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ABSTRACT

The reaction concept is empioyed to formulate an integral
equation for radiation and scattering from plates, corner reflectors,
and dielectric-coated conducting cylinders. The surface-current
density on the conducting surface is expanded with subsectional bases.
The dielectric layer is modeled with polarization currents radiating
in free space. Maxwell's equation and the boundary conditions are
employed to express the polarization-current distribution in terms of
the surface-current density on the conducting surface. By enforcing
reaction tests with an array of electric test sources, the moment
method is employed to reduce the integral equation to a matrix equation.
Inversion of the matrix equation yields the current distribution, and
the scattered field is then obtained by integrating the current
distribution.

This report presents the theory, computer program and numerical
results for radiation and scattering from plates, corner reflectors,
and dielectric-coated conducting cylinders.
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CHAPTER 1
INTRODUCTION

Low-frequency solutions for radiation and scattering from
cylinders have been reported in several published papers [1-8]. Among
them, Mei and Van Bladel [1]employed a point-matching procedure to
solve the electric-field integral eguation and the magnetic-field
integral equation for transverse-magnetic and transverse-electric
incident waves, respectively. In the point-matching procedure the
surface current distribution was expanded into rectangular-pulse bases
and the appropriate boundary conditions were enforced at discrete
points on the conducting surface of the cylinder. Richmond [4] has
deveioped a wire-grid array model for cylinders with transverse-
magnetic incident wave and shown that if a sufficiently great number of
wires is employed, the scattering pattern approaches that of a solid
cylinder of the same contour. Richmond L9 has also developed a
piecewise-sinusoidal reaction formulation for electromagnetic radiation
and scattering problems involving cylinders with non-circular cross
section for the transverse-electric incident wave. No solution,
however, has been published for non-circular cylinders with a
dielectric coating.

For three-dimensional problems, two methods are available for
efectromagnetic modeling of a continuous conducting surface with
arbitrary shape: the wire-grid model [10] and the surface-current
model [11,12] with rectangular-pulse bases. Both methods have similar
Timitations with the maximum cell width restricted to approximately
one-tenth of a wavelength. Unless the conducting body is symmetric or
is a figure of revolution, computer storage requirements have limited
the conducting surface area to one or two square wavelengths.

In this dissertation, Rumsey's [13] reaction concept is employed
to formulate an integral equation for scattering by plates, corner
reflectors and dielectric-coated cylinders with noncircular cross
section. In the reaction formulation, the surface-current density
on the conducting surface is expanded with suitable bases. The
dielectric layer is modeled with the equivalent polarization currents
radiating in free space. Maxwell's equations and the boundary con-
ditions are employed to express the polarization-current distribution
in terms of the surface-current density on the conducting surface.

By enforcing reaction tests with an array of electric test sources,
the moment method is employed to reduce the integral equation to a
matrix equation. Numerical solution of this system yields a station-
ary result for the samples of the current distribution. Finally,

the quantities of interest such as the gain, far-field pattermn, and
the radar cross section are determined from the current distribution.
With perfect conductivity, the analysis presented in this dissertation
is valid for open as well as closed cylinders. With finite conduc-
tivity or with a thin dielectric coating, however, the analysis is
restricted to closed cylinders. '



The remaining text presents the general theory of the reaction
formulation for radiation and scattering from conducting bodies. The
time dependence eJut §5 understood and suppressed. Chapter II pre-
sents the detailed theoretical outline of the reaction concept which
forms the foundation of this dissertation. Relevant electric sources
employed as the expansion functions and the test sources are discussed
in Chapter III. Evaluation of the mutual impedances and excitation
voltages are considered in Chapter IV and Chapter V. The electro-
magnetic modeling of the conducting body is an essential step in the
reaction formulation. This is described in Chapter VI. The field
scattered by a conducting body is the sum of the contributions from
all the current modes which appear in the expansion for the surface-
current distribution. In Chapter VII the far-field contributions of
these sources are discussed. Numerical results for the radar cross
section of rectangular plates, comer reflectors and dielectric-
coated cylinders are presented in Chapter VIII.



CHAPTER 11
THE REACTION INTEGRAL FORMULATION

Two well known integral equations, the electric-field integral
equation and the magnetic-field integral equation are usually employed
to solve electromagnetic radiation and scattering problems. In this
chapter, however, we develop the more general reaction integral equa-
tion of Rumsey [13]. It has been noted [14] that the reaction inte=
gral equation is more general in the sense that it can be reduced
to either the electric-field integral equation or the magnetic-field
integral equation if one enforces the reaction integral equation with
a set of delta-function electric or magnetic test sources. In the
following sections the reaction concept and its application in
electromagnetic problems will be examined.

Consider the exterior scattering problem illustrated in Fig. la.
In the presence of a conducting body, the impressed electric and mag-
netic currents (Ji,Mj) generate the electric and magnetic field
intensities (E,H). For simplicity, let the exterior medium be free
space.

From the surface-equivalence theorem of Schelkunoff [15], the

interior field will vanish (without disturbing the exterior field) if
we introduce the following surface-current densities

(1)  Jo=nxH

I
[m
>
=

(2) Mg =

on the closed surface S of the scatterer. (The unit vector n is
directed outward on S.) In this situation, illustrated in Fig. 1b, we
may replace the scatterer with free space without disturbing the

field anywhere.

By definition, the incident field (Ej,H;) is generated by (Jj,M;)
in free space, and the scattered field is:

(3) B =E-E

(4) Ijs__-ﬂ"‘H-i.

When the surface current (J ,Ms) radiates in free space, it generates
the field (Ec,H;) in the exterior and (-E;,-H;) in the interior region.
This result, iT?ustrated.in Fig. 1c, is deduced from Fig. 1b and the

superposition theorem.
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SCATTERER

Fig. la--The source (J;.M:) generates the field (E,H)
with scatterer.
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Fig. 1b--The interior field vanishes when the currents
(gs,ﬂs) are introduced on the surface of the

scattérer.
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Fig. 1c--The exterior scattered field may be generated
by (QS,MS) in free space.



With the scatterer replaced by free space, we have noted in
Fig. 1b that the interior region has a null field. As shown in Fig. 2,
we place an electric test source Jt in this region and find from the
reciprocity theorem that

6) P (B - M ) a5+ [ @ B - m k) aveo

where (E;,H.) is the free-space field of the test source. In words,
Eq. (5) States that the interior test source has zero reaction with the
other sources. This "zero-reaction theorem" was developed by

Rumsey [13].

Equation (5) is the integral equation for the scattering problem,
and our objective is to use this equation to determine the surface-
current distributions J; and M.. To accomplish this, we expand these
functions in finite series so_ihere will be a finite number N of un-
known expansion constants. Next we obtain N simultaneous Tinear
equations to permit a solution for these constants. One such equation
is obtained from Eq. (5} each time we set up a new test source.

/ \.\
{ 2t .\\?,s
VvVl TEST

\
A\ \ SOURCE \
ST @
(4542 ; .

-\ FREE SPACE
S s FREE SPACE

Fig. 2--An electric test source J. is positioned in
the interior of the scattéring region.

The magnetic current M, vanishes if the scatterer is a perfect
conductor. We assume a finite conductivity and use the impedance
boundary condition: \

(6) M. =17 J xn

where.ZS denotes the surface impedance -defined by 1 x E=z ﬂ><_ﬁ.
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For three-dimensional problems involving arbitrary scatterers,
Je and Mg are functions only of the position on the surface of the
scatterer. Egs. {5) and (6) yield

-

(7) -{Jsgs- [Em - (7 x Hy) Zg] ds=“ P -gmds-”ﬂi- ds

é:l:

where (Em,ﬂm) denotes the free-space field of test-source m.

We represent the electric current distribution as follows:

N
(8) L],gzZIni]_n
n=1

where the complex constants I, are samples of the function Jg. The
vector functions dp @are known as basis functions, subsectional bases,
expansion functions or dipole modes. We employ expansion functions
Jp and test sources Jy with unit current density at the tevminals.
From Eqs. (7) and (8) we obtain the simultaneous linear equations
N .
(9) ngl In Can = Ap  with m=1,2,3, -+« N

whe re

(10)  Cyy = -J"j' I+ [Ep - (0 x Hy)Z] ds = ~JJ Ip + E, ds
m

It
|
N
g_.

(11) Am=“1g_1--§mds—”1_ﬂ.i-l_-l_mds S E, ds

In Eqs. (10) and (11) the integrations extend over the region where
- the integrand is non-zero. For example, region n is that portion
of the surface S covered by the expansion function J.. Region m
covers the interior test source J .. The reciprocity theorem relates
the first and second integrals in Eq. {10). In the second integral,
En is the free-space field generated by Jdp and the associated
magnetic current M,.

For computational speed and storage, it will be advantageous
to have a symmetric impedance matvix Cyy. Furthermore, the test
sources should be selected to yield a well-conditioned set of
simultaneous Tlinear equations. For these reasons, we employ test
sources J, of the same size, shape and functional form as the



expansion functions J,. Finally we position the interior test sources
a small distance § from surface S and take the limiting form of the
integrals as § tends to zero.

The effect of a dielectric coating on a conducting body will
now be considered. For simplicity, let the dielectric layer have
the same permeability as free space. From the volume equivalence
theorem of Rhodes [16] the dielectric coating may be replaced with
free space and an equivalent electric current density

(12) Jeq = Jule-g,) E

where E denotes the electric field intensity in the dielectric and

e = epey 15 the permittivity of the dielectric layer. From £q. (12)
the equivalent current Jaq vanishes outside the region of the
dielectric coating. q '

Let (E,H) denote the field generated by (J5,M:) in the presence
of a dielectric-coated conducting scatterer. Outside the scatterer,
this field may also be generated by (dJi.M;), (JgsMg) and Joq. radi-
ating in free space. These sources, radiating in free spacg,
generate a null field in the interior region of the conducting body.
The surface currents‘(gs,M ) are located on the surface of the
%ogducting body and are related to the field (E,H) by Egqs. {1) and

2).

For a coated conducting body, the reaction integral equation
(Eq. (7)) is modified by replacing J; With Jj + Jaq. The current
density Joq may be regarded as an additional source which plays
much the sgme role as the impressed source Jj. However, Juq is an
unknown quantity because E is unknown. If the dielectric cgating is
thin, Maxwell's equations and boundary conditions can be employed
to express the polarization-current distribution Jsq in terms of the
surface-current density on the conducting surfaceT Therefore, Jeq
may be regarded as a dependent unknown function because it is
simply related to de .

The polarization-current distribution is expanded as follows:
(13) Jdeq = I Indn

where the ' are functions simply related to J,. Thus, for a
coated conducting body, each expansion mode Jy in Eq. (8) has
associated with it a polarization current 3> and the reaction C
between the electric test source m and the expansion mode n has an
additional term given by



(14)  aCy, = -”n 3 - Ep ds

where the integration extends through the dielectric coating in the
range of the expansion mode n. The functions J, are defined over a
surface, while the J, are defined in a volumetric region.

It may be noted that in the reaction formulation, the effects
of a dielectric coating are accounted for entirely through a modi-
fication of the square reaction matrix C,,. This modification
influences the current distribution, ffeTg patterns and scattering
properties. '

The following chapter discusses the electric sources which are
employed as test sources and expansion modes for the current
distribution on the conducting surface.



CHAPTER III
ELECTRIC TEST SOURCES AND EXPANSION MODES

In the preceding chapter, the reaction integral equation is
reduced to a matrix equation via the moment method in two steps.
First the unknown current distribution is expanded with basis func-
tions. Test sources with the same functional form are then employed
to perform the reaction tests. In the following sections three types
of test sources employed in this dissertation are discussed.

A.  LONGITUDINAL STRIP SOURCES

For an infinitely Tong cylinder with transverse magnetic incident
wave, the electric current density induced on the conducting surface
is in the Tongitudinal direction. Thus a suitable choice of the
bases is the longitudinal strip source.

Consider the "strip source" illustrated in Fig. 3. This source
is an electric surface-current distribution J = z J(x) located on the
xz plane. This source has width h and infinTte length and radiates
in free space. For the strip source shown in Fig. 3, the fields are
given as follows:

X

0 SOURCE h

Fig. 3--An electric strip source and the coordinate
system,

h
k ,
(15) E-= E”-JO J H(kp) dx*



(16) H= - %5-10 3 x 8 HZ (ko) ox!
where

(17) o = /Ix-xT)T+y?

(18)  k = w/he

(19) n = /ule

If the electric strip source has a uniform distribution,

N>

(20) Jd(x) =

Egs. (15) and (16) can be written as

h

(21) Eﬂj H (ke ) ax!
o]

h

(22) H=-& j 2 x5 H ko) ax' .
0

B.  TRANSVERSE STRIP SOURCES [9]

In the case of a conducting cylinder illuminated by a transverse-
electric incident wave, the electric current induced on the surface
is in the transverse dirvection. Therefore, transverse electric
sources are the natural choice for the induced curvent density.

Again consider the 'strip source" illustrated in Fig. 3. But this
time the source is an electric surface-current distribution J = X J(x)
Tocated on the xz plane. For this transverse electric source the
free space fields are

h h
kn ¢ (2) n A {(2)
(23)  E=-""] JH (ko) dx' +—= 1| & 3" H; {kp) dx'
4 JO o 4 Jo 1
e (2)
(20)  H= - axE (k) o
' 0

10



where
(25) J' = dd/fdx'

For most current functions J{(x), the field integrals must be
evaluated with infinite-series expansions or numerical integration
procedures, For the sinusoidal current distribution, however, Ey
is obtained in simple closed form [9]. Thus, if

(26)  J(x) = X[I;sin(kh-kx) + I,sin{kx)]/sin(kh)

then

112 - YN

(27) E, = ———— [I,H, (ko,) cos(kh} - I,H " (ke )]
* 4sin(kn) "0 ! 1o \KPy

(2} @) _

+ [IHy (kp,) cos(kh) - IzHDZ(kpl)J

where I, and I, represent J(0} and J(h), respectively, and Bys O

are 111ustrateé in Fig. 3.

For the purpose of representing a continuous surface-current
distribution on a conducting cylinder, it is useful to define a
strip dipole which is comprised of two strip monopoles. Fig. 4a
illustrates a planar strip dipole. This dipole 1ies on the xz plane
and has infinite length in the z direction. The surface-current
density is

A sin k{x-xy)
(28) J=x—— for  x;5 x< %,
sin k{x,-x,) '

A Sin k(% -x)
(29) J=x for X,$ X< X
sin k{x -x;)

As indicated in Fig. 4b, the current density vanishes at the edges
x; and x3, s continuous across the terminals at x, and has a slope
discontinuity at x,.

11
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b = — — —— P = — — —

Xy ¥ iy

Fig. 4a--A planar strip dipole with edges at x, and x
and terminals at Xg s

: -8
x| X2 Xs
Fig. 4b-~The current-density distribution J on the
sinusoidal strip dipole.

——— e R

Fig. 5 illustrates a strip V-dipole. Distance along the dipole
arms is measured by the coordinates s and t with origin at the
terminals 0. The surface-current density is

. sin k(s;-s)
(30) J=-5s —/—-— on arm s
sin ks,
, ~ sin k(t,-t)
(31) J=t ———r on arm t,
sin kt;

where the unit vectors 5 and t are perpendicular to the z-axis. Thus,
the current density vanishes at edges s, and t; and has unit value

at the terminals 0. The edges are para%]e] with the z-axis. If the
wedge angle y s adjusted to 180 degrees, the V-dipole in Fig. 5
reduces to the planar dipele in Fig. 4,

12



Fig. 5--Nonplanar strip dipole with edges at s; and
t, and terminals at 0.

C. RECTANGULAR SURFACE SOURCES

Consider a "surface monopole” radiating in free space as shown
in Fig. 6. This source is an electric surface-current density
J = Z J(z) located on the yz plane. This source has height a/2 and
width b. The surface-current density is related to the current by
I=b d. For the electric surface monopole illustrated in Fig. 6,
the fields are

(=]
t

[, b | o a2 b |
(32) E = " k Jo Jo Q_GO(kR) dy' dz +vj0 | Jo J GO(kR)dy dz]
a/2 b
(33) H=y xf j J 6_(kR) dy' dz’
‘ . 0 0
where
(34) R=v(x-x")?+ (y-y")Z + (z-2")2

(35) J' = dJj/dz’

13



(%,¥,2)

NIQ

(y'!z'] r

Fig. 6--An electric surface monopole and the coordinate
system.

(36) 6 (k) = e Rarp

Numerical integration techniques must be empioyed to perform the
field integrals.

A planar sinusoidal dipole source located on the yz plane as
shown in Fig. 7a will be considered. This source is an electric
surface-current density with height a and width b. The surface-
current density is given by

A (z-2,)n
(37}  J =2z cos|——m for  z;2 z< 'z,
4 (z-z,)m .
(38) J=1zcos{—— for z,< 25 'z,
2(zy-2,)

As illustrated in Fig. 7b and 7c¢c, the current density vanishes at
the edges z = z, and z = z,, and is uniformly distributed in the

1



z - z
3 % 3
Z J a Z -
!
) [}
— b —> - 1
(a) ~ (b)
J(z)
1
0 b

{c)

Fig. 7--An electric surface dipole and its current-
density distribution.

transverse direction. The surface-current density and its slope are
continuous across the teyminals at z = z, for 2,72, = 2,-Z, = af2.
Fig. 8 illustrates a surface V-dipole. Distance along the

dipole arms is measured by the coordinates s and t with origin at the
terminal 0. The surface-current density for this electric source is

N S
(39) - Jd=-5 cos(f__) on arm s
- 2s, _

15



- t
(40) Jd=t cos(I——) on armt .

When the wedge angle ¢ is adjusted to 180 degrees, the V-dipole
in Fig.8 reduces to the planar surface dipole in Fig. 7a.

W,

Y

Fig. 8--A nonplanar surface dipole with edges at s, and
t, and terminal at 0.

A
i

The electric sources defined in the previous sections are all
hypothetical sources. The current density on a conducting strip is
nejther uniform nor sinusoidal and the current density induced on a
rectangular plate is not sinusoidal. The relevance of these sources
will now be explained. The electric current distributions (Eqs. (20),

16



(30), (31), (39), and (40)) will be used as the basis functions

(Eq. (8)) for expanding the unknown current distribution induced on
conducting surfaces for various problems. Furthermore, test sources
with the same size, shape, and functional form as the expansion
functions will be employed with the reaction concept to solve the
integral equation.

By superposition, the field scattered by a conducting body may
be regarded as the sum of the fields radiated by the mode currents:

(41) £ 'E
= I, e
- nfp "0
e N
(2) K = J I h,
n=1

‘where (eq, h,) is the free space field generated by the mode current
n. '

17



CHAPTER IV
THE TMPEDANCE MATRIX

From the viéwpoint of reaction, the complex number C__ in
Eq. (10) represents the reaction between the sources m andn. The
reaction between two electric sources m and n is:

(43) ='_J'J’Jm‘.‘,;J1 e g dv

Although the electric sources defined in Chapter III are
hypothetical, it is useful to define self impedance with the induced-.
emf formulation [13]:

' c
mm m
mm fm

From Eqs. (43) and (44):

- =1
(45) Zom = ‘Q“TJJI Byt Oy dv
Imm m

where J, is the current density of source m and E, 1s the free-space
eTectric field. The self impedance of the longitudinal strip source
(Eq. (20)), the transverse strip dipole [9] (Eq. (30) and Eq. (31)),
and the rectangular surface dipole (Egs. (39) and (40)), as a func-
tion of size, are listed in Table I, II, and III, respectively.

The mutual impedance between two sources is defined by

“6) T - fﬁm En + Jn dv.

Tables IV, V and VI Tist the mutual impedance between two longi tudinal
strip sources, transverse strip sources [9], and rectangular surface
dipoles, respectively.

18



TABLE I

Self Impedance of Longitudinal Strip Source
shown in Fig. 9.

h/ Ri1 X11
0.1 582.38 771.74

0.2 554,63 488.50
0.3 511.90 317.22
0.4 458,70 199.36
0.5 400.65 118.30

1 0)
S e NN
J
SR
e8]
Fig. 9--Strip Source with J = z .
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TABLE II

Self Impedance of Center-Fed Strip-DipoTe

shown in Fig. 10

s, =t; = h

h/xa=0.05 | h/x=10.10 | h/x

= 0.15

h/ A

= 0.20

135°
180

0.11 -j 14.1]0.47 -j 13.4]1.20
0.38 ~j 20.9]1.59 -j 19.3|3.94
0.64 -j 24.3(2.68 -j 22.26.49

0.75 -j 25.3(3.11 -j 23.0[7.50

-j 12.1
-j 17.1
-3 19,5
-j 20.3

2.53
8.10
12.95
14.77

-j 10.4
-j 14.0
-j 16.4
-j 17.4

-

/\P

Fig. 10--Nonplanar strip dipole with edges at s; and t,

and terminals at 0.

20
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TABLE III

Self Impedance of Center-Fed Planar Surface-Dipole
shown in Fig. 11

a/a Ri1 X11.
0.2 11.48  -69.76
0.3  23.98  -35.26
0.4  38.80  -15.36
0.5 . 52.98 - 4,52

- f—— O ——

Fig. 11--Surface Dipole with J = z cos{nz/a)

21



TABLE IV

Mutual Impedance of Coplanar Strip Sources
shown in Fig. 12

hy = hy = 0.1/2
d/x Ri2 X2
0.0 582.38 771.74
0.1  526.74 205.89

- 0.2 376.25 -140.97
0.3 171.77 ~-283.09
0.4 -27.43 -283.44
0.5 -172.11 -190.34

a o)
4 $
= -2
e ~— >
e d—1 =
Lﬁ_ﬁﬂfxﬁ’ =T
Y !
a

Fig. 12--Coupled Coplanar Strip Sources with J; =

22
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TABLE V

Mutual Impedance of Center-Fed Planar Strip-Dipoles

shown in Fig. 13

Segment length: h/A=10.1

Distance between midpoints: p/x = 0.3
¢ | B=0° 8 = 45° g = 90° = 135°
0°|1.94 +j 0.81(1.36 +j 0.39{0.00 +j 0.00{-1.36 -j 0.39
30°(1.42 -j 0.58|1.62 +j 1.07|0.87 +j 1.801-0.38 +j 1.73
60°(0.39 -j 2.680.90 -j 0.66/0.87 +j 1.80| 0.34 +j 3.03
90°1-.13 -j 3.53]-.08 -j 2.57[0.00 +j 0.00| 0.08 +j 2.57

Fig. 13-~Coupled strip dipoles
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TABLE VI

Mutual Impedance of Center-Fed Coplanar Surface-Dipoles

shown in Fig. 14

a/n=10.5 b/x = 0.25
0.75 1.076 -j 7.913|-2.925 -j 5.950!-5.968 +j 1.761{0.8871 +j 7.019
0.50 24,43 +3 5.997{10.04 -j 9.321|-9.568 -j 6.65 [-7.194 +3 8.971
0.25 53.10 +j 55.87(29.54 -j 9.070]|-9.468 ~-j 19.33|-15.74 +j 6.426
0.0 b7.09 +j 13.23(39.07 -j 22.49}-8.659 -J 26.75(-19.32 +j 4.263
Sy/
; Y/N - 0.0 0.25 0.50 0.75
M
X N
Q J, }
k-
¥ Y
l‘-b-)

Fig. 14--Coupled surface dipoles
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CHAPTER V
THE EXCITATION COLUMN

The complex quantities Ay in Eq. (9) form the excitation colum
in the matrix equation Cyn In = Ay. Physically, Ay is the reaction
between the impressed source and the test source m. These reactions
are independent of the surface impedance or the dielectric coating.

For arbitrary impressed sources which generate E; in free space,
Eg. (11) gives

(47) Ay = Jjjm I+ Ef dv .

The above expressions require numerical integration over test
source m.

A.  PLANE WAVE ILLUMINATION (TWO-DIMENSIONAL TM CASE)

Tf an infinitely long, electric line source, parallel with the z
axis, is Tocated at a great distance from the conducting cylinder, the
incident field (E;,H;) may be regarded as a plane wave with

. Jk(x cos ¢ + y sing)
(48) E;=zEqe

where ¢ 1is the angular coordinate of the source, and Eq4 is the in-
cident electric field intensity at the origin. Fig. 15 illustrates an
incident plane wave illuminating a Tongitudinal strip source with unit
current density in the z direction. The integration in Eq. (47) is
readily performed to yield

Jbo Ji
(49) Ap=E, S " - €

Jk cos{o-¢)

where V. = k(x,cos ¢ + y;sing) and « is the angle between the positive
x axis ind thedvector di%ected from point 1 to point 2.

B. PLANE WAVE ILLUMINATION (TWO-DIMENSIONAL TE CASE)

Consider a magnetic 1ine source, parallel with the z &xis and located
at a great distance away, i1luminating a strip dipole with sinusoidal
etectric current density (Eqs. (30) and (31)) flow in the direction
from I to 2 and from 2 to 3 as shown in Fig. 16. The incident electric
field may be regarded as a plane wave with

‘(50) E. o Jk{x cos ¢ + y sing;)
Ej = -%n R, e
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Fig. 15--A plane wave illuminates a strip source

In this case, Eq. {47} is readily evaluated to yield

[ﬁle-(cos khy-J3 cos (o1~ ¢, )sin khl)erzj

(51) Am = -n Hg
k sin kh; sin(a1—<%)

- j . . Jv
o [g3¢3-(cos khy~3 cos (a,~ ¢ )sin kh,)e 2]

° k sin kh, sin(a2—¢i)

where hy and h are the dipole segment lengths. The angle between the
positive x axis and the vector directed to the terminals from point 1

is denoted o,.Similarly a, 1s the angle of the vector directed to the

terminals from point 3.

C. PLANE WAVE TLLUMINATION (THREE-DIMENSIONAL CASE)

If an impressed source is located at a great distance away from
a surface dipole with current distribution J = Z' cos(rz'/a) as shown
in Fig. 17, the incident field may be regarded as a plane wave with

Jk(x'sin o cos ¢ + y'sin ¢ sin ¢ + z'cos &)
(52) |_.:q_ = g—o e i 1 i i i
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Fig. 16--A plane wave illuminates an electric strip
dipole.

From Eqs. (52) and‘(47),
sin(Xj) cos(Y;/2)

(53) A, = {E, + 2')2nab
| m Lo . Xi(Yizuﬁz)
where 'M==&5kbsmq ﬁnﬁ
Y: =

i ka cosa;.
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Fig. 17--A plane wave (E;,H;) ilTuminates an electric
surface dipole. '
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CHAPTER VI
APPLICATIONS

In the preceding chapters, attention has been directed to the
general theory of the reaction integral formulation for scattering
problems. Suitable bases and test sources have been defined and the
mutual impedance between them has been evaluated. In the following,
scattering from dielectric-coated cylinders with transverse magnetic
incident wave will first be investigated.

A.  CYLINDERS WITH THIN DIELECTRIC COATING {TM CASE)

Consider a dielectric-coated conducting c¢ylinder illuminated by
an electric Tine source. Let (Jg s Mg ) denote the surface-current
density induced on the conduct1ng surface, and Jaq denotes the
polarization-current density induced in the dielectric layer. The
first step in the reaction-Galerkin approach is to approximate the
cylinder by a polygon cylinder with N segments. This is accomplished
by fitting the cylinder with segments such that the perimeter of the
polygon cylinder is equal to that of the original cylinder,

Fig. 18a illustrates a dielectric-~coated, conducting polygon
cylinder illuminated by a parallel electric ]1ne source Ji 2. Let
Ip denote the current density Jg on segment n of the polygon cylinder,
Each modal current J, has a un1form current distribution as in Eqg.
(20). Now one represents Js as the superposition of the N modal _
currents with weighting I,. This gives a piecewise uniform expansion
for Jg with N unknown constants. The expansion for Jag will be
considered next.

For a transverse magnetic source such as the electric 11ne source
Jj Z shown in Fig. 18a, the electric field has only a 2- component
For a conducting cylinder with thin dielectric coating, Maxwell's
equations and the boundary conditions can be employed to obtain a
suitable approximation for the electric field in the d1electr1c layer
(Append1x)

~ky sin(k,z)dg

(54) E = (T case)

Jue

where Jg is the Z-directed surface-current distribution on the con-
duct1ng surface and e is the permittivity of the layer. Distance
measured normally outward from the conducting surface is denoted by
the coordinate ¢, and k; is the propagation constant in the dielectric,
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Fig. 18a--Dielectric-coated, conducting polygon cylinder
illuminated by a paralleil electric line source.

From Eq. (12) and (54}, the polarization-current density can be
expressed in terms of the surface-current density as follows.

(55)  doq = -(%éEﬂ) ky sin(kyz)dg (TM case)

Since the surface-current distribution J. has been expanded with
rectangular-pulse bases J,,, one obtains a dependent expansion for the
polarization-current density

(56)  Jeqg = I Ipdn
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where

(57)  Jp = —{E;EO) ky sin(k,z) Jy (M case)

The magnetic current M_ vanishes if the cylinder is a perfect
conductor. If the cylinder’has finite conductivity and the impedance
boundary condition (Eq. {6)}) is employed, then the magnetic surface-
current density can be expanded as

(58) M. = I. M
. S n=1 n-n
' where
(59) ﬂn = Zg Jp X n (TM case)

and n is the unit normal vector directed into the source region.

From the above discussions, the original problem illustrated in
Fig. 18a can be replaced by its equivalent electromagnetic model, in
that the dielectric-coated polygon cylinder is represented by an array
of N hypothetical sources radiating in free space as shown in Fig. 18b.

Each source is a modal current distribution S_, which is a collection
- of mode currents J,, I, and Mp, with weighting I,.

eJ;

2

’/In§n

N__

Fig. 18b;-ETectromagnet1c'mode1 of the problem shown |
- 1in Fig. 18a. .
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Based on the zero-reaction concept discussed in Chapter II, if
one places an electric test source in the interior region, as illus-
trated in Fig. 18b, this interior test source has zero reaction with
the other sources. To determine N current samples, one makes N
independent reaction tests. This procedure generates a system of N
simultaneous linear equations. MNumerical solution of this system yields
a stationary result [17] for the samples of the current distribution.

Let C,,, dencote the reaction between test-source m and mode
current 5, in Fig. 18b. The reaction between the test-source m and
the impressed source Jj plus the reaction between the test-source m
and all the mode currents,

5,

1=

n=1
must vanish, leading again to Eq. (9) in which the reaction .. is
given by Eq. (10) pTus an additional term ACy, given by Eq. (Tﬂ).

B.  CYLINDERS WITH THIN DIELECTRIC COATING (TE CASE)

Consider a dielectric-coated, conducting polygon cylinder
ilTuminated by a parallel magnetic Tine source M; 2, as shown in
Fig. 19a. The induced surface-current density Jg flows in the di-
rection transverse to z axis. Let I denote the current density at
the corners of the polygon, and let one define N strip dipole-mode
currents on the conducting surface. Mode 1 extends from point N to~ -
point 2, Mode 2 extends from point 1 to point 3, and so on. Each
mode Jn has a sinusoidal current distribution and unit terminal
current density defined by Eqs. (30) and (31). Now one represents
dg as the superposition of the N overlapping dipoie-mode currents with
weighting I,. This gives a piecewise-sinusoidal expansion for Jg with
N unknown constants.

For the TE case, the electric field in the thin dielectric coat-
ing is essentially normal to the conducting surface, and can be
determined from the charge density distributed on the conducting
surface. Via Maxwell's equations and the boundary conditions, a
suitable approximation for the electric field in the dielectric region
(Appendix) is

(60) E = 3—01:; coskz) (2x 38) (TE CASE)

where k, = kvep=1 and e, is the relative permittivity. Coordinate
denotes“the distance measured normally outward from the conducting
surface, dg is the derivative of the surface-current density. From
Eqs. (12) and (60), one obtains a suitable expansion for the polari-

~ zation-current density inside the thin dielectric layer coated on a
conducting cylinder as follows:
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Fig. 19a--Dielectric-coated, conducting polygon cylinder
iltuminated by a parallel magnetic line source.

N
(61)" geq = 1 InIn
- n=1 -
where
(62) Ty = _r_—a cos(kcg) (z x Jy) {TE case)

r

and J! is the derivative .of the expansion functions J, (Eqs. (30) and
(31)7nemp10yed for the surface-current density J.

If one takes the'finite conductivity into account and uses the
impedance boundary condition, the magnetic surface-current density
can be expanded as -

(63) M. = T IM
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with

~

(64) My = 2g(J, x n) (TE case)

Thus, the electromagnetic model, in the TE case, for the problem
shown in Fig. 19a is an array of N overlapping, sinusoidal~dipole
sources radiating in free space as illustrated in Fig. 19b. Each
source 1s a modal current distribution S,, which is comprised of
the mode currents Jn, 3, and M, with weignting Ip,.

TEST
SOURCE

Fig. 19b--Electromagnetic model for the problem of
Fig. 19a. ‘

Following the same argument used in the previous section, one
performs N independent reaction tests by moving an electric test
source to the conducting surface all illustrated in Fig. 19b. Again,
the zero-reaction concept leads to the matrix equation, Eq. (9),
which can be solved numerically for the stationary current samples.
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In the reaction formulation, a polygon cylinder with N segments
is employed to represent a cylinder with arbitrary contour. It is
found that in order to obtain accurate results one must use at least
five segments per wavelength,

C.  PLATES AND CORNER REFLECTORS WITH PERFECT CONDUCTIVITY

Electromagnetic modeling of dielectric-coated, conducting bodies
with finite extent can be accomplished through the procedure described
in the previous sections. In this section, however, two specific
cases, namely, scattering from perfectly-conducting plates and comer
reflectors are discussed. The plates and comer reflectors are
assumed to have an infinitesimal thickness. Therefore, the total
surface-current density Jg (the vector sum of the current density on
the front and back of the plates) is employed in the analysis.

Consider the problems of plane wave scattering by rectangular
plates and corner reflectors. The planar surfaces are divided into
rectangular cells as jllustrated in Fig. 20. The surface-current
density is then expanded into ‘two orthogonal sets of overlapping
dipole-mode currents. Each dipole-mode current covers two cells
and has a sinusoidal current distribution as defined by Eqs. (39) and
(40). In Fig. 20 the arrows represent the mode current densities J.
Thus, in the reaction calculation, the plates or the cormer reflectors
are represented by an array of overlapping mode currents radiating
in free space and the reaction tests are enforced with a set of
electric test sources,

The zero-reaction toncept leads again to the matrix equation,

Eq. (9), which is then solved for the samples of the surface-current
density.
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Fig. 20--E1ectromégnet1‘c model of plate and corner
reflector.
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CHAPTER VII
FAR-FIELD RADIATION AND SCATTERING

The field scattered by a conducting body is the sum of the free
space fields generated by the electric surface-current distribution
Js and the magnetic surface-currents M. induced on the conducting
surface. If the body has a dielectric coating, the contribution from
the polarization-current density Jog should be included. To obtain
the total field one adds the free sgace field of the impressed
current source (J;,M:).

In the reaction calculation the continuous conducting surface is
segmentized and the current distribution is represented by a set of
modal currents. Thus, the field scattered by a conducting body is
the sum of the free space fields generated by these modal currents.
The far-field contribution due to three types of modal currents
employed in this dissertation will be examined in the following
sections,

A.  LONGITUDINAL, DIELECTRIC-COATED STRIP SOURCE

For an electric line source J, of infinite length located on
the z axis, the free space field is :

(2
(65) H,

|rm
n

-Ekn Jz (kp)/4

(66) H=-%§ J, HPko)/ak.

If the electric line source is parallel with the z axis and passes
through the point (x,y), its free space field at a distant point (p, o)
is : ,

-jk

A kn 3;/23 e Jxe jk(x cos ¢~ y sing

(67) E=-z e .
dvmkp

Fig. 21 iflustrates an electric surface-current distribution
J{t) = z J(t) on a dielectric-coated, conducting strip extending from
Tx1,.y1) to (x,,y,). Distance along the strip is measured by the co-
ordinate t, and distance perpendicular to the strip is measured by- the
coordinate ¢. For an arbitrary point on the strip,

(68) X=X, +tcos a
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Fig. 21--A dielectric-coated strip source.

(69) y =y, +tsina.

From Eq. (67), the free space field of this source J(t) = Z L_]Z(t)'at
_a distant point (o, ¢) is

A k25 0 gy b jkct
(70) E_J = -7 e Jkp eJ‘J}I J Jz(t) EJ C dt
4/rkp o

where
(71) by = k{x; cos¢+t y, sing)
(72) ¢ = cos{a-¢)

Using the approximation (Eg. (55)), the far-field contribution

from the voiume current density geq is

~,
Y
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~ikP
J k25 e I €1
(73) £ °9-= e o7 ; )
A4y kp r
h .d ‘ -jkzsin{a-¢)
7] ksintan) 3,067 e dc dt .
Q-0

The integration along z can be readily performed to yield

J 3
(78) £ 0= gnE
ilky-k sin(a-¢)]d ik +k sin(a-¢)]d
(75) er—l)k e -1 e -1
75 g ‘=( 1 + ' ‘ _
L Vo ky-k sin{a~ ) Ktk sin(a-¢)

If one introduces finite conductivity to the conducting strip and
uses the impedance boundary condition (Eq. (6)), the free space field
due to.this magnetic current distribution is

Z. sin(a- ¢}
(76) gﬂ =2 ey,

n =

From Eqs. (70), (74), and (76), the distant scattered field
generated by the dielectric-coated conducting strip (shown in Fig. 21)
with J (t) = 1 is

-j w/d _; z. sin{a~¢)
(77)  E = 1341—7:——e Ske (1 *gpy = | Fp,
¥EmKp '
where
(78) ‘FTM - M

<
(79) §, = k(x2 cos ¢+ y, sing .

For broadside direction, i.e., a-¢= n/2 or 3+/2,
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(80)  Fry = Jkh ¥

- B.  TRANSVERSE, DIELECTRIC-COATED STRIP MONOPOLE

Consider again the dielectric-coated strip monopole shown in
Fig. 21. This time the sourge is a transverse electric surface-
current distribution J(t) =t J¢(t). From Eq. (24), the magnetic
field at a distant point {p, ¢ 7s

g 2 2T sin(a-g) -k Ju, h jket
(81)  H = -z e e J J(t) e dt
4yrkp 0

From Eq. (62), the far-field contribution from the volume current
density is

J kv2j cos(o-@) -jko Ju [e.-1
(82) ﬂ-eq = 2 e e ! ;
8yTkp r
h d jket  -jk sin{e-¢)c.
j f cos{k r) 3'(t) e e dr dt .
o/o ot
The integration along ¢ is performed to yield
g K0T ik dw h jket
(83) H W= cos{o~-¢) e e 1 97e j J%(t) e dt
dvrkp o
. where

(84) I =12

(?Z:E)-ej{kc-k an(u-(ﬂ]d 1 e-j[kc+k sin(u-¢ﬂd

CAL ky-k sin(a-4) k+k sin(a- ¢)

Consider a magnetic surface-current distribution Mz(t) on the
planar strip extending from (x1,y;) to {x5,¥,) as in Fig. 21. From
duality relations in electric and magnetic systems and Eq. (70), the
free space field of this source at a distant point (p, ¢} is

y  -2kvzg eIk i9, h jket
@) H'e—— J M(t) e dt
dnvrkp 0
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If the magnetic surface-current density M, (t) in‘Eq. (85) arises
through the finite conductivity of the cy%inder, the impedance
boundary condition in Eq. (6) yields

(86) Mp(t) = s Z. J.(t)
| where
(87) s=(txn)- 2=+

and the unit normal W is directed into the source region,

From Eqs. (81}, (83), (85), and (8), the distant scattered field
from one segment of the dielectric-coated conducting cylinder (the
segment in Fig. 21) is S

V23[(n sin{a=-¢)*s Zg)F1mn cos(a-¢)g7p sze"Jkp

(88) H = - ,
4n sin khvrkp

where

jwl h jket
(89)  F, = k sin(kn) e J (t) e dt

, 0

and

Jv. ¢h jket
(90) F, = k sin(kh) e IJ Jé(t) e dt .

0

If the transverse electric current on this segment has a
sinusoidal distribution as follows

I; sin(kh-kt) + I, sin(kt)
(91) Jt(t) = — . :
sin{kh)

Eqs. (89) and (90) yield
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. I i :
(92) F) = —21— [e‘ﬂ’z ~(cos kh + j ¢ sin kh) e3¢1]

sin?(a- ¢)
I . .
b [ewl -(cos kh - j ¢ sin kh) emZJ
sinZ{g~¢) L
and
‘ I, Jv ]
(93) Fp=———— |jce 2+ (sinkh -j ccos kh) e 1
sin2(a-¢) -
I Jv : Ju,]
t— [jce 1 - (sin kh + j ¢ cos kh) & 2},
sin2(g-¢)
In the end-fire direction where (a-4¢) is zero or n,
ju 5v |
(94)  F, = [é " sin kh - kh e ZJ ic1,/2
jw2 J\bl :
-le sin kh - kh e ]jclz/Z

and
Ju o duy
(95) F, = [kh e %+ sinkhe f] 1,/2
Ju . Jv,
-tkh e + sin kh e I,/2

C.  RECTANGULAR SURFACE DIPOLE

JLonsider an electric surface dipole with current density
J = 2" cos{rz'/a) Tocated on the y'z' plane as shown in Fig. 22. From
reciprocity, the free space electric field generated by this source
at a distant point (r, es',cps') {from Eq. (53)) is

. » sin({X.) cos(Y_/2) _-jkr
(96) E° = & 12 3 b sin 8 ® > ¢
2 X (Yg2-n2) T

where
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0
| y
X
Fig. 22--A surface dipole radiates in free space.
(97) X = 0.5 kb sing sin ¢
(98) Y = ka cos e; .

The & and §components of the scattered field with respect to the
reference ‘coordinate system 0 can be obtajned easily via appropriate
coordinate transformation.

In plane-wave scattering problems, one is usually interested in
the echo information defined as follows: '

43



(99)  echo width = lim 2mp I;ilz (TM case) ,
po E
. S
H
(100) echo width = 1im zwp-ii_i—-{-g- (TE case) ,
p—-)OO
and
K .
(101} echo area = 112 4nr2-L§?J§ (three-dimensional case).
r

In three-dimensional antenna problems, one is interested in the
power gain:

4nr? |EJ?
(102) gain = ———
n|V|2@

where V is the terminal voltage and G is the conductance of the
antenna.
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CHAPTER VIII
NUMERICAL RESULTS

A.  TM DIELECTRIC-COATED CYLINDERS

In this section numerical results are presented for the back-
scattering echo width of cylinders with thin dielectric coating. The
incident wave is a transverse-magnetic plame wave. Fig. 23 presents
the backscattering echo width of a circular cylinder with a thin
dielectric coating. In the reaction calculation the cylinder is
divided into N segments with N-= 12 + 20 d/x and d is the diameter.
Similar results for a square cylinder with 16 segments are shown in
Fig. 24. For comparison, similar results are presented in Figs., 25
and 26 for uncoated cylinders with finite conductivity. Bistatic
echo width as a function of aspect angle is presented in Fig, 27
through 29 for circular and square cylinders with a thin dielectric
coating. In all cases, the dielectric layer has a relative dielectric
constant of 10. '

B. TE DIELECTRIC~COATED CYLINDERS

Numerical results are presented for cylinders with a thin
dielectric coating i1luminated by a transverse-electric incident
plane wave., Fig. 30 presents the backscattering echo width of a
circular cylinder with a thin dielectric coating. As before, the
cylinder is divided into N segments with N = 12 + 20 d/» and d is the
diameter. Similar results for a square cylinder with 16 segments are
presented in Fig. 31, In Figs. 30 and 31, backscattering echo width
for uncoated cylinders are also included for comparison. Bistatic
echo width as a function of observation angle for coated cylinders
are shown in Figs. 32, 33 and 34. The relative dielectric constant is
1.5 in each case.

Examining the results, one can note that the reaction calculation
gives accurate data for uncoated conducting cylinders. Satisfactory
results are also obtained for cylinders with a thin dielectric coating.

C.  PERFECTLY-CONDUCTING PLATES AND CORNER REFLECTORS

Fig. 35 presents the backscattering echo area of a square plate
with perfect conductivity for the broadside aspect, In the reaction
calculation, the plate is divided into cells, and overlapping current
modes were employed as illustrated in Fig. 36. In this case the
transverse current was neglected and 45 modes were used for the current
distribution. Useful results can be obtained with as few as one mode
per square wavelength of surface area. For comparison, Fig. 35 also
shows the experimental measurements of Kouyoumjian [18].

The magnitude and phase of'the induced current density on a
perfectly-conducting rectangular plate are illustrated in Figs. 37 and
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Fig. 23--Backscattering echo width of dielectric-coated

ctrcular cylinder.

46




o
o

ECHO WIDTH/WAVELENGTH
o o
D o

0.2

Fig. 24--Broadside backscattering echo width of dielectric-
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38. Figs. 39 through 42 show the normalized backscatter cross
section of a rectangular plate. Figs. 43 and 44 show the normalized
backscatter cross section of a comer reflector. The title of each
figure gives the echo area at the broadside aspect in terms of dB =

10 Tog{o/22).

Figs. 46 through 49 show the E-plane gain of the corner-
reflector antenna illustrated in Fig. 45. Figs. 50 through 53 show
the H-plane gain of the same antenna. For comparison, Figs. 46
through 53 include experimental measurements obtained by Melvin
Gilreath at NASA Langley Research Center. In the experimental
measurements the receiving antenna was Tinearly polarized in the
theta direction. S1m11ar1y, the calculated gain is based on E
The dipole length is A/2 and the radius is 0.0052a.

In the reaction calculation, only vertical modes were employed
to approximate the current distribution. The number of modes used
to obtain the results given in Figs. 37 through 53 are listed below.
In each case, the matrix size is equal to the number of modes.

Figs. Number of Modes
37,38 45
39,40 ‘ 55
41,42 75
43,44 30

46-53 61

o - | | .
-0.5 ~0.25 Q 0.25 Q5
' y/x '

Fig. 37--Magnitude of surface-current density induced on
a perfectly-conducting rectangular plate for a
plane wave incident at broadside.
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Fig. 45--Comer-reflector antenna.
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Fig. 47--Relative gain in the E-plane of a corner-
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(90°,90°).
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reflector antenna. G(s, ¢) = 7.48 dB at
(90°,90°). ,
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Fig. 49--Relative gain in the E-plane of a corner-
reflector antenna. G{e,¢) = -1.06 dB at.
(900,900).
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Fig. 51--Relative gain in the H-plane of a corner-
reflector antenna. G(e, ¢) = 4.05 dB at
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CHAPTER IX
SUMMARY AND DISCUSSIONS

The reaction concept and Galerkin‘s method are employed to
develop an integral-equation formulation for radiation and scattering
from perfectly-conducting plates, comer reflectors and dielectric-
coated conducting cylinders.

For the two-dimensional problems, the contour of the cylinder
is divided into segments and the surface-current density on the
donducting surface is expanded with sinusoidal bases for the TE
polarization and rectangular-pulse bases for the TM polarization.
Reaction tests are enforced with electric test sources. This reaction-
Galerkin technique yields accurate results for scattering by cylinders
with as few as five segments per wavelength. Furthermore, this
technique provides a symmetric impedance matrix in the matrix equation.
The point-matching procedure, on the other hand, generates an unsym-
metric impedance matrix and requires on the order of ten segments per
wave length to yield accurate resuits.

For a coated cylinder, the dielectric layer is modeled with the
equivalent polarization current radiating in free space. Maxwell's
equations and the boundary conditions are employed to express the
polarization-current distribution in terms of the surface-current
density on the conducting surface. The impedance matrix has the same
size for an uncoated cylinder and a cylinder with a thin dielectric
coating. It is found that the polarization-current model is more
accurate than the popular surface-impedance model.

For the three-dimensional problems, a new model that involves
dividing the conducting surface into cells, expanding the current
distribution with subsectional bases and enforcing reaction tests with
electric surface dipoles is developed and applied to the problems of
radiation and scattering from perfectiy-conducting rectanguiar plates
and corner reflectors up to six square wavelengths in size. For arbi-
trary aspect and polarization, this sinusoidal-Galerkin technique
yields good resuits. for scattering by a one-wavelength square plate
with an 18 x 18 matrix. For this same problem, the wire-grid model
(and the surface-cell model with pulse bases and collocation) requires
a matrix size of 60 x 60. Thus, the new surface-current model offers
a substantial improvement in computer storage requivements. This
model can also be applied to nonplanar surfaces provided that the
general surface is approximated by a set of planar cells. In this
~case, the cells may have to be reduced in size to obtain a satis-
factory fit. This will increase the number of cells employed for
modeling, thereby 1imiting the application of this model for non-
pianar surfaces. However, extensions can be made such that the indi-
vidual cell is doubly-curved in nature, and integration techniques can

73



be developed for evaluating the reaction betwsen these curved cells.
With this extension, the problem of radiation and scattering from
curved surfaces can be analyzed more efficiently, and bodies with
surface areas up to ten square wavelengths may be analyzed. For
problems involving more complicated geometry, such as antennas
mounted on aircraft, a combination of planar and curved cells can be
employed to model the aircraft surfaces.
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APPENDIX A

.ELECTRIC FIELD INDUCED IN THE THIN DIELECTRIC LAYER COATED ON A

PERFECTLY-CONDUCTING POLYGON CYLINDER ILLUMINATED BY AN INCIDENT
PLANE WAVE

Consider a dielectric-coated, perfectly-conducting polygon
cylinder illuminated by an incident plane wave as shown below. The
dielectric layer is a source-free region and has a thickness of d

and a dielectric constant €. The segment length of the cylinder 15'
denoted by &. Define a coordinate system such that £ x T = %,

_ %/> 7

/

A\

Fig. 54-~Die1ettricécoated, perfectly-conducting polygon
~cylinder illuminated by an incident plane wave.

— O g—

-+,

where T is a unit vector tangent to the conducting surface and 7 is a
unit vector normal to the conducting surface. The incident plane wave

1s either transverse electric or transverse-magnetic with respect to
Z-axis.

For a perfectly-conducting cylinder with a thin dielectric
coating (d/e <«< 1), the magnetic field inside the dielectric layer
can be expressed as foI]ows
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(103) K = Ks cos(er)

where Hg is the magnetic field induced on the conducting surface S and
is related to the surface-current density Jq by

(104) Hg = Jg x 2.

Coordinate r measures the distance normally outward from the conducting
surface and 8 is the transverse propagation constant in the dielectric
region which can be determined from the wave equation. From Eqs. (103)
and (104) and Maxwell's equations, the electric field inside the
dielectric layer can be given as

~

(105) E = 3&2 vx[{Jes x z) cos(azr)].

For the transverse -magnetic 1nc1dence case, the surface € _current
dens1ty has only a Z-component Jdg = ZJ (t) and g = = ngr From
. {105), it can be shown that _

-k
(106)  E =-— sinlkz) J (TM case)

For transverse- e1ectr1c case, the surface-current density has
on]y a t-component Jg =t Je(t) and 3 = k_ = k/gr 1 For this case,
. (105) yields 5

(107) gi 3—— f(z X J¢ ") cos(kCg) + kg sin(kzg) gs].
If kCC<< 1, Eq. (107) reduces to
, - 1 A .
(108} E = Toe cos(kcg) (z x A ) (TE case}

where gs’ is the derivative of the surface-current density,
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APPENDIX B
COMPUTER PROGRAMS FOR RADIATION AND SCATTERING
FROM TM DIELECTRIC-COATED CYLINDERS

INCLUDE CROUTE, 2902w _

COMPLEX Cla0440)4+284CH(40)

COMPLEX FJUsFJJCST4EM,EJE

DIMENSTION X{40) ¥ (40} oD(40)yIA(40)IB{L0OY
COMMON/COA/CCC,ER2,, TEK2E

DATA 1DM.INT/40,10/

WRITE(1,998])

FORMAT{BXs*LOP=7,25=7/%)

READ(Gy=~) LEP,2S

CONTINUF

WRITE(L,94¢%)

FORMATI(S5X . "NCASE=? 1= RFCTAMGULAR,E CIR(ULﬁR,, STRIP/Y)
READ(Q,-) NCASE

S WRITE(Ls997)

READIO,=) PHI1,DPH,8SC

GO TO (400,500,200) 4NCASE
CONTINUE

PHI=%0, _

REAN(D =) WK,NM, TS| 4ER2
TSK2L=TSL*TPASQRT(ER2)Y
CCC=(ER2-1,1/ER2%(1 .~CDS(TSK2L})

CWRITE(6,4) WK

WK=WK*2 ,
NP=NM+1

DX=WK /NM

DO 1 I=1,NP

Y{I)=CO

X{I)=DX¥(]1~1)

CONTINYE

DO 72 J=1,NM

TA(DI=)

I8(J)=4+1

D(SI=DX
CII)=CMPLX{2,.%P1/DX%,.0)
CONTINUE :
GO TD 600

CONTINUE

PHI=LO

PHR=PHI*PI/ 150,
CPH=COS(PHR)

SPH=SIN(PHR}
CST=TR/ (=20 %, 70T+~ 707))

CREAD(Oy=) DL,TSL,ERZyXKS

WRITF{644) DL,TSL.FR2
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cc
TSKZ2L=TSUATERSQORT{ER?)
CCC={ERZ2~1 ) /ER2%{] «~COS{TSK2L))
ceC
NM=12+20.%¥DL
IF{MMLLTL.16) NM=146
WRITE{ly~)INM
NP=NM
PHO=TP /NM
RL=o 5% (PIEDL/NM) /SIN{ 5%PHO) .
00 11 T=1,NM
X{IY=TP*BL*COS{PHO*(I~-1))
Y{Y)=TP*¥RL*SIN(PHOX(I-1))
ITatiy=1
IB(1)=f+1
TFUT FQJNMY IR{1)=1
DU11=TP*EL %2, ¥SIN{ 5%PHO)
11 CONT INUE :
GO TO B0
400 CONTINUF
Qo7 FORMATIEX ¢ "PHI pNPHGBSC=74BSCO0, *kYES/T)
TFILOP.EQ.2) READ{Q,=) XKS,YKS
TF{LOP.EQL?) WRITE(644)IXKSLYKS
PHR=PHTI*PT/180,
CPH=COS (PHR)
SPH=SIN(PHR)
CET=TP A/ {=304%(,T0T—=.T0OT)}
READID =) AX;RY; TSLER?2
WRITE(b44) AXWRY,TSL,ER2
TSKZ2L=TSL*Tp*SQRT{ER2)
CCC=(FR2-14)/FR2% (1 .~COS{TSKZL))
CALL RECIAXsBY, IDM,NM,NP,X,Y,IA!IH)
DO 260 I=1,NM
X{1)y=TpxX(1)
Y({IY=TPxY{])
260  CONTINUF
TG 45 J=1NM
K=I8(J)
L=IR(J}
DOIY=SQRTUIXIL)=X(K)IEX24{Y(L}-Y(K) ) %%2)
4% CONT INUE
gn CONTINUE
DG 22 1=]1,NM
KA=1AL])
KB=IR(I)
IF(LOPLEQ.2) GD TO 33
CALL CFF(XIKA),Y(KA),XIKH},Y{KB},D{I).CPH,SPH.ZS,EJ,FM,FJF)
CI(I)= FJ*CST/D(I)/D(I)
cce
GO TO 22
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33 CONTINUE
CALL CELSUIXUKAY yYUKAY X (KR sY{KE Y 4 XKS YRS D{T),INT4FJ)
CJ(I)—FJ*TP*TP/D(I}/D[I)
CHDI=CHIN/(—£0.%P])

ccn

WRITE(S,4) Cull}

22 CONTINUE

600 CONTINUE

1SYym=0
c
RS=CABS(2¢) |
IF(RS.GTana) 1SYM=1
c
cc
IFETSLLGT.0.) ISYM=]
s

CALL CDANTUL 3D g Xa Y3 ZS AL IRy TSYMTDOM,y INT , NM,NP)
IF(ISYML,FOLLIO) GO TO 1000
D0 3 I=1,1 :
0 2 U=l MW
WRITF{E\',‘?) ClIyd)
& FORMAT(BX,5F10,4/)
2 CONT INUE
CaLtl CROUTIC, CJ’MM!IDMfISYMfltlj
PH=0O L0
JTF{RSL.GTo04) PH~PHI
CONT INUF
PHR=PH*F /150,
CPH=COSIPHR)

SPH=SIN(FHR)

EJJ={.0y0)

D0 250 K=1,NM

KA=TA(K)

KE=1B(X)

CALL CFFIXIKA) YIKA),X{KB) Y(Kﬂ)rD(K)rCPH SFPH,
2LSyEJyFMEJE)

, 4= FJJ+(rJ+EJE)*CJIK!+EM*CJ(K’

250  CONTINUE :
JIF(LOPEQ ) EJJ:EJJ+CEXP(CMPLX(.O,XKS*CPH+YKS*SPH+PI/4.))
EAR=CABS(FSD) : c
FHWL=Z XPI*EARXFAR
EwS=rWL AP (%2,

WRITE(L1e=) PH,EWL
HWRITE(SH44) PH,EWLEAR
PH=PH+OPH :
PHEND=3&0.

IF{BSC.6TL0L) PHEMD PHI
TF{PHLLFE JPHENDY GO T 30

1000 CONTINUE : : '
READ(Oy-) IC
IF{IC.EQ.0) GO TU 10
CALL OXIT
END

L ¥Y]
3
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SUBROUTINF CDANTICsDeXyeYa225, IA;IB,ISYM.IDMglNquﬂqNP}
COMPLEX ZS;PII,C‘IDM,]DM}
DIMENSITON Y(IHN}QY(IDM',D(IDM),IA(IDM,,IpllﬁM)
N0 20 1=]1,NM
00 20 Jd=14NM
20 C{!'J)=‘ 001 D)
NMAX= .0
Nng 25 J=1,NM
NDx=0{(J1}
25 TF{DK.GT.DMAX) DMAX=DK
WRITF{L ,~10MAX
PR{OMAX LTe2e}Y GO TO. 30
15YM=10 : :
RETURN
20 CONTINUF
N0 200 K=14NM
KA=TA(K)
KB=zIB(K)
DK=D({K)
LL=1
TFLISYM Fo.0) LL=K
- DO 200 L=LL oMM
LA=TA(LY
L3=18(L)
NL=D(L)
1IF{K.FQ.L) GO TO 12¢
IND=(LA-KA)*{LA=KA)*(LA-KB )X (LB=~KRA)
IFLINDLEQLO)Y GO TD RO

CALL ZMMUCIXIKA) 2 Y (KA} tX{KBI g YIKB )y XTLAY o YILA) S XILB) ,Y (LR),
2ZSeDKW DL, INT,P11)

GO 70 168
80 CONTINIE

JH=KER

JC=K A

IND=(K8~LA) % ({KB~LR)
IFCIND NELO) GO TO 82
JC=KR

JM=KA
G2 JP=LA :
IF(LR. FQ-JC) GO TO 82
JP=LE
83 CALL ZWMR{X(JM’1Y{JMF,X(JC],Y(JCP,X(JPI,Y(JP!;ZS.DK DL, INT P11}
GO To les
120 CaLL ZMMAIDK ZS,Plll
168 C{X,L)I=P1]
200 CONTINUE
RETURN
END
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ceC

O

ce

cc

SURROUTINE IMMA(DK,ZS,P11}
COMPLEX ZSyHCWHLIVHGI,Y,yFP11
CMMON/COA/CCC4FR2,TEXK2L
DATA P1/2.,141589/ ’
TP=2 4P1

FTA=120.%P1

CALL HANK(DK  HOsHIs1)
Gl=VH(DK)

N=0K /TP
PLI=D/{2eTPYRGI=1 o /{24 %TPRTPYI¥(DKXHI~(,0,42.)/7PF)
FIl=PlY1%TP*ETA/D/D
Y=Pp1l1%2,/FT4A

P11=P11+P11%C(C

PI1=Pl1+Z5%PIl /DK

RFTURN

END :

SUBROUTINE 2ZMMP (X1,Y14X2,Y24+X3,Y3,25,
ZOXKL ZDK2 4 INT,811)

COMPLEX VHZ5,0114,Y11,CCP4G14G24G12,
ZHI0gHI14H20,H21yH120,H121 yHPCyHP14HMO, HM]
COMPLEX DOLIP,DR11IM,RKHIP ,RKHIM D011 4DCNT
COMMIN/CORA/CCC,E8R2,TSK2L

NDATA CCP/(40y463662)7

DATA PI/3.14159/

R&=CARS{ZS)

CRET=(X2=-X1) /DK

SRET=(Y2=Y]1)/0K1
XBz{X2-X1)#CRET+(Y3~Y1)*SRET

YR~ (X2=X1)%*SKET+(Y3-YL}*CRET
CAL=(XE=DK1)/DKZ .

SAL=ARSI{Y&E/DKZ)

AL=ATANZ{SAL,CAL)
CNT=15. %4 . ¥PI %P /DK2/DK 1

NK12=NK1+DK? ‘

TFICAL.LT.0LY G TO 20

TFISAL.GT0.0&) GO TO 20

CALL HANKI(DK1,H10,H11,1)

CALL HANK({DKZ2,H?0,HZ1,1)

DKL2=NK1+0KZ

CALL HANK{DK1Z24H1204H121,1)

Gl=VH(DK1) S

G2=VH{DKZ)

G12=VH{DKLZ) :
QIL=CNT*{(-CCP+DK1%¥(HL1-G1)+DK2%(H21-G?}=DK12%{H121-617})

€11=Q11+011*CCC
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Yy

RETURN

CONT INUF
INP=ZR L INT/2)
IP=INP+1
Jp=1p

FI1T=1INP
ALT=AL/20
CALT=COS(ALT)
SALT=SIN(ALT)
RCP=NKIZ*CALT

RSP= (DK 2-DK1IFSALT

PHC =ATANZ{RSP,4RCP)

SGl==1.
PHM==-AL T
PHP =PHC

RPHM= (PHC+ALT) /F 1T
NPHP=(ALT-PHC) /FIT
Y11=(00190)

NO11={.Cya®)

ne 200 I=1,1°
N=SGI+2,.

TF{l EQs1eDRLILEQLIP ) D=1,
SAP=SIN{ALT+PHP)
SAM=SIN(ALT-PHM)
ARGP=KZ2%SAL/SAP
ARGM=DKI*SAL/SAM

CALL HANK(ARGP,HPO,HP1,1}
CALL HANK{ARGMHMO,HM1,1)

1F(RSLF.0a) GO .TO 200
DARGP=ARGP/FIT .
NARGM=ARGM/FIT

RKP=,0 '

RM=,0

§GJ=-1.

DOQLIP=( 4040} -
DQI]M=(¢0'UO)

RKHIP=CLP

RKH1M=CCP

DO 1GC Jd=1,JP

C=5GJ+3, '
IFLJEQ .1 00R . JEQeJP) C=14
IF(J.EQ.L) GO TD 94
CALL HANK(RKP yH1I0sH11,1)
CALL HANK(REKM,H20,HZ1,1)
RKHIP=R¥KP%xH]1]
RKHIM=RKM®H2]
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a4

ctC

200

CONT INUE |
DOULIP=NQLLIP+RKH1PC

S DGLIMEDGIIMERKHLIM*C

RKP=RKP+DARGP

EKM=RKM+[ARGM

SCJI==-5GJ

CONTINUE
Wbll'hi11+QAM*(DQ1lP*DARGP*DPHP+DalIM*QAP"M*DPHM)*D
CONT INUE

YIL=Y]11+(ARGM*HM] *DPHM+ARGP*HP L #DPHP ) %D
PHM=PHM +DPHM

PHP =PHP +DPHP
S$GI=-S5G1

CONTINUE
Q1L=CNT*(Y11/3./5AL~CCP*AL/SAL)

Q11=0114Q11%*CCC

DCNT=ZS*CMPLX( 404=24%P1 )/ (4 ¥DK1*DK2%SAL)
NO11=DA11*DCNT/ O,
211=0114D011 -

RETURN
END

SURRMDUTINE ZMMCUXI aY10X28Y 29 X39Y34X4 Y4425,
20K 4DK2 W INT,PIL)

COMPLEX P11,G34G1356234G1234VH HAO HALyHEUHBL1HCOHC T4HNOLHOL
COMPLEX HX,4HY,DP11,DCNT

COMPLEX HO,H1 _
COMMON/COB/CCC,ER24 TSKZL

DATA P172,14159/ :

RS=CABS(ZS)

CRET=(X2-X1)/DK1

SRET={YZ?=Y1}/DK]

XAz (X3 =X1)%CBET+{Y3~Y1)*SBET
X2=(X4=-X1}2CRFT+(Y4~Y1)*SAFT
YA=—{X2=X1)*SRET+{Y3~Y]1)%(BET
YR=—({X&4—-X1)*SRET+(Y4=Y1 )} %CRET
CAL=(XB=XA)/DK2Z

SAL={YB~YA)/DK?

CNT=18 %4 AP I%PT /DKL /DX 2

ASAL=ARS{SAL}

IF(ASAL.GT..04}) GO TO 20

IF{YR.NF..Q0) GO TO 20

DK3=ABS(X&~DK1}
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ce

20

40

TF{XA.LT.0,0} DKI=ABSIXB)

DK13=0K1+0K3

DK23=NK2+DK3

DK1232=DK1+0KZ4DK3

CALL HANKINK3Z  4HAO,HAL,1)

CALL HANK(DK13 4HEQ,HE1,1)

CALL HANK(DKZ22 ,HCO4HC1,1)

CALL HANK{DK1234HDCyHD1,1)

G3=VH(DK3)

G13=VH(DK13)

G23=VHINK23)

G123=VH(DK123) _ ' ,
PLI=CNTA{DK3% (G3-HA1} =DK13% (G12~HB1}=DK23*(G23-HC 1) +DK123%
2(6123-4D1)) '

Pll=P1l1+P11%*CCC

QETURN

CONTINUE

RMIN=LO0OCQOC,

X=X A

Y=YA

NX=0DK2%CAL/4H o -
Dy=DK2¥SAL/ 4,

DO 40 J=1,5

YS.:QG

R=ARS{Y) v
TF(RWGT e1.F=15)YS=Yxy
XS=0.0 '

YAR=ARS (X«NK1)
IFIXARLGTeleE~15) XS=XAR%XAR
IF{XLTe0s) R=SORTIX%EX+YS)
IF{XOT DKL} R=SQRT{XS+YS)
IF{R.LT«RMIN) RMIN=R
X=X+DYX ' : :

Y=Y+DY

CONTINUE

FNT=1+(4%INT) /710
ISS=FNTH*DK1 /RMIN
ISS=2%{155/2)

ITFUISS oL Te2) I5S8=2
IF(ISS.GT,.20) 1SS=20
FSS=1%8%

ISQ=15S+1

DS=NK1/FSS
ITT=FENT®DK2/2MIN
ITT=2%{17T/2)

IF(ITT.LT.2) I7T=2
IFCITTLGTL20) 1ITT=20
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FTIT=1TT
1T0=1TT+1
DT=DK2/FTT

CDX=DT1%CaL

DY=DV*S AL
X=X A

Y=YA
5GJ=-1,
Pll={.0, .0}

DPL1={ .0y ()

NG 200 J=1,I1T4

D=5SCGJ+3.
IF(J.EQQIOGROJlECOITQ, D=1.
xXp=,0

YS=.0

YAB=ABS(Y)

IF{YAR.GT,1.E-15) YS=YAB®YAR
FZ=( GD! +0}

HX=( m-(}’no’

HY'—'(-G, 00)

56l=-1.

Do o100 1=1,1580

C=SG]+3¢-

TF{T.EQ.1.DR.ILEQ.ISQ) C=1.
DELX=ABS (X~XP}

NXS= 0

IFINELX4CGTe1laE—15) DXS=DELXEDELX
RK=SORTIDXS+YS )

SPH=Y/RK
CPH=(X-XP}/RK

CALL HANK(RKyHO4H1,0)

. EZ=EZ4+HO%C

100

XP=XP+D S
S56I=~-5G1

IF{RS.LE.OL) G0 TO 100
HX=HX+H Ix(~SPH} *C
HY=HY+H1*CPHX*C -

CONT INUF
E¢=EZ*DS/3,
P11=P11+EZ%xD

HX=HX*D5/2,
HY=HY*DES /3,
DPI1I=0P1 T+ {HYXRCAL+HYXSAL )XD
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20n

5]
LR

6H0

160

SGI==-5GJ
X=X+DX

Y=Y +DY
CONTINUE :
P11=Pl1*NT/3,
P11=PLI*CNT

P1i=pl1+P11%CCL

DCNT=ZS*CMPLX(,Oy‘2-*P1)f(éo*DKl*DKE}
DP11=NP11*DCNTRDOT/ 3,
P1l1=P11+DP11

RETUKN
END
SURROUTINE HANK{X,H,H1,10)
COMPLEX HyH1
DATA TSP/ .63661977/
IF{X . GT.3.)G60 TO 100
XL\ TSP*ALOG(sz )
00
.'31=-0
¥Y=,0
Y1zl
X1=X/3,
XZ=X1¥X1
IF(X1LTaa1)00 TO 60
X4=¥2HX2
XEzX2hX 4
1EIX1alTLe3)G0 TO 58
XO=%2*X&
X10=X2#X§
X12=X2*X10
=, 21E-~3%X1 2~ 394440 7R X 10+ 4454 TI9F =1 %X
Yo 4R 4EFE=3%X1 0+, 47 TILOE-2¥X10-, 4261214 -1%XR
B1z,1100F—4%X12~,31761F=3%X10+.443310F-2%X8
Yi=,2TR7IL=2%X12- ,4000T6E=1%X10+,3123051%X8
BzRe 3163066%X6+)1.2656208%X4
Y=Y+ ,2583001172X6-.T4350384%X4
Rl=pl-s 2054280 -1%X6+.21093573%X4
YI1z¥1=1,3164B2T4X64241682T094X4
R‘-—'R—,?. ?49'?9‘97*)( 2“'1 -
Y2Y 4+, 6055G2R6%X2+,36TH66G1+XLNKE
R1=X*(R1=,E6240985%X2+45)
Y1=(Y1+4,2212001%X2-,6366198) /X+XLN*E1
G0 TO 26D
SW=SCRTIX) -

88



X1=3-/X

¥2=X1%X1

X3=X1%X 2

Xb=X1¥*X3

XE=X1%X &

Xb=X1%X"

Foa7QTARLS b~ TTF =62 1 ~0 652 T4E—2%X2~,9512F 4% X34, 13723 7TE~23X4
2~ T2805E-53%¥54 , 144TLE~3%XE '

T =X 7853016~ 4106 2FTE=18X]1 = 2954 FE—6% X2+ . 262572 =2%X3
7= e 4125 3% XL~ ,?G333F=3%X5+,13558F~3%X6

5= c*rﬂ5171/<w

Y=FXSIN(TY/S '

F=z, 70?89456+ 156E=5%X1+, 15%9@£7F =1%X2+.17105F-3%X 3= 224951 1E~ 24X
2% e112A53E-2%X5~,20033F=-3%X6E

T=X~2025619454,12499622%X1+.5050—4%X2—, 6278 7QE~2%X3+, 7434 EE~3%X4

Z4 TGP LE=3% K~ (G 1OHE=3XXE

Bl=F2C0S(TY/SYW

YI=F$SIN(T) /5W

200 H=CMPLX({E,~Y)

H1=CMPLX{R1,-Y1)

RETURN:

END

COMPLEX FUNCTION VH(X)

DIMENSION A(R),B{2)

COMPLEY GI(S51) 4H0,HL

DATA G/

ety .0)1(-19933!"t34570)1‘.39470'-.5095?,9

21 eS8 224 9089027 ) 9 (475834 4= e63787)3{491973,-463707),
2014063564 =060490) 4 { 118750 4=e54TE3) 3 (1228982, 04 T156) 4
Sl1a36940,«,38136) 3144257 74=428219)4(1.45913,-.17871),
201447029 4=e07527) s (1.460704202420) 9(1,642231,.11618),
(1. 397571.19766),I1.32928..?66?0),(1 260569421997,
?(1 184AFR 1@..' ??5)1‘1 10‘90?1¢3?(§9?}1‘1 07473,. 8367"
2 eG4 TL29a3T250) 3 { aBT502,434665)53( 81101, .307E0),
2075721 9425702) 3 (71531 94199T72) 4 (6864744135510,
Z0ebT131,,06814) 4 {ab66993,,.00036) ,{.68187,~-,06517),

20 eT06229=e12595) 9 (o T4160 3yl TITH) y (0 TRED2R 3= 022471 ),

20 e338219=u258931) 2 eBI51243=0a28253)3(e954644—426377),
2(1.0!43:&'-.29295)'(1.07191"-?8043},‘1-1?509,"-2570?"
24117192, ~,22393) (14210754 =0182T70)9(1.24021y~a13516),°
2{1.25939,y=,08335) (1,267 78 4=a012940)4{1.26529,,02451),
201.25227507626)9414229479012285)4(1419799,.16550),
20115928, ,19969) 3 (1ell1a59974a22523)9(1e067014.24129)7

NATA PI/3.14159/

DATA A/ 062324 .0040449.00101,.00054,

24000404 .00028,,00013,.00003/

DATA B/.7978R85.01256,,001794.00067,
2.00041,4.00025,,00011,.00002/
IR XeLF %) G TG 200

IF{X.LTWl0.) 60 TO 100
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V=0
VY= 0O
N0 10 1=1,8
K=]-1
SIGN=(=1a)}%k]x(~1,])
CVISVIHA TR E /X)X ZXK+T ) %S TOEN
UY=VY+B({ 1) ¥ {8/ XV EF{2%K) 2T IGN
10 CONT INUE
COVHSL o~ CHPLXAVY y=VY I *CEXPICMP LY o D4 PT /46, ~XYY/SORTLX)
RETURN :
100 CONTINUE -
¥Y=E %X
JEY+1,.5
IF(J.LTLZ2)Y J=2
IF{JeGTLEDY J=580
JM=J-1
JP= 41
FJ=J
YJ=FJ"'1|
GzY-YJ
w¥=0/2.
C=0T%{0~-1.]}
N=DTH{del L)
£z -Q%%2
WHeCHG{ UMY +DRG{IP Y+ EXRG( J)
VH=CONIG(VH)
2FETURN
200 CONTINUE
CALL HANK{X,H0,H1,2)
HED X =X%22 /G 4 XFEB /(D F 2B J=XRXT/ (G, %28 %49, )
HBL=X¥kX /5 e X5 G /85 o4 XBXE7 (B3 %25 o V1 =X¥hQ/{R].%5725,%4G .}
VH=XAHO + X3 (HEO%HT ~HR1%XHD)
RETURN
END
SUBROUTING CFRUXAsYAWXR YR DK yCPH SPHyZSsEJsFEMGE JFE)
COMPLFEX ZS4FJeFJAZF IR FoEMyFIFRE]1,F2
EDMMDN/CDA/CCC,EPZ;TSKZL
DATA PL/3.14159/
FTA=120 %P1
CA= (XB=X4) /DK
CB=(YR=YA)/DK
A=XAXCPH+YAXSPH
B=XR*CPH+YR%SPH _
EJASCMPLX(COSIA),SINIAY)
FIR=CMPLYXICOSIBYSINIED))
C=CA%(PH+CR*SPH
S =CBRCPH=CAKS P
F=CMPEX{,Q,DKYSEJA .
ITF{ABS{C) eGToeD01)Y F=(EJUR~EJA)AC
EJ==30.%( 70T y= TOT}EF
EM=25%( 70T 4= TOTIXSHF/ (&4 %P )
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ce

100

SP=] . +S/SGRTIFRYZ)
M=l ,~S750RT(F22)
ElzCMPLX{ Qe TSKZL)
F2zCMPLX{0ee~TSK2LY

[FISPGT 0001} E2=(CEXPICMPLX (40, TSK2L*SPY)~1,) /5P
IFISM,GT.Ca001) FIl={CEXP{CMPLX(40,=TSK2L*SM)}=1,1/SM

EJE=~F ¥ (FR2-1.)/FR2ZH(FI+F2) %, 5

RETURM

END

SURROUT INE ChELSIX1 oY1 o X2 Y29 XSsYSyDKINT,P1)
COMPLFEX HO4H1 4P} : '
OATA PI/2.14159/7

CRET=(X2-X1}/DK

SBET={¥z=Y1}/DK

XA (XS=X1)*CRET+{YS~Y1)*SRET

YA - (XS=X1Y2SBET+(YS=Y}}%CRET
x=XA

Y=YA

YSQzYk% D

RMIN=ARS(Y)

IFIX LT 0.0} RMINSSRRT{XAX+YSE)
IFIX.GTLDKY BMIN=SQRT (( X=DK) $%24+Y50)
FMT=1+{axINT) /10

TSS=FNT#DK/RMIN

I85=2%{155/2)

IFIISS.LTL2) 158=2

FIT=]SS

I15Q=185+1

DS=DK/FIT

SGi=-1.

XP=0 .

Pl={Q0esCa)

‘DO 100 I=1,18Q

C=SGT+2. ' _
TFU1.F0e1e0%.T4F0.1580) C=1.

NEL X=X ~XP o
RK=SQRTI(DELX*%2+YS0Q)

CALL HANK(RK ,HO,H1,0)

P1=P1+HO%C

SGI==SG1

XP=YXpP+DS

CONTINUF

Pl=Plk (=30, %P1)*D5/3.

RETURN

END :

SUBROUT INE REC(ASByIDMyNMyNP4XsYy1A,18)
DIMENSTION X(TOM)aY(IDM)Y,,TA(IDM), IR(IDM)
NX=AXS ,+]1.,.5

NY=B%5,+41.5
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Lt

IFINXoLTe&INX=4
TFINYaLTo4)INY=4
Xz A /NX

- DY=B/NY

NM=2 % (MX+NY )
N0 2 J=1MNM
Ta(Jy=yg
I1R(J)=d+1

IF {J «Fie HNM} IB(JYI=1

NP=NM

NYP=NY+]

1 T=2%NY +NX+2
AT=,5%4

RT=,64F

o1 I=1.NYD
1I=1T-1

X{I1=AT
Y(I)==RT+{1~-1)%0Y
Xii1)Y=~%(1}
Y(1T)=Y (1)

I T=NYP+2% (NX=2)
[15=NY+2
TE=NX+NY

ng z I=15,1¢
TI=NM={T~15%)

X{I)=AT~(F~1S+1)%DX -

Y{I)=BT
XIIDd=X{ I
Y{T1)==¥Y{1)
RETURN '
END
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40w N

50

55

60

70

80

APPENDIX C
COMPUTER PROGRAMS FOR RADIATION AND SCATTERING
FROM TE DIELECTRIC-COATED CYLINDERS

COMPLEX COT+ZSsZ114Z129Y119Y124HIMHISWHIT
COMPLEX CT{56,+56)sCJ(56),HIJ(56) HMM(SE6),VI(561+HIJEQL 561}
DIMENSION 1ALS6),IB(56),11(56)4,12(56),13(56)4JA156) JB(54])

CDIMENSION MD(EAR S ) ¢NDISAT 4 X(56)+¥{56)403(561), XC(S&)gYCfSh!,DC(5

COMMON/COASTSK,ER2,CONST

DATA IDM,INT/S6410/ '
DATA Pl yaTPyETA/2,1415006,2R21R43T6.T2T/
FORMAT(1X,8F15.7)

FORMATI 1HO)

FORMATITFI0.5)

FORMAT{1X,y1415)

COT=1.6142 4% ETARXCMPLY(1.,~10)
READ(S s #YIWR 3 LOP s NM NP

WRITE(A B TWR ,LOP o NM, NP
WRITF{6,5)

DO 50 J=1,NM

READ{S a}{AtJ),ia(Jl
WRITE(G6:8)),TALJ)SIB(N)

WRITE(A45)

CALL SGQT(!A.iﬂ,llylZ,IE.JA,JB MO yND s NM NP 3Ny TDM MAx,lel
IF(MINGLT.1 0. MAX.GT.5)G0 TO 300

DG 55 1=1,N

WRITE(648) 1, 111002013 ,13(1)

WRITE(6,5)

00 60 1=1,NP

READ(547)IXCI1)4YC(1)

FI=1I

WRITE(6,2)F1,XC01),YC (1)

WRITEL6,45)

DO 70 JAN=1,NM

KIM=TA(JANY

LIM=I8{ JAN)
DCLJANT=SQRTL(XCLIMI=XC (KIM) ) %24 (YCLLTIM)=YC (KIM}}#%2)
READ(5+7) TSL,ER2

WRITF(642) TSL,FR2

WRITE(6,5)

TSK=TP*TSL

CONST={FR2=1,) /ERZ*{COS(TSKXSORTER2~14))~14}
READ{S s 7)CMMDPHoFMC 3 SCALE 4 TC '

WRITE( 6,2 CMMDPH,FMC 3 SCALE, TC

WRITE{G .5}

WAVM=300,./FML
TPL=TP
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0

a5

120

TF{SCALF.GT 0. )TPL=TPRSCALE /WAVHM
D0 90 TANzZ1 NP

XATANY=TRESXO L L AN)

YIIAN)=TPLEYC L IANY

DO 95 JAN=1,NM

D{JANI=TPLANDC (JAN)

i12=1

15Y#=0

75=(.04.0)

TR=TOLRTC

IFICMMeGTa 0 )CALL CSURF{CMM,FMC,TK,25)
TF(CHMMGTW0.11SYM=1

TE{TSL6T.0.0) ISYM=] |
CALL CDANT(C D eXaYeZS 1A IB,T1,12513,18YM
oy IDMy INT 9 JA g JB 4 MDD Ny NDy NM, NP}
IF(ISYM.FQRL101GO 1O 300

GO OTO (11041204130, 540),L00

PLACOLE 48 IGN

CAaLL VM&R(IDM.lGN,lSYMglHR,IleN,C,CJ’Yll)

FON=IGN

WRITF{&,2)FGNsY1]

GO TO 200

READ{S 4 %)Y JISA,.JSH

fALL VH#S(IﬁgIBleM,lSYMvIH9911v12$I39IIZQJ*A,JSB;MD NyhﬂyNM
yCoCde DV, Yl]) '

FQA JSA
$8=358 :

WRITF‘&,?)FSA!FSEoYlI

GO TO 200

DEATY (B TIPS T+ XCS,4YCS

XE=Tp{%XCS

Yi=TPLAEY(CS _

CALL VMLS(lA'IBylﬁMvINTylSYM,IHR,Ilgl?,IBgilZgMDqNaNDvNﬁq

ZEsCdsDy Pl o VI s XY e XS e¥S,Y11,2%)

WRITF(642IPST 4 XCS,¥CS,yY11

C TO 200

READ(Ey7IRSCoPHI
WRITE{6,2)BSCPHI
WRITE(H45)

IF(LOP JNEL4 )G REAL(YII)
INC==1

LE{LOP, EQ.4)INC—1

iPa=?

IFILOPEQ.4) IPAST
MPH=3“O¢/DPH4155

GRz .0
D0 280 IPH=IPA,NPH
FOH= [PH-2

PH=[IPHXFPH
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280

20

22

IF(IPH.FLUL1IPH=PHI _ ,
CALL VFFUIAS IRy INCyIDMy ISYMGIWRy 11,125 12,112,L0P 3MD4N NI, NM,

20 JeD g EWL Gy GAIN HIT HMMyHZ S g HZ ToPHyECSe VI ¢ X oY 9 XSy ¥S42Z5)

IF{LOP NELSIWRITEFIS6,2)PH,GALN
IF(an EQ. Q}HRITEtﬁ'Z}PH:EWL,FCS
INGC=

]F(BSE GT«0. Y INC=1

GR=GRACABS (HZT) %%

WRITE(G,5) :
SCS=,0174523%NPHEGR
ITF{LOP.FQLAIWRITE(6,2)50S
GR=FTA%SCS '
TFILOPWNELGIWRITELS, 2IGR
WRITF(A,5)

READL{S,8)JOR,LOP

TF(JUELERLIOYGO TG 10
IF(JOB.FR.ROVIGO TO RO
TFUJOR.FRL300)GO TU 300

GO TR(110,220,1320,140),L.0p
CONTINUE

CALL FXIT

END

SUBROUTINE SORTUIA,IBsT1912413,JA508 MDyND yNMyNP ¢NyMAX,MIN

29 ICI5 INMY

DIMENSION. TACL) 2 IR (1) ND(1) ,MD{INMa4 ), JSP(20)
DIMENSION 12101)4,1201),1203),J201)4JB(1)
FORMAT{ ZX 4 "MAX = 'iIS'EXg'MIN'= 'QIS'—S’X"N = ', 18%)
1=0 '

DO 24 K=1,NP
NJK=0

A0 20 J=14NM
IND=(TA(J}~K) % (1B (J)~K)
IFUIND NELOYGO TO 20
NJK =NJK +1

JSP{NJK ) =

CONTINUE

MOD =NJK -1

IF{MONLLELCIGO TC 24

D0 22 IMD=1,M00

I=1+1

TF{T.6TLICJIGO TO 22
IPD=1MD+]

JAI=JSP(TMD)

JALI)=JAl

JEI=J4SP({IPD)

Je{1)=g8l

TI{I)=1at021)

TFETACJALY WEQLRITL(II=TR(JAL)
1201)=K

[3¢1)=180UR1} " _
IF(TACOBL) EQ. K)IB(llwlB(JEi’
CONTINUF
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24

30

32
ig

38
40

46

20

25

CONT INUF )
N=1
N0 20 J=1,NM
ND(J)=C
DO 30 K=1,4
MO Ja% =0
T1II=N
IF(NL,GT.ICNITTI=ICY
DO 40 I=14111
J=Jatly
O0 38 L=1,2
NG(JI)=ND (I +1
K =1 -
M =0
MJIK =M (JyK)
IFIMIKNELOIGO TO 34
M=1
MD{JdsK)=1
K=K +1
IFIK GT.4160 TO 38
[FIM.EQ.0)G0O TO 32
J=Jg& (1)
CONTINUE
MIN=100
MAX =0
RO 46 Jz=] NM
NDJ=ND(J) ,
IFINDS«GTMAXIMAXZNDY
IF(NDILTMINIMIN=NDJ
IF(MAX eGTe& oORw MINGLT ol ofRe MeGCTLICIIWRITE (L QITMAX JMIN N
RETURN
END .
SUBRGUTINE CDANT(C,DeXeYsZSs1A,IBy11,12,13,1SYN
2 IDMpINT s JA s JB o MDy Ny NU5 HMy NP )
COMPLEX ZS,P114P12,P21,P22,01140124Q21,4Q22,P(257),+Q12,2
COMPLEX C(IDM,IDM)
DIMENSION X€(1),¥Y(1},D(1),IA01), IR(I),Jﬁel)qJRII)
DIMENSION T141),12(1),13C1)MDILIDM,4) sND(1)
FORMAT{ZX 4 9DMAX = ®,E10.3,3X,*OMIN = *?,E10.3)
DO 20 I=14N . .
00 20 J=1,N
ClIsdI=1.0y0)
DMAX= .0
DMIN=100,
B0 25 J=1,MM. \
K=1A{J)
L=18(J)
DIJ)=SORTEIX(L)Y=X{KII*¥24{Y{L)=Y(K)) *%x2}
IFID{D) aGT.OMAXIDMAX=D(J)
IFID(J) LT<DMINIDMIN=D(J)
DRAT=DMIN/DMAX
IF(DOMAX sLTe3¢ ANDe DRAT.GT..01)}GQ TO 30
N =0 :
WRITF{6,2)DMAXDMIN
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36

40

42

46

50

a0

RETURN
D 200 K=1,NM

NOK =ND{ X)

KA=TA(K)

KB=1B{K)

DK=D(K) _

NN 200 L=1,NM

NDL=NDIL)

LA=TA(L)

LB=18(L)

DL=D{L)

NIL=0

DY 200 II=1,80K

T=MDIK, T}

Fl=le

IF(KR . EQ,12(11)160 T 36
IF{KR.FO,II(I))FI==1,

I1S=1

GO TO 40

TF{KALECLI31))FI=~],

18=2

DO 260 JJ=1,NDL

J=MDIL, J4)

IF{ISYMJNELOIGD TO 42

IF(I.CTLJIGH TO 200

FJ=1,

TFILR.ECLI2(J))GOD TO 46
IF(LP.EQ.ILIJ})FJ==1,

Js=1

50 TO SO

IF(LALEQLIZ(JYIFI==1,

JS=2

IFINTILL.NE,DIGO TD 168

NIL=1

IF(KLEQ.LLIGDO TO 120
IND=(LA~KAYR{LE-KA)Y 2 (LA~KE } % (LB~KR)
IFLIND.ESLOMGD TO 80

SEGMENTS ¥ AND L SHARFE NO POINTS

CALL ZMMZIXOKA) oY (KA X IKED 3 Y (KBY 3 X (LAY 3 Y (LAY $X(LB),Y{LEY 25,
CUKs DLy INTyP {1y 1) 4P (L1y2)4P(2,1)4P(2,21))

GO TO 1é8 : .
SEGMENTS K AND L SHARE ONE POINT (THEY INTERSECTY
KC=3 ‘
JM=KB

JC=KA

KF==1

IND=(KB=LA)*{KB~LR)

1F(IND JNELOIGD TO 82

JC=KR
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g2

83

168
200

KF=1

JM=K A

KG=0

LG=2 -

JP=LA

LF=w]

TFILBJEQICIGO T 83

JP=LB . :

LF=1

LG=0

SCGNz=KF%LF

CALL ZMMZIX(JIME Y (JMY X IC) o YEICT o XEIP), Y‘JP),ZS DK DLy
ZINT» Q{1410 90(1432)43Q0251)9Q(2,2))°
30 98B KK=1,42

KP=TABS (KK=KG)

D 98 LLl=1,2

LP=1ABS{LL-LG)
PIKP,LP)=SGN*Q (KK ,LL)

-0 T 168

K=L [SELF REACTION OF SEGMENT K)
CALL ZMMIGOK2Z25,P(1,1),PC142))
P{24,1)=P{1,2) .

22, 2’*pi1111

ClL o dY=CUtly JY+FI%FJXP{IS,J5)
CONTINUE

RETURN

END

SURRAOUTINE ZMMI(DK,7ZSsP11,¥12)
COMPLEX ZS84HO4H1,P11,P12

COMMON/CCA/TSK;FR2,CONST

DATA PI/3,.14159/

COK=COS(OK)

SOK=S1IN(DXK)

CALL HANK{DK,,HQyH142)

SDK S=SDK*#2

COKS=CNN**2

P11 ==2 . *¥HIX(DK4AHOXSDK+2,%(,0y1.)%(1,.+CDKS)/P1/DK
P12 ==HO*CDOK*SDK+HIKR{ 1o 4COKS) 4 o% (o041, 12CDK/P /DK
Pll=15,*DK*P11/5DKS*(1.+CONST)
P12=15.%DICkP L2/ SDKS*( 1+ CONST)

CTOK=COS({TNK)

STOK=SIN(TDK)

COT=SIN(TSY*SQRT(ER2=1,)} /SQRT(ER?=1.)
PLI=PLI+CCT*(ERZ«-1s)/ER2% (037251 %(TDK+STDK)/SOKS
P12=Pl2~{CCT*(ER2-1.)}/FR2%{ .0, Te5)}%

2(CDK*(TDK+STDK)+SDK*{lo-CTDKl)ISDKS

98



RS=CABS({Z%)

TF{RSLLELCLIGD TO 100

CST=16.¥PIXRSNHKS

TOK =2 %K

CIDK=COL(TDY)

STOK=51NLTOK)

P11=P11+ZS%(TOK«STOK)/CST

812 =P1Z +ZS*((lo—CTUKl*SDK*(QTDK“TDK’*CDK’/CST

100 RETURMN

END :

SlfRQr‘UfINE Z”M¢(X],Y1 XZ2aY2eX2 e¥3,4258

2K 1 0OK2 3 INT Q11 4812,0214022) '

COMPLEX HOyHLI HHOHHL SHO,5H1,0211,012,821,Q22
COMPLEX DHH{yDHHL ¢DHGeNHT $DSHO ,ISHL

COMPLEX S11,512,821,522,711,712, TZI!T??:Y111Y1¢|Y21’Y2£
COMPLEX DT114DT12.0721, nTZZvDYlIfﬂYIZQDYEI!DYZ?
COMPLEX Z5,RKHL1,SX1,SX24CCPFUN,COT

COMPLEX CX1,0X2,DS811,0512,0521,NS22
COMPLEX DPLYOP1Z2,DP2Y,DP22, PllvPlE,PEl,PZ?
(DMMON/COAITCK.EQZ,CDNST :

DATA CCPLPI/{.0,.6£3662),3.14159/
SOK1=SINIDKYLY
SOK Z2=SIN(DX?2)
CoK1=CO%(DK1)
COK2=COS(DK2)Y
 CHET= IXL-XI}/?KI
CRET=(YZ?=YL1} /D
YE=(x3- Vl)*CBLT+IY3~Y1!*SBET
YE=—(X3-X11%SEETH+{Y3-Y1)I*CRFT
CAL=AXB~DK1) /OK?2
SAL=ABRS{YR/DK2)
CALL HANK(DK24HRO,HH1,2)
NHHO=NK 2 #HHO
NHH ] =0K 2%KHH]
C1S2=CD¥I%SDK?
ClE2=CNKIXCOK2
IF(CAL.LT.C,.)IGO TO 20
TFISAL.GT«04)GD TO 20
CNT=~15%CAL/SDK1/SDKZ
CALL HANK(DKIsHOsH142)
DHO=DKY *HD
DH1=0DKT *H1
DKS=DKI +DK2
CALL HANKIDKS,SHO,SHL1,2)
NSHO=DK $*SHO
NDSH1=DKS5*SH1
DL1=CNT*(COK1%0SHI=-C1S$2%DH0~CI1C2*DHL-DHHL+CCPRCNDK2) :
QI2=CNT*{COK2*¥DHH1=-SDK2*DHHO=-COP+CDKI%OHLI+C 1S 2%0SHO-C 1C22NSHT )
Q2L =CNTR{SDK2*THC-DSHI+COKZEDHL+CDKI*DHHI —=CCP%C1C2)
W22=CNT*{CLS2%DHHO-CIC2*DHH1+CCP*¥COK 1 ~DHTI=SDK2*DSHO+CDK2%DSH1 )
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Q11=011#{1.+CONST)
C12=012#%(1,+CONST)
D21=021%(1.+CONST)
022=622%(1+CONST)

RETURN :
S11==DHH1+CCP*CDK2
S12==SNK2*DHHO+COK2*DHHI~-CCP
$21=(DHH1~CCP*CDK2) *COK 1
$22={SDK2%*DHHO~CDK2%DHH1+CCP I *CDKL

D511=0HHQ+CCP*SDK2Z
DS512==-CNK2ZXDHHO-SNK2%DHH]
DS21=CDKI*(-DS11) .
DS22=CDKIx(~-DSE2)

DKS1=DK1%%2
AL=ATAN2{SAL,CAL)

RMIN=DK] \
IFICAL.GEL0)GO TO 20
RMIN=DK1%SAL

DCR=-DK1%CAL .

TF{DK2 ¢LTWDCRIRMIN=SQRT(DKSL1 +2%DK1*DK25CAL+DK2¥NK2 )
FNT=1+{4%INT) /10
INP=FNT*DK2/RMIN

INP=2%( INP/2)

IF(INP.LT.2)INP=2

IP=1NP+1

NT=DK2/ INP

TK= .0

SX1={+0y.0)

SX2={.0,'-0)

CX1=( '.Qs 00’
CX2=(e04 .0}

5GI=-1.

DG 90 1=1,1P

D=SGI+39 .
IF{14EQal J0Ra JTaEQeIP)ID=1.
TKE=TK*TK

REK=SCRT(DOKS1+2 *DK1*TK*CAL+TKS)
CALL HANK(RK,HO4H1,0]}
SI=SIN(DK2~TK)

S2=SIN{TK)

SX1=5X1+S1%HO%D

SX2=SX2 +52%HO%D

C1==COS (DK2=TK)
C2=COS(TK}

CX1=CX1+C1%HO*D
CX2=CX2 +C2%HO*D
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90

SGI=-5G1
TK=TK+DIT
SX1=SX1%DT/%.
SX2=SX2%DT/2,
$21=521-5X1
$22=S72-SX2
€12=S124COK1%SX2
S11=S11+COKI*5X1

CX¥1=CX1*0T/2,
CX2=CX2*DT/2,
DS11=0S11+COX I1%CX1
D$12=0812+CDKI%CX2
DS21=DS21-CX1
Ns$22=NS72-CX2

INP=2%( INT/2)
IP=INP+1
JP=1P
Fil=(aliy D)
T12=1.04.0)
T21=21,0,4.0)
T22={ .0, +U)
COT=(,04.0)
RS=CABSLZS)
Yl.].:th!-O)
Yi2=(,0,4.0)
¥Y21=1e04.0)
¥Y22={.04.0}

P11=(.0,4.0)

p12=1I .O,.O) .
P2I={.04.0)

p22=‘ 30_! 00’

Rz,0

TF{AL.LT..051G0D TGO 210
ALT=AL/2,
CALT=COS(ALT).
SALT=SINMCALT) .
OCP=(DK1+NK2YXCALT
RSP={DK2- 1 IV =SALT
PHEC=ATANZ(RSP,RCP)

SgI=-1,

PH=—ALT

DRH=AL/ INP

e za0 J=l,1P

D=SGI+3.

]F(I.rﬁvl e IR o I.EQOIP}D:II

SAP=ESIN(ALT+PH)
SAM=SIN(ALT-PH)
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o

IF{PH LE SPHC)PRMAX=DKI*SAL/SAM
IF(PH.GT.PHCIPMAXY=DK2%SAL /SAP
NRX=EMAX /NP

RK= 0

iGJ==-1.

DT11={a0s.0)

DT12=‘ 001.»0,

DT21l=(s04.07

DF22=0e04a0)

OY¥11={eCy0)

NY12={ a0y}

2Y21={liy,0)

DY22={a0y.0)

OP11=(.0s.0)
NPL2={04.0)
NDPZ1=( a0y .0}
DP22=(4Ce0})

BKH1=CCP
DO 100 J=1,JP

C=SGJ+3.,

FTRF{JaFUel 0R. JoEQeJPIC=Y.
IFLJ.ERLIIGO TC 94

CALL HANKIRKsHOH1,1)
REHM]I=RK*HH1 '
CONTINUE

SK=RKXSAM/SAL
TK=RK*SAP/SAL

C1=CO%(5K)
C2=COS{OKI-5K)
S1=5IN(DKZ-TK)
S2=SIN{TK)

FUN=CHRKH1
OY11=DY11-FUN*C]%S]
NYI2=DY 12=-FIN%(1%57?
DYZ1=0DY21L+FUNZC2%5]
DYZ22=DY22+FUN#C2%*S2

S1P=—COS(DKZ~TK)
$2P=COS(TK)
DPI1=DP11-FUN=*S]1Px(C1
DP12=DP12-FUN%S2P%(]
DP21=DP21+FUN%SIP&C2
DPP2=DP22+4FUNRSZP#RC2

SGJI=-SGJ

RE=RK+D&K
TFIRS.LEL0.)GO TO 1060
SS1=SIN(SK) : '
SS2=SIN(DK1-SK )
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100

200

210

DTL1=DT11+FUN®SS 1S
NT12=DT12+FUN®SS]1#*S2
DT21=DT214FUN#SS2%51
NT22=DT22+FUNESS2%S2
CONTINUE

B=SAPENRK XD
Yil=Y11+43%DY1ll
Y12=Y12+8%0Y17?
Y21=Y21+R*¥DY21
Y22=2Y22+PB¥NY22

P1i=P11+3xDP11
P12=P12+H%x0P12
P21=P21+6%DP21
P22=P22+B*0P22

PH=PH+DPH

$Gl=-5G1

IF{RS.LF<0)IGO TO 200

T11=T11+B%DT11

Ti2=T12+R%DT12

T21=T21+8%DT721

T22=T22+B%*DT22

CONTINUE

B=DPH/G, . :
IF(RSeGT a0 ICOT={a041e ) %Z2S4DPH/L T2 HPTHSDK1*SOK2ZXSAL)
CNT=~15,/5DK1/SDK2

QIL=CNTH{CAL*{] +CONSTI®*S11+B%Y11)+CQT*T11
D12=CNTH{CAL%X (1L a+CONSTI®SE124+REYI2V4COTHTL 2
QZI=CNT*{CAL*(1 ,+CONST)®SZI+R32Y21)+C0T#T21
Q22=CNTH(CAL*{ 1 +CONST)#5224B%Y22)+COT*T22

CCT=SIN(TSK®SQRT(ERZ-14}}/SORT{ERZ-1.])

C QI1=Ql1-CNTHCCTH(ER2-1,) /FRZ¥(DS11RSAL~R*PL1*CAL/SAL)

DI2=012~CNT*CCT*{ER2-1, } /ER2X[DS12%SAL-B¥P12*CAL /SAL)
Qz21=021-CNT*CLCTH(ER2-1.)/ERZ2*{DS21%SAL-B¥P21%CAL/SAL)
022=022-CNT*CCT*(ER2-1, ) /ERP2Z¥(DS22%SAL~B¥P22%CAL/SAL)

RETURN

END

SURRDUTINE ZMM3(X1eYLsX29Y24X39Y34X43Y4,25,

ZDK1 4DK2 4 INT4PL14PL2,P21,P22)

COMPLEX HHA HHBZS HZL1 9 HZIZ4CATET14FT2,5H04HL

COMPLEX P11,P12,P21,P22,5S114512,521452247T11,T12,7T21,T722

COMPLEX EGL+E02+011+012+021,02
'CDMMGNICDA/TSKyERZ,CGNST

DIMENSION CCI(21),583¢21),CC2(21),45521(21)
DATAE FTASPI/2764T2T+314159/

S1i=le0yo0)

S512=( a0y 0}

S21l=0404,0)
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40

5§22=(404.0)
Tit={.0,y0)
112=( 009 o{))

T?1=(.04.0}

T22=1.1y.0}

DIl=t.0.a11).
Q].Z:t « 0 o0}
Qz2l=| .0,.-0)
N22={.04.0)

CPET=({X2=~X1)/DK1
SAFT={Y2-Y1}/DK1.

XAz (X3=-X1)#CRET+{Y3~YL}*ERET
XR= (X4=~X1)%RCBEET+{Y4=Y1 ) #S5ET
YAz= (X3-X1VKSEET+(YZ-Y1}*CBET
YEz—{X4=X1)}*SBET+IY4=-Y1}%CBET
CAL={XB-=XA&}/DK2
SAL={YB-YA} /DK2

RMIN=10C00,.

X=XA

Y=YA :

OX=DK2*CAL 4.

OY=DK2%SAL/ 4.

0o 40 J3=1,5%

YS=.0

R=ARSI{Y)

' IF{RQGTelaF-I‘})YS‘:Y*Y

XS5=of
XARB=ABS {X-DK1) :
TFIXAB.GT.1.E~15)X5=XAR%XAR
IF{XelTeDalR=SQRT{X%X+YS)
IF{X.GT.DKLIR=SQRTI{XS5+YS)
IF{RJLTRMINJRMIN=R
X=X+DX

Y=Y +DY
FNT=1+{4%INT) /10
15S=FNT*DK1/RMIN
[58=2%{155/2)
IF{ISS.LTa2)158=2
TFCISS5.GT.20)188=20
FES=1588 "

1S9=15¢S+1
DE=DKY1/FSS
JTT=FENT%0OKZ2 /PMIN
ITT=2%(1TT/2)
IFLITTLT.2)V1T7T=
TRIITT.GT. ZO]fTT 20
FTT=1TT

IT2=1T7TT+1
DT=DXZ/FTT
XP=,0"
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SGN'—""I&

RS=CABS(25])

JUMpP=0

ASAL=ARS(SAL)
TF(RSeLFalee2NDLASAL, LT..D4lJUMP 1
IF{JUMP.FOL1YGO TO &0

DO 50 I=1,1%Q

C=SGN+3-

TFITAEQel IR, 1.EQ. ISQIC= 1.
COI{IY=C2COS(NK1=-XP) .
SSI(E)=CASIN(DK1=XP)
CCZ{)=CkCOS{XP)
S°2{I)-L*°IN(XP)

SGN==SGH

XP=XP+D3 S

DX=DT*C AL

DY=DT®SAL

X=X A

Y=YA

-¥K=¢0

SGJ=-]1. :

COK1I=COS(DKL)

Do 200 4=1, IYC

Nz SGJ“"3-

IF(JOFQ 1 IORQ J.FQQITQ)Dzll
CTI=D*S INIDK?=TK }
CT2=D*SINITK)

CTP1=-D%COS(0K2=TK)
CTP22N*COS( TK)

XP=,0
-J-Go

YA3=ABS{Y)

IF(YAB.GTWl.E~15)YS=YARXYAR

ET].:[aOVoO,

FT22(40,.0)

HZ1=(40,y.0)

HZZ'—'(.OQ.U)‘

CRHA=SQRTIX*XN+YS)

REB=SOR T (X=0K1)%x%2+YS)

SPH=YAR /RKA+YAR/RXE
TFOSPH.LT.404 JOR. JUMPLEQ.IIGD TO 110
N0 100 1=1,18Q : '
DFLX=ARS(X~XP}

DXS=,0

TIFIDELX GT,1.F=15}DXS= DELx*nELx
RK=SORT(DXS+YS)

SPH=Y/RK

C1=CC1(T)

S1=5S1¢1)

C2=CC2(1}

§2=682(1)
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100
110

200

CALL HANKIRK ,HO:H1,1)
ET1=ET1-~Cl¥5SPHAH1
EY2=ET24C2%S5PHEHL
XP=Xp+0<
IF(RSLELCLYCO TO 100
HZ1=HZ1+S14H1%5PH
HMZ2=HZ2+S2%HT %8Pk
CONTINUE

CALL HANK(RKA HHAH1 ,0)
CALL HANK(RKE,HO3H1,0}

FQL=ETI*CALDS/230=SAL¥{ (DK 1 *HHA=HO)
EQP=ET2¥CALRDS /3 ~SAL%(COK IXHO~HHA)

Q1L=011+CTRI*EQ]L

Q12=Q12+CTP2*CQL
021=021+CTP1%EQ2
Q22=w22+CTP2%EQ2

FTL=FTI%SALEDS/3 , +CALF(COK1¥HHA-HD)
ET2=2ET2#SALADS/ 3, +CAL#*( CDK 1#HO-HHA)
S11=S11+CT1*ETY

$12=512+CT2%ET1

$21=S214CT1#ET2

§22=S22+CT2*ET2

$CJ=~$GJ

TE=TE+DT

X=X+0X

¥Y=Y+DY

[F(RS.LELQ.IGE TO 200
T11=T114CT1%H21

T1Z2=T12+CT2*HZ1

T21=T21+CT1%H22

T22=T22+LT2¥H7 2

CONT INUF

SOK1=SINM(DKT)

SDK2=STN{DKZ)
CAT==-ETAXDT /{24 %P 1XSOK1ESDK2)

CCQT={ Oy Y IRDSHEDNTHIS /T2 AP [%SDKIXSDK? Y

PLL=CST*{ 1. +CONSTI*S11+CQT*T11
P12=CS¥>{1,+CONST)I*S12+C0OT*%T12
P2l=CST*(1.+CONSTI®*S21+C0T2T21
PZ2=CST#{1.4CONST)*S2Z2+LQT*T22

COT=SIN(TSK*SORT(ER2=-1.})/SQRT{ERZ2-1,})

 CCT=CCTR(ER2~1,) JERZ

PI1=P1l1-CCT%Q11%CST
P12zP12-~CCT#0Q12%CST
P21=P21~-CCT#Q21%CST
P22=P272-CCTHQ22%CST
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55

&0

100

RETURN

END

SURROUT INE HANK(X yH,H1,1ID}

COMPLEX H,H1

DATA TSP/,63661977/

TF{X.CT.3.)}G0 TO 100 -

XIN=TSPEALOG(X/2 o)

B=00 .

Bl=

Y=a0

Y1z .0

X1=X/3,

X2=X1%X1

IF{X1elTeol)GC TO 60

Xa4=X2%X2

Xe=X2%X4

IF{X1elTea3}GD TO 55

XA=X2%X6

X10=X2%X8

X12=X2%X10

R=y 21 F=3%X12— . 39444F ~2%X10+¢4444T9E~]1 X5
Yom g 24B4bE=3%X 24,4279 16E-2%X 10—, 42612 14E~1%X8
B1=,1109F=4%X12-,21761E-3%¥X10+.443319F-2%XA
Y1= a2 78 T2E=2%X12- 4000 76F~1%X10+,3123061%X8
B=8~,3163066%X6+1.2656708%X4
Y=Y+,25300117#X6~,74350384%X4
R1=B1=-.3954280F-1%X6+.21093573%X4

Y1=Y1- ~1.3164827%X6+2.1682709%X4
B=R=2.2499997*X2+1,

Y=Y+ 60559366%X2+.36T46691+XLN%B

Bl=X*{B1-,56249985%X2+,5)

Y1l= (Y1+-2212091*X2-.6366198l/X+XLN*BI

GO TO 206

SH=SQRT(X) |

X1=3./X

X2=X1%X1

A3=X1%kX2

XH=X1#%X2

AS5-X1%X4

X6=X1%X5

Fze T T8R4 = o TTE—EXX I ~u 552 T4E=2%X2m e 95 1ZE~4%X34+ , 13723 TE-2%X4
2= T2805F=3%X5+,144T6F~3%X4

T=X=, TAE29R1 6~ 416629 TE~ 1*X1—.3°54E 4*X2+.?62573E*2*X3
2= 254125 -3%X 4~ ,29333E~ 3*x5*¢135585-3*Xﬁ

B=F*COS(T) /S

¥Y=F®SIN(T)/SW

Fza79T8R4DE+,156E~5% X1+ 165966 TE~]12X 2+, 17105F-3*X3—.2495115 —2%X4
2+ 1136530 -2%XE~-,20032F~2%X5
TEX-243561945+4,)1249948]1 28X+ ,565F~4% X2~ 637870F~ 2*X3+.743485 —-3%X4
2+.79824§”3*X5*.29166E_B*Xb :

BI1=F%COS(T)/SW

Y1=F%SIN(T}/Sw
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200 H=CMPLX{R,~-Y]}
HI=CMPLX{BL ~Y¥1)}
- RETURN
= ND )
SUBRAIVTINE CROUTICsSeICC1SYMe IWRGT1124N)
COMPLEX CHICC,ICC)511)
COMPLEX Fo,PyS5,7T
2 FORMATIIX, 115, 1F10.3,1F15.7,1F10,0)
5 FORMAT(IMOQ)
FR{IL2.N5.8YG0 TO 22
TFINGEQGLLIS(II=S{1)/C(141)
PE{N.FQL.LIGD T2 L0O
TF{TSYMUNELDIGO TG 8
N0 6 T=1eN
DO 6 JeieN
E F=C{1,1}
OO0 10 L=2.M
10 CHlaL}=C{14L)/F
N0 20 L=2yN
Lel=L-1
Do 20 l=bLN
F=C{I,.L)
DG 11 K=1,LLL
11 F=F=C(1,X)*CIH,L)
C{I,L)=F _
IFTLEGLINYGD TO 20
p=C(L'L’
IF{ISYMWEQG.OVC0D T 158
F=CiLe I}
DO 12 K=1,.LLL
12 FaF=C{L K)*C{K,s1)
ClLyl)=F/pP
GO T4 20
15 F=C(I,L)
C(L.I)=F/p
20 COMTINUE
22 0N 30 L=1,N
P=C{L,L)}
T=5{L)
IFIL.EQCL1YG0 1D 3¢
LLL=L-1
DN 26 K=1,LLL
25 T=T=C{LK)*S(K)
3¢ stLy=T/P '
PG 38 L=2,N
I=N=-L+1
II=1+1
=511}
N0 35 K=I1,N
A5 T=T=C{IKI%§{K}
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38

40

44

100

20

20

30

S(Iy=T

IF(IWR.LELD) GO TO 100
CNOR=,0

00 40 I=1,4N
SA=CABS(SII))
IF{SAGTLCNORICNDOR=5SA
IF(CNOR.LE .04 }CNOR= .
DO 44 I=1,N

- 5S8=5t1)

SA=CABS(SS}
SNOR=SA/CNOR

‘PH=,0

IF(SALGT 0 IPH=5T, 29578*ATAN2(AIMAG(SS);REAL(SS)!
WRITE(6,2)145SNORsSAyPH

WREITE(645) :

RETURN

END

SUBROUTINE VNAS(IDM,IGN,ISYM TWR IIZ,N;C,CJ,Yll’
COMPLEX C!IDM.IDM) CIl1)4v1Y

D0 20 I=14N

CJ(1)={.0,.0)

CJ{IGNY=(1.40.)

CALL CROUT(C,Cdy IDM,ISYM IHR,IIZgNl

112=2 :

Y11=CJ{ IGN}

RETURN
END

SUBROUT]NE VWAS(IA, leIDM'ISYHqIHR.IIgIQ I3, 112, J5A,JSB,MD,N,NO

2eNM, CfCJ,DvVJngl’

COMPLEX ClIBM;IDMl'CJ(I)gVJ(l),Yll '

DIMENSION IA(1), IB(I):II‘I):IZ(I);IB(I)pMD(IDM;#);ND(l)qD(IJ
AK=.0

DO 20 K= JSA;JSB

AK=AK+D (K}

DO 30 I=14N

VJ(1)=(a0y40]}

IF(JSB.GT<JSAYGO TO 200

K=J5A ‘

' DK=D(K ) |
Ve (1.-ccstox))/(AK*SIN{DK)) L

KA=TA(K) -
KB=JIB(K)

© NDK=ND (K)

DO 140 I1=1,NDK

. I=MDIK,11)

Fi=l. :
IF(KB.EQ.1211))G0D TO 136
IF(KBeEQaI1(I))FT=~l,

GO TO 140

136 [F(KALEOLI3(1))Fls=1s
140 VI(E)=VI(T)+F Iy |
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200

210

5N TN 280

KA=TA(JSA)

KB=1E(JSAY

LA=TA{JSA+1)

LB=TB(JSA+1)
IND={LA-KB)*( LB=KR)
IFtrwn FQ.0)G0 TN 210

KAz 1B(JSA)

KB=1A(JTA)

DG 250 K=JSA,JSH

DK=D (K)

V-(I»-COS(DK))/(AK*S]N(DK))

NDK=ND (K}

NN 240 TI=1,ND¥
1=MD{K,11)

Fizle ,
IF(KB.ER.120(1))60 TO 236
TF(KB.EQ.T1(I}VFI==1,

o IO 240

236
240

280
280
3200

400

100

IF‘KA'F;\'?13{I),;:i=-].G
VI(TY=VI{ 1) +F I3V
IF(K.EQ,JEBICO TO 250
La=TA{K+]1) '
LB=18{K+1}

KA=KH

KE=LA
TFILALEQLKAYKR=LA
CONTINUFE

0 300 I=1.N
CHI)=VIIT)

CALL CRQUT(C:CJ!IDH!ISYM?IWR,IlEIN)

112=2

Yllz{-01col

DO 400 I=1,.N
Yil=Y1l+VJOE}%CI{T)
RETURN

END

SURRCUTINE VMLS (1A IBaIDMeINToISYMpIWR 311512, 13,112 ,MDNgND NM,

2CaC s Dy PST s VI e XY e XSeY¥S,4Y11,:28)

COMPLEX CH{IDM,IDM)aCU({1) 4, VIIY1) Y11 4PLyP2401,4025725
DIMENSION TACL)IBGI)eI1 (1312010413 (1)

DIMENSTION MDOINMa4 T oND(LT X (L)Y {1),D(1}

"DATA ETA,TP/376,72T+6.28318/7

nC 100 T=1,yN
VJ( 1,':(90!001
CHII=(,0y.0)
DI 260 K=]1NM
KA=TA(K)}
KE=ITB(K)

CaLL CMLSIPSIvX(K&!;YIKA)vX(Kq!,Y(KB! XSe¥SsDI{K), INT,PLsP2,

Ql=7S%31
QZ=285%2
NOK=ND(¥X).
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240

300

00 240 11=1,NDK
I=MD{#, 1)

FI=1. =
IF(KRLECLIZEI)) GO TO 236
IF(KS.EQa11(1)) Fli=—l,
CICI)=CUlLY+F1*P]
VI(1I=VILT I +F[#{P1+01)

GG TO 240

IF(KALEQLI3(IY) FI==1,

CHII=CI{IV+F %P2
VI(TY=VIE)+F1%(P2+452)

CONTINUE

CALL CROUTH{CCJeIOM,15YM, JWR,I12,N)
t1p=2

YI1SCMPLXC(TP/ (4. %ETAY,0.)

DO 300 1=1,N

Y11=YE14CH I} *vJ(T)

RETURN :

END : '
SUBROUTINE CMLS(PST»X1eYLaX29Y24XSeYSeDKeINT,P1,PZ,Q1,02)
COMPLFX CSToHOH1yPLyP2481,02

NDATA ETA/376,7277

DKH=OK /254 '
NI=SPRT((XS=X1IE*x2+{YS—Y1)%%2)
D2=SART(AXS=X2 ) %&2+(YS~-Y2)#%2)

P2=( a0y o)

P1=CMPLX o5%PST/360G,904)
DI=( 04 .0)

32200y -0 -
IF{D1LLTDKHICGO TO 200
DI:(.O"G, ’
PZ=CMPLX(aS5*PS1/360e90e)
IF(D2.LTLDXHYGOD T 200
SDK=SIN{DK)

) pl:( IO" .O)

pPZ={ Oy 0}

CRET=(X2-%1) /DK
SEFET=(YZ2=Y1) /DK

XAz {XS=X1VY*CRETH(YS=Y1}*SBET
YE==(XS=X1)*SEET+{YS=Y1}*CRET
X=XA

Y=Y A

Y5Q=Y%%72

RMIN=L35(Y) ‘ ,
IFIXLlT 40 IRMINSSQRT (XXX 4+YSO)
IFIXGT W DEIRMINSSCRT((X-DK)*%24YSQ)
ENT=14 (4*INT) /10

1 SS=FNT#NK/RMIY
IF(188.LT.2)1588=2

DS=DK/1SS

XP=DS/2-
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Do o100 i=1,18%

DELX=X~XP

REK=SORT(DELX**2+Y5Q)

SPH=EY/RK

SI=SIN(LDK-XP}
2=S5TN(XPY _

CALL HARKIRK ,HO,H1;2)

P1=P1+51*H1*SPH.

Pr2=P2+52%HI%SPH

D1=01+5 %0

N2=02+52%H0

100 XP=XP+D%

CST=(eQg1le) DS/ {4 %SDK)

Pl=CST=*xpP]

P2=CST*E?

CNT=~DS/(4*ETA®SDK )

QI=CNT*g]

Q2=CNT%02

200 RFTURN
£ ND

SUBROUTINE VFF{IA, I8, INCoIDMoISYMelWR,11,12,13,112,L0P,MD, N g ND o NN
2CeC 1D EWLsCoGAINGHIS MMM g HZ Sy HZ ToPH o ECS o Vo Xo Yy ASp¥S5.25)
COMPLEX COTDOYH L HJ?pHMIvHﬁ?,HZMyHZSgHZTqZS
COMPLEX COULYoHUJL1) yHMMI L), CUIDM IDMY V(1)
COMPLFEX HU1JsHJIZJIsHIIFQ(40)

DIMENSION TA{1).1B013,11(1),12(1),1301},MD{IDM,4)
DIMENSTION NDOL) o X(13,Y11)oD(1

CUOMPLEX CONPH

COMMON/COR/CONPH

COMMON/COA/TSKSERZHyCONST

DATA FTA;TP/3T6.T2T+6.2R31A/7
COT=1.414214%ETA%CMPLYllas~10)

ITF{ISYMNEOIDQT= CQT*CU\JG!ZS?/?S

FCS=.0

PHR=,017453340H

CPH=LOS5{PHRE)

SPH=SIN{PHMR)

DO 232 T=1eN

HJJEGL ) =( eOy «0)

MIJUEY =t ,04.0)

232 HMM(1)=(,0,440)

D0 Z50 K=1lgNM

Ka=T1A1iK)

KBE=TR(K)

CALL CFF(X{EA),Y(KA},XIK%).Y(KP}qD(KI

2y CPHSPH,ZS,HIL,HIZ, HMLsHMZ2 ,HI13,HI2J1}

NOK=ND{K}

BE 250 11=1¢NDK

I=MD{K,11)

Fl=1.
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oy
(B8]
o

2590

2h0
265

270

360

400

IFIKB.EQ12{1)}GD TO 236
IFIKPLJEQLILL{I)}IFI=~],

HAD D =HIJUL Y+ FT AR

HMM{ I =HMMU ] )+ FI%HM]
HAJEQUTII=HJIJEQUI Y +FI*HI1 Y

GO T2 250

TRFEKALEQLIZ(I))FI==-1.
HIJET) =Rgd (T +FIxngz

HMMA{ 1) =HMM{ ] )+FI®HM2 -

HAJEQUT I=HJIJFEQU T +FI%¥HU2 U

CONTINUE

IFCINCLLELC)GO TO 270

DO 260 T=1.N

CHII=CQT*HII(])

VI(II=CJI(T)

TRUISYM O NELOIVID) =V I ) =-DETHHMM(])
CALL CPDUT(CuCJ,IDM,ISYM,IWF,Il?,N)
112=2

DG 265 1=14N
ECS=ECS+REALIVILLI*CONIGICILTI)))
FCS=ECS/ETA

qu {00100,

DO 260 I=1,N

HZS= HZ°+CJ{11*(HJJ(IJ+HMM(I)i+CJ(I)*(CDNPH*HJJ(I}+HJJFQII}l
HAB=CARS(HZIS) :
TF{LOP«FQa&4 ) EWL= TP*HAB*HA%

HZIT=HIS

IF(LOP.NEL3IGO TO 400
PSI=XS#CPH+YS%SPH
HZM=CMPLX{CNSIPST},SIN(PST ) ) _
HIM=z={ 1l es 1 ) ¥HIM/ (2% 1441421 4%ETA)
HZT=HZS+HIM

HAB=CARS(HZT)

TFOLOP LT, 4)GATV—TP*ETA*HAB*HAB/G

RETURN
SN
SUBROUTINE CFF(XA,YA,XS, YR,DK.CPH.SPH,ZS.HJl,HJz.HM1 HM2 o

2HJIL I HIZ2J)

COMPLEX BJAZEJIRZCST 2SSy HIL4HIZ JHML JHM2
COMPLEX ElsF24CSTIGPHASE yFB1,FR2,HJIII,HIZY
COMPLEX CONPH

COMMAON/CNR/CONPH
COMMON/CODA/TSK,ER2,CONST.

DATA ETALPLI/3T6.727, 3.14159/
Cr=(XR=XA) /DK

CR={YR=YA) /DK

G=CA¥*CPH+CBESPH

C=CRAXCPH-CA%SPH

GK=Pia2

A=X AXCPH+YA*SPH

B=XB*CPH+YR¥CPH
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250

280

300

cC

400

EJA=CMPLYX(COS(A) 4 SINIA))
FJI3=CHMPLX{COS(B) :SIN(E))

SPK=SINIDK)

COK=COS (D)

TFICK.LT.C01)GO TO 250
CST=CMPLY(1ayle} /ac¥PIESDKF] . 414214%GK)
HML=CST*[EJA=IMPLX{COK, G SDK )Y ~EJR)
HM2=CSTH(ESRACMPLX{COK s —G2SDKI-FJA}

Gt T 200 : '
CST=CMPLYX(~1.aslal /7{B.%P1*%1.4614214%5DK}
IF(C.LT. 0160 TU 280

HMI=CSTH (DK*EJB~SDK*EJA)
HM2=CSTRISDK*EIB~DK*RETA)

GG TD 240

HM] =CET*(SDREEJA=DK*E B )

MM2=CSTH (DK*XEJA=SOKOEEJB )

‘HJl=P#HM]

HI2=PRHM2

HMl==2S*HBM1/ETA

HM2==2S*HM2/FTA

D=TSK/2./P1

E1=(MPLXY(5%D,.0)

EZ-‘»CMDLX{—NS*[T; IU)

SP=2 %P I*(SQRT{FRZ2-1.)+8)

SM=2,,*P [#(SORT(ERZ~1,}-P)

SEP=SINISPxD)

CSP=CRS{SP*D)

SEM=CIN{SM®D)

CsM=COs(SM%D)
IF(SPeGTa0a001)825( 09 =St *{CMPLX(CSP =SSP} =1.1/SP
IF(SM.GT 0,001 1F1={o0s—oS) ¥ {CMPLX(CSM,; SSME~1,)/5M
PHASE=FE1-T2 _

CONPH={ o0l ) *(ER2-1.}/ER2¥(~E1~E2)
IFIGKLGTLC001G0 TO 500

FBl= 5% (DK*EJA+SDOK*EJRI%PHASE

FR2= 5% (DK*F JR+SOK*E JA ) RPHASE

GO TN 400

CONTINUE

FEI=PHASE# [CMPLX (L0 2GIFEJE+CMPLX(SDK 3 ~CHCDKI#FJA)
FRZ=PHASEX{CMPLX{ 0yGIREJA-CMPL X (SDK (GACDX} ¥EJR )
CONTINUE

STI=CMPLX(1 451} /{4 . %PI%SDEXY ,414214)

1F(GKe6Tee0C1)
2CSTU=CMPLXI(T 4 plo) /(4 4P TI#SDK%] 041421 4%GK)

D=1,

HJILJ=00%CSTIX (ERZ=14 } /EF 246G (~FB1)
HJZJ=00%CSTI* (ER2=1, ) /ERDXCH (~FB2)
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ccC

100

RETURN

END

SUBRQUTINE CS[RF(CMM;FMCqTKqZﬂ)
COMPLEX ETAWR,ZS+ETBT

DATA EoFTAD TP U/ RabBS433F~1243T64727+6e28318,172.5664F =7/
ALPH=SQRT(TPxrMCHURIMM/ 2, ) %] . E6
SQT=SCRTUTIPHFMCHU/( 2. %0 HMM))
FTA=CMPLX{SQT,S50T)
TAT=2.%TK#SQRT(CMM/ (2 J%EXTP*FMC) )
2E5=ETA

IF(TAT.CT.H.)GD O 100
ETAT=EXP(~-TAT)
ETBT=CMPLX(COSITATY =S1IN{TAT))
R=ETATH*ETET#(FTAO-ETA)/(ETAQG+FTA)
5= FTA*(1.+R’/(lc-Rl

RETURN

END
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9g
333

APPENDIX D
COMPUTER PROGRAMS FOR RADIATION AND SCATTERING
FROM PERFECTLY-CONDUCTING PLATES

DIMENSTON CU31) oNN{40) oMM {4C)
COMPLEX ZA40,40) 3711042123755 ,714
COMPLEX VASVEsVC oVD s VTA VTR VPALYPB,FST
COMPLEXY VTLAO) s VP(40) ETI40) ,EP(40)
1OM=40

Pil=3.141592

TP=2 ,%p1

RFADI® ;98 ZKL o TK g NS, NMAX , NW
FORMATI?F10.443110)

CANTINUE

IL=FKL/P]

TH=TK%TP

NZ=NW

CaLe fIMWC(VMAX;CI

NP=NS—]

NZS=NZ~1

MONE S=NW#*NZ S

MONET=2%MODES

AL=7L%2 /N7

HL= AL/NS

DWL=ZL /N2

DOW=DWL/ (NMAX=-1}

00 11 K=1,hW

DG 11 L=1l.NZS

1122004040}

NI=K+{L-1)%NK

oD 30 1i=1,1

YI=DDWE{ JI-1}%TF

Y?=Yv1

Y3=Y1

N0 R0 JJI=1,NMAX
DI=ATANZ{NWLs1a414) 7{NMAX~1)
CC=C(JJ)

TH"DT*(JJ -11

DV=1.614%DWL/ {NMAX~1)
VEDVE(JS=1 1+ {K=2)%0.T07%0WL
YA=VHTPx],.614
IF(KEQC.1.AND, LLLE.3) YA= TAN(1H}*TP*1 414
YE=YA

YC=Ys

ZH1={0.040e0)

D0 10 I=1,NP
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LIz=AL%N,5+HL¥]

FI=COS(RIXZT/4L)

Z1=(-2L#*0,5+(I~1)%HL)*TP

L2=Z1+HLETP

22=Z724+MLETP

TJI=—al %0 B4l %y

FU=COS(Z4%PE/AL)

IA={=ZL%0 B+ {0=1 ) HL)*TP+{L-1)*Z2L2TP/NZ

FHR=7 A+HL*Tp

IC=7HB+HL%TP

Z55=713{ T, YK,TK’YI'YZ'YB 21722 ZB,.G,.O,QO,YA,YB,YC,2A,ZF"EC1
SHFIEF 4

211=211+75%5%

10 ConNTINUE

CL=K*DWL -1 ,414%V

TREV L T (K=1) %20, 707%0WL) CL=1,414% V= (K=2}%DWL

FF{K NS 1) 2125212421 1%CCDV*CEL

TR{KWEQal dAND L «GT23) 212=27124211%CCADVECL o
JFIK e EQel adAMD el ol Fa2) Z12=72124Z11%COADTE(TIWL~] & 14RTANITHI) /

2ICOS(THIXCOS(TH))
30 CONT INUF
CK=2 4
IR F el s AND L LLLEL3) CK=zg,
Z{L N1} =Z12%CK%X0.707/3, J{DWL*DWL}
11 CONTINUE
00 40 M=1,NZS
N0 40 NzioNW
I =N+ (M=1) %MW
MM(])=Mm=]
MN(I)=N-1
40 CONTINUE
- D01 I=1,MODES
DO 1 J=1,MODFS
NI=TARS(MM(J)=MM(]}}
=FABS(NN(JI=NN(]))
DO Z M=1,MZS
DO 2 N=1,NW
NI=N+(M=1)%NW
TF(NLoFD o M=1 o AND JN2 . EQeN=1) GG TO 3
CONTINUE
CONTINYE
TUV1ed)=Z(1,NI1}
1 CONTINUE
DO 33 I=1.MODFES
00 33 J=] MODES
I1=1+MO0FS '
JI=J+MONES
33 ZUII4400=2(1,J)
C THIS PART FDR (ROSS~COUPLING

[SS RN ]
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NMA X =3
DOW=NWL / {NMAX~1)
CALL SIMWCI{NMAX,C)
N 22 K=1,NW
D 22 L=1yNZS
NIz +{L-1)%Ny
NN 22 Mzl aNW
nO 22 N=l,MNZE
NJ=M+{N=1)%NW+MODES
T12={0C. 00, 0)
G O21 IT=1.NMAX
ci=c(in
X1=TK
X2=TK
X3=TK
Y1=0DWH (11-1)%TP+{K=1 ) #DWL*TP
Yyzz¥l
YizY1
DO 31 JJI=1,NMAX
CI=C{JII)
XA=0 0
XE=(ia0
XC=0 .0 |
IA=TPH*{7L-DOWR{JJ=1)={M=1)%0KL)
IB=1A
2C=274
211={a0,0C.0)
NC 32 T=1,NP
2T==0 5% AL+HL ]
FI=CNS{ZI*PI/AL)
T1=fI=1 3 4HL# TP+ (L1 )2TPRZL/INT
72=7 L+HLATP '
23=224HL*TP
NG A2 J=1,NP
7US =0 BxAL+HLA]
FUsCOS{zJ%P1/AL)
Ya= (=1 ) RHLRXTP+ (N=1)}%*TP*ZL /N7
YEB=YA+HL%*TP
YC=YE+HL*TP :
2 S sl T XL e X2 X2 e Y g YZ oY 202 022423 9 X A XB o XCo¥AsYRYC o ZA,Z2R,720 )
2HFI%RF
211=75S+711
37 CONTINUE
Z12=Z212+7211%C1%CJ
31 COMTINUF .
ZAMT NIV =21 2% 0DWENDW/ {OWLADWL ) /{3 %% 2)
WRITE(O:9G) NIGNJIyZINIeNI)
99 FORMAT(2110y2F1Ce4)
22 CONTINUF : :
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C THIS PART FIND THE VOLTAGES
NMAX=1R '
CALL SIMWC(INMAX,C)
DDW=DWL/{NMAX=1)
1HI=90«
PHI=0,0
ino CONTINYE ,

CCTHISCOS(THI*PI/1R0,)
STHI=CIN{THIZPT /1E0,)
CPHI=CNSIPHI*PI/Z180,)
SPHI=SINIPHI*PI/1R0,)

D0 51 K=1 N
D BL L=1,N2S
NIzK+L=1)*NKW

CNJ=NI+MANES

VTINII=(0.,040.0)

VAS (GO 90 al)

VC=({(a0y0a0)

N0 52 Ti=1yeNMAX

CI=C{11)

X1=0.

X2=0, _

Y1=0DWH{ I I-1)*TP+(K-1)%DWL=TP

yZ2=Y1 _

ZAZTPH{ZL-DOWH{ IT-1)—{L-1)1¥DWL)

ZR=Z7 A ‘

VO (Qe 0y 000

VR=(GaligeO)

0N 53 [=1,NP

ZI=—0.5%AL+HL*]

El=COS{Z21%Pj/AL)

Z1= 1 T1=1 VAL ¥TP+ (L1 ) %TP%RZ/NZ

12=Z1+HL%TP '

YA={[=1 ) %HL*TP+(K~1)RTPHZL/NT

YRzYA+HL*TP

CALL ZFFOUX 1YLl sZ19X29Y¥24223HL*TP4CTHT ,STHILCPHI 4SPHIVTA,VPA)

CALL ZFFD(X] oYA3ZA X2 YB4ZB yHLATPyCTHI 4 STHI CPHT 4 SPHI ,VTIB,VPR)

VR=VB+VTAXE] o '

VN=VD+VTHXF]

CONTINUF

VESVL+HVDRDDWRC |

VASVA+VERDD W |

CONT INUE

FTINTI)=VAZZ./DHL

ETINJ)=VO/3 e /DWL ‘

VI(NI)=FETI{NIY/CMPLX(CL.0,=60,%P1)

VTINSY=ETINS) /CMPLX (00 =60.%P 1)

$1 CONTINUE . : _

IF {PHI .FQ. 0.0} CALL CROUT(Z+VTyMODETIDM,0,1,1)
IF {PHI oFUe 454) CALL CROUT(Z,VT,MODET,10M,0,1,2)

EST=(0,040.01}
00 123 I=14MODET
FST=FST+ET{1)%VT(1]}

p
L

[%)]
~
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123 CONTINUF

ESTA=CAES{EST)

ESTP= ATQR/(QIM&G(rST]VRFALQLST?)*IBO /P11

CIG=4 ¥PIxESTAXFSTA ‘
WRITE{G6,124) ZU ¢SIGLESTALESTP

124 FORMAT{ %X 44F10a4)

PHI=PH]I+45,.0
IF {PHI &LE@ 45.0) GO TO 100
IXL=7KL+0.

CND

COMPLFX FUQCTIGV IMN{DL oML, SL)

REAL LeLEsLL

F=6.,2831R852

D=0L

L=HL

LE=HL

HC=SL

SLE=3%LF

HZARS(HO)Y~L

LL=LF

HPL=H+L L

HP2L=H+ 2 O%L L

HP3L=M+3 0% L L

HML =H=L L

SHEL=SIN(ELE}

CRL=COS{BLE)

SBH=SIN(R*H)

CRH=COS 5%k}

SHHML =S IN(8%HML}

CBHML=COS(ExHML )

SBHPL=S IN(B®xHPL}

CEHPL=COS(B2HPL)

SBHPZL =S IN(BEFHP2L}

CBHPZL=CUOS{BAHP 2L}

SHHPAL=SIN{(a*HP2L)

CRHPZL=COS{B*MHP3L)
TEMDZSQRTID*D*H*H}TH

WI=AXO*D/TEMP

HIizBxTEMP

TEMP=SART (DD +HML*HML) +HML

UO=3%TEMP

VO=3%D%0/TEMP
TEMPSQRT{DAD+HPLHHPLY+HPL

U2=8#TEMP

V3=R%D*D/TEMD

TFMP=SQRT (DD +HP2LEHP2L ) +HP2L

UZ2=BED*D/TFEMP

VZ2=R*TEMP

TEMP= SQPT{U#Q+HP?L*HP3LT+HP?L

HL=axDkD/TEMP

VamOxTEMP

CALL SICI (SIUD,CIUO,.UQ)

CALL SICI ¢SIUL.CIU1l,U1)

CALL SICT {SIVZ2.,CIVZ,V2])
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80

G0

g

3

CALL SICI (SI1V4,CIVa,val

CALL SICT (SIv3,clu3,us)

IF (DelEaCa0} GIT TON &0

CALL SICY {(STVILCIViavl)

CCALL SICT (SIVO,CIVa,vo)

CAaLL SIC] 1S1V2,C0Iva,v2)

CALL SICTI (S5IUZ,Cluz,u2)

CALL SICI (5104,0I04,04)

R=] 8,0 (CEHMLF{CTUD+C IVO-CIUI-CIV])~ SBHML¥(~STUO+SIVO4SIUI-STVI )+
FRHPLH(2 o%kC IV 42 ,#C1U3-CIU2=CIV2~CIU1~CIV1)+SRHPL *(~ ~SIV3a+SiUuz+5iU2-
«SIV?—°1UI+RJV1+SIU3 =STV3)+CEHPRLA(~CIUZ=-CIVZ+CIUG+C IVAI+SRHPALH(S]

GU=SIVI=S U4+ SIVe ) +2  xCRULKCRMHE(~CIV ]~ “CIUL+CIVEFCIURY 42, %CRL *SBH*{
SSIVI-STULI-SIVA+SIURY+2, FCBL*CEHPZLHE(CTVA+CTUI-ClUZ2-CIVZI 42 ,3CRL*SR
EHP2 L * (-5 VRS TUR+STUZ-STIVE))

X=] B 0% (CEHML * {~STUD=-SIVO+STULI+SIVI}=SBHMLE(~CIUO+CIVO+CIUI-CIVY] +
ZCHHPL*{-2.*SIV3“2.*SIUB+SIU2+S[V2+SIU1+SIV1I+SBHPL*(*2.* CIVZ242.%L
3IU3+CIU2—EIV2~61U1+CIV1)+CBHP3L*(SIU2+SIV2-SIU4—SIVAI+SEHP3L*(CIU2
4=CIV2-CIUL+CIVAY+2 ACBLACAHH (STV1+STULI-SIV3-SIU3) + «¥CBLA*SRHR{C 1Y
S1-C1UY~CIVR+CTUZI+2, *CRL*FFHPEL*(-SIV3wSIU3+SIU2+91V2i+? YCEL®SEHP
2L (~CIVI+CIUZ+CTIU2-CIVZY)

G0 10 90

CONTINUFE _

R=15.0*{CBHML*!C}U0~C1U1+ALUG{H FHMLU ) )+ SRHML A (STUO-STUL)+SBHPL*

2 (Z2*STUZ =5IV2-SIUL)+CBHPL%:(2 ., 2CIU3- ~CIVZ-CIUL+ALOG(HP2L /HPL)+
JALOGIH /hPL))-FCI-‘*?—F’Bl.’i‘{(Z]\M—Cl'«Q’f,"'H!kLC]G(HF’?_'LJi'HF'E»L!}-r-QHHP.ﬁL”‘f'?I\"’fs\-‘u‘»!‘«l"J
4 )+ 24 HCEL¥CEBHA{CIUR-CIUL+ALOGIH THPLYY+2. *CBL*S“H*{SIU?-‘IUll +
Ho2. *CHL*CQszL*(C1U3—CIV¢+ALDG(HP2L/HPL))+2 *CRLA*SAHPZLE{SIU3~

A SIVZ2))

A=z=15, O*(CEH#L*(S]Ul SlUU}+SPHML*fCIUO CIU1+ALDG(HML/H Jh+CRHPL=
€ ASIV2+STUL~2 4% STUR )+ SHHPL #( 2,3 CIU3-CIVZ2-CIUI+ALNGIHPL/HP2L) +
FALOGIHPL/H ) )+COHPAL*(SIV2- QIV&HS"HPBL*(CIW«—CIV"+AL0G(HP?L/H92L)

4) 42, XCBLECRHE(STUL-STUZ )42 *CBLESRH*(CIUZ-CIUL+ALOG (HPL/H Y142 ,.%CR
EL#CRHP2L*{STIV2=STUI I+ 2 %CRL¥SANP2L#(CI U3~ CIV2+5LHG(HPL/HPELl)i

IMN=CMPLX (R4 X)L S 5L*58L)

RETLICN

END ‘

SURRDUTINTE SICI(SILCI4X)

I=ART{X)

I1F12=4,0)14144

Y={4.C}—Z )*“’?.(“"'Z}

Sl==1.57NT7OTED

TF1 21242432

£Ll==-1,0F3¢

h:TUQN

S1=X¥{{(((1e7B2101E=-9%Y+] ,REL9R88E-T)%Y4+], ?741635*%)*Y+é QRGREQE ~4 )
?#Y+1 SHLBRZ2FE=2)%Y+4 . 395509F=-14S1/X)

Cl=l{5.7T2156E~1+ALOGUZ I/ 2=2%0 ({1 {1. ABEYRSL-10%Y+], 5840965 ~8)=%y
P41, T20 T8 2FE- LYFY 1. 1859996 -4)%Y+4, 990920Fw“)*Y+1-315308F ~11)¥%7 .

RETUSN

121



4 S1=SiIN(2)
L y=LOst2)
224,077
Ul { (o DaBOOOE-A%Z =2 279143 F=2)%7+5 5100 T0F =21 %2 =T, 261642E=2)
I+ L B TTIOF =2 ) %] -3.332510F-3)%2~2.231461T7F-2)1%7~1,1340C58F =827
24625001162 )%7+2,.5039089E-10
Vel (Ll (( =5, 1CRa90F~2*7 472 8191 7GF-2)%7~& 53 T283F~2) %7
Z+Te902034E=2 1 #7444 004 6E~2} %7 =T ,G45556FE-3) %242, 60129302 V%7
23, THAD00E=G ) ¥ =3 ,122418F~2) %7~ .64644 1 E=T) 2742 5000008~
CI=Z%{S Pxy-Yx|)
Siz=2%{S1%U+Y%RV)
IF{X)5,646

5 §1==3,141593E0~ST

S L%

10

11

12

15

20
22

& RFTURN

END
SURROUTING CROUT{C,SeNgIDM, ISYH®, 1WR,112)
COMPLEX C(lﬁMgIDM)qS‘IDMJ

COMPLEX F PSS, T .
FORMAT({1X3115,1F1Ce3slF15.7¢1F10.0)
FORMAT(1HD)

FRET12MELLIGD T 22
TRINLEQ.DIE{1)=S{1)/CM1: 1)

[IFINGEQGLYGE TO 1G0
IF{ISYM NEL QNGO TO 8
DD 6 I=1.% '
nn & J=14¢N

ClIe 1)=C11,d)

CONT INUF

CONTINUE

F=C{1l,1)
Cllet)=Cl1,L}/F

D0 20 L=24N

Lit=L-1

DR 20 T=LeN

F=C(IsL)

D0 11 ¥=1,.0LLL
FaF=ClIX)*CiK,L)
Cl{lsL)=F

IFIL.ER.1)G0 TO 20
P=CUlL,t) ‘
IFUISYM.EC,0)GO TO 1%
F=C{Ls1)

DO 12 K=1,LLL
FeF=C{LsK)*C(K,y1)
ClLy1)=F/P
GO TO 24

F=C(IrL)-

Ci{L, 1) =F/pP

CONTINUE

CONTINUF
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25
30

35
38

40

VA

100

DO 30 L=lyN-

P=C(L,L)

T=5(L)

IF(L.EQ.L1IGO TO 30
Lit={ -}

N 25 K=1,LLL
T=T—C({LyKI®S5{K)
S{L)=T/p

DO 38 L=2,N

I=N-L+1

II1=1+1

T=S¢(1)

DD 38 K=lI4N
T=T=C(I4K)*S(K)

S{I1)=1 .
TFITWRGLE ) GO TO 100
CNOR=,0 - '
DO 40 TI=1.NM
SA=CABS{S(I})

IF(Sk.GT. CNDR)ChﬁR=SA
CONT INUE

ITF{CNOR JLE. Oo)CNDR 1,
D0 44 1=1,8

SS=S4{1)

SA=CARS (S5)

SNOR = SA/CNOR

PH—-.ﬁ

TF{SALGT0u) PH= 57, QSTG*ATANE(AIMAG(SS’qREAL(SS))
WRITE(A 42 14SNDORWSALPH
CONTINUE

WRITE(G,5)

CONTINUE -

RFTURN

FND

COMPLFYX FUNCTION ZIJ(leK21X3QY1vY?sY3721¢2212 s XA g XB ¢XC o YA YBLYC,
22As2ZB420) ‘ _
COMPLEX P11,P1Z,P21,P22

CCOMPLEX 011,012,Q21,Q22

COMPLEX S1145129521,522
COMPLEX P11,R12,R21,4R22

AK=0.005%2,0%3,141562

INT=0

D12=SORTI(X1-XZ)#(X1=X2) +{Y1=Y2)%(Y1=Y2)+{Z1~Z2)1%(21=22})
D23=SERT{(X2-X31H{X2=X2) + (Y2-Y3)*(Y2=Y3)+(Z2-73) ¥{22~22))
DAB=SORT( (XA=XB)*{XA=XB)+(YA-YB) % (YA~YB)+(ZA-ZB)*{ZA-1E})
DCB=SART{{XC = xei*(xc—xe1+(vc—vs)*1vc—vei+¢zc ~ZR)*(Z2C~ZB))
€N12=C0S(D12) |

SDL2=SIN(D12)

(D23=C0S(D23)

SO23=5IN(D23)

CDAR=COS(DAR)

SDAB=S IN(DAE)

123



200

CDCR=CNS{L{R)

SOCE=SIN(DCR) ‘

CaLL IG5 (levleIVXAwY2e227XAvYA92ﬂ XBoYBoZR AK@HlE¢CD12ﬁ‘UlZv
DBy SDAR,INTPI1P12:P21,P22) 7
CALL ZGSIX1eY122YeX24Y2422, XBeYBoZIB o XC YO ZC o AKs D12, CHL2,5NY7,
ERCRSDCR,INT Q11,012,021 4022)

CALL 2ZGS({XZ2.Y2:229X3:Y34:22, XBo YA ZAsXB YR IR s AK, 23,0232, 5023,
LDAq'SDAPqINT9?111R129R21v94 )

CALL ZGL(XZ29Y2 912 eX24Y2 9239 XBoYBpZByXCoYCoZC oAK,DI23,C023,8023,

ZDCRvSDﬂﬁelNTeSllelZySZleZZ)

Z1J=P22+Q214+R12+511

RETUKN

END

SURRCIITINF SIMRWCINMAX,C)

DIMENSION C{31)

DO Y N=TsNMEX

ANN=FLOAT (N}

NN=N/Z

TT-‘—XNN/;is

DIE=TT—-FLUAT (NN)

NC=2

IF(DIF@FD&(‘Q, N(::‘f

LFINJEQ 1. ORNLEQsNMAX)Y NC=1

CINI=NC

CONTINUE

RETURN

END

StRROUT INE ZFFD(XAqYAglAqXB;YﬁizB D CTHQSTH CPHQSPHQETQLP,

COMPLEX ET:FP,ES, EJAZEJR .

AR =XB XA

Y AR=YB=-YA

ZAR=7R-748

Ca=XAR/D

CE=YAR/D

COG=ZAB/D

G={CARXCPH+CE*SPH)*STH4CERCTH

GE=1.=G*G

ET=‘0.0'O¢ﬁ] . '

FP={0.040.0)

IF{GKLT 0,001} GG TG 200

B=XBESTHRCPH+YRASTHRXSPH+ZBRCTH

EJa=CMPLXICOSERY ¢SINIHY)

SKEN=SIN(N)

CKD=COs{D)

CEN=C0S(C*D)

ES=60,. G*(.0,lm}*EJB*(fKD~CGD)/SKD/FK

T A CARCPH+CRXSPHY XL TH-CG*STH
=-CAXSPH+CB®CPH

FT=FS*T

EpP=FS%p

CONTINUY

RETURN

END
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SUBROUT INFE ZGS{XA,YA,ZA.XB,YB,-ZB.Xl,Yl,ZI;XE.'Y2,22,AK9
s CDS s SO DT ST T INT P11 ,P12,P21,P22) . '
CUMPLEX C@T,FJI’EJZ,EJA,FJBgFRI,ERZ,ETI,ETZ;PII:PIZQPZInPZZqGAM
COMPLEY SGDS,SGRT :
DATA CTALGAMGPI/3TE4T2T el a0slel 3141659/
Ca={X2-X1)/DT

CR=({Y2-Y1)/0T

CH=(22~21)/D7

CAS=(XR=XA) /DS

CRS=(YR~YA) /DS

CGS=(Z2B=-2AY/DS

CC=CA%CAS+CBHCBS+{C¥(GS
ITFCARSICO) BT 0.99T)IGO TO 200
SZ={X1=XA)*¥CAS+(YL~YA)SCBS+{Z1-ZA)%*(CGS
IF(INT.FQ.QIGD TC 300

LGNS=C0S

SCRS=CMPLY L. 04SDS)

SGOT=CMPLY(.0,50T)

INS=2%{ INT/2)

TFUINSaLTL2YINS=?

IP= INS+1 :

DELT=DT/INS

T=.0

NSZ=CC*DELT

Pli=(.0,4.0)

P122(40y.0)

P21=‘a0990’

P22=(.,04.0)

AKS=AK*AK

SGN==1, :

NC 100 IN=1,.1P

Z121=51

2Z2=87-N¢%

XXZ=X1+TxCA=XA=S52%CAS
YYZ=Y1+T1#C8~YA~SZHCBS
TZ2=21+TH(CG-28-52%CGS

AR FELVEL S FELYEFSNES Y]
RI=SORT(RS+ZZ1%%*2)
CEJACMPLX(COS(RI)=SINIRL) )

EJ1=FJA/RL

?2=SQQT(QS+ZZZ**ZI ) ‘
FUB=CMPLXICOSIRZ)Y ,,~SINIR2))

EJ2=EJB/R2. |
ERI=EJAXSGOS+IZ1%FJY%CCDS-272%E)2
ERZ=mEJB¥CNS+Z72%EI2*CGNS~221%F 3]
Fale=,0 . . )
TFURSoGT AKSYFACZ(CAXXXZ+CR¥YYZ4CG¥222Z) /RS
ETI=CC#(EJ2~-FJ1*CGDS) +FACHER]
ETZ2=CC¥{EJI-EJ2¥CGDS)+FACRER?2

C=3,+SGN ‘

FEUINGEGLY DR, IMlEQ&IP}C=ll :
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Cl=CaSIN(OT~ 1)
Cr=CHST4N(T)

P11=P11+ET1%C1

PI2=Pl2+ET1%L 2

P21=P21+FT2#(1 .

PI2=PR2+ET2R(C2

T=T+DELT

$72=52+NS2

100 SGN=~SGN
CST=—{ a0 L) RETARDELT /(126 *vl*saos*ﬂGnTﬂ
P11=CST*PL1
P12=C5T*P12
P21=CST%P 1
P22=CST*p22
R FTURN .

200 SZ1={X1-XA)XCAS+(Y1l- YA)*CF“+(ZL ZAYECGS
RHL=SORT((X1=XA~SZ1¥CAS) %2+ (Y1=-YA~SZLI%*CRS)%%24(71-2A~S714C0S)%%2)
$22=SZ1+0T*CC
RHZ=SORTUAXN2=XA=SZZACAS)#* 24 (Y2 -YA-S222 B 4% D0 ( 22-ZA-S7 2300 S %%2)
DK ={eH1+RH2 )Y /2,

TE{DDK LT AKIDDK = AK

CALL ZGMMLD4DS,521,822,N0K, Cd§v5n39591v]099119P1?9P2] P22}
RETURN

300 $S=50RT{1,,-CC*CC)

CAD={CGS*CR-CRE%CE) 2€5

CPL={CASHCO-CGSHCA) /5SS

CGD=(CES*CA-CASHCR)/SS
DK={X1-XA)#CAD+{Y1-YA)*CBD+(Z1=ZA)%CGCD

DK=ABS(IK)

TF(DK LT AK)DK=AK

X7=XA+S7Z%(AS

YZ=YA+S2%CRS

TL=22+S7XCGS

XPl=X1=-DK%CAD

YPL=Y1-DK*CED

ZPL=21~DK*CED

CAP=CRS*COD-CESHCED

CPP=CGSECAD~CASRCED

CGP=CAS®CBL-CRS*CAD

PI=CAP®(XP1-XZ)+CEP%(YP]l~- YZ)+CGP*(ZP1 7}

T1=P1/S¢<

S1=T1#( (=57

CALL ZGMM(SI¢51+D§v¥1,T1+DT’DKyCD 2SDS eSDTLCL,P1I,PI2,P21,P22)
R ETURN

£ N

SUBRDUTINE EXPJI{V1,VZ2sW12)

COMPLEX FCoF159SeToUCsVC V1 aV2,W1i2¢2

DIMENSTON VIZ21),Wi21),D(16),E(16)

CATA V/  0.,22284667F 00,
20.118RO32IE 0140.29927363F 01,0,57751426F 01,0,9R8374674E ©1,
c0159826T4F 02,0.93307812F~01,0.49269174E 00,0.12155954F 01,

CZEIILGEE 01y 0e3EETE22TE 0190.54253364E 01,0.,75659162F 01,

20.10120228E 0250,13130262F 0240.16654408F 02,0.20776479F 02,
20425623694 02,0,31407519E 02,0.38530483F 02,0.428026086E 02/
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10

15

20

30

31

40

NATA W/ (. 45R%6460E 00,

204170006835 G040« L1337338E 00401039919 TE~014C,70

26101T72CE~03,

ZDWBGECLTIIF-0F 4021 B23487E 004,0.34221017E 00,0,263202758F 06,
Z0.12642582F OG.G.&OZOb&éSF*Ol10-856387785-02vD.l?lZ#Bth—DZv
20,111674640E=03,0.645%026TE=0540,22263169E-06,0.422T7T4304F=0R,
20.3%218973 F 1640145651528 ~1290e14830270F=1540,16005949F~ 1°I

02y Ge11254744F
D3y =0, 6E848T854FC
01,
01/
02y ColT9492726F
D2y D14696T21F
02y
01/

0.B165T768TE

0.79T296R1E

07,
OZ
01,

G2y
(3,

01,

DATA [/ chga«42r 02y

7 Ca ?44115685 1m0 414315T6E 03,4-0,787F4329F
2 0,16G21761F 93'—9.238621959 (33~0500946K8TE
2 0.12254TTEFE 024~0,101619T6F (024-0.,47219591F
2~0,210698T4t (2, 0.22044490F (0l; Q.8972B244E
DATA E/ Qe2l1102107E 02,

2=0,3T95GTBTF 03,-0.GT489220F 02, 0.,12900672F
2=0.12910931F 03,-0.557058574F 03y 0.13524801F
2 0,17T94952RF 024-0,32981014F 00, 0.3102BB26F
? 0.22234961E 02y (439124892F 02y 0.81636799F
1=v1 : :

DO 100 JiM=1,2

X=REAL(2)

Y=AIMAG(Z)

515=(00t-6’

AB=CABS{Z)

TFLARLELLOLIGD TG 90

IFIXaGFeOe +AND. ABLGTL10.)CED TOQ 80
YA=ABSLY)

IF(XeLE+Qe «ANDe YA.GTL10.)G0 TO 80

TR Y A X s F a1l T a5 e DR oY A G F B a5 e R e X4 Y AeCE o5 454 {IReX e GEL3.)GD 0 20
IF{XalFE a=0)G0 TO 40

IF‘YA“XC g 2.5]CU TO 59

TFIX+YA GEL1,.5)G60 TO 20
M=bo*3o*A5
NzN-1
E15214/(N=1,}=72%F16/N
IF{NGELIIGD TO 15

o V=2 /NEXZ

GO TO 90

J1=1

J2=6.

Ga 1o 31

J1=7

J2=21

S={elyel)

YS=Y&Y

DO 32 TI=dlyd2
XI=VIiT)+X%

CF=W (1) /(XI%X1+YS)
S=S+CMPLXIXI%CF,~YAXCF) -
GO TO 54
T2=X*X-Y%Y

Ta=2 (HXEY A
TEa=X*T3-YA%T4 -
To=X¥T4L+YASTE
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50

B4

56

80

S0

UC=CMPLX{0111)+U(12)*X¢Gl137*T3¢T5»E€123*YA-E(13!*T¢9
7 FOLLY#F(12)XoF(13)2T24T6+N{12)%YA4D{13)%T 4}
vc:CMPLX(D(1#5+ﬁ(159*x+0(16)*T3+T5—EflS)*YA*F@lb)*Tég
] ‘ FL1al+F (163X +FL16)%T34T64D (15 %YASD{16)%T4)

GO TQ &2 .

Ti3=X%X =YY

Ta=2 ,xX%YA

VTozX2T2-YA%T4

To=X®T4+YA%XTS

T7=X%kT5~-Ya*Te

TER=X*Th+YARTS

FO2XXTT7~Yp2TR

T10=X*TR+YAXTT
UC=CMPLX(D{1}+Di2)*X+DI3}*TB+U¢4)*¥§+D(5?*T?+T?-(Ff?)*Yﬂ¢Ff3)*TA
245(4)*T6+F($)*T8}sE(1l+E(2)*X+E(31*13+E(4b*?5+E15}*TT+T10+
3¢D€2)*YA+D(3}*T4+014)*T6+D(5)*T8])
VC=CMPLXthe}+D{7)*x+0£8)*T3+D(9)*TS+D(10}*?7+?9-(EGT)*YA+E(PJ*T¢
?#F(QP*T&+E(10)*TE);E(a!*&(7)*X+E{81*73+F{9!*T5+F€10B*T7+T10+
3(0(7)*YA+D{81*T4+D{9)*?6+D(101#T8})

EC=UC/VC ‘ '

S=EC/CMPLX(X,YA)

CX=EXP(=-X) . )

T=EX*CMPLX(COS(YA) ;=SIN(YA) )

E1S5=5%Y ‘

LR{Y oLT oD 1 ELIR=CONJIG(ELS)

GN TO 90
515=940031QI!Z+5193044)+,421831f(2¢1eDzéﬁé}+glk?126/(Z+2956?88)¢
2.206335E—1/(Z+4a90035l+,107401E-2/(Z+8»18215P+5158654F-4K(Z+
312.7342)4.3170316~7/(2+19.3557)

E15=E15%CEXPl~2)

IF‘J]M-FGal’Wl?zEIS

100 7=y

2=2N2/V1 }
THEATANZ(AIMAG(ZleﬁgﬁLf2’)"ATAN?(AIHAG(V?)eRFALQV?Y’
2+ATAN2(AlﬁAG(VlivRE&L(VII} :

AB=ALS(TH) _

IF(ABGLT&la,Tqub

IF{THGGT;la)TH=6¢2831853

]F(THGLTO-IQJTH=-6&2831853

W12=W12“515+CMPLX¢oOvTH}

RETURN

E Ay ‘
SUBRGUT INE ZGMMi51952v¥171299vCGDS?ﬂGleSGDZ9CPS]1p1199129p?19P?3)
COMPLEY Ff?wZ)vF{?yz)vGAMrpllvPIZvPEprzz ‘
COMPLEX EB,EC@EKggLyEKL,EGllqﬁslyESZyETlgETZgFXPAqEKPB
COMPLEY FGZ(?»Z),GM¢2),$P(2)
COMPLEX EXA(2),FXR{2)
DATA FTA;GAM»pI/376.727§(eﬂvlaj73:14159f
DESO=D4D

SGDE=8Go1

IF(EE:LT.Sl}SQDS=-SGﬂ1
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10

30

40 -

50

S5GNT=5G02
TF(T2.LT.T1}SGDT==5GD2
FF(ARS(CPS1) .OT.0.99T)GO . TO 110
FX1=CEXPI{GAM%S])
FSZ=CEXPIGAM®S2)
FTI=CEXP{GAM®T])

EFT2=CEXP{GAM%XT2)

C=D/SQART(1.-CPSI*CPSI)
B=CxCPSI
ER=CEXP(GAMXCMPLX( 0y8))
FC=CEXP (GAMRXCMPLX(4CyC))

NG 10 K=1,2

2

2

DG 10 L=1.2
Fi{KsL)={a04.0)
EK=EB

DO 50 K=1,2
FK={=1)#*%K
FL=F(

DO 40 L=1l,2
FL= (=] )|
EXL=EK*EL
XX=FKEBR+FL%C
$1=%1

D0 30 15142

R1I=SQRT(DSO+SI*SI+T1*T1~2*ST*TI*CPSI)

R2=SORT(DSQ+SI*SI+T2%T2-2,%51%T2%CPS1)

CALL EXPJIGAMXCMPLX(RI+FK*SI+FL*T1,-%XX},
GAMXCMPLX (RZ+FK*ST+FL*T2,~XX) 4EXA(I))

CALL EXPJ{GAMXCMPLX(RI+FKH*ST+FL*TY XX),
CAMAXCMPLX(RZ2Z+FK*ST+FLATZ2,XX) 4EXB{I))

IFIKEQe2 «DRe LeEQW2IGD TO 30 ’

ZC=S1#CPsT

EGZI=CEXP{GAM%ZC)

CALL EXPJI(GAM*(RI+ZC~T1) CAMX(R242C~T2),EXPR)
CALL EXPJI(GAM*(RI-ZC4+T1) GAMX(RZ=ZC4+T2),EXPA)
Flls1)=2.25GDS*( .0yl )*EXPA/EGZI

FlI42)=2,%SGDS*{ 40,1 .)}*EXPB*EGZI

A

R

c

D

SI=52

E(KyLI=E(K LI+ (EXA(2Z2)~EXA(LY )XEKL+(EXB(2)-EXB(1)) /FKL

El=1«/FC
EK=1.,/EB
CST=«FTA/(16 ., %P I*SGDS*SGOT)
Pll CSTH{( FUly 1) +EU2Z42)%ES2-F(1,2)/ES2)%ET2
+{=F{1+2)-FE(241)%ES2+E(141)/FS2}/ET2)
P12 CSTH({~F(1s1)=E(2,2)%ES2+E(142)/ES2)*ET]
+{ FULle2)4E(2,1)%ES2~E(1,1)/FES2)/ET1)
P2L=CSTA{(=F( 2411 —E(242)*ES1+E(142)/ESL)I%ET?
O FU292)4E(2,1)%ESL-E{141)/ESL)/ET2)
P22=CSTH(( FU2,1)+E(2+2)#%ES1~E(142)/ES1)*ETL
H=Fl2,2Y-E{2,1Y*%ES1+4E(1,1)/ES1)}/ET1)
RETURN ' '
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120

120

140

et

peg

[RICPSTaLT.0.160 TO 120
Ta=zT1

1u=T72

COOTHe 120
Ta==-~T11
TR=-T2
SEAT=-5GIT
nI=51

nn o150 I=1,2
[J=Th

O 140 J=1,2

=T J-81

B=SORTINSQ+Z7TU%21Y)

W=2+71J :
FFEZI. LT 0. 1 W=DS0/(K=-210)
V=R=71J
IFIZ1JeGTalle)V=NSQ/(R4ZTJ]
TR FR.1IVY=V

TFlJaEQel }Wlsw

CCIL Lo Y =CPXP{GEM*Z 1Y)

TJ=15

FALL EXPJIIGAMHYIL GAMEY LRI
CALL EXPUIGAMIW] GAMEW,GMIT )
Ci=52 :

CRTI=SEFTAZLE LAPIRECHEARSGDT)
PIL=CoT®{CM(2)Y%FG2{2+2)4GP{2Y/EGZ(2,2)
Z-CENSARIGMULYSEGZIL2) 4GP {1 /E62(1,2) 1)
P12=CS T (~CMIZ)*FCZ (2,1 )-CP{2Y/ECGZ{2:1}
SACODS*EIGMIII*EGZ (1o V4GP ILI/FGZE141) 1)
D21 =CaT(GM(LI%EGI(L,21+GP LI /RGZI(1,2)
PeCODSE(CMUZYHECTZI2,2)+GPIZY/FGI(2:2) 1))
P22=CoT#(—~LMLLY*EGZ {1,131 Y-GPIL)/EGZ{1,1)

)
).

2+ (GNSH(CGMIP)*EGZI2,1)Y+GP(2) /FC2(2,1) 1))

RETURN
END
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