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ABSTRACT

Computer programs for calculating the characteristic modes of wire
objects of arbitrary shape are given. A program for computing the gen-
eralized impedance matrix of wire objects is included. It is valid for
systems of N wires of arbitrary shape, using triangle functions for both
expansion and testing. A program for using the characteristic modes in
plane-wave scattering problems, showing convergence of the modal solution,
is also given., Programs for making Calcomp plots of the characteristic
currents, gain patterns and modal solutions are included. This report
gives program descriptions, operating instructions, listings, and sample

input-output data for each program.
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I. INTRODUCTION

This report gives computer programs and sample input-output data for
the computation of characteristic modes for thin wire objects of arbitrary
shape. The modes are those defined by Garbacz [1], for which the general
theory is summarized in Scientific Report No. 9 (reference [2]). The nota=-
tion of this report is consistent with that of [2], which should be referred

to for detailed identification of the symbols used. The programs given in

this report are those used to compute the numerical results for the wire arrow

in [2]. The sample computations given in this report are for the bent wire
defined in Fig. 1.

Five computer programs are documented here. These are defined accord-

ing to their function:

#1. Calculate the generalized impedance matrix Z.

#2. Calculate the characteristic currents (eigencurrents)

#3. Calculate the gain patterns of the eigencurrents.

#4. Calculate o/A2 (scattering cross section divided by the square
of the wavelength) for an incident plane wave traveling in the
+z and/or -z directions.

#5. Plot the eigencurrents, the gain patterns of the eigencurrents,
and the scattering cross section calculated by programs #2, #3,
and 4.

The next five sections of this report discuss, give operating instructions,

list, and give sample input-output data for these programs.

II. GENERALIZED IMPEDANCE MATRIX

Program #1, which calculates the generalized impedance matrix Z for a
thin conducting wire or wires, consists of a subroutine CALZ and a main
program. The activity on data sets 1 (punched card input) and 6 (unformated

direct access input-output) is described as follows:



Figure 1. Bent wire object used for sample input-output data.
Wire length L is 1.2 wavelengths, wire radius is
0.01 wavelength.
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READ (1,15) MD5, MD1
15  FORMAT (20I3)
READ (1,15) (MD6(I), I=1, MD5)
REWIND 6
SKIP MD1 RECORDS ON DATA SET 6
DO 14 K=1, MD5
23  READ (1,27) NP, NW, BK
27  TFORMAT (2I3, E 14.7)
READ (1,10) (PX(I), I=1, NP)
READ (1,10)(PY(I), I=1, NP)
READ (1,10) (Pz(I), I=1, NP)
10  FORMAT (10F 8.4)
READ (1,15) (LL(I), I=1, NW)
READ (1,34)(RAD(I), I=1, NW)
34  FORMAT (5E 14.7)
NZ = N*N
WRITE (6)(z(I), I=1, NZ)
14  CONTINUE

Here, N 1s the order of the impedance matrix Z written on data set 6,

MD6(K) # 1 if BK is the only variable that changes in going from K~1 to K.
Otherwise, MD6(K) = 1. MD6(1l) is always 1. BK is the wave number k = w/pe.
PX, PY, and PZ are the x,y, and z coordinates of NP data points that describe
the axes of NW wires. Each wire is specified by an odd number greater than
or equal to 5 of data points which do not have to be equally spaced. There
should be a data point at the end points of each wire, If the first wire
closes on itself so that the first data point at the beginning of the wire

is identical to the Jth data point at the end of the wire, a (J+1)th and a
(J+2)th data point should be defined on the first wire so that the (J+1)th
data point is identical to the second data point and the (J+2)th data point

is identical to the third data point. The wire that closes on itself is really
a junction with two bfanches formed by the juxtaposition of two extremities of

wires. As explained previously, one of the extremities must be extended two
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data points (not counting the data point at the junction) through the junction.
A junction with n branches is the juxtaposition of n extremities of wires. A .
junction with n branches may be treated by extending n-1 of the extremities two

data points (not counting the data point of the junction) through the junction

so that there is overlapping on n-l of the branches. The data point at the

junction will appear n times. On one branch each of the two data points nearest

the jﬁnction will appear once, but on the other n~l branches each of the two data

points nearest the junction will appear twice. The LL(I)th data point starts the

Ith wire. LL(1) should be 1. RAD(I) is the radius of the Ith wire.

The main program transmits the data appearing in the common statement to
the subroutine CALZ. The main program also prints the impedance matrix computed

by CALZ and writes this impedance matrix on data set 6.

The computation of the impedance matrix by CALZ is discussed next. The

elements of the generalized impedance matrix Z for a thin wire are defined by

z =Jﬁ.L'§ ds (1) d
mn m n
C

where % is a current expansion function defined along the axis of the wire,
ﬁm is a testing function defined along a contour C on the surface of the wire
parallel to the axis of the wire, and -L operates on F to obtain the electric
field produced by F + The choice of F defined on the axis of the wire is
equivalent to lumplng the actual current density on the surface of the wire

into a single filamentary current along the axis of the wire.

At present only one wire is being considered. The wire axis is defined
by connecting the odd number 2N+3 of data points ?l’ ;2 PN ;2N+3 by straight
line segments. Let £ be the length variable measured along the wire axis
so that Zi corresponds to the point ¥i' Assume that the ith straight line
segment (ith subsection) of the wire has length Azi. Consider a triangular

function Tn(z) extending over four of these subsections.
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L - 2
2n+1
1+ % bz L
Ao, o+ Ay 2n-1 2n+1
T (2) = - (2)
b=ty
TY
1 - 2 < &L 24
AQ2n+l + A22n+2 2n+1 2n+3
The derivative of (2) is given by
1 2 < % < %
AQZn—l + Alzn 2n-1 — 7 — "2n+1
dT_(2)
B (3)
de -1
' ) < 8 <8
A£2n+l + A22n+2 2n+1l 2n+3

A four pulse approximation to Tn(z) is chosen for the expansion function
%n' A four impulse approximation to Tm(l) is chosen for the testing func-

tion W _. Thus,
m

T(4n-3) T (4n-2) T(4n-1) T(4n)
N Y Pon-1 T Taz Pon t 12 Pont1 T 12 Pon+2
2n-1 2n 2n+1 2n+2
4)-
dr (L) 1 ' ' 1
n T(4n-3) T (4n-2) T'(4n-1) T'(4n)
Y Pon-1 ¥ 22 Pon T3 Pons1 T 22 Pont2
2n-1 2n 2n+1 2n+2
(5)
dWm(z)
———tmn. L} _ 1 - \ - T
- T'(4m-3) 62m—l + T'(4m-2) 62m + T'(4m-1) 62m+1 + T'(4m) 62m+2

where P, = Pi(z) is a pulse function
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i i+1
Pi(ﬁ) =
0 otherwise
2. + 8 L, + 2,
6i = §(8 - —&—E——éilé is a Dirac delta function at & = —i;—i—ii;
and 1 i
2 2n~-1
T(4n-3) = 0%, _
2n-1 82, T+ AR
1
AL + = AL
2n-1 = 2 2n
T(4n-2) = AL
20 A%, o+ AR,
(6)
; AR + AL
2 2n+1 2n+2
Tln-1) = A2y 11 37 Y
o 2n+l 2n+2
1
= AR
TWn) = a0y A!LZ 22+§2 )
“ 2n+1 2n+2 .
AL
TH(n-3) = ingi
2n-1 2n
Alzn
T'(4n-2) = (7)
AQZn—l + Alzn
-AL
T'(4n-1) = 77 -Enﬁ
2n+1 2n+2
-A2
i - g
2n+l 2n+2

Equations (4) and (5) give only the magnitudes of the vector functions

%n(i) and ﬁm(l) directed along the axis of the wire. Actually, ﬁm(ﬁ)
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should be defined not on the axis of the wire but on the contour C. Because
-
of the impulsive nature of Wm the contour C degenerates into a series of

2N+2 fi614+pOin§S. The exact position of the ith field point adjacent to
r., + 1,
the point = 5 ifl on the axis of the wire will not be defined precisely,

The contribution to the electric field due to the current on the subsection
-~ >

r, +r
. . i +1 > > .
Azi is evaluated at a point = 5 L -+uia where u, 1s any unit vector per-

> -
pendicular to the direction ri+l - T, of the straight line segment defining
the subsection Ali, and a is the radius of the wire. The contribution to

the electric field due to the current on a different subsection Azj is

-5
r, + ;
. i+l | > > . .
evaluated at a point > + uja, where u, is a unit vector perpendicular
> -> ->
T + r, r + r
> - i+l i 4+l i
e . - - .
to the plane of the vectors rJ+l rj, and > 5

The previously used phrase 'contribution to the electric field" is

somewhat misleading because the integral (1) will be written as [3]

N 5 1 dwm an ] e-ij
= 1] .
Zon = f d2 f d& [3““ Yo' Th T Ioe @@ Tl TR (8)
C axis

where R is the distance from the source point to the field point. Using the
expansion functions %n given by (4) and the testing functions ﬁm given by (5),

equation (8) becomes

4 4
Z_ = ) 7 [jup T(m-4+1i) T(4n-4+3) D(2m-2+1i, 2n-2+3)
M2 4=1

€))

+ Tl_ 7' (4m=b+1) T'(4n-4+3)] ¢(2m-2+i, 2n-2+3)
jue

where D(i,3j) is the dot product between unit vectors in the directions

>

-> 4 - > 4
ri+l - ri an rj+l rj an
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V(1) = o J an' S— (10) o
J axis .

T, +
Ty T T4
2 -

=

in which R is the distance between the field point adjacent to

and the source point on the jth segment of length Azj. Formulas for the

computation of Y(i,j) are given in the Appendix of reference [4].

The present subroutine CALZ is an attempt to reduce the execution time
and storage requirements of Chao's subroutine of the same name [3]. CALZ
computes the generalized impedance matrix Zmn of (9) extended to multiple
thin wires. The input and output for the subroutine CALZ appear in the

common statement

COMPLEX Z(1600)
COMMON Z, KT, NP, N, LL(5), RAD(4), BK, PX(100), PY(100), PZ(100)

The variable KT should be 1 the first time CALZ is called. If CALZ is called

again with merely a change in the propagation constant BK = wvue, it is more

efficient that KT not be 1. The axes of the wires are defined by NP data )’
points of which the Jth has x,y,z coordinates PX(J), PY(J), and PZ(J). The
axes of the wires consist of most of the straight line segments that connect i

the successive data points. The variable LL indicates which straight line
segments are omitted. If LL(J) = I, the straight line segment between the
(I-1)th and Ith data point is omitted and the Ith data point marks the begin-
ning of the Jth wire. LL(1l) should be 1 indicating that the first data point
is the beginning of the first wire. If there are NW wires, one must set
LL(NW+1) > NP because for each data point on the NWth wire an inquiry is made
as to whether the first data point on the (NW+1)th wire has Peen reached,

A closed loop of wire is treated as one wire by overlapping the last

three data points with the first three such that

PX(NP-2) = PX(1)
PX(NP-1) = PX(2)
PX(NP) = PX(3) )




and similarly for PY and PZ. The presence of PX(NP-1) and PX(NP) causes the
first and last expansion functions to overlap on the portion of the wire be-
tween PX(1l) and PX(3). Similarly an n branch junction is treated by over-
lapping data points on n-1 of the branches. The data point at the junction
will appear n times. On each of n-1 branches the two data points nearest
the junction will appear twice. There should be n~l1 triangular expansion
functions%. with their peaks at the junction. On each of n-l1 branches two
of these %j should oppose each other. In this way Kirchhoff's current law

will be satisfied.

RAD(I) is the radius of the Ith wire. N and Z are computed by CALZ.
The generalized impedance matrix of order N will be stored columnwise in the

complex dimensioned variable Z, All of the previous data is in MKS units.

If Z is larger than a 40 x 40 matrix, if NP > 100 or if there are more
than four wires, the common statement must be altered to allot more space to
some of the dimensioned variables. Similarly the dimension statements in

CALZ may have to be changed. Minimum storage allocations are as follows:

COMPLEX PSI(4*N1), Z(NxN)

COMMON  LL(NW+1), RAD(NW), PX(NP), PY(NP), PZ(NP)

DIMENSION L (NW+1), XX(N1), XY(N1), XZ(N1), TX(N1)
TY(N1), TZ(N1), AL(N1), T(4*N), TP(4xN), DC(4*N1),

RAD2 (NW)
where NW = number of wires
N1l = NP - NW
N = NP ; NW NW

The DO loop 8 computes XX(N1), XY(N1), XZ(N1), TX(N1), TY(N1l), and
TZ(N1), the x,y,z coordinates and the x,y,z components of the unit tangent
vector at the midpoint of the Nlth straight segment of wire of length AL(ﬁl).
DO loop 8 also squares the radius RAD(I) of the Ith wire. Upon exit from
DO loop 8, N1 is the total number of straight segments of wire, N = J4-2 is the

-> 3
number of expansion functions Fn, and L(I) indicates that 3 is the first

L(I)
expansion function on the Ith wire, DO loop 5 stores T and T' of equations (6)

and (7) in the dimensioned variables T and TP.
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The index NS of DO loop 10 corresponds to n in equation (9). The index 0
K of DO loop 15 corresponds to the "j" of D(2m-2+i, 2n-2+j) and ¥(2m-2+i, 2n-2+j) .
appearing in equatiom (9). If FNS is not the first expansion function on a wire,
KK = 3 in which case D and ¢ stored in DC and PSI have already been calculated
for KK = 1, 2, DO loop l4 is necessary because DC and PSI for KK = 1,2 and the
present NS correspond to KK = 3, 4 at the previous value of NS. The index NF
of DO loop 16 corresponds to the argument 2m-2+i of D and ¢. DO loop 16 uses
Harrington's formulas [4] to compute ¥ and store it in PSI., The following

table relates some variables in the computer program to those of Harrington.

Computer Program Harrington

R r

RT |z |

RH pz

ALP a

AR a/r

AT1 Il

AI2 12

AI3 I3

AT4 I4

ZR |z|/r

A0 AO

Al Al

A2 A2

A3 A3

Ad A4 ‘

PSI ¥ - N
Note that ¢ is even z. If Iz] - o < 0 Harrington's equation (130) is replaced

by
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I, = log(”zl + o .+ /52’+ (lz] + a)2g£a - lz] + VoZ + (o - IZITZ])

The index NF of DO loop 25 corresponds to the m in equation (9). The i,j
sum in equation (9) is performed in nested DO loops 23 and 24, JS corresponding
to j and JF corresponding to i. The coefficients of jwpy and 3%— appearing in
(9) are accumulated in U5 and U6 inside nested DO loops 23 and 24. The impedance

matrix is stored columnwise in the dimensioned complex wvariable Z.
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Listing of Program #1

// (0034 ,EE+3,2) 4 'MAUTZ 4 JUE Y yMSGLEVEL =1
// EXEC FORTGCLGsPARMFORT=!MAP?
F/FORTSSYSIN DD =
SUBRUUTINE CALZ '
COMPLEX UyU3,U4,U2.U5,U6,PST{400},2(1600)
COMMUN 7 oKTyNPyNyLLIDBY4RAD(S) ¢BKyPX{100)4PY(100)FZ(100)
DIMENSTON L{5) o XX(100) 4XY{L00)XZ(100),TX(100),TY(100},TZ(100}
PDIMENSTION ALLLI00)4T(200),TP(200),0C(400})RAD2(4)
IF{KTJNEL1} GO TO 9
L= ( O- L 10 )
PI=3.141593
EtA=3764,730
Cl=.125/P1
C2=425/P1
Ja=2
NE=0
J1=1
8 J=14NP
TEILLOLY=J) Ta6,7
6 Ja=Ja-1
L{JdlY=g4
RANDZ2(JLI=RAD(JILI=RANDIIL )
Jl=J1+1
GO Ty 8 *
T Ml=nN1+1
J4= =1
ITF(INL/2%2=-N1) .EQN) Ja=J4+1
XX {1l =ahs (PX(J)I+PX(J3))
XY{NL)=5%(PYL ) +PY{U3))
X2ANL Y=o {PZJY+PZ(I3))
S1=EX(41=PX{U3)
SZ2=prY (J)=-PY{(J3)
S3=PZ(N}y=P7{(43)
S4=SORTISIxS1+852%S52+83%53)
TXINT}=81/84 '
FY(NY}=S2/54
FZIN1Y=83/54
ALINL)=S4
8 CuNTINUE
N=J&=-2
LiJdl)=J4
Ji=1
J2==2
MY 5 J=1,4N
TFILEULY=J) 344,3
G |2=02+47
Jil=Jd1+1
3 d3=(Jd=1)*¢
J4=13+1
J5=J4+1
Jh=J5+1
Jt=JA+1
Kg=Jz+1
Ko=K&+1
Kh=K5+1
KT=KAa+1
St=AL{K4)+AL(KD)
S2=AL{KAI+ALIKT)
T(J4)=AL(K&) R ORAL(K&)Y /S
TOJS)=AL(KS )= AL{K&)Y+.5xAL(Kb)}/S1

)
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11

12

14
13

21

18

19
20

13
TOJ6Y=AL(KEYR(AL(KT)I+.5%AL(K6))/S2
TOITI=AL(KT I =a5%AL(KT)/S2
TP{J4)=AL (K&4)/S)
TP{J5)=AL{K5}/S1
TP{JhI=~AL (K6} /S2
TP(JT ) =—~AL(KT7)/S2
J2=42+2
CONTINUE
U3=UxRKRETA
Ua=-U/BKXETA
BK2=RK=*BK /2,
BK3=BK2%BK /3.
N9=0
N2=1
N3==~2
DO 10 NS=1,4N
TE(LIN2)=-NS) 12411,12
KK=1
N3=N3+2
N2=N2+1
GO TO 13
KK=3
DO 14 NF=1,4N1
Ng=NF+N1
NS=N4&+N1
N6=Nb5+N1
DCINF)Y=DC (N5)
DCIN4)Y=DCING)
PST(NF)=PST(Nb)
PSI(N&)}=PST(N6&)
CONTINUE
Ng=N2-1
DY 15 K=KK 4
N7=N3+K
Kl=(K=1)%N]
DD 16 NF=1,4N1
NR=NF+K1
S1=XX(NT7)=XX(NF)
S2=XY(NT)Y=XY (NF)
S3=X7(NT)=XZ {NF)
R2=S1#S1+52%S2+S53%83+RAD2 (N4)
R=SORT(R2)}
RT=ABS{SI®*TX(NTY+S2%¥TY(NTI+S3%T7Z(N7))
RT?2=RT*RT
RH=(R2~RT2)
ALP=.5%ALINT)
AR=ALP/R
S1=RK%R
U2=C0S{S1)-U%RSIN(S])
IF{AR=-,1) 22,22,21
L2=U2%C1/ALP
S1=RT=ALP
S2=RT+ALP
$S3=SORT(S1%S1+RH)
S4=SORT(S2%S2+RH) v
IF(S1) 18,18,419
ATI=ALOGI(S2+S4 Y #(~-S1+53}/RHKH)
Y TO 20
AT1=AL0GI(S2+S4)/(S1+83))
AT2=AL (N7}
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22

28

16
15

21

26

24

23

25
10

AT3=(S2%S54=51%S3+RH*AT1)/2,
AlG=AT2% (RH+ALP*ALP/3,+RT2}
S3=AT11%R
S1=AI1-BK2%(AlI3=-R*(2.%A]2-83})
S2=~RBK*{AI2~S3)+BK3*(A]4~3 ,*AI3#R+R2% (3 ,%A[2~5S3})
GO 70 28

Uz2=U2%C2/R

HA=BK*ALP

HA2=RA%BA

ARZ2=AR*AR

AR3=AR2 AR

ZR=RT/R

IRZ2=7R*ZIR

7R3=2R2%7ZR

IR&G=7R3%7R
H1=(3.-30.%ZR2+35,.,%7R4)%AR3/40,
AY=AR®{~1.,+3 .%ZR2) /6.,
AQ=1,+AR={Al+HL)
A2=-ZR2/64—~AR2%{1.~12.%ZR2+15.,%ZR&) /40,
AB=ARR (3 kIR2~5,%7R&4) /60,
A4=7ZR4/120.
S1=A0+BA2R{A2+BAP®AL)
S2=BA%*{ Al +BA?%A3)
PST(N8)=U2%(S1+Ux%S2)
DCINB)=TX(NF)ETX(NTY+TY(NFI*TY (N7 +TZ{NF)RTZ(NT}
CUNTINUE B '
CONTINUE

N3=N3+2

J3=(NS=-1} =4

J7==2

Jo=1

D0 25 NF=1,4N

Jl=(NF-1):%4

IF(LEJG)I=NF) 26427.26

J9=J9+1

JI=gT7+2

N9=N9+]

U5=Oc

Ue6=0.

J5=0

B 23 US=1.4

J4=43+4S

J8=J5+37

(M} 24 JF=1,4

J6=J8+)F

J2=J1+JF i
US=T(J2)%T(J4)*DC(JH)%PST{J6)+Ub
Ub6=TP{J2)1#TP(J4)*PSI(J6)+Ub
CONTINUE

J5=J5+N1

CONT INUE

Z{N9)=Us5xU3+UbxUs

JT=47+2

CHUNTINUE

CONTINUE

RETURN

END

COMPLEX Z{1600)})

COMMON Z,KTqNP,NvLL(S)qRAD(A).BK'PX(IOO),PY(IOO),PZ(IOO)

DIMENSTION MD6(30)




REWIND 6
READ(1,15) MD5,MD1
15 FORMAT(2013)
WRITE(34+16) MD5,MD1
16 FUORMAT('IMDS MDL'/1X,214)
READ(1415)(MD6{I),1=1,MD5)
WRITE(3,420) (MDA(I) 4151 4MD5)
20 FUORMAT('OMDG'/{1X+2013))
IF(MD1) 23,23424
24 DO 26 J=l.MD1
READ(6)
26 CUNTINUE
23 DO 14 K=1,MD5
READ(1,427) NP oNW,BK
27 FORMAT{(213,E14.7)
WRITE(3,28) NP¢NW.RK
28 FORMAT('0O NP fiW BKY'/1X,213,E14.7)
KT=MD6 (K)
READ(1,10)(PX(I),4I=1,NP)
READ(1410}(PY(I)yI=1,4NP)
READ(1410)V(PZ(I),4I=1,NP)}
10 FORMAT(10F8.4)
WRITE(3,29) (PX(I)s1=1,NP)
WRITE(3,30)(PY{1),41=1,NP)
WRITE(3,31)(PZ(1),1=1,NP)
29 FORMAT('OPX'/(1X,10F8.4))
30 FURMAT('OPY!'/{1X,10FB.4))
31 FORMAT('OPZ'/(1XyL0OFR4))
RF./\D(lql.L})'(LL(I)qlzlsNW)
WRITE(3433)(LL{T),T1=) NW)
33 FUORMAT(*OLLY/(1X,1013))
LL{NW+1)=200
READ{1+34) (RAD(T)+1=1,NW)
34 FORMAT(5E1447)
WRITE(3435)(RAD(I) ¢I=1,NW)
35 FURMAT('ORAD!' /(1X45F14,7))
CaLbL CALZ
NZ =N=N
WRITE(A)(Z(1)Yy1=1,NZ)
WRITE(3,38) N
38 FORMAT('OIMPEDANGCE MATRIX OF URDER',I13)
DU 36 J=1,2
Ji=(J=-1)=N+]
J2=J1+N=-1
WRITE(3437)(2(1),1=J14J2)
37 FORMAT(1Xs10E11.4)
36 CONTINUE :
14 CONTINUE

STUP
END
/%
//GUJFTO6FO0Y1 DD DSNAME=SURCOG677.ZNEW,DISP=ULD,UNIT=2314,
// VOLUME=SER=SUO00S DCR=(RECFM=V ,8LKST1ZE=2596,LRECL=2592)
//7GOLSYSIN DD *
1 59 ;
1

556 1 0.1396263E+00

—4 6587 =4,3999 =4,1411 =3,88B23 -3,6235 =3,3646 ~3.1058 =2.8470 =~2.5882
~2.0706 =148117 =15529 =1,2941 —1,0353 =0,7765 =0,5176 =0.2588 ~0.0000

05176 00,7765 1.0353 1,2941 11,5529 1.,8117 2.0706 2.3294

2.5882

15

—2e3294%
Qe2b588
248470
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3.1058  3,3646
9.hA340 H.952R
R.2R22 #.5410
0.0000 00000
0.0000 0.0000
0. 0000 0.0000
0.0000 00,0000
(3o Y100 N 0000
0.N000 0N.0000
L7.38A7 1AL&4207
Te7274  AH.TH1B
1.9419 2.897K
11.5%911 12.557n0
217504 22,2163

3.6235
62117
8,7998
0.0000
0.0000
040000
00000
0.0000
0.0000
154548
5.7996
3.8637
135230
231822

30.45096 31.8755 32,8415

L
0.,4500000E+00
/%
/7

3.8823
64705
QL0bET
0.0000
0.0000
0.0000
(.,0000
0 .00N0
0.0000
14 ,4R8R9
448296
4,R7296
14 .4889
24,1481
33.8074

4.1411
6,7293
93175
0.0000
0.0000
0.0000
0.0000
0.0000
¢.0000
13.5230
3 .8637
5.,7956
1544548
?5.1141
34,7733

4,3999
h,9881

0,0000
0.0000
0.0000
0.0000
0.0000

12,5570
2.8978
6,7615

16.4207

4 .,6587
71,2469

0.0000
0.0000
0.0000
0.0000
0.0000

11.5911
1.9319
T.7274

17,3867

26,0800 27.0459

4.9176 H.1764 5.435)
745058 T1.7646 840234

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 00000
00000 00000 00000

10«6252 96593 H.6933
049659  0.0000 0.9659
8.6933 9.6593 10.6257

183526 19.3185 20.7844

2Be0118 2849778 29,9437

— .- B e b I Ty,
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Cu
Co
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Sample Output

3%0el°C GO
6L LT G-00
369010 10
IGCTTT0-00
el C 10

166%2°C Cu
1£60€£°0 GO
IyHRE*0 10
4099 0-00
ABETSTC T

Ivele*0-00
L LORTL~CO
JoulitG-0u
A¥0L A" =00
qcys1C <0

dEure s (-0
10T *{=0u
Jev Gl Le-00

A/2e (~10-39LQC"0

Jeael*6 du

FC06T0 0N 11214 0-00

JERTITO €O ATCHREC=00
010 10 36111 0~10
J2TGT6C Te=-)58e2°C 19
JUUZG*0 T 4061t ¢
AR O fEAL ST (- Y
4Ly GO ATG st =10
dJrasngtu=10 11 0o-19

D=1t ut

el 10 1€Hy1°0 N
LEw667 211697
a7 CETLAT
26709°CT Y£59°6
HG96°0 (RRAV]
CEADTR EREITE

Qo [E
a6 c*0
G0 (SRt
G0 G
A [AREY)

nw.\u\,\;'\

eyt valltq
RV A e Jave 7
angze 00
L7y S — AR SR

. 00 36262°0 00 3I2%22°0-
JZEET0 O ASETS*0-T0~34%169°0 00 105T9°C~20-384HE"0 00 0% 11°0~-
AOGZC 0 ) I2L96°0=1C ARLZT0 Tt 2RZOT*C-10 I»66T°0 10 FEL01°0—
521 2-1D ITOTT1°0-10 ITILT°0-1C 1%201°G-T0 322G61°0-10 30£0T1°*0-
I15T1°C TD IAGTTITC TC ASTEZ°0 16 1T421°C¢ 1¢ 3EEZ26°0 10O ILIET0
ACr21"0 10 A6E6T1°0¢ €L 3TP6L =10 4156T°0 €0 IEHZT*0 10 3I6EGT°0
. 0¢ ACEIZ*0 00 30e92°0-
Tor 210 OO Ly GTa~00 1 191°C 00 16CEa*0-00 I6E¢RT*0 00 IEGZL°0-
Fue 0T 0N AL HECL=TC TEERTTC DC I96EA0-T0 L6210 10 38201°0~
Juan[Ti—in JAET0T°G=T10 40011°0=90 42196°0-00 4RT116°0-00 IBRZ6°0—
490 R 1Y 0ERT 0 10 4149T1°0 T 26911 Je 3GTEZ*0 10 31L21°0
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III. EIGENCURRENTS

The method of computation of the eigencurrents is described on pages
26-28 of reference [2]. The activity on data sets 1 (punched card input)

and 2 (unformated direct access input-output) is described as follows:

READ (1,7) MD5
7 TFORMAT (1013)
READ(1,7) (MD1(I), I=1, MD5)
READ (1,7) MD2(I), I=1, MD5)
REWIND 6
DO 143 KAP = 1, MD5
READ(1,26) N, EPS, EPL
26 FORMAT (I3, 2E 11.4)
READ (1,27) (ZL(I), I = 1, N)
27 TFORMAT (7E 11.4)

SKIP MD1(KAP) RECORDS ON DATA SET 6 ).
NZ = N*N

READ(6) (Z(I), I = 1, NZ) o
SKIP MD2(KAP) RECORDS ON DATA SET 6 '

J3 = N*NE
WRITE(6) (FI(I), I =1, J3)
143 CONTINUE

Here, Z is the impedance matrix of order N calculated by program #1., The
set of NE eigencurrents is stored columnwise in FI. WNote that the variable
NE appears as JM in the present program #2, The name NE is introduced to
be compatible with subsequent programs #3, #4, and #5. R and X appearing
in (2-25) of [2] are respectively the real and imaginary parts of the

impedance matrix Z.
Z =R + jX (11)

All eigenvalues of R that are less than EPS times the largest eigenvalue
of R are set equal to zero. A lumped complex impedance load ZL(I) placed

at the peak of the Ith triangular expansion function is treated by replacing




N

19

the Ith diagonal element ZII of Z by ZII + ZL(I). If the absolute value of
ZL(I) is greater than EPL, the coefficient of the Ith triangular function in
the expansion of the current is set equal to zero such that ZL(I) is eliminated
from all the computations. The variable EPL is introduced because the method
of computation described in reference [2] does not give accurate eigencurrents
when the magnitude of one of the impedance loads is several orders of magni-

tude larger than that of any of the diagonal elements of the impedance matrix.

If either of the variables MD5 or N in the previously read punched card
data is greater than 30, more space must be assigned to the dimensioned vari-

ables. Minimum allocations are given by

COMPLEX  Z(N*N), ZL(N)

DIMENSION U(N*N), R(N*N), T2(N*N), A22(N*N)
B(N#N), X(N#*N), AN#*N), Y(N*N), T3(N*N),
FI(N*N), EU(N), RU(N), AMD(N), LB(N), MB(N),
MD1(MD5), MD2(MD5), RL(N)

DO loop 30 reduces N to the number of non-zero coefficients in the
triangular function expansion of the current. RL(J) < O indicates that the
Jth coefficient is zero. DO loop 1l stores the real and imaginary parts of
the impedance matrix Z in R and X respectively. The matrices R and X are made
symmetric by averaging corresponding off diagonal elements. The impedance
matrix Z computed by program #l1 would be symmetric if the testing functions
were exactly equal to the expansion functions. As further justification for
making Z symmetric, exploratory computations indicate that o/x? does not
change appreciably when Z is made symmetric by taking the average of correspond-
ing off diagonal terms or by setting the elements of Z below the main diagonal
equal to those above the main diagonal or by setting the elements of Z above
the main diagonal equal to those below the main diagonal. If RL(J) < O indi-
cating that the Jth coefficient in the triangular function expansion of the
current is zero, DO loop 11 eliminates both the Jth row and the Jth column of
the matrices R and X. DO loop 1l also adds the real and imaginary parts of
ZL(J) to the Jth diagonal elements of the matrices R and X respectively. The

matrix X is stored columnwise but the matrix R is stored according to the
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symmetric mode of storage dictated by the subroutine EIGEN in the scientific 0 )
subroutine package [5]. After execution of statement 130, the new diagonal )
elements of R;are the eigenvalues of the original matrix R and U is the -
orthogonal eigenvector matrix of the original matrix R. The columns of U are ’
the orthonormal eigenvectors of the original matrix R arranged in the order

of descending eigenvalues.

Referring to (2-27) of [2], DO loop 75 puts the matrix [XU] in T2.
DO loop 78 puts the matrix [U X U] in A.

JN eigenvalues of the original matrix R are set equal to zero. If
JN = 0, the matrices [Alzl and [AZZ] of [2] disappear. Equation (2-36) of [2]

then becomes

011?407 2100 = ALy (12)
and the expression
[¢] }.
[12] = 1%y (13) |
' [-4 Eé Xlzl

-1/2
M11
y] in T2, Note that [ul

y]l. The logic between statements 146 and 151 stores

-1/2

reduces to |

1/2

[ul y] is a square matrix because [y] is a

square matrix whose columns are the eigenvectors of (12).
The logic between statements 145 and 147 obtains the expression [T2]

of
22
[2] in A22, Statement 128 calls the matrix inversion subroutine MINV from

of (13) when JN # 0. 1In particular, DO loop 73 stores the matrix A

the scilentific subroutine package [5]. DO loop 81 puts Azé 12 in T3. DO
loop 84 obtains the matrix [B] of equation (2-36) of [2]. Statement 129
obtains the eigenvector matrix [y]. DO loop 91 stores [ulil/zy] in the

first JM rows of T2. DO loop 93 stores

-1 & -1/2

[-895 8511037 7y]

in the last JN rows of T2.




‘ o With [T2] of (13), equation (2-37) of [2] becomes
[1] = [U]l{T2] (14)

The columns of the matrix [I] of (14) are the eigencurrents or rather the
coefficients in the triangular function expansion of the eigencurrents.
The index J of DO loop 96 indicates the Jth column of the matrix [I]. DO

loop 97 stores [I] of (14) in FI. DO loop 137 normalizes the largest ele-
ment in the Jth column of [I] to unity.
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Listing of Program #2

/7

(0034,EE+4,2),"MAUTZ,J0E * ,MSGLEVEL=1

// EXEC SSPCLG,PARM.FORT='MAP!
//EUORTLSYSIN DD *

13

14
15

26

27

28

16
19
18

20

17

21
24
23

25
22

31
30

32

COMPLEX Z(900),U1,72L(30)

DIMENSION U(S00)4+R{900),T2(900),A22(900),B(900),X(9001+A(900}
DIMENSION Y(900),73(900),FI(900},EU{30),RU(30),AMD(30),LB(30}
DIMENSION MB(30)+MDL(30)MD2(30)}4RL(30)
EQUIVALENCE (R{1Y4T2(1)4A22(1)oB{LY Yo (X(2)yACL} Y (1))
EQUIVALENCE (T3(1)+FT(1))4(EU{L1)Y,AMD(1}})
REWIND &

READ{1,7) MD5

WRITE{(3,13} MD5

FORMAT(*1MDSY/1X,13)

READ (173 (MDLI(T),I=1,MD5}
READ(14+7)(MD2(1)sI=1,MD5)

FORMAT(1013)
WRITE(3,14)({MD1(1),I=1,MD5)
WRITE(3,15)}(MD2(1),1=1,MD5)
FORMAT('OMDLY/(1X,1013})
FORMAT(YOMD2Y/(1X,1013))

by 143 KAP=1,MDS

READ(1+26) N,LEPS,EPL

FORMAT(I3,2E11.4}

WRITE{343) NEPS.EPL

FORMAT(*0O N EPS'" BXy'EPL'/1X,13,2E11 .4)
READ (L $2TY(ZLUTY 4T =140}

FORMAT(7TELl.4)

WRITE(3,28)(ZL (1) s1=1,N)
FORMAT(*OQZL'"/({1X,7E11.4))

N7Z=N%*N

JI=IARS(MDYL(KAP))

IF(MDLI(KAPY) 16,17,18

DO 19 J=1,41

BACKSPACE 6

CONTINUE

GO T L7

DY 20 J=1,Jd1

READ(6)

CONTINUE

READ(A)(Z{T)Y,I=1,N2)

J1=TARS(MD2(KAP))

IF(MD2(KAP)) 21,22,23

N0 24 Jd=1441

BACKSPACE &

CUNTINUE

GO TO 22

DO 25 J=1,.J41

READ(6)

CONTINUE

NN=N

DO 30 J=1.NN

RL(JY=EPL-CARSI{ZL{J))

IF(RL({J)) 31,31,30

N=N-1

CUNTINUE

J5=0

J6=0

DO 11 J=14.NN

IF(RL(JY) 11,411,32

J2=(J=1)%NN

p—




N -

12

11
130

104

141l

77
T6a
5

BQ

79
78

144

Jeé=J6+1

Ké=(Jh=1) =N

J7=0

DO 12 I=144

IF(RL{TI)) 12,17+33

J3=42+1

J5=45+1

J7=J47+1

Ja=(I-1)%NN+

Ul=o5h%(Z2(J3)1+Z2(J4))

R{J5) =11

JB=Kh+J7

JO9=J6+{(JT7-1)%N

X{J8)=AITMAG(UL)

X{J9)=X{JR)

CONTINUE

R(J5)=R{JS)+REAL(ZL{(J))

X(JB)=X(JBY+AIMAG(ZL(J))

CUNTINUE .

CALL EIGEN(R U +N,0)

J1=0

DO 104 J=1,4N

Jl=Jl+

EULJI=R{J1)

RUCII=14/SORT(ARS(EU(I)))

CUONTINUE

WRITE(3,141)(EU(S)+d=14N)

FORMAT('OEIGENVALUES OF THE MATRIX R'/({1X,7E11.41))
DO 75 J=14N
J1=(0=1) %N
DI 76 T=14N
JZ=41+1
T2(042)=0.
J3=(I~-1)%N
D77 K=14N
Kl=K+,3
K2=K+J1
T2(J2)Y=T2(J2)+X(K1)=UJ(K2)
CONTINUE

CONTINUE

CONTINUE

NG T8 J=1,4N

Jl1=(J=1)=%N

BO 79 I=144

J2=Jd1+1

Al(J2)=0.

J3=(I-1)=N

DO BD K=1 4N

Kl=K+J3

KZ2=K+J1
ACJZ2Y=A0U2)Y+H(KL)Y%T2(K2}
COMTINUE

Ja=03+)

AlJ4)Y=A(02)

CUNTINUE

CONTINUE- -~

X2=EU{(1)*EPS

DO 70 J=14N

IF(EU(Y)=X2) 72+.144,144
JM=J

23
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0
72

146

149
148

150

152
151

145

74
73
128

83
82
R1

CONTINUE

JN=N=JM

JM1=JM+1

TF{JIN) 145,146,145
J2=0

DO 148 J=14N
J3=(J=1} =N

DO 149 I=1.J

J2=J2+1

J4=J3+1
B{J2)=A(J4)%RU{(J)=RU(T)
CONTINUE

CONTINUE

CALL EIGEN(R,Y,JM,0)
J1=0 '

DO 150 J=1,N
Ji=J1+J

AMD(J)=R(JL)
CONTINUE )
WRITE(3,58) {AMD(J) +J=1 4N
DO 151 J=1.N
Ji=(J-13)=N

DO 152 T=1,N
J2=1+J1
T2(J23=Y(J2)%RULT]
CONTINUE

CONTINUE

GO TO 147

J1=0

DO T3 J=JdMi.N
J2=(J=~1) %N

DO T4 I=JM1,N
Jl=J1+1

J3=J2+1
A22(J1)Y=4(J43)
CONTINUE

CONTINUE

CALL MINV(A22+JN D +LBMB)
Ji=0

DO 81 J=1,JM
J3=(J=1}#N+JM

DO 82 I=1,JN
J2=(I-1}=JN

J1=J1+1

T3(J1}=0.

DO 83 K=14JN
Kl=J2+K

K2=J3+K
T3(J1)=T3(J1}+A22(K1)I*A(K2)
CONTINUE

CONTINUE

CONTINUE

J2=0

DO 84 J=1,JM
J3={J-1)%N
J5=(J=-1)%JN

DO 85 I=1,.

J2=J2+1

Ja4=J3+1

REJ21=A(J4)




~

B A
85

84
129

107

58

92
91

95

94

93

147

34

98

97

JeO=(I=1)=N+IM

DO 86 K=1,JN

Kl1=K+J6

K2=K+J5
B(J2)=B(J2)~A(K1)=®*T3{K?2}
CONTINUE
B(J2)=R(J2)*=RU{J)=*=RU(T)
CUNTINUE

CONTINUE .

CALL EIGEN{(R,Y +JM,0)
J1l=0

DO 107 J=1,JM

Jl=Jd1+d .
AMDISI=RIJT)

CONTINUE
WRITE(3,58)(AMD(J) +d=1yJM)

FORVMAT('OEIGENVALUES UF THE MATRIX B'/({1X,0El4.7})

DU 91 J=14¢dM

Ji={d=-1)%J4M

Ja={J-1) =N

NGy 92 I=14JdM

J3=1+4

J2=1+J1

T2(J43)Y=Y(J2)*RU(T1)

CONTINUE )

CUNTINUE - f
S1=0.

DO 93 J=1,JM

Ji=(J=-1)=N

P 94 T=1,4JN

J2=J1+1+JM

T2(42)1=0.

Pl 9% K=1,.JM

Ki= (K=1)%IN+1

K2=K+J1
12(42)Y=T2(J2)Y=-T3 (K1) *T2(K2)
CUONTINMNUE -
CONTINUE

CONTINUE

M) 96 .d=14+JM

Sl=nt

J1=(J=-11=%N
Jb=(J=1) %NN

J7=0 .

bty 97 T=14NN
J2=J46+1

FI{J2)1=0.
TF(RL(IY) 97,97,34
JT=J37+1

it 98 K=1,.N

K2=zK+J1

K1=(K=1)*®N+37
FI(J2Y=FT{Jd2)+U(KL)XT2(K2)
CONTINUE

S2=ABS(FT1{J2))

1F(S2-S1) 97,133,133
$1=82

J5=42

CUNTINUE

S1=1./F1(J5}

25
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J2=Jb+1
J3=JA+NN

WRITE(3,4138)
FORMAT({'OEIGENCURRENT FOR WHICH LAMRUA
0B 137

134

[=J2,43

FI(I)=FI({T)=*S1

CUNTINUE

AMD ()

WRITE(3,60}(FI(E),1=2d2,J3)

A0 FORMAT(1X,10FA.4)
CONT INUE

9h

WRITE(AY(FT(L) 121,43}

143
STOPpP
EnD
/%

//GUFTNAFOOL

’/

CHNTINUE

= ‘,Elloq’)

DD DSNAME=SURCCATT7.INEW.DISP=ULD,UNIT=2314,

X

VULUME=SEQ=SUOOOS,DCH=(RECFM=V.8LKSIZE=2>9§,LRECL=2592)

//GUGSYSIN DI =

1
59
0

26 0.1000E-03 0.1000E+11

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
(. 0Q00E+Q0
0.0000E+00
0.0000E+00Q
(.0000E+00
/s
/7

0.0000E+Q0
N.N00N0E+00
0.0000E+00
N.0000E+QO
D.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
(. 0D000E+Q0
.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.,0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.,0000kK+00
(1.0000E+0Q0

0.0000E+00
0.0000E+00
0.0000E+0N
0+.0000E+00Q
0.1000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0+0000E+00
0.0000E+00
0+.Q000E+00
0«0000E+00
0.0000E+00
0+.0000E+00
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Sample Output

Mb
1

401
249

N EPS

EPL

2a Jeluout-03 TJluudF 11l

JAS
')-‘)
Jelt
Jell
Je.0
all
e
2 e i)

N
VIGELVALUES
Wa349F-03

YO3802E~03

EFlotlvwWALUES
Get31lb514¢
~ %S 309561

Gt
3ol
Seli
Je0)
O.(}
.0
Gl

0.0

Uad 0.0
Gev Qe
Gaowd 0.0
(ia0) 0.0
Ne0 Ue?
(io() O‘O
Gad) 040
00

b THE AATRIX R
Je25y2 )72 JeuLT4Y DL ueld3iFt ML Ve.elyossl

Dot 3H5F-03 0e5730E-93 0.5524E-03

3429560 -03 0a2720F-C3 0.1152E
= 33795 =0%-Ceabh b -03=-0.480 2 -13-0.6641E-03-0.6871L~-03

JE THE «ATRIX B

Ul 0aT63T922F 00=-U.2513004r

Ja-oe132%0onst 05

1o HOCUKRERT FOR WHICH LAMBOA = J.8316F
Jel 394 Gaaloe
VeG0HT Cadlas

=2.0522 -0.

1Ubh4

el sEnCUFRENT FUR
=)o 2 3%% —Ua4CTY
~Ge271ld =L e23(3

LetGUD GeEYY

CIGENCUKRENT FULR
162799 043372

—lerleS =0,

8954

Je 6409 De964L

FISENCUKKENLT rLRr
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IV. GAIN EIGENPATTERNS ox‘

Six different gain patterns of the eigencurrents may be computed, The

[(J-1)*24K]th pattern of an eigencurrent is specified by letting J=1,2,3
denote the x=0, y=0, z=0 planes respectively and by letting K=1,2 denote

-5
u

g° 3¢ polarizations respectively. The activity on data sets 1 (punched card
input) and 6 (direct access input-output) is described as follows:
READ(1,154) MD5
READ(1,154) (MD1(I),I
READ(1,154) (D2(1),I
154 FORMAT (2013)
REWIND 6
DO 143 KAP = 1, MD5
READ(1,35) NP, NT, NS, NW, LG, BK

35  FORMAT(5I3, El4.7)

1, MD5)
1, MD5)

READ(1,10) (PX(I),I = 1, NP)

READ(1,10(PY(I), I = 1, NP)

READ(1,10) (PZ(I),I = 1, NP)
10  FORMAT (10F8.4)

READ(1,154) (LL(I),I = 1, NW)

READ(1,33) (RAD(I),I = 1, NW)

33 FORMAT (5E14.7)
SKIP MD1(KAP) RECORDS ON DATA SET 6
NZ = N*N
READ(6) (Z(I),I = 1, N2Z)
MD6 = MD2(KAP)
DO 158 ILD = 1, MD6
READ(1,154) NE, MD3, MD4
READ(1,33) (AMD(I),I = 1, NE)
J1 = NE#6
READ(1,154) (LC(I), T
READ(1,100) (ZL(I), I
100  FORMAT (7E11.4)

1, J1)
1,N)
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SKIP MD3 RECORDS ON DATA SET 6
NZ1 = N*NE
READ(6) (FI(I),T = 1, NZ1)
SKIP MD4 RECORDS ON DATA SET 6
WRITE (6) (G(J),J = 1, J2)

158 CONTINUE

143 CONTINUE

Here, Z is the impedance matrix of order N computed by program #1l and FI
is the set of NE eigencurrents computed by program #2. The present program

#3 stores the gain patterns in G.

For the KAPth Z, PX, PY, and PZ are the x,y,z coordinates of the NP
data points that describe NW wires. The gain will be computed at NT equally
spaced angles (measured from z=0 for the patterns in the planes x=0, y=0 and
from x=0 for the patterns in the plane 2z=0) between 0° and 360°/LG. LG
should be 2 in order to be compatible with the subsequent plot program #5.
Only the results at the first, (NS+1)th, (2*NS+1l)th ... angles will be printed.
BK is the propagation constant. The LL(I)th data point marks the beginning of
the Ith wire. RAD(I) is the radius of the Ith wire. AMD appears under the
heading "Eigenvalues of the Matrix B" in tﬁe printed output of program #2.
If LC((J-1)*NE + K) = 0, the Jth pattern of the Kth eigencurrent is not com-
puted. Otherwise, this pattern is computed. If LC dictates that LP patterns

are computed, then J2 = NT#LP is the number of words stored in G. The impedance

load to be added to the Ith diagonal element of Z is read in through the complex
variable ZL(I). ‘

Minimum allocations are given by

COMPLEX  Z(N*N), VR(NT#N*6), E(NT), ZL(N)
DIMENSION LL(NW+1), RAD(NW), PX(NP), PY(NP),
PZ(NPY, L(NW+l), BX(NP-NW), BY(NP-NW), BZ(NP-NW),
AL (NP-NW), T(N*4), FI(N*NE), X(N*N),
P(NE), PP(NE), SN(NT), CS(NT), AMD(NE),
LC(NE*6), TH(NT), MD1(MD5), MD2(MD5),
TX(NP-NW), TY(NP-NW), TZ(NP-NW)
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The variables PH, G, and R should be allotted the same amount of space which
is the maximum of (NP-NW)#*6 complex words and NT* (maximum number of patterns
calculated for a single value of ILD in DO loop 158) real words and N*N real

words.

DO loop 8 computes L(J1} such that the L(J1)th triangular expansion
function is the first triangular expansion function on the Jlth wire. The
axes of the wires are composed of straight line segments connecting data
points., TX, TY, and TZ are the 3x’ Ey, and 3z components of the unit tangent
to a segment. BX, BY, and BZ are the normalized rectangular coordinates kx,
ky, and kz of the midpoint of a segment of length AL. In DO loop 5, T(J4),
T(J5), T(J6) and T(J7) are the values of the Jth triangular expansion function
at the centers of the four segments over which this function extends times the

segment length,

The far field §(6,¢) of a filament current ZZ,I(Q') is given by

s -jkr
B(e,¢) = ~L2E— J E(LY) -y, I(ed (15)
wire
axes

where Er(z') is the electric field of a unit plane wave coming from the direc-

tion (6,¢)

. [ ) [ s . 1
) = Gr eJk(X sin 6 cos ¢ + y'sin 6 sin § +z'cos 8) (16)

In (15), 3r is a unit vector specifying the polarization of E'(L'). The
coordinates x', y', and z' depend upon &'. Equation (16) may be specialized

- -
to the planes x=0, y=0, and z=0, and to the polarizations u, and u,.

0 ¢

)
")
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BT .3 ;= (JZ cos & - u_sin 6) e 'ejk(-y'sin 8+ z'cos 6)
2 y z % Ze’ =0 (17)
) ‘ 1 '
3T . 32' _ GX . Gg.ejk( y'sin 6 + z'cos 6) N
u¢, x=0 (18)
B .Uy, = (@cos 6 - Hsin 0) « 5 @IN(XSIR O ¥ =leos ©)
9! % z 2! >
Ugs y=0 (19)
5 ' " '
2T . 32' _ gy . ;g' Jk(x'sin & + z'cos 6) .
Uy y=0  (20)
B Y, o3, g, SJEGees ot yiein )
% z % Gy, 2=0  (21)
BY .3 = (<U_sin ¢ + U cos ¢) u ejk(x'cos ¢+ y'sin ¢)
2 X y L : 3¢, z=0  (22)

Equations (17)-(22) lead respectively to the six different gain patterns
promised earlier. The exponentials appearing in (17)-(22) are put in U3,
U4, and U5. Next, the dot products appearing in (17)-(22) are put in S2,
s3, S4, S5, S6, and S7. The quantities (17)-(22) themselves are put in
the dimensioned variable PH. DO loop 28 stores the normalized electric
field

f ES(RY) - U, I(&a")dr’
wire
axis

2

in VR(KK-1)#NT#*N + (J-1)#*N+I) where KK indicates the KKth of the six ex-
pressions (17)-(22), J denotes either the angle & in (17)-(20) or the
angle ¢ in (21)-(22) and I denotes that I(&') of (15) is the Ith triangular

expansion functionm.

The index ILD of DO loop 158 indicates that the set of eigencurrents

to be read from data set 6 has been computed by program #2 from an impedance
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matrix to which has been added the ILDth set of loads (ZL(I), I = 1,N) to the 0
diagonal elements. DO loop 16 stores the real and imaginary parts of the

impedance matrix Z in R and X. The matrix Z is made symmetric by averaging

corresponding off diagonal elements. The impedance loads ZL are added to the

diagonal elements of Z. DO loop 13 puts the JCth diagonal elements of'TXI

and TRI in PP(JC) and P(JC). The quantities %XI/TRI are printed so that they

can be compared to the eigenvalues of

(XI{I] = AR][I] (23)

The index JP of DO loop 156 indicates which of the 6 gain patterns denoted
by (17) - (22) is being computed. The index JC of DO loop 53 indicates the
JCth eigencurrent. DO loop 54 obtains Ul by multiplying the eigencurrent FI

by the receiver voltage excitation VR. The gain G is given by

2 2
_k° vl
6 = (=D (24)
The phase factor -je_jkr is suppressed from the far field E of an eigencurrent.

E is normalized so that 0 .

G = [E]2 (25)




Listing of Program #3 33

// (0034,EE,4543), "MAUTZ 4 JOE ' yREGTUN=ZD0K

// EXEC FORTGCLG+PARM,FORT='MAP!

//FURTLSYSIN DD =
COMPLEX Z{(900) sUsU1,U3,U44U5,PH(1533),VR(11388),E(14H)
COMPLEX ZL(30),R(1533)
DIMENSTION LL(5) +RAD(4) 4PX(100)4PY(100),P2Z(100),L(5}
DIMENSION BX(100)4+BY(100),BZ(100),AL(100),7(200)+F1(900)
DIMENSTON X(900) 4P(30)4PP(30)+SN{165),LS5(145),6(3066)
DIMENSION AMD(30)4,LC(150),TH{145),MD1(15),MD2(15)
DIMENSTION TX(100),TY{(100),TZ2(100}
EQUIVALENCE (G(1)4PH(1)4R(1}))
REWIND 6
READ(1+154) MD5H
WRITE(3,75) MDS

75 FORMAT(*1IMDSY/1X413)

READ(15154) (MD1(I),I=1,MD5)
READ(14154)(MD2(1),1=1,MD5)
WRITE(3,77)(MDI(T),I=1,MD5)
WRITE(3,78)(MD2(1),1=1,MD5)

T7 FORMAT(*OMD1'*/(1X,2013))

78 FORMAT('OMD2'/(1X,2013}))

DO 143 KAP=1,MD5
READ(1435) NP yNTsNS«NW,LG+BK

35 FORMAT(5I34+E14.7)

WRITE(3436) NPoNTyNSyNW,LG,BK

36 FORMAT(tO NP NT NS NW L6 BKY/1X,513,£14.7)
READ(L10)(PX{T)sI=14NP)

10 FORMAT(10F844)

WRITE(3411(PX{(I)eT=1,NP)}

11 FORMAT('OPXY*/{(1X,10F8.4})
READ(1410)(PY(I)aI=1,NP)
WRITE(3,37)Y(PY(I)41I=1,NP)

37 FORMAT('YOPY'/{1X410FR.4))
READ(1410)1(P7(1),I=1,NP)
WRITE(3,38)(PZ(1),1=1,NP)

38 FORMAT('OPZ'/(1X4,10F8.4))

READ(1 41543 (LL{T)yI=1,NW}
154 FORMAT(2013)
WRITE(3473)(LL{T)I=14NW)

T3 FORMAT('OLLY/(1X,42013))
LL{NW+1)=100
READ(1433){(RAD(I)+1=1,NW)
WRITE(3472)(RAD(T)4+I=14NW)

72 FORMAT({'ORADY/(1X+5F14.7))
BK5=,5%RK
PI=3,141593
EN=(NT=1)3%LG
NEL=2.%PI/FN
ETA=376.730
Cl=ETA*RK*RK/4 /P11
U=(O¢710)

N1=0
Ja=2
Jl=1
DO 8 J=1,NP
TRF(LL{JY)=J) T46,7
6 Ja=J4-1
L{dl)=J4
Jl=J1l+1
GO T 8 . T
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7

4

Nl=N1+1

J3=J~1
IF({N1/2%2-N1).EN.Q) Ja=d4+1
S1=PX(J)=PX(I3)
S2=PY(J)=PY(J3)
S3=PZ2{J)=PZ{J3)
S4=SORT(S1%S1+S52%52+S53%53}
TX{N1)=S1/54
TY{NL)=S82/S4
T7(N1)=S3/54

BY (N1 )=RKS*=(PX{J}+PX{J3}]
BY (N1)=BKS=®=(PY{J)+PY(J3))
RZIN1)=BKS®(PZ{J)+PZ(J3})
AL({N1)=S4

CONTINUE

N=j4=2

NZ =N*N

Ligll=d4

Ji=1

J2=-2

DO 5 Jd=1,0

IF(LESL)=d) 34443
Je=Jd2+2

Ji=J1+1

J3=(J=-1)%4

J4=43+1

Joh=Js+1

Je=45+1

JT=J6+1

Ka=J2+1

Kb=K4+1

K6=K&8+1

' K7=K&+1

27

S1=ALIK4Y+AL(KS)

S2=AL{KA)+AL(KT)

F{Ja)=AL (K& ®,5%AL (Ka) /S1 ]
TOA5)=AL(KS)*(AL(K4 ) +.5%AL (K5))/S1
TLJ6)=ALIKEY#LALIRTI+,0%AL(K6)}/S2
TUJ7 =L (K7 )= ,5%AL(KT}/S?

J2=J2+2

CUNTINUE

S2=180./P1

N0 27 d=1,HT

S3={J=-1)*DEL

TH(J)=83%52

SH{JY=SINI(S3)

CStJ)=Cas(s3)

CONTINUE

MTM=NT=N
i1 28 J=14NT
J8=td=1)%N

N30 I=1,N1
S1=SMN{J)*RY(])
J1=1+N1
J2=J1l+N1
J3=J2+N1
J4= 03 +nN1
45=J4+N1
S2=CS{0)y*RZ{1)
S3=%-51+S2




S4=SN({J)I*=BRX{I)+S52
SH=CS(J)*RX(1)+S1
H3=C0OS(S3)+Ux=SIN(S3)
U4=COS{S4 ) +U%RSIN(S4)
Ub=CNS(SB5)+UxSIN({SH)
S1=SN{Jy=TZ2 (1)
S9=CS{J)*TY(I)
$2==-59~51

S3=TX(I}
S4=CS{YY*TX{(1)=-581
S5=TY (1)

S6==-TZ (1)
ST==SN{JIRTX(T)+59
PH(T )=S2%U3
PH{J1)=S83%)3
PH(J2)=S4%U4
PH(J3)=58%4
PH(J4)=56%*%U5
PH(J5}=ST7*U5

30 CUNTINUE
Jé=-2
J5=1
D 49 T=14N
J2=s{1=-1)%4
TE(LLJ5Y=1) 50451450

51 Jb4=J4+2
J5=45+1

50 Ja=1+48
N 21 KK=146
VR({J6)=0.

J3= (KK=1)iaN1+J4

¥y 52 K=1,4

K3=J3+K

K2=J2+K
VRIJ6I=TIK21*PH(K3}+VR{J6)

52 CONTINUE
JAE=JAH+NTN

21 CONTINUE
Ja=j4+2

49 CONTINUE_

28 CONTINnUE
J1=TABRS({MD1(KAPY))
TF(MDI(KAP)) 55456,57

H5 M) 583 U=1,4J1
BACKSPACE A

58 CONTINUE
Gy T 56

57 DO B9 J=1,4J1
READ(A)

b9 CONTINUE

A READ(HYI(7(T)I=1,NZ})
MDeE=MD? (KAP)

DO 158 1Lbh=1,MDsA
READ(14154) NEJMD3 MD4
WRITE(3,161) NE,MD3,MD4

1A1 FORMAT('ONE MD3 MD4'Y/1X,313)
READ(1,33)(AMD(TI),I=1,NE)

33 FURMAT(5E14.7)
WRITEF(3,34)(AMDIT)T1=1,NE)

34 FORMAT{'OAMD Y/ (1X45E1l4,.7))
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155
100

101

18

16

90
93
92
94
gl
97
95
99

60
98

15

14

Jl=sNE*A
READ(L,154) (LC(
WRITE(3,155)(LC
FORMAT('OLC'/ (1
READ(L1,100)(ZL(
FORMAT(T7ELll.4)}
WRITE(3.101)(ZL(TI},I=14N}
FORMAT('OZLY/(1X,7ELL1.4))
DU 16 J=1,N

J2=(J=1)%N

D 18 I=1.J

J3=J2+1

Jas(I-11*N+J
Ul=e5%(Z(J3)+2(44))
X{J3)=ATMAG(UL)
X{J4)y=X(J3)

R{J3)=U1

R{J4)Y=R(J3)

CONTINUE .
X{JI3)1=X{J3)+AIMAGLZL(J})
R{J3)=R{J3)+Z1L{J)
CONTINUE

NZ1=N%XNk&

JL=TABS(MD3)

IF{MD3) 90,91,92

D93 J=1,J1

BACKSPACE &

CONTINUE

R0 TU 91

DO 94 J=1,4.01

READ(6&)

CUNTINUE
READ(GI(FI(I)sI=1,NZ1}
J1=TARBS(MD4&)

IF{MD4)} 97,98,99

DO 9% J=1,J1

RACKSPACE 6

CUNTINUE

GO T 98

60 J=1441

READL{S)

CONT INUER

10 13 JC=1l4NE
J3=(JC=-11})%N

$2=0.

$4=0.

) 14 J=14N

J1=(J-1)=N

S1=0.

S3=0.

DU 15 K=1,4N

J2=K+J1

Ja=K+43
S1=S1+X(J2)%F1(J4}
S3=S3+R(J2)%FI(J4)
CUONTINUE

JB=J+J3

$2=52+S1*FI1(J5)
S4=S4+S3%F[(J5)

CUNTINUE

r—t DC




13
102

103

76

162

150

96

54
74

Al
64

70
62
71
63
65

87

R4
86

85

PP(JC)=S2

P{JC)=S¢4

CONTINUE
WRITE(3,102)(P1J)sd=1,NE)
FUORMAT(IQIRI'/(1Xs7ELLl.4))
WRITE(3,103)(PP(J)4J=1,4NE)
FORMAT('OIXI'/(1X47E11.41))

DO 76 J=1,NE ’
PP{J)=PP(J)/P(J)
P(J)=ABS(P(J))

CONTINUE

WRITE(3,162) (PPLJ)+d=1,NE)
FORMAT('OIXI/IRIY/{1X47E1Y44))
J9==NT

JB8=0

NTN=NT*N

DO 156 JP=1,6

JT=(JP=1)%NTN

B0 53 JC=1,4NE

JB=J8+1

IF{LC{J8)) 150,453,150

JO=J9+NT

J1=(JC-1) %N

DO 54 J=1,NT

J2=(J=1)=N+J7

Ul1=0.

Dl 96 K=14N

Ki=J1+K

K2=J2+K

U1=U1+VRI(K2)*%FT (K1)

CONTINUE
E{(J)=U1=SORT(C1/P(JC))
S5=CARS{(E(J))

Kb5=J+49

G{KB)=85%85

CUNT INUE

WRITE(3,74) AMD(JC)

FORMAT({ 'OLAMBDA= ',E1l1l.4)

GO TO (6196296343874 844R5),JP
WRITE(3,64)

FORMAT (' ELECTRIC FIELD AND GAIN IN THE
WRITE(3.70)

FORMAT('0 =t e 10Xt =1, 11Xyt =1 ,11X,0=0)
GN T0O 67

WRITE(3,64)

WRITE(3,71)

FORMAT( 'O =1 10X/, 11X,/ 0, 11X,8/1)
GO T 67

WRITE(3,65)

FORMAT( Y ELECTRIC FIELD AND GAIN IN THE
WRITE(3,70)

GO 70 67

WRITE(3,65)

WRITE(3,71)

GO TL 67

WRITE(3,86A)

FORMAT (' ELECTRIC FIELD AND GAIN INVTHE
WRITE(3,70)

GU TH 67

WRITE(3,86)

PLANE X=0Q1)

PLANE Y=01)

PLANE Z=Q1')

37
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WRITE(3,71)

67 WRITE(3,66)
66 FURMAT (1 + 0 REAL(EQ) IMAG{EQ) GAINQ)
O 68 K=1,4NT4NS -
J2=JG+K
WRITE(3,69) THIKYE(K) G(J2})
AT FURMAT(1X4F6.143E12.4)
68 CONTINUE :
53 CONTIMUE
156 CONTINUE
J2=J09+NT
WRITE(AY(GlJ)yd=1442)
158 CONTINUE
143 CHNTINUE
STUP
END
VA
/GO FTOBFO0L DD DSNAME=SURCO6T7JINEW,DISP=0LD,UNIT=2314, X
/7 VIILUME=SER=SUO005,DCB=(RECFM=V ,BLKSIZE=2596,LRECL=254%2}
//7GEHLSYSIN by *
1
59 ~
3
H5 73 4 1 2 0.1396263E+00
—4 6587 —=4,3999 =4,1411 =~3,8823 =3,6235 ~3,3646 ~3.,1058 -2.8470 -2.5882 =2.3294
—2.0706 =1.8117 ~1.5529 =~1,2941 -1.0353 =0,7765 =0.,5176 =0.2588 -0.0000 0.2588
05176 067765 1.0353 1.294)1 1,5529 1,8L17 2.0706 243294 2.5882 28470
3,1058 3.,3A46 3.6235 3,8R23 4,1411 4.,3999 4,6587 4,9176 DL.1764 544357
5«A340 b.,9528 642117 4705 66,7293 6.9R81 Te2469 T.5058 T1.7646 B.0234
R.2R822 8.5410 88,7968 99,0587 G,3175
0.0000 00,0000 0.0000 0,0000 00,0000 00,0000 0.0000 040000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 00,0000 0.0000 N.0000 0.0000 00000 .
. 0000 0. 0000 0.0000 0.0000 ¢.0000 0.0000 0.0000 0.0000 N«.0000 00000 .
0.,0000 0.0000 0.0000 0.0000 0.,0000 0.0000 0.0000 00000 00000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 00,0000 60,0000 C.0000 00000 00000
0.,0000 0.0000 0.,0000 0.0000 0.,0000
173867 16.4207 15.4548 14,4889 13,5230 12,5570 11.5911 10.62%2 9.6593 8.6933
Te7274 heTHLS 5.7956 4 .,8296 3 .,8A37 2.84978 1.9319 0.9659 00000 0.96H9
1.9319 2.8978 3.8A37 4.R296 5,795%6 A,7615 T.,7274 8,6933 946593 10.6252
115911 12.5570 13457230 14,4889 15,4548 16,4207 17.3867 18.3526 19.3185 200844
2142504 22.2163 23,1822 24,1481 25,1141 26,0800 27,0459 28.0118 28,9778 29,9437
30.909A 31.8755 32,8415 33,8074 34,7733
1
0.4500000E+00
T 0 0
0,8315R14E+01 0.7697922E+00-0.2573003F+01~0,1351125E+03~0.1706178E+03
~0.5537508E+04-0.132906RE+05
1 1t 1 1 1 1 1! 11 1 1 11 11 1 1 1t 11
¥ 1 1 1 1 11 1 1 1 1 1 1 t 1 1 1 1 1 1 1
1 1
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0«0000E+00 0 <Q000E+00D
0.0000E+00 0.0000E+00 0.00N0E+00 0.0000F+00 0.0000E+00 0.0000E+00 0.0000E+00
OL0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+N0 0+0000E+N0O
0.0000FE+00 0.0000E+00 0.0000E+00 0.0000E+00 0,0000L+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.N000E+00 0.0000E+00
0.0000E+00 N.NO000E+00 0.0000E+00 0,0000E+00 0.0000E+00 0.0000E+00° 0«00NOE+ND
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 (.0000E+00 0+0000E+00
0.0000F+00 0.0000E+00 0,0000E+00

/%
//




Sample Output

-3.£823 -3.0235

-11)_941 -100553
le2341 1.552%
3.6823 4.1411
6,4705 6.7293
9.0587 9.317%
0.9 Q.0
G0 Jed
0.0 0.0
0.0 Q.0
0.0 0.0
0.0 0.0

/ 4

l4s4389 L3.5230
4.8295 3,83537
443265 5,7955

14,4887 15,4543

24,1451 25.1141

33.807% 34,7733

MD5
1
MD1
59"
MD2
1
NP NT NS NW LG BK
55 73 4 1 2 9.1395203E 00
PXx
~4.6587 =4.3959 ~4,1al]
~-2.07086 -ledil7 =1.5529
0.5176 0.7765 1e2353
3.1058 3.3046 3.6235
5.6940 5.9228 6.2117
8.2822 E.5410 8.1998
54
0.0 0.0 0.0
0.0 God 09
0.0 0.0 O3
0.0 0.0 Oed
0.0 0.0 0.0
N0 [48] 0.0
A
17.3367 16442067 15,4548
17274 6.7615 5. 7996
1.9319 2.3578 3.3537
115311 125370 1345230
2125064 22.2163 23.1122
30.9C66 31.875% 32.8415
LL
1
RAD
2.45C0000F 00O
NE MD3 MD4
7 ¢ ©
AMD

—-3.36456
~0.7765
le8117
403999
6.9881

Je O
Ueld
TFe
0.0
0.0

12.5570
2.683738
be 7615

los 4207

2606 QMO0

~3.,1058
~0.51706
2.0706
446587
T.2469

i) e §]
Te U
J.C
el
e 0

1l1.59]1
l1.9319
T.7214

173867

27.0459

-2.8470
-0.2588
243294
4.9176
7.5058

(S
Ut
Bat)
Cat)
O et}

LOen2527
S AR
B.HU33
L343520
B 114

39

=2 5882 =2.329¢

U0 0.2588
25542 2.8470
5.1764 5,435?
T.7646 K,0234
Q0 D30
0.0 U.0
e qo”
D60 0.0
UeV Vel
96593 a.6033
Ve D Je059
Ge6b43 10,06,52
1963159 2047044
23¢9 773 29.9437

048315813k 0l 0.70Q7§2?E 00=0e2573003F 01-0.135112%F 03=-0.1706178F 93
~3e5537998E 21-0.1229068L €5

ZL

0.0 Q0 0.0 0.0
0.0 0.0 Oed 0.0
U0 Ce0) CeD Ue0
0.0 J.0G 0.0 0.0
0.0 0.6 0.0 Oe)
0.0 0.0 0.0 0.0

Oe®)
Ye 0
0.0
Je N
(e
De0

oo CcocCC
*» ®& o @
DT COTO

Do)
D0
Oe
3,0
DI}
0.0



40

Del)
0.0

IRI

Je202Er:

1XI
JelT34

EXI/IRI

Jed3le
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g
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2.0
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L5J.6
160.0
1700
18040
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ELECTRI

]
[V |
1.0
2Jei)
3040
40670
5C.0
60"
0.0
8. C
304 1)
130.9
1104
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1950.1)
16041
170.0
180.0

plus 15

Jad

JeO
£ 12 Ce.l37)F
£ U3 CainNont

r vl

des3dlek 01

C rlELC

REAL (L8
E)l()

Ce fO43 3L

axt

)

Uel33LE-92

-9l ut

-2

—thehUa3E-0L
—Gegh2LlE-0l

-0ele2
-t L2234t

)
110G

U 77LoE-01L
-Ce1491t-01
Uelalib-21

-Jelevlt
-0. 771"t
e ll224t
-J. k770

=131
-1
)J
30

~{leHn2lE-1
—Jehiaq =il
-C.Y0ulai-32
Oalbh3LE=-02
Cal27LE-07

DelbGSb
C rltclo

REAL( b
T.0
e 1180l
GeZ23L 1k
Je3lnIL
Ce3lnk
Geladik
-C.22413L
—le T 330
-0.l2L 7t
-01AalE
-0.1217¢
-0e f%433L
-Q.27243F
Jelagl
0.3125E
Ne3199F
Ua23L73L
Uellnat

£
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)
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Qea2lltb-o
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co
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()
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Jeb4ld ke
Jeludif

_01
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-0, A4905E=01
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Vet 4k
Te LOT 3K
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"
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[§19]

—.I']L

et lab~J1
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wAld I

P+AC(ig
Vel

THE

)

-Je2 31 0E=-01

-Jd. 1431k
- Y 32 7E
~Je5430E
-Je32358F
=0 125k
-V H36HE
~JenlolE
-, 11l9nE
o> l62E
Jeduh2E
Nelti2nk
N.37234E
Jed43nk
Je 302 (E
Jel43LE
Uen 3loE
NeloslE

(3.3
518}
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Cud
a1
00

A

-0

00
0s)
0l
918
LIO
N
Ou

-0t
-0&

OeV)

12 ehiHHalr

}3="Je i IE
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YL ANE

SGATNG
et)

X=y

Ge2132E =07
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Oel420E-
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V. SCATTERING CROSS SECTIONS

Program #4 calculates the bistatic scattering cross section per square
wavelength o/)\% for a plane wave traveling in the +z direction with its elec-
tric vector parallel to the x axis. Only G¢/7\2 in the plane x=0+and Gelkz
in the plane y=0 are considered. Here, 4 is obtained from the Ug component of

. . N ,
the scattered field and c¢ from the u¢ component. The cross sections obtained
by using an admittance matrix ¥? which is an eigencurrent approximation to Z-1
will be compared to those obtained by using Z—l itself, The pth column of the
admittance matrix Y is composed of the expansion coefficients of the current ki

which results when

[ G- nt o
(26)
>i e
J E” . Wndz =0 n=7p

where B is the electric field that supports J and {ﬁn} is the set of test-

> .
ing functions. For eigencurrents Jn which are not normalized, equation (1-30)

of [2] is N o
3n JJn . Erdg
F=] = (27)
n (IRI)n (1+jkn)

where (fRI)n is the nth diagonal element of the matrix [Tkl] in which R

is the real part of Z and I is the eigencurrent matrix.
-+ -
g = ; L (28)

' -
If the set {Wm} of testing functions is the same as the set {Fm} of ex-

pansion functions, equations (26), (27), and (28) lead to

1
F-) () -opo ) F (29)
% g (frr)_ (1432 ) "

which implies that



42

1 ~

Y =1 [— iL (30)
(IRI)n(l+jAn)
where [—— L ] is a square diagonal matrix whose nth diagonal
(IRI) (1+jr )
element is — L . An approximation Y2 is obtained by suppressing
(IRI)n(l+jAn) '
certain eigencurrents from the sum (27) which is equivalent to replacing certain
of the numbers — L in (30) by zero.
(IRI)n(l+j An)

The activity on data sets 1 (punched card input) and 6 (unformated direct

access input-output) is described as follows:

READ(1,64) MD5
64  FORMAT (20I3)
READ(1,64) MDL(I), I = 1, MD5)
READ(1,64) D2(I), I=1, MD5)
REWIND 6 '
DO 143 KAP = 1, MD5
READ(1,62) NP, NT, NS, LS, NW, BK
62  .FORMAT(5I3, El4.7)

READ(1,10) (PX(I), I = 1, NP)
10 FORMAT (10F8.4)

READ (1,10) (PY(I), I = 1, NP)

READ(1,10) (Pz(I), I = 1, NP)

READ(1,64) (LL(I), I = 1, NW)

READ(1,70) (RAD(I), I = 1, NW)

SKIP MDI1(KAP) RECORDS ON DATA SET 6
NZ = N*N

READ(6) (Z(I), I = 1, NZ)

MD6 = MD2(KAP)

DO 152 ILD = 1, MD6

READ(1,64) NE, NC, INC, MD3, MD&4

v e~ e
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READ(1,70) (AMD(I), I = 1, NE)
70  FORMAT (5E14.7)
READ (1,64) (LR(I), I = 1, NC)
READ(1,108) (ZL(I), I = 1, N)
108  FORMAT (7E11.4)
" SKIP MD3 RECORDS ON DATA SET 6
NZ1 = N*NE
READ(6) (FI(I), I = 1, NZl)
SKIP MD4 RECORDS ON DATA SET 6
WRITE(6) (SIG(J), J = 1, J8)
152 CONTINUE
143  CONTINUE

PX, PY, and PZ are the x,y, and z coordinates of the NP data points
that describe the NW wires. Using the admittance matrix Z_l, o/A\% is com~-
puted at NT equally spacedAangles‘e of (18) and (19) between 0° and 360°/LS.
Using NC approximate admittance matrices Neal specified by LR, o/»% is also
Ng;l + 1 eqﬁaily spaced angles bé;ween 0° and 360°/LS.NTBith

o/A\2 computed using Z_l and o/A2 computed using Y2 are printed at —Eg—-+ 1

equally spaced angles between 0° and 360°/LS. To be compatible with the

computed at

plot program #5, LS should be 1. BK is the propagation constant. The
LL(I)th data point marks the:beginning of the Ith wire of radius RAD(I).
The impedance matrix Z of order N has been computed'by program #1. Pro-
gram #2 has stored NE eigencurrents in FI. The incident plane wave has
ej<INC)kz dependence. AMD appears under the heading "Eigenvalues of the
matrix B" in the printed output of prdgram #2. The Ith approximate admit--~
tance matrix Y2 is computed using only the LR(1)th, LR(2)th, LR(3)tﬁ cee
LR(I)th eigencurrents. The impedance load to be added to the Ith d{agonal
element of Z is read in through the complex variable ZL(I). The set FI of
NE eigencurrents has been computed by program #2. The present program
stores 0/A2 in SIG. The o/A% comﬁuted using Z“l is stored in SIG(l) to
SIG(NT) for the 3¢ polarization in the x=0 plane and in SIG(1 + NT + M*NC)
to SIG(2*NT + M*NC) for the 36 polarization in the y=0 plane. Here,



M= EI:l-+ 1 is the number of points on a pattern computed using Y2,

Also, o/X?% computed using the Ith approximate admittance matrix Y? is

stored in SIG(l + NT + M*(I-1)) to SIG(NT + M*I) fpr_the §¢ polarization

in the x=0 plane and in SIG(1 + 2*NT + M*(NC + I-1)) to SIG(2*NT + M*(NC+I))
for the 39 polarization in the plane y=0. There are J8 = 2%(NT + M*NC) words
stored in SIG.

Minimum allocations are given by

COMPLEX Z (N#N), VR(2*NT#*N), T3(N*NE), T4((JC+1)*N),
E(N), E(NT), ZL(N), E3(N)

DIMENSION LL(NW+1), RAD(NW), PX(NP), PY(NP), PZ(NP),
L(NW+1), BX(NP-NW), BY(NP-NW), BZ (NP-NW),
AL (NP-NW), T(4*N), FI(N*NE), R(N*N),
SN(NT), CS(NT), E2(N), LR(NC), TX(NP-NW),
TY (NP-NW) , TZ(NP-NW), AMD(NE), TH(NT),
MD1(MD5), MD2(MDS) )-

The complex variable E must be assigned the maximum of the two allocations 0

designated. Since the variables ZZ and SIG appear in the equivalence state-
ment, they should be allocated the same number of spaces which is the maxi-

mum of 2%(NP-NW) complex words, N*N complex words, and 2*(NT + NC* (ﬁg;ﬁ)) real

words.

DO loop 8 is identical to DO loop 8 in program #3. Except for the
calculation of E2, DO loop 5 is identical to DO lecop 5 in program #3. E2
represents the length variable along the axes of the wires. DO loop 30
stores expression (18) in ZZ(I) and expression (19) in ZZ(J1). The variable
VR is the same as VR in program #3 except that now only the expressions
(18)-(19) instead of (17)-(22) are dealt with.

DO loop 16 stores the loaded impedance matrix made symmetric in ZZ.

‘R.is merely the real part of ZZ. The statement CALL LINEQ(N,ZZ) inverts the
matrix ZZ. In DO loop 87, E3 is VR for the special case in which Er(l') of
(16) is the incident plane wave. DO loop 91 stores the expansion coefficients
of the electric current in T4. The coefficients T4(1l) to T4(N) are obtained
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by using the admittance matrix which is the inverse of the impedance matrix.
DO loop 73 stores the expression
: 1
~
(IRT) [ (1+52 )

appearing in (30) in E(J). DO loop 81 stores the matrix

1
(Tkl)n(1+jxn)

il ]

in T3, DO loop 93 stores the expansion coefficients of the electric current
obtained by using the JCth approximate admittance matrix Y2 in T4 (JC*N+1) to
T4 (JC*N+N) .,

Nested DO loops 20 and 53 compute o/A2. JP=1 obtains the E¢ polarization
in the plane x=0 and JP=2 obtains the 36 polarization in the plane y=0. The
index JC indicates that T4((JC-1)*N+1) to T4(JC*N) will be used. The constant
Cl is necessary in DO loop 54 because

g k'tn? g P > ' 1 2

3\-2— m ETQ@Q') - uz, I(at)as (31)
wire
axis

where Er(l') is a unit plane wave coming from the direction in which o/A%
is to be evaluated, 32, is the unit vector tangent to the wire axis at '
and I(2') is the filament current at ' along the axis of the wire. The
phase factor —je"jkr is suppressed from the scattered field E. E is

normalized so that

sz = |E|? (32)
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Listing of Program #4

//

L0034 ,EE 45 43) 4 'MAUTZ, JUE ' ,REG TUN=200K

4/ EXEC FORTGCLGyPARMFURT=TMAP!
//EORTGSYSIN DD =

20

SUBROUTINE LINEQ(LL,C)
COMPLEX Cl1}+STOR,STULST S
NTMENSTIOM LR({40)

DY 20 T=1,LL

LR{TI)=1

CONTINUE

Ml=0

1M} 18 M=1,1L

K=M

NO 2 I=MyLL

Kl=M1+1]

K2=M1+K
[FICABS(C(KL)}=CARS(CI(K2)}))
K=1

CONTINUE

LS=LR (M)}

249246

TLRIM)=LR(K}

12

14

21

LRIKI=LS

K2=Ml+K

STUR=C(K2}

Jl=0

DT J=1,0LL

Ki=J41+K

KZ2=J1l+M

SH=C{K1)
Ci{K1}=C(K2)
CIK2)=ST1/8THR
Jl=J1+LL _.

CHN IMUE

Kl=M1+M
ClKl)=1./8TOR

DEE 1Y I=1.LL

TF(I-M) 12511412
Ki=M1+1

ST=C(K1}

CtK1Y=0.

J1=0

DO 10 J=1,LL

Kl=Jl+I

KZ2=J1+M
CIKLI=C(KL}=C(K2)*%ST
Jl=Ji+LL
CONTINUE
CONT INUER
ml=Ml+LL
ClMTIMNUE
J1=0

DO 9 J=1,1LL
TF(J=LR{JYY
LRU=LR{.J)
J2=(LRJ=1}%LL
DO 13 I=1,LL
K2=d2+1 .
Ki=Jd1l+1

S=C (K2}
CIK2)=C(K1)
C(K1)=S

L448.14

e
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13

64

105

106

107

62

63

10

11

60

61

66

67
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CONTINUE

LRUJ)=LR{LRJ}

LR{LRJI=LRY

IF(J-LR(J)) 14,8.14

J1=Jd1+LL

CUNTINUE

RETURN

END

COMPLEX 2(900)+ZZ2(900) yU Ul 4U3,U4,VR{7540),T3(900),T4{900)
COMPLEX E(145),ZL(30),E3(30}

DIMENSTION LL(5)sRAN(4) ¢PXLLI00) PY(100),PZ{100),L(2)
DIMENSTON RX(100)4BY(100)4BZ(100)4AL(100),7(200)+F1(900)
DIMENSION R(900)+SN({14%),CS(145),51G(1800),E2(30),LR{30)
DIMENSION TX(100)yTY(lOO)qTZ(lOO)yAMD(30)1TH(145),MU1(30)9MU2(30)
EQUIVALENCE (ZZ(1),SIG(1}))

REWIND 6

READ(1,64) MD5

FORMAT(2013)

WRITE(3,10b) MDD

FURMAT (1MUY /1X413)

READ(1464) (MDI{I),I=1,MD5)
READ(1464)Y{MD2(T),y1=1,MD5)
WRITE(3,106)(MDI{TI),I=1,MD5)
WRITE(34107)Y(MD2(1)41=1,MDU5)
FORMAT(YOMDI/{(1X,2013))
FORMAT('OMD2Y/(1X,2013))

DO 143 KAP=1,MD5

READ(1462) NP yNTyNSHLSsNW,BK

FORMAT(51I3,E14.7)

WRITE(3463) NPoNT4NS,LS,N¥,BK .
FORMAT('O NP NT NS LS NW BKY/1X,513,E14.7)
READ(1410){(PX{I)s1=1,NP)

FORMAT{10F84.4)

WRITE(3,11)(PX(1),I=1,NP)}
FORMAT(*OPX'/{1Xs10F8441})
READ(1,10)(PY(I)sI=1,4NP)
WRITE(3,60)(PY(T1),sI=14NP)
FORMAT(YOPY'/(1X,10FR.4))
READ(1410)(PZ(1},I=1,NP}
WRITE(3461)(PZ(T)4I=1yNP)
FORMAT('OPZY/(1X,10FB.4))

READ(1464) (LLIT}yTI=1,NW)

WRITE(3,66)(LLIT) +I=1,NuW)
FORMAT('OLL'/(1X,2013))

LLINW+1)=200

READ(1470)(RAD(I)4T=14NW)
WRITE(3467)Y(RAD(T) (I=1 W)

FORMAT{'ORACY /{1XyHEL4.7))

P1=3.141593

FN=(MT=1)3%LS \

DEL=Z2+%PT/FN

ElA=376.730

U=(O.’ll)

BKb=45%RBK

BK2=BK*RBK

C1l=RK2%ETA/4./SORT(PI*%3)

N1=0

J4=2

Ji=1

DO 8 J=14NP
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FRILLIJLY=J) 74647
6 Ja=ga=1
L{Jl)=d4 .
Jl=J1l+1 ’ )
GiY TO 8
7 N1=N1+1
J3= -1
TFOINL/Z2%2-N1).E0.0) Ja=db+l
S1=PX{J)-PX{J3}
S2=PYLd)=PY(J3)
SAzPZ () =P7 (03)
S4=SORT{SI%SL+82%S2+83%83)
FX(N1)=S1/84
IY{N1)=S2/54
TZ{N1)=83/54
BX(N1)=RBK5=(PX{JY+PX(J3))
KY {N1)=BKS={PY (J1+BY (J%))
J3y)

RZANLY=BKS#=(PZLJ)+PZ
AL{N1}=S4
8 CUNTINUE
N=J4=2
Lidl)i=d4
Ji=1
Ja=-2
S3=Oo
0y 5 Jd=1,N
IF(L(Jl)‘J) 37473
4 W2=J2+2
Jl=Jd1i+1
3 J4=(g=-1)%4+]
J5=g4+1
Je=db+l
JT=d6+1 -
K4=02+1 .
Kb=K4+1
K6=K5+1
K7=KA+1
S1=AL(K&)+AL(KS)
S3=53+S51
F2{J1¥=53
S2=AL{K6}+AL(KT)
TlJ4)=AL KA ] R bRALIKA}/SL
FUJS ) =ALIKSY=(AL (K& +,5%AL (K5) /ST
T(JO)=ALIKO)H{ALIKT ) +.5%AL(KA))/S2
TOIT)=AL (KT YR ,5%ALIKT)Y/S2
dz2=42+2
Y G T INUE
S1=5./E2 (N}
DO 151 J=14N
E2(J)=F2(0)=S1
151 CONTINUE
WRITE(3,72)(E20J)4d=1,N}
T2 FORMAT('YOWIRE LENGTH VARTARLE'/{(L1X,TE1l1l.4))
S1=180./P1
DO 27 J=1,NT
S3=(Jd=1)*DEL
TH(J)=53%S1 )
SMNESY=SIN(S3} '
CsStJr=Ccus(s3}
27 CONTINUE T




30

51

50

52

49
28

110

113

112

153
70

71

65

NTN=NT*N

DO 28 J=14NT

J8=(J~-1)%N

DO 30 I=1,N1

J1=1+N1 .
S2=CS{J)=RZ(1)
S3==SN{J)*RY{I1)+S2
S4=SN(J)*RX(T}+S2
U3=COS(S3)+U=RSIN(S3)
U4=CUOS(S4)+UxSIN(S4)
S3=TX(1)
S4=CS{JV=RTX(I)-SN{JI%T2(1)
2Z{1)=83%U3

Z17(J1)=S4x*U4

CONTINUE

J4==-2

J5=1

DO 49 I=14N

J2={(1-1)%4 .
IF(L(J5)=1) 50,451,450
Ja4=J4+2

J5=45+1

J6=1+J8

J7=J6+NTN

VR(J6)=0.

VR{J7)=0,

D) 52 K=1+4

K3=Jd4+K

K4=K3+N1

K2=J2+K
VR{JA)=TI(K2)#ZZ (K3 }+VR(JIK)
VR{J7)}=T(K2}%ZZ(K&)+VR(JT)
CONTINUE

Jb=J4+2

CONTINUE

CONTINUE

NZ=N*N

J1=TABS(MD1(KAP))
IFI(MDI(KAP)) 1104111,112
DO 113 J=1,41

BACKSPACE 6

CONTINUE

GO TO 111

DI} 114 d=1,d1

READ(6)

CONTINUE
READ(E6I(Z{T) 4 1=1,NZ)
MDA=MD2 (KAP)

DO 152 ILL=1,MD6
READ(1,.64) NE.NC,INC,MD3,MD4
WRITE(3,153) NEJNCINCMD3,MD4
FORMAT('0 NE NC INC MD3 MD4'V/1X,514)
READ(1,70)Y(AMD({I),I=1,NE)
FORMAT(5E14.7)
WRITE(3,71)Y(AMD(1),1=1,NE)
FORMAT('OAMD'/(1X+5E14.7))

READ (1464} (LR{I),I=1,NC)
WRITE(3465)(LR(I),1=1,NC)
FORMAT('OLR*/(1X,2013))
READ(14108)(ZL(I),1=14N)

49



50 )

108 FURMAT(TELl.4)
WRITE(3,1091(ZL(T)sI=1yN])
109 FORMAT('QZLY/(L1X 7L 44} )
DO 1A J=14N
J2=(J=-1)*N
Y 18 TI=1,4.
J3=42+]1
Jé={I=1}%N+]J
Ul=5%(Z2(J3)+Z(J4))
R{J3y=U1
R{J4)Y=R{J3)
77(J3)=U1
772(44)=U1
1R COMTINUE
772(J3)1=20431+71¢(0)
R{UJ3I=R(JI}+ZL (I}
16 CONTINUE
CALL LINFQ({N,ZZ)
C2=90.%{1~INC)
Ul=INC=U
(33 B7 J=14N
E3CJ)I=REAL(GVR ) I +UL=ATMAGIVR{J )}
87 CONTINUE
1Ml 91 J=1,4N
Tatd)i=0.
N 92 K=1,N
J2=(K=1)#N+y
(4 () =T4(JY+E3{(K)=77(]2) . N
7 CUNTINUE )‘
91 CUNTIHMUE- -
J1=TABRS(MN3)
[F(MD3)Y 115,116.4117
Lln DO 118 J=1,41
BACKSPACE 6
118 CONTINUE
G T 11A
117 DO 119 J=1.J1
READ(A)
119 CONTINUE
L1A NZ1=NiNE
READIBY(FTI(I)¢I=1sNZ1)
J1=TARS(MN4)
IF(MD4) 120+121,122
120 Dy 123 d=1,J41
RACKSPACE 6
123 CONTINUE
GO 10 121
L2 B} 124 d=1,4d1
READ(G)
124 CUNTIMUE
121 U0 73 J=1,NE
J1=(J=1 =N
E2(J1=0.
1M1 74 I=14N
’ SI=O- -
Ja= (I =1)%M
DO 795 K=1+N
J3=J1+K
J2=44+K
S1=81+R{J2)1%FI(J3)




75

73

82
81

39

94
93

125

6R FORMAT('OSCATTERED FIELD AND SCATTERING CS/wW2' /!

150

76

69
17

96

CONTINUE

J2=J1+1
E2(J)1=E2(J)+S1*FI (42}
CUNTINIIE
ECJY=le/{1oe+U=AMD(JY)/E2(J)
CONTINUE

DO 81 J=1,NE
Jl=(J=-1)%N

DO 82 I=1,N

J2=Jd1+1
T3{(J2)=F1 (421 *E(J)
CONTINUE

CONTINUE

DO 39 J=1,NZ

71(J)=0.

CONTINUE

DU 93 JC=1,NC
J1=JC=N
J7=(LR{JC)~1)*N

() 94 I=1,4N

JR=J1+1

14(J8)=0,

Jh=Jd7+1

DO 95 J=14N

Jh=JT7+4

J3=(J-1)*N+1
77(43)Y=FT{J5)Y%T3(J6)+7221{J3)
Ta{JB)=T4lJB)+77 (I3 V*E3(J)
CONT INUE

CONTINMUE

CONTINUE

NC1=NC+1

J8=0

Dy 20 JdP=1,2
J3=(JP-1)=NTN

DU 53 JC=1,4NCL
J1=(JC-1) %N

IF(JC~1) 150,125,150
NSK=1

WRITE(3,68) C2

1Y ,F4.0)

GO TO 69

NSK=NS

JC1=JC-1
WRITE(3476) JC14C2

FORMAT( Y0 ,13,¢ MODE SCATTERED FIELD AND

1ENCE FRUM 0=',F4,0)
WRITE(3,77)
FORMAT (141 ,315X =1
J9=J84+1

DU %54 J=1,NT,MNSK
JB=JB+1
J2=(Jd=1)%N+J

U1=0. '

) 96 K=1,N

Ki1=J1+K

K2=J2+K
Ul=U1+VR(K2)*T4 (K1)
CONTINUE

51

INCIDENCE FRUM Q=

SCATTERING CS/wW21/ INCID
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E(Jy=U1%C1
SH=CARS(E(J))
SIG(J8)=55%55

S4 CUMTINUE
BU TO (55,560 44P

55 WRITE(3,58) .

58 FORMAT(! THIS PATTERN IS IN THE PLANE X=0')
WRITE(3,59)

H9 FORMAT(Y0 /4y 10X 4t/ 0 g L1Xg v/ 45Xyt /1)
GO T w7

56 URITE(3,89)

RG FORMAT (' THIS PATTERN IS IN THE PLANE Y=01)
WRITE(3,24)

24 FORMAT('O =1y 10X =1, 11X, =t,bX, 1=t

97 WRITE(3,80)

RO FORMAT('+ O REAIL(EQ) IMAG(EOQ) SO/ ({LAM ) ®=x2 1)
NS1=NS/NSK

i 26 J=14NT4NS
WRITE(3433) THIJ)Y +E(J)HSIGLI9)

33 FORMAT{1XsF6Ha1,2E12.4)
Ju=J9+hS1

2A CUNTIMUE

53 CUNTINUE

20 CONTINUE .
WRETE(AY(SIG(J) yd=1,48)

152 CONTINUE

143 CONTINUE

S10P i
END , ).
/%
F/GULGETOAEQOL DI DSNAME=SURCO6T/,INEWDISP=0LD,UNIT=2314, X
// VOLUME=SER=SUOO0O5,DCR=(RECHFM=V ,BLKSIZE=2b96,LRECL=2b597)
F/GLGSYSIN DD o=
1 ’
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1
55145 4 1 1 0.1396263E£+00
=4 ,A58T7 ~4,3999 ~4,1411 =3,8823 ~3,6235 =-3.,3646 ~3,1058 -2.8470 -2.5882 -2.329
=2.070A =1,R117 =1.5529 =1,2941 =-1,0353 ~-0,7765 =0.,51/6 =0.2088 =0.0000 0.2>88
0.5176 07765 1,033 1.2941 11,5529 11,8117 2.0706 243294 2.5882 2.8470
3.,105R 33,3646 3,6235 33,8823 4,1411 4,3999 4,6087 4.91/6 D.1764 D5.4352
B e6bA40 5,9528  6.2117  A.4T0O5  6.7293  6,9R8L  T42469 [(.0b058 (/646 8.0234
R,2R22 K.B410 R,7998 9.0587 99,3175
0.0000 0,0000 0.,0000 0,0000 0.0000 00,0000 0.0000 040000 00000 0.0000
0.0000 (0.0000 0.0000 00,0000 0,0000 0,0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 00,0000 0,0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 00000 06.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.00:0  0,0000  0.0000 0,0000 0.,0000 0.0000 0.0000 0.0000 0.0000 00000
0.0000 0.,0000 0.0000 0.0000 @.0000
173867 16,4207 15.4548 14,4889 13,5230 12,5570 11.5911 10.6252 9.6b93 8.6933
TaT274 6.,7615 5.,7956 64,8296 33,8637 2.,8978 1.,9319 0.9659 0.0000 09659
169319  2.84Y978 33,8637 4,8296 5,7956 6,761 T.1274 8B.6933 99,6593 10.625?
1145911 1259570 1345230 14,4889 15,4548 16,4207 17,3867 1843026 193185 PNe2B44
21,2504 22.2163 23,1822 24.1481 25.1141 26,0800 27,0459 28.0118 28.9/78 29.9437
30,9096 31.8755 32.8415 33.8074 34.7733
1
Ue4500000F+00
T 7T -1 0 1
0.H315814E+01 0.7697922E+00-0,2573003E+01-0,1351125£+03-0.1706178E+03
~(1a5537598E+N4~0,13290A8E+05




0.0000E+00
T.0000E+00
0.0000E+00
0.,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

2 3°t 4 5 6 7 .
0.0000E+00 0.0000E+00 0,0000E+00
0.0000E+00 0.0000E+00 0,0000E+00
0.0000E+00 0.0000E+00 0,0000E+00
0.0000E+00 0.O000E+0D 0.,0000E+00
0.0000E+00 0.0000E+0D0 0.0000E+QD
0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0,0000E+00 0,0000E+00
0.Q0000E+00 0.0000E+D0 0.0000E+00

/%
/4
Sample Output
MD5
3
MD1
60 € O
MD2
1 2 3
N NE NEL
26 1 17
L4
1 2 3 4 5 & 1
X P
0.1923k 0N Je3B4bt 0OU UedT65E DU
0.1538E Ol 0.1731C J1 U.1923E Ol
02885k U] 0.3077& Ol 0.3269E 0Ol
044231k 0} 0.4423E 91 0.4615E 01
381
Ue23848 00 0.4109L D0 G.5798E 90
0ev627€ 00 Oebladl 00 0.43426E 20
LP LPL NT
42 35145
L4
1 2 3 4 5 & 4 9 10 (1
21 2% 30 31 32 33 34 35 36 37 38
SCAL
0.50C0F 32 0.1GCOE UL O.1L30Ud M
J,10C0T7 GI T.10G001 Ol u.l0M0f O
0.100CE 01 Celd3dF O Jua1020t a1
0.10008 Ol U.10CIE QL Q. 1000E OL
0.1000E Ol 0,5(ND0E 02 0.%000E 02
[
0.0 Cel31TH-03 wabaTuE~03
0.1068F=01 Y.12030-01 OQ.laZ23E-0l1
ONE INCH CORRESPINCS TJ A GAIw UF
ONE InNCH CCRRESPINGS 13 A CGAIN OF
CNE IACH CURRESPONLS T A GAln It
ONE INCH CORRESPCONDS T A GAIN OF
ONE INCH CURREeSPULNLS T A GALN OF

plus two more pages

V.7692E
0,2115¢8
Qe 3462E
0.4508E

U, 7288E
Qo 1426E

)
o1
[633
ol

04
]

0.0000E+00
0.,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00Q
0,0000E+00
0,0000E+00

U.9615F 0O
D.2308E 0}
0.365%4E 0L
Ve5000E 01

2.8511E 00
D.6245E GO

0.0000E+00
0.0000E+00
0+0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0+0000E+00

041154€
9.2500€
0.38406¢F

0.9395¢C
0.4955¢

12 13 14 15 16 17 tv 19 20

39 40 41 42

Q. 100GE
0.1000E
0. 1000E
0.1003€E
0.1000E

Jel2lse~
UelB64E-

0.2000F~

0.1009E
0.1000¢
0.1000t

0. lOV0E

Ul
21
(3]
ol
01

92
01
01
[123
ol
oL

83

0.1GO0E Q1
0.1000E Gt
D, 1000E ¢L
U.1000E Ol
0.1000E 01

C.2132€~02
0.1691E-01

0.1000E
0.1000€
0.100CE
0.1000E
045000k

01
0l
0l

2]

00

ol
ol
vl
ol
02

0+0000E+00
0.0000E+00
0+0000E +00
0+0000E+00
0+0000E+00
0.+0000E+00
0+0000E+00

u.1346¢ 01
1.2642E_01
0.4038E OL

Ja9894F GO
Qe 3040t 00

Uel090E 01
0. 1D00E Q1
0410000 01
0 10008 01
041000F 01

043265L-02 0.458TL-02
0.1797¢~01 0.188F-01

53

30 0,3%415E a0
DU e24R89E-01

0.1000E N1 0,6703E
0e2381C 09 2.1Z230t

0.6063E~07 VaTL510-02 0.9307TE-02
Da1932E~01 D.1956L-01 0,19506-01

<
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VI. PLOTS OF EIGENCURRENTSJ GAIN EIGENPATTERNS, AND SCATTERING CROSS SECTIONS '

The present program #5 plots the eigencurrents FI, the gain eigenpatterns
G, and the scattering cross sections per square wavelength SIG previously com-—
puted by programs #2, #3, and #4 respectively. The activity on data sets 1
(punched card input) and 6 (unformated direct access input-output) is described

as follows:

READ(1,11) MD5

11 FORMAT(2013)
READ(1,11) (MD1(I), I
READ(1,11) (MD2(I), I
REWIND 6
DO 80 KAP = 1, MDS
SKTP MD1(KAP) RECORDS ON DATA SET 6
MD4 = MD2(KAP)
G0 TO (87, 88, 89), MD4

87 READ(L,11) N, NE, NE1
READ(L,11) (L4(I), I = 1, NE1)
READ(1,13) (X(I), I = 1, N)

13 FORMAT (7E11.4)
NZ = N + NE
READ (6) (FI(I), I = 1, NZ)
GO TO 80

88  READ(1,11) LP, LP1, NT
READ(1,11) (L4(I), I = 1, LP1)
READ(L,13) (SCAL(I), T = 1, LP1)
N7 = (NT-1)/2 + 1
NZ = N74LP
READ(6) (G(I), I = 1, NZ) :
G0 TO 80

89  READ(1,11) NC, NC1, NT, NS
READ(1,11) (L4(I), I = 1, NC1)

1, MD5)
1, MD5)

i
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N8 = (NT-1)/NS + 1
N4 = NT + N8*NC
NZ = N4#2

READ(6) (SIG(I), I = 1, NZ)
80 CONTINUE

In read statement 87, N is the order of the impedance matrix and NE
is the number of eigencurrents calculated by program #2. The L4(I)th
eigencurrent in FI will be the Ith eigencurrent to be plotted. The wvariable -
X appears under the heading ''wire length variable" in the printed output of
program #4. The present variable X is called E2 in program #4. In calcu-
lating E2, program #4 has accounted for the arc length between the beginning
of a wire and the peak of the first triangular expansion function on that
wire but has omitted the arc length between thé peak of the last expansion
function on the wire and the end of the wire., Figure 2 shows the Calcomp

plots of the first six mode currents for the bent wire of Fig. 1.

In read statement 88, LP is the number of eigenéatterns computed by
program #3. The L4(I)th eigenpattern of G is the Ith eigenpattern to be
plotted. The pattern corresponding to L4(I) is multiplied by SCAL(I) before
plotting. The N7 points on each eigenpattern computed by program #3 have to
be equally spaced between 0° and 180°. The angles 0° and 180° should be
included in the N7 points,

Program #4 has stored 2%(NC+1) patterns of 6/A? in SIG. The first and
(NC+2)th patterns are respectively a u¢ polarized pattern in the x=0 plane
and a ue polarized pattern in the y=0 plane, both computed using the admit-
tance matrix which is the inverse of the impedance matrix. For i= l 2,3,...NC,

the (I+l)th and (I+NC+2)th patterns are respectively a I “pattern in the x=0

plane and a 38 pattern in the y=0 plane, both computed uiing the same eiggn—»
current approximation to the admittance matrix. Program #4 has computed the
first and (NC + 2)th patterns at NT points equally spaced between 0° and 360°
and all the other patterns at N8 points equally spaced between 0° and 360°.

The angles 0° and 360° are included in both the set of NT points and the set of

N8 points. The (L4(I) + 1)th, the (L4(I) + NC + 2), the first; and the (NC+2)th
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Figure 2, Calcomp plots of the lowest-order mode currents for 77

bent wire of Fig. 1.
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patterns will appear on the Ith frame of the o/A? plots.
Minimum allccations are given by

NT-1 NT-1
DIMENSION TX (2= + 1), TY(S5= + 1)

X(N), X(2*NT), Y(N), Y(2*NT), SNN(NT),
CSN(NT), L&(NE1), L& (LP1), L4(NCL),
SN(NT), CS(NT), MD1(MD5), MD2(MD5), SCAL(LP1)

To save confusion, take the maximum of the two values of NT in read state-
ments 88 and 89. For variables that are listed more than once, assume the
maximum of the designated allocations. Since the variables FI, G, and SIG
appéar in the equivalénce statement, they must all be allocated the same
amount of space which is the maximum of N*NE, ((NT-1)/2 + 15*LP and

(NT + ((NT-1)/NS + 1)#NC)*2 words.

The variagble X in DO loop 15 is used as the abscissa for plotting the
eigencurrents. DO loop 96 puts tick marks on the horizontal axis. DO loop

.97 puts tic marks on the vertical axis.

The index J of DO loop 20 obtains the Jth of the plots of the eigen-
patterns. DO loop 52 takes advantage of the point symmetry of the eigen-
patterns fé extend them into the half plane corresponding to 6 of (17)-(20)
and to ¢ of (21)-(22) going from 180° to 360°. Thg vertical axis corresponds

to 6 or ¢ equal to zero. Point symmetry means that

o (=8, ¢+1) = 0(8,¢) ' (33)
Figures 3 to 7 show Calcomp plots of the six lowest-order mode gain patterns
for the bent wire of Fig. 1.

DO loop 30 transfers the first and (NC+2)th patterns of o/A%2 to X. DO
loop 28 finds that 82 is the largest X. Next, a scale factor SCL is found
whereby

1.2 < 52 % sCL < 3. (34)
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10.02 T1
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Figure 3, Calcomp plots of the loweét—order mode gain patterns

Gy = [Eelz in the x=0 plane for the bent wire of Fig. 1.
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Calcomp plots of the lowest-order mode gain patterns

€

= |E¢]2 in the x=0 plane for the bent wire of Fig. 1.
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Figure 5. Calcomp plots of the lowest-order mode gain patterns

Gy = [Eelz in the y=0 plane for the bent wire of Fig. 1.
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Figure 6. Calcomp plots of the lowest-order mode gain patterns

Gg = fEe|2 in the z=0 plane for the bent wire of Fig. 1.
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X X
41 T 0.02
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Figure 7. Calcomp plots of the lowest-order mode gain patterns

Gqb = |E¢|2 in the z=0 plane for the bent wire of Fig. 1.
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DO-loop 69 obtains the horizontal and vertical coordinates X and Y for plotting
the first and (NC+2)th patterns of o/A%. DO loop 31 obtains the horizontal and
vertical coordinates TX and TY of the (L4(J) + 1)th and the (L4(J) + NC + 2)th
patterns. In DO loop 65, K4 = 1 corresponds to the (L4(J) + 1)th pattern and
K4 = 2 corresponds to the (L4(J) + NC + 2)th pattern. The (L4(J) + 1l)th pattern
for the ¢ polarization in the x=0 plane is plotted using the symbols O while the
(L4(J) + NC + 2)th pattern for the 6 polarization in the y=0 plane is plotted
using the symbols x. Both the first pattern for the ¢ polarization in the x=0
plane and the (NC + 2)th patterﬁ for the & polarization in the y=0 plane are
plotted as straight lines. Figure 8 gives Calcomp plots showing convergence

of the modal solution to the matrix inversion solution (solid) as. modes are

added in the order of increasing [X%.
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Z z
T0-05 +0.05
xx ' x x .
. * X x L o =) , .
Ll ™ "] x X 'lx L 1 N* L . x X T
xx x x X x x
x x
T T x X
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Z vA
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three modes . four modes
Z Z
+ 0.05

five modes six modes

Figure 8, Calcomp plots showing convergence of the modal solution to the
matrix inversion solution (solid) for bistatic radar scattering
from the bent wire of Fig. 1. Incident wave is x-polarized and
z-traveling. Symbols g denote the modal solution for G¢/X2 in
the x=0 plane, symbols x denote oe/l2 in the y=0 plane.
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Listing of Program #5

//

// MSG

65

{0034 4EE 45429460, '"MAUTZ,J0Et (MSGLEVEL=1
Hy RHOLD THE PLOT FOR BLACK INDIA INK UNDER SUPERVISIUN D.PRIDMURE

// EXEC FURTGCLGPARMIFURT='MAP!?
//FURTLSYSIN LD

i1

73

74

75

82

85

B4

86
83
87

35

37

13

36

17

15

DIMENSTION FI(5000)+G(5000)4SIG(5000),TX(145)4TY(145)4X(290)2Y(290)
DIMENSTON SNN{145) yCSNI(145) 4XP{4),YP(4) ,AREA(400) 4L4(50)SN(145)
DIMENSION CS{(145),MD1(A0),MD2(60),SCAL(50)
EQUIVALENCE (FI{1)4G(1),SIG(1))
CALL PLUTS(AREA.400)

REWIND 6

PI=3,141593

NTT=0

READ(1,11) MD5

FORMAT(2013)

WRITE(3,73) MD5
FORMAT(YIMDB Y /1X,13)
READEL411)Y(MDLI{I)1=14MD5)
WRITE(3,74Y{(MDL(I),1=21,MD5)
FORMAT('OMD1'/(1X%X,2013))
READ(L,11)(MD2(1)sI=1,MD5)
WRITE(3,475)(MD2(1),I=1,MDb5)
FORMAT('OMD2Y/(1X,2013))

1 80 KAP=1,MDs

J2=MD1I(KAP)

MDa=MD2 (KAP)

J1=TARS(J2)

IF(J2) 82,83,84

DO 85 J=1,.J1

BRACKSPACE 6

CUNT INUE

Gl T 83

DO 8& J=1,41

READ(6)

CONTINUE

GO TO (BT7,88489),MD4

READ(1,11) NoNEJNEL
WRITE(3435) NyNE,NE1

FORMATEYO N NE NE1IY/1X,313)
READ(14+11)(L4(T)y1I=1,NEL)
WRITE(3,37)(L4(I)eI=14NEL)
FURMAT(YOLA'/(1X4,2013))
READ(1413Y(X(T),yI=14N)
FUORMAT(T7ELl.4)

CWRITE(3436) (X(1)+1=1,N)

FURMAT{'OX'/(1X,7E11e4))
NZ=N=*NE-
READ(GI(FI(I)I=14NZ)
WRITE(3417)(FI{J)sd=1,20)
FORMAT('OFI'/{1X,10E11l.4))
D0 1% J=1.M

X(Jd)=X(d)+1.

CONTINUE

XpP{li=1.

XP(2)=h.

YP({1l)=5.

YP(2)=5,

XP(3)=1.

XP(4)=1,

YP(3)=3.

Ye(4)=7,



66

14

G 6

97

1A
£ 8

3R

39

27

N 16 J=1eNEL

Ji=(La(d)r=1) =N

Iy 18 I=1,.0

Je=dl+l

YT =F{(J2)+5,

(1“NTINUE_

CALL LINE(XPEL)YsYP(1)42,1,+0,0)
DO 96 K=1,5

S1=7-K

CALL SYMBUL(S1+5e¢0l441340464~1)
CUNT INUE

CALL LIN‘:(XP(3)QYP<3)92J19010)
M} 97 K=144

S1=8~K

CaLL SYMRUL(1-931'-14713y9().q‘l)
CONT INUE -

CALL NUMBER(4h433.93,414,=1.,0,,-11}
CatL NUMRER(u769‘{|'q39014!()-9009_1)
CALL NWUMBER(476¢5e9314e14y1e404,-1)
CALL LINE(X(1)Y(L)eMslo4,l)
CALL PLOTH7aeNeys~3)

CONTINUE

Gy T RO

READ{T 11 LPLLPL MY
WRITF(3,3R) LP,LPL,NT
FORMATOYOLP LPL NT'/1X,313)
READ{T 1LY (L&(I)I=14LPL)}
WRITE(3,39){L&l{I)y1=1,LP1)
FORMAT(YOL4Y /{1X,2013))

READ (L, 13Y(SCALCT) oTI=1,LPL}
WRITE(3427)(SCALIL),I=1,LPL)
FUORMAT(*QSCAL' /(1X,TELL 4}
MT={NT=1)/2+1

NZ=NT=Lp

READ(AI(GII)4I=1,N7)
WRITE(3,25Y(6(1),1=1,20)
FORMAT('OGY /(1X410ELL. 4}
XP{1Y=2.

XP(2)=g'

YP(1)=5.

YP(2)=5.

TF(NT-NTT)Y 142,11
DEL=2.%PT/(NT=-1)

i 21 J=14NT

St=(J=11*DEL

SHEJI=SIN(S])

CSUUY=CUS{ST)

CONTINUE

2 NMTT=NT

47

92

D 20 J=1,LP1
SCL=SCAL(J)
S5=1./5CL
WRITE(3,92) S5

FORMAT{ *OONE INCH CORRESPUNDS T A GAIN UFt,E1ll..4)

KL= (L& (J)=1)%NT
DU 52 I=1,N7
K2=K1+1
$5=6 (K2 ) #SCL
X(T1=5.+S5%SN(T)
YLT) =54 +59%CS(T)




52

57

23

~

22

30
28

110

111

K3=T+N7-1

X{K3)=10.-X(1)

Y{K3)=10.=Y ()

CONTINUE

CALL LINE(X(1)sY(1)sNT,1,0,0)
CALL LINE(XP({L1)2YP(1)42,140,0)
DU 23.K=1,7

S1=9-K

CALL SYMBUL(S19549¢14413,04,-1)
CONTINUE

CALL LINE(YP(1)+XP(1)42+1+0,0)
D) 24 K=1,7

S1=9-K

CALL SYMROL(544519¢14413,90.,-1)
CONT INUF

CALL PLOT(7¢4044-3)

CONTINUE

GO TO RO

READ(1411) NCyNCL4NT4NS
WRITE(343) NCyNCLoNTHNS
FORMAT('ONC NC1 NT NS'/1X4413)
READ(1,11)(L4(]),I=1,NC1)
WRITE(3,4)(L4(1),I=1,NCL)
FURMAT('OL4Y/(1X420131})
XP{l})=2,

XP(2)=8,

YP{1l)=5.

YP(2)=5.

TF{NT=NTT)} 54645
DEL=2,%P1/(NT-1)

DO 7 J=1,4NT

S1={.J=1)=DEL

SN(Jr=SIN(S])

CS(J}y=C0S(S1)

COUNTINUE

NTT=NT

NR={NT-1}/NS+1

N4=NT+NE*RNC

NZ=MN&*2

READ(EY(SIG(T) 41=1,N7)
WRITE(3,22)(SIG(I),I=1,20) .
FORMAT{'OSIG'/{1X,10E11.41))
DU 30 J=14NT

J2=J+N4

JI=J+NT

X{J)=SI6(M)

X(J1)y=SI1G(J42)

CONTINUE

NQ=NT*2

$2=0.

DU 28 Jd=1,N9

TF(X(J)Y.6T.S52) S2=X(J)
CUNTINUE

J1=10+ALUG10(S2}
S3=.1%%(J1-10)

S4=82%S3

IF{S4-1.5) 110,110,111
SCL=2.%S3

GO TO 112

IF(S4-3.) 1134113,114

-

67



68
113 SCL=S3
GO T 112
114 TF(S4-he) 115,115411A
1lb SCL=.5%S83
GO Tu 112
116 SCL=,7%53 - N
112 S§5=1./SCL
WRITE(3,109) S5
13 FORMAT CYOUNE INCH CORRESPUMDS TUt k11 ,4)
D29 J=1 0T
SHMMLD)Y=8CL=SM(J}
CSMEUY=SCL=CS L)
23 CONTInitie
IH] 69 I=1 NT
YOIIY=het XU CSN(T
¥(IY =9 o+ X T Y5SNI (]
K2=NT+1
YAK2)Y=5+X{K2)RCSMI(T)
K{K2)=54+X K2 Y=SHNN{T)
A4 LUNT TNt
Mllshf+l
NEY 31 =] N
CALL LINFOXPLLYsYRPIT) 424000,
Dy 33 K=1,4,7 .
S1=9-K
CALL SYMBOL(ST 95 esel4313,04,=11)
3% CUNTINYE
CALL LINEIYRP(LIY o XPIL} 241 40,0)
int 34 K=1,7
$1=9-K
CALL SYMBUL(S5esS5lyaldy134904,—1)
Wy CORNT ITNUK
JE=NT+ (L4 (J)=1)%Ng
N RS Ké4=1 47
K7=(K&4=-1)=x4
Jl=Jda+{(Ka=11)%NG
J2=0
IMT 70 T=14NT 4NS
J2=J2+1
Ja=Jd1+102
[¥(J2)Y=5+STIG(J3)=2SNN{T})
LY (J2)=5.+STGOI3)Y=CSn(T)
70 CUNTIMUE
it 72 K=14.42
CALL SYMROLITX(KY 9 TY (K} 9y o073 KT7e8es—=11}
72 CHONTINGE
6 COMTENUE
CALL LINFEUXy Y NT 914040}
CALL LINECXIMTLIaYINIL) oNT L 1,0,0)
CALL PLUT (744 (e9=3)
21 CONTINUE '
S0 CUNTINUE
CALL PLUOT(AGsNe9—=3)

}
)

STEOP

END
/% - 5
J/GNGETOOF00T DD USNAME=SURCOATTZNLW,DISP=ULD UNIT=2314, X
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F/GULSYS TR By = o
!
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