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SCATTERING FROM LOADED WIRE OBJECTS NEAR
A LOADED SURFACE OF REVOLUTION

I. BASIC THEORY

The electric current J induced on loaded surfaces by an incident

. i ‘s
electric field E= satisfies

s i
- +72J=FE n
I~‘:t:an ZL~ ~tan
on the loaded surfaces. In (1), ZL is the surface impedance and @S is the

electric field due to J. The subscript tan denotes components tangential
: . . S
to the loaded surface in question. Let L be the operator which relates -E

to J. Hence

-E° = LJ (2)

The operator L can be expressed in terms of a vector potential A and a

scalar potential ¢ as

L = jwA + V¢ (3)

-jkR
" I € ds (&)
- o 4R
s
. KR
= d 5
$ = e 9 "&mR s )
o
s

Here s denotes all the loaded surfaces, R is the distance from a source point

where

b3
It

to a field point, Hy and e, are the permeability and permittivity of free
space, k is the propagation constant w\/uoso for angular frequency w, and o
is the surface charge associated with J. The current and charge are related

by the equation of continuity



v - ‘I = —jmo’ (6)

. . s
The surface current J consists of a current J on the surface of

: w .
revolution and a current J on the surface of the wires.

I = s 4 Jw 7

1

Henceforth, the superscript s will denote the surface of revolution and the
superscript w will denote the surface of the wires. Next, ls and Jw are

, . . s
expanded in terms of tangential vector functions {gi} and {JY}.

N
s
S S
3 = Ly (8)
i=1
N, (9)
wo_ w W
i=1
Expressions (2), (7), (8), and (9) are substituted into (1) and
*
the inner products of the resulting equation with Jis, i=1, 2, NS and
Ay
J,J, i=1, 2, ... Nw are taken, where * denotes the complex conjugate. Thus,
z%% + zi z5v T° ad
= (10)
z¥s 2™ + 2] fid i
where
ab *a b
= <7J, L J.>
@)y = Ig 0 LY (11)
: * a .a
@145 10 A7
a *a i (13)
= ET>
(V )i <Ji 4
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in which a and b may be either s or w. The inner product <J?, Ei> is defined

by
<J2, %> = Ji-f_‘.lds
s
On the radiation sphere,
-3 S W s
gS . oy = - June Jkr o RTRTII
= ~ 4rr w
I
where
a gu

. u ., . . .
in which a may be either s or w and E is the electric field coming from a
. . s . .
current element I%u at the point of observation of E°. Here, u is a unit

vector tangential to the radiation sphere. The strength I% of the current

(14)

(15)

(16)

. u . A e
element is adjusted so that E = is unity at an origin in the vicinity of the

surface of revolution and wires. In (15), r is the distance from the origin
to the point of observation of ES. The scattering cross secticn per wave-
length squared 95 is defined by
A
o et [ES . u)?
=, = a7
A AZ IEiIZ

where El is the incident plane wave electric field in the vicinity of the body

: . ; i 2
of revolution and wires. Assuming that |E"|

(17), we obtain

where 1° and TV are obtained by solving the matrix equation (10).

= 1 and substituting (15) into

(18)



ss > >
ITI. WIRE PARAMETERS E" ", Z, R, AND V

The purpose of this section is to reduce (18) from an (NS + Nw)
order matrix function of the wire load matrix ZZ to an NW order matrix
expreséion involving Z; and new parameters ESS, zZ, ﬁ, and %. E°® is pro-
portional to the field scattered by the loaded surface of revolution when
the wires are absent. Whereas wa, Ew, and VW are respectively the impedance
matrix, and receiver and transmitter excitations of the unloaded wires in
free space, the new parameters Z, R and V will be respectively the impedance
matrix, and receiver and transmitter excitations of the unloaded wires in the

presence of the loaded surface of revolution.

>
Writing (10) as two separate matrix equations and eliminating I°

between them, we obtain

>5 ss s,~1_2s SW 2W
I =[z27 +21 [V -2 1} (19)
-1 >
™= [z + z.:] v (20)
where ww ws ss s,-1 _sw
z=2z" -z [2° +z] 1z 1)
A N T & (22)
Substituting (19) and (20) into (18) yields
2
4 2
o kn Ss ~ w.~1 >
- = E + R [Z + Z]] v
L 23
Az 16'rr3 (23)
where
Ess - Rs [zss + Zs]—l VS
L (24)
R=® - 2%+ 2t 2 (25)
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ITI. EXPANSION FUNCTIONS Ji AND JZ

The expansion functions {Ji} are defined by

S
t .
5oy 1 sme (26)
%k t  p
s
t) . 27
e L LW i 27)
“k4+NM ~¢ o
form = -(M~1), -M-2), ... 0, 1, 2, ... (M-1)
i=1,2, ... NM
where
k=(M-=-1+m *2 *NM+1 (28)

Here, u, is a unit vector in the direction of the generating curve of the
surface of revolution and u¢ is a tangential vector in the azimuthal direction.

Also, p is the distance of the generating curve from the axis of the surface

of revolution. In (26) and (27), Ti(t) is a triangle function defined by

0 £ %1
t -t
2i-1
By 1 *+ by tri1 =% < Bayn
Ti (1) = e (29)
——— B2141 = F ° Fa143
2141 * %2142
0 itz = °F

The generating curve of the surface of revolution is defined by the 2#NM + 3
= NP points ti which define NP - 1 intervals of lengths Al, AZ, . ANP-l'
In (29), t is the arc length along the generating curve.

For m > 0, the expansion functions (26) and (27) and the testing

functions implied by (11) are the same as those in [l]. Hence the computer



program in Appendix A on page 44 of [1] may be used to compute z°S appearing

in (19). Because an eJm¢ current produces only an eJm¢ field, z°% is the block
diagonal arrangement of submatrices (zss)—M+l, (ZSS)“M+2 cen (ZSS)O, (Zss)l,
(ZSS)M—1 where (ZSS)m is the submatrix of Z°° obtained when both J? and

J? appearing in (11) are proportional to eJm¢. More explicitly,

~ -
(z58y M+ 0 0 . 0
0 (z58) M2 0 . 0
85 _ 0 0 (zSSy ™3 0 (30)
0 0 0 N A
L J
where
(Zss)mtt (Zss)mt¢
ss. m
(z°%)" = (Zss)m¢t (zss)m¢¢ (31)
form=20, 1, 2, ... M-1

ss. m

mté is the submatrix of (Z2°7) obtained

on the right hand side of (31), (2°°)
by using u, directed expansion functions (27) and u, directed testing functions
(26). Once (z°%)™ of (31) has been computed by the program in Appendix A on

page 44 of [1], the rest of the submatrices (ZSS)“m of (30) are obtained from
(z58)mtt —(z

ss,—m
(z77) ~ = _(z55ymot (Zss)m¢¢ (32)

ss)mt¢

where m = 1, 2, ... (M-1)



The expansion functions {JZ} are defined by

%
u T, (L
R A (33)
~i 2ma
where TY(z) is the triangle function given by expression (2) on page 5 of [2].
'y
Also, % is the length measured along the axis of the wire, v, is a unit vector
in the direction of the axis of the wire, and a is the radius of the wire.
For thin wires, it is reasonable to approximate the surface current (33) by

an equivalent filament current u TZ(Q) and that is what will be done here.

'3
However, the field of the filament current simulates that of the surface
current only on the surface of the wire and outside the wire. There can be
no resemblance inside the wire because the field of the filament current is
singular at the filament. For this reason the corresponding equivalent
filament current testing function must be placed not on the wire axis but

on a contour parallel to the wire axis on the surface of the wire. Now,

the wire expansion and testing functions are the same as those in [2]. Thus,

the computer program on page 12 of [2] can be used to obtain A appearing

in (21).
IV. INTERACTION SUBMATRIGES z°¥ aNnp zY°

. ws . . : .
For computation of Z"~, it is assumed that the testing functions
are filaments of current, not on the surface of the wire as in Section I[TII,

but on the axis of the wire. From (11),

*Vq S
wsmy s > 34
(2745 = 9y Mip (34)

WS . WS . jm . .
where Z is the submatrix of Z corresponding to ed ¢ expansion functions

and

p=M-1+4+m) *2 *NM (35)

w o,
In (34), the complex conjugate operation is not necessary because Ji is real.
Since the operator L is self-adjoint and because taking the complex conjugate

of Jj—p is equivalent to replacing m by -m,



wsm

= (-m)
2%, = @% )1 (36)

ij

L. . . swm A .
Hence, it is sufficient to calculate Z for positive and negative m.

For calculation of stm, the expansion function (33) is lumped into
a filament on the axis of the wire. The filament, in turn, is lumped into
discrete current elements. The net result is an expansion function given by
the first of the two expressions (5) on page 5 of [2]. Actually, to obtain
the wvector nature of the expansion function, each of the four terms on the
right hand side of the first of the two expressions (5) on page 5 of [2]
should be multiplied by a unit vector tangential to the axis of the wire.

, . \" A
The expansion function Ji is now the sum of four current elements.

- ay, (37)
p=1

If JV were one current element ;&,= u I2 +u I2 + u 1I2 , the elements of
X X <y v ~z z

7°"™ would be given by the negative of the sum of (30), (31), and (32) of
{3]. However, (30), (31) and (32) of [3] assume that ;g,is located at ¢ = 0.
To generalize to ¢ # 0, we must change Iﬁx and Ily to Ilp and IE¢ respectively

and multiply by e—3m¢.

V. SAMPLE OUTPUT FROM PROGRAM TO COMPUTE z°°

In the program listed in Appendix A on page 44 of [1l], all statements

between and including statements 81 and 93 were replaced by

WRITE (6) (2(I), I = 1, N2)
WRITE (3,88) (Z(K), K =1,2)
88 FORMAT (°02'/(1X, 5E14.7))



and the subroutine LINEQ was removed. Also, the data was changed so as to
ss.0 ss, 1
store on the first three records of direct acess data set 6 (Z $yY, (2%

and (ZSS)2 of (31) for the flat back cone of half cone angle 45° and length

0.4 X . .
e wavelengths measured along its axis. With these changes, the program was

run. The resulting printed output is listed next.

PRINTFD RUTRUT FRAM PRAGRAM TUO CaMPUTE 7SS
NNs N NPs {5 ANPHIs 27 ks 0,1000000F+0N

RK
Ce0NCC  100CO 240000 300000 44007 50007 6,000N 740000 Re0IN0 6bebhb7
Be3?33 4«Q000 26667 1+3333 C.0000

M
0e0NCO  140N00 2¢0CT0N 30000 400000 S.0n0N 60000 70900 ReNNO0  Re0NON
8¢0000 HB40707 Rs0Z00 Re0V00 RHOON

TJ
208784 546569 ReLR53 1163137 1349804 1646470

z
0031372050402 20+857R586F+04 Ce30844UE <02 0eRP2969172E+03
NN 1 NPe 1S NPHL= 23 RAKs 0.1000000F+0"

R
O0»0N00 10200 240200 3.0000 4eNODN 5.0n00  6.0000 70000 RL0DCOT Ev 6667
5+¢3333 433000 26567 13333 Ce0O00N

IH
C+GCQUO

240000 30000 4+N00N S.00C0O 640000 7+C000 ReQ™"D  Be2NDO
8+0NCO .

R+030N B+07CC  2,000N

X r-
“« .
(@ Ne
(SN ]
D0
[ Ne]

TJ
2yR2R4 55,6569 A,u4853 11+3137 1239804 1Kke6470

z
OelbNeBEDE+C2=0s4318B649E+04 D03157A4K1E402 Ce1259779E«00

NNz 2 Nps {85 NPyla 20 BKe 0,1000000E£+0N

R™
0e0000 142300 2+0200 30000 &eN00N Se000C £e¢0000 740000 ReODO0 66667
53333 40000 246567 123333 0.000n

ZH
0e0NCU  1+0900 20000 3¢0000 &¢7000 S40N0D 60000 740000 RKe00ODO Re00200
d¢0000 80200 842000 B+40000 ReNOON

TJ
2e8PK4 546569 Be4853 1103137 13¢9804 16846470

b4
00 1211H05E+0020:2956641E+06 0e1053770E+00 0+ 1CA3RRGE+D4



VI. SAMPLE OUTPUT FROM PROGRAM TO COMPUTE Z°°

There is an error in the program listed on pages 12 - 16 of [2].

To correct this error, replace the group of three statements

Hl = (3. - 30. * ZR2 + 35.* ZR4)*AR3/40.
Al = AR*(- 1. + 3. * ZR2)/6.
A0 = 1, + AR * (Al + H1)

on page 14 of [2] by

AR*(-1. + 3. * ZR2)/6. + (3. - 30.%*ZR2 + 35. * ZR4) * AR3/40.
1. + AR * Al

Al
A0

On page 15 of [2], statement 37 was replaced by 37 FORMAT (1X,6Ell.4) to
shorten the printed line. 1If, in the input data to this program, RAD(I) #
RAD(J) and if the Ith and Jth wires overlap, then an inconsistency is apparent
from the definition of RAD(I) on page 9 of [2]. Here, it was decided to let

all wires have the same radius and not worry about this potential inconsistency.
For the input data, there are two wires. One is in the ¢ = 0° plane on the
surface of the cone and the other is symmetrically disposed in the ¢ = 180°
plane. The basic theory in Section I and the computer program which calculates

sw , . . .
Z are designed for wires not on the surface of revolution. Hence, numerical

results obtained for wires on the surface of revolution will be questionable.

With the alteration of the three statements defining H1l, Al, and AQ,
the modification of format statement 37, and changes in the input data, the
program listed on pages 12 - 16 of [2] was run so as to store 2™ of (21) on

record 4 of direct access data set 6.

10
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PRINTHFL BuTPUT FRAM Tuf P&t A T8 Cerbeigy 7
MD5 M1
1 3
MDé
1
SPONw Y
14 2 0e10NI2COF+0D
PX
100000 20200 30300 40000 Henu0dn  &e0NMAQ
“4e0000 «540000 =6+0000 =7+0000
PY
00700  De00C0 040200 0000 NendAN  0.N00A
0e0D00 0eC2C0 0s0300 00,0200
Pl
120000 20000 340000 490000 Senglunn 6.0009
40000 540000 660200 740700
LL
1 B
RAD

0¢3000000FK+0C 043000C02F+0D

IMPEDAKNCE MATRIX BF BRDER 4

70000 =1e0000 =2:0000 =3+00010

0.0000 C.0000  0.NN0N Ce 00NN

7.0000 1000~ Pe0nnn 20000

0el1B32E+01=006232E+03 D91579E+01 NaP2E10F+03ene 27R8F=01=0e1954F+02

vOe4Bu3bel1aCeb574F+01

UelB79E+01 CePb19E+073 0¢1892E+01 =0 e kP32 403ene 4BUPE=01=06706F +01

eQe74030E e =00k 4248 +01




VII. <COMPUTATION OF THE INTERACTION SUBMATRIX A

The program to compute Al accepts input on data sets 1 (punched

cards) and 6 (direct access) in the following manner.

READ (1, 10) NPW, NW, NP, M1, N1, N6, BK
10 FORMAT (613, E 14.7)

READ (1, 12) (PX (I), T = 1, NPW)

READ (1, 12) (PY (I), I = 1, NPW)

READ (1, 12) (PZ (I), I = 1, NPW)
12 FORMAT (10F8.4)

READ (1, 16) (LL (I), I = 1, NW)
16 FORMAT (2013)

READ (1, 12) (RH (I), I = 1, NP)

READ (1, 12) (zH (I), I = 1, NP)

REWIND 6
SKIP N6 RECORDS ON DATA SET 6
54 WRITE (6) (Z(J), J = 1, NZM)

PX(I), PY(I), and PZ(I) are the x, vy, z coordinates of the Ith data
point on the wires. There are NW wires. The LL(I)th data point is the first
data point on the Ith wire. RH(I) and ZH(I) are the p (distance from the z
axis of revolution) and z coordinates of the Ith data point on the generating

curve of the surface of revolution. Ml is M appearing in (30). The equation

at the bottom of page (21) of [3] should be labeled Equation (33). The §=m

Ni-1
in (33) is approximated by I . BK is the propagation constant k appearing

in (4).

The minimum allocation for BS in the subroutine BES is given by
BS(XJ + 22) where XJ is the maximum value of kr' or kp of (33) of [3]. Min-
imum allocations in the subroutine LEG are given by PC(M1 + 3), and PS(N1)
where both M1 and N1 appear in the input data of the main program. In the

main program, minimum allocations are given by

12
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COMPLEX EX(LW*(M1+1)), Z(NZM), HJ(N1), HJR(N1)

DIMENSION PX(NPW), PY(NPW), PZ(NPW), LL(NW),
RH(NP), ZH(NP), XR(LW), XP(LW), XZ(LW),
UR(LW), UP(LW), UZ(LW), UL(LW), TW(4*N),
DH(NP~1), R(NP-1), ZS(NP-1), SV(NP-1),
CV(NP-1), T((NP-3)#%2), TP((NP-3)=2),
PS(ML1+N1), P1(L5), P2(L5), P3(L5),
BJ1(N1), BJ2(N1), BJ3(N1), BY1(N1l),
BY2(N1), BY3(N1l)

where LW is the total number of intervals (each triangle function extends over

four intervals) on the wires.

LW = NPW - NW

(38)
Also, N is the total number of triangle functions on the wires.
NwW
N = (LL(J + 1) - LL(I)-3)/2 (39)
J=1
where LL(NW+1) = NPW+1
Furthermore,
NZM = Nx(NP-3)*(2#M1 - 1) (40)
L5 = N1xM2 - M2x(M2 - 1)/2
(41)

DO loop 21 stores the p, ¢, and z coordinates of the midpoint of the LWth

interval on the wires in XR(LW), XP(LW), and XZ(ILW). UR, UP, and UZ are the
oy ¢, and z components of the vector length of the interval while UL is the
length of the interval. Statement 56 changes LL(J) to the number of intervals
on the Jth wire. In DO loop 39, TW(KL) for L = 6, 7, 8, 9 are the four

. th
sample values needed in (37) of the Ith triangle function on the J ~ wire.

13



In DO loop 22, DH(I2) is the length of the IZth interval on the
generating curve of the surface of revolution. R and ZS are the p and z
coordinates of the midpoint of this interval. SV and CV are the sine and

cosine of the angle between the z axis and the tangent to the generating

curve.

Nested DO loops 43 and 46 store e ™% (by which (30) - (32) of [3]
must be multiplied) in EX( (m+1)*LW + I) for m = -1, 0, 1, ... (M1-1) for the

th .
I interval on the wires.

For the surface of revolution, DO loop 23 stores the segment length
times wvalues of T?(t) of (29) and its derivative in T and TP. DO loop 24 puts
n! in PS(n+l). Statement 57 stores P:(O) of (33) of [3] in P1(mxN1l - mz(m-1)/2

3p™(0)
+n-m+ 1) and ) in the corresponding place in P2. Nested DO loops 26
m
3p_(0)
. m n (2n+1) (n-m) !
and (27) multiply Pn(O) and S0 by (ot |

As mentioned in Section IV, the elements of 2z are obtained by
generalizing (30) - (32) of [{3]. The functions pfi and E% (pfi) in (30) -
(32) of [3] are approximated by four impulses. le, Ily and Ilz of (30) -
(32) of [3] must be replaced by the sum (37). Now, an element of %Y is a
triple sum consisting of four term sums over both the surface of revolution
coordinates and the wire coordinates and a three term sum over m. This
triple sum is obtained in the following indirect manmer. DO loop 28 obtains
the JSth coordinate on the surface of revolution. Nested DO loops 29 and 37
obtain the JWth coordinate on the wires. Inmer DO loop 35 computes GJM—l of
(33) of [3]. For the above triplet (JS, JW, JM), inner DO loops 40, 41, and
42 add the contributions to the various elements of Z°°. G_ contributes to

st(—m+l)’ sw(—m)b sw(-m-1) sw(m—l)’ swm 4 st(m+l)m

YA , Z Z R in the following
manner.

Z

14



sw(-m+l) t _

2 _ st(—m+l)t ~ EX%TWx [:—T*(UR - jUP)kzc sin v
m (42)
aGﬂ'l m
+ T - — ——
Px(UR - jUP) 3 + 5 Gm
st(—m"-l)d’ - st(-m+l)¢> - EX*TWx |(-T#(UR - jUP) j kZG
. m (43)
_ {m-1) T+ Bg ) }
P d9p pom
sw(~-m)t sw(-m)t — 2 ———acm
Z =z ~ EX%xTWxUZx -T*ZkZGmcos v - TP% PEY: (44)
sw(-m) ¢ sw(~m) ¢ -j2n *%a
7 -z - EXTWaUZ# =550 —2l% T (45)
o)
st(—m—l)t - st(—m—l)t — EX#TWx [-T*(UR + jUP)kZGmsin v
3G~
+ TPx(UR + JUP) | —= = = G (46)
2
zsw(_m_.]_)q) = ZSW(‘m‘1)¢ - EX*TW*T*(UR + jUP) J k Gm
oG
+ m+1 (_'m_ _n I (47)

15



|

Sw(m_l)t - st(m-l)t ~ EX#TW# [.—T*(UR + jUP)RZGmSin v

z
G, o (48)
. — -
+ TPx(UR + jUP) 3ap P Con
2V De _ psw(mm)e by TWaT#(UR + jUP)J Ko,
3G
m-1 m_m
_ n . m 49
o ( p P Gm) “
25 < 2SYPY L EXATWAUZ® |-T#2K2G TPk T
*TW ~Tx mtoS VT * T T35 (50
) on 3G
strn¢ = stm ~EX*TWUZ* J_ln— ——3 * T
2 D

P

zsw(m+l)t _ zsw(m+1)t - EX+TWx {-T*(UR - jUP)kzcmsin v

- _ (52)
+ TPx(UR - jUP) —3'2-1 “ 2 %

st(m+l)¢ = st(m+l)¢ ~EX+TWx | ~T*(UR - jUP)j kZGm

. ol BGm

P 3p

(53)
- 2 )\«
P m ’i

16
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The additional superscript t or ¢ denotes u, or g¢ directed testing
functions on the surface of revolution. The variables TW, UR, UP, UZ, T, TP,
and EX have already been defined in the program. For the Ith surface of
revolution triangle function and the Jth wire triangle function, stmt will
be stored in Z( (M1-1 + m)%Nx(NP-3) + (J-1)%(NP-3) + I) where N is the number

¢ is stored (NP-3)/2 locations later in Z,.

of wire expansion functions. Z
Now that he has some idea of what is being done in DO loop 28, the

reader should be able to digest the following details. Statement 58 puts the
sphzrical Bessel functions and their derivatives jn(kp), j;(kp), yn(kp), and
yé(kp) in BJ1, BJ2, BY1l, and BY2. The subroutine BES is described on page 31
of [3]. Just before entering DO loop 29, the JSth interval on the surface of
revolution is in the domain of the JSMth and (JSM+1)th triangle functions on
the surface of revolution. These triangle functions are characterized on the
JSth interval by the previously stored T(JST+2) and T(JST+4). Just before
statement 59, the JWth interval on the wires is in the domain of the

th th
JWMt-1 JWMH-2

NM2 and P

triangle functions on the wires. These triangle

functions are characterized on the Jwth interval by the previously stored
TW(JWT+2) and TW(JWT+4). Statement 59 stores the spherical Bessel functions
J (kr') and v (kr ) in BJ3 and BY3. Statement 60 stores P:(cos 0') in ?3.

If r' > p, DO loop 32 puts J (ko)h( )(kr '} and kJ (kp)h(z)(kr ) in HJ and HJR.
If r' < p, DO loop 33 puts iy (kr )h(z)(ko) and kJ (kr' )h(2) (kp) in HJ and
HJR.

. . sw
DO loop 35 a%gs the cogtrlbutlons to Z°° due to Gp 4 and G—(JM-l)'

TS and ag in G, GR, and GT for m = JM-1. 1In terms

of TF and TD, expressions (404+2xM) for M =1, 2, ... 6 beccme

DO loop 36 stores Gm,

75¥ = 2%Y - EX«TWa[TATF(M) + TP#TD(M)] (54)

In terms of PF, expressions (41+2xM) for M = 1, 2, ... 6 become

17



75¥ = z°Y - EX«TW+T#PF (M)’ (55)

DO loop 40 contributes to zSwm for m = i'(JM+M—3). The variable limit MB on
DO loop 40 cuts off contributions to "™ for |m| > M1-1. As mentioned before,
for fixed JS and JW, two surface of revolution triangle functions and two

wire expansion functions come into play. DO loop 41 obtains these two

triangle functions on the surface of revolution. DO loop 42 obtains these

two triangle functions on the wires. The variable limits KA, KB, KC, and KD
are necessary for DO loops 41 and 42 because the first, second, second from
the last and last intervals on either the surface of revolution or one of

the wires are in the domain of only one triangle function. Imside DO loop

42, branch statement 61 is necessary because when m = 0, the G+m contributions

to Z are one and the same.

18




LISTING 8F PRA2GRA™ T8 CAMPUTE TKE

/7

INTERACTIAN SUBMATRIX ZISW

(0034,EE,30G,2)2"MAUTZ, JRE ' ,REGIBNe220X

7/ EXFC wWaTF1lv
/7/7GBeFTQ6FONT DD DSNAVMESFEEQO34«REV1,NISPeRLD,UNIT=3330,
VALUME = SERaSUQV09,0CR e (RFCFMaVS,3LKS1ZE=2596,LRFCL=2592,X

14
7/

BUFN3s1})

//GB.SYSIYN DD

308

12

14

11

\D >

1S4

MAUTZ,TI4E=1,PAGESS,40
SUBRBUTINE RESIL,LD, ID,NJIXJ,3JsRUP,BY,RYP)
DIMENSINON 3J(25)1,RJP(25),8Y(25),8YP(25),BS(40)

Lis(Let)aNy
L3m(LNel)ony
IF(XJeleEe3) 3,3,4
Jisplel

JE2sL1eNy

Ce 5 ysJi1,J?
BJlJIwO,

CanTIngye

BJ(liaio

RETURN

SNeSIN(XJ}
LSeCRS(IXJ)
IF(XxJeiSe) 11s12.12
BJILI+1)®SN/XJ
BU(L1+2)Ye(RJ(L1¢1)=CSY/XJ
08 14 1s3,NJ

13e 1+

12e]13s1

Ii1=s[3=2

BJI(I3 ) aFLRAT (2a]a3)/xJe8J(12)=3J(]1))

CONTINUE

B3sFLRAT(2eNJal)/XJ=BJ(13)=RI(12)

G T9 15

NBJaXJ+22.
BSINBJ)aCo
BS(\NBJel)uyg.
NBJZ2eNB Ja?

03 193 1=}1,NBJ2
12sNB e

132]2+1

[1s]2«1
FIsFLRAT(2e]l1+1)/XxJ
BS(11)=8S(12)«F1eBd3S(13)
CBNTIMNUE

H1sSN/XJ
H2ali/XJe LS/ Xd
IF{ABS(511«4BS(32))122,2
Bd=31/85(1)

GY T8 a

Hds32/BS(2)

CO 194 ley,vy

Tis 141
BJ(I1)=3S5(1)«RA
CHNT INUE
B3e3S(NJ+1)*BR

19
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64

14

BY (L1+¢1)2eCS/XJ
BY(LI+2)s(RY(L1+1)eSN)/XJ

DH 64 le3,NJ

13a1el

12e[3=1

I1=]3e?
BY(I3)aFLPBAT(P#]a3)/xJuddY(]2)aBY ({11}
CHUNTIMNUE
BeasFARAT(2eNJel)/XJ*BY(13)eBY(12)
IF(IDeEZe?2) RETURN

NJIINJQI

Jinp 3+

J2ap1+2

BUP(Ji)s=RJ(J2)

HYP(J1)seBY(J2)

DO 65 Ja2,NJi

ven | . 3+4J

Jizgleyet

J3s 142

FJs2e(2eJei)
BJR(J2)xeTa(BU(J1)»3U(U3))elrl(J1)4RU(J3)I/FJ
BYP(J2)eeSa(BY(J1)=3Y(U3))e(RY (JI)$RY(JI)V/FJ
CONT INYE

FJUaF Js s

JE2m 2+

JisJle+l
BJP(JP)IseBe(BU(J1)=RI)a(BJ(JI1)SBIY/FJ
BYP(JP)meSu (BY(Ul)=R4)a(BY(JI)eHBGY/FY
KETURN

END

SUBRAUTINE LEG(L,LD,1D,NJIM,XP,P,PP)
CIMENSIHN PC(15),R(70),PP(70),PS(?5)
PC(I)!l.

MileMey

bB 7 Jsia.Mt

PC(J+1)aPC(J)aF BAT(2aJ"1)

CONT INUE

LOsMar JeMr (May) /P

L2=s(Le=1)2L5

Lés(LDei)s S

X2xABS(1eexPaXP)

X1sSQRT(X2)

DY 3 Jsi,vy
M2al2e(Uml)aeNJm(JeR)a(J=1})/2

X3I1'

IF{JeNESD) X3IX1."J-1)
PS(1)sPC(J)eX]

PS(2)sPC{J+1)exPex3

IF(JUeEQeM1) GA T8 14

P{r+2+1)aPS(1)

P{MZ2+P)aPRS(2)

ANJlsNJe J¢1

b8 4 ls3,NJ1

lla]e?

[2u]=y

PS(1)sCeexPePS(12)=PS(11)+FLOAT(2eJa3)/FLOAT(I2) e (XPePS(]I2)=PS(]1)

1)
IF (JeEQsMLY GB T8 4
J2sMpe]

20




12

ip

11

12
13
14
15

16

17

P{J2)sP3(1)

CUNTINUE

COATIMUE

IF(JDeEDe2)y RETURN

DO 5 Jmi,M

MemLbe( et)sNJe(Ju2)n( j=1)/2

M3av2+ 2. b

NJiasNJe e

ot 6 1=2,NJ01

J2eMZ2+ ]

Jisv3+[eNJe Jn

JIEV3+ I eNJad

IF(Je“Eel e ANDeJeNE MY G T g

JIF(JemEet) 38 79 12

PP (J2)Ys=-P{J3)

68 T8 4

FPIJP)m oD (FLAAT(Ja(2e+]1=3))eP(J])aPS(1I=1))

08 TR 6

PRP{JP)IB sBe(FLAAT( % (P j+]=3})eP(J1)=P(JR))

CONT INUE

Jeum2ed

Jizv3aNJ+J

IF(JeNEL1)Y 6B TE (3

PR({JZ)IBD

G TR §

FR{U2)a B4 AT (2% Ju2)eP (1)

CHNTY I NUCE

RETULRM

END

CHMPLEX EX(18C)I,Us2(15C2)2UL,UPsURUL, U7, 162" 7 JBIU9»HJ(25)
COMPLEX RJURI(2R),G,GR,GTITF(6),TD(L),,PF(~.:,CENLG
DIMENSION PX({3D)4PYI30)sPZ130),LLIGY)RAIEDI 2 ISISCIIXR(29) X777
DIMENSION XZ(29),UR(29),UP(23),U2(29),ULI29),TWIAC),"H{49),7"69)
DIMEMNSIEN ZIS(49),SVI49)aCV(49),T(107),TRPI10C,PS{P0)Y,PL1(70),”2170)
DIMENSISN P3(70),8J1(251,8U2(P5),8J3(25),8Y1(P5),RY?(25),3Y3(25)
ETA=376¢73)

U (Desle)

READ(1,10) NPWwsNWaNP,MLINL, NGy RK

FORMAT(61I2,E147)

WRITE(3,11) NPW,NW,NP,ML,N1,N6,EK

FARVMAT ('ONPw NW NP 1 N1 NE&',6Xs'AK' /1X,613,E1407)
REACI1,12Y(PX({I)s]ml,NPA)
REAC(L1,120(PY (), lm1,NPW)
READ(1,12)(PZ(1)s1elsNPw)

FURVAT(10FRs4)

WRITE(3213Y(PX(I)s1wisNPW)
FORMAT('OPX'/(1X»10FBed))
WRITE(3,14Y(PY([)s]a1sNPW)
FBRMAT('OPY'/(1X,10FRe4))
WRITE(3)15)V(P7(] ), ImiaNPW)
FORVAT('OP2'/(1X,1CFRe4))

READ(L1216)(LL(IY, 1Ny

FBRYAT{2013)

LL(Nwel)asNPwe

WRITE(3,17)Y(LL{T)YsTag,NW)

FORMAT('OLL'/(1Xx,2013))

READ({1412Y(RH(1), 1ol ,NP)

READ(1,12)V(ZH( 1)) In1,NP)

WRITE(3,1RY(RH(I)Y,Imq,NP)

21



18
19

21

39
20

a2

FHRYAT(10RK'/(1X,10FRek))
WRITE(I 19V (Zm(]) 2 IngaNP)
FHRMAT('0ZW'/(1Xx,10F8sa))
LWa(l

Kémi

DB 20 JsisNws

Jie L (D)

Jes L L(Jel)eld

Koy Wel

o8 21 lsJi,J2

Lwa Wel

Jen+y

XM oS (PX(Je)ePX (1))

YMu oS (PY(JW)+PY (1))

M Se(PZ( Je)+PZ (1))
XD=PX(J4)ePX(])
YDaPY({Ja)=ePY (1)

DRt Ju)ePZ(])
XR{LAN)2GRRT (XMaXMeYMuYM)
XP{L~N)YsATANZ(YM, XM)

XZ( w)=sZM

UR(LA) s (XMuXD+YMaYD ) /XR(LW)
UP(LWYB(eYMaXDeXMeYD ) /XRILW)
VZiLw)eZD

ULILW)BSART(XD#XD+YDeYD+ZD#ZD)

CEONT INUE
LL{J)sJ2=Jlw]
JouLL(J) /2=

CY 39 lalsU6
K7sKbel

KBaKgb+2

XK9axKb+3

KIxK2+]

Kbhax2+2

K582+ 3

Delispyl (K2Y+yL (X3)
CEL2sUL (Ka)Y+UL(KS)
Tw(K6)meSeyl (K2)/DELY

TW(K7)o (UL(KZ2)+58U (K3))/DELT
TW{c8)s (UL (xS)+15sUL (K4))/DEL2

TW(K9)sSeyl (KS)/DEL?
KEsXbw b

KZsxX2+2

CONTINUE

CBNT INUE

NeKS/ 4

DB 22 1m2,NP

I2n]ay

RR{aRH(])aRH(12)
RR2mZK(])eZH(12)
DH{1P)aSERT(RR1*RR{+RR2#*RR2)
R(lZ)weSe(RH{T)+RN(]2))
2S(]2)meBe(ZH(])e2ZH(]12))
SV{12)aRR1/DH(1I2)
CV(I2)YaRR2/0K(]2)

CONT INUE

M2eMl+}]

Sle25#ETA

DO »3 lsl,Lw

22




46
43

23

24
57

27
26

52

UR(1)eS1euR(])
UP(1)sS1eP(])
Uz{11sS1eu2(])

Jés]

DY w6 Jml,M2

SCe(Je?P)exP(])
EX(J4)sCRS(S2)=JeSIN(S2)
Jen Jb+|

CONT INUE

CONT IMUE

NM2aNP a3

NMar™Ma/D

DB 23 Jsl,NM

J2sPe(Jal )4l

J3e g2+

Jéz 3]

JOE Jbhe

Jhswa( Juite]

J7a2_5s+1

NEY INDAS]

J9s_34+1

DEL1sDH(J2)+0HJ3)
DEL2sD=(J4)+DRHUSB)
T(Je)ed=(J2)eDKH(J2) /2 /0ELY
TUJ7Yen~{J)#(ORIU2)+NRIJ3)/24)/DFLL
TUUR el Ju )« (DHIUS) NI JL) /724 ) /DFL2
T{J9)aDR{JB)#DN(JSI /2. /VELD
TR 6)eDH(J2) /0ELL

TRIJU7 eDR{J3)Y /0L L
TP(JRYseDR(J&)/DELD

TR JSYe=CH{US)/DEL2
CONT ML E

JisvlenNied

PS(i)wio

P8 24 Jsi,J!

J2m g+t

PS{JP)=PS{J)e)

CONT INUE

CALL LEDR(1,1212M10M2,040PL,P2)
J1e2

OB 24 Jei,M2

DY 27 I=Jsnd

JisJdl+l
Xeu(Pelwl)aPS(]ed+i)/PS(]4Jey)
Fi(JiysP1(Jl)exe
P2lut)sP2(JLl)eXx5

CUNT I UE

CUNTIMUE

BX P e3K 5K

BKIeP#AKD

NZsh™~2e’,

NiMaNZ# (PeM]e])

DB 52 Jmt.NZIM

L0J)YaCe

COMTINUE

NERAE XS

JSME =

NPMaNP el

DY 28 JYel,NPM

23



58

S9

60
31

3z
30

33
34

36

KAs]

Kds?

IF{JSeLEe2) KAR?2
JF(JUSeGTeNMP) KHed
XJeidik e RQ{JS)

CALL BFES(1,1,1,4N1,XJr»RJ1,8U2,3Y1,RY2)
JisysSs2

J2eJS=2sJ1

JEMe JSMe U2

JST=JST+i+28y2

JWTmep

JWME e M2

Jws

0B 29 JJmisNW

JOsLL{JJ)

JWMe JuMaANMD

JWTaJuwTeu

JOME S -y

0B 37 Uxei,dS

KCs}

KDag

IF (UK Ee2Y KCa2

IF (UK eBE e JSM) KDmi

JNe Jue]

JiayxK/2

Je2unKePaJd

JAME JuMe P \MP

JNT e T el se 2

ZinwXZ{ gw)e25(45)
XJ8SORT(Z18Z1+XR{JWIeXRIJW))
XJlsBxexXJ

CALL RES(1,1,2sM1sXJ1s8BJ348BUJ14BY3,BYYL)
XJ1aZ1/XJd

CALL LEG{1s1422N10M23XJ1sP3sPY)
IF{XJeR(JSY) 30,320,314

D8 32 Jsi,Ni
U1edJ3(J)ey*BY3(J)
HJ(J)eBJL (JY el
RFJR(J) e SK#RJ2(J) U]

CONT I NUE

Ug 78 34

08 33 JUst,Nt
HJ(JI=BU3U) e (BUllJ)eitudYi(U))
HJR(J)esRKe JI(J)e(BJZ2(J)wyalY2(JU))
CONTINUE

JisC

C8 35 Jvsi,"2

GuQe

GR=QO

GTsle

08 26 JUN®JMsNY

VisJl+d

SlsP1(J1)yeP3(J1)
GaG+HJ( NI nS1
GReGR+HJR({JN) @S
GTaGTeRHJ(IN)I P2 (J1)#P3(J1)
CUNT INUE

UbxeB24Sy(JS)#3

USsysyP ( JW)
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49
4R

47
50

CoayR{Ja)+US

UZs JR{Jw) =)D
TF(uw)wUseys
Tr{6)euse)?
TF(3)=TF (&)
TF(1)aTF (&)

Sis Me?

S2egMel

S3s U™
U4eS2/R(JS) T

LBe R4 UG

U9sH5ReUd
TO(ataUgeUR
TD:-6)s 1749
TO(3I)aUbeU9
TO(1)=sU7«UR

U9 (1 +/3(JS) ) U
[SY-L B3 K 2Vie]

U3eS3+U7

U9z 3Ko» Je(G
UbeypsU9

Uuasy7ey3

BF (6)amyu2eTD{4) ¢Ub
PF(6)rmyU3sTD(6)=US
PF{3)sUR«TN(3)e s
PE(1)Yay2eT(1 )08

TF(S)aensK3eCVIJS)*UZ (W) *G

TF(pi=sTF(])

TO(S)amPeaUZ{JW)/RIJS)#UT

TO(Z)sTD(E)

PF(5)a=G2,/R{JS)*u*T2(5)

PF(zYa=PF(R)
KGIJNM-.\)HEOJSW-].
K7s(M{+ May ) 8NT+KR
Kba{Mle JMeP)aNJ xR
VY Jas ( JMeq VoW
[F(uM=M1) 47,458,493
= I

Gg TR’ S50

MEde?

G8 T8 52

Mas3

DY w3 Mui, M3
ULisEX(JI)

U2 CaNJG (UYL
K7eX7+N/Z

KgagpeNZ

M3xvel

D8 41 XKSa<asKR

MBae UST+XS+XS
KBaKhex5

K9 7¢n S

CB 42 XaskK(axN

FT7a AT+ neK N
SlseT(M3)aTn(M7)
S2uaTP(MR)eTw(M7)
LosKwslimp

LBe<R+L 5

LY9e X9+ 5

25



61

42
41

40
35
37

2R

58
54

53

sDATA
16
10
L XN
CeQ
0:C
1.0
4e¢0
1
0«0
5e3
0«0
B+0

$STHP

/e

/7

PRINT

NPw N
14

PX
1.0
L X¥e)

PY
00
040

Pz
1.0
'Y Xs]

ZILR)mZ(LRYS(TF(M)egl+TD(M)eg)ay?
Kbs 8+N™M
ZiKu)sZ(XKhyePF{M)eS1ey2
IFEJMWER0Y1) GA TR 42
Z(L2)=sZ(LOY+(TF(M3)eS1+TD(M3)ec2)sU]
K5 9+N™
Z(K3)aZ(KS)y+PF({413)#S1syl
CBNTINUF

CONTINUE

L1 UL E YN

CONTINUE

CUNTINyE

CHUNTINUE

CONT INUE

CHNT INUE

REWIND 4

IF(N6eEDeG)Y G TH B4

D8 55 Jsi,NAk

READ(AR)

CONTINUE
WRITE(6Y(Z(JYadml s N2MY
WRITE(3,53)(2(J)YaJs1,42)
FORMATI'QZ'/(1Xs6E14e7))
sTEP

END

2 15 3 10 4 1.1000000€+0C
D00 240200 30200 40000 Be0000 640000 740000 =140000 =2,0000 »3.0000

NO0 =5.0J0C =6:0200 =7.0000
2CV 0+0200 0+0203 0+000C 042000 0.0000 0.0000 00000 0.0000 C+0000

700 N.020C 0+0000 0.0000
NO00 20000 3+0207 40000 Se0007 6400C0O 740000 190000 20000 3¢0007

200 S5.0200 6+.0200 70000

2
N00 140300 20000 340000 440007 S5¢0700 640000 790000 ReNOOD 606647

333 4enD0D 246567 13333 0.0000
000 1.0000 2+.0200 3¢00C0 4¢000N 55,0000 6.0000 70000 R8.0000 Re+000N

$00 8.0000 B8+0T00 8407200 8.000"

£C 8UTPUT

W NP M{ N1 N6 8K
2 15 3 10 « 0¢1000C0QE*0QO

000  2+0000 30000 4+0000 S»0000 640000 70000 =1¢0000 =2+0000 =3¢0000
3C0 «5+000C «6.0200 =7.0000 .

000 00000 060200 000000 060000 0.0000 00000 060200 0.0200 0e000N
CO0 00000 0«0CZ00 0.0000

Q00 2+02C0 3+0002 440000 55,0000 640N00 740000 10000 240000 300200
000 S0200 &.0000 7.0000
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V

LL
1 8

RH
0+0000 14000C 2+s0000 30000 44000H 5.0000 640000 710000 Re0NCO 606667
53333 440700 206667 143333 0.0000

IH
Q+0000 1.0000 240000 3+0000 44N000 5,0000 640000 70900 RK0000 R0COHN
8+0000 8.0200 8.02C0 8«0UCO RWNOON

z
092252771Em01=0,2685371E«¢03 0+4502131E=01 0e4381604E+03
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VIII. COMPUTATION OF THE WIRE PARAMETERS OF SECTION II

. . X ss
The program of this section computes the wire parameters E , Z,

> > :
R, and V and uses them to obtain the backscattering cross section per wave-

g
A2
in the positive z direction.

length squared

The activity on data sets

input and output) is as follows.

READ (1, 10) NPW, NW, NP,

10 FORMAT (6I3, E14.7)
READ (1,12)(PX(I), I
READ (1,12)(PY(I), I
READ (1,12)(PZ(I),

12 FORMAT (10F8.4)
READ (1,16) (LL(I), I

16 FORMAT (2013)

READ (1,12) (RH(I),
READ (1,12) (ZH(I),
READ (1,8) (ZWL(I),
8 FORMAT (7E11.4)

NPM = NP-1

READ (1,8)(2zST(I),
READ (1,8)(zZsp(D),
REWIND 6

=

o B o B o |

- A

given by (23) for an axially incident plane wave traveling

1 (punched card input) and 6 (direct access

LW, N6, M1, BK

NPW)
NPW)
NPW)

NW)
NP)

NP)
LW)

NPM)
NPM)

SKIP N6 RECORDS ON DATA SET 6

LWW = LW#LW
30 READ (6) (ZWW(I), I
LS = NP-3
LSW = LW+LS
MSW = (2%M1-1) %LSW

1, LWW)
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READ (6)(ZSW(I), I = 1, MSW)
REWIND 6

LSS = LS*LS

DO 36 M =1, Ml

READ (6)(2SsS(1), I =1, LSS)

36 CONTINUE

The x, y, and z coordinates of the data points on the wires are
read in through PX, PY, and PZ. There are NW wires. The LL(I)th data point
is the first data point on the Ith wire. The p and z coordinates of the data
poincs on the gemnerating curve of the surface of revolution are read in through
RH and ZH. There are LW triangle functions on the wires. The wires are loaded
by placing lumped impedance loads at the peaks of the triangle functioms.
‘ZWL(I) is the impedance load at the peak of the Ith triangle function. More
specifically, it is assumed that Z: of (23) is a diagonal matrix whose Ith
element is ZWL(I). This restricts the loads at a wire junction to two branches
of the junction. The surface of revolution is not a perfect conductor but a
rotationally symmetric imp 2dance sheet. The u, directed electric current sees
an average surface impedance of ZST(I) in the Ith interval on the g:nerating
curve. Likewise, the g¢ directed electric current sees the surface impedance
ZSP(I) in the Ith interval. It must be pointed out that if ZST(I) # ZSP(I),
then the electric field is not parallel to the electric current when the
electric current has both v and 4y components and hence the usual concept
of surface impedance does not apply. However, it is thought that very narrow
axially symmetric impedance bands should be characterized by ZST(I) # ZSP(I).
For instance, if the narrow band is a good conductor, only the 9¢ directed
current will be affected whereas if the band is a good insulator, only the
u, directed current will be affected. BK is the propagation constant k
appearing in (4). The matrices z%Y ana z%¥ appearing in (21) are read in
through ZWW and ZSW. z"™ is stored by columns in ZWW. Each submatrix ZSvm
is stored by columns in ZSW. Here, m runs between -M1+1 and Ml-1l. All elements

sw(mt+l) ss (M-1)

of 25" precede all those of Z In DO loop 36, the submatrix Z

of (31) is read in through ZSS.
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In the main program, minimum allocations are given by

COMPLEX ZWL(LW), ZST(NP-1), ZSP(NP-1), EX(NP-1),

EX(J3), ZT(NM), ZP(NM), ZZT(MN), ZZP(NM),

RS(NP-3), VS(NP-3), VW(LW), RW(LW), ZWW(LW«LW),

ZSW( (2#M1-1)*LW%LS), ZSS(LS#LS), MAXIMUM OF ZZ(LW*LS} OR
Z2Z(2%LS)

DIMENSION PX(NPW), PY(NPW), PZ(NPW), LL(NW+l),
RH(NP), ZH(NP), DH(NP-1), RR(NP-1), SV(NP-1),
UL(J3)

where NM = (NP-3)/2 and J3 is the maximum number of intervals on one wire.

For the surface of revolution, DO loop 22 stores the interval length,
p, sin v, and e—jkz in DH, RR, SV, and EX. The surface of revolution load
impedance matrix Zi of (10) is of the same form (30) and (31) as z5%. More-
over, the mét and mt¢ load impedance submatrices are zero and the mtt and

m$¢ submatrices are tridiagonal and do not depend on m.

From (12), (14), (26), and (27),

2
s mtt t (Ti(t)) d
- s t
(ZL)ii A (56)
s mtt o et ¢ Ti(t)Ti_l(t)
= = dt
NI A R P 57

30



0o [ )
m TS (t)
s = ¢ Ui
(ZL)ii Sz e (58)
S
(zs)m¢¢ i (zs)m¢¢ o [ TIOT, (6 i
Liis  Yias L o (59)

where ZE and Zi are surface impedances corresponding to ZST and ZSP in the
program. The logic prior to statement 59 in DO loop 21 evaluates (56)

to (539) by sampling the integrand four times. 1In DO loop 21, S1, S2, S3, and
S4 are the four sample values of the triangle function Tj(t). DO loop 21
stores (56) - (59) in ZT, ZZT, 2P, and ZZP respectively. The logic beginning
s (R} and (RI%) | of (83) of [4] in
RS(J) and RS(J+NM). Hence, for the eJ¢ expansion functions, R° of (24) is
-39

with statement 59 in DO loop 21 stores (R

stored in RS. Next, for the e testing functions Ve of (24) is stored in VS.

s . N
For e ¢ expansion and eJ¢ testing functions, (82) of [4] states that R®

s
and V- interchange roles.

For the J3th interval on the Jth wire, DO loop 27 stores the in-
terval length and —Axe-jkz in UL(J3) and EX(J3) where Ax i1s the extent of the
interval in the u direction. DO loop 28 stores the element of v oof (22)
for the Ith triangle function on the Jth wire in VW. Both gs and 3“ of (22)

have been computed for an incident electric field @l given by

i_ —u e—jkz (60)
~X

t

Because [ZSS + Zi] has the block diagonal nature (30), its inverse
is the block diagonal arrangement of the inverses of the submatrices
(z3% + z25)™. Because [Z°°

L
involving [ZSS

+ Zi]_l is block diagonal, all matrix products
+ Zi]"1 in (21), (22), (24), and (25) become sums over m of the
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m submatrix products. For instance,

Ml-1 -1
z : m
Zws[zss + Zi]—lzsw _ Zwsm (ZSS + Zi) stm (61)
m=-M1+1

where the superscript m denotes the submatrix obtained by using only eJm¢
. . =jm¢ . . .
expansion functions or e testing functions on the surface of revolution.
DO loop 36 adds the m = + (M-1) contributions to (61). In DO loop 36, Z, V,
ESS, and ﬁ of (21), (22), (24), and (25) are accumulated in ZWW, VW, ESS, and
RW respectively. Because R® and V° have only m = + 1 submatrices, only the
m = + 1 terms contribute to V, E°S and E of (22), (24), and (25) respectively.

of (31) to form (ZSS + Zi

ss,mtt
)

DO loop 55 adds the load matrix to (z°°)™ "

of (61). 1In DO loop 55, ZSS(J1) is the Jth diagonal element of (Z

Also, ZS8S(J1-1) and ZSS(J1-LS) are nearby off diagonal elements. The corres-
ponding elements of (Zss)m¢¢ are referenced by adding J3 to the subscript of
ZSS. Statement 60 inverts the matrix (Z°° + Zi)m. Nested DO loops (37) and
(38) store [(ZSS + Zi)m]—lzswm of (61) in ZZ by columns. Nested DO loops 41
and 42 subtract Zwsm[(zSs + Zi)m]_lzSwm from v AU stored in ZWW. The elements
of z2°°™ needed in inner DO loop 43 have been extracted from z5vm according to
(36). Just as DO loops 37 and 41 have added the m = + (M~1) contribution to
Z of (21) residing in ZWW, DO loops 45 and 46 add the m = -(M~1) contribution
to Z of (21) residing in ZWW. In inner DO loop 47, the elements of [(ZSS +
Zi)ﬂm]“l are, according to property (32) which survives matrix inversion,
extracted from [(ZSS + Zi)m]—l residing in ZSS.

s.m,~17sm

For m = 1, DO loop 49 puts the Jth elements of [(ZSS + ZL) ]V
m, -1

S

and ism[(zss + ZL) ] in ZZ(J) and ZZ(J+LS). From (32) and the nature
of Vsm, the column vector defined by

-m mi-1
"= [(zss + zi) } Uate (62)
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satisfies

-I*(—m) t _ -Ibmt
(63)

T(me _ gmé

The row matrix ﬁsm[(zSS + ZIE:")m]—l satisfies a relationship similar to (63).
DO loop 51 adds the m = + 1 contributions to v and R of (22) and (25) stored
in VW and RW. DO loop 53 adds the m = + 1 contributions to E°° of (24) stored
in ESS. The m = -1 contribution to E°° is equal to the m = 1 contribution.

DO loop 61 adds the diagonal wire load matrix Z: to Z to form
[z + Zz] of (20) in ZWW. Statement 62 inverts the matrix [Z + Z:] residing
in ZWW. DO loop 57 stores fw of (20) in ZZ and accumulates ﬁ[Z + z{]"lG of

2
(23) in Ul. Finally, o/2" of (23) is stored in SIG and printed out.
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END

CHMBELEX UsUlsl2oU3 e, CONJGH 7 WL (20),28T(49)Y,28P(49),FX{49),IT(26)
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