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PART ONE

GENERAL THEORY

I. INTRODUCTION
An N-port loaded scatterer is one having N ports (or terminal pairs) to
which an N-port load network is connected [1,2]. The electromagnetic scatter-
ing characteristics of the system depend upon the load network as well as the
scatterer itself. This report gives methods for determining the modes of a
loaded scatterer and for using them to obtain a modal solution for the scattered
field. Also included is the concept of modal resonance and synthesis. The
theory uses N-port characteristic modes, which are analogous to those defined for

material bodies [3,4,5]. The procedures used are similar to those developed for

continuously loaded scatterers [6].

The theory can be formulated equally well in terms of either open-circuit
or short-circuit network parameters. For a particular problem one representa-
tion may seem more natural than the other, but both lead to the same solution.
Computationally, the short-circuit parameters are obtained more directly from
a subsectional moment solution than the open-circuit parameters [7]. When
approximations are made in the theory, the two representations may lead to

different results.

II. FORMULATION OF THE PROBLEM

A loaded scatterer is basically two N-port networks connected together.
The load network is passive, and its terminal characteristics can be repre-
sented by its N-port impedgnce matrix [ZL]' The scatterer, illuminat?d by an
impressed electric field E}, is an active network and its terminal character-
istics can be represented by a Thévenin equivalent circuit [8]. This equiva-
lent consists of an N-port impedance matrix [ZS] obtained by removing the
excitation (impressed field), plus series voltage sources at each port equal to
the open circuit port voltages Vsc which exist when all ports are open circuited.
Figure 1 shows this Thévenin equivalent connected to the load network. The

terminal equation is
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Thévenin equivalent of the illuminated scatterer

Fig. 1.
connected to the load network.



HocC

VoS = - [z + zL]f (1)

where V°© and f are the column matrices (vectors) of the voltage sources

imd port currents, respectively, with reference conditions as shown in Fig.
1. We shall consistently choose the reference condition for current to be
into the positive voltage terminals for the scatterer and out of the posi-

tive voltage terminals for the load.

s : = . P
The scattered electric field E’ can be written as the superposition

N
s _ poc oc
E°=Ey + [ I E (2)
) n=1
Here_ggc is the field scattered when all ports are open circuited, and

oc , . . . .
,En is the field radiated when a unit current exists at port n and all

other ports are open circuited. In matrix form we can write (2) as

ocC ~0oCc =

S
E"=E  +E I (3)
where E?c is the row matrix of the Egc, n=1,2,...,N. Equation (1) can be
solved for the port currents as
T=-qz +2z1t§°c (4)
S L

Substituting this into (3), we obtain

8 _ _0c ~ocC -1 zoc
E° = E;° -E°C [zg +2,1 V (5)

The current J on the scatterer must also be a superposition of the form
AMA

(5), or

_ .0Cc  ~oc -1 zoc
J=J5 Jolzg+z, 17V (6)

oc . i
Here JOC is the current induced on the scatterer by E~ when all ports are

. . ~oc . . oc
open circuited, and J is the row matrix with elements Jn , the current
AN la o d
on the scatterer when a unit current exists at port n and all other ports

are open circuited.
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Norton equivalent of the illuminated scatterer

connected to the load network.




The dual short circuit formulation is obtained by representing the load
by its N-port admittance matrix [YL] and the illuminated scatterer by its
Norton equivalent circuit [8]. This equivalent consists of the N-port admit-
tance matrix [YS] obtained by removing the excitation (impressed field), plus
shunt current sources at each port equal to the short circuit port currents
Iic which exist when all ports are short circuited. Figure 2 shows this Norton

equivalent connected to the load network. The terminal equation is

>SC -
I = - [YS + YL]V (7)
>SC ->
where I and V are the column matrices of the current sources and port

voltages, respectively, with reference conditions as shown in Fig. 2.

. . S . P
The scattered electric field E” can be written as the superposition

E° = E5¢ + v E>C (8)
e Il ~Il

sc | . . ,
where EO is the field scattered when all ports are short circuited, and
sc , . . .
E is the field radiated when a unit voltage exists at port n and all other

ports are short circuited. In matrix form (8) can be expressed as

S sc , ~sc z
E =Ey +E "V (9)
Msc . sc .
where E is the row matrix of the gn , n=1,2,...,N. Equation (7) can be

solved for the port voltages as

> -1 2sc
vV = - [YS + YL] I (10)
Substituting this into (9), we have
s sc  #sc -1 =»sc
E"=E) -E [Yg+Y ] 1 (11)

Finally, the current J on the scatterer must also be a superposition of

the form (11), or

J=JSC

~sc -1 2sc
=432 —Ai [YS + YL] I (12)



sc . ;

Here JO is the current induced on the scatterer when all ports are short
, , ~sC , .

circuited, and J = is the row matrix with elements Jsc’ the current when a

unit voltage exists at port n and all other ports are short circuited.

ITI. N-PORT CHARACTERISTIC MODES

The characteristic modes for a loaded N-port system are defined in a
manner analogous to those for continuously loaded bodies [6]. Both [ZS] and
[ZL] are assumed symmetric. Hence their sum is symmetric and can be expressed

in terms of real and imaginary parts as

(2] = [2g + 2,1 = [R] + §[X] (13)
where
[R] = 3 (2 + 2%] (14)
1
[X] = 25 (2 - 2] (15)

The characteristic modes of the N-port system are defined by the weighted

eigenvalue equation

[Z]In = (l+j>\n)[R]In (16)

o>
where In are the eigenvectors and (l+jAn) are the eigenvalues. Substitut-

ing from (13) into (16), and cancelling the common [R]fﬁ terms, we have
> >
[X]In = /\n[R]In (17)
This 1is a real symmetric eigenvalue equation. Hence, all eigenvalues
A are real and all eigenvectors Tn may be chosen real. More generally,
the Tn are equiphasal, that is, a real vector times a complex constant,
In (16), we note that [R]_fn is real when ?n is real, and (l+jkn) is just

a complex constant. Hence, [Z]fn, which can be viewed as the voltage

sources of Fig. 1 which produce the mode currents, are also equiphasal.

The matrix [R] is normally positive definite, since T*[R]f is the
time-average power radiated and/or dissipated by the system., For con-

venience, we normalize the mode currents so that they deliver unit power,

that is,



I;'{[R]In =1 (18)

The usual equations of orthonormality of eigenvectors can now be written as

I*¥ [RIT = 6__ (19)
Ix [X1T_ =8 (20)
T+ (21T = 6 (1+jr) (21)

where Gmn is the Kronecker delta. Because the fn are real or equiphasal,
the orthogonality relationships remain valid even without conjugation of
the first vector. For loss-free systems, all power input is radiated, and
(19) leads to an orthogonality relationship for radiation fields. 1In fact,
the port modes have many properties in common with the modes of material

bodies [4,5].

The dual formulation in terms of admittance matrices leads “o a set
of characteristic voltage modes. Again assume [YS] and [YL] symmetric and

let
[¥] = [¥g + ¥, ] = [G] + j[B] (22)

where [G] and [B] are given by equations analogous tec (14) and (15). De-
fine the characteristic voltages of the N-port svstem by the weighted

eigenvalue equation
[YIV, = (+3u ) [GIV, (23)

Substituting from (22) into (23), and cancelling the common [G]_\;n terms

we have

[BIV_ = u_[G]V_ (24)

Again this is a real symmetric eigenvalue equation, hence all eigenvalues

u, are real and all eigenvectors Vn are equiphasal. Analogous to the pre-
-

vious case, (23) implies that [Y]Vn’ which can be viewed as the current

sources of Fig. 2 which produce the mode voltages, are also equiphasal.



. ~s -5
The matrix [G] is normally positive definite, since V¥[G]V is the
time-average power radiated and/or dissipated by the system. We normalize

the mode voltages so that they deliver unit power, that is
~s >
* =
vk [GlV =1 (25)

The usual equations of orthonormality of eigenvectors can now be written

as
AJ* ->
Vm[G]vn = 8§ ' (26)
Vx| Vv = 6.
m B]Vn ~ °m"n (27)
V*[y Vo= (1+5 28
m ] n_ m J”n) (28)

Because the Vn are real or equiphasal, the orthogonality relationships
remain valid even without conjugation of the first vector. For a given
load, the Mo and %n are different from the An and %n’ since [Y] # [Z]-l.
However, the eigenvoltages Vn of the [YL]+= 0 casi are related to the
eigencurrents In of the [ZL] = (0 case by v,o= [R]In, and the eigenvalues by
woo= - An. This can be deduced from Figs. 1 and 2 by observing that the

n
cases [ZL] = 0 and [YL] = 0, respectively, reduce to the same circuit.

IV. MODAL SOLUTIONS

Modal solutions for the port currents are obtained in the usual way
by using the mode currents as a basis for the port currents. To be ex-

plicit, let the port current be represented as

N
I=17 ot (29)
n o
n=1
where the a are coefficients to be determined. Substitute (29) into

(1), and obtain

N
>0c _ _ >
Vo = E o [2g + 21T (30)

Now take the scalar product of (30) with each T; in turn to obtain the

set of equations



N
~ >0C ~J -
* = - *
1*V nzl o Ix[zg + z JT (31)

m=1,2,...,N. Because of the orthogonality relationship (21), only the

n=m term r2mains, and (31) reduces to

N*—>0c = - .
7 o (1+12_) (32)

Substituting these values of @ into (29), we have the modal solution for

the port currents

I - A
I=- . i (33)
n=1 l+3>\n n
If the mode currents are not normalized, the factors 1 + jAn should be
~r >
s *
replaced by (l+JAn)In[R]In.
That part of the scattered field controlled by the load can also
be expressed in spectral form. The total scattered field is obtained
by substituting (33) into (3), giving
s oc R ?& voe >
E 7B - L T B (34

- -
Here Ejln) is the fiecld radiated when :n exists at the scatterer ports. A
modal sclution for the total cur—=zat on the scatterer is obtained in the

same way. The result is

N Ix v°°
Jg=J2°- 7 Z—J3(1) (35)

a=1 l+_])\n ~n

- -
Here i(In) is the current on the scatterer when In exists at its ports.
Again, if unnormalized mode currents are used, the factors 1 + jkn in

(34) and (35) should be replaced by (1+jxn)'i'§[R]“fn.

Similar modal solutions in terms of the port mode voltages can be
found in terms of short circuit parameters. Hence, analogous to (33) we
have for the port voltages

N Vx 1°€

n
) ——— V
n=1 l+3un n

>

(36)

<4
|
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Analogous to (34) we have a modal solution for the scattered field

. Fsc
s_.sc_ v VWL o
Lk LT BW (371)

> . ->
Here E(Vn) is the field radiated when Vn exists at the scatterer ports.

Analogous to (35) we have a modal solution for the total current on the

scatterer.
=35 - 1L IV ) (38)

Ilju ~tn
n
-
Here JﬂVn) is the current on the scatterer when vV, exists at its ports.
If unnormalized mode voltages are used, the factors l+jun in (36) to

(38) should be replaced by (1+jun)v§[G]$n.

V. MODAL RESONANCE

-
We can view the mode currents In as being excited by voltage sources

VOC = - [Z]_fn in the circuit of Fig. 1. The power delivered by the sources
is
P = I#[z]T_ = 1+jA (39
= I¥[(2]1 = 1+j) )
where the last equality follows from (21). A mode current is said to be

in resonance when its eigenvalue An is zero. Hence, at resonance, the
reactive power An is zero and the driving voltage is in phase with the
current.
>
Similarly, we can view the mode voltages Vn as being excited by the
Isc Ee . . .
current sources I = - [Y]Vn in the circuit of Fig. 2. The power de-

livered by the sources is

~ >
= b * = -
P o=V [Y*]V¥ = 1-ju_ (40)

where the last equality follows from (28). A mode voltage is said to be
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in resonance when its eigenvalue My is zero. Hence, at resonance, thec
reactive power —H is zero and the driving current is in phase with the

voltage.

Any equiphase current vector T can be resonated by choosing the propér

load [ZL}. This means that a desired I can be made an eigencurrent with

eigenvalue A = 0. We see from (17) that this requires

[X]T = [X, + X I = 0 (41)
or

[XL]I = - [XS]I (42)
This condition can always be satisfied by the diagonmal load matrix

[XL] = qu 0 0 ... (43)
0 X, 0

: o e e e e e e XLN

— —_

Explicitly, the solution is then
= 22 (Ix1D (44)
XLi Ii S i

where ([XS]-f)i denotes the i-th component of the column matrix [Xs]f.
Loads more complicated than (43) can also be used, and perhaps the

nonuniqueness of the solution can be used for optimization purposes.

Similarly, any equiphase voltage vector V can be resonated by choosing
the proper load [YL]. The desired V thereby becomes an eigenvoltage with

eigenvalue n1 = 0. Analogous to (42), this requires

[B,1V = - [Bg1¥ (45)
which can always be satisfied by a diagonal load matrix with elements BLi'

The solution, analogous to (44), is
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_l -
By = 5, (11D, (46)

Again this solution is not unique, and nondfagonal loads [BL] can be used

>
to resonate V if desired.

Resonating a desired equiphase T according to (42) or a desired equi-~
phase v according to (45) will be called modal synthesis, In many cases
when a current f is resonated all terms on the right-hand side of (34) are

small except that involving E(f). Then

] >ocC

EC ~ - (1509 E(D) (47)

and we have an approximate procedure for synthesis of scattering patterns.
This procedure usually gives good results if thg scattered field from the
open circuited scatterer is small and the scatterer is not electrically

large. The analogous result for the dual formulation is

E°~ - (V*I°HEW) (48)

where V is the equiphase resonated voltage. In this case the approximation

is usually good if the scattered field from the short circuited scatterer is

small and the scatterer is not electrically large. The remaining problern. is

- -
to. determine the desired I or V to resonate.

VI. DIPOLE SCATTERING

The basic radar problem consists of a transmitter, a receiver, and an
N-port loaded scatterer. To remove the transmitting and receiving antennas
from consideration, we take them to be terminals in empty space. A current
impressed across either the transmitter or receiver terminals is then just
an electric dipole. Figure 3 represents. the general problem, where I&t is
a current element across the transmitter terminals at position oo and %&r
is a current element across the receiver terminals at position Lt The
loaded N-port scatterer is in the vicinity of the coordinate origin. The
impressed field is now just the free-space field of I&t’ and the scattered

field at the receiver terminals is proportional to E° - 1% . From (5), we

have
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s oc ~oc =-1Zo0c
. I = . - (]
E L. = Ej 1% E 1L [zS +z,. 17V (49)

The subscript t has been added to Vzc to indicate that it is due to I&t' We

next use the reciprocity theorem [9]

[t o[l 2o

to obtain a relationship between E?c . I&r and Gzc, the vector of port
voltages due to excitation by I&r. For this, let ﬂ? be I&r radiating in
the presence of the scatterer with all ports open circuited, and let 5? be
the field produced, Let QP be a unit current applied at port i, also in

the presence of the scatterer with all ports open circuited, and let E? be
the field produced. Because currents induced on the scatterer do not enter

into the reciprocity integrals, (50) reduces to
- Ei ) I&r (51)

where the subscripts i denote the i-th element of the vectors. The above
procedure is applied to each port in turn, and the resulting set (51) writ-

ten as the vector equation

V¢ = - E°¢ . 12 (52)
r ~ T

This relationship also applies with r replaced by t, that is, for trans-
mitter excitation. Using the transpose of (52) in (49), we have

s oc . ~oc -lzoc
7 . = . 7
E L@r E L&r + \r [ZS + ZL] Vt (53)

If I&r = u, a unit vector, then (53) is an equation for the u component

s .
of " at the point r..

. . 50 oc
The open circuit voltage vectors VtC and Vr are the port voltages
when the excitation is I&t and I&T, respectively, Thesc voltage vectors
) ->
can be expressed in terms of any basis. In particular, we choose {[R]In}

->
as the basis, where In are real modal currents, and let
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-B5° -1 (59

where subscripts i denote the i-th element of the vectors. The above
procedure is applied to each port in turn, and the resulting set (59)

written as the vector equation

IS¢ = § 1%
= A (60)

This relationship also applies with r replaced by t. Using the transpose

of (60) in (57) we have

S . 12 =©g2°.

— sScC
~w Y ~0 I}vr

~sc -1 =
Lolyg +y 17 17 (61)

If I&T = u, a unit vector, then (61) is an equation for the u component

S .
of E° at the point r_.
~ ~mA
rsc

. . . s
Finally, we can express the short circuit current vectors It

>
Irc in terms of any basis. In particular we choose {[G]Vn} as the basis,

and

>S

where {Vn} are real modal voltages, and let

N
xsc _ >
"% = ] 8 [GIV (62)
n=1
The {%n} is an orthonormal set with respect to the weight matrix [G].

Hence, the components Bn are given by

B =VI (63)

Equations (62) and (63) apply to both t and r quantities. In the basis
{Tﬁ} the matrix [YS + YL] becomes diagonal with elements 1+jun. Hence,
(61) reduces to '

r .t
N Bn Bn

s scC
E Ik =k 2, - 1 I+ju_

~0 n=1

(64)

t . .
Here B; and Bn are the components (63) when the excitation is I&m and

I&t, respectively.
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VII. PLANE-WAVE SCATTERING

The solution for plane-wave scattering is obtained by letting the
transmitter and receiver recede to infinity. The amplitudes of the cur-
rent dipoles are adjusted to produce unit plane waves in the vicinity of
the scatterer. Hence, the incident wave from I&t becomes [7]

—j&t ©r

E- =u_ e (65)
where Et is a vector of magnitude k and direction that of I The
incidant wave from I&r is given by (65) with subscripts t replaced
by r. Figure 4 illustrates the general plane-wave scattering problem.

To produce the unit plane wave (65), the amplitude of ;&t must be

4ﬂrt jkr

t
I&t = - Ton e u, (66)

and similarly for L&T. It is also convenient to normalize radiation fields

according to

E(r,0,0) = 72 73K p(p, 4 (67)

The function F is called the field pattern on the radiation sphere.
MA

The results for dipole scattering can now be rewritten for plane-~

wave scattering as follows. Corresponding to (53), we have
S oc ~oc -l2oc
5 2 =5 TV [ZS + ZL] Ve (68)
~oc >oc . s
where Vr and Vt now result from unit plane waves. Similarly, the modal
solution (56) becomes
. oc N o e
Eoge=k "%t l o (69)
n=1 n

where the a; and aﬁ result from unit plane waves. An alternative form of
the solution can be obtained by using reciprocity. From (52), using (66)

and (67), we have
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VOl =-FC -y (70)

and similarly for Vgc. The F's can be changed to a modal basis, with the

result that

r > .
of = - FE) v u, (71)

-

>
Here E(In) is the mode pattern due to the real mode current I A

.. t .
similar result holds for an. We next define the tensor

>

>
N F(I) F(1I)
FoC = ] T (72)
nel l+_]>\n
which is analogous to Garbacz's bilinear scattering tensor [10]. Using
(71) and (72) in (69), we have
S _ oc | . o |
Lokl Rt Y (73
The radar cross section is given by
w22 s 2
il
9% T4 ',]5:, .Hvr| (74)
where E? © 4. can be cor-uted from (68), (69), or (73).
Analogous results -or the short circuit formulation can also be
written. Dual to (68), we have froam (61)
s _ o8¢ e ~l=sc
Eoou =k "ML D vT ] T (75)

wherelfic and fic result from unit plane waves. Dual to (69), we have

from (64)

t
FFeu =°F%.4 - g Egifil (76)
w~ ~ M) ~wr n=1 Lﬁun

where the B; and BE result from unit plane waves. Again we have an
alternative form obtained by using reciprocity. From (60), using (66)

and (67), we have
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i*sc - -F>SC . u (77)
r wr ~T

>
and similarly for I:c. In terms of the modal basis,

B, = F,.(Vn) " (78)

where Eﬂvn) is the mode pattern due to the real mode voltage Vn' A

similar result holds for Bs. Next define the tensor

N F(V) F(V)
sScC _ ~ n ~~w n
;? ) nZl l+j”n 7

analogous to (72). Using (78) and (79) in (76), we have

S . _ pSc | _ ., —=Sc
FPlu =F +u -u ¢ o (80)

Note that the 3§C is not the same tensor as'?pc of (73). 1If the radar
cross section is desired, it is still given by (74), where Ef * 4. can

be computed from (75), (76), or (80).

VIII, METHOD OF COMPUTATION

The parameters needed for the analysis can be calculated by the
method of moments in a straight forward manner [7]. For a perfectly
conducting scatterer over the surface S, the basic equation is

z(J) = Ei'an (81)

where'Etan is the tangential component of the incident field on S and -Z
is the operator relating J to the tangential‘g\field it produces on S.

We approximate J by the superposition

. Ingn (82)

where;ln are expansion functions and In are constants to be determined.

L=

n

T

The number of expansion functions M must be greater than or equal to the

number of ports N, that is, M > N. Equation (81) is approximated by a
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matrix equation in the usual way [7]. The result is
[z]T =V (83)

= 3 Iy > . . »
where I is the current vector with elements In’ V is the excitation vector

with elements
J I E' ds (84)

and [Z] is the generalized impedance matrix with elements

Zmn = ff gm . Zggn)ds (85)
S

The solution to (83) can be represented by

1

I=1[2]"V=[Y]V (86)

The approximate current on S is then given by (82), where :n are the

>
elements of I.

To simplify the theory, we choose all im = 0 at port n except Jh,

which is normalized so that In equals the current at port n. This implies

that expansion functions n=1,2,...,N are port currents, and n=N+1, N+2,...,M

are nonport currents. The matrices of (86) are then partitioned as

Il = [Yll] [le] v, (87)

> >
L [¥Y,,] (Y0 ) Y

where subscripts 1 denote port elements and subscripts 2 denote nonport

>
elements. Note that I1 is now simply the port current. When the exci-

-
tation is concentrated at the ports only, Vl is the port voltage and the

scatterer N-port matrices are simply

[Y (88)

ll]

-1

[Y
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When the excitation is due to an external impressed field, the short circuit

port current is
-> - >
o= (Y, v + [Y,1V, (90)

Hence, when the excitation is due to ;&r’ the short circuit port current

is
;sc = 1Y > >
r = IV + T, 1Y, (o)
and when the excitation is due to I&t, the short circuit port current is
>SC > >
Lom = D Vg + ¥,V : (92)

The subscripts r and t have been added to Vl and VZ to denote excitation
by I&r and ;&t’ respectively. Finally, the scattering due to the short-

circuited scatterer is given by the formula

sc ~ >
ES 12 = Vr[Y]Vt (93)
where [Y] is the complete matrix of (87).

To obtain the open circuit port voltages, we excite the scatterer

simultaneously with an external impressed field plus port voltages sources

such that El = 0, In this case (87) becomes
r = >0cC ->
| 0 [Yll] [le] v+ vy (94)
B v
L 2 [y, 1 ¥yl 2

’ >
where V°C is due to port voltage sources, and Vl and V2 are due to the

external impressed field. Solving (94)-for voc’ we have

Foc _ > -1 >
v - = Vl - [Yll] [Y12]V2 (95)

Hence, when the excitation is due to %&r’ the open circuit port voltage is
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- =1 >
V- =-V., - [Yll] [le]v2r (96)

and when the excitation is due to I&t, the open circuit port voltage is

- _ T -1 3
V"= -V, - [Yll] [Y12]v2t (97)

Again the subscripts r and t denote excitation by I&T and I&t, respectively.
Finally, the scattering due to the open-circuited scatterer is obtained as

follows. Eliminate goc from (94) and solve for f2’ obtaining

> _l -
Ly = [ = ¥y 31 Y151V (98)
Let ?2 be VZt and form VZriz. By reciprocity the result is equal to
oc
< IR
@0 Iwr. Hence,
oc | ., _ % _ -1 3
Eo » I, = Vo [¥gy = Yoy Yi5lVy, (99)

Note that the central matrix on the right hand side must be the generalized

admittance matrix for the open-circuited scatterer. It should not be confused

with the port admittance matrix [YS]. Equations (93) and (94) remain valid if
oc

the left hand sides are replaced by ESC Tu and FO TuL, respectively.

IX. EXAMPLES

Programs for computing the characteristic port modes of wire objects, aud
for using them in modal solutions, are given in Part II. We here consider ex-
amples of their application to a wire triangle with two cross wires, as shown
in Fig. 5. The four points at which the wires cross the z axis are input ports,
labeled (1), (2), (3) and (4) in Fig. 5. The tip angle (at z=0) is 30°, the wire
diameter is a/100. All computations are made using 38 triéngle funccions in a

Galerkin solution, as described in previous work [4,10].

The port impedance matrix [ZS] = [R] + j[X] is obtained from the generalized
impedance matrix using available programs [10]. The eigencurrents fﬁ and eigen-

values Xn are computed for the unloaded (short-circuited) wire triangle from (17)
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(1)

Fig. 5. Wire triangle with cross wires, tip angle = 30°,

a = one wavelength, wire diameter = a/100.
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using a Jacobi method [11]. The results are tabulated in Table 1, normalized
so that the maximum port current is unity. The eigenvoltages Vn and eigen-
values Kn are computed for the unloaded (open-circuited) wire triangle from
(23).

port voltage is unity.

These results are tabulated in Table 2, normalized so that the maximum
Note that the An of Table 1 are related to the H of

Table 2 by An == M- It can also be shown that the Tn of Table 1 are related
to the Vﬁ of Table 2 by fn = c[G]Gﬁ, where ¢ is a normalizing constant. It

should be emphasized that the two unloaded cases, Tables 1 and 2, are really for

two different loading conditions, [ZL] 0 and [YL] = 0, respectively.

Table 1. Port mode currents f for the unloaded
wire triangle, [ZL] =0
n An port (1) port (2) port (3) port (4)
1 -0.1552 -0.1338 0.4326 0.8419 1.0000
2 -10.12 -0.6078 1.0000 0.8054 -0.6458
3 =50.54 1.0000 -0.5374 0.0137 0.0740
4 816.4 0.5441 1.0000 -0.2839 0.0778
Table 2. Port mode voltages Vn for the unloaded
wire triangle, [YL] = 0.
n My port (1) port (2) port (3) port (4)
1 0.1552 -0.0205 0.1158 0.6425 1.0000
2 10.12 0.1904 0.2524 1.0000 ~0.9256
3 50.54 1.0000 -0.2887 0.7884 ~0.4050
4 -816.2 0.53213 1.0000 -0.6749 0.2066

-
Corresponding to each current vector I at the scatter ports there

exists a unique current distribution over the entire scatterer. Figure 6

>
shows the current distributions on the wire triangle when mode currents In’

n=1,2,3,4, exist at the scatterer ports. The graphs are divided into segments
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corresponding to wire segments on the triangle, with points identified by
letters a through g. The current graphs are normalized so that the magni-
tude of the maximum coefficient of the current expansion is unity. Since
the current on one of the branches of a junction is the sum of two expansion

coefficients, the maximum current plotted may be greater or less than unity.

Corresponding to each voltage vector V at the scatterer ports there
e ists a uniquz2 current distribution over the entire scatterer. As noted
eirlier, when a mode voltage Gn of the open-circuited scatterer exists at
..e scatterer ports, the resultant port current is fn’ a mode current. Hence,
the plots of Fig. 6 are also the current distributions on the wire triangle

>
when mode voltages Vn’ n=1,2,3,4, exist at the scatterer ports.

Corresponding to each current vector T at the scatterer ports there
exists a unique field radiated by the scatterer. Figure 7 shows the radi-
acion gain patterns when the mode currents fn’ n=1,2,3,4, exist at the
scatterer ports. Plotted for each case are gain patterns in the two planes

J and y=0. These are labeled By and gye, respectively, where the second

¢

¢ pscript denotes the polarization of the E field.

Corresponding to each voltage vector V at the scatterer ports there
xists a unique field radiated by the scatterer. Again, when a mode voltage
of the open-circuited scatterer exists at the scatterer ports, the re-
sultant port current is fn’ a mode current. Hence, the plots of Fig. 7 are
also the radiation gain patterns when the mode voltages Vn’ n=1,2,3,4, exist

at the scatterer ports.

When the scatterer is illuminated by an incident field, the scattered
field can be computed either by matrix inversion [7] or by a modal solution
of the form (34) or (37). We have investigated convergence of the modal solu-
tion as modes are added in the order of increasing |An| or |un]. Figure 8
shows the results using the open circuit formulation (34). The incident wave
is an x-polarized z-traveling plane wave. The two solid curves on each plot
are the matrix inversion solutions for radar cross section/wavelength squared

in the planes x=0 and y=0 for the open-circuited scatterer, [ZL] = 0, The



(a) » = -0.1552

+-09

Fig. 7.

(c) A = =50.54

(da) » = 81l6.4

Gain patterns for the characteristic currents of the
unloaded body, open circuit formulation, [ZL] = 0.
Curves labeled gx¢ are in the x=0 plane and the field
is ¢ polarized. Curves labeled gye are in the y=0
plane and the field is 6 polarized. Gain patterns for
the characteristic voltages of the unloaded body, short

circuit formulation, [YL] = 0, are the same, but p = -Ai,
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(a) no modes - (b) add A = -0.1552

(c) add » = -10.12 (d) add » = =50.54

Fig. 8. Convergence of the open circuit modal formulation for
bistatic radar cross section/wavelength squared for the
case [ZL] = 0. Excitation is an x-polarized plane wave
traveling in the +z direction. The solid curves are the
short circuit scattering patterns obtained by matrix
inversion. The modal solutions are shown by x's in the

=0 plane and by a's in the y=0 plane.



(a) add p = 0.1552 (b) add u = 10.12

(c) add » = 50.54 (d) add u = -816.2

Fig. 9.

Convergence of the short circuit modal formulation for
bistatic radar cross section/wavelength squared for the
case [YL] = 0. Excitation is an x-polarized plane wave
traveling in the +z direction. The solid curves are the
open circuit scattering patterns obtained by matrix
inversion. The modal solutions are shown by x's in the

=0 plane and by n's in the y=0 plane.
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modal solutions are shown by x's in the x=0 plane and by i's in the y=0
plane., Figure 8a includes no modes, and includes only the Egc term of (34).
This is actually the scattering from the short-circuited scatterer. Note

that all x's and g's fall into an almost solid spot at the origin. This is
because the scattering from the open-circuited scatterer is an order of magni-
tude smaller than that from the short-circuited scatterer. Figure 8b includes

oc

h

the EO

now a close approximation to the matrix inversion solution. This is to be
oc .

E term is

0
small compared to Eﬁ. In fact, the A = -0.1552 mode alone, without the ESC

term plus the A = -0.1552 mode in the modal solution. The pattern is
expected, since A = -0.1552 is the only small eigenvalue and the

term, should also be a good approximaticn to the matrix inversion solution.
Figure 8c shows the modal solution when ttvo modes are included in (34), and
Fig. 8d when three modes are included. The case of all four modes included

is not shown, but is indistinguishable >rom Fig. 8d.

Figure 9 shows the convergence of the modal solution (37) when applied
to the open-circuited scatterer. The incident wave is again an x-polarized
z-traveling plane wave. The two solid cur :s on each plot are the matrix
inversion solutions for radar cross sectic /wavelength square-” in the planes
x=0 and y=0 for the open circuited scatte  :r, [YL] = 0. The modal solutions
are shown by x's in the x=0 plane and by 1's in the y=0 plane. The case of
no modes, which would include only the Ei' term of (37), is n t shown because
the points all lie off scale. It is, oI course, the scattering from the short-
circuited scatterer, which is an order of magnitude larger than that from the
open-circuited scatterer. (This is evidsat from Fig. 8a.) Figure 9a shows
the modal solution when one mode is incliied in (37), Fig. 9b when two modes
are included, Fig. 9c when three modes a:2 included, and Fig. 9d when all
four modes are included. Note that the ' odal solution converges to the matrix
inversion solution more slowly in this c:.:se than in the previous case, Fig. 8.
This is because the‘ggc term of (37) is arge compared to the final result E?
whereas in the previous case the ECC tera was small compared to the final re-~

s ~0
sult ﬁ .
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Fig. 10. Current distributions produced by the characteristic currents of t
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The remaining examples deal with the wire triangle reactively loaded
to resonate a mode current. First, the diagonal load matrix [XL] is calcu-
lated according to (44) to resonate the mode current corresponding to A=-10.12

of the unloaded wire triangle. The resultant loads, in ohms, are

854.7

- 215.6 XL3

XLZ 173.7 XL4

Next the loaded scatterer matrix [Z] = [ZS + jXL] is formed, and the character-

X1

(100)
986.7

=
istic port currents In and eigenvalues An are computed according to (17). These

results are tabulated in Table 3.

Table 3. Port mode currents I for the loaded
wire triangle, [ZL] = j[XL] to resonate

the A =-10.12 mode of the unloaded wire triangle.

n kn port (1) port (2) port (3) port (&)
1 0 -0.6078 1.0000 0.8054 -0.6458
2 8.600 0.0120 0.4430 0.8115 1.0000
3 | -84.26 1.0000 -0.2654 -0.0506 0.0787
4 1067. 0.5069 1.00060 -0.2801 0.0743

The current distributions on the wire triangle when the characteristic
currents fn’ n=1,2,3,4, of the loaded wire triangle exist at the scatterer
ports are shown in Fig. 10. The gain patterns of the wire triangle when the
characteristic currents fn’ n=1,2,3,4, of the loaded wire triangle exist at
the scatterer ports are shown in Fig. 11. Convergence of the open-circuit
modal formulation (34) for bistatic radar cross section/wavelength squared
for the loaded wire triangle is shown in Fig. 12. Interpretation of these
figures is analogous to that for Figs. 6, 7, and 8. Note that, even though

the eigenvalues An of the loaded case are different from those for the un-

loaded case, the current distributions and mode patterns (Figs. 6 and 7 and
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(a) x =0 (b) A

8.600 °

—+— N

(c) A = =84.26

Fig. 11.

Gain patterns for the characteristic currents of the
loaded body, open circuit formulation, [ZL] = diagonal
load to resonate the A = -10.12 mode of the unloaded

body. Curves labeled 8., 3TC in the x=0 plane and the

¢

field is ¢ poclarized. Curves labeled gye are in the

y=0 plane and the field is © polarized.



Fig.

(c) add A =

12.

(a) no modes

—

8.600

Convergence of the open circuit modal

(d) add x =

35

(b) add A =0

-84.26

formulation for

bistatic radar cross secticn/wavelength squared for the

diagonal load to resonate

The modal

case [ZL] =
mode of the unloaded body.
by x's in the x=0 plane and by @'s in

Solid curves are the matrix inversion

the A = -10.12
sclutions are shown
the y=0 plane.

solution.
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(a) y ; 0 (b) u = 0.039%

1T

(c) p = 121.4 "l (d) p = - 1975

Fig. 13. Current distributions produced by the characteristic voltages of the loaded body, short
" circuit formulation, [YL] = diagonal load to resonate the p = 10.12 mode of the unloaded

body. The x's denote real part, g's imaginary part.

9t



Figs. 10 and 11) are somewhat similar. Note also that the convergence of

the modal solutions in the two cases, Figs. 8 and 12, are qualitatively

similar.

For the final example, the diagonal load matrix [BL] is calculated

according to (46) to resonate the mode voltage corresponding to the p= 10,12

mode of the unloaded wire triangle, [YL] = 0.

are

B 0.004592 B

The resultant loads, in mhos,

L1 L3

B -0.005700 B

Next, the loaded scatterer matrix [Y] = [YS + jBL]
characteristic port voltages Gn and eigenvalues Ho

to (24). These results are tabulated in Table 4.

L2 L4

= -0.001159

(101)

= -0.001004

is formea, and the

are computed according

Table 4. Port mode voltages §n for the loaded wire

triangle, [YL] = j[BL] to resonate zhe u = 10.12

mode of the unloaded wire triangle.

n M port (1) port (2)
1 0 0.1904 0.2524
2 0.0394 -0.0054 0.0773
3 121.4 1.0000 0.1850
4 -1975 0.4986 1.0000

port (3) port (4) !
1.0000 -0.9256
0.7014 1.0000
0.3390 -0.2319
-0.6917 0.2164

The current distributions on the wire triangle when the characteristic
voltages ﬁn’ n=1,2,3,4, of the loaded wire triangle exist at the scatterer
ports are shown in Fig. 13. The gain patterns of the wire triangle when the
characteristic voltages %n, n=1,2,3,4, of the loaded wire triangle exist at
the scatterer ports are shown in Fig. 14. Convergence of the short circuit
modal formulati.n (37) for bistatic radar cross section/wavelength squared

15.

for the loaded wire triangle is shown in Fig.

Interpretation of these
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+ F

(a) v =0 (b) uw = 0.0394
2t
1+ gye
gx¢
(c) u=121.4 () u = -1975

Fig. 1l4. Gain patterns for the characteristic voltages of the
loaded body, short circuit formulation, [YL] = diagonal
load to resonate the p = 10.12 mode of the unloaded

body. The x's denote real part, O's imaginary part.



figures is analogous to that for Figs. 6, 7, and 9. Again note that, even

though the port eigenvalues M for the loaded case are different from those

for the unloaded case, the current distributions and the mode patterms

(Figs. 6 and 13 and Figs. 9 and 14) are somewhat similar. Also, convergence

of the modal solutins in the two cases, Figs. 12 and 15, are qualitatively
similar. However, in the loaded case, Fig. 15, we have two modes with small
eigenvalues, namely, # = 0 and u = 0.0394. Hence, we should expect to require
both of these modes in the modal solution before obtaining a good approximation
to the matrix inversion solution. We also note that Fig. 15b, which includes one
mode in the solution, gives a worse approximation to the matrix inversion solu-
:ion than does Fig. 1l5a. This is not surprising because the modal solution gives
1 least squareé approximation to Ef - Egc on the radiation sphere, not to g?
ilone. This is in contrast to the modal solution using modes of the complete

Yody [4], in which case there is no term corresponding to ESC

Finally, note that the synthesized patterns of Figs. 12 and 15 are the
ime to within plotting accuracy. This is because the loads, [XL] in the first
ise and [BL] is the second case, were chosen to resonate the same mode of the
mloaded wire triangle. The two results actually differ slightly, because of the
_gc and Egc terms in (34) and (37), respectively. The computed loads [XL] and
‘BL] are actually not the same loads in the two cases. It can be shown that, when

. mode of the unloaded body is resonated; the loads in the two cases are related

2y
.2
An -1
(8,1 =-¢( ) [X ] (102)
L l+>\2 XL
n
where Xn = - ou is the eigenvalue of the mode resonated. The loads (100)

and (101) satisfy (102) with » = - 10.12.
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Convergence of the short circuit modal formulation for
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X. DISCUSSION

The characteristic port modes of an N-port system form a convenient basis
for expressing the field scattered or radiated by an N-port system. The mode
currents (or voltages) diagonalize the loaded N-port impedance matrix (or
admittance matrix). The mode fields form an orthonormal set on the radiation
sphere, Because of these properties, problems of analysis, synthesis, and
optimization become conceptually simpler. For example, the principle of modal
resonance introduced in Section V can be used to synthesize and optimize
scattering patterns from a loaded N-port scatterer. The procedure is similar to
that used for continuously loaded scatterers [6]. The modes should find similar
uses for the synthesis and optimization of N-port antenna patterns. While all
the examples of this report have used computed parametefs of N~-port systems,
measured parameters could be similarly used. This would, of course, bring many

experimental problems into the picture, and require considerable further research.
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PART TWO

COMPUTER PROGRAMS

I. INTRODUCTION

The programs used to compute the examples of this report are described
and listed here in Part two. Each program is accompanied by an explanation
of the input data, a verbal flow chart, and sample input-output data. In
general, the input data for the program of a given section depends upon the
output of programs of previous sections. If each program is run with the
input data listed in this report, the input data for any one of these pro-
grams can be verified in terms of the output of programs previously run.

The Calcomp Plotter is used only in the two programs of Sections X and XI.

The sole purpose of these two programs is to plot existing data.

II. DATA POINTS ON THE WIRE TRIANGLE

The sample data for all the programs of this report is that of the
wire triangle with two cross wires, shown in Fig. 5. Distances are measured
along the wire axis. The parameter a is one wavelength, and the wire

diameter is a/100. Ports are defined at the 4 points at which the wire crosses

the z axis.

The wire triangle is decomposed into six wires with some overlapping

as shown below. z¢
4

L
7

—X

Six wire arrangement for the wire triamngle.
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The axis of the first wire is defined by 17 data points, including one at
each end of the wire. These 17 data points divide the first wire into 16
segments of unit length. For convenience, we have chosen the length a to

be 32 units in which case the propagation constant k is The next 9

U
16°
data points divide the second wire into 8 segments of which the first two
and the last two are one unit long and the remaining four are 4 sin (15°)
long. The next 13 data points divide the third wire into 12 segments of
which the first two and the last two are one unit long and the remaining
eight are 4 sin (15°) long. The next 29 data points divide the fourth

wire into 28 segments of which the first 8 and the last 8 are one unit

long and the remaining 12 are 4 sin (15°) long. The next 13 data points
divide the fifth wire into 12 setmenté of which the first two and the last
two are 4 sin (15°) long and the remaining 8 are ome unit long. The last

13 data points divide the sixth wire into 12 segments of which the first

two and the last two are 4 sin (15°) long and the remaining 8 are one unit
long. In general, a wire either terminates at a junction or extends two
segments through the junction. If a wi:= terminates at a junction, its last
two segments must be overlapped by one :f the other wires. A junction with

n branches should have overlapping on n-1 of its branches.

>

The vector I appearing in (83) is the current at every dd data point
of each wire except the first and last data point of each wi:.. For ex-
ample, only the currents at the 3rd, 5th, and 7th of the 9 data points of
the second wire are included in I. Only elements of T are eligible to be-
come port currents. We have not explored the possibility of a port current

at a junction, or rather on one of the branches of a junction.

A short program to obtain the x and z coordinates of the data points

is listed next.



LISTING OF PRUGRAM FOR X AND Z COORDINATES OF WIRE TRIANGLE

// (OOB‘!H,EE,I'].)Q'MAUTZVJUE'9REGIUN=14OK
// EXEC WATFIV
//GUSYSIN DD =
sJ0B MAUTZ
DIMENSION X(50)4+Z(50)4XX(25)
PI=3.141593 -
ANG=PI/12.
SN=SIN(ANG)
CS=COS(ANG)
DO 11 J=1,25
FJ=Jd-1
X{J)=FJ=SN
ZUJ)Y=FJ*CS
11 CONTINUE
WRTITEF(34313)(X(J)sd=1y25)
13 FORMAT('OX!'/(1X410FR.4))
WRITEC3414)(Z2(J)ed=14+25)
14 FORMAT('0Z'/(1X4310FR.4))
DO 12 J=1,7
Fd=a=x(J-1)
XX (J)=FJ=SN
12 CONTINUE
WRITE(3415){XX(J)yd=147)
15 FORMATI'OXX'/(1X,10F8B.4))
STOP
END
SDATA
$STUP
/:;:
//

PRINTED OUTPUT

X
0.,0000 0.2588 0.5176 D7765 140353 1.2941 1.5529 11,8117 2.0706 2.3294

2eD08R2  2,R470 3.10958 34364~ 33,6235 3,8823 4.1411 4,3999 4,6587 4,9174
5.1764 5.,4352 5.6940 5.,9528 6.,2117 '

00000 049659 1.9319 2.8978 33,8637 4.,R29A 5.7956 6.7615 T.7274 R,AG933
9.6593 10.6252 11.5911 12.5570 13.5230 14.4889 15.4548 16,4207 17.3867 1R,.352hA

193185 20.2H44 21.2504 27,2163 23,1822

XX
0.0000 1.0353 2.0706 3.1058 4.,1411 5.1764 6.2117
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In this program, DO loop 11 calculates the x and z coordinates of the right
hand side of the triangle. DO loop 12 stores the x coordinates of the right
half of the top side of the wire triangle in XX. Since the wire triangle is
in they=0 plane, all y coordinates are zero. The foregoing x, z, XX and appro-
priate zeros are arranged to obtain PX, PY, and PZ, the x, y, and z coordinates
at the 94 data points. PX, PY, and PZ appear in the sample data of the next

program which calculates the generalized impedance matrix.

III. GENERALIZED IMPEDANCE MATRIX

A program for the generalized impedance matrix Z of (85) appears on
pages 12-15 of [10], but because a few minor errors have been corrected in the
subroutine CALZ and because the main program has been changed ccrsiderably, the
listing of the program, sample input-output data, and explanation of the

punched card input will be included here.

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

input-output 1s as follows.

REWIND 6

READ (1,43) NF, Nb, NP, NW, RAD
43 FORMAT (413, El4.7)

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

READ (1,10)(PY(I1), I = 1, NP)

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

READ (1,15)(LL(I), I = 1, NW)
15 FORMAT (2013)

READ (1,44)(BKK(I), I = 1, NF)
b4 FORMAT (5El4.7)

SKIP N6 RECORDS ON DATA SET 6
DO 14 K = 1, NF
WRITE (6)(2(I), I = 1, N2Z)

14 CONTINUE
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PX, PY, and PZ are the x, y, and z coordinates of the NP data points
which describe the axes of NW wires. On each wire there are an odd number
> 5 of data points of which two occur at the ends of the wire. uRAD is the
radius of the wires. The LL(I)th data point marks the beginning of the Ith
wire. LL(1) should be 1. DO loop 14 stores the impedance matrix for propa-

gation constant k = BKK(K) colummwise in Z.
Minimum allocations are given in the main program by

COMPLEX Z(NZ)
COMMON LL(NW+1), RAD2(NP),PX(NP),PY(NP),PZ(NP)
DIMENSION BKK(NF), MD6(NF)

and in the subroutine CALZ by

COMPLEX PSI(4*N1), Z(NZ)
COMMON LL(NW+1) ,RAD2(NP),PX(NP),PY(NP) ,PZ(NP)
DIMENSION L(NW+1),XX(N1),XY(N1),XZ(N1),TX(N1),
TY(N1) ,TZ(N1) ,AL(N1),T(4*N),
TP(4*N) ,DC(4*N1)

where
Nl = NP - NW
N1
N = 7 NW
NZ = N*N

Because Jj as an expansion function is approximated by 4 pulses while

J, as a testing function is approximated by 4 impulses, Z is not exactly
symmetric. DO loop 41 in the main program makes Z symmetric by averaging
corresponding off diagonal elements. A minor error has been found and
corrected between statements 22 and 28 of the subroutine CALZ. Also, the
0ld CALZ would not function properly if wires of different radii met at

a junction. This difficulty has been avoided by replacing RAD, the radius
of each wire by RAD2, the square of the wire radius on each segment. A

segment is the portion of a wire between consecutive data points on that wire.

The sample data is such as to store the impedance matrix on record 1

of data set 6.
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LISTING OF PROGRAM TO CALCULATE THE GENERALIZED I'MPEDANCE MATRIX

/7 (0034+EE924+2) 9y "MAUTZ,H,JOE' yREGION=140K
// EXEC FORTGCLGPARM,FORT='MAP!
//F0ORTLSYSIN DD =
SUBROUTINE CALZ
COMPLEX UsU3,U4402,U5,U6,PS1(400),2(15600)
COMMON Z oKT ¢NRyN,LL(9),RAD2(100)4BK,PX{100),PY({100),PZ(100)
DIMENSION L{(9)4XX(100)+XY(100),XZ(100),TX(100),TY(100),TZ(100)
DIMENSTION AL(100),T(200),TP(200)+DC(400)
IF(KT.NE.1) GU TO 9
U=(O.91-)
PI=3.141593
ETA=376.730
Cl=.125/P1
C2=.25/P1
Ja=2
N1=0
Jl=1
DO 8 J=1,NP
ITF(LLJLI=J) Te647
6 Jé=J4a-1
L{J1l)=4
Ji=sJ1l+1
GO0 TO B
7 N1=N1+1
J3=Jd-1
IFIUINL/2%2-N1).EQ.0) Jé=J4+1
XXINL)=e5%(PX{(J)+PX{(J3))
XY(N1L)Y=.5%{PY(J)+PY(J3))
XZINL)=o5%=(PZ(JYI+PZ(J3))
S1=PX(J)=PX(J3)
S2=PY(J)-PY(J3)
S3=PZ(J)=-PZ(J3)
S4=SOQRT(S1*S1+S2%xS2+53%853)
TX(N1)=S1/S4
TY(N1)=S2/S4
TZ(N1)=S3/S4
AL(NLl)=S4
8 COMTINUE
N=J4-2
LiJl)=J4
Ji1=1
J2=-2
DO 5 J=14N
IF(LIJY)=J) 344,3
4 J2=J42+2
Jl=Jdl1l+1
3 J3=(J-1)=4
Ja=J3+1
J5=J4+1
Jé6=J5+1
J7=J6+1
Ka=J2+1
K5=K4+1
K6=K5+1
K7=Ké6+1
S1=AL(K4&)+AL (K5)
S2=AL(K&)Y+AL(KT)
T(Ja)=AL(K&G)*.5%AL(K4)/S1
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11

12

14
13

21

18

19
20

T(JS)=AL(KS ) ={AL{K&4)+.,5%AL(K5))/S1
T(JI6)=AL(KOEYX(AL(KT)Y+,5*%AL(KH6))/S2
TOJIT)=AL(K7 )%, 5%AL(K7)/S2
TP(J4)=AL(K4)/S1
TP{JS5)=ALI(KS}/S1
TPIJ6)==ALIKA)}/S2
TP{JT7)==AL(KT)/S2

J2=J2+2

CONTINUE

U3=U*BK*ETA

Ua=-U/BK*ETA

BK2=BK*BK /2.
BK3=BK2=*BK/3,

N9 =0

N2=1

N3==-2

DO 10 NS=1,N

IF(LI(N2)=NS) 12,11,12
KK=1

N3=N3+2

N2=N2+1

GO TO 13

KK=3

D) 14 NF=1,N1

N4 =NF+N1

N5=N4+N1

N6=NS+N1

DCINF)I=DC (N5)

DC (N4 )=DCIN6)
PSI(NF)=PSI(NS)
PST(N&4)=PSI (N6)

CONTINUE

DU 15 K=KKy4

N7=N3+K

Kl=(K-1)%N1

DO 16 NF=1,N1

N8=NF+K1

S1=XX(NT)=XX(NF)
S2=XY(NT}=XY{(NF)
S3=XZ(N7)=-XZ(NF)
R2=S1%S1+52%S2+S3%S3+RAD2(NF)
R=SQRT(R2)
RT=ABS({SI*TXINT)+S2%TY(NT)+S3*=TZ(N7))
RT2=RT*RT

RH=(R2=-RT2)

ALP=.5%AL{NT)

AR=ALP/R

S1=BK*R
U2=C0S{S1)-U%*SIN({S1)
IF{(AR=-,1)-22,22+21
U2=U2*Cl/ALP

S1=RT-ALP

S2=RT+ALP
S3=SORT(S1*S1+RH)
S4=SQRT{S2*S2+RH)

IF(S1) 18,18,19

Al 1=ALOG((S2+S4)*(-S51+S3)/RH)
GO T0 20
AT1=ALOG((S2+S4)/(S1+S3}}
Al2=AL(NT)
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Al3=(S2%S4-S1%S3+RH*AI1)/2.
Al4=A12%(RH+ALP*ALP/3.+RT2)
S3=Al1*#R
S1=AT1=-BK?%(AI3=R*x(2,%A12-53))
S2==BK* (Al 2~S3)+BK3%x(Al4~3 ,xA[3%R+R2%( 3, %xA[2=-53))
GO TU 2R
22 U2=U2%C2/KR
BA=BK=*ALP
BA2=BA*PA
AR2=AR=AR
AR3=AR2%AR
ZR=RT/R
ZR2=ZR*7R
IR3=7R2*]R
IR4=7K3%ZR
Al=ARF(=1e+3,%7R2) /6 e+(3e=30.%IR2+35,%7R4)%*AR3/40.
AQ=1.+AR%*A1
A2==7R2/6«~AR2%(1e=12%IR2+15.%IRLV /40,
A3=AR= (3 ,%]R2~b,*xIR4) /60,
AL=lR4/120.
S1=A0+RAZ=(A2+BA2%A4)
S2=BA3{Al+BA2%=A3)
28 PSITINB)=U2%(S1+U*xS$2)
DCINB)=TX(MF)RIXINTY+TY(NF}=TY(NTI+IZ7INF)=TZINT)
16 CONTINUE
1% CUNTINUE
N3=N3+2
J3=(NS-1) =4
J7==2
Jo=1
DO 25 NF=1.+0
JI=(NF-1) %4
IF(L(J9)~NF) 26,27,26
27 J9=J9+1
J7=J47+2
26 N9=N9+1
Uus=0.
U6=0.
J5=0
DO 23 JS=1l,4
Ja=J3+JS
J8=Jd5+J7
DO 24 JF=1,4
Je6=J8+JF
J2=J1+JF
Us=T(J2)%*T (J4)*=DC{J6)*PST{JA) +Ui5
Ub=TP(J2)*TP(J4)*PSI(J6)+Ub
24 CONTINUE
J5=J5+N1
23 CONTINUE
Z(N9)=US*Uy3+Ub*=U4
JT7=J7+2
25 CUONTINUE
10 CUNTINUE
RE TURN
END
COMPLEX Z(1600)
COMMON Z 4KTyNPyNsLL(G)yRAD2(1100)+BKsPX(100),PY(100),PZ({100)
DIMENSION BKK(100),.MD6(100)
REWIND 6
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/®

43

16

39
40

10

29
30
31
15

33

46

44
45
24

26
23

42
41

38

37
14

READ(1443) NFyN64yNPsNWyRAD

FORMAT(413,E14.7)

WRITE(3516) NF+N6yNPsNW,RAD

FORMAT('0O NF N6 NP NW'6Xy'RADY/1X+4134,E14,.7)
RAD=RAD*RAD

DO 39 I=1,NP

RADZ2(I)=RAD

CUNTINUE

READ(1+10)(PX(1)4I=14NP)}
READ(1,10)(PY(I),I=1,NP)
READ(1+10){PZ(I)4I=1,NP)

FORMAT(10F8.4)
WRITE(3,429)(PX{I)yI=14NP)
WRITE(3,30)(PY(I}yI=14NP)
WRITE(3,31)(PZ(1)yI=14NP)
FORMAT('OPX'/(1X,10F8.4))
FORMAT('OPY'/(1X410F8,4))
FORMAT{'OPZ'/{1X,10F8.4))
READ(1415)(LLIT)sI=14NW)
FORMAT(2013)
WRITE(3933)(LL(T) s I=14NW)
FORMAT('OLL'/(1X,10I3))
LL{NW+1)=10000

DU 46 I=1,NF

MD6(T11=0
CONTINUE
MD6{1)=1

READ(1444)(BKK{I}sI=1yNF)
FORMAT(5El14.7)
WRITE(3,45)(BKK(I)sI=1,4NF)
FORMAT('OBKK?'/(1X4+5E14.7))
IF(N6) 23,23,24

DO 26 J=1,N6

READ(6)

CONTINUE

DO 14 K=14NF

KT=MD6(K)

BK=BKKI(K)

CALL CALZ

DO 41 J=14N

Ji=(J-1)=N

DO 42 1=1,4

J2=J1l+1]

J3=(1-1)#*N+J
20J2)=5%(Z72(J2)Y+2(J3))
2(J31=721(42)

CONTINUE

CONTINUE

NZ=N*N
WRITE(G)I(Z{I)sI=14N2Z)
WRITE{3,38) N
FORMAT('OIMPEDANCE MATRIX OF ORDER',13)
WRITE(3437)(Z(I)sI=1,45) -
FORMAT(1X47E1l.4)

CONTINUE

STOP

END

//G0.FTO6F001 DD DSNAME=EE0034.REV1,DISP=0LD,UNIT=2314, X

//

VOLUME=SER=SU0004,0CB=(RECFM=VS,BLKSIZE=2596,LRECL=2592,X%



/7 BUFMO=1)
//GDL.SYSIN DD =
1 0 94 6 0.1600000E+00
2.0706 1.8117 1.5529 1.2941 1.0353 0.7765
=0.517A =0.7765 =1.0353 =1,2941 .~1.5529 =1,&117
-1.0353 00,0000 1.0353 2.0706 1.8117 1.5520
-?.,0706 =1.0353 0.0000 1.0353 2.0706 3.1058
—4.,3999 -4 65R7 =4,9176 -5,17h4 -5.4352 -5 ,6940
-2,1058 -2.0706 -1.0353 0.0000 1.0353 22,0706
D 9528 5.6940 5.4352 5,1764 4.9176 4.65”7
4,1411 3.%823 3.6235 33,3646 3.1058 2,.8470
1+0000 0.0000 -1.0353 -2.0706 =-2.3294 =-2.5882
-3.8823 =4.1411 -3.1058 —-2.,0706
0.0000 0,200 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0,0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0300
0.0000 0.0000 0.0000 0.0000 0.0000 0.0
0.0C00 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.00:0  0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.06.0 0.0000
0.0000 0.0000 00000 0.,0000 0.0000 0,000
N.0000D 0.0000 0.0000 UeD000
7.7274 &H.7615 55,7956 4,8294 3.R4K3/ P R9TA
1.9319 2.B974 3.8637 4 ,R296 5.74940A HelALb
T.I2T4 T 1274 T.7274 7147274 hAeTRlS  5elOwh
1544569 15,6545 15,4548 15.4548 15.454= (%,.4bak
166207 17,3867 10,3926 19,3185 20,2856 21,2504
23,1822 23,1802 23,1822 23,1422 23,1872 23,1%27
27,2163 21,2504 20.2844 19,2185 18.752A 17.33A7
15¢4548 14, BAY 13.5230 12.5570 1le-wll 10,6752
To7274 7.7274  T.7274  T.7774 B.593%2 9,453
14.4R8Y 15.65«3 15,4548 15,4548
1 18 27 40 A4 2
0.1963495F+00
/¥
/7
PRINTED QUTPUT
NF N6 NP W RAD
1 0 94 6 0.1600000E+00
PX
2.0706 1.8117 1.5529 1.2941 1.03%3 0.7765
—0.5176 =0.7765 ~1.03593 —=1.2941 —1l.b57« ~1.,8117
-1.0353 0.0000 1.0353 2,0706 1.8117 1.5%29
—2.0706 -1,0353 0.0000 1.0353 2,0706 33,1058
—4.3999 =a (AS5ET ~£.9176 =5.1764 =5%.4352 ~5.6940
~3.105%8 =2,0706 ~1.035%3 0.0000 1.0353 2.,07.64
5.9528 5.6940 5.4352 5,1764 4.9176 4,65K7
4.1411 3.8R823  3.6235 343646 3.,1088 2.4470
(.0000 0.0000 ~1.0353 =2,0706 =2.37 & =2,588°>
~3.HAPS ~4,l4ll =3,1058 =2.0706
PY
0.0000 0.0000 0.0000 0.0000 0.00C0 0.0000
0.0060 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 040000 0.0000 0.0000 11,0000
0.0000 0.0000 0.0000 C.0000 0.0000 0.0000

0.5174A
-2.0706
—4 .A5RT
4e.1411
-5.9528
3.1058
443999
245882
-2.8470

0.0000
0.00C0
0.0000
U NNOOD
0.0000
0.0000
00,0000
0. 0000
0.0000

1.9319
7.7274
17.3RA67
LSaabhan
272.71A32
23.1R22
16.4207
9.ABO3
10.5252

0.5176h
-2 .070A
—GhbRT
4elall
-5.9528
3.,1058
4434999
?.58B2
~7.8470

0.0000
0,100
0,0000
0.0000

0.25RHR
~lebb2@
~4,3999
4439939
~6.2117
4.1411
4.1411
243234
-3.105H

0.0000
[Brgelelely
0.0008
0.0000
0.0000
00,0000
0.0000
0, 0000
0.0000

Q.9h5Y
be 79 A
1A 47207
1A.4207
22.1822
22 1~02
1v . «248
.h9353
L0911

1

Na281n
—le5%n2¢
-u, 39939
443229
-haelll7
41411
Gal411
2437294
-3.108%%

0.0000
0.0000
()« 0000
0.0000

0.0000
-1.8117
-4,1411

446587
-5.1764

Hel764

2.0706

2.0706
~-3,3F46

Vet
(e OONO
(), (301
NPINIPIS
00000
0.0000
Q.00
e OO
O

O.t1n0
Ve -7'1]'7
19,6544
17. 1867
234180
.18/ 2
15,4542
T./27%
12.05%70

U. 0000
-lex1ll7
-4. 1411

4 g7
-n.'T7h4s

5.1764

2.070A

2.07060

— 94 it

0.0000
0., 0NN
00000
0.0000

51

-N.7258R%
-2.0706
-3.1058
-4,1411
—4,1411
6,2117
3.1058
1.0353
~3.0239

e (1000
0.0000
O, 0000
0.0000
1, 0000
0.0000
114 NON0
0.0000
0 OO

(,.l.ﬁ‘;u
e T i 14
| ~obhhan
Thaoanhaw
2A.1 22
VT R
1hetanon
Te 7.0

1 +.5230

—Je2bRe
-2.0706
—~3.105A4
~helsll
~44,1411
Aa2117
3, 10498
1 ef}30 3
~4407235

0. Q000
N, 0000
e 1000
D000
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0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.,0000 0,0000 0,0000 O0,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000
0.0000 0.,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

Pz
TeT274 6.7615 5.7956 4.8296 348637 248978 1.9319 0.9659 0.0000 0.9459
1.9319 2.8978 3.8637 4.,8296 5.7956 6.7615 7T.7274 5.7956 h,7615 T7.7274
TaT274 747274 ToT7274 To72T4 647615 547956 173867 16,4207 15.4548 15,4548
15.4548 15.4548 15,4548 15.4548 15,4548 15.4548 15.4548 16.4207 17.3867 15.4548
1644207 17.3867 18.3524 19.3185 20.2R44 21.2504 22.2163 23.1822 23,1822 23.1%22
23.1822 23.1822 23.1822 23.1822 23,1822 23.1822 23.1822 23,1R22 23.1822 23.1822
2242163 21.2504 20,2844 19,3185 1843526 17.3867 16.4207 15.4548 15.4548 15.454R
15.4548 14,4889 13.5230 12.5570 11.5911 10.6252 9.6593 R.6933 77,7274 77,7274
7.7274  7.7274  7.7274 T.7274 B8B.6933 9,6593 10,6252 11.5911 12.5570 13.5230
144889 15,4548 15,4548 15,4548

LL
1 18 27 40 69 82

BKK
0.1963494E+00

[MPEDANCE MATRIX OF ORDER 38
0e3057E+01-0.5125E+03 0.3011E+01 0.2382E+03 0.2R75E+01 0.4522E+02 0.197RE+00

0.168B8E+01-0,2424E+01~0.,1208E+02
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IV. EXCITATION VECTOR FOR PLANE WAVE INCIDENCE

A subroutine VOLT to calculate V of (84) appears on pages 51-52 of [6].
Because 3 is desired for various frequencies, polarizations, and angles of
incidence, it was necessary to rewrite the main program which calls VOLT.
In the rewritten main program, the activity on data sets 1 (punched card

input) and 6 (direct access input-output) is as follows.

READ (1,9) NF, N6, NP, NW, NT, NPAT

9 FORMAT (6I3)
READ (1,18)(BK(I), I = 1, NF)
18 FORMAT (5E14.7)
READ (1,9) (NPA(I), I = 1, NPAT)
READ (1, 10)(PX(I), I = 1, NP)
READ (1, 10)(PY(I), I = 1, NP)

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

10 FORMAT (10F8.4)

READ (1,15)(LL(I), I = 1, NW)
15 FORMAT (20I3)

REWIND 6

SKIP N6 RECORDS ON DATA SET 6
WRITE (6)(V(I), I = 1, KV1)

PX, PY, and PZ are the x, y, and z coordinates of the NP data poincs describing

the axes of the NW wires. The LL(I)th data point is the first data point on the

Ith wire. BK(I) is the propagation constant k at the Ith frequency. V of (84)

is computed for NF frequencies, NPAT polarizations and NT angles and stored in

V(I + (J-1)*N + (K-1)*N*NT + (L-1)*N*NT*NPAT) for the Ith expansion function i&’

the Jth angle 2n(J-1)
8 TNT-1

As in (17)-(22) on page 31 of [10], six different polarizations are defined for

-radians, the NPA(K)th polarization, and the Lth frequency.

the incident field E’

1. o, x = 0 4, E¢ s ¥ =
2. E¢ , x =0 5. Yy s 2 = 0 (103)
3- &e,y=0 6. ‘u“.¢’z=

In the first polarization, El is polarized in the 4 direction and the propa-
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gation vector lies in the x=0 plane.
Minimum allocations are given by

COMPLEX VR(N#*6), ZZ(N1*6)
COMMON L(NW+1), T(N*4), BX(N1l), BY(N1), BZ(N1),
TX(N1), TY(N1), TZ(N1)

in the subroutine VOLT and by

COMPLEX VR(N*6), V(N*NT*NPAT*NF), ZZ(N1%*6)

COMMON L(NW+1), T(N*4), BX(N1), BY(N1), BZ(N1),
TX(N1), TY(N1), TZ(NL)

DIMENSION PX(NP), PY(NP), PZ(NP), LL(NW+1),
AL(N1), BK(NF), RX(N1), RY(N1), RZ(N1),
SND(NT), CSD(NT)

in the main program where

NP - NW
N1/2 - NW

N1
N

The sample punched card input obtains only the frequency with propa-
gation constant 7/16 and the third polarization (ue, y=0) for 0° < 8 < 360°
in steps of 2.5°. V is stored on record 2 of data set 6 immediately after

the previously computed impedance matrice.
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CALCULATION OF EXCITATION VECTOR FOR PLANE WAVE INCTDENCE

/7 (0034 ,EE424+2) 9 "MAUTZ y JOE* ,REGION=200K
// EXEC FURITGCLGyPARMFORT='MAP?
//7FEDRTLSYSIN DD %
SUBRUUTINE VOLT
CUMPLEX VR(228),011422(528),U3,U4,Ub
COMMUN VR 4327 sSNyCSyNL4L(9) 4NyNNG
COMMUON T(200),RX(100)4BY(100)BZ(100),TX{100),TY{100),TZ(100D)
DUy 30 IT=14N1
S1=-RY{1)*SN
S2=BZ(1)*CS
$3=S1+S2
S4=BX(I1)*SN+S§2
S5=8X{I1)=(S-S1
U3=CUS{SA)+U=SIN(S3)
U4a=CUOS(S4)+UxSIN(S4a)
Us=CNS{S5)+U=*SINIS5)
S1=TY(1)*CS
S2=TZ(1)%*SN
J2=T+N1
J3=J2+n1
Ja=J3+N1
JoS=Js+N1]
J6=J5+N1
22(1)=(=-S2=-51)=13
72Z2(42)=TX(1)*Uy3
2Z2(J3)=(TX(I)=(CS-S2)*xUs&
22(34)=1Y (1) x4
22104395)==TZ(1)=Ub
22136)=(=TX{])*SN+S1)*Ub
30 CUNTINUE
Jba=-2
Js=1
NU 49 I=1,N
J2={I-1)%*4
IF{L(J5)-1) 50,51,50
51 Ja=Jda+2
Jh=d5+1
50 Jb=J4
DO 53 J=1,NN6sN
VR{J1)=0.
NO 52 K=1,4
K3=J6+K
K2=J2+K
VR(J)=TIKR2)*ZZ(K3)+VR(J)
52 CUNTINUE -
J6=J6+NnN1
53 CUNTINUE
Jé=J44+2
49 CONTINUE
RETURN
END
COMPLEX VR(228),4¥{11020),U,22(528)
COMMON VR 4UsZZ sSNeCSyNL1yL(9) sNyNNA
COMMUN T(200),8X(100),8Y(100),BZ(100),TX{(100),TY(100),TZ2(100)
DIMENSION PX(100)4PY(100),PZ(100),LL(9),AL(100),BK(100)
DIMENSION NPA(A)+RX(100)4yRY(100),RZ(100}),SND(145),CSD(145)
U=(0esls)
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14
18

19

26

10

11
12
13
15

16

31

35
32
30

READ(1+9) NF4sN6yNPyNWyNTyNPAT
FORMAT(6I3)

WRITE(3514) NFsN6,NP,NW,NTNPAT
FORMAT('0 NF N6 NP NW NT NPAT'/(1X4613))
READ(1,18){BK(I)sI=14NF)
FORMAT(5E14.7)
WRITE(3,19)(BK{I)yI[=1sNF)
FORMAT('OBK'/ (1X45E14.7))
READ(149)(NPA(T )yI=14,NPAT)
WRITE(3426)(NPA(I),1=1,NPAT)
FORMAT('ONPA'/ (1X,613))
READ(1,10)(PX(I)4I=1,NP)
READ(1410)(PY(I)sI=14NP)
READ(1410)(PZ(1)4+I=14NP)
FORMAT(10F844)
WRITE(3,11)(PX(I),I=1,4NP)
WRITE(3,12)(PY(1)4I=14NP)
WRITE(3,13)(PZ(I),yI=14NP)
FORMAT{'OPX'/(1X,10F8.4))
FORMAT('OPY'/(1X410F8.4))
FORMAT('0OPZ'/(1X410FBR.4))
READ(L,15)(LL(I),yI=1yNW)
FORMAT(2013)
WRITE(3416)(LL(T),1=14NW)
FORMAT('OLL'/(1X,2013))
LLINW+1)=10000

REWIND 6

IF{N6) 30,30,31

DO 32 J=1l.N6
READ(6)Y(RX(I)yI=1,2)
WRITE(3435)(RX(I)4yI=142)
FORMAT{1X,2E14.7)

CONTINUE

N1=0

Ja=2

Jl=1

DO 8 J=1,NP

TF(LLOJLIY=J) 74647

Ja=J4-1

L{Jl)=J4

Jl=J4l+1

GO TO 8

N1=N1+1

J3=J-1
IF((NL/2%2-N1).EQ.Q) Ja=J4+1
S1=PX(J)=PX{J3)
S2=PY(J)=PY(J3)
S3=PZ(J)-PZ2(J3)
S4=SORT{S1*81+S2*S2+53%S53)
TX{N1}=S1/S4

TY(N1)=S2/54

TZ(N1)=S3/S4
RX(N1)=PX(J)+PX(J3)
RY{N1)=PY{J)+PY {J3)
RZINYL)=PZ{J)+PZ (J43)
ALIN1)=S4

CONTINUE

N=J&-2

DO 34 I=1,4NPAT
NPA(T)={(NPA(I)-1)3=N




34 CONTINUE
L{J1l)=d4
J1=1
J2==-2
DO 5 J=1,yN
IFIL(JLY=J) 3,4,3

4 J2=J42+2
Jil=J1+1

3 Ja=(J-1)=%4+1
JS5=d4+1
Jb6=J5+1
J7=J6+1
K4=J2+1
KS=K&4+1
K6=KS5+1
K7=K&+1
S1=AL{K&4)+AL (K5)
S2=AL(K&)Y+AL (K7
TlJ4)=AaL{Ka Y=, 5%0L(K4)/S1
TEIS)=AL(KS ) *(AL(K&4)+.5%AL(K5))/S]
T(J6)=AL(KO )2 (AL(KT)+.5%AL(KA)} )} /S2
TEUTY=AL (KT ) *,5%AL (KT7)/S2
J2=J2+2

5 CONTINUE
NTN=NT=N
NTP=NTN®=NPAT
NNG&=N*6
IFINT-1) 23,23,24

23 DEL=0.
GO T 25

2¢ DEL=2.%¥3.141593/(NT~-1)

25 DD 36 J=1,NT
THET=(J-1)}*DEL
SND(J)=SIN(THET)
CSDI{Y)I=CDS(THET)

36 CONTINUE
DO 20 J=1,NF
BKS5=.5%BK(J)
DO 21 I=1,4N1
BX(I)=RK5x=RX (1)
BY(I)=BKS%RY (1)
BZ(T1)=RK5%RZ (1)

21 CONTINUE
KV={J—1)*NTP
DU} 22 I=14NT
SN=SND(1)
CS=CSD(I)
KV3=(I-1)=*N
cAaLL VvOLT
DO 29 KK=1,NPAT
KV1=KV+{(KK=1)*=NTN+KV3
KV2=NPA{KK)}
DO 29 K=1,4N
KV1=KV1+1
KV2=KV2+1
VIKV1)=VR(KV2)

28 CONTINUE

29 CONTINUE

22 CONTINUE

20 CONTINUE



58

WRITE(3,437)(V{I)sI=145)
37 FORMATU('OV'/(1Xs7E11l.4))
WRITE(6)({V(I)yI=14KV1)

//GO.FTO6F001 DD DSNAME=EEO0034.REV1,DISP=0LD,UNIT=2314,
VOLUME=SER=SUOQO004,DCB=(RECFM=VS,BLKSIZE=2596,LRECL=2592,X

STOP
END
/%
//
/7 BUFMO=1)
//GO.SYSIN DD =
1 1 94 6145 1
0.,1963495E+00
3
2.0706 1.8117 1.5529
=0.5176 ~04776% -1.0353
-1.0353 0.0000 1.0353
-2.0706 =1.0353 0.0000
—-4.3999 -4 ,6587 -4.9176
-3.1058 -2.0706 -1,0353
5.9528 5.6940 5.4352
441411 3.8B23 3.6235
0.0000 0.0000 -1.0353
=3.R8823 -4.1411 -3.1058
0.0000 0.,0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
T.7274 6.7615 5.7956
1.9319 2.8978 3.8637
T7274 T,7274 71,7274
15,4548 15.4548 15.4548
16,4207 17.3867 18.3526
23.1R22 23.1822 23.1822
22.2163 21.2504 20.2844
15.4548 14.4889 13.5230
T.7274 T.7274 T.7274
14.4889 15.4548 15.4548
1 18 27 40 69 82
/%
1/
PRINTED QUTPUT
NF N6 NP NW NT NPAT
1 1 94 6145 1
BK
0.1963494E+00
NP A
3
PX
2.0706 1.8117 1.5529

1.2941
=1.2941
2.0706
1.0353
=5.1764
0.0000
5.1764
3.3646
-2.0706
-2.0706
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
4.8296
4.8296
Te7274
15.4548
19.3185
23.1822
19.3185
12.5570
7.7274
15.4548

1.2941

1.0353
=-1.5529
1.8117
2.0706
-544352
1.0353
4.9176
3.1058
-2+3294

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3.8637
5.7956
67615
15.4548
20.2844
23,1822
18.3526
11.5911
B8.6933

1.0353

0.7765
-1'8117
1.5529
3.1058
-5.6940
2.0706
4.6587
2.8470
-2.5882

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

2.897R
67615
57956
15.4548
21.2504
23.1822
17.3R67
10,6252
9.6593

0.7765

0.5176
-2.0706
-4 .,65R7

4.1411
-5.9528

3.1058

4,3999

2.5882
~2.8470

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.9319
T.7274
17.3867
15.454R
22.2163
23.1822
16.4207
9.6593
10.6252

0.5176

0.25A88
-1.5529
-4,3999
4,3999
-6.2117
4.1411
4.1411
2.3294
-3.1058

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.9659
5.7956
16.4207
16,4207
23.1822
23.1822
15.4548
8.6933
11.5911

0.2588

X

0.0000
-1.A8117
-4,1¢11

446507
=5.1764

5.1764

2.0706

2.0706
=-3.3h46

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
6.7615
15.4548
17.3867
23,1822
23.1822
15,4548
7.7274
12,5570

0.0000

-0.258R8
-2.0706
-3.1054
~4.1411
~4.14l1
6a2117
3.1058
1.0353
=3.6235

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.9659
7.7274
15,4548
15.4548
23.1827
23.1R22
15,4541
Te7274
12.5230

-0.2588
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=0.5176 =0.7765 -1.0353 =1,2941 =1.5529 -1.,4117 -2.0706 -1.5529 -1.8117 -2.0706
-1.0353 0.0000 1.0353 2.0706 1.R8117 1.5579 =4,65R7 =4,.,3999 —-4,1411 -3.105R
-2.0706 =-1.0353 0.0000 140353 2.0706 33,1058 4.,1411 4.3999 4,60H7 —4.1411
~%¢3999 =4,.6587 ~4,9176 -5.17h4 -5.4352 -5.6940 -5.9528 =-6.2117 -5.17h4 =4,1411
-3.1058 -2.,0706 -1.0353 0.0000 1.0353 2.0706 3.1058 4.1411 5.1764 62117
3.9528 5.6940 5.4352 5,1764 4.917A 4,A5R7 4,3999 44,1411 2.0706 3.105#
447411 3.8823 3.623% 3.36466 3.105R  2.8470 2.58R2 2.3294 2.0706 1.0353
0.0000 0.0000 -1.0353 -2,0706 =-2.3294 =-2,5882 —-2.5470 -3,105% -3.,3n4h -3,6235
~2.8H23 -4.1411 ~-3.1058 -2.0706

PY

00,0000 0.0000 0.0000 0,0000 0.0000 000000 0.0000 0,0000 0.0000 00,0000
0.0600 0.0000 0.,0000 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000 00,0000
n,c000 0.,0000 0.0000 0.0000 0.00N00 0.0000 00,0000 0.0000 0.,0000 N,0000
UeuNOO  0.000C 0.0000 0.0000 0.0000 00,0000 0.3000 0.0000 0.C000 0.0000
0.00006 0.00N0C 0.0000 0.0000 0.,0000 0Q,0000 06,0000 0.0000 0O,0000 0.00060
L0000 DL.0N00 NLON00 DLONO0  0,0000 00000 CL0DO00 D00 NLO0N0N L0000
Ge000N  0,0000 00,0000 0. 000 0.0000 0.0000 0.0000 0.,0L00 0,CO000 VL0000
0,90 0.0000 0.0000 00000 00,0000 0.GCO00 0.0000 00000 0,0000 00,0000
0. 000 0.0000 0.0000 0.0000 0.,0000 0.0000 0.0000 0.0000 G.0COE  5.0000
0.0000 00,0000 Q,0000 0.0000

Pz
T.7274 67615 5,7956 4.8296 3.8A37 2.2978  1.93319 094659 0.00010)  0.QAD
19319 28978 3.8637T 4,8296 5,795 ».TAlS T.7274 547956 boTRLS 71,727«
TT7274  7.7274 T.7274 747274 AT6VS H.790n 1T.3RAT 16,6207 15,4543 [h,4had
19ee-48 15,4548 15,4548 15,4544 15,4943 15.4%aR 15,4548 1heaT 7 1T.2RAT 15,4543
1A.4207 1743807 1HW3526 19.3165 20,2744 21 .2-0- -2.2143 23.1, 2241822 23,180
23418322 23.1R22 23.1822 23.1322 23.1R22 23.1R7, 23.1M22 23.1°7° 22elnr 23, 1R27
22,2163 21,2504 20,2844 19,3 R5 18B.55Zn 17,4~ 7 1A,4207 1b,urb 1b,ar48 Jn,4b544
1564548 14,4879 13,5230 12.:270 11.5911 10.r. ¢ 9.A5Q93 #,6G Te7274  T.7274
T7274 T.7274 T.,7274 la7274 B.A933 5,653 1047252 1la- 12.5270 13.5230
14.4889 15.4548 15.4548 15,4548

— b Lo iy

LL
1 18 27 40 69 82
0«3056983E+01~0e5124519E+0"

v
—0,21467%E+00-0,4A36E+00=-04270AE+00~0.3517E+00-0,4744E+00-0.1801F - H0=0.2107E+0N

~0e7308E-01-Nev744E+N0-0e 1 91E+00
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V. PORT PARAMETERS

A program has been written to calculate and store on direct access data
set 6 the various port parameters appearing in Part One Section VIII. In this
program, the activity on data sets 1 (punched card input) and 6 (direct access

input-output) is as follows.

READ (1,10) NF, NT, M, N, N6V, N6Z, N6P, NVT

10 FORMAT (201I3)
READ (1,13)(BK(I), I = 1, NF)
13 FORMAT (5E14.7)

READ (1, 10) (N4(I), I = 1, M)
READ (1,10) NY, Nz, MIV, MII, MISC, NISC, KESC,
MI6C, NVOC, KE6C
KV = NTANT*M
REWIND 6
IF(NT. EQ. 0) GO TO 16
SKIP N6V RECORDS ON DATA SET 6
READ (6) (V(I), I = 1, KV)
16 SKIP N6Z RECORDS ON DATA SET 6
MM = M*M
DO 27 K = 1, NF
READ (6)(Z(I), I = 1, MM)
27 CONT INUE
SKIP N6P RECORDS ON DATA SET 6
WRITE (6)(PP(I), I = 1, NPP)

The impedance matrix previously computed at propagation constant BK(K)
is read in through Z in DO loop 27. Note that the order of the impedance
matrix is now M, N being henceforth reserved for the number of ports. The
previously computed excitation vectors V are read in through V. The Lth
excitation vector v at the Kth frequency resides in V((K-1) *NT*M+(L-1) *M+1)

through V((K-1) *NT*M+L*M) where 1 < K < NF, 1 <L < NT.
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The impedance matrix Z is stored in the present program exactly as it

was previously computed, namely so that

z 19 = ¥ (104)

>d >d
where the vectors I and V' are the same as those in (83) except that the
elements are arranged in the order dictated by the NP data points instead
>
of having the port elements come first. The present vector Id is related to

I of (83) and more especially (87) through N4.

3% (105)

(1) N4 ()

J=
The subscript J indicates the Jth element of the vector.

The port parameters are stored in PP which is written on data set 6 at

the end of the program. A fixed point variable is associated with each port
parameter. If the fixed point variable MISC = O, fic is not stored in PP, If
MISC = 1, only the TSC inside nested DO loops 27 and 42 is stored in PP. If

MISC = 2, only the fMC cutside DO loop 27 is stored in PP. The latter f;c is

-8 —>O
the same as the former I;C evaluated at L = NVI. MI®C controls IMC in the
same way that MISC controls fSC If a fixed point variable other than MI6C or

vi£
MISC is one, the relevant port parameter is stored in PP but if this fixed

point variable is zero, the port parameter is not stored in PP. The port

parameters are stored in PP in the following order.
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: ; ;
Looping Port Parameter. Number of =~ Fixed Point } DO Loop
i Elements ; Variable '
| | RN
DO 27K = 1, NF : '
! Y { N*N ’ NY 32 i
? zg { N#N . NZ ! 34
: - I M*N ; MIV 35
i I, ] M*N MII 38
! 3
DO 42L = 1, NT | i :
I =8C § I
Iy k M { MISC 60
| |
| S ! i
| iS¢ % N ; NISC 62
| 5C i |
g Eg” v u. 1 5 KESC 64
i 7oC : M ’ MI6C 66
M i
!
70¢ i N ' NVeC 69
Egc Ty KE6BC 71
42 CONTINUE
27 CONTINUE ;
§
! =SC v MISC - 97
. M :
ioC M MI6C 98
M . ]

The column labeled "DO Loop'" gives the number of the DO loop which stores
the port parameter in PP. There are no vacancies internal to PP. For instance,
if NY = MIV = 1 and NZ = 0 in which case Y, and IV are stored but ZS is not,

S

then IV is stored immediately after YS. The index K of DO loop 27 obtains the
th

K frequency. The port parameters inside DO loop 42 are computed from the Lth

—

excitation vector V at the Kth frequency residing in V((K-1)*NT*M+(L-1)*M+1)
through V((K-1)*NT*M+L*M). If NT = O, DO loop 42 is omitted. The port paramc-

ters YS’ ZS’ fSC’ ESC T Ul GOC, and fgc Ty are defined in Part One of this
report. The normalized scattered fields FSC * u_ and FOC- u_ are computed from
~0 ~ 0 D o

—_ >
the transmitter excitation vector V labeled Vt in (93) which resides in
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V((K-1) *NT*M+(NVT-1) *M+1) through V((K-1) *NT*M+NVI*M), The set of elements

IV((J-l)*M+1) through IV(J*M) is fdof (104) when the Jth port is driven by

one volt and all other ports are short circuited. The set of elements

II((J-l)*M+1) through II(J*M) is fd of (104) when the Jth port is driven by

>
onz ampere and all other ports are open circuited. I;Cis fd for the short

. . . 20C ., =2d \ .
circuited scatterer while IM is I~ for the open circuited scatterer.

Minimum allocations are given by

DIMENSION LR(M)
in the subroutine LINEQ and by
COMPLEX Z(M*M), V(NF*NT#*M), YS(N*N), ZS(N*N),
PP (2*NF* (N*N+MAN+NT* (MHN+1)) ), YV2(M),
ZYV(N), FI2(M), YVIi(M), YV(M), CR1(M), CR2(M)
DIMENSION N4 (M), BK(NF)
in the main program. The above allocation for PP is based on the assumption

that all ten of the fixed point variables NY, NZ, ... KE6C are one.

Statement 92 inverts the impedance matrix Z. DO loop 29 and statement
93 obtain the port matrices YS and ZS' DO loops 32 and 34 store YS and ZS

in PP. DO loop 35 puts Iv in PP, DO loop 38 puts 2I in PP. II is calculated

by noting that driving the Jth port with one ampere when all other ports are
open circuited is equivalent to driving with port voltages given by the Jth

colum of ZS. DO loop 46 stores le [VZ] in YV2. 20 loop 49 puts ZSY12
Y22
p *>SC
5 of (98) in FI2., DO loop 58 stores IM in YV.
The portion of DO loop 42 beyend statement 58 employs DO loops 60, 62, 64, 66,
=»8C =SC SC fOC 20C 0C

69, and 71 to store respectively IM , 17, EO "M Ly v, andAEO tu
in PP.

in 2YV. DO loop 52 stores T

SC
The sample data is such that all port parameters except fM and fﬁc are
stored on record 3 of data set 6. The first four port parameters are computed
L The
16 ° o
remaining port parameters are computed from Z and the 145 excitation vectors V

from the previously stored impedance matrix Z at propagation constant

for u, polarized plane waves every 2.5° in the y=0 plane.

8
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LISTING OF PROUGRAM TO CALCULATE PDRT PARAMETERS

// (0034 4EEv24+2) 9y "MAUTZ y JOE' yREGTION=220K
// EXEC FORTGCLGsPARMFURT=¢MAP?
//FORT.SYSIN DD =
SUBROUTINE LINEQ(LL.C)
COMPLEX CI(1)+STOR4STO4ST S
DIMENSION LR(40)
DO 20 I=1,LL
LR({I)=1I
20 CONTINUE
M1=0
DOy 18 M=1,LL
K=M
DO 2 T=M,LL
Kl=M1+I
K2=M1+K
IF(CABSIC(KL) })-CABSI{CI(K2)})) 252456
6 K=1]
CONTINUE
LS=LR (M)
LR(M)={R(K)
LR(K)}=LS
K2=M1+K
STOR=C (K2)
J1=0
Doy 7 J=1l,LL
Kl=J1+K
K2=41+™m
STO=C(K1)
C{K1)=C(K2)
C{K2)=STO/STOR
Jl1=Jl+LL
7 CONTINUE
Kl=M1+M
C{K1l})=1./STOR
DO 11 I=1,LL
IF{(I-m) 12+11,12
12 Ki=M1+1
ST=C(K1)
C(K1)=0.
J1=0
DO 10 J=1,sLL
Kl=J1l+1
K2=J1+M
CIK1)=C(KL)=C(K2)=*ST
Jl=J1l+LL
10 CONTINUE
11 CONTINUE
M1=M1+LL
18 CONTINUE
J1=0
b0 9 J=1,LL
IF({J=LR{J)) 14,48,14
14 LRJ=LR(J}
J2={LRJ-1)=*LL
21 DO 13 I=1,LL
K2=J2+1
Kl=J1l+1
S=C(K2)

N
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CIK2)=C(KL)

C(K1)=S
13 CONTINUE

LR{J)=LRI(LRY)

LRILRJ)=LRY

IF(J=-LR({J)) 14,8,14
8 Jl=J1l+LL
9 CONTINUE

RETURN

END

COMPLEX Z(1444),V{11020),YS(16)+Z2S(16),PP(3312),YV2(38),2YV(4)

COMPLEX FI2(38),YV1(38),YV(38),4CR1(38),CR2(38)

DIMENSIHN MN4a(38),BK(50)

READ(1+10) NFoNTsMyNyNAVJNOZ s AP NVT
10 FORMAT(2013)

WRITF(BY 11) NFvNTinNvaVyN(DZ,Nl‘)PyNV]
11 FORMAT('0 NF NT M N NAV N6Z 6P NVT'/1X,413,414)

REAR{1413)(BK(I)sI=14NF)
13 FORMATI(5EL4.T)

WRITE(3414)(RBK(I)sI=14NF)
14 FORMAT('0ORK'/{1X45E14.7))

READ(1,10)INGIT)sI=1,M)

WRITE(3,15){N&(]),I=1,M)
15 FORMAT('ON4'/(1X,2013))

READ(1+10) NYZNZyMIV4MIT,MISCyNTISCKESC,MTUC,NVOC,KEQNC

WRITE(3412) NYSNZyMIVeMIT yMISCyNMISCyKESC,y,MTOC,NVOC,KEVLC
12 FORMAT(*O NY NZ 4TIV MIT MISC NISC KESC mMI0OC NVUC KEUC!'/1X,213.21¢,

1615)

KV=NEF=NTxM

REWIND 6

IFINT.EQ.O0) GO TO 16

IFIN6V) 17,17418
18 DO 19 J=1.M6V

READIG)Y(Z(]I)Yy1=1,2)

WRITE(3,20)(Z2(1),1I=1,2)
20 FORMAT(1Xy4E11.4)
19 CONTINUE

17 READ(6I{V(TI)sI=1,KV)
WRITE(3,421)(V(I)sI=1,3"
21 FORMAT('OV'/{1X47E1le4))

16 N6=1 ABS(N&KZ)
IFINGKZ) 22422424

22 DU 25 J=14+N6
BACKSPACE 6

25 CONTINUE
GO TO 23

24 DD 26 J=1,N6
READ(6)

26 CONTINUE

23 MM=M%M
NN=N*=N
NPP=0
NP1=N+1
NZZ=NZ+MIT+MIQC+NVOUC+KEOC
KYV=MISC+KESC+MIOC+KEDC
NZYV=NIOC+NVOC+KEDOC
NF12=MIOC+KEOQC
MYV1I=MISC+NISC+KESC
NYVY2=MISC+KESC
DO 27 K=1sNF
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2R
Q2

32
31

34
33

40
349
38
36

NV1={K=1)*NT=*M
NV2=NV1+(NV]I=1):H
READ(6)(Z (1) yI=1,MM)

WRITE(3,28)(Z2(1),I=1,43)
FORMAT('0OZ'/{1X,7E1L.4))

CALL LINEO(M42)

Je=0
Do 29

Jd=14N

Ji={na{ ) -1)=M

a0 30

I=14v

J2=Jd1+Na(T1)
Jé=J4+1
YSdery=2(J2)
251J4)=YS1{J4)
CONTIFUI
COMTINUE
TF{NZZ E0LO)
CALL LIMEQINLZS)

TF{NY.

hiv 32

ECG.0) G
J=14NN

NPP=NPP+1
PPINPP)=YS(J)
CONTINUE

E0.0) GU T 33

IF(M7 .

DO 34

J=l vNN

NPP=ANPP+1
PPINPPI=ZS()
CUNTINUE
IF{MIV.ENLO)

N0 94

I=1sN

GO TO 48

0O 70 51

GO 10 37

Jl={N&{I)-1)*M

prr 35

J=1+M

NPP=NPP+1
J2=J1+J
PPINPP)=Z2(42)
CUNTINUE
CONTIMUE
IF(MITLEQL.O)

o 348

Jl=(J-

N 34

J=1 M
1)%N
I=1,M

J3=(I-1)#M
NPP=NPP+1
PP{NPPI=0.

Ny 40

L=1eN

J2=L+J1
Ja=Na(L)+J3

PRPINPP)=PPINPPI+Z(J4)*72S51J2)

CONTINNE
CONTINUE
CONTINUE

IFINT.

DU 42

EQ.0) G
L=1sNT

GO TQ 36

u T0 27

NV=NV1+(L-1)*M

NP 2=M

IF{KYV.ED.D)

NO &6

J=1sNP2

Yvza{dJi=0
J1={N4(J)=1)%*M

N0 47

[=NPYl,yM

NP2=NP1




47
46

43

50
49
45

53
52
51

56
55
54

58

57

105

60
106
107

59

62
61

J3=NV+N4 (1)
Ja=J1+Na (1)
YV2(J)=YV2(J)+2(Ja)*Vv(J3)
CONTINUE

CONTINUE

I[IFINZYV.EQ.O0) GO TO 45
D) 49 J=1,N

IYV(J)r=0.

Jl1=(J=1)=N

DO 50 I=1,N

J2=J1+1
ZYVIJ)=ZYVILI+ZS5(J2)%YV2(1)
CONTINUE

COMNTINUE

IFINFIZ2.EQ.0) GO TO 51
DO 52 J=NP1yM
FI2(4)=YV2(4)
JI=(N4(J)=1) %M

bty 53 I=1,N
J2=Jl+N&4(])
FIZ2(3)=FI20J1=2(Jd2)¥%2YV(I)
CONTINUE

CONTINUE

NP2=1

ITFINYV]1.EQ.O0) NP2=NP1
NP 3=

IFINYV?2 ,EN.0) NP3=N
TFINP2.GT.NP3) GO TO 54
PO 55 J=NP24NP3
YV1(J)=0.
JI=(N&4(J)-1) %M

DO 56 I=1,4N
J3=NV+N4 (1)
Ja=Jl+Na (1)
YVI(J)=YVI(II+Z (Ja)xv(J3)
CONTINUE

CONTINUE

IF{NYV2.EN.,0) GO TO 57
DO 58 J=1,.M

Jl=Na(J)
YVJL)=YV1I(J)+YV2(J)
CONTINUE

IFIMISC.EO0.0) GO TO 59
GO T0O (105,106)yMISC
DU 60 J=1,M

NPP=NPP+1
PP{NPP)=YV(J)

CONTINUE

GO TG 59

IF(L.NENVT) GU TO 59
DO 107 J=1.M
CRL{JI=YVY)

CONTINUE

IFINISC.EQ.D) GO TO 61
DD 62 J=1sN

NPP=NPP+1

J2=N4 ()
PP(NPP)I=YV(J2)
CONTINUE

IF(KESC.EQ.0) GO TO 63

67
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STOP

END
/ *
//GO0.FTO6F0O01 DD DSNAME=EEQ034.REV1I4yDISP=ULDUNIT=2314, X
7/ VOLUME=SER=SU0004 +DCB={RECFM=VS,BLKSTZE=259A,I.RECL=2592,X
// BUFNO=1)

//GO.SYSIN DD *
1145 38 &4 1 -2 1 73
Ce1963495E+00
4 9 13 22 1 2 3 5
20 21 23 24 25 26 27 28
1 1 1 1 O 1 1 0O
/=
//

PRINTED QUIPUT

NF NT M N NMAV NAKZ N6&P
1145 38 4 1 =2 1

BK
0.1963494E+00

N&
4 9 13 22 1 2 3 »
2)Y 21 23 24 25 2A 27 28

NY nNZ mIv MIT MISC NISC
1 1 1 1 0 1

0.32057F+01-0.5125E+03 0.

\Y

~0.,2142E+00-0,.4636E+00-0.

z

0.3057E+01-045125£+03 O.
~0.,2142F+00-0.4636c+00-0.

PP

0.1917€E-03 0.3061E~02-0.

6 7 8 10 11 .2 14 15 16 17 18 19
29 30 31 32 33 4 35 3A 37 3R
1 1

NV T
73

6 7 & 10 11 172 14 15 16 17 1R 19
29 30 31 :2 33 34 35 34 37 38

KESC MIOC NvOC KEDC
1 Q 1 1
3011E£+01 0.23R2E+03

3706E+00-0.3513E+00-0.4744E+00-0.1891E£+00

3011E+01 Q.23R2E+03 0.28B75E+01 0.4522E+02
3706E+00-0.3512t+00

3933E-03-0.3197E-02-0.6A371E-03-0.257AE-03
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V. MODES OF A LOADED N PORT

The characteristic port voltages ?n of (23) and characteristic port
currents Tn of (17) can be obtained from the eigencurrent program on pages
18-26 of [10]. Since equations (23) and (17) are of the same form, the
eigencurrent program will automatically calculate either Vn of (23) or fn
of (17) depending upon whether the input is either [YS + YL] or [ZS + ZL].
The loads (YL or ZL) are read in via punched cards but the eigencurrent

program expects each input matrix (YS or ZS) to reside on a separate record

on data set 6.

A short program was written to extract YS and ZS from the previously
stored port parameters and to store YS and ZS on separate records on data
set 6. In this program, the activity on data sets 1 (punched card input)

and 6 (direct access input-output) is as follows.

READ (1,10) N, N6, N7
10 FORMAT (2013)

REWIND 6

SKIP N6 RECORDS ON DATA SET 6

NN = N*N

NN2 = NN*2

READ (6) (PP(I), I = 1, NN2)

SKIP N7 RECORDS ON DATA SET 6

WRITE (6) (PP(I), I = NN)

J1=NN+1

WRITE (6) (PP(I), I = J1, NN2)

There are N ports. The sample data is such that YS and ZS are read from

record 3 and written on records 4 and 5 respectively.




71

STORE ¥YS AND ZS NN SEPARATE RECORDS N DATA SET 6

/7 (00344FEE4141) s "MAUTZ,HJUEY yREGINN=140K
/7 EXEC FURTGCLGPARM FUORT=YMAP?
//FORTLSYSIN DD =
COMPLEX PP(200)
READ(L1.10) rhyNAyNT
10 FURMAT(2013)
WRITE{3411) MyN6,N7
11 FURMATI'O) N N6 N7'/1X,313)
REWIND A
IFIN6) 12412413
13 D) 14 J=1.N6
READ(AI(PP({I),I=142)
WRITE(341A)(PP(T)yI=14+2)
16 FORMAT(1X,7E11.6)
14 CUNTINMUE
12 NN=N=N
NNZ=NN*2
READ(G6)I(PP(TI)yI=14NN2)
WRITE(34317Y(PP(I)y1=1,3)
17 FORMAT(YOFPPY/ 1Y ,7TEL1) %))
[TF{NT) 18y18,19
19 DO 20 I=1,M7
RFAD(A)
20 CONTIWUE
18 WRITE(&Y(PP(T)yI=1,y 1)
WRITE(3.17)(PP(I),IzlvB)

JI=NN+1
WRITE{AI(PP({TI ) I=Jd1sNND)
J2=Ni+3
WRITE(3,17Y(PP{1),1=U1,142)
STUP
END
/%
//GHFTOAFO0L DD DSHAME=EENO34 ,REVI DISP=iLDSUNT I =241, X
// VULUMKE=SER=SUQO04 sy hCR={(RECFM=VS,BI.KST7E=259A,1.FI-C{ =222, X
// RUFMOI=T )
//GOLSYSIMN Db =
4 2 0
/=
//

PRINTFD OQUTPUT

N N6 N7

4 2 0

0e3057E+01-0.5125F+03 0.3011E+01 0.2382E+03
~0e2142E+00-0.4636E+00-0.3706E+00-0.3513£+00

PP
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02-0,4371£-03~0,2576+-03

PP
0e1917E-03 D.3061E-072-0.3933E-03-0.3197E=02-0.A371E-03=-0.257hE=03

pp
0.6553E+01-0.1817E+03 0.7365E+00 0.19A5F+03 0.1113E+02-0.376RE+03
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EIGENCURRENT FNR WHICH LAMRBDA = 0,5054E+02
1.0000 =0.2887 0.7884 -0.4050

EIGENCURRENT FNR WHICH LAMRDA = 0.1012E+02
0.1904 0.2524 1.0000 -0.,925%6

EIGENCURRENT FlUIR WHICH LAMBDA = 0.1552E+00
=-0.0205 041158 0.6425 1.0000

EIGENCURRENT FOR wHICH LLAMBDA = -0.8162E+03
0e5313 1.0000 -0.6749 0.2066

N EPS EPL
4 0.,1000F-03 0.1000E+11

AR
N.0000E+00 0.N000E+00 0.0N000E+D0 0.0000E+00 0.0000E+00 0,0000E+00 0.0000FE+00
0.0000E+00Q

EIGENVALUES OF THE MATRIX R
0a1133E+03 0.8199k+02 0.,4562E+01 0.5509E+00

ETGENVALUES OF THE MATRIX »
0.8164128F+03-0.1551809E+00-0.1011935E+02-0.50540" -4E+02

EIGENCURRENT FUOR wWHICH LAMBDA = 0.814A4E+03
05441 1.0000 —-0.2839 0,0778

EIGENCURRENT FOR WHICH LAMRTSA = -0,1552E+00
~0.1338 0.4326 0.8419 1.0000

EIGENCURRENT FOR WHICH LAMRDA = -0.1012E+02
-0.6078 1.0000 0.8054 -0.6458

EIGENCURRENT FOR WHICH LAMRDA = -0,.5054E+02
1.0000 =0.5374 0.0137 00,0740
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VII. MODE CURRENTS

The program to be described in this section uses the previously computed
>58C ,
port parameter I to calculate the currents (mode currents) excited by the

M
port mode voltages Vn of (23). 1If presented with the port parameter fﬁc and
the port mode currents fn of (17), this program will automatically calculate

>
the currents excited by the port mode currents In'

In the present program, the activity on data sets 1 (punched card input)

and 6 (direct access input-output) is as follows.

READ (1,10) NF
10 FORMAT (2013)
po 13L = 1, NF
READ (1,10), M,N,NE, N6P, N6V, N6C, NC, NO6RM

NEN = NE#N
NPP = NC + N*M
REWIND 6

SKIP N6P RECORDS ON DATA SET 6
READ (6) (PP(I), I = 1, NPP)
SKIP N6V RECORDS ON DATA SET 6
READ (6) (WN(I), I = 1, NEN)
SKIP N6C RECORDS ON DATA SET 6
J2 = NE*M
WRITE (6) (CUR(I), I = 1, J2)
13 CONTINUE

There are M expansion functions associated with the method of moments, N ports
and NE port modes. The port parameter IV is in PP, More precisely, the cur-
rent excited by one volt at the th port is in PP(NC+(J-1) *M+1) through
PP(NC+J*M) . The port mode voltages Gn of (23) are read in through VN. The
current excited by the Kth port mode voltage is stored in CUR((K-1)*M+1)

through CUR(K*M). The elements CUR((K-1)#*M+l) through CUR(K*M) are in the

same order as those of Id of (104) . The magnitude of the element largest in
magnitude is normalized to one and the phase of the NCth element CUR((K-1)*M+NORM)

is normalized to zero.
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Minimum allocations are given by

COMPLEX PP(NCHN*M), CUR(NE*M)
DIMENSION VN(NE#*N)

The index K of DO loop 26 obtains the Kth current CUR((K-1)*M+1) through
CUR(K*M). The index J of DO loop 24 obtains the Jth element of the Kth current.
In DO loop 25, the current PP(J2) excited by one volt at the Ith port is multi-
plied by the port mode voltage VN(J6) at the Ith port to form a contribution to
the current CUR(J4).

The sample data is such as to store the currents excited by the port mode
voltages on record 8 of data set 6 and the currents excited by the port mode

currents on record 9 of data set 6.
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LISTING OF PROGRAM TO COMPUTE MODE CURRENTS

// (0034+sEE+141)y "MAUTZ,,JOE! yREGIDN=140K
// EXEC FORTGCLG,PARM.FORT='MAP!
//FORTLSYSIN DD =
COMPLEX PP(336},CUR(152),Ul
DIMENSION VN(16)
READ(1,10) NF
10 FORMAT(2013)
WRITE(3,12) NF
12 FORMAT('ONF'/1X413)
DO 13 L=1,NF
READ(1410) MsNyNE,N6P N6V sNECyNCyNORM
WRITE(3411) MyN,NEN6H6PNAVN6C yNCyNORM
11 FORMAT('0O M N NE N6P N6V N6C NC NORM'/1X,313,3[14,13,15)
NEN=NE*N
NPP=NC+N*M
REWIND 6
IF(N6P) 14,14,15
15 DO 16 J4=1,N6P
READ(6)(PP(I)y1=1,2)
WRITE(3,8)(PP(I),I=1,42)
8 FORMAT(1X,4E11.4)
16 CONTINUE
14 READ(G)(PP{I)yI=1+NPP)
WRITE(3,422)(PP(I)sI=1,2)
22 FORMAT('QOPP'/(1X,7ELle4))
N6=TABS(N6V)
IF{N6V) 17,18,19
17 DO 20 J=1,N6
BACKSPACE 6
20 CONTINUE
GO TO 18
19 DO 21 Jd=1.N6
READ(6) (VN(T)yI=1,2)
WRITE(3,8)(VN(I),1=1,2)
21 CONTINUE
18 READ(6)Y(VN(TI), I=1,NEN)
WRITE(3,23){(UN(I)sI=1,3)
23 FORMAT('OVN'/(1X,7E1le4))
DO 26 K=1yNE
J5=(K-1)=*N
J3=(K=1)*M
Si=0.
DO 24 J=1.M
J4=Jd3+J
CUR(J41)=0.
J2=J+NC
DO 25 I=1,4N
J6=J5+1
CUR(J4)I=CUR(J4)I+PP(J2)*VN(J6)
J2=J2+M
25 CONTINUE
S2=CARS(CUR({J4))
IF{S2.GT.S51) S1=S2
24 CONTINUE
J2=J3+NORM
Ul=CABSI(CUR(J2))/(CUR(J2)=*S1)
DO 27 J=1l.M
J2=J+J3
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CUR(J2)=CUR(J2)*Ul
CONTINUE
Ji1=J43+1
WRITE(3,28) Ky(CURIT)sI=J1,42)
2R FORMAT('0',13,'TH MODE CURRENT'/(1X,10FR.4))
26 CONTINUE
N6=TABS(N6C)
IFI(N6C) 29,30,31
29 DO 32 J=1.N6
RACKSPACE 6
32 CONTINUE
GO TO 30
31 DD 33 J=1,N6
READ(6) (VN(T)eI=1,2)
WRITE(3,81(VN(T)YsI=1,2)
33 CONTINUE
30 WRITE(6IICUR(T I 9I=1442)
13 CONTINUE

STOP
Eivi)
/%
//GU.FTOGFO0L DD NDSNAME=EEQO34 REVLyOTSP=NLOUUNTT=2314, ’ X
// VOLUME=SER=SUQ004+NCB=(RECFM=VS RLKST7E=259A,LRFCL=2592,X
// RUFMII=1 )
//7GRGSYSIN DO *
2
3R 4 4 2 2 1 32 &4
22 T ) 2 3 1184 4
/%
/7

PRINMTED NUTPUT

NF
2

4 NONE N6P N6V NAC NC NURM

A s s 2 2 1 32 4

0.3057E+01-D.5125E+03 0.3011E+01 0.23R2E+03
—0.2142E+00-0.4A36E+00-03706E+00-0.3513E+00

pp

0.1917E=-03 0.3061E-02-0.3933E-03-0.3197£-02
N,1917F-03 0.30K1F-02

NaH6553F+01-0.1817E+03

VN
0.1000FE+01-0.,2887E+00 0.78B84E+00

1TH MUODE CURRENT
~0eh359 =0,0223 =0.3245 -0.0212 0.0964 ~-0,0163 1.0000 0.0000 0.0964 =-0,0162
~Ne3245 =0.0212 =-0.6359 =0.0223 -0.7989 -0.0197 -0.5374 ~0.0000 =0.79%9 =0.019R
~0.0617 —-0.0176 -0.3187 =0,0075 0.0137 =-0.0000 -0.3187 =0.0075 =0.0617 =0,0176
0e1547 0.0218 0.2494 0.0232 0.3124 0.0211 0.3392 0.0158 0.3143 0.0095
Na2446 0,0046 0.0740 -0.0000 0.24646 00,0046 0.3143 0.0095 0.3392 0.,015R
Ne3124 0.0212 0.7494 00,0232 0.1547 0.0218 -0.3766 0.0058 =0.,4392 -0.0007
~De4Thb6 =0.0079 =0.4498 =0.0149 =0,3734 =-0,0202 =0.3734 =0.0202 -0.449R -0.0149
~Q0.4T766 =N.C0T9 -0.4392 -0,0002 -0.3766 0.0058

2TH MUDE CURRENT
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N.5398 00429 06039 0.0371 0.5789 0.0260 0.3635 -0.,0000 0D.5789 0.0260
0.6039 0.0371 0.5398 0.0479 0,430 0.0453 -0,5980 0,0000 0.4360 0.0453
0.6599 0.0852 0.1644 0.0609 -0,4R17 00,0000 0.1644 0.0609 0.6599 0.NAR52
-0eR641 —0.0948 -0.9949 -0.1004 =0,9908 -0.099R -0,8637 =-0.0964 -0.594K —0,0K4hA
=N.2359 =0.05R3 0.3862 0.0000 -0,2359 -0.0583 -0,5946 =0.0845 —-0.,8637 ~0.0964
-0.9908 -0.0997 -0.9949 -0.1004 -0.8641 -0,0947 -0.235R -0,0047 0,0172 0.0059
N0.350R8 0.0193 0.6738 0.0296 0.8793 0.0335 0.8792 0.0335 0.6738 00,0294
N.3588 0.0193 0.0172 0.0059 -0,2358 -0,0047

ATH MODE CURRENT
0.0869 -0.0143 041120 -0.0128 0.1272 -0.0087 0.1338 0.0000 0.1272 =-0,0087
0.1120 -0.0128 0.0869 -0.0143 0,0578 -0.0095 -~0,.,4326 -0.0000 0.0578 -0.0035
=0.671A Na0548 =Na7813 N.0983 -0.8419 =0,0000 =~0.7813 0.0983 -0.6716 00,0548
0.a462h 00167 041659 0.0332 -0,1554 0.092A -0.4621 0,1629 -0.7244 0.1975
-0,9109 0.1634 =1.0000 -0.0000 -0.9109 0.1634 =0.,7244 0.1975 =-0.4621 0.1629
=-0.15854 0.0926 N.1659 0.0332 0.4626 =0,01A7 =-0.01RL 0.C0499 0.1299 0,020R
02877 0.0002 044119 -0.0134 0,4793 -0.0225 0.4793 -0.0225 0.4119 -0.0134
De?AT7T  .0002 041299 0.0208 -0,01R1 0.0499

4TH MUDE CURRENT
N.9551 -0.0003 1.0000 -0.0005 0.,R903 -0,0005 0.4091 0.0000 0.8904 =0.,000%
1.0000 -0.0005 049551 -0.0003 O0,.,8A22 -0.0002 0.7519 0.0000 0.8422 -0.0001
=0.051A =0.0003 =0e¢524%r 12,0004 -0,2135 0,0000 ~-0.5248 00,0004 -0.0514 =0.0003
Nel0AN 0.,0002 041640 0.0001 0.2016 =-0.0000 0,.2158 =-0.0001 0O,.,19Q1 -0,0001
0e1574 =0.0001 0.0585 =0,0000 0,1574 -0,0001 0.1992 -0,0007 0.215% -0.0002
N.2017 —0.0001  0J1640 0.00C1 0,1060 0.0002 -0,5701 0.000R -0.5R27 0.0008
—0e5399  0.0007 =044190 0.0005 -0.2817 00,0003 -0.2817 0.0003 -J.4190 0.0005
-.%399  0.00N7 -0,5822 00,0008 -0.5701 0.000R

N,5441F+00 0.1000E+01

W NE AP MAY NAC NG NMIRM
38 4 4 2 3 1184 4
Ne305TE+01-0.512%E+03 0.,3011E+01 0.23R2F+03
—0.2142E+00=0.4A36E+00-0,3706F+00~0.3513E+00

pp
0.1917F~03 0.3061E~02-0.3933E-03-0,3197E-02

0.1917F-03 0.3061E~02
Qe bn93E+01-041817E+03
0e1D00E+01-0,288T7E+0Q

VN
0e5441F+00 0.1000E+01-0,2R39E+00

PLUS A SECOND SET UF FOUR MODE CURRENTS
THE SECONUD SET 0OF MODE CURRENTS WAS THE SAMF AS THE FIRST SET IN REVERSE

ORDER, FOR EXAMPLE, THE FIRST MUDE CHRRENT 0F THE SECOND SET WAS THE
SAME AS THr FOURTH MODE CUKRENT UF THE FIRST SET.
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VIII. MODE PATTERNS

The mode pattern F(Vn) and gain G(vn) of the port voltage mode $n are

given by
> _ ~ 2SC
i(vn) TR VnIr (106)
~ 2
k2 |V T3¢
> n r
G(V ) = (107)

n ~s <>
*
41 Real (VnYSVn)

.
The mode pattern Exln) and gain G(fn) of the port current mode fn are given

by
—- - _ ~ —+OC
BT -~ u, = - LV, : (108)
2
kznrfn ﬁgcf
G(I) = (109)

4 Real(f*z f)
ns

The pattern program of this section computes

k2n

~

47Real (V¥ Y G )
n sn

l/Z-V TSC
nr

( )

and G(V ) of (107) and stores them in E and GN respectively. If presented

> - -
with In’ ch and ZS instead of Vn, Lic and YS’ the program will automatically

store the dual quantities

2
k 1/2 ~ 20
.y 01/ T 9°
%*
4nReal(InZSIn)

R .
and G(In) in E and GN.

In the pattern program of this section, the activity on data sets 1

(punched card input) and 6 (direct access input-output) is as follows.

READ (1,10) NF
10  FORMAT (20I3)
READ (1,42)(BK(I), I = 1, NF)
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42 FORMAT (5E14.7)
DO 28 L = 1, NF
READ (1, 10) NT, N, NE, NPA, N6P, N6V, N6W, NIV, NY, I1, I2
REWIND 6
SKIP N6P RECORDS ON DATA SET 6
NPP = I1 + (NPA*NT-1)*%*I2 + N
READ (6)(PP(I), I = 1,NPP)
IF(N6V - 900) 49, 49, 50

49 SKIP N6V RECORDS ON DATA SET 6
NEN = NE*N
READ (6)(VN(I), I = 1, NEN)
GO TO 51
50 J3 =0
DO 52 LL = 1, NE
J1=J3 +1
J2 = J3 + N
J3 = J2
READ (1,42)(VN(I), I = J1, J2)
52 CONTINUE
51 J5 = NE*NT*NPA
WRITE (6) (GN(I), I = 1, J5)
28 CONTINUE

The propagation constant k is read in through BK. There are N ports and NE
port modes. NIV =0 indicates port voltage mode patterns while NIV # 0 indi-
cates port current mode patterns. For NIV = 0, the port admittance matrix

YS is in PP(NY+1l) through PP(NY+N*N). The Jth point on the port voltage mode
pattern is computed from %h residing in VN and fi? residing in PP(I1+(J-1)*I2+1)

through PP(I1+(J-1)*I2+N) where 1 < J < NPA*NT obtains NPA different polariza-

tions.

Minimum allocations are given by
COMPLEX PP(I1+(NT-1)*I24N)
DIMENSION BK(NF), VN(NE*N), G(N*N),
GN (NE*NT*NPA) , ANG(NT)
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The index K of DO loop 24 indicates the Kth port voltage mode. Because

Vn is real and YS is symmetric,

* ~
VYV =7 Real(Y )V (110)
n s n n S n

DO loop 25 stores (110) in VGV. The index KK of DO loop 29 indicates the

th . ¥ ¥SC .,
KK™" point on the pattern. DO loop 30 stores VnIr in E.

The sample punched card input data is such that the patterns of the
port mode voltages (first four patterns in the printed output) and the
patterns of the port mode currents (last four patterns in the printed

output) are stored on records 10 and 11 respectively of data set 6.



82

LISTING (OF PROGRAM TO CUMPUTE MOIJE PATTERNS

// (N0344EE+243) 9 "MAUTZJOE" yREGION=140K
/7 EXEC FNRIGOLGsPARMGFIDRT =" mAR Y
J/ENRTSSYSTI DO
COMPILFEX PP(33172),F
NIMENSTUONM RK(2) 4VNIBO),G(1A)GNI2900),ANG(145)
READ(1,10) NF
10 FOIRMAT(2013)
WRTITF{(3,3R) NF
3R FORMAT(IOME!/1X,13)
READ(1442)(RK(T).,I1=14NF)
42 FIURMAT(S5El47)
WRITE(3,43)(RKIT),I=14NF)
43 FHNRMAT('ORK'/ (1Xs5FE14.,7))
PI=3.1415973
FTA=37A.,730
C1=SORT(EYTA/(4.%P1))
DO 28 L=1,iF
READ(1210) NMToNGNEGNMPAZNEP yMAEY yNAKH ¢ MTV 4MY o TL,e12
wRITFE(3,11) "'Tvl\"QNEval-\9Nﬁpyf\i“‘\/,'\l/ﬂ‘ﬂ’NIVvf\‘Y'11912
11 FORMAT(YO MF N v E NPA NAP MOV NAwW NIV nY 11 I129/1X,313,974,313)
Ri-w [ MDA
ma=TABS(MAP)
IF{MAP) 12,12413
13 D 14 Jd=1.06
READ(A)(PP(T)aT=1,2)
PRI TE{3,1R)(PPIT),]I=1,2)
16 FIJRMAT(1X,2E11.4)
14 CONTInUE
12 NPP=T1+{(NPARMT=]1)*]2+N
READ(G)(PP(T)yI=1,MPP)
WRITEF(3,17)(PP(TI)Yy]=1,42)
17 FLRMAT('OPPY/(1Xy4E11a41))
NA=TARS(MAV)
IF{NAY=300) 49,49,50
49 JF{N6V]) 18,19,20
15 DY 21 J=1.M6
RACKSPACE 6
21 CiINTINUE
TN 19
20 NN 22 J=1,M6
READ(AIIVNTT)v]1=144)
WRITE(3,16)(VMIT)eI=1,44)
272 COMTInUE
19 ~NEN=wnkn
READCAY{UN(T) s I =1,NEN)
PRITE(3423)(VN(T)sI=1,44)
23 FOEMATIYIVMIT/{1Xe4E1104))
GO TN 51
50 J3=0
M1 52 LL=1.0ME
J1=J3+1
J2=U3+1
J3=J2
REAND(L »42){VMIT)YI=d14d2)
wRITE(3453)(VyN(T),I=d1,J2)
53 FORMATI'OVNMY/(1X5E1467))

52 CNNTINUE



51

21

37

26

33

39

30

41
29
4R
24
34
31

36

NN=N=N

DOY 27 J=1,NN

J1l=J+NY
GUJ)=REALIPP(J1))
COUNTINUE
DEL=36C./(NT-1)

DO 37 J=1,NT
ANG(J)Y=(J=1)*DEL
CUNTINUIE

Jb=0

D) 24 K=1,NE
Jl=(K=1)xN

VGV=0.

NO 25 =1,N

J3={.-.)*N

SG=0.

po 26 =] 4

J2=J1+]

Ja=J43+1
SG=SG+G{J4)x=yN(J2)
COMTINUE

Jé=Jdl+J

VGV=VEV+HYN( J4)=SG
COUNTINUEK
C2=BKII_Y=*C1/SORTI(VGVY)
WRITE(2,33) K
FORMAT('0O',13,'TH MODE GAIN
WRITEL . 39)

FORMAT{ 'O ANGLE REAL(E)
[IFINIV.nELOQ) C2==C?2
Ja=11

DO 48 LL=1,NPA

D6 29 KK=1,NT

F=0.

DD 30 J=1,

J2=J1+]

J3=Ja~+
E=E+PP(J3)*VN(J2)
CONTINUE

Ja=J4+12

E=E*=C?

J5=45+1

S1=CARS(E)
GN{J5)=S81=S1

Jb=KK=-1

[IF(Jb/axa ,NELYE6) GO TO 29
WRITE(3,41) ANGIKK)+ESZGN(J5)
FORMAT(1X4Fb4s14y3E12.4)
COMTINUE

CONTIMUE

CONTINUE

NA=TARS (MAIW)

IFIN6W) 34,35,36

DO 31 J=1,N6

BACKSPACE 6

COMTINUE

GO TO 35

NG 32 J=1,M6
READ(H)Y(VN(T)I=142)
WRITE(3416)(VN{]I)sI=1+2)

PATTERMY )

TMAEG{E) Y3 TX s "GATNY)
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32 CONTINUE
35 WRITE(G6I(GN(T)yI=1445)
28 CONTINUE

STOP

END
/ prd
//GO.FTO6F001 DD DSNAME=EEOO034.REV1,DISP=0LD,UNIT=2314, X
// V(ILUME=SER=SUQ0004,DCR=(RECFM=VS,BLKSIZE=259A64LRECL=2592,X
// BRUFNO=1)
//GNOJSYSIN DD *

2
0.1963495E+00 0.1963495E+00

145 4 4 '} 2 2 3 0O 0336 10
145 4 4 1 2 3 3 1 16341 10
/3
//

PRIMIEL OUITPUT

NE
2

HK
e 1963494E+00 0.1963494E+00

T N NE NRPA NAP N6V NeW NIV NY I1 12

14 4 &4 1 2 2 3 0 0336 10
NDe3057=+01-05125E+03 0.3011E+01 0.23R82E+03
—0.2142E+00-044636E+00-0.3706E+00-0,3513E+CO

pp
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02
0.1917E=-03 0.2061E=02=0.,3933E-03-0.3197E-02
0.h553E+01-0.1817E+03 0.7365E+00 0.1965E+03

VN
0.,1000E+01-0,2R87E+00 0.7884E+00-0.4050E+00

1TH MNODE GAIN PATTERNM
ANGLE REALI(E} IMAGLE) GAIM
00 0.9612FE+00 0.4412E+00 0.1119F+01
100 0e9695E+00 0.4490E+00 0.1142E+01
70,0 0,1001E+01 Q.4666E+00 (0.1220E+01
30.0 0.1069E+01 0.4740E+00 0.1367E+01
40,0 0,1172E+01 0.4350E+00 0.1%562E+01
50e0 041273E+01 0.3156E+00 0.1720E+01
6060 041304E+01 0.1250E+00 0.1716E+01
700 0,1219F+01 -0.%5938E-01 0.1489E+01
B0« 0,1058E+01 ~-0N.1376E+00 0.1139E+01
90,0 0.9407E+00 -0.8438E-01 0.8920E+00
10060 0.,9549E+00 0.1264E-01 0.9119E+00
1100 0.1076E+01 0.3436E-01 0.1160E+01
120.0 0.1202E+01 -0.%975E=-01 O0.1447E+01
1300 0,1252FE+01 -0.2163E+00 0.1615E+01
1400 061226E+01 =-0.3589E+00 0.1631E+01
150.0 0e1164E+01 -0.4495E+00 0.1557E+01
1600 Q.1107E+01 -0.4923E+00 0.1468E+01
1700 06.1072E+01 -0.5075E+00 0.1408E+01
180.0 0.1061£+01 -0.5108E+00 0.1387FE+01



190.0 0.1072E+01 -0.5075E+00 0.140RE+01

2000 041107401 =-0.4923E+00 04146RE+01

2100 041164F+01 -0.4495E+00 04.1557E+01

220.0 0.1226E+01 —-0.3589E+00 0.1631E+01

230.0 0a.1252E+01 -0.2163E+00 0.1A15E+01

240.0 041202E+01 =0.5977E-01 0.1447E+01

250.0 0,1076E+01 0.3437E~-01 O0.1160E+01

260.0 0.9548E+00 0.1266E-01 0.9119F+00

270.0 0.9406E+00 -0.8436E-01 0.8919E+00

280.0 0.1058E+01 -041376E+00 0.1139E+01

290.0 0.1219E+01 -0.5941E-01 O0.1489E+01

300.0 0.1304E+01 0.1249E+00 0.171A£E+01

310.0 041273£+01 0.3155E+00 0.1720E+01

320.0 0.1172E+01 0Q.4349E+00 0.1562E+01

330.0 O0.1069E+01 0.4739£+00 0.13A7E+01

340.0 0J1001E+01 0.4665E+00 0.1220FE+01

35040 0.9695E£+00 0.4489E+00 0.1142E+01

3600 0e49A12E+00 0.4412E+00 0.1119E£+01

PLUS SEVEN MORE PATTERMS

THE LOSS (F SYMMEFTRY ARNUT 1RO DEGREES DUF TN NUMERICAL INACCURACTES
WAS MOST PRUNMUOUMCED IN THE PATTERN (UF TrE FOURTH PORT MODE VOLTAGE
(FOURTH PAJTERN In THE PRINMNTED OQUTPUT)

ANGLE REAL(E) IMAG (E) CATN

1100 Q3728F+00 0.,6030E-01 0.142AE+00

120.0 0,26RAE+00 04401R5+00 v.g53hE+0D

130.0 0,3990E+00 0Q.7718E+00 0.7549E+00

230.0 DG3982E+00 0.7714E+00 N.753AE+00

2640.0 0,2680E+00 0.4012E+00 10.2327£+00

250.0 043724F+00 0.5964E-01 0,1422E+00
AND TN THE PATTERN OF THE FIRST PORT MODE CURRENT (FIFTH PATTERN [N JkE

PRINTED QUTPUT)

ANGLE
110.0
120.0
130.0
230.0
24040
250.0

REAL(E)
-0.5975E-01
-0.4014E+00
-0.7714E+00
—0.,7709F+00
-N.4008E+00
-0.,5908E-01

IMAG(E)
Ne3728E+00
0.2690E+00
0.3998E+00
0.3990E+Q0
N0.2683E+00
0.3724E£+00

GATN
N.1426F+00
(e 2335E+00
Q. 7549£+00
(e 7H36E+00
0.2327E+00
0.1422E+00

85
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IX. SCATTERING PATTERNS

The program of this section computes the NE patterns

K By B,
. HT:s FSC e u - z n n 7 (111)
- 0T a=1 V0¥, + YLV
n'"’s L' 'n'
for K = 1,2,...NE where
_ % =28C
Bn = Vh I (63)

and NE is the number of port modes. Also, n' = LV(n). The variable LV
is read into the program. The pattern
s sC ~S5C -1 TSC (75)

I e e L T R

is computed for reference. Equation (111) is essentially (76). Except

for a sign difference in the load dependent terms, the quantities dual to

S
(111), (63), and (75) are obtained by replacing the input YS’ YL’ b C,
FSC and ? by Z Z VOC FOC s u and f respectivel
0 E’r, n y S’ L, ] O W‘I, n p c y'

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

access input-output) is as follows.

READ (1, 10) NF
10  FORMAT (2013)

READ (1,42)(BK(I), I = 1, NF)
42 FORMAT (5E14.7)

DO 28 L = 1, NF

READ (1,10) NT, N,NE,NS,NPA,N6P,N6V,N6W,NIV, NVI, NY, 11,I2,I3

READ (1,10)(LV(I),I = 1, NE)

READ (1,42)(YL(J), J =1, N)

REWIND 6

SKIP N6P RECORDS ON DATA SET 6

NPP = Il + (NT*NPA-1)* I2 + N + 1

READ (6)(PP(I), I = 1, NPP)
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SKIP NGV RECORDS ON DATA SET 6
NEN = NE*N
READ (6)(VN(I), I = 1, NEN)
SKIP N6W RECORDS ON DATA SET 6
J6 = ((NT-1)/NS+1)*(NE+ 1)*NPA + NT*NPA
WRITE (6) (S1G(I), I = 1, J6)
28 CONTINUE

The propagation constant k is read in through BK. There are N ports and NE
port modes. NIV = 0 indicates the short circuit formulation (111), (63) and
(75) while NIV # 0 indicates the dual open circuirt formulation. For the short
circuit formulation, the admittance YL is read in through the complex variable
YL' tan g istin PP(NY+1l) through PP(NY+N*N). There
are NT*NPA vectors I of which the J resides in PP(I1+(J-1)#*I2+1) through

The port admittance matrix Y

PP(I1+(J-1)*I2+N). The particular ESC associated with the incident plane
wave field is labeled fic in (75) and is in PP(I1+(NVT-1)*I2+1) through
PP(I1+(NVI-1)*I2+N). The I'" of NPA polarizations of gzc +u_ is in
(PP((IL-1)*NT#*I2+(J-1)*I12+13), J=1, NT). The port voltage modes Vn are stored

in VN in the order of decreasing eigenvalues u.

2
The short circuit radar cross section per square wavelength o/\" given

by

4 2 2
25 < n3 Eﬁc - (112)
A 16w

is in SIG((I-1)*NTS+l) through SIG(I*NTS) where NTS = (NT-1)/NS+l and I
denotes the Ith polarization. The Ith polarization of 6/2%2 for the Kth
pattern in (108) is in SIG(K*NTS*NPA+(I-1) *NTS+1) through SIG(K*NTS*NPA+I*NTS).
The Ith polarization of /2% for (75) is in SIG((NE+1)*NTS*NPA+(I-1)*NT+1)

through SIG((NE+1) *NTS*NPA+I*NT). The effect of NS is to evaluate the pattern

Eic t e and the K patterns (111) not at all NT points but from one to NT in
steps of NS,

Minimum allocations are given by
DIMENSION LR(N)

in the subroutine LINEQ and by
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COMPLEX YL(N), PP(I1+NPA*NT*I2) ,BT(NE),E(NT*NP)
YS (N*N) , VV(N)
DIMENSION BK(NF), LV(NE), VN(NE*N), G(N*N),
B(N*N), ANG(NT), SIG(J6)
in the main program where J6=((NT-1)/NS+1)*(NE+1) *NPA+NT#NPA.

DO loop 46 stores YS + YL in YS. DO loop 24 stores

8t c2
n

I‘\l/ ->r
n'[YS + YL]Vn'

in BT(X) where

n' = LV(K)
2
k™n
c2 = —0
4(my 372

The variable C3 appearing at this point in the program is C2 for the short
circuit formulation (111), (63), and (75) but is ~C2 for the dual open
circuit formulation. DO loop 25 stores the real and imaginary parts of
6;'[YS + YL]§£, in VGV and VBV. DO loops 33 and 56 put (C2)(£§C-gr) in E and
(112) in SIG. DO loop 35 computes the corresponding quantities for (111).
The integer K appearing in (111) is supplied by the index of outer DO

loop 34. Statement 67 inverts the matrix (YS + YL) stored in YS. DO loop

47 stores

-1 =>SC
(c2) [YS + YL] It

in VV. DO locop 44 stores CZ(E? . g{) in E and fCZ(EF . HT)IZ in SIG where

Fs Ty is computed according to (75).

A

The sample data is such as to store six patterns for the short circuit
formulation and six patterns for the open circuit formulation on records 12
and 13 respectively of data set 6., LV is such that the modal sum (111} is
performed in the order of increasing magnitude of eigenvalues. Not all 12

patterns appearing in the computer output are listed here, but a few
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observations concerning them should be brought out. All 12 patterns are
symmetric about 180 degrees. The scattering pattern obtained using four
modes is the same as the pattern obtained using matrix inversion for the
short circuit formulation as well as for the open circuit formulation.
Because all the admittance loads are zero, the matrix inversion pattern
for the short circuit formulation is just the open circuit pattern.
Because all the impedance loads are zero, the matrix inversion pattern

for the open circuit formulation is just the short circuit pattemn.
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LISTING OF PROGRAM TO COMPUTE SCATTERING PATTERNS

THIS PROGRAM CALLS THE MATRIX INVERSION SUBROUTINE LINEQ LISTED
WITH THE PRUGRAM OF SECTION V.

/7 (00344EE4142), "MAUTZ,JOE'yREGION=140K
// EXEC FORTGCLGyPARM,FURT=IMAP !
//ENRTLSYSIN DD =
CONMPLEX U,YLI({4),PP(3236),BT(4),E(290),BR,YS(16),VV(4)
DIMENSTON BK{(6)LVI4) s VN{16)4,G{16)sBI(16),ANG({145),S1G{(660)
U=(0-91-)
ETA=376,.730
P1=3,141593
Cl=e25%ETA/SQRTA{(PI=PI*PI)
RFEAD(1,10) NF
10 FNIRMAT(2013)
WRITE(3,38) NF
38 FURMAT('ONF'/1X,13)
READ(1442)(BK(I),1=1,NF)
42 FIRMAT(5E14.7)
WRITE(3443)(BK(I)qeI=14NF)
43 FORMAT('OBRK'/{1Xs5E14.7))
DO 28 L=1,NF
READ(1,10) NTeNsNEJNSsNPASNAP N6V NAWSJNIVyNVT,NY, 11,112,113
WRITE(3411) NT,NsNEsNS NPAJNEP yMNAV yNOEWINIV 4 MVT  NY,11,12,13
11 FORMAT('O NT N NE NS NPA N&6P MOV N6AW NIV NVT NY [1 12 I3'/1X,413,
1614,413)
READ(L,10)(LV(I)oI=14NE)
WRITE(3,31){LVII)sI=1,NE)
31 FORMAT('OLV'/(1X,2013))
READ(L442)(YLUJ) yd=1,N)
WRITE(3450)(YL(J)sJd=1yN)
50 FORMAT('OYL'/{1X,5E1l4.7))
C2=BK(L)=*=BK(L)=*C1
C3=C2
IFI(NIVeNE.D) C3=-C3
REWIND 6
N6=TABS{N6P)
ITFIN6P) 12,12,13
13 DO 14 J=14N6
READ(6)(PP(I)sI=1,2)
WRITE{(3416){(PP{I)s1=1,2)
16 FOORMAT(1X,4E1ll.4)
14 COMTINUE
12 NTP=NT=NPA
NPP=T1+(NTP=1)*I2+N+1
READ{(6)(PP(T1),I=14NPP)
WRITE(341T7T)I(PP(I)sI=1,42)
17 FORMAT('OPPY/(1Xy4E1Lle4))
N6=TARSIN6V)
IFI{N6V) 18,19,20
18 DO 21 J=14N6
RACKSPACE 6
21 CONTINUE
GO T0 19
20 DO 22 J=14N6
READ(6)(VN(T),I=1,y4)
WRITE(3+16)(VN(I),I=1,4)
22 CONTINUE



19

23

46

27

37

b6

30
24

33

51

NEN=NE*N
READ(6Y(VN(TI)sI=1,NEN)
WRITE(3423)(VN(I)y1=14+4)
FORMAT{'OVN'/(1Xy4F11.4))
ININESNESY

DD 45 J=1,nNN

JI=NY+J

YS{J)=PP(Jl1)

CONTINUE

J2=N+1

Jl=1

DO 46 J=1,0
YS{J1)=YS(J1)Y+YL(J)
Ji=J1+J2

CONTINUE

DO 27 J=1 4NN
G{JI=REAL(YS(J))
BiJ)Y=ATMAGLYS{U))
CONTINUE
NDEL=360./(NT=-1)

pU 37 J=14NT
ANGLJY=0J-1)%DEL
CHONTINE
Jb=T1+(NVI=-1)%]2

NI 246 K=1,4,NE
JLI=(LV(K}=1)%N

VGv=0,

VBV=0,.

N 25 Jd=1,.N

J3=(J-1)=n

SG=O.

SB=0.

D 26 1=1.0

J2=J1+1

Ja=03+1
SG=SG+G(Ja)r==VN(J2)
SR=SB+R({J&4)=YN(J2)
CONTINUE

Ja=J1+J
VGV=VGV+VNI(J4)=SG

VRV =VBV+VYN{(J&):=xSH
CUNTINUE

BT(K)=0a

DI A6 J=1,N

J2=Jd+J5

J3=J+J1
RTIK)I=RT(K)+VN(J3)xPP(J2)
CONTINUE
BTIK)=C3*BT(K)/(VGV+UxVBV)
S1=VRV/VGV

WRITE(3,430) VGV,S1
FORMAT('OVYGV=',E11l.4+"' Sl=
CONTINUE

DO 33 KK=1,NTP
J1=13+(KK=-1)=I2
PP({J1)=PP(J1)*C2
E(KK)=PP(J1)

CONTINUE

IF(MNIV) 52,51,52
WRITE(3,54)

tyEllad)
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52
54
55
53

57

58
56
68

36

35
69
34
67

48
47

60

GO TO 53

WRITE(3,55)
FORMAT('OSHORT CIRCUIT SCATTERING PATTERN?)

FORMAT('O0PEN CIRCUIT SCATTERING PATTERN')
J6=0

WRITE(3,57)

FORMAT('O ANGLE  REAL(E) IMAG(E) ! 44Xy ' SIG/ (LAM)%%21 )

DO 68 LL=1,NPA
J7=(LL=-1)=NT

DO 56 KK=1,NT.NS

J8=J7+KK

Jh=J6+1
SIG(J6)=E(J8)*CONJIG(E(JI8))
WRITE(3,58) ANG(KK)}yE{(JB8)ySIG(JAK)
FORMAT{1XsF6a1l93E12.4)
CONTINUE

CONTINUE

DI} 34 K=1,NE
J1=(LV{(K)=1)=*N

WRITE(3,59) K
FORMAT(?QOSCATTERING PATTERN USING',I3,!' MOUODES?!)
WRITE(3,57)

DD 69 LL=1,NPA
J7=(LL-1)*NT

DO 35 KK=1¢NT4NS

JB8=J7T+KK

J3=I11+(J8-1})=12

BR=0.

DD 36 d=1,N

J2=Jd+J1

Ja=J+J3
BR=BR+VN(J2)=*PP{J4)
CONTINUE
E(J8)=E(J8)-BR*RT(K)
Jé6=J6+1
SIG(J6)=E{JIB)})*CONJGILE(JB))
WRITE(3,58) ANG(KK)yE(J8),SIG(J6)
CUNTINUE

CONTINUE

CONTINUE

CALL LINEO(N,YS)
JI1=T1+(NVT=1}x]2

DO 47 Jd=1,4N

J3={J=-1)=N

Vwi(J)=0.

DO 48 I=17N

J2=1+J1

Jé=J3+1
VVIJ)I=VVIJ)+YS{J4)*PP(J2)
CONTINUE

VV{J)=VV(J)*C3

CONTINUE

WRITE(3,60)
FDRMAT('OSCATTERING PATTERN FROM MATRIX INVERSION?'Y)
WRITE(3,457)

DO 70 LL=1,NPA
J7={LL-1)*NT

DO 44 KK=1,NT

JB=JT7+KK

J2=(J48-1)1=%12




J1=J2+11

J2=J2+13

E(J8)=PP(J2)

DD 29 J=1,N

J3=J+J1
E(JB)Y=E(JB)-VV(J)*PP(J3)
CONTINUE

J6=J6+1
SIGIJ6)=E(JIBI*CONJG(E(J8))
J3=KK-1

IF{J3/NS*NSNE.J3) GO TO 44
WRITE(3,+58) ANGIKK )}, £(J8),SIG(JU6)
CONTIMUE

CONTINUE

N6=TABS{N6&6w)

[F{(N6W) Als+62,+63

DO 646 J=14+N6

RACKSFACE 6

CONTINUE

GO TU 62

11 65 Jd=1,.0M6
REAVD(OGI(VNIT ) sF=142)
WRITE{(3416){VN(I)4y1=142)
CONTINUE
WRITE(HIISTIG(TI )Y yI=1446)
CONTINUE

STOP

=N

29

44
70

61

64

63

65
62
28

/%
//GU. - T06FQ0L DD
7/
s BUFNO=1)
/GOZYSIN DD =
2
Ne1343495E+00 0.1963495E+00
14 o« 4 4 1 2 2 5 0 73
3 2 1 &
0.0G:H000E+00 0.0000000E+00 0.0000000E+00
0.0000000£+00 0.0000000E+00 0.000000DE+CO
145 4 4 4 1 2 3 5 1 73 16341 10346
2 32 4 1
0.0000000E+00 0.0000000E+00 0.0000000E+0QO
0.0000000£+00 0.0000000E+00 0.0000000E+QO
/
//

0336 10341

PRINTED QUTPUT

NF
2

BK
e 1963494E+00 0.1963494E+00

NPA N6P N6V N6W NIV NVT NY T1
73 0336

NT M NE NS
145 4 4 4 1 2 2 5 0

LV
3 2 1 4

DSNAME=EEOQD34REV1«DISP=0LDUNIT=
VOLUME=SER=SUQOO4yDCH=(RECFM=VS+BLKSI7E=2%596,LRECL=25G2,X

93

14,

0.0000070E+00 0.0000000E+00

0.0000000E+00 0.0000000E+00

12 13
10341

X
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YL
0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00 i
0.3057E+01-0.5125E+03 0.3011E+01 0.2382E+03
~0.2142E+00~-0.4636E+00-0.3706E+00~0.3513E+00

PP
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02
0.1917E~03 0.3061E-02-0.3933E~03-0.3197E-02
0.6553E+01-0.1817E+03 0.73656+00 0.1965E+03

VN
0.1000E+01~-0.2887E+00 0.7884E+00-0.4050E+00

VGV= 0.1336E-01 S1= 0.1552E+00
VGV= 0.2189E-03 Sl1= 0.1012E+02
VGV= 0.8111E-04 Sl1= 0.,5054E+02
VGV= 0.4411E-05 S1=-0.8163E+03
SHORT CIRCUIT SCATTERING PATTERN

ANGLE REAL(E) IMAG(E) SIG/LAM) *%*2
0.0 =0.4158E+00 -0.3125E-02 0.1730E+00
100 -044102E+00 0.2575E-01 0.1689E+00
2040 -0.3794E+00 O0.1206E+00 0.1585E+00
30.0 -0.,2902E+00 0.2486E+00 04.1460E+00
40.0 -0.1177E+00 0.3498€E+00 0.1362E+00
500 041136E£E+00 0.3440E+00 O0.1312E+00
60.0 0.3080E+00 0.1846E+00 0.1290E+00
700 063442E+00 -0.7495E-01 0.1241E+0Q0
80.0 O0.1B00E+00 -0.2R22E+00 0.1120E+00
30.0 -0.7939E-01 =-0.2943E+00 0.9293E-01
100.0 -0.2472E+00 -0.1083E+00 0.7285E-01
110.0 =0.2095E+00 0.1293E+00 0.6062E-01
120.0 -0.1126E-01 0.2503E+00 0.6279E-01
1300 0.2060E+00 O0.1949E+00 0.8045E—-01
140.0 0.3300E+00 0.2377E-01 0.1095E+00
1500 0.3407E+00 -0.1635E+00 0.1428E+00
160.0 0.2857E+00 -0.3022E+00 0.1729E+00
170.0 0.2257E+00 =0.3779E+00 0.,1937E+00
180.0 0.2013E+00 -0.4007E+00 0.2011E+00O
PLUS THE REST OF THE PATTERN FROM 190.,0 TO 360.0

PLUS 11 MORE PATTERNS OF WHICH ONLY A PORTION OF
THE OPEN CIRCUIT SCATTERING PATTERN IS SHOWN BELOW.

ANGLE REAL(E) IMAG(E)} SIG/(LAM) %xx2
0.0 -0,2532E-01 —-0.1244E-01 0.7957E-03
1060 —042512E-01 =-0.4726E-02 0.6534E-03
20.0 -0.2044E~-01 0(0.1693E-01 0.7043E-03
30.0 -0.1379E-02 0.4556E-01 0.2078E-02
40.0 063952E-01 0.6466E-01 0.5742E-02
50.0 0.9443E-01 0.5138E-01 0.1156E-01
60.0 0.,1336E+00 -0.6376E-02 0.1788E-01
700 0.1201E+00 -0.8900E-01 0.2234E-01
80.0 044375E-01 ~0.1464E+00 0.2335E-01
90.0 -0.5813E-01 -0.1338E+00 0.2127E-01
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X. MODE CURRENT PLOTS

A program to plot thg mode currents is described in this section. 1In
this program, the activity on data sets 1 (punched card input) and 6 (direct

access input-output) is as follows.

READ (1,20) NF

20 FORMAT (2013)
DO 8 LF = 1, NF
READ (1,20) NP, NW, M, NE, NX, IRC, N6C
REWIND 6
SKIP N6C RECORDS ON DATA SET 6
NEM = NE*M
READ (6) (CUR(I), I = 1, NEM)
IF(NX.EQ.0) GO TO 8
READ (1,20)(N1(I), I = 1, NW)
NW2 = NW2#*2
READ(1,20) (N2(I), I = 1, NW2)

READ (1,20)(N3(I), I = 1, NW2)
READ (1,27)(PX(I), I = 1, NP)
READ (*.27)(PY(I), I = 1, NP)
READ (1,27)(PZ(I), I = 1, NP)

27 FORMAT (10F8.4)
8 CONTINUE

FX, PY, and PZ are the NP data points describing the axes of the NW wires.
There are NE mode currents of which the Ith resides in CUR((J-1)*M+1l) through
CUR(J*M). 1If the data NP, NW, M, N1, N2, N3, PX, PY, and PZ is the same as
for the previous LF, auplicate calculations may be avoided by setting NX equal
to zero. IRC < 0 indicates real mode currents while IRC > O indicates complex
mode currents. Note the comment statement concerning IRC in the main program.

N1(I) is the number of expansion functions on the Ith wire. More precisely,

N1(I) = (ND - 3)/2

where ND is the number of data points on the Ith wire.
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The variable N2 accounts for each of the following 4 possibilities on the

Ith wire.
N2(2*I-1) = 1 ; Junction of the third data point
N2(2%I-1) = 2 ; No junction at the third data point
N2(2*I) =1 Junction at the third from the last data point
N2(2*1) = 2 ; No junction at the third from the last data point

A junction at the third from the last data point means that the end of the wire
extends through the junction. No junction at the third from the last data point
means that the end of the wire does not extend through a junction. Similar

statements concerning the third data point and the beginning of the wire are true.

Any extremity of the Ith wire which extends through a junction is not plotted
because this extremity appears on the plot of one of the other wires. Thus the
first point to appear on the plot of the Ith wire is either the first or third
data point on that wire. The branch mode current at the first point on the plot
of the Ith wire is most generally the sum of the element of CUR which is the

loop mode current proper to that point on the wire plus
N3(J3) /ABS(N3(J3))*CUR((J-1) *M+ABS(N3(J3)))

where J3 = 2%I-1 and J indicates the Jth mode current. N3(2*I) pertains to the
last point on the plot of the Ith wire. The variable N3 is necessary to trans-

late the loop currents (elements of CUR) into branch currents suitable for
plotting.
Minimum allocations are given by

COMPLEX CUR(NE*M), Y(JX)

DIMENSION N1 (NW), N2(NW*2), N3(NW*2),
PX(NP), PY(NP), PZ(NP), X(JX), L(NW),
RY(JY), AY(JY)

where
NW

NW 2 + ) NI1(J)
J=1

JX

It

JY = 2 + MAXIMUM (N1(J))
J=1,2,...NW
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The above JX and JY may be slightly larger than necessary because they are
based on the over simplification that the first and last data points on each

wire are plotted. If IRC < 0, RY and AY are never used.

DO loops 34 and 85 store in X the X coordinates for the plot., In DO
loops 34 and 85, the index J indicates the Jth wire. DO loop 35 calculates
the next X by adding the appropriate segment length to the previous X. L(J)
is the number of X's to be plotted for the Jth wire. DO loop 85 normalizes the
sum of the lengths of the wires to 5 inches and leaves a .25 inch gap between

wires.

DO loop 89 plots the Kth mode current. DO loop 38 puts tick marks on
the y axis drawn by statement 91. Statements 92, 93, and 94 put the scale
-1, 0, 1 on the y axis. DO loop 39 obtains the Jth wire. The y coordinates
to be plotted are stored in Y. The variable U5 is necessary to center the
plot at y=5 inches. DO loop 43 conside.s the Y contribution from the elements
of CUR proper to the Jth wire. The branches 64 and 66 before and after DO
loop 43 admit extra points on the ends of the wire if N2=2. The logic between
statements 65 and 71 considers the Y contribution from the elements of CUR
proper to the wires which overlap the Jth wire at the beginning and end of
the Jth wire. Statement 96 draws the x axis for the Jth wire and statements
95 and 97 supply tick marks at the beginning and end. If IRC < 0, statement
81l plots the branch mode current on the Jth wire. If IRC > 0, statements
98 and 99 plot the branch mode current on the Jth wire using the symbol x

for real part and the symbol o for imaginary part.

The sample data is such as to plot the currents previously stored

on records 8 and 9 of data set 6.
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LISTING OF PROGRAM TO PLOT MODE CURRENTS

//

(0034+EEy1919915),'MAUTZ»JOE' yREGION=140K

// EXEC FORTGCLGyPARM,FORT='MAP!
//FORTLSYSIN DD =

C
C

20

21

> v p

11

80

12

87

88

27
28
29

30

COMPLEX US5+CUR(152),Y(100)
IF(IRC.LE.D) THE ABOVE STATEMENT MUST BE REPLACED BY
DIMENSION CUR(1%2),Y(100)
DIMENSION AREA(400)+NLI6)4N2(12)4N3(12)4PX(100),PY{(100),PZ(100)
DIMENSION X{100)sL(6)9X1{4)sYL(4)yRY(100)yAY(100)
US5={5.+5,.)

CALL PLOTID

CALL PLOTS{AREA,400)

READ(1,20) NF

FORMAT(2013)

WRITE(3,9) NF

FORMATI('D0 NF'/1X,13)

DO 8 LF=1,NF

READ(1420) NP yNWsMsNEyNX,IRCyN6&C
WRITE(3421) NP NWyMyNENXsIRCsN6&C
FORMAT('0O NP NW M NE NX IRC N6C'/1X,513,214)
REWIND 6

[TF(N6C) 646,47

DO 5 J=1,N6C
READ(B6)(CURI{TI)yI=1,42)
WRITE(344)(CURI(TI)yI=1,42)
FUORMAT(1X410E1l1.4)

CONTINUE

NEM=NE*M

READ(H6)(CUR(I ) I=14NEM)
WRITE(3,11)(CUR(I),I=1,2)
FORMAT({'OCUR'"/(1Xy4Elle4))

DO 80 J=1,NEM

CURI(JI=2.*%CURI( )

CONTINUE

IFINX.EQ.0) GO TO 83
READ(1420)(N1(I)41=14NW)
WRITE(3412)(N1I(T)yI=14sNW)
FORMAT('ON1'/(1X,2013))

NwW2=NW*2

READ(1 4201 (N2(1})41=14NW2)
WRITE(3,87)(N2(I),I=14NW2)
FORMAT('ON2'/{1X,2013))
READ(14+20)(N3(I)yI=14NW2)
WRITE(3,88)(N3(1),]I=14,NW2)
FORMAT('ON3'/(1X,2013))
READ(1427)(PX(I)4sI=1,4NP)
READ(1427)(PY{I)sI=14NP)
READ(1427)(PZ(1)4I=14NP)
FORMAT(10F8.4)
WRITE(3,28)(PX{I)yI=14NP)
FORMAT('OPX'/{(1X410F8.4))
WRITE(3429)Y(PY(I),yI=14NP)
FORMAT('OPY'/(1Xy10F8.4))
WRITE{3430)(PZ(I)yI=14NP)
FORMAT('OPZ'/(1X+10F8441))

J3=0

J2=0

JX=0

X(1)=0.
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57

58

59
60

36
35
73

61

34

100

86

90

85

83
101

91

DO 34 J=1,NW
JXM=0X

JX=JX+1
IF{J.EQ.1) GO TU 1¢&
X{JdX)=X{JXM)
J2=J2+1
K2=N2(J2)
N6e=M1(J)+1

G TO (57,58) K2
N6=N6-1

J3=J3+2

J2=J42+1
K2=N2(J2)}

GO TO (59,60),K2
N6=N6-1
IF{N6.LE.D)} GU TO 73
DO 35 I=14N6
JXN=JX

JX=JX+1
X{JX)=X(JIXN)

DO 36 K=1,2
J3=43+1

Jé=Jg3+1
S1=PX(J4)=PX(33)
S2=PY(J4)—-PY (J3)
S3=PZ(J4)1-P7 (J3)

XEJIX)=X(JIX)+SQRT{SI*®S1+52:#S2+53%53)

CONTINUE

CHONTINUE

J3=J3+1
LiJ)=JdX=JXM

GO TU (61434),K2
J3=J3+2

CONTINUE
XN=5,/X{JX)

I)X=l.

JX=0,
WRITE(3,100)
FURMAT('OX ")

DU B J=1sNW
LJ=L(J)

DO 86 I=1,0L4
JX=JX+1
X{JIX)=DX+XN=EX{(JX)
CONTINUE
JdX1=dX-LJd+1
WRITE(3490)M(X{I)I=dX1yJX)
FORMAT(1Xs7ELle4)
DX=DX+a25
CONTINUE

Yi(l)=5.

Y1(2)=5.

X1(3)=1.

X1(4)=1.

Yi{3)=3.

Yl(4)=7.
WRITE(3,101)
FORMAT('QOY ")

DU 89 K=1,4NE

CALL LINE(X1{(3)4Y1(3)42,1,0,0)

99
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38
92
93
94

64

63

43

66

65

67

68
69

70
71
72

95
96
97
81

82

84
98

DO 38 J=1,5

S1=8-J -

CALL SYMBOL(1e9S1ye14513490e,-1)
CONTINUE

CALL NUMBERI[ e6492¢93y6149=1a90es=-1) .
CALL NUMBER(e7694e93y41490090e9=-1)
CALL NUMBER(e7696e93301491ay0ey—-1)
KM={K=1)%M

NC=KM

JY=0

J2=0

DO 39 J=1¢NW

J2=J2+1

K2=N2{(J2)

JY1l=JY+1

GO TO (63464),K2

JY=JY1l

Y(JY)=US5

N6=N1(J)

DO 43 [=1,N6

NC=NC+1

JY=JY+1

Y(JY)=US+CUR (NC)

CONTINUE

J2=42+1

K2=N2(J2)

GO TO (65466) 4K2

JY=JY+1

Y(JY)=t)5

J3=d2-1

K3=TABS(N3(J3))

JC=KM+K3

IF{N3(J3)) 67,69,68
Y(JYL)=Y(JY1)~CUR(JC)

GfY TQ 69

Y(JYY)=Y(JY1)+CUR(JC)

J3=J3+1

K3=TARS(N3(J3))

JC=KM+K3

IFIN3(J3)) 70,72,71
Y(JY)=Y(JY)=CUR(JC)

GO TDO 72

Y{JY)=Y{JY)+CUR(JC)

X1(1l)=x(Jdvyl)

X1(2)=X0JY) _

[IF{KeEQal) WRITE(3+490)1(Y(I)eI=dYl,yJY)
CALL SYMBOL(X1(1)eY1(1)9el4s1340e9-1)
CALL LINE(X1(1)sY1{(1)+24140,0)
CALL SYMBDOLI{X1(2)9sY1(2)9el1441340e9-1)
J9=JY=JY1l+1

IF(IRC) 81,81,82

CALL LINE{(X{JYL)sY(JUYL1)yJ9y1lyé,sl)
GO TO 39

JYa=Jyl-1

DO 84 I=1,J9

J3=JY2+I

RY{I)=REAL(Y{J3))
AY(I)=AIMAG(Y(J3))

CONTINUE

CALL LINE(X(JYL)9sRY(1)9J9ely4asl)




99 CALL LINE(X(JY1),AY(1)4J9,41,0,1)

39 CON

CALL PLOT(8440e9-3)

89 CON
R CON
STO
END
/%

TINUE

TINUE
TINUE
P

//GO.FTO6F001 DD DSNAME=EE0034.,REV1,DISP=0LD,UNIT=2314,
VOLUME=SER=SUQ004+DCB={(RECFM=VS,BLKSTZE=2596,LRECL=2592,X

//
// BUFNO=1)
//GOGSYSIN DD =
2
G4 6 3H “ 1 1 7
7T 3 5 1 5 5
2 2 1 1 1 1 2 2 1 1 1 1
10 R-34-:3 328 29-11-15 O O O O
2.0706 18117 145529 1.2941 1.0353 0.7765
=De5176 = 7765 —1.0353 —-1.2941 -1.5529 =-1,R117
-1.0353 0.0000 1.0353 2.0706 1.8117 1.5529
-2.0706 -1.0353 0.0000 1.0353 2.0706 3.105R
—=4,3999 =4 ,6587 =4,9176 —-5.1764 =5,4352 ~5,6940
-3,105R =-2.,0706 -1.0353 0.0000 1.0353 2.0706
5e9H2R 546940 5.4352 5.1764 44,9176 4 ,65R7
Geladll 33,8823 3.,6235 33,3646 3,1058 2.8470
0.0000 0.0000 -1.0353 =-2.0706 =2.3294 ~2,5882
-3.8823 -«,1411 =-3.,1058 =-2.0706
0.0000 0.0000 0.0000 0.0000 0.0000 0.,03000
10000 D6 0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.,0000 0,0000 0.0000 0.,0000 0.0000
0.0000 . 2000 0.0000 0.0000 0.0000 0.0000
0.0000  ©,0000 0.0000 0.0000 0.0000 0.00CO
0.0000 L0000 0N,0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 n.,0000
0.0000 . .0000 00,0000 0.0000 0.0000 0.0000
0.0000 .0000 0.0000 0.0000 0.0000 0.0000
0.0000 .0000 0.0000 0.0000
Te7274  hno7615 5,7956 4.,8296 3.8637 2.897%
1.9319 " .8978 3.8637 4,82946 5.7956 6.7615
77274 Te7274 77274 77274 b«7615 5.7956
15.4548 15.4548 15,4548 15,4548 15,4548 15,4548
1644207 17.3867 1843526 19.3185 202844 21.2504
22,1822 27 .1822 23.1822 23.1822 23.1822 23.1R822
22.2163 12504 20,2844 1943185 1843526 17.3867
15.4548 14,4889 13,5230 12.5570 115911 1(..6252
T.7274 TeT274 T.7274 17274 B.H933 9.6593
14,4889 1-.454R 15,4548 15.45438
94 6 38 4 0 1 8
/:::
/7
PRINTEL 9JUTPUT
NF
2
NP N o SE NX IRC N6C
94 A6 3R 4 1 1 7

0.3057E+01-045125E+03 0.3011E+01 0.23R2E+03
—0.2142E+00-0.4A36E+00-0.3706E+0C~0.3513E+00

O0.5176
~-2.0706
~4 4,657

44,1411
~5.,9521%

3.1058

44,3999

2.5RR2
~2.8470

0.0000
0.0000
0.0000
0.00G0
0.000"
0.0000
0.0000
0.0000
00000

1.9312
7.7274
17.3K47
15,4543
22,2163
23.1+22
16.4207
9.65¢3
10,6252

U.2588
-1.5529
—-443999

4.3999
—he2117

Gel4ll

4e1411

2.3294
-3.10519

0.0000
0.00CH
). 0000
0.000G0
0.0000
0.0000
()« 0000
0.0000
0. 0000

0e3A59
5. 7995
1A.4207
16.4207
23.1R22
2341822
15.4548
8.6933
11.»911

X

0.0000

-1.8117

—4,1411
G ,h5RT
~b. 1764
5.176¢
2«0/0A
2.0706
-3.364h6

0.0000
0.0000
0.0000
0.0000
0. 0000
0.0000
0.0000
0.0000
0.0000

0.0000
heT61H
15,4565
17.38A7
23.1822
23.1822
15,4548
77274
12.5570

101

~{}« 258R
~2.0706A
~3.105%8
~441411
~4,1411
he?ll7
3.105R8
140353
~3,623>

0.0000
N, D000
0000
000N
0.,0000
e 000
0.0000
D X000
1.0000

e FhHDO
17274
15.4b5a4
15.45472
73,1922
23.1822
Inebben
1.72 4
135220
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0.1917E-03 0.3061E-02-0.3933E-03-0,3197E~02
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02
0.6553E+01-0.1817E+03 0.7365E+00 0.1965E+03
0.1000E+01-0.2887E+00 0.7884E+00-0.4050E+00
0.5441E£+00 0.1000E+01-0.2839E+00 0.7782E-01

~0.6359E+00~0.2229E-01-0.3245E+00-0.2125€E-01

CUR
N1
7 3 5 13
N2
2 2 1
N3
10
PX
2.0706 1.
-0.5176 -0.
-1.0353 0.
-200706 -1.
-4.3999 -4,
-3.105% =2,
5.9528 5.
4.1411 3.
0.0000 O.
-3.882% -4,
PY
0.0000 O.
0.0000 O.
0.0000 O.
0.0000 Q.
0.0000 0.
0.0000 O.
0.0000 O.
0.0000 0.
0.0000 O.
0.0000 O,
Pz
T7.7274 6.
1.9319 2.
Te7274 7o
15.4548 15,
16.4207 17.
23.1822 23.
2242163 21.
15.4548 14.
77274 7.
14.4889 15,

0.1000E+01
0.1961E+01
0.2348F+01
0.2R82E+01
0.3701E+01

8-34-33 38 29-11-15 0 O O

8117 1.5529 11,2941
7765 =-1.0353 -1.2941
0000 1.0353 2.0706
0353 0.0000 1.0353
6587 —-4.,91746 ~5.1764
N706 -1.,0353 0.0000
6940 5.4352 5.1764
8823 3.6235 3.3646
0000 -1.0353 ~-2.0706
1411 -3,1058 -2.0706
0000 0.0000 040000
0000 0.0000 0.0000 -
0000 0.0000 0.0000
0000 0.0000 0.0000
0000 0.0000 0.0000
00N0  0.,0000 0.0000
0000 0.0000 0.0000
0000 0.0000 0.0000
0000 0.0000 0.0000
0000 0.00C0 0.0000
7615 5.7956 4482946
8978 3.8637 4.8296
7274 T.7274 747274
4548 15.4548 15.4548
3867 18.3526 19.3185
1822 23.1822 23.1822
2504 20.2844 19,3185
4889 13.5230 12.5570
7274 T.7274 T.7274
4548 15.45418 15,4548

0.1137€+01
0.2098E+01
e 26490E+01
0.3025E+01
0.3838E+01

1.0353
-1.5529
1.8117
20704
-5.4352
1.0353
4.9176
3.1058
—2+3294

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3.8637
57956
6. 7615
15.4548
20.2844
23.1822
18.3526
11.5911
8.6933

0.7765
~1.8117
1.5529
3.1058
=~5.6940
2.0706
446587
2.8470
~2.5882

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

2.8978
6.7615
5.7956
15.4548
21.2504
23.1822
17.3867
10.6252
9.6593

0.5176
-2.0706
46587

4.1411
~5.9528

3.1058

443999

2.5882
-2.8470

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.9319
T.7274
17.3867
15.4548
22.2163
23.1822
164207
9.6593
10.6252

0.2588
-443999
443999
-6.2117
4.1411
4a1411
2.3294
-3.1058

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.9659
5.7956
16.4207
16.4207
23.1822
23.1822
15.4548
A.6933
11.5911

0.0000
-1.8117
-4.1411

4,6587

5.1764

2.0706

2.0706

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
6.7615
15.4548
17.3867
23.1822
23.1822
15.45438
Te7274
12.5570

-U.25R8
-2.0706
-3.1058
~4.1411
-4.1411
6.2117
3.1058
1.0353
-3.6235

0.0000
0.00(:0
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0,.,0000

0.9659
Te7274
15.4548
15,4548
23.1822
23.1822
15.4548
T.7274
13.5230

0+1275E+01 0.1412E+01 0.1549E+01 0.1AB6E+01 0.1824€E+01

0.2632E+01

03167E+01 0.3309E+01 0.3451E+Q1
0.3975E+01 0.4113E+01 0.4250E+01 0.4392E+01 0.4534E+01



0.,4676E+01
0.5652E+01
0.5902€£+01
0.6701E+01

0.3402E+01
Ne4967E+01
0.3728E+Q1
Ne4149E+01
Ne4123E+01
e4985E+01
0.5123E+01
0e5042E+01
0.5148E+01
0e5032E+01
0.5123E+01
0e.4247E+01
0.4970E+01
0.4253E+01
0.5000E+01

NP MW
94 6 38

M NE NX

0.4818E+01

0.6039E+01
0.6838E+01

0.4960E+01
0.7000E+01
0.4955E+01
0.5001E+01
0.4976E+01
0.4123E+01
0.5035E+01
0.5678E+01
0.5000E+01
0.5625E+01
0.5035E+01
0.5012E+01
0.4253E+01
0.4960E+01
0.4247E+01

0 1

IRC Né6C

0.4961E+01 0.5103E+401

0.6176E+01 0.6314E+01
0.6975E+01 0.7113E+01

0.3728E+01 0.4955E+01
0.5000E+01 0.5193E+01
0.3402E+01 0.4961E+01
0.3925€E+01 0.5000E+01
0.4363E+01 0.4985E+01
0«43 76E+CL

0.5309E+01 0.5044E+01
0.5032E+01 0.5629E+01
0.5489E+01 0.5009E+01
0.5042E+01 0.5499E+01

0.4122E+01 0.5000E+01
0.4960E+01
0.4100E+0]1 0.4970E+01
0.5012E+01

0e3057E+01-0.5125E+03 0.3011E+0) 0.2382E+03
—0e2142E+00-0.4636E+00-0.3706E+00-0.3513£+00
0.1917E-03 0.3061E-N2-0.,3933E-03-0.3157E-02
0.1917E-03 0.3061£-02-0.3933E-03-0.3197E£-02
Ceb6b553E+01-0.18B17E+03 0.7365E+00 0.196%5£+03
0.1000E+01-0.2887E+00 0.7R84E+00-0.4050E+00
0.5441E+00 0.1000E+01-0.2839E+00 0.77R2E-01
—0.6359E+00-0.,2229E-01-0.3245E+00-0.2125E~-01

CUR

0.9551E+00-0.2918E-03 0.1000E+01-0.4569E-03

Deb724E+0Q1
0.4999E+01
0.6910E+01
0«728BRE+Q1
0.3757E+01
0.5001E+01
0.5103E+01
0.5000E+01
DeDl117E+01
0.2000E+01
0.5:113E+01
ND«3HAE+01
0e50J1E+01
Qea437E+01
0.5002E+01

0.5000E+01
0.5818E+01
0.4999E+01
0.4999E+01
0.5001E+01
0.3757E+01
0.5001E+01
0.5432E+01
0.5000E+01
0.5403E+01

0.50001E+01

0.5002E+01
O0.4437E+01
0.5001E+01
0.3860E+01

0.6910E+01 0.4999E+01
0.5000E+01 0.6781E+01
0.6724E+01 0.5000E+01
0.6504E+01 0.5000E+01
0.3950E+01 0.5001E+01
0.5001E+01

0.5212E+01 0.5000E+01
0.5000E+01 0.5398E+01
0.5315E+01 0.5000E+01
0.5000E+01 0.5328E+01

0.3836E+01 0.5002E+01
0.5001€E+01
O0.4162E+01 0.5001E+01
0.5002E+01

0.5240E+01

0.6451E+01
0.7250E+01

0.4351E+01
0.4967E+01

0.4149E+01
0.5027E+01

0.5499E+01
0.5019E+01
0.5629E+01
0.5046E+01
0.4047E+01

0.4047E+01

0.7000E+01
0.4999E+01

0.72RBRE=+01
0.4573E+01

0.5328E+01
0.5000E+01
0.5398E+01
0.5000E+01
0.3920E+01

0.3920E+01

0.5377E+01

0.4952=+01
0.4351E+01

0.5001E+01
0.5000E+01

0.5046E+01
0e54%9E+01
0.5019E+01
0.5309E+01
0.4984E+01

0.4984E+01

0.4999E+01
0.7000E+01

0.4999E+01
0.5000E+01

0.5000E+01
0.5315E+01
0.5000E+01
0.5212E+01
0.5001E+01

0.5001E+01
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0.5515E+01

0.5193E+01
0.4958E+01
0.4363E+01
0,5625E+01
0.,5009E+01
0.567RE+01
0.5044E+01
0.4100E+01

0e4122E+01

D.6781E+01
0,4999E+:"
0.3950E+01
0.5403E+"1
0.5000E+ 1
0e5432E+. 1
0.5000E+ 1}
O0.41A2E+ 1

0.3R36E+ 1
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XI. PATTERN PLOTS

The program of this section plots both the previously computed mode
patterns and scattering pattemns. The activity on data sets 1 (punched

card input) and 6 (direct access input-output) is as follows

READ (1,10) NF
10 FORMAT (2013)
DO 19 LF = 1, NF
READ (1,10) NT, NE, NEP, NS, N6
READ (1, 10) (N1(I), I = 1, NE)
READ (1,10) (N2(I), I = 1, NEP)
READ (1, 10)(N3(I), I=1, NEP)
READ (1,10) (NSBL(I), I = 1, NEP)
READ (1,24)(SCAL(J), J=1, NEP)
24 FORMAT (7E11.4)
REWIND 6
SKIP N6 RECORDS ON DATA SET 6
READ (6) (SIG(I), I = 1, KS)
19 CONT INUE

There are NE patterns in SIG. NI1(I) = 0 indicates that the Ith ﬁattern
in SIG has (NT-1)/NS + 1 elements while N1(I) = 1 indicates that the Ith pat-
tern in SIG has NT elements. NEP patterns are plotted. The Kth pattern to be
plotted is SCAL(K) times the NZ(K)th pattern in SIG. If N3(K) < O, the
(K+l)th pattern to be plotted is put on the same frame as the Kth pattern, but
if N3(K) > 0, the Kth and (K+l)th patterns to be plotted are put on different
frames. NSBL(I) is the symbol number for the symbols on the Ith pattern to be

plotted. If N1(I) = 1, NSBL(I) is not used.

Minimum allocations are given by

DIMENSION N1(NE), N2(NEP), N3(NEP), SCAL(NEP), N4(NE+1), CS(NT),
SN(NT), SIG(KS), X(NT), Y(NT), ggBL(NEP)

where KS = ((NT-1)/NS + 1)*(NE -~ ) N1(J))
J=1
E
N1(J)
=1

+ NT*

L~z
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The N4(J) calculated by DO loop 15 tells that the Jth pattern in SIG is
stored in SIG(N4(J) + 1) through SIG(N4(J + 1)). DO loop 18 calculates the

sines and cosines needed for polar plots.

The index K of DO loop 34 indicates the Kth pattern to be plotted. 1If
the Kth pattern to be plotted has (NT-1)/NS + 1 elements, DO loop 28 plots it
with the symbol NSBL(K). If the Kth pattern to be plotted has NT elements,
DO loop 30 stores the horizontal and vertical coordinates in X and Y which are
then plotted by statement 35. Statement 35 draws straight lines between
points. If no change in X and Y is expected, DO loop 30 is bypassed. The logic
between statements 31 and 38 draws the horizontal and vertical axes with tick

marks and advances the origin 9 inches.

The sample data is such as to plot the mode patterns previously stored
on records 10 and 11 of data set 6 and the scattering patterns stored on
records 12 and 13 of data set 6. The mode patterns on records 10 and 11 are
plotted ‘n order, one to a frame. Of the six scattering patterns on record
12, the sixth is paired with the second, third, fourth, and fifth in succes-
sive frz—es. The scattering patterns on record 13 are plotted in the same

way as those on record i2.
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LISTING OF PROGRAM TO PLOT PATTERNS

// (00344EE+2+14420),*MAUTZ,JOE?' ,REGION=140K
// EXEC FORTGCLGyPARM FORT='MAP?
//FUORT.SYSIN DD =
DIMENSION X1{(2)+Y1(2),AREA(400)4N1{40) 4N2{64)4N3(64),SCAL(64)
DIMENSTON N4{(41),CS{145)+SN(145),51G6(4936)+X(145),Y(145)
DIMENSION NSBL{64)
PI=3.1415G93
X1(1)=5.
X1(2)=5.
Yl(l)=2,
Yl1(2)=8.
CALL PLOTID
CALL PLOTS(AREA,400)
READ(1,10) NF
10 FORMAT(20I3)
WRITE(3,49) NF
9 FORMAT('0O NF'/1X,I3)
DO 19 LF=1,NF
READ(1410) NT+NE+NEPsNSsNb6
WRITE(3,411) NT,NE,NEPsNS,N6

11 FORMAT('Q NT NE NEP NS N6'/1X,213,14,213)
READ(1,10)(N1(I),I=1,NE)
WRITE(3412)(N1(I)sI=1yNE)

12 FORMAT('ON1'/(1X,2013))
READ(1,10)(N2(I)+sI=14NEP)
WRITE(3,13){(N2(1}),I=14NEP)

13 FORMAT('ON2'/(1X+2013))
READ(1,10)(N3(I)sI=1,NEP)
WRITE(3,14)(N3(1),1=14NEP)

14 FORMAT('ON3'/(1X,2013))
READ(1,10)(NSBL(I)sI=14NEP)
WRITE(3,39)(NSBL(I)sI=1,NEP)

39 FORMAT('ONSBL'/(1X,2013))
READ(1,24) (SCAL(J),»J=1+NEP)

24 FORMAT(TEll.4)
WRITE(3,25){SCAL(J)+J=1,NEP)

25 FORMAT('OSCAL'/(1X,7E1l.4))
NTS={NT-1)/NS+1
Ne(1)=0
DD 15 J=1.NE
Jl=Jd+1
IF(NLI(J)) 16416417

16 N4(J1)=N&4(J)+NTS
GO TO 15

17 N&4(J1)=N4(J)+NT

15 CONTINUE
KS=N4(J1)

DEL=2.*P]/(NT-1)
DO 18 J=1,NT
ANG=(J-1)*DEL
CS(J)=COS(ANG)
SN{J)=SIN(ANG)

18 CONTINUE
REWIND 6
IF(N6) 20,20.21

21 DO 22 J=1.+N6
READ(6)(SIG(I}sI=144)
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WRITE(3423)1(SIG(I),I=1,4)
23 FORMAT(1X,7E1l.4)
22 CONTINUE
20 READ(G)I(SIG(I)sI=14KS)
WRITE(3+37)(SIG(I)sI=144)
37 FORMAT('OSIG'/{1X+7E11.4))
Jb=-1
DOl 34 K=1,NEP
SCL=SCAL(K)
J2=N2({K)
Ji=M11l4u2)
J3=N3{(42)
J2=N4(42)
TF(J1l) 264+26,27
26 J&=J7
J6=NSRL(K)
DO 28 T=1NT4S
Ja=J4+1
S5=ST6G1Je)=SC).
IF(ABRS(SH)6TeHe) STUP 28
XX=5,+553%Si (1)
YY=5,.,+55%CS (1)
CALL SYMBOLA(XX ¢YY 4 oeNT9JAs0e9=1)
28 CONTINUE
GO TO 29
27 TF(J2.F0,.45) GOY ) 35
J5=J2
DU 30 I=14,NT
Ja=[+12
S5=SI6GJ4)=SCL
IF(ARS{SS5) 5T e2e} STOHP 30
X{I)=%a+SH*SNI(T)
Y(I)=5.+S5%CS(1)
30 CONTINUE
3% CALL LINME(IX(1)sY (1) sNTH1,00 O)
29 J3=nN3(K)
IF(J3) 34,34,31
31 CALL LINE(YI(1)4X1{(1)e2yly:dy0)
DO 32 I=1.7
S1=9-1
CALL SYMRUL({S1+9e9el%el1340.,-1)
32 CONTINMIIE
CALL LINE(XTI{1)eYT(1)e24+s1,0,00)
NN 2323 1=1,7
S1=9-~1]
CALL SYMROLU(He9S519e144513,904,-1
33 CONTINUE
38 CALL PLOT(9a90e9-3})
34 CONTINUE
19 CUNTINUE
CALL PLOT{(HerOes—3)

STUP
END
/%
//GO0.FTO6F0O0Y DU DSNAME=EEOO034 .,REV]YDISP=0LDLUNIT=2314, X
/7 VOLUME=SER=SU00044DCHB=(RECFM=VS,BLKSIZE=2596,LRECL=2592,4X
/7 RUFNU=1)
//G0OLSYSIN DD =
4

145 4 4 & 9
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1 1 1 1

1 2 3 4

1 1 1 1

9 0 0 o0 '
0.1000E+01 0.1000E+01 0.1000E+01 0.1000E+01
145 & 4 4 10

1 i 1 1

1 2 3 4

1 1 1 1

c 0 0 ¢
0.1000E+01 0.1000E+01 0.1000E+01 0.,1000E+01
145 6 8 4 11

0O 0 0 0 0 1

2 & 3 6 4 6 5 &6

0 1 0 1 O 1 0 1

4 4 4 4 & 4 4 4
0.1000E+03 0.1000E+03 0.1000E+03 0.1000E+03 0.1000E+03 0.1000E+03 0.1000E+03
0.1000E+03
145 6 8 4 12

0 0 0 0 0 1

2 6 3 6 4 6 5 6

o 1 o0 1 o 1 0 1

4 & 4 & 4 4 4 4
0.1000E+02 0.1000E+02 0.1000E+02 0.1000E+02 0.1000E+02 0.1000E+02 0.,1000E+02

0.1000F+02
/%
/7

PRINTED OUTPUT

NF
4

NT NE NEP NS N6
14 4 4 & 9

N1

1 1 1 1
N2

1 2 3 4
N3

1 1 1 1
NSBL

g 0 0 0O
SCAL

0.1000E+01 0.1000E+01 0.1000E+01 0.1000E+01
0e3057E+01-0.51256+03 0.3011E+01 0.2382E+03
—0s2142E+00-0.4636E+00-0.3706E+00-0.3513E+0Q0
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02
0e1917FE-03 0.3061E-02-0.3933E-03-0.3197E-02
0.6553E+01-0.1817E+03 0.7365E+00 0.1965E+03
0.1000t+01-0.2887E+00 0.7884E+00-0.4050E+00
0.5441E+00 0.1000E+01-0.2839E+00 0.7782E~01
-0e6359E+00-0.2229E-01-0.3245E+00-0.2125E-01
0.9551E+00~0.2918E-03 0.1000E+01-0.4569E-03



SIG
0.1119E+01 0.1120E+01 0.1124E+01 0.1131E+01

NT NE NEP NS N6
145 &4 4 4 10

M1

1 1 1 1
N2

1 2 3 4
N3

1 1 1 1
NSBL

0O 0 0 O

SCAL
N0.1000E+01 0.1000E+01 0.1000E+01 0.1000E+01
(1e3057E+01-0.,5125E+03 0.3011E+01 0.23R2E+03

—0e2142E+00-0.4636E+00-0.3706E+00~-0.3513E+00
0e1917E~03 0.3061E-02-1).,3933E-03-0.3197E-02
0e1917E~03 0.3061E-02-043933E-03-0.3197E-02
Neb6553E+01-0.,1817E+03 0.7365E+00 0.1965E+03
Ne100CH +01=942-~=7E+00 0.7884£+00-0.4050E+Q0
0e54461E+00 0.1000E+01-0.,2839E+00 0.7782E-01

~0ebh> IE+00-0.2229E-01-0.3245E+00-0.2125E-01
0.9551E+00-0.2918E-03 0.1000£+01-0.4569E-03
0el1119E+01 0.1120E+01 0.1124E+01 0.1131E+01

SIG
0.2681E+01 0.267RE+01 0.2671E+01 0.2658E+01

NT NE NEP NS i6
145 A 8 4 11

NSBL
4 4 4 4 4 4 4 4

SCaAt

0.1000E+03 0.1000E+03 0.1000E+03 0.1000E+03
0.1000E+03

0e3057TE+01-0.5125E+03 0.3011E+01 0.23R2E+03
~0e2142E+0M ~Ne4636FE+N0D~0,3706E+00-0.,3513E+00
0e1917E-03 N.3061k-02~0.3933E-03-0,3197E-02
0.1¢ 7E-03 0.3061E-02-0,3933€£-03-0.3197E-02
Deb> 3E+01~0.181TE+03 0.7365E+00 0.1965E+03
De1C.-DE+01~0.28B7E+00 0,7884E+00-0.4050E+00
0.54 -1E+00 D.1000F+01-0.2839E+00 0.7782E~01
~Qe 6-.9E+00~0.2229E-01-0.3245E+00-0.2125E~01

109

0,1000E+03 N,.1000E+03 0.1000£+03
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0.9551E+00-0.2918E~-03 0.,1000E+01-0.4569€E-03

0.1119E+01 0.1120E+01 0.1124E+01 0.1131E+01
0.2681E+0]1 0.2678E+Q01 0.2671E+01 0.2658E+01

SIG
0«1730E+00 0.1689E+00 0.1585E+00 0.1460E+00

MT NE NEP NS M6
145 6 8 4 12

N1
0o 0 0 0 0 1

N2
2 6 3 6 4 6 5 6

N3
60 1 0 1 0o 1 0 1

NSBL
4 4 4 4 4 4 4 4

SCAL

0.1000:+02 0.1000E+02 0.1000E+02 0.1000E+02
0.1000E+02

0.3057E+01-0.5125E+03 0.,3011E+01 0.2382E+03
~0.2142E+00-0.4636E+00-0.3706E+00-0.3513E+00
0.1917E-03 0.3061E-02-0.3933E-03-0.3197E-02
0e1917€-03 0.3061F-02-0.3933E-03-0.3197E~-02
0.6553E+01-04,1817E+03 0.7365E+00 0.1965E+03
0.1000E+01-0.27887E+00 0.7884E+00-0.4050E+00
N.,5441E+00 0.1000E+01-Q.2839E+00 0.7782E-01
~0.6359E+00-0.2229E-01-0.3245E+00-0.2125E-01
0.9551E+00-0.2918E-03 0.1000E+01-0.4569E-03
0.1119£+01 O0.1120E+01 0.1124E+01 0.1131E+01
0.2681E+01 0.2678E+01 0.2671E+01 0.2658E+01
0.1730E+00 0.1689E+00 0.,1585E+00 0.1460E+00

SIG
0.7957F-03 0.6534E-03 0.7043E-03 0.2078E-02

0.1000E+02 0.1000E+02 0.1000E+02
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XII. LOADS FOR MODAL RESONANCE

The program on page 44 of [6] calculates loads according to (44)
or (46). To obtain more accuracy, format statements 28, 29, 25, and

26 of this program were changed to

28 FORMAT (5E14.7)
29 FORMAT ('OFI'/(1X, 5E 14.7))
25 FORMAT ('OXL'/(1X, 5E 14.7))
26 FORMAT (5E 14.7)

The sample data is such to calculate the susceptive loads to resonate
the port mode voltage with eigenvalue u = 10.12. The punched card
input data and resulting print out are listed here. Since the input
quantities are those of the right hand side of (46), the loads printed
out under XL are susceptances. If the input quantities were those of
the right hand side of (44), the loads printed out under XL would be

reactances.

PUMCHED CARD INPUT DATA

4 1 3

0.1904000E+00 0.2524000E+00 0.1000000E+01-0.92560005+00
/%

/7

PRINTED QUTPUT

N MD5 N6

4 1 3
0.3057E+01-0.5125E+03 0.3011E+01 0.23R2E+03
—0.2142E+00-0.4636E+00~-0.3706E+00-0.3513E+00
0.1917E~-03 0.3061E-02-0.3933E-03-0.3197E-02

Z
0.1917E~-03 0.3061E-02-0+3933E-03-0.3197E-02-0.6371E-03-0.,2576E-03

FI
0+1903999E+00 0.,2524000E+00 0.1000000E+01-0.9256000E+00

XL ) :
0.4593194E-02-0.5699836E-02-0.1158788E-02-0.1003725E-02
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