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ABSTRACT

This thesis investigates the viability of a new method

for numerically computing the input impedance and the currents

on simple antenna structures. This technique considers the

antenna between two ground planes and uses multiregion

cylindrical harmonic expansions with tangential field con-

tinuity to obtain the surface currents and input impedance.

The computed results are compared to the results obtained from

the Numerical Electromagnetics Code for various physical

parameters to assess computational accuracy.
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I. INTRODUCTION

There are a number of methods in use today that numeri-

cally solve for the currents on simple wire antenna struc-

tures. The majority of these methods utilize an integral

equation solution to Maxwell's Equations which also match the

boundary conditions on the structure and satisfy the radiation

conditions for the radiated fields. One of the most widely

used implementations of the integral equation method is the

Numerical Electromagnetics Code (NEC) [Ref 6). This program

has been proven to be highly accurate for antenna structures

that can be modeled using individual wire segments or surface

patch elements.

A new method is presented here which does not rely upon

an integral equation formulation. This technique encloses the

antenna structure between two parallel ground planes, as an

approximation to the free space condition, to allow a partial

field representation using a periodic Fourier series. In the

initial investigation being reported here, the simple monopole

radiator is being considered. In such a case, cylindrical

regions are established around the structure and the harmonic

expansions of the magnetic and electric fields are matched

along the regional boundaries to solve for the unknown

' '" '• I I l I II I I1



expansion coefficients. These coefficients are then used to

compute the current imposed on the surface of the antenna.

This project began as a search for the viability of

computing the currents on a top loaded monopole between two

ground planes using cylindrical harmonic expansions in three

regions. After a number of weeks of inconclusive results, it

was decided to look at the simpler case of the monopole

antenna between two ground planes as presented in Chapter 2.

During the validation of the code, as presented in

Chapter 3, it was found that the number of terms used in each

region can be reduced by as much as 90% and still yield

consistent results for the surface current and input im-

pedance. However, the representation of the electric field

along the surface of the antenna is highly inaccurate when the

number of terms are insufficient to adequately represent the

field. This phenomenon will be discussed in Chapter 4.

Additional research revealed that a simpler method could be

used that would remove the requirement for one complete

expansion. This is presented in Chapter 5. Finally, con-

clusions and recommendations are presented in the last

chapter. In addition, Appendices are used to contain much of

the detailed descriptions of the computer algorithms and

resultant programming for this effort.
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A. METHOD USED

The general approach is to place the antenna structure

being analyzed between two perfectly conducting ground planes

and divide the surrounding area into a number of cylindrical

regions, using a cylindrical coordinate system, that coincide

with the natural boundary interfaces of the antenna as shown

in Figure 1. The upper ground plane is introduced to com-

pletely close the regions and produces multiple images, each

identical to the previous image but with opposite polarity.

Once the regions are defined, we start by obtaining the

solution to the complex scalar Helmholtz equation. Then, by

Ground Plane

I

- I
Region I

0

2a- I

h

Grcund Plane

Figure I The Unloaded Monopole Antenna Structure
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using an harmonic expansion of the resulting scalar wave

function, 0, we write an expression for the vector electric

and magnetic fields in each region. The tangential component

of the electric field, as approximated by the truncated

expansion in Region I, is set equal to the "known" field in

the gap and set equal to zero along the cylindrical surface

of the perfectly conducting monopole. The tangential electric

and magnetic field expansions are then matched across the

boundary interface between Regions I and II. The resulting

set of equations is reduced to a system of one equation with

one unknown by sifting out some of the coefficients using the

orthogonality principle of Fourier moment integrations. The

resulting system is then solved for the remaining set of

unknown coefficients. These coefficients are then used to

compute the current distribution along the surface of the

antenna. To validate the source rode, the results are then

compared to those obtained from the Numerical Electromagnet ics

Code (NEC) to ascertain computational accuracy.

B. ASSUMPTIONS MADE

In order to simplify the derivations, assumptions were

made regarding the electric characteristics along the ground

planes and the surface of the antenna structure, and the

electric field produced by a driving source of constant

frequency. First, the ground planes are modeled as perfectly

4



conducting ground planes of infinite dimension. In reality,

a ground plane can be considered to have infinite dimension,

for purposes of antenna current calculations, if it is larger

in dimension than about 10 times the size of the antenna [Ref.

1]. Additionally, the electric field produced by the driving

source is considered to be of constant magnitude within the

gap region. This is a standard source model employed in

integral equation modeling of antenna structures, [Ref. 1].

5
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II. COMPUTATIONAL PROCEDURE

This chapter will present the mathematical background

required to solve for the currents and the input impedance on

a simple monopole antenna structure using cylindrical harmonic

expansions. The final solution will be reduced to a system

of one set of unknowns which will be solved using a digital

computer system. An overview of the software code used,

including error detection, hardware requirements and a brief

discussion of the input and output file structures will also

be presented. Details of the algorithm implementation are

relegated to Appendices.

A. THEORETICAL TECHNIQUE

The antenna structure shown in Figure 1 (page 3) is

orientated within the cylindrical coordinate system as shown

in Figure 2. We begin this development with the complex

scalar wave equation, known as the Helmholtz equation, given

in cylindrical coordinates as [Refs. 2, 3]

V 2V(p,z)+k 2 (p,z)=O (Eq. 1-1)

where 0 is used to denote the electric type Hertz potential

and not the magnetic flux [Ref. 3]. Expanding this equation,

and noting that the structure and the fields are assumed to

be axisymmetric, one obtains the following:

6



Z

Ground Plane

(p.Z

h

d 
)'p

Ground Plane 
X

-y,

Figure 2 Cylindrical Coordinate System

2
I + V + +k 2 =0
ii p D I1 2

p P ! PK)(Eq. 1-2)

Utilizing axisymmetry, the transverse magnetic (TM)

solutions are given in cylindrical coordinates as [Ref. 3]

2

E~1 V H =0
p =0

Ez aI +k 2 Hz =0
Y 3

(Eq. 1-3)
where

y =j woe

(Eq. 1-4)
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The following boundary conditionons must be satisfied:

" The electric field tangential to the ground planes must
be zero (E, = 0).

" The electric field tangential to the top of the antenna
structure must be zero.

* The tangential electric field along the antenna structure
must be zero (E, = 0).

" The electric field along the gap distance d must be a
constant value (E, = -Vld).

" The electric and magnetic fields must be continuous
across the boundary between the two regions above the
antenna structures (E,, H#).

• The radiated fields in Region I must be purely outbound
at large distances from the antenna and must satisfy the
radiation condition that E, = v0H#, where 0 = 377n.

Using separation of variables, where the product solution

has the form 0 = R(p)Z(z), one obtains the following equa-

tions: [Ref. 3]

P !L(PdR 1+ L(kpP p) 2 =0
dp dp)

dZ+k 2 Z =0

dz2  (Eq. 1-5)

The first equation is recognized as Bessel's equation of order

n. The solutions to Bessel's equation are represented by any

of several special functions, including [Ref. 3]

Jn(k"p) ,Y.(kpp) ,H.(') (k1,p) ,Hn(2)(kpp) (Eq. 1-6)

8



where J.(kp) and Yn(kp) represent Bessel functions of the

first and second kind of order n, and H(' 1 (kp) and H.(2'(kpp)

are Hankel functions of the first and second kind of order n,

where H = J n J Y.- As any two of these functions are

linearly independent of each other, the solution to Bessel's

equation can be represented as a linear combination of any two

of these functions. The solution to the Z equation is a

linear combinations of harmonic functions of the form eikz and

e- , k z .

Using these results, the desired solutions to the Helmho-

ltz equation becomes

y,(p,z) = (2) (kP p) cos (k, z)

(Eq. 1-7)

where

k2 +k2= 2

2

(Eq. 1-8)

and where k. is defined as the wave number, co the angular

frequency, p the permeability of a vacuum (4v x 10-1 H/m) and

c the permittivity of a vacuum (8.854 x 10-12 F/m). Acceptable

quantized values of k. are found by substituting the product

solution into Equation 1-3 and setting E. = 0 on the upper

ground planes in Region I while enforcing E, = 0 on the upper

9



ground plane and the top of the antenna in Region II. This

gives, respectively,

k. =n in Region I (Eq. 1-9.a)

k, ni in Region II (Eq. 1-9.b}
n 1-h

It should be noted here that the trigonometric terms used in

Equation 1-7 will uniquely satisfy the first three boundary

conditions listed previously for each term in the series.

For large arguments, the Bessel and Hankel functions

listed above closely resemble harmonic functions. As seen in

Table I [Ref. 3], J.(kp) and Y,(kp) are analogous to cosine

and sine functions respectively, while H. ')(kpP) and H"121(k"p)

are related to complex exponential functions. Therefore,

Bessel functions can be used to represent standing waves,

while the Hankel functions describe travelling waves; specifi-

cally H,,(' represents inbound waves while HC2) represents

outbound waves. Using these properties, the potential field

in Region I can be written as the product of Hankel and cosine

functions where the cosine term implicitly satisfies the

tangential electric and magnetic field boundary conditions.

Because the higher spectral bandwidth of the potential

field generated by the gap voltage was expected to require a

larger number of terms in the Fourier series expansion than

10



Table I PROPERTIES OF SOLUTIONS TO BESSEL'S EQUATION

SI !
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_ _ _ I 1 _. _ _

I II*'

111

I I



that of the quasi-singular field at the erd of the antenna,

the total field in Region I was separated into two parts as

shown below

00 cc

V/inZ 'H()XzI ' (2) (Imr)Co MI,/,(pL)= alHo (vnp)cos + I -bmH (VmP)COS----

n=0 m=0

f= +Vb
(Eq. 1-10)

where

2
V,= k 0 -

(Eq. 1-11)

In Region II, the potential field is constrained as a

standing wave and can be expressed as

V pp,z )= cJ0 (U n P) COSjj!IqEt z -h)
= 0 (q J Eq. 1-12)

where

U= Vk°'k q

(Eq. 1-13)

and q = I- h.

Using Equation 1-3, the electric field component at the end

of the antenna is approximated by the truncated expansion

12



N 2 (2) cos n rz

=aV a nH 0 (ac Z-

n=0

0, for O-gz Sh

I N 2  r "n z -h] for h :5 z 5 1

u;z ncn Jo(una)cos X f, z
n=0

(Eq. 1-14)

and the electric field due to the gap voltage is given by

(2 - Ir(a,z) ~ V VbmHo (vma~ .~ 2(2 Ii)

--- O- for 0:5z :d q -5

O, for d!z <I
(Eq. 1-15)

where N, represents the number of terms to be used to in

Region I, N2 for Region II, and M, for the electric field

component due to the gap voltage.

The last boundary condition to enforce is that the

magnetic field be continuous across the interface of Region

I and Region II. Again using Equations 1-8, 1-10 and 1-12,

and setting H#'(a,z) = H#"(a.z), an expression for the phi

component of the total magnetic field can be written as

13
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NJ

H# (a'z v ,, Hi1 (v) y)cos n Ir
n=0

+~ vm bmlH()vma cos MI /
m =0

IU. .JI (u) cos [ -h-

nfiO (Eq. 1-16)

Equation 1-16 can be reduced to one set of unknowns by solving

for the coefficients b, analytically and using this result to

solve for the c. in terms of bm and the unknown a,'s. This is

accomplished by sifting out the desired coefficient using the

orthogonal property of Fourier moment integrations which can

be defined over the regions where the fields exist as

0, m On

I - COs ! 1 -S cos dz n * 0

0 1, m =n =0

(Eq. 1-17.a)

0, i n

f2 , (-h . z-h )) dz =, m =n *0
IM  f cOS • - Cos •

q, m =n =0

(Eq. 1-17.b)
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IMn3  =Cos - dz (d)sin-'M 0

(Eq. 1-17.c)

Applying the integrations to both sides of Equation 1-15, the

b, coefficients can be solved for in terms of known functions

resulting in an expression for the terms in the second

summation of Equation 1-16, as shown below:

M I 2

XVm bmHO (Vma Cos m Cos
o 1 ) CO~dzdz

"~~ 7 "Y- Cos

(Eq. 1-18)

Therefore,
2

(Eq. 1-19)

which can be rearranged to give

v,, b,, H 1 2) vn a)- j(OE 0 VO n I,, j,3 ~ va)
V" d () in H O2 (va) (Eq. 1-20)

By applying the Fourier moment integrations to Equation

1-16 then substituting in the expression for b, (Equation

1-20), the cn term can be written as

15



2 cJ a)=u J o (u,,a) Nt vkakH (2)

- nM 1 1 )'k H a) (va

MO (1) (2) Tn
k k H I H(vka) )

(Eq. 1-21)

where

I.. (-y-)cos Jf (z -h )dz

h

k 7r

( { 7r 2 n( i 2 } s)

(Eq. 1-22)

We now have one equation with two unknowns. A second expres-

sion for the unknown a.'s can be obtained by applying the

moment integrations to the Equation 1-14 such that

V, vanHO ( (va)J O m z
n=Oo

N o2 I rzt !  I~z

= 2 CnJ (ua) cos(n(zh cos (- dz
= 0 fq

(Eq. 1-23)

16



which gives

2 NZ

vmamnllj2 (vma)M 1 I n ,Cn JO (un a) Tmn
n=0

(Eq. 1-24)
Rewriting Equation 1-21 yields

N,

Un n J,(, )I YVkakH k)Tf

k=O

M, 'k I a
0 ~ X (2) Tk~nk =0 Vk k HO (vt a)

(Eq. 1-25)

Substituting this result into Equation 1-24 yields

2 () a) I Un (2)(2m am H 0 = 0k

N 2 (3) (2V
E Lo T mn (,, . k H Ikta)
0Id (2) (2., ) (2) T,i (2)0 na) k -0 Vk I(1) H o(Vka)

(Eq. 1-26)

Collecting terms and rewriting yields

17



N1 ak (2) (V, a) u,,JO (u,,a) T. T k -, 2 (2 1k0 45 11ua vLmlkai
= Ik O ai (Ja f. a

= I N0 XUnJoJ (Unak)n
_cO-d Io r()H(2) " A)  d -. ,O(2,)m,,.

k=o Vk k 0 (vkA ) n=O i J (u, a)

(Eq. 1-27)

This can be written in matrix form as

N,

I Amkak = Bm for m =O,N,

k=O {Eq. 1-28)

where

Am,, =VtHI (via)Pm, m k

Am,m =vmMH( 2 (Vma)Pmm - VmH 2 ) (vma ) l )

Bm ~ IjkC~ H, kl vka)Bm =jE o  ... (1) (2) Pm,k
k=0 vkk Ho )(VA a

(Eq. 1-29)

and

N 2

un Jo(u.n a ) T m,n T k,n.m|k 1gt= (2)-
n=0 l &,,2~J ua) (Eq. 1-30)

The current as a function of distance along the antenna

is then computed by

18



I (z)=2;ra Ht(a,z) ford <z <h

=2yr a vnan H I )(vna ) cos

V 0 M f (3 )H (2)(Vn a)

m = m0M  OH (Vm a)

{Eq. 1-31)

The input impedance is then given as the ratio of the gap

voltage Vo to the current at the end of the gap

V 0

Z~fI (z =d) (Eq. 1-32)

B. SOFTWARE OVERVIEW

The computer program was written in FORTRAN 77 and was

designed to run on an MS-DOS compatible system with a numeric

coprocessor and 460 kilobytes of available memory after the

disk operating system in loaded. If the numeric coprocessor

is not available, the source code could be recompiled to

emulate the specific coprocessor calls. The user would notice

a dramatic increase in run time, but as all calculations are

done in single precision, the accuracy should not be affected.

The program code is divided into two separate programs.

The first program, called MONO.FOR, is the main program that

19



calls a number of subroutines in SUBS.FOR. Variable names

used in the program code closely follow those used in the

theoretical development. Each variable is explicitly declared

in each subroutine and array sizes are kept to a minimum to

reduce required memory at run time.

The first section of code in MONO.FOR is used to input

the physical parameters using either an unformatted ASCII data

file as shown in Appendix E or by entering the values from the

keyboard. In each case, measurements may be entered in either

wavelength or meters. If a data file is used, the first line

must be either a "w" or "mi", and may be either upper or lower

case, to distinguish between wavelengths or meters. Unit

number zero was used for all READ statements, which allows use

of the program in a batch mode where all inputs and screen

directed outputs can be redirected by standard DOS methods.

However, the use of compilers other than MicroSoft Fortran

(Versions 4.01 or 4.1) may produce compiler errors when using

this designation. The user should consult the specific

compiler manual for details on unit designations.

Before prompting the user to identify the output file

name, the program checks for two conditions that will produce

inaccurate results. The first condition is when the upper

plate height is a multiple of one half wavelength. Physical-

ly, this condition will allow resonant cavity modes between

the plates, introducing instabilities in the numerical

20



solution. The mathematical basis for this can be easily

shown. When the upper plate height is a multiple of half the

wavelength, v, will become zero for certain values of n. As

can be seen in Table I, the value of a Hankel function ap-

proaches -jo as the argument approaches zero. This test

occurs in the main program and supplies earlier error detec-

tion. The singularity is not checked for in the subroutine

that computes the Hankel functions (HANI) found in SUBS.FOR.

The second condition that is tested is when the distance

of the top ground plane above the antenna, designated q, is an

integer multiple of the antenna height. This is similar to

the previous case in that a resonant area is present between

the antenna and the upper ground plane. However, in this

case, the value of u,, which appears only in the Pmk matrix,

becomes zero for multiples of the ratio h to q. Figure 3

illustrates the behavior of the Bessel function for a range

of arguments [Ref. 4). The zero order Bessel function, JO,

is finite for small arguments; however the first order Bessel

function, J1, (found in the denominator of Equation 1-30)

rapidly approaches zero as the argument approaches zero,

causing the errors.

In an effort to reduce computation time at the expense of

memory requirements, several arrays are dynamically loaded so

that the values may be easily extracted to fill the system

matrix Amk and the driving vector B,. These include the

21



1.0

-0.5

Figure 3 Bessel Functions of the First Kind

values for the Fourier moment integrations, the Bessel

function values and the mk matrix. The T matrix has dimen-

sions of M, x N, and consists of terms from Equation 1-23.

The I matrix has dimensions of M, x 3 where the column

positions correspond to the three equations in Equation 1-18.

The Ja and P*.k matrices are loaded in the subroutine ALOAD and

passed back to the main program. The Ja matrix is M, x 4 in

size where the column positions represent the following

values:

22



Column Position

1 u. *J. (u.a)

2 J1 (i a)

3 v. * H, (v. a)

4 (V) 2 * H. (V. a)

For large values of N1, N2 and MI, about 60% of the total

computation time is involved in filling the last temporary

array, the P,.k matrix. This array is dimensioned to N, x M,

and uses values from all three arrays for each location. By

filling these arrays first, the computation time was decreased

by an average of 85%, however the memory required increased

by 300%!

Once the system matrix and driving vector are stored in

memory, it is a simple task to solve for the unknown as's

utilizing the back substitution method. First the matrix is

upper triangulated by performing an L-U decomposition, with

pivoting, on the A.k matrix using the FACTOR subroutine. Once

this is accomplished, the SOLVE subroutine calculates the

eigenvalues by back substitution.

To maintain the convention that an outwardly travelling

wave has a negative imaginary exponential argument, the CSR

function was included in SUBS.FOR. Since not all compilers

would return a negative imaginary value from the square root

algorithm when the argument is a negative real value, the CSR
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function insures the -j component of the square root of a

negative argument is returned.

The subroutines that compute the Bessel and Hankel

functions for complex arguments and the matrix solution

algorithms were supplied by Professor Michael A. Morgan of the

Naval Postgraduate School. The Bessel and Hankel subroutines

utilize the direct power series method for small values (less

than or equal to five for the Bessel subroutine and six for

the Hankel subroutine) and Hankel's asymptotic formula for

larger values.

The output is directed to a user specified file on any

drive or subdirectory as long as the entire string is less

than 25 characters. Longer strings will truncate the extra

characters without warning. Printed output includes all input

variables including the number of coefficients chosen for

Regions I and II and for the gap voltage expansion. Length

measurements are reported in both meters and fractions of a

wavelength. The system eigenvalues are then printed followed

by the position number, distance from the end of the gap and

magnitude and phase of the computed currents, up to the upper

plate height. Finally the input resistance and reactance is

computed and printed to the file. Sample input and output

files are listed in Appendix E.
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III. VALIDATION

In order to validate any computational algorithm, one

must establish the accuracy obtained by comparing the computed

results against either experimental data or another widely

accepted software package that has been proven to be accurate.

For this case, the logical choice was to use the Numerical

Electromagnetics Code to calculate the input impedance and

current distribution for a range of different physical

structures and compare these results against those obtained

by MONO. From this point, the program sensitivity will be

examined for various ground plate spacings, antenna lengths

and radii. Chapter 4 will investigate the effect that

reducing the number of modal expansion terms has on this

accuracy.

A. THE NUMERICAL ELECTROMAGNETICS CODE

The Numerical Electromagnetics Code (NEC) is widely

accepted as an accurate method of computing the antenna

currents, input impedance and radiation patterns of antennas

that can be modeled using wire or patch structures. NEC

calculates these values by solving integral equations for the

currents imposed on the structure by a voltage source or an

incident electromagnetic wave. The structure is best modeled
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by straight wire segments that should be less than ten percent

of the operating wavelength and conforms to the physical

geometry using a best fit approach. [Ref. 6, p. 3)

The user supplies NEC with a formatted data file that

specifies the location of the structure in the rectangular

coordinate system, the number of segments used to compute the

results, the driving source location and output parameters and

the existence and characteristics of a ground plane in the XY

plane. Because of the infinite number of images produced by

a pair of perfect ground planes, the user must also construct

enough images with the proper driving voltages that will yield

consistent results. NEC then calculates the segment length,

and uses this value as the gap distance between the ground

plane and the base of the antenna. The currents are calcu-

lated at the midpoint of each segment vice at the ends as is

done in MONO.

NEC uses two approximations in the calculation of the

electric field, the thin-wire kernel and the extended thin-

wire kernel. The thin-wire kernel can be used when the

segment length to radius ratio is greater than 8, while the

extended wire kernel is accurate when this ratio is at least

2. Since NEC sets the gap distance equal to the segment

length and accuracy is improved if the segment lengths

(especially across a boundary) are of equal size, setting the

gap distance equal to the antenna diameter forces the segment
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length-to-radius ratio to be equal to 2. Additionally, this

gap distance is consistent with the requirement for a constant

electric field potential inside the gap region. Therefore,

the extended wire kernel, which uses a uniform surface current

along the segment length and assumes no variation of the

currents along the 0 direction, will be used for all valida-

tion runs. These approximations also support the basic

assumption of the TM mode dominating the currents on the

monopole. For the conditions listed above, NEC's accuracy is

within 1% of experimental results. [Ref. 6]

B. COMPARISONS MADE

The first goal will be to determine the minimum number of

reflections that must be assembled in the NEC data set to

obtain consistent results for a quarter wave antenna struc-

ture. From this data, an appropriate number of reflections

will be used that represents consistent results while reducing

the calculation time for all future runs. This will be

followed by demonstrating consistent results for various

ground plane spacings. The upper ground plane was introduced

to establish a closed region. The upper plate should, if far

enough away from the antenna, have little effect on the: input

impedance and antenna currents for distances that are not

exact multiples of half the wavelength. Again a value of I

will be selected that represents reliable results but reduces
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the calculation time required for MONO. The antenna radius

will then be adjusted over the range of 0.005A to 0.02A

followed by variations in the antenna height for a selected

radius.

For all MONO calculations, the number of modes used in

Regions I and II (N1, N2) will always be set to 60, while the

number of modal expansion terms used for the gap field (Ml)

will be set to two times the upper plate spacing to gap

distance ratio. Chapter 4 will further investigate the

accuracy of the results as a function of the number of modes

used. A preliminary check for consistent results can be

obtained by evaluating the differences in the input impedance

results. But these values may differ slightly since NEC

calculates the current at the midpoint of each segment instead

of at the ends of the segment as is done in MONO. Addition-

ally, since the first segment used in NEC is the gap distance,

the input impedance is actually calculated for a point not on

the monopole but in the center of the feed region. In

comparison, MONO calculates the input impedance at the base

of the antenna. The effect this has on the comparisons will

be discussed later in this chapter. Additionally, these

differences may be emphasized since the magnitude of the

current at the end of the gap region can be quite small so

that even small differences in the calculated values will

yield relatively high differences. Therefore, to better
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assess the accuracy of the results, the calculated current

distribution along the antenna will be compared graphically

with that obtained from NEC.

C. RESULTS

Since the ground planes used to divide the area into

regions create an infinite number of reflections, one must

first examine the minimum number of reflections required to

obtain convergence to the half space case, having no upper

ground plane. For this set of runs, the antenna is 0.24X high

with radius of 0.01A and the upper ground plate was placed 1.4

wavelengths from the lower plate. Appendix F has a complete

listing of some of the NEC data sets used for the validations.

It should be noted that the distance between the lower plate

and the center of the reflected dipole is equal to twice the

plate spacing. This is due to the complete imaging, including

the lower ground plane, of the physical structure from the

upper ground plane. One can see from Figure 4 that adding a

second reflection does not change the current distribution by

any appreciable amount, therefore one reflection will be used

for all further validations.

Now that a baseline data set has been decided upon, the

effects of various plate spacing, antenna heights and radius

will be examined. The first item to look at will be the

effect the plate spacing has on the current distribution and
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the calculated input impedance. Table II shows the numerical

results for an antenna of height 0.24A and radius of 0.01A

placed between ground planes that are spaced 3.1, 1.4 and 0.81

Table 11 RESULTS FOR VARIOUS UPPER PLATE SPACINGS

Plate NEC MONO % Diff.
Spacing Rin Xin Rin Xin R X

3.10 A 44.63 13.35 42.65 13.14 4.64 1.60
1.40 A 44.90 13.97 43.14 13.95 4.08 0.14
0.81 A 43.51 14.84 44.67 13.84 2.66 6.74

wavelengths. Figures 5 through 7 show the current distribu-

tion for each of the above cases. While none of the results

exceed acceptable limits, the case of I=1.4A is closer to the

results computed by NEC and will be used as the baseline for

further comparisons. It should be noted here that while the

example values selected for the plate spacing have little

effect on the result, the plate spacing can not be an integer

multiple of a half wavelength. Likewise, the distance between

the top of the antenna structure and the upper plate can not

be a multiple of a half wavelength. Physically, these

configurations would present the ability to support resonant

modes that do not require a driving source. In reality, this

condition will not exist as there is always a source of

resistance which causes all modes to decay in time. However,

the first condition will exist numerically where H0 (2) ap-

proaches negative infinity when v, (Equation 1-11) equals
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zero. By replacing the wave number k. with 21/A, then P. is

zero when the plate spacing I is an integer multiple of a half

wavelength. A similar condition will also occur when the

distance between the top of the structure and the upper plate

is a multiple of a half wavelength. In this case, J, found in

the denominator of Pm,k (Equation 1-30) is zero when u, is zero.

The program code will alert the user to both conditions and

halt execution.

The next variable to consider is the antenna height. For

extremely short antenna structures, the current decays almost

linearly along the wire from its initial value to zero. When

the antenna is about one quarter wavelength long, the current

distribution takes on the familiar cosine shape. As the

antenna length approaches one half wavelength, the distribu-

tion approaches a sine wave shape and the input impedance

approaches infinity as the current approaches zero.

Table III lists the results when the structure is placed

between the two ground planes spaced 1.4A apart for various

antenna heights and radii. In the case where the antenna

height approaches a half wavelength, the percent difference

in the input impedance values appears to be large. This can

be attributed to the differences in the location on the

structure where the input impedance is actually calculated.

This disparity combined with the low magnitudes in general can

lead to alarming discrepancies with the NEC results.

35



Table III NEC, MONO RESULT COMPARISONS FOR VARIOUS h AND a

Antenna (A) NEC Mono % Diff
h a Rin Xin Rin Xin R X

.12 .005 6.6 -137.9 7.4 -148.7 10.7 7.3

.24 .005 42.0 12.4 40.6 10.8 3.3 14.8

.48 .005 254.8 -285.0 339.9 -281.7 25.0 1.2

.12 .01 7.7 -104.6 9.3 -118.2 17.8 11.5

.24 .01 44.9 14.0 43.1 14.0 4.0 0.1

.48 .01 177.7 -203.8 264.8 -199.9 32.9 2.0

.12 .02 9.8 -76.3 13.4 -92.2 26.5 17.2

.24 .02 47.9 13.4 46.1 15.9 4.0 15.5

.48 .02 129.6 -139.8 220.1 -120.9 41.1 15.6

Therefore, one must look at the current distribution to

accurately determine the differences in the computed results.

Figures 8 through 11 show that the differences in the

magnitude of the current distribution are within two percent.

Additionally, one could also compare the phase difference

between the two methods to further establish an acceptable

method of judging the accuracy. Figure 12 shows that the

difference between the phase of the current as calculated by

MONO and NEC is well within two percent along the entire

length of the antenna.

Another point that can be observed is the effect that a

change in the antenna radius has on the results. Once again

a review of the current distribution is required to accurately

assess the effect any errors would have on the far field

pattern; however one detail is evident. As the antenna
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becomes thinner the difference between the two results is

reduced. This effect can be attributed to the increased

resolution in the NEC results as the radii and, therefore, the

gap distance are reduced. Additionally, the approximation to

a TM current distribution along the surface of the structure

becomes more accurate with a thinner structure.

In review, it has been shown that due to the differences

in the methods, the best method to assess the accuracy of MONO

using NEC is obtained by comparing both the current magnitude

and phase distribution along the antenna surface vice the

input impedance values. Using this criterion, MONO is

consistently within two percent of the results obtained with

NEC for a variety of structures. Chapter 4 will investigate

the difference caused by reducing the number of expansion

terms and attempt to identify a minimum number of terms

required to obtain results that are consistent with those

obtained here.
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IV. CONVERGENCE CONSIDERATIONS

In any realizable computing machine where there is a

finite quantity of storage, the first question that must be

answered is the number of terms required to obtain accurate

results. If one uses too few terms, the results are er-

roneous. However, using too many terms can often lead to

inaccuracies as well. If the additional terms are small

enough to be approximately on the same order as the precision

of the computer, then the additional terms may actually

increase the error. To compound the problem, the additional

terms require additional memory and increase the time required

to compute the results. In investigating this question, we

will first examine the number of terms required for Regions

I and II (Nj and N2) followed by an analysis of the number of

terms required to represent the electric field in the gap

region (Ml).

A. MODAL TRUNCATIONS FOR REGIONS I AND II

In the previous chapter, the number of modes chosen for

the two regions was the maximum allowed in the program, namely

60. But is that enough? One could say that since the results

compare favorably with NEC, the solution has converged. A

more accurate approach is to increase the number of modes and
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compare the results. However, due to the memory limit of 640

kilobytes of addressable memory imposed by the compiler, the

source code was recompiled on a 80386-specific FORTRAN

compiler that allows for larger arrays and is only limited by

the available memory of the computer being used. Figure 13

compares the current distribution of a quarter wave antenna

that has the upper plate height set at a large value (3.1A)

for 60 modes and 100 modes. This additional information

proves that the system has converged to an accurate solution

with 60 modes and any additional modes are not required. The

effect reducing this number has on the accuracy will be

discussed later in this chapter.

B. MODAL NEEDS FOR THE GAP REGION

As mentioned earlier, the original approach was to expand

the electric field along the surface of the antenna in one

expansion between the ground planes as shown below

V0 for 0O! z:d

0, for d9z h
E z (a,z) =

uN cn Jo(una)cos ,'fr

Yn=O

(Eq. 4-1)
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However, this approach failed to yield consistent results and

a review of the source code showed no errors in the logical

design. Upon an examination of the electric field in Region

I, it was discovered that a very high value for N, would be

required in order to obtain convergence to the known field in

the narrow feed gap. It was believed that significant errors

in the electric field would cause inaccuracies in the result.

The errors in the results were thought to be caused by the

lack of terms used to describe the electric field. The

electric field in the gap region can be thought of as a step

function of short duration. In the frequency domain, func-

tions of this type occupy a large spectral bandwidth, requir-

ing many terms for the description. The large expected value

of N, would necessitate the inversion of a very large matrix,

thus making this approach inefficient. To avoid this problem,

a separate expansion for the constant electric field was added

to Equation 4-1 to form Equation 1-14.

Once again the number of terms required was the main

question. However, this field is known prior to the computa-

tion and the number of terms can be estimated using standard

Fourier analysis. The Fourier transform of a step function

is known to be a sinc function with zero crossings at multi-

ples of l/d, where d is the duration of the pulse. Each lobe

consists of impulse functions at intervals of the fundamental

frequency, f,, which equals 1/T,, where T, is the period of the
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pulse train. In this case, the upper ground plane causes a

reflection of the original structure, but with opposite

polarity, at a distance of 21 from the lower ground plane.

Therefore the number of impulses in each lobe of the sinc

function equals 21/d. This can be investigated graphically as

well. Figures 14 to 19 (pages 48 to 50) illustrate the field

computed for a structure with a gap distance (d) of 0.06

meters and upper plate height of 9.54 meters and fed by a

constant one volt source for various numbers of terms in the

series. As can be expected, when the number of terms are not

an integral multiple of Id, excess oscillations occur. It is

also important to note that as the number of terms increase,

the calculated curve approaches the ideal value at the

discontinuities, while the pointwise error along the rest of

the curve increases. However, the error in the least square

sense decreases. This is known as the Gibbs phenomenon. Near

a discontinuity for a large number of terms, the overshoot is

approximately 8.95 percent of the desired value, or -18.17

volts [Ref. 5 p. 557]. This value is reached when the number

of terms equals 31/d as seen in Figure 19, therefore addition-

al terms will not reduce the error at the discontinuities.

From these graphs, one can see that the number of terms used

to represent the electric field in the gap region should be

an integer multiple, less than or equal to three, of the ratio

of upper plate height to gap distance. An upper plate height
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Figure 15 Gap Field Representation for 159 Terms
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Figure 19 Gap Field Representation for 477 Terms
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to gap distance ratio of 250 was considered to be the maximum

desired. Therefore to insure the code would fit easily into

the 640 kilobyte limit, the number of terms used for this

expansion was set at 21/d. This was the value used for all

the validation calculations completed in Chapter 3.

C. EFFECT OF REDUCING N1 AND N2

If the number of terms can be reduced and still provide

consistent results, one can then decrease the size of the

internal arrays and reduce the computation time. For example,

by reducing N, by 50%, the computation time is reduced by

almost 48%, and when both N, and N2 are reduced by 50%, the

computation time is reduced by 71.5%! However, the current

distribution along the antenna is unknown, making it difficult

to calculate the number of coefficients required for consist-

ent results based on the input parameters. The results

obtained by independently varying N, and N2 are shown in Table

IV and are compared to the results obtained in Chapter 3 for

an antenna with the following physical parameters:

Antenna Height (h) 0.24A

Antenna Radius (a) 0.01X

Gap Distance (d) O.02A

Plate Spacing (1) 2.17X

Number of terms for 217
Gap Region (Ml)
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Table IV COMPARISON OF RESULTS AS N, AND N2 VARY
% Diff

Ni N2 Rin Xin Rin Xin

60 60 43.08 13.98 N/A N/A

50 50 42.70 13.50 0.88 3.43
40 40 42.80 13.10 0.65 6.29
30 30 41.60 12.40 3.44 11.30
20 20 41.20 9.80 4.36 29.90

50 60 42.20 12.50 2.04 10.59
40 50 41.80 11.30 2.97 19.17
30 40 39.90 8.60 7.38 38.48
20 30 35.60 -0.80 17.36 105.72

60 50 44.60 16.70 3.53 19.46
50 40 44.90 17.47 4.22 24.96
40 30 45.70 18.99 6.08 35.84
30 20 47.40 22.60 10.03 61.66

As expected, the difference in the input impedance increases

as the number of terms is reduced. However, the interesting

point is the effect that the apparent relationship between N,

and N2 has on the result. If N, and N2 are equal, acceptable

results are obtained for as low as 30 terms, while one must

use at least 50 terms if the values are not equal, to get

comparable results. A mathematical explanation for this

relationship is not yet understood and will be investigated

in future thesis efforts. Figure 20 represents the current

distribution as N, and N2 vary independently compared with the

result when N, and N2 equal 60.
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Comparison of the Current Distribution
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Figure 20 Current Distribution as N, and N. Vary

D. EFFECT ON ACCURACY AS M1 VARIES

As seen in the previous section, one can reduce the

memory requirements and computation time by reducing the

number of coefficients used in Regions I and II. Using

Fourier analysis, the user can calculate a value for the

number of terms required to accurately represent the electric

field along the gap (Ml). Since this value is much larger

than N, and N2, one could dramatically reduce the required

53



storage and speed up the computations by reducing M, to the

same order as N, and N2.

To demonstrate the sensitivity of the input impedance to

the number of terms used for the electric field along the gap,

one can compare the results against those found when N, and N2

are 60 terms and M, is computed as 21/d. Table V lists the

results for same antenna structure described on page 51. As

expected, the errors in the calculated input impedance begin

to increase as the number of terms are reduced. However, this

difference is not linear for all values of N1 and N2. In fact,

Figure 21 suggests an optimal number of M, terms, for given

N, and N2, exists which results in smaller differences between

the two cases. Since M, is a function of the gap distance,

Table V MONO SENSITIVITY TO (MI) FOR GIVEN N, AND N2

% Dif
Ni N2 M1 R X R X

60 60 217 43.08 13.98 N/A N/A
60 60 60 43.31 13.87 0.53 0.77
60 60 50 43.02 13.85 0.14 0.92
60 60 40 43.39 13.95 0.72 0.20
60 60 30 42.44 14.14 1.49 1.16

50 50 60 42.81 13.44 0.63 3.85
50 50 50 42.59 13.42 1.14 3.99
50 50 40 43.12 13.53 0.09 3.21
50 50 30 42.13 13.72 2.21 1.85

30 30 40 41.72 12.39 3.16 11.36
30 30 30 40.70 12.64 5.52 9.57
30 30 20 42.02 13.26 2.46 5.14
30 30 15 39.41 13.61 8.52 2.63
30 30 10 38.29 14.73 11.12 5.38
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the input impedances were recalculated when the gap distance

is reduced to 0.01A for selected values of N, and N2 as shown

in Figure 22. While this clearly demonstrates that an optimal

number of terms may exist that produces results which approach

those for large values of MI, N, and N2, a clear relationship

between the physical structure and these values are not yet

fully understood.

But how can the number of terms be reduced by almost 91

percent, and yet the difference is no greater than 5.13

percent? First, the basis for selecting the number of terms

used was based on obtaining accurate representation for the

electric field along the antenna. However, since the far

field patterns are derived directly from the currents, it is

the current that must remain consistent and not necessarily

the electric field along the surface of the antenna. From

Equation 1-31, we see that the current is derived from the HO,

or the first derivative of the potential field with respect

to p. However, the electric field along the z direction is a

function of the second derivative of the potential with

respect to z. Since the derivative process increases the

noise, or errors, it is evident that small differences in the

potential field may yield wide variations in the electric

field while the magnetic field, and therefore the current

distribution, may remain within accepted accuracy limits. To

prove this point, Equation 4-2 shows an expression that
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approximates the electric field along the surface of the

antenna by taking the second derivative of Equation 1-31 with

respect to z.

1 (z) =n2 2n - na H I()(va)Cos(!

dz M1 n=0

+jWE e! 21[m HIm3 42 (vma) Co (rZ1

0d(2) 1

M=O VMI (I) HIO (vma) h

(Eq. 4-2)
This equation can now be used to visualize the approximate

change in the electric field along the antenna for a given

number of modes M1. As shown in Figure 23, the change in the

magnitude of the current distribution when M, is changed from

217 (which equals 21/d) to 30 is negligible. However, Figure

24 shows the curves obtained from Equation 4-2 for the same

parameters as used in Figure 23. As one can see, the field

is accurately represented near the end of the wire, however

near the gap region, there are an insufficient number of

coefficients to accurately compute the fields in this region.

This refutes the original assumption that the electric fields

must be accurately represented to guarantee an accurate

current solution. Additionally, since M, can be on the same

order as the values used for N, and N., then the coefficients

used to describe the gap field and the field along the

structure can be combined into one coefficient. The next
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chapter will explore the theory and the differences this new

approach has over calculating a separate set of expansion

coefficients for the gap region.
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V. A SIMPLER APPROACH

During the early stages of the software development, it

was decided that a separate expansion for the constant

electric field in the gap region was required to obtain

consistent results for the input impedance and current

distribution along the structure. This decision was based on

the belief that large errors in the total electric field along

the structure would result in large errors in the current

distribution. However since the current distribution is

derived directly from the magnetic field, and is relatively

insensitive to the electric field, the number of terms used

for the gap region expansion was reduced to the same order as

those used for N, and N2 without introducing appreciable

errors. Noting this, the original method of describing the

system was reevaluated such that one could reduce the required

memory and speed up the calculations even further by combining

the a, and b, coefficients used in Equation 1-10 (page 11) into

one set of terms and by deleting the separate expansion along

the gap region entirely. This chapter will work backwards

from the technique presented in Chapter 2 and will note the

changes in the system equations resulting from this approach.

The resulting code, which will be referred to as MONO8, will

then be compared to the results obtained for the cases with
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the largest differences between NEC and the code using the

separate expansion (called MONO?).

A. MODIFYING THE TECHNIQUE

As was discussed in Chapter 2, the previous approach used

two expansions in Region I where p a. The first expansion

sets the tangential electric field to zero from the lower

ground plane to the top of the antenna. A second expansion

sets the tangential electric field to - Vo/d between the lower

ground plane and the feed point of the antenna and sets Ez to

zero from this point to the upper ground plane. Since the

Fourier transform of a sum is the sum of the transforms [Ref.

7], we can combine the expansions for the potential field in

Region I as shown below

(p~~z) = an H D" (v, p ) cos( -T-
V((Pz)=0v )s (Eq. 5-1)

n =0

where an equals the sum of the an and bm coefficients used in

Chapter 2. Again we match the magnetic fields across the

boundary between Region I and II such that

N1
H~a?~i~v1J(2) n nirzno az)L an H I (v,a) cos1

it =0

N 2  J (ua) cosJ[I( ,P) Co)] 5-2

n=0 (Eq. 5-2)
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By utilizing the orthogonality property of the Fourier moment

integrations used in Equation 1-15, the system equation can

be expressed As

(2) Vok H- (vma)I
V.ayHI(Vka) 4_(_, 12) }

0 (3)

(Eq. 5-3)

for ri= 0 to N1. This can be expressed in matrix form as

N,

I Am,kak = Bm for m =O,N 1
k=O

(Eq. 5-4)

where A.,k is given in Equation 1-29. As the bm coefficients

are now included in the an terms, the driving vector, Bm, is

reduced to
- (3) Vo

BM nY1M (Eq. 5-5)

Once the unknown an coefficients are found, the current along

the antenna, as a function of z, is now given by

N,
I (z) = 2,Ta Vn an H (2)v a)cos ni)z

n =0

(Eq. 5-6)

B. SOFTWARE MODIFICATIONS

As seen in Equations 5-3 to 5-6 above, removing the

separate expansion for the electric field along the gap region
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requires changing the software code for only the driving

vector B, and the expression for the current as a function of

position along the antenna structure. The first advantage

realized was the reduction in the amount of memory storage

required to run the program. Since it was shown in the

previous chapter that the system had converged when the number

of modes in Regions I and II were set at 60, independent of

the number of modes in the gap region, it was not necessary

to dimension any array greater than 60. However, we can now

reduce the size of the I, T, Ja, and P,.k matrices by almost an

order of magnitude, such that the amount of memory required

to run the program has decreased by 75 percent to less than

104 kilobytes. Additionally, the execution time of the

program has decreased by an average of 35 percent for the runs

presented here.

But does this method yield results that are comparable to

the results when the separate expansion is used? We will

examine the differences between MON07 and MON08 for various

plate spacings, antenna heights, as well as the effect that

independently varying N, and N2 has on the results obtained

earlier.

C. RESULTS

As a first test of the accuracy for MON08, we will

examine the differences in the calculated input impedance
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between MONO7 and MONO8 as the ground plane spacing is varied.

The three structures used in Chapter 3 for Table II were rerun

where N, and N2 were set to 60. Table VI indicates that the

Table VI COMPARISON OF MONO7, MONO8 FOR VARIOUS I

Plate MONO7 MONOB % Diff
Spacing Rin Xin Rin Xin R X

3.10A 42.65 13.14 43.09 13.12 1.03 0.15
1.40A 43.14 13.95 43.15 13.96 0.02 0.07
0.81A 44.67 13.84 44.68 13.82 0.02 0.14

results obtained from the new method differ only slightly from

the results obtained when the gap expansion is used.

The next test of the accuracy considered different

antenna heights. In this case, the comparison is made between

the structures that resulted in the highest difference between

MONO7 and NEC, or when the antenna radius was 0.02A. Table

VII shows the results of this comparison for a plate spacing

of 1.4A. Once again, the calculated input impedances differ

very little from those obtained using the separate gap

expansion.

Table VII COMPARISON OF MONO7, MONOB FOR SELECTED h

Antenna MONO7 MONOB % Diff
Length Rin Xin Rin Xin R X

0.12A 13.35 -92.19 13.32 -92.13 0.22 0.06
0.24A 46.08 15.90 46.08 15.87 0.00 0.18
0.48A 220.12 -120.91 219.44 -121.34 0.31 0.35
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As noted in Chapter 4, the results are more consistent

with the solutions obtained from NEC when N1 equals N2. Figure

25 illustrates that this same phenomenon occurs for MON08.

Further investigation and study is required to understand the

relationship that the number of modes in Regions I and II have

on each other. Once this is understood, it may be possible

Comparison of the Current Distribution
For selected NIN2 respectively
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Figure 25 Current Distribution using MON08 as N, and N. Vary

to derive an expression for the minimum number of modes

required to obtain results within a specified accuracy range.

This expression could then be used to allow the software to

dynamically adjust the number of modes required to obtain

accurate results at run time.
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In all the above cases, the results were compared to the

solution using MNO07 where M, was chosen as 211d. However,

Figures 21 and 22 (page 56) indicates that there is an optimum

number of modes for the gap region to reduce the differences

between the solutions of MONO and NEC. Table VIII shows that

MON08 returns the same result for the input impedance as MON07

did where M1, N, and N2 were equal. While this result may not

be the closest to NEC's results, the differences are consis-

Table VIII COMPARISON OF MON08 AND MON07 AS M, VARIES

MON08 MON07 R/X
Nl=N2 R/X N1=60 M1=50 M1=40 M1=30

60 43.31 43.31 43.02 43.39 42.44
13.87 13.87 13.85 13.95 14.14

50 42.59 42.81 42.59 43.12 42.13
13.42 13.44 13.42 13.53 13.72

30 40.70 41.61 41.66 41.72 40.70
12.64 12.32 12.32 12.39 12.64

tently less than ten percent.

In conclusion, consistent results are obtained without

the separate expansion for the gap region. While these

results may not offer the closest possible solution to that

available by NEC, the small difference in the solution

obtained without the extra terms is more than offset by the

significant reduction in required memory and calculation time.
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When the relationship between the physical structure and the

minimum number of modes that are required to obtain the best

possible solution is understood, then the software can be

modified so as to select the number of terms required at run

time. Until then, MONOS should be the method of choice as

its results are more predictable and is capable of returning

the result within acceptable accuracy limits without "trial

and error".
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VI. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

We have shown that one can calculate the current dis-

tribution along a monopole using multiregional cylindrical

harmonic expansions that are consistent with the results

obtained from the Numerical Electromagnetics Code (NEC).

While this software package is not intended as a replacement

for NEC, it is the beginning step in the development of

software directed towards solid antenna structures that are

rotated about a symmetrical axis with a simple and flexible

input structure. The particular software that has been

developed has the following characteristics:

" Simple input data structure. All inputs entered direct-
ly, via unformatted ASCII file, or redirected using
standard DOS redirection codes allowing batch processing
of multiple runs.

" Very flexible for a given monopole antenna structure.

" Can be readily modified to allow for a homogeneous
dielectric coating on the surface of the antenna. This
coating could be used to modify the surface currents and
the far field radiation pattern.

As currently written for the simple monopole, the user is

able to modify all the physical parameters of the structure

including driving source frequency. With some modifications,

including the incorporation of a finite element algorithm in
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one sub-region, the user may also include the effect of a

nonhomogeneous dielectric coating so that the far field

radiation pattern may be tailored as desired.

One difference that should be noted between the techni-

ques used by NEC and MONO is the location used to calculate

the input impedance. Due to the NEC's segmentation of the

entire structure, the input impedance is actually calculated

in the center of the gap region. However, MONO calculates the

input impedance based on the value of the current at the base

of the antenna. This difference may lead to large discrepan-

cies in the calculated input impedances if the value of the

current is changing rapidly at the end of the gap region, as

was observed for monopoles whose height approaches a half

wavelength. Other differences include:

• MONO requires longer computation time for larger struc-
tures than does NEC.

" MONO Requires larger available memory.

" MONO currently has limited error detection and correction
within the subroutines.

" The current inability to calculate a number of internal
parameters requires a "trial and error" approach to
determining the minimum number of modes required for
proper convergence.

User is required to make extensive modifications to
MONO's code for various types of antenna structures.

" MONO is a highly specific, concept validation platform
vice a generally applicable software package.
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B. RECOMMENDATIONS

Continued research is required in order to understand the

effect that the apparent relationship between N, and N2 has on

the accuracy of the result. Additionally, there appears to

be an optimal number of terms required for the gap region that

results in an apparent improvement of the result when compared

to those obtained using NEC. These unanswered questions point

out the need for additional analysis of the relationship

between the number of terms required to represent the electric

field in a specific region and the overall accuracy of the

final result. When this is accomplished, modifications should

be made to allow the software to calculate the optimal number

of terms required for each expansion that would yield results

in the shortest time possible for a specified accuracy range.

Another modification could be made to the code that would

reduce the amount of memory required to run the program. This

can be accomplished by temporarily storing only one row of the

P.,k matrix at a time, vice storing the entire matrix. This

approach could reduce the amount of required memory by as much

as 50 percent.

To better assess the benefits of this method over the one

used in other computational schemes, experimental data should

be compared to the computed results for a variety of struc-

tures. In this way, a basic understanding of when this method
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best approximates the actual performance characteristics of

an operational antenna can be obtained. Once these areas are

better understood, a collection of routines for various

physical structures should be developed using the basic

technique developed in Chapter 2. This collection could

include top loaded monopoles, and conical and other structures

that feature symmetry about a axis of rotation.
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APPENDIX A

SOFTWARE FLOW CHART FOR MONO WITH GAP FIELD EXPANSION
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Variables
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APPENDIX B

SOURCE CODE FOR MONO WITH GAP FIELD EXPANSION

PROGRAM ONO
C (Revision 7.3)
C
C Coputing Currents on a MonopoLe Between Parallel
C PLates using Cylindrical Harmonic Expansions in 2 Regions.
C Links with SUBS4.OUJ. Created 05/87 LT. R.C. Hurley
C
C ............. Variables ------------
C FMHZ a Frequency in MHz
C h a Monopole height in Meters
C a M MonopoLe radius in Meters
C d a Distance between Lower ground plane and feed point
C in Meters
C L a Distance between ground planes in Meters
C q z height fr,: top of monopole to upper ground plane
C in Meters
C j a Imaginary One
C pi a Value of pi (3.1415927)
C KO a 2*pi*F/c
C where F a frequency of operation in Hz
C c a Speed of Light
C K2 a KO**2
C N1,N2 = Number of Coefficients in each of the two regions
C NBIG z Size of the arrays used in FACTOR and SOLVE
C
C Unit 6 z Screen Output
C Unit 7 = Main Output File to Disk (Name selected by User.)
C * Variable Definitions **
C

INTEGER k,mN , nax,mpnn,ns,N1,N2,Nbig,NNRmax,P(61)
REAL a,ai,AmAn,BL cCCIMCP,CRd,di,DeltaZ,Denmeps,FMHZ,hhi
REAL 1(0:500,1:3),KOK2,L f, Lamda,Pi,q,Rin,S
REAL T(O:50,O:O60),w,Xin,y,yhat
COMPLEX Amk(61,61),B(61),C1,C2,IZ(61),j,JO,J1,Ja(0:500,1:4)
COMPLEX Pmk(0:60,0:500),Sum,Sum1,YO,Y1,Zin
CHARACTER*25 Fname
CHARACTER*1 Bell
CHARACTER*1 HOW
CHARACTER*1 INPUT
CIARACTER*12 Iname
CO1M4/RLkl/l ,j,N1Pi ,d,Nbig
CO4ON/Btk2/K2, t,14mxN2,q,a,T

C
C
C * Main Program Code *
C
C
C
C * Input Section *
C
C

BetILCHAR(7)
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Nbf g-61
c=3.OE+08
WRITE(6,*) 'Do you wish to use an input data file [YIN]?'
READCO,100) HOW
IF (HOW.Ea.'y'.oR.HCOW.EQ.'Y') THEN

MRITEC6,') 'Enter input data file nam with extension :1
READ(O,100) INnanu
OPEN(Unitzi.,Ilesae)
READC4,i00) INPUT
IF ((INPUT .EQ. 'wf) .OR. (INPUT .EQ. 'U') .OR. (INPUT .EQ.

+ In') .OR. (INPUT .EQ. IN')) THEN
READ(4,-) FNHZ,hi,ai,di,ti,NI,N2,NI,NI

ELSE
WRITE(*,*) Bell
WMITF(6,*)'Error detected in first tine of data file

+. I Nname
WRITE(6,*) 'First Line must be either N or W for meter

+ values or wavelength values.'
STOP

ENDIF
ELSE

2 WRITE(6,*) 'Enter data in either [Njeters or [W~aveLength [M
+/Wfl7'

READ(O,1OO) INPUT
IF (INPUT.EQ.'m'.OR.INPUT.EQ.'N') THEN

WRITE(6,*) 'Enter Frequency in MHz:
READ(O,') P14HZ
WRITE(6,*) 'Enter Monopole Height, h, in meters:
READ(O,*) hi
WRITE(6,*) 'Enter Monopole Radius, in meters:
READ(0.*) ai
WRITE(6,*) 'Enter Feed Gap, d, in meters:
READ(0,*) di
WRITE(6,*) 'Enter Upper Plane Height, L (meters):
READ(O,*) li

ELSEIF (NNPtT.EO.'w'.OR.INPUT.EQ.'W') THEN
WRITE(6,*) 'Enter Frequency in MHz:
READ(O,*) P14HZ
WRITE(6,*) 'Enter Nonopole Height, h, as factor of way

*eLength :I
READ(O,*) hi
WRJTE(6,*) 'Enter Monopole Radius, as factor of wavete

*ngth :I
READ(O,*) ai
WRITE(6,*) 'Enter Feed Gap, d, as factor of wavelength

READ(O,*) di
WRITE(6,*) 'Enter Upper Plane Height, L, as factor of

+wavelength:I
READ(O,*) ti

ELSE
WRITE(*,*) Bell
WRITE(6,*) 'You must enter either an N or W.

+Reenter..I
GOTO 2

END! F
WRITE(6,*) 'Enter # Region 1 Coeffs. (N1 ALE. 60):
READ(O,*) NI
WRITE(6,*) 'Enter 0 Region 2 Coeffs. (N2 ALE. 60):
READ(O,*) 142
WRITEC6,*) 'Enter # Gap Region Coeffs.(M1 ALE. 500):
READ(0,*) 91
WRITE(6,*) 'Enter No. Points for 1(z) incLuding ends:
READ(O,*) NI
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ENDI F
IF (M1.GT.500) Then

WRITE(*,*) BeLL
WRITE(6,*) 'Ratio Lid too Large. Adjust either:'
WRITE(6,*) ' a) ( or d such that 2L/d < 500'
WRITE(6,*) ' b) Array sizes of Im,T,Ja'
STOP

ENDIF

C
C * *

C * Calculate the Physical Parameters *
C * in both Wavelenght and Meters *
C * *

C

Lurbda=c/(FMHZ*1O**(6))
IF (INPUT.EQ.'W'.OR.INPUT.EQ.'W') THEN

hahi*Lambdo
aai*Ladoda
dadf*Lambdoa

t=Li*Lambda
ELSE

h=hi
hi=h/Lamibda
aeai
aiza/Lartda
d=di
di=d/Lant1.o
L=Li
Li=L/Lambda

ENDIF

C
C
C Is Upper Plate Height an *
C Even MuLtiple of WaveLength? *
C * *

C ** **-** **** ********************

IF (MOD((L*2),Lambda).LT. 1E-05) THEN
WRITE(*,*) Belt
WRITE(6,*) I I
JRITE(6,*) 'ERROR! Upper Plate Height is almost an even mut

+tiple of half the wavelength.'
WRITE(6,*) 'Ensure t is NOT within 0.00001 of an integer mut

+tipLe of half the wavelength.'
STOP

ENDIF

C
C *

C * Is Upper Plate Height an
C Even Multiple of Antenna Height? *
C
C
c E(0O*h)-(ANINT((IO*h)/t)*L)

IF ((MOD(L,h)).LT.1E-0S) THEN
WRITE(*,*) Bell

WRITE(6,*) I I
WRITE(6,*) 'ERROR! Upper Plate Height is almost an even muL

+tiple of the antena height.'
RIT-6,*) 'Ensure t is NOT within 0.00001 of an integer mul

+tipLe of h (in wavelength).'
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STOP
ENDIF
WRITE(6,*) 'Enter output fite nin and extension:
READCO,100) Fnm
OPEN (Unlt-7',Ffie-Fnafie)
URITE(7,210) FMHZ
WRITE(7,220) h,hi
WRITE(7,230) a,ai
WRITE(7,240) d,di
WRITE(7,250) L,ti
WRITE(',*) 'Region I Coeffs. (Ml): ',N1
WRITE(7,*) 'Region If Coeffs. 0N2): 1,N12
IJRITE(7,*) 'No. Gap Coeffs. (Ml1): ',MI

WRITE(7,*) 'No. Points for 1(z): ',NI
in(O.O,1 .0)
Pi=3. 1415927
KO=Pi*FMHZ/15O.0
K2=ICO*KO
qml-h
Nuiax=WAX(N1 ,N2)
IMhax=MAXOCMmax,M1)
WRITEC6,*) 'Loading the Moment Matrices...
WRITE(6,*)

C
C
C * Evatuating Moment Integrations
C *over Region h <c L.
C
C

T(,)q
DO 11 kzl,N2

T(O,k)=O.O
11 CONTINUE

DO 22 .w1,Mmex

Do 22 n=O,N2
Anrn*Pi/q
IFC(ABS(AmAn)).GT.1.0E-3) THEN

DenomAmn*Am-An*An
S=SJN(Amkh)
T(m~n)=-Am*SlDenom

ELSE

END IF
22 CONTINUE

WRITE(6,*) Moment Met ix T Loaded.'
WRITE(6,*)

C
C

C Loading the Im Matrix for the
C * Largest Nunber of Coefficients
C
C

DO 33 m.'O,Nmx
IF(u.EQ.O) Then

1(3,1)zt
I (m,2)zq
Ic.,3=ud

ELSE
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1Cm, )ztI2.O
I(m.2)aq/2.O
Am.WPi/IL
1(m,3)=S1NCAod)/Am

END! F
33 CONTINUE

WRITE(6,-) 'Moment Matrix I Loaded.'
IEITE(6,*)'
WITE(6,*) 'Loading System Matrix ..
CALL ALOAD(Ja,Puic,Amk)
WRITE(6,*) 'System Matrix Aic Loaded.'
WRITE(6,*) I'
WRITE(6,*) 'Loading Driving Vector ..
CALL SL0ADCFMffZ,N1,PmkJaU)
WRITE(6,*) 'Driving Vector I Loaded.'
WITE(6,*) I'
WRITE(6,*) 'Solving the Linear System .. Please Wait ..
NamNi~i
CALL FACTOR(Aadc,P,NsNbig)
CALL SOLVECAird,B,P,Ns,Nbig)
WRITE(,*) 'Listing the Expansion Coefficients'
WRITE(6.*) I Listing the Expansion Coefficients...
WRITE(7,*) 'N and 5(N):I
DO 44 N=O,Nl

WRITE(7,*) N,B(N+l)
44 CONTINUE

C
C
C *Comrputing Current from the
C *Expansion Coefficients
C
C

hRITE(6.*) j

WRITE(6,*) 'Comrputing current on the monopole...
WRITEC7,*) 'Listing the Current on the Monopole'
DeL taZz(h-d)/(NI -1)
WRITE(7.*) 'Position Distance 1(z) (W)
WRITE(7,*) ' Niumber (Meters) Nag Phase'
oeau.854E-12
w2. E6*Pf*FNHZ
yliatao~eps
yzd
kni

55 SLU=F(O.,O.)
DO 66 n=0,W1

SuPSUWn(8(n.1 )*Ja(n,3)*cos(n*Pi*y/t))
66 CONTINUE

S..m12( 0.0,0.0)
Do 77 mz0,N1

SullmsIu ,+((I(u,3)*Ja(,3)*COS(mOpi*y/L ))/(Ja(,,4)*I(m, 1)))
77 CONTINUE

IZ(k)z2.O'Pi*a'(Suu. j'yiatSua /d)
ON=CABS( IZ~k))
CRxREAL(IZ(IC))
CI AIMAG( IZ( k))
CP=180.*ATAN2(CI ,CR)/pi
WRITE7,200) k,y,CN,CP
y~y'el taZ

IF(y.LE.(h+1.E-6)) GO TO 55
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C
Cti a
C a Conuting Input Impedance a
C

Zfn=(1.0,O.O)/IZ(1)
RinaREAL(Zin)
XirwAINAG(Zin)
WRITE(7,*) 'Input Resistance ,,Rin

lRITE(7,*) 'Input Reactance = ',Xin

C aaaaaaaaaa*aaaaaaaaaaaaaaaaaaaa kataaaaaaaa**

C * a
C 1 /0 Format Statements a
C

100 FORMAT(A)
102 FORMAT(15)
103 FORMAT(E12.3)
200 FORMAT(2X,13,SX,F8.3,5X,1PE12.3,SX,OPF8.2,IPE12.3,5X,OPF.2,

+IPE12.3,5X,OPFB.2)
210 FORMAT(V Driving Frequency, ',9X,F7.3,, MHz')
220 FORMAT(' Monopole Height, ',9X,F7.3,, meters (',F5.3,' Lambda)')
230 FORMAT' Monopole Radius, ',9XF7.3,' meters (',F5.3,1 Lambda),)
240 FORMAT(' Feed Gap Distance, ',9X,F7.3,, meters (',F5.3,' Lambda),)
250 FORKAT(' Upper Plane Height,1,9X0FT.3, , meters (',F5.3,, Latda)')

STOP
END
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Subroutine Source Code for MONO with Gap Field Expansion

SUBROUTINE ALOAD(Ja,Pmk,Aa*)
C (Revision 7.3)
C
C
C
C *Variable Definitions
C
C
C
C t = Distance between grounmd planes
C Radius = Radius of monopole
C q a Distance between top of monopole and up3per plane
C d a Antenna feed gap
C K2 = KO*'2 (From main program)
C T(un) a Moment integration result as function of m and n
C I(m,x) = Moment integration result of order x given m
C i a I!maginary One
C z a Intermediate value for Bessel Sub~routine
C aum,vn xEigenvalues;
C JO = Bessel Function of the First Kind of Order 0
C Ji z Bessel Function of the First Kind of Order I
C HO a Hankel Function of the Second Kind of Order 0
C Hi a Hankel Function of the Second Kind of order 1
C SUM z Summation over n for the Auic matrix
C S1 z Individual term used in Sill
C m0 z Columni position of matrix Aak
C k =Row position of matrix Aadc
C N1 a Number of sub*divisons in Region 1
C N2 aNumber of siibdivisons in Region 2
C Aamk a Complex Matrix value that describes the system
C
C This SUBROUTINE loads the complex A matrix that describes the system
C of size N1 by N1. Maximum size of matrix is set at 50 by 50. This
C SUBROUTINE calles to the following suroutines found in SUBS.FOR:
C CSR - Complex square root that preserves negative imaginary
C portion.
C BES1 - Computes the Bessel Function values for a given z.
C HANi - Computes the Hankel Function values for a given z.
C Written 5/88 by R.C. Hurley using MicroSoft Fortran 4.01.
C

INTEGER k,mMmx,nNbig,N1,N2
REAL l,a,q,d,K2,TCO:5OO.O:6O),I(O:500,1:3),Pi,R1,R2
COMPLEX J~zv,zu,vn~un,JOn,Jln,HOn,Hln,SUM,Sl
COMPLEX CSR,Aimk(Nblg,Nbig),Ja(O:500,1:4)
C0OMPLEX PmkCO:60,0:500)
character*1 cr
GCOMO/8lkl/I *j,N1*Pi ,d,Nbig
COMMON/Btk2/K2,(I,Mmmx,N2,q,a,T
crucharC 13)

C
C This section Loads a matrix consisting of Bassel fuctions and
C other values required to load the Aimk matrix. The coliumus are
C filled as follows:
C
C Ja(n*1) =uMtajo(uria) in numerator of Sum
C Ja(n,2) a J1(una&) in denminator of Sum
C Ja(n,3) z vn*01(vn*@) used for all locations
C Ja(nf.) a vn*vn*Ho~vn*a) used in diagonal elements
C

URITE(6,10O) Mmsx
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DO 11 rwO,max
RlnK2-C(n*Pi/q)C(n*Pi/q))
R2uK2-((n*PlI)*(nwPl/L))
wwCSR(R )
vneCSR(R2)

zvuvn*a
Cali SESICzu.jOn~Jln)
Catt HAN1(zv,HOn,Hln)
Ja(n, ) a Un'jOn
Ja(n,2) a Jin
.la(n.3) a Vn'*Hln
Ja(n,4) a Vn*Vn*Hn~

C write(,*) flnI,n,Ija(fl,4)=I,ja(n,4)

11 Continue
WRITEC6,*) I Compteted.'
WRITE(6,*) I

C
C Loading the Pak Matrix (size N1 x Nmax)
C

DO 22 PmO,Nl
WRITE(6,300) m,cr
DO 22 k0,Mmux

Pk(m,k)wCO.O,0O)
DO 33 rv-O, W2

SWz(Ja(n, 1)*T(m,n)*T(k,n))/(I(n,2)*Ja(n,2))
Put(m,k)=Pmk(m,k)+S1

33 CONTINUE
22 CONTINUE

WRITE(6.*) Compteted.
DO ". mZO,N1

00 44k=O,NI
If~m.EQ.k) Then

Amk(m41 ,k+l)zja(k,3)*Pmk(m,m).Ja(k,4)*I(m,1)
ELSE

Amn*,k.1 )=Ja(k,3)*Pnk(m,k)
ENDIF

44 CONTINUE
100 FORMAT(# Loading Ja matrix of size',13,' x 4....)
200 FORMAT(' Loading Pink Matrix of size'*I3,' x',13,' ...1
300 FORKAT(' Calculating row',i3,a*\)

RETURN
END

C
C **********************************

C
SUBROUTINE BLOAD(FMHZ,M1,Pik,ja,B)

C
C
C *

C *VariabLe Definitions
C
C
C B(m) a Driving Matrix
C N1 a Number of Coefficient Expansions in Region 1
C 13(m) a Trig. Moment Integrations
C FNHZ a Driving vottage frequency in megahertz
C ap 8.854.E-12
C a Imegfnary One
C

Reat dI(O:5OO,' .3),Pi~epe,w
Integer k,MM1,N1,Nbig
Complex I(mblg),j,ja(O:500,1:4),Pik(O:60,0:500),Sii



CQMON/Btk1/14j,N1,P1,d,Nblg
.ps4.854E- 12
wu2.OE6Pi*FNHZ
00 22 mvO,N1

SL.C(O.OO.0)
DO 33 kwO.M1

33 CONTINUE

22 CONTINUE
RETURN
END

C
C
C

FUNCTION CSR(R)
REAL R
COMPLEX CSR

C Evaluating SQRT(R) with special consideration to neg. reas
IFCR.GE.O.O) then

CSRzSORT(R)
elIse

CSR=(O. ,-i. )*SQRT(-R)
end if
RETURN
END

C
C **********************************

C

SUBROUTINE *ESI(Z,JO9J1)
C
C Cohuting Bessel functions for n=O,1 with
C Complex Argument, Z. Direct Power Series Method for
C CASS(Z) .LE. 6 and Hanket's Asymptotic Formula for
C CABSCZ) .GT. 6. Written 11/5/87 by N.A. Morgan
C

INTEGER M,M2
REAL C(34),DN,F(34),GO,P(34),Pi,P2
COMPLEX Z,Z2,Z3,Z4,J0,Jl,AMq,CL,P,Pl,00,Ql,CO,Cl,SO,Sl
Piu3. 1415927
P2x2.O/PI
IF(CASS(Z).LE.6.0) THEN

C
C Utilizing the Direct Power Series Method
C

GOz 1.781072
Z2z.5*Z
CLuCLOGCGO*Z2)

C
C Computng F(m) ulIand P(m) 1 +1/2 13..+. 11m
C

F01)=1.0
P(1)S1.0
DO 11 N=2,34

P(M)zP(M-1 )+1.0/4
11 CONTINUE
C
C Computing Power Series Coefficients
C

DM=-1.0
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DO 22 Mu1,34
C(M)=DM/ CF(CM)*F CM) )
DM=-DN

22 CONTINUE
C
C Computing JO and A1
C

JOUC1.I0.)
J1.(0.*0.)
M=0

33 M4.1l
M2=2*M
AM=CCM)*(Z2**M2)
JO=JO.AM
JimJ1.M*AM
IFC(CABSCAM).GT.1.OE-10).AND.CM.LT.34)) Go TO 33
JluJ1/Z2
return

ELSE
C
C Hanket' Asymptotic Formuta (Abram. & Stegun p. 364)
C

Z2=Z*Z
Z3=Z*Z2
Z4=Z*Z3
P0=1 .0-.O7O3125/Z2+.1121521/Z4
00=- .1 251Z+.0732422/Z3
P1=1 .O.117i875/Z2- .144i956/Z4
01z.375/Z- .10253906/Z3
CO=CCOSCZ-.25*Pl)
SO=CSINCZ-.25*PI)
ClzCCOSCZ- .75*P1)
SlzCSIN(Z-.7*PI)
AN=-CSORT(P2/Z)
JOxANF(PO*CO.QO*SO)
J1=AMC*Pl*CI.Q1*Sl)

END! F
RETURN
END

C
C **********.***********************

C

SUBROUTINE NAN1CZ,00,Hl)
C
C Computing Hanket Fun~ctions for n0O,l with
C Comptex Argument, Z. Direct Power Series Method for
C CABS(Z) .E. 5 and HankeL's Asymptotic Formu~a for
C CABS(Z) .GT. 5. Written 11/6/87 by N.A. Morgan
C

INTEGER M,M2
REAL C(34),DM,F(34),GO,P(34),Pi,P2
COMPLEX Z,Z2,Z3.Z4,JO,J1,YO,YI,AM,CL,P0,P1,QO,Ql
COMPLEX EO,E1,XO,X1,HO,H1,J
P1=3.1415927
P2u2.OIPI
j-(O.,1.)
IF(CABS(Z).LE.S.0) THEN

C
C Direct Power Series Method
C

00= 1.78072
Z2zO.5*Z
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CLCLOG(GO'Z2)
C
C Computing F~M aaI mnd PW I 1/2.+1I3 . ..... l/
C

PC1)=1.O
DO 11 M=2,34

FCN)uN*F(N.1)
P(N)WP(M-i )+../N

11 CONTINUE
C
C Computing Power Series Coefficients
C

0N-1.0
W0 22 Mai,34

CQ~DN/CP(M)*F(M))
D~a-ON

22 CONTINUE
C
C Computing JO and JI
C

J0(1.,D.)
jiaCO. ,0.)

33 =l
N2=2*N
A*:C(N)*(Z2**N2)
JOJO+AN
JlxJ-*AM
If((CAOS(AM).GT.1.OE-1O).AUID.Oq.LT.34)) GO TO 33
Ji=ji/z2

C
C Comlputing TO and Ti
C

"so
YOxCL*JO
YlIZ2*CL*JI1 05*JO

44 "%*+1
K2%2*N
AN4C(N)*P(N)*CZ2**M2)
TOTO-AN
YlYI1$AN
IF(CCABS(AN).GT.1.OE-10).AND.(.LT.34)) Go To044
TOaP2'To
YI:P2*Yi/Z2
HO2JO-J*Yo
NiaJi-j*T1
RETURN

ELSE
C
C Henke(' Asyptotic Forimute (Abram. &Steguna p. 364
C

Z2vZ*Z
Z3avZ*Z2
Z4*ZZ3
POal.O-.OO3125/Z2+.1121521/Z4
gOz-. 125/Z+.032422/Z3
Pitt .O.1171875/Z2- .1441956/Z4
Qlu.375/Z- .10253906/U3
XO=(Z-.25'PI)
XlxCZ-.75*Pl)
EOsCEXPC-J*XO)
EinCEXPC-J*Xl)
A~uCSORT(P2/Z)
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NOAM~CPO- j'O)-E0
NIuMW(P1-j*a1)*El

ENDIF
RETURN
END

C
C
C

SUBROUTINE FACTOR (AP,N*NMX)
C PERFORMING LU-DECOMPOSITION WITH PIVOTING ON THE A-M4ATRIX
C WRITTEN BY N.A. MORGAN
C

INTEGER I,J,JPI,K,PCNMX),PJ,PR,R,RNI,RPi
REAL DMAX,ELNAG
COMPLEX A(NMX,NNX),D(120)
DO 60 R21,N

DO 10 Kul,N
10 DCK)-A(K,R)

RHIr R-1
IF(RNI.LT.1) GO TO 31
DO 30 Jc1,RN1

PJX*(J)
A(J,R)4D(PJ)
D(PJ)=D(J)
JP1=J,1
DO 20 IrnJPl,N

20 D(I)=D(I)-A(I,J)*A(J,R)
30 CONTINUE
31 CONTINUE

DMAXzCABS(D(R))
P(R)=R
R914R+l
IF(RPI.GT.N) GO TO 41
DO 40 14RP1,N

ELMAGzCABS(D( I))
IF(ELMAG.LT.DMAX) GO TO 40
DMAX2ELNAG

40 P(R)2I
41 CONTINUE

PR-P(R)
A(RR)4D(PR)
D(PR )x(R)
IF(RP1.GT.N) GO TO 51
DO 50 I=RP1,N

50 A(IR)=0(I)/A(R,R)
51 CONTINUE
60 CONTINUE

RETURN
END

C
C *********************************

C

SUBROUTINE SOLVE (A,BPNNMX)
C BACK SUBSTITUTION TO INVERT THE LINEAR SYSTEM
C WRITTEN BY N.A. MORGAN
C

COMPLEX A(NMNMX),I(NMX),YC120),StB
INTEGER IIPI,JUKP(NX),PPI
DO 20 I.19N
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PPIXP(I)
Y(I)=l(PPI)
S(PPi )l(CI)
IP11+I
IF(IP1.GT.N) 60 TO 11
DO 10 JuIPlm

l(J)-i(J)-A(JI)*Y(l)
10 CONTINUE
11 CONTINUE
20 CONTINUE

DO 40 K01,N
IN-K+i
SUM-(O..O.)
IP1UI 1
IF(IP1.GT.N) GO TO 31
DO 30 JuIPI,N

SU-SLI+A(I,J)*D(J)
30 CONTINUE
31 CONTINUE

B(I)T(Y(I)-SUI)/A(I,I)
40 CONTINUE

RETURN
END

C

C
PROGRAM PLOT

C Program to Plot a Solid Line Plot with Option to Overlay a
C +4.+ Line PLot for Comparison. Uses PLOT2 Data FiLe Format.
C
C Original MS-FORTRAN Version of PLOT2 4/24/87 by M.A. Morgan.
C Nods: 5/30/87 XHIN; 11/3/87 RN-FORTRAN 2nd Plot Option.
C
C INPUT DATA FORMAT
C
C Unit #3: Solid Line PLot
C
C TITLE1- 64 Space Header
C N - # Data Points 15 (Integer*2)
C XMIN - Real Min X value E12.3
C XMAX - Real Max X value E12.3
C FI(N) - Input Data Array E12.3
C
C Unit #4: + SymboL Plot
C
C TITLE2- 64 Space Header
C N - # Data Points 15 (Integer*2)
C XMIN - Real Min X value E12.3
C XMAX - Real Max X value E12.3
C F2(N) - Input Data Array E12.3
C

CHARACTER*1 YN,YN 1,DUM,YN2,SYMBOL
CHARACTER*4 LINE
CARACTER*7 CROSS
CHARACTER*16 LTITCTIT
CKARACTER*32 SCALE
CHARACTER*64 TITLE, FNAME
REAL X(1025),F1(1025),F2(1025)
INTEGER*2 NJROWJCOL,ISYMBL, ITYPE
SCALE' is the Vertical Scale Multiplier'
LINEs'--- I
CROSS' +++.
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CALL OSEEP
WRITE(*,*) 'Press RET to Exit from Screen Plot'
WRITE(*,*) 'Printer Hardcopy '? (YIN):
READ(*,100) YW
WRITE(*,*) 'Enter Data Fit. Nam for --- plot:
READC'*,100) FNAIIE

C Reading from Unit # 3
OPEN(3,FILEaFNAME)
READ(3,100) TITLE
READ(3,120) M
READ(3,130) XNIN
READ(3,i30) X14AX
WRITE(,*) I'---- Plot TITLE, N, XHIN, XMAX:
WRITE-,-) TITLE
WRITE*,*) N,XMIN,XMAX
WRITE*,*) 'Enter --- Plot Caption (16 char max):
READ(', 100) LTIT
OX=(XMAX-XMIN)/(N- 1.0)
FMINzO.O
FMAX=0.0
DO 22 Kz1,N
X(K)%XMIN,(K.1 .O)*DX
READ(3,130) FI(K)

IF(F1(K).GT.FMAX) FNAX=F1(K)
22 F2(K)=0.0

WRITE(*,*) 'Comparison Plot (+++) on Same Graph ??? (YiN):
READC'. 100) YN1
IF((YNI.EQ.'N').OR.(YNI.EQ.'n')) Go To 11
WRITE(*,*) 'Enter Data Fite Name for .... Plot.
READC',100) FNAME

C Reading from Unit 0 4
OPEN(4,FILE=FNA4E)
READ(4,100) TITLE
READ(4.120) N
READ(4. 130) XMIN
READ(4. 130) XNAX
WRITE*,*) '++++ Plot TITLE, N, XMIN, XMAX:'
WRITE*,*) TITLE
WRITEC,*) N,XIN1,XMAX
WRITE*,*) 'Enter .4-. Plot Caption (16 char max):
READ(,100) CTIT
DO 27 Kz1,N
READ((.,130) F2(K)
IFCF2(K).LT.FMIN) FMIN=F2(K)
IF(F2(K).GT.FMAX) FMAX=F2(K)

27 CONTINUE
CLOSE (4)

11 CONTINUE
CALL GBEEP
WRITE(*,*) 'Enter TITLE for Plot (64 Char. Max):'
WRITE(*,*) 1'
READ ('.100) TITLE
CLOSE (3)
IFCFMIN.GT.0) FMINz=0
IFCFNAX.LT.0.f' FMAX=O.0

C Comuting Sca' Factors for Vertical Axis
ABSNIN=ABS(FNIN)
AUSKAX-ADS( FNAX)
YMAXuAMAX1 (AISNIN ,ABSMAX)
NSCLaINT(LOGIO(YNAX))
IF (YNAX.LT.1.0) NSCL=NSCL-1
YSCLs10.**NSCL
FNIN=FNIN/YSCL
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FPAXuFKAX/YSCL
ABSNINmABSNIN/YSCL
ABSNAX*ABSNAX/YSCL
0O 33 Ks .N
Fl CK)uF1 (K)/YSCL

33 F2CK)nf2CK)frSCL
YNINZO.O
IFCFNIN.EQ.O.O) GO TO 37

35 YNINwYNIV.1.O
IF(ABSKIN.GT.YNIN) GO TO 35
'NINYINFNJN/A3SNIN

37 CONTINUE
YN4AXsO.O
IFCFNAX.EQ.O.O) GO TO 41

39 YNAX=YNAX*1 .0
IFCABSKAX.GT.YNAX) GO TO 39
YPM=~YAXFNAX/ABSPAX

41 CONTINUE
C Calling GRAFN4ATIC Routines and Plotting F1 Solid Line Graph

ITYPEul
ISYNBLu-2
CALL QSNODE(6)
CALL QCROVCO,21)
WRITEC'. 150) YSCL
CALL QPTXT(32,SCALE,3,25,20)
CALL QPLOT(1OO,530,12,147,XNIN,X4AX,YNIN,YMAX,O.,O.,O,l.,1.5)
CALL OSETUP(O,3, ISYMBL,3)
XMAJORXAX/5 .0
CALL GXAXIS(XNIN,X1MAX,X1MAJOR,1,1,2)
YKAJORmi .0
CALL QYAX1SCYMIN9 YNAXYMAJOR, ,1,2)
CALL QPTXT(64,TITLE,3,14,24)
CALL QPTXT(4,LINE,3,14,22)
CALL QPTXT(16,LTIT,3,18,22)
JRCd=(ABS(YMIN)/CASS(YI4AX),A8S(YNIN) ))*135
JCOI~uTO-43O'XM1N/(XNAX-XNIN)
CALL OGTXT(3,'O.O',3,JCOL,JROW,D)
CALL QTA8L(ITYPE,NX*Fl)
IF((YNl.EQ.'N').OR.CYN.E.In')) Go To 43

C Plotting F2 Graph t;ing + Symbol
CALL OPTXT(7,CROSS,3,34,22)
CALL QPTXT(16,CTIT,3,41,22)
ISYMBL-43
ITYPExO
CALL QSETUP(O,3, IS-%8L,3)
CALL OTABL(ITYPE,N,XF2)

43 CONTINUE
READ(',100) DUN
IFCCYN.EQ.'N').OR.(YN.EQ.'n')) GO TO 44
CALL QPSCRN

44 CONTINUE
CALL OSHODE(2)
WEITE(*,*) 'End of PLOT Program'

100 FORNAT(A)
120 FORNAT(15)
130 FORNATCEI2.3)
150 FORMAT(13X,1PE11.3)

STOP
END
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APPENDIX C

SOFTWARE FLOW CHART FOR MONO WITHOUT GAP FIELD EXPANSION

Define the
Variables

input Yes
Filename?

Get
No FIlename

Waveiegth M-eter
WavelngthRead the

Waveengt Variables

Read Prompted Meter

Inplut Variables Read Prompted
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open
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write Input
Variables to FI leI

Load Tmn

Matrix

Write
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Load Im to Output File
Matrix
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Matri Write Results
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Load System
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APPENDIX D

SOURCE CODE FOR MONO WITHOUT GAP FIELD EXPANSION

PROGRAM MONO
C (Revision 8.1)
C
C Mod of Monio 7.2, not using the expansion for the Gap Region
C Computing Currents on a Monopole Between Parall~el
C Plates using CyLindricaL Harmonic Expansions in 2 Regions.
C Links with SUBS4.OBJ. Created 05/88 LT. R.C. Hurley
C Modified 10/88 N. A. Morgan
C
C.................Variables............
C FMHZ a Frequency in MHz
C h aMonopole height in Meters
C a a Monopole radius in Meters
C d = Distance between Lower grounid plane and feed point
C in Meters
C I a Distance between grounrd planes in Meters
C q aheight from top of monopole to up~per ground plane
C in Meters
C j Imaginary One
C Pi aValue of pi (3.1415927)
C KO -2 pi*F/c
C whiere F a frequency of operation in Hz
C c aSpeed of Light
C K2 a K*2
C MI,N2 a Numb~er of Coefficients in each of the two regions
C MuIG = Size of the arrays used in FACTOR and SOLVE
C Unit 0 a Standard Input Device
C Unit 6 - Screen output
C Unit 7 z Main output File to Disk (Name selected by User.)
C ~''Variable Definitions
C
$Large:Aa*

INTEGER k,m,apn,n,Nl,N2,Nbig,N!,Nmx,NsNZ,P(61)
REAL e,ai,Am,An,c,CI,OM.CP,CR,d,di,DeltaZDenam,Dz,EzM,eps,FMHZ
REAL h,hi,1(0:6O,1:3),KO,K2,L,ti*Laibda,Pi,q,Rin,S
REAL T(0:60,0:60),w,Xin,y.$hat,Z,Zmin,Zmx
COMPLEX Ank(61,61),B(61),C1,C2,IZ(61),j,JO,j1,Ja(0:60,1:4)
COM4PLEX Pmk(0:60,O:60),Swn,YO,Y1,Zin
CHARACTER25 Fnuame
CHARACTER*1 Bell
CHARACTER*1 HOW
CHARACTER*I INPUT
CHARACTER1 Eok
CHARACTER12 INn sme
COMNON/Btk1/I,J,N1,Pi ,d,Nbig
~CO/Btk2/K2, lNmmx,N2,q,*,T

C
C
C Main Program code *

C
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C
C
C * Inpuat Section '

C
C

Eel ICHAR(7)
Mbigw61
c=3.OE+08
WRITE(6,*) 'Do you wish to use an input data fite EY/N1?'
UEAD(0,100) lOO
IF CH0W.EQ.1y'.OR.NCU.EQ.'Y') THEN

WITE(6,*) 'Enter input data fite name with extension :1
READCO,100) INn ame
OPEN(Unit=4,Fi Le=INn me)
READCI,,100) INPUT
IF ((INPUT .10. 'w') .OR. (INPUT .EQ. 'U') .OR. (INPUT A.10

+ 00') .OR. (INPUT .10. 'N')) THEN
READ(t.,') FNZ,hi,ai,diLi,N1,N2,NI

ELSE
WRITE(*,*) 5.l1
WRITE(6,*)'Error detected in first tine of data file

4. Nfame
WRITE(6,*) 'First tine must be either M or W for meter

+ values or wavelength values.'
STOP

ENDIF
ELSE

2 WRITE(6,*) $Enter dota in either IMleters or MW[avelength CM
+lM)?'

READ(O.100) INPUT
IF (IKPUT.EQOm'.OR.INPUT.EQ.'M') THEN

IdRITE(6,*) 'Enter Frequency in MHz:
READ(O.*) FNHZ
WRITEC6,*) 'Enter Monopole Height, h, in meters:
READ(O,*) hi
WRITEC6,*) 'Enter Monopole Radius, in meters:
READCO,*) &I
WRITE(6,*) 'Enter Feed Gap, d, in meters:
READ(O,*) di
WRITE(6,*) 'Enter Uipper Plane Height, t (meters):
READCO,*) Li

ELSEIF CINPUT.EQ.'w'.CR.INPUT.EQ.'U') THEN
WRITE(6,*) 'Enter Frequency in MHz:
READ(O,*) FNHZ
WRITE(6.*) 'Enter Nonopole Height, h, as factor of way

+etength:I
READCO,*) hi
WRITE(6,*) 'Enter Monopole Radius, as factor of wavete

*ngth:I
READCO,*) ai
WRITE(6,*) 'Enter Feed Gap, d, as factor of wavelength

+.:'I

READCO,*) di
WRITE(6,*) 'Enter Upper Plane Height, t, as factor of

*wavelength:I
READCO,*) if

ELSE
WRITE(,) Bell
WMITE(6,*) 'You must enter either an N or Wd.

+Reenter..I
GOTO 2

END! F
WRITE(6,*) 'Enter # Region I Coeffs. (NI ALE. 60):
READ(O,') 111
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ImITEC6,*) 'Enter # Region 2 Coeffs. (N2 .E. 60):
READ(0.') M12
WRITE(6,*) 'Enter No. Points for IC:) including ends:
READ(O,*) N1

END! F

C
C
C * Calculate the Physical Parameters '

C * in both Wavelenght and meters
C*
C

Lamduc/( FNHZ'10'C(6))
IF CINPUJT.EO.'w'.0R.!NPUJT.EQ.'W') THEN

hahiftamda
anal~uibde
dwdi*Laubda
1la ir*da

ELSE
hahl
hih/Lribdo
saa
aizeILwukd
dadi
di nd/Law*bda
lull
I ist/Lamde

END IF

C
C
C *Is Upper Plate Height an
C * Even Multiple of Wavelength?*
C*
C

IF CKMDC 2).Lai~a).LT. IE-05) THEN
WRITE(.*) Bell
WRITE(6,*)II
WRITE(6.*) 'ERROR! Upper Plate Height is almost an even mul

-tiple of half the wavelength.'
WRITE(6,*) 'Ensure i is NOT within 0.00001 of an integer inul

+tiple of half the wavelength.'
STOP

ENDIF

C
C *

C *Is Upper Plate Height an
C * Even Multiple of Antenna Height?
C
C
C

IF ((M1,h)).LT.1E-05) THEN
WRITE(-,*) Bell
WRITE(6*)II
WRITE(6,-) 'ERROR! Upper Plate Height is almost an even mul

+tiple of the antenna height.,
IIRITEC6,*) 'Ensure t is NOT within 0.00001 of an integer muL

*tlple of h (in wavelength).,
STOP

ENDIF
WRITE(6,*) 'Enter output file name and extension:
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READCO100) Fnm
OPEN CUntn7,FileaFneme)
IITE(7,2O) P96HZ
IITE(7,220) h~hi
IITE(7,230) sali
IJTE(7,240) d,di
WRITEC7,25O) 1,11
IRITEC7,*) 'Region I Coaffs. (Ml): $,Nl
WRlTE(7,*) 'Region 11 Coeffs. (N2): 1,N2
WRITE(7,*) 'No. Points for 1(z): ',NI
JECO.O,1.O)
Pi=3.1415927
KOzPI*FNHZ/iSO.0
K2mK0*KO
spSUS.8S4E-12
w.2.0E6*Pi*FGHZ
)4Iataw*"p
qul-h
NmxNAXOCN1 .2)
WRITE(6,*) 'Loading the Moment Matrices...
WRITE(6,-)

C
C
C * Evatuating Mowe.nt Integrations
C Over Region h <z -< .
C*

t(OO)uq
DO 11 kul,N2

T(O. k)uO.O
11 CONTINUE

00 22 w'l,tumax
A~Pf9 /I

D0 22 n.O,12
Arwn*Pf/q
IFC(ABS(A-An)).GT.l.OE-3) THEN

Denowh,.A*An*An
S=SIN(Aa,*h)
T(m~n)=.Am*S/Denom

ELSE

END! F
22 CONTINUE

WRITE(6,*) 'Momet Matrix T Loaded.,
WI1TE(6,*)

C
C
C Loading the Im Matrix for the
C Largest Umber of Coefficients
C
C

DO 33 muO,Nmx
IFCE.EQ.0) Then

1(m.2)mq
I C.,3)ud

ELSE

I(m,2)=W2.0
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I(w.3)SINCAwkd)/Am

33 CONTINUE
WITE(6,') NoMwnt Matrix I Loaded.'
WITEC6,')'
WRITE(6,*) 'Loading System Matrix ..
CALL ALOAD(Ja,Puk,Amk)
WRITE(6,*) 'System Matrix A*k Loaded.$
WRITE(6,*) '

URITE(6,*) 'Loading Driving Vector ..
DO 40 mwD,Nl

40 CONTINUE
WRITEC6,*) 'Driving Vector B Loaded.'
WRITE(6,*)II
WRITE(6,*) 'SoLving the Linear System .. Ptease Wait
NszN141
CALL FACTOR(Aa*,P,Ns,Nblg)
CALL SOLVECAImd,B,P,Ns,Nbig)
WRITEC?,*) 'Listing the Expansion Coefficients'
WRITE(6,*) I Listing the Expansion Coefficients...
WRITE(7,*) 'N and 3(11):I
DO 44 11=0,11

WRITE(?,*) 1,8(11+1)
44 CONTINUE

C
C
C *Comuting Current from the
C *Expansion Coefficients
C
C

WRITE(6,*)
WIRTE(6,*) 'Computing current on the monopote...
WRITE(7,*) 'Listing the Current on the Monopote'
DeltaZ=(h-d)I(NI -1)
WRITE(?,') 'Position Distance IMz (AY'
WRITEC?,*) I Number (Meters) Nag Phase'
y-d
kal

55 Sunw(0.,0.)
DO 66 rimO,Nl

66 CONTINUE
IZ~k)u2.0Pi**Sum
0M=CABS( IZ(k))
CRzREAL( IZ(k))
Cl AIMAG( IZ(k))
CPa180.'ATAN2(CI ,CR)/pi
WRITE(7,200) k,y,O4,CP
Yuy.ettaZ
kuk~t
tF(y.LE.(h*1.E-6)) GO TO 55
WRITE(6,*) 'Comptete.'

C
C
C *Computing Input Impedance
C
C

Zinz(1 .O,O.O)/IZ(1)
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Rin.'REAL(Zin
xin"AINAGCZin)
WRITE(7,*) #Input Resistance #.'Rim
WRITEC7,*) 'input Reactance -'AXin

C
C -*~~CCCC*CCCC*CCCCC

C
C Calculate Electric Field
C Distribution
C
C---------------------CCC*C
C
C Checking Ez(a~z) of solution at 200 points from 0 to L

~WITE(6,*) 'Do you want to compute the Electric Field (YIN)?
READCO,i00) Eok
IF (CEok .EQ. IY') .OR. (Eck .EQ. IV')) THEN

NZB200
ZMIUO0.0
ZPMwXL
DZZMAXI(NZ-1 .0)
OPENC3,FILEn'EZ.DAT')
WRITE(3,100) 'EZ vs. Z'
WRITE(3,102) NZ
WRITEC3,103) ZNIN
WRITEC3,1O3) ZMAX
DO 99 K=l.NZ

zx(K-1.)'DZ
CluCO.,0.)

DO 88 N-O,N1
Cl=C1+U(N*1 )CJa(N,4)*CO5(N*pi~z/l)

88 CONTINUE
Cl=CI/(jyhat)
EzM=CABS( Cl)
WRITE(3,103) EzN

99 CONTINUE
IJRITE(6,*) 'Electric Field data stored in file EZ.DAT.1

ELSE
WRITE6,*) ' Copleted.'

ENDI F
C
C ***CCC*CC*CC**CCCC*CCCC

CC

C 1/O Format Statements
CC

C *CCC*CCC*CCCC*CCCCCCCCC

100 FORMAT(A)
102 FORMAT(15)
103 FORAW(12.3)
200 FORNAT(2X(,13,SX,F8.3,5X,IPE12.3,5X,OPF$.2,IPE12.3,5X,OPF.2,

*IPEl2.3,5X,OPF8. 2)
210 FORNATC' Driving Frequency, ',9X,F7.3,1 MHz')
220 FORMATC' Monopole Height, ',9X,F7.3,' meters C',FS.3,' Lamb*da)')
230 FORMAT(, Monopole Radius, ',9X,F7.3,' meters (',F5.3,1 Luambda)')
240 FORMAT(' Feed Gap Distance, ',9X,F7.3,' meters (',F5.3.1 Lamb~da)')
250 FORMATC' Upper Plane Height,',9X,F7.3,' meters (',F5.3.' Lamb~da)')

STOP
END
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Subroutine Sorce Code for MONO without Gap Field Expansion

SUBROUTINE ALOAD(Ja.PikAldk)
C (Revision 8.1)
C
C
C *

C Variable Definitions C

C * *

C
C
C RI - Distance between ground pL
C Radius a Radius of monopole
C q a Distance between top of monopole and uper plane
C d = Antenna feed gap
C K2 a Koe2 (From wain program)
C Tin) a Moment integration result as function of m and n
C Ijmx) a Moment integration result of order x given m
C a Imaginaery One
C z a Intermediate value for Basset Suroutine
C unvn E genvatues
C jo = Besset Function of the First Kind of Order 0
C Ji a Bessel Function of the First Kind of Order 1
C HO Hanker Function of the Second Kind of Order 0
C HI a Hnkel Function of the Second Kind of Order 1
C S19 a Sumation over n for the A matrix
C Si a Individual term used in SUAn
C m Colum position of matrix Amk
C k a Row position of matrix Aio
C Ni z Number of subdivisons in Region 1
C M2 a Number of subdvisons in Region 2
C Amik = Complex Matrix value that describes the system
C
C This SUBROUTINE loads the complex A matrix that describes the system
C of size NI by NI. Maximum size of matrix is set at 50 by 50. This
C SUBROUTINE calles to the following subroutines found in SUBS.FOR:
C CSR - Complex square root that preserves negative imaginary
C portion.
C BESI - Computes the BesseL Function values for a given z.
C Taint - Computes the value of the moment integratation T
C Imint - Computes the value of the moment integratation I
C Written 5/88 by R.C. Hurley using MicroSoft Fortran 4.01.
C
SLARGE:Amk

INTEGER k,m~nNbigNmax,N1,N2
REAL t,a,q,d.K2,T(0:60,O:60),l(O:60,1:3),Pi.RIR2
COMPLEX j,zv,zu,vn,un, JOn,JlnHOn,Hln,SLN4,SI
COMPLEX CSRAmk(Nbig,Nbig),Ja(0:60,1:4)
COMPLEX Pmk(0:60.O:60)
CHARACTER*I cr
COPMON/Blki/I, jNIP ,d,Nblg
C~GON/Bik2/K2, I ,Nmx,N2,q,a,T
cr-CHAR(13)

C
C This section Loads a matrix consisting of Besset fuctions and
C other values required to toed the Ark matrix. The coluwis are
C fitted as follows:
C
C Ja(n,1) w un*Jo(w*a) in numerator of Sum
C Ja(n,Z) = Ji(un*) in denoinator of Sum
C Ja(n,3) a vn*Hl(vn*a) used for all locations
C Ja(n,4) a vn*vn*Ho(vn*a) used in diagonal elements
C
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WITE(6,100) Mmmx
DO ii rsuO*Nmax

uImCSR (31)
vrwmCSRCR2)

xvuwI*a
Coll 3ESICxu*jOnJin)
Call NAN1Czv,Nrm,Nln)
Ja(n.1) m UnJOn
Ja(n.2) a Oln
Ja(n,3) a Vn*Nln
Ja(n,4) a*vHn

11 Contiuae

WRITE6,*)
WITE(6,200) Nl1*mx

C
C Loading the Pok Matrix (size Ni x Umax)
C

DO 22 m,N1
WRITEC6,300) m,cr
DO 22 k09NWmx

Pmk(m,k)=(0.O,O.0)
DO 33 nz0,N2

S1=(Ja~n, 1)*T(m,n)*T(k,n))/(I (n,2)*Ja(n,2))
Pdc(m,k)uPumc~m,k).S1

33 CONTINUE
22 CONTINUE

WITE6,*) 'Completed.

004 " kmO.NI
lf(m.EQ.k) Then

Amai-1 k.1 )=ja(k,3)*Pu*(a,m)-Ja(k,4)*I(m, )
ELSE

Aak(m4,1,k+1 )mja(k,3)*Pumk(,,k)
END! F

44 CONTINUE
100 FORMAT(' Loading Js matrix of size',13,' x 4 ...
200 FORMAT(* Loading P.* Matrix of size',13,' x',I3.1....'
300 FORMAT(' Calculating rou',i3,a,\)

RETURN
END

C
C ******************************.***

C

FUNCTION CSR(R)
REAL R
COMPLEX CSR

C Evaluating SQRT(R) with special consideration to meg. reals
IFCR.GE.O.O) THEN

CSR=SQRTCR)
ELSE

C53*(0.,-1.)SQRT(-R)
END IF
RETURN
END
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C
C
C

SUBRUTINE 3ES1CZ,JO,Ji)
C
C Computing Bessel Functions for nu0,1 with
C Complex Argumnt, Z. Direct Power Series Method for
C CABS(Z) .E. 6 mid Hake's Asetotic Formula for

*C CABSCZ) GT. 6. Written 11/5/87 by N.A. Morgan
C

INTEGER N,M2
REAL C(34),DM4,FC34),GD,PC34),Pi ,P2
COMPLEX Z,Z2,Z3,Z4,JOJIAM,CLPO.P ,O0.QI,CO,C19 SOSI
Pim3.i1 5927
P2s2.0/PI
IFCCASS(Z).LE.6.O) THEN

C
C Utilizing the Direct Power Series Method
C

GOz 1.781072
Z2=0.5'Z
CLCLOG(G4'Z2)

C
C Coputng FMm; I and P(m) I +1/2 1/3 ..... 1/n
C

F(t)in1.0
P(1)S1.O
DO 11 M-2,34

F(M)uN'FCM. 1)
PCM)UP(N- 1 ).1.0/N

11 CONTINUE
C
C Computing Power Series Coefficients
C

DM-1.0
Do 22 H-1,34

CCN)wONI(FCN)*F(N))
DN=-DN

22 CONTINUE
C
C Coputing JO and JA
C

jowC.,O.)
JIMCO.*0.)
NZO

33 M#.1
N22*
AN=C(N)(Z2'MK2)
JOJO+AM
JI=JI-NAM
If(CCABS(AN).GT..OE-1).ANi.(N.LT.34)) GO To 33
JluJ1,z2
return

ELSE
C
C HankeL' Asymptotic Formula (Abram. & Stegili p. 364)
C

Z2=Z*Z
Z3zZ*Z2
Z~mZ*23
POa1.O-.07O3125/Z2+.1121521/Z4
GO-. 125IZ+-O732422/z3
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MiuI.O..1171875/ZZ- .l44956iZ4
QI*.375/Z .10253906/Z3
CO==OSZ-.2S*PI)
S~uCSINCZ-.2SPI)
CIac WS (Z-.75'PI)

ANaCSORTCP2/Z)
JOUAM' CPOCO-WOSO)

RETURN

C
C

C

C Coputing Naeot Functions for n-O,l with
C Coplex Arg~mst, Z. Direct Power Series Method for
C CABS(Z) .E. 5 and Nankells Asymtotic Foruuta for
C CASQ() .GT. 5. Written 11/6/87 by N.A. Morgan
C

INTEGER M,M2
REAL C(34),DN,F(34),GO,P(34),Pi,P2
COMPLEX Z.Z2.Z3,Z4,JO,J1.Y0.T1.AM4,CL,P0,P1,QO,Q1
COMPLEX EOE1,XOXi,HO,H1.j
PR .3.1415927
P2=2.0/Pl
JinCO.O.
IF(CABS(Z).LE.5.O) THEN

C
C Direct Power Series Method
C

GOa 1.78072
Z2=0.5*Z
CLuCLOG(GO*Z2)

C
C Coputing F(m) am a end P(m) I + 1/2. 1/3 . ..... 1/rn
C

F(1)inl.O
P(1)21.0
DO 11 N-2.34

FCM)MF(M- 1)
PC)P(N- )+. ./M

11 CONTINUE
C
C Coputing Power Series Coefficients
C

DNV- 1.0
Do 22 9-1.34

C(N)sM~/( F(M)*F M))
DNM-DM

22 CONT INUE
C
C Coputing JO and i
C

JO-(1.,O.)
J1.CO..O.)
"so

33 M.1
1M2u2*
AgsC(N)'(ZZ*'H2)
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J0zJ04AM

IFC(CA3S(AN4).GT.1.OE-1O).AND.(N.LT.34)) GO TO 33

C
- C Computing YO "n Y1

C
Mao
YOftCL*JO
YiaZ2CL~j1 ..5*JO

44 Mw".1

AN=CCN)9(NM)*(Z2**N2)
YO*YO -AM
YlwY1.$g*AM
IF(CAUS(AIO.GT.1.OE-1O).AND.(N.LT.34)) GO TO 4
Y03P2.YO
YiaP2*YI/Z2

N1.tJ1-j*yO

RETURN
ELSE

c
C Hanket' Asymvptotic Formula (Abram. & Stegun p. 364
C

Z2vZ*Z
Z3=Z*Z2
Z4=Z*Z3
P0 .0-.07O3125/Z2+.1121521/Z4
QO-.*1 251Z+ .0732422/23
Pls1.O.17l875/Z2-.1441956/Z4
Qlu.375IZ- .10253906/Z3
XO=CZ- .25*Pl)

EO-CEXP( -j*XO)
EI=CEXP(-j*Xl)
AM=CSORT(P2/Z)
NO-AN(PO- j*0O)*EO
N1-AN*(Pl.j*l)*E1

END IF
RETURN
END

C
C ********************~*************

C

SUBROUTINE FACTOR (A,P,N,NMX)
C PERFORMING LU-DECOMPOSITION WITH PIVOTING ON THE A-MATRIX
C

INTEGER I,J,JP1,K,P(NX),PJ,PR,R,RNI,RPI
REAL DRAX,ELKAG
COMPLEX A(NMX,NMX),D(120)
DO 60 Ral,N

00 10 Kz1,N
10 (xAKR

RMISR-1
JFCRWI.LT.1) GO TO 31
00 30 Jul ,*t1

PJUP(J)
A(J,R)-O(PJ)
00(Oj)
jP~uJ,1

00 20 I=JPI,N
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20 DCI)uO(I)-A(1.J)-ACJ,R)
30 CONTINUE
31 CONT INUE

DK4AX=CABS(O(R))
P(R)mR
lPlmR+1
IFCRP1.GT.N) GO TO 41
00 40 I=RPIN

ELMAGCAISCOC ))
IFCELMAG.LT.DNlAX) GO TO 40
SNAXNELKAG

40 P(R)ul
41 CONTINUE

PI*P(R)
ACR,R)aOCPR)
OCPR)mOCR)
IF(RPI.GT.N) GO TO 51
00 50 I.RPI.N

50 ACI,R)aD(I)/A(R,R)
51 CONTINUE
60 CONTINUE

RETURN
END

C
C **************************.*******

C

SUBRUTINE SOLVE (A,B,P,N,NMX)
C BACK SUBSTITUTION TO INVERT THE LINEAR SYSTEM

COMPLEX A(NMX,NMX),9(NMX),Y0120),UM4
INTEGER I,IP1,J9KP(NMX),PPI
DO 20 11l,N

PPINP(I)
YC I )wBPPI)
B(PPI)=S(I)
IP1=141
IF(IPI.GT.N) GO TO 11
00 10 JUIPI1N

BCJ)uBCJ)-A(J. I )YCI)
10 CONTINUE
11 CONTINUE
20 CONTINUE

DO 40 Ka1,N
ImN-K41
SLDER(O.,0.)
IPI'l1
IF(IP1.GT.M) GO TO 31
DO 30 JuIp1,w

SI.N-SIJ4A(I.J)BCJ)
30 CONTINUE
31 CONTINUE

BCI)=CY(I )-Sl)/ACI .1)
40 CONTINUE

RETURN
END
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APPENDIX E

SAMPLE INPUT/OUTPUT DATA FILES USED WITH MONO

This Appendix lists the input and output data file

structures used within MONO. There are two different types

of input data files, one that is entered at the keyboard at

run time and one which allows unattended processing of a

number of runs without user intervention. In each case, the

data fields may be either arranged in column format with one

entry per line, or all on one line separated by commas.

Additionally, a variable type is set by the program which

allows a real variable to read both an input of "1" or "1."

as the same.

A. INPUT DATA FILE STRUCTURE

This data file may be adjusted to allow the user the

option of selecting either the output file name or, for the

case of MONO8, the calculation of the electric field along the

antenna at run time. Below is a commented data set that could

be used. Note the comments are NOT to be entered in the data

set as errors would occur.
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Data File
Entry Comment

w This identifies the basis for all physical
measurements of the antenna. Using a "w"
or "W" signifies all measurements are in
terms of wavelength, while a "Im" or "M"
indicates measurements are in terms of
meters.

299.8 Driving source frequency in MHz

.24 Antenna height, h. Can be entered as
"0.24".

.01 Antenna radius, a.

.02 Gap distance, q.

2.17 Ground plate spacing, 1.

30 Number of modes for Region I, N1 .

30 Number of modes for Region II, N2.

60 Number of modes for Gap expansion, M,.
Not used for MON08.

30 Number of points to calculate the current
along the antenna.

d:\file.out DOS path and name to assign to output
file. Maximum length is 25 characters.
This entry may also be entered at the key-
board at run time.

"y" or "n" Indicates whether to calculate the elec-
tric field along the antenna. Test is NOT
case sensitive. If yes, data is stored as
'EZ.DAT' in the current directory in for-
mat for PLOT.FOR found in Appendix B.
This may be entered via the keyboard at
run time.

The same data file can be arranged as follows:

w,299.8,.24,.01.02,2.17,30,30,60,30,d:\file.out,n
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The data file is easily modified to allow the user to

group a series of runs together to be batch processed later

using the standard DOS redirection command. For example, to

use input data file named 'RUN1' and to have the normal screen

output redirected to a running log file named 'OUTPUT.LOG',

the correct syntax would be:

MONO <[path]RUN1 >>(pah]OUTPUT.L.OG

where path is the DOS path where the individual files are

stored. This parameter is optional and defaults to the

current directory. A number of runs could then be completed

without user input by combining a series of these commands in

one batch file. The file structure is the same as that listed

above except that an 'n' is inserted at the beginning of the

file to indicate that a separate input file is not to be used.

Therefore, the same data file used above would be modified as

seen below:

n,w,299.8,.24,.01.02,2.17,30,30,60,30,d:\file.out,n

B. SAMPLE OUTPUT FILE

The output file generated by MON07 for the inputs used

above is listed below: (* indicates not included in output

from MONOS)
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Driving Frequency, 299.800 MHz
Monopole Height, .240 meters ( .240 Lambda)
Monopole Radius, .010 meters ( .010 Lambda)
Feed Gap Distance, .010 meters ( .010 Lambda)
Upper Plane Height, 2.171 meters (2.170 Lambda)
Region I Coeffs. (N1): 30
Region II Coeffs. (N2): 30
*No. Gap Coeffs. (Ml): 60

No. Points for I(M): 30
Listing the Expansion Coefficients
N and B(N):

0 (-9.259474E-05,-3.712934E-04)
1 (-1.716743E-04,-7.285348E-04)
2 (-1.250944E-04, -6.843712E-04)
3 (-8.932992E-06,-5.970440E-04)
4 (6.372479E-04,-3.034107E-04)
5 (-7.747178E-04,-5.976821E-04)
6 (-4. 176759E-04,-5. 106181E-04)
7 (-2.877242E-04,-4.189367E-04)
8 (-2.029108E-04,-3.268855E-04)
9 (-1.371401E-04,-2.384746E-04)
10 (-8.359972E-05,-l.573042E-04)
11 (-4.017067E-05,-8.621241E-05)
12 (-6.131331E-06,-2.729695E-05)
13 (1.893293E-05,1.824955E-05)
14 (3 .552895E-05, 5. 013411E-05)
15 (4.440288E-05,6.891159E-05)
16 (4. 656793E-05, 7.587 663E-05)
17 (4.326494E-05,7.290936E-05)
18 (3.588156E-05,6.228465E-05)
19 (2.588031E-05,4.649168E-05)
20 (1.465865E-05,2.799412E-05)
21 (3 .497886E-06, 9. 087322E-06)
22 (-6.533222E-06,-8.273393E-06)
23 (-1.463069E-05,-2.258123E-05)
24 (-2.028524E-05,-3.284282E-05)
25 (-2.328759E-05,-3.859688E-05)
26 (-2.370753E-05,-3.988246E-05)
27 (-2. 185403E-05, -3 .717663E-05)
28 (-1.821469E-05,-3.127903E-05)
29 (-1.339421E-05,-2.322528E-05)
30 (-8.037723E--06,-1.412969E-05)

Listing the Current on the Monopole
Position Distance 1(z) (A)
Number (Meters) Nag Phase

1 .010 2.316E-02 -15.04
2 .018 2.309E-02 -15.98
3 .026 2.299E-02 -17.24
4 .034 2.284E-02 -18.58
5 .042 2.262E-02 -19.80
6 .050 2.234E-02 -20.78
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7 .058 2.2(A>z- "2 -21.49
8 .066 2.161E-02 -21.97
9 .073 2.121E-02 -22.34

10 .081 2.082E-02 -22.72
11 .089 2.044E-02 -23.19
12 .097 2.007E-02 -23.78
13 .105 1.970E-02 -24.44
14 .113 1.929E-02 -25.11
15 .121 1.881E-02 -25.70
16 .129 1.822E-02 -26.16
17 .137 1.752E-02 -26.50
18 .145 1.669E-02 -26.74
19 .153 1.574E-02 -26.95
20 .161 1.467E-02 -27.19
21 .169 1.349E-02 -27.49
22 .177 1.222E-02 -27.86
23 .185 1.088E-02 -28.27
24 .193 9.485E-03 -28.64
25 .200 8.069E-03 -28.91
26 .208 6.671E-03 -29.03
27 .216 5.331E-03 -28.99
28 .224 4.091E-03 -28.84
29 .232 2.987E-03 -28.72
30 .240 2.042E-03 -28.84

Input Resistance = 41.703650
Input Reactance = 11.206850
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APPENDIX F

SAMPLE INPUT/OUTPUT DATA FILES USED WITH NEC

This Appendix lists an input data file used NEC and the

corresponding output file. The run selected was for an

antenna with the following physical characteristics using one

reflection:

Driving Frequency 299.8 MHz

Antenna Height 0.48 wavelengths

Antenna Radius 0.01 wavelengths

Gap Distance 0.02 wavelenghts

Ground Plate Spacing 1.4 wavelengths

CE Run 11: Monopole Antenna of Height .48,Radius .01,.02,1.40
GW 1, 24, 0, 0, 0, 0, 0, .48, .01
GW 2, 48, 0, 0, 2.32, 0, 0, 3.28, .01
GE 1
GN 1
EK
EX 0 1 1 0 1.0
EX 0 2 24 0 -1.0
EX 0 2 25 0 -1.0
XQ
EN
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Sample output file from the above data Is shown below:

NUMICAL ELECTROMAGNETICS CODE

-.- COMMENTS - - - -

Run 11: Monopole Antenna of Height .48,Radius .01,.02,1.40

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST
LAST TAG
NO. X1 Y1 Z X2 Y2 Z2 RADIUS SEG. SEG.
SEG. NO.

1 .00000 .00000 .00000 .00000 .00000 .48000 .01000 24 1
24 1

2 .00000 .00000 2.32000 .00000 .00000 3.28000 .01000 48 25
72 2

GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE.

TOTAL SEGMENTS USED- 72 NO. SEG. IN A SYMMETRIC CELL- 72 SYMMETRY FLAG- 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)
NONE

- - - - SEGIENTATION DATA -- --

COORDINATES IN METERS

I+ AND I- INDICATE THE SEGMENTSBEFORE AND AFTER I

SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA TAG
NO. X Y Z LENGTH ALPHA BETA RADIUS I- I I+ NO.

1 .00000 .00000 .01000 .02000 90.00000 .00000 .01000 1 1 2 1
2 .00000 .00000 .03000 .02000 90.00000 .00000 .01000 1 2 3 1
3 .00000 .00000 .05000 .02000 90.00000 .00000 .01000 2 3 4 1
4 .00000 .00000 .07000 .02000 90.00000 .00000 .01000 3 4 5 1
5 .00000 .00000 .09000 .02000 90.00000 .00000 .01000 4 5 6 1
6 .00000 .00000 .11000 .02000 90.00000 .00000 .01000 5 6 7 1
7 .00000 .00000 .13000 .02000 90.00000 .00000 .01000 6 7 8 1
8 .00000 .00000 .15000 .02000 90.00000 .00000 .01000 7 8 9 1
9 .00000 .00000 .17000 .02000 90.00000 .00000 .01000 a 9 10 1

10 .00000 .00000 .19000 .02000 90.00000 .00000 .01000 9 10 11 1
11 .00000 .00000 .21000 .02000 90.00000 .00000 .01000 10 11 12 1
12 .00000 .00000 .23000 .02000 00.00000 .00000 .01000 11 12 13 1
13 .00000 .00000 .25000 .02000 90.00000 .00000 .01000 12 13 14 1
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14 .00000 .00000 .27000 .02000 90.00000 .00000 .01000 13 14 15 1
15 .00000 .00000 .29000 .02000 90.00000 .00000 .01000 14 15 16 1
16 .00000 .00000 .31000 .02000 90.00000 .00000 .01000 15 16 17 1
17 .00000 .00000 .33000 .02000 90.00000 .00000 .01000 16 17 18 1
18 .00000 .00000 .35000 .02000 90.00000 .00000 .01000 17 18 19 1
19 .00000 .00000 .37000 .02000 90.00000 .00000 .01000 18 19 20 1
20 .00000 .00000 .39000 .02000 90.00000 .00000 .01000 19 20 21 1
21 .00000 .00000 .41000 .02000 90.00000 .00000 .01000 20 21 22 1
22 .00000 .00000 .43000 .02000 90.00000 .00000 .01000 21 22 23 1
23 .00000 .00000 .45000 .02000 90.00000 .00000 .01000 22 23 24 1
24 .00000 .00000 .47000 .02000 90.00000 .00000 .01000 23 24 0 1
25 .00000 .00000 2.33000 .02000 90.00000 .00000 .01000 0 25 26 2
26 .00000 .00000 2.35000 .02000 90.00000 .00000 .01000 25 26 27 2
27 .00000 .00000 2.37000 .02000 90.00000 .00000 .01000 26 27 28 2
28 .00000 .00000 2.39000 .02000 90.00000 .00000 .01000 27 28 29 2
29 .00000 .00000 2.41000 .02000 90.00000 .00000 .01000 28 29 30 2
30 .00000 .00000 2.43000 .02000 90.00000 .00000 .01000 29 30 31 2
31 .00000 .00000 2.45000 .02000 90.00000 .00000 .01000 30 31 32 2
32 .00000 .00000 2.47000 .02000 90.00000 .00000 .01000 31 32 33 2
33 .00000 .00000 2.49000 .02000 90,00000 .00000 .01000 32 33 34 2
34 .00000 .00000 2.51000 .02000 90.00000 .00000 .01000 33 34 35 2
35 .00000 .00000 2.53000 .02000 90.00000 .00000 .01000 34 35 36 2
36 .00000 .00000 2.55000 .02000 90.00000 .00000 .01000 35 36 37 2
37 .00000 .00000 2.57000 .02000 90.00000 .00000 .01000 36 37 38 2
38 .00000 .00000 2.59000 .02000 90.00000 .00000 .01000 37 38 39 2
39 .00000 .00000 2.61000 .02000 90.00000 .00000 .01000 38 39 40 2
40 .00000 .00000 2.63000 .02000 90.00000 .00000 .01000 39 40 41 2
41 .00000 .00000 2.85000 .02000 90.00000 .00000 .01000 40 41 42 2
42 .00000 .00000 2.67000 .02000 90.00000 .00000 .01000 41 42 43 Z
43 .00000 .00000 2.69000 .02000 90.00000 .00000 .01000 42 43 44 2
44 .00000 .00000 2.71000 .02000 90.00000 .00000 .01000 43 44 45 2
45 .00000 .00000 2.73000 .02000 90.00000 .00000 .01000 44 45 46 2
46 .00000 .00000 2.75000 .02000 90.00000 .00000 .01000 45 46 47 2
47 .00000 .00000 2.77000 .02000 90.00000 .00000 .01000 46 47 48 2
48 .00000 .00000 2.79000 .02000 90.00000 .00000 .01000 47 48 49 2
49 .00000 .00000 2.81000 .02000 90.00000 .00000 .01000 48 49 50 2
so .00000 .00000 2.83000 .02000 90.00000 .00000 .01000 49 50 51 2
51 .00000 .00000 2.85000 .02000 90.00000 .00000 .01000 50 51 52 2
52 .00000 .00000 2.87000 .02000 90.00000 .00000 .01000 51 52 53 2
53 .00000 .00000 2.89000 .02000 90.00000 .00000 .01000 52 53 54 2
54 .00000 .00000 2.91000 .02000 00.00000 .00000 .01000 53 54 55 2
55 .00000 .00000 2.93000 .02000 90.00000 .00000 .01000 54 55 56 2
56 .00000 .00000 2.95000 .02000 90.00000 .00000 .01000 55 56 57 2
57 .00000 .00000 2.97000 .02000 90.00000 .00000 .01000 56 57 58 2
58 .00000 .00000 2.99000 .02000 90.00000 .00000 .01000 57 58 59 2
59 .00000 .00000 3.01000 .02000 90.00000 .00000 .01000 58 59 60 2
60 .00000 .00000 3.03000 .02000 90.00000 .00000 .01000 59 60 61 2
61 .00000 .00000 3.05000 .02000 90.00000 .00000 .01000 60 61 62 2
62 .00000 .00000 3.07000 .02000 90.00000 .00000 .01000 61 62 63 2
63 .00000 .00000 3.09000 .02000 90.00000 .00000 .01000 62 63 64 2
64 .00000 .00000 3.11000 .02000 90.00000 .00000 .01000 63 64 65 2
65 .00000 .00000 3.13000 .02000 90.00000 .00000 .01000 64 65 66 2
66 .00000 .00000 3.15000 .02000 90.00000 .00000 .01000 65 66 67 2
67 .00000 .00000 3.17000 .02000 90.00000 .00000 .01000 66 67 68 2
68 .00000 .00000 3.19000 .02000 90.00000 .00000 .01000 67 68 69 2
69 .00000 .00000 3.21000 .02000 90.00000 .00000 .01000 68 69 70 2
70 .00000 .00000 3.23000 .02000 90.00000 .00000 .01000 69 70 71 2
71 .00000 .00000 3.25000 .02000 90.00000 .00000 .01000 70 71 72 2
72 .00000 .00000 3.27000 .02000 90.00000 .00000 .01000 71 72 0 2

***** DATA CARD !O. 1 GY 1 0 0 0 0.00000E+00 0.00000E+00 0.00000E+00 0.OOOOOE+00
0O.0000E+00 O.O0000E+00
***** DATA CARD NO. 2 EK 0 0 0 0 0.00000£+00 0.00000E+00 0.00000E+00 0.OOOOOE+00
0.000001+00 0.00000+00
***** DATA CARD 90. 3 EX 0 1 1 0 1.000001+00 0.00000E+00 0.00000E+00 0.00000E+00
0.000001+00 0.00000E+00
***** DATA CARD 00. 4 IX 0 2 24 0 -1.000001+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
***** DATA CARD NO. 5 EX 0 2 25 0 -1.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.000001+00 O.O0000E+00
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***** DATA CARD NO. 6 XQ 0 0 0 0 0.00000E+00 0.000001+00 0.00000E+00 0.O0000E+00
0.00000E+00 O.O0000E+00

----- - FEQUENCY--- -- --

REQUENCY- 2.9980E+02 MHZ
WAVELENGTH- 1.0000E+00 METERS

APPROXIMATE INTEGRATION EMPLOYED FOR SEGHTS MCRE THAN 1.000 WAVELENGTHS APART

THE EXTENDED THIN WIRE XERNE WILL BE USED

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - ANTENNA ENVIRONMENT - - -

PERFECT GROUND

- - - MATRIX TIMING - - -

FILL- 1.500 MIN., FACTOR- .384 MIN.

- - - ANTENNA INPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OEM) ADMITTANCE
(MHOS) POWER

NO. NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL
IMAG. (WATTS)

1 1 1.00000E+00 0.00000E+00 2.43054E-03 2.78753E-03 1.77699E+02-2.03799E+02 2.43054E-03
2.78753E-03 1.21527E-03

2 48-1.000001+00 0.00000E+00-2.42866E-03-2.79143E-03 1.77398E+02-2.03896E+02 2.42866E-03
2.79143E-03 1.21433E-03

2 49-1.00000E+00 0.OOOOOE+00-2.42265E-03-2.79230E-03 1.77274E+02-2.04322E+02 2.42265E-03
2.79230E-03 1.21132E-03

- - - CURRENTS AND LOCATION - - -

DISTANCES IN WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO. NO. X y Z LENGTH REAL IMAG. MAG. PHASE

1 1 .0000 .0000 .0100 .02000 2.4305E-03 2.7875E-03 3.6984E-03 48.914
2 1 .0000 .0000 .0300 .02000 2.4147E-03 1.0516E-03 2.6338E-03 23.534
3 1 .0000 .0000 .0500 .02000 2.38331-03 -8.5797E-05 2.3848E-03 -2.062
4 1 .0000 .0000 .0700 .02000 2.33661-03 -9.8162E-04 2.5344E-03 -22.787
5 1 .0000 .0000 .0900 .02000 2.2754E-03 -1.7685E-03 2.8819E-03 -37.856
6 1 .0000 .0000 .1100 .02000 2.2004E-03 -2.4668E-03 3.3055E-03 -48.267
7 1 .0000 .0000 .1300 .02000 2.1125E-03 -3.0847E-03 3.7387E-03 -55.595
8 1 .0000 .0000 .1500 .02000 2.01301-03 -3.6240E-03 4.1456E-03 -60.950
9 1 .0000 .0000 .1700 .02000 1.9031E-03 -4.08413-03 4.5058E-03 -65.016

10 1 .0000 .0000 .1900 .02000 1.7842E-03 -4.4630E-03 4.8065E-03 -68.209
11 1 .0000 .0000 .2100 .02000 1.6579E-03 -4.7589E-03 5.0394E-03 -70.792
12 1 .0000 .0000 .2300 .02000 1.52581-03 -4.9697E-03 5.1987E-03 -72.932
13 1 .0000 .0000 .2500 .02000 1.3895E-03 -5.0945E-03 5.2806E-03 -74.744
14 1 .0000 .0000 .2700 .02000 1.2508E-03 -5,1325E-03 5.2827E-03 -76.304
15 1 .0000 .0000 .2900 .02000 1.1113E-03 -5.0841E-03 5.2041E-03 -77.670
16 1 .0000 .0000 .3100 .02000 9.7278E-04 -4.9502E-03 5.0449E-03 -78.882
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17 1 .0000 .0000 .3300 .02000 8.36921-04 -4.7327E-03 4.6061E-03 -79.972
18 1 .0000 .0000 .3500 .02000 7.05291-04 -4.43401-03 4.4897E-03 -80.962
19 1 .0000 .0000 .3700 .02000 5.7941E-04 -4.0569E-03 4.0981E-03 -81.872
20 1 .0000 .0000 .3900 .02000 4.60642-04 -3.6044E-03 3.6337E-03 -82.717
21 1 .0000 .0000 .4100 .02000 3.50181-04 -3.07851-03 3.0983E-03 -83.510
22 1 .0000 .0000 .4300 .02000 2.4894E-04 -2.47852-03 2.4909E-03 -84.264
23 1 .0000 .0000 .4500 .02000 1.5733E-04 -1.7963E-03 1.8032E-03 -84.995
24 1 .0000 .0000 .4700 .02000 7.20031-05 -9.5821Z-04 9.6091E-04 -85.703
25 2 .0000 .0000 2.3300 .02000 -8.27181-05 9.5969E-04 9.6325E-04 94.926
26 2 .0000 .0000 2.3500 .02000 -1.7730E-04 1.79901-03 1.8077E-03 95.629
27 2 .0000 .0000 2.3700 .02000 -2.76352-04 2.4819E-03 2.49721-03 96.353
28 2 .0000 .0000 2.3900 .02000 -3.84021-04 3.08262-03 3.10641-03 97.101
29 2 .0000 .0000 2.4100 .02000 -5.0002Z-04 3.6090E-03 3.6434E-03 97.88
30 2 .0000 .0000 2.4300 .02000 -6.2347E-04 4.0618E-03 4.1094E-03 98.727
31 2 .0000 .0000 2.4500 .02000 -7.5316-04 4.43911-03 4.5025E-03 99.629
32 2 .0000 .0000 2.4700 .02000 -8.87691-04 4.73791-03 4.8203E-03 100.612
33 2 .0000 .0000 2.4900 .02000 -1.02561-03 4.95541-03 5.0504E-03 101.693
34 2 .0000 .0000 2.5100 .02000 -1.16521-03 5.08911-03 5.2208E-03 102.896
35 2 .0000 .0000 2.5300 .02000 -1.3049E-03 5.13732-03 5.30041-03 104.252
36 2 .0000 .0000 2.5500 .02000 -1.44301-03 5.0989E-03 5.2992E-03 105.801
37 2 .0000 .0000 2.5700 .02000 -1.57781-03 4.97371-03 5.21801-03 107.600
38 2 .0000 .0000 2.5900 .02000 -1.70761-03 4.76231-03 5.0592E-03 109.726
39 2 .0000 .0000 2.6100 .02000 -1.63061-03 4.46591-03 4.8266E-03 112.292
40 2 .0000 .0000 2.6300 .02000 -1.94601-03 4.08641-03 4.5261E-03 115.484
41 2 .0000 .0000 2.6500 .02000 -2.05151-03 3.6256E-03 4.16581-03 119.502
42 2 .0000 .0000 2.6700 .02000 -2.14613-03 3.0856E-03 3.7585E-03 124.820
43 2 .0000 .0000 2.6900 .02000 -2.2286E-03 2.4669E-03 3.3245E-03 132.094
44 2 .0000 .0000 2.7100 .02000 -2.2979E-03 1.7679-03 2.8993E-03 142.427
45 2 .0000 .0000 2.7300 .02000 -2.3532E-03 9.8018E-04 2.5492E-03 157.387
46 2 .0000 .0000 2.7500 .02000 -2.39371-03 8.3523E-05 2.3952E-03 178.002
47 2 .0000 .0000 2.7700 .02000 -2.41901-03 -1.05471-03 2.6389E-03 -156.441
48 2 .0000 .0000 2.7900 .02000 -2.42871-03 -2.79141-03 3.70011-03 -131.025
49 2 .0000 .0000 2.8100 .02000 -2.4226E-03 -2.79231-03 3.69681-03 -130.945
50 2 .0000 .0000 2.8300 .02000 -2.40101-03 -1.0573E-03 2.62351-03 -156.235
51 2 .0000 .0000 2.8500 .02000 -2.36413-03 7.9330E-05 2.3655E-03 178.078
52 2 .0000 .0000 2.8700 .02000 -2.3124Z-03 9.74361-04 2.5093E-03 157.151
53 2 .0000 .0000 2.8900 .02000 -2.24661-03 1.7605E-03 2.8542E-03 141.917
54 2 .0000 .0000 2.9100 .02000 -2.16751-03 2.4580E-03 3,27721-03 131.406
55 2 .0000 .0000 2.9300 .02000 -2.0762E-03 3.07521-03 3.71041-03 124.025
56 2 .0000 .0000 2.9500 .02000 -1.97381-03 3.6139E-03 4.11781-03 118.642
57 2 .0000 .0000 2.9700 .02000 -1.66171-03 4.07341-03 4.47861-03 114.562
58 2 .0000 .0000 2.9900 .02000 -1.7413E-03 4.4518-03 4.76031-03 111.362
59 2 .0000 .0000 3.0100 .02000 -1.6141E-03 4.74721-03 5.0141E-03 108.779
80 2 .0000 .0000 3.0300 .02000 -1.4819E-03 4.95781-03 5.1745E-03 106.641
61 2 .0000 .0000 3.0500 .02000 -1.34611-03 5.08231-03 5.25751-03 104.834
62 2 .0000 .0000 3.0700 .02000 -1.20841-03 5.1202E-03 5.2609E-03 103.280
63 2 .0000 .0000 3.0900 .02000 -1.07071-03 5.07183-03 5.18361-03 101.921
64 2 .0000 .0000 3.1100 .02000 -9.34522-04 4.93811-03 5.0257E-03 100.716
65 2 .0000 .0000 3.1300 .02000 -8.0147E-04 4.72091-03 4.78841-03 99.635
66 2 .0000 .0000 3.1500 .02000 -6.73101-04 4.42271-03 4.47361-03 98.654
67 2 .0000 .0000 3.1700 .02000 -5.5087E-04 4.04631-03 4.08361-03 97.753
68 2 .0000 .0000 3.1900 .02000 -4.36091-04 3.59461-03 3.6210E-03 96.917
69 2 .0000 .0000 3.2100 .02000 -3.29901-04 3.0696-03 3.0875E-03 96.134
70 2 .0000 .0000 3.2300 .02000 -2.33171-04 2.4712E-03 2.4822E-03 95.390
71 2 .0000 .0000 3.2500 .02000 -1.46301-04 1.79091-03 1.7969E-03 94.670
72 2 .0000 .0000 3.2700 .02000 -6.63391-05 9.55171-04 9.5747E-04 93.973

- - -POWER BUDGIT - - -

INPUT POWER - 3.64091-03 WATTS
RADIATED POWER- 3.64091-03 WATTS
STRUCTURE LOSS- 0.00001400 WATTS
NETWORK LO8 - 0.00009+00 WATTS
EFFICIENCY - 100.00 PERCENT

**** DATA CARD 30. 7 1l 0 0 0 0 0.00000E+00 0.00000E+00 0.00000E+00 O.O0000E+00
0.00000E+00 0.000001+00

RUN TIME - 1.952
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