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ABSTRACT

THE RADIATION FROM A LINEAR ANTENNA

IN THE PRESENCE OF A WEDGE

ABACHI Mohammad B.
M.SC. in Electrical and Electronics Engineering
Supervisor: Assoc.Prof.Dr.Merih Buyukdura

September 1989,92 pages

The purpose of this study is to predict accurately the
behaviour of a monopole antenna mounted near the edge of a
Aperfectly conducting half-plane. The approach used is to combine
the method of moments (MM} with ray-optical techniques as

proposed by D. Pozar.

The ray-optical method employed is the extended UTD,which
was found to yield results for the antenna impedance virtually
indistinguishable from those obtained using the exact Green’s
function for a half-plane. The radiation pattern of the antenna

is also investigated.

Keywords: Method of Moments (MM)-Uniform geometric theory of diffraction (UTD)
Extended uniform geometric theory of diffraction (Extended UTD)
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OZET

ACILI BIR KOSEDE DOGRUSAL ANTENIN ISINIMI

Mohammad B. ABACHI
Yuksek Lisans Tezi, Elektrik ve Elektronik Muh. Bolumu
Tez Yoneticisi Y. Dog¢. Dr. Merih Bliyukdura

Eylul 1989, 93 sayfa

Bu c¢alismann amaci tam fletken yart duzilem kenarina
monte edilmis bir monopol anten davramisinin olabildigince
hassas olarak saptanmasidir. Kullanilan yaklasim Momentler
yontemi ile D. Pozar tarafindan onerilen ray-optik tekniginin

bir birlesimidir.

Kullarulan Ray-optik teknigi genisletilmis UTD olup, anten
empedans: icin bir yar:1 duzlemde Green fonksiyonlar:1 ile elde
edilen sonuclardan ayirtedilmiyecek kadar yakin sonuclar

verdigi gorulmustur.

Anten empedansinin 1sinim dizgesi de arastirtlmistir,

Anahtar Kehmeler: Momentler yontemi (MM)-Geometrik duzgun kinlma teorisi (UTD)
genisletilmis Geometrik duzeun kinima . teorist (UTD)
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CHAPTER 1 : INTRODUCTION

The object of this thesis is to find the input impedance
of a monopole antenna mounted near the edge of a perfectly
conducting half-plane.To achieve this,a hybrid moment method-

extended UTD approach is devised.

As s well known,the moment method involves the setting
up of an integral equation which enforces the tangential
component of the total (radiated field) electric field to wanish.
The unknown current density on the antenna is
approximated by a series of known (basis) functions with unknown
coefficients. The radiated field is then calculated in terms  of
unknown’ coefficiﬁents using a suitable method. This in turn
is examined on the surface of the antenna and its tangential
component is set equal to the negative feed field,thﬁs enforcing
the null tangential field condition. What is obtained at this
point is an approximate functional equality involving a finite
number of unknown coefficients. To convert this equality into a
set of algebraic equations, both sides of the equality  are
multiplied in turn by a set of so-called testing (or weighting)
functions and integrated over the length of the antenna. The set
of algebraic equations thus obtained are solved easily on a

digital computer using one of the available matrix-invergion

- % @&
FiksekdGreiim Ruruls
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techniques, allowing one to obtain an approximate expression for

the current density on the antenna.

In this thesis the extended UTD (extended Uniform
Geometrical Theory of Diffraction){1] is used to calculate the
field radiated by the antenna in the presence of the half-plane.
The extended UTD is a more accurate version of the UTD in that
higher ordernon ray-optical terms are retained in the expression
for the | diffracted field . This higher order +terms ©become
important close to the edge of the half-plane where accuracy is

important if the monopole is situated close to the edge.

On the moment method side of the hybrid technique,ihe
Galerkin’s method is employed wusing subsectional piecewise
sinusoidal functions. The Galerkin’s method was chosen for its
well tested numerical stability. The advantage to the choice of
piecewise sinusoidal basis functions is two-fold: - 1) The free-
space field of a piecewise sinusoidal current distribution s
known in closed form.This leaves only the testing integ .rals to
be evaluated numerically, saving computationél time. 2) As
mentioned above,the total radiated field is calculated using the
extended UTD which, to calculate the diffracted field requires
the field incident on the edge to be ray-optical.The closed form
free space field of a piecewise sinusoidal current is in the form

of three spherical waves each of which of course is ray-optical

F3



In chapter 2, the application of the moment method to thin-
wire antennas is illustrated. For this purpose the input
impedance of first a dipole antenna in free-space,then a monopole
antenna mounted on an infinite ground plane are calculated.
Chapter 3 describes the ray-optical techniques wused in the
following chapter.The GTD (Geometrical Theory of Diffraction),
the UTD and the extended UTD techniques are presented in turn.
Finally the object problem of a monopole near the edge of a half-
plane be solved in chapter 4, using first a moment method-UTD

approach,then a moment method-extended UTD approach.

It should be pointed out at this point that the general hybrid
method employed here was suggested and used earlier by D.Pozar[2].
The problem of the radiation by a monopole mounted near the edge of
a half-plane was solved in his work using two different approaches.
The first is a moment method solution which employes the exact
(eigenfunction expansion) Green's function for tﬁe half-plane.
The second is a hybrid moment method-UTD approach in which the
UTD is used in place of the exact Green's function.The two results
are compared and as expectedfound to be in good agreement when
the monopole is not very close to the edge.Pozar's results
based on the hybrid approach are duplicated here.Furthermore the
hybrid method was used employing the extended UTD in place of the
UTD with the aim of improving accuracy.The results are found to be
in much better agreement with the exact Green’'s function solution.
Thus our results may be seen as a verification of the superior

accuracy of the extended UTD as compared to the conventional UTD.



CHAPTER 2 : The Moment Method for Thin-Wire

Antennas

2.1. Introduction

In this chapter,the method of moments is discussed in the context
of thin wire antennas. First Pocklington’s integral equation is
derived and converted into a set of algebraic equations using a
general moment method approach.Then the specific Galerkin method

is emp'loyed using piecewise sinusoidal basis (and testingl)functions.

A dipole in free-space and a monopole mounted on an infinite

ground plane are examined.

2.2. Pocklington’s Integral Equation

One of the common integral equations that arises in the
treatment of wire antennas or scatterers is that derived by
Pocklington [3,4]. The problem of interest is shown in Fig.22,
in which a cylindri¢al perfectly conducting wire of radius a is

surrounded by free-~space (permittivity H, » permeability €4 ).

It is assumed that a,the wire radius is very small compared to both
L,the length of the wire and A the wavelength at the frequency

of operation. When this antenna is excited by a time harmonic source



23

Figure 2.2.1. Perfectly conducting wire in free space.

of electromagnetic fields, a surface current distribution denoted

by J will be induced on the wire which in turn will radiate

itself. It is assumed that a<<N and a<<L here; we may safely

A

assume that J is purely z-directed, i.e. J = 2 J, The vector

2
potential A due to this current distribution is well known to be given
by

-JkR

I, 3. S o (2.2.1).

>
]
Ny

Here k=w I“U €; is the free-space wave number,

R is the distance between the source point (x',y',2°’) and the

o



observation point(x,y.z), i.e.,

R= (x-x)2+(y-y)2+(z-2")? (2.2.2).

and S is the surface of the wire. Note that in (2.2.1), as well as
throughout the thesis an et time dependence is assumed and
suppressed. Note also that the Lorentz Gauge has been used in (2.2.1).

Accordingly, the z-component of the electric field due to J is

given by

JkR
jwen.[.[ [ 82 e4ﬂR J, ds’ (2.2.3).

Since a is small we may assume the current density to be

uniform with respect to the polar coordinate ¢° such that

z +L/2 2 -JkR
1 a 2, € . .
E, " Toggl,, Gl w10 (2.2.4).
where
I(Z‘) = 27%a Jz(Z‘) (2.2.5).

Since the axis of the wire is in a perfectly conducting region,

the total field there (i.e. p=0,-L/2<z<L/2) should vanish, i.e

E7 (p=0,-L/2<2sL/2) = -E} (p=0,-L/2525L/2) (2.2.6)

which, using (2.2.4) can be expressed as



+L/2
ij WI( 2 TEZZ “’(”) +k%(z,2")]dz’ ——E (2) (2.2.7)

which is true for -L/23z<L/2. Here,

-jkR
w(z,z') = %ﬁ (2.2.8)

and only the z,z’ dependence is retained since now,from the circular

cross-section of the wire

R = 4(z-z1%+a? (2.2.9)

It should be pointed out at this point that (2.2.7) can be
used to solve both a scattering problem, in which case E%
would be the free-space field of a distant source, and an antemna
radiation problem in which case E% should be taken as the

free-space field of the feed structure.

2.3 Galerkin’s Method using Piecewise Sinusoidal

Basis Functions. (Dipole).

In this thesis we shall use piecewise sinusoidal basis

functions to approximate the current distribution on the wire.Thus

N-1)/2
I(z') = ) I, F.(z') (2.3.1)
n=-(N-1)/2



where

sinlk(z'-z,_,]]

sin(kAz) v ZnogRTSZ
F (z) = (2.3.2)
sinlk(z,, ,;-2") ,
sin(kAz) ’ ZnSZ'<Zn4

true for n=-(N-1)/2,...(N-1)/2, and N, the total number of

subsections is chosen to be an odd number, and

o

Az =

{2.3.3).

Z
+
s

We also have

z, = nAz (2.3.4).

%

The approximate representation of I{z’') as in (2.3.1) is

fllustrated in Fig.2.3.1.

51]
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Figure 2.3.1 a) The piecewise sinusoidal basis function.

b) The representation of I(z’) in terms of the piecewise

sinusoidal basis. (N=5).



Incorporating (2.3.1)in (2.2.7),

(N-1)/2 +L/2 i
I o] Fale) 55 w(22)+k2¢(z.z‘lldz‘=-l~: ) (2.3.5)
n=-(N-1)/2 -L/2 .

is obtained.But since F,(z') vanishes for 2z'>z,,, and

z'<z, ., we may write

(N"'l)/z Zn i
o o] Falz) U5 “"z")+k2w(z,z')1dz'=-r~: @) (2.3.6)
n=-(N-1)/2 Zn-1 z

The integral appearing on the left hand side of this

equation is given in closed form by [5]

1 3 ‘b(zz) 2 V1A
Jweo F( ) [—=—+k"(z,2")]ldz’ =
a0 e ¥Bn-1 e ¥ gin (2kAz) e *Fn+
R,_; sin (kAz) ~ R, sin 2(kAz) Y Rou Sin (kAZ)
(2.3.7])
where

Rn=J 2+(Z-Zn)2
Ry-1= Jaz*(z“zn-t)z
Rpay= B2+ (z-2, ) (2.3.8)

10



Observe that the field of a piecewise sinusoidal current distribution
is a sum of three spherical waves, one emanating from the mid-point
of the section, the other two from the end points. It is this ray-
optical nature of the field which will enable us to employ the UTD
and the extended UTD for the hybrid formulation in the following
chapters.

Substituting (2.3.7) in (2.3.6) we obtain

(N-1)/2 —JR__ )
1. (-j30$) [ e ol e #En sin (2kAz)
n R,_; sin (kAz) R, sin 2(kAz)

n=-(N-1)/2

e"ijn-t-l i
+Rn+l s (kAZ) —Ez(z) (2.3.9)

The next step, in accodance with the Galerkin's method is
to multiply both sides of (2.3.9) by F_(z) and integrate over the

wire length.Thus

{N-1)/72 Zm+l -

I _[ m+F (z) i-j&% 5 e J6Rp
n m

n=-(N=1)/2 Zpoy sin (kb2 | Rneg

- 2cos (kAz) g + e_ijnH] dz =
R, Roet

Zms i
- Izm: Fp(2) Ez(z) dz (2.3.10)
m—

m=-(N-1)/2,....... J(N-1)/2

11



i{s obtained.(2.3.10) is now a set of

can be expressed as

algebraic equations which

N-1)/2
Zen I, = Vg (2.3.11)
n=-(N-1}/2
where
Zm+15in k(Az-lz-z |}
Zon = = Jzg o GAD
§30 e a1
sin(kAz) © R
2 (kAz) e N i d
—£C0S Z + Z
R, Rn+
(2.3.12)
and
zm-l-l i
Vo = - [, Fpéz) E (z) dz (2.3.13)
m-1 Z

In this thesis we have used a delta-gap voltage generator for the

feed.Therefore we can write V as

p A
1
m [ Falz) 8

m-1

(z)

Vg

dz (2.3.14)

And from the definition of the Dirac delta fuction we have

\ { Vo z=0
m o, z#0

(2.3.15)



What remains now is to solve the matrix equation (2.3.11) to
find the unknown coefficients I,.Then, since the terminal current
I(z=0} is given by I, (see Fig.2.3.1) the input impedance is given

simply by

Zin = T, (2.3.186)

24 CALCULATING THE INPUT IMPEDANCE OF
A MONOPOLE ANTENNA ON AN INFINITE
ELECTRIC CONDUCTOR

The problem with which will be dealing in this section is that
of a monopole antenna mounted on an infinite conducting ground
plane, as shown in Fig.(2.4.1).0bviously, the solution of a center-
fed dipole given in the previous section along with image theory
considerations can be used directly to find say the input impedance.
Nevertheless we have chosen to set up a. new integral equation in
which the total scattered field (the field duefethe current
dis‘;cribution on the antenna) is obtained using geometrical optics(GO).
In other words the field of a piecewise sinusoidal current
distribution is expressed as (2.3.7)plus three more similar
terms representing the field reflected by the ground plane. This
approch will serve as an intermediate step towards our final solution
in which the diffracted fields emanating from a nearby edge will

also be included in the analysis.
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Figure 2.4.1 Monopole antenna mounted on an infinite

conducting ground plane.

From image theory,the essential feature to remember is that
the fields above a perfect ground plaﬁe from a primary source
acting in the presence of the perfect ground plane(perfect
conducting plane)are found by summing the contributions of
the primary source and the image,each acting in free space

The z-component of the total field due to current distribution

on the monopole is given by

re
z

E° = EOO0 . Ei:+E (2.4.1)

Z Z

14



Here Ei; represents the “incident™ or the free-space
field of the current distribution whereas ET'f represents
the "reflected" component, emenating from the image of the current
distribution. The incident field of a piecewise sinusoidal current

distribution is as given in (2.3.7).

We can calculate Eff(image effect)from the following expression:

re ¢ . .
- -JkR g -JkR ~JKR 41
sin ’fﬁz) eR- - 2cos(kAz) eR- = . g (2.4.2)

n-1 n Rn-l-l

where

P.'n= .,la2+(z+zn)2
Rp-i= AJa2 2
n-1= 42 +(Z+Zn-1)
Ry or= 482+ (2+25,)° (2.4.3)

Note that R'n, Rn4; and R are the distances from the
observation point to the mid point and the end points, respectively,

of the image of the particular piecewise sinusoidal of interest.

Now we can find an expression for the generalized impedance matrix.

8]



Zn™ .[

Zn sin k(z-z,_J3 ., _in _F€
Zmy  sin(kAz) 2 - Ep*Ep) 9z ¢

Zm+y sin k(zg,-2z) . _in _re
Zm sin(khz) % ° (En"'En) dz

m, n

n

0,1,2,...,(IN-1}/2 (2.4.4)

N\
|
h
2 \
0! \
: \
i
T "7 7 7 7 p'/‘/.o',',v’/;’.l}."({‘ /{,7/7,/ T s diTTT
=00 Yo /1‘
‘; M
| %./‘2,
o (\‘ /
3 }//
. : ‘ ¢
i (i Y
H | ‘./
.
‘- A
:L-N%{,n
i

Figufe 2.4.2. Monopole antenna over perfect ground

plane with its image (dashed).
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in

If we substitute for E and Er:we have

m+1sin k(az-lz-z|)

Iz sin (kAz)

j30 g HEfn-1
sin(kAz) [ R,

—JkR, —JsRp 41
-2cos (kAz) eRn + eRn .
-+

~JkR -1 - kR JkRn-l-l
£ - 2cos(kAz) &— z + £ ]dz
Rn—l Rn Rn+1

(2.4.5)

This expression is wvalid for each value of m and n,except
m=0 and/or n=0

If m=0 and n>0 we use the following expression

Az sin k(z,-z)

Zom = =} o “sitkAz)
j30 [e —JkRp
sin(kAz) -
-kRn _JkRn-t-l
—2cos(kAz, R, Rn
+1

-5R | ~§kR’ ~1%R 4y
e T _ ocos(kAz) E— + & dz
Rn—l Rn Rnﬂ

(2.4.6)

17
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If m>0 and n=0 we use the following expression

Zm+1sin k(Az-lz-z, 1)
zmﬂ == Izm—l sin (kAz)

430 e R
sin(kAz) R,

El
-jkR -JkR
JkRg ejl

-2cos (kAz) eR + 7 dz
0 R,
(2.4.7)
And lastly for m=n=0 we use
- Az sin k(z,-z)
g0 = 7 1 p "sin(kAz)
§30 e &t
sin(kAz) ° | R,
( e ¥Ro e'JkR.x
-2cos(kAz) + : dz
" Ry R, J
(2.4.8)
In this case the set of equations to be solved are
(N-1)/2 )
Zon In = Vi (2.4.9)
n=0
m=0,1,...,(IN-1)/2
where Z,, are given by (2.4.5),(2.4.6),(2.4.7),and
v, = { Voo om0 (2.4.10)
m - o, m#0 o
The input impedace is again given by
Vo
Zin = ﬁ

18



The currents and charges on a monopole are the same as on the
upper half of its dipole counterpart,but the terminal voltage |is
only half that of the dipole.

The voltage is half because the gap width of input terminals
is half that of the dipole,and the same eleciric field over half
the distance gives half the wvoltage.

The input impedance for a monopole is therefore half that of

its dipole counterpart,or

Vin.d!pole - 1

Vinmono 1
T2 5 Zin,dipole (2.4.11)

z
inmano I inmono 2 1 in,dipole

This indeed is the result we have obtained with our more involved,

roundabout approach.

19



CHAPTER 3 : EDGE DIFFRACTION

3.1. Introduction

In this chapter the two ray techniques to be used in the
following chapter,namely the Uniform Geometrical Theory of
Diffraction (UTD) and the extended UTD techniques are described.
The description will be limited to the phenomenon of edge diffraction

since this is the only mechanism important for our purposes.

3.2. Geometrical Theory of Diffraction

Consider the total high frequency field at any point exterior
to the infinite perfectly conducting wedge shown in Fig.3.2.1.0ne
well known high frequency method is Geometrical Optics{GO) [6]which

would predict the field as

+ E® yre (3.2.1)

where the symbol ~ means "asymptotically equal to";i.e., the

approximation becomes more accurate as the frequency is increased.

in

E denotes the incident field or in other words the field

of the primary source in the absence of the wedge; and ul® is
an appropriate unit step function which, referring to Fig.3.2.1,

equals unity in regions I and II and wvanishes in region III,

20
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Figure 3.2.1 Wedge geometry for edge diffraction.
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Likewise, E' = denotes the reflected field, i.e., the image
field were the y=0 face of the wedge infinite in extent.Again u'®

is a unit step function which vanishes outside region I.

Obviously the field predicted by the GO is discontinuous
across the boundaries of regions I, II and III, called the reflection
shadow boundary (R.B) and the incident shadow boundary (S.B). This is
evidence of errors in the GO which become more pronounced as the
frequency is pulled lower. Note also that the GO predicts a null

field in region III, known as the shadow region.

A generalization of the GO which systematically introduces
diffracted rays was suggested in the 50's by J. B. Keller and his
co-workers and is known as Geometrical Theory of Diffraction

(GTD) [7,8,9].The postulates of Keller's theory are:

1. The diffracted field propagates along ray paths that
include points on the boundary surface.These ray paths obey the
principle of Fermat,known also as the principle of shortest

optical path.

2. Diffraction,like reflection and transmission,is a local
phenomenon  at high frequencies.That is,it depends only on the
nature of the bounday surface and the incident field in the

immediate neighborhood of the point of diffraction.



3. A diffraction wave propagates along its ray path so that
a)power is conserved in a tube of rays,and
blphase delay equals the wave number times the distance along the

ray path.

In the GTD, the total high frequency field of the problem

shown in Fig.3.2.1 is given by

E ~ E + E (3.2.2)

where Ed refers to the so called "edge diffracted fieid™;

it is given by

£ - £ (@ D \ls_(f%‘)‘ e Iks (3.2.3)

for spherical wave incidence, i.e., an incident field with a

spherical wavefront. »

Here Qg is the so-called point of diffraction.It is a point

on the edge determined by the condition [30 = Bo" a

dire~ct consequence of the generaliz“ed Fermat’s principle.This
principle states that the total path from the source to the point of
observation, subject to the condition that one point on the edge be
included in the path, is an extremum, in this case a minimum.The
angles BU and BU' are shown in Fig.3.2.1, as well as

the angles ¢, ¢°, the distances s and s° and the unit

A A AN DA A
vectors ¢, ¢, Bo' Bo. s and s°.



D is the so-called dyadic edge diffraction coefficient given by

(3.2.4)

o
it
i
=
o
>
o
>
o
1
o
=]
S
o
>
o

where Ds and Dh are the so-called soft and hard diffraction

coefficients. They are functions of the aspect angles Bu’

.

¢ and ¢° but not a function of s or s° such that the

diffracted field is a ray optical field.

The explicit formulas for D, and D, will not be given
here since we will not use the GTD. Suffice it to say that among
others, one drawback of the GTD i{s that it is not wvalid in regions
adjacent to the SB and RB, known as tiransition regions.Specifically,
as one approaches these boundaries, the diffraction coefficients
and hence the diffracted field predicted by the GTD blows up.
Obviously a more satisfactory tﬁeory would predict diffracted fields
which are not only finité at these boundaries but which have

discontinuities there which compensate those of the GO field.

3.3. Uniform Geometrical Theory of
Diffraction (UTD)

The UTB is an extention of the GTD which overcomes the
difficulties mentioned A4t the end of the previous section. The
expressions given there are also valid in the UTD except that the

diffraction coefficients differ from the GTD only in the transition



regions. The extent of these regions will become clear presently.

The edge diffraction coefficients of the UTD are given by [10]

_e~in/4)
2nA2nk sin 50.

DS (Lu¢:¢')
h

(ot @*8-8)) Epig at(p-¢1vcot@E=L0)) Flia(p-¢]

+{cot(m) FlkLa*(¢+o )]+cot(1~M) FlkLa~(g+¢7)1}]

(3.3.1)

where,if the argument of F is represented by X,

[e0]
el
F(X) = 2ja% eJ"I e dr (3.3.2)
X
L = 25 sinp, (3.3.3)

for spherical wave incidence, and the factor a which is measure of
the separation of the observation point from a SB or an RB is

given by

a*(pre) = 2 cosztz““N;("*w) (3.3.4)

N
in which N~ are the integers which most nearly satisfy the four

equations

2anN"-(ot¢’) = = (3.3.5)



and
2anN" ~(¢p£¢’) = -x (3.3.6)

The factor n is related to the wedge angle as shown in Fig.3.2.1.
In our problem involving a half-plane, we will take n=2.The function
F defined in (3.3.2) is called the transition function. When its

argument is small it is given approximately by

FOO = [4mX-2X expUD-2x? exp(-iD)] .exp[iG+x)] (3.3.7)
and when X is lage

F(X) = 1+j§1¥-§—x“2 (3.3.8)

Note from (3.3.4) that the case of.a zero argument for the
transition function corresponds to the observation point being on
either a shadow or a reflection boundary. In this case one of the
cotangent factors in (3.3.1) blows up and the associated transition
function wvanishes. The resulting finite limits are different as one
approaches the boundary from the two sides(lit and shadow), giving
rise to a discon.tinuity in the diffraction coefficilent and hence
the diffracted field which exactly compensates the discontinuity

in the GO field.



Note also that as its argument increases the transition
function approaches wunity. If in (3.3.1) all the transition
functions are replaced by unity, the four terms can be rearranged
to yield the same diffraction coefficients as those of the GTD.
Hence, outside the transition regions UTD and GTD are identical,
the definition of the transition regions being those re&oﬁé adjacent
to the S.B. and R.B. in which all four transition functions
appearing in (3.3.1) can not be approximated by unity. Since the
arguments of the transition functioﬁs involve s, the diffracted
field is ray-optical only outside the transition regions. Inside the
transition regions the dependence of the diffracted field is not

simply as shown explicity in (3.2.3), but more invdved.

3.4 Extended UTD

£l

As was mentioned in section 3.1, the most important high-
frequency scattering mechanism(excluding those phenomena accounted
for by geometrical optics, i.e., reflection and shadowinglis edge
diffraction. Although the UTD solution for edge diffraction properly
compensates all jump discontinuities in the geometrical optics, some
components of the geometrical optics field have discontinuous
derivatives across the shadow and reflection boundaries, which are
not compensated by the UTD. These discontinuities are evidence of
error. These errors become more pronounced as the frequency is

decreased or the distances from the edge to the observation or



source points become moderate. The diffraction coefficients of

UTD given in the previous section are such that only terms of order

up to k™2 have been retained.

An attempt to overcome these difficulties and improve the

accuracy has resulted in the so-called extended UTD [1], in which

terms of order k™2 have been added to the solution. Improved
accuracy has indee d been observed in numerical tests, especially
in the case of a half-plane. Specifically in the case of plane-wave
incidence on a half-plane, the expressions of the extended UTD
are exact. We note also that the total field predictions of the
extended UTD are not only continuous but continuous in derivative

as well.

In the extended UTD, the components of the edge diffracted

field are given by

d -D_+D D i
Eg = Da -Dh+D4 i
Ed D5 Dg |iEe(Q)

~ds dzyreEdh (Qp)

+ (:l3 -dh §n'
BE(;.(QE)
0 0 an’
-Jks s’
e . \m (3.4.1)



where

cot ZB . .
= ofes+s’ya _ 1 s+3°
Dl - jk l( s¢ ]as 25 . Ds 3 s. (3-4-2)
D ~ cos BU 5+5° anh (3.4.3)
2 B jks sin 2BU ) S. ) a¢ ) )
D cos [30 S+5° ab, (3.4.4)
3 jks sin B3, ° 87 T % o
1 s+s'[,s+s'v38 _ 1
%4 " WemZ o (55 5] © Dn (345
cot B '
h, ofes*+s’ya __1
D; = —p2{EHE -] . oo, (3.4.6)
I S
DE = jks sin BD a¢ (3.4.7)
1 Dy
dp jk sin Bn ag’ (3.4.8)
aD
d. = L s (3.4.9)

1]

EemE, W@

where d, and d; are hard and soft slope diffraction coefficients

Jespectively.
s cot B .
gf,s+5'y 3 1
d2 = jk [( s )E = _2—5—] » Ds (3.4.10)
s cot B .
= - ofes+s’ya . L
dy = T e 4] . b, (3.4.11)

We will use these formulas for a hybrid approach in the
following chapter.



All the terms appearing here and not in UTD, l.e. D,

Dpo ... . Dg dg, d,. d, and d, are of order k™2

Note that as opposed to the UTD, the extended UTD predicts a radial
diffracted field component as well as transverse components. Note
also that terms proportional to not only the field incident at the
point of diffraction but also those proportional to the spatial

derivative of the incident field appear in (34-%). Here,

- IR

n n* . Vv (3.3.12)

in which A* is a unit vector normal to the plane of diffraction
(the plane determined by the edge and the diffracted ray), pointing

into the lit region.
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CHAPTER 4 : HYBRID MM-GTD APPROACH

4.1 Introduction

In this chapter, the problem of the radiation by a monopole
antenna mounted near the edge of a perfectly-conducting half-plane
is considered. The geometry of the problem is illustrated

in Fig.4.3.1.

In section 4.2, it is demonstrated how the edge diffraction
mechanism can be incorporated into the moment of methods. The
hybrid technique thus illustrated is employed in section 4.3

using the UTD and in section 4.4 using the extended UTD.

4.2 Combining the MM with ray techniques

Recall from chapter 2 that the mn'® element of the
generalized impedance matrix for a dipole radiating in free space

was given by

L/2
/

s
-L/2 Fn(z) Ezn dz (4.2.1)

mn



in which Fp(z) is the piecewise sinusoidal testing function
defined in equation (2.3.2) and Ezs:-n is the z-component

of the field at the axis of the antenna due to the n'® basis
function radiating in free-space. Recall also that E; was

given in closed form in equation (2.2.4). Again referring to chapter

2, the mn' element of the generalized impedance matrix for a

monopole mounted on an infinite ground plane is similarly given by

Z =

L/2
mn "y F

=1
o Fm(z) E_ dz (4.2.2)

where this time Ezsn is the z-component of +the

total field at the axis of the antenna radiating in the presence

of the ground plane, i.e.

5 i re 0
- g in E G
zn zn zn zn

(4.2.3)

Since we know from chapter 3 that the field of a source of
ray-optical fields radiating in the presence of a wedge (in our

case a half plane, n=2) is given by

(4.2.4)

the generalized impedance matrix elements should again be given by

(4.2.2), but with the total field due to the n' basis function

replaced by

e
o e



E>(z) = E®@:2) + E%(2) (4.2.5)
zn zn zn
where Ez‘i‘(z) is the diffracted component. Since

the integral in (4.2.2) is obviously a linear operation we may

write
Z'mn = Zg, + Z 9 (4.2.5)
mn mn
where 2 is the {impedance matrix of the problem

mn

of interest here (i.e., a monopole mounted near the edge of a half~

plane), Z is that of the problem studied in section 2.4

mn

(i.e. a monopole mounted on an infinite ground plane) given in

(2.4.5), (2.4.6), (2.4.7) and (2.4.8) and 2% s

mn
given by
g (L2 d .
z = F E d 4.2.7
) o m(2) n z ( )

once these elements are calculated and the matrix in (4.2.8)
is filled, the procedure for obtaining the unknown current
coefficients and in turn finding the antenna input impedance is
straightforward as described in chapter 2. In the following sections

we shall employ first the UTD and then the extended UTD to find

E9 ).
zZn

ot vt



4.3 MM-UTD

The field incident on the edge due to the n'® piecewise
sinusoidal basis function is given by
- —Jks — -Jks’ =Jks'n 41
in j30 g = n-l g ¥’n g 'n
E,"Q) = sm-ceazy | 7 2 cos (k8z) S T ]
(4.3.1}

where s’n, s, and s'y,, are the distances from the

edge to the mid-point, the lower and upper end points, respectively,

of the n't sub-section, i.e.,

(4.3.2)

s'n = Ad%+z ? (4.3.3)

and

S'ner = Nd2*Z3 4 (4.3.4)

Recall that to find the diffracted field the. UTD requires that
the field incident on the edge be ray-optical. The field given
in (4.3.1) is not ray-optical, but each of the three terms is
(specifically they are spherical waves). Therefore while
calculating the diffracted field we should consider each as a
separate incident field and superpose the three resulting
diffracted fields. But first some prelimin8@ries; referring to

Fig.4.3.1,

i)



Figure 4.3.1 Monopole antenna mounted on a perfect

ground half-plane.



s = Ad2+z? (4.3.5)
¢ = cos -1 % (4.3.6)
¢'n = cos ! .9%1- (4.3.7)

Since the UTD diffracted field is given in a ray-fixed coordinate

format, we also note that for each of the three spherical waves

we have
d in v [ s -jks

Etbtz) = ‘E¢.(Q) . Dule,¢',5,5°) NsG+s) - ¢ (4.3.8)
tn ETQ)

E¢.(Q) oS’ (4.3.9)
d d

E{2) = E¢(Q) . COS ¢ (4.3.10)
z

resulting in
d in ‘cos ¢ . s -Jks

Ez(z) = ‘EZ(Q) rrrery Dh(q:‘,qb ,5,5°). \m . e (4.3.11)

Note that in the argument of the diffraction coefficient Bn

does not appear explicity since the point of diffraction is
always that point on the edge closest to the monopole, hence

B, = m/2.

&



Incorporating all these, we have for the diffracted field

at the axis of the monopole due to the n' piecewise

sinusoidal current distribution.

d,. . 430
En@ = - s (kAz) -

_jksn ! D (¢ ¢‘ ss‘ ) _E!I_L
SToy €OS @'q g * n O ¥n-rSEnor - Ng(shsT )

-jks’n U

~ 2 cos (kAz) m . Dp{®.9'n.S,5n) . ‘\

s(s+s'n)

—jksn-t-l S
1

; i ‘41555’ . oz ]

S'n+1 COS @'nyy B(#9'n415:S"n41) \5(5""5 n+)

cos¢p . e kS

(4.3.12)

Note that ¢ and s are functions of z while their primed
counterparts are not. Once (4.3.12) is evaluated as a function of

z, we can find the "diffracted component™ of the impedance matrix

as

4 - jL Fn(z) E dz (4.3.13)



4.4 Hybrid MM-Extended UTD Method

In this section we explain hybrid moment method-extended UTD
approach. We start by using the formulas which are introduced in

chapter 3, section 4.

In our problem for a monopole mounted at or near a half-plane

edge we have |30 = n/2, therefore

D;=D,=D=Dg=0 (4.4.1)
and
dg=d,=0 (4.4.2)
d -D 0 i
Eﬁo s Eﬂ’U(QE)

Edy| = {| o Dn*D4
i
-d_ O {
3E
S BO(QE)

+| o —dy an’

3 £.(Qp) _
00 an’ 3
~-jks s’
e . \a;:s—.'j' {(4.4.3)

second part of the right side of the above expression vanishes;

then we have

d -D 0 gl
eg| = o a4
i
Eg Dg | EQ)'(QE)
-jks -
e . \—_S(S-'-S'J (4.4.4)




Now we may write

d _ i ks s
EI“15 = (-D,+D,) E¢.(QE) e N5 (4.4.5)
Y - b, El) eSS - (4.4.6)
s § TortE ‘Ns(s+57

The z-components of these fields are from Figure 4.4.1

Ed = EICl cos ¢ + EId sin ¢ (4.4.7)
z ] S

cos ¢

d . i -iks [ s
E_ = (-Dy+Dy) E Qe Aoy

4

__S
s(s+s'}

+Dg E;.(QE) R sin ¢ (4.4.8)

where
in )
Ep(Q) = Eor (4.4.9)
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Figure 4.4.1 Monopole antenna mounied on a perfect

ground half-plane showing fields.



And as iIn the previous section, each term of the incident

field given in (4.3.1) is treated separately yielding

d. . 430
I':zn(z) = sin(kAz)

-jks n~1

, . . , T
[s' -1 COS @', LDy (8.0 -1:8:5" n -1 +D4(b:0' —1,8:5 0 )] - A n

s(5+s'n )

-iks'n ————

e . . . . Sn
- ZCOS(kAZJm . [-Dp(#,8"n,5,5'n)*Dy(@,9'n,5,5'n)] . N5G+s)
—Jks'n g s'
e = ’ ’ . ’ ._—r.ﬂ._
+ S.n-i-l oS ¢.n+1 0 Dh(¢:¢ n+1sslsn+lJ+D4(¢’¢ n+1’3=5n+1)] . \s(5+5’n+l)]
cosp . e kS
~Jks'h_y [ ¢
€ . . S 1) S
S‘n-l C0S ‘p'n—[ -[D5(¢,¢ n-1s53 n—l)] o NS(S"'S‘n—l]
e-"ks‘n e ’ s‘n
-2cos(k£23m . [Dgle.d’ns:8nll . NsGe+rs7)
_jks‘n-l-l
e . . n+1
+ S'n-l-l coS ¢.n+1 - [D5(¢,¢ n+1:5:5 n+1)] . \3(34»5 n-l-l)]
sing . e J&S
(4.4.10)
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Again, the elements Z;n are calculated using

(4.4.6). Now we need to find Dy and Dg.

We have [10,11]

_e~im/4)
2n 27k sin B

Dh(¢,¢’,5,5’) =

( )

) FlkLa*(¢p-¢")]+cot(— J FlkLa=(¢-¢")]
+{cot(ﬂ%¥"—1} FlkLa*(¢+¢ )]*cot(LM) FlkLa~(p+¢" 1)1

(4.4.11)
where,if the argument of F is represented by X,

Lo o]
P
F(X) = 2j4% eJ"f e d7ar (4.4.12)
AX
X = kLa*(¢ze) = k 5379:5- at{pze’) (4.4.13)
i .
atlpte) = 2 z:os""[:ZmrN ;wi‘p ]J (4.4.14)

o+
_in which N~ are the integers which most nearly satisfy the four

equations

2anN* -(pz¢’) = = (4.4.15)
and

2N -{¢pz9’) = -7 (4.4.16)

A subroutine computes the wedge transition function which s
given in (4.4.12).
When X is small



FOO 2 [N@X-2X exp(iB)-22 exp(~iD)] .exp[i@+x)] (4.4.17)
and when X is lage

FIX) & 1+jge-3X 2 (4.4.18)

When 0.3<X<5.5 a linear interpolation scheme is used such that

F(X)=F(X)+(F(X;,,)-F(X ))(X(X “;gi) (4.4.19)

FX,,J)-F(X,)
where the F(Xi),—(}é—”:-i—(;(—i- and X; are tabulated.
§+178

when X<0

FX)=F*(1X1)
where the = indicates the complex cojugate.
For D; we should differentiate Dh(q:,q;',s,s‘] w.r.t s, this
means we should differentiate F(X) w.or.t s. We may use either an
analytical method or an approximation method. First we start by

the analytical method.

SR (4.4.20
X = kLa*(e2¢) = k S a*(os¢) (4.4.21)

after some manipulation we have

X s’

X - X &5 (4.4.22)

and

953—%1 = P (X)+jF(X)- ] (4.4.23)
FX) [ (%) + JF (X s’

35 - +jF(X)-j1 . X (4.4.24)

s{s+5’)
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Now the approximation method:

When X is large we have

F(X) = u+j=ﬂ—zx"-) (4.4.25)

the result of derivative is then

FX) | g -1.3
85 T Ty (X (4.4.26)

when X i{s small we have

F(X)=[ A7X-2X exp(iD)-2x? exp(-i})] .exp[iG+0]  (4.4.27)

and

aF[X) {[“'— 2% exp(j%f—)-%xz exp[-j%] .exp{j(%ﬁ)]ﬁﬁ'(x)},ﬁ;—a]

(4.4.28)

When 0.3<X<5.5 a linear interpolation scheme is used such that

F(X)=F(X,) +(F(X1+1)"F(X1J)(xtx i)i) (4.4.29)
B ° XXy X sEe (4.4.30)

while differentiating F(X) w.r.t s,we can differentiate D,, and
caculate D,.This is done in a subroutine which is enclosed in

appendix c.

For calculating Dg we need to differentiate F(X) w.r.t. ¢.

we know from (4.4.11)that D, is

a4



_e~in/4)
2nA27k sin Bn‘

Dh(¢:¢'1533') =

[cot(m) FlkLa*(¢- ¢)1+cot(3—§U—l] FlkLa-(¢-¢"]

{c t(MJ FlkLa*(¢+¢ J]+cot(—’i—@—?ill FlkLa~(¢+¢")]}]

we know
X = kLa*(pz¢) (4.4.32)

2naN" - (o £0")

at(pze’) = 2 cos?[ 5 ) (4.3.33)
therefore we have

X Kt (pze)

or

axX 2nnN* - (@ ¢’)

K. x  pan(ZN2e7, (4.4.34)
therefore

aFX) SF1X) 2mnN* - (¢ £¢")

0 = B X tanl 5 1 (4.4.35)

according to above formulas we know the first part of second side of

this formula.

By using zgzcot x = ~-(1 +cot®x)= 21

COs”™ X

we may write derivative of D, as follows



aD, _e-m/4)

3 " SnA2nk sin B,

[ " "1) X tan{
2n cos? (Li—q)—) FlkLa*(¢-¢7]

2'ﬂ'nN*"(¢"¢')]]
2

+cot (M)

& FIkLa* (-9
of L X tan(2iN_(0-¢),

2n cos? (1[:-(-%;11). FlkLa~(¢-9)]

scot (F2l@®) (gn“”) FlkLa~(¢-¢")]

11

+ .

2n cos? (ﬂ—-(—tqb—)-) FlkLa*(¢+¢"]

+cot (Zr-—[%;:ﬂ) 3. FlkLa*(¢-¢"]

ol ( 1) X tan(ZTN__l0+e),
2n cos? (F2X®d), FikLa-(p+o)]
+cot (ngt’i FlkLa~(¢+¢)]

(4.4.36)

3

With this expression and using(4.4.8) we can calculate Dg

using an appropriate subroutine.
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CHAPTER 5 : COMPARISON OF RESULTS

The first numerical result we obtained was to check the
basic moment method program. For this purpose we calculated
the input impedance of a dipole of length A/2 radiating
in free space. The radius of the wire is O0.00lN. The
dipole was separated into 5 sections (the number which appears
as N in the text). The weighting integrals which appear in
chapter 2 (Eq. (2.2.10)) were evaluated using Simson’'s rule
using 17 points. The value we obtained for the input impedance
is 82.98+j41.93  compared to the value found in the
literature [13] of 82.95 +j41.91 Q. This corresponds to

an error in magnitude of 0.03%.

>

The next step was to calculate the input impedance of a
monopole of length A/4 mounted on a ground plane as
described in section 2.4. The result is 41.49+j20.96 Q,
as expected one-half the result obtained for the correspsnding

dipole in free-space.

Finally the input impedance of a monopole mounted in the
vicinity of the edge of a half-plane is considered. The wire
radius 0.001A, the length of the monopole 1is A/4

The input impedance is calculated for d, the edge-monopole distance



ranging from O to A. The results obtained from the hybrid
MM-UTD method and the MM-extended UTD method as well as that
obtained using the MM along with the exact Green’s function for
a half-plane are shown in figures 5.1.1, 5.1.2, 5.1.3 and 5.1.4.
In each case {wo subsections were used and the necessary
numerical integrals were evaluated using 10 Simpson intervals. Note
the excellent agreement between the MM-extended LiTD method and
the MM using the exact Green's function. Observe also that the
MM-UTD results are excellent at moderately larger distances but

not at small distances, as expected.
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Fig. 5.1.1. Input resistance of A/4 monopole versus
distance d from edge of half-plane computed

using MM-UTD and MM-Extended UTD.



Input Reastancae (Ohms)

Imnput Reactance of ), /4 Monopole versus

w0 distance & jrom edgs of half~plane

MM-Extended UTD

30 -~

~10

20 -

~30 T T T T T T T T T
0 0.2 0.4 0.8 0.8

Distanca por ¥avelengths
Fig. 5.1.2. Input reactance of A/4 monopole versus
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using MM-UTD and MM-Extended UTD.
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Fig. 5.1.4. Input reactance of A/4 monopole versus
distance d from edge of half-plane computed

using exact Green’s function and UTD Green’s

function.
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CHAPTER 6: CONCLUSION

In this thesis we have shown how the method of moments
(a low-frequency method) can be combined with ray techniques
such as the UTD or the extended UTD (high-frequency methods).
The hybrid technique is demonstrated to encompass a higher class

of problems than possible with either MM or ray-techniques alone

The problem of calculating the input impedance of a monopole
antenna mounted near the edge of a perfectly conducting half-plane
was considered in the context of hybrid techniques. Both the
MM-UTD and the MM-extended UTD techniques were used as described

in chapter 4.

As shown in chapter 5, the MM-UTD hybrid technique (recall

that the UTD is accurate to order k™“2) was found to yield
excellent results down to a value of 0.3A for the monopole-

edge separation. In contrast, the MM-extended UTD technique

“(the extended UTD is accurate to order k™ ¥?) suprisingly
yields accurate results down to zero separation. As a result
this thesis may be considered as not only an exercise In
combining twoO distinct methods, but also a testimony to the

accuracy of the extended UTD.
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DIMENSION ZMAG(15), ZPHASE{15)

REAL L,LL,LLP, THAY, TINHAS, ZINPHA

REAL THAG(1S), IPHASEL1S)

COMPLEX 1(15),¥(15),d,22(5,5), 200, TIN
COMPLEX TNGRLY,KERNEL

CONPLEX TZ(151,2006D

COMMON/ARRAY/ T, Y

CONHON /CNSTNG/3,B2,82,B
DREN{UNIT=5,FILE="D1.DAT" ,5TATUS="0LD")

OPEN{UNIT=6,FILE="BUT7.DAT" , STATUS="NEW")

DATA DEGRAD,RADDES/,0174532,57.29577/
READ (5, 1000} A,N,L,NINT

1000 FORMATIFG.4,12,F4.2,12,20)

WRITE(S,10) K,L, A, NINT

(3328228332830 0e308sd0tRt b Risantiteitasisaitetetitisitnitattisse]
t  MOMENT HETHOD PROGRAM FOR A CENTER-FED DIPBLE WITH DELTA-GRP
§  VOLTAGE GENERATOR, L
t THIS COMPUTER PROGRAM USES PIECEWISE SINUSGBIDAL BASIS %
1 FUNCTIONS AND GALERKIN'S METHOD TG ANRLYSE A CENTER-FED 1
t LINEAR DIPBLE.A BENERAL SUBROUTINE FOR INVERSION OF A %
i COMPLEX BATRIY IS INCLUDED. i
t  THE VARIABLES IN THE WAIN PROGRAM ARE: LS
| # = RADIUS OF WIRE IN WAVELENGTHS L
L N = NUHBER OF SEGMENTS (oD} L
1 L = LENGH OF THE DIPOLE IN WAVELENGTHS L]
i NINT = NUMBER OF SIMPSONS’S RULE DIVISION !
L H
L H
[hitsitssatediticliissdtansitieieschettesessssaseitintittitistitd]

10 FORMATELH], 26X, INPUT PARAMETERS® //14 , 251,707, 13,” SEGNENTS’,
$/71K 250, 7L= F5.2," WAVELENGTHS’ /71N ,25),%=" ,F9.6," WAVELENGTH
357 /7258, NINT=" , 13///18 ,15Y," INPEDANCE MATRIX Z(II,33)'f/1H 31,
7N, 21, REAL?, 5%, " THAGINARY? /) :

NPO2P1=h/ 24
BI=L/ (41}
P1=3. 14159265
=010
B=2.4P1
52:813
K2=Ath

H=N
IHi=-0.54L
1=1M+D1

4 FILL THE IMPEDANCE AND VOLTASE MATRICES

D0 400 [I=1,N

H=THM+DT

THP=THH+2, 1D

THM=- . 58L

B0 100 Jd=t,N

IN=TNHD]

INP=TNH+2. 8D

T8 CALL INGRLK(NINT,ZNN,IN, 2P, TN, IN, INF}

IF{IL.EQ.1)60 TO 350



1F (1. EQ. NN, AND. JJ.EG. M) 60 TO 351
TF{T1.EQ. Mite1, AND. 30, Q. NN+1) 60 TO 358
350 ZZ(IT,d3)=INGRLK (NINT, INN, ZH, IHP, INN, TN, INP, R)
80 T8 352
351 T2411,30)=12 (4N, )
352 Wi=1t
NN=3
100 THH=TN
THH=1H
400 CONTINUE
£f  WRITE OUT INPUT PARAMETERS AND TMPEDANCE MATRIX
B0 250 1i=1,K
WRTTE(S, 200 T1,(Z2411,38),33=1,0
20 FORMAT(2Y, 13,10, 3(FA.2,7+i%,Fa.1, LX1/A46X, 46FA. 2, €57 Fo. L, 10041}
750 CONTINUE
% CALL COMPLEY HATRIY SOLYING SUBROUTINE
CALL LINER{IZ, M
BRITE (6,35}
35 FORMAT(//15%,” INVERSION OF COHPLEY MATRIY®,//15%,'MN=1°, 10X, MN=2
10X, NN=3")
D0 1250 1i=t,4
WRITE(6, 120} 11, {ZF(IL,30),03=1,0)
120 FORKAT{2Y,13,1%,3(F8.4," " ,Fb.4, 111 /4 (54, 4(F6.8," ¢ F&. 4,100 /1)
$58,31F6.4,7+5° Fh. 4, 101750, 2(F6.4, "+, F6.4,100)
§250 CONTINGE
i COWPUTE TNPUT IHPEDANEE
D0 293 Ii=i,K
Y{ID=10.,0.)
IF (IL.ER.NPOZPLY VUIDN=(1.,0.)
203 CONTINUE
Lt WRITE DUT VOLTAGE VECTOR

WRITE(S, 130} :
130 FORMATCLH /714 /7,15X,’VOLTAGE VECTOR V(M)'//tH ,4%,7N’,5¥,"REAL
£°, 21, IHABGINARY? /) ‘

BB 310 K=1,K
310 WRITE(S, 140} KK, VIKK)
140 FORMATIIH ,2%,13,4%,F6.3,° % § ,7%,F8.3)
% COMPUTE CURRENT VECTOR  I{ID)
DO 464 11=1K
DO 657 33=1,N
D=L I v ED
667 CONTINUE
HAGLTT1=1000, SCABSLTLIIN
852=REALLT{IN)
551=AINAB(I(ID))
§53=551/852

IPHASE { IT1=RADDEGEATARISSI)
abb  CONTINUE

HP=NPO2P1
TIN=1{HP)
i) =41.,0.)
IIN=V{NP)} /1IN
£r  TIN(HPI=TIN{NP}+ZILOAD
L1 WRITE OUT CURRENT VECTOR
WRITE(6,30}

o7



36

49
300

444

£
Lt

{100

o

FORMAT(IH //1H //,20%,”CURRENT VECTOR I{N)’//1H ,BY,’N°,2¥,REAL
17,41, INAGINARY’ ,AX, " MAGNITUDE (s&)*,2X," IPHASE’ /)

D0 300 KK=t,N

WRITE (6,400 KK, T{XK), IMABIKK) , IPHASE IKK)

FORMAT(LH ,6X,13,2X,F6.4,% + j *,F6.4,50,F2.5,7%,F%.5)
CONT INUE

ZINMAG=CABS(ZIN)

S2=REAL(1TH)

S1=AINAGIZIRY

8=51/52

ZINPHA=RADDEBIATAN(S)

HRITE(6,444) TIN, TINHAB, ZINPHA

FORMAT{//3,7 8 INPUT THPEDANCE =°,F11.2,* +§°,FIL.2,14, ¢ /48K,

811, TINNAG =7,F11.2,2,%, ZINPHASE =*,F11.7,11,° 1"}
§T0P

END

THIS SUBKOUTINE YSES SIMPSONS’S RULE TO NUMERICALLY TNTEBRATE
FOR THPEDANCE ELEWENTS USING ERUATION(2.3.12) ’
COMPLEX FUNCTION TNGRLK(NINT, THM, I, ZHP, IHH, I, NP, R)
CONPLEX K1,K2,51,52,HALF1, HALF2, INGRLI, INBRL2,3
TOMMON/CHGTNG/ 3, 82,42,

Hi=(ZH-THI) SNINT

H2=(ZHP-1H) FRINT

H102=0, 5HH1

B202=0,54H2

81={0.,9.)

§7=81

CALL KERMEL{KY,K2, ZNH, IN, TP, IMW, ZN, IHP, ZHNEH10Z, THeH202, )
HALF1=K1

HALF2=K2

NINTR1=NINT-1

B0 100 I=1,NINTHI

I1=THR+I1HE

12=10+ 1442

CALL KERNEL {K1,K2,IHM, 1IN, IHP, NN, IN, INP, 11,22, )
§1=514K1

82=82+K2

CALL KERMEL(KY, k2, IMH, M, 78D, INN, TN, INP, 214H102, 12+H202, A}
HALF 1=HALE 1+

HALFZ<HALF 2442

INGAL 1=4, SHALF 142,451

INGRLI=A. SHALE D42, 152

CALL KERNEL(KE, K2, ZNH, N, IMP, INN, IN, INP, IHK, N, A)
TNGRL1=INGRL1#KY

INGRL2=INGRL2+K?

CALL KERNEL{KE,K2,ZHH, IH, ZHP, INM, IN, INP, I8, TP, )
INGRLL=H1% (INGRL1+K1) /6.

THGRL2=H28 { INBRL2+K2) /6,

INGRLY=TNGRL 1 +INGRL2

RETURN

EXD

THIS SUBROUTIN COMPUTES VALUES OF INTEGRAND IN EQUTION (2,3.12)
SUBROUTINE KERNEL(K1,K2, NN, IN, IHP, INN, IN, INP, 21,22, A}
COYPLEX K1,K2,

CONMON/CNGTNG/3, 82,42, 8



R 4
£x

20

1t2=11%11

122=12412

DIH=THP-1R

DIN=THP-IY
RNHE=GORT(AZ+(Z1-THII S (Z1-THM))
RNE=5ORT{A2+{Z1-IN) £ (21-IK))
ANP1=GORT(A2+(Z1-TNP) R{Z1-INPY)
RMH2=5ORT (RZ+{22-INH) 1{12-INK}}
AN2=SORT{R2+422-2X) 3 422-10))
RNP2=5QRT (R2+{12-INP)} ${12-TINPY)

K1=30, 434 {CEXAP {-JEBAANML ) /RNML -2, SCOS{BEDIN)Y SCEXP {-J4BARNT} /RH1+

FCEXP{-JUBERNP L} /RNP1) /SINCBEDIN)

K2=30, SV {CEAP{-J3BIRNNZ) /ANM2-2. RCOS (BADIN) ICEXP{-JUBERND) /RN2+

$CEXP {-JABIRNPZ) /RMPZ) /SIN{BADIN}
E1=K13GIN(BR{Z1-20H) ) /SIN(RADIN)
KE=K22SIR{BEATHP-221 1 /SIMCBADINY
RETURN

END

THVERSIOR BF A COMPLEX MRTRIX 21, OF ORDER ¥, INVERCE I5 RETURNED

1N PLACE OF 1
SUBRBUTINE LINEQ{ZZ, N}
CONPLEX ZI(1},5TOR,578,5T,8
DIHENSION LRI7T)

COHPLEY §

CAKG 1) =REAL (X) SREAL (X} +AINAG (1) SATHAS (1)
B0 20 1=1,M

tRil)=1

CONTINUE

#=0

I8 18 H=1,K

¢=t

D0 2 I=h,N

Ki=H141

KI=H1+K
TFICABRLIT(KINI-CABB(ZZ(KDI)Y 2,2,6
g=t

CONTINUE

L5=LR{N}

LRIMI=LRIE)

LRIKI=LS

K2<H1+K

STOR=2Z (K2}

31=0

BB 7 d=1,N

£1=314K

K2s31 4K

STB=174K1}

ITK1} =12 4K2)
111X2)=ST0/STOR

=31k

CONTINUE

Ki=Hi+K

211K8) =1, /STOR

B8 11 I=1,N

1F (1-4112,11,12



12

10
131

18

14

2t

KisMi+l
§T=11 (K1)
14K11=10.,0.)
31=0

B0 10 J=1,k
Ki=di+l
K2=31+4

TN =22 LKL -T2 IKZIAST

MEN S
CONTINUE
CONTINUE
Hi=Mi+d
CONTIHUE
=0

Do 9 =K
IF (-LR1JY) 14,8,14
LRI=LR{N
12=(LRI-1 14K
B0 13 I=1,H
K2=J2+1
Ki=di4l
§=711K2}
1T{K2¥=12{K1)
174K11=5
COMTINUE
LR{3}=LR{LRD)
LRILRD=LRY
1F (3-LR{J}) 14,8,14
Ji=d14Y
CONTINUE
RETURN

END



o

(A

W B L R

INPUT PARANETERS

k<-4
O]

~
u

1

HiNT= 17

5 GEBMENTS

.30 NAYELENGTHS

(01000 WAVELENGTHS

IHPEDANCE MATRIY T{11,d4D

REAL IHAGINARY

5,69+1-692.3
4.482+¢7 8.4
%.54+3 372.5
5,10+ 47.8
043 47.8
L94¢j 372,58
8243 B.4
LA%4+3-692.3
2.9

wn

5
3
3
3.58+§

3.5+ 372.%
3.8 2.9
3.6%43-692.3
4.42¢] 8.8
2.3443 372.5
S.10¢3 47.8
3107 47,8
5.54¢3 372.5
4,47+3 8.%
5.89+3-692.3

5.104j 47.8
5.544j 3725
5.69+j-692.3
5.584] 372.5

3. 10+ 47.8

INVERSION OF COMPLEY WATRIY

Ki=1
002843, 0003
L5 - 0034

N045+5-,0024

<0074+5-.0051

005243-,0034

.3084+3~.0051

0045+3-. 0034

O074+5-, 0033

0028+3-,0022

0045+3-,0024

=2
L0045¢3-,0024
L0028+-,0022

NH=3
0052+3 -, 0034

LB07443-,0033  , 00B4+3-,0051

004543 -, 0034
0084+3~, 0031
005243-.0034
0074+3~ 0031
. 004543 -.0024

0045+3-, 0034

. 0628*3’ “e 0003

YOLTAGE VECTOR viM

REAL

006
. 000
£.000
000
000

THABINARY

+]
t]
+3
+]
+i

000
000
000
000
000

009643, 0049
. 0084+3-,0031

505245 -.0034

&1



CURRENT VECTOR M)

K REAL IMAGINGRY  MAGNITUDE {mA) IPHASE
1 .0032 ¢ j -.0034 6.20371 -33.66762
2 .0084 ¢ § -.0031 9.86879 -31.40116
3 009+ § -.0049 10. 75601 ~26.80561
4 ,0084 & § -.0051 7.86479 -31.40116
3 .0052 ¢+ j -.0034 6.20374 -33.68743
t INPUT IHPEDANCE = 82.98 +j LI XN
{ ZINMAG = 92.97 |, 1INPHRSE = 26.81 1
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MOMENT METHOD PROGRAM FOR & BOTTOM-FED MOMOPOLE WITH DELTA- %
BAP YDLTAGE BEMERATOR DN AN INFINITE GROUND PLANE. $
THIS COMPUTER PROGRAM USES PIECEWISE SINUSOIDAL BASIS FUNCT- %
10NS AND GALERKIN'S METHOD TO AMALYSE A BOTTOM-FED LINEAR 3
HONBPOLE.

|
L
THE VARIABLES IN THE HAIN PROGRAM ARE: 1
A = RADIUS OF ANTEMNA IM WAVELENBTHS L

N = NUMBER OF SEGMENTS L

L = LENGH OF THE HONOPOLE IN WAVELENBTHS %

NINT = NUMBER OF SIMPSONS’S RULE DIVISION L]

t

i

e e e B e P e B e P e M

iictetisceisitietetieitetipitasisbvecifeeatectittietfiaceitsct

DIMENSION IHAG{23),TPHASE(23)

REAL L,Lt,LLP, IHAX, ZINMAG, Z INPHA

REAL THAS(23}, IPHASE{ZR)

COMPLEY 1(23),¥423},3,72(3,3), 21N, 1IN
LOMPLEX THGRLY,KERNEI, INGRLN, KERMEN
CONPLEY 1Z(23},IL06D

COMHON/ARRAY /22,9

COMNON /CNSTNG/J,B2,A2,B
BPER(UNIT=5, FILE=" D42, AT’ , STATUS=" 0LD")
BPEN (N1 T=6, FILE=" GUTRUT. DAT? , STATUS=" NEW')
DATA DEGRAD,RADDES/.0174532,57.29577/
READ(S, 10000 A,N,L,MINT

1000 FORMAT (F7.5,12,F4.2,12)

Cx

£l

WRITE DUT INPUT PARAMETERS AND IMPEDANCE HATRIX
WRITECH, 100 W,L, 8, NINT
10 FORMAT(1H1,26X,” INPUT PARAMETERS®//1H ,25,°N=",13,” SEBMENTS?,
VIR 250,71 F5.2," WAVELENGTHS’ /1K ,251,7A=",F9.6,” HAVELENETH
$6° /7234, MINT=" 13// /10 , 261, 1PEDANCE MATRIX Z{I1,13)7//1% ,
£, 28, TREAL?, 1X, * THAGINGRY? /)
HPOZP=1
DE=LAN
P1=3. 14159265
3=10.,1.
§=2.491
82818
pZ=Ath
K=N
=90,
B0 600 [1=2,8
TH=THRDT
IMP=1HM+2. 1D
IN#=0,
B0 100 J3=2,N
IN=IN+ D1
INP=INM+2. D1
CALL INGRLK(NINT, I, I, IHP, INM, ZN, INP)
1111, 30)=INGRLE (NINT, ZHN, X, IR, INH, IN, INP, &)
100 IHM=IN



IMH=18
400 CONTINUE
HK=0,
=0,
IH=0,
2H=0.
14p=D1
I8P=D2
120 1, L)=THGRUMININT, ZHN, I, THP, 1AM, IN, IHP , B}
=0,
D0 350 MH=2,4
IN=0,
1440,
WP=01
TH=THM+DT
IHP=THH+2. 11
T1C 1, HH)=INGRLMNINT, T, IH, THP, TNM, TN, TNP, A)
350 IHM=IN
D3 351 WN=2, M
IHK=0.
=0,
IHp=D1
INSTNH#DT
THP=THH+2. 102
TT4NN, 1)=INGRLI(NINT, HM, I, INP, TN, IN, NP, A)
35 INMEIN
DO 250 11=1,4
WRITE(H, 200 11, (ZZ(L1,33),d3=1,)
20 FORMATAIZ,5(F6.2,7 43, Fo. 1, 1K 4428, 44F7.2,7 4" Fo 1 3/D)
250 CONTINUE
£ CALL COMPLEY MATRIY SOLVING SUBROUTINE
CALL LINERIIZ,N)
HRITE {6,35)
35 FORMAT(//15%, INVERSION OF COMPLEX MATRIR®,//ISK,’MN=17,10X,”NH=2
£ 101, N=3")
B0 1250 11=1,H
WRITE(S, 1200 11, 4Z2¢1L,301,33=1,8
{20 FORMATLLY,12,26,3(F6.4,% +5° Fb.4, 141 F4(5Y, 4(Fb. 4, 7 Fb.4, 1N} 1)
£5%, 34F8. 4,7 57 Fb. 4, 1X) /5%, 2F6.4,7 ¢ ,Fb.4, 111
1250 CONTINUE
€ CGNPUTE INPUT IMPEDANCE
26 203 11=1,%
V(ID=10.,0.}
IF (11.ER.NPO2PL) Y(ID=(t.,0.)
203 CONTINUE
£ HRITE OUT VOLTAGE VECTOR
WRITE(4, 130}
130 FORMAT{IN //1M /7,25%,VOLTABE VECTOR V{M)'//1H ,2K,"N’,12X,”REAL
17,141, ° IHABINARY’ )
B0 310 Ki=1,N
310 WRITE(S, 140} KK, VIKE)
140 FORMAT(IH ,I3,110,F6.3,7 & *,7X,F6.3)
0B 466 11=1,K
00 867 J3=1,M
HID=THIDHITHTE, 331 V()

&4



&

IMAB L1T)=1000, SCABS(ICIT}]

832=REALATHIIN)

SS1=RINAGLICIIYY

§8=551/8652

IPHASE{1T)=RAODEGYATAN{SS)
47 CONTIMUE

666 COMTINUE

HP=NPO2P1
TIN=1(HP)
veI=it,,0.)
TINSVMP) /TIN
WRITE DUT CURRENT VECTOR
WRITE(s,30)
30 FORMATLLH //18 //,20%,"CURRENT VECTOR I(N)7/1H ,8Y,°N°,2%,°REAL
¥, 4K, THAGINARY® , X, ° IHAGHITUDE (aR)°, 2%, IPHASE® /)
DD 300 ¥K=1,N
WRITE(S, 800 KK, 1(XK), TMAB(KKY , IPHASE (KK)

4 FORMAT(IH ,6X,13,24,F6.8,7 ¢ § *,Fb.8,5%,F9.5,71,F9.5)
306 CONTINUE
€ BRITELS,50
51 FORMATUIM #71H 47,7
o 70
A TE CALCULATING ANTENNA INPUT IMPEDAMCE g
€ & THE INPUT IHPEDANCE OF AN ANTEMNA IS THE IMPEDANCE PRESENTTED BY’
C /" THE AKTENNA AT 175 TERNINALS, THE INPUT INPEDANCE WILL BE AFFEC
€ 3TED’/* BY OTHER ANTENNAS OR OBJECTS THAT ARE NEARBY.
€ %° THE INPUT IWPEDANCE IS COMPOSED OF REAL AND IMAGINARY PARTS.THE
£ 7/ INPUT RESISTANCE,RIN,REPRESENTS DISSIPATION(HEATING AND RADIAT
£ :znu*;’ THE IHPUT REACTANEE, K}R REPRESENTS POVER STORED IN THE NEWR
€ &'/ FIELD OF THE ANTENNA.’
£ x )

1INHAB=CABS{IIN}

SZ=REAL(TIN}

SE=AIHAB(ZIN}

8=51/52

TINPHA=RADDEGIATAN{S)
HRITE(6,444) TIN,TINMAG, ZINPHA

434 FORMAT{//SH, % INPUT IMPEDANCE =°,F11.2,7 +°,Fi1.2,1%,°4°//8),°D°

$1X,7 114HRG =7,F11,2,28,7, TIWPHASE =°,Fil.7,1%,71"}
sToe
ERD

£%  THIS GUBROUTINE USES SIMPSONS’S RULE TQ NUMERICALLY INVEGRATE
€¥  FOR IMPEDANCE ELEMENTS USING EQUATIGN (2.4.3)

CONPLEX FUNCTION INGRLI(NINT,IiM,IH,7HP,ZNN, IN, INP,A)
COMPLEX K1,K2,51,52,HALFY, HALF2, INGRLI, INGRL2,d
COMMON/CNGTNS/J, B2, A2, B

Hi=(ZX-THH} FNINT

H2=(ZHP-TH) NINT

#102=0,5841

H202=0.58H2

81=49.,0.}

§2=51

CALL KERNET(KL,K2, ZHM, TN, IHP, TN, IN, NP, THNeH10Z, TH+H202, A)
HALF1=K1

HALF2=K2



100

£
€1

100

NINTNL=NINT-1

B0 100 I=1,NINTHE

T4=TMM+ 11

1I=TH 1RH2

CALL KERNED (K1,KZ, MM, I8, 780, INH, IN, INP, 11, I2,A)
S1=51+K1

§2=524K2

CALL KERNEI(K1,K2, MK, I8, 74P, TN, IN, INP, T14H102, T24H202, R}
HALF1=HALF1+K1

HALF2=HALF 242

INGRL{=4, BHALF 142, 151

INGRLZ=4. SHALF 242,152

CALL KERNEL(KL,K2, IMN, 74, ZHP, INM, IN, ZNP, ZHH, TH, A}
INBRL1=INBRL1+K1

INGRLZ=TNBRL24K2

CALL KERNET(KS,K2, 76N, TH, THP, TNH, IN, INP, I, THP , )
TNERL1=H1% {INGRL1#KL) /6.

INGRLI=HZE{THBRL24KD) 16,

{NGALI=INGRLL+ INGRL2

RETURM

END

THIS SUBROUTINE USES SINPSONG’S RULE TO MUMERICALLY INTEGBRATE

FOR IHPEDANCE ELENENTS USING EQUATION {2.3.6)
COMPLEX FUNCTION INGRLM(NINT,ZMN,7H,ZNP,INH, I8, 0P, 8)
COMPLEX ¥1,K2,51,52, HALF, HALF2, INGRLL, INGRLZ,
COMHON/CNSTNG (T, 82,42, B

Hi=(24-THH} /NINT

H2={IHP-TH) JNINT

H102=0. 5441

H202=0,54K2

81=(0.,0.)

32=51

CALL KERMERCKL, K2, INN, I8, IHP, TNH, TN, INP, THN+H10Z, THeH202, A)
HALF1=K1

HALF2<K2

NINTHI=NINT-1

6 100 1=4,HINTHI

=R+ T84

12=1H¢ 1842

CALL KERMEM {K1,K2,IHK,TH, INP, NN, IN, INP, I1, 12, R}
S1=514K1

§2=524K2

CALL KERNENEKE, K2, THK, T, IHP, TN, TN, INP, 1144102, T24H202, A)
HALF 1=HALF 1K1

HALF2=HALF 2+£2

INGRL1=4. SHALF 142, 151

INGRL2=4. tHALF 242, 152

CALL KERNEM(K!,K2, IMN, ZN, ZHP, ZNN, IR, INP, MH, N, A)
INBRL1=INGRLY#K!

INGRL2=INGRL2+K2

CALL KERNEM{K1,K?, INN, IH,7HP, INM, IN, INP, I, INP, A)
INGRLY=H1E{INGRLIKL) /6.

INGRL2=H28 {INGRL2¢K2) /5.,

INGRLN=INGRL {+INGRL2

RETURN

bé&
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EXD

IMVERSION OF A COMPLEX MATRIX 2Z, OF ORDER N, INVERCE IS RETURNED

IN PLACE OF 71
SUBROUTINE LINEQHZZ, N
COMPLEX Z1(1),5TOR,S70,5T7,5
DINENSION LR{77)
CONPLEX X

CARR (X )=REAL (XY IREAL (X} +ATHAG{X) SATHAB LX)
08 20 1=1,N

LR{1}=]

CONTIRGE

Hi=0

DD 18 H=1,N

K=

08 2 I=H#,K

Ki=Hitl

K2=H1+K
IF(CABRLTT (KT -CARALITCK2YYY 2,2,b
k=1

CONTINUE

LE=tR {8}

LR{H)=LRIK)

LRK)=LS

K2=R14K

STOR=12(K2}

=0

I8 7 d=1,H4

Ki=diek

K2=3144

STO=17 K1)

LKD) =TT

17421 =5TO.STOR
dl=31+K

CONTINUE

KizRiel
1761)=1.75T0R

I8 11 I=1,N

IF {I-#112,14,12
Ki=Ri+1

§1=71{K1}
11{K11=40.,8.)

=0

B8 10 J=1,¥

Ki=31+1

£2=31+H
TTAKEY=TT K -ZT{K2}4ST
di=d 14l

CONTINUE

CONTINUE

Ri=N1+8

CONTINUE

=0

08 9 3=1,N

IF (3-LR{J}) 14,8,14
LRI=LR ()

&7



21

32={LRI-1 14N
00 13 I=1,N
K2=32¢1
Ki=J1+41
§=21(K2)
FLIK2)=T1(K1)
1I{K1}=58
CONTINUE
LR{JI=LR{LRS}
LR{LRIY=LR
IF (3-LR{3)) 14,8,14
=3
CONTINUE
RETURN

END

&8
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THIS SUBROUTIN COMPUTES VALUES DF INTEGRAND IM EQUTION {2.4.3)

SUERDUTINE KERNET{KY,K2, THM, TN, THP, INM, IN, NP, 11,12, A)
CONPLEX K1,¥2,3,K11,K12,£21,K22
COMMON/CNSTNG/3,B2,A2, B
1U2=11411

1221112

DIM=IHP-TH

DIN=INP-T8
RAME=SORT (AZ+ (Z4-TNN) $4Z1-TN) )
RN1=50RT (A2{11-IHH L (11-TND)
RNPL=SBRT (AZ+{Z1-INP} $1Z1-2NP}}
RHNZ=SORT (A2+(72-INH) ${22-THN) )
RN2=SGRT {A2¢{12-TN) ${12-2N)}
RNP2=5ART (AZ+{Z2-INP) $112-INP})
RNMIR=SORT (AZ¢ (Z14INM) £{T1470H))
RNLR=SORT (AZ+ (ZL4IN) R{Z14IN})
RNP1R=SERT {AZ¢ {Z1INPI R {ZL4INPY)
REMIR=SGRT {A2¢ (Z2+INK) § (Z2¢INK})
RHZR=SART (AZ+ {124TN) § (12470))

RNPR=GERT (A2+{T2+IHR) £ {12¢NP) )
K11=CEAP{-JSBERNN1) /RNHI -2, SCOS(REDINY
XSCEXP{-J4B4ANL} /RN14CELP -1 ABIRNPYL) RNPL
K42=CEYP{-JERURNM1R) /RHNIR-2, 10O (RRDINY
HECEYP (~J1RERNLRY /RNIRSCELP {-J4BLRNPLR) /RNPIR

K1=30. $38 (KL 1+KE2H/STHIBDINY

K21=CEXP {-J5BIRUNZ} /RNMD-2, KCOS{RADINY
$4CEIP (~JEBERNZ) /RN24CEXP (- JEBERNP2) /NP2
K22=CEXP (-J4BERNHMZR) /RNM2R-2, SCOS(BIDIN
$1CEXP (-JABIRNIR) /RNIRSCELP (~I8EXRNPIR} FRNPZR
K2=30, 338 (K21+K22) /SINBLDIN)
Ki=K1SSIN(ERT1-THH) } /STNRRDIN)
K2=K24SIN{BS{TNP-12)) /SIN(BSDIN)

RETURN

END



£

THIS SUBROUTIN COMPUTES VALUES OF INTEGRAND IN EGQUTION (2.4.4)
SUBRDUTINE WERNEMGKS, K2, IMN, IN, IHP, TNM, IN, INP, 11,12, M)

COMPLEX K1,K2,d

COMMON/CNSTNS/3,B2,A2, B

112=11111

122=1212

DIN=IHP-TH

DIN=INP-IN

RNME=GORT (424 (71-DIN) R4Z1-DIN})

RN1=GHRT (A2+21421)

RNP1=SERT(AZ+(11+DIM) 3 {T14DIN))
RNPZF=SORT (AZ¢ (Z2¢DIH) £{12+DIN))

RNZ=SORT{AZ+12472)

RNPZ=SERT (A2¢(12-DIN442-DIN))

K1=30, $38 (CEXP{-JUBSRNML) /RAME -2, $COS (REDINY SCEXP (-JXBIRNI) /RNI+
SCEXP{-JABIRNPL) /RNPL} /SIN(BRDIN)

K2=30. 834 {CEXR {-JAB4RNP2) /RNP2~2, $COS (BSDIN) ICEXP {~JUBIRNZ) /RN2¢
$CEXP {-J4BIRNPZP) /ANPZP) /SIN(BADIN
Ki=K1ISIN(BRATS-THH) ) /STNCRSDIND
K2=K28SINBEITHP-T2} )} /SIN(BIDIN)

RETURN

EXD

70



INPUT PARAMETERS

=
[

3 GEGHENTS .

W

20 WAVELENGTHS

¥

001000 HAVELENGTHS
HiNT= {7

THPEBANCE MATRIX Z€IL,38)

-4

REAL IMAGINARY

2,85+3-346.2  5.044) 372.3  5.104) 47.8
G.54+3 372.3 10.79+i-644.6 9.96+j 381.1
S.1063 47.8 9.9643 3811 9.27+3-487.4

[ 3 % B

INVERSION OF COMPLER MATRIX

=1 =2 Ni=3
o 019243-.0097 0168430103 .0103+43-.0069

2 J016BEI- 0103 0148430083 .0091+3-.0038

3 LU103+3-.0069 0091¢i-,0058 .00538+i-.0025

VOLTAGE YECTOR Y{M)

] REAL IRAGINARY
i 1,000 ¢ 3 000
2 H00 & 000
3 A0 ¢ 3 000

CURRENT VECTOR I}

§ REAL INRRINARY  IMAGNITUDE {mf) IPHASE

10192 ¢ § -.0097 21.51202 -25.803464
2 0168 ¢ § -.0103 19.72957 -31.4041%
3 0103 + 3 -.0069 12.40731 ~33. 66765

% INPUT INPEDBANCE = £1.49 ¢ 2096t

[ Z2INMRG = 46.49 , 1INPHASE = 26.81 1}

71
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t  MM-Extended UTD PROGRAM FOR A BOTTOM-FED  MOMOPOLE WITH ¢
¥ DELTA~BAP VOLTAGE GENERATOR MOUNTED ON # HALF-PLANE. ]
¥ THIS COMPUTER PROGRAM,USES PIECEWISE SINUSOIDAL BASIS FUNCT- §
1 1ONS AND GALERKIN'S METHOD TO ANALYSE A BOTTOM-FER LINEAR
t  MONOPOLE. ¢
t  THE VARIABLES IN THE MAIN PROGRAM RE: L
3 f = RADIUS OF ANTENNA IN WAVELENGTHS t
i N = NUMBER OF SEGMENMTS L]
' L = LENGH OF THE MONOPOLE IN WAVELENGTHS &
i HINT = NUMBER OF SIMPSONS'S RULE DIVISION ]
§ 3
i f
L 1
i ]
i
LLLRAEE R B an iR tatisosastetiteRetisatitietaittisetsiisssetiliy

DINENSION ZMAG(23), TPHASE(23)
REAL L,LL,LLP, THAX, ZINMAB, ZINPHA

REAL IMAG(23),IPHASE(23),DATALZ3,D)

CONPLEX 1(23),V423},3,12(3,3), 21N, 1IN

COMPLEX IHGALI,KERNET, INGRLH, KERNER, INGRLK, INGRLD, KERNEL , KERNED
COMPLEX 17473),Z008D

COMMON/ ARRAYST1, Y

COMHON /CNSTNS/J,B2,A2,B
BPENIUNIT=5, FILE="DA2, DAT’ , STATUS="BLD°}
BPEN(UNIT=6, FILE=" GUTZ3.DAT’ , STATUS="NEW' }

DATA DEGRAD,RADUES/. 0174532, 57, 29577/

B8 1001 1P=1,10

READ(S, 10001 4,%,L,NINT, D0

1000 FORMATIFT.G,12,F4.2,12,F5.20
%1

WRITE DUT INPUT PARAMETERS AND IMPEDANCE MATRIX
WRITE (8, 10) N,L, A, NINT,DD

10 FORNAT{IH1,30%,” INPUT PARRMETERS®//1H ,27X,°N=",13," GEGMENTS®,

$HIMH ,274,°L= 5,2, WAVELENGTHG® //1H ,271,°8=' ,F9.6," WAVELENGTH
881281, NINT=" , 134/1H , 27X, " DD="  F5.2, WAVELENGTHS' ///1H 308,
% THPEDANCE MATRIY Z¢11,30)° 714 |31,
N7, 2%, PREAL? , 5%, * IAGINARY? /)
PHIOR=45. $DEGRAD
PHIS=360, SDEGRAD
NPO2PL=1
DI=tiN
Pi=3.14159265
3=10.,1.)
B=2.4P1
B2=818
R2=ASA
<N
IMH=0.
DO 600 11=2,K
IM=1MN+D1
IMP=1MMe2. 102



%

IN=0,
B0 100 33=2,N

INTNM+DE

INP=INN¢2, 851

CALL INGRLKNINT,ZNM, 2N, ZNP, INM, IN, INP)
TT411,33)=INGRLY (NINT, ZMH, IH, THP, TN, TN, INP, ) ~INBRLK (NINT
£, THM, I, INP, INM, IN, NP, 0D, &)

100 INH=IN

800

350

35
14 1
14
ck
td
€

4§
ot
ct
cd
cd
!
c
14
C

IHH=TH
CONTINUE

IMH=0,

140,

=0.

IN=0.

HP=01

Hp=DI

724 1, 1)=1NGRLH(NINT, THH, I, IHP, INM, IN, INP, A1 ~INGRLDANINT
3,208, TH, 74P, INK, IN, TN, DD, A)

THi=0.

DO 350 MM=2,X

IN=0.

INK=0,

Wp=D1

IH=THH4DE

THP=THM42, 811

TI( 1, WA =INGRLHHINT, MK, 78, THP, ZhM, IN, T4, R - INGRLD(NINT
1,70, IH, 74P, ZHH, IN, I8P, 0D, )

HH=TH

WH=0.

BB 350 Hi=2,N

=1,

M=,

IAP=D1

H=TM4DT

INP=INM42. 40T

71NN, 1)=INGRLYININT, THK, I, ZHP, TN, IN, ZHP, R) ~TNBRLK (NINT
1,7, TN, I8P, INH, IN, INP, DD, A}

THE=TH

06 250 11=1,%
WRITE(6,20) 11,(Z2411,30),30=1,0

20 FORMAT{IZ,5(F6.2, 4", F6. 1, 101 /A28, 4(FT.2,7 4§ Fe.l  MD)

250 CONTINUE
CALL CONPLEX MATRIX SOLYING SUBROUTINE
CALL LINEB{IZ, N}
WRITE 15,39)

35 FORMAT(//15X,” INVERSION O6F COMPLEX MATRIX®,//13X,’°NN=1", 10X,

1 HN=27 108, " H=37)
D8 1250 11=1,M
WRITE(S,1200 11, {I2411,30),33=1,8

20 FORMAT(1X, 12,20, 3(F6.4,7 457 F6.4, 11 /845X, 4(F6.4,” +i ,F6.4,100/)

15X, 34F6.4,7 +57,Fb.4, 1X) /5K, 2(F6. 4,7 457 Fb.4, (X))
250 CONTINGE
COMPUTE INPUT IMPEDANCE
D0 203 11=1,%
Y(in=16.,0.)



IF {IL.EQ.NPOZPLY WHID)=(L,,0.)

203 CONTINUE

£
cl

WRITE OUT VOLTABE VECTOR
WRITE(6,130)

ot 130 FORMATAIN /71H /7,29%,7VOLTAGE VECTOR VOMI//tH ,19%,°W,12),

cf
(4

LREAL?, 141, ” IHAGINARY? /)
D0 310 KK=1,N

tf 310 URITELS, 140} KK, V(KK
e 180 FORMATAIN ,17X,13,110,F6.3,7 4§ *,7%,F6.3)

667
b4

30

4
300

434

1901

18 1
iy

B0 466 T1=t,8
HID=(9,,0.)

B0 467 33=1,N

HID=TIDHITL 3D D

1HAGLT11=1000. 3CABSI (1IN

852=REMLATHITH

8S1=ATHAG(I{I T}

55=851/852

1PHASE {111 =RADDEGIATANISS)

CONTINUE

CONTINUE

HP=NPOZEY

TIN=V (NP} /1EHP)

SRITE GUT CURRENT VECTOR

HRITE(6,30)

FORMAT41H //1H £/,20%, CURRENT VECTOR T(N)'//1H ,BY,”N°,2),"REAL
£, 4%, INABINARY® , 4X,° INABNITUDE {ad}®, 2%, IPHASE® /)
DELTAS= LEN/E.

S=-LEN/2.

D0 300 K=t,M

WRITE(6, 40} KK, T(KK), THABLKN) , IFHASE (KK)

FORMAT (1K ,61,13,21,F5.4,% + j *,F6.4,58,F9.5,7),F9.5)
CONTINUE

ZINHAG=CABS (1IN}

§2=REAL (ZIN)

S1=ATHAR (ZIN}

5=51/52

TINPHA=RADDEBSATANIS)

WRITE46,448) TIN,TINMAG, ZINPHA

FORMAT (//5%,°% INPUT THPEDANCE =,F11.2," #i,FLL2, 18, ¥ 4/8X,"(’
§13, 7 TINMRG =" F11,2,2X,7, ZINPHASE =*,F11.2,1%,° 1)
CONTINUE

S0P

END

THIS SUBROUTINE USES SIMPSONS’S RULE TO NUMERICALLY INTEGRATE
FOR INPEDANCE ELEMENTS USING EGUATION {4.4.10)

COMPLEX FUNCTION INGRLI(NINT, M, 2i,ZHP, INN,IN,TNP, &)
COMPLEY K1,K2,51,52,HALF), HALF?2, INGRLY, INGRL2,J
COMMON/CNSTNS/3, 82,42, B

Hi=(TH-THN) FNINT

H2=C(IHP-TH) NINT

RL02=0.58H1

H202=0.54H2

§1=40.,0.)

§2=51 4

CALL KERNEE{K1,K2, ZMM, 7N, TP, INN, N, INP, INH+H102, INeH202, A)

74



100

£
[

100

HALF 1=K
HALF2=K2

NINTHI=NINT-{

B0 100 I=1,NINTHY

T1=TNHeI8HE

12=THe 102

CALL KERNED (K1,K2,7M8,2H,INP, INN, IN, INP, 11,22, 8)
81=51+K1

§2=52+(2

CALL KERNEZ(K1,K2, N, IH, THP, INN, IN, INP, 11 #H102, T2¢H202, A}
HALF 1=HALF 1K1

HALF2=HALF 2412

INGRL1=4, BHALF1+2. 151

THGRLI=4. SHALF 242,452

CALL KERNEL{K1, K2, ZHM, M, IHP, INH, TN, INP, ZHH, 1%, 8)
INGRL1=TNGRLY K1

TNBRLZ=INGRL2+K2

CALL KERNEI{K1,K2, M, IH,IHP, INH, N, ZHP, TN, INP, A)
INGRL1=H1% {INGRL#K1} /6.

TNGRL2=H244 THGRL2+K2) 76,

INGRLI=INGRL1+INGALY

RETURR

)

THIS SUBROUTINE USES SIMPSONS’S RULE TO NUMERICALLY IMTEGRATE

FOR INPEDANCE ELEMENTS USING EBUBTION (4.4.10)
COMPLEX FUNCTION INGRLW(NINT,ZMM, N, ZHP, NN, IN, INP,R)
COMPLEX K1,K2,51,52, HALF1, HALF2, INGRLY, INBRLZ,
CONMOM/CNSTNS/3, 82,42, B

Hi=(IH-ZHH) NINT

H2=(IHP-TH) FNINT

H107=0, 5841

H202=0.58H2

§1={0.,0.

87=51

CALL KERNEM(KY, K2, THH, TN, INP, TN, TN, ZNP, THM+HI0Z, THEH202, R)
HALF1=K1

HALF2=K2

NINTHL=NINT-{

B0 100 I=1,NINTHS

TL=INH+ I

12=18+ 1342

CALL KERNEM (K1,K2,TMH,IN,ZHP, ZNM, IN, TNP, T1,72,R)
51=514K1

82=524K2

CALL WERMENM(KY,K2, I, T4, THP, INN, TN, TP, 11 4H102, T2+H202, B}
HALF 1=HALF 1K1

HALF2=HALF24K2

INGRL1=4, SHALF 142,158

INGRL2=4, SHALF2+2, 152

CALL KERNEM{KY, K2, INN,IN, NP, INM, N, ZHP, INN, IN,A)
IMGRL1=INGRL1+KY

INGRL2=INGRL2+K2

CALL KERNEN(K1,K2,IMM, IH, THP, INM, TN, INP, I, THP, &)
INGRL1=H1 {INERLL+K1) 6.

THBRL2=H28 (INBRL2+K2) /6.



(41
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106

(A 4
[

INGRLN=INGRL1+INGRL2

RETURN

END

THIS SUBKOUTINE USES SIMPSONS’S RULE TO NUKERICALLY INTEGRATE
FOR IMPEDANCE ELEWENTS USING EQUATION (4.4.10)

CONPLEX FUNCTION INGRLK(NINT,INM, I, IHP, MK, IN, NP, 0D, A)
CONPLEX K1,K2,51,52, HALF1, HALF2, INGRLL, INGRL2,d
COMMOM/CNSTNG/3,82,A2,B

Hi={(IN-ZHN) ININT

Ho=(ZHP-TH) ININT

#1020, 54K1

§202=0.54H2

§1=40.,0.)

52<51

CALL KERMEL(K1,KZ, T4, I8, THP, INK, IN, INP, THRHIOZ, TNeHD0Z, D0, A)
HALF 1=Kt

HALF2=K2

RINTHI=NINT-

B0 100 1=1,NINTHI

1{=THN+TRH

12=THe15H2

CALL KERNEL{KI,K?2, MM, ZM, IHP, ZNH, IN, INP, 71,72,D0,A)
81=514K1

§7=524£2

CALL KERMELAKI, K2, ZHH, M, THP, TNH, IN, INP, 7141102, 124202, DD, &)
HALF 1=HALF 14K1

HALF2<HALF24K2

INGRLL=4. SHALF142. 451

THBRL2=4, THALF 242, 452

EALL KERNEL(K1,K2, 24K, 70, 249, INM, IN, INP, THH, 24, DD, &)
IHGRLI=TNBRLY+K1

THGRLI=INGRL2+K2

_CALL KERMEL(K1,K2, IMH, 20, IHP, INM, IN, ZNP, 7H, INP, DD, &)

INGRLI=H1%{ INGRLI+K11 /6.

INGRL2=H2$ {INGRL24K2) 76,

INGRLK=INBRL1+INGRLY

RETURK

END

THIS SUBROUTINE USES SIMPSONS’S RULE TO NUMERICALLY INTEGRATE
FOR INPEDANCE ELENENTS USING EGUATION {4.4.10)

COMPLEX FUNCTION TNGRLD(NINT,ZHN, IH, ZMP, INM, ZN, INP, B0, A}
COMPLEX K1,K2,51,52, HALF1, HALF2, INGRLY, INGRL2,
COMMON/CNSTNG/J, 82,82, B

Hi=(TH-ZHI ININT

H2=CZNP-TH) FNINT

H102=0., S4H1

H202=0,51H2

51=(0.,0.)

52=51

EALL KERNEDAK1,K2,IMN, 7N, INP, THN, IN, INP, TNN+HE02, TN#H202, 00, &)
HALF1=K1

HALF2=K2

NINTHL=NINT-1

B0 106 T=4,NINTHL

=TI

76



100

£
£

Yo

12=IH+ 1842

CALL KERNED{K1, K2, ZMM, M, TP, INH, ¥, INP, 11,2, 0D, A}
51814kt

§2:52+K2

CALL KERMED(K!, K2, IMH, IH, TP, INM, TN, INP, T14H102, T2+H202, 00, A)
HALF 1=HALF 1 +K1

HALF2=HALF 24K2

INGRL1=4. tHALF 142, 151

THGRL2=4. RHALF2+2, 452

CALL KERNEDIKY, K2, ZNH, IH, IHP, INM, TN, INP, INM, 24, BD, &)
INGRL1=INGRLI+KE

TNGRL2=INGRL2+K2

CALL KERMED(K!,K2, ZMH, 74, 1P, INN, IN, INP, 20, IHP, DD, &}
INGRL {=H1%{ INGRLL#K1) /.
TNSRL2=HZR L INBRLZ+KD) /6.,

INGRLO=INGRLL +INGRLZ

RETHRN

END

INVERSION OF A CONPLEY MATRIX I, OF ORDER N, INVERCE IS RETURNED
IN PLACE OF 12

SURROUTINE LINER{ZZ, M)

COMPLEX ZI(1},5TOR,S78,5T,5

DIMENSION LRITT)

COWPLEX X
CARE4X)=REAL {11 SREAL (X)+ATHAB LX) IATHAB X
06 20 1=1,M

LR{D)=1

CONTINUE

Hi=0

D0 18 K=t N

£=H

26 2 1=H,K

KisHi+]

Ka=H14K

1FACABRIZ (K11 -CABRITTIKDI Y 2,2,6

K=l

CONTINUE

LS=LRENM)

LR{HI=LRIK)

LR{K)I=LS

£2M14K

STOR=1Z (K2}

=0

28 7 3=t,K

Ki=314K

KZ=3144

8T0=17 (K1)

=12 (D)

114K2)=5T0/STOR

J=31ed

CONTINUE

Ki=Hi+H

T1{k4)=1. /STOR

B8 11 I=t,N

1F 1-1012,11,12

77



12

14
i1

18

13

2t

Ki=His]
ST=11(K1)
11{K11=40.,8.)
31=0

B0 10 3=1,K
Ki=d1+1
K2=11+H

TTKI=TT K1) -2T K21 45T

Ji=d 4l
CONTINUE
CONTINUE
Bi=Rieh
CONTINUE
31=0

18 ¢ I=1,K

IF {3-LR4I)Y 14,8,44
LRI=LRAD
32={LRI-114¥

B8 13 1=1,K

K2=32+1

Ki=d1sl

8=774K2)
T2} =1L (KL}
11{K1)=3

CORTIRUE

LR =LRILRD
LR{LRIY=LRI

IF {3-LR{3)) 148,14
di=31+h

EONTIHUE

feETUAR

EHD
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THIS SUBROUTIN COMPUTES VALUES OF INTEGRAMD IN EQUTION (2,4.5)

SUBROUTINE KERMET(K1,K2, THM, IN, THP, INN, IN, TP, 11,12, A}
COMPLEX K1,K2,d,KL8,K12,K21,K22
COMMON/CNSTNG /3, 82,42, 8

1U2=11411

122=12412

DIN=THP-IN

DIN=INP-IN

RNME=SORT(A2+(T4-TNNY RZ1-T00M) )

RN1=SERT {A2+{11-2M) ${Z1-IN))
RNP1=SERT (A2¢ (11-INP S (11-INP})
RNMZ=SORT {A2+(12-TNH) £{T2-2K¥) )

RN2=50RT (A2+422-TN) $412-1) }
RNP2=S8RT {42+ {12-INP} H{Z2-INPY)
RNMIR=SORT {AZ+ {Z1+IHH) (114NN} )
RNIR=SORT(A2+(11+IN} ${1L4INI)
RNPLR=SORT A2+ {Z14INP Y E {1420
RNMIR=GORT (AZ+ [ Z24TNK) § (224N} )
RNZR=GHRT (A2¢ (124N} ${124IN))

RNP2R=GERT {AZ+{I2+INP) ${I2¢INP) )
K11=CEXP (~JRRSRANL) /RNM1-2, 3COS (REDINY
LRCEXP{-JABIRNL ) /RN14CEXP (-JEBIRNPE) /RNPL
K12=CEXP {~J8RARURIR} /RMHIR-2, $COS(RADTN)
$CEXP(-JABIRNIR} /RNIR+CEXP{-J5BIRNP IR} /RNPIR
K1=30, 138 (K1 1+K12) /SINIBEDIN)

K21=CEXP {-J4BARNHZ} /RNN2-2, COS (B1DTNY
$1CEXP(~J8BIRN) /RN24CENP {-JSBLRNP2) /RHP2
K22=CEXP (-JABURNRIR] /RNN2R-2. 1COS (BADIN)
BSCELP{-JABIRNZR) /RNZR+CERP (-3 SBERNPIR) /RNP2R
£2=30. 434 (K21 +K22) /STH(BIDINY

K=K ISSINCRET1-THID ) /STN(BIDIM
K2=K24STRIBLIINP-22) ) /SIN(BHDIN)

RETURM :

END
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THIS SUBROUTIN COMPUTES VALUES OF INTEGRAND IN EQUTION {2.4.6)
SUBROUTINE KERMEM(KY, K2, IMK, I8, ZP, TNN, I, INP, T1,72,A)

COMPLEX K1,X2,d

COMMOM/CNSTNS /3, 82,42, B

112=11411

122=12412

DIM=1HP-IN

DIN=THP-IN

RMME=SORT(A2+ (Z1-DINY$4Z1-DZM))

RN1=SERT (A2+Z1421)

RNP{=SORT(AZ4 (Z1+DINI $LZ14DIMI)

RNP2P=GORT {A2+ (T2¢DINI £ (12602} }

RN2=SERT{A2+12422)

RNPZ=GORT (A2+{12-DIN) $112-DIN))

K1=30. 434 (CEXP {~JARIRNHL) /RNME -2, 105 (REDIN) CEYP (-JEBIRN1) /RN1+
$CERP {-3XBSRNPL) /RNPL} /SIN(BADIN)

K2=30. KIRACEAP {-JABARNE2) /RNP2-2. 1C0S (BYDIN) SCEXP (-JIBSRNZ) /RU2+
1CEAP (~J4RIRNPZP) /RNP2P) /SINCBRDIN
E4=K1RSTR(BALTI-TNND } /SINCESDIN
K2=K24STN(BH (ZHP-72) ) /SINCREDIN)

RETURN

£ND
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THIS SUBROUTIN COMPUTES VALUES OF INTEGRAND IN EQUTION {4.4.10)
SUBROUTINE KERNEL{KI, K2, TN, 2N, 74P, INN, I, INP, 1, 2,0, A)
COMPLEX Ki,K2,3,Di4),DHL1,DH12, DHL3, DH2L, DH22, D23, KP 1L, KP12
COMPLEX DH11P,DH12P, DHISP, DH21P, DH2ZP, DHZ3P
COMPLEX DAL1,D412,D413,0421,D422,0423

COMPLEY DHGL1,DH612,DHA13, DH62S, DH622, D623
COMPLEX Dalt,Be12,D613,D621,0622,0673

CONPLEY KD11,¥D12,KD13,KD23,K022,KD73

COMPLEX K1t,K12,K13,K21,K22,K23, kP13, kP2t ¥P22, KPS
CONMON/CNSTNG/3, 62,42, B

112=11311

122=12812

DIN=ZHP-IH

DIN=THP-IN

S1=GBRT(DDYDD+IL4ZY)

57=SORT (DDLUD+I2412)

PHRI=ACOS(DD/S1)

PHRI=ACOS{DD/S2

D0=00-4

DD2=DD40D

SPNH1=5GRT {002+ THHEINN)

SPN1=GRT{DDZ+INSIN)

SPNP1=SRT {DD2¢INPYINP)

SPNM2=SERT {DD2+INMEINK)

SPN2=3ERT{DU2+ INEIN)

SPNPZ=SERT (ID2+INPSINP)

SBO=1,

Fi=2.

PHPRA1=ACOS (DD/SPNNL)

PHPRNL=ACOS (0B/5PN1)

PHPRP1=ACOS{BD/SPHP1)

PHPRH2=ACOS (DD/SPNKZ)

PHPRN2=ACOS(DD/SPR2)

PHPRP2=AC0S {DD/SPRR2)

RPN 1= {S18SPHR1) £ (S145PHME)
RPNL={SLHGPHL )/ (SL4GPRL)

RRNP1={S14SPNPL}/ {S145PNRT)

RPNH2= (S24SPNN2) / {S245PNND)

RPN2=(SZASPHD)  (S245PN2)

RPNP2= (S245PNR2} £ {5245PRP2)
¥P11=CEXP(-J4B4S1) $SORT (SPNK1/ (S1R{SI+5PMNIN )}
KP12=CEXP{~I4B451) $5RT (SPNL/ {SLR (S14SPN)))
KP13=CEXP(~J8B451) 1SORT{SPNR1/ (S1845145PNP1)))
KP21=CEYP (-J4BYS21 5ART (SPNN2/ {528 4G2+45PNN21 1}
KP22=CEYP {~J4B452) $SERT (SPNZ/ (524 (5245PN21 )}
KP23=CEXP{~J4B152] 15ORT (SPNP2/ {524 {S245PNP21 1)
CALL WDID,RPNML,PHRY,PHPRN1, 580, FN)
DREL=D 1) +D4214D¢31+D¢4)

CALL EWD{D,RPNMI,PUR1, PHPRYE, 5RO, FN)
DHELP=D(1) 40420 4D¢31 4D (A)

DA11=1, JCHPLYLO, , BIRPNML) S (DH1 1P-0.50DHLL)
KL1=CEXP(-T$BISPNNE) /SPNML/COS {PHPRM1 1S (DH11-BAL1) BKPLL
CALL WDF (D, RPNNE,PHR1, PHPRM1,SBO, FN)
DH6L1=D{11 4D {21 +D(3) 4D (4}
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D&ti=-1, /CHPLX (0. BASE) $DHALL

¥D$1=CEXP (-J4BASPNM1 ) /SPNME /COS (PHPRN1) $DG11RKPS1

CALL WD(D,RPN1,PHRY,PHPRNI,SBO, FN)
DHIZ=DL1H4D(2) D (314D(4)

CALL EWD{D,RPN1,PHR1,PHPRN1, 58O, FN)

DHIZP=DA1} +D{ZH4D(3) 4044

DA12=1. /CNPLY (0., BERPR1) § (DH12P-0, 54DH12)
K12=-2,$C0S(BSDIN) SCEXP (-JEBASPN1 ) /SPN1/COS (PHPRNL) B4DHL2-D412) $KP12
CALL WDF{D,RPN1,PHR1,PHPRN1, 588, FN}
DH612=D (1) +DATI 4D (314D 14}

D&12=-1. FCHRLX 10, , BIGL KDHE12

¥D12=-2, 1C0S (BYDIN} ICEXP (-J8BISPNL) /SPNE /C0S (PHPRN  4D6124KP12
CALL WDD,RPNP1,PHRY,PHPRP1, 5RO, FN}
DHI3=BL1HDL214D{3) +D4A)

CALL EWD(D,RPHPL,PHRY,PHPRP1,SBO, FN)
DRIZP=DE1) D42} 4D431 4D LA

DAL3=1. /CHPLX (O, , BERPNPL) & (D1 3P-0. SHADHL3)

K13=CEXP (~J4BESPNP1} /SPHP1/COS (PHPRP1} § {DRE3-DA13HIKPLZ
CALL WDF(D,RPNP1,PHRI, PHPRP1, 580, Fi)

D61 3=D (1) +D42) +DL3) D44

D&13=-1. /CHELY (0., BES1 ADHL3
¥D13<CEAP{~J4BISPNF1) /SPNP1/COS (PHRRPY) $D6134KP1Z
K1=30. 8304 (K114K124K13) 4EBSPHRL) - (KDL 1 +KDI2#KDLS}
$151H (PHR1}) /SIN(BSDIN)

CALL WD(D,RPNMZ, PHR?, PHPRN2, 580, FN)
DHZE=DH1 B2} +D43) 4D 4}

CALL EWDID,RPNHZ,PHR2,PHPRN2, SBO, FN)
PH21P=D(1) 4B 2V 4D (31 4044)

D421=1. /CHPLY (0. , BARPRAZ) £ {DHZ1P-0.54DH21)

K21=CEXP {-J1BISPNN2} /SPNHZ/COS (PHPRH2) £ (DHZ1-D42114KP2L
CALL WDF (D, RPHN2, PHR2, PHPRN2, 58O, FX)
DHEZ1=D411 +D 1) 4BL314D44)

Da21=-1. /CHPLY (0. , BASZ) $DHG2S
¥D21=CEXP{-JABISPHNZ) /SPNN2/COS (PHPRN?) KD621 8KPT1

CALL WD(D,RPN2,PHR2, PHPRN2, BO,FM)
DH22=D1 1) 4B42) 4D (31 +D (4}

CALL EWD(D,RPNZ, PHR2, PHPRNZ, SBO, FN)
DHZIP=D (1) +042) ¢D{3) 444

DA22=1, /CHPLY 0. , BARPKL) § (DH22P-0. S4DHZD)

K22=-2, 4605 (BADIN} LCEXP {-JABASEND) /SPN2/COS (PHPRND) § {DH22-D422) $KP22
CALL WDF (D,RPNZ, PHR2, PHPRNZ, SBO, FN}
DHE22=D (1) +D42H 4D{31 4D 44}

D622=-1, FCHPLYA0. , BAS2) $DHG22

KDZ2=-2, 405 (B4DIN} ACEXP (~J4BISPN2) /SPN2/COS {PHPRNZ) 4D6225KP22
CALL WD(D,RPNP2, PHR2, PHPRP2, 580, FX)

DH23=B A1 4D42) 4D (31 4D (A)

CALL EWD{D,RPNP2,PHR2,PHPRP?,5BE,FN)

PH2IP=D1) +D42)4DA3) D44

DA23=1. /CHPLY (0. , BARPNPL) & (DH23P-0. S4DH23)
K23=CEXP{-J4BSSPNP2) /SPNP2/E0S {PHPRP2) § {DH23-D423) 4KPZ3
CALL WDF{D,RPNPZ,PHR2, PHPRP2, SBO, FN)
DH623=D 411 402} 4DL3) 404

D623=-1. ICHPLX {0, , BSS2) 4DHEZ3
KD23=CEXP(-J8BISPNP2) /SPNP2/LOS (PHPRP2) $D4238KP23
K2=30, 8384 (K21 #K224K23) $COS (PHRZ) - (KD21 +KD224KD23}



$1SIN{PHR2) ) /SIN(BEDIN
Ki=KISSINCBR(TI-20M) ) /S INERIDIN
K2=K235IR{BE (INP-12) ) /SIN{BADIN}
RETURN
END

-
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TRIS SUBROUTIN COMPUTES VALUES OF INTEGRAND IN EQUATION {4.4.10)
SUBROUTINE KERNED(K!,K2, THN, X, ZHP, INK, IN, INP, 11,72, D0, A)
COMPLEX K1,K2,d,D44),DRL2, DHI3, BH22, DN23

COMPLEY K12,K13,K22,K23,KP12,KP13, KP22, kP23

COHPLEX DH12P,DHI3P,DH22P, DH23P, DA12, D413, D422, D423
COMPLEY BH612,DH13, DH622, DH6ZS, Db12, D613, D622, 0623
CONPLEY KBAZ,KDL3,K022,K023

COMMON/CNSTNS/3, 82,42, B

112=11411

122=12812

DIN=IHP-IH

DIN=INP-IN

S1=50RT (DDRDD+L4T1)

52=GORT{DD4DD+12472)

PHRL=ACOS (DD/S1)

PHR2=ACDS4DD/S2}

B0=08-A

092=DO4DD

SPN1=3ERT (D02}

SPNP1=SERT (DD2DINEDINY

SPN2-SERT (DE2)

SPNPZ=SERT {DD2+DINIDIN)

580=1.

Fi=2.

PHPRN1=ACOS{DD/SPHY)

PHPRP1=ACTS (DD/SPNPL)

PHPRN2=ALOS {DD/SPNZ)

PHPRP2=ACOS{DD/SPNP2)

RPNL=(S1ASPNI}/ (S14GPN1}

RPNP1= (S1ESPNPL} / (S14GPNPL)
RPNZ=(S245PN2} / (S246PN2)
RPNP2={S245PNP2} £ (S24GPHP2)
KP12=CEXP{~J¥B1S1) 5GRTSPH/ (18 SL4SPHINN
KP13=CEXP{-34BAS1) S5RT (SPHPL/ (518 (SL4SPNP11Y)
¥PZ2=CEXP{~J1BY52) 4SART (SPN2/ (S244S245PHTI 1)
KP23=CEXP {-J1B452) $5ORT (SPNP2/ 1528 (S24GPNP2) 1}

CALL WDD,RPN1,PHR1, PHPRNS,SBO, P

DHI2=D41) +D(214043) 4D {4)

CALL EWD{D,RPN1,PHRI,PHPRNS, 58O, FR)
DHIZP=D{1)4D42) 42431 4D (4)

D412=1, /CRPLY (O, , BIRPNL} £ {DH12P-0, S4DH1Z)
K12=-CO5{BADIN) SCEXP {-IXBASPNL ) /SPNL/COS (PHPRN1) § {DH12-DA12) 3KPL2
CALL WDF(D,RENI, PHR1, PHPRNY,SBO, F&)

DHE12=D(11 401204043} +D(R)

Da12=-1, /THPLYAQ. , BAST}¥DHA12
K12=-COS{BRDIN) $CEXP {-J8BISPNL) /5PNL/C05 (PHPRN1} 4061 20KP12
CALL WD(D,RPNPY,PHR1, PHPRPY, S80, FN)
DH13=0 (1) +D(2) +B43}+D{4)

CALL EWD{D,RPNPL,PHRS,PHPRF1,SB0,FN)
DHI3F=D(1) 4142) +D43) 444

D413=1. /CNPLY (O, , BARPNP1) § {DH13P-0.54DHI3)
K13=CEAP{-I4BYSPNP1) /SPNPL/COS (PHPRPY) £{DH13-D4L3) KR 13
CALL WDF{D,RPNP1,PHRI,PHPRP1,5BO,FN)
DH6L3=D (11 +D42)+D43) 4D (4)

£
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Do13=-1. /CMPLY (0. , BISH) SDHALS
KD13<CEXP (~8RISPNP1) /SPNP/COS{PHPRPL ) RD4134KPL3

K1=30. 838 {K12+K13) SCOS(PHRY ) - (KDL 2+KD13H ASENPHR1) | /SIN(BSDIN)
CALL WD(D,RPNZ,PHR2, PHPRNZ, 5RO, FN}

DH22=DA 114D (214D {31 +D ()

CALL EWDD,RPN2,PHR?, PHPRN?, SBO, Fi)

DH22P=D{1) D42} D431 4D4A) -

D422=1. FCHPLY (0, , BARPHZ) £ {DH22P -0, 54DK22)

K20=-C0S (BSDINY 4CEXP {-3XBISPNZ) /SPN2/COS (PHPRNZ) 1 (DHZ2-D422) 16P22
CALL WDF{D,RPNZ, PHR2, PHPRN2, SBO, FN}

DH622=D(114B(2) +B{3) +D14)

D622=-1. JCHPLX 10, , B3S2) $DHE22

£422=-C05 {BSHIN) SCEXP (-JABISPN2) /SPN2/COS (PHPRND) 1D6220KP22
CALL WO(D,RPNPZ, PHRZ, PHPRPZ, 580, FK)

DH23=D {11042} D431 4D44)

CALL EWD{D,RPNP2,PHR?, PHPRPZ, RO, FN}

DH23P=D{1)4D{2)4D(3) 4D14)

D423=1, /CHPLY (0, , BARPHPZ) $ {DH23P~0. S4DHZ3)
KZ3=CEXP(~J¥RASPNP2) /5PHP2/C0S (PHPRP2) £{DH23-D423) 84P23

TALL WDF{D,RPNP2,PHR2, PUPRP2, SHE, Fi)

DHE23=D(1 14D (2)4D(3) +D44)

D523=-1, /CHPLYAG, , BYS2) $DHAZZ y

K23=CEXP (~J¥BASPNP2) /SPNP2/COS {PHPRP) $D6234KPZ3

K2=30. $354 (K224K23) 4C05 (PHR2) ~ {KD22+KDZ3) $SINCPHR2) } /STN(BADINY
K1=KLISTN(BEITL-THH) } /SINCBIDIN)

K=K 2ASTH(RS (THP-12} } /S TNCREDIN

RETURN

END
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SUBROUTINE EWDLD,R, PHR, PHPR, SBO, FNY

TH1S SUBROUTINE COMPUTES THE FIRST ORBER WEDGE DIFFRACTION
COEFFICIENT,

COMPLEX D{4},CT, TERN,FT (4} EFFCT

DATA £T,UTPI/{-0.05626977,0.05626977) 0. 15915494/
DATA PI,TPI,SHL/3. 14159765, 6. 28318531, 0,004/
IF (FN-0.5.LT.5HLI60 T0 10

DKL=TPIIR

UFN=1, fFN

BETAR=PHR-PHPR

TERM=CT/ (FNSSBO)

3BH=1.

1=0

I=141

BH=UFNE (0, SESENSUTPTSRETAR)
N=DNSIBN{0.5, DN}

BNG=TPISFNEN-BETAR

B=2. £(COS (0. SLANGI 342}

1=DELIA

Y=P1+SENIBETAR

IF(RBSX).LT. 1. E-10160 10 3
FTATV=EFFCT(X) /TANIO. SEVAUFH)

§0 70 4

FTiD=10.,0.)
TF{ABSICOS10. SEYRUFNY) LT, 1.E-3160 10 4
FT{1)=(1.7725,1. 7725 ASIGN{SERTDKLY, 1)
FT{T}=FT{I1~40.,2, ) $DKLA {PT-GBNEANG} } 3FY
558=-5EN

DEII=TERMSFTAT)

1F(SBN.LT.0.180 16 2

BETAR=PHR+PHPR

IF(IL.LE.3I60 70 2

DI=TERHR{FTLI4FTI2H)
DR=TERME(FT{314FT(4))

KETURM

B0 5 I=1,4

BI1=i0.,0.}

Di=(0.,0.1

BR=(0.,0.}

RETURN

£ND

COMPLEX FUNCTION EFFCT{XF)

THIS ROUTIME COMPUTES THE WEDGE TRANSITION FUNCTION,

COMPLEY FXX(B),FX(B},LJ

DINENSION 1X{8)

DATA X4/.3,.5,.7,1.,1.5,2.3,4.,5.5/

DATA C3/40.,1.}/

DATA FX/10.5729,0.2677), 10,6768, 0. 2682, 0. 7439, 0, 25491,
£10.8095,0.2322) , {0.873,0. 1982}, (0.9240,0. 1577}, 40, 9458,0.1073),
$10.9797,0.0828) /

8é&



DATA FXX/(0.,0.1,(0.5195,0.00251 , (0, 3353, -0. 06451,
$40.2187,-0.07571, (0,127, -0.068) , (0. 0638, -0.0506) ,
£10.0246,-0.02961, 10,0093, -0.0163) /

X=AB5(XF}

IF (X.GT.5.5168 T0 1

1F 1X.67.0.3160 18 10

£1  SHALL ARGUMENT FORM

EFFCT=(0.5441. 253, 1. 253 4SART (X1 -0, , 2. 4X-1 . 3344 14X) SCEAP (CIRN) +
£0((1.253, 1. 253 ESERT (X} ~ (0. , 2. Y 44~0, 6467 X4 4LEXP (CIEAI I AX

80 10 20

Lt LINEAR INTERPOLATION REGION
1000 1§ %2,7

1t IFELLT.ANN) 68 70 12

12 EFFCT=FXY(NIY

80 T 20

£f  LARGE ARGUMENT FORM

§  EFFCT=0.54CHPLY(S. 7Y,~1, /4
20 IF{YF.GE.0.) RETURM

EFECT=CONJGLEFFET)

RETURN

END
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SUBROUTINE WDLD,R,PHR,PHPR, SBE, FN)

THIS GUBROUTIME COMPUTES THE FIRST ORDER WEDGE DIFFRACTION
COEFFICIENT,

COMPLEX D(4},CT, TERM,FT¢4) FECT

DATA CT,UTPI/{-0.05624977,0.05626977) 0. 15915494/
DATA PI,TPT,SHL/3. 14159265, 6. 28318531, 0,001/
IF (FN-0.5.LT.5HLIGO 10 10

BrL=TPIIR

UFN=1, PN

BETAR=PHR-PHFR

TERN<CT/ (FRISEE)

S54=1,

1=0

1=+

DN=UFNE {0, SASENCUTFI4BETARY
H=DN+SIBN(O, 5, DN}

BHG=TPISFRIN-BETER

1=2. 1(COG (0. SEANG1 §42)

1=DKLAR

¥=PL+3GHIBETAR

IFIABS (43 LT. L. E-10160 T0 3
FTAD)=FFET (1) /TAR (0. SEYALFR)

50 70 &

FT{I1=40.,0.)

1F{ABS(COSL0. SEYAUFNY). LT, 1.E-3160 10 &
FT41)=11,7725,1. 77251 1S 1GR{SORT DKL) , V)
FTATI={FTAI1~{0. 2. } 4DKLA{PI-GENYANG) 1 SEN
SGN=-35N

D{1)=TERKSFT{1)

IF{SEN.LT.0.160 18 2

BETAR=PHR+PHPR

1F{IL.LE. 318 T0 2

BI=TERMS{FT(1)+FTL2)}
DR=TERMEFT{SHFT(41)

RETURN

B8 5 I=1,4

D{li=10.,0.)

Bi=(0. ;0.1

R=10.,0.}

RETHRN

END

COMPLEX FUNCTION FFLT(AF)

THIS ROUTINE COMPUTES THE WEDGE TRANSITION FUNCTION.

COMPLEX FXX(8),F1(81,E

DINENSION X2(8)

DATA X4/.3,.5,.7,1.,4.5,2.3,4.,5.5/

DATA CI/40.,1.}¢

DATA FX/10.5729,0.2677), 10.6758, 0, 2682) , 0. 7439, 0. 2549),
£10.8095,0.2322), 10.873,0.1982) , 0. 9240,0. 1577}, (0.9458,0. 10731,
$(0.9797,9.0828) /
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DATA FXX/10.,0.), (0.5195,0.00251 , (0, 3355, ~0,0645) ,
$40,2187,-0.0757), 10,127, -0.068) , 10,0638, -0. 05061 ,
£10.0245,-0.0294), (0. 0093, ~0. 0163}/

L=ABS(IF)

1F (X.6T.5.5060 T0 1

1FX.6T.0.3160 T0 10

CY  SNALL ARGUMENT FORM

FFET=(11.253, 1, 253 $8ARTAX)- (0. , 2, } ¥3-0, 656TEXAX) SCEXP(CIRH)

50 70 20

€t LINEAR INTERPOLATION RESION
1000 it %=2,7
H o IFCLUT.XICO0Y B TO 12
12 FRECTSFXLINYBOL-XXND 4FE (M)

80 T0 20

£t LARGE ARBUMENT FORM
| FFCT=1.+CHPLY(-G.75/%,0.5)
20 IF{YF.BE.0.) RETURN

FECT=CONIBLFFET)

RETURN

END
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SUBROUTINE WOF{D,R,PHR, PHPR, 5BB, F¥)
cs
1 THIS SUBROUTINE COMPUTES THE FIRST ORDER WEDGE DIFFRACTEON
¢t COEFFICIENT.
£
COMPLEX D{4),CT,TERM,FT(4) ,FFCTL, EFFCTY
DATA CT,UTPL/{-0.05626977,0.05626977), 0. 15915494/
DATA PI,TPY,SML/3. 14159245, 6. 28318531, 0,001/
IF (FN-0.5.LT.54L160 16 10
DEL=TPISR
UFN=1. 7N
BETAR=PHR-PHFR
TERM=CT/ {EN45BE)
sei=1,
1=0
7 =ld
DN=UFNS (0, SASEH+UTP TIBETAR)
N=DN+SIEN (0.5, )
ANG=TPISFNSH-BETAR
£=2. 1 (COS40. 5EANG) 1 442
=DELA
Y=PT+SENIBETAR
TFIABS{X) LT, 1.E-10160 T8 3
FTAT)=-FFCTL(X1/ {2, SFRECOS (0. SEYRUFNY ) $32)
$EFFCTH (1) /TANA0. SEYIUFN) $TANO. SEANG)
B0 T0 4
FTtTi=id.,0.)
1F(RBS{COS (0. 58YSUFNH) LT, 1,E-3160 10 4
FT41}=(1.7725, 1. 7725 S5 TGN SORT (DKL), V)
FTAT}=(FTLT1-(0, , 2.  $DKL 1 {PI-GENEANG) | FN
4 SGN=-5EM
DATI=TERMEFTAT)
1F {SEN.LT.0.160 78 2
BETAR=PHR+PHPR
IF{1.LE.3160 10 2
DI=TERME(FT{114FT(2))
L DR=TERME(FT(SI4FT{4))
RETURN
10 005 I=t,4
5 BIi=i0.,0.)
10 Di=i0.,0.1
£ DR={0.,0.}
RETURN
£ND
COMPLEX FUNCTION FFETE{YF)

<

o3

£
£4  THIS ROUTINE COMPUTES THE HEDGE TRANSITION FUNCTION,
£

COMPLEX FXX(R),F1(8},C

DINENSION X1{8)

DATA X¥/.3,.5,.7,1.,1.5,2.3,4,,5.5/

DATA CI/40., 1.0/

DATA FX/10.5779,0.2677), 10,4768, 0, 2682), 10,7439, 0.2549)

$(0.8095,0.2322), 10.873,0.1982), {0.9240,0, 1577}, 0. 9658,0. 10731,
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o

1
10
it
12

%

20

1
t1
£

£z

i
10
it
12

o

Y

£60.9797,0.0828)/
DATA FXX/(0.,0.),10.5195,0.00251, (0, 3355,-0.0665) ,
£10.2187,-0.07571, (0. 127,-0. 068}, {0.0638,-0.0506},
$40.0246,-0.92961, 40,0093,-0. 0163}/

1=ABS{1F)

IF(X.67.5.5160 T0 {

IF{X.B7.0.3)60 10 10

SHALL ARGUMENT FORM

FRCT1={41.253,1. 2031 4SGRT (X} - 40, , 2. 1 8X-0. 66671 ACEXP (LIAN)

60 10 2

LINEAR INTERFOLATION REGION
DO 1t N=2,7

IFLAT. AN 6B D 12
FEETE=FXX (NI B {X-XX (N} JeFUEM)
50 18 20

LAKGE RRGUMENT FORRW
FECTi=1. +CHPLY (-0, 75/%,0.54 /%
1F{YF.GE.9.} RETURM
FFETi=COMIG(FFLTY)

RETURN

ERD

CORPLEX FUNETION EFFCTI(IR)

THIS ROUTINE COMPUTES THE WEDSE TRANSITION FUNCTION.

EOMPLEX FY1(B),F118),C3
DINENSION $X18)

DATA ¥87.3,.5,.7,1.,1.5,2.3,4.,5.5/

DATA €3/16.,1.3/

DATA FX/10.5729,0.2677), (0.6768, 0. 2682}, 10,7439,0. 2549},

110.8095,0.2322), 10.873,0. 1982}, (0, 9240,0, 15771, (0. 9438, 0. 1473},

$40.9797,0.0828}/ .
DATA FX1/ . ,0.),10,5195,0.0025), {0.3335,~0. 0463) ,
1102187, -0.0757), (0. 127,-0.068) , 10,0638, -, 0506} ,
$40.0246,-0,0296) , (0.0093,-0. 0163}/

$=ABS{YF)

IF{Y.67.5.5168 10 1

IF{X.67.0.3160 70 10

SHALL RASUMENT FORM

EFFCTi=(0,5441.253, 1 253MSERT{X)- 0. , 2. ) 8X-1, SI4RURNCERP (CIAN) +
10411253, 1. 253) $SERT (X}~ (0. , 2. ) 0X-0. 666THNAX) SCEXPICIRNI 10X

88 10 20

LINERR INTERPGLATION REGION
BB 11 N=2,7

IFCLLLTMXIRY) 60 18 12
EFFCTI=FIN RIS

B8 16 20

LARGE AHEUMENT FORM
EFFCTI=0,S4ENPLY (3. /X, -1 14X
IF{XF.BE.0.) RETURN
EFFCTI=CONIGLEFFCTY)

RETURN

EXD

91



APPENDIX D

In this appendix, the radiation pattern of a quarter wavelength
monopole mounted near the edge of a conductng haif-plane s
investigated. The wire radius is 0'.001>\. The current
distribution i~s obtained using the MM-UTD method. The pattern
due to the known current distribution is calculated using the
UTD. The wvertical piane and horizontal plane patterhs are given
for different values of d, the edge-monopole separation of O0.2A,
A, Z2A, 3\, 4N and 5A, respectively.

It is observed that beyond of the edge does not 'significantly

alter the radiation pattern.

‘ . ¥ e
Yoksekdgretim Ruruld
Dokiimantesyon Merkeu!
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COMPUTED VERTICAL PLANE PATTERN OF A A/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF~-PLANE (dB).
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COMPUTED HORIZONTAL PLANE PATTERN OF A A/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF-PLANE (dB).
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COMPUTED HORIZONTAL PLANE PATTERN OF A A\/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF-PLANE (dB).




:0dB

138

bm

=

-4

COMPUTED HORIZONTAL PLANE PATTERN OF A A/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF-PLANE {dB).

2\




180
COMPUTED HORIZONTAL PLANE PATTERN OF A A/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF-PLANE (dB).

.

S R b ot ln.lwfp.u..rta\..\!(:..z. A o 4 A A 2 T A b i o 2 0

Q0

3




COMPUTED HORIZONTAL PLANE PATTERN OF A A/4 MONOPOLE

MOUNTED NEAR THE EDGE OF A HALF-PLANE (dB).
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