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ABSTRACT

Computer programs are given for calculating the characteristic
currents and characteristic gain patterns of conducting bodies of
revolution. Also given are computer programs for using these char-
acteristic currents in aperture radiation and plane-wave scattering
problems. Plot programs for use with a Calcomp plotter are included.
Operating procedures and program details are discussed, and sample

input-output data are given.
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I. TINTRODUCTION

The general theory and method of computation of characteristic modes
for conducting bodies of arbitrary shape is given in reference [1]. The
notation of this report is consistent with that of [1], which should be re-
ferred to for further identification of the symbols used. The programs given

here are those used for the numerical results presented in reference [1].

Six computer programs have been written. They are defined according

to their function:

1. Calculate the generalized impedance matrix Z.

2. Calculate the characteristic currents (eigencurrents).

3. Plot the eigencurrents.

4. Calculate and plot the gain patterns of the eigencurrents.

5. Calculate and plot G/XZ (scattering cross section divided by the
square of the wavelength) for an axially incident plane wave.

6. Calculate and plot the gain pattern for radiation from an

axially symmetric excitatiom.

These programs are discussed and listed in the next six sections. Operating

instructions and sample input-output data are also given.

IT. GENERALIZED IMPEDANCE MATRIX

Program #1 calculates the elements of the generalized impedance matrix
for a body of revolution, and is a slight modification of the computer program
appearing in Appendix A of reference [2]. The subroutine LINEQ and its call
statement 81 have been removed in order to obtain the generalized impedance
matrix Z instead of the generalized admittance matrix. Except for NPHI which
was taken to be 20 in 2all of our work, all the punched card data required by
program #1 is explained in reference [2]. As on page 26 of reference [2],

punched card data is -read early in the main program according to

50 READ(1,51,END = 52) NN, NP, NPHI, BK
51  FORMAT (3I3, El4.7)
READ(1,53) (RH(I), I = 1, NP)
READ(1,53) (ZH(I), I = 1, NP)
53  FORMAT(10F8.4)




Here, BK is the propagation constant k = w/ie. An odd number NP of data
points are taken from the generating curve C of the body of revolution.
RH(I) and ZH(I) are respectively the distance p from the axis of the body
of revolution and the corresponding z coordinate at the Ith data point,
The first and NPTP data points are on the ends of C. If C closes upon
itself, care must be taken to make the coordinates of the first data point

equal to those of the NPth. Program #1 writes the NM2 by NM2 impedance

matrix
5 _ [ stt sté
Z zn Z where n = NN )
Fot AR
n n

on record 1 of direct access data set 6. NM2 is either NP-1l or NP-3 depend-

ing on whether or not C closes upon itself. If NN = 0, zeros are supplied
for 2%% and 2%,
o o




Listing of Program #1 3

/7 (0034 ,EE +44+2) 4 'MAUTZ , JOE' yMSGLEVEL=1
/7 EXEC FORTGCLG:PARM.FORT='MAP!
//FORT.SYSIN DD =
COMPLEX A3,A4,2(1600),GS(40),G(5292),U
DIMENSION RH(43) 4ZH(43),DH{43),TJ(20}
DIMENSION SV(42),CV(42),2S(42)4,R({42),ANG(40),AC(40),CSM(120)
DIMENSION TP(80),T(80),TR(80),JK(4)
REWIND 6
Us{0e.9l)

50 READ(1,51,END=52) NN,NP,NPHI ,BK

51 FORMAT(313,E14.7)
READ{1453)(RH{T),I=1,NP}
READ(1453)(ZH(1),+I=1,NP)

53 FORMAT(10F8.4)

76 WRITE(3,54) NNJNP,NPHI,BK

54 FORMAT(1X//' NN=',13,! NP=1,[I3,% NPHI=',I3,! BK=t,E14.7)

55 FORMAT(1X/' RH')

WRITE(3,55)
WRITE(3,446)(RH(I),I=1,NP)

46 FORMAT(1X,10F844)
WRITE(3,456)

56 FORMAT{1X/"' ZHY)

WRITE(3,46)(ZH(1),I=1,NP}
IF{(RH(L)}=RH(NP)) eNEeQaeORJ(ZH(1})~ZH(NP)).NE.O.) GO TO 58
RH(NP+1)=RH{2]}
IH{NP+1)=ZH(2)
RH{NP+2)=RHI(3}
ZH(NP+2)=ZH(3)
NP=NP+2

58 DO 57 I=2,NP
12=1-1
RR1I=RH{I)—-RH(12)

RR2=ZH{1)=-ZH(12)
DH{I2)=SQRT{RR1*%RR1+RR2%*RR2)
ZS(I2)=45%(ZH(I)Y+ZH{I2))
R{I2)=.5%{RH(I)+RH(I2))
SV(I2)=RR1/DH{(I2)
CVII2)=RR2/DH(I2)

57 CONTINUE
KG=NP-1
N=KG/2
NM=N-1
NM2=NM*%2
NM4 =NM*4
NZ=NM2=NM2
NG=KG=KG
M5=NN+2
M6=NN+4
FM=NN
FM2=NN=NN
P1=3,141593
ETA=376.707
DP=PI/NPHI
CA=BK*BK*ETA
CQO=ETA
$S=0.

DO 117 I=1,NM
11=2%(1I=-1)+1
12=11+1
SS=SS+DH(I1)+DH(I12)




TJ(I1)=SS
117 COMTINUE
WRITE(3,118)
118 FORMAT(1X/' TJd")
WRITE(3,46) (TJ(I),I=1,NM)
DO 2 J=1,NPHI
ANG(J)=(J=-.51%DP
AC{J)=COS(ANG(J))
2 CONTINUE
M3=0
DO 10 MM=MS,Mé6
M1=MM-3
M2=M3XNPHI
DO 11 K=1,MPHI
K1=M2+K
CSM{K1)=DP*COS{ML*=ANG(K) }
11 CONTINUE
M3=M3+1
10 CONTINUE
DD 16 J=1.+KG
DEL=.5%DH(.))
DEL1=DH(J)*BK
AA=DP=R (J)=DEL*BK
DO 17 I=1+KG
Z3=72S5(J)-2S(1)
RRI=SV(JI*=R(J)+CV(J)=73
RR2==SV(JI=*R(T)
RR3=R(JI*RIJI+R(TI*R(I)+Z23%Z3
RR4=~2 %R ([ J)*R (1)
X1=ARS(R(J)~R(T))I+ARS(Z3)
DN 5 K=1,NPHI
IFIKJNE.1.OR.X1.NE.Q.) GO TO 7
X=R{4)*DP
XX=SQRT{(DEL*DEL+X%*X)
Wl={X=ALOG((DEL+XX)}/X)+DEL*ALOG((X+XX)/DEL))/AA
W2=-1 .
GS{1)=W1l+U*W2
GO TO 5
7 Y=ABS(RR1+AC(K)*RR2)
RO=RR3+RR4*AC(K)
RK=BK*SQRT(RD)
D2=RD-Y=*Y
Y1=Y-DEL
Y2=Y+DEL
R1=SORT(Y1%Y1+D2)
R2=SQRT(Y2%Y2+D2}
IF(YL) 72,73,73
72 TIN=ALOG({{(-Y1+R1)*(Y2+R2)/D2)
GO TO 25
73 TIN=ALOG((Y2+R2}/(Y1+R1}))
25 SN=SIN({RK]}
CS=COS(RK}
GS{K)={CS~U%SN}* (TIN-Ux{BK*DH({J)-RK%*TIN))/DEL]
5 CONTINUE
M3=(J-1)*KG+1
DO 68 MM=1,3
Mi=MM-1
M&4=M1*NPHI
M2=M1%NG+M3
G{M2)=0.




13
68
17
16

74

75

115

T7

23
79

116
78

DO 13 K=1,NPHI

K2=K+M4

G(M2)=G(M2)+GS(K)*CSM(K2)

CONTINUE

CONT INUE

CONTINUE

CONTINUE

DO 74 J=1,NM

J2=2%(J-1)+1

J3=42+1

Jé=j3+1

J5=J4+1

Jé=4x{J-1111

J7=J6+1

J8=J07+1

Jo9=J8+1

DEL1=DH{J2)+DH(J3)
DEL2=DH(J4)+DHI(J5)
TP{J6)=DH{J2)/DEL1
TP(J7)=DH(J3)/DEL1
TP{J8)==DH{J4)/DEL?Z
TP(J9)==DH(JS)/DEL?2
T(J6)=DH(J2)*DH(J2}/2./DEL]
T{J7)=DH{J3)*(DH(J2)+DH{J3)/2.)/DEL1
T(J8)=DH{J&)*(DH(J5)+DH(J4)/2.)/DEL2
T(J9)=DH(J5)*DH(J5)/2./DEL2

CONT INUE

DO 75 J=1,NM4

TR{J)=T(L)

CONTINUE
IF{{ZB{1L)Y=ZHINP—-2)) EQaQc . AND.(RH(1)=-RH{NP-2})).EQ.N.) GO TO 78
IF(RH{1)) 77,23,77

DELI=DH(1)+DH(2)
TRI1)=DH(L)*(1.+(DH(2)+DH(1)/2.,)}/DEL1)
TR{2)=DH(2)*(1.+DH(2)/2./DEL1)
IF{RH(NP)) 79,78,79

J1=(N=-2)*%4+3

J2=Jd1+1

DEL2=DH(NP=2)+DH(KG)
TRIJ1)=DH(NP=-2)%(1.+DH(NP=-2)/2./DEL2)
TR(J2)=DH(KG)*(1.+(DH{(NP-2}+DH{KG)/2.)/DEL2)
DO 30 J=1,.NM

JL=(0J-1)%NM2

J3=(J-1)1=*4

J1=2%(J-1)

DO 31 I=1,NM

Ll=JbL+1 '

L2=0L1+NM

L3=NM=NM2+L 1

L4=L3+NM

Z(L1)=0.

Z{L2)Y=0.

Z(L3)=0.

Z(L4)=0.

I11=2%(I-1)

I13=(1I-1)%*4

DO 70 Jd=1,4

J2=J1+J4

JT7=43+JJ

PO 71 II=1,4




12=7T1+11

[7=13+11

Ja=(J2-1)*KG+12

J5=J4+NG

J6=J5+NG

SS=SV{I2)*SV(J2)

CC=CVI(12)%CV{J2)

A3=,5%(G(J6)+G(J4))

A4=,5%(G(J6)=-G(J4))

ZALY)=Z( LY+ {CA*T{ITI*T(JT7)*{SS*A3+CC*G(J5))=-COXTP(I7)*TP{J71*G{(J5

1))%xU
ZIL2)=Z{L2)+CAXSV(J2)*TRITI7TI*T(JT)*A4—FMxCO*G({J5)*TR(IT)I*TP(JT)I/R(
112
ZIL3)=ZAL3)-CA*SV(I2)*T(I7)*TR(JT7)*A4+FMXCQ*XG(JIS5)I*TP{IT)*TR(JT)/R(
142)

Z2(La)Y=Z{L4)+(CA®AB=FM2*CQ/R(TI2)/R(J2)%G(J5))*TRITIT)*TR(JT)*U
71 CONTINUE
70 CIONTINUE
31 CONTINUE
30 CONTINUE
WRITELS6Y(Z(I),1I=1,NZ)
88 FORMAT(1X,10G11.4)
JK(1})=1
JK(2)=N
JK{3)=NM2%xNM+1
JK(4)=JK(3)+NM
NO 93 J=1,4
K1=JK(J)
WRITE{(3,24) J
24 FORMAT(1X/' Z',11)
DO 92 I=1,NM
K2=K1+NM-1
96 WRITE(3,88)(Z(K),K=K1,K2)
K1=K1+NM2
92 CONTINUE
93 CONTINUE

GO TO 50
52 STOP
END
VA
//GU.FTO6F001 DD DSNAME=EEOO034.REV1,DISP=0LD,UNIT=2314, X
/7 VOLUME=SER=5U0004,DCB=(RECFM=V,BLKSIZE=1800,LRECL=1796)

//GO.SYSIN DD =*
1 21 20 0.3141593E+00
0.0000 0.5000 11,0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000
5.0000 5.5000 6.0000 6.5000 7,0000 7.5000 8.0000 AR.,5000 9.0000
10.0000 :
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000

/%
//

4.5000
9.5000

0.0000
0.0000
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Z3 ©
1930, -37.59 A98.2 -36.49 22841 -34 .04 95454 ~32.27 49,33 ~27.39
26.67 -26.1%3 13.54 —272.55 %.281 1847 ~Mebl11E-01 -15.19
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33.92 -19.12 15.65% ~lb.nl 6,917 -13.99 1.35” -11.37

-24.86h -21.43 -27.41 ~-21.22 -35.87 -20.74 -63.1% -18.9¢ 13.8B6 ~17.30
54.01 -15.46 19.92 -13.49% 8.546 ~1ll.42 3.106 -9.351

-22.71 -15.92 -23.18 -15.%49 -24.65 -l4.81 =29.487 -13.41 -47.87 -12.75
".322 "'lll‘fb 14.87 'l”.l‘-? 12.3(" -83,6%2 4,983 "7.[37

-22.02 -9.8173 =21.36 ~9.6135 -21.80 ~3.248 -22.34 -8.727 -25.44 -8.091
-37.77 -7.351 Ne915TE- 1 -6.552 24.10 -5.717 8.487 -4.853

-21.01 -4.047 =Z2teb4 -3.946 -20.11 -3.08H6 -19.5% -3.749 -19.47 ~3,579
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4
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35.0» -333.1 33.24 ~2724.4 29.91 -51.70 25.75 -23.53 20.86 ~18.00
15353 "17.73 10.07 -1%.%0% 4.790 "17.76 _70781 _31.9“

31.58 -65.82 79.90 -62.24 27.19 -34.13 23.64 -1C.68 19.45 ~9.961
14.87 -11.81 10,10 -13.76 5.579 -13.78 0.34848 -25.89
27.06 -29.59 25.74 -21.53 23.64 -10.68 20.86 T.629 17.58 5.183
13.99 -2.828 10.24 -6.524 64581 -3.355 4,384 -17.75
21.74 ~22.42 ?0.86 -18.01 19.45 -3.947 17.58 5.240 15.36 21.00
12.83 12.56 10.29 24679 T.702 -1.465 9.305 -7.729
11.64 27.11 10.27 17.38% 8.H38 1.349 13.86 4.079
10.01 =2C.95 10.07 -14.75 1d.16 -13.26 10.25 —6.522 10.30 2.704
10.23 17.43 1Ce15 31,47 9.880 20,76 18.50 18.19
4,289 =2G.20 4.794 -17.76 5.584 -13.78 6.586 ~8.348 T.708 ~1le453
Re343 1.372 7.883 20.81 10.73 32.27 22.74 37.63
-4.757 ~35.,58 -2.775% -31.94 0.35614 -25.89 4,392 ~17.74 9.G16 ~7.718
13.87 4,N98 18.57 18.22 22.75 37.69 53.85 127.4
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IIT, EIGENCURRENTS

Program #2, which calculates the eigencurrents, accepts punched card

data according to

READ (1,7) NN, NP
7 FORMAT (213)
READ(1,39) (RH(I), T
READ (1,39) (ZH(I), I
39 FORMAT (1OF8.4)

1, NP)
1, NP)

The variables NN, NP, RH, and ZH have the same meaning as in program #1l.
The generalized impedance matrix Z is read from the first record of direct

access data set 6 according to

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

where NZ 1is either (NP—l)2 or (NP—3)2 depending on whether or not C closes
upon itself, Program #2 writes the eigencurrents on record 2 of direct

access data set 6.

The R and X in DO loop 11 are the matrices [R] and [X] appearing in
(2-25) of [1] computed from [Zn] of (2-47) of [i]. The matrix [X] is stored
columnwise, but the matrix [R] is stored according to the symmetric mode used
in the IBM System/360 Scientific Subroutine Package [4].. Statement 130 invokes
the eigenvalue and eigenvector subroutine EIGEN in the Scientific Subroutine
Package. The subroutine EIGEN puts the eigenvalues u of (2-26) of [1] ordered
Hy 2 Hy 3_:.. in the diagonal positions of R. The eigenvectors of the matrix
[R] will appear in U. It has been observed that the eigenvectors obtained
from EIGEN are normalized so that U is orthogonal in accordance with (2-26)
of [1]. DO loop 104 stores the By in EU. DO loop 75 puts the matrix [XU]
appearing in (2-30) of [1] in T2. DO loop 78 puts the matrix [A] = [T X U] of
(2-30) of [1] in A. Upon exit from DO loop 70, JM is the dimension of the sub-
matrix [ull] in (2-28) of [1]. DO loop 73 puts the submatrix [A22] appearing in

(2-30) of [1] in A Since MINV is the matrix inversion subroutine from £he

22°
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Scientific Subroutine Package [4], statement 128 inverts the matrix [A22].
DO loop 81 puts [Azz]ml [Alz] in T3. DO loop 84 puts [Alz][Azz]-l[Alz] in
B, using the symmetric mode of storage. Statement 129 finds the eigenvalues
and eigenvectors of the matrix [B] appearing inm (2-36) of [1]. DO loop 107
puts the eigenvalues X of (2-36) of [1] in AMD. DO loop 91 puts [uIi/zy] of
(2-37) of [1] in T2. Upon exit from DO loop 93, the matrix

[s] [/ %y1

-1 5

-lAy); Ap,]

will be in T2.

The index J of DO loop 96 indicates the Jth

puts the [I] of (2-37) of [1] in FI. Because fi(t) of (2-42) of [1] is de-
fined by (30) of [3], statements 143 and 144 have to divide the elements of

eigencurrent. DO loop 98

[I] by p in order to obtain the sinusoidal components of the eigencurrents.
DO loop 137 sets the largest of these sinusoidal components equal to unity.
At the time FI is printed, the eigencurrent (current per unit length) at
the(2*J+l)th data point is given by

Kt FI(J) + u, FI(JHNM) NN = 0

¢

a FI(J) cos n¢ + M FI(J+NM) sin né NN=n#0

t ¢
When NN = n # 0, the alternate eigencurrent

-
u

+ .
u, FI(J) sin n¢ - 6

FI(J + NM) cos n¢

is also possible.

If NP > 41, some dimension statements must be changed. Minimum allo-

cations are given by
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COMPLEX Z (Nz)
DIMENSION RH(NP), ZH(NP), U(NZ), R(NZ), T2(NZ),
A22(NZ), B(NZ), X(N2), A(NZ), Y(NZ), T3(NZ),
FI(NZ), EU(NM2), RU(NM2), AMD(NM2), LB(NM2),
MB(NM2)
where NM2 = NP - 3
NZ = NM2 * NM2

The above allocations are based upon the value of NP after execution of

statement 145,
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Listing of Program #2

/7 (0034,EE,2,2),"MAUTZ , JOE?' yMSGLEVEL=1
// EXEC SSPCLG,PARM.FORT='MAP!
J/FORT.SYSIN DD *
COMPLEX Z(1444),U1,U2,U3
DIMENSION RH{41),ZH(41),U{1444),R{1444),T2{1444) A22(1444),B(L1444)
DIMENSION X(1444),A(1444),Y{(1444),T3(1444),FI1(1444),EU(38),RU(38)
DIMENSION AMD(38),LR(38),MBR{3R) '
EOUIVALENCE (R(1),T2(1),A22(1),B(1))4(XC1L)sA({1),Y(L))
FOUIVALENCE (T3(1).FI{(1))4(EU(Ll),AMD(1))
READ(1,7) NN,NP
7 FORMAT(213)
WRITE{3,3) NN,NP
3 FORMAT('1 NN NP'/1X,213)
READ{1,39)(RH(I}yI=14NP)
READ(1,39)(ZH(I),1=1,NP)
39 FORMAT(10F8.4)
WRITE(3,40)(RH(I},I=1.NP)
40 FORMAT('ORH'/(1X,10F8.4))
WRITE(3,441)1(ZH(T),I=1,NP)
41 FORMAT('0ZH'/{1X,10F8.4))
145 IF{(RH{L)=RH{NP))}.EQ .0+ AND(ZH{1)=ZH(NP)).EQ.0.) NP=NP+2
146 NM2=NP-3
NM=NM2/2
NZ=NM2#NM2
REWIND 6
READ(6)(Z(1),1=1,M7)
U3=({0esl.)
S1=.25
IF(NN.ED.O) S1l=.5
U2=51%U3
J5=0
DO 11 J=1,NM2
J2=(J-1)%NM2
DO 12 I=1,J
J5=J5+1
J3=J2+1
Ja=(1-1)*NM2+]
IF{J.GT.NM.AND.I.LE.NM) GO TO 28
U1=S1%(2(J3)1+Z(J4))
GO TO 29
28 Ul=U2%(Z{(J4)=-Z(J3))
29 R(JS5)=U1
X(J3)=AIMAGI{UL)
X{J4)y=X(J3)
12 CONTINUE
11 CONTINUE
130 CALL EIGEN(R,U,NM2,0)
J1=0
DO 104 J=1,NM2
Jl=Ji+J
EU(J)=R{J1)
RU(J)I=1./SORT(ARS(EU(J)))
104 CONTINUE
WRITE(3,141)(EU(J)J=1,NM2)
141 FORMAT('OEIGENVALUES OF THE MATRIX R'/(1X47E1l.4))
DO 75 J=1,NM2
J1l=(J-1)%NM2
DO 76 I=1,NM2
J2=J1+1
T2(J2)=0.
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J3=(1-1)%NMZ
DY 77 K=14NM2
Kl=K+J3
K2=K+J1
T2(J2)=T2{(J2)+X(K1)Y*U(K2)}
77 CONTINUE
76 CONTINUE
75 CONTINUE
DO 78 J=1¢NM2
Jl={J=1)%NM2
DY 79 1=1,.)
J2=J1+1
A(J2)=no
J3=(I-1)*NM2
DO 80 K=1,MM2
Kl=K+J43
KZ2=K+J1
A(J2)=A(J2)+U(KL)%T2(K2)
80 COMTINUE
J4a=J3+J
AlJa)Y=A(J2)
79 CONTINUE
78 CONTINUE
XZ2=EU(1)*1.E-03
DD 70 J=1,NM2
JM=d~1
TF{EU(J) LTX2) GO TO 72
70 CONMTINUE
72 JN=NM2-IM
JM1=gM+1
J1=0
DO 73 J=JM14NM2
J2=(J-1)=NMM2
N 74 I=JM1,NM2
Jl=J1l+1
J3=d2+1
A22(J1)=A(J3)
74 CONTINUE
73 CONTINUE
128 CALL MINV{(A22,JN,D,LBsMBR)}
J1=0
Do 81 J=1,JM
J3=(J=-1)*=NM2+.]JM
DO 82 I=1,JN
J2={({1-1)%JN
Jil=Jd1l+1
T3(41)=0.
DO 83 K=1,.JN
Ki=J2+K
K2=J3+K
T3(J1)=T3(J1)+A22(K1)*A(K2)
83 CONTIMUE
82 CONTINUE
81 CUNTINUE
J2=0
Nnog 84 J=1,JM
J3={J-1)*NM2
J5=(J-1)%JN
DO 85 I=1,.
J2=J2+1
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95
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143
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J4a=J3+1

BlJ2)=A(J4)
Jh=(I1—-1)*NM2+.1M

DO 86 K=1,JN
K1=K+J6

K2=K+J5
R(J2)=B(J2)-A(K1)*T3(K2)
CONTINMUE
R{J2)=B(J2)*RU(J)*=RU(T)
CONTIMUE

CONT INUE

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

DO 107 J=1,JM
Ji=Jd1+J

AMD(Jd)Y=5R({J1)

CONT INUE
WRITE(3+458)Y(AMD(J)+Jd=1,JM)
FORMAT('OEIGENVALUES OF THE MATRIX R'/(1X,5E1%.7))
DO 91 Jd=1,JM
Jl={J-1)=JM
Ja={J—-1)%NM2

DN 92 I=1,.4M
J3=I+J4

J2=1+J1
T2(d3)=Y{(J2)=*RU(T)
CONT INUE

CNONTIMUE

S1=0.

DO 93 J=1,dM
J1={(J-1)*NM2

N0 94 I=1,JN
J2=J1+1+UM

T2(42)=0.

NOD 95 K=1l,JM
Kl={K=1)}=JN+I
K2=K+J1
T2(J2)=T2(J2)-T3(KL1)*T2(K2}
CONTINUE

CONTINUE

CUONTINUE

DO 96 Jd=1,J4M

S1=0.

JI=(Jd-1)*Nm2

DU 97 I=1,NM
J2=J1+1

J3=J2+NM

Ja=2%1+1

FI(J2)=0.

F1(J3)=0.

NO 98 K=1,NM2
K2=K+.J1
Kl=(K=1)=NM2+]1

K3=K1+NM
FI(J2)=FI(J2)+U(KL)I*T2(K2)
FI(J3)=FI(J3)+U(K3)%T2(K2)
COMT INUE )
FI(J2)=FI({J2)/RH{J4)
FI(J3)=FI(J3)}/RH{J4)
S2=ABS(FI(J2))
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S3=ABS(FI(J3))
IF{S2-S1) 136,133,133
133 S1=S2
J5=J2
136 IF(S3-S1) 97,135,135
135 $1=S3
J5=J3
97 CONTINUE
S1=1./FI1(J45)
J2=J1+1
J3=Jd1+NM
J4=J3+1
J5=J1+NM2
WRITE(3,138) AMD(J)
138 FORMAT{'OLAMRBRDA = ',E11.4)
N0 137 I=J2,J5
FI(I)=FI(I)*S1
127 CONTIMNUE
WRITE(3,60)(FI(I).I=U2,J3)
60 FORMAT(' JT',10F8.4/({3X,10F8,4})
WRITE(3,61)
61 FORMAT(' JOt)
WRITE(3,62)Y(FI({I),I=04,J5)
62 FORMAT('+ /',10FR.4/(3X,]10F8.4))
96 CONTINUE
WRITE(G){(FI{I),I=1,4J5)

STOP
END
/%
//7GO.FTO06F001 DD DSNAME=EEQ034.REV1,DISP=0LD,UNIT=2314, X
// VOLUME=SER=SU000% 4DCR={RECFM=V ,RLKSIZ7E=1800,LRECL=1796)
//GO.SYSIN DD =*
1 21

0.0000 0.5000 1.0000 1.50N00 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000
5.0000 5.5000 6.0000 6.5000 7.0000 7.5000 8.0000 48.5000 9.0000 9.5000
10.0000
0.0000 0.0000 0.0000 0O.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

/¥
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IV. EIGENCURRENT PLOTS

Program #3 which plots the eigencurrents accepts punched card data
according to
READ (1,90) NM2, JM
90 FORMAT(2013)

In the previous program an NM2 by NM2 generalized impedance matrix has led to
JM eigencurrents. More precisely, NM2 is defined by statement 146 of the
previous program and JM is the number of numbers printed under the heading
"Eigenvalues of the matrix B'" in the output of the previous program. The
eigencurrents are read from the second record of direct access data set 6
according to

REWIND 6

READ (6)

NZ1 = NM2 * JM

READ (6) (FI(I), I = 1, Nz1)

DO loop 93 prepares the vertical coordinate for plotting and DO loop 95
prepares the horizontal coordinate. The origin is at (1.,5.). The hori-
zontal axis corresponds to the contour length variable. If the NP data

points defining the contour C are not equally spaced, this corres—ondence

may become nonlinear because DO loop 95 always supplies equally spaced
horizontal coordinates. The index J of DO loop 94 indicateg the Jth
eigencurrent, Statements 18 and 19 plot the sinusoidal components of

Jt and J, respectively.

¢
Minimum allocations for FI and X are given by

DIMENSION FI(NM2 * NM2), X(MM2/2).
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Listing of Program #3

// (00341EE92'27v8)1'MAUTZ,J0E'9MSGLEVEL=1
// EXEC FORTGCLG+PARMJFORT=1MAP?
//FURTLSYSIN DD *
DIMENSION FI(1444),XP{4),YP(4),AREA{400),+%X(19)
CALL PLOTS(AREA,400)
READ(1,90) NM2,JM
90 FORMAT(2013)
WRITE(3,91) NM2,JM
91 FORMAT('ONM2 JM'/1X,213) '
NZ1=NM2% M
REWIND 6
READ(6)
READ(G)Y(FI(I)s1=14NZ1)
NM=NM2 /2
XP(l)=1.
XP(2)=6.
YP(1)=5,
Yp{2)=5.
XP{3)=1.
XP(4)=1.
YP(3)=3.
YP(4)=T.,
DO 93 [=1,NZ1
FI(I)}=5.+FI(1)
93 CONTINUE
S1=5./(NM+1)
DO 95 J=1,NM
X(J)=1.+J%S1
95 CONTINUE
NO 94 J=1,JM
Ji={J=-1)%NM2+1
J2=J1+NM
CALL LINE(XP(1l)sYP(1)42,1,+0,0)
DO 96 K=2,6
S1=8=K
CALL SYMROL{S155.4.14513,0.,-1)
96 CONTINUE
CALL LINE(XP(3),YP(3),241,0,0)
DO 97 K=1,5
S1=8-K
CALL SYMBDLI(1l.+51+.14,13,90.,-1)
97 CONTINUE
CALL NUMBER{.764+5.933.144914450a,-1)
CALL NUMBER({ e7644¢9334144304490.49-1}
CALL NUMBER(464¢3.¢93y¢144=1.90.4—-1)
18 CALL LINE(X{L1)sFI(JY)sNMyly4,1)
19 CALL LINE{(X(1)FTI(J2),NMy1,0,1)
CALL PLOT(7490.+-3)
94 CONTINUE
CALL PLDT(5.40..,-3)

STOP
END
/%
//GO0.FT0O6F001 DD DSNAME=EE0034.,REV1,DISP=0LD.UNIT=2314, X
/7 VOLUME=SER=5UQ004,NCB=(RECFM=V,BLKSIZE=1800,LRECL=1796)
//GD.SYSIN DD *
18 3
VA

//
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V. GAIN EIGENPATTERNS

Program #4 which calculates and plots the gain patterns of the eigencur-—

rents accepts punched card data according to

READ (1,10) NN, NP, NT, NS, JM, BK, SCL
10 FORMAT (5I3, 2El4.7)
READ (1,11) (AMD(I), I = 1, JM)
11  FORMAT (5El4.7)
READ (1,15) (RH(I), I = 1, NP)
READ(1,15) (ZH(I), I = 1, NP)
15 FORMAT (10F8.4)

Here, NN, NP, BK, RH, and ZH are the same as in program #1 and JM is the

same as in program #3. The electric field and gain will be computed at
G-mw .

polar angles Si = N1 i=1,2,... NT but will be printed only at i=1,

NS + 1, 2%¥NS + 1,... . One inch will correspord to a gain of 1./SCL on

the plot. The variable AMD appears under the heading "Eigenvalues of the

Matrix B" in the output of program #2. The JM eigencurrents are read from

record 2 of direct access data set 6 according to

REWIND 6
READ (6)
READ (6) (FI(J), J = 1, NzZ1)

vhere NZ1 = NM2 * JM. The variable NM2 is the same as that aonpearing in the
first three programs.

In DO loop 40, DH(I), RS(I), 2S(I), SV(I), 'and CV(I) are respectively

th and (I+l)th data point, and p,z, sin v, and

the distance between the I
cos v midway between the Ith and (I+1)th data points., Here, v is the angle

between u, and the z axis. In DO loop 41, T(4*(J-1) + I), I=1,2,3,4, is the
T_(t)
h

amplitude of (the J°
coordinate p) multiplied by DH(2*%(J-1)+I) and evaluated midway between the
(2*(J—l)+I)th and (2*(J-—l)+I-+l)th data points. Now T represents the func-—

tions f;(t) associated with Jt and TR those functions fi(t) associated with

triangle function divided by the cylindrical
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J¢ although only f (t) appears in (2-42) of [1l], no distinction belng made
there between £t (t) and f¢(t) If the surface S has no edges, f () = f¢(t),
but if S has an edge at either end of-C, program #4 modifies the f¢(t) nearest
this edge so that f¢ = E-at the edge in an attempt to account for the singu-

larity of J, at the edge.

¢
The subroutine PLANE is concerned with the integrals
jk, ¢ T
—-— L] r
> - m
Rh 4? W, u e ds )
S

appearing in (2-51) of [1]. The R integrals can be written as

RES o0
fa - to 09 )
Ry, Ry

The row submatrices on the right hand side of (3) are defined according to

which ﬁi and which Km are used

Matrix element Kﬁ ﬁi
Rge Ge ztfi(t) cos n¢
Rie Ke ¢ i(t) sin n¢
R.? 3 £, (£) cos g
R¢$ 3¢ §¢fi(t) sin n¢

If the coeffiCients I appearing in (2—51) of [l] are partitioned into column

vectors I and I¢ corresponding to the u_ and u, directed W

¢ o i the radiation

field will be given by




t9 60
Ee Rn Rn
~jkr
_ Zjwue
4nr
to ¢
E¢ Rn Rn
Furthermore, it will be shown that
~tH
Ee ~ikr cos ng 0 Rn
_ =jwue
4y
E i iR
o 0 sin n¢ JRn

[T

4)

(5)

where the careted submatrices Rn are given by equations (77) and (81) of

reference [3].

of (2-42) of [1], the matrix [
[sin no 0 1

—cos "
measurement azimuthal angle ¢

evaluated at ¢m = 0.

%),
27

- —jwue
Ee 4Tr

where

sin né

_.jk

w(¢—o ) = e

Since the integrand of (6) is periodic in ¢ with period 2w, ¢

If the current has the polarization (2-43) of [1] instead
cos né 0

] of (5) must be replaced by

-
r

Con51der the contrlbution to E, from I¢

6

I¢ S-p dt j~ dé u (¢)f (t) sin n¢ - u (¢ )¢(¢ ¢ )

added to ¢ without changing the value of the integral.

8 4Ty

27

The submatrices Qn use sinusoidal W and depend upon the

According to

(6)

@

can be

g :Jgggi___n I¢ S\p £. (t)dt‘g\'d¢ ﬁ¢(¢+¢m) . Ke(¢m) $(¢) sin n(¢+é )

But
uy, (o+o )

so that

0

- Uy ()

- 3¢(¢)

* Uy (0)

(9)

21

while the R use exponentlal functions and are

@)
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27
s -jkr N
By = =y Iqi go £,() dt _( d¢ u, (9) sin n(g+e ) - 36(0) ¥ () (10)

0

Now 39(0) is the measurement plane wave coming from the direction ¢ = 0.
Alternatively, (10) can be obtained directly from (6) by reasoning that

(6) should depend only on the phase difference hetween the current 3 and
the direction ¢m from which the measurement plane wave comes. For instance,
one should be able to turn both J and ¢m back by ¢m to obtain (10). Equa-
tion (10) leads to

perdiE BP9 89° RIS + 390
Ee = - Ii 23 cos n¢m + > sin n¢m (11)
Using the fact that ﬁ:e 1s odd in n,
. -jkr
- —Jjuwue d . 590
Ee - Ii (-] Rn cos n¢m) (12)

in agreement with (5). The rest of (5) can be similarly verified.

The subroutine PLANE is essentially the same as the one appearing in
Appendix B of reference [2]. For the LB measurement polar angle 8 = THR(L)
and the Jth function fJ(t) of (2-42), PLANE stores ﬁse, —jﬁie, jﬁﬁ¢, and ﬁi¢
in VVR(L1+J), VVR(LI+J+NM), VVR(L1+J+NM*2), and VVR(LI+J+NM*3) respectively

where L1 = (L-1)*NM*4 and NM = NM2/2.

DO loop 92 multiplies the eigencurrents by p to retrieve
t
(r-1]
[I] = (13)
(1)
. ) th t o
appearing in (2-25) of [1]. The i elements of [I”] and [I'] are the coefficients

of the expansion functions Etfi(t) cos n¢ and P fi(t) sin n¢ respectively for

¢

an eigencurrent of polarization (2-42) of [1].
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The index KK of DO loop 81 indicates the KKth eigencurrent. In DO loop
83, K=1 obtains Ee and K=2 obtains E¢. DO loop 82 obtains the NT polar angles
8. Inner DO loop 84 performs the actual matrix multiplication indicated by
(5). The gains Ge and G¢ |2

of the total gain over the area of the radiation sphere is unity.

are proportional to ]Eel2 and |E¢ . The average

T 2 NN = 0

f (Ge(e) + G¢(6)) sin 846 = (14)

0 4 NN > 1

DO loop 85 stores E_, and Ge in positions 1 to NT of E and G and E, and G, in

8 ¢
positions NT+1l to 2*NT of E and G. The phase of E is normalized to -je ?kr.

The magnitude of E is normalized so that IEe]2 = G, and ]E¢]2 = G,. Statements

8 ¢
34 to 86 are concermed with plotting the gains of the eigencurrents.

Minimum allocations are given by

COMPLEX VR(NT*NM2%2), E(NT*2)

COMMON RS (NP-1),ZS(NP-1), SV(NP-1), CV(NP-1), T(NM2*2), TR(NM2*2)

DIMENSION AMD(JM), RH(NP), ZH(NP), DH(NP-1), TH(NT), G(NT*2), SN(NT*2)
CS(NT*2), FI(NM2*NM2), GX(NT*2), GY(NT*2)

DIMENSION BJ(3%(NP-1))

Here, NP is the value of NP after execution of statement 96 in the main

program. Also, BJ appears in PLANE.
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Listing of Program #4

// (0034 4yEE+3424+95) s "MAUTZ ,JOEY ,MSGLEVEL=1
// EXEC FORTGCLG,PARM.FORT="MAP!?
//FORT.SYSIN DD %
SUBROUTINE PLANE(VVR,THR,NT)
COMPLEX VVR(1),A5,A6,U
COMMON U,RS{40),2S(40),SV(40),CV{40)+BKyNP,NN,T(80),TR(80)
DIMENSION RJ(126),THR(1) ,FK(20)
KG=NP-1
NM=KG/2-1
M2=NN+2 .
AS5=2 %3 .141593*U%% (NN+1)
NV=NM*4
FK({(l)=1.
DO 153 J=1,M2
Jl=J+1
FK{JL)=FK{J)}=xJ
153 CONTINUE
D0 156 L=1,NT
L1={L-1)%NV
CS=COS{THR(L))
SN=SIN(THR (L))
RCS=BK=*CS
DO 302 J=1,KG
X=RS{J)*BK*SN
Jl=J
I1=NN
IF{Il1) 303,304,303
304 I1=11+1
J1=J1+KG
303 DO 305 Jd=I11,M2
ITF{X-1.E=5) 1,1,2
1 IF(JJ~-1) 3,3,4
3 BJlJli=1.
GO TO 306
4 BJ(J1)=0.
GO TO 306
2 RH=X/2.
RHZ2=RH*RH
RH3=RH=x(JJ~1)
BJ(J1)=RH3/FK(JJ)
SS=BJ(Jl)
8 SST=SS*1.E-7
DO 155 K=1,20
SS==SSHRH2/K/(K+JJ=-1)
BJ(J1)=RJ(J1)}+SS
IF{(ABS(SS)~SST) 306,306,155
155 CONTINUE
STOP 155
306 J1l=J1+KG
305 CONTINUE
302 CONTINUE
IF(NN) 307,308,307
308 DO 309 J=1,KG
Jl1=J+2%KG
BJ(J)==-BJ(J1}
309 CONTINUE
307 DO 300 J=1l.NM
Jil=J+L1
J2=J1+NM
J3=J2+NM




301
300
156

10

11

15
33

12

16

18

96
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J4=J3+NM
VVR(J1)=0,
VVR(J2)=0.
VVR (J3)=0.
VVR(J4)=0.
DO 301 I=1,4
I11=2=(J-1)+1
[4=4%(J=-1)+1
I12=T1+KG
13=12+KG
A6={COS{ZS{TI1)*BCS)+URSIN(ZS(I1)*RCS))*AS
BJ1={(RJ(I3)I+RI(I1))*,5
BJ2=(BJ(I3)-RJItI1))I*=,5
VVR{J1)=VVR(J1)+A6*{(CS*SV(IL)*BI2+SN*CV(I1}1*BJ(T2)*U)*T(14)
VVR(J2)=VVR({J2)+A6%CS*BI1%xTR{I4)
VVR(J3)=VVR({J3)+A6%SV{TI1)*BRJ1xT(14)
VVR({J4)=VVR(J4)+A6*BJI2%*TR(14)
CONTINUE
CONTINUE
CONTINUE
RETURN
END
COMPLEX U,Ul1,VR({(5548),E(146)
COMMON UysRS(40)4+25(40)4SVI(40),CV{40)+BKNPyNN,T(80)+TR(80}
DIMENSION AMD(38),RH{41)4ZH(41),DH(40),TH{T73) +XP{2)4sYP(2),G(146)
DIMENSION SN(73)4CS{T73),FI{1444),GX(146)+GY(146)4,AREA(400)
CALL PLOTS(AREA,400)
READ(15,10) NN,NP,NT,NS,JM,BK,SCL
FORMAT(513,2E14.7)
READ(1,11)(AMD(I)},I=1,JM)
FORMAT(S5E14.7)
READ(1415)(RH(TI),I=1,NP}
READ(1,15)(ZH(1),I=1,NP)
FORMAT(10F8.4)
WRITE(3,33)
FORMAT{'1 NN NP NT NS JUM',6X,"BK?,12X,'SCL")
WRITE(3,12) NN,NP,NTNS,IM,BK,SCL
FORMAT(1X,513,2E14.7)
WRITE(3,5) (AMD(I),I=1,JM)
FORMAT('OAMD'/(1X45E14.7))
WRITE(3,16)(RH{I),I=1,NP)
FORMAT('ORH'/(1X,10F8.4))
WRITE(3,18)(ZH(]I),I=1,NP)
FORMAT('0OZH'/(1X,10F8.4))
U=(0.91.)
PI=3.141593
KL=1 .
IF((RH{L)=RH{NP))NE.OJ.OR.{ZH(1)—=ZH{(NP)).NE.O.) GO TO 96
KL=0
RH{NP+1)=RH(2)
ZH{(NP+1)=ZH(2)
RH(NP+2)=RH(3)
ZH{NP+2)=ZH(3)
NP=NP+2
NM2=NP=-3
NM=NM2/2
NM4=NM*x4
NT2=NT=#*2
NZ 1=NM2%JM
REWIND 6
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READ(6) .
READ(6}(FI(J)sJ=1,NZ1)
DO 40 1=2,NP
12=1-1
RRI=RH(I1I)=RH(IZ2)
RR2=ZH(I)-ZH(12}
DH(I2)=SQRT(RRL1%*RR1+RR2*RR2)
RS(II2)=.5%(RH{T)+RH(I12))
IS(I2)=o5%#{ZH(T)+ZH(I2}))
SV(I2)=RR1/DH(T2)
CVII2)=RR2/DH(I12)
40 CONTINUE
DO 41 J=1,NM
J2=2%(J-1)1+1
J3=J2+1
Ja=J3+1
J5=44+1
J6=4%(J-1)+1
J7=46+1
J8=J7+1
J9=J8+1
DELL1=DH{J2)+DH(J3)
DELZ=DH({J&4)+DH(JS)
T(J6)=DH(J2)*DH{J2)/2./DEL]
TOIT)=DH(JI3)*=(DH(J2)+DH(JI3)/2.)/DELL
T{J48)=DH{J4)*(DH(J5)+DH(J4)/2.)/DEL2
T(J9)=DH(J5)*DH(.15)/2./DEL2
41 CONTINUE
DO 97 J=1,NM&
TR(JI=T(J}
97 CONTINUE
IF(KL.EQ.O0) GO TO 98
IF(RH(1)) 23,24,23
23 DEL1=DH{1})+DH(2)
TR{L)=DH(1)%(1.,+(DH{(2)+DH(1)/2.)/DEL]1)
TR(2)=DH(2)*(1.+DH(2)/2./DEL])
24 TF(RH(NP)) 26,98,26
26 J1=(NM=-1)%4+3
J2=J1+1
DEL2=DH{(NP-2)+DH(NP-1)
TR({JI)=DH(NP-2)%(1 . +DH(NP—-2)/2./DEL2}
TR{J2)=DH(NP-1)* (1 +(DH{NP-2)+DH(NP-1}/2.)/DEL2)
98 DEL=PI/(NT-1)
C2=SCL*4,/DEL
IF{NN.EQ.O) C2=C2%*.5
DO 43 J=1,.NT
TH(J)=(J-1)*DEL
SN(J)=SCL*SIN(TH(J))
CS(J)=SCL*COS(TH(J))}
43 CONTINUE
Xptl)=2.
XP{2)=8.
YP(l)=5.
YP(2)=5.
CALL PLANE(VR,TH,NT)
Cl=180./PI
DO 31 J=14NT
TH(J)=TH{(J)*C1
31 CONTINUE
DO 92 J=1,JM
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77

78

87

86

27
J1={J=1)*NM2
DO 93 I=1,NM
J2=J1+1
J3=J2+NM
Jés2xl+l
FI{J2)=FI(J2)1%RH(J4)
FI(J3)=FI(J3)%RH(J4&)
CONTINUE
CONTINUE
DO 81 KK=1.JM
Kl=(KK-=1)*NM2
52‘_‘0.
DO 83 K=1,2
K2=(K=~1}=*NT
K3=(K-1}%*NM2
DO 82 J=1,NT
J1=(J=1)*NM4&+K3

Ul=UI1+VR(JI)*FI(J4)

CONT INUE

J5=J+K2

E(JS)=Ul

S1=CABS (UL}

G(J5)1=S1=%S1
§2=52+G{J5}%SN( J)
CONTINUE

CONTINUE

S$3=SQRT(C2/52)

DO 85 J=1,NT2
E{J)=E(J}=*S3
S2=CABS{E(J))

GlJ)=S2=*S2

CONTINUE

CALL LINE(XP,.YP,2,1,0,0)
DO 77 J=1,7

S1=9-J

CALL SYMBOL(S1+549¢145413,0.9-1)
CONT INUE

CALL LINE(YP4XP+241,0,0)
DO 78 J=1,7

S1=9-J

CALL SYMBOL(5.+S1+.1441349044-1)
CONTINUE

DO 86 K=1,2

K2=(K~1}%NT

DO 87 J=1,NT

Ji=J+K2

S1=G{J1)*%SN(J)
GX{J})=5.+S1
GY(J)=5.+G({J1)Y*CS(J)
J2=NT2=-J+1

GX(J2)=5,-51
GY(J2)Y=GY(J)

CONTINUE

CALL LINE(GXsGY+NT2,1,0,0)
CONTINUE

WRITE{(3,27) AMD(KK)




28

27 FORMAT('OELECTRIC FIELD AND GAIN OF EIGENCURRENT FOR LAMBDA =',E1l1l
Le4)
WRITE(3,28)
28 FORMAT('O 0] REAL{EQ) IMAG(EQ) GAINO REAL(EO) I
1MAG(EOQO) GAINO'}
WRITE(3,29)
29 FORMAT({*+ =1 10X = g lIX s Tty 11X ' =y 11Xy 1/, 11Xt/ 11X,/ ")
DO 30 K=1,NT4NS
K2=NT+K
WRITE(3,32) TH(K) E{(K),G(K)sE(K2)4G(K2)
32 FORMAT(1X,F6.1+6E12.4)
30 CONTINUE
CALL PLOT(7440e4-3)
A1 CONTINUE
CALL PLDOT(6e90e+-3)

STOP

END
/%
//GO.FTO6F001 DD DSNAME=EEQO034.REV1,DISP=0LDUNIT=2314%, X
// VOLUME=SER=SU0004,DCB=(RECFM=V,BLKSIZE=1800,LRECL=1796)

//GOSYSIN DD =

1 21 73 4 3 0.3141593E+00 0.5000000E+00
0.2559665E+01-0.8785684E-02-0.264452T7TE+02

0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000

5.0000 5.5000 6.0000 6.5000 7.0000 7.5000 8.0000 8R.5000 9.0000
10.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000 0.0000.
0.0u00 .

/%
/7

445000
9.5000

0.0000

. 0.0000




Output of Program #4

NN NP NT NS UM 83K SCL
1 21 73 & 3 2.3141593FE 0 2.50000GGC0F 07

AMD
Ce2559665E U1—-U3T785684E-02-.26+4527C 02
RH
0.C LCe50C9D 1.2300 L5906y 2,008y 2.%ul00  3.00270 3.5Cay
5.0000 5.5000 6.0095 6.50) 7.00035 T«5300 8.30C7% 8.5C0)
10.CGu"
ZH
0.C e CeD 0.0 Dl N.0 C.0 0,0
Nn.C C.U Ue 0.0 D Ded Cotd 0.2
O‘C
ELECTRIC FIELD AND GAIN OF LIGLUCJRRENT FOR LAM3DA = (.2550F8 01
< REAL (EB) IMAGLES) GAINS REAL(ER®) IMAGIEE) SAINA
LeD =Co1304E D1 Do Q6106998 01l 9D.1304E 21 2.6 J.IA3QE T1
13.0 -C.l243t 21 3.0 0e1546F C1  0.11364E ] J.0 JJ1287E (1
20U —0.,10BUE 1 De?) NL.11A5F D} Je 68C3E 1L Dot} T a4628E
300 =0.58558k () D.) Cel324F 23 T4 TTE-D1  DJ.2 2.8591E-4L7
47,0 —C.6218E CU 0.9 Ca38670 IC -0.5331F UL 3.2 Jel3G2F 7.
506U —U44158F 00 2.9 Col729E DU -0.1736F 21 J.3 JeluT3E CL
6T —0,2558E 00 0.0 C.69542E-01 -0.1391E N1 2.0 N«1935F 1
TielU =0olalb6E 00 Qa0 3.20E5E8-31 =-C.1607E C1 DJ.9 V.25R2t C1
B el =0L.6132E-1 .2 N e3822E-92 ~-v.1716F C1 2.0 N el2944E L1
GG =0.1058E-36 2. Co.lll9c-13 —u.L748C 21 2.0 2.3757E "1
WL .u Ca.61382E-n1 I Je3n22E—-02 —0.1716F 21 0.0 C.2944F 1
1150 0.1416k C) D0 0.,2C0U%E=-21 —-0.1A0TE Ol DJ.D0 Je2582E (1
123.0 0.25588 00 0.D D642 -Gl -0.1391FE O1L 2.9 Na193%9E 1
1300 0.4158E 02 2.0 D.L729F 3C -G.1036E Ol 0.0 celu73F (1}
l4d.0 0Q.6218E G?7 9.0 0.3867TE NC —CL.5331L O Q2.7 veZ2B42E
150.0 (.8%558BF CD 0.0 C.7324F DO 9D.7477F=11  J.0D Je8931E-C2
t6uvel 0.1C8UE 1 a0 veLl6S5E 21 Se803F CL 3,0 D,4072¢F &
1700 C.1243E G1 0. Cel546F V1 01134 ©l 2.0 N.1287k U1
18Ca 0 C.13J04E 91 Q.0 J.lo99E Q1L Q. 13N04F 01 2.7 Ne16I9E L1
ELECTRIC FIELD ANO GAIWN OF £IGEICJURRIONT FOR LAMBDA =-C.8736F- 2
] REAL(ES) IMA GAINe REAL(EZ) IMAG GAINZ
Ceal) =0.2266E D1 0.) Gebl3rE o1 N.2266t J1 J.uU NaHL36E 1
10eGC -C.2176E 91 Q.2 Q.473.F 01 5.218CE C1 Jetd NT.4752F C1
253.0 =0.1929E 01 DeV D.3722E D1 0.1943F vl 2.0 D.3776k 1
3L 0 =G 1584E I1 0. U0.251CF U1  D.l6léeE ¢l 3.9 C<2037E T
40U ~0.1210F 21 9.0 OD.l465F 01 G.l1263E 0L DJ.0 1.1595E ©1
5)e 0 —=Co8632E VO 0.7} U.7492 NC  G.9445F 0G 2.0 F.84921F °F
60.0 -0.5722E GO  0.) 0.3275€ 00 0.6923E 0C 2.0 V47330 <
T)e0 -0.34l6E 00 0.9 C.l16T7TE DO 0.5167C 00 2.0 02670k 205
80.0 —-0.1582E N) 0.J 0.2501F-01 0O.4154F 00 2J.C N.1725F {7
9L -G.2T7THBE-J5 (.0 0.7661F-13 03,3825t 0C 2.V N,l1463F 7
G0N G.15%82€ 0 Q.0 0.25C1IF~-0l 0.415%4 OC J.G6 2.1725E
110.0 G.3416E 3 Q.2 C.ll67t 00 0.5167E CC 2.0 C.267CE L™
123.0 0.5722E v3 0.0 0.3275F 0G (0.0923c 0C 2.0 0.4793E ¢
130.0 0.8632E 00 D0 C.74%2E N0 0.9445E 0oC 3.0 0«.8921F 37T
147.0 C.121CE Uyl 0.2 0.1l465F 01 0.1263t 01 3.0 N.1595F C1
150U Q.1584E 21 D0 C.2510F 01 O.lbl4F C1 2.0 L2607 1
16C.0 0.1929E 91 0.2 0.3722F 01 ¢.1943F 01 2.0 C.377¢E (1L
170.0 0.2176E 31 0.0 Ge4736F 01l 0.2180FE 01 2J.0 Ve 7528 (1
180.0 0.2266F 01 0.0 U.5136F 21 (0.2266F 01 3.0 0.5136F 71
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ELECTRIC FIELD AND GAIN 0Of EFIGENCURRENT FUR LAMBDA =-0.26%25F (2

Q2 REAL(E®) IMAG(E®) GAINA REAL (E%) [vAGLHg) GATMNE

Ted C.1836E 31 0.0 0.3371E O1 -0.1836E C1 0.0 De3371F 1
100 0.1503F 01 2.9 C.2267E 01 -0.1723F ¢1 3J.D 0.2969F 1
2040 0.6433E GO Q.0 U.4139E 30 -0.1419€E 01 0.0 De2ulak O1
300 —0.4076E GO 0.0 0.1661F N0 -0.1011E 01 2.0 T.1021E 1
4Ca0 —0.1289E G1 0.0 D.l601lE 01 —-0.5953k 0OC J.0 De36544F 77
S240 -0.1766E 21 0.9 C.3120E 01 -0.2446F 00 0.0 C.59%4F-1"1
600 —C.1780E D1 0.0 0.3169F J1 0.1034E-01 3.0 OelNBGE-TT
Tlet =0e1403E 21 D2 D.19088 0Ol C.1716k OC 2.0 1.2945F-C1

Cal =CL.T7642E 00 U.) C«e9584TE 20 0.2568t €O 2.0 C.6593E-C1
9040 =Ge1412€-05 0.0 C.19G62E-11 0.2829E uvC DJ.0 G.8305E-71
10C.0 C.7642F 020 0.2 0.5840E DO 0.2568F 00 0.0 0.6593E-"1
1L1CeC 0.1403F 01 0.2 0.1963F 01 0Q.1716€F 0OC 2.0 D e29658-T1
1200 C. 1783k 921 0.0 Ue31EGE 1  0.1034E-01 0.0 Do LLOEGE-T A
13vey Gal766E 31 0.2 0.3123FE 0Ll -0.2446k 00 3.0 0e5934E£-C1
laLeu  Ca1283E LI 2.0 ValO6OlE O1 —-C.5953E 00 .0 Je3544F (.
153N 0.4076E 0D 0.0 C.l661E NOC -0.1011F C1 2.0 Jel321E 51
163« 0 =0.6433E 33 0.0 C.4139E 0OC -0.1419t 91 2.0 0.2714F (1
170.C -0.15%33Et U1 0.0 0.2260F 01 -0.1723E Q01 2.7 0.2969E351
18740 -C.1836E 91 0.0 0.3371E 31 -C.1836F 01 0.0 0,3371t C1
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VI. SCATTERING CROSS SECTIONS

Program #5 which calculates and plots o/A% for an axially incident
plane wave accepts punched card data according to
READ (1,10) NP, NT, NS, JM, BK
10 FORMAT (413, El4.7)
READ (1,11)(AMD(I), I = 1, JM)
11 FORMAT (5E14.7)
READ (1,15) (RH(I), I = 1, NP)
READ (1,15)(ZH(I), I =1, NP)
15 FORMAT (10F8.4)
READ (1,50)(L(I), I =1, JM)
50 FORMAT (20I3)

The variables NP, NT, NS, JM, BK, RH and ZH are the same as those in program
#4. The variable AMD appears under the heading "eigenvalues of the matrix B"
in the output of program #2. The L(I)th eigencurrent is the Ith eigencurrent
to be considered in the modal expansion of the scattered field. The variable
L(I) is necessary because it is desirable to perform the modal expansion by
adding eigencurrents in order of increasing [Al. (Program #2 has ordered

the eigencurrents in order of increasing A.) TFor instance, if k6 corresponds
to the smallest IAI and AS corresponds to the next smallest IA[, then L(1) = 6

and L(2) = 5. The impedance matrix and eigencurrents are read from records 1

and 2 of direct access data set 6 according to

REWIND 6

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

READ(6) (FI(I), L = 1, Nz1)
where

NZ = NM2*NM2

NZ1 = NM2*JM

and NM2 is either NP-1 or NP-3 depending on whether or not the generating

curve C closes upon itself.
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The subroutine PLANE is the same as in program #4. Much of the logic
before statement 7 in the main program is devoted to preparing the input

data for plane and is thus the same as in program #4.

DO loop 80 modifies the impedance matrix according to (2-47) of [1].
DO loop 19 obtains the matrix X appearing in (2-15) of [1]. Statement 6

inverts the impedance matrix to obtain the admittance matrix Y.
DO loop 85 calculates the scattered field by inserting

=)= v [ R gr®f] (15)
6
I

into (5) for n=1. Equation (15) is possible because plane wave excitation
and measurement coefficients have the same form. Notice that (1-48) of

[1] is written using the eigencurrents as a basis while (15) is written with
the expansion functions (2-42) in mind. The excitation of a U polarized

]
plane wave incident in the plane ¢ = 0 gives rise to expansion functions

(2-42) of [1] while the excitation of a G¢ polarized plane wave in the
plane ¢ = 0 gives rise to expansion functions (2-43) of [1]. In DO loop 85,
K5=1 obtains plane wave excitation from the direction (6=m,¢=0) and K5=2 that
from the direction (6=0,4¢=0). DO loop 82 stores the column matrix [I] of
(15) in E3. DO loop 103 stores Egy, E, (c/A%),, and (0/A2)¢ in E(J), E(JHNT),
SIG(J), and SIG(JHNT) where J indicates the JtB measurement polar angle 6. Here,
Ee is the 9 component of the far zone scattered field in the plane ¢ = 0 and

E 4is the ¢ component of the scattered field in the plane ¢ = %u The phase of

¢ ~jkr

the scattered field is normalized to -je . The magnitudes [Eel and ]E¢] are

such that

(6/32) 4= |E, |2
(16)

2 - 2
(o/x )¢ IE¢I

The constant Cl used to normalize the scattered field is given by
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2

42 1/2
Cl = (;;{fz-> (17)

'\

The factor w?p?/(4wA2) appears in (1-51) of [1]. The logic between state—
ments 119 and 109 finds SCL(K5) so that the maximum value of SIG(J)*SCL(K5)
for J = 1,2,...2*NT is always between 1.2 and 3.0. DO loop 106 prepares hori-
zontal and vertical coordinates ES5 and E6 suitable for plotting o/A2.

DO loop 48 multiplies the eigencurrents by p to retrieve the coefficients
[I] of the expansion functions (2-42) of [1l]. The matrix [I] is stored in FI
with subscripts (J~1)*NM2+1 to J*NM2 denoting the Jgth eigencurrent. The admit-
tance matrix [Y] appearing in (15) will be expressed in terms of [I] whose
columns are the expansion coefficients of the eigencurrents. For the moment,
assume that there are NM2 eigencurrents so that [I] is a square matrix. Equa-

tion (2-18) of [1] can be multiplied by [I] to yield

[I102]01] = [II[XI[I] (3 + 1/2) (18)

Because of the orthogonality relationships (2-24), of [1], the right side
of (18) is a diagonal matrix. Equation (18) can be inverted to obtain

(i1 it - L (19)

[T1IXILI] (3 + 1/%)

which leads to

1
[I1IXI[I] (3 + 1/0)

[Y] = [I] [I] (20)

Equation (15) is introduced into (5) with the result

Ee cos ¢ 0 ﬁ;s —jﬁie
_ -jkr “te a0
= —j%:—— [Y] [Rl -3R? ] e
E 0 sin ¢| | jRF® go¢

¢
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where [Y] is given by (20). Equation (21) is a specialization of (1-37)
of [1]. Alternatively, (21) could have been obtained by finding the matrix

(%

Evidently, the use of JM<NM2 terms of the sum (1-37) of [1l] is equivalent to

t
[II ] associated with 3 of (1-30) of [1] and inserting this matrix into (5).

using only JM columns of [I] in (20). DO loop 21 stores the diagonal matrix

[T][X][I]l(j 10 appearing in (20) in E3. The inner DO loop 27 stores

(1] E in T3.

[TTIXII] (3 + 1/))

The index K of DO loop 29 indicates that K columns of [I] are being
used. DO loop 30 adds the contribution of the L(X)tR column of [I] to the
admittance matrix [Y]. In DO loop 65, K4 = 1 obtains the plane wave incident
from (6=m, ¢=0) and Ké&4=2 that from (6=0, ¢=0). Inner DO loop 45 stores

T ————
[Y][ﬁ;e -3R3%] 1n E3. 1In DO loop 66, K5=1 obtains E, and K5=2 obtains E,.

DO loop 44 calculates Ee, E (O/Az)e, and (c/k2)¢ and stores them in E and

SIG. The quantity G/Azcompited using the modal approximation to [Y] is
plotted as symbols (X for 6 polarization and DO for ¢ polarization) and the
quantity o/A% computed using [Y] obtained by inverting the impedance matrix
is plotted as a solid curve in the latter part of DO loop 66. The logic
following statement 66 is devoted to drawing the axes for the plot and print-
ing the quantities Eg, B, (o/xz)e and (0/12)¢.
Eq» E¢ that are printed lack the phase factor ~je
ing to (16).

The scattered field components

~Jkr and are normalized accord-

Minimum allocations are given by

COMPLEX Z(NM2*NM2), Y(NM2*NM2), VR(2*NT*NM2), E3(NM2), E(NT*2), T3(NM2*JM)
DIMENSION AMD(JM), RH(NP), ZH(NP), FI(NM2*JM),

DH(NP-1), TH(NT), X(NM2*NM2), SIG(NT*2),

L(IJM), SN(NT), CS(NT), E9(NT), E1O(NT),

E5(NT*8), E6(NT*8)




COMMON RS(NP-1), ZS.(NP-1), SV(NP-1), T(NM2%2), TR(NM2*2)
DIMENSION BJ(3* (NP-1))
DIMENSION LR(NM2)

Here, NP is its value after execution of statement 90 in the main program.

Note that BJ appears in PLANE and LR in LINEQ.

35



Listing of Program #5

7/ (0034 ,EE,442,47),'MAUTZ , JOE? ,MSGLEVEL=1
/7 EXEC FORTGCLG,PARM.FORT=1MAP?'
//FORT.SYSIN DD *
SUBROUTINE PLANE (VVR ,THR ¢yNT)
COMPLEX VVR(1),A5,A6,U
COMMON UsRS(40)42S(40),SV(40),CV(40),BK,NP,NN,T(80),TR(80)
DIMENSION BJ(126),THR(1),EK(20) '
KG=NP-1
NM=KG/2-1
M2=NN+2
A5=2,%3,141593%U%%(NN+1 )
NV=NM*4
FK(1)=1. .
DO 153 J=1,M2
Jl=J+1
FK(J1)=FK(J)*%J
153 CONTINUE
DO 156 L=1,NT
Li=(L=1)%NV
CS=COS(THR(L))
SN=SIN(THR(L))
BCS=BK*CS
DO 302 J=1,KG6
X=RS (J)*BK=SN
Ji=J
11=NN
IF(I1) 303,304,303
304 I1=11+1
J1=J1+KG6
303 DO 305 JJ=11,M2
IF(X~1.E~5) 141,2
IF(JJ=1) 3,43,4
3 BJ(Jl)=1.
GO TO 306
4 BJ(J1)=0.
GO TO 306
2 RH=X/2.
RH2=RH*RH
RH3=RH%%(JJ=—1)
BJ{J1)=RH3/FK(JJ)
$5=BJ(J1)
8 SST=SS*1.E-7
DO 155 K=1,20
$S=—-SS*RH2/K/ (K+JJ—1)
BJIJL)Y=RJ(JL1)+SS
IF(ABS(SS)=-SST) 306,306,155
155 CONTINUE
STOP 155
306 J1=J1+KG
305 CONTINUE
302 CONTINUE
IF(NN) 307,308,307
308 DO 309 J=1,KG
J1=J+2%KG
BJ(J)==BJ(J1)
309 CONTINUE
307 DO 300 J=1,NM
Ji=d+L1
J2=J1+NM
J3=J2+NM

foo




301
300
156

20

12

37
J4=J3+NM
VVR({J1)=0.
VVR(J2)=0.
VVR(J3})=0.
VVR(J4&)=0.
DO 301 I=1.4
11=2%(J=-1)+1
T4=4=(J~-1)+1
12=11+KG
I13=12+KG
A6=(COS({ZS({I1)*=RCS)I+UXSIN(ZS{I1)%BCS))*A5
BJ1=(BJ(I3)+BJ(I1))}*.5
BJ2=(BJ(I3)=RJI(T1))*,5
VVR{J1)I=VVR{J1)I+A6%(CSESV(TLI®BJ2+SN=CV(T1)*BI(T2)*U)*T(14)
VVRI{J2)=VVR(J2)+A6%CS*BJIL*TR(14)
VVR(J3)=VVR(JI3)+A6%SV(TI1)*RJ1*T(14)
VVR{J4}=VVR(J4)+A6%BJ2%TR(I4)
CONTINUE
CONTINUE
CONT INUE
RETURN
END
SUBROUTINE LINEQ(LL.C)
COMPLEX C(1),STOR,STO,ST,»S
DIMENSION LR{58)
pn 20 I=1,LL
LR({I)=1
CONTINUE
M1=0
DO 18 M=1,LL
K=M
DO 2 I=M,LL
Kl=M1+1
KZ2=M1+K
IF(CABS{CI{KL1))-CABS{C(K2})) 2,2,6
K=1I
CONTINUE
LS=LR (M)
LR{M)=LR(K)
LR(K)}=LS
K2=M1+K
STOR=C(K2)
J1=0
DD 7 J=1.LL
K1=J1+K
K2=J1+M
STO=C(K1l)
C{K1}=C(K2)
C(K2)=STO/STOR
Jl=J1l+LL
CONTINUE
K1=M1+M
C(K1)=1./STOR
DO 11 I=1l,LL
IF(I-M) 12,11,12
Kl=M1+1
ST=C(K1l)
C(Kl)=0.
J1=0
DO 10 J=1l,LL
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Kl=J1l+1
K2=J1+M
C(K1)=C(K1)-C(K2)*ST
Ji=J1+LL
10 CONTINUE
11 CONTINUE
Ml=M1+LL
18 CONTINUE
J1=0
DO 9 J=1,LL
IF(J-LR(J}))
14 LRJ=LRI(J)
J2=(LRJ-1)%LL
21 DO 13 I=1,LL
K2=J2+1
Kl=d1+I
S=C(K2)
C(K2)=C(K1)
C(K1)=S
13 CONTINUE
LR{J)I=LR(LRJ)
LR{LRJ}=LRJ
IF{J-LR(J)) 14,8,14
8 Jl=Jl+LL
9 CONTINUE
RETURN
END
COMPLEX UaU14Z21{1444),Y(1444)4,VR(5548),E3(38)4+E(146),T3(1444)
DIMENSION AMD(38) +RH(41)4ZH{41)FI(1444),DH(40),TH(T3)4X{(1444)
DIMENSION SIG(146).L({38),AREA(400),SN(73),CS(73),E9(73),E10(73)
DIMENSION XP(2)4,YP(2),E5(584).,E6(584),5CL(2)
EQUIVALENCE (Z(1),Y(1))
COMMON U,RS{40)+25(40),SV(40),CV(40)+BKyNPyNN,T(80)sTR(80)
CALL PLOTS(AREA,400)
READ(1+10) NPsNT,NS,JM,BK
10 FORMAT(4134,E14.7)
READ(1,11){AMD(T),1I=1,JM)
11 FORMAT(5E14.7)
READ(1415)}(RH{I)sI=14NP)
READ(1,15)(ZH(I),I=1,NP)
15 FORMAT(10F8.4)
READ(1+50)(L(I)yI=1,JM)
50 FORMAT(2013)
WRITE(3,9)
9 FORMAT('1 NP NT NS JM BK?)
WRITE(3,12) NPJNT,NS,JM,BK
12 FORMAT(1X,413,E14.7)
WRITE{(3,13)(AMDI(I),I=1,JM)
13 FORMAT(*QAMD'/(1X,5E14.7))
WRITE(3+16){(RH(I),I=1,NP)
16 FORMAT{*ORH*/{(1X,10F8.4))
WRITE(3,127)Y(ZH(I) s1=14sNP)
127 FORMAT({'QZH*'/(1X,10F8.4))
WRITE(3,51)(L{I),1I=1,dM)
51 FORMAT('OL'/(1X,2013))
PI1=3.141593
ETA=376.730
U=(00110)
Cl=BK*BK*ETA/ (4 .*%SQRT(PI*%3))
KL=1

14,8414




90

40

41

91

93

94

96

95

39

IF{(RH{Y)=RH(NP) ) NE.O.,.OR.{ZH{1)=ZH{NP)).NE.O.) GO TO 90

KL=0
RH(NP+1)=RH(2)
ZH(NP+1)=ZH(2)
RH{NP+2)=RH(3)
ZH(NP+2)=ZH(3)
NP=NP+2
NM2=NP-3
NZ=NM2%NM2
NZ1=NM2#%=JM
REWIND 6
READ(6) (Z{
READ(6)}(FI
NM=NM2/2
NM& =NMx*4
NT2=NT*2
NT3=NT-NS
NT&4=NS+1
DO 40 I=2,NP

I2=1-1

RR1=RH{I)-RH(I2)

RR2=ZH(1)-ZH(I2)
DH{12)=SORT({RR1*RR1+RR2*RR2)
RS(I2)=e5%(RH({I)+RH(I2))
ZS(I12)=eS*(ZH(I)+2ZH(TI2))
SV(I2)=RR1/DHI(I2)

CV(I12)=RR2/DH(I2)

CONTINUE

DO 41 J=1,NM

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

J3=J42+1

J4=J3+1

J5=Jd4+1

Jo=4*(J=1)+1

J7=J6+1

J8=J7+1

Jo=48+1

DEL1=DH{J2)+DH(J3)

DEL2=DH({J&4)}+DH(J5)
T(J6)=DH(J2)*DH(J2)/2./DEL1
T(J7)=DH(J3)1%(DR(J2)+DH(J3)/2.1/DEL1
T(J8)=DH(J4)*(DH{JS)}+DH{J4)/2.)/DEL2
T(J9)=DH(J5)*DH{J5)/2,./DEL2

CONTINUE

DD 91 J=1l,NMs4

TREJY=T(J)

CONTINUE

IF{KL.EQ.,0) GO TO 95
IF(RH(1}))93,94,93

DEL1=DH(1)+DH(2)
TRI1)=DH(1)*(1.+(DH{2)+DH(1)/2.,)/DELY)
TR(2)=DH{2)*(1.+DH(2)/2./DELL)}
IF(RHINP})964954+96

J1=(NM-1}=%4+3

J2=J1+1

DEL2=DH(NP-2}+DH(NP~1}
TR{J1)=DH(NP-2)*{1.+DH(NP=-2)/2./DEL2)

I),I
(1),

)
1)

TR(J2)=DH{NP-1)}*{1.+{DH(NP-2)+DH(NP=-1)/2.)/DEL2)

DEL=PI/(NT-1)
DO 43 J=1,NT




40

43

128

81
80

20
19

83
82

TH{J)={J-1)*DEL
SN{J)=SINITH(J)}
CS{J)=COS{TH(J))
CONTINUE

NN=1

CALL PLANE(VR,TH,NT)
DEL1=180./PI

DO 128 J=1.NT
TH{J)=TH(J)}*DEL1
CONTINUE
XP(l)=2.
XP(2)=8.
YP(1l)=5,
YP(2)=5,
Ul=.5%U

DO 80 J=1,NM
Jl=(J—-1)*=NM2+NM
Ja={ J+NM=1)=NM2
DO 81 I=1,NM
J2=J1+1

J3=J4%+1
Z(J2)1=U1%Z2(J2)
Z{d3)==U1%2(J43)
J5=J2-NM
J6=J3+NM
Z{J5)=e5%Z2({J45)
Z{J6)=.5%2{J6)
CONTINUE
CONTINUE

DO 19 J=1,NM2
J2=(J=-1)=NM2

DO 20 I=1,J
J3=J2+I1
Ja=(1-1)*NM2+J
Ul=.5%(Z(J3)+Z(J&4))
X(J3)Y=AIMAG(UL)
X(Jd4)=X(J3)
CONTINUE
CONTINUE

CALL LINEQ(NM2,Z)
DO 85 K5=1,2
J5={2=-K5}%=(NT—-1)%NM4
DO 82 I=1,NM2
E3(I1)=0.

DO 83 KK=1,NM2
J3=1+(KK=-1)*NM2
J&4=J5+KK
E3(I)=E3(1)+Z2(J3)%VR{J4)
CONTINUE

CONT INUE

S2=0.

DO 103 Ké=1,2
J5=(K6é6=-1)%NM2
J8={(K6&6~1)=NT

DO 84 J=1,NT
J7=d4+J8

Ul=0,
J1={J-1)*%NM&+J45
DO 88 I=1,NM2
J2=J1+1

“rr




41
UL=UL+VR(J2)*E3(1)

AR CONTINUE
E(J7)=C1%xuUl
S1=CABS(E(JT))
SIG(J471=S1=%S1
IF(SIG(JT7)GT.S?) S2=SIG(JT)
84 CONTINUE
103 CONTINUF
WRITE(3,5)
5 FORMAT('OSCATTERED FIELD AND SCATTERING CROSS SECTION/WAVELENGTH S
1QUARED!')
S1={2-K5}1#*180.
WRITE(3,124) S1
124 FORMAT(' BY MATRIX INVERSIOM, INCIDEMCE FROM 0=!,F4,0,'y 0=0")
2 WRITE(3,118)

118 FORMAT (' +!,36X 1= ,TX,'/")
WRITE(3,39)
39 FORMAT(*O o} REAL(EO) IMAG(EOD) SO/ (LAM)*=*2 REAL(EQD)
1IMAG(EQ) SO/(LAM)==x2")
WRITE(3,117)
117 FORMAT('+ =1, 11X "=1,11X,"'— ~'L,18X, ' /',11X."/ /")
DO 37 J=1,NT NS
J1=J+NT

WRITE{(3,38) TH(J),E(J)sSIG(J),E(JL),SIG(JL)
38 FORMAT(1X,F6.1,6E12.4})
37 CONTINUE
119 J1=10+ALOG10O(S2)}
S3=.1*%x{J1-10)
$4=52%S3
IF(S4-1.5) 110.110.111
110 SCL(K5)=2.%S83
GO TO 112
111 IF{S4-3.) 113,113,114
113 SCL(K5)=S83
GN TO 112
114 IF(S4-6.) 115,115,116
115 SCL(K5)=,5%S3
GO TO 112
116 SCL{K5)=.2%S3
112 S5=1./SCL({K5}
WRITE({3.109) S5
109 FORMAT{'OONE INCH CORRESPONNS TO SIGMA/(LAMBDA)*=*2=1!',E11.4)
DO 106 Ké&=1,2
J1={K6-1)*NT
J3=NT2%( (K5-1)%2+K6~1)
DO 107 J=1,.NT
J7=J1+J
J8=J4+J3
J9=J3+NT2-J+1
S2=SIG(J7)*SCL(K5)
S1=SN(J}*52
ES5(J8)=5.+S1
E5(.)9)=5,-51
E6(J8)=5.+CS(J)*S2
E6(J9)=E6(J8)
107 CONTINUE
106 CONTINUE
85 CONTINUE
DO 48 Jd=1,JM
J1=(J-1)*NM2
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18
48

23

22

27

21

32

52

31
30

46
45

DO 18 I=1,NM

J2=J1+1

J3=J2+NM

J4=2%1+1
FI(J2)=FI1(J2)%RH(J&)
FI(U3)=FI(J3)%=RH(.J%4)
CONTINUE

CONT INUE

DO 21 J=1,JM
JI=(J-1)%NM2

S1=0.

DO 22 I=1,NM?2

$2=0.

Ja=(1-1)uNM2

DD 23 K=1,NM2
J3=J1+K

J2=J4+K
S2=S2+X{(J2)*FI1(J3)
CONTINUE

J2=Jd41+1
S1=S1+S2%F1(42)
CONTINUF
E3(J)=1./S1/(li+1./AMD(J})
DO 27 I=1,NM2
J2=J41+1

T3(J2)=FI1 (J2)%*E3(.1)
CONTINUE

CONTINUE

DO 32 J=1.N2Z

Y(J)r=0.

CONTINUE

DO 29 K=1,.M
J3=(L(K)—=1)%NM2

DO 30 J=1,MNM2
J1=(J-1)*%NM2

J5=J3+J

DO 31 I=1,J

J2=J1+1

Ja=J3+1
Y(J2)=Y(J2)+FI1(J5)xT3(J4)
J6={I1~1)%NM2+J
Y(d6)=Y(d2)

CONTINUE

CONTINUE

DO 65 K4=1,2
J8={2-K4)*(NT-1)*=Nm14
DO 45 I=1,NM2
E3(I)=0.

DO 46 KK=1,NM2
J3=T+{KK=1)*NM2
J4=J8+KK
E3(T)=E3(I)+Y{(J3)%®VR(J4)
CONTINUE

CONT INUE

DO 66 K5=1,2
K3=((K&=1)%2+K5=-1)%NT2
JT=(K5=1)*%NT
K2=(2-K5) %4
J5=(K5-=1)=NM2

DO 44 J4=1,NT,4NS
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Ul=0.

Jl=(J-1)*NM&+J5
DD 47 I=1,NM2
J2=J41+1
Ul=U1+VR(J2)*E3(T1)
47 CONTINUE
J8=JT7+J
E(J8)=C1%U1l
S2=CABS(E{J8))
SIGIJ8)=52%S2
S2=S1G(J8)*%SCL (K&}
E9{J)=5,+SN(J)*S2
E10(J)=5,+CS(J)*S2
44 CONTINUE
DOY 86 J=1,NT4NS
CALL SYMBOL(EQ(J)+EI0(J) 9.07+K2300,~1)
86 CONTINUE
DO 89 J=NT4+NT3,NS
J1=NT=-J+1
S1=10.-E9(.J1)
CALL SYMBOL(S1+E10(J1)44079K25049—1)
89 CONTINUE
CALL LINE(ES(K3),E6{(K3),NT2,1,0,0)
66 COMTINUE
68 CALL LINE{(XP:;YP,.2+1,0,0)
DO 77 J=1.,7
S1=9-J
CALL SYMBOL(S1+5.4.1441340e4~1)
77 CONTINUE
CALL LINE(YP4XP,2,1,0,0)
DO 78 J=1,7
S1=9-J
CALL SYMBOL(S5.sSlyel%y13,90.,~1)
78 CONTINUE
CALL PLOT{7490e9+~3)
WRITE(3,122) K
122 FORMAT('0Q*',I3,' MODE SCATTERED FIELD AND SCATTERING CR{SS SECTION/
LWAVELENGTH SQUARED!')
S1={2-K4}*180,
WRITE(3,129) S1
129 FORMAT(' INCIDENCE FROM O0=',F4.0,', Q0=0"')
WRITE(3,120)
120 FDRMAT("‘"’].SX, "'97X7 '/')
WRITE(3,39)
WRITE(3,117)
DD 126 J=1,NT,NS
J1=J+NT
WRITE(3,38) TH(J),E(J)+SIG{J)H»E(JL},SIG(JL)
126 CONTINUE
65 CONTINUE
29 CONTINUE
CALL PLOT(6.40.9-3)

STOP

END
/*x
//GD.FTO06F001 DD DSNAME=EE0034.REV1,DISP=0LD,UNIT=2314, X
/7 VOLUME=SER=SU0004,DCB=(RECFM=V,BLKSIZE=1800,LRECL=1796)

//G0.SYSIN DD =*
21 73 4 3 0.3141593E+00
0.2559665E+01-0.8785684E-02—-0.264452T7TE+02

0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000
5.0000 5.5000 6.0000 6.5000 7.0000 7.5000 8.0000 8.5000 9.0000 9.5000
10.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 - -
2 1 3 T
/x




44
Output of Program #5

NP NT NS UM BK
21 73 4 3 043141593 C
AMD
Ne2559665E DL—=0B785634E~02-7.264%4452TF 02
RH
0.0 Ga573CO 1.0020 1.5%0700 2.000)
5.0900 5.5200 s I0 H.50) 12 T.20C)
10.00LN
IH
0.C G2 ] N.N 0.0
0.0 0.0 « 0 J.0 Jel
0.0
L
2 1 3

SCATTERED FIELD AND SCATTERING

BY MATRIX INVERSIDIN,

) REAL(ES)

Je0 =Go3224E J1
15.0 =2.2903 O1L
22.0 —-0.2570F 01
30.7 -0.2106E D1

4ved =Co16064E 01
5C«0 =0 11423E J1
6)e0 =0.7531E <73
T)el -0.4479E GO
8J.0 -0.2269E CO

CeC ~Ca30617E-06

1020 G.2069E 0D
117.0 0.4479E €7
12C.C 0.7531F 07
130.0 0.1140E 21
140.0 O 1604E 21
150.0 C.2106F 01
16J.0 0.2570E 01
170.0 ©G.2903F Ol
183.0 C.3024E 21

INCIDENCE

[1AG(EE)}
e 23C1E 0O
Jd.22993E QO
0.2243E 0C
U.2130E 0O
Je.1929E ¢
O.1l036E 00
JJ1272E 09
J.8633E-31
De4351E-01
D.7842E-217

~0.4351E£-31
-0.8638BE-J1
-0.1272E 00
-0.1636E 20
-3.1929E Q0O
-0.2130E 00
—De2243E 30
-0.2290E 0O
-Q0.2301E 00

2.5000 3.0CC> 33,5005
7.5700 8.0002 8.5C0C
0.0 N0 0.0
0.0 2.0 J.7

CRISS SECTION/WAVELENGTH SQUARED

FRIOM 6=1730,,

S8/ (LAM) %2
0.9193F 041
0.8478E J1

C.6655E 71 -

0.4480F J1
0.2611E N1
C.1327€ a1
0.5833F n0C
C.2C81E 13
O0e4469E-921
O.137PE-12
Ca4469E~01L
C.2C81F 00
G.58633E 00
0.1327E J1
0.2611F C1
0.4480k 01
C.6655E 21
0.847HE 01
C.9198E 921

2=9

REAL{EZ)
N.3024F 01
D.2897F cCl1
0.2550E 01
Q.20T71E 0O1
0C.1561F N1
0.1165E 01
0.7484E 0OC
C.5029& 0OC
0.3627TE 0C
C.3175F 0OC
0.3627TE OC
G.5029t 0C
C.T7484c OC
C.1LCH5E Gl
0.1561lE 01
C.2071t 01
0.255%0E ¢C1
C.289TE 01
U.3024E D1

IMAG{EM)
-0.2301F $°
-2.1925F C=
-0.9136E-C1

J.4134d4E-Cl
J.1736F UN
J.2812E O
3.3552t G9
0.3988E CO
C.4270E C)
J.4261FE 30
3,42720GE GV
J.3988F 09
J.3552€ 0Ou
J.2B12E C)
J.1736E CQ
Je.4138E-CL
=J.9186(~-C1
=2.1G25F C©?
-0.2371€ C7

ONE INCH CORRESPINDS T3 SIGMA/(LAMBDA)*%2=

SCATTERED FIELD AND SCATTERING

J.5000F 1

CRIISS SECTION/WAVELENGTH SQUARED

BY MATRIX INVERSIAN, INCIDENCE rROM 6= 0.,
8 REAL(E®) IMAG(ES) SB/{LAM}*x?
0.0 0.3024E 01 —-0.23G1lE 00 0.9198E 21
130 0.2903E 01 -J.2290€ 00 0.B478E 01

20.0 O0.2570E 21 —-0.2243E 00 0.b6655E 01
30.0 0Q.2106E J1 —-0.213CE 00 0.4480E 01
40.0 0.1604E 21 -0.1929E 00 0.2611t 01
S0.9 0.1140E 21 -0.1636E Q0 0.1327F 31
6.0 GC.7531E 00 -0.1272E 00 0.5833F Q00
70.0 0.4479t 00 -0.8638E-01 C.2G81E 20
80.0 0,2C69F 00 —-0.4351E-01 0.4469F-01
90.0 0.36L7E-36 -0.7T842E-07 O0.1370E-12
100.0 -0.,2069E CO 0.4351E-01 0.4469E-01
1100 -0.4479E 00 J.8638E-01 GC.2081E 00

$#=0

RFALIEZ) IMAG (E¥)
-0.3024t 01 0.,2371E C7
-0.2897E 01 2J.1625t C7
-0.2550E 01 (.91864F-01
-0.2071E 01 =-J).41338F-01
-C.1%561lE Ol -3.1736E ()
-0.11C5E 01 -2.2812E QO
—C.748B4FE 0OC -D.3552f ¢
-0.5029k 0C -0.3988E GN
-0.3627F 00 ~0.4200t 02
-0.3175E 0OC -J.4261F CJ
—G.362TE CO —-0.4200E C)
~-0.5029E 0OC ~0.3988€ CO

4
9

(o N el

0700 4.
D00 9,
.‘) O.
.n O.

5JCY
500"

it
-
~

SA/{LAM) %2

N.9198E
N.342GF
D.651CE
0.4289E
N.2468E
D«1331E
J.6863¢C
2.412CE
Q.3079F
0.2824F
D.3079C
J.412¢CE
J.6863E
0.1301F
D.2468F
J.4289E
C.651CFE
N.B429F
D.9198¢

S/ (LAM) %
3.9198E
J.8429E
Ce6510E
V.4289¢E
C.2468F
241301k
N.6863E
O.412CE
0.3C79E
0.2824€
0.3079F
0.412CE

1
21
c1
ct
Cl
Cl
co

~n
RV Y

*2
01
Cl
Ccl
Cl
C1
Cl
cC
cce
(¥
CT
ccC
(G




1200
132.3
14G4.3
15u.90
163.1
17C.2

18¢ .0

-0.7531€
-G.1142E
-0.1604E
-Nn,?2106E
-G.2570E
-0 .2903E
-G.3024E

nn
21
21
a1
21
31
a1

O.1¢72E
N.1436E
D.1929E
N+2137E
Je2243E I3
3.22G6CE Q0
J.23C1lE 32

(816
a0
aqan
Ny

J.5833E
J.1327E
C.2611F
Le4480L
UebHHIDE
DeB84173F
C.9198F

bl
ul
01l
21
21
g1
Q1

CNE INCH CURRESPUNDS TO SIGMA/{LAABDA)*%2=

-1 1105k
-0,1561¢
~Ze?2071k
-0.2550¢
—L.2897Fk
~C.3024¢k

C.50C0F

20
21
N1
Cl
'
¢l
ol

G1

-0.3552€E C)
~J.28l2E &7
-3.1736E 0OF
-Ge4138E~01
J.9186F~01
J.1925F GV,
0.2301k 8

U.6863¢
0.1331E
0.2468F
0.4289E
N.551CF
0.85429F
D.91L98F

1 MUOUBE SCATTERED FIELD ANuU SCATTERING CROSS SECTIUN/WAVELENGLTH SQUARED

INCTUENCE FROM

2]

e
1.2
2J e}
3c el
40 a3
5N.C
6le 0l
80-’::
Vel

Icre

L10. C
12\:‘0 ’:’
1320
14C.0
15,7
16J.0C
17¢.0
187.1

9=180.s £=0
REAL{ES) IMAG(E=)
-0.2895E 51 -2.2543E-G1
-C.2T78uF Il -C.2442F-)1
—0.2464E J1 -0.2165%E-71
-Q.2C23F gl -3.1773E-71
-G.1546F J1 -G.13538E-231
-0.1103E Q1 -1.3687E-32
—C.7329E 30 —-D.0422F-)2
—C«4363F L0 —-J.3333E-J2
-0.,2C023E 00 —0.LTT5E-32
-5 +3535€E-06 -J.3126F-C3
Q0.2023F €Y Q.1775E-02
C.4363F 02 9D.3833E-22
CoT3I9F 03 De5422E-02
Cel1903C J1 v.2087E-32
C.l545F J1 92.1353E-31
742323E 21 0.1778E-931
Go24m4t D1  D.216%E-1I1
Ce27d0E J1 T.2442E-D1
Ge2895E Il J.2543E-491

1 MODE SCATTERED
INCIDENCE FRUY €=

e

Je
1Je0
2010
3C.C
5060
60,0
Tl.4
8r.g
9040
1000
1130
12C.0
132.0
140.0
190 .
163.9
17).0
183.3

REAL{E®)
0.2895E J1
0.2739E 01
0.24564E 31
0.2023E 01
0.1546E 01
0.1133E 21
C.7309€E 90
0.4363E 03
0.2G20E 372
0.3535E-906

-0.2G20E 0C
~-0.4363E 0N
-0.7309£ 00
-C.1103E J1
-0.1546E 01
-0.2023E 01
~C.240604E 31
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VII. GAIN PATTERNS

Program #6 which calculates and plots the gain pattern for radiation
from axially symmetric excitation on a surface of revolution accepts punched

card data according to

READ(1,10) NP, NT, NS, JM, NC, NV, BK, SCL

10 FORMAT (613, 2E14.7)
READ(1,11) (AMD(I), I = 1, JM)
11 FORMAT (5E14.7)

READ(1,15) (RH(I), I = 1, NP)
READ(1,15) (ZH(I), I = 1, NP)

15 FORMAT (10F8.4)
READ(1,50) (L(I),I = 1, NC)
50 FORMAT (2013)
READ(1,57)(V(I), I = 1, NV)
57 FORMAT (7E1l.4)

READ(1,50) (LV(I), I = 1, NV)

The variables NP, NT, NS, JM, BK, AMD, RH, ZH, and L are the same as in
program #5 except that L now applies only to the Et directed eigencurrents.
The output of program #2 characterizes each eigencurrent by NM2 numbers.

For the axially symmetric mode, either the first NM2/2 numbers (correspond-
ing to Jt) or the last NM2/2 numbers (corresponding to J¢) are supposed to
be zero. Thus L(I) indicates that the L(I)th eigencurrent (only Et directed
eigencurrents being considered) to come out of program #2 will be the Ith
current to be added to the modal expansion. There are NV < NM axially
symmetric slots on the body of revolution. The voltage across the Ith slot
is V(I). Note that V(I) is complex. The Ith glot is located at the
(2*LV(I)+1)th data point (p = RH, z = ZH) on the generating curve C. Accord-

ingly, the I*® slot occurs at the peak of the LV(I)th triangle function

prV(I)' The function fi appears in (2-42) of [1]. For the plots, one inch

corresponds to a gain of 1./SCL.
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The impedance matrix and eigencurrents are read from the third and

fourth records of direct access data set 6 according to

REWIND 6

READ (6)

READ (6)

READ (6) (Z(I), I = 1, NZ)
READ (6) (FI(I), I = 1, NZ1)

Only half of the impedance matrix is read because only [Zzt] of (2-46) of [1]
is needed. Program #1 has stored the impedance matrix on the third record of

data set 6 columwise in the block diagonal form given by

[zZ1 (o]

[z,] = (22)

¢¢
o1 2%

The subroutine PLANE is similar to the one compiled with program #5.

At present, only ﬁgeof (5) is needed because a slot voltage, corresponding
to a Kt directed axially symmetric aperture electric f£ield, induces only a 3t
directed electric current which radiates only a Uy directed far field.

DO loop 60 suppresses the lower left zero submatrix on the right hand
side of (22). The net result of DO loops 71 and 73 is to arrange the
eigencurrents (FI) and their eigenvalues (AMD) in the order dictated by L
and to suppress intervening zeros from FI. DO loop 62 obtains the matrix
[X] appearing in (2-15) of [1] by taking the imaginary part of the average of
corresponding off diagonal elements of the impedance watrix. Statement 79
inverts the impedance matrix to obtain the admittance matrix. DO loop 82
obtains the column matrix [IE] associated with the electric current by pre-
multiplying the excitation column matrix by the admittance matrix. The
elements of the excitation column matrix of (27) of [3] are actually 27 times
the slot voltages, but the factor 27 is inconsequential as far as that gain
is concerned. DO loop 82 stores [IE] in E3. DO loops 84 and 97 compute the
radiation field Eév Rge[Iz] and gain G, and store them in E and G. The radi-

6
ation field and gain are normalized so that
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k)

f Gesin 8 do = 2 (23)
0

2
[Eel = G,

The phase factor —je_Jkr is suppressed from E DO loop 99 prepares hori-

9°
zontal and vertical components E5 and E6 suitable for plotting the gain.
DO loop 48 multiplies the eigencurrents by p to retrieve the column matrix

[I;] associated with each eigencurrent. The index J of DO loop 48 indicates
1

[IIIXI[I] (4 + 1/%0)

the Jth eigencurrent. DO loop 21 stores the matrix [I]
appearing in (20) in T3.

The index K of DO loop 29 indicates that inner DO loop 31 will add the
contribution from the Kth eigencurrent to the admittance matrix (20). DO
loop 44 premultiplies [Iz] stored in E3 by ﬁ;e stored in VR to obtain the
radiation field and the gain. The radiation field Ee and gain Ge, normalized
according to (23), are stored in E and G. In order not to mask a possible
discrepancy in the amplitude of the approximate pattern obtained by super—
imposing a few eigenfields, the present normalization uses the value of the
pattern integral (23) previously computed from the admittance matrix obtained

by inverting the impedance matrix.
Minimum allocations are given by

COMPLEX Z(NM2*NM), Y(NM2*NM), VR(NT*NM), E3(NM),
T3(NM*NM), E(NT), V(NV)

DIMENSION AMD(JM), RH(NP), ZH(NP), FI(NM2*JM),
DH(NP-1), TH(NT), T2(NM*NM), X(NM*NM),
G(NT), L(NC), LV(NV), SN(NT), CS(NT), GX(NT),
GY(NT), E5(NT*2), E6(NT*2)

COMMON RS(NP-1), ZS(NP-1), SV(NP-1), CV(NP-1), T(NM*4)

DIMENSION BJ(3*%(NP-1))

DIMENSION LR(NM)

where
NM2 = NP - 3
NM = NM2/2

Here, NP is its value after execution of statement 90 in the main program.

Note that BJ appears in PLANE and LR in LINEQ.
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/7 {0034 ,EE4342,96),'MAUTZ,JOE'MSGLEVEL=1
// EXEC FORTGCLG.PARM.FORT='MAP?
//FORT.SYSIN DD =
SURROUTINE PLANE(VVR,THR,4NT)
COMPLEX VVR(1l),A5,A6,U
COMMON U,RS{40),ZS(40),SV(40),CV(40),+BK,NP,T(80)
DIMENSION BJ{126),THR{1),FK(20)
NN=0
KG=NP=1
NM=KG/2~-1
M2=NN+2
AS5=2 .%3.,141593%U=x(NN+1)
FK(l)=1. :
DO 153 J=1,M2
Jl=d+1
FREJ1Y=FK(J)*J
153 CONTIMUE
DO 156 L=1,.NT
L1=(L-1)%NM
CS=COS(THR{(L))
SN=SIN(THR(L)}
BCS=BK=CS
DO 302 J=1.KG6
X=RS {J)*BK=SN
Ji=J
I1=NN
IF(I1l) 303,304,303
304 Il1=11+1
J1=J1+KG
303 DI} 305 Jd=11.,M2
IF(X-I.E‘S) 11112
1 IF(JJ-1) 3,344
3 RJ(J1LI=1. -
GO TO 206
4 BJ(J1)Y=0.
GO TO 306
2 RH=X/2.
RHZ2=RH*RH
RH3=RH*x*{JJ-1)
BJ{J1)=RH3/FK({JJ)
SS=BJ(J1)
8 SST=SS*1.E-7
DO 155 K=1,20
§$S==-SS*RH2/K/({K+JJ-~1}
BJ(JL)=BJ(JL)+SS
IF{ABS(SS)-SST) 306,306,155
155 CONTINUE
STOP 155
306 J1=J1+KG
305 CONTINUE
302 CONTINUE
IF{NN) 307,308,307
308 DU 309 J=1,KG
J1=J+2*KG
BJ(J)=—-RJ{J1)
309 CONTINUE
307 DU 300 J=1,NM
"J1=Jg+L1
VVR{J1)=0.
DO 301 I=1l,4
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301
300
156

20

N Oy

12

10
11

18

11=2%(J=-1)+1I
Ta4=4%(J-1)+1

12=11+KG

[3=12+KG
A6=(COS{ZS{I1)%=RCS)I+URSIN(ZS(I1)*BCS))*AS
BJ2=(BJ(I3)-RJ(11))*,5 .
VVRIIJL1)=VVR(JL)+A6*(CS*SV(IL1)*BJ2+SN*XCV(I11)*BJ(I2)*U)*T(14)
CONTINUE

CONTINUE

CONT INUE

RETURN

END

SURROUTINE LINEQ(LL,C)
COMPLEX C(1),STOR,STO,+ST+S
NDIMENSION LR{58)

By 20 I=1,LL

LR(I)=1I

CONT INUE

M1=0

DO 18 M=1,LL

K=M

DO 2 I=M,LL

K1=M1+1I

K2=M1+K
IF{CABS(C(KL))~CASBS(C(K2))) 24246
K=1

CONTINUE

LS=LR (M)

LR{M)=LR(K)

LR(K)=LS

K2=M1+K

STOR=C(K2)

J1=0

DO 7 J=1,LL

Kl1=J1+K

K2=J1+M

STO=C(K1)

C(K1)=C(K2)
C{K2)=STO/STOR
Ji=J1+LL

CONTINUE

Ki=M1+M

C(K1)=1./STOR

DO 11 I=1,LL

IF(I-M) 12,111,112
Ki=M1+1]

ST=C(K1)

C(K1)=0.

J1=0

DO 10 J=1,LL

Ki=J1+1

K2=J1+M .
C(KYLY=C(K1)-C(K2)=%ST
Jl1=J1+LL

CONTINUE

CONT INUE

MI=M1l+LL

CONTINUE

J1i=0

DU 9 J=1l,LL
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13

X0

10

11

15

50

57

37

38

39

TF(J=-LR{J)) 14,8,14
LRJ=LR ()
J2={LRJ-1)*LL
DU 13 I=1,LL
K2=J2+I
Kli=J1+1
S=C(K2)
C(K2)=C (K1)
CiKl)=S
CONTINUE
LR{J)=LR{LRJ}
LR{LRJ)=LR
[F(J-LR(J}) 14,8,14
Ji=J1+LL
CUNTINUE
RETURN

END

COMPLEX UsULsZ(722),Y(1444),VR{1387),E3(19),T3(361),E(73),V(19)
DIMENSION AMD(38)4,RH(41),ZH(41),.FI(1444),DH(40),TH(T73),T2(361)
DIMENSION X{(361),G(73},L(19),LV(19),AREA(400)+SN(73).,CS(73)
NIMENSION GX{73}1.GY(T3)+XP(2),YP(2)4,E5(146)4+E6(146)
EQUIVALENCE(TZ2{1),X{1}))1+{(Z(1),Y(1}]}

COMMONM U,RS(40),7S5(40),SV(40),CV(40),BK,NP,T{80)

CALL PLOTS{AREA,400)

READ(1+10) NP4NTyNS,sJIM,NC,NV,BK,SCL

FORMAT(613,2E14.7)

READ(1411)(AMD(I)oI=1,JM)

FORMAT(5E14.7)

READ(1,15)(RH{I),I=1,NP)

READ(1,15)(ZH{I).I=1.NP)

FORMAT(10F8.4)

READ(1150)(L(I)9I=19NC)

FURMAT (2Q1I3)

READ(1457)(V(I),I=1,NV)

FORMAT(T7E1l.4)

READ(1,50¥{(LVI(I),I=1,NV)

WRITE(3,37:

FORMAT('0 "© NT NS JM NC NV',6X,'8Kt,12X,*'SCL"')
WRITE(3,3&5. NP.NT,MNS,JM,NC,NV,RK,SCL
FORMAT(IX9y613,2E14.7)

WRITE(3,35)(AMDI(I),I=1,JM)

FORMAT(*QAMD'/{1X,5E14.7))

VRITE(3439)}{(RH{TI),I=14NP)

FORMAT('ORH!'/{1X,10F8.4})

WRITE(3,9)}(ZH(TI),1=1,NP)

FORMAT('QZH'/(1X,10F8.4))

WRITE{3,8)(L{I),1=1,NC)

FORMAT(®*OL'/(1X,2013))

WRITE(3,7){(V(I),I=1,NV)

FORMAT('OV!'/({1X,7E11.4))

WRITE{3:6)(LV(I),I=1,NV}

FORMAT('OLV'/({1X,201I3}))

P1=3.141593

U=(0.11t)
IF{(RH(1)=RH(NP) ]} NE.O..OR.{ZH(1)=ZH(NP}]).NE.O.}) GU TO <90
RH{NP+1)=RH({2)

ZH(NP+1)=ZH(2)

RE{NP+2)=RH(3)

ZH(NP+2)=ZH(3)

NP=NP+2
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90

40

41

43

64

NM2=NP-3
NM=NM2/2
NZ=NM2*NM
NZ1=NM2#=JM
REWIND 6
READ(6)
READ(6)
READ(6)I(Z(T1),1
READ(6)(FI(I),
NT2=NT=*2
NT3=NT=NS
NT4=NS+1
DD 40 I=2,NP
12=1-1
RR1=RH(I)-RH(I2)}
RR2=ZH(I)=-ZH(I2)}
NH{I2)=SORT(RR1*RR1+RR2*RR2)
RS{I12)=,5%(RH{I)+RH(I2))
IS{I2)=e5%(ZHIT)+ZH{I2))
SV(I2)=RR1/DH(I2)
CV(I2)=RR2/DHI(T12)

CONTINUE

DO 41 J=1.NM

J2=2%(J-1)+1

J3=d2+1

Ja=J3+1

J5=J4+1

Jo=4%(J-1)+1

J7=d6+1

J8=JT7+1

J9=J8+1

DEL1=DH({J2)+DH(J3)
DEL2=DH(J4)+DH(J5)
T(J6)=DH{J2)*DH(.12)/2./DEL]
T(J7)=DH{J3)%={DH(J2)+DH{J3)/2.)/DEL]
T(J8)=DH(J4)*{DH(J5)+DH(J4)/2.)/DEL2
T(J9)=DH(J5)1*DH(J5)/2./DEL2

CONT INUE

DEL=PI/(NT~1)

DO 43 J=1,.NT

TH{J4)=(J-1)=DEL
SN(J)=SCL*SIN(TH(J))
CS(J)=SCL*COS(TH(J))

CONTINUE

CALL PLANE(VR,TH4NT)

XP(1}=2.

XP{2)=8.

YP(1)=5.

YP(2)=5,.

DEL1=180./P1

DN 64 J=1,NT

TH(J)=TH(J)*DEL1

CONTINUE

J1=0

DO 60 J=1,NM

J2=(J4-1)%NM2

DO 61 I=1,NM

Jl=J1+1

J3=J2+1

Z(J1)=2(43)

1+NZ)

I=1,NZ1}




61
&0

72

71

73

63
62
79

65
82

88

84

97

66

CONTINUE

CONTINUE

Ji=0

DO 71 J=1,.NC
J2=(L(J)=1)%NM2
DO 72 I=1,NM
Jl=Jl+1

J3=g2+1
T2(J1)Y=F1(J3)
CONTINUE

J2=L(J)
E5S(J)Y=AMD( J2)
CONTINUE

J1=0

DD 73 J=1,NC

DO 74 I=1,NM
Ji=Jl+1
FI(Jl}=T2(J1)
CONTINUE
AMD(JY=ES ()
COMTINUE

DD 62 J=1+NM
J2={J=-1)%NM

DD 63 I=1,J
Ji=J2+1
J3=(I-1)#NM+]
X{(J1)=5*ATMAG(Z(J1)+Z(J3))
X(Jd3)=X(Jd1)
CONTINUE

CONT INUE

CALL LINEQ(NM,Z)
DO 82 I=1,NM
E3(I})=0.

DO 65 K=1,NV
Kl=I+{LV{K)=1)x*NM
E3(I)=E3(I)+Z(KY1)*V(K)
CONTINUE

CONTINUE

S$2=0.

J2=0

DO 84 J=1,NT
Ul=0.

DO 88 I=1,NM
J2=J42+1
Ul=Ul+VR(J2)I*E3(1)
CONTINUE

E(J)=U1 .
S1=CABS(U1l)
G(J)=S1*S1
$2=5S2+G(J)*SN(J)
CONTINUE
S5=2.%SCL/S2/DEL
S6=SORT(S5)

DD 97 J=1,NT
E{J)=E(J)*Sé6
G(J)=G({J)*S5
CONTINUE
WRITE(3,66) .
FORMAT('ORADIATION FIELD AND GAIN BY MATRIX INVERSION?')
WRITE(3,67)
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67

68

70
69

FORMAT('O 0] REAL(EQ) IMAG({EOQO) GAINO')
WRITE(2,68)
FORMAT( '+ =, 1IX g ' =, IX, = ,10X,'=1)

DO 69 J=1,NT,NS

WRITE(3,70) TH(J),E(J)G(J)
FORMAT({1X4Fbels3E12.4)
CONTINUE

DO 99 J=1,NT

" S1=SN{J)%G(J)

99

18
48

23

22

27
21

32

75
31

J9=NT2-J+1
£5(J)=5.+S1
E5(J9)=5.~S1
E6(J)=5.+CS{J)*G(J)
E6(J9)=FE6(J)
CONTINUE

J1=0

D 48 J=1,NC

DO 18 I=1,NM
Ji=Jl+1

Ja=2%1+1
FI(J1)=FI{(J1)*RH{J4)
CONT INUE

CONTINUE

Do 21 J4=1,NC
J1=(J=1) *NM

Si=0.

Do 22 I=1,NM

S2=0.

Ja={(1-1)=%=NM

DO 23 K=1,NM
J2=J4+K

J3=J1+K
S2=S2+X(J2)*FI(J3)
CONT INUE

J3=J1+1
S1=S1+S2*%FI{J3)
CONTINUE
Ul=1./S1/(U+1./AMD(J))
DO 27 I=1,NM
J2=J1+1
T3(J2¥=FI(J2)*Ul
CONTINUE

CONTINUE

NZ 2=NMxNM

DO 32 J=1,NZ2
Y{J)=0.

CONTINUE

DO 29 K=14NC
J3=(K~1)*NM

J1=0

DO 31 I=1,NM
Jé=J3+1

E3(1)=0.

DO 75 J=1,NV
J2=J3+LVv{(J)
Jl=Jl+l
Y(J1l)=Y(JL)+T3(J4)*F1(J2) ~
E3(TI)=E3(I1)+Y(J1}*®V(J)
CONTINUE

CONTINUE
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DO 44 J=1,NT,4NS
Ui=0.
Jl1=(J-1)*NM
DO 47 I=1,NM
J2=J1+1
Ul=Ul1+VR(J2)%*E3(1)
47 CONTINUE
E{J)=U1l*S6
S1=CABS(E(J))
G(J)=S1*S1
GX(J)=5.+SN(J)*=G(J)
GY(J)Y=5.+CS{JIY*G(J)
44 CONTINUE
WRITE(3,76) K
76 FORMAT('0*,13,' MODE RADTIATION FIELD AND GAIN?')
WRITE(3,67)
WRITE(3,68)
NO 80 J=1,NT NS
WRITE(3,70) TH(J)HLE(J),G(J)
80 CONTINUE
CALL LIME(XP+YP,2+1,0,0)
DO 77 J=1,7
S1=9-J
CALL SYMBOL(S1+¢5e7+¢14,5134004-1)
- 77 CONTINUE
CALL LINE(YP4XP424+1,0,0)
DO 78 J=1,7
S1=9-J
CALL SYMBOL(54+S14.14413490.,4-1)
78 CONTINUE
CALL LINE(E5,E6,NT2,1,0,0)
DO 86 J=1,NT,NS
CALL SYMBOL(GX(J)+GY(J) 30794400y -1)
86 CONTINUE
DO 89 J=NT4,NT3,NS
J1=NT-J+1
S1=10.~-GX(J1)
CALL SYMBOL(S1+GY(J1)ye07+440e9—1)
R9 CONTINUE
CALL PLOT{(7e+0.,—-3)
29 CONTINUE
CA!_L PLDT(b- 70.q—3)

STOP

END
VL
//GO.FTQ6F001 DD DSNAME=EE0034.REV1,DISP=0LD,UNIT=2314%, X
/7 VOLUME=SER=5U0004,0CB={RECFM=V,BLKSIZE=1800,LRECL=1796)

//GO.SYSIN DD =*
21 73 4 5 3 1 0.3141593E+00 0.5000000E+0Q0O
0.3359053E+02 0.6264798E+00-0.1842634E+01-0.1062163E+04-0.1210105E+05
0.0000 0.5000 1.0000 1.5000 2.0000 2,5000 3.0000 3.5000 4.0000 4.5000
5.,0000 5.5000 6.0000 6.5000 7.0000 7.5000 8,.0000 R.5000 9.0000 9.5000
10.0000 '
0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000 0.0000. 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
3 4 5
0.1000E+01 0.0000E+0QO
5
/%




8 Output of Program #6

NP NT NS JM NG NV 3K sCL
21 73 4 5 3 1 1.3141593F D) J.500J00CE 0N
AMD
Je3359052E 02 C.6264137E NC-0.1842633E D1-0.1062163E C4~3.12101D5F 75 .
RH
Cel Co5000  1.0ud0  L1.5023 2.C095 2.50093  3.0C00 345000 4.0000  6.50¢ .
5.5005 5.59CC 6.0000  6.500)  7.0CD) 7,5007  8.000C  BL.5000  9,0607 9.5507
10.00UC0Q
7H
0.0 0.9 fia 0.9 9.0 0.0 GeC 0." 0.0 Coil
0.0 0.0 C.l 0.0 9.C 1.0 GuC 0.2 0.9 c.n
0.0
L
3 4 5
v
0.1GGGE Ol 2.0
Lv
5

RADIATIUN FIELD AND SAL 1 3Y “4ATRIX INVERSI N

3 REAL (L) IMAG{E=) GAIN®

JeU 0O.f 249 0.0

1T o =0e5429E 00 .3129F 00 0,3926F 20
2740 =Ce9T74HE O) G,55%60F 30 U.l259F ol
32.06 -0.1223F J1 Jendl6HE 30 (G.1957E 01
4C .0 -Ce1273E Gl e 7TS0LE 20 GL,2111F Ol
SCeD =0LLLISTD JL Je»215F 00 0D.,1725+ 21

LeQ =0649292E 20  J.48T2E 20 OCJ11C1E 21
Trad =0eh3ITE 010 Ua3289E O C.5171F 20
B2.0 =043239E 3 0Nal64dE Cu O.1l3138E OC
Yoeu =Co5844EL~-06 D,2944E-00 (C.4281F-12
L0U.D 0.3239t 30 —-2elb40E Qv 0.1313F 0OC
1173 0.6397E NY -C.3485E Ou 0.5171E 00
12040 0.9292E D9 -7.4472F 00 0.1171¢ Ot
130eC  Qell®D/IE D1 =N.n2lnE 20 0.1720E 01

14..0 ©0.1273F 21 =0.7%31F 00 C.2111F 11
150e0 C.l1223E Ol -0.5365E 00 0.1967E N1
16 ed  Ue9T45E DU -D.55&)F 00 Gal259€ 01
L70.0 0.5429E QU —=0.3129E 70  0.3926E 920
182.6 0.0 P! _ 049

£




1 MONE RADIATIUN

&

(O]
1.0
2;.(}
3C.0
43 .0
br.o
60.7
7‘.0
82.9
9C .9
162.35
11249
122.0
136. 0
l45.0
150.9
161).C
i?7dY. 9
18l. 0

REALIESR)
.0
=C.57062E 09
-0.1024E 21
~0.1252€ 31
~C.123vE 21
-0e.1145k 1
-0.8374E 09
-C.6051E 0O
-0.3020E 20
=0.5422F-16
0.3020E un
CG.5051E 00
0.8974E 00
C.1145E 01
U.1289E 01
ULe1255E 01
0.1224E )1
Q.5762E 0O
0.0

2 MODE RADIATION

>

el
Lu.n
C.r_)
30.0
440
5.0
65.0
Iare
8047
9C. "

10C. 0

11C.v
120 o0
13C.C
140. 0
150.C
16C. U
17C."
183%.0

REAL(ED)
Ca.C
-C.5422E 90
-0.9735E 97
-C.1222E DJ1
-C.1273E 01
-G.l157E D1
=C.9296F U
-C.6402E 09
-0.3243E 20
-C.5852E-06
0.3243E )0
0.6402E 29
0.32956E 99
C.1157E 91
0.1273E 91
Nn,1222 31
G.973%E 22
0.5422 20
0.0

3 MOUE RADIATIIN

e

G.O
1Le0
23.0
3C.C
40,0
S50eC

:_‘oo
7J.GC
80.N
90. 0
100.9
110.0
120. 7
130.90
140.0C
lbO.G
16L.0
170.0
187.0C

REAL{ES)
C.Nn
-C.5416E 0O
-0.9726E CO
-C.1221E 01
-0.1272E )1
-N.1158E 01

-0.9301lE Q0

—~0«.6407E 20
~0.3245k 20

~0.5897T€E-056
0.3245E 00
C.6437t GO

. C«.%301E QO
0.1154€ J1
0.1272E 1
CG.1221E 21
C.9726FE 00
0.5417E U0
0.0

FTELD AND GAIN

IMAG{ER)
0.0
0.3L27E J0
De9557E 0O
O.6R63E U
66993E S0
Jebhl2l2E 20
J.43T7TJE N0
Ne3234E 70
D.l039E 00
N.2943-06

~0.1632E J0
~Q0e.3234E 00
~-92.487GE 00
~0.5212E QU
-0.5993E 30
~C.6363F 00
~Ja9H5 7 QO
-D.3127E QO
00\)

GAINe
0.0
0.4299E 00
0.1357E a4l
G.207CF 01
0.2152E )J1
0.1696E 31
0.1042E 01
0.4739E 00
O0.1181E 0C
C.3806E-12
0.1181F 0O
0.4739E 0C
0.1042E J1
0.1696E 01
C.2152E 0Ot
0.2070E 01
O0.1357E 01
0.4299E 0C
0.0

FIELD AND GAIN

TMAG(E#)
0.7
Je3127€ GO
D.5557E 00
Je6B6ZE OU
C«5997F 0Q
Je8212E GU
J.4973E 00
N.3284E 00
O.1533E 00
Je2943E-70

~Je.1639E N2
~J.3284E Q0
~0.6212E 0OU
~0.h3997E 00
~J.6862€ 00
~J«.5557E 00
~0.3127E 00
C.n

GAINA
0.3
0.3%918f 20
G.1256E 01
0.1964F 01
0.21C9E 1
0.1725F 01
O0.1101E 01
0.5178E )0
0.1320E o0
0.4290F-12
0.1320E 99
0.5173F OV
0.1101F Ol
0.1725E 01
0.2109E 21
J0.1964F 01
0.1256& 01
0.3918F Q0
2.0

FIELD AND GAIN

TMAG(ES)
Ded
2.3127E Q0
0.95557E 0O
N.6862E 0O
0.6997E 00
Ue6212E 00
0.437T0E 0O
1.3284E 00
DJel639E Q0
U.2943E-06

~0.1639E Q00
~N.3284E Q0
~0N.48THE 00
~0.6212E 00O
~N.5997E NO
~J.6862E 00
~-0.5557E 00
~-0.3127E Q0
Ne?

GALIN®
0.0
0.3912E 00
0.1255€£ 01
0.1962E J1
0.2109E 01
0.1726t 01

0.1102¢ nl
0.5183E 12¢C
0.1322E 00
C.4296E-12
0.1322€ 20
0.5183E Q0
0.1102E 91
0.1726F 01
C.2109F 21
0.1962E 01
0.1255F 0Ol
0.3912E 00
0.0
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