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I. TINTRODUCTION

Computer programs for calculating the half-space admittance and
scattering matrices for a finite planar rectangular waveguide antenna
array are described and listed in this report. The aperture dimensions
can be less than or equal to the feeding waveguide dimensions and the
elements are uniformly spaced in each of two directions in either a
rectangular or isosceles triangular lattice. The general theory and
method of computation are given in the report [1]. Equations drawn
from reference [1] are preceded by 1-. For instance, (1-5) denotes

equation five of reference [1].

In summary, the procedure is an application of the method of
moments to an integral equation formulation of the problem. The un-
knowns to be determined are the coefficients of the equivalent magnetic
currents, which are proportional to the tangential electric field in the
aperture regions. A single expansion function is used to approximate the
electric field in each aperture.

The computer program subroutine AY which calculates the modal

coefficients ATE Azg (1-30,31) and the characteristic admittances

TE ™ ik’
Yk . Yk (1-34,35) is described and listed in Section II. The subroutine
YHSP which calculates elements of the first column of the half-space
admittance matrix Yhs (1-12) is described and listed in Section III. The
subroutines FCT and FCTA which supply the integrands respectively of the
single integrals of (1-68) and the double integrals of (1-59) to the
numerical integration subroutines QG8 and QG6A-QG6B for calculation of
Yhs are described and listed in Section IV. The subroutine INT which
transfers data (limits of integrations and integrand specification) from
subroutine YHSP to subroutine QG8 is described and listed in Section V.
The subroutines QG6A~QG6B and QG8 which are respectively a six-point
double and an eight-point single Gaussian quadrature numerical integration
subroutine are described and listed in Section VI. The subroutine CSMTZ
which solves equation (1-15) where [ng + YhS] is symmetric Toeplitz
(occurs for the uniformly spaced linear array lattice case) is described

and listed in Section VII. The subroutines MATMLT, TRMMLT, MULTTR,

-




MATVCA, and LINSLV which solve equation (1-15) where [ng + YhS] is

symmetric block-Toeplitz (occurs for the uniformly spaced rectangular
array lattice case) is described and listed in Section VIII. The
subroutines LINEQ and DECOMP-SOLVE which are respectively a complex
matrix inversion and a Gaussian elimination - LU decomposition complex
linear equation solver subroutine are described and listed in Section IX.
The subroutine TOPGEN generates a complete matrix (half-space admittance
or scattering) given one column is described and listed in Section X. A
main program which uses subroutines AY, YHSP, TOPGEN, CSMTZ, DECOMP,
SOLVE, and LINSLV to obtain the half-space admittance and scattering
matrices is described and listed in Section XI along with sample input-

output data.

ITI. DESCRIPTION OF THE SUBROUTINE AY

The subroutine AY(A,Y) stores the submatrices defined by (1-30)
and (1-31) in A and the admittances defined by (1-34) and (1-35) in Y,

AEE is stored in A(k = (m+l)/2 + n/2 * LM)

YiE is stored in Y(k = (m+1)/2 + n/2 * 1LM)

m= 1;3;55s0s5 LM

n= 052,440005 LN

AEM is stored in A(k

LM*LN + (m+1)/2 + (n-=2)/2 * LM)

Y{M is stored in Y(k = LM*LN + (m+1)/2 + (n-2)/2 * LM)
M= Li3sDgee ey LM
= by 6y aey LN &

Note that only odd m and even n modes are calculated and that the first

IE and AIE in (1-30) and (1-31) has been dropped since the

same expansion function is used in every waveguide region,

subscript of A
A ®

A2k = ,,, = ANk = Ak. The variables AL, ALl, BL, BL1l, LM, LN, ER, and

ETA in the COMMON statement are respectively a/A, a'/A, b/A, b'/)\, LM, LN,
Er’ and n where A is the free space wavelength. Minimum allocations are

given by




COMPLEX Y(2 * LM * LN + LM)
DIMENSION A(2 * LM * LN), F(LM), STE(LN),
STM(LN).

DO loop 10 stores

b’ 2€n nm gl Dg:' n
a a'ﬂk3 aa' bb' “°° 2 Tnmp’ aa (E + 1)
2b
-nb' 2 nm siu ng:' n
e '\/aa' LRl nTZTI;' et

If n = 0, statement 30 calculates STE(l) using sin(0)/0 = 1. DO loop 12

stores

2
2\ mTm mma' .
ST sin — cos —— in F(
(E_ | _l;o
a2 a'2

m+1
5 )

If Im - a/a'l < £ (a small number), statement 13 calculates F((m+1l)/2)

by replacing (1/(m2/a2 - 1/a'2)) cos(mma'/2a) by its limit (- waz/é)
as m approaches a/a'. DO loop 20 calculates the coefficients A{E, A:M,
TE

™
Yk , and Y

e Statement 31 stores A{E in A(k) where

AEE » ACRY = L STE} + 1) F(ﬂ;—l)

2 2
Vi

where

m= 1,3,5;¢0.5 LM
k = (ml)/2 + n/2 * LM
e 0,2,45s04 LN .

Statement 33 stores AiM in A(k) where




sTED) FCED)

AEM = Atk) =

M2

m,2
655) b (Zb)

where

m = 1,3,5:¢¢LM
k=1M * LN + (m+1)/2 + (n-2)/2 * LM

n=2,4,6,...,LN .

Statement 22 or 24 stores Y§E of (1-34) in Y(i) where
m = 153555« EM

i= (m+l)/2 + n/2 * LM

n

1
o
s
N
%
ol
5
:
-
12!
Z

If the calculated value of (ki/k)2

replaces (ki/k)2 - €, by 10_6 € Statement 32 stores YEM of (1-35)

in Y(i) where

Er is zero, then statement 23

m = 1,3,5; ;LM
i=1IM* LN+ (m+1)/2 + (n-2)/2 * LM
n=2,4,6,...,LN

C LISTING OF THE SUBROUTINE AY

SUBROUTINE AY(A.Y)

COMPLEX U,Y(SS)

DIMENSION A(S0)eF(S)sSTE(S)eSTM(S)
COMMON AL1+BL1PIJPI2,PI3,U/RI1/ZETA/RS/AL #BL
COMMON /R6/ERsLMoLNeNT
AL=SQRT(l./(ALXALL1*BL*BL1))
A2=A1%BL1.(AL*AL1 *P])
A3=1.414214%A2

Ad=1./(AL%AL)

AS=l ./ (ALL%*ALL)

AG=PI3%AL1/AL

AT=2.% AL

8l1=BL1/8BL

82=81%*PI3
B3=-1.,414214%A1%81/(PI*AL1L)
B4=2 . *BL

ETA2=ETA*ETA
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11

10

13
14
12

23
24
25
31

26

32

27
21

20

LNiI=LN+#1
STE(1)=A2
JNI1=2

JN2=2

DO 10 JUN=1,LN
Cl=JUN1%82
C2=SIN(C1)/7C1%(—-1)&&IN

IF({JN.EQeLN) GO TO 11

STE(JUN2)=A3%C2

STMCU UN)=UN1%B3%C2

JNI=UN1+2

JN2=JUN2+1

CONT INVE

JMi=1

DO 12 JUM=1,,LM

JM2= UM+ 1

IF(ABS(JM—AL/AL 1) LT <0.001) GO TO 13
FI(IMI=2./7(JIML12IM]L A4 —-AS ) *COS(JIML*AG)IE(~-1)%xxIM2
GO T0O 14

FAIM))=—PIXAL*AL/2%(—1 ) %% M2

JML=UML +2

CONT INVE

KTE=0

KTM=LN]1#%LM

KTMI=LN*®LM

JN2=0

DO 20 JN=1,LNI1

JN1I=JIN—-1

BN=JN2/B4

JMi=1

DO 21 JM=1.LN

AM=JMI1 /A7

CLl=AME®AM BN *BN

C2=SQRT(C1)

Cl1=C1-ER

KTE=KTE+1]

IF(C1l) 22+23,24

Y(KTE)=SQRT(-CI1)/ETA

GO 70O 25

Cl=1.E—-6¥%ER

Y(KTE)=-U*SQRT(C1)/ETA

IF{(JNGEQ.LN1) GO TO 26
A(KTE)=JM1*STE(JIN)*F(JM)/C2

IF(JN.EQ.1) GO TO 27

KTM=KTM+ 1]

KTML=KTM1+1

Y(KTM)=ER/(Y(KTE)SETA2)

A(KTML )=STM(JNL1)EF(JM)/C2

JMLI=JUML ¢2
CONT INVE
JN2=JN2 +2
CONT INVE
RE TURN
END
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III. DESCRIPTION OF THE SUBROUTINE YHSP

The subroutine YHSP (N,X,Y,YSP) uses the single integrals of
(1-68) and the double integrals of (1-59) to calculate elements of the
first column of the YhS matrix (1-12). There are N apertures. X(I)
and Y(I) are respectively the x and y center coordinates of the Ith

aperture.
Minimum allocations are given by

COMPLEX YSP(N)
DIMENSION X(N), Y(N) .

The constants D(1) - D(6) are the multiplying factors K, - K_ and

K, - Ky (1-61 to 64, 1-66 to 67) of the integrands of (5-59)?
D) = M@ - 1/4a'?) (x - xR, - )
+ 2 a1/ sin I Gy - x) “
D(2) = M@ - 1/4a'?) (x, - x; +a") sin T (x, - x)) ?
-2 @+ 14t cos I x - xp) |
D(3) = (1 - 1/4a'?) cos I %y = %)
D(4) = (1 - 1/4a'%) sin I & =%
D(5) = A{(1 - 1/4a'?) (x, ~ % +a") coa L @, - %) 3
- i‘nl (1 + 1/4a"%) sin al, x, = x,)} L
D(6) = M (1 - 1/4a'?) (x, ~ =, #a" st e tx, - %)
+ a?' (1 + 1/48'%) cos ;"—. (xj - %))
(a', x

, and xj are distances per unit wavelength).

i
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The constants TH1 - TH9 are :ngles at which a rotating line

from the origin (line 0-A in Fig. 1) will intersect different straight

i

= - - ' = "y ]
and y ¥y~ ¥y b', Yy = Yy ¥y 7Yy + b' (see Fig. 1).

line segment junctions defined by x = xj =X, - al, xj - X,, xj - Xy + a',

The CALL INT(N4, N5, N6, Pl, P2, XL, XU) statements between 12
and 11 select the correct pl(e) and p2(6) expressions used in Ml(e) - MG(B)
(1-77 to 82), select the integrand for each subarea (I-IV) in which the
single integration is being performed, and supply the 6 limits of inte-

gration.
For
N4 = 0, pl(e) =0
N4 =1, pl(e) = P1l/cos 6
N4 = 2, 01(6) = P1l/sin 8
N5 = 0, p,(8) = 0
N5 =1, 02(8) = P2/cos 6
N5 = 2, pz(G) = P2/sin 6O

N6 < 2, Integration over a subarea I-IV is
still being performed

N6 = 2, Multiplying factors for subareas I
and IIT are used

N6 = 3, Multiplying factors for subareas II

and IV are used

where Pl and P2 are lines which define the subareas of integration (I-IV)
and, therefore, represent the limits of integration for the variable p.

For instance, in Fig. 1, the lines which define the limits of integration
along line OA in subarea IV are Pl = yi ~ ¥4 and P2 = yj - ¥ 4 b's XE and

XU represent respectively the 8 and eupper limits of integrati-n.

lower
The arguments of the CALL INT statements will vary since the area
of integration (T7-IV) can move throughout the first quadrant of the uv

plane (assumes Xy fixj). There will be overlapping into other quadrants

Pa——
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when Xy xj, vy # yj, Xy # xj, T yj, and x; = xj, ¥; = Yy There
are four specific casesto consider for determining the integrations to

be performed:

Case 1) Xy # xj, Yy # Iy this integration will require twelve
4 CALL INT statements representing the twelve integration

areas of subareas (I-IV). The twelve statements are

l located between statements 13 and 14.

i Case 2) X, = xj, Yy # yj ~ this integration will require only

four CALL INT statements because of symmetry con-

T

; siderations. The four statements are located between

statements 14 and 15.

Case 3) x; # xj, yi = yj ~ this integration like case 2 will
require only four statements which are located between

statements 15 and 11.

Case 4) X = xj, ¥y = yj - this integration which represents
the calculation of the self-admittance will require
only two CALL INT statements which are located between

statements 12 and 13.

If (xj - xi) > 4a, a solution involving the double integrals
j of (1-59) is used. The calling statement is CALL QG6A(XL,XU,YL,YU,N9,Z).
i The variables XL, XU, YL, YU represent respectively the lower and upper
limits of integration for the u and v variables of integration in (1-59).

If N9 = 1, the first of the four double integrals of (1-59) are
evaluated (if N9 = 2, the second, etc.). There are three specific cases

! ) to consider for determining the integrations to be performed:

Case 1) X # X0 ¥y # ¥y - this integration will require
four CALL QG6A statements representing the four
subareas of integration (I-IV). The four state-

ments are located between statements 11 and 25.




Case 2)

Case 3)

i

10

Xy = Xy, vy # Ty this integration will require only
two CALL QG6HA statements because of symmetry considerations.

The two statements are located between statements 25 and 26.

Xy # xj, P yj - this integration like case 2 will
require only two CALL QG6A statements which are located

between statements 26 and 10.

LISTING OF THE SUBROUT INE YHSP

SUBROUTINE YHSP(NeXeYe YSP)
COMPLEX G39¢G5eG7¢G9¢S(10)9SAeSBeUsULleYSP(6)
DIMENSION X(6).Y(6)

COMMCN Al,BlsPI+sPI2,PI3.U/RI/ZETA/R2/D0(6)sS
COMNON /R3/G16G2¢G3¢G49G5¢G6+G7¢G8+sG9+¢G10+G11
COMMON /RSZAL+BL/R7/YY3.YY4
Ul=U/(AL1*B1%ETA)

DO 10 J=1,N

X1=xX€1)

X2=X(J)

Yi=Y(1)

Y2=Y(J)

XX1=X2—-X1—-Al

XX2=X2-X1

XX3=X2=-X1+A1l

XXa4=X1-X2+A1l

YY1l=Y2-Y1-8B1

YY2=Y2-Y1

YY3=Y2-Y1+481

YYA=Y]1~-Y2+4+81

XA=( X2-X1)/G1

DI=4 *AL

C1=COS(XA)

C2=S IN(XA)

D(3)=C1%*G10

D(4)=C2%G10

C1=Cl*Gl1

C2=C2%Gl1

D(1)=XX4%D(3)+C2
D(2)=XXa42D(4)-C1]
D(S)=XX3%D(3)~C2
D(6)=XX3*%D(4) +C1
IF(XX2eGTeDI) GO TO 11
THI=ATAN2( YY1 ¢ XX3)
TH2=ATAN2(Y Y24 XX3)
TH3=ATAN2C( YY3¢XX3)
THA=ATAN2( YY1, XX2)
THO=ATAN2(YY3 s XX2)
TH7=ATAN2(YY1,XX1)




THB=ATAN2(YY2,XX1)
THO=ATAN2(YY3 s XX1)
IF(J<EQ.1) GO TO 12
THS=ATAN2(YY2¢XX2)

12 IF(JeGTel) GO TO 13
CALL INT(O0010090eeXX300eeTH3)
CALL INT(002¢390esYY3sTH3,P13)
YSP(J)=8.%(YY3%S(9)-S(10))

] GO TO 10

13 IF(( X1 <EQeX2)eANDo(Y1eNE2Y2)) GO TO 14
IF((X1eNEeX2)eAND(Y1.EQeY2)) GO TO 15
IF(TH7«GT<THS) GO TO 16

A CALL INT(2351s0,YY14XX29THASTH?)

- CALL INT(leleleXX1eXX2eTH7sTHS)

‘ { CALL INT(192324XX1eYY2eTHSeTHB)
l

GO 70O 17
16 CALL INT(2+10600eYY 1eXX29eTH4e THS)
CALL INT(2:2s1eYY1eYY2sTHS,THT)
CALL INT(1:262sXX1sYY2eTH72THSB)
17 SA=YY4%S(9)
SB=S(10)
- IF(THB.GT«TH6) GO TO 18
CALL INT(251s0eYY2:XX2eTHS5,THS8)
CALL INT(1elsleXX1eXX2eTHByTHSE)
CALL INT(1+292eXX1eYY33THG, THY)
GO 70 19
18 CALL INT(29100eYY2eXX2eTHS,THO)
CALL INT(2+201eYY25YY3,TH6,TH8)
CALL INT(102¢2+sXX1eYY3eTH8, TH9)
19 SA=SA¥*YY3%S(9)
b SB=SB-S(10)
YSP(J)=SA+S8B
IF(TH4.GT«TH2) GO TO 20
CALL INT(20e1¢00YY1oXX3eTHL1,THAG)
CALL INT(19101eXX2eXX3eTHA,TH2)
CALL INT(102e3eXX2eYY2eTH2,THS)
GO TO 21
20 CALL INT(201e0sYY1eXX3eTHLoTH2)
CALL INT(2:2¢1:YY1eYY2eTH2,TH4)
j CALL INT(1+2¢3eXX2sYV2+THA, THS)
’ 21 SA=YYa%S(9)
SB=S(10)
IF(THS«GT«TH3) GO TO 22
CALL INT(2¢100¢6YY2eXX3eTH2,THS)
CALL INT(19191eXX2eXX39THS,THI)
CALL INT{(19203eXX2eYY3eTH3I,THSG)
GO TO 23
22 CALL INT(2010¢0eYY2eXX3eTH2,TH3)
CALL INT(20201:YY2,YY3sTH3,THS)
CALL INT(1062¢3eXX2e0YY3eTHS, THS)
23 SA=SA+YY3%5(9)
SB=SB~-S(10)
YSP( J)=YSP{J)+SAeSB
GO TO 10
14 CALL INT(2:2¢0¢YY1sYY2,P13,THS8)
CALL INT(24¢10e2eYY1eXX1eTHBeTHT)
SA=YY4%5(S)
$SB8=S(10)

— .

—




1S

11

25

26

10

30

CALL INT(2:2¢0:YY2eYY35PI3,THI) 12
CALL INT(251629,YY2:XX1,THI,THS)

SA=SA+YY3%S(9)

SB=SB8-S(10)

YSP(J)=2.*(SA+SB)

GO TO 10 .

CALL INT(1 4240 XX1LoYYL oTH7,THS

CALL INT(1:192eXX10XX2eTHE406e)

YSP( J)=YY4%S(9)+S5(10)

CALL INT(10290eXX2sYYLleTHE,TH1)

CALL INT(1 o1 03eXX2eXX3sTHL1e0e)

YSPLJ)=2s%(YSP(J) #YYAXS(9)#+S(10))

GO TO 10

IF((X1eEQeX2) eAND(YLIeNESY2)) GO TO 25
IF((X1eNEeX2) e ANDe(Y1.EQeY2)) GO TO 26

CALL QGOA(XX1eXX2eYY1eYY251+SA)

SB=SA

CALL QGOA(XX2eXX3eYY1leYY2,2sSA)

SB8=SB¢+SA

CALL QGOAIXX19XX2eYY2:YY3e34SA)

SB=SB+SA

CALL QGOA(XX2¢XX3eVY2eYY3,4,SA)

YSP( J)=SA+S8B

GO YO 10

CALL QGOA(XX1eXX2eYY1loYY2e1 0 SA)

SB=2<%*SA

CALL QGOA(XX1¢XX2,YY2,YY3,3,SA)

YSP(J)=2.%¥SA+SB

GO YO 10

CALL QGOA(XX13sXX2eYY1leYY24s14SA)

SB=2 %S A

CALL QGOA(XX2¢XX3eYY1sYY2,2,SA)

YSP(J)=2.%SA+SB |
CONT INUE 1
DO 30 I=1,N ’
YSP(I)=Ul%xYSP(I)

CONT INUVE

RETURN

END
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IV. DESCRIPTION OF THE SUBROUTINES FCT AND FCTA

The subroutine FCT (W,X) supplies the integrands for the single
numerical integration subroutine QG8. The W(I) are the integrands of
equation (1-68) evaluated at 8 = X where X is the variable of integra-

tion for QG8.

The logic between statements 40 and 6 determines the pl(e) and
02(8) expressions used in Ml(e) - M6(6) (1-77 to 82).

For
N4 =0 , C = ol(e) =0
NG =1 , C = pl(e) = Pl/cos 8
N4 =2, G = pl(e) = P1/sin 0
N5 =0, D = 02(6) =0
N5 =1, D = p,(6) = P2/cos 6
N5 = 2, D = 02(6) = P2/sin 6.

W(1) - W(8) represent respectively Ll(G) - L8(9) (1-69 to 76).

The logic statements between 41 and 37 supply the limiting expres-
sions (1-84 to 99) when |£¥ cos 6 + k[ < & (a small value). For a
first order zero (é% cos B + k) in the denominator of Ll(e) = L8(6)
(1-69 to 76), the € value of E1 = 0.0002 was used while for higher order

zeros, € = E2 = 0.002 was used.

The subroutine FCTA(N9,X,Y,Z) supplies the integrands for the
double numerical integration subroutines QG6A and QG6B. N9 specifies
which of the four double integrals of (1-59) will be evaluated (if
N9 = 1, the first of the four, if N9 = 2, the second, etc.). X and Y
are the variables of integration respectively for QG6A and QG6B. 2
is the integrand of one of the four double integrals of (1-59) evaluated
at X and Y. The integrands of the double integrals of (1-59) are
transferred from subroutine YHSP to subroutine FCTA through the COMMON/R2/
and COMMON/R7/ statements.
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LISTINGS OF THE SUBROUTINES FCT AND FCTA

14
SUBRGQUT INE FCT(We X)
COMPLEX E(8)eF(8) 06G3eG5¢G7eG9eSAeSBsU.W(8)
COMMON A1:B1lePIsPI2:PI39U/R3I/G1062:G3564065¢66,G7:G8:G9¢G10+G11
COMMGON /R4/NAQ ¢NSeN6.PL sP2¢ XL ¢ XU
C1=C0OS(X)
C2=S IN(X)
E1=0.,0002
E2=0.002
P=Cl /Al
S=Pl*(P—-2.)
T=Pl ¥(P+2.)
IF(NQ.NE.O) GO TO 1
C=0.
GO TC 3
IF(NA4.EQ.2) GO TO 2
C=P1l/C1
GO 70 3
C=P1/C2
IF(NSeNE.O) GO TO 4
D=0.
GO T4 6
IF(NS<.EQe2) GO TO S
D=P2/C1
GO TO 6
D=P2/C2
Y=C1—-2+%Al
P=D%*S
E(1)=COS(P) +UXSIN(P)
P=C%S
E(2)=COS(P) +UXSIN(P)
Z=Cl 42 « *Al
P=D*T
FL1)=COS(P)I)-UXSIN(P)
P=CxT
F(2)=COS(PI-U%XSIN(P)
E(3)=(E(1)-E(2))/Y
FI3)=(F(1)-F(2))/2
SA=D%E(1)
SB=C*E(2)
E(4)=(SA-SB)/Y
SA=D*SA
SB=C*S8B
E(6)=(SA-SB)/Y
SA=D%F (1)
S8=C*F(2)
F(A)=(SA-SB)/2
E(S)=E(3)/Y
F(S)=F(3)/2
SA=D#SA
SB8=C*S8
F(6)=(SA-SB)/Z
E(7)=E(A)/Y
FIT)=F(a)/2
E(B)=E(S5)/Y
F(B)=F(S5)/2
IF(ABS(Y)«LTeEL) GO TO 20
IFCABS(Z)eLTeEL1l) GO TO 21
Wel)=G3*(E(3)~F(3))

 — S s -
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20

21
22

23

24
2S5

26

27

28

29

30
31

32

33

34

35

36
37

g

GO T0 22

W(1)=—G3*F (3)+0.5%(D—-C)

GO 70 22

W(1)=G3*E(3)+0.5%(D-C)
IF(ABS(Y).LT<.EL) GO TO 23
IF(ABS(Z).LT<E1l) GO TO 24
W(2)=—G2*(E(3)+F(3))

GO YO 25

W(2)=—G2%F ( 3)—0.5%U*(D-C)

GO TO 25

W(2)=-G2*E(3) +0.5%U% (D—-C)
IF(ABS(Y).LT.E2) GO TO 26
IF(ABS(Z)eLT4.E2) GO TO 27
W(S)=G3*(E(4)-F(4))+G6%(E(S)#*F(5))

GO 70 28

H=0,25%( D*D-C*C)

W(S)=—G3xF (4)+G6*F(S)+H

GO 70 28

H=0. 25% (D*D-C%*C)
W(S)=G3I*E(4)¥G6*E(S) +H

wW(3)=Cl%*W(S)

W(S)=C2*u(5S)

IF(ABS(Y).LT.E2) GO TO 29
IF(ABS(Z)«LTe<E2) GO TO 30
W(6)=—G2*(E(A)+F( &) ) +G7*(E(S)-F(S))
GO TO 31

W(6)=—G2*F( 4)—-G7*F(S)—-U*H

Ga TO 31

W(6)=—G2*%E(4)+G7XE(S) +U*H
w(a)=Cl2w(6)

wW{6)=C2*W(6)

C1=C1%C2

IF(ABS{Y)eLT.E2) GO TO 32
IF(ABS(Z)«LTe.E2) GO TO 33
WC7)=CL1%(G3*(E(6)—-F(6)I+GA*(E(T7) +F(7))-GI*(E(8)-F(8)))
GO TO 34

H=(D*D*D-C¢C*C) /6.
W(7)=CLl*(—G3*%F (6) +GA*F (7) +GI*F(B8)¢H)
GO TO 34

H=(D*D*D-C*C*C)/6.

W7 )=Cl*(G3*E(6)+GA*E( 7)—-GI*E(8) +H)
IF(ABS(Y).LTeE2) GO TA 35S
IF(ABS(Z)«LT<E2) GO TO 36
W(8)=Cl*(—G2*(E(6)+F (6))¢GS*(E(T7)-F(7))+GB8*(E(8) +F(8)))
GO 70 37
W(B)=Cl%*(—G2*F(6)-GS¥ (7)+GB8H (8)-U%H)
GO TC 37
W(B)=C1%(~G2%E(6) #GS*E(7) +G8*E(8) +UsH)
CONT INUE

RETURN

END

SUBROUT INE FCTA(ND9eXeYs2Z)

COMPLEX G9+G3eGSeG7+¢G94S(10)eUe2Z
COMMON AL1+BL1sPIsPI2:PI3,U/R2/D0(6)+S
COMMCN /R3/G1eG2eG39G4+GS5¢G6¢GT7+G68e¢G9¢ G110+ GLL/RT/YY3YYA
P1=X/G1

C1=Cas(PrP1)

C2=SIN(P1)

C3=SART ( X*¥X+YRY)

Ca=pPI12%C3

- ——
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G=(COS(CA)—U*SIN(Ca))/C3

IF(N9.EQ.2) GO TO 1

IF(NS<EQe3) GO TO 2

IF(N9.EQ.4) GO TO 3

Z=G*(YYA+Y ) *(C1%x(D(1)+X*D(3) ) +C2%(D(2) +X¢0(4)))
RETURN

Z=G* (YYA+Y ) *(C1¥(D(S)-X*D(3) ) +C2%(D(6)-X*D(4)))
RETURN

=GR (YY3—Y ) #(C1*%(D( 1)+ X*%D(3) ) +C2%(D(2) +X*D(4)))
RETURN
Z=G*(YY3-Y)*(C1*%(D(S)—-X*D(3) ) +C2*(D(6)-X%D(4)))
RETURN

END

16
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V. DESCRIPTION OF THE SUBROUTINE INT

The subroutine INT(N4, N5, N6, P1, P2, XL, XU) transfers the data
N4, N5, N6 which is supplied by the subroutine YHSP and required by the

e

subroutine FCT through the COMMON/R4/ statement, calls the single
numerical integration subroutine QG8, and calculates the S(9) and S(10)

terms which represent the four single integrals of (1-68). The arguments

N4, N5, N6, P1, P2, XL, and XU are defined in the description of the sub-

{ routine YHSP and will not be repeated here.

The following logical statements are located between statements

3 and 4. If N6 is less than 2, no S(9) or S(10) term is calculated (one

BRRGE de e o < oo oot L S

| or two more intermediate integrations are required before evaluation).

r Also, if N6 = 0, the variable S which represents the result of inter-

| mediate integrand evaluations of subroutine QG8 is reset to zero. If

N6 = 2, S(9) represents the first single integral (I) of (1-68) and S(10)
represents the third (III). If N6 = 3, S(9) represents the second inte-
gral (IT1) of (1-68) and S(10) represents the fourth (IV).

LISTING OF THE SUBROUTINE INT

aO

SUBROUTINE INTUN& NSeNGPLP2eXLoeXV)
COMPLEX S(102.T(8)
COMMON /R2/70(6)¢S/RA/NTsNB8sN9eP3ePae XL 1eXUIL
i N7=N4&
F | N8=NS
‘ N9=N6
P3=P1
Pa=pP2
XL1=XL
XUl= XU
IF(N6.NE.O) GO TO 1
D0 2 I=1,.8
S(I1)=(0s¢0e)
2 CONT INUE
1 CALL QGS8(T)
DO 3 I=1,.8
S(II=SC1)eT(1)
3 CONTINUVE
IF(NG6.LT<2) GO TO 4
IF(NG6.EQe2) S(SI=D(1)&S(1)4D(2)8S(2)¢D(3)8S(3)¢+0(A)&S(4)
IF(NGEQe3) S(9)=D(S5)*S(1)+D(6)%*S(2)-D(3)%S(3)-0(4)%S(4)
IF(NG6<EQe2) S(10)=D(1)%S(5)+D(2)%S5(6)+D(3)%S(7)eD(4)*5(8)
IFING6.EQe3) S(10)=D(5)*S(S)+D(6)%S(6)-D(3)*S(7)-0(4)=*5(8)
4 CONT INVE
RETURN
END

S — _
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VI. DESCRIPTION OF THE SUBROUTINES QG6A, QG6B, AND QG8

The combination of subroutines QG6A(XL, XU, YL, YU, N9, Z) and
QG6B(X, YL, YU, N9, Z) perform a six-point Gaussian quadrature double
numerical integration on the double integrals of (1-59). The basic

integral under consideration can be represented as

XU YU
I = J dx J dy F(x,y) . (1)
XL YL

This integral can be transformed from the integration intervals

(XL, XU), (YL, YU) to the intervals (-1, 1), (-1, 1) by the trans-

18

formation
2x - (XU + XL)
' =
5 (XU - XL) 2)
2y - (YU + YL)
' =
(0 - YL) (3)
so that (1) becomes
1 1
I = (XU-XL)(YU-YL) dx? dy" F([XU—XL — XU+XL],[YU—YL y'4 YU+YL])‘
2 2 2 2 2 2
-1 -1

(4)

A double six-point Gaussian quadrature formula [2, Section 7.2] is used

to evaluate (4),

6 6
XU- YU-Y 6
1o @RI 7§ A0 pa(®, 41 (5)
i=1 j=1 J
where x§6), y§6) are the roots of the Legendre polynomial of degree
6 - P6(xi6) or y§6)) = 0 (the Legendre polynomials are orthogonal on
the (-1, 1) interval). The coefficients A§6), Agé) are defined as
(6) _ 1
i S (I ()¢ e
6 " i L |
(6) _ 1
6 73 53

il i N
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(' represents derivative) and are tabulated [2, p. 337].

In the calling arguments, (XL, XU, YL, YU) represents respec-
tively the lower and upper limits of integration for the x and y
variables, N9 is used in the subroutine FCTA to specify the function
to be integrated (if N9 = 1, the first double integral integrand
of (1-59) is specified, if N9 = 2, the second, etc.) and Z is the

result of the integration.

Subroutine QG8(Y) performs a single eight-point Gaussian
quadrature numerical integration on the single integrals of (1-68).
In the calling argument, Y is the result of the integration. The
variables N4, N5, N6, P1, P2, XL, and XU in the COMMON/R4/ statement
are defined in the description of subroutine YHSP and will not be

repeated here.

C LISTINGS UOF THE SUBROUTINE QG6A,QG6B,AND QG8

SUBROUTINE QGOA(XLeXUy, YLeYUIND2Z)
COMPLEX ZysZ1422
A=0e 5% ( XL+XU)

B8=XU-XL

C=0.4662348%*8

X=A+C

CALL QGEB( XesYLYUIN9s2Z1)
X=A-C

CALL QG6B(XsYLsYUsN9e2Z2)
Z2=0,08566225%(Z21+22)
C=0.3306047%B

X=A+C

CALL QG6B( XeYL,YUIN9,s21)
X=A-C

CALL QG6EB( XYL YUsN9922)
Z2=240.1803808%(Z21+22)
C=0e1193096%*8B

X=A+C

CALL QG6B(XesYLsYUN99Z1)
X=A~-C

CALL QG6B(XsYLYUN9,22)
Z2=B%(Z402339570%(Z1+22))
RETURN

END

SUBROUTINE QGO6B(X YL eYUsN9, 2)
COMPLEX Z,2Z1,22
A=0e5*%(YL+YU)

B=YU-YL

C=0.4662348%B

Y=A+C

CALL FCTA(N9¢XeYsZl)




Y=A-C

CALL FCTA(N9¢XsY e Z22)
Z2=008566225%(21+22)
C=0.3306047 %8

Y=A+C

CALL FCTA(N9¢XsYeZl)
Y=A-C

CALL FCTA(N9¢XeYe2Z2)
Z2=2+0,1803808%(2Z1+22)
C=001193096%8

Y=A+C

CALL FCTA(N99sXsYs Z1)
Y=A-C

CALL FCTA(N9eXeYeZ2)
2=B*(Z+0.2339570%(Z1+422))
RETURN

END

SUBROUTINE QG8(Y)
COMPLEX T(8),T1(8),Y(8)
COMMON /RG4/NAsNSeN6sPl1 sP2¢ XL ¢ XU
A=e Sk ( XL+XU)

B=XU-XL

C=e4801449%8B

X=A+C

CALL FCT(T,X)

DO 1 I=1,8

TI(I)=T¢(1)

CONT INVE

X=A-C

CALL FCT(TsX)

DO 2 I=1,8
Y(I)=e05061427%(T(1)¢T1(1I1))
CONT INVE

C=3983332*8

X=A+C

CALL FCT(T,X)

DO 3 [=1.8

TICI)=T(I)

CONT INVE

X=A-C

CALL FCT(T,X)

DO 4 [=1.8
YCI)=Y(I)+1111905&(T(I)+T1(I))
CONT INUE

C=e2627662%8B

X=A+C

CALL FCT(TeX)

DO S [=1,8

TI1(I)=T(1)

CONT INVE

X=A~-C

CALL FCT(T,X)

DO 6 1=1.,8
YCID)=Y(1)4.1568533%(T(1)+T1(1))
CONT INVE

C=e09171732#8

X=A+C

CALL FCT(T.X)

20




DO 7 I=1,8

TA(I)=TCI)

CONTINUE

X=A-C

CALL FCT(T.X)

00 8 [=1,8
Y(I)=B*(Y(I1)#+.1813419%(T(I)+T1(1)))
CONT INUE

RETURN

END

21
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VII. DESCRIPTION OF THE SUBROUTINE CSMTZ

The subroutine CSMTZ(N, A, B, X) solves the set of equations

LBy = (8)

where LN is an N X N complex symmetric Toeplitz matrix. In the argument
of CSMTZ, N is the number of unknowns in (8), A is the input array whose
elements are the first row of LN’ B is the input array whose elements are
those of dN, and X is the output array whose elements are those of Sy It
is assumed that (8) is normalized so that the first element of the first
row of LN is equal to unity.

This subroutine solves equation (1-15)

POV 3 yPON w TR (1-15)

where [ng + Yhs] is a symmetric Toeplitz admittance matrix (linear

array lattice case).

The two main advantages of the algorithm used in this subroutine

are

(1) It solves equation (1-15) directly without inversion
of [ng + Yhs] requiring roughly 2N2 multiplications

and divisions.

(2) 1t requires only the first now of [ng + Yhs] and, there-

fore, minimizes the storage requirement for the subroutine.

The derivation of the algorithm can be found in [3, 4] and will
not be repeated here. However, the algorithm logic will be presented
using the notation developed in [3, 4]. The following notation will
be used (the same used by Zohar in [3, 4]): Greek letters are used for
scalars, capital letters for square matrices, lower case letters for
column matrices, ~ denotes transpose, and ~ is a reversal symbol - ék

denotes the reversed order of 8 s that is, (§k)il = (gk)k+1-i 1

The matrix LN of (8) is bordered as follows,




|

RSB .
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16 rN-l
LN = (€))
o
where EN-I = [A(2), A(3),..., A(N)] (A(i) indicates the ith component

(numbered columnwise) of array A). In (8), EN = [61,62,...,6N]. The

algorithm is based on a recursion relation with initial values given by
8, =06, 5 0 == A(2) , Xl =1 - A(2) * A(2) . (10)

Recursion of sy €., and Ai for i~1,2,...,N-2 is given by

i

6, =Gy 8y By A

Mg = = A(it+2) - L (12)

sy + (Gi/li) &;

Si+1 = (13)
ei/}\i
e, + (ni/ki) &

Biep (14)
ni/ki

Aowe = Ao = PR (15)

i+1 i . 4 Tk

The last computed values are BN—l’ NN-2° Sy ©N-1° and xN—l' Note
that EN’ By and Yy appearing in [3] are not needed because of
symmetry.

Minimum allocations are given by

COMPLEX A(N), B(N), E(N), ES(N-1),X(N).
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The initial values for recursion are first computed: s, = X(1), pl
and Al = LA. DO loop 10 is the main recursion loop whose index is

= E(1),

i(i=1,2,...,N-2). DO loop 11 computes Sl = §i fi and El = ;i éi' Following

statement 11, ni and Gi are computed. DO loop 12 computes g and stores

+1

e, in dummy array ES because e, is needed in DO loop 13 to recompute itself.

i 5L
DO loop 13 computes e;. Following 13, Ai+l is computed and the index i of

DO loop 10 is stopped. DO loops 14 and 15 compute sy

C LISTING OF THE SUBROUTINE CSMTZ

SUBROUTINE CSMTZ(NesA+BeX)
COMPLEX A(6)sB(6)sE(6)eES(S)eX(6)
COMPLEX El1sET4ETL sLAS1+sTHeTHI
X(1)=8(1)
E(1)=—A(2)
LA=1 «—A(2) *XA(2)
N1=N-2
N2=N-1
DO 10 [=1,N1
E1=(0e+0e)
S1=(0es0e)
DO 11 J=1s1
SI=S1#X{(J)*A(1-JU+2)
EI=EL1+E(I-J+1)%A(J+1)
11 CONTINUE
ET=-A(1+2)-E1
TH=B(I+1)-S1
TH1=TH/LA
ET1I=ET/LA
DO 12 K=1,1
X(K)=X(K)+TH1*E(I-K+1)
ES(K )=E(K)
12 CONT INVE
D0 13 K=1,1
E(K)=ES(K)+ET12ES(I-K+1)
13 CONTINUE
X(I+1)=TH/LA
E(I+1)=ET1
LA=LA-ET*ET1
10 CONT INVE
S1=(0e460¢)
DO 14 J=1,N2
SI=S1+X(J)*A(N=-J¢+1)
14 CONTINUE
TH=B(N)-51
TH1I=TH/LA
DO 1S K=1,N2
X(K)=X(K)+THL*E(N-K)
15 CONTINUE
X(N2+1)=TH1
RETURN

END '
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VIII. DESCRIPTION OF THE SUBROUTINES MATMLT, TRMMLT, MULTTR,
MATVCA, AND LINSLV

The subroutines MATMLT, TRMMLT, MULTTR, MATVCA, LINSLV, and the
following recursion relationships are taken from a research report by
D. H. Sinnott [5]. These subroutines represent an efficient algorithm
for solving equation (1-15)

hs > _ fimp

™ + ¥ )% (1-15)

where [ng + Yhs] is a symmetric block-Toeplitz admittance matrix. The

two main advantages of this algorithm are:

(1) It solves equation (1-15) directly without inversion

of [ng + Yhs] and is, therefore, more efficient.

(2) Storage requirements are considerably less than that
required for an inversion solution. Approximately

hs]-l must be stored

one quarter of the matrix [ng + Y
for an inversion solution while only the first row of
blocks of [Y"E + YhS] is required for the given algo-

rithm solution.

Recall the form of the block-Toeplitz matrix Y,

~Y0 Yl Yn
Y Y e Y

] = v - :1 0 o (1-108)
Yn Yn_1 . YO )

where YO is the submatrix which defines the self-admittance of an element

of the array (specified number of apertures - see Fig. 1-5) and Yli-j\’
i # j, is the submatrix which defines the mutual admittance between ele-

(s)

ments 1 and j of the array. The parenthesized superscripts, as in Y 3

are used to identify the order of the matrix since the algorithm to be

(n)

presented is defined recursively on n. Since Y is also symmetric, all

submatrices Y1 are symmetric. The submatrices are Np X Np complex matrices

where Np is the shortest row or column dimension of the array lattice.




L e e &

Since the submatrices are of order Np

X N, then Y
P

(n)

is of order

Np e (n+l) x Np * (n+l). A recursive system of equations defines

further sets of Np X Np matrices,

Nt

2D - Y;1

At [% = (wéTIl))Z]'l A2 (16)
wﬁm) = wim_l) - w;T;fi w;m) , 0<r<ml

for m=1,2,...,n-1 (superscript T denotes transpose). Then the Np x N

submatrices of Z = Y—l, defined by

Zoo Zo1 Zo2 - Z0n
2=l 10 H 1 “n
ZnO an : * Eon
are given by
= A(n-1)
Z0o A
- (n-1) ,(n-1)
Zeg = = Vpoq " A yI€s S
= (n-1) ,(n-1)  (n-1)
er Zr-l,s—l i wr—l a ws—l
= lb(n-l) A(n=1) w(n-l)T 4 €3
n-r n-s =

17)
(18)
(19)
L
3 8 €m (20)
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(n-1) _
N p 2
for r > n. P

where w—l- = - I_, the unit matrix of order N and y 0

The solution for V, partitioned into subvectors of length Np

denoted Vr (r=0,1,...,n) is

n
7 = Y Zos I (21)
s=0
where IS is the sth subvector of I of length Np. Next define the
matrices ¢r where
g = L Gy (22)
r r
and the vectors a_ and br where
n-r
A E q)s—l Is+r
s=0
r=0,1,...,n (23)
n-r
br ) 2 d>n—s—l Is+r
s=0
so that the general solution for r > 1 is
r r
Ve = ! Youl g = Z Yoms Oreast * el
s=0 s=1

The algorithm can be briefly summarized by the following

steps:
(n-1)

(1) Use the recursion equations (16) to define wr

and A(n-l).
(2) Form the matrices ¢r by equation (22).
(3) Form the vectors a and br by equation (23).

(4) Form the voltage subvectors, Vr' by equation (24).
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Using this algorithm, the number of multiplications and divisions

2
required to invert Y(n) varies as (ntl)" - N; with increasing n and

N. This should be compared with a variation as [(n+l) - Np]3 for a
general elimination method and demonstrates a considerable improve-

ment when n is large.

Since the computer program was taken from [5], no further
description of it will be provided other than mentioning that there
are numerous comment cards in LINSLV written using the same notation
as the algorithm just described. For the subroutines MATMLT, TRMMLT,
MULTTR, and MATVCA, comment cards which describe the matrix multipli-

cation operation performed follow the subroutine statement cards.

In summary, the subroutine LINSLV(CE, V, YS, NP, NW) solves equa-
2 > wg hs 2>imp
tion (1-15) for V given [Y ° + y "] and 1 . The arguments of the
subroutine statement card represent the following parameters: the first

>imp
N elements of CE are elements of 1

, V is the output magnetic current
coefficient column matrix, YS is the input matrix [ng + YhS] partitioned
in terms of blocks of dimension NP x NP (only one row of blocks are
required [YO, Yl,..., Yn])’ NP is the smaller of the row or column dimen-
sions for the array lattice, and NW uses the same definition as NP but

replaces the word smaller with larger.

Minimum allocations are given by
COMPLEX A(NP*NP), B(NP*NP), C(NP*NP)
in subroutines MATMLT, TRMMLT, MULTTR, and MATVCA, and by
COMPLEX CE(N+NP*NW+1), PS(2%(NW+1)*NP*NP),
V(N), YS((NW+1)*NP*NP)

in subroutine LINSLV.
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LISTINGS OF THE SUBROUTINES MATMLT ¢ TRMMLT 4MULTTR
MATVCAes AND LINSLV

SUBROUT INE MATMLT (As Be CeNP)
CALCULATES C=A%*8
COMPLEX A(4),B(4),C(4),D
I J=0

L=1

DO 10 I=1,NP

DO 11 J=1.NP

IJd=1J¢1

D=(0es0e¢)

KJ=L

JK=J

D0 12 K=1¢NP

D=D+A( JK)*¥B(KJ)

JK=JK+NP

KJ=K J+1

CONT INVUE

C(1J)=D

CONT INUE

L=L+NP

CONT INVE

RETURN

END

SUBROUTINE TRMMLT(A.BsCoeNP)
CALCULATES C=-TRANSPOSE(A)%=B
COMPLEX Af4),B(48),C(4),+D
1J=0

L=1

DO 10 I=1eNP

M=1

DO 11 J=1NP

IJ=1J+¢1

D=(0es0e)

KIi=M™

KJ=L

DO 12 K=1+NP
D=D+A(KI)*B(KJ)

Ki=KIl+1

KJ=K J+1

CONT INUE

M=M+ NP

C(IJ)=C(1IJ)-D

CONT INVE

L=LeNP

CONT INUVE

RETURN

END

SUBROUT INE MULTTR(A,;BsCeNP)
CALCULATES C=A*TRANSPOSE(B)
CCMPLEX A(4)eB(4),C(4) D
1J=0

DO 10 I[=1,NP

DO 10 J=1+NP

I1d=1J¢1

D=(0ee0e)

IK=1

JK=J

DO 11 K=1eNP

29
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D=D+A(JK)I%®B(IK)
IK=IK+NP
JK=JK+NP
11 CONT INUE
C(1J)=D
10 CONTINVE
RETURN
END
SUBROUTINE MATVCA(A,BeCoNsN1)
C POSITIVE ACCUMULATION OF Ax8 IN C IF NI1=1 OR NEGATIVE ACCUMULATION
C A*¥B IN C IF N1=2
- COMPLEX A(4),B(4),C(48),D
f DO 10 I=1,N
f D=(0e10.)
1J=1
‘ DO 11 J=1eN
| D=D+A(1J)%B(J)
IJ=1J+N
11 CONTINUE
GO TO (12,13) N1
12 C{I)=C(I1)+D
E GO TO 10
13 C(I)=C(1I)-D
3 10 CONTINUE
RETURN
END
SUBROUTINE ULINSLV(CE ¢V eYSeNP ,NW)
COMPLEX CE(13).PS(32)eV(6)sYS(16)
DIMENSION [1A(2)
100 FORMAT(//10Xs*ILLEGAL CALL TO LINSLY - = NWw =°*,]14)
101 FORMAT (//10Xe® ILLEGAL CALL TO LINSLVY - = NP =°,14)
IF{(NW.LTs2) GO TO 10
IFINP.LTL2) GO TO 11
C CALC DEL(-1y AND PS((0).0)
N=Nw-1
‘ NPW=NP &NW

e

N2=NP%*NP
D0 12 I=1.N2
| PS(1)=YsS(1)
12 CONTINUE
CALL LINEQ(PS,NP}
CALL MATMLT(PSeYS(N2+41 )esPSIN2#+#1)sNP)

; c IAC1) = START ADDRESS IN PS ARRAY OF PS((M-1),0)
? C IA(2) = START ADDRESS IN PS ARRAY OF PS((M),.0)
| C IA(1)-N2 = START ADDRESS IN PS ARRAY OF DEL(M=-2)
; [~ IA(2)-N2 = START ADDRESS IN PS ARRAY OF DEL(M-1)
: C IST+1=2%#NW%N2+1 = START ADDRESS OF AN ADDITIONAL SCRATCH AREA
; IAC1)=N2+1
| [A(2 )=NWEN2 +N2+1
i IST=24NWAN2
; MZ=N2+¢N2¢1
MM=0
c ITERATE ON M=1,24eeeNe FOR M=N, ONLY CALC DEL(M-1).
DO 13 M=1,N
10=1A(1)+MM
| MM=MM+N2
; [1=1A(2)+MM
| C 10 IS START ADDRESS OF PS((M=1).M-1)
g C I1 IS START ADDRESS OF PS((M).M)
: c

| CALC DEL (M-1)
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CALL MATMLT(PS(IO0)+PS(I0)ePS(IST+#1),NP)

1J=IST

DO 14 I=1,NP

DO 14 J=1.NP

I1J4=1J¢1

PS(1IJ)=-PS(1J)

IF(1 EQeJd) PSLIJI=PS(IJI)¢*1.

CONT INUE

CALL LINEQ(PSCIST+#1)NP)

ID=1A(1)—-N2

ID1I=1A(2)-N2

CALL MATMLT(PSUIST#1)ePS(ID)¢PS(ID1)NP)
IF(M<EQeN) GO TO 1S

CALC PS((M), M)

NZZ=MZ

MS=TIA(1)

I1J=1ST

DO 16 I=1eN2

1J9=1J+1

PS(LJ)=YS(MZ2Z)

MZZ=MZZ+1

CONT INUE

MZZ=MZ-N2

DO 17 IS=1.M

CALL TRMMLT(PS(MS)eYSI(MZZ)PS(IST#+1)sNP)
MS=MS+N2

MZZ=MZ2Z—-N2

CONT INVE

MZ=MZ+N2

CALL MATMLT(PSCID1)+sPSC(IST#1).PS(I1)NP)
CALCULATE PS((M)esR) FOR R=0¢leecece M-1le (IR=R)
IOR=1IA(1)

ILR=1IA(2)

IMR=10

DO 18 IR=1,M

CALL MATMLT(PSCIMR)+PS(I11)ePS(IST+1)eNP)
IMR=IMR~-NZ2

1J=1ST

DO 18 I=1sN2

PS(I IR)=PS(IOR)-PS(I1J+1)

1J=1J+1

IIR=I11R+1

IOR=10R+1

CONT INUVE

I=1A(1)

IA(L )=1A(2)

[A(2)=1

CONT INVUE

HAVE FINISHED ITERATION ON PSe. NOW PUT PHI(R) INTO PS(IA(2))
IPHI=1A(2)~-N2

IPSI=IA(1)

IOR=1A(1)

I1IR=1A(2)

DO 19 I=1eN

CALL MULTTR(PS(IPHI) +PS(IOR)+«PS(I1R)IeNP)
I0R=10R+N2

IIR=I1R#N2

CONT INVE

PUT PHIC(=1) IN PS(IPHI)

J=IPHI

-
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DO 20 I=1,N2

PSCJ )=—-PS(J)

J=Jd+1

CONT INVE

NOW HAVE PHI(S)sS=-1s0ulseee N—-1 STARTING

AND PSI(S)sS= 09l 92900
IB=NWENP+1

IC=1

J=2% NWENP

DO 21 I=1,J
YS(I)=(0e»0e¢)

CONT INVE

1v=1

DO 22 J=1-NW"W
NR=NW—-J+1

I11S=1PHI

I12S= IPHI#N%®N2
IVS=1Vv

DO 23 I=1eNR

CALL MATVCA(PSCI1S)eCE(IVS)eYS(IC)eNPol)
CALL MATVCA(PS(I2S)sCECIVS)sYS(IB)eNPel)
I1S=11S+N2

125=12S-N2

IVS=1IVS +NP

CONT INUE

IB=1B&NP

IC=IC+NP

IV=1I V&¢NP

CONT INUE

NOW CALCULATE V IN I LOCATIONS
J=NW NP

DO 24 I=14J

CE(I )=-YS(1)

CONT INUVE

I V=NP+1

IB=1V+y

IC=1

DO 2S5 IR=1,N

I1S=1PSI1

I2S=(N-1)*N2¢IPSI

I8s=18

ICS=1IC

DO 26 1IS=1,IR

CALL MATVCA(PS(I1S)sYS(ICS)sCE(IV)¢NPel)
CALL MATVCA(PS(I2S)+YS(IBS)+CE(IV)sNP,2)
I1S=11S+N2

12S=125-N2

18S=18S-NP

ICS=1CS—NP

CONT INVE

IB=1B#+NP

IC=IC#NP

IV=IV+#NP

CONT INVE

DO 27 I=1.NPW

V(I)=CE(I)

CONT INVE

RETURN

WRITE(34100) NW

RETURN

WRITE(3+101) NP

RETURN

N—-1 STARTING

32

AT PS(IPHI)
AT PS(IPSI)

.
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IX. DESCRIPTION OF THE SUBROUTINES LINEQ, DECOMP, AND SOLVE

The subroutine LINEQ(C,LL) is used in subroutine LINSLV to invert
a complex matrix. The input to LINEQ consists of a square complex
matrix of order LL X LL stored columnwise in C and the dimension vari-

able LL. The output from LINEQ is C 1 stored columnwise in C.
Minimum allocations are given by

COMPLEX C(LL*LL)
DIMENSION LR(LL).

The subroutines DECOMP(N,IPS,UL) and SOLVE(N,IPS,UL,B,X) are

called from the main program to solve the matrix equation

(1-15)

when the array lattice is isosceles triangular. This subroutine combi-
nation uses the method of Gaussian elimination and LU decomposition
described in [6, Section 9]. The input to DECOMP consists of N and the
N by N matrix of coefficients [ng + YhS] which is stored by columns in
UL. The output from DECOMP is IPS and UL. The output is fed into SOLVE.
The rest of the ipput to SOLVE consists of N and the column of coef-
fimp

>
ficients stored in B. Solve puts the solution V to the matrix equa-

tion in X.
Minimum allocations are given by

COMPLEX UL(N*N)
DIMENSION SCL(N), IPS(N)

in subroutine DECOMP, and by

COMPLEX UL(N*N), B(N), X(N)
DIMENSION IPS(N)

in subroutine SOLVE.

DECOMP and SOLVE require roughly N3/3 multiplications and divisions
to solve a system of N linear equations whereas using LINEQ in a method
which requires an inverse needs roughly N3 + N2 multiplications and

divisions to solve the same system of equations.

33




C LISTINGS OF THE SUBROUTINES LINEQ,DECOMP, AND SOLVE 34

3 SUBROUTINE LINEQ(C,LL)
| 2 COMPLEX C(4)+STOR,STO,S5T,S
£ DIMENSION LR(2)
DO 10 I=1,LL
LR(I)=1I
10 CONTINUE
! M1=0
DO 11 M=1,LL
i K=M
| K2=M1+K
I SI=ABS(REAL(C(K2)))+ABS(AIMAG(C(K2)))
: DO 12 I=M.LL
, K1=M1+1
S2=ABS(REAL(C(K1)))+ABS(AIMAG(C(K1)))
P IF(S2-S1) 12+12.,13
| I 13 K=1
; S1=52
12 CONT INUE
LS=LR(M) i
LR(M)I=LR(K) !
LR(K)=LS i
K2=M1 +K !
STOR=C(K2) |
J1=0 i 4
00 14 J=1,LL !
Ki=J1+K |
KZ=J1+M )
STO=C(K1) i
C(K1 )=C(K2)
C(K2)=STO/STOR
Ji=J1+LL
14 CONT INUE
K1=M1+M
C(K1)=14/STOR
| DO 15 I=1,.LL
| IF(I-M) 16,15,16
16 K1=M1+I
| ST=C(K1)
C(K1)=0«
J1=0
DO 17 J=1,.LL
K1=J1+1
K2=J1+M
C(K1)=C(K1)-C(K2)*ST ¥
J1=J1+LL
17 CONT INUE
15 CONT INUE
MI=M1+LL
k 11 CONTINUE
J1=0
DU 18 J=1,LL
IF(JLR(J)) 19,20,19
19 LRJI=LR(J)
J2=(LRJ-1)*LL
DO 21 I=1,LL
K2=J2+1
Ki=J1+]
S=C(K2)
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C(K2)=C(K])

C(K1)=sS

CONT INUE

LR(J)I=LR(LRY)
LRILRJI=LRY

IF(J-LR(J)) 19+:20+19
Ji=Ji+LL

CONT INUE

RETURN

END

SUBROUTINE DECOMP(N, IPS.UL)
COMPLEX UL(36).PIVOT,EM
DIMENSION SCL(6).1IPS(6)
DO S I=1.N

IPS(I)=I

RN=0e«

Ji=]

DO 2 J=1.N
ULM=ABS(REAL(UL(J1)))I+ABS(AIMAG(UL(J1)))
JI=J1+N

IF{RN-ULM) 1,242

RN=ULM

CONT INVE

SCL(I)=1«/RN

CONT INUE

NM1=N-1

K2=0

DO 17 K=1,NM1

BIG=0.

DO 11 I=K,N

IP=IPS(I1)

IPK=IP+K2
SIZE=(ABS{REAL(UL(IPK) ))+ABS(AIMAG(UL(IPK))))%®SCL(IP)
IF(SIZE-BIG) 11+s11,10
B8IG=SIZE

IPV=1

CONT INUVE

IFC(IPV-K) 14415514
J=1IPS(K)
IPS(K)=IPS(IPV)
IPS(CIPV)=J
KPP=IPS(K) +K2
PIVOT=UL(KPP)

KP1=K+1

DO 16 1I=KP1sN

KP=KPP

IP=IPS{(I)+K2
EM=-UL(IP)/PIVOT
ULCIP)=—EM

DO 16 J=KP1l+N

IP=IP+N

KP=KP+N
UL(IPI=UL(IP)+EMEUL(KP)
CONT INUE

K2=K2+¢N

CONT INUVE

RETURN

END

SUBROUTINE SOLVE(N,IPS sUL+BeX)
COMPLEX UL(36)¢B(6)¢X(6)eSUM

35
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DIMENSION IPS(6)
NPL=N+1
IP=1PS(1)
X(1)=8B(1IP)

DO 2 I=2,N
IP=IPS(1)

IPB=1P

IMI=I-1

SUM=0.

DO 1 J=1,1IM1
SUM=SUM+UL ( IP)*X( J)
IP=1P#+N
X€(1)=B(IPB)-~-SUM
K2=N#*(N-1)
IP=IPS(N)#+K2
X{N)=X(N)/7UL(IP)
DO 4 IBACK=2e¢N
I=NP1-IBACK

K2=K 2-N
IPI=IPS(I)+K2
IPl=1+1

SUM=0e

IP=1PI

DG 3 J=IPl+N
IP=1P#N
SUM=SUM+UL (IPI*X(J)

XCID)=(X(I)-SUM)/ULCIPI)

RETURN
END

36
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X. DESCRIPTION OF THE SUBROUTINE TOPGEN

Fare e

The subroutine TOPGEN(N, NP, NT, NW, X, Y, T, Tl, KR) generates

a complete matrix T given one column T1.
Minimum allocations are given by

COMPLEX T(N#*N), T1(N), T2(N,N)
DIMENSION D(6), X(6), Y(6)

The variables in the argument of TOPGEN are defined as follows:
N is the dimension of the square matrix T, Np is the shortest row or
column dimension of the array lattice, NT specifies the array lattice
type-1l for rectangular and 2 for isosceles triangular, NW is the
largest row or column dimension of the array lattice, X(I) and Y(I) are
the center coordinates of the Ith aperture and T is the output matrix
which is generated from one column Tl of T. KR is a parameter which
determines whether or not D(I) is calculated (D(I) = (Xl—XI)2 + (Yl—YI)Z).
If KR = 1, D(I) is evaluated whereas if KR = 2, this step is skipped
(D(I) has been determined already by a previous call to TOPGEN).

DO loops 11, 12, 13, and 14 generate [T] given T1 for a uniformly
spaced rectangular array lattice while DO loops 16, 17, 18, 19, 21, and 22
does the same for a uniformly spaced isosceles triangular array lattice.
For the rectangular array lattice, [T] which is symmetric block-Toeplitz
is determined by forming one column of blocks and generating the rest of
[T] using the Toeplitz property. For the isosceles triangular array
lattice, the elements Tij below the diagonal of [T] (excluding the ele-
ments of the first column which are given (Tl)) are determined by com-
paring the distance squared between the centers of the apertures i and j,
D1 (D1 of Tij i)

= (xj-x
with the elements of the first column, D (D of Til = (xl-xi)2 + (yl-yi)z).

. + (yj—yi)z), to the distance values associated

When D1 = D, the value used for Tij which has an associated D1 value is
the same as the corresponding element of the first column with an associ-
ated D value. The elements above the diagonal are determined from

symmetry, yij = yji (consequence of Galerkin's method).
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SUBROUTINE TOPGEN(NeNP sNTsNWeXeYeToT1,KR)
COMPLEX T(36)6T1(6),7T2(6,6)
DIMENSION D(6)+X(6)sY(6) 38
NPW=NP*NW

NPWP=NPW*NP

N1=N~-1

IF(NT.EQ.2) GO TO 10

DO 11 I=1,N¥W

L1=1

DO 12 J=1sNP

DO 12 K=1sNP

L=14+IABS(K-J)+NP&(I-1)
T2(1,L1)=T1(L)

Li=L1e¢1

CONT INVE

CONT INUE

DO 13 I=1.NW

00 13 I1=1.NV¥W

IF(I .EQel) IL=11

IF(I «GTel) II=I-[1i+¢1

IF((1eGTol) cANDe(II<LEQ)) II=11-1¢1
12=1

DO 14 J=14NP

DO 14 K=1sNP
LISC(I-1)NPWP+{I1-1)ENP+(J—-1)ENPW+K
TL1)=T2(11,12)

I12=12+1

CONT INUE

CONT INVE

RETURN

IF(KR.EQ.2) GO TO 1S5

DO 16 I=1sN
D(IN=(XCI)=XC1D)I&(XCD)=X(1))#(V(I)=-Y(1))*(¥Y(I)-Y(1))
CONT INVE

I1=1

Ki=1

DO 17 I=1sN1

00 18 J=11.N
OL1=C(XCI)=XCI)DRAXCIV=XCIDI+LY(I)=Y{L))*(Y(I)-Y(I]))
DO 19 K=1eN
IF(ABS(D1-D(K)) el Te0e01) T(K1)=TIL(K)
IF(ABS(D1-D(K))elLT.0.01) GO TO 20
CONT INVE

Kil=K1+1

CONT INUE

IF(IeEQel) I1=11¢1

Il=11+1

Ki=K1l+I1-1

CONT INVE

42=0

00 21 J=1,N

Ji=J

DO 22 I=1.J

J3=J2+1

IF(I-J) 23,24.23

T(J1)=T1(1)

GO TO 22

T(J3)=T(J1)

JI=J1+N

CONT INUE

J2=J2+4N

CONT INUVE

RETURN

END
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XI. DESCRIPTION OF THE MAIN PROGRAM WITH SAMPLE INPUT-OUTPUT DATA

The main program computes the x,y coordinates of the centers of
the apertures in the array, ?he complex coefficients Vi which deter-
mine the magnetic currents E} according to (1-6) and the scattering
coefficients Sij according to (1-103) and (1-104). The main program
calls the subroutines AY, YHSP, TOPGEN, CSMTZ, DECOMP, SOLVE, and LINSLV.

The data cards are read into the main program according to

READ (1,100) N, AL, ALl, BL, BL1l, ER, LM, LN
100 FORMAT (14, 5F7.4, 213)

READ (1,102) NC, NR, NT, NE, DX, DY, DT
102 FORMAT (414, 3F7.4).

The variables AL, ALl, BL, and BL1l are respectively a/\, a'/A, b/A, and
b'/X where A is the free space wavelength. ER is the relative dielectric
constant Cr of (1-34) and (1-35) inside the waveguide. The variables LM
and LN are respectively the total number of m and n modes used in deter-
mining A;{i (1-30) and A?; (1-31) (only odd m starting with m=1 and even
n starting with n=0 (TE) or n=2 (TM) are considered due to the

in L1 os 20
sin &= ¢ 2 X
tribution of the mth waveguide mode to Y & should be chosen so that the
contribution of the (1/(m2/a2 - 1/a'2)) cos (mma'/2a) factor in (1-33)

TE

results in very small Aik and AI& values. LN which represents the con-

tribution of the nth mode to Y"® should be chosen so that the argument

factor appearing in (1-33)). LM which represents the con-

nmb'/2b of the sin( )/( ) factor in (1-33) is greater than m. NC is the
number of columns of apertures measured in the x direction. NR is the
number of rows of apertures measured in the y direction. NT specifies
the array lattice type, 1 for rectangular and 2 for isosceles tri-
angular. NE is the driven aperture number. DX is the distance per unit
wavelength between the closest outer waveguide edges in the x direction
while DY is the same but in the y direction (see Fig. 1-1). DT is the

waveguide wall thickness per unit wavelength.
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Minimum allocations are given by
COMPLEX CE(N+NP*NW+1), S(N*N), S3(N),
V(N), YO(2*LM*LN+LM), YS(N*N),
YS1 ((NW+1)*NP*NP), YSP(N)
DIMENSION A(2*LM*LN), IPS(N), X(N), Y(N)

in the main program, by
COMPLEX Y(2*LM*LN + LM)
DIMENSION A(2*LM*LN), F(LM), STE(LN), STM(LN)
in the subroutine AY, by
COMPLEX YSP(N)
DIMENSION X(N), Y(N)
in the subroutine YHSP, by
COMPLEX T(N*N), T1(N), T2(N,N)
DIMENSION D(N), X(N), Y(N)
in the subroutine TOPGEN, by
COMPLEX A(N), B(N), E(N), ES(N-1), X(N)
in the subroutine CSMTZ, by
COMPLEX UL (N*N)
DIMENSION SCL(N), IPS(N)
in the subroutine DECOMP, by
COMPLEX UL(N*N), B(N), X(N)
DIMENSION IPS(N)
in the subroutine SOLVE, and by
COMPLEX CE(N+NP*NW+1), PS(2*(NW+1)*NP*NP),
V(N), YS((NW+1)*NP*NP)
in the subroutine LINSLV where NP is the smaller of the number of rows or
columns of apertures for the rectangular array lattice while NW uses

the same definition but replaces the word smaller by larger.

DO loop 11 calculates the x and y coordinates of the centers of
the apertures if the array has a rectangular lattice while DO loop 15
does the same if the lattice is isosceles triangular. Referring to

equations (1-30) to (1-35), statement 40 stores




AiE in A(k = (m+1)/2 + n/2 * LM)

YEE in YO(k = (m+1)/2 + n/2 * LM)

m= 1,3,5, ey BM

n = 0,2,4, 005 LN

LM*LN + (m+1)/2 + (n-2)/2 * LM)

AEM in A(k
™
Yk

= YO(k = LM*LN + (m+1)/2 + (n-2)/2 * LM)

m= 1;3,5,¢.:, M

R = 2584,65.0.5 LN .

Note that only odd m and even n modes are calculated and that the first
E and Azt in (1-30) and (1-31) has been dropped since
the same expansion function is used in every waveguide region -

Alk A2k e ANk Ak. DO loop 18 calculates Y °. Statement 41

stores the first column of Y'° in YSP. Statement 42 generates the com-

subscript of Az

plete Yhs matrix given the first column and stores it in YS by columns.
DO loop 19 and statement 43 generate flmp defined by (1-106) and (1-107)
and store it in CE.

If the array is linear, DO loop 21 is used to calculate [ng + YhS

]

and statement 44 calculates the coefficient vector V defined by (1-15)

and stores it in V.

If the array contains at least two rows and columns and has a
rectangular lattice, statement 20 and DO loops 24, 25 calculate the
symmetric submatrix blocks of [YWg + Yhs] given [ng] and a column of
[Yhs]. If the array contains at least two rows and columns and has an
isosceles triangular lattice, DO loop 27 calculates [ng + Yhs] given
[ng] and [YhS]. Once [ng + Yhs] has been determined for these two
cases, statement 26 stores V in V for the rectangular array while state-

ments 45 and 46 store V in V for the isosceles triangular array.
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DO loop 31 calculates one column of the scattering matrix defined
by (1-103) and (1-104) and stores it in S3. Statement 47 generates the

complete scattering matrix [S] given the first column and stores it in S.

The following is a listing of the main program with sample input-

output data. Figure 2 shows the coupled power (20 log lsil|) and phase

' of Sil (i = 2,6) between a driven element and the rest of the elements
' for the 2 x 3 waveguide-fed rectangular aperture array example used in

the sample input-output data.

C LISTING OF THE MAIN PROGRAM AND SAMPLE DATA
2 C
L Z/XXXX WATFIV (XXXXeXXsle2) s®XXXX® REGION=250K
$J08 XXXX o T IME=19sPAGES=30
C
C MAIN PROGRAM
C THIS PROGRAM CALLS THE SUBROUTINES AY¢YHSPeTOPGEN.CSMTZ,
C DECOMP s SOLVE+ AND LINSLV

4 COMPLEX CE(13)9G39G5eG7+4G9¢S(36) ¢S31UD)eUsV(6)
E COMPLEX YO(SS)eYS(36)eYS1(16),YSP(6)eYWG
DIMENSION A(S0)eIPS(6) +X(6),Y(6)
COMMCN AL1+8BL1sPLoPI2:PI3,U/RL1/ETA
COMMON /R3/G1+G2¢G39G8 sG59G6eG7eG89G9:G10,G11
COMMGON /RS/AL ¢BL/R6/7ER 2L NSsLNeNTS
100 FORMAT([4,5F7.4,213)
t 101 FORMAT(/5SX s " N® eSXs®AL® ¢SXs*ALL® 94X ,"'BL® ¢SXp®BLL1s8Xs°ER®sSXe*'LN",
I3Xe®IN*/2X9 142X 5F7 e402X9s 132X+ 13)
102 FORMAT (A14,3F7.4)
103 FORMAT (/ /48X e " NC?®¢SXs *NR® sSXo *NT® 4SXes*NE*eSXe®?DX® e5Xe?DY® eSXe®*0T?/
‘ 12Xe 183X s[4:3Xe[8e3X31802Xe3F7.4)
! 104 FORMAT( /74X, *X*/(2Xe5EL1467))
105 FORMAT(/4Xs'Y*/(2XsSEL14e7))
106 FORMAT(/4X, ' Y=HWG? /2X ¢2E14.7)
107 FORMAT (/74X 'Y—HALF SPACE'/(2X+5E14.7))
108 FORMAT(/4X+°*'V — = UNKNOWN VECTOR®*/(2XesSE14.7))
109 FORMAT(/4X+°S — — SCATTERING MATRIX®°/(2X+SE18&.7))
READ(1+¢100) NoALo AL L oBLoBLLI+ERsLMoLN
WRITE(35101) NeAL AL 1,BL,BL1sERJLMNLN
READ(1,102) NCsNRsNT oNEsDXeDY (DT
- WRITE(3+103) NCeNRsNTsNEsDXeDYHLOT
{ PI=3.141593
F PI2=2.%P]
PI3=PlLl /2.
ETA=376.730
i U=(0asla)
[ N1=N+1
i N2=L M®LN¢+1
E NN=N%®N

e ——

AL2=AL/2.40T
BL2=BL /72407
DX2=0X/2 .
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E—

12

13
11

10

15
14

40

18

41

42

19
43

NP=AMINO(NC+NR)

NW=AMAXO (NCsNR)
NTS=2¢LM=*LN

NP2=NP%®NP

Gl=ALL1/P1

G2=AL1/P12

G3=-U*G2

G4=G 1%G1

GS=—-U%*Ga

G6=G1%G2

G7=—-U%G6

G8=G1%G4

G9=-U%xG8
Gl10=(1e—0.25/(ALL%AL 1))
G11=(1.40.25/(AL1%AL1) )%xG1
S1=DX+2.%DT+AL
S2=DY#2.*DT +BL
IF(NT<EQ.2) GO TO 10

K=1

DO 11 I=1,NW

DO 11 J=1.NP

IF(NCeGT«NR) GO TO 12
X(K)=AL2+( J~-1)%S1]
Y(K)=BL2+(I-1)=%S2

GO YO 13
X(K)=AL2+(1-1)%*S]
Y(K)=BL2#+(J—-1)%52

K=K+#1

CONT INUVE

GO 70 14

K=1

DO 1S I=1,NR
Ki=2-(1-2%(1/2))

DO 1S J=1,NC
X(K)=(14K1/72)*%AL2+(J—-1)%S1+K1/2%DX2
Y(K)=BL2+(I-1)%S2

K=K+ 1

CONT INUE

WRITE(3,104) (X(I)eI=14N)
WRITE(3,105) (Y(1)eI=1sN)
CALL AY(A,YQD)

YHG=(0e900)

K=1

DO 18 I=1,NTS

IFCI cEQeN2) K=K&LM
YWG=YWG+A(1)2YO(K)*A(])
K=K+1

CONT INVE

WRITE(3,106) YuG

CALL YHSP(N:XeYeYSP)

KR=1

CALL TOPGEN(NsNPoNT o NW ¢ X sYeYSe YSPeKR)
WRITE(3,107) (YS(I)eI=1,NN)
00 19 I=1+N

CE(I )=(0e+0e)

CONT INVE
CE(NE)=2.*%YOQ(1)%A(1)
IF(I(NC,GEe2) ¢ ANDe(NRsGE.2)) GO TO 20
YSP(1)=YSP(1)+YWG

43




DO 21 1I=1,N
CE(I)=CE(I)/YSP(1)
IF(1 .EQel1) GO TO 21
YSP(I)=YSP(I1)/YSP(1)
21 CONT INVE
44 CALL CSMTZ(N.YSPeCE.V)
GO TO 22
20 YSP(1)=YSP(1)#Y¥WG
IF(NT.EQe.2) GO TO 23
DO 24 I=1+NW
DO 2S5 J=1+NP
DO 25 K=1.NP
L=(I-1)%NP2+(J—1) NP
LI=(I-1)&NP+I1ABS(K-J)¢+1
YSi1({L)=YSP(L1)
25 CONT INUE
24 CONT INUE
26 CALL L INSLV(CEsVeYS1eNPeNW)
GO TO 22
23 J=-N
D0 27 I=1,N
J=J&NI1
YS(JI=YS(J)+YWG
27 CONTINUE
CALL DECOMP (N IPS,YS)
CALL SOLVE(NeIPSeYSeCE,V)
WRITE(3,108) (V(I)eI=1,N)
DO 31 I=1sN
S3(I1)=V(I)*A(1)
IF(1 sEQeNE) S3I(1)=S3(I)-1.
31 CONT INVE
KR=2
47 CALL TOPGEN(N NP oNToNW ¢ XsY9SeS3eKR)
WRITE(34109) (S(K)sK=14NN)
STOP
END
SDATA
6 160000 066500 04761 043095 1.0000 S
3 2 1 1 0e9000 002000 0.0515
$STOP
/77

K&

PRINTED OUTPUT
N AL AL 1 BL BL1 ER
6 10000 06500 04761 03095 1.0000

NC NR NT NE DX DY
3 2 1 1

X
0e5515000E¢#00 0«S515000E+00 042554499E¢01
0¢4557498E+01

Y
002895499E+00 0.1068649E+01 0.2895499E+00
0.1068649E+01

Y-=WG
041289030E-02-0.8829894E-04

049000 02000 0.0S51S

S

LM LN
S S
DT

0e2554499E¢01 0.4557498E+01

Oe 1068649E+01 0.289S499E+00
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Y—-HALF SPACE
0e137S110E-02 0.66285S1E-03-03466108E-03 0.1446004E—-03-0.1527445E~-04
—0e2117092E-05S 0.8159508E—06 0.1840072E-04-03747291E-05-0.1479488E~06
—0e2525312E-0S 06310S473E-05-03466108E-03 0.1446004€E-03 0.1375110E~02
0¢6628551€E-03 0.815SS08E-06 0.1840072E-04—-0.1527445E-04-0.2117092€E~-05
—0e252S312E-0S 03105473E-05-0e3747291E-05-0147948B8E-06~-0«1527445E~-04¢
—0e2117092E-0S 08159508E-06 0.1840072E-04 01375110E-02 0.6628551E~03
~0e3466108E—03 0¢1446004E-03-0.1527445E-04-02117092E-05S 0.8159508E-06
0e1840072E-04 0.8159508E-06 01840072E-04-0¢1527445E-04-02117092E~05
—0e3466108E-03 0+1446004E-03 0.1375110E-02 0.66285S1E—-03 0.8159508€E~-06
O0e1840072E-04~0.1527445E-04-0.2117092E-05-03747291E-05-01479488E~06
—0e2525312E-05 0e3105473E-05—0¢152744S5E-04-0.2117092E-0S 0.8159S08E~-06
0¢1840072E-04 0.137S110E-02 0.66285SSIE~03-03466108E-03 0.1446004E-03
~0e2525312E-05S 03105473E-05-0e3747291E-05-01479488E-06 0.8159508BE~06
0e1840072E-04~-0¢ 1S27445E-04-02117092E-05-0+3466108E-03 01446004E~-03
0¢1375S110E-02 0.6628551E-03

¥V = — UNKNDWN VECTOR
—0e1237808E401 042902574E4+00-0,11715S01E4+00 0.1303046E+00-0.472055S0E~02
063497620€E-02 0e3164612E-02 04916S186E-02-0«1368488E-02 0.1222063E~02
—0e57774S3E-03 0.2339229E-02

S = = SCATTERING MATRIX
~0e7309630E—01~0¢2173524E4+00 0.8772510E-01-0.9757S55E-01 0.35S34873E~-02
~0e2619111E-02~0¢2369745E-02-06863132E-02 0.1024760E-02-09151131€E~-03
0e4326310E-03~0,17S1676E—-02 0e8772S10E-01-0e4975755SSE-01-047309630E~-01
~0e2173524E400~0¢236974SE-02-06863132E-02 043534873E-02-0.2619111E~-02
04326310E~03-0,1751676E-02 01024760E-02-0.9151131E-03 03534873€-02
—0e2619111E-02-0¢2369745E-02-0.6863132E-02-0¢7309630E-01-0.2173524E+00
0e8772510E-01~-0eS7S7SSSE-01 03534873E-02-02619111E-02-0.2369745E~-02
—0e6863132E-02-06236974SE-02-0.6863132E-02 043534873E-02-02619111E-02
0e8772510E-01-06975755SSE~01~-07309630E-01-0.2173524E+00-02369745E-02
~0e6863132E-02 043534873E-02-062619111E-02 041024760E—-02-09151131E-03
0e4326310E-03-0e17S1676E-02 063534873E-02-02619111E-02-02369745E-02
—0e6863132E-02~0.7309630E-01-02173524E#00 08772510E-01-0.97S755S5E~01
0e4326310E-03-0e1751676E-02 061024760E-02—-09151131E-03-02369745E-02
—0e6863132E-02 03534873E-02-002619111E-02 08772510E-01-0S757SS5E-01
—0e7309630E-01-042173524E+00

_"‘
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