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ABSTRACT

The problem of electromagnetic radiation and scattering from conducting
bodies of revolution, both loaded and unloaded, is considered. The solution
18 obtained by the method of moments applied to the integro-differential
«qation, and is expressed in terms of generalized network parameters.
Comutes programs are given for plane-wave scattering and for radiation
from apertures. The programs.are valid for solid bodies, zero thickness
conduictors, and bodies with points and edges. The solution for planar
bedies is also a solution for diffraction through apertures in a conducting
plane, according to Babinet's principle. Representative computations are
givén for scattering and radiation from disks, washers, toroids, hemispheres,

and cone-spheres.

.

.f""

1 J




......

CONTENTS

Page
MSTRACTOQ.OI'.CQCQQOOO!O..!OOO'000000 i
[ J
I. INTRODUCTION AND SUMMARY « v ¢ o« o o ¢ o « o o o o o o 1l
II. METHOD OF SOIUTION « ¢ « ¢ o o o o v o o« o o o o s o o ¢« 2

III. REPRESENTATIVE COMPUTATIONS. + « « « = « = v o o o o - « 8
IV. GENERALIZED NETWORK MATRICES « + + « + « « » « o o o . . 21
V.  PLANE-WAVE SCATTERING, AXIAL INCIDENCE . . . . . . - . . 30
VI. APERTURE RADIATION, ROTATIONAL SYMMETRY. - « . « . « . . 3
VII. BACKSCATTERING, OBLIQUE INCIDENCE. . « « « « « o« « « o . bl
REFERENCES. « « « « o « o o o v v o o & e e e e e e e B3
APPENDIX A. PROGRAM AND SAMPLE INPUT-OUTPUT DATA FOR SECTION IV. . Lk
APPENDIX B. PROGRAM AND SAMPLE INPUT-QUTPUT DATA FOR SECTION V. . 55
APPENDIX C. PROGRAM AND SAMPLE INFUT-OUTPUT DATA FOR SECTION VI. . 69

APPENDIX D. PROGRAM AND SAMPLE INFUT-OUTPUT DATA FOR SECTION VII.. 83

ey -y pr— -y .

Pf'




Ll

-

I. INTRODUCTION AND SUMMARY

The objectives of this project were to develop practical methods for
computing the generalized impedance matrix applicable to the study of
electromagnetic radiation and scattering from highly conducting bodies of
revolution. Specific topics considered were: (A) Development of a com=-
puter program to allow numerical evaluation of the generalized impedance
matrix for a conducting cone-sphere of maximum dimension approximately six
wavelengths. (B) Application of the impedance matrix to determine the
scattering properties of a cone-sphere with and without loading elements
on the body. (C) Application of the impedance matrix to determine the
radiation and scattering properties of a cone-sphere with antenna slots

on its sucface.

The project work was performed during the period 1 June 1967 to
30 June 1969. The technical personnel working on the project were Dr.
Roger F. Harrington and Dr. Joseph R. Mautz. During the contract period
one previous scientific report was written entitled "Generalized Network
Parameters for Bodies of Revolution," dated May 1968.[]'] Also, one paper
entitled "Radiation and Scattering from B€g§es of Revelution" has been

listed scientific report and paper{a%so formed a part of Dr. Mautz's
3

published in Applied Scientific Research. The material in the above

Ph.D. thesis, Syracuse University.

The following is a summary of the research performed during the project.

(A) A general program was developed for computing generalized network
parameters for conducting bodies of revolution. The theory and original

(1]

program i3 given in the previous report. An improved program is given

in this report.

(B) Aperture anteanss in conducting bodies of revolution were analyzed,
and cemputations made for body currents and radiation patterms. The theory
is given in the previous report,ti] and the computer program is given in

this repost.
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(C) Electromagnetic scattering by conducting bodies of revolution was
considered. The theory is given in the previous report,tl] and the computer
programs for plane-wave scattering are given in this report.

(D) Radiation and scattering from loaded bodies of revolution was
studied, and computations made for representative bodies. The theory and

some computations for cone-spheres are given in this report.

(E) The problem of determining the eigencurrents for conducting bodies
of revolution was considered, and representative computations were made. De-

tails are not included in this report because only a preliminary study was made.

(F) The problem of synthesizing and optimizing radiation and scattering
patterns from lcaded bodies of revolution was considered, and representative
computations were rade. Details are not included in this report because

only a preliminary study was made.

II. MBETHOD OF SOLUTION

The problem is form'lated in terms of potential integrals, and the
boundary conditions at the body are applied. This results in an integral
equation, which is then solved by the method of moments. The matrices
obtained thereby can be expressed in terms of peneralized network para-

(4]

meters. A general expesition of the procedure is given in a recent

(5]

the present problem.

monograph. The following is a summary of the theory as it applies to

Lat 55 denote the kuown impressed fleld ond 33 the scattered field
due to currents on the Vvody. Then the total field E iz the sum of the

impressed and scattered fields, that is,
E=E +§& (1)

The scattered field can te erpressed in terzs of o vector potential § and
scalar potential § as




3
where
-JkR
» e
A=up % L ds (3)
S
- jkR
=%§ ogwds (h)
" S

Here S is the surface of the conductor, R is the distance from a source
point to the field point, J is the surface current on S, and o is the sur-
face charge on S. The current and charge are related by the equation of

continuity

Y+ d=-juo (5)

e

The boundary condition requires that the tangential component of total E

vanish on S. Hence,

Eian = -Ezan (6)

where the subscript tan denotes tangential component on S. The problem

cali now be stated succinctly as
L(L) = E (1)
van
whers L i3 the integro-differential operator
L) = Gud + W1, (8)

A solution of (7) gives the current J on 3. Usually we are §nterested

in some functional of J, which can be computed ontce ] is kuown.

To effect a sclution by the methed of moments, let the inner product

> = ﬁ ¥ -l ds (3)

S

be defined as

."%fzbii
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where W and J are tangential vectors on S. A set of expansion functions {Qd)
is next defined, and the current on S arproximated by

d = Zl‘j Ly (10)
J

where Ij are constants to be determined. Equation (10) is substituted
into (7), which, because of the linearity of L, reduces to

ZIJ Ly = Eiem (11)

b
A set of testing functions (Hi] is defined, and the inner product of (11)
with each Ei is taken. The result is :

le ql’ Llj> i %j_, Ei> (12)

J

i=1,2,3... . The subscript tan has been dropped from E} because the inner
product-involves only tangential components. We now define the generalized
network matrices

(2i= (<y, L >) (13)
(V)= (<y, B > ? (14)
(1) = (1) (15)

and revrite the set (12) as
(2} (1) = (v] {16)

(2) 15 the generalized izmpedance matrix, and (Y] = (2]} 45 the generalized
admittance matrix. The inverse of (16)

(13 = (¥] (v] (17)

—
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gives the coefficients I j of the current expansion (10), and hence is an
approximate solution to the problem.

The impedance elements of (13) are explicitly
zi,j = %S wo (J’ﬁ&j + EDJ) ds (18)

where we have used (8) and (9). The subscript j denotes that Aj and ¢J

are the potentials due to ‘I-j and oJ.. If the two-dimensional divergence
theorem is applied to the vector cw_i on a closed surface, the following

identity results;
" Pt
@_@'ﬂids:-@cpy-ﬂ.ds (19)
1
s

If ¥ is thought of as a curreant, the charge associated with it is

I

=~ 2« W Py

€

Now (18) can be written as

zij = Juw & ('mii : &j + o @j) ds (21)
5

Equation (21) is more convenient for cemputation than (18) because the
gradient, operation on 9 has been cilminated.

The sbove fortulss have been specinlized to bodies of revolution in

(1]

the previcus repert. Also given there are repregsentative cosputations

for radiation ead scattering {rom unlosded conducting bodiez of revolution.

Conputer programs and further computations are given ia this report. An
sltcrnative solution for the cese of plane-wave scatiering fros unloaded
)
cotidusting bodlies of revolution has been given by Andrenmsen.'
The genarai theory of loaded sstennas and scatiorers with
) -3
lunped loads is avallable in the iiberature.w"‘

uously ioasded surlaces will now be given. lusped loads con be creeidered

At extension to contia-

-
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as a special case of continuous loads localized to infinitésimal sections
of the surface.

A continuously loaded surface S is defined as one for which the total
tangential electric field is related to the current J on S by an impedance
function of position 3 according to

Eean = Ei&m ¥ Eian - 3 o ’ (22)
Now ‘&ian is related to the current J by

Eg,, = ~L(1) (23)
where L is given by (8). Combining (22) and (23), and rearranging, we have

M) = B = 32 (28)
This reduces to (7) when ;. = 0, that is, when S is covered by a perfect

conductor. We can now reduce (2L) to a metrix equetion in the usual way by
the method of moments, obtaining

(ellzd = (vl - (g (1] (@)
whare [2], (¥]), (1] are given by (13). (1), (15), and
J.2j (26)
(2]« (2«25 (¥] (27)

fiote that this solution is analoguus W that fuor two n-port netlworks con-

nected 14 series with the voitege source 'V).

The impedance Tunciion 4 is iere over those psris of S covered by s
¢




perfect electric conductor. If subsectional expansion and testing functions
are used, many of the elements of [ZL] may be zero when the surface S is par-
tially covered by an electric conductor. In such cases the following alter-
native solution may be computationally faster. Suppose [Z J has some zero
rows and columns. Let [Zﬁl be the matrix obtained from (Z ] by deleting

all zero rows, [Z ] by deletlng all zero columns, and [Zrc] by deleting

all zero rows and columns. Other matrices with the same rows and/or

columns deleted will be identified by the same superscripts. Then, multi-

plying (25) by (Y] = [z'll, and deleting the appropriate rows and columns,
we have

(%] = (Y'V] - (y")0z; 101" (28)
The solution of this for [szl[xr] is

(20°)1%) = (47« O F (xT )] (29)

rcl rc]-l.

(g

where {Y The solution is now given by (17) with (V] re-

placed by
(V'] (V] + (v (30)

where EVLJ is the =zatrix obtained by adding the sppropriate zeros to

(V) = - (2057
e R A Rt a U (51}

The excitation is thus viewed us Lthe superposition of the ispressed

veltage (V) plus %he losd voliage {VLE .
The conputations of the next sectios for losded asntennas and scat-

terers were made using this second Tormuletion. A provlex arises in the

ey

csse O ah open circuil, since then elements of ﬁ& ;i ay become infinite.
 J

g

L J




Hovever, [¥7°] is still well defined, and may be obtained from [z} 1t py
&
setting the "infinite" elements to some very large number.

IIL. REPRESENTATIVE COMPUTATIONS

The graphs of this section are intended to illustrate some of the types
of camputaticns that we have made during the project. Computer programs
for the unloaded asntenna and scatterer computations are described in the
next section, and listed in the Appendix. Included in the programs are
printer plot routines, so that rough graphs of the computations are avail-
able immediately.

All programs have been run on spherical bodies, and compared to the
classical eigenfunction solutions for spheres. Far-zone quantities, such
as radiation fields, agree very closely (usually within a fraction of one

percent) with the classical solution. Near-zone gquantities, suclhi as currents

on the body, also agree well {usually wilhin a few percent) with the classical

{1}

solution. Examples of such comparisons are given in the previcus report.

The programs have been written to handle correctly the following types
of bodies: (A) solid conductors, such as spheres, cicsed cylinders, (B) zero
thickness conductors, such as disks, open cylinders, {C) bodies intersect-
ing the axis, such as spheres, disks, (D) bodies mot intersecting the axis,
such &5 toroids, washers, (B) bodies with points, such as coue-spheres,

(F) bodies with edges, such as disks and open cylinders, and {G) bodies with
coruers, such as closed oylinders. The prograsms have not been written %o
handle suiti-body problems, bul the cedification required is sisple. The
accuracy of cuspulations depends on the stouthuess of the body snd of the
citalion. For examgle, selutinns with bodies having points or odges con-
verge more slowly that aslutions Tor bodies with gently curved surfeces.
Selutions Jor lecalized aperiure azcilstion conwverge Wore slowly than solu-

tions for plane-wave exciiaticn.
Solutions involving zerc-thickness cotductors in the z = § plasic are
interesting becausc they are aliso sclutiohs o the dual prodles of apsriures

. et . - 18] .
in an infinite conduciing scroen (Babinei's grxn:syle).‘ Ys particu.ar,
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the duality relationship is

Ep = J¢/2 E(b = - Jp/Q (32)

where J¢, Jp is the current on the conducting plate, and Ep, E¢ is the tan-

gential B field in the comvlementary aperture. A number of computations for

the circular disk and aperture were made, and compered to available measure-

ments.[9’ua’ll]

Figure 1 shows the current on a circular disk of diameter D = 0.8\, excited

by an axially incident plane wave, as computed by the program of Section V.
Note that Jp—~> 0 and J¢ —> o at the edge, as theory pr~dicts. Figure 2
shows the computed bistatic radar cross section patterns for the same disk.
The cnrve labeled oxe/%? is the E-plane patter?,]and that labeled om¢/kg is
1

the H-plane pattern. (See the previous report ~~ for a discussion of the
notation.) By duality, the same patterns are also power patterns for the
tield diffracted through a circular aperture in an infinite conducting plane

excited by a plane wave at normal incidence.

Figure 3 shows the computed current on a circular washer of outside
diameter D = 2.4\ and inside diameter d = 0.8\, excited by an axially inci-
dent plane wave. Again Jp and J¢ have the expected behavior at the edges.
Figure 4 shows the computed bistatic radar cross section patterns for the
same disk. By duality, these patterns ere also power patterns for the field
diffracted through & circular annulus in an infinite conducting plane ex-

cited by a plane wave at normal incidence.

Figure 5 shows another example of a bistatic radar cross section pattern

for a body of revoilution excited by an axially incident plane wave. It is
for a toroid of uiean radius R = 0.5A and circular cross section of radius

(1]

v = 0,12A. The previous report showed bistatic radar cross sections of
cone-spheres, as well as the currents on the bodies. These computations

are repeated in the computer print-out of Apvendix B.

Figures 6,7, and 8 show scme examplaes of radiation from rotationally
symmetric apertures in bodies of revolution. » gure 6 is the power gain

pattern for a circular disk of dismeter D = 1.6\ excited by & voltage across

The agrecement was within the estimated experimental accuracy.

N TR 4
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a narrow slot at a radius R = O.4). Pigure 7 is the power gain pattern for ' N
a toroid of mean radius 0.5\ and cross sectional radius r = 0.12A, excited
by a voltage across a narrow slot at the furthest point from the z :xis.
Figure 8 is the power gain pattern for a hemisphere of radius R = 0.7\,
excited by a voltage across a-small annular slot at the center of the flat »
plate. This physically corresponds to excitation by an open-ended coaxial ': B
line. It is also equivalent to excitation by a small z~directed c¢lectric L
dipole at the center of the flat plate. ?i%iation from apertures in cone- CL

spheres are shown in the previous report. These computations are repeated [

in the computer print-out of Appendix C.

Figures 9 and 10 are examples of monostatic radar cross sections for
bodies of revolution excited by plane waves of arbitrary direction of inci- i
dence. The curves of oee/A? are for g-polarized incident waves, and the lﬁv;
curves of o¢¢/x? are for.¢-polarized incident waves. There are no cross- :
polarized components of backscattered fields from bodies of revolution.

Figure 9 shows the monostatic radar cross section of a disk of diameter D = 0.8A.
Figure 10 shows the monostatic radar cross section for a hemisphere of radius
R = 0.7\. The computer print-out of Appendix D gives the monostatic radar cross

section for a cone-sphere, half cone angle lo°, sphere radius O.2A.

The compreter print-out of Appendix D also shows the convergence of the

T

pattern as more modes are included in the solution. Calling the modes which
vary as eijn¢ the n-th modes, for accurate far-field patterns one should in-
clude all wodes for which

< + 1
8 < Crux (33)
where Cmax = maximum body circumference in wavelengths. A justification of
(33) can be made in terms of spherical mode theory. Those modes having n i“‘.
greater than Cmax are cut-off, that is, are highly reactive and do not contri-
bute materially to far-zone fields.

Similar convergence problems arise in aperture problems for which the
excitation is not rotationally symmetric. To illustrate this, we have com- .

puted the power gain pattern for a cone-sphere excited by a voltage across a
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slot at the cone-to-sphere junction, extending over a 90o angular sector

of the body. Figure 1l shows how the power gain pattern converges as modes
are added to the solution. All curves are normalized to the power radiated
by the entire aperture, that is, to the sum of the modal powers. Note that
eriterion (33) is still a good indication of convergence.

Figure 12 illustrates a computation of monostatic radar cross section

vs. frequency for a conical sector of a spnere. Qur computations (x's) are

(12]

compared to those by Schultz et al, who used an eigenfunction expansion

and nonfinal determination of coefficients. Also shown are an approximate
solution of Keller and messurements by Keys. The accuracy of our computa-

tions is estimated to be better tuan zan be read from the graph.

Computations for the cone-sphere, both as a loaded scatterer and as a
loaded radiator, have been made. The dimensions of the cone-sphere and
points of loading are pictured in Fig. 13. Computations were made for four
types of loads as follows:

(A) short circuit

(B) Open circuit

(C) Resonant load

(D) Matched load
For the scatiering problem, these loads were applied cne at a time to cach
of the four loading points. The plane~wave illumination was axially incident
on either the point or the sphere. For the radiation problem, the excitation
was tuken at one of the four points, and one of the other points was losded
by one of the above loads. We have a complete sel of these patterns for all
permutations of the excitations and loads. Repraseantative sets of scattering

and radiation pattesns are shown in Figs. le and 15 %o illustrate the results.

I¥. ORERALIZED (EIWORK MATRICES

. o This progras conputes the (2] and (Y
The theory is that of ithe previcus regert mudified to0 a
sentls of conltour. The input dets conhsists primarily of KPP poinis specifying

L3 ¥

the centour plus lthe awde Gumber. The outiut consists primarily of the
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elements of the generalized admittance matrix for the particular mode. The pro-

gram listing plus sample input-output data are given in Appendix A.

The subroutine LINEQ(LL,C) replaces the LL by LL matrix C by its inverse. C
is a complex one-~dimensional variable. The (I,J)th matrix element resides in
C(I + (J-1) * LL). If LL > 58, the dimension of the variable IR must be increased
to at least LL.

Punched card data is read early in the main program according to
. 50 READ(1,51, END = 52) NN, NP, NPHI, BK
' 51 FORMAT(313, ELk.7)

READ(1,53)(RH(I), I =

I

ie
3

g

READ(1,53)(24(1), I =

I
—
-
i
~—

53 FORMAT(10F8.4)

The excitation will haye ej(NN)¢ dependence, NPHI has the same meaning as on page 55 of
(1] BK is the propagation constant k = wvfﬁz_. An odd number

NP of points are taken from the generating curve of the body of revolution. RH(I)

and ZH(I) are respectively the distance p from the axis (z axis) of the body of

revolution and the corresponding z coordinate. RH(I) may be zero only when I = 1

the previous report.

or I = NP. If the generating curve closes upon itself, care must be taken to make
the coordinates at I = 1 identical to those at I = NP. The data is printed just
after it is read.

If the first and NPth data points are the same, the second and third data

points are overlapped into the NP + 1 and NP + 2 position and NP is increased by
two before going to do loop 57 which interpolates to find the distance DH(I) be-
tween the Ith and (I + l)th data points, the radius p midway between the Ith and
(1 + l)th data points, the corresponding z coordinate 28(I), and the sine SV(I) and

cosine CV(I) of the angle between the z axis and the straight line from the I.th to

the (I + 1)th data points. Next, a few constants are entered among which PI is «x
and ETA is the intrinsic impedance n = 376.707 taken from the second edition of
Smythe .( 13)

the t coordinate (arc length along the gensrating curve) TJ(I) of the peak of the

The third edition of Smythe gives n = 376.730. DO loop 117 computes

Ith triangular expansion function. TJ is priated. DO loop 10 calculates

PR R S T (P 3
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_ P PI*(K-.5) _ e
CSM(K+( I-NN+1)*NPHI ) = NoT ¥ oS [ I * e ] for K = 1,2,...NPHI -
. and I = NN-1, NN, NN+l. : '

DO loop 16 calculates

-JKR

K -
E}Rlﬂ [ dt gdq': cos np (34) r
The t integration is over the portion (assumed to be a straight line) of
the generating curve between the Jth and (J + l)th data points. ¢ is the
angle swept when the generating curve is revolved about the z axis. R is ?
the distance between some field coordinate (t', ¢' = 0) and the source

coordinates (t, ¢). The expression (3h)is proportional to the scalar

potential at (t', O) coming from a 29%—29 charge density on the lateral

gt}

surface of the frustum of a cone. The index J of do loop 16 indicates that
B ona (7 + l)th data points. The
index I of do loop 17 indicates that the field coordinate t' is midway be-
tween the Ith and (I + l)th data points. Except when the field point lies
on the surface charge, the surface charge is approximated by line charges
at ¢ = ig—ﬁ%%T—- , K=1,2,...NPHI. When the field point lies on the surface
charge, the surface charge 9———2Q is approxlmated by cos (.5%PI/NPHI)/R(I)
when 2_< ¢ <IN NPHI < ¢ < n the line charges at
ﬁ———él——— ; K=2,3,...NPHI are used. Do loop 5 stores the results of
the t integratlons at ¢ = iﬁﬁ;%%fgl ; K=1,2,°*°NPHI in GS. Do loop 13
multiplies the GS(K) by Ng}lu * cos (n*%%%ﬁ) and sums them over X to
obtain expression (34) stored in G. Do loop 68 obteins o = NN~1, NN, and
NN+1l. The location G(I + (J-1)¥(NP-1) + (NP-1) * (NP-1) *(n-NN+1)) cor- -

responds to field point I, source regicn J and mode n. If the generating

the source coordinate t is between the J

PRI ? but for the region

L}

curve closes upon itself, the present WP ig two more than the original NP
of the input data.

The impedance matrix 2 will be the same as that of equation (45) of
tue previoss report[l] except that the previously defined Gn's will be used
and the Tp ani Té are modified. Also, since the new Gn's are divided by k

to make them insensitive to the absolute size of the body of revolution, the ’
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new Z's mst be miltiplied by k. Because of possible unequal spacing of
data points the 8 numbers Tp and Té were stored separately for each tri-
angular -expansion function. In do loop 74, the index J refers to the Jth
triangular function while the numbers T and T'! are stored in T and TP
respectively. The Jth triangular functfon is ﬁpproiimated by 4 pulses of
base lengths DH(I + 2 #(J-1)), I = 1,2,3,4. The derivative of the It tri-

angular function is just a pulse doublet. Denoting base lengths by Ai’ 02'

AB’ and.ch, N

£
T(1 + 4*(J-1)) = m
(2 + b¥(3-1)) = (AIA: ;5232)*62
Al
Hth .
N N

(35)

TP(L + Ux(J-1)) =

TP(2 + bx(J-1)) =

5,

Similar expressions involving £3 and Ah are used to treat the trailing edge
of the tridngular function. Expressions (35) are functional values (T for
the triangle and TP for the derivative of the triangle) weighted by the base
length in question. The base length weighting is necessary because the Gn's
have a factor 53%37 = Z% vhich must be offset. Also, the factor 03 is neces-
sary for the field intefiration. For the field integral, the triangular

function and its derivative are each approximated by four delta functions.

Unless the generating curve closes upon itself, there wiil be no peak
of triangular function at the starting point and end point. The expansion
function which is actually a triangular function over radius p will reduce
to a constant at a starting point or end point on the z axis. However, if
the starting point or end point is not on the 2 axis, the expansion functions
reduce to zero there. In problems involving, perhaps, a conducting disk, the
electric current normal to the rim goes to zero as the square root of the

distance from the rim and the current parallel to the rim becomes laxge as one

L nc v Rl et w e . CADC AR i DR A" YA 3 M S N N N TR WG NNV T yveT
- DR St A R S e K . LR A T R T S

s
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over the square root of the distance from the rim, at least when an incident
plane wave propagates perpendicular to the plane of the disk. The triangular
functions used to expand the ¢ directed current were modified near the ex-
tremities of the generating curve where no ov:irlapping occurs remote from
the z axis. The triangular function (associated with the ¢ directed zurrent)
nearest such an extremity was modified by increasing its value at the
extremity from zero to two. The logic from statements

115 to 116 performs this modification. Whereas the triangular functions
associated with the t directed current were stored in T, the functions

associated with the ¢ directed current are assigned TR.

Using Gn, T, TP, and TR the impedance matrix is calculated inside do
loop 0. The calculation of the present impedance elements is very similar

to a previous calculation using equation (45) of the previous report.[l]

Statement 81 CALL LINEQ (NM2, 2) inverts the impedance matrix storad
in Z to obtain the admittance matrix. The admittance matrix is printed in-
side do loop 93. If superscripts t¢ are replaced by rs and if r = O denotes
t, r = 1 denotes ¢ and similarly for s, then (zis)ii, i= 1,2, +N-1 is
given by the [J + r % (N-1) + 5 ¥ 2 * (N-l)]th exe;ution of write
statement 96. Here, N-1 is the number (either ~im2 op Mol

2 2
functions. Immediately following statement 81, the admittance matrix of the

) of triangular

array Z is recorded on a direct access device by

WRITE(6) (2(1), I = 1, NZ)

If no direct access device is available, statements should be added to either
punch the admittance matrix on cards or store it on tape. At the end of the
program, execution is transferred back to read statement 5C. If there is

another set of data, it is processed. If not, execution terminates.

The dimension statements in the main program will not accommodate NPHI
larger than L0 nor NP larger than L1 if the generating curve closes on itself,
If the generating curve does not close on itgelf, NP may be us large as 43.
Assuming that the generating curve might close on itselfl, minimum dimensions

are:

L AN

L X
H




COMPLEX Z((NP-1)*(NP-1)), GS(NPHI), G(3*(NP+1)*(NP+1))

DIMENSION RH(NP+2), ZH(NP+2), DH(NP+2), TJ(

DIMENSION SV(NP+1), CV(NP+l), ZS(NP+l), R(NP+1),
ANG(NPHI), AC(NPHIj, CSM{Z*NPHI)

DIMENSION TP(2%(NP-1)), T(2%(NP-1)), TR(2%(NP-1))

The NP referred to above is the original NP of the input data.

V. PLANE-WAVE SCATTERING, AXTAL INCIDENCE

This program computes the current on a conducting body of revolution
and scattering patterns for excitation by a plane wave axially incident on
the body. The input consists primarily of NP points defining the bedy con-
tour, plus the [Y] matrix for the n = 1 mode. The output consists primarily
of the current on the body,' the scattered far-zone field, and the bistatic
radar cross sectian. Printer plot routines are included to graph both the
current and the radar cross sections. The program listing plus sample inpvt-
output data are given in Appendix B.

Subroutine PLANE(VVR, THR, NT) provides the measurement matrix elements
of equations (77) and (81) of the report.[l]
as input in THR. Other input appears in the common statement. VU is the com=-
plex constant (0.,1.), R, 25, SV and CV are respectively the radius p, the z
coordinate, and the sine and cosine of the angle between the direction of
the generating curve and the z axis. R(I), 28(T), SV(I) and CV(I) are _
Y gnd (1+1)%" date points RH end ZH by draw-
ing a straight line between them. BK is the propagation constant, there are
(NP-1) R's, the excitation has ej(NN)¢ dependence, and T and TR are the pre-

NT angles @ (in radians) appear

evaluated midway between the I

viously computed weighted samples of the triangular functions for both the
t and ¢ directed electric currents. When execution returns to the main pro-
gram, the (R ) of equation (77) or (Bl) of the report[ L] will be stored in
VVR(: + (K»l)*h% + (L-1)%4*XM) where K = 1,2,3,4 derotes respectively
(8:9),, (%9 o (R°¢) and (K%} . As defined in the subprogram, M is

the number 2 of the triangular functions and L denotes the L th
angles G

of the

-
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In the subreutine PLANE, do loop 153 puts J! in FK(J+1). Do loop 156

sweeps the NT angles 6, Do loop 302 computes the required Bessel functions o
K ,x\n+2K
(-1)" (3)

according to Jn(x) = . If the series for Jn(x) does not

7 T
converge readily, do loop 15§.m£;+§g.satisfied in which case error stop 155
is reached. When p = R(J), Ik (kp sin er)
BJ(J + (K+1)*(NP-1)) for K = -1,0,1. To avoid direct computation of a

Bessel function of negative order when NN = O, J_l(x) is obtained from Jl(x)

in do loop 309. With pfi being represented by either T or TR, the t inte-
gration of equations (77) and (81) of the'report[l] is simulated in do loop 301l.

The pfi triangular function is approximated by four delta functions.

will be stored in

-

-y

If NP (either the original NP of the data or 2 plus it if the generat-
ing curve overlaps) is larger than 43, the dimension of some of the variables

in PLANE must be increased. These variables and their dimensions are:

-y

COMMON R(NP-1), ZS(NP-1), sv(wp-1), CV(NP-1),
T(2%(NP-3) ), TR(2*(NP-3))

DIMENSION BJ(3*(NP-1))

The common statement in the subroutine PLANE should be identical to that in
the main program. In the unlikely case that the mode number NN is larger
than 17, the dimension of FK must be increased to NN+3. Since the arguments

-

VVR and THR are only dummy variables, their present dimension of 1 is always
sufficient.

The subroutine REORD(KI, K3, L) rearranges the first L elements of K3
in descending order. Also, the first L elements of Kl are rearranged so
as to maintain the original correspondence between the elements of K3 and
those of KI1.

Punched card data is read in early in the main program according to
50 READ(1,51, END = 52) NN, NP, NT, BK ]
51 FORMAT(3I3, Elh.T)
READ(1,53 }(RH(I), I = L,NP)
READ(1,53)(2H(1), I = 1,NP)
53 FORMAT(10F8.%) : ]
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All the input variables except NT are the same as the variables of the
previous program. The recelver angles 6, are given by

ali=1

The punched card data is printed out immediately after it is read in.

Statement, 126 checks to see whether the first and last points on the
generating curve are identical. If they are identical, the variabie KL is
set equal to O and RH and ZH are expanded by overlapping the second and
third points on the generating curve. In this way, an expansion function
centered about the last original data point is obtained. If the first and
last original data points are not ideatical, KL is 1 and execution proceedé
to statement 58 in which case there are no expansion functions centered
about the first and last data points. The logic between statements 58 and
78 prepares input data for the subroutine PLANE. Statement 85 inserts the
receiver voltage matrices into VVR. Statement 127 inputs the admittance
(1] This admittance matrix will have

been generated by the previous computer program.

matrix appearing in (17) of the report.

Nearly all the statements following statement 127 are enclosed in do

loop 108. When INC = 1, the electric field of the incident plane wave is
nxe-jkz Jkz

(17) of the report is computed in do loop 2 and stored in TI. The inner

and when INC = 2 it is L8 The I column vector of equation
do loop 3 uses transmitter voltage matrices obtained from the last

(era %, INC = 1) and first (g_= O, INC = 2) receiver voltage matrices.
Equation .(82) of the report >’ and the fact that Rﬁe R‘ﬁ"

is odd in n are used to relate the transmitter voltage matrices to the

is even in n and

receiver voltage matrices. Do loops 7 and 8 compute TJ{(J), the arc length

which locates the center point of the Jth

expansion function along the
generating curve. The total length of the generating curve is normalized
to 16. Do loop 9 performs the matrix multiplicetion indicated in equation
(65) of the report.{l] The measurement ia stored in El and B2 correspond-
ing to the 9 and § receiver polarizations. Ia do loop li, El and E2 gre

norasalized so that the quantity o/k? associated with each one is the square
¢
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of its magnitude. The phase of El is set equal to zero in the backscatter-
ing direction which is e = 5 for the e"'jkz incidence and er = 0 for the
otike :

incidence.

Do loop 128 divides the expansion function coefficients by p to obcain
the current. A multiplication by 2 or 2j converts from the exponential ej¢
to cos ¢ or sin ¢. The factor n. is necessary to normalize the current to
the incident magnetic intensity ﬁ Do loop 129 averages the ¢ directed
current J¢ according to

J¢(i-1) + EJ%(i) +

J¢(1+1)

The averaging was deemed necessary to atvtenuate extraneous oscillations in
J¢. If the generating curve does not close upon itself, the first and last
o
parts and magnitude of the t and ¢ directed current. For an incident mag-
netic intensity gi = e'JkZ
sinor J is given in terms of the printed output JT and J¢ by

= i A
Jd = QtJT cas ¢ + Ry J¢ sin

Do loop 12 prints the <cattering patterns as functions of 6. SIG X6 is o/k?

in the £ plane and SIG X¢ is O/R in *he H plane. LSIG X9 is log,, o/x

in the B glane and LSIG ¥g is Ioglo o/x in the H plane. SIG X0 and SIG X
are respectiviely the magniludes squared of $Xg and 8Xp. The phase of SXg
is tsken to be zerv in the buckscattering direction. The magnitudes (MAG)
and phase (ANG) of 5Xg and SX¢ are also tabulated. The scattered electric
field will ve proportional to

W, (5X8) cosp + u, (k) s1.¢
AlL the statemenis Yollowing do loop 12 are devoted to obtaining plots

of the previously tebulated quantities MAG JT, MAG J¢, SIC Xg, and SIC Xo.

¢ loop 13 scales the current for plotting. K3 is the t directed current

» . . |, L e e e e e
N T T T T I o e

lb are not averaged. Do loop 4 prints the arc length and real and imaginary

(INC = 1) or H* = nyesz (INC = 2), the current

(.'
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and K4 is the ¢ directed current. K3 has been assigned the abscissa K1 and
Kb the abscissa K2. After execution of statements 14 and 15, K3(J) will
be the Jth largest K3 and K1(J) its abscissa. The quantities K3 and K4
with abscissas K1 and K2 are plotted by do loop 20. Eutering do loop 20,
K5 = 1. One line is printed for each J. If K3(K5) is greater than or
equal to (51-J), an X is written after K1{(K5) blanks and X5 is incremented
by one. If K3(K5) is still greater than or 2qual to (51-J), another X is
written after K1(K5) blanks and K5 is incremented. The process continues
until K3(K5) is less than (51-J) in which case statement 20 it reached.
Similar action is associated with K& and K2. If K3(NM) is larger than or
equal to zero, K3(NM+l) will be observed, but K3(NM+l) has been set equal to
-1 immediately after do loop 1l4.

The patterns SIG X9 and SIG X¢ are plotted in a similar fashion.
Actually, the logarithms of SIG X6 and SIG X¢ are plotted but the scale is
graduated in terms of SIG X6 and SIG X¢ to simlate semi-log paper. Do loop
80 generates the abscissas K1 and K2 and ordinates K3 and K4. Statements
16 and 17 arrange X5 and K4 in descending order. Do loop 87 plots SIG X9
and SIG Xp as X's aud 0's respectively. After do loop 108 is satisfied,
execution goes back to the read statement 50. If another set of input data
is encountered, execution traverses the program again. If not, execution

stops.

Let P be either the original NP of the data if the generating curve
does not close upon itself or 2 plus the original NP of the data if the
~enerating curve closes upon itself. When NP > 43 or NT > 73, some variables
require larger dimensions. These variables are listed along with their

minimum dimensions.
COMPLEX Y(Lwipt#id), VVR(LsNHT*HM), TI(2#R),
E3(iM), Bi(ut), Ba(NT)
COMEONR R(NP-1), 2a(nP-1), SV(RP-1), Cv(wp-1), T(b*un), TRm(L#nm)
DIMENSION Ri(wP), x(xp), DH(WP-1). TJ(uM), THR(HT)

DIMENSION ®i(m), Xa(uT), wa(nw), xe(wr), ®K3(m), ®3(ur), K&(:M), H4(NT
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The variables K1, K2, K3 and Kb must be dimensioned at least as large as
the larger of NM and NT. Here, as in the main program, NM = EE%E .

VI. APERTURE RADIATION, ROTATIONAL SYMMETRY

This program computes {he current on a conducting body of revolution
excited by one or more rotationally symmetric apertures. It is assumed
that the tangential electric field is krown over the apertures. The input
coneists primarily of NP points defining the body contour, the [Y] matrix
for the n = O mode, plus tangential E at the NP roints on S. The cutput
consists primarily of the current on the body, the radiation field, and

the normalized power gain patterns. Printer plot routines are included to graph

both the current and the power gain patterns. The program listing plus
sample input-output data are given in Appendix C.

The program is similar to the one concerning scattering for axially
incident plane waves except that the excitation voltage matrix is deter-
mined by input data instead of by an incident plane wave. Also, a gain
instead of a scattering cross sgcticn is obtained from the measurement.
(Equation (69) of the report.[lj)

The subroutine PLANE provides the measurement matrix elements of
equations (77) and (81) of the report[l] for the special case n = 0. This
subroutine PLANE is similar to the subroutine of the same name used in the
program concerning scattering for axielly incident plane waves. For the case

nsQ, E@g and Rb¢ ray be dispensed with since they are zero.

The subroutine REORD is exactly the same as the one of the same name
appearing in the prograz conceraing scattering for axially incident plane

waves.
Punched card doatu is read esrly in the maia program according to
3G READ(1,51,E8D = 52) ¥, 4Wp, &3, BX
5L FORMAT(313, B1%.7)
READ{L,530(R(1), I = i, KP)

S READ(L,53)(28(1), 1 = i, &P)

-’ '-] . -:f:

-y

-
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53 FORMAT(10F8.4)
IF(KK.EQ.2) GO T0 Lo
READ(1,68)(E1(I), I = 1,NP)
168 FORMAT(TE1l.k)
IF(KK.FQ.1' GO TO 41
40 READ(1,168)(E2(1),I = 1, NP)

bl KL =1

KK = 1 if the aperture electric field has only a t component.
KK = 2 if the aperture electric field has only & ¢ component.
KK = 3 if the aperture electric field has both t and ¢ components. NP points
define the generating curve of the body of revolution. The first point and
the NPth point mark the extremities of the generating curve. NP must be
odd. The gain pattern will be observed at NT angles er. In degrees,
-
o, = lgg_;‘l , I=1,2,-+ NT.
BK is the propagation constant k = wype . RH(I) and ZH(I) are respectively
the ¢ylindrical cecordinate radius p and axial distance z at data point I of
the genersting curve. Bl and E2 are complex. If Kk # 2, BL{I) is the t
camponent of the axially symmeteic gperture electric fleld st point I on the gen-
erating curve. ALl the Eil's except EI(J) being zero represents an
aperture fieid Eﬁéil betwoen the (J-l)m and (J+1)th points or vetween the
3" ang (301)™ potats i 7 = 1 or vetwesn the (3-1) sne I points if
F o= RP. If RE(L) = RE(UP) 4 © and z(1) = ZH(NP), an EL(1) sust be ace
companied by an identical B3i(WP}. Ir KX o 1, B2(I) represents a ¢ directed
aperture Tield in exactliy the same way 28 BL{l) represented a2 ¢ directed
eperiure field. If KK = 3, both Bl and B¢ occur sizulisnecusly. The
puniched csnd data i3 printed vul soon after it is resd.
Statement 126 sets KL = O, overisps twe of the date soints and edds ¢
o HP iV the generating curve closes upon itseif. Do Loop 37 drevs a

, - , S 4 Lih . o ve? o -
stralght iinme tetween the {I+117 and I~ dala poiats to oblain BH{I}, R(I), zs(1),
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SV(I), and GV(I), the increment of arc length, the cylindrical coordinate
radius, the axial distance, and the sine and cosine of the angle between

)th th

t and .he z axis, all evalvated midway between the (I+1 and I data

“points. Do loop 1 stores the NT angles Gr in THR.

The triangle functions (equation 31 of the report[ll) are modified
slightly if the data points on the generating curve are not exactly

equally spaced.

1
|
l
|
[
V//// I
t -+ + —+ T
-
t5-2 b5-1 Yo tm Y
+3 i = Q:i
Ti(u, for i = ( 5 )
. J=-1,th o . . .
For J odd, the (~§~) modified function is given by
t-t,
1+ . A St <t
tj tj-2 Jj-c J
T.(%) =
* tet,
1 e —— t,. <t <t
- - 7 = T3+
tj+2 tj J Jte
0 all cther t .
where 1 = iﬂéil .
The subscript j on t indicates the Jth data point. For J odd, this

J=1,th
(57
Coming out of do loop T4, T(E*J-€+I) is Ti(t) midway Setweer the (J-3+1)°

4-
and (J-.’2+I)“h data points multiplied by the arc length included between the
(J-3+I)th and (J-2+I)th data points. The multiplication by the increment
of arc length factor facilitates integrations over the source and field

function is characterized by 4 numbers T(2*J-6+1), I = 1,E,3,:.
h

regions.

-y
:
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If KL # 0 and if RH(1) is not zero, the body of revolution has a rim.
The previously defined T(t) nearest the rim will be zero at the rim. Since
the ¢ directed current is not expected to be zero at the rim, the T(t)
associated with the ¢ directed current nearest the rim was changed to 2 at
the rim. This amplitude 2 makes the function linear in t when the points
t, in question are equally spaced. The logic between statements 74 and 78

J

represents the functions associated with the ¢ directed current by TR.

- Do loop 7 computes the arc length TJ at every other data point aleng
the generating curve. Do loop 8 normalizes TJ for a generating curve of
length 10.

Using T and TR to invoke a pulse approximation to the T(t) functions,
do loop 44 uses the aperture electric field data to calculate and store in
E3 the excitation voltage matrices, (equation (27) of the report[l]). If E3(J)
represents excitation in the t direction, E3(J+NM) represents a correspond-
ing excitation in the ¢ direction. Actually if XX # 5. there is only one
type of excitation and either E3(J) or E3(T+NM) is automatically set equal

to zero.

Statement 185 reads the admittance matrix ¥ from, in this case, direct
access data set 6. Do loop 134 calculates the coefficients TI of the current
expansion functions by multiplying the admittance matrice Y by the excitation
voltage matrix E3. Tf TI(J) represents a t directed current, then TI{J+NM)
represents the corresponding ¢ directed current. Since the admittance sub-
matrices fbt and Yt‘m are zero, the t directed aperture field will excite
only a t direéted electric current and the ¢ directed aperture field only
a ¢ directed garrent. Still in do loop 134, the power required to main-
tain the aperture {ield is obtaincd by summing the products of the complex
conjugate of a coefficient of a current expansion function with the corres-
ponding excitation veltege matrix element. The power associated with the t
directed aperture e¢lectric fleld is put in Pl and the power associated with
the ¢ dircected aperture electric ficld in P2. Since oniy the real part of
the complex power is required to normalize the gain, neither Pl nor P2 ave
defined to be complex variables. Pl and I'? are written just after do loop

Y

134, The semple printer output for the cone sphere data came frowm an
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earlier version of the program which printed Pl and P2 according to

WRITE(3,169) Pl, P2, P3

169 FORMAT(1X, 7TE1Ll.h)

where P3 was just the constant hx/ken . If KK # 3, either P1 or P2 is

zero. For some problems with aperture excitation very near the poles of the
body of revolution, P2 was negative. This apparent error is due not to the
method of moments itself, but to the approximations made in obtaining the

source and field integrals.

Do loop 9 calculafes complex numbers El and E2 whose magnitude is the
square root of the gain by pre-multiplying the matrix of current coefficients
TI by the measurement vultage matrices VVR previously supplied by the sub-
routine PLANE. The proper normalization is obtained in statements 190 and
191. El and E2 at 1 and NT are expected to be zero. Just to be definite,
the 4 statements before do loop 139 assign the phase O to El and E2 at 1
and NT. The magnitude of El squared is the gain associated with the t
directed aperture electric field and the magnitude of E2 squared is the
gain associated with the ¢ directed aperture electric field. Since the
measurement voltage submatrices R¢e and Rt¢ are zero, the t directed electric
current will excite only a 6 directed far field and the ¢ directed current
only a ¢ directed far field. Do loop 139 converts the coefficients TI of the
current expansion functions to actual currents per unit length by dividing by

the cylindrical coordinate radius RH.

After do loop 139, the remainder of the program is devoted to printing
and plotting the electric currents and gains. The currents are printed in
either do loop 140 or do loop lh3. These currents in amperes per unit length
are independent of ¢ and possess real and imaginary parts. The gains are
printed in either do loop 156, 159 or 167. In the hesding, GO is the gain
associated with the t directed current and G¢ is the gain associated with the
¢ directed current. EO and Ed are the square roots of the respective gains.
ANG E0 and ARG F¢ are indicative of the phases of the @ and ¢ directed
electric fields in the far zone.

In do loop 171, M = 1 obluins plots of the t directed current JT and
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gain G6 while M = 2 obtains plots of the ¢ directed current J¢ and gain Go.
Do loop 172 finds X1 and X2, the maximum megnitudes of the real and imaginary
parts of the current. Do loop 13 normalizes X1 and X2 to full scale. K3
and K4 represent the real and imaginary parts of the currents and K1 and

K2 their corresponding abscissas. CALL REORD(K1,K3,NM) arranges K3 in
descending order. The abscissas K1 are arranged accordingly to maintain

the original correspondence between K3 and K1. CALL REORD(K2,K4,NM) operates
similarly upon K2 and Kk, The current is plotted in do loop 20. One line

is printed for each J. Data is plotted on a given line only if the ordinate
of the data is greater than or equal to the ordinate of the line. If some
data is out of range, that which is too large accumulates at the top of the
plot while that which is too small is ignored. Do loop 80 prepares the gain

K3 in descending order while still keeping track of Kl. The gain is plotted
by do loop 87. At the end of the program execution is transferred back to
read statement 50. Tf there is another set of punched card data, the pro-

gram recycles. If not, execution stops.

Lgt NP be either the original NP of the data if the generating curve
does not close upon itself or 2 plus the original NP of the data if the
generating curve closes upon itself. When NP > L3 or NT > 73, some vari-
ables require larger dimensions. These variables are listed along with their
minioum dimensions.

COMPLEX Y(L*NM*NM), VVR(2*NT*NM), TI(2*NM),
E3(2%M), EL(NP), EL(NT), E2(NP), E2(NT)
COMMON R(NP-1), 2S(NP-1), SV(NP-1), Cv(NP-1),

T(4*NM), TR(L*NM)

DIMENSION RH(NP), ZH(NP), DH(NP-1), TJ(NM), THR(NT)
DIMENSION K1{NM), KL(NT), K2(NM), K3(NM), K3(NT), Kb(NM)

Here, as in the main program, NM = 3252 . The variables El,E2, K1, and K3
serve a dusl purpose. The common statement in the subroutine PLANE should

be exactly as it is in the main program.
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to be plotted on a logarithm scale via K3 and K1. CALL REORD(K1,XK3,NT) arranges
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VII. BACKSCATTERING, CBLIQUE INCIDENCE

This program computes the backscattered field and monostatic radar
cross section for a conducting body of revolution excited by a plane wave
from an arbitrary direction of incidence. The current is also found but not
printed oul. The input consists primarily of NP points defining the body
contour plus the (Y] matrices for all modes n satisfying (33). The output
consists primarily of the backscattered field and monostatic radar cross
section patterns. The cross section patterns are graphed by a printer plot
routine. The program listing plus sample input-output data are given in
Appendix D.

The subroutines PLANE and REORD are exactly the same as the ones in

the program concerning scattering for axially incident plane waves.
Punched card.data is read early in the main program according to
50 READ(1,51, END = 52) KX, NP, NT, BK
51 FORMAT(3I3, Elk.T7)

READ(1,53)(RH(I), I .l, NP)

i}

i

READ(1,53)(ZH(I), I = 1, NP)

53 FORMAT(1OF8.%4)

The punched card data for the backscattering program is the same as that
for the program concerning scattering for axially incident plane waves

except that NN is replaced by KK. For oblique incidence, the Rn's of equa-

tions (77) and (81) of the repa:n‘t,[l are considered for only n = 0,1,2-++KK~1.

Up to and including do loop 8, the programs for backscattering and for axisl
incidence are essentially the same.

Do loop L2 initializes El, the measurement for a § directed transmitter
and a 8 directed receiver, and E2, the .neasurement for a ¢ directed trans-
mitter and a ¢ directed receiver. When both transmitter and receiver are

located at ¢ = 0, ihere are no 6@ or ¢9 polarization components. For the 86

~

and ¢¢ pelarizations, R.n Y_n v«n = R Yn Vn so that the measurement must be
O'

n
a'ltiplied by an extra factor 2 if n # Inside do loop 40, the subroutine
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PLANE is called upon to provide VVR, the receiver voltage corresponding to
Rn for n = KK-1. From the KKth record of data set 6, statement 127 reads

the admittance matrix Yh for the same (M -l)th mode. Each L of do loop 41
denotes a different polar angle 6. For transmitters in the direction 6 from

an origin near the body of revolution, do loop 3 puts the currents in E3 and

EL. The transmitter voltage matrices necessary for computation of the cur-
rents have been abstracted from the receiver voltage matrices VVR by merely
changing the sign of the elements corresponding to R(i)6 and Rt¢‘ Do loop 43

adds the measurements ﬁ; ¥, V, to El and E2. Toward the end of do loop 41,

SIG 66 and SIG ¢¢ along with their square roots MAG S66 and MAG S¢¢p are

printed. §IG 66 and SIG ¢¢ are echo areas per square wavelength (c/k?) obtained

by squaring the product of EL or E2 with PL. Pl is the constant kon/2n/2
defined earlier in the program just after do loop 1. -

The fixed point ordinates K3 and K4t and abscissas K1 and K2 appearing
in do loop 80 facilitate plotting the echo areas per square wavelength on a
iogarithm scale. Do loop 80 also repeats the final printing of the echo
areas per square wavelength. Statements 14 and 15 arrange X3 and K& in
descending order and do loop 87 plots the echo areas per square wavelength
in the same way that the bistatic scattering cross sections were plotted

in the program for axially incident plane waves.

If NP > 43 or NT > 73, most variables require larger dimensions. The ' -
affected variables are the same as those of the same name appearing in the
program for axially incident plane waves except E3 and Eb which must be
dimensioned at least as large as TI was in the program for axially incident
plane waves. )
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APPENDIX A. PROGRAM AND, SAMPIE INPUT~-OUTPUT DATA FOR SECTION IV.
/7 {0034 ,EE4642) ¢ *MAUTZ 4 JOE' yMSGLEVEL=1

// EXEC FORTGCLGyPARMFORT='MAP!
//FORY,L,SYSIN DD *
SUBROUTINE LINEQ(LL,C)}
COMPLEX C(1),STOR,ST,STHS
DIMENSION LR(58R)
DO 20 I=1,LL
LR{I)=1
20 CONTINUE
M1=0
DO 18 M=1,LL
K=M
DO 2 I=MyLL
Kl=Ml+1
K2=M1+K
IF{CABS{C(KL))}=CARS(C(K2))) 24246
6 K=1
2 CONTINUE
LS=LR(M)
LRIM)=LR(K}
LR{K)=LS
K2=M1+K
STOR=C(K2)
Ji=0
uag 7 J=l.LbL
Kil=aJl+K
K2=J1+M
STO=C(K1)
CiK1)=C(K2)
C{K2)=STQ/STOR
Ji=Jdl+LL
7 CONTINUE
Kl=M1+M
C{K1}=1,/STOR
DO 11 I=l.LL
[Fi]=-M) 12,11.12
12 Kl=M}l+l
ST=C(K1)
CiKl)=0.
J1=0
00 10 J=l,LL
Kl=Jl+!
K2z=J1+M
CIK1)=C{K1)=C(K2)*ST
Jlz=Jdl+L L
10 CONTINULE
11 CONTINUE
Mlz=Ml+LL
18 CONTINUE
Jl=0
00 9 J=l,LL
IFLJ=LR{J)) 14,8,14
16 LtRJ=LR({ )
J2=(LRJ=1)elL
21 00 13 T=t,LL
K2aJ2el
Klz=Jl+]
S=CiK2)
Cix21=C{K])
CiRl)=S
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13

50
51

53
16
54
55

46

56

58

57

L5

CONTINUE

LR{J)=LR(LRJ}

LR{LRJ)=LRY

IF(J=LR(J)Y 14,8,14

Jl=Jd1+LL

CONTINUE

RETURN

END

COMPLEX A3,A4,2(1600)+G5(40),6(5292),U
DIMENSION RH({43)4ZH(43),DH(43),TJ(20)
DIMENSION SV(42),CV(42)425(42),R(42),ANG{4D)4,AC(40),CSM(120)
DIMENSION TP(BO),T(80)4TR(B0)JK(4)
REWIND 6

U=(0091.)

READ(L14514,END=52) NN,NP,NPHI,BK
FORMAT(313,E14,7)
READ(1,453)(RH(1)41=1,4NP)
READ{14533{(ZH(I)+1=1,NP)
FORMAT(10FB.4)

WRITE(3,54) NNyNP,NPHI 4RK
FORMAT{LIX//Y NN=1',13,t NP=1,13,% NPHI=%,13,¢ BK=*,E14,7}
FORMAT(1X/' RH?Y)

WRITE(3,55)
WRITE(3446)(RH{T),1=1,NP)
FORMAT(1X,10F8.4)

WRITE(3,56)

FORMAT{1X/' ZH')
WRITE(3,46)(2ZH{T],1=1,NP)
IFCIRH{L)=RHINP) ) uNE D eoaORL(ZH{L1I=ZH(NP) )} JNELOL) GO TO 58
RR(NP+1}=RH(2)

IHINP+1)=2H(?)

RH{NP+2)=RH(3)

IHINP+2)=2H(3)

NP=NP+2

DO 57 122 ,,NP

12=1-1

RRI=RH(1)-RH{12)}

RRZ2aZM(1)-2H(]2)
DH{12)=SORT({RRI1=RR1+RR2%RR2)
ISE12)= 5% (7HIT)I42H(12))
RE12)=2,8%(RR{1)I+RH{12))
SVi12)=RR1/DKHIT2)

Cv{12)sRR2/0M(12)

CONTINUE

KG=NP=-1}

N=KG/2

NMaN=-1

NN2=NM22

NMGz=NMRY

NI=NM2eNM2

NGzKGeKG

M5 =NNe 2

Mh=NNe&

EM=NN

FNZ2=NNSNN

Pi=z3,14159)

ETA=374,707

OP=Pl/NPHI]

CA=bKeBKeETA

R,




k6

117
118

11

10

12

13
25

CO=ETA

§8=0.

DO 117 I=1,NM

T1=2%({1-1)+1}

[2=11+1
SS=8S+DH{I1)+LH(12)
TJ{1)=Ss

CONTINUE

WRITE(3,118)

FORMAT(1X/* TJ')
WRITE(3,46) (TJ(1)y1=14NM)
DO 2 J=1,NPHI
ANG(J)=(J~«5)%DP
AC{J)Y=COS{ANG(J}}

CONTINUE

M3=0

00 10 MM=M5 M6

Ml=MM-3

M2=M3xNPHI

DO 11 K=1,NPHI

K1=sM2+K
CSM{K1)=0P*COS{M]I1*ANG(K) )
CONTINUE

M3=M3+1

CONTINUE

D0 16 J=1,KG

DEL=.5%DH{J)

DEL1=DHIJ)*RK
AA=DPER(J)*DEL®RK

DN 17 I=1,KG6
23=72S(J)-28¢(1)
RRI=SV{UI#R{J)+CVIII=Z3
RR2==SV{JI*R(I])
RRA=R{JIERIJISRITIZR{)+23%523
RR4z=2,.,%R{J)%R( 1}
X1=ABS(R(JI-REI})I+ARS(23)
DO 5 K=l ,NPH]
IF(K.NE.1ORWX1.NELOL,) GO TQ 7
X=R{J12DP
XX=SQRTIDEL#DEL+XeX)
Wl={XALOGU{DELHXX) /X )SDELSALOG (XXX ) /DEL) ) ZARA
sz-ll

GStli=wleUxw?

60 Y0 S
Y=ABSIRR L +AC (K ) #RR2)
BD=RRI+RR&*AC (K}
REK=2BK&SORT{RD)

D2=RD=YoY

Y)=Y-DEL

Y2=¥+DEL

R1=50T{YieyleN2)
R2=QQRT(Y29Y2+02)

[FEYL) 72.73.123
TIN=ALOGIE=YIeR118{Y2¢R2})/D2)
&h 10 2%

TINSALOGL LY2eRPIIEYIORY YD
SN=SINIRK)

CS=CO51RKY
GSIR)=(CS=USSNIS{ TIN-U{HK2DM{ J}=-AKeTIN) ) /DELL
CONT INUE
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M3={J=-1)*KG+1
. 0 68 MM=1,3
Ml=MM-1
Mé4=M]RNPH]
M2=M13NG+M3
GimM2)=0,
D0 13 K=1,NPHI
K?=K+M4
GIM2)=G{M2)+GS(K)*(SM(K2)
13 CONTINUE
68 CONTINUE
17 CONTINUE
16 CONTINUE
DO 74 J=1.NM
J2=2%(J-1)+1
J3=J42+1
Jé=J3+1
JS5=Jo+1
Jhs4x(J=1)+1
J7=06+1
JB=J7+1
J9=JR+1
DELY=DH(J2)+DH{J3)
DEL2=DH(Joa)+DH(J5)
TP(J6)=DH(JI2)/DELL
TPIJT7)=DH{J3}/DEL]L
TP(JB8)==-DH(J4)/DEL2
YP{J9)==DH(JS5)/DEL2
T(JA)=DH(J2)*DH(J2)/2./DEL]
TIJT)I=DH{J3)H(DH(J2)+DH({J3) /2, ) /DEL]
F(JR)=DH{J4 )R {DH{JS)+DHIJ4) 72, ) /DEL2
TIJI9)=DH{JS)I=DH{JI5)/2./DFL2
T4 CONTINUE *
nn 75 J=1,NM4
TR =TS
75 CONTINUE
115 TF((ZHUL)=ZHINP=2) ) EQeOe AND (RH{ 1)} =RH{NP=2)1.F0,0.) GO TO 7R
TFIRHR(Y)) 77,23,17
T7 OELI=DHIL)Y+DH(2)
TRIL)I=DH(L)I S L . +IDH{2)eDH(1)/2,1/DELY)
TREZ2)=DH{2)®l ] +DNI21/2,./7DELY)
23 JF(RHINP)Y) T9,TR,79
79 Jla2{N=2)%4+3
J2zJlel
DEL2=DHINP=2)+DHIKE)
TRIJ1I2DHINP=2 )8 J2DHINP=21/2./NEL2)
L1A TR{J2)12DHIKG)I O (] ¢ {DMINP~2)¢OMHIKG) 22 1/7DEL2Y
TR 30 30 J=il JNM
JL={J~1)eNM2
NELRRESRE 2
Jl=2¢{ j=11)
DO 31 1=]1.NKH
Li=zdl el
L2=L 1+NM
LI=NNeNMPeL )
Lé=l oM
TiL1=0,
2iL2)=0,
iL3di=0,
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1{L4)=0,
11=2%(1-1)
13=({]=11%4
PO 70 JJ=1,.4
J2=J1+JJ)
J7=43+JJ
DO 71 Ti=l44
12=11+11
17=13+11
Ja={J2~1)%KG+12
J5=J44NG
J6=J54NG
SS=Sv(12)asv(J2)
CC=CV(12)%CV(J2)
A3=,5%(G(J6)+G(J4))
A4=,5%({G(JA)=GLUG))
2ALLY=Z LY+ {CART(ITIRT(JT )% (SS»A34CC2G(IS) ) =CuTP(ITV2TP{JUT)2G(JI5
1)U
24L2)Y=2{L2)+CA3SVJ2Y3TR(TIT)I2T(JT)2AL-FM¥COBG(JUS)*TR(ITI®TP(JT) /R
112)
ZIL3)=2(L3)=CAZRSV(I2)3T(I7)ISTRIJTIRALAFMNECORG(ISIRTP{TITISTR{JIT) /R
102)
ZILG)=2 (LAY +{CASA3=FM23CO/R(I2)/R(JI2V3G(IS)IIXTRITITI®TR(JT )=
71 CONTENUE
70 CONTINUE
31 COANTINUE
30 CONT INUE
A1 CALL LINEO(NM2,2)
WRITEI&)(2(1),1=1,4N2)
JK{1)=1
JK{2)=N
JK{3)sNM23N (+])
JK{&)=IK{3)+NM
P 93 J=14o
KlzJX{J)
WRITF({3,426) )
24 FORMATLIXZY Y1 ,11)
DN 92 T=1,NM
K2zK 1 4NM=]
Qb WRITEIIZARI{2(K]} e K=K] K2)
AR FORNAT{IX,10G11,.4)
KlsKleNMD
92 CONT INUE
93 CONTINUE

o 10 50
42 STup
FND
FA
17GOFTOAFN0L DD DSNARE=EEQQO34REV]DISP=OLDWUNIT=2314, %
17 VOLUME=SER=SUDO0&4 +DCR={RTCFMRaV BLKSIZ2E21RO0LRECL21T94)

JIT0,SYSIN DD o

00104) 20 0,&A59995E+00
0.0 0.,0R6R D173 00,2608 00,3473 0,4361 0.5209 0.6078 0,694 U TAT4
0LRAAZ  0,955)1 1.0619 11,1287 1.2159 1.3024 1.3R892 1.4TH0 1.5A28 1 K497
1.7365% 1.8233 1.9101 1.9970 2,083 22,1706 2.2574 2.3&442 2.4311 2.59179
2.0047  2,6837 2.6B863 2,599 2,41R4  Z2.1570 1,R216 1.%230 0.,9772 0.4917)
-0,0000
0,0 0,4926 Q.98&H  1,6772 1.9496 2,&A20 2,954 J,444R 3,9392 & 6314
Q0240 5,&1k& S5.,00RR  4,4013 A R93IT T,3A6Y T.RTAS R,ITO9 ALARAIY  9.,3%57
Q,AGA] 10.340% 10,8329 11,3253 11.,RIT7 12,3101 12.R02% 13,2949 13.7A73 14,2797
14,7721 15,2657 15,7650 16,2562 16,7225 171478 17.5177 17,.R195 1R,.0427 1R, 1798
(R, 2260
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APFENDIX B, PROGRAM AND SAMFLE INFUT-OUTFUT DATA FOR SECTION V.

//

(0034,4EE 642}y 'MAUTZyJUE® yMSGLEVEL=1

// EXEC FORTGCLG+PARM,FORT=tMAP?
//FORT.SYSIN DD =*

153

304

303

—

155
304
305
30e
304

309
307

SUBROUTINE PLANE (VVR 3 THR ¢NT)
COMPLEX VVR(1)4A54A6,4U

COMMON UgR(42)925(42)9SVI{42)4CVI42)4BKyNPyNNyT(RO)TRIRO)
DIMENSION BJ(126)4THR(1)}4FK(20)

KG=NP-1

NM=KG/2~-1

M2=NN+2
AS522,.%3,141593%xx(NN+1)
NV=NMx4

FK{l)=1.

DO 153 J=1,M2
Jl=J+1
FK{J1)=FK{J)%J
CONTINUE

DD 156 L=1oNT
tl=(L=1)*NV
CS=COS(THR{L)}
SN=SIN{THR(L))
BCS=BK*CS

DO 302 J=14KG6
X=R{J)*BK%*SN

Jl=J

T1=NN

IF{I1) 303,306,303
I1=11+1

J1=J1+K6

D0 305 JJ=11,M2
TF(X=14E=5) 14142
TF{JJ=1) 3,3,4
B{Jl)=1.

G} TO 304
BJ{J1}=0,

GO T0 306

RH=X/2.

RHZ=RH®RH
RH3=RHx%(JJ-1)
BJ(JY)Y=RH3/FK{JJ)
SS=RJ1J1)
SST=SS#),.E=-7

DO 155 K=1420
§Su=SSeRH2/K/ (K dJ=))
BJ(JL1)=RJEIL)+SS
TF(ARS{SS)—S55T) 306,30A,155
CONTINUE

STOP 15%

JleJl+KG

CONT INVE

CONY INUE

TEINN)Y 307,30R,307
00 309 J=1+XG6
Jl=J+20KG
BJiJ)2=RJ(J])
CONT INUE

DO 300 Jsl.NM
Ji=Jg+L}

J2=JleNN

e e e A e W e i e Al e L L S A R B A L e e e ke e
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56

301
300
156

R4

82

a1

107

50
51

%3

J3=J2+NM

J4=J3+NM

VVR(J1}=0.

VVR(J2)=0.

VVR{J3)=0.

VVR{J4)=0,

00 301 I=1,4

11=2%(J-1)+1

14=4%(J=1)+]

[2=114K6

13=12+K6G
A6=(COS{ZS(T1)*BCS)+USSIN(ZS(I1)*BCS))*AS
BJ1=(BJ(I3)1+BJ(11})%,.5
BJ2=(RJ(I3)-RJ(I1))%,5
VVR{J1)=VVR(JL)+A6%(CSESVIILI#BI2+SNRCV(TLI*RI(TI2)*U)1%T (14}
VVR(J2)=VVR(J2)+A6XCSHBILIRURTR{T4)
VVR({J3)=VVR{J3)=A6%SVII1)I%BIL1=UXT(14)
VVR(J4)=VVR{J4)+A6%BJI2%TR( 14}

CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE REORD(K14K3,L)

DIMENSION K1(1),K3(1)

D0 81 J=1,L

K8=K3(J)

Ké=y

DO 82 1=J,L

IF(K3(1)-K8) 82,82,84

K8=K3{1)

Ké=1

CONT INUE

K3({K6Y=K3(J)

K3(J)=K8

K8=K1{(Ké&)

K1{K6)z=Kl(J)

K1(J)=K§

CONTINUE

K3(L+1l)=-1]

RETURN

END

COMPLEX A3,Y{1&00),VVR{5R40) ,TT{40),E3L20)+EX(T73),E2(T73),V)
COMMON UR{42)4250462),SV(62),CVia2).BKiNPsNN,T(BO),TRIRQ)
DIMENSTION RMI43) yZH{A3) yDHI42) 3 TI(20) o INT(L11)THR{T73)
DIMENSION AA{LIOS)KLIT3) o K2{T73)¢KILTI) KG(T3)
DATA AAL1) AA(104) JAA(LOS)/7Y 2tV 80y
00 107 I=1,102

AAilel)=AALY)

Uz(().'ln,

ETA=374.707

ETA2=kTAR?,

Pl=3,141593

PR=1RO./P}

REMIND &

READ(14S14END=52) NNJNPNT,8K
FORMAT(3]3,El14.T)

READ(I 53 (RM{T ) 121 NP)
READLL1+93){2ZHITI =1 NP}

FORMAT({10FR. &)

o, S 2t e e e e Dl e R N e o e A s B R . s
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16
54

55
46

56

126

58

57

T4

7%
115

117

WRITE(3,54) NNoNPyNT,BK

FORMAT(1X//% NN=Vv,13,9 NP=t,]3,¢ NT=3,13,¢
WRITE(3,55)

FORMAT(1X/!' RH¢}

WRITE(3446)Y(RH(I)1=1,NP)
FORMAT(1X,10F8.4)

WRITE(3,56)

FORMAT(1X/' ZH')

WRITE(3,46)(ZH(T),1=14NP)

KL=1

IF{{RH(1)=RH{NP))oeNE«OeosOR, (ZH(1)=ZHINP)}}4NELO.) GO TO 54

KL=0

RH{NP+1)=RH(2)
IHINP+1)=7H(2)
RH(NP+2)=RH(3)
IH(NP+2)=ZH(3)

NP=NP+2

DO 57 1=24NP

12=1-1

RR1I=RH{I1)=RH{I2}
RR2=ZH{1)-ZH(12)
DH(12)=SORT(RR1*RR1+RR2%*RR2}
25012)=,5%(2H(1)+2ZH{I2))
R{T12)=.5%(RH{I)+RH(12))
SV{12)=RR1/DH(12)
CV(I2)=RR2/DH(12)

CONT INUE

DT=PI/(NT-1)

DO 1 J=14NT

THR{J)=DT*(J=-1)

CONT INUE

NM={NP~3)/2

NMG=NM%4H

NM2=NM%2

NZ=NM2¥NM2

DO 76 J=1,NM

J2=2%({J~1)+1

J3z=J2+1

Ja=j3+1

JS=Ja+l

Jhube( j=1)+]

J7=2J6+1

JA=JT+]

J9=J8+1

DELI=0OH(J2)«DH{J3)
DEL2=DMLJ4)Y+DHLIS)
T(J6I=DHIJ2YRDKH{J2)/2.7D0EL1
TLITI=DHEU)2(0HIY2)+DHII3) 22,0 /DELL
TUIR)=DHEJGIR{DHIIS ) eDM{JG) /2, ) /DEL2
TLIN)I=DHLUS)ISDH(JS)}/2. 7DEL?
CONT INUE

DN 75 J=1.hNM&

TR{JI=TLJ)

CONT INUE

TFIXLLED.DY GO TO 78
TRFERKR(LY)Y 7742377
DELL=DMI1)«DMI2)
TR{L1)=OH(LIe(} «(DHT21+DH11)/72.)}/7DELY)
TR{21=0M(2)% (1., eDM12)1/72./7DEL 1)

BK='4E14.7)

57

~
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. 58

23 TF(RH{NP}) 79,78,479
79 Jis{NM-1)%4+3
J2=Jdisl
DEL2=DH(NP=~2)+DH{NP~1)
TRUJL)=OH{NP=2)%(1,+DH{NP-2)/2./DEL2)
TRIJ2)=DHINP-1)* (1 .+ (DHINP-2)+DH(NP=1)/2,) /DEL2)
78 SS=0,
DO 7 I=19NM
11=2%(1~1)+1
12=11+1
SS=SS+DH(T1)Y+DH(12)
TJ(1)=88
7 CONTINUE
DEL=TJ(NM)
TF(KL.NE.O) DEL=DEL+DH{NP-2)+DH{NP~-1)
DEL=DEL/10,
DO 8 J=14NM
T =TJI(I)/DEL
8 CONTINUE
85 CALL PLANE(VVR,THR NT)
127 READ(6I(Y{1)sl=14N2}
00 108 INC=1,2
J3=0
TFUINC.EQel) J3=NMa*{NT-1)
DO 2 J=1,4NM2
TI(3)=0.
B0 3 [=1,NM
J1=J+{1-1)*NM2
J2=J1 +NMaNM2
11=1+43
12=11+NM
TII)=TI{JI=Y(JLIRVVRLTL) &Y (J2)%VVR(12)
CONTINVE
CONT INUE
DO 9 J=1,4NT
E1(4)=0,
t2(d)=0.
J1ls(J=1)%NMy
VO 10 I=1,NM?2
T1=31+]
[2=11+NM2
EY(JY=EY(JYSVVRITLISTI(T)
E2(JYaF2(J)+VVR(12)8T1( 1)
10 CONTINUE
9 CONTINUE
J52{2=INCIE{NT-]1)4])
A3zCARSLEL(JUS))IZELIUSIa(RKSRKEETA/ 2, /P /7S0RTIPT))
DO 11 J=),NT
El{Ji=EllJ)wA}
[ PANEEL-FAINDE VL Y%
11 CONTINUE
WRITE(3,110)
110 FORMAT (P17 42X, P TGN tREAL JT P2 IXG P TMAG JT 042X *MATL JTi4 11X, tREAL J
101X P TMAG JOY,2XYHAG JOY)
WRITE(3,109)
109 FORHAT('O‘.37X.‘I‘.TX.'I'.7K.‘I')
DO 128 JzlNM
JlzJeNN
J2=z20(J-1)¢3
TIII=THIJISETA/RH{J2)

[ S




128

125
129

124
4
112

113

111
12

13

15

104

59

E3(J)=TI{I1)*U%ETA2/RH(J2)

CONT INUE

DO 129 J=1,NH

J1l=J+NM

J3zJ=-1

J5=J+1

IF{JeNE 1 ANDLJoNELNM)} GO TO 125
J3=y

J5=y

IF(KLLEDLL) GO} TO 125

J3=NM

J5=J+1

IF{J.EO.L) GO TO 125

J3=J—1

J5=1
TI(J1)=425%(E3(J3)+2.%E3(JY+E3(I5))
CONTINUF

DO 4 J=14NM

J1=J+NM

X2=REALITI(J)}

X3=AIMAG(TI(J})

X4=CABS(TI(J))}

X5=REAL{TI(J1))

X6=AIMAG(TI(JL))

X7=CARS{TI(J1))

WRITE(3,124) TJUJ)sX24X3 X4 X54XAXT
FORMAT{1XsF54246F8.3)

CONT INUE

WRITE(3,112)

FORMAT(YYt, 1 OV,4X,*SIGC X0t 42X,'SIG X0t 42X *MAG SXO',1Xs "ANG SXOF

La1Xy "MAG SXO'4 1 Xy PANG SXOP 91Xy *LSIG XOt,1X, *LSIG XOY)

WRITE(3,113)
FDRMAT(‘#'.ZX,'-',‘)X.‘-‘.?X,’/'.ﬁX.‘—".?X"-'.?X.'/‘.'I’X.'/'.7X.'-'

LoTXyt/%)

DO 12 Jd=1,NT

X1=THR{J)}%PR

X4=CARS(EL(J})

X6=CABS(E2(J))

2= X4u )b

X3=XHheXs .

X5=PRUATANZ (AIMAGIELEJ) ) SREALLEYL)Y)
ET=PROATANZ2 LATMAGLEZ2(J) ) 4REALLE210)))
X8=AL0G10EX2)

X9sALOGLIO(X3)

WRITE(IS111) X1 oX2e X0 X0 XS4 XbeXToXRyXY
FARMATIYIXFO L1 43FB.3,FR L +FR.IWFR.142FF,3)
CONT IHUE

06y 13 U=l NN

K1{JY=TJ(a)el0,.+3.5

K2(J3)1=X1t)

K3{J)=CARS{TI{J)1810.%.5

JlzJelM

Kel())=CABSITI(UL))®1D,4,.5

CONT INUE

CALL REDRD{KI KI NM)

CALL REDRD{K? ¢X& ,NNK)

00 104 J=1,11

INT O Y=0-)

CONT INUE

Bl irn 5, N T T - PR LY N T S AR N S P S g




106

25

22
123

122
24

114

47
21
60
48

26
61

20

63

64

65

(141

L1¢)
16
17

105

K=5

K5=1

Ké=1

WRITE(3,106)

FORMAT(*1t)

DO 20 J=1,51

J1=51-J

WRITE(3,25)

FORMAT (¢ 11499X,11)
IF({J=-1)/5%5-(J=1)121,22,21
WRITE(34123)

FORMAT (V413X et 497X, t==t)
FF((J=-1)/10%10~(J-1}) 21,122,21
WRITE(3,24) K

FORMAT(%+4+,12)

K=K=~1

IF{J.NE,1) GO TO 21
WRITE(3,116)
FORMAT (Y48 ,4X,50( 1V ==1t))
WRITE(3,47)

FORMAT(*+t 4BXs19{1%,4X))
TF(K3{K5)},LT.J1) GO TO 24
KB=K1{K5)

WRITE(3,48) (AA(T)}41=214KB),AA(104)
FORMAT(*+*,105A1)

K5=K5+1

IFIK3(KS) GELJ1) G TO &0
IF{Ka(Kb) LT J1) GO TO 20
KB=K2(K&)

WRITE(3,4R) (AA(T),1=1,KA),AA{105)
K6H=Kb+]

IF(K4(K6E)GELJLY GO TO 61
CONTINUE

WRITE(3,47)

WRITE(3,116)
WRITE(3,63)LINT(J)yd=1,11)
FORMAT(3X,11(12,8X))
WRITE(3,64)

FURMAT('0',20X,*x X X PLOT OF MAGNITUDE OF T DIRECTED CURRENT VER

1SUS LENGTH Tt)
WRITEL3,465)

FORMAT(21X4'0 O O PLOT {IF MAGNITUDE OF 0 DIRECTED CURRENY VERSUS

TLENGTH TV

WRITE(3,64)
FORMAT(te? 48X, /")

00 B0 Js14NY
K1(J)=THR{J)18T7D,/P1+R,S
K2{3)1=K1(J}

K3I{J1=220.9ALOGI0LCARSLFLIU) 1) 20,5
Ka(J)1e20,8AL0GL10CARSIE21Y)}))+20,.5

CONT INUE

CALL REDRUDIK]1K3I,NT)
CALL REDRDIKZ Kb NTY
00 105 J=1,5

INTUU ={J~1)945
CONTINUE

x1=21000,

K4=]

K&

wWRAITE(34106)

B B s i B,

e A N PN L l‘,‘ﬁ-

¢ W TP Sy
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DI} BT J=1,51
J1=51=-9
WRITE(3,88)
AR FORMAT(9X, t1t471Xy8]4)
IF((J=1)/10%10=(.)~1))92490,92
90 WRITE(3,91) X1
91 FORMAT('+' 4FT7,24!' ==t,A9Xy0==t)
X1=X1/10.
IF(J.NELL) GO TO 92
WRITE(3,93)
93 FORMAT( 448 417X, T('1',8X)) *
WRITE(3,497)
97 FORMAT( '+t ,8X,73(t="))
92 TF(K3({K5),LT«J1) GU TO 94
95 KB=K1(KS)
WRITE(3,48)(AA(T)1=14KB),AA(]104)
K5=K&5+1
TF(K3(K5).GEaJ1) GO TO 9%
94 IF{K4(KA)LTLJ]1) GO TO 8”7
96 KRz=K2(Kb)
WRITE(3,4R)Y(AA(])41=14KB),AA(105)
Ké=Kh+1
IFIK4{K&)GELJL) GI) TO 94
A7 CONTINUE
WRITE(3,493)
WRITE(3497)
WRITE{3498)(INT{J)sJd=1,45)
9K FORMATI7X43(13415X)s14,15X,13)
WRITE(3,99)
99 FORMAT( 04 15X'X X X PLOT OF SIGMA X0 (IVER LAMRQDA SOUARED VERSHS
1 THETA)
WRITE(3,101)
10 FORMATE V40 437X 81}
WRITE(3,100)
100 FORMAT(16X,'0 0 0 PLOT OF STGMA X0 OVER LAMARDA SOUARED ViRSUS THE
1TAY)
WRITE(3,102)
102 FORMAT( Y99 ,37X,t/0)
WRITE(3,10A)
108 CONTINUE
60 10 50
52 STOP
END
/e
JIGDLFTOGFO0L DD DSNAME=EEQDIGREVILDISP=20LD,UNTIT=2314, X
/7 VOLUME=2SEReSUNON&L DB {RECENaY JRLKSI 2R RO, LRECL=L1TOA)
J7G6,SYSIN DD e
001041037 O, 4459995E+00
(.0 O,0RAR NDe1734 0,2460% 0.36473 NDa361 0.5209 NebhOTR OJAVGA
D,RHARZ2  0,95951 1.0419 1,1287 1.2155 1.3026 1.3RG7 1.47A0 1.5A20
17369  1.8233 1.9101 11,9970 2.0R3IR  2,1T0A  2.2574 2.3642 2,431
2.6067 2.AR37  2.ARA3  2.59K9 2.,41R4  2,1570 1, RZ21A [.423R 0,9772
“00()000
0.0 0.6926 0,986H 11,4772 1.94086 2,&4K20 2,9%4 H,64AR 13,9392
24492640 S.,4164 S.,90R8 A.6ND13 AJR93IT T,3RAL T RTAS R,3ITO9 R .RA3D
Q.R4A1 10,350% 10.R329 11.3253 11.R177 12,3101 12.R02% 13,2964 13,7873
147721 15,2657 15.7050 16,2502 10,7225 171478 1T7.5177 17.8199 JA,0427
18,2260
Vi)

61

O, 7THL&
1ohb4Qt
2.51149
Na07)

Lo )A
Nel897
158,72797
1 ,1794

-y e

-y

w: . A -!'
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NNs L NP= 4L NT= 3/ Pz ©,408989SF 7
-. Kb -
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APFENDIX C. PROGRAM AND SAMPLE INPUT-OUTFUT DATA FOR SECTION VI. 69

// {0034 ,EE4642) 9y "MAUTZ yJOE 4MSGLEVEL=]
// EXEC FORTGCLG,PARMFORT=VMAP S
J/FORTLSYSIN DD *
SUBRIWTINE PLANE(VVR,THR4NT)
COMPLEX VVR(1),A5,A6,U
COMMON UyR{42)425(42)4SV(42)+CV(42)4BKyNPsT{RO)4TR{RD)
DIMENSTUN BJ(B4),THR(1)
KG=NP-1
NM=KG/2-1
A5=2.*3.141593*U
NV=NM%*2
DO 156 L=14NT
Li=(L-1)%NV
CS=CUSITHR(L))
SN=SIN{THR(L))
BCS=BK%CS
DO 302 J=14K6
Jl=J
X=R{J)=BK*SN
DO 305 JJd=1,2
TF({X=1.,E~5) 141,42
1 IF{JJ-1) 3,3,4
3 8J(Jl)=1,
G} TO 306
4 BJlJl)=0,
GO TU 306
2 RH=X/2
RH2=RH%RH
RH3z=RHs%{JJ-1)
BJ(J1)=RHY
SS=8J1(J1)
R SST=8S%51.E-7
N6 195 K=1,20
SS==SSERH2/K/{K+JJI-1)
BJUJ11=RILIL1)+SS
IFLARSISS)I-SST) 30A4306,155
155 CONT INUE
STOP 155
304 J1=J1+KG
305 CONTINUE
302 CONT INUF
DI} 300 Jul JNM
Jlaj+]
J2eJlenM
VVR{.d1) =0,
vvei{Jy21=0,
00 361 l=1,4
Flaga{)=1)e!
IR TS ANERBRS |
12=11+KG
A6K=(COSC2Si111eRCSIeUSSINIZSITYYORLS) ) 0AS
VVREJII=VVRIJL1 1 eASO{(SeSVIILIsRILT21eSNSCVITIIORI(TLIOU)OT (&)
VVRIJZ2)2VVR(J2108ACBI1I2TR{1&)
301 CONT ENUE
300 CONY INUE
154 CONTINUE
RETURN
END
SURRQUT INE REQRDIKI«X3,L1)
DINENSIOIN K1{1) X311}
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70

84

82

81

107

50

53
54
5%
4h

56

lod

168
131
132
169

<0

DO 81 J=1,L

K8=K3(J)

Ké=J

DO 82 I=J,tL

IF(K3(1)—-K8) 82482484

KB=K3(1[)

Ké=1

CONTINUE

K3(K6)=K3(J)

K3(J)=K8

KB=K1(K6)

K1{Ké)=K1{J)

K1(J)=KR

CONTINUE

K3(L+1)=-1

RETURN >

END

COMPLEX A3,Y(1600)4sVVR(2920)+sTI{40)4E3(40)4EL(T3),E2(T73)4U
COMMON UgR{42)425(42),SVI(42),CVI{42),BKNPyT(80),TR{BO)
DIMENSION RH{43)4ZH(43),DH(42),TJ(20) o INT(11)}4THR(73)
DIMENSION AA{110)4K1{73),K2(20)4K3(73),4K4&(20)
DATA AA(1),AA(109),AA(110)/8¢ t X008y

DO 107 1=1,107

AA(T+)1)=AA(T]:

U"(Oo,lo)

ETA=376.707

P1=3,141593

PR=]180,/P1

REWIND &

READILyH14END=52) KK NP4NT4BK
CORMAT(313,k14,.7)

READCL953)(RH(T )4 I=14NP)
READ(1+53)(ZH(T) 1=1 NP}

FIIRMAT{10FR,4)

WRITE{3,54) KK NP,NT,BK

FORMATCIX//7Y KK2t9T30% NP=t,13,¢ NT=4413,' RKst4E16.T7)
WRITE(3459)

FORMAT(L1X/* RH?Y)

WRITE(3,4A) (RHIT) 1] NP)

FORMAT(LIX,10F8,4)

WRITE{3,568)

FORMAT(LIX/Y ZHY)

WRITE(3 @A L2H{T) 1ol NP)

N0 [a6 Jz=] NP

EltJ)a0.

Ez(J)=0.

CONT INUE

IF{KKLE0L2) 6O T &0
READILIA1GRILEL L) o1zl NP}

SOHMATI7GLI &)

WRITEL3,131)

FORMATII X/ EOY)

WRITE(3,132)

FORMAY e =1

WRITEL3 A9 {EL L) el NPY

FORMAT{1 X TELIL &)

TFIRKLEQL1) GO TO &)

READ 1L 1AR)LE2( T} 1] NP

WRITE(3L13)) *




PP PN 3 SRS

133

41
126

58

97

T4

15
1%
17

23
19

WRITE(3,4133)

FORMAT( '+ /')
WRITE(3,169)(E2(1)41=1,4NP)
KL=1

‘F((RH(1)-RH‘NP))QNEQOQOORO(ZH‘I)-ZH(NP)’.NEQO.) GO TO 58

KL=0

RH{NP+1)=RH(2)
ZH{NP+1)=2H{2)
E1(NP+1)=EL(2)
E2(NP+)1)=E2(2)
RH{NP+2)=RH(3)
IH{NP+2)=ZH(3)
EL(NP+2)=E1(3)
E2{NP+2)=E2(3}

NP=NP+2

DO 57 1=24NP

[2=1-1

RR1I=RH(I)~-RH(12)
RR2=2H(I1)-ZH{12}
DH{12)=SORT{RR1*RR1+RR2*RR2}
2S(12)=.5=(2H{1)+ZH(12))
R{12)=.5%(RH(T)+RH(I2))
SVII2)=RR1/DH(12)
CVI{12)Y=RR2/DH{]2)

CONTINUE

DT=P1/(NT-1)

DO 1 J=1,NT

THR{J)=DT#(J=-1)

CONTINUE

NM=(NP-3})/2

NM&=NM&4

NM2z=NH&2

N2=rM28NM2

DO T4 J=1,.NM

J2=2%{J-1)+1

J3i=J2+1

Jez=J3+l

Jo9=Ja+]

Jo=bst J=-1}+1}

JTzJhe)

JRzJT+}

JazJjBe}

DEL1=DHII2)+0HE D)
DEL2=DHIJ&)+DHLJIS)
TUJI6)=DHEJ2)eDHJ2)/2./0ELL
TIJT1=0H0J3)0(DHTI2)Ve¢DMNEII) 72,0 7061
TUJRISOM{ IS IS IDHEUSIeOHIUS) /72,1 /DEL2
T1JI9isOMt U5) DML U531 /72, /0EL2
CONT INUE

DD 75 J=21 JNMbk

TR(UJI=T1J)

CONT INUE

[FiKL.EQ.0.) GO YO 78
TFIRHELYITT,23,77
QELI=DH{L)+(HI2)

TRITI=ONHT LIt ¢ {DHI2)eDMIYY/72.)/70ELL)
TR{2)=DH{2)0 (1. ¢DH{2)72.,/70EL 1)
JFIRHINPYIITO,TR,79
Jls(NM=-])%4e3

J2=Jdle}

WL L.t et e




T2

78

45

44
185

13%

134

184

it A, a

DEL2=DH(NP~2)+DH(NP~]1)
TRIJL)=DHINP=2)%(1,+DH(NP=2)/2./DEL2)

TRUJ2)=DH(NP-1}#*{1.+{DH{NP=~2)+DH(NP~1}/2,)/DEL2)

$§=0,

00 7 I=1,NM
11=2*%{1-1)+1

12=11+1
SS=SS+DH(I1}+DH(12)
TJ(1)=S8S

CONTINUE

DEL=TJ(NM)
IF(KLNELO4) DEL=DEL+DH{NP=2)+DHI(NP~1)
DEL=DEL/10,

DO 8 J=1yNM
TJ{I)=TI(J)/DEL
CONTINUE

DO 44 J=1,NM

J1=J+NM

J2=2%(J-1)
J3=6x(J~1})

E3(J4)=0.

£3(41)=0,

DO 45 I=1,4

11=J2+1

12=11+1

13=J3+1
E3(II=E3(JI)I=(EV(TL)+EL(12))%T(13)
E3(J1)=E3(J1)}=(E2(11)+E2([2))3TR(13)
CONTINUE
E3(J)=E3{J)%P1
E31Jl)=E3(J))=P]
CONT INUE
READLAI(YIT )izl yNZ}
P1=0.

P2=0.

P3=4 9P 1 /BK/BK/ETA
JlaJ+NM

TItJ)=0,

TitJdly=0,

DO 135 1=1,NM
122(1-113NM2+)
[3c]2+(NN2+) JBNM
{Gual oNK
THODISTILIYITI2)%E30 1)

CTHUINI=2THEd1 e (13)8ED LG}

CUONT INUF
PlepieCONJG(ITILIYI=EIL D)
P2=P2eLONJGITI(IL ) ISEAL UL}
CONT INUE

WRITE(3,186) 2),02
FORMATL 2/1%,7E1) .40
PI=5CTLARSIPL)®PI)
P28 T{ARS(P2)0P])
TR{PL,NE.O,) Ble), /P)
FFIP2.NE D) P2l /P2
CALL PLANEIVYR ,THR,NT)
0 o =) .81

E1tJ)=0.




(¥

E2(J)1=0.
- Jl=(J=1)%NM2
DO 10 I=1,NM
11=41+1
12=11+4NM
13=T+NM
EL(JI=EL(JI+VVRITL)*TI(1)
E2(J)=E2(J)+VVR{I12)%T1(13)
10 CONTINUE
190 EL(J)=EL{J)*P]
191 E2(J)=E2(J)*P2
g CONTINUE
E1(1)=1.,E-10
E2(1)=1.E~10
E1(NT)=1.E~10
EZ2(NT)=1,E~-10
DO 139 J=1,NM
J2=2%(J-1)+3
J1=J+NM
THI)=TI(J)/RHIJ2)
THILY=TI(J1)/RH(J2)
139 CONTINUE
GO T0{145,1464137) KK
145 J1=0
WRITE(3,138)
138 FORMAT( P10 42X, ' T SXo"REAL JT 244X 'IMAG JTY)
GO TO 147
146 J1=NM
WRITE(3,148)
148 FORMAT{P1¢,2Xs 0T 45Xy tREAL JO'.4X,IMAG JO*)
WRITE(3,149)
149 FURMAT( v+, 14X, /%,10X,2%/?)
147 DO 140 J=1,NM
J2=J1+J
WRITE(3,124) TJU(J)eT1(32)
124 FORMAT(IXaF5.244811.3)
140 CONT INUE
60 TG 150
137 WRITE(3,110)
L0 FORMAT(*]10,2X, YT 0 tREAL JT L GX tIMAR JT0 44X *REAL JO* 46X, ' IMAGL
140Y)
WRITEL3,109!
109 FORMATE 'Y 38X ,5/79,10X,4/%)
DO 143 J=1,NM
Jl=JoeNM
WRITE(I124) TIidYoT1LUDLTI L))
143 CONTINUE
150 GO TO (151415241531 KK
151 WIYEL3,])155)
159 FORMAT(*]  0' 6X GO AX,YED! 0, *ANG £E0)
WRITE(3,154)
154 FORMAT( e  wt TR ¢t TRy '=? QK '=1)
00 156 S=) 4NT
X3=2CABSTELLJ))
Xi=THR{ J)OPR
X2=x30x3
NbePROATANZIATMAGIEL(JY ) REALIEL(I)Y)
WRITET34111) X1 WX24X3,X6
196 CONTIRUE




Th

152
158

159

153
160

161

167
157

172

13

GO TO 157 °

WRITE{3,155)

YRITE(3,158)

FORMAT( '+ /'.7X"/"7X.'l"9X.'/')
D0 159 J=1,NT

X3=CABS(E2(J))

X1=THR{J)*PR

X2=X3%X3
X4=PR#ATAN2(A‘MAG(EZ(J))9REAL(EZ(J)))
WRITE(3,111) X1gX2¢X3sX4

CONTINUE

6 Y0 167

WRITE({3,160)

FORMAT('L 00 ,6X,9GOt 46Xy YEQT4Xa F ANG EO 40X P60t 96Xy 'EO s 4Xe FANG

1EQ0Y)

WRITE(3,161)

FORMAT( '+ "v7X9'~"7X.“"9X,'-'95Xy‘/'v7xo‘/'9qx"/')
DO 167 J=14NT

X3=CABS(ELIJ))

X1=THR{J)®PR

X2=X3#%X3
X4=PR#ATAN2(AIMAG(EI(J))cREﬁL‘El(J)))
X6=CARSIEZ2{J))

X5=X6¥Xb
X7=PR#ATAN2(A‘MAG(E2(J))vREAL(EZ(J)’)
WRITE(3,111) X1'x21x3QXQ0!SQX6OX7
CONT INUE

Mi=1

M2=2

IF(KK.EOLL) M2=1

1F{KK,EQ.2) M1=2

DO 171 M=M1,N2

M3z (M-1)3NM

X1 =ARS(REALI{TI{M3+1)]))
X2zARS{ATMAGITI(#3+1)))

N0 172 J=lNM

Jiz=J+M3

X3IzARSIREAL(TI(JLI}Y)
Xe=ARSIATMAGIYILILY )
IELIX3-X1).GT.8.1} X1=23
1RLIX6=X2).6T,0,) X2=X%

CONTINUE

DO 13 Ja]WNN

JlsJeM3

R11J1aTdlJIelDaeRS

K2{Ji=kltd)
K?(J)=25-°§FAL(71'Jll)li\‘25.5
K&(J)*ZS-eAi“Aﬁ(TX(JI))/32025.5
CONT INUE

caLL RECRDIK] JKI NNY

CALL REQALIRZ RS WNN)

DO 104 ?’K:o 11

INTLOYe0-])

106 CONTINUE

xl=1.

Kbey

Khe)

WRITE(3,106] .

104 FORMATLYLY)

i ek il b
PRI TN SRR S TR YA CIN N P LY S o
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DO 2C J=1,51
N Ji=b1=y
WRITE{3,25)
25 FNRMAT(9X '] ,99X,'1")
IF((J=1)/5%5=(J=1)) 21,422,421
22 WRITE(3,123)
125 "”RMAT( '*',RX"--'.‘NX. '-"‘)
122 WRITE(3,24) X1
26 FURMAT('+?',F7,1}
X1=X1=-,2
IF{J.NE.1) GO TO 173
WRITF(3,116)
116 FORMAT(t+?,9X450(t==t}))
WRITE(3,47)
47 FORMAT('+¢,13X,19(]t,4X))
173 1F(J.NE,26) GO TO 21
WRITF(3,116)
21 TF(K3IKY)LT,.Jd1) GO TO 26
60 KA=K1(KS)
WRITE(344B)(ALIT)1=1,KR)4AA(109)
4R FORMAT(t+t,110A))
K5=K5+¢1
IFIKI{KS)GELJT) G T &0
26 TF{KG(K&E)Y LT LJI1) GOY T 20
A1 KHSK2{K6)
WRITE(3,4R)(AA{]),1=1,KA),AA(110)
KhsKhe)
[FIKG(KbYGELJLY GO TO Al
20 CONTINLUE
WRITF{3,47)
WRITE{3,116)
WRITELI A3 INT(J)ed21,411)
53 FORMAT(BX,11012,RX)/,41X)
WRITEL3,1T74)
174 FORMAT (32X, X X PLOY OF {KREAL J 1/MAYVSREBL J ' VERSUS LENGT
| L
TFIM,EOQ.L) MRITEL3L175)
179 FORMAT LYo 8 .04, 010 ,12X,071)
1F(M 0,2} WRITEL3,174)
176 FORMAT( Y0 (SAX 0 12X 4000, Y0560, 070, 12X,%71)
WHITEL3,1R0)
LRO FNRMATIIZ2X,%0 O O PLOT OF (IMAG J J/ZMAXYYIMAR ) ¢ VERSUS LENGTE
I 1)
TFIM b)) WHITELI L 1T79)
TFIMEQ, 21 MRITE(IN1T6
143 DIt HO Juet (NT
Ki(JleTHRIJ)0T2, /PR,
TRFIRLEQL L) X3(J)=20.0ALOGIOSCARSEFTEII )30 Y
TFIR.EQ,2) K3(J) e20.CALONLO0ICARSTEZ2LUY1Ye30,5
RO CONTINtE
CALL HEQRDIN]L K 3IZNT)
M) 104 J=i,5
INTtdistd=-1)0ad
109 CONTINUE
Xlnlﬂﬂ.
Kyl
MR TEL3,106)
i RT J=21,51
Jl=eS1=y
MRBITE{ILARY
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76
AR FHRMAT(OX P14, 7TlXxe"1")
[FE{I=11/10%10=-{)=1))92,90,92
WRITF(3:9)) X1
FORMAT( Y40 4FT7,34¢
X1=X1/10,
IF(J.NELLY GO TO 92
WRITE(3,93)
FIRMAT{ v+t ,17X,7(%11,8X))
WRITE(3,97)

n

9t —= A9k 1=t

93

97 FORMAT( '+ ,BX,73(%=1))

92 TFEK3IKS) LY J1) 6O 10 RY

9% KH=K1(K5)
WRETE(344B}(AA(L)s1=]1,4KR),A4{109)
Ka=K5+1
IFIK3I{KS).GELJL) G TO 95

A7 CONTINUE

WRITF(3,93)

WRETE(3,97)

WHEITEL 3, 9H)EINT(I)4J=1,5])

FIORMATE X o3(13415X),14,15%X,13/7,1X%)
WRITF(3,177)

177 EORMATE3GX ,'PLNT NF GO VERSUS THETAL)
frim Ffiyl) WRITFI3,17R)
175 EDRMAT{ 40 442X ,0-1)
Trim,rN,2) wRITF(3,179)
179 FORMATI 48 442X, /)
171 CanTIN
170 NRITEL(3,108)
Gt T 90
52 ST
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/s .
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ey

KKs 3 NP= 4L NTs 37 BKs 0.4659995€ GO
RH -
0.0 0.0868 0.1736 0.2605 0.3473 0.434]1 0.5209 0.6078 0.,6946 C.7814 D
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0.0 0.0 0.0 0.0 0.0 .0 0.0 i
0.0 0.0 0.0 0.0 0.0 O, 0.0
0.0 -0.3380€ 02 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 9.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
e
0.0 000 0.0 000 0-0 UQO g.0 ’
0.0 0.0 0.0 9.0 2.0 £, 0.0 T
0.0 0.0 0.0 0.0 3.0 .G 0.0
0.0 0.0 0.0 0.0 0.6 n,G 0.0
0.0 0.0 0.0 g.0 2.0 €.0 2.0
0.9 0.0 0.9 0.0 2.0 {.0 8.0
0.0 0.0 0.9 0.0 9.0 T40 0.0
0.0 a.0 0.0 0.0 0.0 8.0 0.0
0.0 0.0 0.0 0.0 0.0 £.0 0.0 ’
0.0 -0.3380€ G2 C.0 0.0 0.0 .0 0.0
0.0 0.0 0.0 0.0 0.0 {.0 0.0
0.0 2.0 0.0 0.0 0.9
0.3961E€ 01 0.20006E 01 0.1S36€ OO
]
]

IR QLN 3 P P S e A 4 ..a - PRS- S T N G S P W T W N N S TVCRP OIS SR, ST SO TUR W R WY




78

T REM JT IMAG JY REAL J# 1MAG J§
0.50 0.278E-01 0.,269€E-01 ~0.159€-03 0.442E-03
1,00 0,278E-01 0.,303E-01 -0.370E-03 0,362E-03
1.50 0,2326-01 0.291E-01 -0,554E-03 0,213E-03
2,00 0.162E-01 0,249€E-01 -0,656E-03 -0,680E-04
2.50 0.828E-02 0.184E-01 -0.657E~03 -0.301€-03
3.00 0.6&2E-03 0.107€-01 -0,521€-03 20.775€-03
3,50 -0.5508-02 0,279€-02 ~-0,232E-03 L0.720E-0C3
4,00 -0.,941E-02 ~0.431E-02 (0.,215E~03 -0.169E-02
4.50 ~0.,1C7€-01 ~0.971€-02 O0.807E-03 0,772E-04
5,00 -0,928E-02 -0.128E-01 0.152E-02 -0.377E~02
5.50 -0,5756~-02 ~0,132E-01 0.231E-02 0.631E-02
6.00 -0.845E-03 ~0,109€-01 0,311E-02 -0.142E-01
6,50 0.4486-02 -0.608E-02 0.395E-02 0.394E-01
7,00 0.925€6-02 0.127E-02 O0.468E-02 -0.717E-01
7.50 O0.126E~01 O0.134E-01 O0.579E-02 0.261E 00
B.00 O0.144E-01 0.391E-01 O0.T3I9E-02 -0.4568E 00
8,50 0.141E-01 0.163E-01 O0.T711E-02 0.268E 00
9.00 0Q.110E-01 O0.T18E-02 0.536E-02 ~C.TH9E~-01
950 Q.466E-02 0.226E~02 0.2026-02 0.446E-0!

e Ge 3] ANG &8 G (3 ] ANG €0

0.0 0.000 0.000 0.0 0.000 0.000 0.0

5.0 0.040 0.199 ~47.6 0.030 0.173 11.0
10.0 0.155 0.394 -51.4 0.116 0.341 72.3
1500 00331 00580 ‘5706 002‘9 0.499 64 .6
20.0 0.565 0.752 -66.3 0.416 Q0.645 53.9
25.0 0.811 0.900 -T77.3 0.600 0.774 40.3
30.0 1.C32 ‘0016. “0006 00785 0'856 23.9
3500 l.lal l.°87 -106.2' 00957 00913 ‘.7
40.0 1.213 1.101 -124,2 ~*1.105 1.051 -16.9
45.0 1. 108 1.082 -145.0 1.223 1.106 -40.9
$0.0 0.678 03937 ~=169.3 1.308 lel44 -67.2
55.0 0.592 0.769 160.9 loab‘ lclb? '95.§
60.¢ 0.352 Q.594 120. 6 1.387 14178 -125.5
65.0 Q0.265% Q.54 65.1 1.389 1.179 -~157.2
T10.0 0. 209 0.623 9.9 1.374 1.172 169,17
5.0 0.698 0.835 -33.5 1,345 1.160 135.4
80.0 1.078 1.637  -61.7 1.308 1.1l4& 100.1
85.0 1. 3%9 l1.166 -98.¢& 1.2866 1.125 44,0
90.0 1.4)7 1.191 -~-128.5 1.219 1.104 2.4
95-@ ‘523’ l-lO) ‘159-0 ‘017! 10002 -9, 8

100.9 0,85 0Q.922 16%,7 1.}322 1.059  ~48.5%5
1050 0.4%0 0.700 126.9 1.012 1.0%% -81.4
110.0 0,312 0,559 1.1 1.024 1.012 -i19.8
l19.0 Oo‘l' q.666 llu‘ 009’7 9.900 “55-5
120.0 0. 791 0.889 -31.48 0.9% 0. 905 159,9
125.¢0 1. 320 1.149 =82.6 G.883 0.940 136.7
130.0 1.048 1.360 -81.1 0.831 0.912 105.3
13%.0 2,232 1.494 -109%9.1 J3.710 0.8178 4.0
140.C 2,387 1,559 ~127.9 0.697 0.0835 $9.3
“500 2.296 1.515 ‘i&‘o‘ 0'603 0.7!0 25‘2
150.0 2.C00 1.41¢ -~158.8 0.50% . N1 6.0
155.0 1. 515 1.3%% =~1T1.1 0.391 0.626 -~1&.)
‘60.0 l.lg‘ 1-950 178.7 00275 O-Szi ‘29.‘
165-0 0.66‘ 0.8[3 170.7 0.167 Q.GOB -40.8
110.0 0.306 0.5%)3 16%.0 c.078 0,282 -469.3
175.0 0037. 0.280 ‘6‘.5 0‘020 001‘2 *Sﬁ‘l
180.0 0.000 0,000 6.0 0.000 0.000 0.0

Al Rt dhen oy
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APPENDIX D. FROGRAM AND SAMPIE INPUT-QUTFUT DATA FOR SECTION VII. 85

//

{0034 ,EE4Ry2) 4 *MAUTZ JOE® MSGLEVEL=1

// EXEC FORTGCLGyPARMJFORT='MAP?
//FORTLSYSIN DD *

153

304

303

—

155
306
305
302
308

309
307

SUBROUTINE PLANE(VVR,THR,NT)
COMPLEX VVR{1)4A5,A6,U
COMMON UsR{42)925(62)4SV(42)4CV(42)4BKsNPyNNyT(BO)4TR(BO)
DIMENSION BJ(126) o THR(L1) FK(20)
KG=NP~1

NM=KG/2-1

M2=NN+2

A5=2 %3 ,141593%U%%x(NN+1)
NV=NM*x4

FK{l)=1.

DO 153 J=1,M2

Jl=J+1

FK{J1)=FK{J)*J

CONT INUE

DO 156 L=14NT
Li=(L-1)%NV
CS=COS(THR(L))
SN=SIN(THR(L))
BCS=BK*CS

DO 302 J=1,KG
X=R(J)*BK*SN

Ji=J

I1=NN

IF{I1l) 303,304,303
I1=11+1

J1=J1+KG

DD 305 JJ=11,M2
IFIX=1.E=5) 1,1,2
IF{JJ-1) 343,44
RJ{Jll=1,

GO TQ 306

BJ(J1)=0,

GO 7O 306

RH=X/2-

RHZ=RH%*RH
RH3=RH¥%(JjJ=-1)
BJ{JY)=RH3/FK{JJ)
SS=BJ{J1)

SST=SS*1,¢F-7

DD 155 K=1,20
SS=~SS*RH2/K/ (K+JJ=1)
BJ(J1)=BJ(J1)+SS
IF{ABS{SS)=SST) 304,306,155
CONTINUE

STOP 155

J1=J1+KG

CONTINUE

CONT INUE

IF(NN)} 307,308,307

DO 309 J=1,KG
J1=J+2*%KG
BJ(J)==BJ(J1)

CONTINUE

DO 300 J=1l,NM

Jl=Jd+L1

J2=J1+4NM

J3=J2+NM




8b

J4a=J3+NM
VVR(J1)=0.
VVR(J2)=0,
VVR{J3)=0,
VVR{J4)=0.
NO 301 I=l.4
11=2%{J-1)+1
14=4%(J~-1)+1]
12=114KG
13=12+KG6
A6=(COS{ZS(IL)I=BCSI+URSIN(ZS(I1)*BCS) ) *AS
BJ1=(BJ{I3)+BJI(I1))%,5
B8J2=(BJ(13)~-BJ(11))*,5
VVR{JL1)=VVR(JL)+ALH(CSHSVT1)#BI2+SNRCV(TL1)*BJ(12)%0)%T(14)
VVR(J2)=VVR{J2)+A6XCSERJI12URTR{14)
VVR{J3)=VVR(J3)=-A6%SV(I1)%2BJ1%UxT(14)
VVR{J&4)=VVR{J&)+A6%BJ2%TR{14)

301 CONTINUE

300 CONTINUE

156 CONTINUE
RETURN
END
SUBROUTINE REURD(K1,K3,L)
DIMENSION K1(1),K3(1)
b0 81 J=1,L
KB8=K3(J)
Kée=J
Do 82 t=J,L
ITF(K3({I}-KR) 8B2,82,84%

84 K8=K3(1)
Ké=1

82 CONTINUE
K3(K&)=K3{J)
K3{J)=K8
KB=K1{Ké}
K1{K&6)=K1{J)
K1{J)=K8

81 CONTINUE
K3tL+1l)=~1
RETURN
END
COMPLFX A3,Y(1600)VVR{SB40)+EI(40),E4140),ELLT3)E2(73),1
COMMON U,R(42)+25(42),5V(42),CV(42),BKyNPyNN,T(RO},TR{RO)}
DIMENSTON RH({43)47H{43)4DH(42),TU(20)INT(5),THR(T3)
DIMENSTION AATLI10),KYI{73)4K2(T73),K3({73),Ka(T3}
DATA AA(1)+AA(IO9) AA(LLIO)/Y ty¥Xt, 00/
DO 107 1=1,107

107 AA(T+1)=AA(T)
Us{Cassla)
ETA=376,707
P1=3,141593
PR=1R0./P1
REWIND 6

50 READ(14514END=52) KK NPyNT,BK

S1 FORMAT{313,El4,7)
READ{14531(RH(I741214NP)

© READ(1453)Y(ZH(I),1=1,NP)
53 FORMAT({10F8,.,4)
76 WRITE(3+54) KK NP,NT,BK




54

55

46

56

W

126

58

57

T4

75
116

17

FORMAT(L1X//" KK2V,[3,¢ NP=¢,13,% NT=t,13,!' AKzt,E14,.7)
WRITE{3,55)

FORMAT (1X/' RHt)
WRITE(3446)(RH({T1),41=1,NP)
FORMAT{1X,10Fb.4)
WRITE(3,56)

FORMAT(1X/' ZH'}
WRITE(3+46)(ZH(1),1=1,NP)

KL=1

KL=0

RH{NP+1)=RH(2)

IH{NP+1)=7H(2)

RHINP+2)=RH(3)

IH{NP+2)=ZH(3)

NP=NP+2

DO 57 I=2.NP

12=1-1

RR1=RH{I)-RH(I2)
RR2=ZH(1)}-2H(12)
DH{I2)=50RT(RR1I=RR1+RR2Z2¥RR2Z)
IS(12)=.5%{ZH{1)+ZH{]12))
RII2)=45%(RHIT)+RH(I2))
SVI12)=RR1/DH(]12)
CVI12)=RR2/DH(12)

CONTINUE

DT=PI/{NT-1)

DO 1 J=1,NT

THR{J)=DT%({J~1}

CONT INUE

BK2=BK=*BK
P1=SORT(BK2%BK2*ETARETA/4,/P1%23)
NM=(NP-3}/2

NM4=NM=4

NM2=NM#2

NZ=NM2%NM2

DO 74 J=14NM

J2=2%(J=-1)+1

J3=Jg2+1

Jé=J3+1

Jdb=Ja+l

Jos4u{j-1)+1

JT7=J6+1

JB=47+1

J9=J8+1

CELLI=DH(J2)+0H{J3)
DEL2=DH{JG)Y+DH{JS)
T(J6)=DH{J2)20H(J2}/2./DEL]
T(JT)I=DH{JI3)*{DH({J2)+DH(JI3}/2.}/DELY
T(JBI=DH(J4)2(DH{J5}+DH{J4)/2.)/NEL2
T(J)=DH{J5)*DR(J5)/2./DEL2
CONTINUE

00 75 J=1,NM4

TREJI=T(J)

CONTINUE

IF{KL.EQL.O0) GO TO 78

IF{RH{1)) 77,23,77
DEL1=DH(1)}+DH({2)
TRI1)=DH{1)*()1+{(DH(2)+DH(1)/2.}/DEL]}
TR{2)=DH{2)*(1,+0H(2)/2./0DELL)

-y

19 ; -y

-




86

23
19

78

42

127
112

113

43
45

INA

1F(RH{NP)) 79,178,179
J1=(NM=1)%44+3

J2=Jd1+1
DEL2=NH{NP-2)+DHINP=1}),

TROJLI=DH(NP=2)1%(1,+DH(NP-2)/2./DEL2)
TR(J2)=DH(NP-1)*(1.+(DH(NP-Z)*DH(NP-l)/Z-)/DELZ)

I1=2x{i-1)+1
12=11+1
$5=SS+DH{11)+DH{I2)
TJi11=58

CCONTINUE

DEL=TJ(NM)

IF (KL NE.O) DEL=DEL+DH(NP-2)+DH(NP-1)

DEL=DEL/10.

0N 8 J=14NM
TJ(I)=TJ{I)/DEL
CONTINUE

DO &2 J=14NT

E1(J)=0.

E2{J)=0,

CONT INUE

DO 40 M=1,KK

NN=M-1

CALL PLANE{(VVR,THR,NT}
READ(6)(Y(1),1=14NZ)
WRITE(3,112)
FORMAT(/3X, 10!
WRITE(3,113)
FIRMAT( '+
DO 41 L=1,NT
Li=(L=1)%*NM&
DN 2 J=14NM2
E3({J)=0,
£E4(J)=0.

DO 3 1=1.NM
Jl=J+{ 1-1)xNM2
J2=J1+NMaNM2
Tl=1+L1
12=11+NM
13=114NM2
[4=13+NM

E3(J)=E3(J)+Y(JLIBVVRITL)I=Y(J2)¥VVR{12)
E6(J)=FalJ)=Y{JL)SVVR{13)+Y{J2)&VVR(14)

CONT INUE

CONTINUE

DO 43 J=14NM2

Jl=J+L}

J2=J1+NM2
EL(LI=ELEL)I+E3LJI®VVR L)
E2(LY=E2(L)+E4{JI=VVR(J2)
CONTINUE

IFINN)} 64,445,044
El(L)=.5%E L)
E2(L)=.52E21L)
X1=THR{L) %P
X3=P12CARSI{EL(L))
X2=X3uX3

20X, tS1G 00% 42Xy *MAG SO0, 1Xe'SIG 0042, tMAG 500)

—‘,QX.'-~"7X.'-~'.5x"//'.7x,'//')



111
41
40

1218
14
1%

105

104

RH

Q90
91

93
97
42
9%
4R

94
94

47

98

87

X5=P15CARS{EZ(LY))

X4z XhE XY

WRITE(44111) X1 ¢X24X39X44X5
FORMAT (1 X4k 561 04FR,3)

CONMT INUE

CONTIMUF

PRITE(4,1086)

WRTIIELI3,112)

WRITF(3,113)

He AN J=1eNT
KLUJ)=THR [ J)%#T2,./P1+8,5
K2(J)=K1(J)
K3({J)=20,%AL0GI0IPI*CARS(EL(J)}))+20,5
K&{Jd)=20,%ALUGYO(PLI=CARS(EZ2(J)))+20.5
X1=THR{.j}%PR

X3=P1%=CARS(EL(.I))

X2=X3%X3

X5=pP1RCARSIEZ2{J))

X4=X5%XY

WRITHE(3,111) X1 4X2¢X3eX04yXY
CULeT I NUE

CALL REDRD{KL K 34NT)

CALL RF(OIRDIKZ2,K&4NT)

DY 105 J=145

INT(J)=(J~1)%45

CONT I NbIE

X1=1000,

Kh=]

Kh=]

WRITE{3,1N6}

FORMAT(Y1Y)

D) 87 3z1.91

Ji=%1-J

WRITH(3,8K}
FIOIRMPAT{OX ¢V V471X )
IFC{d=1)1710810=00=1))92,00,02
WRITE(3.91) X1

FORMAT(N S F 7,2, ~=1AQXt==1t)
Xi=x1/10.

TRideNb Y} GU TO 92

WRITEL3,93)

FORMAT (et g 1 TXg LT ,HX))
WRITE(3,97)
FIRMAT (P4t JBRX T3 (t=1))
TFIK3IIKS Y LT LJ1) 6O TU 96

KAsSK] (K%}
WRITELAGGRICAA(T ) ImlsKR) LAA(INY9)
FOHMATL ¢, 110AL)

KbS=Kb+]

[FEKIEKS ) GELIL) G T 95
TEIKG(KA) LT LJ1) 60O TO RT
KR=K2{KhH)

WRITEL 4400 {AALT ) ol e KR)JAA(LLNO)
Kh=Kh+l

TFIKG{KA) JGELJIL) G TL 94
CONTINUE

WRITE(3,93)

WRITE(3,97)

WRITEL3WOBITINT(J) sd=104H)
FORMAT (X o 30T, 15X)314415%413/7,1Y)




88

WRITE(3,99)
99 FORMAT(16X,'X X X PLOT OF SIGMA 00 OVER LAMADA SQUARED VERSUS THE
1TAY)
WRITE(3,101)
101 FORMAT( %44 ,36X,t~=1)
WRITE{3,100)
100 FORMAT(16X,0 0 O PLOT NOF SIGMA 00 OVER LAMBDA SQUARED VERSUS THE
1TAY)
WRITE{3,102)
102 FNORMAT (41 ,36X,%//0)
WRITE(3,104)
60+ TO 50
52 STOP
END
/%
//G0.FTO6FO0L DD DSNAME=EE0034,REVY,DISP=0LD,UNIT=2314, X
/7 VOLUME=SER=SUN004,DCR= (RECFM=V BLKSTZE=1R00,LRECL=1796)
//G0.S5YSIN DD *
005041037 0.,4659995E+00
0.0 0.0868 0.1736 042605 0.3473 0,4341 0,5209 0.6078 0.6944
0.8682 0.,9551 1.0419 1.1287 1,215% 1.3024 11,3892 11,4760 1,5628
1.7365  1.8233  1.9101 1.9970 2.0838 2.1706 2.,2574 2.36462 2,4311
2.60467 2,6837 2,6863 2.5969 2,4184 2,1570 1.8216 11,6238 0,9772
=0. 00060
0.0 0,4524 0,9848 1,4772 1.9696 2.6620 2.,9544 3,446 3,9392
449260 5,4164 5,9088 A.4013 ALR93T T7.3R61 7.R7A5 R.3709 8,RA33
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