers to the Fourier

expressions for the elements B8 of the generalized imped-~
coefficient index and the superscripts q and n refer to the
indices of the field point and the current source, respec-
tively. For convenience in writing these expresslons, we

first define two frequently used integral functions:

9
y,(t,,t3t ,m) = G, (t_ ,t') dt° (2.23a)
17172 "q J[ im q
ty
ta
w‘i’(tl.tz;tq.m) -f Gim(tq.t')p' dat' , (2.23b)
t
1

wvhere G1 18 defined by (2.22). We also introduce the aux-
o

iliary "weight" functions arising from testing in the t-

direction:
At siny + At _siny
- q+l q+l q q 2.24
xs(Atq,yq) 7 (2.24a)
At cosy + At _cosy
- g+l g+l 9 g 2.24b

The expressions for the elements of the generalized imped-

ance matrix are given on the following pages:

22
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The U's in (2.25) are integral functions defined by

u (tl’tZ’t ,m) ‘f fsin(mﬁ)sini ggo dede! (2.26a)

a.

t T
2
Ul(tl’tz;tq’m) -f fﬂ—%ﬂsin(mﬁ)aing ""g—' dEdt' (2.26b)
0
-Tf

o

t2 W
-t
q Ro dRO
S (2.26¢)
tz U
- .
Uz(tl.tz;t ,m) = S-E——-z—-lcos(mﬁ)cosg 46 _ dEdt' (2.264)
9 y Ro dRo
t -7

T
2
Ug(tl,tz;tq,m) -f f-(-z—;;;z-:lcos(mﬁ)cosg %—g—a p'dEdt!
1 T (2.26e)
Up(tl,tz,t ,m) -f f‘o—-sin(mﬁ)sini %—-—- dEde! (2.26f)

y? (tl,tz,t yl) -f f-(-g-—-e-—)-cos(mg) -a-G-; p'déde’ (2.26g)




[-%
(]

dédte’ (2.26N)

[~ 9
w

tz W
sycepigiegm - f et
: t, o7 0

t v
2
wP(t, ,t.st ,m) = cos(mb) .y n2r/2) 85 vagder (2.261)
5 Epatyity Ry drg
’ tl -7

(=Y

t U .
2
U6(t1,t2;tq,m) -f f—g-&i-fllcos(mﬁ)cosﬁ g-g—(; dedt', (2.263)
t -T
1

where R, 1s defined in (2.22c) and

e-jklRo e—jkzno
G - R + R - . (2'27)
0 0

The integrals defined by the U's are actually recombinations
of expressions involving the Fouriar coefficients (2.22b)
and are expressed in the manner shown to facilitate the sin-
gularity analysis of self terms, which appears in Appendix A,
We have now completely defined the elements of the impedance
matrix corresponding to the operators appearing in {(2.9a)
and (2.9b); the matrix operators arising from (2.9¢c) and
(2.9d) are obtained fcom the functional relationships

(2.14), One should note that many of the integrals which

must be computed in the calculations of the elements (2.25)




o=

appear in several plices and hence can be used several times
to increase efficiency.

The incident plane wave fields are expressed as

BT - (mgdt + Eé@i)e-jkln.r (2.28a)
Fine . %(Eiéi - Eé&i)e-jkln.r ,  (2.28b)
wvhere
éi = coseiccs¢i§-+cosﬁisin¢i§-sinei; (2.29a)
81 = -sinél X+ cosel (2.29b)
n o= -aineicos¢i;-sineiain¢1§-cosei; (2.29¢)
T = pcoa¢§+psin¢§+z2 , (2.294)

and n is the free space impedance. Note that n is in the
direction of propagation, The elements of the forcing func-
tion vector are thus determined by finding the components
tangential to the surface and testing with (2.21), With
reference to (2,9), these elements are given by the ex-
pressions on the following page, where Jm(u) is the Bessel
function of the first kind of order m. With regard to the
expressions (2.30), we comment that, with no loss in gener-

ality, one may set ¢1- 0.
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A full solution for the currents on the body of revo-
lution consists, in general, of an infinite number of
Fourier components. 1In practice, however, the series is
truncated such that -M<m< M, where M is the maximum number
of positive Fourier components to be calculated. Further-
more, it can be shown that the current solution for -m is
related to the solution for +m, so that it is only necessary
to compute the impedance matrix and drive vector for m= 0,1,
2,...,M. This relationship is determined by comparing the
signs of the impedance matrix and a decomposed drive vector
for the positive and negative Fourier component indices.

If one has avallable the impedance submatrices 8 for pos-

1)
m
itive m, then the impedance matrix for the corresponding

negative Fourier component, -m, is given by

-B B B ] 7
1 12 13, 14
"821

. (2.31)

B -8 -8 B
41m 42m 43m b4

The submatrices constituting the drive vector can be re-

solved as follows:
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= - o o - u -
inc
Et al oy
m m n
inc 6 ¢
E¢ az az
m m m
yine = ae + a¢ , (2.32)
t 3 3
m m m
H;“C ag a2
m m m
how - b -l b -

where the superscripts 6 and ¢ refer t.o the components of
the incident field arising from Eé and Ei, respectively.

We then find that

- e -1 pase e -y
0.1 (11
-m m
)
%9 )
-m m
. - . (2.33a)
%3 ~G3
-m m
8 8
%y %y
-m m
b i e -
and that
- R ) - 6 -~
Ql ‘-Gl
-m m
¢ ¢
(Iz-m sz
. - X . (2.33b)
O3 3
-m m
¢ 0
Qa-m \lém
L J _ J




Thus the decomposed negative Fourier component solution
vectors are related to the corresponding positive component

solution vectors by

b
| I 6 ] i 9 1
}
| g ey
Je -Je
¢-m ¢m
- (2.34a)
6 6
K -K
t-m tn
0 )
M M
6_, by
b -l ) -l
- T ~ ¢1
¢ -
It: It
-m m
J¢ J¢
¢_m bn
- , (2.340b)
¢ ¢
l(t l(t
-1 m
¢ ¢
M -M
¢_n ¢
- - he -l
4hich may be combined to obtain
: p= p- - -l b |
1 l I I¢
t t t
m m m
b 74 Iy %
b I 2l o+ n ~ (2.35a)
8 ¢
K K K
tm C ‘n
G ¢
M M M
¢, oy ¢y
P - ~ b o N -
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o o oy p— -1
1 ] 1® -1?
t t, tn
0 ¢
J -J J
¢-m ¢m ¢m ( )
- 2.35b
o |t " .
K, -Ky K,
-m m m
M u® -’
¢-m L ¢m N ¢m

Thus Eqs. (2.9) (or (2.14) for a perfect conductor)
constitute a lincar system of equations for the current
coefficients in (2.17)., The Fourier components of the cur-
" rent in the problem are decoupled, however, and one may
dolve for each Fourier component current distribution in-
dividually, using the impedance matrix elements given by
(2.25) and the elements of the forcing function vector,
(2.30), The forcing function vector is then decomposed into
two drive vectors ar indicated by (2,32) so that one may ob-
tain both the posi<ively and negatively indexed Fourier com-
ponents of the current distributions simultaneously, through

the relationships (2.35) .

2.2 Numerical Results for the Body of Revolution

The numerical proceduretc described in the previous
section have been incorporated into a computer code, herein

referred to as "DBR," and numerical results for the surface
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currents on several structures have been obtained and com-
pared with other availahle data. The code is capable of
treating both dielectric and perfectly conducting bodies;
in the latter case, the hodies may be either open or closed
structures.

All of the structures considered in this section-are
assumed to be i1lluminated by a plane wave incident along
the z-axis with an electric field polarized in the x-direc-
tion. Propagation may be in either the positive or negative
z-direction. For a field incident along the axis of the
body of revolution, only the Fourier components with eij¢
varjiation (m= 1) are excited. Using the relationships

(2.35) the surface currente can then be written in the sim-

ple form
Tee,0) = gl (el e eI 4 oSy el - I
- Jt(t)cos¢+jJ¢(t)sin¢ (2.36a)
H(e,0) = mO(e)[ed? - eIy wng oy (30 4 673
= jM (t)sing + M, (t)cosd o, (2.36b)
where
Jp(t) = 2J§(t)
Mo(6) = ZMg(t), e
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The surface currents without superscripts in (2.36) there-
fore represent the variation in the t-direction of the

actual surface current density on the body, consisting of
a sum over the excited Fourier components and observed in

either the ¢ = 0° (Jt,M ) or the ¢ =90° (J¢,nt) plane. The

¢
figures in this section illustrate the t-variation of these
actual current densities when viewed in the appropriate
plane. We first consider results obtained for dielectric
bodies.

In Figs.2.4 and 2.5 the electric and magnetic surface
current distributions, respectively, are illustrated for a
dielectric sphere. Results calculated by means of DBR are
compared witl results obtained by Wu [12]. The radius of
the sphere is kla- 1 and its relative constitutive param~
eters are = 1 and €. " 4. The sphere is excited by a plane
wave propagating in the positive z-direction. In general,
the data obtained with the computer code DBR agree well with
that of Wu. One should note, however, that the results
calculated by means of DBR have a slight "glitch'" near the
points where the surface meets the body axis. It is spec-
ulated that the rapidly decreasing radius in this region
may necessitate using a smoother current basis (e.g., lin-

ear) for the total current It in the vicinity of the points

where the surface meets the body axis, where it is presently
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e

modeled by a zero magnitude hLaif pulse. This speculatien
has not yet been confirmed; however, numerous other attempts
to correct the problem have been unsatisfactory. For open
conducting bodies where the current density Jt also ap-
proaches zero near the ends of the body, no such "glitch"
has been det:cted. The presence of the "glitch" should have
a negligible effect on field calculations, however, except
possibly very near the points where the surface meets the
axis, since the total current moment for the pulses in this
region is small.

The electric and magnetic surface current distributions
for a dielectric sphere with radius .2\ and et,-80 are shown
in Figs. 2.6 and 2.7, respectively, and are again compared
with results obtained by Wu [12]. - One observes in Fig. 2.6
that the agreement of the results is excellent if one ig~
nores the (apparently) non-physical oscillations exhibited
by the ¢-component of current in Wu's solution. Note that
the results obtained with DBR for N= 30 are presented as
continuous curves, rather than discrete points. We comment
that the data points nearest the points where the surface
meets the body axis have been ignored and the curves have
been extrapolated in this region., The data points which
were ignored, however, have been plotted in the figure as

dots which do not lie on the continuous curve., All other

39
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data points lie on the curves. The results for the magnetic
current (Fig. 2.7) are also in good agreecment. For the ¢-
component of magnetic current, however, the data obtained
with DBR for N =20 exhibit a slight downward bulge near
t/(mX) = .075, whereas Wu's results show no such behavior.
The bulge disappears when more unknowns are used, as illus-
trated by the curve for N= 30,

In Fig. 2.8 numerical data are compared uwith the exact
solution for the current densities on a "vacu.im dielectric"
(er- 1) cylinder. The exact solution is, of course, given

by

T=nxH

M=%E X n .

The numerical data agree reasonably well with the exact so-
lution when one considers the fact that the ¢-components of
current must exhibit a step-function jump in magnitude at
the edges of the cylinder. The ability of a computer code
to model such a case accurately may be important 1f one
wishes to consider objects of very low dielectric contrast.
Figs., 2.9 and 2,10 show calculated electric and magnetic
current distribufions, respectively, for the same size cyl-
inder when the dielectric constant is increased to €. = 4,

We next consider numerical results for two perfectly
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conducting bodies. Fig., 2,11 illustrates the current dis-
tribution on a cone-sphere structure illuminated by an
axially incident plane wave propagating from the comne tip
toward the spherical cap. Numerical results obtained with
DBR are compared with results of Mautz and Harrington [ 1]
and Poggio and Miller [13]. The results of Mautz and
Harrington are outained via an EFIE formulation, while
Poggio and Miller employed the MFLE. Results obtained with
DBR are in excellent agreement with those obtained with the
MFIE and do not exhibit the (apparently) non-physical oscil-
lations in the current distributions obteined by Mautz and
Harrington.

We also note at this point that there may exist a theo-
retical relationship between the t~ and ¢-components of cur-
rent at the pecints where the surface meets the body axis.
Such a relationship is of interest when treating body of
revolution structures. Consider the region near the tip of
the cone-sphere structure depicted in Fig. 2.11, The charge

th

density near the tip fov the m Fourier component is given

by

N I o
? wr[at(rJt)+8¢(J¢)]

) 3 0
= L [Jt's-é'(r) + r'a—E(Jt) +'§E(J¢)] ’

wr
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or
3
o0 = &[Jtsin(G/Z)+r7é-E(Jt)+jmJ¢] , (2.37)

where r is the cylindrical coordinate variable representing
the distance from the z-axis and where, on the conical sur-

face, r=t sin(8/2). The "total" charge is therefore
q = j—- [J sin(6/2)-+r (J )-ijJ¢] . (2.38)

From symmetry considerations, however, it can be shown that
the total charge at the points where the surface meets the
body axis is zero for m¥ 0. At this point we rely on a
visual inspection of the numerical results to infer that

for m= #}

lim rat(J ) = 0 . (2.39)
t+0

A rigorous theoretical lnveatigation of the fields in the
neighborhood of the cone tip is necessary to determine the
validity of (2.39). Such an investigation, howaver, is
seriously hampered Lty the lack of tabulatea zeros of the
associated Legendre function, and has therefore not been

pursued in this work. With (2.38) we then have for m= ¢l

J,8in(8/2) = %43 (2.40)

¢ I
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which reiates the value of the two current components at
the point where the surface meets the body axis. The spe-
cial case for 6 =7 and m=t1 was developed previously by
Mautz and Schuman [ 7]. Eq. (2.40) may be of some interest
for "conically-tipped"” surfaces when m=~ 1, Referring to
Fig. 2.11 again, one should note that results computed by
means of DBR (which enforces no special conditions at the
body axis) do indeed satisfy (within 5%) the condition
(2.40) both at the cone tip and at the point on the spher-
ical cap at the axis.

When the cone-sphere structure is illuminated by an
axially incident plane wave propagating from the spherical
cap to the cone tip, the current distributions shown in Fig.
2.12 are obtained. Results computed with DBR are again com-
pared with those of Mautz and Harrington [ 1] and Poggio
and Miller [13]. For the ¢-component of current, agreement
with the MFIE approach is again excellent, except very near
the cone tip. However, for the t-component of current, the
MFIE approach yields results which appear to oscillate
slightly. Results obtained by means of DBR show essentially
no oscillations. Also, the computed results again satisfy
the condition (2.40) poth at the cone tip and at the point
on the spherical cap at the axis.

Fig., 2.13 illustrates the current distribution on a
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perfectly conducting open~ended cylinder subject to an
axially incident plane wave. The results computed with DBR
are compared with those of Davis, which were obtained using
a set of hybrid integral equations [ 14 ]. Davis apparently
encountered stability problems in the solution of the usual
EF1IE, and developed the hybrid equations as a means to avoid
these problems. A comparison of the data in Fig. 2.13
should confirm that the formulation presented in this work
apparently does not suffer from stability problems of the
kind encountered by Davis. This problem also presents the
opportunity to check the a posteriori correction for pulses
which represent singular currents near edges [15]. The two
square symbols near the edges of the plot in Fig. 2.13 rep-
resent computed currents which have been corrected a pos-
teriori by dividing th% computed current magnitude by v2,
These corrected values are in excellent agreement with the
results obtained by Davis, who used spline functions con-
taining the edge condition. On the other hand, if one
wishes to calculate the fields using the computed currents,
it is probably better not to correct the value of the edge
current, since the computed (uncorrected) value should ac-

curately represent the current moment over the pulse region.
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Section III

CONCLUSION

In this report we have presented a simple and efficient
numerical formulation for determining the currents induced
on both perfectly conducting and dielectric bodies of revolu-
tion. The formulation has been implemented in & computer
code (DBR) which is described and listed in Appendix B, Num-
erical results have beeam presented for the current induced on
several types of bodies of revolution and the excellent agree-
ment of the results with other available data has been demon-
strated. It has also been noted that other researchers have
encountered stability problems with some body of revolution
configurations. There has been no evidence of solution in-
stability for any structural geometry when the procedures
described in this work are employed. A slight "glitch" in
the solution for the current has been detected at points
where the surface meets the axis of the body of revolution.
However, this glitch is relatively small and should have no
significant effect on integral functionals of the current
such as fields, radar cross-section, etc, Furthermore, it
has been demonstrated that the techniques described in this

work provide accurate treatment of sharp bends and/or knife-like

53




edges in the structure.

The numerical formulation presented in this report serves
as a basis for a very sophisticated numerical model of the
missile/plume structure in which the inhomogengous plume is
modeled by layers of homogeneous material. 'This sophisticated
numerical model now apperars to have been successfully imple-~

mented and will be the subject of a forthcoming report.
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APPENDIX A

SINGULARITY ANALYSES FOR SELF TERMS

OF THE BODY OF REVOLUTION FORMULATION

When calculating elements of the impedance matrix for
the body of revolution via (2.25), one should be aware that
the integrands of the integral functions Yy and U may possess
a singularity when the field point is within the source re-
gion. 1In this appendix each integrand is investigated to
determine if a 'singularity is present and, if so, a numer-~
fical treatment of the Iintegral function is presented. 1In.

all of the investigations we employ the following coordinate

parameterization valid for tj-l St Stj:
Z = 2 + fcos A.la
4-1 Yy (A.la)
p = pj-l + zsian . (A, 1lb)
0 sﬂ,slﬁtj ,
where 4 = ¢t -tj—l' For all self terms we then have that
(z=-2') = (2,--2')cos‘y'j (A.2a)

(p=p")Y = (L-~-2"')siny, . (A.2b)

3
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A.l1 Singularity Analysis of the ¢ and wp Integral Functions

For a self term, the Yy integral function of (2.232) pay

be written

2
2w
-1k Ry
v, = & ——— cos(mf) d£dr! ,  (A.3a)
0
by oom i1=1,2 ,
where
2 y, &
Ry = [(p-p")"+2pp'"(1-co8E) +(z~-2")"] . (A.3b)

As t+t' and £+ 0, Ro*-O and the integrand of (A.3a) is

clearly singular. Thus we express |y as

v, = 1 + I , (A.4)
i 11 21
where
'3
2 " [ -1k R ¥
e 170 1
I1 = R cos(mg) - o dgdg’ (A.5a)
i ) 0 0
“'n
1
22 Ll
I, =ff o dEdL' : (4.5b)
i *0
21 -
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and where the integrand of I1 is no longer singular.
i

Furthermore, we have that
Ry = [(p-p"2+ (z-21)7 +4op'sin®(£/2)]*
. R1[1+B§sin2(ﬁ/2)]l’ ,
vhere

kX
Ry = [(D-D')2+ (z-z')Z]

Thus, with a simple change of variables, 12 may be written
1

1
21 2 Rl[l-fefsinzc]k

L

2
1 1
= 4] K e’
2. % 2.k
9“1 R1[1+81] [”81]

as [16]

2

2
o |
- 4_[ Ry K(Bp) ab . (A.6)
ll
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where K(BZ) is the complete elliptic integral of the first

kind defined by

ul
."2
1
K(u) = d¢ , (A.7a)
0 [1-u’sin?$]?
and
i
Rz = {(p+p')2+(z-z')2] (A.7b)
Y
g« 2lep']” ) (A.7¢)
2 R2

The integrand of (A.6) is still singular, however, and near
the singularity at t=t' varies as
1 , 1
R, K(BZ)“——-d1> 20 [Ln 4 + Qn(Rz) - Qn(Rl)] . (A.8)
t+t
Only the last term is singular, so we add and subtract the

singular term from {(A.6) to obtain

1, = 13 + 12 , (A.9)
i i i
where
%
12 =4 1 K(B.) + —L-Qn(R Yyl de! (A.10a)
2i R2 2 2p 1
2




&)

1‘2’ - -lf en(R,) d2' . (A.10b)
i P l

%

a no longer has a singular integrand and the
2

i
can be evaluated analytically by using the

The integral I

integral Ig
i

parameterization (A.1) as follows:

L

2
b _ 2 .
12i pf ln(Rl) dL
2
1
)
- «%f a2 - 2| d&
8!

2
= -5[(2,2-9,1) - (2,2-2.)941(22-2)

- (4-2)an(2 - 2)] . (A.11)

The integrals 11 and Ii can thus be integrated numerically,
i 1
g is given by (A.1l1l), and we have
i

while I
by =1, o+ I; + Ig . (A.12)

We comment here that for non-self terms it 1is more

)
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convenient to calculate wi as

by =1, +1, , (4.13)

where 12 is defined by (A.6), than to compute wi directly
i

from (A.3). Following the procedures described above it

is trivial to show that the self term of wg is calculated

via
wz = 1? + p1§ + pIg , (A.14)
i i i
where
2
2 7 'jkiko
L g p'cos(mE) - £ Vdede' . (A.15)
1 R R
i 0 0
21 -7

A.2 Singularity Analysis of the Integral Function U

0
The definition of the integral function Uo is given by
(2.26a) as
22 m
—jklR
U = _sin(mf)sin€ (1+§k.R.) e 0
0 R3 170
21 -7 0
k)R,
+ (li-jszo) e d£de’ s, (A.16)
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where R0 is defined by (A.3b). As stated in Section II, all
of the integral functions U may be Cauchy Principal Value
integrals. Thus one may evaluate the integrals by direct
numerical integration, if the quadrature points are chosen
in accordance with the definition of the Cauchy Principal
Value Integral. On the other hand, evaluation of the in-
tegrals in this manner may result in the subtraction of very
large numerical values of the integrands and hence lead to
possible loss of precision in the calculations. To avoid
such problems we analyze the U integral functions in the

manner presented in Section g .l. Near the singular poist

the integrand of (A.16) can be shown to vary as

-2m§2
[(z -1+ ngz]

(3/2) )

Therefore we write

U, =1, +1 , (A.17}

where
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9”2 Ul
I, =f f _Sin(m53)sin€ [(1+jk1R0) e-jklRO
R
2,1 -TT 0

-jk.R 2 '
+ (1+4k.R) e 2 ]— =2mé dEde!
L-29)"+p

(A.18a)

L, 2 | .
~-2mé '
g -f f N2 2 21(3/2) gLt . (Al18h)
9,1 -7 [(2"2 )T +p7E

The integrand of I3 is non~singular and can be evaluated

numerically. The integral 14 can be integrated analytically

and is given by

™ ‘ —‘1
4m 2 2 2
14 -p3 (2—_21)211 Lpn+ ‘J(zwl) +p°m

p— "'1
+ (8, -2)in |pr + {(22—2)2+p2‘n2

- (1 —Ql)ln(l -21) - (22 -2)2n(22 - %) . (A.19)

Eq. (A.17) then provides the desired result.
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A.3 Singularity Analysis of the Integral Functions U1

and U?

The integrand of the integral function U.,, as defined

i
by (2.26b), is identical with the integrand of the integral

function U, except for the product factor (z-~2z'). It

should therefore be cleur from the analysis of U_. that as

0
R0‘+0 the integrands c¢f U1 and U? are proportional to

-2mE2 (L - 4" )cosy"
(3/2) ’
[(z ~ a2 plg?

which is non-singular and hence can be integrated

numerically.

A.4 Singularity Analysis of the Integral Functions U2

and Ug

By comparison with the integrand of U one can imme~

1'

diately see that as R,-+0 the integrand of U

0 9 approaches

-2(L -~ L")cosy'
(3/2)
[(2,-2,')2+p2£2]

This function 1is singular and we therefore attempt to com-

pute U, as

2
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- o ——

where

(A.20)

“3k R,

-jk,R
+ (1+jk2R0) e 2 0] +

(z~2")cos(m&E)cosé
- 3 [(1-+jk1Ro) e

Ro

2(2 ~R')cosy" '
2 2,210/ dtd?
E“ ~AN) 4R ] (A.21a)

22 il
16 = f f -
21 -1 [(2.

2(2 - 2")cosy" 1
2 2 216G/ atal
-14') +o€]

. (A.21b)

The integrand of I5 is non-singular and may be integrated

numerically. Analytical evaluation of 16 yields

pm + {?& —11)2-+p2n2

) -12

1
[ = bcosy i

6 p ’ »
pT + ‘ﬁl - 22)2+ p2n2

which is finfinite 1f 2 =2, or ¢=2_., These values mey oc-

+ 2n

g ~2

1

(A.22)

1 2

cur in the evaluation of (2.25g), so U2 has a non-integrable

singularity, The consequences of this result are discussed

in Section A.9, We similarly express
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U‘Z’ = I, + pI , (A.23)

where

]
P
22 U
I, = -[ f {_(Z-z')p'cgs(mg)cosg [(1+jk R.) e"JklRo
J R 170
9,1 -7 0 .

‘jkzko] 4+ —_20(%=8")cosy'
2, 2,210/
(=224 02%2)

+ (l-bjszO) e dEde' .

(A.24)

Thus Ug also has a non-integrable singularity and will be

treated in Section A.9.

p

A.5 Singularity Analysis of the Integral Function U3

By direct comparison with UO one can immediately write

0 .
Uy = I+ oI, , (A.25)
p where
22 ul
-jk,R 5
- _p'sin(mf)sing [ ) i 170 '
; 1g f f 3 (1+3kRo) e
2 -7 0
1
-§k R 2 "
+ (L+3k,R0) e 2 9:] + 2mpé dede'

[(z -1ty ngz](B/Z)-

(An 26) ‘a




and where I, is given by (A.19) . The integral 18 has a

4
non-singular integrand and can be integrated numerically.

A.6 Singularity Analysis of the Integral Function Uz

By analogy with Ug one can compute
v =1+ 1 , (A.27)

4 9 10

where

ﬁz U
19 = f f _p'(p"p':)icos(m{-;) [(1+jk1R0) e-jkIRO
R
21 -1 0

-4k.R
“7270
+ (1-+jk2R0) e ] .2

2p(4 - " )siny'

?
2 2.1/ dkal
[(2—2') +p E]
(A.28)
pn+429,-21)2+p2112 9,-2,2
IlO = 48iny'  in + &n T (a.29)
2_2' !

pn+{(9.—22)2+p k|

The integral I_ can be computed numerically, but IIO is

9
infinite if 2.=21 ot'R,-Rz, and 1s therefore considered iu

Section A.9.
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A.7 Singularity Analysis of the Integral Function U

5

and Ug

The integral function U5

%,

is defined by (2.26h) as

W
U = _cos(mE>sin2(§/2) [(1-+jk R,) e-jkl 0
5 R3 10
L, Y-

1 0

-k
+ (1+ikR0) e 20] dEdan' .

(A.30)
As Ro-*o the integrand of U5 approaches
2
(3/2) '
2 Bz 2') +p E ]
The integrand is therefore singular and we compute 05 as
Ug = I, + 1,y (A.31)
where
22 ul
2 -jk,R
I - _cos(mé)sin ﬂ§/2) [(14-jk R.) e 170
11 R3 170
L - 0
1
-3k 2
+ (1+3k,R.) e 2°:J+ & dEde’
2%0 > 2 217D
2[(2-&’) +p€]
(A.32a)
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22 T :
I = - dgda!
12 (3/2)
2,1 -1 2[(2,-2')2+p2£2]

. i
. - \
e - da-2 )t or+ Aa-2.)2+ 0202
P “ 1 J

- -
+ (0, -0 [ o+ {&z-z)2+p%2 ]

- (IL-—SLI)’Ln(ﬁ.-R,l) - (12-'-9,)241(22—2)} . (A.32Db)
)

The integral I11 is integrated numerically since the inte-~

grand is now non-singular. Similarly,

P&
U5 113 + lez , (A.33)
where
22 Ul
. 2 -jk.R
I - _p'cos(m&)sin” (£/2) [(1+jk R) e 170
13 R3 1°0
21 -7 0
-Jk,R 2
+(L+1k,R) e 2 é] + 213 dgds!

(3/2),
2Bx-zw2+ﬁgq

(A.34)
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A.8 - Singularity Analysis of the Integral Function U,

Analysis of the integral function U6 is directly anal-

ogous to that of Uz. We have

- 1
U6 = 114 + pIIO s (A.35)
where
J7“2 Ul
. -jk.R
- _{p-p')cos(mE)cosf [ 3 170
114 f f R3 (l+jk1R0) e
21 - 0
-jk,R t ‘
+ (1+jk2R0) e 2 °]+ 2(2-2')sinY(3/2) dgde’' ,
[ - 2924262
(A.36)

and where Ip 18 given by (A.29), The integral I14 can be
evaluated numerically, whereas the analytical result for
110 may be infinite and is therefore treated in the next

section.

A.9 Elimination of Non-Integrable Singularities

The non-integrable singularities which have appeared
in the analyses of the integral functions UZ’ Ug, Uz, and

U6 are, of course, also non-physical, We therefore proceed
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to determine how these apparent singularities may be re-
moved. Consider now the quantity K which is the sum of the
third and fifth terms of (2.25g). Then for a self term we

have

41

=~

K?; = —U6cosyn + Uzsin'yn
COSYn
= —IlAcosyn - IlO 5 + Issinyn + I6sinyn .
(A.37) .
Then note that
COS8Y -4coey_siny 4siny cosy
- n n n n{,
I10 5 + I6sinYn 5 + 5 L,
=0 (A.38a)
where
pn+“l(9,-9,1)2+pzn2 -2,
A = 4{n ; + &n 11 (A.38b)
2_2 1

pw +1J(2-£2)2+p b

Thus, the result for K does converge as expected. The
numerical procedure for the evaluation of the integral

functions U2 and UG is therefore to compute

u, = I (A.39a)

U, = 1 , (A.38b)
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thus removing the canceling non-integrable terms from the
evaluation of the remaining terms in the integral.

1f we next consider the quantity K which is the sum of
the first and third terms of (2.25f), then for a self term

we have, for example,
2K = x_(At_,y )Ub - x_(ac_,y )ud
c n’'n’ 4 8 n’'n’ "2

= X (Bt Y D (g +1,0) ~ X At LY ) (I +010) ,
(A.40)

and
X (Bt Y )1 0 = Xg(Be LY )pI,
= {2[Atn+1cosyn+1 + AtncosYn]sinYm
- 2[Atn+lsinyn+1 + AtnsinYn]cost}A .

(A.41)

where A is defined by (A.38b) and where, for a self term,
either m=n or m=n+l. By way of example we choose m=n,

which gives

- = 2 -
X.I1o = XgPTg ‘AAtn+1{°°3Yn+181“Yn sinyn+1cosyn} .

(A.42)

The trigonometric funcpions in (A.42) do not cancel unless

Yn"Yn+I (which implies that there is no bend in the surface




at t = tn) and the result may therefore be infinite. The
difficulty lies in the mathematical representation of the
problem — the field point is placed between two current
subdomains each of which has an independent associated cur-
rent coefficient and this point may be at a bend in the
surface where Yn#‘Yn+l' It is relatively easy to demon-
strate that if the actual current on the structure appeared
in the integrals, the integrals would be convergent if eval-
uated in the Cauchy Principal Value sense. To eliminate

this problem, we define in this situation

p-
U2 I7 (A.43a)

p =
U, = Iy > (A.43b)

thus removing the singular terms from the evaluation of the

integrals. While this procedure is perhaps not entirely

rigorous, it has been found to work satisfactorily.
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Appendix B
DESCRIPTION AND LISTING OF THE CODE

The computer code DBR is designed to calculate the in-
duced currents on a general body of revolution, which may be
either a perfectly conducting or a dielectric body. Perfectly
conducting bodies may be either "closed" or "open," i.e. the
body surface may or may not intersectthe axis of the body of
revolution, respectively. Dielectric bodies must be closed.
The code is not capable of treating hodies in which the gen-
erating arc forms a closed loop (such as for toroidal bodies)
nor is it capable of treating bodies having a finite conduc-
tivity. The modifications necessary to include such cases,
however, are fairly straightforward. The excitation which
induces current on the body is assumed to be a plane wave
for perfect conductors or dielectrics and/or a single delta-
gap voltage source for perfect conductors. Any delta-gap
voltage source is assumed to be ¢-independent.

The output of the code for each excitation consists of
a description of the input parameters and pertinent calculated
parameters, listings of each Fourier component of current,
and listings of sums over the computed Fourier current com-

ponents observed in speuwified planes of constant ¢.

73




The code itself contains sufficient information in comment
cards for user operation. The general purpose auxiliary
routines needed by the code are also listed in this appendix

for the reader's convenience.

B.l1 Program Operation

The program MAIN reads all input data except for input
data which describes the generating arc. The input data is
adequately described by comment cards in the program. The
subroutine GENCUR is called to read the data describing the
generating arc in terms of the p- and z-coordinates of the
points t (see Fig. 2,2). GENCUR also calculates and stores

vectars corresponding to the quantities tn Atn, and Yn.

+%’
The number of points used should be sufficient to adequately
approximate the generating arc as well as to represent the
variation of the current on the body. The body surface
should not intersect the uals of the body of revolution ex-
cept at the end points of the generating arc. If the surface
does iIintersect the axis at either or both ends of the gen-~
and/or t should be

0 N+1
placed on the axis. The general form of the input data for

erating arc, then the points t

a single case is given on the next page in terms of the

program variables:

14




NFLDS MODEB MODEE NGQ 1DB
LAMBDA EPSR MUR
THETA(1) PHI(1) ETHETA(1) EPHI(1) ANTFD(1)

THETA(NFLDS) PHI(NFLDS) ETHETA(NFLDS) EPHI(NFLDS) ANTFD(NFLDS)
RHO(1) 2z(1)
RHO(2) 2(2)

RHO(NPTS) Z(NPTS)
9999.0 9999.0

Note that the number of excitations entered must correspond

to the input parameter NFLDS. On the other hand, the points
read which describe the generating arc are terminated by the
presence of the numbers 9999.0 and the quantity NPTS is cal-
culated internally. Multiple cases may be run by placing a
new dat; set immediately following the first data set.

Once all data is read for a particular case MAIN computes
the dimensions required to rumn the case. If the absolute
dimensions provided in MAIN are inadequate,execution is
aborted for the case and data is read for a new case, if
present; otherwise, SLTN is called to compute and print the
results. The impedance matrix .nd drive vector are computed
for each Fourier component by calls to the subroutines ZMATRX
and CVFILL, respectively. The elements computed by these
routines are twice those indicated by Fq. (2.25) and (2.30).
The impedance matrix is inverted by the routine CSMINV and

the current coefficients indicated in (2.17) are computed as




I = Z—lV for each Fourier component by the multiplication

routine ICRMUL. The coefficients of the exponential series
(2.17) are transformed to coefficients of a trigonometric
series by the subroutine SUMOUT. The current coefficients
are then printed and the process is repeated for the next
Fourier component.

As mentioned previously, the elements of the impedance

matrix calculated by the program are twice that indicated

by (2.25). Except for this, the elemeunts are calculated

using the expressions (2.25) and the duality relations (2.14),
where appropriate., The integral functions Y and U appearing

in (2.25) are calculated by numerical integration: Gaussian
quadrature integration (subroutines CGQl, CGQLT) is used inm

the t-direction and the order of the approximation is controlled
by the inbut parameter NGQ. Second order Gaussian quad-

rature (NGQ = 2) has generally been found sufficient. Gaussian
quadraturxe integration, however, represents a fixed order
approximation and it is not entirely satisfactory for per-
forming integrations in the ¢~direction since the integrands

of the 1 and U functions may vary rapidly as a function of ¢.
We have therefore chosen to performintegrations in the ¢~
directicn using adaptive trapezoidal rule integration (sub-
routine TRPADP). The adaptive numerical integratioa is

terminated when the relative error bervween th2 two most recent
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results is less than 1%. The adaptive integration rrocedure
assures that the integrations in the ¢-direction will be per-
formed accurately regardless of the bodv size or Fourier com-
ponent considered. For self-terms, in which the integrandsof the
Yy and U functions may be singular, the procedures indicated

in Appendix A are followed. Any analytically evaluated portion
of am integral function U is included by the function subrou-

‘tine CANALY. Analytically evaluated portions of the

functiéns are included automatically in the subroutines
ELLPTC and ELLPTR. For non-self terms the ¥ functions are
evaluated as indicated by Eq. (A.13) in order to increase the
convergence rate of the adaptive integration in the ¢-direc-

tion by smoothing the integrand.

B.2 Sample Case

A sample case is provided in this section to provide a
convenient check for user implementation only. The sample
run is not intended to adequately model any structure, but
simply to exercise most sections of the code. The input data

for the sample case follows:
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1 0 1 2 1
1.0 4.0 1.0

50. 0. -1.0 0.0 0.0
0.0 0.0

<25 0.0

o5 .25

.5 .5

.3 .65

.15 .65

0.0 .6

9999, €999,

The resulting output of the program is presented on the tol-

lowing pages.
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POINT

-~ w ~ -

w

-~ (-,

RHO

0.060000E+00
1.250000E~-81
2,500000E-01
3.750000E~-081
5.000000E-01
5.000000E-01
5.080800E~81
4,000UUUE~D]
3.000000E-01
2,258000E-01
1,500000E-01
7.500000E-82
8.000020E+08

¢.000080E+20
0.000000E+00
0.003000E+08
1,250008E-01
2,500000E~01
3,750000E-81
5,000000E-01
5.750000E~-01
6.500000E-81
6.500000E-91
6.500008E~01
6.2%0000E-01
6.000000E-81

THIS PAGE IS BEST QUALITY PRACTICABLE
¥ROK 0OPY PURRISHED T0 DDC o

DELTA-T

2,500080E-81
3,535534e-081
2,500000E-01
2,500920E~01
1.500000E-01

1.581139E-81
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*

® CASE NUMBER:

»

*  EXCLTATION NUMBER:
*

*

REXRRRRR AR RX AR AV XX ARER RAN

GAMMA

1.570796E+88
7.853982E-01
0.000000E+00
-9,272952E-01
~1,570796E+80
-1,892547E+08

1

1

*
k J
*
-
®
=




o}

RXRERRRRAXRRARE
® L]

* INPUT DATA *
* *
RhkRi ek hk ko dk
1 MAXIMUM NUMBER OF MODES TO BE USED = 2
ORDER OF GAUSSIAN QUADRATURE = 2
{ FREE SPACE WAVELENGTH = 1,0800800E+08
A DIELECTRIC BODY HAS BEEN ASSUMED:
RELATIVE DIELECTRIC CONSTANT = 4.0000800E+20
RELATIVE PERMEABILITY = 1,0000600E+89
INCIDENT FIELD DATA:
THETA = 9,0000000E+0]
PHI = 6.00C0R00E+DD
E-THETA = -1.8900000E+00
E-PHI = 0.0000000E+00

BEANRARNRANNRNRANR
L ®

* COMPUTED DATA *
:t*ii*tti'iti'*i:
PARAMETERS OF FREE SPACE:
DIELECTRIC CONSTANT = 8.8541858E-12
PERMEABILITY =  1,2566370E-86
WAVENUMBER =  6,2831850E+00
SPEED OF LIGHT =  2,9979258E+028
t PARAMETERS OF THE DIELECTRIC BODY:
! DIELECTRIC CONSTANT =  3,5416748E-11
PERMEABILITY = 1,2566378E-86
WAVENUMBER =  1,256637¢E+01
d SPEED OF LIGHT =  1,4989630E+88
WAVELENGTH =  5,0008806E- 01
OMEGA =  1,8836520E+89

FREQUENCY = 2,99792508L+08
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FROB 0OPY JKAISHED TO DO

B.3 Program Listing

PROGRAI1 DRR
VERSION 4,01
JULY 28, 1978

PROGRAM DBR CALCULATES THE CURRENTS (TOTAL AND DENSITY) FOR A
BODY OF REVOLUTION, EITHRER DIELECTRIC OR PERFECTLY CONDUCTING.

PROGRAM "MAIN." READS ALL THE INPUT DATA EXCEPT FOR DATA
CONCERNING THE GENERATING CURVE OF THE BODY OF REVOUUTION.
SUBROUTINE “"GENCUR" IS CALL®D TO READ THIS DATA. "MAIN." THEN

IN QUESTION AND ABORTS EXECUTION OF THE CASE IF THE ABSOLUTE
DIMENSIONS PROVIDED IN “MAIN." ARE INSUFFICIENT, IF THE
DIMENSIONS ARE ADEQUATE "MAIN," CALLS SUBROUTINE “SLTN" TO
SOLVE THE PROBLEM.

AUXILIARY ROUTINES NEEDED:
CGQl ~ INTEGRATION OF A COMPLEX FUNCTION BY GAUSSIAN QUAD,

TRPADP - INTEGRATION OF A COMPLEX FUNCTION BY ADAPTIVE
TRAPEZOIDAL RULE

CSMINV = INVERSION OF A COMPLEX MATRIX

ICRMUL - COMPLEX MATRIX MULTIPLICATION

BESSEL - COMPUTATION OF BESSEL FUNCTION OF ARBITRARY ORDER

ELIC1K - COMPUTES COMPLETE ELLIPTIC INTEGRAL OF FIRST KIND
ASSIGNMENTS:

READ FROM DSK: %2
WRITE PRINTED OUTPUT ON LPT: #5 THROUGH #15
(AS NECESSARY: FOR MULTIPLE EXCITATIONS)

OO0 COOCOA0CCCO0COCO0CO0OCCCO0OCOCCC oo

" $H1S PAQE IS BRST QUALRTY PRACTICARLE

BR~-
BR-
BR~
BR-
BR~-

REAEEE2EE222S22 222 2R RS2 RR 2 2 Rt Rt Rt R R R0 022RRT] R*S*BR_

BR-
BR~-
BR-
BR~
BR~-
BR~-
BR~-
BR~

COMPUTES THE DIMENSIONS NECESSARY TO RUN THE PROGRAM FOR THE CASEBR-~

BR~-
BR~
BR~
BR-
BR~
BR~
BR-
BR~
BR~
BR-
BR~
BR-~
BR~
BR~
BR-
BR~
BR=~
BR~
BR~
BR-
BR~
BR~

C*t**ti***ttt*******ﬁul*t**i***t*t***i***ﬁ*'i****ﬁ*ﬁ*ﬁi*t***it*t**ﬁii**iBRn

IMPLICIT COMPLEX (C)
REAL LAMBDA, MU, MCR

C "LOCATE 1"
DIMENSION C(18296) ,R(3066)
COMMON/MBE/MODEB,MODEE
COMMON/PNT/NPTS ,NUNKT ,NUNKPH,NUNK2
COMMON/ INT/NMODEM, IDB,NGQ
COMMON/WVL/LAMBDA,EPSR, HUR
COMMON/CAS/ICASE

C "LOCATE 2"
NDMSNC=10296
NDMSNR=386
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19
29
38
49
59
60
78
80
99
198
11
128
138
140
159
le@
170
188

‘196

200
219
220
230
248
250
260
27¢
288
299
300
3le
320
330
340
350
360
370
3808
390
480
410
420
430
440
459
466
479
480
490
508
510
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NOTE: WHEN THE DIMENSION OF "C" OR "R" IS CHANGED, THE VALUE OF BR~-
"NDMSNC" OR "NDMSNR", RESPECTIVELY, MUST BE CHANGED TO THE BR-
APPROPRIATE VALUE FOR PROGRAM OPERA?TION, BR~

BR~

INPUT DATA DESCRIPTION: ’ BR~

{ALL DATA IS READ IN "FREE" FORMAT) BR-
BR-

NFLDS = NUMBER OF DIFFERENT EXCITATIONS TO BE SOLVED FOR BR~
THIS STRUCTURE. BR-

BR~

MODEB = STARTING FOURIER COMFONENT NUMBER BR-
BR~-

MODEE = ENDING FOURIER COMPONENT NUMBER BR~-
BR~

IDB = A CONTROL VARIABLE: BR~
= 1, IF THE STRUCTURE IS A DIRLECTRIC BODY BR-

= @, IF THS STRUCTURE IS A PERFECT CONDUCTOR BR-

BR~

ANTFD = NUMBER OF SUBDOMAIN WHICH IS FED BY A DELTA GLP SOURCE.BR-

IF =0, THERE IS NO SOURCE. THE SECOND COORDINATE  BR-~
POINT READ IN IS CONSIDERED TO BE THE FIRST SUBDOMAIN, BR-

AND SO ON, BR-

BR-

EPSR = RELATIVE DIELECTRIC CONSTANT OF THE BODY BR-
(IF DIELECTRIC) BR-

BR~-

MUR = RELATIVE PERMEABILITY OF THE BODY (IF DIELECTRIC) BR-
BR-

LAMBDA = WAVELENGTH (IN METERS) IN FREE SPACE . BR-
BR-

NGQ = ORDER OF GAUSSIAN QUADRATURE INTEGRATION TO BE USED BR~
BR-

THETA = SPHERICAL COORDINATE ANGLE OF INCIDENCE (IN DEGREES) BR-
BR~-

PHI = SPHERICAL COORDINATE ANGLE OF INCIDENCE (IN DEGREES) BR-

. BR~-

ETHETA = SIGNED MAGNITUDE OF THE E-THETA INCIDENT FIELD BR-
BR-

EPHI = STGNED MAGNITUDE OF THE E-PHI INCIDENT FIELD BR-
BR-

BR~-

DO 48 ICASE =1, 5@ BR~-
READ(2,10000,END=58) NFLDS , MODEB ,MODEE,NGQ, IDB BR-
READ(2,10801) LAMBDA, EPSR, MUR BR-
NMODEM=MODEE~MODEB+1 BR-
. I12=NFLDS BR~
I3=NFLDS+I2 . BR-
I4=NFLDS+I3 BR~-
I5=NFLDS+14 BR-
I6=NFLDE+IS BR-
DO 18 I =1, NFLIS BR~
READ{2, 10001) THETA, PHI, ETHETA, EPHI, ANTFD BR-
R{I)=TRETA BR-
R(I2+1) =PHI BR-
R(I3+1)=ETHETA BR-
R(I4+I)=EPHI BR~-
R(I5+I) =ANTFD BR~
CONTINUE B R
CALL GENCUR{(R(Ib+1),16,NDMSNR,NPTE,NREQR) BR-
NREQR=NREQR+I6 BR~-
NUNKT=NPTS~2 BR-
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528
538
546
S5
560
579
580
590
600
619
620
639
648
6598
660
670
6808
698
7693
718
728
730
748
758
168
778
780
198
gde
gle
820
830
848
850
866
87¢
880
898
900
919
929
93¢0
948
gs¢e
960
970
980
999
1000
1010
1020
le3d
1940
1050
10960
1279
1488
1099
1199
1116
1128
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NUNKPH=NPTS~1 BR~ 1138
IF(1IDB ,EQ, ) GO TO 2¢ BR- 1140
NUNKT=NUNKT*2 BR~ 1158
NUNKPH=NUNKPH*2 BR=~ 1569
20 NUNK=NUNKT+NUNK PH BR- 11789
NUNK2=NUNK*NUNK BR- 1180
NREQC=NUNK*NFLDS*6 +NUNK 2 BR~ 1190
IF( NREQC .GT, NDMSNC ,OR, NREQR ,GT, NDMSNR) GO TO 3@ BR- 1200
NPTSM1 =NPTS~1 BR~ 1214
MR2=aNFLDS+1 ) BR~ 1220
MR3=NFLDS+MR2 BR~ 1238
MR4=NFLDS+MR3 BR~ 1248
MRS =NFLDS+MR4 BR~ 1250
MR6 =N FLDS+MRS BR~ 1260
MR7=NPTSM1 +MR6 BR~ 1278
MR8 =NPTSM1 +MR7 BR- 1280
MRI=NPTSM1 +MR8 BR~- 1299
MR1@=NPTSM1 +MR9 BR- 1300
MR11=NPTS+MR10 BR- 1318
C===w~=MR1 2=NPTS+MR11 BR~ 1320
MC2=NUNK2+1 BR~ 1338
MC3=NUNK*NFLDS+MC2 BR- 1340
MC4=NUNK*NFLDS+MC3 BR- 1359
MC5=NUNK*NFLDS+MC4 BR~ 1366
MC6 =NUNK*NFLDS+MCS BR-~ 1370
(= ~===MC7=NUNK*NFLDS+MC6 ) BR- 1380
CALL 2ERO(C,NREQC) BR~- 13980
CALL SLTN({ BR~- 1408
S C(l),C(MC2),C(MC3),C(MC4),C(MC5),C(MC6), BR~ l4i¥
S R()),R(MR2),R(MR3),R(MR4),R(MR5),R{MR6),R(MR7),R{(MR8), BR- 1428
S R(MR9),R(MR16),R(MR11} ,NUNK,NFLDS )BR= 1438
GO TO 4490 BR~ 14490
30 CONTINUE BR~ 1450
WR1TE(S5,100802) ICASE, NDMSNC, NDMSNR, NREQC, NREQR BR- 1460
40 CONTINUE BR- 1470
58 CONTINUE BR~ 1440
10000 FORMAT{YI) BR~ 1490
18001 FORMAT(YE) BR- 1560

1p202 FORMAT(' CASE NUMBER'I3,' EXECUTION ABORTED: DIMENSIONS INSUFFICIBR- 1514
$ENT'//' DIMENSION GIVEN IN PROGRAM:'//5X,'C('16,')'5X,'R('I6,')'//BR~ 1520
#' DIMENSIONS REQUIRED FOR THIS CASE:'//5X,'C('16,')'SX,'R({'I6,')')BR- 1539

STOP BR- 1540

END Bi= 1538

SUBROUTINE GENCUR(S,NFLDS4,NDMSNS,XPTS,NREGR) BR~ 1560
CItttrttti*t**ttt**t************ti*‘ki**tt*t***i***'ﬂ*'l*%it*ﬁ***t*k**i*isk_ 1578
c ' BR- 1580
c SUBROUTINE "GENCUR® READS THE GENERATING CURVE DATA FOR THE BODY BR- 1598
c OF REVOLUTION AND USES THIS INFORMATION TO COMPUTE THE DIMENSIONS BR- 1660
¢ NECESSARY OF THE REAL VECTOR "S". IT ALSO USES THE GENERATING  BR- 1618
c CURVE DATA TO COMPUTE INTERMEDIATE COORDINATE LOCATIONS, VALUES BR- 1620
¢ OF STEP SIZE, AND ANGLES CORRESPONDING TC THE DIRECTION OF EACH BR- 1630
c ELE-ENTAL SURFACE. BR- 1648
c BR- 1658
C'tltttltttl!tttt***tﬁﬁ*i****tkiii*i*ﬁﬁti*i*********tt*tiii*tﬁiiﬁi**itt*BR_. 1660

DIMENSION S(1) BR~ 1679

NDMSN=NDMSNS-NFLDS 4 BR- 1689
¢ BR- 1699
¢ INPUT DATA DESCRIPTION: BR- 1780
¢ BR- 1718
¢ RHO = CYLINDRICAL COORDINATE RHO (IN METERS) BR- 1729
¢ BR- 1739
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NOTE: THE LAST RECORD OF THE GENERATING CURVE DATA MUST BE

9999, 9999,
(THE SPACING IS ARBITRARY),

I=1

DO 18 K = 1, NDMSN
S(K)=0,8
READ(2,10008) RHO, 2
NPTS=I-1 ’

IF(RHO ,EQ. 9999, .AWD. 2 .EQ. 9999,) GO TO 3@

K2 2%1

IF(X .GT. NDMSN) GO TO 280
S(K~1) =RHO

S(K) =2

I=I+1

GO TO 20

COMPUTE, THE DIMENSION OF “S" REQUIRED FOR THIS CASE

NREQR«6*NPTS~ 4
IF(NREQR .GT. NDMSN) RETURN
NSTRI=4*NPTS-4

REORDER THE INPUT DATA

DO 49 I = 1, NPTS
Ku2w]

NI=NSTRT+I
S(NI) =S (K~-1)
S{NPTS+NI) =S (K)
CONT™ IUE
NPTSM1=HpPTS-1

DO 58 I = 1, NPTSM]1
NI=NSTRT+I

RI=S (NI)
RIPI=S(NI+1)
NI=NPTS+NI

%ZI=S (NI)
ZIP1=S(NI+1)

STORE RHO AND Z HALFWAY POINTS

S(I)=(RI+RIFl} /2,0
S(I+NPTSML) =(2I+21IP1) /2.0

DIIPL=SQRT( (RIP1=RI)**2+(ZIP1.-21) **2)

ARGN= (RIP1-RI) /DIIPl
ARGD= (Z1P1~-21) /DIIP1

STORE DELTA-T VECTOR
S{I+2"NPTSML)=DIIPl

STORE GAMMA VECTOR
S(I+3*NPTSML) =ATAN2(ARGN,ARGD)
CONTINUE

FORMAT(9E)
RETURN
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BR~
BR-
BR~
BR-
BR-
BR~
BR~-
BR-
BR~-
BR-
BR~
BR~
BR-
BR-
BR~
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BR~
BR-
BR~
BR~
BR~
BR~
BR~
BR~
BR~
BR~
BR-
BR-
BR~-
BR~
BR-
BR-
BR~
BR-
BR~
BR-
BR-
BR-
BR~
BR-
BRe-
BR~
BR~
BR-
BR-
BR~
BR~
BR~
BR-
BR~
BR~
BR-
BR-
BR~
BR~
BR-
BR-
BR-
BR~
BR~-

1744
175¢
1768
1778
1788
1798
1800
1810
1820
1830
18490
1850
18680
1879
i88g
189¢
1900
1910
1329
1939
1949
1958
1960
1970
1980
1990
2000
2010
2020
2030
2049
2058
2068
2910
2p88
2894
2160
2118
2120
2138
2149
2150
2160
2176
21849
2199
2200
2210
2220
2230
2249
2258
4260
2279
228¢
2290
2309
2310
2320 .
2339
2349
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END
SUBROUTINE SLTN(

$ cz,cr7,c1p,Cvt,CVP,CITOLD,
THETA ,PHI ,ETHETA,EPHI ,ANTFD, RHOPH, ZPH,DELTAT,

GAMMA,RHO, Z2,NUNK ,NFLDS

BR~
BR-
BR~
BR-
BR~

CRRARRRRRRRRKARARRRRRRARRANRNRAR AN AR AR AR NS AR AR AR AR AT AR tt*ﬁ***tt**tttt***BR_

C
C
c
C
c
C
C

oooaccce

SUBROUTINE “SLTN" COMPUTES AND OUTPUTS THE RESULTS,

PRINTED RESULTS ARE OUTPUT TO DEVICES NUMBER 5 THROUGH 15,
(FOR MULTIPLE EXCITATIONS, EACH CASE IS OUTPUT TO A NEW

DEVICE ¥, BEGINNING WITH DEVICE #5)

BR~
BR-
BR-
BR~
BR-~
BR-

RARRRRANN SRR N AR RN A RNARARRRRR RN A RARAR AN RN AN AN A A h A kR ARRA AR AN AR A A4 D R
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IMPLICIT COMPLEX (C)
REAL LAMBDA,NUR,MULl ,MU2
DIMENSION POL(2) ,FTC(2)

DIMENSION CZ(NUNK,NUNK) ,CIT(NUNK,NFLDS),CIP(NUNK,NFLDS)

DIMENSION CVT(NUNK,NFLDS) ,CVP{NUNK,NFLDS)
DIMENSION CITOLD{(NUNK,NFLDS,2)
DIMENSION THETA(1l) ,PHI(1l),ETHETA(1),EPHI(1),ANTFD(1;

DIMENSION RHO(1l),2(l),RHOPH(1),2PH(]l),DELTAT(1),GAMMA(1)

COMMON/MBE/MODEB , MODEE
COMMON/SCAFAC/1SCALE
COMMON/PNT/NPTS ,NUNKT, NUNKPH,NUNK2
COMMON/ INT/NMODEM,1DB,NGQ
COMMON/WV L/LAMBDA,EPSR, MUR
COMMON/CAS/1ICASE
COMMON/FRQ/PI,AK),AK2,SL1,SL2,0MEGA
COMMON/PRM/EPSL, EPS2, MUl ;M2
DATA POL/'THETA',' PRI '/
DATA FTC/'SIN','COS',

NPTSM]l =NPTS-1

ZER=6,9

PI=3.1415926536
AK1=2,0*PI/LAMBDA
SL1=2,997925E8

OMEGA=AK1*SL1
FREQ=OMEGA,'2,.0/PT
MUl=PI*4,.9E-7

EPS1=1,0/ (MU1*SL1*SL1)
IF(IDBE .EQ, §) GO TO 19
EPS2=EPCS1*EPSR

MU2=MUI1*MUR
SL2=1.0/SQRT{MU2*EPS2)
AK2=OMEGA/SL2
WVL2=2,8*PI/AK2

CONTINUE

----- PARAMETER PRINT-OUT OPTION

GO TO 58

DO 40 JJ=1,NFLDS

JW=JJ+4

WRITE(JW,10036) ICASE, JJ

WRITE(JW,10088)

DO 36 J=1,NPTS

WRITE(JW,1880)) J, RHC{J). Z(J)

IF(J .EQ. NPTS) GO TO 28

WRITE(JW,10062) RROPH(J), 2ZPH(J), DELTAT(J), GAMMA(J)
CONTINUE

91

BR~-
BR~
BR~-
BR-
BR~-
BR~-
BR-
BR-
BR~
BR~
BR~
BR~
BR-
BR~
BR-
BR~-
BR~-
BR~
BR~
BR~
BR~
BR-
BR~
BK-
BR~
BR~
BR-
BR-
BR~
BR~
BR~
BR~-
BR~
BR~
BR-
BR~
BR-
BR-
BR-
BR-
BR=-
BR-
BR~
BR~
BR-
BR-
BR~-
B8R~

2358
2360
2378
2380.
2390
2400
2410
2420
2430
2440
2459
24690
2478
2480
2499
2500
2510
2520
2539
2540
2558
2560
2570
2588
2599
26080
2610
26280
26380
2640
2658
266¢
2679
26488
2690
2709
2710
2720
2730
2749
2750
2768
2778
2780
2799
2808
2810
2820
2830
2840
2854
2860
2878
2840
2898
2900
2919
2920
2939
2949
295¢
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IF(NFLDS .GT. 11) WRITE(JW,18633) BR~

38 CONTINUE BR-

49 CONTINUE BR~

58 CONTINUE BR~-

DO 66 J=1,NFLDS BR-
JW=J+4 BR-
WRITE(JW,100803) BR-
WRITE(JW,10604) NMODEM, NGQ BR-
WRITE(JW,106005) LAMBDA BR-
IF(IDB .EQ. &) WRITE(JW,10006) BR-
IF(IDB .EQ. 1) WRITE(JW,180687) EPSR, MUR BR-
WRITE(JW,L8068) THETA(J), PHI(J), ETHETA(3), EPHI(J) BR-
IANTFD=IFIX(ANTFD (J)) BR-
IF(IANTFD .NE. 0) WRITB(JW,I@QZS) RHO(IANTED+1} , 2 (TANTFD+1) BR-
WRITE(JW,10017) BR-
WRITE(IW,10022) BR~
WRITE(JW,IGOIS) EPSl, Mul, AX1, SL1 BR-
IF(IDB ,EQ. 1) WRITE(JW,16619) BR-~
IF{IDB .EQ. 1) WRITE{JwW,10818) EPS2, MU2, AK2, SL2 BR~
IF(IDB .EQ. 1) WRITE(JIW,18023) WVL2 - BR=-
WRITE(JW,100208) OMEGA, FREQ BR-

60 CONTINUE BR-
MBONLY=1 BR=-
M1ONLY=1 BR-

DO 78 JJ=1,NFLDS BR-
IF(EPHI{JJ) .NE, 8.8 ,OR, ETHETA(JJ) .NE, 8,0) MOONLY=@ BR-

70 IF(THETA(JJ) .NE, 0.0 ,AND, THETA(JJ) .NE, 188.9) MIONLY=@ BR~
IF(MIONLY .EQ. 1) NMODEM=) BR-

IF (MOONLY .EQ. 1) NMODEii=l BR-

DO 348 JM=1,NMODFia BR-
MODE=JM-1+MODEE BR-
IF(MIONLY .EQ. 1) MODE=l BR~
IF(M@ONLY .EQ. 1) MODE=# BR-

IF(JM .NE. 1) CALL ZERO(CZ,NUNK*NUNK) BR-

CALL ZMATRX (CZ,RHO,Z,RHOPH, 2PH,DEL'TAT ,GAMMA , NUNK ,MODE) BR-

C BR-
CR 2222222202200 022222222022203222222 2202220222220 02 202 22022 2 22 1B R~
C MATRIX PRINTOUT OPTION BR-
C22222722222220022227222220020202022222220222222222222 0202922222222 22 22 ?BR~
c BR-
C WRITE(5,11200) (((11,J3,C2(II1,J3)),3J=1,NUNK),IIr]l.NUNK) 3R~
c BEk~
CALL CVFILL(CVT,CVP,RHO,Z,RHOPH, 2PH,DELTAT ,GAMMA , THETA, PHI, BR-

t ETHETA ,EPHI,ANTFD,NUNK ,NFLDS, MODE) BR-

c BR-
C2222220222022202222272202 2202 20 20 222222 27202022227222222222222 2202222278 R~
C DRIVE MATRIX PRINTOUT OPTION BR~-
CR22R0222 022 22702220022222220200222 222222000 222222202222202222222002227?BR-
c BR~
C WRITE(S5,11108) ((CVT(X,1),CVP{I,1)), =1, NUNK) BR-
C . BR-
ISCALE=D BR-

CALL CSMINV(CZ,NUNK,NUNK,CDETRM,ACOND, IERR) BR-

C BR-
2222202222222 222022222022002022222222 02 200202220220222222222 2222 2222BR~
C INVERSE MATRIX PRINTOUT OPTION BR~
CR2222222022222002 220222227222 02022 2202222222 02200220222 2222 22222022 22 1?B R-
C BR-
C WRITE(S,11209) (((11,JJ,C2(II1,JJ)),JJ=]1,NUNK),II=]1,NUNK) BR-
C BR-
POWER=-FLOAT (ISCALE) *18. BR~
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ITHETA=1

CALL ICRMUL(CZ,CVT,CIT,NUNK,NUNK,NUNK,NFLDS)
CALL SUMOUT(CIT,NUNK,NFLDS,MODE,ITHETA)
ITHETA=0

CALL ICRMUL(CZ,CVF,CIP,NUNK,NUNK,NUNK,NFLDS)
CALL SUMOUT(CIP,nUNa,NFLDS,MODE, ITHETA)
CONTINUE

CZERO=CMPLX (0.0,0,0)

NMODE1=NMODZM-1

----- CURRENT NORMALIZATION OPTION

90

100

lle
120

CALL NORMAL(CIT,ETHETA,EPHI,NUNK,NFLDS)
CALL NORMAL(CIP,ETHETA,EPHI,NUNK,NFLDS)

CONTINUE

NTE=NUNK'

IF(IDB ,EQ., 1) NTE=NTE/2

NPHE=NTE+1

DO 338 J=1,NFLDS

JWJ +4

MO PR=0

M1PR=8

IF(EPHI(J) .EQ. #. .AND, ETHETA(J) .EQ., 0.) MOPR=l
IF(THETA(J) .EQ. 8, ,OR, THETA(J) .EQ. 188,) M1PR=l
IF(MYPR .EQ, 1) M1PR=8

IF(MUPR LEQ, 1) GO TO 119

IF(MI1PR .EQ., 1) GO TO 118

DO 1900 JSUM=1,NUNK

CVT(JSUM,J) =CITOLD(JSUM,J,1)
CVP{JSUM,J)=CITOLD(ISUM,J,2)

OBl1=1,#8

OB2=SIN.FLOAT(MODE) *3,1415926/2.8)

IF(MODE ,EQ. 6) OB2=]1.8

OBSERV=0E1

IF(JSUM ,GT. NTE) OBSEKV=0B2

IF{JSUM .GT. 2*NTE+NPHE) OBSERV=0DBl

CITOLD(JSUM,J,1) =CITOLD(JSUM,J,1) +CIT(JSUM,J) *CMPLX (OBSERV,8.)
OBSERV=0B2

IF(JSUM ,GT. NTE) OBSERV=0Bl

IF(JSUM ,GT, 2*NTE+NPHE) OBSERV=0B2

CITOLD(JSUM,J,2) =CITOLD(JSUM,J,2) +CIP(JSUM,J) *CMPLX (OBSERV,0,)
CONTINUE

IF(MODE .EQ. 2) GO TO 118

LOC2=NTE+]

CALL RMSERR(CITOLD{1,J,1),CVT{1,J),NTE,ETTPC)

CALL RMSERR(CITOLDR(LOC2,J,1),CVT(L0OC2,J),NPHE,EPTPC)
CALL HMSERK(CITOLD(1,J,2),CVP(1,J),NTE,ETPPC)

CALL RMSERR(CITOLD(LOC2,J,2),CVP(LOC2,J) ,NPHE,EPPPC)
IF(IDB ,F9, 8) GO TO 118

LOC1aLOC2+," "B

LOC22LOCl +N% °

CALL RMSERR(CITOLD(LOC1,J,1),CVP(LOCl,J),NTE,ETIDT)
CALL RMSERR(CITOLD(w.0C2,J,1),CVT(LOC2,J),NPHE,EPTDI)
CALL RMSERR(CITOLD(LOC},J,2),CVP(LOC1,J),NTE,ETPDI)
CALL RMSERR(CITOLD(LOC2,J,2),CVP(LOC2,J) ,NPHE,EPPDI)
CONTINUE

IFINAL=D

CONTINUE

IF(MIPR .EQ, 1 .AND. MGDE .NE, 0) GO TO 220

IF(MLIPR .EQ. 1 ,2ND, MODE .NE. 1) GO TO 328
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DO 319 ITP=1,2 BR- 4180
IF(MBPR .EQ. 1} GO T0 130 BR~ 41990
IF{ITP .EQ. 1 .AND, ETHETA(J) .EQ. #,) GO TO 316 BR~ 4288

138 IF(ITP .EQ. 2 .AND, EPHI(J) .EQ. 6.) GO TO 318 BR~ 4218
PSENS=POL(ITP) BR- 4220
IF(ITP ,5Q. 1) GO TO 158 BR- 4230

DO 142 ITR=1,NUNK BR- 4249
CIT(ITR,J)=CIP(ITR,J} . BR- 4258

148 CONTINUE BR~ 4268
150 CONTINUE . BR- 4278
PHIl=@, BR- 4280
PHI2=90, BR~ 4299
ET1=ETTPC BR- 4308
ET2=ETTDI BR~ 43¢
EP1=EPTPC BR- 4328
EP2=EPTDI BR~ 4238
IF(ITF .EQ. 1) GO TO 160 BR~ 4340
ET1=ETPPC BR- 4350
EP1=EPPPC BR- 4368
ET2=ETPD( * BR- 4370
EP2=EPPDI BR~ 4386

168 CONTINUE BR-~ 43%0
IF(IFINAL ,NE. i) GO TO 188 BR- 4400

DO 17¢ ITR=1,NUNK BR- 4419

17¢ CITVITR,J)=CITOLD(ITR,J,1ITP) BR~- 4420
180 CONTINUE BR~ 4439
WRITE(JW,10009) BR~ 4440
WRITE(JW,10638) PSENS BR- 4452
IF(IFINAL ,NE, 1) WRITE(JW,190829) MODE BR~ 44689
IF(IFINAL .EQ, 1) WRITE(JW,10832) MODEE BR- 4470
IF(MOPE ,EQ. & ,OR, IFINAL .EQ, 1) GO TO 1949 BR~ 4480
IFTC=2 BR-~ 4499
IF(ITP ,EQ. 2) IFTC=1 BR- 4580
WRITE(JW,10831) FTC(IFTC) BR~ 4510

190 CONTINUE BR~ 4529
IF(IFINAL (NE, 1) GO TO 240 BR- 4530
PHIOBS=PHIL BR~ 4540
IF(ITP .EQ, 2) PHIOBS=PHI2 BR- 4558
WRITE(JW,10035) PHIOBS BR~ 4560

280 CONTINUE BR- 4570
WRITE(JW,10010) BR- 4580
DEN=2,0*PI*RHO(1) BR~ 4599
IF(DEN,NE.O, ,OR,MODE,NE.1)WRITE(JW,18811) RHO(1),Z2(1),CZERO,CZERO,BR~ 4682
$C2ERO BR~ 4610
I1F(DEN.EQ,d, ,AND,MODE,E},1)WRITE(JW,10012) RHO(1),2(1},CZERO,2ER BR~ 4620

DO 218 I=1,(NPTS~2) BR~ 46349
CALL MAGPHS(CIT{I,J),CMP) BR~ 4640
DEN=2,8*PI*RHO(I+1) BR~ 4650
CITD=CIT(I,J)/CMPLX(DEN,;®,.8) BR~ 4660
A=CABS(CITD) BR~ 46790

210 WRITE(JW,10613) RHO(I+1l), Z(I+l), CIT(I,J), CMP, CXTD, A BR- 4680
DEN=2,6*PI*RHO(NPTS) BR- 4699
IF(DEN.NE.O, ,OR,MODE,NE.1)WRITE (JW,10811) REO(NPTS), 2(NPTS), BR~- 4708
$CZERO,CZERO,ZZERO BR~ 47180
IF(DEN,EQ.8, .AND,MODE,EQ,1}WRITE(JW,10812) RHO(NPTS), Z(NPTS) ,C2ERO,BR- 4720
$ZER BR- 4738
IF(IFINAL .NE., 1) WRITE{JW,18021) ACOND,CDETRM,POWER BR~ 4749
IF(MODE ,NE, @ ,AND. MIPR .NE. 1) WRITE(JW,18834) ET1 BR-~ 4759
WRITE(JW,18814) BR- 4760
WRITE (OW,10238) PSCNS BR~ 4770
IF(IFINAL .NE, 1) WRITE (JW,10029) MODE BR- 4780
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IF(IFINAL ,EQ. 1) WRITE(JW,10032) MODEE BR~
IF(MODE ,EQ, & ,OR. IFINAL .EQ, 1) GO TO 22¢ BR~-
IFTC=1 BR-
IF(ITP .EQ. 2) IFTC=2 BR~
WRITE(SW,18831) FTC(IFTC) BR-
CONTINUE BR~
IF(IFINAL ,NE, 1) GO TO 230 BR~-
PHIOBS=PHI2 BR-~
IF(ITP .EQ. 2) PHIOBS=PHI1 BR~
WRITE(JW,10035) PHIOBS BR-
CONTINUE BR-
WRITE(JW,10610) ° BR-
1S=NPTS-1 BR-
IE=NPTS*2~3 BR~-
DO 24¢ I=IS,IE BR-
IR=I~-iS5+1 BR-
CALL MAGPHS(CIT(I,J).CMP) BR-
AMD=REAL(CMP) BR-
PHASE=AIMAG(CMP) BR~
DEN=2,6*PI*RHOPH(IR) BR-
CITT=CIT(I,J) *CMPLX(DEN,8.8) Bk~
A=CABS(CITT) BR~
WRITE(JW,160813) RHOPH(IR), 2ZPH(IR), CITT, A, PHASE, CIT(I,J), AMD BR~-
IF(IFINAL NE, 1) WRITE(JW,18821) ACOND,CDETRM,POWER BR~
IF(MODE .NE, @ ,AND, MIPR ,NE. 1) WRITE(JW,10034) EPl BR-
IF(IDB ,EQ., @) GO TO 310 BR-
WRITE(JW,10815) BR~
WRITE(JW,10030) PSENS BR-
IF(IFINAL ,NE, 1) WRITE(JW,16829) MODE BR~-
IF(IFINAL ,E£Q. 1) WRITE(JW,18032) MODEE BR-
IF(MODE ,EQ. 8 ,OR, IFINAL ,EQ. 1) GO TO 258 BR~
IFTC=1 BR-
IF{ITP .EQ. 2) IFTC=2 BR-
WRITE(JW,18031) FTC(IFTC) BR-
COHTINUE BR~
IF(IFINAL .NE, 1) GO TO 2680 BR~
PHIOBS=PHI2 BR-
IF(ITP .EC. 2) PHIOBS=PHIL BR-
WRITE(JW,180835) PHIOBS BR~-
CONTINUE BR-
WRITE(JW,10010) BR-
DEN=2,0*PTI*RHO(1) BR~-
IF(DEN.NE.®. .OR,MODE ,NE,1)WRITE(JW,100811) RHO(1),Z{l),CZERO,CZERO,BR~
S$CZERO ’ BR-
IF(DEN,.EQ.®, .AND,MODE,EQ.1) WRITE(JW,108812) RHO(1),2(1),C2ERO,ZER BR-
IS=IS+NPTS~1 BR-
IE=IE+NPTS-2 BR~-
DO 279 I=1S,1E ER~
IR=I-IS+2 BR-
CALL MAGPHS(CIT(I,J),CMP) BR~
DEN=2,8*PI*RHO(IR) BR-
CITD=CIT(I,J} /CMPLX(DEN,0,0) BR-
A=CABS (CITD) BR~
WRITE(JW,108613) RHO(IR), 2Z{(IR), CIT(I,J), CMP, CITD, A BR~
DEN =2,0*PI*REO(NPTS) BR~
TF(DEN,NE,®, ,OR,MODE,NE,1) WRITE (J¥W,190811) RHO{NPTS) , Z(NPTS), BR~
$C2ERO,CZEROQ,CZERO BR~
$IF(DEN.EQ.0..AND.MODE.EQ.I)WRITB(JW.10012)RHO(NPTS),Z(NPTS),CZERO,BRw
ZER BR-
IF(IFINAL .NE, 1) WRITE(JW,10821) ACOND,CDETRM,POWER BR-
IF(MODE ,NE, @ ,AND, MPR ,NE, 1) WRITE(JW,10834) ET2 OR-
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WRITE (JW,10816) BR-
WRITE(JW,10038) PSENS BR-
IF(IFINAL ,NE, 1) WRITE(JW,10820) MODE BR-
IF(IFINAL ,EQ. 1) WRITE(JW,18032) MOLEE BR-
IF(MODE .EQ. # .OR, IFINAL .EQ, 1) GO TO 280 BR-
IFTC=2 BR-
IF(ITP .EQ. 2) IFTC=l BR-
WRITE(JW,1903)) FTC(IFTC) BR-
289 CONTINUE LR-
IF{IFINAL .NE, 1) GO TO 298 B8R~
PHIOBS=PHI1 . BR-
IF(ITP .EQ. 2) PHIOBS=PHI2 YR~
WRITE(JW,10935) PHIOBS PR~
290 CONTINUE BR~
WRITE(JW,16610) -
I1S=IS+NPTS-2 Bi-
DO 300 I=I3,NUNK BR-
IR=I-IS+] HR-
CALL MAGPHS(CIT(I,J) ,CMP) BR-
AMD=REAL (CHP) BR-
PHASE=AIMAG (CMP) BR~
DEN=2,8*PI*REOPH(IR) BR-
CITT=CI'T(1,J) *CMPLX{DEN,0,8) BR-
A=CABS {ZITT) BR~-
3080 WRITE(JW,10613) RHOPH(IR), ZPH(IR), CITT, A, PHASE, CIT(I,J), AMD BR~
IF(IFINAL ,NE, 1) WRITE(JW,18021) ACOND,CDETRM,POWER BR-
IF(MODE .NE, & ,AND, MLPR .NE, 1) WRITE(JW,1¢934) EP2 BR-
310 CONTINUE BR-
320 CONTINUE BR~
IF(JM .EQ. NMODEM .,AND, NMODEM ,NE, 1 ,AND., MODEB .EQ. #) BR-
SIFINAL = IFINAL + 1 BR-
IF(IFINAL .EQ. 1) GO TO 124 BR-
330 CONTINUE BR~
340 CONTINUE BR-
19060 FORMAT(///'8POTNT'6X, 'RHO'13X,'2'11X, 'DELTA-T'9X, '"GAMMA' //) BR-
10001 FORMAT(I4,1P2E15.6) BR~-
18002 FORMAT(4X,1P4E15,6) BR~
10003 FORMAT('1'14('#*') /" %'12X,'*'/' * INPUT DATA *'/' «112%, %1/ BR-
$' 140 /7)) . BR~-
186064 FORMAT(' MAXIMUM NUMBER OF MODES TO BE USED = 'I3//' ORDER OF GAUSBR-
$SIAN QUADRATURE = 'I3/) BR~
19885 FORMAT(' FREE SPACE WAVELENGTH = '1PE/) BR~
10086 FCRMAT(® A PERFECT CONDUCTOR HAS BEEN ASSUMED,'/) 8R-
18897 FORMAT(' A DIELECTRIC BODY HAS BEEN ASSUMED:'//6X,'RELATIVE DIELECBR-
S$TRIC CONSTANT = 'lPE//6X,'RELATIVE PERMEABILITY = 'lPE/) BR-
10088 FORMAT(' INCIDENT FIELD DATA:'//6X,'THETA = 'lPE//6X,'PHl = ‘lPE//BR-
&6%, 'E-THETA = '1PE//6X,'E~PHI = ‘'1PE/) BR~-
10009 FORMAT('1'43X,"'"T" COMPONENT OF ELECTRIC CURRENT') BR-
10018 FORMAT(7X, 'RHO'11X,'2'10X, 'REAL' 7X, 'IMAGINARY'4X, 'MAGNITUDE'6X, BR-
$*PHASE' 8X, 'REAL' 7X, 'IMAGINARY'4X, 'MAGNITUDE' /32X, 'TOTAL'8X, BR~-
$'TOTAL' 8X, 'TOTAL' 28X, "DENSITY'6X, 'DENSITY'6X, 'DENSINY ' /6X, BR-
$! ittllgxllt**lgx'lti**'7x'9‘l*|)'4x'9('i')'6x"tti*t'ex' BR~-
SRR 1T, 9("*1) ,4X,9('*")//) BR-
10811 FORMAT(' '1PS5E13.5,' ???  '1P3El3,5) BR~
10012 FORMAT(' '1PSE13,5,1X%,4("' ??2? ) BR-
18013 FORMAT(' 'lP9E13,5) . BR-
10014 FORMAT('1'42X,'"PHI" COMEONENT OF ELECTRIC CURRENT?) BR~
18615 FORMAT('1'43X,'“T" COMPONENT OF MAGNETIC CURRENT') BR-
16016 FORMAT('1'42X,'"PHI* COMPOWENT OF MAGNETIC CURRENT') BR~
10817 FORMAT('8'17('*')/' #*'15X,'*'/% * COMPUTED DATA *'/‘ *'15X,'*'/1X,BR-
$17(**'y///) BR-
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16618 FORMMT (5X, ‘DIELECTRIC CONSTANT = 'lPE//5X, 'PERMEABI. ITY = '1PE//5XBR-

$,"WAVENUMBER = '1PE//5X,'SPEED OF LIGHT = '1PE/) BR-
19919 FORMAT(' PARAMETERS OF THRE DIELECTRIC BODY:'/) BR-
10620 FORMAT(' OMEGA = 'l1PE//' FREQUENCY = 'lPE/) BR-
10021 FORMAT(/'QINV, COND, NO,:'1PE,3X,'DETERMINANT: (°® BR~

$1P2E,') TIMES (18,)**('F6.1,')") BR~
10022 FORMAT(' PARAMETERS OF FREE SPACE:'/) BR-
18023 FORMAT(5X, 'WAVELENGTH = 'l1PE/) BR~-

10824 FORMAT (' THE MAXIMUM NUMBER OF MODES WAS USED:'/’ THé MAXIMUM (OVBR~-

$SER NO, OF :NC, FIELDS) "RMS" ERROR IN THE CURRENT VECTORS WAS:' BR~

$1PE/) . BR-
10025$FOR?AT(' A DELTA-GAP SOURCE IS ASSUMED AT RHO ='lPE,’ AND 2 =' BR-

1PE/) BR-
180626 FORMAT(46X, 'CUTPUT IN "MODE 1" FORMAT'/} BR-
10827 FORMAT(BE) BR-
19828 FORMAT(8I) BR-
19929 FORMAT('®'52X,*'MODE NUMBER 'I2/) BR-
16638 FORMAT(39X,'FOR 'AS5,' DIRECTED PORTION OF INCIDENT PFIELD') BR-
16631 FORMAT(49X,23,'(PHI) COEFFICIENTS'/) BPR-

16832 FORMAT('6'47X,'SUM OF MODES @ THROUGH 'I12/) - BR-
10833 FORMAT('OWARNING: TOO MANY INCIDENT FIELDS HAVE BEEN USED. ONLY TBR-

SHE FIRST 11 HAVE BEEN PRINTED,') BR-
1¢#34 FORMAT('OROOT-MEAN-SQUARE ERROR AT THIS STLGE: '1PE) BR~
10035 FORMAT(45X, 'OBSFRVED AT PHI = 'F5,1,' DEGREES'/) BR=
10036 FORMAT('1'50X,27('*')/51X,*'*'25X,'*'/51X,'* CASE NUMBER:' BR-

$ 13,8X,'*'/51X,'*'25%,'*'/51X,'* EXCITATION NUMBER:'I3,2X, BR-

$ '®r 51X, %125, % /51X,27('*") /) BR-
11100 FORMAT(1P2E,10X,1P2E) BR-
11280 FORMAT(3(' C2('12,','12,')="'1P2E,1X)) Br~
RETURN BR-
END BK-
SUBROUTINE ZMATRX(C2,RHO,Z,RHOPH, 2PH,DELTAT,GAMMA,NUNK , M) BR-
Cl’**ﬁ*‘******'ﬁ***ﬁ*ﬁ***********ll*l"t!'!llﬂ*'**!tt'tll’!!*!l’l""'t"tBR_
Cc BR~-
C SYBROUTINE "ZMATRX" FILLS THE IMPEDANCE MATRIX FOX EACH MODE. BR-
g'***ittit'lttllt*l'!’*tl*lw*"ﬁ!*I.tiii*"'*"'l’*"!"!lt.lt"'l!w-wlllgg-
IMPLICIT COMPLEX (C) BR-~
COMPLEX GIR,G2R,G4R,G5R BR~
COMPLEX GI1M,G2M BR~
REAL MU1, MU2,C0SG BR-
DIMENSION CZ(NUNK,NUNK) BR~-
DIMENSION RHO(!) ,Z(1),RHOPH(1),2PH(1),DELTAT(1),GAMMA(1) BR-

CUMMON/PNT/NPTS ,NUNKT,NUNK PH,NUNK2 BR-

COMMON/INT/NMODEM,IDB,NGQ BR~

COMMON/FRQ/PI,AK1l,AK2,SL,SL2 ,0MEGA BR-

CUMMON/PRM/EPS], EPS2 ,MU1,MU2 BR~-

COMMON/FNC/RF,27,TF,RSL, 25L ,DEL,SING,COSG ,GM BR-

COMMON/TP1/TWOPI ,MAXP,ER,API BR-

COMMON/SLF/ISELF . BR~

EXTERNAL Gl ,G2,63,65,06,G9,G1R,G2R,G4R,G5R BR~
EXTERNAL GIM,G2M BR-

CRX{DUMMY) =CMPLX (DUMMY ,8.8) BR-

CIX(DUMMY)=CMPLX(P,.0,DUMMY) BR-

NPTSM1 sNPTS-1 BR-

ER=1,E-2 BR~
NTE=NUNKT BK~
MAXP=10000 Bx~-
NPHE=SNUNKPH BR~

API=P1 Bk~

6010
6028
6039
6049
6058
6068
6070
6080
6090
6100
6119
6120
6130
6149
6150
6160
6178
6189
6198
6289
6210
6220
6230
6249
6250
6269
62/0
6280
b4y
638
L E3Y )
6329
63390
6340
63580
6360
b3/0
6388
bive
€400
6410
6420
6430
64489
€458
6469
6478
6480
6490
6508
6510
6520
6530
6549
6550
6560
65780
(312 ]
LvOYp
6698
bblL Y
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TWOPI=2.8*PI BR- bb28
IF(IDB L,EQ., ) GO TO 1@ BR- 6639
NTE=NTE/2 BR- 6649
NPHE=NPHE/2 BR- bbY#
NTM=NTE . BR- 6664
NPHM=NPHE BR~- 66/#
18 MODE=M BR~ 6688
MODEP.1=MODE+1 BR- 66Y0
MODEM1 =MODE-1 BR~ 6/08
NGQ2=NGQ*2 BR~ 6710
KTS=NTE+NPHE . BR- 6728
KPHS=KTS+NTM BR- 6738
CH=CMPLX(#,.5,0,6) BR- 6749
CZERO=CMPLX(8.0,0.0) BR~- 6758
CJO=CMPLX (8,8 ,0MEGA) BR- 6768
CMUL=CMPLX(MU1l,8,.0) BR~ 6770
CMU2=CMPLX(MU2,0,0) BR~- 6788
CEPS1=CMPLX(EPS1 ,0,.8) BR- 6798
CEPS2=CMPLX(FPS2,0,.8) BR~ 638080
CO=CMPLX(OMRGA,08,08) " BR- 6818
CMP=CMi'L..{ FLOAT (MODEP1) ,0,.8) BR- 6820
CM=CMPLX(rLOAT(MODE) ,8.0) BR- 68380
CMM=CM! LX FLOAT (MODEM]1) ,0.0) BR~ 68480
CM2=CMACM BR~- 6858
C BR~ 6868
C==e==EVALUATC ALL EXPRESSIONS IN WHICH THE® PFIELD POINT 1§ LOCATED AT BR- 6870
C A POSSIBLE BEND (NON-HALF POINTS; BR- 68840
C BR~ bHY9
Ti=0.¥ AR- 6900
TM=8,5 ER- 6918
TU=1,8 BR- 6920
0 10¢ {(Fl=1,NTE BR- 6930
IF3=IF14KTS BR~ 6940
IF1PlsTIFl+1 BR~ 69580
RK=REO(IF1P1) BR- 69680
2X=2 (1F1P1) BR~ 6978
DTK=DELTAT(IF1) BR- 6980
DTKP1=DEVTAT (IF.P1) BR- 6998
SGK=SIN(GAMMA IFl)) BR~- 7868
SGKP1=SIN(GAMMA(IFlPl)) BR- 7018
ACGK=COS (GAMMA(IFL)) BR~- /920
ACGKP:=COS3 (GAMMA(IF1P1)) BR- 7030
BRCKTS= (DTXP1*SGKP1+DTK*SGK) /2.0 BR- 7049
BRCKTC= (DTKP1*ACGKP1+DTK*ACGK) /2,0 BR- /058
CO 90 1S1=1,NPHE BK- /Y0P
1S2=IS1+NTE BR~ /B/¥
IS3=IS1+KTS BR- 7082
184=] S +K¥HS BR- /898
I1S1Mi=1S81~1 BR~ 7180
183141 =153~1 BR~ /119
RIA1=RHO(IS]1) . BR- 7128
Z1M1=Z (1S1) BR~ 139
DTI=DELTAT{IS]) BR- /144
SGI=SIN{GAMMA(IS1)) BR- 7150
ACGI=COS(GAMMA(IS])) BR- /168
RF=RK BR- /178
2r=2K BK~ 1180
RSL=RIM] BR~ /1989
281,72 IM1 BR~ 7490
DEL~DTI BR- 7210
SING=SG1 BR- /229
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COSG=ACGI

C1B11=CIX(DTI*OMEGA*SGI*BRCKTS/2.8)
C3B11=CIX(DTI*OMEGA*ACGI*BRCKTC)

C1B12=CRX (-DTI*OMEGA*PI*BRCKTS)

IF(IDB .EQ. @) GO TO 20
C1Bl3=CIX(-DTI*ACGI*BRCKTS)
C3B13=CIX(DT1*SGI*RK*BRCKTC)
C5B13=CIX(-DTI*SGI*BRCKTS)
C1B14=CRX(DTI*TWOPI*BRCKTC)
C2B14=CRX(~4.8*PI*DTI*RK*BRCKTC)
C3B14=CRX(-DTI*TWOPI*BRCKTS)

TF=TL

ISELF=0

IF(IS1 .EQ. IF1Pl) ISELF=l

CALL ELLPTC(TL,TM,NGQ,CANEL)

CALL ELLPTR(TL,TM,NGQ,CANELR)

GM=FLOAT (MODEPI1)

CALL CGQlT(G1M,TL,TM,NGQ,CANS,CANSR)
CAlLP=CANS+CANII,

CA1LPR=CANSR+CANELR

GM=FLOAT (MODEM1)

CALL CGQIT(G1M,TL,TM,NGQ,CANS,CANSR)

CAl LM=CANS+CANEL

CAlLMR=CANSR+CANELR

IF(ISl .EQ. 1) GO 70 38

GM=F LOAT (MODE)

CALL CGQl(GI1M,TL,TM,NGQ,CANS)

CAl 1=CANS+CANEL
CZ{IFl,ISIMl)=C2(IFl,IS1M1)+C1Bl1*CMUL1* (CALLP+CALLM)
CZ(IF1,ISIM1)=C2(IF1,IS1M})+C3Bl1*CMUL*CALL
IF(IDB .EQ. 8) GO TO 580
CZ(IF3,I83M1)=CZ(I1F3,IS3M]1)+C1Bl11*CEPS]1* (CA1LP+CALlLM)
C4{IF3,183M1)=C2(IF3,IS3M1)+C3B11*CEPS1*CALL
IF(IDB .EQ. 8) GO TO 58

GM=FLOAT (MODEP1}

CALL CGQlT(G2M,TL,TM ,NGQ,CANS, CANSR)
CA2LP=CANS+CANEL

CA2LPR=CANSR+CANELR

CM=FLOAT (MODEM1)

CALL CGQLT(G2M,TL,TM,NGQ,CANS,CANSR)
CA2LM=CANS+CANEL

CA2LMR=CANSR+CANELR

GM=FLOAT (MODE)

IF(ISl .EQ. 1} GO TO 49

CALL CGQl(G?2M,TL,TM,NGQ, CANS)

CA2L=CANS+CANEL
CZ(IFl,ISIM1)=C2(Ifl,ISIM1)+C1B11*CMU2* (CA2LP+CA2LM)
C2(IF1,1S141)=CZ(IF1,IS1M1)+C3B11*CMU2*CA2L
C2(IF3,1S3M1)=C2(1F3,183M41)+C1Bl11*CEPS2* (CA2LP+CA2LM)
C2{(IF3,IS3M1)=C2Z(IF3,153M1)+CIB11*CEPS2*CA2L
CALL CGQ1(G@,TL,T™,NGQ,CANSEL) .

IF(ISELF .EQ. 1) CANSOL=CANSOL+CANALY(TL,TM,8,8)
CALL CGQ1(Gl,TL,T™,NGQ,CANS1L)

CALL CGQ1(G3,TL,TM,NGQ,CANSIL)

IF(ISELF ,EQ. 1) CANS3L=CANS3L+CANALY(TL,TM,3,0)
CB13=C1Bl 3*CANS3IL+C3B1 3*CANSAL+C5B13*CANSLL
C2{I1Fl,IS3M1)=C2(IF1,IS3M1) + CB13

CHLL CGQl(C4R,TL,TM,NGQ, CANS4L)

CALL CGQl(GSR,TL,TM,NGQ, CANS5L)

IF(ISELF .EQ. 1) CANSSL=CANSSL+CANALY(TL,TM,5,1)
CALL CGQl(G2R,TL,TH,NGQ,CANS2L)
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59 TF=TU BR- 78490
I1SELF=§ BR- 7850
IF(1S1 .EQ. IFl) ISELF=) BR- 78689
CALL ELLPTC(TM,TU,NGQ,CANEU) BR- 7870
CALL ELLPTR(TM,TU,NGQ,CANEUR) B8R~ 78880
GM=FLOAT (MODEP1) BR- 7890
CALL CGQ1T(G1M,TM,TU,NGQ,CANS ,CANSR) BR- 790¢
CA)UP=CANS+CANEU BR~ 79180
CAl UPR=CANSR+CANEUR ) BR~ 79280
GM=FLOAT (MODEM1) BR- 7938
CALL CGQIT(G1M,TM,TU,NGQ,CANS,CANSR) BR- 79490
CA1UM=CANS+CANEU BR~ 7950
CA1UMR=CANSR+CANEUR BR- 79689
IF(1S1 .EQ. NPHE) GO T, 680 BR- 7970
GM=F LOAT (MCDE) BR- 7988
CALL CGQl(G1M,TM,TU,NGQ,CANS) BR- /990
CAl U=CANS+CANEU BR- 89909
CZ(IFl,X81)=CZ(IFl,IS1)+C1B11*CMUl1* (CAIUP+CALUM)+C3B11*CMUL*CALU BR~ 8016
IF(TIDB .EQ. @) GO TO 8¢ BR- 8820
CZ(IF3,183)=CZ(1F3,153)+C1B11*CEPS1* (CALUP+CALUM)+C3Bl1*CEPS1*CAlUBR~- 80368

60 IF(IDB .EQ, @) GO TO 8@ BK~ dual
GM=FLOAT {MODEP1) BR- ##54
CALL CGQIT(G2M,TM,TU,NGQ,CANS,CANSR) BR- 8060
CA2UP=CANS+CANEU BR- 80/
CA2UPR=CANSR+CANEUR BR- u¥YY
GM=FLOAT (MODEM1) BR- 8899
CALL CGQIT(G2M,TM,TU,NGQ,CANS,CANSR) BR- 8100
CA2UM=CANS+C ANEU BR~ Hli#
CA2UMR=CANSR+CANEUR BR- 8128
GM=FLOAT(MODE) BR- 8138
IF(IS1 .EQ. NPHE) GO TO 78 BR~ 8148
CALL CGQl(G2M,TM,TU,NGQ,CANS) BR-~ 8158
CA2U=CANS+CANEU BR- 8168

CZ(IFl,IS1)=C2{IFl,1S1)+C1B11*CMU2* (CA2UP+CA2UM)+C3Bl11*CMU2*CA2U BR~ 8178
CZ(IF3,183)=C2(1F3,183)+C1B11*CEPS2* (CA2UP+CA2UM)+C3B11*CEPS2*CA2UBR- 8188

CALL CGQ1(G®8,TM,TU,NGQ, CANSBU) BR- 8190
IF(ISELF ,EQ. 1) CANSBU=CANSOU+CANALY(''M,TU,®,8) BR- 8200
CALL CGQl{(G1,TM,TU,NGQ,CANS1U) BR- 82190
CALL CGQ1(G3,TM,TU,NGQ,CANS3U) BR~ 822¢
IF(ISELF ,EQ. 1) CANS3U=CANS3U+CANALY(TM,TU,3,0) BR- 8239
CB13=C1B13*CANS3U+C3B1 3*CANSAU+C3B1 3*CANS1U BR-~ 8249
CZ(IF1,183)=C2(IFl,IS3) + CBl13 BR~ 8258

78 CALL CGQl(G4R,TM,TU,NGQ,CANS4U) BR- 8268
CALL CGQl(GSR,TM,TU,NGQ, CANS5U) BR- 4270
IF(ISELF ,EQ, 1) CANS50U=CANSSU+CANALY(TM,TU,5,1) BR~ H24#
CALL CGQL(G2R,TM,TU,NGQ,CANS20) BR~- 8299
CBl4=ClBl4* (CANS4L+CANS4U)+C2B1 4* (CANSSL+CANS5U) BR- 8300
CB14=CB14+C3B14* (CANS2L+CAN32U) BR- 8310
C2(1F1,1I54)=CZ(IF1,154) + CBl4 BR- 8320
CAZMR=CAZLMR+CA2UMR BR- Y8330
CA2PR=CAZLPR+CA2UPR BR~ 8340
CZ(1F1,I82y=CZ(1IF1,182)+C1B12*CMU2* (CA2PR~-CA2MR) BR- 835#
C2(IF3,154)=CZ(1F3,1S4)+C1B12*CEPS2* (CA2PR-CA2MR) BR- 8369

80 CAIMR=CAlLMR+CAlUMR BR- 8370
CALPR=CAlLPR+CAlUPR BR- 4384
Cz(IF1,1S2)=C2Z(IF},IS2)+C1Bl2*CMU1* (CA1LPR-CALMR) BR- 8390
IF(IDB .EQ. 1) C2(IF3,154)=CZ(IF3,IS4)+C1Bl2*CEPS1* (CALPR-CAIMR} BR- 8409

90 CONTINUE BR- 84.P
100 CONTINUE BR- 8420
BR~ 8438

----- COMPUTE ALL EXPRESSIONS IN WRICH THE FIELD POINT 1S LOCATED AT BR~ 8448

100



18 PAGE 1S BRST QUALTTY PRACTICABLE

FROR O0PY JUNBISHED T0 DDC

A HALF POINT ON THE GENERATING CURVE, BR- 845¢
BR~ 8408

DO 27¢ IFl=l,NPHE BR~ 84749
IF2=I F1+NTE BR- 8480
IFP3=IFL+KTS BR- 8490
IF4=IF1+KPHS BR- 8509
IFIM1=IFl~1 BR- 8510
IF3M1=IF3~-1 BR~ 8520
RK=RHOPH(IF1) BR- 8538
ZK=ZPH(IF1) ’ BR~ 8548
DTK=DELTAT(IFl) BR~- 8550
SGK=SIN(GAMMA(IF1)) BR- 8560
ACGK=COS (GAMMA(IF1)) BR~ 8579
DO 260 IS1=1,NPHE BR- BS88
IS2=1S14NTE - BR~ #5389
IS3=IS1+KTS ' BR- 8608
IS4=IS1+KPHS BH~ HbLl9
ISIM1=ISl~-]1 BR- 8629
ISIMl=183~-1 BR~ Hb3p
RIM1=RHO(IS1) BR- 8641
ZIMiI=Z(IS]) BH-~ HBbLH ¥
DTI=DELTAT(IS1) BR- 8660
SGI=SIN(GAMMA(IS1)) BR- 8678
ACGI=COS (GAMMA(IS1)) BR~ H6uU#
RF=RX BR- 8698
LF=7K BR- H/80
RSI=RIM1 Bk~ ©/i0
ZSL=21Inml BR~ 8/28
DEL=DTI BR~ 8738
SING=5G " B~ ¥/40
COSG=a",1 Bi- u/d@
CSBY1=CIX(1,08/0MEGA) BR-~ 8768
C2B12=CRX(~DTI*TWOPI/OMEGA) BR- 87/
ClB22=CIX(DTK*DTI*PI*OMEGA) BR~ 8788
C2B22=CIX(~-DTK*DTI*TWOPI/ (OMEGA*RK) ) BR~ 8790
C1B21=CRX(DTK*DTI*OMEGA*SGI/2,8) BR~ 6808
C3821=CRX(~DTK/ (OMEGA*RK) ) BR- 8818
IF(IDB .EQ, ¥} GO TO 118 BR~ 8428
ClB23=CRX(~2,8*DTX*DTI*RK*ACGI) BR-~ 8830
C3B23sCRX(~-DTK*DTI*ACGI) BR~ 88480
CoB23=CRX (DTK*DTI*SGI) BR~ 8850
ClB24=CIX(-DTK* TWOPI*DTI) BR~ 4860
119 TF=TM BR~ 8870
ISELF=@ BR~ HUHO
IF(IS1 .EQ, IFl) ISELF=l BR~- 8899
CALL ELLPTC(TL,TM,NGQ, CANEL) BR~ 8908
CALI ~LLPTRI{TL,TM,NGQ,CANELR) BR- 89160
GM=ri JAT(MODEP1) BR~ 8Y2¢
CALL CGQIT(GIM,TL,TM,NGQ,CANS,CANSR) BR~ 8930
CAl LP=CANS+CANEL BR~ 8940
CAlLPR=CANSR+CANELR . BR~ 8950
GM=FLOAT (! .ODEML ) BR- 8960
CALL CGQl1.(GIM,TL,TM ,NGQ,CANS,CANSR) 3R=- 9978
CAlLM=CANSCANEL BR- 8988
CA1LMR=CANSR+CANELR B~ 8990
GM=FLOAT (MODE) Bh- 9000
CALL CGQl(GiM,TL,TM ,NGQ,CANS) BR 9018
CAlL=CANS+CANEL BR- 9082¢
IF(IS1 .EQ. 1) GO 90 129 BR- Y832
C2(I72,ISIM1)=C2(XF2,1S1M1)+C1B21*CMU1* (CAlLP-CA1LH) BR~ 9040
IF(IDB .EQ, 8) GO TO 146 BR~ V958
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CZ(IF4,IS3M1)=CZ(IF4,IS3M1)+C1BZ1*CEPS1* (CA1LP-CA1LNM) BR- Y460
12¢ IF(IDB ,EQ. @) GO TC 140 BR~ Y9 /¢
GM=FLOAT (MODEP1) BR- 9989
CALL CGQIT (G2M,TL,TM,NGQ,CANS,CANSR) BR- 99899
CA2LP=CANS+CANEL BR- 9100
CA2LPR=CANSR+CANELR BR- 91180
GM=FLOAT (MODEM1) BR- Y120
CALL CGQ1T(G2M,TL,TM,NGQ,CANS,CANSR) BR- 9130
CA2LM=CANS+CANEL BR- 9140
CAZLMR=CANSR+CANELR BR- 9156
GM=FLOAT {MODE) BR- 91680
CALL CGQ1(G2M,TL,TM,NGQ,CANS) BR~ 9178
CA2L=CANS+CANEL BR~- 918¢
IF(ISl .EQ. 1) GO TO 130 BR~ Y199
CZ(1F2,ISIM1)=CZ(IF2,IS1M1)+C1B21*CMU2* (CA2LP~-CA2LM) BR- 9200
C%(IF4,IS3M1)=C2(IF4,IS3M1)+C1B21*CEPS2* (CA2LP-CA21IM) BR- 9218
CALL CGQl(G5,TL,TM,NGQ,CANSSL) BR- 9220
IF{ISELF ,EQ., 1) CANSSL=CANSS5L+CANALY(TL,TM,5,8) BR~- Y234
CALL CGQ1(G6,TL,TM,NGQ,CANS6L) BR- 9249
CALL €GQl(G2,TL,TM,NGQ, CANS2L) BR- 92580
CB23=C1B23*CANSSL+CIB23*CANS6L+CSB23*CANS2L BR- 92680
CZ(IF2,153M1)=C2(IF2,IS3M1) + CB23 MR- 9274
130 CALL CGQl(G1R,TL,TM,NGQ,CANS1L) ' BR- 9280
148 CONTINUE BR- Ylwe
CALL ELLPTC(TM,TU,NGQ,CANEU) DR- 9308
CALL ELLPTR(T™M,TU,NGQ,CANEUR) BR- Y3le
GM=FLOAT (MODEP1) BR- 9320
CALL CGQLT (G1M,TM,TU,NGQ,CANS,CANSR) BR- 9340
CALUP=CANS+CANEU BR- 9348
CAlLUPR=CANSR+CANEUR BR~- 3350
GM=FLOAT (MODEM) ) BR- 9368
CALL CGQLT(G1M,TM,TU,NGQ,CANS,CANSR) BR- 9370
CAlUM=CANS+CANEU BR- 9380
CALUMR=CANSR+CANEUR BR- 9399
GM=FLOAT (MODE) BR- 9400
CALL CGQ1(G1M,TM,TU,NGQ,CANS) BR- 9418
CAl U=CANS+CANEUY BR~- 9424
CAL=CAlL+CAlU BR- 9439
CA1 PR=CA1LPR+CALUPR BR~- 9449
CAIMR=CAl LMR+CA1UMR BR- Y454
IF(IS1 ,EQ. NPHE) GO TO 158 BR- 9460
C2(I1F2,151)=C2(IF2,1I81)+C1B21*CMUL* (CALUP-CAL UM) BR- Y4 /0
IF(IDB .EQ. B) GO TO 239 BR- 9480
Cz({1F4,153)=CZ(I1F4,183)+C1lB21*CEPS1* (CAlUP~CALUM) BR- 9499
15¢ IF(IDB ,EQ. @) GO TO 238 BR=- YHU4¥
GM=FLOAT (MODEP1) _ BR- 9510
CALL CGQIT(GZM,TM,TU,NGQ,CANS ,CANSR) BR- 9520
CA2UP=CANS+CALEU BR- 9530
CA2UPR=CANSR+CANEUR BR~ 95460
GM=FLOAT (MODEM1) BR- 95580
CALL CGQ1T(G2M,TM,TJ,NGQ,CANS,CANSR) BR- 9560
CA2UM=CANS+CANEU BR- 9578
CA2UMR=CANSR+CANEUR BR- 9580
GM=FLOAT({MODE) BR~- 95%0
CALL CGQl(G2M,TM,TU,NGQ, CANS) BR- 9608
CA2U=CANS+CANEU BR- 9618
IF(IS1 .EQ. NPHE) GO 70 1689 BR- Yb20
C2Z(IF2,1IS1)=C2(IF2,1S1)+C1B21*CMU2* (CA2UP-CA2UM) BR- 96349
C2{IF4,153)=C2(IF4,183)+C1B21*CEPS2* (CA2UP~CA2UM) BR~ 9649
CALL CCQl{GS5,TM,TU,NGQ, CANSSU) BR- 9650
IF(ISELF .EQ, 1) CANSS5U=CANSSU+CANALY(TM,TU,5,8) BR- 9668
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CALL CGQl {G6,TM,TU,NGQ, CANS6U) BR- 9670
CALL CGQI(GZ,TM,TU,NGQ,CANS2U) BR~- 9686
CR23=C1B23*CANS5U+C3B23* CANS6U+CSB23*CANS20 , BR- 9699
CZ(IFZ’.,IS3)-=CZ(IF2,IS3) + CB23 BR- 9780
168 CALL CGQl(GlR,TM,TU,NGQ,CANSIU) BR- 91/10
CZ(1F2,154)=CZ!IF2,154)+C1B24* (CANS1L+CANS1U) BR- 9720
CA2=CA2L+CA2YU . BR- 9738
CA2PR=CA2LPR+CA2UPR BR~ 9748
CA2MR=CA2LMR+CA2UMR BR~ 9758
] CA2EPS=CA2/CEPSZ . BR- 9760
CAMU=CA1,/CMUI+CA2/CMUZ BR- 9770
C7(IF2,152)=CZ(IF2,152) +C1B22*CMU2* (CA2PR+CA2MR) BR- 9780
CZ(IF2,15::=CZ(IF2,152)+C2B22*CA2EPS*CM2 BR- 9799
CB4 4=C1B2 2* (CEPS1* (CA1 PR+CALMR) +CEPS2* (CA2PRCAZMR) ) BR~ 9808
CB4 43CB4 44+CM2*C2B2 2*CAMU BR- Y810
CZ(IF4,IS4)=CZ(IF4,IS4) + CB4¢ BR- 9824
CB12=C2B12*CM*CA2EPS BR- 9838
CB34=C2B12*CM*CAMU BR~ 9848
CB21=C3B21*CM*CA2EPS BR- 9859
CB43=C3B21*CM*CAMU BR- 9868
CB11=C5B11*CA2EPS . BR- 9870
CB33=C5B11#%CAMU BR- 9888
IF{IFl .EQ. 1) GO T0 178 BR~- 9890
CZ(IFlMl,ISZ)=CZ(IF1M1,ISZ) + CBl2 BR- 9989
CZ(IF3M1,IS4)=CZ(IF3M1,IS4) + CB34 BR~ 9918
17¢ IF(IFl .EQ. NPHE) GO TO 188 BR- 9928
CZ(IF1,152)=CZ(IF1,IS2) ~ CBlL2 BR- 9930
Cz(IF3,1S4)=C2(IF3,154) - CB34 BR~ 9940
188 IF(ISl .EQ. 1) GO TO 208 BR- 9958
Cz(IF2,IS1M1)=C%(IF2,iS1M1) -~ CB2l BR- 9960
CZ(IE‘4,IS3M1)’CZ(IF4,IS3M1) -~ CBA3 Br~ 9978
IF(IFl .EQ., 1) GO TO 1949 BR~ Y484
C2(IF1ML,IS1M1)=CZ(IF1Ml,I81M1) ~ CBl1 BR- 9990
Cz(IF3M1,IS3M1)=CZ(IF3M1,IS3M1) - CB33 BR~18000
198 IF(IF1 .EQ. NPHE) GO TO 280 BR~10018
Cz(IFl,IS1M1)=CZ(IFl,IS1M1) + CBll BR~10020
C2(IF3,1S3M1)=C2(IF3,IS3M1) + CH33 BR-10830
200 IF(IS1 ,EQ, NPHE) GO T0 220 ) BR-100840
C2(1F2,151)=Cz(I¥2,151) + CB21 BR-109508
CZ(1F4,1S3)=C2(IF4,1583) + CB43 BR-10062
IF(IF1 ,EQ., 1) GO TO 218 BR-18879
CZ(TF1M1, 181} =CZ(IFiM1,181) + chil BR-10080
CZ(IF3H41,1S3)=CZ(IF3M1,153) + CB33 Bk-18898
' 216 IF(IF1 .EQ, NPHE) GO TO 228 BR-10100
; Cz(IFl,IS1)=CZ(IFl,IS1) - CBll BR-16110
CZ(IF3,153)=CZ(IF3,IS3) ~ CB33 _ BR-10120
( 220 CONTINUE BR-19139
238 CONTINUE BR-10140
CAlLEPS=CAl/CEPS] BR-181580
CB21=C3B21#*CM*CALEPS BR-10160
CB12=C2B1 2*CM*CALEPS . BR-18170
" CBl11=C5Bl11*CAlEPS BR-18189
CZ(1F2,152) =CZ (IF2,152) +C1B22*CMU1* (CALPR+CAIMR] BR-19199
C2Z(1F2,152) =CZ(1F2,152) +C2B22*CALEPS*CM2 BR-19200
IF(IF1 .NE. 1) CZ(IF1M1,IS2)=C2(IF1M1,182) + CBl2 BR-18210
IF{IF1 .NE. NPHE) CZ(IFl,I1S2)=C3{I1Fl1,182) - CBl2 BR-18220
IF{ISl .EQ. 1) GO TO 248 BR-10230
CZ(IF2,ISIML)=CZ(IF2,IS1M1) - CB21 BR-18249
IF(IF1 JNE. 1) CZ(IFIM1,ISi#l)=CZ(IF1M1,IS1Ml) - CBil BR-18258
IF(IFl .NE. NPHE) CZ(IPl,ISlHl)=CZ(IF1,ISIM1) + CBl1l BR-16260
249 IF(IS! .EQ. NPHE) GC T0 258 BR-18276
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Cz(1F2,IS1)=C2(1F2,1S51) + CB21 BR-18280
IF{IF1 ,NE, 1) C2(IFIM1,1IS1)=CZ(IFIM1,IS1) + CBl1l BR-10299
IF(IF1 ,NE, NPHE) CZ{IF1,181)=CZ(IF1,IS1) - CRl1l BR-103b0

259 CONTINUE Br-108318
268 CONTINUE . BR~10320
278 CONTINUE BR-16 330

C BR-18340
Cer===~NOW WE HAVE: BR-10350
C ‘ BR~-18369
(o (BETA-31) = - (BETA-13) BR-10370
C " (BETA-32) = -(BETA~14) BR-16388
(o (BETA-41) = -(BETA-23) BR-18399
& (BETA-42) = -(BETA-24) BR~10400
C BR-14418
IF(IDB ,EQ. ¥) GO TU 2Y¥ BR-10428
NE=NTE+NPHE BR-10438
NEL=NE+1 BR~1444¢

DO 288 IF=1,NE BR-1045¢
IFP=1F+NE . BR-1046¥9

DO 28¥ IS=NE1,NUNK BR-10479
ISP=1S-NE BR-1448¢
C2(1IFP,XSP)= -CZ(IF,I18) BR-10499

280 CONTINUE BR~-10508
298 CONTINUE BR-10519
RETURN BR- L1520

END BR-18539
SUBROUTINE CVFILL{CVTHC,CVPHC,RHO,Z,RROPH, ZPH,DELTAT,GAMMA, BR-18540

THETA, PHI ,ETHETA,EPHI ,ANTFD,NUNK ,NFLDS , MODE ) BR-19550

Cl"****ﬁ**ﬁﬁ'*t***i*t***t*'***ﬂt'I!"Iltl'l'*'l'*l AXWNANRRAARNNER RN AN AR *"BR_IBSG”

C BR-1057¢
C SUBROUTINE CVFILL COMPUTES THE FORCING FUNCTION VECTOR (OR BR-10580
(o MATRIX FOR MULTIPLE EXCITATIONS). BR-10594
¢ BR-10689
CHBNENRRRRIXARRCENRAARSANARARREAN A RENANAANARRSAN NN AR AR RS AR AR AN RN AR AN A vt nR. 15616
IMPLICIT COMPLEX (C) BR-10629
DOUBLE PRECISION BARG1,BJ(53),BY(2) BR-10638

REAL COSTH,CGK,CGKP1,MU BR-108648
DIMENSION CVTHC{NUNK,NFLDS) ,CVPHC(NUNK,NFLDS) BR-10658
DIMENSION REO({1),2{(1),RHOPH(1),ZPH(1),GAMMA(l),DELTAT(1) BR-18668
DIMENSION THETA(l) ,PHI(1),ETHETA(l) ,EPHI(1),ANTIFD(1) BR-1467¢8
COMMON/PNT/NPTS ,NUNKT ,NUNKPH,NUNK 2 BR-1068#
COMMON/INT/NMODEM,1DB ,NGQ BR-18699
COMMON/FRQ/PI,AK]1,AX2,SL1,SL2,0MBGA . BR-18700

CALL ZERO(CVTHC,NUNK*NFLDS) BR-1¥ /10

CALL ZERO(CVPHC,NUNK*NFLDS) BR-18728
MODEP1=MODE+1 . BR-16/3¥
MODEM! =MODE-1 _ BR-107480
NTE=NUNKT ' BR~18758
NPHE=NUNKPH BR-10768

NTM=0@ BR-18770
NPHM=0 BR-18788
IF(IDB .EQ. 8) GO T0 18 ) BR-16 /99
NTE=NTE/ 2 BR-10808
NPHE=NPHE/2 BR-14819
NTM=NTE BR-1082#8
NPHM=NPHE ’ BR-10830

18 CONTINUE BR-19849
TPI=2,8*PJ) BR-188S59
FPI=4,8*PI BR-10860
JMP!=MODEP1+1 BR~10870

JM=MODEP1 BR-108880
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JMM1=MODE
MUsFPI*1,E-7
ETA=OMEGA*MU/AK1
CJ=CMPLX(0.0,1,.0)

Crommem EVALUATE FIEI™S AT NON-HALF POINTS

20
3@

49
50

60

To
8e o«

90

DO 116 IFl=l,NTE

IF3=IF1 +NTE+NPHE

IF1P1=IF1+1

RP=RHO(IF1P1)

2F=Z (IF1P1)

DTK=DELTAT(IFl) .

DTKP1=DELTAT(IF1P1)

SGK=SIN{GAMMA (IF1))

SGKP1=SIN(GAMMA(IF1P1))

CGX=COS (GAMMA (IF1))

CGKP1=COS (GAMMA(IF1Pl))

BRCKTS= (DTKP1*SGKP1+DTK*SGK) /2.6

BRCKTC* (DTKP1*CGK®1+DTK*CGK) /2.8

DO 19 I=],NFLDS

COSTH=COS (THETA(I) *P1/188,8)

SINTH=SIN(THETA(I) *P1/180,0)

BAPG=AK1* RF*SINTH

BARG1=DBLE {BARG)

IF(BARG) 20, 28, 48

DO 36 K=2,JMP1

BJ(K)=0,0

BJ(1)=1,9

GO T0 58

CALL BESSEL{BARG1,MODEP1,BJ,BY,1)

BET1=TPI*COSTH*BRCKTS*ETHETA(I)

BET2=~FPI*SINTH*BRCKTC*ETHRETA{I)

BET3=TPI*BRCKTS*EPHI(I)

BHT1=TPI*BRCKTS*COSTH*EPHI(I) /ETA

BHT2»~FPI*BRCKTC*SINTH*EPHI(I) /ETA

BHT3=~TPI*BRCKTS*ETHETA (1) /ETA

CIMP1=CMPLX(SNGL (BJ(JMPL) ) ,8.0)

CIM=CMPLX(SNGL{BJ(IM)},0,.9)

IF(UMML) b0, b0, 70

CIMML =~CJIMP)

GO TO 88

CJMMl*CHPLx(SNGL(BJ(JNHl)),l.l)
UNTINUE

CIPMMZ=CI** (MODEM1=1)

CIPMML =CJI* (3 PMM2

CJ PM=CJI*=CJ PMML

CIPMP1=CI*CJPM

EARG=AK1*Z F'COSTH-PHI(I)*FLOAT(HODE)*PI/IGI.!

CARG=CMPLX(Z,0,EARG)

CE=CEXP{CARG)

CV= (CIMM1*CJ PMML +CIPMP1*CIMP1) *CMPIX (RET1,0.8)

avaCV+CI PM*CIM*CMPLX{BET2,0.0)

CVTHC(1F1,1)=CV*CE

CV= (CIPMM2*CIMML ~CIPH*CIMPL) *CMPLX (BET3,0.0)

CVPHC{IF1,1)=CV*CE

IF(IDB) 92, 1¢9, 98

CV= (CIPMM2*CIMML~CIPM*CIMP1) *CMPLX (BHT3,, 0. 8)

CVTHC{IF3,1I)=CV*CE

CV= (CIPMM1*CIMML +CIPMP1*CIHPL) *CMPLX (BHT1 ,8.0)

Cv=CV+CJIPM*CIM*CMPLX{BHT2,0.0)
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BR-10890
BR-10998
BR-18918
BR-10928
BR-10938
BR-10948
BR-14954
BR-LUY6 0
BR-10979
BR-18980
BR-109Y0
BR-11808
BR-11810
BR-11620
BR-11938
BR-11048
BR-11858
BR-11868
BR~11278
BR-11080
BR~11999
BR-11108
BR-11118
BR-11129
BR-11138
BR-11148
BR-114150
BR-11168
BR-111/0
BR-11189
BR-11198
BR-11260
BR-11219
BR-11220
BR-11236
BR-11248
BR-11250
BR-11268
BR-11278
BR-11288
BR-11299
BR-11308
BR-11310
BR-11328
BR-1133¢
BR-11349
BR-11358@
BR-11368
BR-11379
BR-11389
BR~11394¢
BR-11490
BR-11416
BR-11420
BR-11439
BR-11449
BR-11458
BR-11460
BR-11479
BR-11488
BR-11498
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119

120
138

148
159

l68

178
188
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CVPHC (IF3,1) =CV*CE
CONTINGE
CONTINUE

EVALUATE FIELDS AT HALF .POINTS

DO 208 IFl=1,NPHE

IF2=IF14NTE

IF4=IF2+NPHE+NTM

RF=RHOPH(IF1)

ZF=ZPH(IF1)

DTK=DELTAT(IFl) -

DO 196 I=1,NFLDS
COSTH=COS(THETA (1) *P1/188,.0)
SINTH=SIN(THETA(I) *P1/184.0)
BARG=AK1*RF*SINTH

BARG1=DBLE(BARG)

IF(BARG) 120, 128, 148

DO 132 K=2,JMP1

BJ(K) =@.¢

BJ(1)=1,0

GO TO 158

CALL BESSEL(BARG1,MODEP1,BJ,BY,1)
BEP1=~DTK*TPI*COSTH*ETHETA (I)
BEP2=DTK*TPI*EPHI(I)

BHP1=~DTK*TP {*COSTH*EPHI(X) /ETA
BHP2=2~-DTK*TPI*ETHETA(I) /ETA
CIMP1=CMPLY{5NGL(BJ(JMP1) ) ,0.8)

IF(IJMM1) 160, 168, 178

CIMM] =-CIMPL

GO TO 188

CIMML =CMPLX(SNGL(BJ (JMML) ) ,0,.8) °

CONTINUE

CJIPMM2=CJ* * (MODEM1~-1)

CJIPMM1 =CJI*CJ PMM2

CJIPM=CJI*CIPMML

CJIPMP1=CJIPM*CJ

EARG=AK1*2F*COSTH-PHI({I) *FLOAT(MODR) *P1/188,
CARG=CMPLX(8.7 , EARG)

CExCEXP(CARG)

CV= (CJPMM2*CJIMM1 ~CIPM*CIMPY) *CMPLX (BEP1,8.0)
CVTHC(IF2,I)=CV*CE

CV= (CIPMML*CIMML +CIPMP1*CIMP1) *CMPLX (BEP2,0,.§)
CVPHC(IF2,I)=CV*CE

IF(IDB .EQ. 8) GO TO 198

CV= (CIPMM2*CIMM1 ~CI PM*CIMP]) *CMPLX (BHPL ,0.6)
CVPHC(IF4,1) =CV*CE )
CV= (CIPMML *CIMML +CIPMP1*CJIMP1) *CMPLX (BHP2,0.9)
CVTHC(IF4,I)=CV*CE

CONTINUE

CONTINUE

-=== INCLUDE VOLTAGE SOURCE IF PRESENT

219
228

IF(MODE ,NE, 0) GO TO 228

DG 218 I=1,NFLDS

IANTFD=1FIX (ANTFD(I)})

IF(IANTFD .LE, 8) GO TO 210
CVTHC({IANTFD,I)=CVTHC (IANTFD,I)+FPI
CONTINUE

CONTINUE
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BR-11500
BR-11519
BR-11524
BR~-11538
BR-115486
BR-11550
BR~11568
BR-115/8
BR-11588
BR-11598
BR-11660
BR-11618
BR~11620
BR-116380
BR-11640
BR-11650
BR-11669
BR-11670
BR-11688
BR-11698
BR-11700
BR-11719
BR-11720
BR-11730
BR-117 40
BR-11750
BR-11760
BR-11778
BR-11780
BR-11/98
BR-118880
BR-11818
BR-11828
BR-11838
BR-118480
BR-11850
BR-11860
BR-11878
BR-118808
BR-118380
BR-11984%
BR-1191#9
BR-11920
BR-11938
BR-119 40
BR-119580
BR-119 68
BR-11970
BR-11988
BR-11998
BR-12008
BR-12019
BR-12828
BR-120360
BR-120840
BR-12050
BR-12060
BR-1207¢
BR-120880
BR-120Y0
BR-121%60
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RETURN BR-12118

END BR-12128
SUBROUTINE SUMOUT(CI,NUNK,NFLDS,MODE,ITHETA) ! BR=12430
C'ttﬁtttlt-tt*ttttwn?ttttttti!t**wt:t--tn'll-Iw-u-ntilu-tu!uuntnnautu':wBR_lzl"
C . BR-12150
Cc SUBROUTINE "SUMOUT"™ TRANSFORMS THE EXPONENTIAL COMPONENT CURRENT BR-12160
C COEFFICIENTS TO SINE AND COSINE COMPONENT CURRENT COEFPICIENTS. BR~12178
C Br-12180
AR AT AR AR A AN AR AR R AR AT A AN RA I AFER AT AR AN AN AU RN AN CTAR RN RR N *RO. 12198
IMPLICIT COMPLEX (C) BR~12280
DIMENSION CI (NUNK,NFLDS) BR=12210
COMMON/INT/NMODEM,I1LB ,RGQ BR-12220
COMMON/PNT/NPTS ,NUNKT ,NUNK PH, N UNK2 BR-12236
IF(MODE .EQ. @) RETURN BR~12240
NTE=NUNKT BR-12250
NPHE=NUNK?H BR-12260

NiM=0 BR-12270
NPHM=8 BR-1.22480
IF{IDB ,EQ. ¥) GO TO 18§ BR-12299
NTE=NTE/2 BR-12300
NPHE=NPHE/2 BR-12310
NTM=NTE BR-12323
NPHM=NPHE BR~12339

19 CONTINUE BR~12349
CF1=CMPLX(2,9,2.0) BR-12358
CFZ=CMPLX(¥.9,2,0) BR-12369
IF{ITHETA ,EQ. 1) GO T0 24 BR-1237¢0
CF=CPl Rp- 12380
CF1=CF2 BR-12399
CF2=CF BR-12449

20 CONTINUE BR-12410

DO 60 J=1,NRFLDS BK~144&40

DO 58 I=1,NUNK BR-1243¢

IF(I .GT. NTE) GO T0 490 BR-12449

38 CI(1,3)=CI(I,J)*CF1 - BR-12458

GO TO 50 ' Br—-12408

49 IF(I .GT. NTE+NPHE+NTM) GO TO 3§ BR-1247¢0
CI(1,J)=CI(I,J)*CF2 BR-12488

58 CONTINUE 3 BR-1249¢

68 CONRTINUE BR-125¢0
RETURN BR=12514

END . BR-1452#
SUBROUTINE RMSERR{CIT,CITOLD,NUNK, RMSMXE) BR~-12533
Clitlatt'tll**tﬂtt'tﬂ***iiﬁ‘*&'tltt*'tﬁt"t't'ﬂﬁit'tt'..tl*t'"itlt'tntﬁap.l)s‘s
(of BR-12550
C SUBROUTINE "RMSERR" COMPUTES THE ROOT-MEAN-SQUARE RELATIVE JR-12560
C ERROR BETWEEN THE PRESENT CURRENT SOLUTION AND THE PREVIQUS BR-12579
C SOLUTION, BR-12588
c BR=145Y4
Clwttﬁtttttiit*t***t*i*i*itﬁﬁ**itw'li.iaiitt"lttf‘tttt.iiﬂttitt*ﬁ'**itttsR—lZG“'
IMPLICIT COMPLEX (C) . BR-12619
DIMENSION CIT(NUNK), CITOLD(NUNK) BR-12620
SQERR=¢@,9 BR~12630

DO 19 I=1,NUNK BR-12640
DEN=CABS (CIT(I)) BR~-12658
ANUM=CABS (CIT(I)~-CITOLD(I)) BR~12668
IF{DFN ,LT. 1,E-~9) DEN=CABS(CITOLD(Y)) BR~12679
IF(DEN ,LT, 1.E-9) DEN=1.0 BR-12680
RELERR=ANUM/DEN BR~12698
SQERR=SQERR+RELERR* *2 BR-12700

10 CONTINUE BR-12718

107




" S

CTICABIR
ru1s PAGR 1§ BEST 9".5.1‘1&3' FRACT
08 OOPY TUBRISHED 7O Lo
SQMERR=SQERR/FLOAT (NUNK) BR-127280
RMSMXE=SQRT{SQMERR) BR~12/38
RETURN BR-12/40
END BR-12/58
SUBROUTINE ZERO{C,N) . BR~12769
. BR-127/9
C-- ==~ INITIALIZATION RQUTINE BR-12768
BR-12792
COMPLEX C(N} BR-12806
CO=CMPLX(0®.0,0.0) BR-12810
DO 10 J=1,N BR-12820
C(J)=Cu BR~128340
RETURN )BR-17B4B
END BR-~ 12459
SUBROUTINE MAGPHS (CRI,CMP) BR-128608
BR-12878
Crmmas ROUTINE TO CALCULATE MAGNITUDE AND PHASE OF A COMPLEX NUMBER BR~12880
RESULT IS STORED IN A COMPLEX NUMBER AS WELL . BR~12899
. BR~12980
IMPLICIT COMPLEX (C} BR~12910
REAL I,HM BR-12926
R=REAL(CR1) BR-129406
I=AIMAG({CRI) BR~129580
M=CABS (CRI) BR~12960
P=ATAN2(I,R)*180.8/P1 : BR~12978
CMP=CMPLX(M,P) BR~129 80
RETURN BR~-12090
END BR~15008
SUBROUTINE NORMAL(CI,ETHETA,EPHI ,NUNK,NPFLDS) BR-138180
CERRAR R AR AR R R R AR AR AN A AR AR AR AR AN AR NA NI AN AT AN AR AR AR AN ARAR AR AN AR R ARBOL ] 3020
BR-13638
SUBROUTINE NORMAL NORMALY2ES THE ELECTRIC CURRENT BY THE BR-130840
INCIDENT H-FIELD AND THE MAGNETIC CURRENT BY THE XNCIDENT 8R-13056
E~FIELD. BR-130860@
BR~13078
RNKARNNRNNR AR R AR AN AR AR AR AR A AR AR NN AR AN RR AR ARRSANNARARANR IS RSN AR AR AN 13580
IMPLICIT COMPLEX (C) BR-1389¢
DIMENSION CI (NUNK,NFLDS) : BR-13109
DIMENSION ETHETA (1) ,EPHI(1) BR-13110
COMMON/FRQ/PI,AK]1,RK2,SLl ,8L2 ,OMEGA BR-13128
COMMON/ INT/NMODEM,1DB,NGQ BR-13139
NUNKE=NUNK BR-13149
IF(ID8 ,EQ. 1) NUNKE=NUNK/2 BR-13159
NUNKE1=NUNKE+1 BR-13168
DO 30 K=1,NFLDS . BR-1317¢
ENORM=SQRT(ETHETA(K) **2+4EPRHI(K) **2) BR-13180
HNORM=ENORM*SL1*8,85418%33B~12 BR=1319¥
CEN=CMPLX{ENORM,0,8) BR~13204
CHN=CMPLX (HNORM ,0.0) BR-13219
DO 16 I=1,NUNKE . PR-13226
CI(I,K)=CI(I,K)/CHN BR~13238
IF(IDB EQ. ¥) GO TO 38 BR-13248
DO 28 I=NUNKE1,NUNK BR~13258
CI(I,K)=CJ(1,K)/CENR BR-13268
CONTINUE BR-14278
RETURN BR-132890
END BR-~13298
COMPLEX FUNCTIUN GL1M(TP) BR-~13308
TMELICIT COMPLEX (C) BR-13.10
COMMON/TP1/TWOPI,MAXP,ER,PI BR~13328
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COMMON/ARC/T
EXTERNAL CGLNM

T=TP

CALL TRPADP(CGIM,0.8,PI,ER,MAXP,IER,CANS)
G1M=CANS/CMPLX(TWOPI,0.8)

RETURN

END

COMPLEX FUNCTION CGIM(PHIP)

IMPLICIT COMPLEX (C)

REAL COSG

COMMON/ARC/TP .

COMMON/FNC/RF,2F,TF,RSL, ZSL,DEL,SING ,COSG,GM
LOMMON/FRQ/PI,AK1,AK2,SL1 ,SL2,0MEGA
RS=RSL+TP*DEL*SING

2S=2SL+TP*DEL*COSG
R=SQRT(RF*RF+RS*RS+ (ZF-2S) **2-2,8 * RF*RS*COS (PHIP) )
CARG=CMPLX(@,0,~AK1*R)

CR=CMPLX(R,0,8)

ACMP=COS (GM*PHIP)

CGiM= {CMPLX(ACMP,#,0) *CEXP (CARG) -CMPLX (1.0,8,8)) /CR
RETURN

END

COMPLEX FUNCTION G2M(TP)

IMPLICIT CUMPLEX (C)
COMMON/TPI/TWOPI,MAXP,ER,PI

COMMON/ARC/T

EXTERNAL OG2M

TaTP

CALL TRPADP(CG2M,0.0,PI,ER,MAXP,LER,CANS)
G2M=CANS/CMPLX ! TWOPI,0.8)

RETUEN

END

COMPLEX PUNCTION CG2M(PHIE)

IMPLICIT COMPLEX (C)

REAL COSG

COMMON/ARC/TP

COMMON/FNC/RF, 2ZF,TF,RSL, 2S8L ,DEL,SING , COSG,GN
COMMON/FRQ/PI,AK]1,AKZ,SLl, SL2,0MEGA
RS=RSL+TP*DEL*SING

25 SL+TP*DEL*COSG
ReSQORT(RF*RF+RS*RS+ (ZF-28) **2-2,@*RP*RS*COS (PHIP) )
CARG=CMPLYX (8,0 ,~AK2*R) :
CR=CMPLX{R,9.4)

ACMP=COS (GM*PHIP)

CG2M= (CMPLX(ACMP,®,0) *CEXP(CARG)~CMPLX (1.0,9.0))/CR
RETURN

END

SUBROUTINE ELLPTC(TL,TU,NGQ,CANS)

IMPLICIT COMPLEX {C)

REAL COSG

COMMON/TPI/TWOPI,MAXP,ER,PI .

COMMOY ‘FNC/RF, 2ZF,TF,RSL, 25L,DEL,S ING, COSG ,GM
COMMON/SLF/1SELF

EXTERNAL CGME

CALL CGQl(CGME,TL,TU,NGQ,CANS])
CANS=CANS1*CMPLX(2.8/PI,8.8)

IF(ISELF ,EQ. #) RETURN

TLLN=@,0

TULN=8,0

I#(TF .GT, TL) TLLN=(TF-TL)*ALOG(TF-TL)
If{TF ,LT, TU) TULN={TU-TF)*ALOG(TU-TF)
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BR-13338
BR-13348
BR~13358
BR-13368
BR-13379
BR~13389
BR~133%4
BR- 13400
BR~13419
BR-13420
BR-13430
BR-13448
BR~13458
BR~13468
BR-13479
BR-13({88
BR~134%0
BR-13500
BR-13518
BR-13520
BR~14548
Br-13540
BR~13558
B -13560
BR~135/8
BR~13588
BR-13598
Br-13000
BR-13616
BR-13620
BR-13638
BR~136449
BR-13650
BR-13660
BR-136/8
BR-13680
BR=-13699
BR-13709
BR-13/40
BR-13729
BR-13739
BR-13748
BR-13/5%
BR-13768
BR-13779
BR-13789
BR~13790
BR~13800
Bk-13814
ER-13828
BR-13838
HR-138448
BR~13858
BR-138680
BR-13878
BR-13480
BR-13890
BR-13990
BR~1391¢
BR-13920
BR-139380
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FRoR Q02Y DRS00
ANS= ( (TU-TL) * (1,0 ~ALOG -

CANS=CANS+CMPLX(ANS,B.é?EL)) TLLN-TULN) /RF/P1 BR~13940
CaNS=C BR~13958
RET BR~13968
COMPLEX FUNCTION CGME(TP) . Br 13998
IMPLICIT COMPLEX (C) BR-13998
E gg:goggsc 3“‘133"
FNC/RF,2F,TF,RSL R liooe
RS=RSL+TE*DEL*SING e
2S=25L+TP*DEL*COSG AT
ZFM252% (ZF-25) ¥*2 A
RFMRS2% (RF~RS) %2 A
RN=RFMRS2+ZFMZS2 it
RD= (RF+RS) **2 +ZFM2S2 A
R2=SQRT{RD) D 1e898
R2zSORT(RD) BR-14090
R3=SQRT (R BR-14189
ANS=ELICLK(AML) A iei20
ANS=ANS/R2 R IYTEY
IF(ISELF ,EQ, &) GO TO 18 o lile
ANS=ANS+ALOG(R3) /2.0/RF P lelse
18 CGME=CMPLX(ANS,8.0) NP
Cone=e , BR~14168
RET BR—iQ 170
SUBRGUTINE ELLPTR(TL,TU,N TS
i IMPLICIT COMPLEX (C), NG, CANS) D leses
RZAL COSG A
CgquNjTPI/TWOPI,MAXP,ER,PI gg‘i:%i:

COMMON/FNC/RF, 2F, T ;
COMUON/ BN/ REy IE F,RSL, 2SL ,DEL, SING , COSG ,GM BR-14238
EXTERNAL CGMER o eas
CALL CGQl{CGMER,TL,TU,NG Pa14se8
CANS*CANSI*CMPLX(2:0/51,8:§?N81) BR-14278
IF(ISELF ,EQ. 8) RETURN AR-14308
TLLN=9,0 ' PR 14296
TULN=8,0 gR—1429ﬂ
IF(TF .GT, TL) TLLW= (TF~TL)*A i A-14310
IF(TF .LT, TU) TULN'(TU-TP;*AkggggSZ;;; ‘ 14328
ANS= ( (TU=-TL) * (1.0-ALOG (DEL) ) ~TLLN~TULN) /PX PR 14338
CANS=CANS+CMPLX{ANS,8.2) Aleaes
CANS=C BR-14348
el
COMPLEX FUNCTION CGMER{TP - 6
t IMPLICIT COMPLEX (C) ) hae14368
gEAL cosG gg.}:ig'
f OMMON/FNC/RF, 2F,TF ,RSL “1410
couuou/snp/:sznr' ,RSL, 2SL,DEL,SING ,COSG ,GM BR-14409
RS*RSL+TP*DEL*SING atpitH
2S=2SL+TP*DEL*COSG R 14430
ZPM2S2= (2F-25) **2 . DRe14446
L : RFMRS2= (RF-RS) ##*2 BR-14456
. RNsRFMRSZ+ZFM252 R Ledop
RD= (RF+RS) **24+ZFMZS2 BRe14476
K2=5QRT(RD} BR-14408
R3=SQRT(RN) BR-1449
R3=SQRT(R BR-1449#
ANS=ELIC1K{AML) BR- 14016
ANS=ANS*RS/R2 T
IF(IGELF .EQ. 8) GO TO 1@ BR-1tas0
aANS=ANS+ALOG{R3) /2.0 BA-16548
. BR-14548
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19 CGMER=CMPLX (ANS,b.0}
RETURN
END
COMPLEX FUNCTION CGPOR(DUMMY)

(o=~~~ FUNCTION: (1/(R0))*(D(G14G2)/D(RO))

IMPLICIT COMPLEX (C)

REAL COSGS

COMMON/FNC/RF,2F,TF,RSL, 25L,DEL,SINGS ,COSGS,GM
CO4MON/FRQ/PI,AK1,AK2,SL]l,SL2,0MEGA
COMMON/ARC/TP

COMMON/ANG/PHIP

RS=RSL+TP*DEL*S [(NGS

25=%SL+TP*DEL*COISGS

R=SQRT (RF*RF+RS*RS+ (ZF~25) **2-2,9*RP*RS*COS(PHIP) )
RK1=AK1*R

RK2=AK2*R

CARG1=CMPLX (8,0 ,-RK1)

CARG2=CMPLX(B,0 ,~RK2)
ClPJK1=CMPLX(1.0,RK1)
ClPJK2=CMPLX(1,£,RK2)
CB=C1PJK1*CEXP{CARGl)+C1PJK2*CEXP (CARG2)
CGPOR=~CB/CMPL.X{R**3,8,0)

RETURN

END

COMPLEX FUNCTION G@(TP)

IMPLICIT COMPLEX (C)
CUMMUN/'I'PL/I'WIPT , MAXP ,ER,PI
LUMMON/ARC/T

EXTERNAL (CGo

T=|p

CALL TRPADP((GO,8.8,PI,ER,MAXP,IER,CANS)
GO@=CANS/CMPLX(TWOPI,0,.0)

RETURN

END

COMPLEX PFUNCTIUN Gl (TDP)

IMPLICIT COMPLEX (C)

COMMON/ISWTCR/ISWR
COMMON/TPI/'WOPI,MAXP,ER,P1
CUMMUN/ARC/T

EXTERNAL CG1

ISwp=0

T=TPp

CALL TRPAD®(CGl,9,9,PI1,ER,MAXP,IER,CANS)
Gl=_CANS/CMELX(TWOP1,9,8)

RETURN

END

CUOMPLEX FUNCYTION GLR(TP)

IMPLICIT COMPLEX (C)

COMMUN/ 1 SATCH/ ISWR .
COMMON/TPI/TWOPI,NAXP,ER,PI
CUMMON/ARC/T

EXTERNAL CG1

ISWR=1

T=Tp

CALL TRPADP(CGL,¥.,6,PI,ER,MAXP,1ER,CANS)
GIR=CANS/CMPLX{TWOP1,0,.0)

RETUKRN

END

COMPLEX FUNCTION G2 (TP)
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BR-14550
Br-14560
BR-14579
BR~1458¢
BH~- 14596
BR-14609
BR~ L4618
BR-14620
BE~14b30
BR-14640
BR-14650
BR-14660
Bit-146/8
BR~14680
BR-146Y0
BR-14709
BR~-147190
BR~14720
BR-14730
BR-147489
BR~14750
BR-14768
BR-~14778
BR-14780
BR~-14799
BR-14808
BR-14bl¥
BR~1482¢
BR~-14838
BR~148449
BR-14858
BR-14860
BR-14870
BR-14880
BR-148Y¥
BH~14508 1
BR~14Y140
BR-14920
BR~149 30
SR~1494#8
BR-1495¢
BR~1496%
BR~14Y /¥
BR~14Y 69
BR~ 14999
BR-15800
BR~158i 8
B~ 12040
BR~1503#
BR~15048
BR-15650
BR~15060
BR~150 /0
BK-1200¥
BR=15>8919
Bi=15100
BR~1511#
BR-1512¢
BR-1>130
BK=12140
BR=1>15#
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IMPLICIT COMPLEX (C) BR-15169
COMMON/TPI/TWOPI,MAXP,ER,PI BR-151 /1
COMMON/ARC/T BR-15188
COMMON/ ISWTCH/ISWR BR-1519#
EXTERNAL G2 BR-15208
T=TpP BR-15219
ISWR=9 Br-15440
CALL TRPADP(CGZ,G.B,PI,ER,MAXP,IBP,CANS) BR~15230
G2=CANS/CMPLX(TWOPI,0.D) BR-15249
RETURN BR-15259
END ) BR~152b#
COMPLEX FUNCTION C2R(TP) BR-15279
IMPLICIT COMPLEX (C) BR~15288
COJMON/TPI/TWOPI,MAXP,ER,PI BR-15298
COMMON/ARC/T BR-153v1
COMMON/ ISWTCH/ISWR BR-15319
EXTERNAL CG2 BR-15341
T=Tp Br-15330
ISWR=1 BR~1>338
CALL TRPADP(CG2,0.B,PI,ER,HAXP,IER,CANS) BR-~15359
G2R:CANS/CMPLX(TWOPI,0.9) BR~15368
RETURN BR~-15379
END BR~15 3848
COMPLEX FUNCTION G3:{TP) BR~15399
IMPLICIT COMPLEX (<) BR-15400
COMHON/TPI/TWOPI,MAX),BR,PI BR~15418
COMMON/ARC/T BR~15424
EXTERNAL CG3 BR~L5440
TeTp BK~15448
CALL TRPADP(CGS,E.O,PI,ER,MAXP,IER,CANS) BR~1545¢
GS-CANS/CMPLX(TWOPI,Q.B) BR~15468
RETURN BR~15478
END BR~1%480
COMPLEX FUNCT1ON G4R(TP) BR~1549¢9
IMPLICIT COMPLEX (C) BR-15580
COMMON/TPI/TWOPI,MAXP,ER,PI BR~15510
COMMON/ARC/Tq BR-1552¢
COMMON/ISWTCH/ISWR BR-15538
EXTERNAL CG4 BR-15548
TwTPp BR-15550
ISWR=] Bit-15%60
CALL TRPADP(CG4,B.B,PI.iR,MAXP,IER,CANS) BR-15%/¥
G4R~CANS/CMPLX(TWOPI,G.J) BR~15588
RETURN BR-15598
END BR-156080
COMPLEX FUNCTION G5 (TP) BR~15618
IMPLICIT COMPLEX (C) BR~15628
COMMON/TPI/TWOPI,MAXP,ER,PI BR-1562¢
COMMON/ARC/T BR-1904 0
COMMON/ISWTCH/ I SWR BR-1565%0
EXTERNAL CG5 . BR-15660
T=Tp BR-15670
ISWR= ¥ Br~1n0680
CALL TRPADP(CGS,U.U,PI,ER,HAXP,IER,CANS) BR-15694
GS'CANS/CMPLX(TWOPI,B.U) BR-15/80
RETURN BR-15/19
END BR-15140
COMPLEX FUNCTION G5R{TP) BR-15/48
IMPLICIT COMPLEX {C) BR-15/40
COMMON/TPI/TWOPI,MAXP,ER,PI BR-15750
COMMON/ARC/T BR-15/68
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COMMON/ ISWTCH/ ISWR
EXTERNAL OGS

TeTP

ISWR=1

CALL TRPADP(CGS,¥,4,PI,ER, MAXP,IER,CANS)
GSR=CANS/CMPLX( TWOPI,0.4)

RETURN

END

CUMPLEX FUNCTLON G6!'TP)

IMPLICLT COMYLEX (C)
CUMMON/TPI/TWOPI,MAXP,ER,PI.
CUMMON/ARC/T

EXTERNAL CG6

TwTP

CALL TRPADP(CG6,#,.4,PI,ER,MAXP,IER,CANS)
G6=CANS/CMPLX(TWOPI,H,8)

RETURN

END

COMPLEX PUNCTION CGO (PHIP)

IMPLICIT COMPLEX (C)

RLAL COSGS

COMMON/ANG/PHI

COMMON/ARC/TP

COMMON/SLIF/1SELP
COMMON/FNC/RF, 2P, TF,RSL, 2SL,DEL,8INGS,CO8GS ,GM
COMMON/FRQ/PI,AK1,AK2,SL1,SL2,0MEGA
PHI=PHIP

SMPSP=SIN(GM*PHIP) *SIN(PHIP)
CINTG=CMPLX(SMPSP,0.8) *CGPOR (X XXXXX)
IF(ISELF .EQ. 8) GO TO 19
ANUM=2,0*GM*PHIP*PHIP

DEN= { ( (TP~TP) *DEL) **2+( RP*PHIP) ##2) #%) %
CINTG»CINTG+CMPLX (ANUM/DEN,9 .8)
CGO=CINTG

RETURN

END

COMPLEX PFUNCTION CGl{PHI'/)

IMPLICIT COMPLEX {(C)

RBAL COSG8S

COMMON/ISWTCI /ISWR

COMMON/ANG/PHI

COMMON/ARC/TP

COMMON/FNC/RF,2F,TP?,RSL, 2SL,DFL,SINGS,COSGS ,GM
CUMMON/FRQ/PI,AK], AK2,SLl,SL2,OMBGA
PRI=PHIP

25 ZSL+TP*DRLYCOSGS .
SMPSP=SIN(GM*FIP) *SIN(PHIP) .
IF(ISWR EQ. 1) SMPSP=SMPEP* (RSIATP*DEL*SINGS)
CG1=CMPLX( (ZF~25) *SMPSP,9.0) *CGPOR(XXXXXX)
RETURN

END

COMPLEX FUNCTL1ON CG2(PHIP)

IMPLICIT COMPLEX (C)

REAL COSGS,(MPCP

COMMON/ANG/PHI

COMMON/ISWTCH/ISWR

COMMON/ARC/TP

COMMON/SLFP/1SELF
COMMON/FNC/RF, 2P, TF,RSL, 2SL,DEL,SINGS,COSGS ,GM
CUMMON/FRQ/PY,AK1,AK2,SL] ,SL2 ,OHEGA
PHI=PHIP
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BR-15710
BR-15/89
BKr=~$> /98
BR=15U40
BR-158180
BR-1584¢
BR~L5U3M
BX=1D04¥
BR~1585¢
BR-15869
BR-15879
BR-158us
BR~1589%¥
BR=15Y0¢
BR-15918
BR-15928
BR-15930
B~=10Y40
BR-15958
BR-15968
Br=109/¥
BR=1594¥
BR-15998
BR=-16000
BR-160819
BR-1682¢
BR-16838
BR-16848
BR~168358
BR-16848
BR-1b0¥70
BR-16080
BR-16090
BR-1610¥
BR-161 14
BR-16128
BR-16139
BR-16149
BR~108159
BR-161068
BR~16178
BR-1618¥
BR-1619¢
BR-16200
BR-1621¢0
BR~16220
BR-1822¢0
BR-16240
BR-1625¢
BR-1062¢0
BR-162/4
BR-1624¥
BR-16298
BR~16308
BR-16310
BR~16)
BR~16138
BR-~16348
BR~16350
BR-16368
BR-16378
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%4S=2SL+TP*DEL*COSGS

CMPCP=COUS (GM*PHIP) *CCS (PHIP)

IF(ISWR .EQ, 1) CMPCP=CMPCP* (RSL+TP*DEL*SINGS)
CINTG=CMPLX( (ZP-ZS) *CMPCP,0,8) *CGPOR (X XXXXX)
IP(ISELF .EQ, #) GO 70 18
ANUM=2,8* (TF-TP) *DEL*COSGS

IP(ISWR ,EQ, 1) ANUM=ANUM*RP

DEN= ( { {TF-TP) *DEL) **2+(RP*PHIP) **2) #*]1,5
CINTG«CINTG+CMPLX (ANUM/DEN,#.8)
Cu2=CINTG

RETURN

END

COMPLEX PUNCTION CG3(PHIP)

IMPLICIT COMPLEX {C)

REAL COSGS

COMMON/ANG/PRI

COMMON/ARC/TP

COMMON/SLPF/1SELF
COMMON/FNC/RF, ZF,TF,RSL, 28L,DEL,8 INGS,COSGS,GN
COMMON/FRQ/PI,AK]1,AK2,8L1,SL2 ,OMEGA
PHI=PHIP

RS=RSL+TP*DEL*SINGS

SMPSP=S IN(GM*PHIP) *SIN(P21IP)
CINTG=CMPLX{RS*SMPSP,08,8) *CGPOR(XXXXXX)
IF(ISELF .EQ. ) GO TV 18
ANUM=2,0*RF*GM*PHIP*PHIP

DEN= ( ( (TP-TP) *DEL) **2+(RF*PRIP) #%2) #¢] 5
CINTG=CINTG+CMPLX (ANUM/DEN,@.0)
CG3=CINTG

RETURN

END

COMPLEX FUNCTION CG4(PHIP)

IMPLICIT COMPLEX (C)

REAL COSGS,CMP

COMMON/ANG/PHI

CUMMON/ ISWTCH/ 1 5WR

COMMON/ARC/TP

COMMON/SLPF/ISELF
COMMON/FNC/RF,ZF,TF ,RSL, 25L ,DEL,SINGS, COSGS,GMN
COMMON/FRQ/PI,AK]1,AK2,5L1,SL2 ,0MBGA
PRI=PHIP

RS=RSL+TP*DEL*SINGS

CHP=COS (GM*PHIP)

IF(ISHR .EQ. 1) CMP=CMP*RS

CINTG=CMPLX( (RF-RS) *CNP, B.')'CGPOR(XXXXXX)
IF(ISELF .EQ. 8) GO 10 18

ANUM=2,¢* (TF~TP) *DEL*SINGS

IF(ISHR .EQ. 1) ANUM=ANUM*RP
DEN‘(((TF—TP)*DEL)"2+(RP'PHIP)"2)"1 S
CINTG=CINTG+CMPLX (ANUM/DEN,¥.0)
CG4=CINTG

RETURN

END

COMPLEX FUNCTION CG5(PHIP)

IMPLICIT COMPLEX (C)

REAL COSGS

COMMON/ I SWYCH/ISWR

CUMMON/ANG/2HI

COMMON/ARC/TP

COMMON/SLF/ISELP
CUMMON/FPNC/RF, 2P ,TF,RSL, 2SL,DEL,SINGS,COSGS ,GM
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BR-16389
BR~16398
BR-164P8
BR-16418
BR-16428
BR-16430
BR-16448
BR-16450
BR-16460
BR-16478
BR-16480
BR-15490
BR~16580
BR-16518
BR-16529
BR-1653%
BR-16549
BR~-16558
BR~16568
BR~16578
BH-1658¥
BR-16598
BR-16609
BR-16618
BR-16620
BR-16630
BR-16649
BR-16650
BR-16568
BR- 10678
BR-16680
BR~16698
BR~16780
BR-16718
BR-16720
BR-16730
BR-14/4¥
BR-16/59
BR-16768
BR-16770
BR-16780
BMR-16799
BR-1644M
BR-16818
BR-16828
Bk-16838
BR-16848
BR-16450
BR-16864
PR-16878
BR-10808

BR-16899 .

BR~"59089
BR-} 6918
BR-:6928
BR-16928
ER-16948
BR-16930
BK- 16960
BR-16378
BR~16988
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COMMON/FRQ/PI,AK1,AK 2,SLl,SL2 ,0MEGA BR-16Y99

PHI=PHIP BR-17080

S2PCMP=COS (GM*PHIP) * (SIN(PHIP/2.8) **7) RR~-17010

IF(ISWR .EQ. 1) S2PCMP=S2PCMP* (RSL+TP*DEL*SINGS) BR-17028

CINTG=CMPLX(S2PCMP,0,.8) *CGPOR(XXXXXX) BR~17830

IF(ISELF ,EQ. B) GO TO 1@ BR-17840

b ANUM=PHIP*PHIP/2.0 BR-17058

p IF(ISWR .EQ. 1) ANUM=ANUM*RF BR-178680

DEN= ( ( (TF~-TP) *DEL) **2+(RF*PHIP) **2) **1.5 BR~17087¢

CINTG=C INTG+CMPLX (ANUM/DEN,0,8) BR-17080

{ 10 CG5=CINTG ) BR-1/099

RETURN BR-17100

END BR-17110

COMPLEX¥ FUNCTION CG6 (PHIP) BR-17120@

IMPLICIT COMPLEX (C) BR-17138

REAL COSGS,CMrCP BR~17148

COMMON/ANG/PHI BR-17158

COMMON/ARC/TP BrR-17160

COMMON/SLF/ISELF BR-171760

COMMON/FNC/RF,2F,TF ,RSL, 2SL,DEL,SINGS ,COSGS ,GM BR~1/188

CUMMON/FRQ/PI,AKl,AK2,SL1,SL2,CEGA BR-17190

PHI=PHIP BR-1/2080

RS« RSL+TP*DEL*SINGS BR-1/,210

CMPCP=COS{GM*PHIP) *COS (PHIP) BP~17228

CINTG=CMPLX( (R¥-RS) *CMPCE ,0,8) *CGPOR(X XXXXX) BR~-17239

IF(ISELF ,EQ, @) GO TO 19 BR-17240

ANUM=2,04* (TF-TDP) *DEL*SINGS BR-17258

DEN= ( ({TF-TP) *DEL) **2+(RF*PHIP) #*2) **1.5§ BR-17269

CINTG=CINTG+CMPLX (ANUM/DEN,8.8) BR-17279

18 CG6=CINTG . BR-17280

RETURN BR-1/290

END BR-1/304

COMPLEX FUNCTION CANALY(TL,TU,I,ISWR) BR-17318

¢ BR-17320

Commn= ROUTINE TO ADD RESULT OF ANALYTICAL INTEGRATION OF THE BR-17330

C SINGULAR PORTION OF THE INTEGRANDS BR-17346

c BR-17350

COMMON/FNC/RF, 2F,TF ,RSL, 2SL ,DEL,SINGS,ACOSGS,GM BR-)7360

COMMON/FRQ/PI,AK1,AK2,SLl1,SL2 ,0MBGA BR-171370

ID=I+1 BR-17388

TUMTDT= (TU-TF) *DEL BR~1739¢8

TLMTDT= (TL-TF) *DEL BR~17469

RPI=RF*"PI BR-1/414

IF{TUMTDS) 14, 10, 28 BR-17420

16 TUl=0.0 BR-17430

t TU2=0,9 BR-17449

L GO TO 3¢ BR-17459

20 RAD=SQRT(TUMTDI**2+RPI**2) BR-17468
TUl=ALOG(RPI+RAD) BR~1747¢ &

TU2=ALOG (TUMTDT) BR-17489

38 IF(TLMTDT) 50, 49, 40 . BR-174980

44 TL1=y,0 BR~1/560

TL2=8,.0 BR~17519

GO TO 66 BR~1/520

59 RAD=SQRT(TLMTDT**2+RPI**2) BR-17532

TL1=ALOG(RAL+RPI) BR~17546

TL2=ALOG(--TLMTDT} BR-17558

60 TERM= (TU~!F) *{TU1-TU2)+(TF-TL) *(TL1-TL2) BER-175.8

TERM= ~TERM/ (PI*RF) BR=-17570

IF(ISWR .EQ. #) TERM=TERM/RF BR-17588

GO TO (74, 19¢, l¢@, 88, 108, 90) ID BR-17590
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TERM=TERM*2,8*GM/RF
GO TO 118
TERM=TERM*2,0*GM

GO TO 110

TERM=TERM/ (2,.0*RF)

GO TO 118

TERM=8,0
CANALY="MPLX({TERM,0,06)

RETURN
END

SUBROUTINE CSMINV(A,NDIM,N,DETERM,COND,IERR;
CRERIEARR RN RN R R E RN R RN AR R AR RN AR R AR AR IR AR R AR R AR A AN AR AR AR AR AR PN CMTw

CSMINV IS A SUBROUTINE WHICH WILL ACCEPT A SINGLE PRECISION
CCMPLEX MATRIX AND RETURN THE INVERSE OF THE MATRIX IN ITS
PLACE, THE SUBROUTINE WILL ALSO COMPUTE THE NORMALIZIED
DETERMINANT OF THE MATRIX, AND THE INVERSE CUNDITION NUHBER
OF THE MATRIX.

PREPARED BY MICHAEL G. HARRISON E.E. DEPY

N ~ THE ORDER OF THE MATRIX TO BE INVERTED
A - COMPLEX DOUBLE PRECISION INPUT MATRIX (DESTROYED)
THE INVERSE OF A IS RETURNED IN IYS PLACE,

NDIM - THE SIZE TO WHICH A IS DIMENSIONED IN THE CALLING

PROGRAM

RR-17688
Bn-11/0610
BR-1/628
BR-17630
BR-17648
BR-~17650
BR-17668
BR-1767¢
BR-17688
BR-17698

MI-

MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
M-
MI-

DETERM ~ THE NORMALIZED DETERMINANT OF A WHICH IS RETURNEDMI-

COND"~ THE INVERSE OP MITTRA'S CONDITICN NUMBER OF
THE MATRIX,

IERR - ERROR INDICATOR WHOSEZ VALUE IS 2ERO UNLESS TOO
LARGE A MATRIX IS PASEED (.GT, 256 X 2%86),
IN WHICH CASE IERR=l

JUNE 23, 1972

M1~
MI-
MI-
MI-
MI-
MI-
MI-
MI-

CHXBNRNARANRANRARRAN AR RA AR A AN AN AR A AR TAARAINANREN ARSI AN AR AN SN S AN N LA AL R DO

COMPLEX A(NDIM,NDIM),PIVOT(250) ,AMAX,T,SWAP,DETERN,U
INTEGER*4 IPIVOT(258) ,INDEX(259,2)

[eXeXg]

REAL

TEMP ,ALPHA(258)

INITIALYIZATION

IERR~O

IF{NDIM.LE.258) GO TO 5

IERR=1

WRITE(5,4) NDIM

4 FORMAT('OCSMINV ERROR, ATTEMPT T0 INVERT A MATRIX 'Id4,

RETURN

1* ON A SIDE,'/' WHEN 250 X 250 1S THE MAXIMUM ALLOWED,')

5 CONTINUE

DETERM

= CMPLX(l.0,0.2)

SUMAXA=2,

DO 24 J=i,N

ALPHA(J) =#. 0

SUMROW=8.

DO 18 I=1,N

ALPHA(J) =ALPHA(J) +A{J,1) * CONJG(A(J,I))
1f SUMROW=SUMROW + CABS{aA(J,I1))

ALPHA(J} = SQRT(ALPHA(J))

Ul-
MI-
fl-
Ml-
MI-
MI-
MI-
NI-
MI-
ni-
MI-
MI-
MI-
Hi-
MI-
Mi-
Ml-
MI-
MI-
MI-
MI-
MI-
MI-

2440
259

299
308
312
328
338
348
350
kY1)
378
3ae
398
400
418
428
430
440
458
469
478
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~F (SUMRO% .GT.SUMAXA) SUMAXA=SUMROW MI- 488 :
20 1PIVOT(J) =8 MI- 498 -
DO 689 I=1,N MI- 580 -
(o Mi- S1# H
¢ SEARCH FOR PIVOT ELEMENT MI- 529
C Mi= >H30
d AMAX=CMPLX(8.9,0.9) MI- 548
P 00 185 J=1,N MI- S58
{ IF (IPIVOT(3)-1) 68, 185, 68 MI- 568
, 68 DO 168 K=1,N - MI- 578
IF (IPIVOT(K) -1) 88, 108, 746 MI- 588
88 TEMP=AMAX* CONJG(AMAX)-A(J,K)* CONJG(A(J,K)) MI- 598 .
1P (TEMP) 85,85,108 MI- 689 N
85 IROW=J MI- 618
IZCOLUM=K MI- 620
AMAX=2 (J ,K) MI- 638 )
180 CONTINUE MI- 649 :
185 CONTINUE MI- 650 !
IPIVOT(ICOLUM) =IPIVOT(ICOLUM)+1 - MI- 668
c MI- 670
c INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL MI- 6880
c MI- 698
IF (IROW-ICOLUM) 148, 264, 148 HI- 709
140 DETERM=~-DETERM MI~ 718
po 208 L=1,N MI- 728
SWAP=A (IROW,L) MI- 738
A(IROW,L) =A (IZOLUM,L) MI- 740
200 A(ICOLUM,L)=SWAE MI- 750
SWAP=FLPHA (1ROW) MI- 768
ALPHA {IROW) =ALPHA (LCOLUM) MI- 778
ALPHA (ICOL!IM) =SWAP MI- 7860
268 INDEX(I,1)=LROW MI- 798
INDEX(I,2) =1COLUM NI- 806
PIVOT (1) =A{LICOLUM,ICOLUM) MI- 818
U = PIVOT(L} MI~- 828
ALPHAI=ALIHA (ICOLUM) MI- 838
c MI- 848
Cmmmmm THE FOLLOWING SUBROUTINE CALL IS FOR UNDERFLOW PROTECTION DURING MI- 858
C CALCULATION OF THE NORMALIZED DETERMINANT MI- 86:
c MI- 87
CALL DTRENT(DETERM,U, ALPHAT) MI- 888
TEMP=PIVOT(I)* CONJG{PIVOT(I)) MI- 898
IF(TEMP) 339,720,338 MI- 989
c MI- 918
t c DIVIDE PIVOT ROW BY PIVOT ELEMENT MI- 920
c MI- 939
b 330 A(ICOLUM,ICOLUM) = CMPIX(1.0,0.8) MI- 949
DO 350 L=1,N MI- 958
U = PIVOT(I) MI- 968
352 A(ICOLUM,L) = A(ICOLUM,L)/U MI- 970
¢ : MI- 980
C REDUCE NON-PIVOT ROWS Mil- Yy
C MI- 10080
288 DO 559 Ll=1,N MI- 1019
IF(L1-ICOLUM) 408, 558, 499 MI- 1028
480 TA(L1, ICOLUM} MI- 1038
A(Ll,ICOLUM)= CMPLX(0.0,0,8) MI- 10480
DO 450 L=1,N Mi-= 1444
U = A(ICOLUM,L) MI- 1068
452 A(L1,L) = A(L1l,L)-U*T MI~ 146/9
558 CONTINUE MI- 1080
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CONTINUE
INTERCHANGE COLUMNS

DO 714 I=},N

L=N+1-1

IF (INDEX(L,1)-INDEX(L,2)) 638, 718, 639
JROW=INDEX{L,1)

JCOLUM=INDEX(L,2)

DO 785 K=1,N

SWAP=A (X ,JROW)

A (K,J ROW) =A (X ,JCOT.UM)

A{¥ ,JCOLUM) =SWAP

CONTINUE

CONTINUE

SUMAX I=0,

DO 918 I=],N

SUMROW=#,

DO 960 J=1,N

SUMROW=SUMROW + CABS{A(I,J))

1F (SUMROW,GT, SUMAXI) SUMAXI=SUMROW
CONTINUE

COND = 1,/ (SUMAXA*SUMAX))

RETURN

WRITE(5,738)
FORMAL('8',10("**xkk#dnt) /IgMAPRIX XS SINGULAR'/'6' ,1@('**ananat),
RETURN

END

SUBROUTINE DTRMNT(DETERM, U, A)

MI-
MI~-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
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THE SOLE PURPOSE QF THIS ROUTINE IS TO SCALE THE NORMALIZED
DETERMINANT SO THAT MACHINE UNDERFLOWS WILL NOT OCCUR,

THIS 1S NECESSARY BECAUSE THE DYNAMIC RANGE OF THE DBC-1077
MACHINE IS ONLY ABOUT 18**-38 TO 18**+39,

THE PARAMETER ISCALE MUST B2 RETURNED VIA COMMON TO ANY
PROGRAM NEEDING THE VALUE OF THE NORMALIZED DETERMINANT,

THE VALUE OF THE NORMALIZED DETERMINANT IS THE VALUE RETURNED
BY CSMINV TIMES TEN RAISED TO THE POWER (~ISCALE*TEN).

IF CSMINV IS CALLED MORE THAN ONCE BY A PROGRAM, "ISCALE" MUST BE
INITIALIZED TO ZERO FOR EACH CALL AFTER THE FIRST,

SERRARNRRRR IR AR R AR RN AR R AR AR AR IR AR RN RN NN R AN AR AN R R AR DA AR AR AN A RS AR AR AN R M T

COMPLEX DETERM,U

COMMON/SCAFAC/ISCALE

DATA ISCALE/8/

IF(CABS(DETERM) .GT, 1,E~18) GO 70 108
DETERM=DETERM*1,El#8

ISCALE=ISCALE+l
DETERM=DETERM*U/CMPLX(A,0,.8)

RETURN

END

118

MI-
HI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-

M1~
MI-
MI-
MI-
MI-
MI-
MI-
MI-
MI-

10890
11v9
1110
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1138
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1218
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1389
1310
1320
1330
1348
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1360
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1388
1390
1400
1410
1428
1439
1448
1450
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1479
1488
1490
1500
1518
1528
1539
1540
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1560
1579
1588
1598
1600
1619
1629
1630
1649
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SUBROUTINE CGQl (CF,XL,XU,N,CVAL)

CRARAN AR RA R AR RN RARRAARRARRRARRA AN AR AR AR AN AR AN AN AR AR AR AR ARANNAN KRR AR RN AN

BY GAUSSIAN QUADRATURE.

(2,4,8,10,12,16,32)

VARIABLE FOR CQGl.,
XL = LOWER BOUND OF VARIABLE
XU = UPPER BOUND OF VARIABLE

[eXeXeNeRNeXe e KeReNeXeNe Ko NeRo Ke X Xe]

IMPLICIT COMPLEX (C)

PREPARED BY MICHAEL G. HARRISON E.E.

PERFORMS INTEGRATION OF A FUNCTION OF A SINGLE VARIABLE

N = ORDER OF GUASSIAN QUADRATURE APPROXIMATION

CF = EXTERNALLY SUPPLIED FUNCTION.,..MUST BE PUNCTION OF ONE

CVAL = RESULTING VALUE OF THE INTEGRATION

CF MUST BE LISTED IN AN EXTERVAL STATEMENT

DEPT JUNE 22, 1972

AR R RN R R AR AR AR R R AR I AR N AN A AR R A AN NR AT ANN AN RN RN AR NN AR RN AR AR RN XX R AR XY

DIMENSION Q1(52),Q2(24),03(22) ,NQ(8),NS(8),QG(148)
EQUIVALENCE (Q1(1),QG(1}).{(02(1),QG(53)),(Q@3(1),QG(/7)})

DATA Qi

/.283675134594412882E@ ,6.5E0, .43056815579702629E8,

$
$.17392742256872695E6,.16999052179242813E6,,326072577431273087E8,

$ 0.48014452824876812E0,.50614268145188130AE-1,,3983332387¢681337E0,

$.11119051722668724E8,.26276620495816449E0,,15685332293894364£8,
$.9171732124782490E~1,,18134189168918099E8, ,48695326425858586E0,
$.33335672154344076-1,,43253168334449225E0,.747256745752983E-1,
$.3397047841496122E0,.10954318125799102E0, ,2166976970646236E4,

$. 13463335915499818E0,.744371694908156'55-1,.147762112357376‘4EG,

$8,49076A317123359638C,,23587668193255914E~-1,,45205862818523743E9,

$. 534696629976592153“1,.3849513370971523480,.8053916427167311E—1,
$.29365897714330872E0,,18158371336153296E8, ,1839157494998901 0E8,
$.,1i674626826917740E6,,62616704255734458E-1,,124573522986731 39E8,
$.4947004674958249710..135762297058778476~1, ,47228751153661629E8,

$.31126761969323946E~1,.43281560119391587E0,.47579255841246392E-1,

$.37776220417750152E0,.62314485627766936E-1, .30833812220132187E8,
$,7479799440828837E~1,,229088388062861369E8,,8457825969750127E-1,
$.14080177538962946E0,,9130170752246179E-1,.47506254918818728E-1,

$.9472530522753425E-1 /

DATA Q2

/ 8,497593668999851068E+0
8,48736427798565475E+0
0.,46913727680136638E+0
8.44320776350220052E+0
0,410008992986951 46E+0
8,37086289578927718E+¢
0.32404682596848778E+D
¥,2727107/3569441977E+0
8,2168967538130225/E+1
#,15752133934608169E+9
9.95559433736808150E~-1
0.32608446431302813E~-1

* % % %% RN NN RWN

- % % W m W W w w ww

DATA Q3 .
/8.49863193092474078E+0
P.,4928057557726341L7E+0 ’
.48238112779375322E+Y P
0,46745303796886984E+0 '
8.448.60577883026065+D '

e % * <N

+8.61706148999935998E~-2
9.,14265694314466832E-1
0.221387194088709903E-1
0.29649292457718898E~-1
8,366732408705548153E~1
B,43095888765976638E-1
9.48309326052056944E~1
8,53722135057982817E~1
8.57752834026 862801 E-1
0.60835236463981696F -1
£.62918728173414148£-1
$.63969097673376076E-1

9.350930850847350483E-2
0.813719736545283 50E~-2
0,12696032654531930E~1
9.171358931456518717E~-1
0.21417949611113348E-1

[elolelolofofotodeYolofeolofoloJodofaloRofolotototodoRoleRotelololeloRolalel oY oY o o o)

Q
/Q

Q
Q
Q
/Q
Q
¢

19
28
390
40
50
60
70
8o
99
109
119
129
139
149
158
169
170
180
199
208
216
226
239
240
256
260
278
280
294
300
316
328
330
340
350
360
7
386
K} |
400
419
420
439
440
459
460
478
480
490
580
510
529
530
540
550
568
578
580
590
6608
618
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" §$ NS/1,3,7,15,25,37,53,77/

3ee
985
381

35e

c
C
C
C
(o
C
C
C
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9.4246838P686628499E+0
P 39724189798397128E+8
. 0,36699105937814484E+0
#.33152213346510768E+2
6.29385787862038116E+0
$,25344995446611470E+0
9.21867563806531767E+D
0.16593430114166382E+9
0,11964368112606854E+8
9.7223598A791398258E~1
$,24153832843869158E~1
$,NQ/2,4,8,10,12,16,24,32/,

9.25499029631188888E~1 ,Q
0,29342046739267774E-1 ,Q
#.32911111388188923e-1 ,Q
9.36172897054424253E-1 ,Q
$.39096947893535153E~1 ,Q
9.41655962113473378E~1 ,Q
9,43826046502201986E-1 ,Q
9.45586939347881942E-1 ,Q
9.46922199540402283E~1 ,Q
0,47819360039637430E-1

0.4827004425736390PE~1 /Q

* % % %R NN RN
® % %" W W% % wN W

DO 380 L=1,8 ]

IF(N,EQ.NQ(L)) GO TO 301

CONTINUE

WRITE(5,905) N

FORMAT('@ CALLING PARAMETER =',I5,' INTEGRATION NOT POSSIBLE®//)
RETURN

CONTINUE

NP=NS(L)

NE=NP+N~1

AX=Q,5* (XU+XL)

BX=*XU-XL

CVAL= (0. ,0.)

DO 35¢ J=»NP,NE,2

DX=QG(J) *BX
CVAL®CVAL+QG{J+1) * (CF (AX+DX) +CP{AX~DX) )

l!lllllllllllllllllllll!llllllll

COOOCCOLOLCLCCOOOOCOCO0

CONTINUE
CVALACVAL*BX
RETURN
END
SUBROUTINE CGQIT(CF,XL,XU,N,CVAL, CVALR) QR-
cvt-ttﬂ-t'tutntltttttttt'twttttl*!ﬂ!tlutwuwuu-w--- AWNAURAANNARAWTT NS NN tllQR_
QR-
SUBROUTINE CGQLT IS A VERSION OF THE GAUSSIAN QUADRATURE R
INTEGRATION ROUTINE “CGQl" WHICH HAS BEEN MODIFIED TO QR-
SIMULTANEOUSLY INTEGRATE THE FUNCTIONS (CF) AND ((RHG-PRIME)*CP), 83—
- R-
THE ARGUMENTS ARE THE SAME EXCEPT FOR THE INCLUSION OF THE QR-
ADDITIONAL RESULT “CVALR." QR
R
ttﬂittttttttti'tttlttitiit**tﬁttt'tw’tttattttttitltitiiittt Sk kb YRR AR &K th.
IMPLICIT COMPLEX (C) QR-
DIMENSION Q1(52),02(24) ,Q3(32),NQ(8),N5(8),0G(188) QR-
REAL COSGS Qk-
COMMON/FNC/RF, 2F,TF ,RSL, 2SL ,DEL,SINGS, C08GS,GM QR-
EQUIVALENCE (Ql(l),QG(l)).(02(1),QG(53)) (03(1).06(77)) QR-
DATA Q1 QR-

/.288675134594812882E0,8,5E8, ,43056815579702629E8, QR-
+17392742256872693E0,,16999052179242813E0,,32607257743127387E0, QR-
0.48014492824876812k0,,50614268145188136E~1,.398333236878681337E8,QR-
«11119851722668724E0,,26276620495816449E0, ,156853322935942364E8, QR-
«9171732124782490E~-1,.18134189168918099E0,,48695326425858586E80, QR=-
.3333567215434407E-1, ,43253168334449225E0,,747256745752903E-1, QR-
+3397047841496122E0,.10954318125799102E9, ,2166976970640236E9, QR-

$
$
$
$
§
$
$
$.13463335915499818E0, ,74437162490815605E~-1,,14776111235737644E8, QR-

120
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640
658
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670
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720
738
748
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8e¢
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878
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e
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$0.49078031712335963E0,,235876681932559)4k~-1, ,45205862818523743E8, QR~-
$.53469662997659215E-~1,.384495133709715234E0,.8003916427167311E-1,
$.29365897714330872E6,.19158371336153296E09,.18391574949909018E83,

$.11674626826917740ED, ,62616784255734458E~1, .12457352290670139E8,
$.49478946749582497E8,.135762297858779047E-1,.,472287511% 3661629E8,

$.31126761969323946E~1,,43281568119391587E8, .47579255841246392E~1,

$.37779228417759152E8,,62314485627766936E-1,.30893812226132187E0,
$.7479799440828837E-1,,22900838882861369E8, .,8457825969750127E-1,
$.14089177538962946E9, .9130178752246179E~1,.47506254918818720EF~1,

$.9472538522753425E-1 /
DATA Q2
/ 0.497593603998510 68E+0
0.4373642779856547SE+D
6.46913727600136638E+8
0.44320776350220052E+8
0.41008099298695146E+0
0.370062¢9578927718E+¥
9.32404682596 848 778E+ 8
0.27271873569441977E+8
8.21689675381302257E+9
0.15752133984808169E+8
0.95539433/36848150E~1
8.32828446431302813E~1

% % % % % %N NN RN

LR B S . T TR K T JNE I Y

DATA Q3
/08.49863193092474078E+9

V.49280575577263417E+9
B.48238112779375322E+¢
V.46745303790B86YBAEHD
P.44816057788302606E+0
0.4246838068662B499E+9
9.39724189798397120E+0
0.36609105937014484E+8
0.33152213346510760E+6
B,29385/8/862938116E+0
¥.2534499544661 14 /0E+E
$.,21067563806531767E+0
0.16593430114106382E+2
0.11964368112606854E+0
8.72235980791398250E~1
0.24153832843869158E-1

$,NO/2,4,8,10,12,16,24,32/,

$ NS/1,3,7,15,25,37,53,77/

LO 309 Le=},8

IF(N.EQ.NQ(L)) GO TO 301

CONTINUE

WRITE(S>,9685) N

PUKMAT ('Y CALLING PARAMETER =',I5,"

RETURN

CUNYLLINUE

NP=NS (L)

NEsNP+N=L

AX=B,5% (XU+XL)

BX=XU~XL

CVAL=(0.,0,)

CVALR=CMPLX(0.,8.)

DO 358 J=NP,NE,2

DX=QG(J) *BX

AXP=AX+DX

AXM=AX~DX

RSP=RSL+AXP*DEL*SINGS

RSM=sRSL+AXM*DEL*SINGS

» % % * % & % % %N RRERWN

LI BT N TR TR WY N T UE NN
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0.61796148999935998E-2
8.14265694314466832E~1
9,2213871940¥8709993E-1
0.29649292457710890E-1
0,36673240785549153E~1
0.43595080/7659/6638E-1
0.48809326052056944E-1
£,53722)350579828)7E-1
A.57752634826862801E-1
0.60835236463941696E~1
0.62318728173414148E-1

QR-
QR-
QR~-
Qk~-
QR-
QOR~-
QR-
QR~
QR-
QR-
QR
+QR-
QR
QR
QR
+QR-
QR
QR
QR
QR
QR

$.63969697673376078E-1 /QR-

0,3509305004/350483E-2
0.813719736545283 50E-2
9.126960832654631036E-)
8.17136931455518717E-1
9,2141794901.113348E-1
0.254990296311888 88E~1
0.29342046739267774E-1
$.329111113681808923E-1
8.361728970854424253E~1
€.398969478Y3535153E~1
0.416559621134/3474E-1
6.,43826046502201946E~1
0.,45586939347881942E-1
$.46922199540402283E~1
0,47819366439637430E-1

QR-
+QR-
QR-
QR
QR-
+QR~
QR
QR-
QR-
QR
QR~
QR
QR
QR-
QR
QR

B.46270044257363906¢E-1 /QR-

QR-
QR-
UR-
QK-
Qr-
QR-

INTEGRATION NOT FOSSIBLE'//jQR-

QR-
QR-
QR
QR-
QR
QK-
QR-
QR-
QR-
QR~
(R~
QR-
QR-
QR-

268
270
288
298
300
3le
320
330
348
359
369
379
380
3949
499
419
428
439
449
459
459
479
480
498
s08
510
5260
538
540
558
560
579
588
598
688
6140
629
6389
648
650
668
670
by
oYy
e
1l
720
139
740
ne
168
179
180
798
86@
yle
LV
430
w4 e
854
868
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CFP=CF (AXP) QR-
CFM=CF (AXM) QR-
CVAL=CVAL+QG(J+1) * (CFP+CFM) QR-
CVALR=CVALR+QG(J+1) * (CFP*CMPLYX (RSP, @ B)+CFM*CHPLX(RSH 8.0)) QR-
CONTINUE QR-
CVAL=CVAL*BX QR-
CVALR=CVALR*BX QR=
RETURN QR-
END QR-
SUBROUT'INE ICRMUL(CM,CV,CVS,NMROWS,NMCOLS,NVROWS, NVCOLS) nu-
CI‘l‘l"l'l'lIIR*I*!H*t*tt**ttt*'*fi**‘l**Itt!'nu!'lW'llIl'lut'lw""ﬂIIII*'lttHH_
Mm-
PERFURMS |CVS] = [CM} X [CV] MM-
Mm-
CM = INPUT MATRIX (NMROWS X NMCOLS) mn-
CV = INPUT MATRIX (NVRCWS X NVCOLS) MM~
CVS = SOLUTION MATRIX (NMROWS X NVCGLS) MM-
NMROWS = # OF ROWS LN [CM) MM~
NMCOLS = % OF COLUMNS IN |CM) MM-
NVROWS = # OF ROWS IN [CV] MM~
NYCOLS = # OF COLUMNS IN [CV] MM~
MM
‘Il!t*w'*wﬁ‘llla'wt'titiﬁiit*ﬁttl"ﬂﬂtttﬂ'i.'tiit"ﬁtt'tl'll'lwlttII-iIIIMH_
IMPLICIT COMPLEX (C) MM~
DIMENSION CV(NVROWS,NVCOLS),CM(NMROWS ,NMCOLS) ,CVS (NMROWS ,NVCOLS) MM~
IFINMCCLS .NE.NVROWS) GO TO 40 MM-
CO= CMPLX(D,0,8.0) Mu-
DO 30 J=1,NVCOLS MM-
DO 26 1=1,NMROWS MM~
CSUM=C@ Ma-
DO 13 K=1,NMOOLS MM~
CSUM=CSUM+CM(I,K) *CV(K,J) MM-
CVS(1,J) =CSUM MM~
CONTPINUE MM~
RETURN MM-
WRITE(5,108000) NMCOLS,NVROWS Mn-
FURMAT{* MULTIPLICATION NOT POSSIBLE.'/ MM~
$' NMCCLS = 'I,10X,'NVROWS = 'I) MM-
STOP MM-
END Mu-
SUBROUTINE BESSEL {X,N,BJ,BY,NX) JY-
IMPLICIT REAL*8 (A-H,0-2) JY-
DIMENSION 8J(1) ,BY(1) Jy-
REAL*4 SNGL Jy-
D=1, D-97 JY-
Jy-
CHECK FOR ERRORS IN N AND X JY-
Jy-
IF (N) 718,720,728 JY-
WRITE (5,900) Jy~
FORMAT ( 30H N IS NEGATIVE JY-
GO TO 99Y Jy-
IF (X) 739,736,748 Jy-

720

122

g0
880
890
Y80
i
Y28
930
94¢
Y0

1¢
20
39

S5¥
69
79
&0
99
108
119
120
138
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738 WRITE {5,9189) JY- 148 K
Ylg FORMAT {3PE X IS NEGATIVE OR ZERO ) Jy~ 159 %
GO TO 999 Jy- 168 :
748 IF (NX .EQ. 1 ) GO TO 389 JY- 1/8 .
IF (NX ,EQ. 2} GO TC 609 Jy- 188 §
IF (NX..EQ. 3) GO TO 38 JY- 199 -
p WRITE (5,928) JY- 208 !
p 428 FORMAT (384 ERROR IN PARAMETER NX ) Jy- 219 )
yY9Y  WRITE (5,938) X,N,NX JY- 220 :
¥y38  FORMAY (3¢¥H PARAMETER VALUES X,N,NX +G15,5,215 ) JY- 238 -
STOP JY- 240 .
C JY- 258 y
¢ CALCULATION OF J BESSEL FUNCTION JY- 2660 :
c Jy- 2/9 4
kY’ L*N Jy- 28¢ ‘
31 IP(X-15.)32,32,34 JY- 298 !
32 NTEST=20,+18,%*X-X** 2, / 3, Jy- 300 /
GO TO 36 . JY=- 318 H
34 NTEST=Y#,+x/2, Jy- 328 -
36 IF(L~NTEST)406,38,38 JY- 348 :
38 WRITE { 5,949) JY- 349 B
Y49  FURMAT (30H RANGE OF X VIOLATED ) Jy- 354 i
GO TO 999 JY- 368 .
40 Nl=L+1 Jy- 378 g
BJ(N1)=#,6 Jy- 388 3
BPREV=,@ : Jy- 398 i
c JY- 489
¢ CONPUTE STARTING VALUE OF M JY- 41w
c Jy- 4 .
IP(X-5.}50,60,60 Jy- 43 .
50 MAs=X+6, JY=- 448
GO TO7# JY= 4>
69 MA=1.4"X+60,/X Jy- 4068
70 MH = [, + LFIX ( SNGL (X) )74 +2 JY- 419
MZERO=MAX @ (MA,MB) JY- 4860
c Jy- 490
c SET UPE\9L\\\\TOo6MM JY- 508
c Jy{- 510
MMAX=NTEST JY- 528
18Q DO 198 M=MZERO,MMAX,3 Jy- 53¢
c Jy- 549
C SET F(M),F(M-1) JY~- 558
c JY- 568 :
FMl=]l,PE-28 JY= 51/
FM=,¢ Jy- 580 ;
ALPHA= ¥ JY- 59
IF(M~(M/2)*2)129,118,120 Jy- 68¢ z
116 JT=-1 JY- bl :
GO TO 138 JY- 629 :
120 J™=1 Jy- 630 ;
130 M2=M-2 JY- 644 .
DO 160 K=1,M2 Jy- 658 4
s MK=M~K JY- 668 "
BM¥K = 2,*DFLOAT(MK) *FMl/X~FM JY- 679 !
FMsPM1 JY- 688 -
FM1 =BMK Jy=- 6Y¥ )
IF(MK~L~1)L50,140,158 Jy- 708 :
149 BJ(L+1) =BKK Jy- 718
156 JT=-JT JY- /28
Sx14JT JY= 139
1606 ALPHA=ALPHA+BMK*S JY- 748 ;
h !
7
12~
" -




178
189

185
198

Y59
200
228
210
L3e
248

C

BMK=2,*FMLl/X~FM

1P(L)180,170,180

BJ(L+1) =BMX
ALPHA=ALPHA+BMK
BJ (L+1) =BJ (L+1) /ALPHA

ERR=BJ (L+1) -BPREV

THIS PAGE IS BRST QUALITY PRACTICABLY
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IF(DABS(ERR)-DABS(D*BJ(L+1)))250,200,185

BPREV=BJ (L+1)

EKR=ERR/BJ(L+1) *108,

WRITE (5,95¢) ERR
FURMAT(5YH REQUIRED A
11s ,G28.6)

IF{L~N)219,220,229
I=1~-1

1F{L .LT. 8)GO TO 248
GO TC 31

IF{L .EQ. ¥)GO TO 2449
DO 238 I=2,N

f=N-X
ua(u+19-2.*D?LOAT(L+1)*BJ(L+2)/X-BJ(L+3)

CCURACY IN BJN NOT OBTAINED, PER CENT DIFF.

IF (¥X .EQ. 3) GO TO 649

RETURN

C CALCULATION OF Y BESSEL FUNCTIN

c
b
C

ccCcno o

Pl = 3,141592653

BRANCH IF X LESS THAN
IF (X-4.) 640,640,638

OR EQUAL 4

COMPUTE Y# AND Y1 FOR X GREATER THAN 4

T=4./X
Pe=.3989422793
Q0=-,9124669441
Pl=,3989422819

Q1=.0374228364
AsT*T

B=A
PO~P@-.06017530628*A
08=C0+.00284564324*A
P1aP1+.029218256*A
Ql=Q1-,B80063904*A
A=A*A

PO=pg+, 80817343%A

Q@=Qo-.0CARBE697I1*A
pPl=Pl-,000223204"A
Ql=Ql+.,b¥E106474L"A
A=A*B

p@=pPa-,0000487613%A

Q8=Q8+.0000342468%A

Pl=P1+,0480580759*A

Q1»Q1-.8008398708*A
A=A*B

PO=PO+.060B173565%A
Q0=QA~, 0520142878 %A

P1=pl-.0000200892"A

Q1=01+,00001622%A
A=A"B

PG=pa-~,858003764U%A
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JY-
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75¢
768
776
780
798
820
818@
820
B3¢
.13
858
869
8 /0
L3l
398
yp e
9149
928
EEL
949
958
Yo b
v/
98
Yo
531 1)
16l
1028
1838
1040
1450
1u68
L4979
1869
1099
1166
1148
1128
1130
1149
1158
1169
117¢
11880
1190
1200
1210
122¢
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1249
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1269
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1298
1308
1310
1320
1338
134¢
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QO=Q0+,0688832312%A
P1=pP1+,0000042414*A
Qi=Q1~-,0000036594*A

A = DSQRT(2,*P1)

B=4,*A

PR=A*PH

Qo=B*Qd/X

Pl=A*pl

Q1=B*Q1/X

A=X-PI1/4.,

B = DSQRT ( 2,/ (PI*X))

Y? = B* (PO*DSIN(A)+Q8*DCOS(A))
Yl = 3* (-P1*DCOS(A) +Q1*DSIN(A})
GO TO 690

COMPUTE Y& AND Y1 FOR X LESS THAN OR EQUAL TO 4

XX=X/2.

X2=XX*X X

T=DLOG(XX) +.5772156649
SUM=0,

TERM=T

Y#=T

DU 67¢ L = 1,15
IF(L-1) 650,660,656
SUM=SUM+TL,/DPLOAT(L-L)
ri=L

TS=T-SUM

TERM= (TERM* (-X2) /FL**2) *(1.~1./ (PL*TS) )
Y@=Y@+TERY

TERM = XX* (T-,5)
Sum=y,

Yi~TERM

DO 680 L = 2,16
SUM=SUM+../DFLOAT(L~1)
FL=L

k"Ll"FL"l.

TS=T-SUM

TERM= (TERM* (~X2) /(FL1*FL) } * ( (TS~ .5/FL) / (TS+.5/PL1))

Y1=Y1+I'ERM
PI2=2,/P1
Y@=pIi~Yd
Yi=-pl/X+P12"Y]

CHECK LF ONLY YV OR Y1 1S DESLRED

LF(N~1) 500,500,530

KELUKN EITHER Y8 OR Y1 AS REYULKED

ir(N} 510,520,519

BY(2)=x1

BY{l)=y¥

RETURN
FEREUKRM KELUNIENCE OPERATLIONGS TO riND YN!(X)
BY(1l) =y#

BY(Z; =Yl

DU 545 K=2,N
T=DFLOAT(2* (K~1) ) /X

J¥-
JY-
JY-
JY~
JY-
JY-
JY-
JY-
JY-
JY-
JY-
JY-
JY-
JY-
JY-
JY=-
JY=-
JY-
JY-
JY=-
JY=-
JY-
JY-
JX-
Jx-
JY-
Jx-
J Y-
JY-
Jy=-
JY=-
JY-
JY~
V3 ud
JY-
JY-
J Y=
JY=-
Jy-
JY-
JY-
JY-
JY-
Jy-
JY=-
JY=-
Jy-
Ji-
J Y-
J Y-
JY-
Jy=-
JY=-
JY-
J -
JY-
Jx-
JY-
JY~-
JY~-
J Y-
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1378
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1400
1418
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1430
1440
1453
1460
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1549
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1569
1579
1580
15v8
Lo¥w
16149
lo48
Lo 3¥
1640
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1660
16/8
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It
1749
1719
1728
1730
1/40
1750
1768
1114
1740
1199
18wy
1814
1820
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eI 1/
1859
’N.1.1 ]
i8/9
18480
1894
ivovw
1918
1949
19 3¢
1949
1958
1821
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BY{K+1l)=T*BY(N) ~BY(K~1) 3X= 1YY

< JY= LYok
- BESSEL Y FUNUTIUN HAS BXCEEDED 19**35 JY= iYvp
& Jy= ZvpY
IF ( DABS(BY(K+1l))-1.0D3%) 545,545,541 JY- 2014

S4)  wRITE (5,989) JI- Lbey
988 rurmad {3vn ¥ BESSEL FUN SACEEVED L10*"35> } JY- 20838
GO TO 999 JY= ZV3p

545  CUNTLINUE JY- 2050
RETURN ’ Ji1~ £p00p

END VI~ LIV
FUNCTLION ELICl1X(AM1) Cg- 19
(RN R AR AR AT TR AR XA IR AR AA IR XX RN AR XX XAR T AT AR XXX XA AR XN XA XK AR XAXNCE 29
C CE- 39
C COMPLETE ELLIPTIC INTEGRAL OF THE FIRST KIND K(M), . CE~ 49
C WHERE AMl=1-M CE- 59
o CE- 680
(o4 REFERENCE® Ce- 79
C CE- 88
C ABRAMOWITZ AND STEGUN, EQ, 17.3.34 CE- 99
C CE~ 188
C MAGNITUDE(ERROR) .LE. 2.0E-8 Ce-~ 1Ll¢
C ) Ce~ 1d®
CRMRRE IR NI AR AAANAARARRARNRRNAXRRAANRRAAREANAX RN RT XX TR XX XN NXR WK TR AR KN WK B P 13¢
DATA AG,AI,AZ ,53,1\4,30,31,82,53,84/ CE- 1‘.

$ 1,38629436L12, 09666344259, B3599PY2383, ,03742563713, CE- 158

$ .03328355346, 00441787012/ Ck- 1/v

A=A@ +A1*AML CE~ 140
B=BA+Rl*AML CE~ 19¢
IF(AM] ,LT, 1,E~-18) GO 70 1@ CE- ¥

AM1 2=AM1 *AM] Cl- 21v
A=A+AL™AML2 : Ce- 220
B=B+B2"AML 2 Ce~ 439
IP(AML ,LT, 1,B~12) GO TO 1l¥ CE- 24¢

AM1 3=AM1 2% AM1 CE~ 258
AsA+A3"AML1 3 Cli~ 2068
B=B+BI*AMI 3 CE~- 170
IF(AMl ,LT. L,E~Y) GO TO 190 Ce~- 2uu
AMLA=AML3*AML Ce= <34
A=ATA4tANL 4 Ch= w0
B=B+B4*AM1 4 CE- 310

14 CONTINUE CE- 44
ELICLR=A-B"ALOG(AML) CE- 330
RELURN CE- 344

END Ce= 320
CEFRTREAARANARNAINNATNRANAANNNARNRARARRNNE N RAAA ALALAA AT A LARAArAAAR AN ARE NN &AL 49
(" AT= 36
C INTEGRATION OF A FUNCYTION BY ADAPTIVE TRAPEZOIDAL RULE AT- 44
C A~ 20
C A= by
. Cr = EXTERNALLY SUPPLIED COMPLEX FUNCTION TO BE INTEGRATED AT~ 790
C At~ 14
¢ XLOW = LOWER LIMIT OF INTEGRATION AT~ 9

126
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Cc A1~ 1Lpe
C XHIGH = ({(UPPER LIMIT OF INTEGRATION MINUS LOWER LIMIT) DIVIDED AT~ 110
o BY TWO) + LOWER LIMIT AT- 120
C At- L3V
C ER = RELATIVE ERROR CRITERION FOR CONVERGENCE CHECK AT~ 148
(& AT- 158
(& MAXP = MAXIMUM NUMBER OF POINTS TO BE USED AT- 168
C Ar- 1179
C IER = ERROR CODE: AT- 1lH#8
C = 1, IF INTEGRATION DID NOT CONVERGE WITHIN (MAXP) AT~ 190
C POINTS Au~ 209
(¥ = ¢, OIHERWISS Ar~ <19
C Ay 228
C CANS = RESULT OF THE INTEGRATION AT- 230
¢ A~ 240
C A= L5V
C CF MUST BE LISTED IN AN EXTERNAL STATEMENT IN THE AT~ 268
C CALLING PROGRAM, AT~ 278
[ AL~ LBP
C THE RESULT (CANS) IS INTEGRAW(CF) BETWEEN THE LIMITS (XLOW) AND AT- 298
C (XLOW+ (XBIGH-XLOW) *2), SYMMETRY OP THE FUNCTION (CF) IS ASSUMED AT~ 388
C ABOUT THE POINT (XHIGH). Alr~- 318
C A~ 329
C!I*!’I'l‘"lt!**"lt"*l*"'*"ﬂ'l'!'ll'll'.'!'*'III'RIIH'II!I'IIIII!!IIIAT- JJ'
IMPLICIT COMPLEX(C) AT~ 314
COMMON/NPOINT/NP AT~- 354

IER=0 AT~ 368
DELO=XHIGH~XLOW AT~ 378
NPOLD=2 Al=- 388
C2=CMPLX(2,9,0,.6) AT- 394
IP(MAXP (EQ., #) MAXP=14000 AT~ 408
IF(ER .EQ., @) ER=1,E-4 AT- 418
CDELO~CMPLX(DELO,#,.6) AT~ 428

COLD= (CF{XLOW) +CF(XHIGH) ) /C2 AT~ 430
C=COLD AT~ 448

10 NP=NPOLD+N2OLD~-1 A~ 458
DEL=DEL0O/2.0 A= 4060
CDEL=CMPLX(DEL,8,.%) AT~ 478
K=NP-NPOLD AT~ 4%

K=K+K AT~ 49

DO 20 J“‘Z,K,Z AT- Sy
X=XLOW+DEL*FLOUAT (J 1) AT- 510

20 C=C+CF(X) AT~ 520
CNH=COLD*CDELO AT~ 530
CN=C*CD2L AT~ 548
CND=CN AT~ S5
ABSND=CABS (CND) At~ 560
IF(ABSND LTy 1.E~20) ABSNDwl, E~28 AT~ 579
DIFF=CABS(CN~CO) AT- 588
ERR=DIFF/ABSND AT- 598
IF(ERR .LT. ER) GO T0 4# AT- 686

IF(NP ,GE., MAXP) GO TO 39 AT~ 610
JELO=DEL AT~ 0629
CDELO=CDEL Arl- 630
NPOLD=NP AT~ 649
COLD=C AT~ 658

GO TO 180 AT- 66@

39 IER=] AT~ b/0

48 CANS=CN*C2 Al dbp
RETURN AT- 699

END AT- /40
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