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PART ONE

GENERAL THEORY

I. INTRODUCTION

The problem of electromagnetic excitation of a wire through an
aperture-perforated conducting plane has been studied in several papers.
Kajfez [1] derived the equivalent sources and traveling current on the
wire excited by a small circular aperture, but he neglected the interaction
of the wire on the electric field in the aperture. The axial distribution
of magnetic current on the slot is sometimes markedly affected by the
presence of the wire. Butler and Umashankar [2] considered the boundary-
value problem of thin wire of finite length behind a slotted conducting
palne, obtaining a coupled set of integro-differential equations, which
they solved numerically. A later paper [3] by Umashankar and Wait treated
an infinite cable placed behind a slot-perforated screen problem by a
Fourier transform method. However, there are errors in their equations
and in their computed results. For example, the term cos Az 1is missing
from their Eq. (19d), and no transmission line component of current is
apparent in their Fig. 5.

In this report we obtain the functional equations for the problem
using the equivalence principle [4], and reduce these equations to matrix
form by means of the method of moments [5]. The matrices are recognized
as generalized network parameters, such as voltages, currents, admittances,
and impedances, as described in [5] and [6].

We next specialize the equations to the narrow slot and infinite

thin wire problem. As electric current expansion functions, we take
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outgoing transverse electromagnetic (TEM) currents traveling on both
semi-infinite halves of the wire, and triangle functions to represent
the higher order modes in a finite region near the aperture. This
results in a finite sized matrix for the infinite wire, so that the
golution is similar to that for a finite wire.

Finally, in addition to excitation by a plane wave, we con-
sider excitation by a TEM traveling wave on the wire. The perturbation
due to the effect of the slot can be obtained from the outgoing TEM cur-
rents in both directions. The equivalent circuit parameters for the TEM
wave are then calculated from these outgoing traveling waves. Once the
equivalent circuit parameters are obtained, we can calculate the currents
traveling on the wire for the case of a wire terminated by arbitrary

loads.

II. FORMULATION OF THE PROBLEM

Figure 1 shows the problem to be considered and the coordinates and
notation to be used. The infinite conducting plane, which has zero thick-
ness, covers the entire, z=0 plane except for the aperture. The aperture
is rectangular in shape with length b and narrow width w in the y and x

directions, respectively. The plane divides the space into two regions,

called region a and region b, There is an infinitely long wire whose

axis is along the x-direction and at a distance z=d and Y=y, in region b.
The excitation of the slot is a uniform plane wave incident from the
region a. The problem is primarily that of finding the tangential electric
field on the slot and the current on t he wire. Secondarily, it is that

of finding the parameters of the equivalent network seen by the TEM

traveling wave on the wire.




Fig. 1.

Thin infinitely long wire behind a narrow slot perforated conducting
plane.
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We use the equivalence principle [4] to divide the original
problem into two parts, as shown in Fig. 2. The field in region a
remains unchanged if the slot is closed by a conductor and the
equivalent surface magnetic current
-hi:u XE (1)

-2
is placed over the slot, where E is the electric field in the slot
of the original problem and u is the unit vector in z direction. The
incident wave_gi,_gi must be kept in region a. This equivalence is
showm in Figure 2a. The field in region b remains unchanged if the
slot is closed by a conductor and the equivalent magnetic current -M
is placed over the slot. The electric current I on the wire must be

kept the same as the original problem. This equivalence is shown in

Fig. 2b.

(a) Regiona (b) Region b

Fig. 2. The equivalent problem




The use of M in region a and -M in region b ensures the continuity
of the tangential electric field across the slot. In addition, we have
two more boundary conditions to enforce: (a) the tangential magnetic field
must be equal on each side of the slot, and (b) the tangential electric
field must vanish on the surface of the wire. These two conditions give us
two equations from which we can calculate the unknowns M and I.

The electric and magnetic fields in region a are given by

e = 2y + E (2)

B = B + nt (3)

where g?(g), Eé(ﬂ) are the fields from M in Fig. 2a, and g}, gi are inci-
dent fields in region a. Note that all the fields are computed with the

slot shorted. Similarly, we denote the electric and magnetic fields in

region b to be
Eb

= ED(-M) + EP(D) *)

B = 5w + B(D) (5)

where EP(-E), ﬂk(-ﬂ) are the fields from -M in Fig. 2b, and EP(I), BP(ID
are the fields from I on the wire in Fig. 2b. Again, all the fields are

computed with the slot shorted.

To enforce the two boundary conditions (a) and (b), we set

wep + 800 - 8D = -5 over 6
b b
E (M -E(I) =0 over B N

wher. A and B aote the slot and the wire surfaces, respectively. The

subscr.p.s t denotec the tangential component over A and B. We have used
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the linearity of the operators in deriving (6) and (7), by setting H:('H) =

b b b .
fﬂt(ﬁ) and gt(—g) = -gt(g). Equations (6) and (7) are sector equations for
l determining the unknowns M and I.
We now reduce (6) and (7) to matrix equations using the method of

{
E moments [5]. We define a set of expansion functions {gn, n=1,2,...,NA}
, and express the magnetic current as

NA
i M= ) V M ()
- n-—n
, n=1
X where Vn are coefficients to be determined. We define a set of expansion “

functions {In’ n=1,2,...,NB}, and express the electric current as

i
o~
]
-

1 (9

where an are coefficients to be determined. We substitute (8) and (9) into

(6), and (7), using the linearity of the operator and obtain

NA a NB b NB b i
! - - + =
, L Vet - L VHM) + ] o BT <K 10)
e N
over A, and
NA b NB b
) VB - L aEX@) =0 an |
n=1 n=1 1
over B. We define testing functions {ﬁm’ m=1,2,...,NA} on A and :
{im’ m=1,2,...,NB} on B, and the symmetric product
<F, _(_;_>s = ” F +Gds a2)
S
where S represents the surface of A or B. We take the symmetric product
of (10) with each ﬁm on A to obtain
{
v2 + Y217 + M1 = 11 (13)
{
. where a . a
= - >
l (Y] = [<-M, H.(M)> ,] (14)
b b
! (Y] = (< -8, B .(M)> ,] (15)
)
|

- - . S e S U e e S SRR U AR A SN R TR e -



The [Ya] and [Yb] are called generalized admittance matrices for

region a and b, respectively. The matrix

b

(1] = [< . B

(1)>,] (16)
is called the coupling matrix from B to A. The column matrix
»>i -~ i
= >
I = (<, B, an
is called excitation vector. Finally, the column matrices

>
\Y

v ] (18)

1 ] 19
o (19)
are called generalized voltage and current vectors, respectively.

Next, we take the symmetric product of (11) with each

i to obtain
“m

($1V + (21T = 0 (20)
where
(#1 = (<E, Ebu)>] (21)

is called coupling matrix from A to B, and
(2] = (<-f, EP(2 )>] (22)
“m’ =t -n’ B

is called generalized impedance matrix for the wire.
We now have the matrix equations (13) and (20), from which

we can solve for v and 1. Note that [Ya] and [Yb] are evaluated

R AL S PERE
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for the slot as if the wire were not present, and are hence the same

matrices as described in [6]. [Z] is evaluated for wire as if the slot
were not present, that is, with the slot closed by a conductor. It can
be evaluated in terms of currents plus their images radiating into free

space.

III. [EVALUATION OF THE MATRICES

Now we specialize the problem to a narrow rectangular slot and a
thin wire, and evaluate all the matrices in equations (13) and (20). We

use Galerkin's method, which means that

Bo=u (m = 1,2,...,N) (23)
I =1 (m = 1,2,...,NB) (24)

This will save us some computations. In particular, from reciprocity

[4], we have

Moo By (0%, = <M B>,

T =< I)>
I B )78 Ly Et(lm) B

Substituting (23) and (24) into (14), (15) and (22), we find that

a a a ~a
2=yl o ) = ¥ (25)
Y:n - Yzm or  [¥P] = [¥!] (26)
z =2, or [z] = [Z] 27)

where "~" denotes the transpose of a matrix. Equations (25), (26) and (27)

res
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indicate that the generalized admittance and impedance matrices are
symmetrical matrices. Again, from reciprocity, we have

A b b fal
< > = - >
Ly B>y = -, >,
Substituting (23) and (24) into (16) and (21), we find that
T =-r1T or [f1 = - [T} (28)

Hence, we only need to evaluate one of the matrices [T] and [f].

(A) Evaluation of [Z]

First, we have to choose appropriate expansion functions for the
current so that our results converge rapidly to save computation. We
note that the wire and the complete conducting plane form a transmission

line. We therefore expect that the presence of the slot on the plane will

excite outgoing traveling TEM waves along the wire plus evanescent waves near

the slot. We can expect that the TEM traveling waves will propagate to
infinity without attenuation if the materials are loss-free. The
evanescent waves, which are higher order modes on the transmission line,
attenuate rapidly. Therefore, we assume that the evanescent waves will
exist only over a short region near the slot. Beyond this region, the
evanescent waves are so small that they do not contribute significantly to
the field, and hence may be taken to be zero. It is therefore convenient
to choose the following expansion functions for electric current I on the

wire:

l]_ - e"jklxlgx -0 < x < ® (29)

L“ = I“(x) n=2, 3,... NB (30)

4
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where k is the wavenumber of incident wave, u is the unit vector of x
direction, and In(x) are triangle functions as defined in Appendix B.
We can see that 11 represents the outgoing TEM mode, and Ln(n > 1) repre-
sent the evanescent currents near the slot. We here assume that the higher
order modes exist only in the region x < |L/2|.

Now we can evaluate the elements of the generalized Z matrix. As a
matter of fact, for m # 1, n # 1, it is the Z matrix of a wire whose length
is L above a conducting plane, as is described in Appendix B. The results

are

- A
z o = Juuz, + Joe z, (31)

where Zl and 22 are expressed in (B~18) and (B-19).

For m = n = 1, from (22) we have

200 =~ <Ly B (3> (32)

where_gt(ll) is the tangential electric field on the wire surface due
to outgoing TEM currents. It is derived in Appendix A for the field due
to outgoing TEM traveling currents in free space. In our case there is an
infinite conducting plane near the wire. By the image theory, i: is equi-
valent to the total field due to current on the wire and the current on
its image, both in free space. Therefore, using (A-14), we obtain

—ijo -ijé

-~k e _e
Ex(li) T 27Twe ( R R; ) (33)

where

R =Ya” + x (34)

R = aa? + x2 (35)

S e e S e Y L k] S L BT D 13 bt I At -
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Substituting (29) and (33) into (32), we find
©  -jkR ~-1kR'
_ _k e ° e ° —jklxl
211 T 2mee ( R TR ) e dx (36)
w o o
The integral can be evaluated as
@ -jkR © =jk(R +x) 0 -jk(R -x)
e ° . e-jklxldx = e——-_o_— d + _e___i,_ d
R R x R’ x
Y o 0 o _a o
ol ~jk(Ro+x)
=2 3——R————- dx = - 2 [Ci(ka) - 3Si(ka)] (37)
0 o}
where o
Ci(x) = - f 3"—5‘—1‘- du (38)
X
X
Si(x) = f sln b g, (39)
0
Using (37), we can reduce (36) to
. - -
211 = Twe [Ci(2kd) - Ci(ka) + jSi(ka) - jS1(2kd)] (40)
For m ¥ 1, n = 1, substituting (30) and (33) into (22), we obtain
)
. P2m+3 . ij0 e—ijo
Zn1 = 2mwe J ) Cx— -~ & (41)
P ) o
2m-1
where the notation is the same as that used in Appendix B. We use the
same approximation as that in Appendix B, that is, the testing function
Tm(x) is approximated by four impulses. Hence, (41) becomes
- - \J
z ==K lf c*(a) ¢ T - & ijo)d (42)
ml | 2Twe m R RT ¥
A=1 AX (o] o

2m~24A

ST A Oy W g s o v AT SV NEINETAMARS WA

Aol oo s

<
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Using Green's function Y as defined in (B-21), we can rewrite (42) as

4

= & x - ' L]
Zn1 T we Azl Cm(A) fv (o, Q2m-2+A) v(o, Q 2m—24—A)] Ax2m-2+A (43)

All the elements of [Z] matrix are now evaluated explicitly in (31), (40),

(43), and (27).

(B) Evaluation of [Y?] and [YP]

According to the definition of [Ya] and [Yb], Eqs. (14) and (15),
[Ya] and [Yb] are the matrices obtained by using the expansion function Hn
as a magnetic current radiating into region a and b, respectively, with
the infinite conducting plane present and the slot closed and the wire not
present. Since the two regions a and b are identical half spaces, their

generalized admittance matrices are same. Therefore we have

[¥3) = (v°1 = (¥ (44)

where [Yhs] is the generalized admittance matrix for the slot opening into
half free space. Applying the image theorem, we find that [Yhs] is the
admittance matrix obtained by using ZHn as magnetic current radiating into
free space everywhere.

Now we specify [Yhs] for our narrow slot case. In this problem
the width W is small relative to the wavelength and the length is large
compared to its width. The electric field in the slot is principally
transverse to the longer slot dimension (transverse to y), and has a known
transverse variation given in the literature [7]. This transverse variation

of electric field, or its equivalent magnetic current, is
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1 2 2.-1
f(x) = 7 [(g) -x"] /2 (44)
where w is the width of the slot. Also, the magnetic current has only
a y componeni. Hence, the magnetic current expansion functions may be
expressed as
!'111()(950 = f(x) In(}') n=1,2,...,NA (1‘5)

where vector functions gn(y) are triangle functions defined in Appendix B.

a
Now we evaluate the magnetic field gt(gn) on the slot. For Et’

we have the following formulation:

3,
Hy(gn) = - ijy "y (46)
-jkR
_e e .
Fy i }J Mn R ds 47)
A
-jkR
¢m = Aiu Jom . R ds’ (48)
A
o =-X9v.n (49)
m jw -n

where Fy is the only component of electric vector potential, and ¢m is
the magnetic scalar potential. The integral is carried over the region

where yn exists. R 1is the distance from the field point, which is on

the slot, to ds',

R = "\/x'2 + (y - y’)2

Substituting this into (44) we calculate the integral S as

PO
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¥ L 7,2
2 - ' S
e_ij 2 % Tm(yl)e Jk¥x' “+(y~y")
W b 2,2 2 2
A -3 -3 (32’—) -x'! Vx' + (y-y")
b w
2 2 ;1; oIk Vx' 2t (y-y")?
= Tm(y') [ dx'dy’ (51)
-3 “3A @ - e on?
The change of integration variable
) a
X 2 sin 2
reduces (51) to
b [ 2 g
2 m gy (y-yH + . sin’ 2
S = J T (y')dy' e da
b 2 Z 2 o
-3 =T 27 '\/(y—y') + % sin 2
b / 2 Wl b
2 -k Vy-y") " + 4 2 ~JkR
- I T (y') < dy' 4 T (v") Sg—dy' (52)
b (y- v)2 + we 2k e
2 7y 4 2
Here we have used the relation
z /
2 2
L -Jk\/(y-Y') + 1'2— sin’ % =ik} (y-y") " + ("7)2
-21? e do = & (53)
4 2 2
1 Vomyn? + % atn® & Vo-r?i+ &
and
2
R, = Vo -yn2+ & (54)

With this result, (47) through (49) can be reduced to

o = - . S e e e i o b v e S S bt e AT

Y T T e O KB SR 54 4
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b
2 -jkR
£ J (v E—" gy (55)
F = -— T (y y
y 4m Jy m Re
2
b
2 -jkR
¢ =-1— J o e edyl (56)
m 4y ) b m Re
2
=_—1_.._g__ |
Om jo dy Tm(y ) (57)

Fy of (46), together with (55) through (57), is recognized to be of

the form as the magnetic vector potential associated with a thin wire of
radius Q/a. It is the dual problem to the formulation of [Z] matrix for
a thin wire of radius w/4. Therefore, using this duality, we obtain the

formula for the [Y] matrix of a slot with triangular expansion functions

Tm(y) to be
hs 1
Ymn = 2 (jwe Yl + m Yz) (58)
Y, = Azl lecmm Ca(B) by by, v(Qy, Q) (59) :
b g .
Y, = AZI BZlnm(A) D, (B) Ay by, ¥(Qys Q) (60)
where
1=2m-2+A (61) .
j=2n-2+B (62) ;
The Green's function § is defined similar to (B-21), ;
1 PJ+1 e-ije ,
wcqi, Qj) = Z;z;; I Re dy (63) }
Py
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where Qi is at the center of the ith segment Ay1 of the slot, Pj is the
jth dividing point, and Re is defined in (54). Note that the coefficient

2 in (58) comes from the fact that the magnetic field produced by Zyn in

free space.

(C) Evaluation of [T] and [f]

In order to evaluate [T] from (16), we have to calculate g:(;n)

on the slot. 1In our coordinate system, we have

b 3 Al
BQ@) = Hy(_I_n)Ly
From the geometry shown in Fig. 3, we obtain the following relations:

H =u <* H,  u
y v ¢

u, =cosau + sinau
- -y —z
where gy and u, are unit vectors in the y and z directions, respectively,

2¢ is the unit azimuthal vector of the circle centered on the wire, and o

K

Fig. 3. Wire and slot

in y-z plane.

-
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is the angle between g¢ and gz. It is given by
cos a = d/p (64)
where
2
o=ty -y + (65)
Therefore
H = d o, (66)
y V 2. 2
(y-y )~ +d
For n=1, H¢ = H¢(£1) is expressed in Appendix A, (A-13). Substitution
into (66) gives
..jk_R
_ d o
Hy(li) = e (67)

G-y ) + a%
Note that (67) already includes the field due to the image of ll’ and
the wire is now taken in x directior instead of in the z direction as in
Appendix A. Since the axis of the slot is in the y-z plane, we have

R = p. Hence, (67) can be rewritten as

[¢]

- e (68)
ml(y-y )’ + a%1

Substitution of (23), (68) into (16) gives

Ty = U B0

b
2 -ty -y ) 24
- 3 J Tp(y = 7 2 W
b (y-y,)" +d

2

Also, Tm(y) is approximated by four impulses as described in Appendix B.

s e -
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This gives

2,.2
kY, o pamy) 4

4
y e
PTG (
Yom-24A

Ay, (69)
ol 2m-2+A

y
where Cm(A) is defined similarly to (B-11l) through (B-13), Y om-2+A is
at the center of the (2m-2+A)th segment of the slot, and Ay2m-2+A is the
length of the (2m-2+A)th segment.

For n # 1, we first calculate Hy(ln). Using (30) for ;ﬂ, we

find that the vector potential has only an x component

-jkR
e dx'

= B '
Ax T 4w J Tn(x )

wire

where R is the distance from the field point (on the axis of the slot)

to dx’'.
2

R ='J(x—x')2 + (y--yc)2 + (z-d) (70)

Hence,
oA
wy o1 =1 _x
H (1) u(V><A) =7 3
-jkR
-1 ' jl e '
wire

where l: is the current on the wire. The total field should include the

field due to the image, li, that is,

w i w i w
- = + H (I7) = 2H (I
Hy(I ) Hy(I + 11) Hy(11) y(—n) y('n)

-jkR
1 ] i e !
wire
1 1y =z - d) _ jk(z - d), -IkR__,
- ﬁ J Tn(x ) [ R3 - Rz ]e dx
wire

- B e s rres i e g
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on the axis of the slot (x = 0, z = 0). Therefore

] d - ]
H (L) = 5 J T, (54 i%d—) e Rax (1)
Substitution of (23) and (71) into (16) gives

= < >
™ o 5,00,

b
2

=—2d—,ﬂ J Tm(y') j Tn(x') (Rl—3+i%)e-ijdx'dy'

2 wire

Again Tm(y) and Tn(x) are approximated by four impulses. The result is

4 4 ~JkR
. y X 1 ik mnAB
rmn 2m Azl Bglcm(A) Cn(B) (R3 + RZ ) e Ax2n-2+BAy2m-2+A
mnAB mnAB
(m=1,2,...NA, n = 2,3,...NB) (72)
where
_ 2 _ 2 2
RmnAB -'J#Zn-2+B + (y2m-2+A yc) +d (73)

is the distance from the center of the (2n-2+B)th segment on the wire to
the center of the (2m-2+A)th segment on the slot. From (28) and (72), all

the elements of [f] also can be evaluated.

(D) Evaluation of Tj

The incident field considered here is a plane wave, which is a

good approximation for field radiated by a source distant from the slot.

v SO R = b 409 b e e e T SRR s




The propagation vector k is assumed to lie in the x-z plane, as shown
in Fig. 4. There are two polarizations for the incident plane wave.

One is vertical polarization for which the electric field is perpen-
dicular to the incident plane, or in the y direction. The other is
horizontal polarization for which the electric field is in the inci-
dent plane, or the magnetic field is in the y direction. In our narrow
glot case, we may neglect the vertical polarization because it has no y
component of magnetic field, which is the only component that couples to

region b. Hence, we only need consider horizontal polarization.

X i
region @ regon b
Ei
k
i > 7
H 0
Y

Fig. 4. The incident wave from region a.
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For simplicity, we assume that a unit incident plane wave

propagates in the z-direction, and is of the form,

ﬂé - Ey e—jkz (74)

i_ e—jkz

E =un

(75)

where n denotes the intrinsic impedance of free space. Therefore the

tangential magnetic field H' of incident wave on the slot is

i _ -jkz -
L} on slot Ey Ze z=0 2-‘5y (76)

since the slot is closed by a conductor, forming a complete plane.

Substitution of (76) into (17) and (23) gives

2 J Tm(y)dy

4
y
izl Cm(A) Ay2m—2+A an

y
where Cm(A) and AyZm-2+A are defined as before.

IV. SOLUTION TO EQUATIONS (13) AND (20)

So far, we have evaluated all the matrices in Equations (13)
and (20) for our slot-wire problem. The computer programs are listed
in Part 2 of this report. Before solving the slot-wire problem, we

first reduce our problem to the dipole-wire problem. In this case we

mde AL A o m
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solve (20) with{?asknown,andcompare our moment solution with Kajfez's
results. It is shown in Appendix C that these two solutions agree well
with each other.

For slot-wire problem, given a set of geometric parameters, b, w,
a, d and y.» we can solve equations (13) and (20). We must also choose
a definite region (X < L/2) on the wire for which the non-TEM modes are
assumed to be significant. The solution 3 determines the axial distri-
bution of magnetic current on the slot according to (8). The solution
f determines the distribution of electric current on the wire according
to (9). Here o, determines the amplitude of outgoing traveling TEM cur-

1

rent on the wire, and az, o . aNB determine the evanescent currents

3
on the wire. It is found that for the particular choice d/X < 0.1 and

L/A > 1.0, a change in L/\ affects a, very little. However, there is a

1
small change in the other a's. This indicates that the svanesccnt waves
are localized to a region near the slot, and their vatwueés distant from

the slot do not have a measurable effect on the field.

V. EQUIVALENT CIRCUIT

It is known that the equivalent circuit of a wire behind an aper-
ture perforated conducting plane has the form as shown in Fig. 5. It

applies to the TEM mode at the position x = 0. The equivalent sources

+/..\= ."( )+
[Y]

Fig. 5. Equivalent circuit.
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', V10 and VZD are due to the incident wave from region a. The two-port

| network parameters depend only on the geometry of the problem. For

i computational convenience, we will represent the network in terms of

i its [Y] parameters.

i In order to determine the parameters of the two port network,

’ we remove the incident wave from region a, apply a source to the trans-
mission line formed by the wire and conducting plane, and then find

, the relationship between the port voltages and currents. To obtain the

elements of Y parameters, we use the definition, 3

iy =Ty + Y10Y, (78)

1= Y * Y%, (79)

where 11’ 12, A} and v, are port currents and voltages at ports 1 and 2,

respectively. The reference directions are as shown in Fig. 6.

To represent the excitation, we mathematically apply a TEM wave

to the infinitely long transmission line. The incident fields are then 1

- 1 -jkx
H, I'he (80) ‘
- vh, —ikx L
ETEM =Vee (81)

+ +
where I and V are the mode current and voltage, and e and h are

i —X i:
Y [Y ] e’
- — 0 -

Fig. 6. Reference directions for i and v.

————— -
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transverse electric and magnetic fields of TEM mode. These have the
form [1]
2d z2(y-y.)

eE=7 u
Ty + G0l [y )T ) Y

2 2 2
"+ (y-y)" -z

d
-4 u, (a<<d) (82)
B R R o I (I L e D B
h=u XxXe
h=u xe
2d z(y—yc)
= = u
[y )% + )7 [y )% + (z+)?] 2
d da? + (y-yc)2 - 2?
+d (83)

u
[y )° + (=0)°] [y )* + (@d)?] Y

For the present case, in which the excitation is an incident TEM wave,
every equation in Sec. II of this report is the same except that (2)
must be changed to

i = 1o

and (5) must be changed to

o + 1@ + 1t

|z
]

where

ut 1t h e K (84)

=
2

the final equations are still (13) and (20), except for fi. Now f

becomes
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(
! . .
| I° = <M, H>
m -—m —t i
b
;; 2 ,
" =—JTm(y)u-I+hdy }
b ]
) !
| b
. 2
+
| I d
, b (y-y )" +d
2
+ -
+ 4 y.-y y.-y
I - -
=-L ) J@ rtant (AS- tant 1 89) ;
m d d
A=1 1
where Cz(A) are defined as before, and y: and y; denote the two ends of the t

ith segment Ayi (i = 2m-2+A).

etk aden

The incident TEM wave will excite both outgoing waves and evanescent

waves. Because of the assumption of a narrow slot, and the symmetry of

the problem, both outgoing waves have the same amplitude.

We now go through the procedures described in Sec. II once again. The

only difference is that the excitation vector now is represented by (85) ‘
instead of (77). The others are all the same as before. We obtain the !4

outgoing wave 0. by solving (13) and (20).

1
We turn to the equivalent network in Fig. 6. The port voltage at
port 1 is

v, =V - 0a,2 (86)

where Zo is the characteristic impedance of the transmission line formed

by the conducting plane and the wire. vi is the mode voltage which we

applied to the transmission line traveling inthe +x direction.




The port current at port 1 is

v1 =1 + al

At port 2, we have
v2 = vi + alzo
i2 = - (I+ + al)

Because of symmetry, it follows that

From the reciprocity, it follows that

Y, =Y

Hence, (78) and (79) can be reduced to

e
L}

1 Y%t YY

e
]

2 = Y1Y1 Y Y

Solving (91) and (92) for Y., and Y

11 122 ¥

2 2
Yy = vy = 1,90/ (vy - vy)

2 2
Yy, = vy = v )/ (v) - v))

e obtain

Substituting (86) through (90) into (93) and (94), we find

(88)

(89)

(90)

(91)

(92)

(93)

(94)




where

It is clear from (95) and (96) that

Y, =- Y, =Y (98)
where
I+ + al
Y=o ——=Y
1 o

If I+ equals unity, we have
Y

1 0
A+ 7 (99)

~<
(]
1

Now, from (98), we can plot the equivalent network shown in Fig. 7.
Finally, we evaluate the equivalent sources in Fig. 5 when the incident
wave comes from region a. Since the network has the form of Fig. 7,

we may reduce Fig. 5 to Fig. 8.

Fig. 7. Equivalent network at x = O.
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]
.

oM

¢ —

Fig. 8. Cquivalent neiwork for the original
problem.

If both ports are terminated with matching loads, as shown in Fig. 9,
the problem corresponds to that of an infinitely long wire. In this case,
we can solve matrix equations (13) and (20) to obtain the outward traveling

current on the wire.

Fig. 9. Equivalent circuit for the calculation
of V.
o

e g
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From Fig. 9, it is clear that

= - 1
Vos-I (G+2z) (100)

where Io is the outgoing current when the wire is infinitely long and the

wave comes from region a. The Y of the equivalent circuit is given by

(99).

VI. NUMERICAL EXAMPLES AND DISCUSSION

A computer program was written to calculate the distribution of
magnetic current on the slot and electric current on the wire for an
infinite wire case. The parameters of the equivalent circuit are also
calculated. This program is described and listed in Part 2. In this
section, we give some numerical examples for a few cases of interest.

In Fig. 10, we show the distribution of the slot axial magnetic
current along the slot axis for the typical case of b = 0.5\, w = 0.05A.
The incident plane wave 1is incident normally on the slot from the
region a. The infinitely long wire is located at the position Yo = 0
and d = 0.1\. Also, the magnetic current for an isolated slot is plotted
in Fig. 10. Note that the current for the isolated slot is different in
magnitude from that when the wire is present.

In Fig. 11, we show the distribution of the total induced electric
current on the wire. The real part is shown in Fig. lla, and the imaginary
part in Fig. 11b. In each case the total non-TEM current is also shown.
Figure 10 shows that the field on the slot is influenced by the presence

of the wire. Figure 11 shows that the induced current on the wire consists

s—— S e s OB LTI et A Wb LA G A g B

staeaitietidinduiieing,




Fig. 10.

Distribution of the axial slot magnetic current for
d/x» = 0.1 and d = » (b/X = 0.5, w/A = 0.05).
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Re (1/AHi)

4

Fig. 11(a). The real part of current on the wire, for b/} = 0.5,
w/A = 0.05, a/*» = 0.001, d/x = 0.1.

el e ca < e
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Im (I/AH)
}
0.2 Total ?
g ,
o] ! :
o] 1 o
1.0 .5 x/A

-0.

-02

Fig. 11(b). The imaginary part of current on the wire, for
b/X = 0.5, w/A = 0.05, a/X = 0.001, d/X = 0.1.
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Fig. 12. Distribution of the axial slot ma, ~tic current for
various Yoo (d/» =0.02, b/x = 0.5, w/A = 0.05, a/A = 0.001).




Fig. 13. Distribution of the axial slot magnetic current for
various yC/X. (d/» = 0.1, b/x = 0.5, w/x = 0.05,

a/x = 0.001).




Imag.

L

04 /A

Fig. l4(a). Equivalent source for d/* = 0.1, b/A = 0.5,
w/A = 0.05, a/X» = 0.001l. (X = 1 meter,

H; = 1 Ampere/meter).




Imag.

-04

Fig. 14(b). Equivalent admittance for various y /X,
(/X = 0.1, b/* = 0.5, w/> = 0.05, Sa/> = 0.001,

i
} = 1 meter, Ho = 1 Ampere/meter).

36




Y(mho)

002
Imag.

0.0l |-

-00l

002 |—

Fig. 15. Equivalent admittance for w/A = 0.05, d/x = 0.1,
a/» = 0.001 (} = 1 meter, H; = 1 Ampere/meter).
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,; J
', 200}

100k Imag

Fig. 16. Equivalent source for w/X = 0.05, d/X = 0.1,
a/A = 0.001 (» = 1 meter, Hi = ] Ampere/meter).
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primarily of outgoing TEM mode currents. The higher order modes are

k significant near the slot, but they die out rapidly, as expected. The
current move than one-half wavelength from the slot is essentially a
single TEM mode. 1In Fig. 11, wlL denotes the region on the wire where we 4
assume that the higher order mode currents are considerable. Changing wL
. changes the total current hardly at all. Even for the higher order modes
there is very little change as wlL is changed.

In Fig. 12 and Fig. 13, we show how the position of the wire with

respect to the center of the slot affects the distribution of magnetic

current on the slot. Figure 12 is for the wire close to the conducting
plane. Note that a displacement of the wire from the center of the slot
changes both the .symmetry and the magnitude of magnetic current. When
the distance d is increased, it does not change the symmetry much,
although the magnitude of magnetic current is still influenced by the dis-
; placement. This is shown in Fig. 13.

The variation of the equivalent network parameters with the dis-
placement from the center of the slot is shown in Fig. 14 for d/X = 0.1,

b/A = 0.5, w/A = 0.05 and a/\ = 0.001. As expected, they are symmetrical

about the centerpoint of the slot. }

Figures 15 and 16 show the variation of the equivalent circuit

parameters when the length of the slot is changed. For the case w/A = 0.05,
d/A = 0.1, a/X = 0.001, a resonance occurs in the vicinity of b/A = 0.46 when i

the imaginary part of equivalent admittance vanishes, the equivalent source

reaches its maximum. As expected, the equivalent admittance is inductive

when b/)A < 0.46, and capacitive when b/X > 0.46.

—
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)
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0 1 | 1
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Fig. 17. Equivalent source for w/\ = 0.05, b/} = 0.5,
a/>» = 0.001. () =1 meter, H; = 1 Ampere/meter).
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Y 0.2 03 0a I

. 18. Equivalent admittance for b/A = 0.5, w/A = 0.05,
a/x = 0.001. () = 1 meter, Hi’ = 1 Ampere/meter).
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b/A

Maximum power transferred to the load for d4/X = 0.05 and
d/A = 0.10, and power transmitted through the aperture
when no wire is present.
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Figures 17 and 18 show the variations of equivalent circuit parameters
with distance d. It is evident from Figs. 17 and 18 that the magnitude of
equivalent source decreases and the magnitude of equivalent admittance in-
creases as the distance between the plane and the wire is increased.

It is interesting to compare the power transmitted from region a to
region b through the slot when no wire is present to the maximum power
coupled to the transmission line when the wire is present. For an isolated

slot, the power transmitted from region a to region b is [6]

> % *
P =S ¥ (101)

where V is the coefficient vector of the magnetic current on the isolated
slot, and % is its transpose. [Yhs] is the generalized admittance matrix
of the slot in half free space. The asterisks denote complex conjugate.
Recalling 2[Yhs]3 = Ti, where fi is the excitation vector given by (77),

we reduce (101) to

Fi* (102)

<¥

=1
P =2

Note that Pt is a complex power. The time-average power transmitted by

the slot is

P = Re(Pt) (103)

where Re(Pt) denotes the real part of Pt'

The maximum power output in the transmission lines is obtained when
it is terminated for maximum power transfer, as shown in Fig. 20. Here 2
is the equivalent impedance

Z=1/Y =R+ jx (104)

e e




le zL!

Fig. 20. The equivalent circuit for maximum
power output

The loads, ZLl and ZL2’ referred to x = 0, will receive maximum

power when

ZLl + ZL2 =R - jX

in which case the power is
v, |2
T

the results are plotted in Fig. 19. It can be seen that the power
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(105)

(106)

transmitted from region a to region b through the slot can be greatly

increased by the presence of a nearby wire.

TR




Appendix A
THE ELECTROMAGNETIC FIELD DUE TO TRAVELING WAVE

CURRENTS ON AN INFINITELY LONG WIRE

To evaluate the [Z] and [T] matrices, it is necessary to know the
electric and magnetic fields due to outward traveling currents on an
infinitely long wire. The geometry and coordinates are shown in Fig. A-1l.
Here two traveling currents start from the origin and travel to infinity
in the +z and -z directions. We are interested in the component of electric
field parallel to the wire, Ez, and the component of magnetic field perpen-

dicular to the wire, H So only these two components of the fields are

o'
evaluated. Because of symmetry, it is convenient to use a cylindrical
coordinate system as shown in Fig. A-1. The point p(p,$,z) is the field

point where the fields are to be determined. For simplicity, we start

4
L
‘ TTP(p, ¢u2)

z —!—::Idzf
L

Fig. A-1. Geometry for fields due to a current along the
z axis.
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the derivation by assuming the wire be finite, of length L. From Fig. A-1

we see that the following relationships hold.

2

o -

R =JOZ+ (z - z'")

RL=1/02 + @ - 1)? (A-2) |

R0= JOZ + z2

(a-1)

(a-3)

The current is assumed to be traveling in the +Z direction on the wire,

given by

+ s
I . l =C e sz 22 (Z > 0) (A"4)

where Ez is the unit vector in the z direction.

The expression for the vector potential at point P is

A=A u
[ = z —z ;
! :
1 L '
. -jkR :
=B -jke'e 7
Az AT J Ce R dz
0
. b iRz
=B e— ———————————— ' -
4m J R dz (A-5)
0
The ¢ component of magnetic field at P is
0A
+ 1 2
B - V X = e ——
o =3 X8y = - 55
¢ (F 5 oIk(Rz") '
= - HJ 30 O
L
- - [}
- L (_159 - 2ye Jk(R+z )dz'
! 4 R2 R3
. 0
' The integrand turns out to be a perfect differentfal. Integration there-
fore gives
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_ vy 2'=L
H+ __c : e jk(R+z )]
¢ 41 *R(R + z'-2z) 2'=0
~jk(R, + L) -jkR
g Y 9,
ar R R+ Lz) T R (R_-2)
-3k(R, +2) -ijo
) (RL - L¥z)e ) (Ro +2z) e :
2 2
RL[RL - (L-2) ] RO(RO -z
From (A-2) and (A-3) we obtain
RE _ (L—z)z _ RZ _ z2 - p2
[o]
Hence,
=3k (R +L) -JKkR
+ . - L=z - 2. °
H¢ 4ﬂp [ R, e (1+ e 1 (A-6)
o
Now let L »> © and note that lim L-z | 1. Now (A-6) reduces to
Lo Ry,
-jkR
+ _ _C Z. o}
Hy = amp ¥ R (A-7)
This is the ¢ component of magnetic field at point P due to a current
traveling in the +2Z direction, starting at z = 0.
The electric field can be obtained from the magnetic field by
recalling that
V x H = jweE
from which we find
+_ 1
E, = Joe p [.ap (pH ) - §3Q]
Because of symmetry there is no variation in the ¢ direction. Therefore
+ 1 1 3
E, = Tur 5 35 (PHy (A-8)

Substituting (A-7) into (A-8), we obtain

s e e —p——r, 7 .= e . -
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o __C (Jk, jkz  z o
E, 4mjwe (Ro + 2 3 e (A-9)
(o]

E: is the tangential component of electric field at point p due to a
current traveling along the +z direction, starting at z = 0.

Now assume we have an outward traveling current starting at z = 0
and extending to z = - o,

I =c ¥y (z < 0) (A-10)

To obtain its fields H; and E;, all we need to do is to replace z by -z

in (A-7) and (A-9). It follows that

H, =< (1-3) e-ij° (A-11)
¢ 4mp Ro
-jkR
e ._C_  Jk _jkz _ z o -
Ez 4mjwe (Ro R2 R3)e (a-12)
o] [o]

The total field is the sum of those due to the +z traveling current and

the -z traveling current, or

+ - C o
= + = — -

H¢ H¢ H¢ 27p e (A-13)

-jkR

+ - Ck [o]
Ez Ez + Ez 2nw€Ro e (A-14)

where

o= Yx? +y2 (a-15)

and Ro is given by (A-3).
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Appendix B
GENERALIZED Z-MATRIX OF A WIRE ABOVE AN

INFINITE CONDUCTING PLANE

The problem is to evaluate the elements of the generalized Z-
matrix for a finite thin wire above an infinite conducting plane. We
follow the procedure used by Chao and Strait [8]. The geometry and
coordinates are shown in Fig. B-1. For a thin wire, the following
approximations are made:

1. The current is assumed to flow only in the axial direction of the
wire.

2. The surface current is assumed to be circumferentially independent
and accounted for by a total axial current I.

3. The only boundary condition is that the axial component of electric

field be zero on the wire surface.

|
~F—-
R
o
-

72

Fig. B-1. A wire above a conducting plane.
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With these approximations in mind, we evaluate the [2] matrix as follows.

Recalling the definition of Zmn’ we start from

o

Zn =~ T B 1) 5-1)

where In is the nth expansion function of electric current on the wire,
and Et(ln) is the X component of electric field due to Ln' Here we use
Galerkin's method, so that the testing function im is the same as expan-
sion function I .
“m
For relatively fast convergence, we choose triangle functions as

current expansion functions, that is,

The wire is divided into (2NB + 2) segments, where NB is the number of
triangles as well as expansion functions. Each triangle has unit height
with peak at the point Portl? the direction of In(x) is coincident with

the axis of the wire as shown in Fig. B-2. Each triangle function Tn

Tn(x),
Tn#(x)

e
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is non-zero only over four segments. Successive triangles overlap two
segments except at the ends of the wire.
Note that gt(;n) is evaluated with the conducting plane present.

From image theory [4], this is equivalent to the field produced in

region z > 0 by ln and its image 1; without the conducting plane. Note
that L; = - Iﬂ as shown in Fig. B~3. Therefore the x component of elec~- 1

tric field on the surface of the wire can be expressed by

Ll
E = - jwA n

" nx " Bx on the wire. (B-2)

Here Anx’ ¢n are the vector potential and the scalar potential due to

?
En and its image In’ given by

]
Fig. B-3. ;ﬂ and its image Lﬂ.

SR N
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2n+3 -jkR -jkR'
o M " e _e
AL " j T, (") 5 ar—)dx! (8-3)
P2n—1
P
1 2n+3 -ij e—ij'
¢n =Z—EJ o, =" & iy Ydx ' (B-4)
Pon-1
d T (x")
N S S
Op =~ jw  dx! (B-5)
where
2 2
R = W/(x -x")"+a (B~6)
- Vix - 22 + (20)2 (B~7)
are the distances from the current In and I; to the surface of the wire,
respectively.
Substituting (B-2) into (B-1), we have
P om+3
Zn" J' T, (x) (Ju ALt a—x- $,)dx (B-8)
P2m-1
From
d¢ dT
(T ¢ ) = m dx + ¢n dx
it follows that
Fom+3 P om+3 Pom+3
J d(Tm¢n) = J de¢h + I d)ndTm (B-9)
Pon-1 Pon-1 Pon-1

The left hand side of (B~9) is zero, since Tm is zero at the ends,

Zm 1 and P o3’ Hence (B-8) can be reduced to
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P P
2m+3 2n+3 1 dTm(x) dTn(x') e—ij e-ij'
= 3 ' —_— \
zmn J dx J [3um Tm(x)Tn(x )+ jwe dx dx' I 4TR 4R )dx
P P
2m-1 2n-~-1 (B-10)
In evaluating the integral of (B-10), triangle Tn is conveniently approxi- 1
dT
mated by four pulses as shown in Fig. B-4, and E;B is also represented by
dT
four puilses as shown in Fig. B-4. Tm and E;m-are approximated by four im-
pulses as shown in Fig. B-5. The pulse amplitudes are
= Ax 9
2 2n-1
c () = (8-11)
n Mxop-1 ¥ 8%y
Ax, .+ % oax
Cn(2) = ""2n-1 2 T 2n (B-12)
Ax2n—1 + Ax2 ]
L Ax + Ax
_ 2 2n+l 2n+2
Cn(3) = . (B-13)
2n+l 2n+2
1
5 Ax
c (4) = 22 (3-14)
2n+l 2n+2
1 1
D (1) =D (2) = % e (B-15)
2n-1 2n J
-1 |
D (3) =D (4) = (B-16)
n n Aoner ¥ BXons2
The impulse amplitudes are Ame—2+i Cm(i), Ame—2+i Dm(i) (1=1,2,3,4).
With these approximations, (B-10) reduces to
2 = joz, + =z (B-17)
mn 1 jwe "2

where

S
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2y = 1 LG € (B My py 8%y oen YQngear Ypoaen)

A=1 B=1

4 4

2y= I I D (&) D (B) Mxyy 5y 8o oip Y Qg p4ar Qpoep)

A=l B=1
Here
¥(Q,, Qj) = ¥(Qy» Qj) - v(Q,, Qj)
and Green's function { is defined as [10]

P
Jj+1 e-ij

R

1
bR Q) = G dx

3
Py
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(B-18)

(B-19)

(B-20)

(B-21)

where Qi is at the center of the ith segment of the wire, Qj is at the

center of the jth segment of the wire, Qj
of Qj’ and R is the distance from Q1 to dx.

' is at the point of the image

S e
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Appendix C
APPLICATION OF EQUATIONS (13) AND (20) TO THE

MAGNETIC DIPOLE AND WIRE PROBLEM

Figure C-1 shows the problem to be considered and defines the
coordinates and notation to be used. An infinite conducting plane
covers the entire z = 0 plane. An infinitely long thin wire is
oriented in the direction of the x-axis at a distance z=d from it. The
source is a unit magnetic dipole situated at the origin. What we wish
to find is the electric current on the wire. It is easy to solve this
problem by the method of moments, as described in [S5]. The problem is
equivalent to a wire antenna scattering problem in which the source is

an equivalent dipole in free space. The wire is the scatterer and

Fig. C~1. Dipole-wire problem.

Fry
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the equivalent dipole when imaged in the conducting plane, is 2KL. Hence,

we have to solve matrix equation
-> >
[zl 1=v (c-1)

where f is generalized current to be determined, 3 1s generalized voltage

defined as

V= 2 |, v =<, > (C-2)

[ " ]
where wn is the nth testing function on the wire. Ei is the tangential
electric field, Ei, due to 2K%. Finally, [Z] is the generalized impedance
matrix of the wire.

The same analysis as used in Section II(A) applies. Hence, we may
use the same expansion and testing functions as previously, giving the same
[(Z] matrix as expressed in (31), (40) and (43). We then solve (C-1) to
obtain f, the distribution of the current on the wire.

However, instead of using the way described above, we prefer to
consider the dipole-wire problem as a special case of slot-wire problem.

We are then able to check if our theory is correct.

This can be done by letting the magnetic current on the slot be
the same as the dipole. If the slot is small enough, the magnetic current
that represents it looks like a dipole. Then, solving f from (20), we
obtain the solution of the dipole-wire problem.

Mathematically, this procedure is as follows:

1. Let the length of the slot be very small, say b/X = 0,001.
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2, Let

- J Mdy =R =1 (c-3)
slot

where -M 1is the axial magnetic current on the slot in region b. Recalling

(8), we may set

NA

(]
=

(c-4)

<3
fl

1 2/b (c-5)

for the simplest case. Equation (C-5) results from the fact that the

integral of the triangle equals b/2.
3. Solve (20) for f, where [T], [Z] are defined as before.

Again, the coefficient 0, Tepresents the magnitude of outgoing traveling
current, and the other a's represent the higher order mode currents on
the wire. We compute the current T from (20) for several cases. The re-
sults are given in Table C-1, along with those obtained by using Kajfez's
formulation [1].

Table C-1. Magnitude of the outward traveling current induced on a

wire by a magnetic dipole. Units of 10_2/AK2.

d/x Our Results Kajfez's Results
0.05 -1.1522 +30.0423 -1.1520
0.078125 -0.6727 +j0.02737 -0.6721
0.10 -0.5011 +j0.02894 -0.5007
0.15 -0.3085 +j0.03392 ~-0.3100
0.20 -0.2209 +30.02217 -0.2214
0.25 -0.1664 +j0.02352 -0.1707

Table C-1 shows that our results agree closely with Kajfez's results

except for the small imaginary part. This small imaginary part must be due

to numerical error in our solution.

PP
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PART TWO

COMPUTER PROGRAMS

I Introduction .

The program used to compute the examples of this report is described
and listed in this part. This program consists of subroutines ZT, YH, MUL,
SICI, GAUSS, TOE, Subprogram function P and a main program. Each is accompa-

nied by an explanation.

I1 General Impedance Matrix

Subroutine ZT(NB, WL, A, DD, Z) computes the generalized Z-matrix

for an infinite thin wire behind an infinite conducting plane. The input

variables are defined as i

NB = the number of electric current expansion functions on
the wire.
WL = the length (in wavelengths) where the higher order mode
currents are considered to exist. ]
A = the radius (in wavelengths) of the wire.

DD = the distance (in wavelengths) from the wire to the

conducting plane.

The output is stored in two dimension array Z. ]
Minimum allocations are given by

Complex Z (NB, NB), PP (NP)

where

NP = 2(NB + 1)

_ insen il y o .,.g. _ L l
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As described in Part One, the electric current expansion functions

are divided into two parts. One is the outward traveling currents which
travel from the origin to infinity. The others are higher order mode

currents which are assumed to exist in the region |X| <WL/2. Therefore the

resulting Z matrix is formed by adding one column and one row to the Z matrix

for an open wire of length WL behind a conducting plane. DO loop 10 com-

+ e e o ——— e 4% s et

j ) putes this Z matrix and stores the elements in Z(I+l, J+1). The additional
row and column are computed by DO loop 20, and assigned as the first row
! and the first column of the resulting 2 matrix.

Listing of 2T

SUBROUT INE ZT(NBeWL+ADDeZ)
COMPLEX 2€50,50) sCJsPePP(102),214Z2,P2
{ DIMENS ION C(4),0(4)
f COMMON PI,AKsCJsC
: L=2N8B
N=NB-1
DX=wW./L
; DC¢1)=0+5/0X
| D(2)=D(1)
D(3)==0D(1)

D(a)=D( )
AA=2.%00D

K=tL-1
Ki1=2%¢{NB+¢+1)
DO 3 I=1,K1
X=[=1¢
3 PPIIIZPIKsWLoIA X0 e )~-P(KeWLoAA»Xs0s4)
DO 10 I=]1eN
D0 10 J=1,1
Z1=2(0e4¢04)
Z2=(0+ +04)
DD & KA=1,4
00 S KB=1.4
IA=28] ~24KA
JB=2%J=-24KB
M=1+IABS(IA-JB)
Z1=21¢CIKA)SCI(KBISPP(M)
S Z2=Z2240(KA) $O(KBIECPP( M)
ZC1410 001 )=CIDRNEDXS(240¢P ISP %21 ~60,%*22)
ZlJel 10l i=mZ{M4LdeL)
10 CONTINVE
E=240.%PI*DX

e : 1
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XN=N+1.5
' DO 20 M=1,N
Z1=2(0e00¢e
DO 1S KA=1,.4
! AM=2EM=-2+KA
{ P2=2P K o WL s AsAM XN)=PI{K oW s AAyAM¢XN )
é Z1=Z1¢C(KA) %P2
1S CONTINUE
Z{M+1 ,1)=E%2]
20 ZULleMe*L)=2( M+, 1)
T=AK®A
CALL SICI(SI,CI.T)
22==Cl14+CJS1]
Y=AK%®AA
4 - CALL SICI(SI1.CI1,V)
: 22=22+Cl1~CJU*SI1
. 201,19=120.%22
RE TURN
END

III Generalized Admittance Matrix

The half space generalized admittance matrix of the slot is a
symmetric Toeplitz matrix, due to the symmetry of the slot and equal

segments. This means that the Y matrix is of the form as

[ 1
g Yl Y2 . Yn
Y2 Yl . e . Yn—l
[Y] = )
i Yn Yn-l . . Yl

Hence, we need only evaluate one column or one row of the [Y] matrix.
Subroutine YH(NA, B, W, Y) computes the first column of the half-
space admittance matrix for a narrow slot. The input variables are defined

NA = the number of axial magnetic current expansion functions
on the slot.
B = the length (in wavelengths) of the slot.

W = the width (in wavelengths) of the slot.
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The output is stored in one dimension array Y.
Minimum allocations are given by
Complex Y(NA), PP(NY)

where

NY = 2(NA + 1)

DO loop 3 is used to compute the | functions and stores them in PP so that
repeated computation can be avoided.

Listing of YH.

SUBROUTINE YHINA,B,w,Y)}
COMPLEX Y(S0)+sCJePesPP(102),Y1,Y2
DIMENSICN C(4),D(4)
CONNMON Pl,AKeCJ,C
A=w/4.,
K=2&NA+1
DY=8/(K+1)
D(1)=0+57CY
Dt2)=D(1)
D(3)=-D(1)
D{4a)=D(2)
K1=2%(NA+1)
DO 3 I=1,K1
X=1.%(1-1)
3 PP(II=P(KBoAsXs0e)
DO 10 I=1+NA
¥Y1=(00s+00)
¥2=(0e¢0e)
DO S KA=1,48
DO 5 KB=1.,4
IA=28[~-2¢KA
M=1¢IABS(IA-KB)
Y1=Y1+CIKA) *C(KB)*PP(M)

S Y2=V24D(KA) SD(KEI*PP(MN)

10 YUI)=CJIeDVYEDYE( Y1/30.=-Y2/(120.%P1I%P1))
RETURN
END

——— - . S R B R OB e <

ikt st
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' IV. Subroutine TOE
@ For a symmetric Toeplitz matrix we have a recursive system of
% equations [10] as follows:
{ un _ -1
| it Y !
| ‘
, _ ;
; Ayl |

A g (wém))z]—lA(m) ,

(m+1) _ _A(m+l)(

T,
wm+1 Z ll)S Ym-S+2 - Ym+2)
S=1
(mt+l) _  (m) _  (m) (m+1)
Yrer T Vel T Vnertn Vol l<r<m

for m = 1,2,...,N. Then the NxN matrix [Z] = [Y]_1 is defined by

-
[ 2, 2, - Zgy
i
E 221 222 . e e Z2N :
; |
J
. i
Z 7. PO Z
i N1 N2 NN ]
where the elements of [Z] are given by i
- A
le A
IR ¢ DU 6 < <Nl
24 % L A 2<r<N
1
_ (N-1) ,(N) (N-D _ ,(N-1) ,(N)  (N-1)
rs = Zeol,eer T lro1 & Ver T Vnern Un-s+1
2<r, S<N
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Note that the inverse matrix [Z] of [Y] is also symmetrical, so we need

only compute the elements of the lower left triangle, and then set the

upper right triangle equal to the transpose of the lower left triangle.
Subroutine TOE (N, Y, Z) is used to invert a symmetrical Toeplitz

matrix [Y]. The input variables are defined as

N

[

the order of the matrix to be inverted

Y(N) the first column of the matrix to be inverted.

The output is the inverse matrix of [Y] and is stored in two dimension
array Z(N,N).
Minimum allocations are given by

Complex Z(N,N), Y(N), PS(N,N), DL(N)

DO loop 40 evaluates the half elements of [Z], except for Z 1’ which is

1
evaluated by statement 2(1,1) = DL(N). The other half elements are given

by the statement Z(J,I) = Z(I,J).

Listing of TOE.

SUBROUT INE TOE(N.Y,2Z)

THIS IS YHE PROGRAM TO INVERT A TOEPLITZ MATRIX YINXN) INTO Z(NXN)
COMPLEX 2(50+50)eY(500:A:PS(50+50).+0L(50)
Ni=N-1

N2=N1-1

DLE1)=1e7YC(1)

PSC1.19=CL(1)%Y(2)

DO 20 M=1,N2

Mi=M+]

DLIMI) =DLIMI/Z (]l =P S{M M)EPSIM,M})
A=(0e90¢)

00 10 K=1l,M

= ASPS (MoK ) SV (M-K$2)

PSIML o MLI=~DL(MLIIS(A-Y(Ms2))

00 30 K=1.M

PSIML , K)=PS (MK 1=PS(M, M1-K)ISPS (M1 ,M1)
CONTINUE
DL(ND=0L(NI)/(I.—PS(N!.NI)‘PS(N!.NIH
Z(1e1)=DLIN)

DO 40 [=2.N

11=1-1
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ZCL o1 )==PS(N1+I1)8DLIN)
ZC1.10=ZC L, 1) Co-
DO 40 J=2.1 .
ZOEoI)=ZCI1 4 J=1)4PSINL .11 )4DLINIEPS(NL o J=1)=PS(N1oN=T41 )*DL(N) é

ZLJo1)=2LT . I

RETURN
END 5

Subroutine SAUSS

system of equations with complex coefficients by the method of Gaussian

Subroutine GAUSS (N, A, B, EPS, ISW) is used to solve a linear

elimination. The coefficients of unknowns are stored in two dimension

array A, and the constants are stored in one dimension array B. Again

the solution of the equations are stored in B. N is the aumber of

unknowns as well as the equations,EPS is a small constant and ISW is a

message. If the absolute value of the pivot of column is larger than :

EPS, ISW equals to 1. Otherwise ISW = 0. O

Listing of GAUSS ;

C

Minimum allocations are given by

Complex A(N,N) B(N)

SUBROUT INE GAUSSINeA,B,EPS,15W)
TO SOLVE EQUATIONS AX=8

COMPLEX A(50:50)¢B(50)+Cs T

NM 1=N-1

DO 10 K=1.NM1

C=(0. 204

DO 2 I=KeN
IF(CABS(A(TI +K)) oLE.CABS(C)) GO TD 2 .
C=A(1+K) :
10=1 :
CONTINUE
IF(CABS{C).GE.EPS) GO TO 3
1Sw=0

RETURN

IF(10+EQeK) GO TO 6

DO & J=K.N

T=A(K, J)

A(KeJ)=A(106d)

ACIO,J)=T

e = A ————— a2

e e ey < N .
! N | o
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! T=8(K)

| 8(K)=B(10)

c B(10)=T

i 6 KP1z=K+1

! C=1e7C

! B(KI=B(K)*C

i DO 10 J=KPl (N

i A(K o J)=ALK, J) *C
i
{

DO 20 I=KP1 N
20 ACToUI=A(TLsJ)=AlTKISA(K,J)
10 B(J)=B(J)-ACJ K I)®B(K)
BINI=B(N)/A(N N}
DO 40 K=1,NM}
, {=N=-K
C=(0es0.)
IPl=]+1
D0 SO J=1IP] N
S0 C=CeA(TI.d0%B()
40 B8(I)=BC(1)-C
ISw=1
RE TURN
END

VI Subroutine MUL

Subroutine MUL(L, M, N, A, B, C) is used to multiply matrix A ’
by matrix B and stores the result in C. Here A is an (L XM) array,
B is an (M xN) array and C is an (L xN) array.

Minimum allocations are given by

Complex A(1,, M), B(M, N), C(L, N)
Listing of MUL. 1

SUBROUTINE MUL(L «MsNesAsB,CH
C YO DO MULTIPL ICATION C=A®H
COMALEX A(S50:50)¢B(50+5006C(50+:5000¥W
DO 20 1=1,.L 3
DO 20 K=]1eN
W=(0e004)
00 10 J=1.M
10 weA(l 2 J)SBl JoK) ¢W
20 C(leK)=W
RE TURN
END
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VII Subrotuine CISI

Subroutine CISI (SI, CI, X) is used to compute the sine and cosine

integrals.

Ci(x) =-J LOS V 4v

Si(x)=[ -S—i{-:—! dv
0

This subroutine ‘15 described in [11].

Listing of CIST.

SUBROUTINE SICI(SI«CIoX)

2=ABS( X)

IF(Z2=4.) 1:1:04

1 Y=(8e=2)%(4e%2)
SI=XE({((((1.753181E~92V+]1 .568986E=T).Y¢+1.374168BE-5)2Y¢+6,939889
1 E-4)8Y#1,964882E~-2)%Y#4,395509E~1)
CI=({Se772156E=1#ALCG(Z))/72-2¢(((((1.38698SE~10%2Y4+1,584996E-8)¢Y
2 ¥1oT2S7S2E~6)%Y$]1 5 1859G9E=4) Y #4990 92E~-3)¢Y+1,315SI08E~-1) 12
RE TURN
4 SI=SIN(2Z)

vy=C0S( 2)

=0 /2

Uz CCC(C((C((4,048069E=-3%82-2,279143C~2)%Z2+5:,51507E~-2)%2-7,261646E~2)
0 $244,987716E~2)%2=3,332519E~-31%2~-2,314617E-2)1%2-1,134958E-51¢2
4 +6.250011E-29%2+2,583989E~10
VELLL(((C(((~5,108690E=3%24¢2,819179E=2)1%2~6,537283E-21%2
S $7¢902034E -2 )8 24,8004 16E-2)%2-7,945556E~3)82¢2,601293E-2 )82
L =3.,764E~4)32=3,122418E—=2)%2-6:6464481E~-7)¢242,5E~]
Ci1=28(SIeVv~-YsU)

SI==2¢{SIsU+YEV)I¢+1.570796

RETURN

END

- — - .
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VIII_Subprogram Function P

An accurate evaluation of the scalar Green's function of (B-21)

is developed in [9].

Subprogram complex function P(N, B, A, X, Y) computes the

function
X+A/2  _
_ 1 e
LaeTY) R
X-AR/2

dx'

where AR = b/(ntl) is the integral length and R = 'Vaz + (x'-y)2 is the

distance from source point dx' to the field point. This is shown in the

following figure.

With reference to the figure, the input variables are defined as.
N = n, an integer
B=0b, a length (in wavelengths) which gives the subsection
interval AL = b/(N+1).

A = a, the transverse coordinate of the field point.
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X = x, the longitudinal coordinate of the source point.

Y

y, the longitudinal coordinate of the field point.

Note that the integrand is expanded in a Taylor series for R < 5Af%, and

in a Maclaurin series for R > 5A%, This is done by the statement

IF (RR. GE. 10) GO TO 100.

Listing of subprogram function P.

100

200

COMPLE X FUNCTION PI(N,BsAs X»Y)

THIS IS THE PROGRAM TO CALCULATC THE INTEGRAL EXP(=JKR)/R
COMPLEX T4JeTT LCEXP

PI=3.141592¢€¢5

AK=2.%P1

J=(0es 1)

D=B/(Ne¢1)

AL=0/2.

DZ2=0¢ABS(X=Y)

R=SQRT(A®A+DZ%D 2)

RR=R/AL

IF(RR.GE.10) GO TDO 100

G=SQRT (A*A+(DZ-AL) *(DZ=AL) )

H=SORT (A®A+ (DZ+ ALIS(DZ+AL )

IF(DZ.GE+AL) GO TO &

B1=ALOG{({DZ+AL ¢+HIS(G+AL-DZ))I/(A%A )

GO T0O 9§

B1=ALOG( (DZ¢ALEHI/(DZ=AL+G))
B3=(DZ¢AL)/2:CHF(AL=-DZ) /2. ¢G+A*AXB1/2,

BA=2. AL SASAL (22AL 4346, SALEDZ%DZ) /3.

T2CEXP (- JRAKER) /(8 ,¢PIXAL}

V=AKE%3I /€., 2 (B A~ 3,2RE8 3¢+ 3, *RER&D~-R*x%3%8 1)
P=T¢(Bl=~JsAKE (D=REB1)=AKEAK/2 £ {B3 =2, *RED+R*REBl I+J*V)
GO YO 200

C=AL/R

C2=C%C

E=D2/R

E 2=E*E

EA=E2%E2
ALIRC/6e%(3e2E2=-114C2C28(3,-30.%E2¢35.%2E41)/740.,
AD=1.+¢CoA])

A2=~E2/6¢=C2/780 +%(1-12,%E2%15,%E4)
A3=C/7608(3.¢E2~5,%€E43)

A4=E4/120,

BK=AK® AL

BK2=8BK 8K

TT=CEXP(=JsAKER ) /(4 %P [ *R)
P=TTSs(AD¢+JEBK*A 1 +BK2%A2¢J) ¢BK2SRK*AJCBK 2¢BK2%A S )
RETURMN

END

"
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IX Main Program

The main program computes the complex coefficients, Vn which determine
the axial magnetic current on the slot, an which determine the electric cur-
rents on the wire, and the equivalent circuit parameters of the transmission
line. The main program calls the subroutines ZT, YH, TOE, MUL, GAUSS and CISI,
which are described previously in Part 2.

One data card is read in the main program according to

READ (1,8) NA, NB, B, WL, W

8 FORMAT (212, 3F4.3)
The input data are defined as

NA = the number of magnetic current expansion functions.

NB = the number of electric current expansion functiomns.

B = the length of the slot (in wavelengths).

WL = the length (in wavelengths) near the slot on the wire

where the higher order mode currents are considered to
exist.

W = the width of the slot (in wavelengths).

Another input, the distance D, is assigned by DO loop 200.
Minimum allocations are given by
Complex T(NA, NB), TT(NB, NA), Z(NB, NB),
YZ(NA,NA), GZ(NB, NB}, YT(NA, NB),

VM(NA), VI(NB), Y(NA), YTI(NA)

DO loop 40 computes the [T] and [{] matrices. DO loop 60

Py
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+
) by

is8 used to reduce the order of matrix equations, NB by NB to

2%, 1f B 15 odd, or (R + 1) by (P + 1), if NB is even. This is
due to the symmetry of the problem. It is done to save computation.
DO loop 120 computes the distribution of currents twice. The first time
is for incidence from region b, the incident wave being a TEM traveling
wave. The second time is for incidence from region a, the incident wave
being a plane wave. The current solutions are printed out each time
because they are not kept in permanent storage.

In this main program, we compute only the case yc/k = 0. This
is done by assign statement early

YC =0

Listing of main program.

$J08 NA fHENG

C

NANAONAN -

THE MAIN PROGRAM TO SOLVE SLOT-WIRE PROBLEM

COMPLEX T(S0:50)sTT(S0 50 +Z(50+50),Y2(50,50)«G2(50,50)
1 oYI(SO)eVS(S50)eVM(SODIeVI(S0)eY(S50)eCIeEL1E2:HCEXPYE,
2 DGZ(S0+50) »YTI(S0):+GG(S50+50),¥vT(50,50). VO» AL(2)

DIMENS ION C(a)

EQUIVALENCE (DGZ,TH(6G,G2Z)

COMMON Pl ¢AK,CJoC

PI=3.1415926¢5

AK=2%pP {

CJI=(0ev1e)

A=0,001

YC=0,

READ(1¢8) NAJNB B,oWL, W

FORMAT (2124 3F 4, J)

D0 200 NN=j ,2

0=0.] NN

WRITEC(3+¢S) NA B W
FORMAT(/7/71Xe®NAZ® 3 12,3X e’ B=? yF6eBe3Xe ' W= (FG,4)
WRITE(3+10) NByWL.AWD

o FORMAT(IXe " NB=? (T2, 3Xs *WLE?sFG08s3IN* AR qF50493Xs*D=m?®,F6.8)

A=THE RADIUS OF THE WIRE

U=THE WIDTH OF THE SLOT

NA=THE NUMBER OF EXPANSION FUNCTIONS ON THE SLOT
NB=THE NUMBER OF EXPANSION FUNCTIONS ON THE WIRE
B8=THE LENGTH OF THE SLOT

O=THE OISTANCE BETWEEN THE SCREEN AND THE WIRE

P —;



12

15
20

2%

30

40

C(1)=0.25

C(21=0,75%

C(31=C(2)

Cla)=C(1)

DX=wL/ (2 *NB)

DY=B/( 2¢NA¢+2)

CALL ZT(NB.,WLsAeD,2)
CALL YH(NA,BosW, Y)
Y=ADMITTANCE MATRIX OF A SLOT IN HALF SPACE
DO 12 I=]1,NA
Y(I)=2.8Y(])

CALL TOE(NA,Y,Y2)

TO COMPUTE COUPLE MATRICES.T AND TT
WRITE(3,20) YC
FORMAT(///73Xe 'Y = ,F4,2)
DO 40 M=],NA

Ni1=NB-1

DC 30 N=1,N1

El1=(0e00¢)

E2=(0+4+04)

VS=THE EXCITATION VECTOR
VSI{M)I=(04+0,)

D0 25 KA=1,4

MAZ2%M =2 ¢KA
YY=S(2EMA=L) XD Y/ Pe=ii. '. =¥YC
YP=(YY&DY/2,.,)/D
YN=(YY-DY/2.) /D
AT=ATANCYP)~ATAN(YNS
VSIN)=VSIM)=C(RAIEAT/P]
RY=SQRTI(YYS*YY+D%D)
H=ECEXP(=CJ*AKSRY)
E2=E2+CI{KA) sH/{RY%XRY)

DD 25 KE=1,.,4
NKB=2%N-24K8

A= (2¢NKDB=1)SDX/2,-WL/ 2,
R=SORT( XX+ YVYEYY4D$*D)

E1=E14CI(KA)SCI{KBI®{ 1/RE$34+CISAK/(RER) ) *CEXP(=CIEAKER])

CONTINUE

TC(M N+ 1 )=DDXEDVYEE | F/AK
TTING] JMIz==T{(MsN+1)
CONTINUE

T{MN,1)=D8DYS*E2/P!
TT(1eM)I==T(Me 1)

CONTINVE

CALL MULINANANB.sY2Z,T,oYT)
CALL MUL(NB¢NAsNB,TT,YT,G2)
IN=NB/ 2

L= IN+L

DO 60 1I=1.L
DGZ(1:1)=G2(1420=-2(1,1)
00 60 J=2,L

J1=NB=J+2
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SS
60

75

8s
90

95

100

101

102

103

105

DGZ(I ¢ J)=GZ L ed)=2(1eJ)8GCZ(1.J10=2(1sJ1)
IF(2%INL,EQ.NB) GO TC S5
GC 7O 60
DGZUI+LI=GZ (L L )=-2¢1,L}
CONTINUE

DO 120 K=1.2

DO 65 I=1,.L

DO 65 J=1,L
GG(I+J)=DGZ(Ll,.4)
CONTINUE

IF(K.EQes1) GO TO 85
WRITE(3.,130)

DD 7S I=1.NA

VS{l1)=4,%DY

GO TO 90

WRITE(3.,125)

CONTINUE

DO 95 I=1,NA
YI(I)=(0es0e)

DO 95 J=1,NA

YICI)=YZ(Le J)RVS(JIEYIL(T)
DO 100 I=1.,NB
VI(II=(04e00s4)

DO 100 J=1,NA
VI(II=TT(I )=y 1{J)evI(])
CALL GAUSS(LALsGG +VI J1E~11, (Sw)
IF(ISW.EGes1) GO TO 102
WRITE(3,101)

FORMAT( * I1SwW=0")

STCP

WRITE(3,135)

DO 103 I=2,L
VI(NB=-14+2)=VI(L)
WRITE(3,140) VIU{])
WRITE(3.,145)
WRITE(3+160)VI(I)e1=2.NB)
DO 10S I=1,.NA
YTI(ID=(0ee0s4)

DO 105 J=1.NO
YTICII=YTUL IR VI(JIeYTILIY
DO 110 I=1.NA

VMl D)=V IC(I)=-YTI(D)
VM{I)=VM(L) /376 .99

CONTINUE
WRIVE(3.,150)

WRITEC( 3+ 160)(VM(I)I=1eNA)
AL(K)=VI(])

Z0=€0, *ALOG(2,2D/A)
YE==(141/A1C1))/(2.220)
VO==A1(2)2(20¢1/(2,*YE))
vO=22vQ
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WRITE(3,165)

WRITE(3,170) YE,V0

REY=REAL(1+/YE)

RV=CABS(VQ)

PL=RVE*RV/(2%REY)

WRITE(3.,180) PL

CONTINUE

FORMAT(/7/7/7° INCIDENY WAVE IS TEM WAVE®*)

FORMAT (//7* INCIDENT WAVE IS PLANE WAVE?®)
FORMAT(/* ELECTRIC CURRENT ON THE WIRE®*)
FORMAT (/3 Xe *THE OUTGOING TRAVELING CURRENT=*/3Xe F 16.6)
FORMATI( /73X, *NON-TEN CURRENTS ARE?')

FORMAT (/°* AXIAL MAGNET IC CURRENT ON THE SLOT=?*)}
FORMAT(3X,2F16+6)

FORMAT(//* THE EQUIVALENT NETWORK PARAMETERS®)
FORMAT (4X o Y=9,2E16:6/73X:*V0O=?,2C16+6)

FORMAT(®* THE POWER TRANSMITTED P=¢ ,E15.6)

STOP
END

NA=21 B8=0.5000 w=0.,0500
NB=32 wL=1,6000 A=0.0010 D=0.1000

INCIDENT WAVE IS TEM WAVE

ELECTRIC CURREANT ON THE WIRE

THE OUTGOING TRAVELING CURRENT=
-0.205364 0.080070

NON=-TEM .CURRENTS ARE
-0.000876 -0+0042623
-0.001889 -0.,007896
-0.002893 -0.011146
-~0.002648 -0.0123871
-0.,003880 -0.015928%
-0.003312 -0.017164
-0.001687 ~0.017434
0.001208 ~0.016653
0.00£511 -0.014597
0.,011302 -0.011058
0.018590 -0.008676
0.027366 0.002187
0.027724 0.013782




g
}

0.050119
0.0€¢23%
0.0£2429
0.0€€235
0.0£0119
0.027724
0.0273€¢€
0.018590
0.011303
0.00¢511
0.0C1205
-0.001687
-0.002312
-0.002880
-0.003648
-0.,002892
-0.001889
~0.000876

75

0.031745
0.062589
0,100017
0.062589
0.03174€
0.013782
0.,002187
-0.005676
-0.011058
-0.014597
-0.,016653
-0.017454
-0.017164
-0.01592S
-0.013871
~0.011146
~0.007896
-0.004263

AXIAL MAGNETIC CURRENT CN THE SLOT=

INCIDENTY

~0.1€€122
-0.224527
~0.266857
-0.3€0378
-0.41€273
-0.4€1746
-0.500140
=0526987
-0.5€1210
-0.5€283¢
-0.5€8021
-0.5€283¢
-0.5€1210
-0.52¢987
-0.500140
-0.4€1746
-0.418272
-0.3€0378
—0.266856
~0+224527
-0e.1€€121

0.071415.
0.032303
0.118933
04137290
0.151804
0161629
00167483
0. 165945
0+.170065
0. 165204
0.168718
0.16G204
0.170065
0. 169945
0.167483
0.161629
0.151804
0.137289
0.118933
0.092303
0.071415

WAVE IS PLANE WAVE

ELECTRIC CURRENT CN THE WwIRE

0.22€198

THE OUTGOINC TRAVEL ING CURRENT=

~0091860

o

o




NON-TEM CURFENTS ARE

0.00103S%
0.002198
0003329
0.004162
0.004397
0.0023732
0.,001890
~0,0013S3
-0,00€148
-0.012563
-0.020602
-0.020252
-0.,041627
-0,0£5279
-0.073243
~0.051586
~0.073243
-0.,055279
-0.041627
-0,020252
-0.020602
-0.012563
~0.00€&148
-0.,001353
0.001890
0.003732
0004397
0.004162
0.003323
0.002198
0.00103S

0.182180
0s24€201
0.328772
063€%092
0.455233
0.,506132
0.548168
0.580834
0.604052
0.617862
0.62243F%
0.617862
0604052
0.580834
0,54E168
0506131
0.485232
0365091
0.328771
0.24€200
0.182179

0.004714
0.008733
0.012325
0.015331
0.01 7587
0.018932
0019216
0. 018285
0015959
0.011992
0005995
~0.002728
~0.015538
-0.035318
-0.066199
~0110264
-0 069199
-0,035318
-0.015538
-0.002728
0.00599S
0.011992
0.015959
C.01828S5
0.019216
0.018932
0.017587
0.015331
0.012325
0.008733
0.004714

AXIAL MAGNETIC CURRENT ON THE SLOT=

-0+054367
~0076092
-0+103953
-0e 127723
-0+150033
~0e169758
-0+ 186742
-0.200546
~-0.210811
-0.217170
-0219330
-0.217170
-0.210812
-0.200546
-06186742
=0s 165758
-0150033
-0. 127723
-0.103953
~-0076092
-0:.0354367

T8 g g TR Gt
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THE EQUILIVALENT NETWORK PARAMETERS

; Y=
! Vo=

-0.0¢€1126%

NON-TEM CURERENTS ARE
-0.00127¢
-0.002684
-0.004092
-0.00£232
-0.005788
~0.00€431
-0.002840
-0.000731

0.004119
0.0108¢¢
0.016595
0.030348
0043154
0.058049
0.03%240
0.0858693
0.07%240
0.0%58049
0.,043154
0.030348
0.016595
0.010866
0.004119
~0.000731
=-0.003840
-0.00%431
-0.00%788
-0.005232
-0+004092
-0.002684
-0.001276

0.507£28€E-02
-0.171041E 03
! THC POWER TRANEMITTED P=

0.259205E-02
0907 327E 02
0.119943E 03

ﬂ NA=21 B8=0.5000 Ww=0.0500
: NB=32 WL=1.€000 A=0.0010
I

: ¥C=0.00

' INCIDENT WAVE IS TEM WAVE
ELECTRIC CURRENY CN THE WIRE

THE CUTGOING TRAVELING CURRINT=

0. 060615

-0.00167S
-0.003272
-0.004987
-0.006844
-0.,008815%
-0.010814
-0.012685
~-0.014189
-0.014994%
~0¢014665
-0.012641
~-0.008211
-0.000484

0.011584

0. 029302

0.046771

0029302

0.0118584
-0.000484
-0008211
-0.012641
-0e01466S5
=-0s014994
~0.014189
=0.01268S
-0.010814
-0.008815
=-0.006844
-0.004987
-0.003272
-0+001678

B

0=0.,2000



AXTAL MAGNETIC CURRENT ON THE SLOT=

INCIDENT

-0.113120
~0¢ 153494
=-0.205619
~0+247950
-0.286674a
-0+,319843
-0+347610
-0¢3€$537
-0.385399
=06 394995
-0+.358207
=06354995
-0e¢ IBE399
-0,3€58536
-0+ 347609
-0+319842
~0.286673
~0247949
-~0.205619
-0.153493
=-0.113120

WAVE IS PLANE

0.069438
0092154
0.12146%
001844032
04163980
0.180350
0193531
0+ 20 3555
0210579
0.214727
0., 216098
0e.214727
0210579
0+ 20 3555
0. 193531
6.180350
00163980
0. 144032
0.121465
0., 092154
0.069438

WAVE

ELECTRIC CURRENT ON THLC WIRE

THE QUTGOING TRAVELING CURRENT=

NON-TEM

0.128560

CURRENTS
0,002036
0.004275
0,006510
0,008312
0,009185
0.008605
0.006064
0.001117
-04006590
-0.017301
~-0.,031153
-0.048214
-0.068537
-0.,092191
-0es119527
-0e.142539
-0.119527
~0.062191
-0.068537
-~0.048214

ARE

-0.096623

0.002664
0. 005203
0.007930
0. 010879
0.014005
0.017170
0.020127
0.022496
0.023754s
0.023208
0.,019973
0.012924%
0. 000652
-0,018494
~0.046586
-0.074273
-0.046586
~-0.0184948
0000652
16012926
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-0.031153 0.019973

' -0.017301 0.023208
{ ~0.006590 0.023754
% 0.001117 0.022496
: 0.00€6064 0.020127
i 0.008605 0.017170
0.,005185 0.014005

0.008312 0.010879

0.00€6510 0.007930

0.004275 0.005203

0.002036 0. 002664

AXIAL MAGNET IC CURRENTY ON THE SLOT=

0.176188
0.243137
0.325701
04362747
0.,4£4081
0+50€615
0.5€0593
0.58€£321
0.610444
0.625641
0.630727
0.625640
0610443
0.5€E5320
0550592
0.50€615
0.454080
00362747
0.32€700
00243136
0,175188

-0.096876
-0.133158
=06 179775
-0.218353
-0.253917
-0.284658
~0+310557
-0.331120
~0.346054
-0.355113
=0.358149
-0.355113
~04346054
~0¢331120
-0+.3105S57
-0.284657
-0.253917
-0.,218353
=04179775
-0.133157
-0.096876

THE EQUIVALENT NETWORK PARAMETERS

v= 0.9€1138E~02 0.822018E-02
Vo= =~0«951GS0RE 02 0.818828E 02
THE POWER TRAANSMITYED P= 0.131187E 03




[1]

(2]
(3]

4]
(5]
(6]
i (7]

l (8]

{91

(10]

11]

go

REFERENCES

D. Kajfez, "Excitation of a Terminated TEM Transmission Line Through
a Small Aperture," AFWL Interaction Note 215, July 1974.

C. M. Butler and K. R. Umashankar, "Electromagnetic Excitation of a
Wire Through an Aperture-Perforated Conducting Screen,'" IEEE Tranms.,
vol. AP-24, pp. 456-462, July 1976.

K. R. Umashankar and J. R. Wait, "Electromagnetic Coupling to an
Infinite Cable Placed Behind a Slot-Perforated Screen,'" IEEE Trans.,
vol. EMC-20, No. 3, pp. 406-411, August 1978.

R. F. Harrington, Time-Harmonic Electromagnetic Fields, McGraw-Hill
Book Co., New York, 1961.

R. F. Harrington, Field Computation by Moment Methods, The Macmillan

_ Co., New York, 1968.

R. F. Harrington and J. R. Mautz, "A Generalized Network Formulation
for Aperture Problems,'" IEEE. Trans., vol. AP-24, pp. 870-873,
November 1976.

C. M. Butler and D. R. Wilton, "General Analysis of Narrow Strips
and Slot," IEEE Trans., vol. AP-28, pp. 42-48, January 1980.

H. H. Chao and B. J. Strait, 'Computer Programs for Radiation and
Scattering by Arbitrary Configurations of Bent Wires," Scientific
Report No. 7 on Contract No. F19628-68-C-180, Syracuse University,
September 1970.

R. F. Harrington, '"Matrix Method for Field Problems,'" Proc. I1EEE,
vol. 55, pp. 136-149, February 1967.

J. Luzwick and R. F. Harrington, ''Computer Program for Mutual
Coupling in a Finite Planar Rectangular Waveguide Antenna Array,"
Technical Report No. 8, on Contract No. N00014-76-C-0225,
Syracuse University, July 1978.

R. F. Harrington and J. R. Mautz, '"Reactively Loaded Directive
Antennas,’” Technical Report TR-74-6, Syracuse University,
September 1974.







