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ABSTRACT

A study of a dipole antenna symmetricajly loaded on each arm with

a lumped impedance is investigated with a view to improving the gain and

other radiation characteristics. The current distribution,is determined

for the unloaded case by the method of moments, using Pocklington's in-

tegral equation. ihe solution is then modified to include the effect of

lumped 'load impedance which makes it possible to express the current dis-

tribution in terms of the resistive and reactive components of the load.

This leads to expressions for the directive gain in the vertical plane,

radiated power and antenna input impedance as function of resistive and

reactive components of the load. Using Rosenbrock's method of hill-
climbing, the load impedance is optimized for any fixed locatÍon along

the dipole for either maximum directive gaìn in the verticaì plane or

total radiated power, From these results, it is found that the optimum

load for maximum directive gain in the vertical plane is pureìy reac-

tive. It is also found that the gain of the dipoìe loaded with the
'

optimum load impedance is increased by about 2.72 dB over the unloaded

case but its radiated power is drasticalty reduced. For a short dipole

the optimum load for maximum radiated power is also reactive and is equaì

in magnitude and location to that which would be needed to resonate the

dipole. Numerical results for the current distribution and radiation

pattern for the dipole antenna loaded with the optimum load impedance

are also presented to illustrate the advantages of this type of passive

I oadi ng.
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CHAPTER 
.l

INTRODUCTION

A dipore antenna-is considered to be the simpìest antenna type and
most economical to construct. Because of these characteristics it hasbeln ennloyed in many applications, such as in broadcast antennas, vHF
and UHF communication antennas. Though it has the advantage of ,irpli_citv and economv' ir has rhe disadvanrases of rerarir.a;;;;r^ guin un¿
t'ride beamwidth, sma'J pou/er capacity and narrow bandr^rioin. ,.;;;.;;
these disadvantages many researches have been done to improv. il ;.r-formances

The perfornance of a dipoìe antenna can be determined if the cur_rent distribution arong its tength is knor.¿n. For engineeri;, or;;;r;'r,
:has been assumed to be a sinusoida'l distribution from r,rhich the character_istics of the dipole are determined. It has been found that this urrrr'-tion gives reasonabre accuracy. A more u..r.ur. sorutÍon for current dis_tribution or a dipore antenna has been srudied bv ring(r) una;;;;;,t;'

using the íntegral equation method. The current distribution obtained isvery complicated and r:equìres .Jengthy 
calcurations. Harrington,(3) ¿r¿

::t 
attempt to sorve the integrar equation but was instead ab.re to.or.r,,

Ene current distribution by the mo¡rent method. To improve the performance
of the dÌpo'lê, the technique is to upset the current dÍstribution .ro ;;--the same time attempt to optimize and rea'rize the resulting.r.i;;r;_
tribution.

l-:..
', .:. :.



¿

the geometricaT shape of the radiating wÍre. Thus by bending ,h. ;;:tenna's arm' Hamid et al(4) rho".d that the radiation.r,u"acteristics ofa dipote are modified' It was shourn that the circu'rarry and parabo.ricalry
bent antennas operating at the first resonance have a radiation pattern
approaching omnidirection as the bending curvature Ís optinized.

Another technique for modifying the behaviour of dipore is by chang_ing the position of excitation. Harrington and l4autz(5) .n.ly." ,;r;;r;

:n"nn:s.with 
arbitrary excitation by the moment ,n.',oa ;";; ;;J ;;"cu*ent distribution, input admittance and radiation pattern .., ,. -r;r-=fied. strait and Hirasawa(6) d.ron.trated that with murrror.-.".;;.;;;;,

on the wire antenna gain in specified direcrion :u; ;;;;;.,.

Another procedure for irnprovÌng the current distrïbution is to load
ive etemenrs atons tt," wir.. ;;;r';.;;r';'

active and passive dipores, respectivery. The studv of actÍu. ¿ipol",

:::r:tes 
a 

:rominenr 
posirìon in anrenna rheory, parricur.rr, ,;;';;r,

neur types of high frequency semiconductors have been deveroo"o. ;; ;.;;r.
:::::::.':: 

o' classiried into two major rvpes., one conrains ..r,r.-0.;;.,
and radiating sections, such that its performance .unno, o. ;;;;';tanpìifier in series wirh a passive antenna formed by rhe;;;;r.r rn."active elements' The other type is the combination of amplifier .ro"rn.passive antenna.

The advantage of an active antenna is that it .reads 
to higher gain orsignaT to noise ratio oF, ârternativeîy a reduction in the ou"ru' r*nrr,of the antenna for the same gain. some types of active antennas whìch have

j:.r';.

l-:. t l



been developed and reported

the Esaki diode un¿.nnu(9)

the pararnetric amplifier unt.nnu,(7), (8)

the antennafier(to)^, (l r)

are

and

Apart from active antenna, studíes to improve the characteristics ofa dipole antenna have a'lso been centred on the passiveìy-loaded structure
which does not contain any active erements. There are ü¡ro types of road_
ing' one is contínuous'roading unã th..,other is rumped impedance loading.

In this thesis the study is centred on ïumped impedance roading
primarily because of the availabitity of experimental data ca*ied on else-
where which permits comparison of analytical predictions. The properties
of a cylindricar antenna with a continuous ohmic resÍstanc.'.;r;n ,r, 

-

length were studied by King and tu(12) 
"ho 

found that this type or unt.nnu
is directive and broadband but its efficiency is hirnr, o.r.;;;";;J."';;'
was also shown b.v r,ru and Kìns(13) thut u truu.rrr;o;.;.;;;.;;r";;.j.r-
istic can be obtained by continuously roading the antennu,iar,.;;;""
resistive load per unit length.

A dipole loaded with lumped impedance is obviousïy an easier method
for improving rhe antenna performance bv passive roadinr. ;r;;;r;.ri;ö""
showed that by toading the dipole wl'th resistorsofsuitable vaïue u, u "
quarter-waverength distance from each open end of the antenr.- ;;:;;.r,
distribution can be made or rhe rravenins-wave disrriburr.; ;;.-";;:;";.-
suJts in a better bandwidth compared to the conventionar ¿ipor".n;.r;r.-
Nvquist and chen(15) *.r. arso abre to obtain the trave.rrrr;_";rn';.;;;;;r,
by double impedance 'loading. But instead of loading vrith a resistor as done
by Altshurerr a purery reactive road is placed at a proper position arong
each arm' This resuJts in a hiqher efficiencv as compared to Altshuter,s
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travelling-wave antenna. Later it was demonstrated b.y Rao et at,(r6) un¿
Popovic and Dragoui.(17) thut a broadband antenna .can also be obtained by
capacitive loading. Lin et aI,(18) aÌso anaryzed a short dipor. unt.nn.
doubìy loaded urith a pair of identical impedances and sho¡red that the rad-
iated power of a short dipote antenna can be increased. It was aïso shourn
that with a proper choice of load, the directivity of a short antenna can
be increased at the expense of the radìated power and efficiency. 

.

The main purpose of this thesis is to investigate the possibility
of ímproving characteristics of dipole antennas through tt. rr. of th.-.lumped 

impedance toading technique. The antenna under consideration is
assumed to consist of a thin cylindrical dipote, doub].v loaded with a pair
of identical impedances placed at symmetrica] ïocations along the turo
halves of the antenna. The resulting current dÍstribution is determined
in terms of the rear and imaginary parts of the road irnpedance. This re_
sults in the equations for directive gain, radÍated por,rer and input impe_
dance in terms of rear and imaginary parts of the road impedance. using
an optimization technigue which is used throughout this thesis, Rosenbrock,s
method of hill clinrbing, the optimum values of îoad impedance for maximum
directive gain and maxinum radiated power can be determined. orrr ;;;
proper choice of load impedance, the antenna input impedance can be trans-
formed to a'lmost any value.

The derivatjon of the integrat equation for the current distribution
on a dipole antenna is given in chapter 2.,- The thin-vrire approximation is
used and the integraì equation is solved by the moment method. ïhe solu-
tion is then applied to the loaded dipote antenna leading to numerical
results for the loaded dipole.
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The reration for" the directive gain is derived in chapter 3. The :

optimum load for a maximum gain is determined and numerical results are
given to illustrate the improvement in gain at the expense of efficiency.

The re'ration for the radiated power is derived in chapter 4. The
optimum load for maximum radiated pot^ler is determined. The numerical re- 

" 
" 

,'ì

sults are given to demonstrate the improvement for radiated power.

The antenna input impedance as a functìon of the connected load
is derived ín chapter 5. The equation is then apprìed to find the load
impedance which resonates the antenna. Numericaî'results are aîso pre-
sented for illustration.

,

The dipote antenna roaded with finite size road impedance is i

ective gain is also de- 
l

rived' The optimum load for a maximum gain is then determined and :

numericai results are also given to compare with the resuîts obtained
fordeIta1oadimpedancecase.AgeneraldÌscussionisgivenînChap.

ter 7 followed by the concìusion of the study 
:

:



CHAPTER 2

ANALYSIS OF DIPOLE LOADED I,IITH PASSIVE ELEMENTS

The solution of antenna problems is based on the fact that a

differential equation together with the boundary conditions may often

be converted into an integraì equation, that is, an equation containing

the unknown function under the integral sign. In the case of antenna

problems the unknown function usually represents the antenna curyent or

more generaìly the current density. The current distribution is then

determined by solving this integral equation.

2.1 Derivation of the Integral Equation

2.1.1 Integral Representation

Before the integral equation of a dipole antenna is derived, the

general form of integr.al representation of fields will be reviewed.

Starting from Maxwell's equation for time-harmonic fields with eitt tìme

dependence, we have

vxE = ;jtrB ,

VxH=J+jreË

V.E=0

V.D=P

(2.1.t)

(2.1.2')

(2.1 .3)

(2.1 .4)

t,'lherejandþare,respectiveìy,thecurrentandvolumetriccharge

densities. According to equation (2-t.3) the field of the vector E is
alrlays solenoidal. consequenily E can be represented as the curl
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of another vector Ã which is usualìy called the magnetic vector potentiaì,

B=VxÃ

If now E is rep'laced in equation (Z.l .l), we obtain

vx(E+ju:Ã)=g (2.1 .6)

Thus the field of the vector E + ¡c^rÃ is imotational and equal to the

gradient of a scalar;function o which is usualty called the electric
scalap potential , i.e. ,

2- 2-V-A+k'A=_UJ (2.1.e) 
i

Ieading to the resutt(1?),

E = _VÕ _jr¡Ã

:

he Lorentz condition

, V.A = _jt:e¡.r@ :

:ntz condition allow Ã to be

' written as the solution of

Ã = # ,I i(¡,) ¿-¡ll¡ : i'.!-" Ju, l¡ - F'l
dv' (2. I . 1o)

where the prime superscript represents source coordinates; k i s Zn/),,

À is the wavelength and lñ - "'l is the distance from source to the

observation point.

From equation (2.1.7) and the Lorentz condition one obtains



Substítuting for Ã from equation
representation for the e.lectric field as

current density is obtained as

Ë=-#*(w'+¡2¡ i ¡rr'l
)v,

(2..l.10), the integral

a function of source

dv'"-ikl" 
- r'f

lF - .'l (2.1.12)

el ectric

represen-

fl owi ng

2'1'2 Integrar Equation for a cyrindricar Antenna

Equation (z'l-lz¡ is the integra'r representation of thefield as a function of source current density. This integral
tation, when appr ied to a'cyr indr,icar .antenna 

with the .rlr.nt
onìy on the surfacê, wilr reduce to surface integration.

For field
antennã shown in

tr-

and source points on the surface of the
figure 2.'1, the integra.l representation

afo(vv. +n', f' j(F,)+ds,

where

ft = lF' - rf = /

Assuming that the cyrindricar antenna under consideration has
only a z component of current and is,independent of 0, , then equation

cyÏ i ndrical

is reduced to

(2. r . l3)

t12r =_#f|"+xz)
=o,

where I(z') is the totat surface
2nal(2,), while the kennot v :-the kernel K, is

¡L K

J, r(z') 
4å o''

current flow and equals

given by

(2. I . l4)



Fig. 2.1 Cyl i ndrical A.ntenna
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K
S (2.1.t5)

As is stated by Harrington(?0) that "the distinction between

antennas and scatterers is primariìy the locatíon of the source: If
the source is on the object it is considered as antenna; if the source
is distant from the object it is viewed as a scatterer. Hence, b.y

analyzing the object in an arbitrary impressed field, we are effectively
considering both cases at once". These statements,can be confirmed asvs uv¡tt l

follows: Equation (2.1.r4), obtained from equation (z .1.12), shows

the relation betwel the field and source current density. Thus when

it is applied to scatterer, E, is the scattered field and I(z) is the
induced current. 0n a perfectìy conducting wirê, the boundary condition
is

ñxËt=o

the total field. Thus,

(2.I.t6)

where Et ts

(2r ^-ikR
io = n- ao'

rl=-rl
where El and rl are the scattered and incident fierds,
Substituting for El in equation (Z.l.t4), the inregra.l

current distribution as a function of incident field is

,2
(g--u *

tLgz

_l
2n

(2.1.17)

respecti vely.

equation for the

obtai ned

l^lhen equation ( 2.1.14)

produced by the source current

I(z')
K

s
G dz'

is applied to an

I (z). Appìying

antenna, Ez is the field
the boundary condition

El=
z

J
(l)e r\ I'

0

(2.t.18)



which requires that the tangentiar component of the erectric fierd
vanishes at the surface of a perfect conductor, we have

0
E.={ - 

7f zg
' -E06(z - zo) in the feed gap regio(2'1..l9)

where zo is the point of excitation. Substitutino for F in ^^.(2.1.14) we obtain 
ng for E, in equation

Eo ô(z _ ,ù = * r#. 0r,

which is the integral equation for t

¡L K

J tþ') å ¿''
0

he curyent distribution.

Equation (2.ì.lg) can be made

a constraint is put on El such that

ti--Er=E0ô(z_

That is equation (Z.1.lg) can be used

bution of both antennas and scatterers
comesponding to each case is used.

(2.1.20)

equivalent to equation (2.1.20) if

'ù Q.l.zt)

to solve for the current distrÍ-
if the proper value of f]

2.1.3 Thin=l^lire Approximation

The dipore antenna under practicar conditions is usuary made
verv thin compared wirh rhe waverensrh ar rhe oo...rr;; ä.i.r, ,othat the thin-wire approximation can be applied. ,n. ,nrn-*r".
approximation invorves the for ìowing assumptionr(2r,ì,

(a) The onìy significant component of current on the wire is the axiarcomponent' which can be expressed in terms of the net ï(z) at anypoint z along the wire axis.

tr'.
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(b) The kernet Ks is repraced by the thin-wire kerner, i.e.

K * e-jkr""s r,'
where

r" = ¡lllljf

By using this thin-wire
(2.1.18) is reduced to

approximation, the integral equation

tri- j
'z- ñ

-itznllT(z')";; 'dz,

thi n di po'le antenna.

.2(5*
dz I,

0

for a

p2)

whi ch i s the i ntegra'l equati on

(2.1.22)

(2.2.1)

2.? Solution by the Method of Moments

2.2.1 Solution of the Integral Equation

The integral equation (2.1.22) wiil be soJved numericaily by

the subsectional base technique of the moment method of Harri ngiton-ez) .

The procedure is basically one for which the wire is divided ìnto sub-
sections, and a generaìized impedance matríx [Z] obtained to describe
the electromagnetic interaction between subsections. The probrem is
thus reduced to a matrix equatíon of the form

From which [I] can

tzltrl = [v]

be so'lved, i.e.

trl = [z]-1[v]

= [y][v] (2.2.2)



-la
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sin k{Âz - (2, - iAz)}; iLz < z, < (i + t)¡z
srn k\z

I. =
1

J.i sin k{¡z + (z' - i^z)]; (i - l)Lz < z, < i/iz

0 otherwise

Thus the current distribution arong the antenna is

N-1
I - I I.;1r 1¡_l

where N is the number of subsections of the wire.
tion as shown satisfies the boundary condition for

In order to obtain the

distribution along the antenna

sinusoidal puìses of the form

Ezi = electric field due to I.,

J.
1

matrix equatr'on shown aboveo

will be assumed as the sum

(see fi gure Z.Z)

the current

of triangular

This current distribu-

the current which is

I(z) = o for z=0r'L (2.2.5)

An advantage of the trianguìar sinusoidal pulse form is that the electric
field can be calculated exactly in terms of distances from discontinuities
in the slope of the cu*ent as shown by Krein and Mittra Q3).

The electrÍc field due to a triangular sinusoidal pulse 
"asirhownby Jordan and Balmain to beeÐ

Ezi=-51--14,-) Ji(+-+- 2 cos oo.+) (2!.2.6)

where i1'.t,



'l^l4

Jr J. Js

,r.í'-)
J; Ja*,

\./- \a 
-,2'\,tt ;<

f*az-'f

Fig. 2.2 Current distributÌon as the surnof triangular sinusoìda1 Jùlier.

?

.( 
Í+r)¡z

i¡z

(i-r)tz

3òz

262

tÄz

2.0

Fig. 2.3 Geometry for fields near the antenna.
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Rz= /a? + {z - (i - tçp

, = /;\G: iL=f

Thus the total electric fierd at observation point p, as shown in
fig. 2.3, is

N-l
E, = .I E_.- i=l 'zi

N-l , -i 3n. - .o - | o"'-"2 ^-jkr=.l]tc##l,,.+-#-2cosoo=+)(2.2.,7)
i =l

For a perfectly conducting wire antenna we have

Hence

From which the following expression is obtained.

; N-l
u(t*) = .,1.l Z(m,i)J., ; m = l, 2,.. . N-l (z.z.g)

where
.

z(m,i),= (#l 
[(**ala' ,.-1:*t . #- 2 cos k,z'.

I ,l 
.-- )(^-\)0, ''l nz

is, o, (2.2.10a) ,,,,,ri,,

or



Z(rn,i) =t;lffill "-iklaz 
+{(m-i -l)tzt?

laz + {(m - i - l)nz}Z

"-ik/az+{(m*i+l)nz}Z
laZ + {(m - i + l)nz}Z

^-jk/m-ZcoskAz- )

ñ
(2.2.10b)

(2.2.12)

l'lhen the testing functions are puìses of width Az or delta'functions, respectively.

Equation (2.2.9) can be written in matrix form as

[v] = ,.:[z ][J] (2.2.11)

where tZ I is a matrix with elements given by equation (2.2.10).

Hence, '-

where
[v] = tzlirl

IZJ = genera'lized impedance matrix

[V] = excitation matrix

l'l

vn- 
r



ì?17

Jr

[J] =

Jn- 
r

From equation (2.Z.lZ) we obtain

[J] = tzl-llvl
= tYltvl (2.2.13)

From equation (2 .Z.lZ) it is possible, when the current distribu_tion at N-I different poÌnts along the.rr.rr, ,, ;.;;;.;,;';;;"-
the vatues of excirarions ar N- r poinrs in o.a., .J";;;;;";r; ;r_fied currenr distriburion. From equarion (2. 2.13) ;r.-;;;unr'orr..rou_
tion can be determined when the excitation uortugê, 

"rrrn ;:;;.;;."tare given.

2.2.2 Extension to
ì

Loaded Dipole

For. ,a 
I oaded di pol e antenna

'

tzltJl = [vo]

l,lhere IVOJ is the excitation matrix
is given by

equation (2.2.12) can be modified as

* [vr] 
,

which for a center_driven antenna

[vo] = vo

0



It shoutd be noted

radíation from the

l8

tvll =-[zL][J]

lZl = diagonal load matrix

that the above modification negrects the effect of
impedance loads

From equation (2.2..14) we may write

lz+zLJUl=[vsJ
which permits determination of:

(a) input impedance of antenna due to murtípre roading(b) current distribution due to murtiprg toading and(c) current distribution due to murtip're roa¿inJ uno .*.rtation.
Also equations (2-2..l4) an¿ (z.z.r5) wi I I be used in the anaîysis
presented in later chapters.

(2.2.15)

to be

2.3 llumerical Resul ts

2.3.1 Unloaded Dipoìe

The computer program for calculation of the cuffent distribution
of an unloaded dipole antenna is written based on the method of moment
just described. The computations have been made for typicaì .rr.r;;-
for which extensive measunements and calcualtions are available. For
these antennas a/), = l.,ZZxl0-3, the parameters for the two criticat
lengths ß0h = tr/Z (with CI = ZLn(Z h/a) = B.S4) and ßOh = n(wian n=n.nr,
are chosen- The numericar resurts are shown in figures 2.4 and z.s.
From the comparison with other results shown, it is found that, in
general' our resurts based on the method of moments agree very wirl with



,>:-:*i:;:i;r'i!ìir:¡r':'l!.lll.tli;t;!ti,1;1:,1:l'i:,;.; t;l ;,';,ì::]::.r::.iij:,:
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those obtained by experiment. However, these results are:a litile different
from the results based on the three-term theory. These differences

canbeattributedtothediscardingofhigherordertermsinthe

three-term theory. The differences, due to the assumed geometry of the

input terminal of the antenna, can indeed give a different vaÏue for the
'input impedance

2.3.2 Loaded Dipoìe

Forthecaseofa.loadeddipo1eantenna,the,numericalresu]ts

obtained for the current distribution are compared with those of
Altshul""(14).. The antenna under consideration has a radius a = 0.3175cm,i

length L = 62 cm and is operated at a frequency of 600 MHz. The antenna

is loaded with a resistive load at À/4 from the ends. The agreement

between the theoretical current by the method of moment and the experi-

mental current by Altshuler is quite good as shown in figure 2.,6. The

smalldisagreementcanbeattributedlargeìytotheassumedgeometryof

the feed gap, i.e. whether the excitation is that of a delta function
generator or a capacitor feed in the other extreme of a wide gap.

The nurnerical results for the cument distribution of a loaded

dipoìe are shown in figures 2..7 to z.g for an inductive toad, in figures

2.10 to 2.12 for a capacitive load and in figures 2.13 to 2..l5 for a

resistive load. In all cases the magnitude of ioads are arbitrarily
chosen to be 2500 ohms. The antennas under consideration are of the

same radius a = 0.150 cm and for each type of load three different
'lengths are chosen for comparison. From the results shown it is found

that the current distributions are ìargeìy modified by the load.ing when



comparedwiththecorrespondingunìoadedantennas.Thecurrent

distributíons of dipoìe are also different for different types of
load. l'lith the effect of road on the current distri¡ution, the modi

fication of input impedance and radiation pattern is imptied. The

radiation patterns for dipoìe antenna loaded with an inductive load
of 2500 ohms are shown in figures 2.16 to 2.rg. They are different ,',':

from the corresponding unloaded dipoles. l^lhen the dipoles are loaded

with the same load, but at the dífferent positions, the effect of
loading on the current distribution is different as shown in figure 2.19 ,,.,,',t,,:'
which shows the cuffent distribution for different positíons of load. ;:....

'.,.'. ,'.,Thustheinputimpedancesandtheradiationpatternsmustbedifferent

The radiation patterns for different positions of road are shown in
figure 2.20 and 2..21.

In figure 2.22 the theoretical and experimental input impedance

of antenna as a function of toading reactance x, are shown. The theore-
tical results as obtained by using derta una puir. as testinn ,rn.rron,
are almost the same. The difference between theoretical and experimental
results can be attributed to the errors in simulation of the load reactance
and in making the measurement.
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F'ig. 2.6 Current in upper half of antenna loaded with resistive
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Fig. 2.7 Current in upper half of'short dipole
loaded with inductive load.
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Fig. 2.8 Cument in upper half of half-wave dipole
loaded with inductíve load.
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CHA.PTER 3

OPT]MIZATION OF DIRECTIVE GAIN

it is well knourn that the current distribution has a significant
effect on the characteristic parameters of a dipoìe antenna, that is a

small change in the current distribution can significantly change the

values of some of these parameters. It was shown in Chapter 2 that the

current distribution can be changed by tumped impedance loadìng. Thus

with the proper value of load impedance, an improvement in the dipole per-

formance can be achieved. To study the ímprovement of the directive gain

of a dipole by impedance toading, the expression for directive gain as

function of connected load inpedance based on the method of moment js de-

veloped. The directive gain in the desÌre direction is then maximized

with respect to the load impedance. Keep in mind that our model is
based on infinitesímally smaìJ and symmetrically located loads and, vlhere

appïicable, lossless reactive Ioad component

Derivation of Directive Gain vs Load Impedance

The directive gain is defined as foltows(25)

D(o,q ) = 4n (3.1.1)

For a dipoìe antenna, there Ís'no variation along Q because of sym-

metric property, thus equation (3.1..l) reduces to

3.1

o(o,ô )
P"'-'
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D(o) = +" r) (3.1 .2)

t'lhere o(o) is the radiation intensity in the o direction and p. is the
total radiated power or the povter delivered by the generator minus the
poì¡/er dí ss i oated aì ong the di poì e lvi re or' ì urnped i rpedance I oads . The far
field of a dipole is given in spherical coordinates 6u(zo¡

Eo = i ffi sino 
[tt,r,) 

.-*oo dz, (s.r.s)

r,¡hich after integration, using I(z') given in equation (Z .2.4), can be

urritten as

Eo=j ¿rJU

Atr
2 .cos(kÂz coso) - cos IR-in T¡z

N._'lç, ,jkiÂz cosOLe
i=l

This equation can be urritten ín the rnatrix

J.I

form

(s.1.+)

(3.I .5)

(3.1.6)

expressi or?l)

r- .ì .:

i- :t'

l,lhere

lAt = ¡.jkaz coso e2ikÂz coso......(N-l) jkaz coso,

The radÍation íntensity of the dipoìe can be found frorn the

2^
o(o) = #ñ fErl, (3. t .7)
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Hence

llhere [**] represents

(2.2.14) rve have

.ìr* t*
IJ] tA] tAI IJ]

the conjugate transpose

tzl IJI = tVOt + tVLt = tvl

lJl = [Z]-'l [V]

= tYl tvl

substituting equation (3.r.9) into equation (3.î.8) we obtain
'

4no(o) = - 120 -r 2

(sin kaz)¿ ' sino-- -.- , I

p=
r

be

IT

l, l,

(s. t. ro¡

(s.r.rr¡

4r* 4,:k a,*
tvt tYt rÂl rAl ry1 rvl

The total radiated power can

Ztr

deterrnined from the inteqrat express i on

(s.l.e)

of the matrix. From equation

(3.t.e)

o(o,O) sino do dO
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Using 0(o,O), as gÍven Ín equation(S.l.l0) , integrate.and r^rite the
resu'lt in matrix form

p = 60 ,t***t. = Gil;F [vl:tYt tur rYl rvl

The e'lements of matrix tul are gÍven in A.ppendix A. Hence

D(o¡ = 2 ,cos(k¡z cg:g) - cos k¡2,2

riiriiriirnr rvr rvr. fu* .U*
IV] tY] IU] tY] tV]

In this thesis only o= f i, conridered, thus

¡r* 1:k ry*
D= 2 (ì - cos kaz)Z w

tvt tYt tlrt ¡y, tu,

From equation (3.1.14), the optimum vaJue of excitations for maximum

'D'can be determined b.v maximizing this equation with respect to.*:i;r:' 1'.''.''"
' 

.:l.ltion tvl ' But our main emphasis is only devoted to the optimization of ,0, ,,,,;,r:.,',,:.

tnrith respect to the connectec loads. Though it is possible to obtain loads

), such load
can have negative resÍstance. To eliminate the possibilitv of negative re- ,,.,,,1,

sÍstance' optimization tnrith respect to connected load is performed urith the
constraint that the rear part of the connected'road nust be positive.

(3.1.r2)
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3.2 0ptimi zati on

Impedance

of Directive Gain

Equati on

of the real and

loaded at z,ri and

shown that

as a Function.of Connected Load

(s'l'ra) is reurritten in order to express ,D, as function
irnaginar¡r parts of connected load. Let the antenna be
zn and fed at.iìu, shown in figure 3.2. It can be

(tïul + tzLltyl) tvll --' -[zL][y]tv0l

llul = unit matrix

uf'

(s.e.l)

[,lhere

lVLl à
= -tZ,_l tJl

ur*- l

lV0l =

0

V.
'¡

0
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Fig. 3.'l Geonretry for far-fieid of the antenna.

æ
2.9 ôZ 2àZ (i+¡)ÀZ

Fig. 3.2 Antenna confÍguratìon.
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Then V,_, and V,-O can be expressed as

vt-j = vlk - -Yji 
v,

't.

where vH and v,-o are,rhe vor..rlt:r;rï:;. i:O.|rlo r,ro.oance ar

and zO, respectively.

I

G
yLj = = x'(t) + ¡x'(z)

D = 2(l - cos U,nz)Z (
lt * \z *2(l) + yz x2(2) + yg x (t) + y¿ x (e)

o1 * d2 rz(l) *
^?(z) 

+ ø, x(l) + x (2)

l,lhere the constants y, ,IZ"y3, y4, ol , oZ, o3 åna 
"O 

are determined in

Appendix B

o4o2

x(t¡ = x'(I) + R.(vjj) + Re(vjr)

1m(v¡i ) + tm(v¡¡)

(3.2.5)

x(2) = xi (2) + (3.2.6)

Equation (3.2.4) is maximized with respect to x(l) and x(2) under the

conditi ons, 
:

zLj = zLk

l,lhere Z,_, and ZrO are connected 'loads at z

By using equations (J.Z.Z) and (3.2.9) o ,'D,

= z, and zk, respectively.

can be written as follovls

(3.2.2)
.'. .. t. .

'?': '

z.
J

(3.2.3)

i.":
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(I) x(l) and x(2) are reat.

(II) x(l) I ne(yjj) + Re(v¡¡), x(2) arbitrary

3.3 Numerical Results

Three different lengths L/t\ of the dipoles were chosen to equal 0..¡, ','i.,

0.2 and 0.5, respective'ly. These values of L/), are arbitrarily selected

for the study of the effects of the optimum loads to the dipoles.

Figure 3.3 shows the variation of optimum load vatue with its posi-

Its obtained by Lin et ul(18), their method can only be

applied to a short dipoìe, are given here for comparison purposes. It is
found that the optimum loads obtained by the method of moments are smaJler

than those obtained by Lin et at. This is because they neglect the higher:
order terms in the cument distribution which is based on the modified

two-term method by KÍng and l¡tu(34).

Tables 3,1 to 3.3 show;the input impedance of the antenna loaded

with optimum load at different ïocations along.its arms. The current dis-
tributions are shown in figures 3.4 to 3.6. Each figure shows the current

distribution for the antenna ìoaded at different locations with the optimum

load. The normalized radiatÍon patterns are shown in figures 3.7 to 3. g ::,;;',i,,';',;,;;:;,;,':'1',:;',,

for three different lengths of the dipoìe. In each figure the normalized

radiation patterns of the antenna loaded at different locations with the

optimum load are also shown. The significance of these results is dis-
cussed in Chapter Z.
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d/h = 0.5

llorma'l i zed radì ati on pattern for
Llx = 0..l dipole loa.ded with
optìmum load for maxirnum directivity

RÉLÀTIVE VÀLUE

Fis. 3.7
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d/h = o'75
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optirnurn load for maximum directivity
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FELÀTIVE VÀLUE

d/h = o.4s
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Table 3.1

Relati.onships of load impedance, antenna inout
tmpedance and dìrectivity at various loadinopoints forL/), = O.l dipole ----'.J

dln ZL OHMS zIN oHMS DTRECTIVITY

RÍn X.in

0.r j 5t 97. 9e 2.68 x l0-8 -3+14.625 2.813

0.2 j3726.67 2.35 x T0-7 -2522.096 2.81 3

0.3 j2836.08 8.23:x l0-7 -2095.591 2.81 3

0.4 j2323.70 2.03 x 10-6 -lg4B.210 2.813

0.5 j2012.76 4.t5 x 10-6 -l 683.543 2.814

0.6 j I 836. 69 7.63.x lO-6 =l 564.943 2.814

0.7 j1775.34 1.33 x l0-5 -147 4.750 2.814

0.8 j1857.12 2.oz x lol? =l 403.049 .2.814

0.9 j2230.09 3.03 x l0-5 =1342.120 2.815
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Table 3.2

Relati'onships of.load-impedance, antenna Ínoutimpedance ând dir.ðii uîIi-;i";å.ìi;;;,'ï;råïiä"
points for L/À = O.Z ¿tpõiã 

'vss¡rrv

d/n zL 0H¡4S zIN 'OHMS
DIRECTIVITY

Rin' x.ln
0.933 j7s37.565 0.899 x tO-6 -3BI 8.404 2.820

0.967 J4589. 930 0.650 x t0-5 -2567.721 2.820

0.800 j3331 .452 0.213 x l0-4 -2044.7A7 2.820

0.733 j2611.747 0.484 x t0-4 -1748.975 2.820

0.667 j2151.716 0.g5? x l0-4 - 1 555. 732 2.821

0.600 jlB42.rBt 0.162 x to-3 -14t8.255 2.821

0.533 j I 629.554 0.260 x t0-3 -1314.920 2.822

0.467 jl 48s.539 0.392 x l0-3 -l234.ltt 2.823

0.400 jt s95.358 0.575 x I0-3 -1 t68.931 2.824

0.333 j1353.318 0.7g4 x t0-3 -l I I 5.055 2.825

0.267 j1s62.71s 0.1t2 x t0-2 -t 069.903 2.826

0. 200 jt443.180 0.144 x Io-2 -l 030.868 2.827

2.828
0.t33 j I 6ss.85l 0..l88 x't0-2 '-996.988

0.067 j2260.289 0.244 x l0-2 -966.485 2.829



Table 3.3

ng]3lignships .of.toad.impedance, antenna inpur
impedance and directivity at varìous loadiirg

points for half-urave dipote

dlh ZL OHMS ZIN OHMS DI RECTI VITY

Rin xin

0.05 j I 3357. s8 2.81 x .l0.4
-43t I .575 2.865

0. l5 j 4195.75 4.49 x l0-3 -1910.677 2.866

0.25 j 2288.64 1.73 x l0-2 -1344.41 4 2.868

0.35 j 1st8.09 4.34 x l0-2 -l 080.482 2.871

0.45 j il44.51 8.85 x l0-2 -925.597 2.875

0. 55 j 957.75 1.59 x l0-l -823.094 2. BBO

0.65 j 885.82 2.64 x l0-T -750.005 2.885

0.75 j e19.5e 4.14 x l0-l -695.243 2.892

0.85 jr138.96 6.25 x l0-l -652.621 2.900

0.9s j 231 3. 07 9.15 x l0-l -61 8.361 2.909



CHAPTER 4

OPTIMiZATrON 0F RADIATED pOt¡,ER

It is alreadv known that the dipole antenna is a poor radiator, .,,.,

especially for short ìengths when the input impedance consists of a very
small resistive part and a very large capacitive part. Even with their
poorradiatedpower,dipoleantennashavebeenemployedinmanyapp1ica-

tions'¡ such as in the field of radio communicarions 
"n.r..;.;;":;;." 

:''':':

vv'Ll 
;:-.:..agecanbeachievedandwithmatchingnetworkssensingtominimizethe

effects of the large capacitive reactance

The radiated pourer of a dipole antenna can be easily catculated if ,

its input cument and radiation resistance are known. usualty with only
a knowJedge of the current distrìbution, the radÍated power can aJso be 

f

determined' It t^ras already shown in chapter 2 that the modification of
current distribution can be rearized with rumped impedance toadìng in
series urith the arms' Hence a modification of radiated power Ís impîied. :It is the purpose of this chapter to find the proper connected load for ..""''.

maximum radÍated power. ,..,
., ,. .,
:

4. I Optimization procedure

The total power input to the antenna is equar to the radiated power ,:,,,',,,,,',

pìus the dissipated power in the conductor and the power loss due to the
resistive part of connected load. Thus the radiated pourer can be deter-
mined from the relation
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P,^

P.

= Pin - PL

= radiated power

(4.1.1)

(4.T.2)

(4.1.3)

tJhere

hlhere

PL

D='in

determined from the relations

lrinlt *rn

= ßrl2 n,

input poþ,er to the antenna

power loss in the antenna.

For antennas made up of perfect

conductors, this term represents

loss due to resistive part of

connected load.

Prn and P, can be

Pin

PL

Iin = current at the input terminal

IL = current at the load point

Rin = input resistance

resistive part of the connected

I oad

RL



Thus

P, = lrtnl'*rn - lrul2 nn

Õ(o,O) sino :.¿o dO

(4.1 .4)

From this equation it is found that the radiated pou/er can be obtained if
the values of lrn and Iu can be found. The accuracy of this eouation de-
pends on the accuracy of I.,n and Iu. Because of the difficulty in obtain_
ing the very accurate vaìues of lrn and Iu, the radiated power is deter_
mined from the poynting vector ,.tt,o¿(28). The poynting vector methód
consists of the following steps:

(i) the catcuìation of the distant fieïd produced b.y the resulting
current distrib,ution ;

(ii¡ the carcuiation of the comp'rex polnting vector and its reaî part
which represents the average fro' of power per unit area;

(iii) the integration of the po.ynting vector over a closed surface
which Ís usua|ry chosen to be an infinitery ìarge sphere. Be_

cause the ampritude of the distant field varies as 1/ro for this
reason it is convenient to nrultÍpl.v the Royàting vector by ,2
and thus obtain the radiation intensity o r¡¡hich is independent
of r. Hence the radiated povrer can be expressed as

p=
r r," r, (+.1.s)
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t^lhere o (o, Ó) is the radiatìon intensit¡¡ and is given in eouation (3..¡..¡0).

As it vras pointed out by schellkunoff and Frítr(zs) that the accuracy of
o (0, O) is insensitive to small errors in current distribution, it is ex-
pected that the accuracy of e-quation (4.1.5)is better than equation (4.1.4).

By using o (0, O) as given in equation (S.l.l0), equatíon (4..|.5)
can be written in a matrix form as

p.- = ---60----T rîi rîi rur ryr rvr (4.r.6)r (sin k¡z)z "' 
L'r

.r lE-,

The elements of matrix tUI are given in Appendix A.

By using equations ( 3.2.2)and (3 .2.3), pr can be expressed as a

function of connected load as

Pr=*fut (4.r.7)

Equation(4.1.7,)¡smaximized,usingRosenbrock.smethodofhil1climbíng
(,?0)i, with respect to x(t ) and x(z) under the conditions '" ". . ..- .:. .

i that x(t ) and x(2) must be real; ,,',,

ii that x(]) > ne (v¡¡) * ps (v¡k), x (2) arbirrary.

Thus the value of optimum load can be obtained frorn equations (r.z.s¡,
(g.2.6) and (3.2.3) ,:

4.2 Numerical Results

Three different ìengths of the dipole are arbitrarily chosen for study. i,,,,..,,



The ratios of L/À under consideration are 0.1, 0.2 and 0.5. All dipoles

are centre-driven with a source of voltage VO and are loaded with the

optimum ìoad impedance at equidistance from the centre along both arms.

The results shown ìn figure 4..l are the variation of optimum load with

the position of loading for the three different lengths of dipoìe. The

inputimpedancesanddirectivitycorrespondingtoeachpositionof

toading are shown ìn tables 4.t to 4.3. The resulting current distribu-

tions and normalized radiation patterns are shown in figures 4.2 lo 4.11.
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Table 4. I

Antenna input impedance
toading. points for Lh,

optimum load foi"

and_dÍrectivity at various
:,0.1 dipore ioaded *iiñ-

ennanced radiation

zI¡{ 0HMS, ; I DIRECTIVITY



Tabl e 4.2

Antenna input imnglan.cg- and_directivity at variousloadins boints' tor l/r-=-olå'àipote toaded vrithoprímum toad rol enhãñãeã radiation

dln ZIN OHMS DI RECTI VITY

R X

0.9s3 29.512 -0. 908 .|.539

0.867 27.716 -0.787 t .536

0.800 26.020 -0. 660 t.534

0.733 24.378 -0.560 1 .532

0.667 22.775 -0.467 't.530

0.600 21.212 -0.387 1 .528

0.53s I ,n.uæ -0.31 5 1.527

0.467
_.__-
0.400

t8. t82
1'

I

| -0.252
I
I
I
I
I

l.s?s

1.52416.709 -0. t 97

0.333 I 5. 259 -0. I 50 I .523

0.267 13.827 -0. I 09 1.s22

0.200 12.402 -0.075 1.522

0. 133 10.962 -0.047 1.521

0.067 9.458 -0.023 t.521
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Table 4.3

Antenna input impedance_and directivity at various
loading. points for harf-wave dipore "roãã.¿ìiir.'

optìmum load for enhanced i"adiation

d/n zlr{ OHMS DI RECTIVITY
':

R X

0.90 70.24 -8. s0 t .635

0.85 70.69 -8.3t I .637

0.75 71.62 -7.89 I .640

0.65 72.61 -7.42 t .643

0.55 73.68 -6.88 I .64s

0.45 74.84 -6.25 1 .647

0.3s 76.14 -5.47 .¡.648

0.25 77.60 -4.52 1.649

0.15 79. 30 -3.32 I .650

0.05 8t .46 -l .53 ì .650
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CHAPTER S :

INPUT IHPEDANCE OF LOADED DIPOLE

Antenna impedance is defined as the ratio of excitation vortage
to input current' It vras already found that the current distributíon
can be rnodified by ìumped impedance roading arong the antenna arms.
Thus the modification of antenna inpedance is impried. ïn this chapter
the antenna impedance as a function of connected load impedance wi¡ be
deri ved.

Antenna Impedance

It u¡as already shown in Chapter Z that

5.i

lJl = tYl

tYl =

lvl =

tvl (s.t.r ¡

and is loaded

as

(s. I .2)

[.lhere

'l

tzir = inverse of the generalized

ïnrpedance matrix

'.

exci tati on ¡natrix

when the antenna is excited with the vortage source at z,
at z3 and z¡ r,rith lumped impedance Z* tVI can be writtej

lvt=tvot+tvll
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Ì'lhere V0 is the excitation matrix vrith all elenents eclual to zero

except at ith row urhich is equai to VO, thus

tvor =

tvLl = -tZrl tJ1

0

üo

ó

(5.1 .3)

l'lhere LZLI is the diagonaì load impedance matrix with all e]ements,

except Z¡ and Z¡0, egual to zero, thus equation (5..l.4) reduces 
' 

:

to

lVLl =

:

v,.
LJ

:

vlL

.
0

SubstÍtuting equations (5.t.5) and

is substituted into equation (5.1.1

(5.ì.5)

(5.'1.3) into eouation (5.I.2) ruhich

), vre obtain
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vr-j

vo

vr-r,

Jj

Ji

Jk

Yjj Yji yjL

v.. v..''tJ'ti Yik

J¡¡' Y¡.¡ V¡¡

(5.1.6)

(5.I .7)Jj = Yij Vl_j * Yii V0 * Yif Vlt

l,Jhere

J.' = input current at z.,

VO = applied voltage

V,-, and VLk = voltage drops due to connected load

Ímpedance at z, and zO, respectively.

From equation (3.2.2) we have

vlj = vLk = yL..*T:þ yjk vi (5.1.8)

hlhere

vi=vo

Substituting equation (5.1.8) into equation (S.1.7) vre obtain

Li. -f
l.'..

l:...:,:i:. :



Ji = tfii ffi,,
r. .:;:::,:1:.1.:i.:.::.:,j.' ¡¿ ':- 1 ---:.:-:.j:--::-i :Ji-:i'

(s.t.s¡

'8u

Thus

J.v-'l
'in - %- 

= Yit - {tiyii + Yilvrt
:---=--------i':- L!_Jli +J.' * v..Lj jj

(5.r"ro)* ujk

Z. =tn

LettÍng yLj =

simp.l ified to

=v

x'(I) + jx'(2), equation (S.ï.lt) can be further

(5.r.rr)

Z.=tn

x(t) =

(5.T.r2)

llhere

x.l(t) + Re(vr, ) +

It(yji )

Re (yjr) (5.t "r3)

iQ) = x'(2) + tm(vjj )

r., rx(r), x(2)l = x(T)Re(vrr) x(2) Im(.vii) - Re(yj;) rne¡y--¡

+ Re(vro) t + tIm(y-.) + rm(yrO¡¡

ì ;',

t.
+ Im(yjt) (5,r.14)

(s.r . rs¡
.,::ì:i
ì 1't:ì:.:

l: ,: ..\.: :l: ,...:

| 'i.::::'-:
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Frlx(l), x(2)t =

Thus, the

+ R.(.vit)l

input resistance and

x(1) 1¡'(.vii) + x(2) Re(v.i

*.(v.ij ) rlm1.v--¡

reactance can be written as

il - tm{.urt¡

* It(vi t)l

tRe(.y.- )

(s.1 . l6)

Í(t t),

xin

Rin =

X

(
I
2 1

Re (Z .in )

I
F

F

)¿

j
X

I
l

x

(

F

I

2

t

l
X

?

)

2

)

l+x( x(2)llx

I

t

)

l
2

1(

x

I
I

(5.1 .17)), +F2 t(t

= Ir(Zín)

x(2) r.,rx(l), x(2)l - x(r) Frtx(r), x(2)l
Fr'tx(l), x(z)t + rr¿u(t), x(2)l

(b. trtst;

5.2 Optimization of I tr(Zin) 
I

The optimization, using Rosenbrock's method of hiil climbing, is
performed to obtain the optimum load for the minimum of I Im(zrn) l. Since
the minimum of ltm(Zin)l is eoual to zero, this optimizutton ì,
equivalent to fÍnding the road vrhich resonates the dipore antenna.

From eouation (5.1..l9) ure have



ftm(z¡n)l = lxtnl= x(2) Fltx(l), x(?l- rtll rrtx(l), x(z)¡

(s.z.r ¡

(i) x(l) ana x(2) are reaì

(ii) x(l) > Re(yj-) + Re(yro¡, x(z) arbitrary
:

It shourd be noted that the resonating road impedance can arso
be found from Equation (5.1.r8) by putting xin equaì to zero. From
this rrye have one equation and two unknowns, X(.1) an¿ X(2), thus by put_
ting one unknown equar to zero, the other can be found

5.3 Numerical Results

The three different rengths of dipore under consideration are
the same as those in chapters 2 and 3. In this thesis generar expres_
sions of antenna input impedance are onry appried to finding th":
optimum load for resonating the antenna

llhere r, tx(l), x(z)l and Frtx(t) , x(z)j
(s.l.lS) and (s.l.t6), Equarion (s.z.t¡
constrai nts

The first consideration Ís
type of connected load irnpedance.

Tables 5.1 to 5.3 for the optimum

are given in equations

is minÍmized with the

not restricted to any

The results obtained

load at the different

parti cul ar

are sholn in

I oadi ng



locations and the co*esponding input impedances are arso given. The

second consideration is restrÍcted to the reactive load and the results
obtained are shown Ín Tabres 5.4 to 5.6. The resurting current dis_
tributions from the tu¡o types of toading, r,rith only one position of
loading on each arm for each antenna length, are shourn in Figures 5.1
to 5.3. The normarized radiation patterns are given in Figures s.4 to
5.6.
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Table 5..l

l:1.tlonships. of Ioad impedance, antenna input impedance
and dilgctjvity at various loading points fbr L/À'= 0.1

dipoìe loaded with complex Ëeionating load

dln ZL OHMS ZIN OHMS DIRECTIVITY

RL XL Rr¡.¡ xttt

0.t 83.496 478.972 202 .580 0.0 I.s05

0.2 75.792 532.479 . 1 97.608 .0.0 . 1 .505

0.3 72.547 591 .712 . 244:975 . .0.0 1.506

0.4 96.520 67?.735. .30r .30e. 0.0. I.506

0.5 62.872 749 "163 , 2T0;470 .0.0. .1.507

0.6 78.472 . 876.4e0 . .299.403' ' .0.0 .1.507

0.7 121 .213. I 1 18.912. I .509

0.8 92.8CI0 1367.497 0.0 I.5't0

0.9 67.377 1924.152 .792.895. .0.0 1.511
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Table S.2

f"lutionships of^load impedance, antenna input impedanceand direcriüitv ar t;.iil;-iäd;ns poinrs for LD, = 0.2dipote ìäaded ;i¿ñ-;oåËiä* ,".ronarins load

dh zL oHMS ZIfl OHMS DIRECTIVITY

Rr XL Rrirr xt¡t

0.067 226.518 308.477 507.588 0.0 1.521
-_-'-

1.522
0. I33 203.54:? 339.575 486.695 0.0

0.200 55.036 31 5 .758 137.970 0.0 1.522

0.267 50.299 339.572 131.200 0.0 t .523

0.333 48.454 367.688 I 30.654 0.0 1.523

0.400 45.838 400.830 127.876 0.0 1.524
0.467 4t.169 440.482 't 19.6t 6 0.0 '|.525

0.533 49.428 493.746 1 45.003 0.0 1.s27
0.600 r 20.345 6t 6.21 5 414.693

139.710

0.0 1.529

0.667 43.895 642.569 0.0 I .530

0.733 65. B0B 774.836 219,669 0.0 I .532
l-

I .536
0.800 1 00.020 t 0t 7.051 506.071 0.0

0.867 82. I 56 1302.967 422.211 0.0 E
1.542

0.933 66.s97 20t 8.68t 508.272 0.0
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Table 5.3

nela!ionships. of load impedance, antenna input impedance
and directivity at various loading po,ints fôr half-wave

dipole loaded with complex-räsonating Ioad

dlh zL 0Ht4s zIN 0Hlfs DIRECTIVITY

R.L XL Rrt't xr¡r

0.05 I .405 -20.677 84.307 0.0 1.650

0.'t5 6.398 -20.965 91.682 0.0 ï .649

0. 25 3.426 -23;199 83.994 0.0 1.649

0. 35 9.454 -25.863 90.830 0.0 .|.648

0.45 6.264 -32.899 83.233 0.0 1.647

0. 55 t8.734 -41.714 9l .1 30 0.0 I .646

0.65 8.736 -68. I 52 78.931 0.0 ,1.644

0.75 st .509 -tr4.184 88.256 0.0 1.642

0.85 I 96.1 38 -278.814 9r .587 0.0 t .640

0.95 4789.726 -252t.833 84. I 50 0.0 1.637



Table 5.4

Rel.ationsf,!pl of load impedance, antenna input ìmpedance
and dìlç.tlvity at varioils ìoading points io.-fZl = 0.1dipole loaded with reactive-räsonating loãd

r'.:i.:::

dln zL 0HMs ZIN OHMS DIRECTIVITY

RL XL Rtn xr¡¡

0..l 0.0 472.472 2.548 0.0 t "50s

0.2 0.0 524. 63t 3.1 88 0.0 '¡ .505

0.3 0.0 582. I 05 3.871 0.0 I .506

0.4 0.0 650.900 4.580 0.0 I .506

0.5 0.0 737.900 5.326 0.0 1.507

0.6 0.0 854.392 6.116 0.0 1.507

0.7 0.0 1022.764 6. 955 0.0 I "508

0.8 0.0 I 299. I 80 7.8sT 0.0 I .509

0.9 0.0 1 860.497 8.855 0.0 1 .5't0
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Table 5.5

RelationshÍps of load impedance, antenna input impedanceand directivity at varioüs loading poinis iã"-f¡l = 0.2dipo'le loaded with reactive-ràsonating lõâa

dh 7

RL

L OHMS zil{ oHMS DIRECTIVITY

xL Rr¡r xrtr¡

0.067 i 0.0
:--

0.0

270.330 9.4s8 0.0 t.s2t

0.1 33 289.884 I 0.962 0.0 1.521

0. 200 0.0 3't0. 697 I 2. 403 0.0 1.522

4.267 0.0 334.274 l3,82g 0.0 1.522

0.333 0.0 36t .806 '15.262 0.0 1 .523

0.400 0.0 394.671 I6. 713 0.0 1.524

0.467 0.0 434.712 I8.1 88 0.0 1.525

0.533 0.0 484.607 19.692 0.0 1.527

0.600 0.0 548.51 0 21 .225 0.0 t .528

0.667 0.0 633.353 22.794 0.0 t .530

0.733 0.0 751.844 24.401 0.0 I .532

0.800 0.0 930 .655 26.052 0.0 t .5s4

0.867 0.0 I 239 .534 27.760 0.0 I .536

0.933 0.0 1952.557 29.568 0.0 t .539

] 
i :r::' .'

1 :'::: - ..,

l: :

l: i.:i;..:

::::1.-

i_r:'
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Table 5.6

Relationships gf load impedance, antenna input impedance
and directivity at various loadÌng points for half-wave

dipole'loaded with reactive resonating load

dh ZL OHMS zIN OHMS DI RECTIVITY

Rr- xl Rr¡¡ xrN

0.05 0.0 -20.731 81 .5t I 0.0 1.650

0.15 0.0 -21.552 79.575 0.0 I .650

0.25 0.0 -23.624 78.122 0.0 1.649

0.35 0.0 -27.423 76.924 0.0 l 648

0.45 0.0 -34 " 
046 75.893 0.0 1"647

0. 55 0.0 -46.025 74.980 0.0 1.646

0.65 0.0 -70" 1I I 74.156 0.0 1 .644

0.75 0.0 -129.730 73.397 0.0 1.642

0.85 0.0 -362.493 72.687 0.0 I .6s9

0. 95 0.0 -1 0899.82 72.010 0.0
.l.636
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CHAPTER 6

EXTENSION TO DIPOLE LOADED l,JITH FINÏTE SIZE LOAD IMPEDANCES

The dipoìe antenna considered in the previous chapters was

be applìed' The dipole is then loaded with a Toad impedance of infi-
nitesimar size on each arm. This roading, for exampîe, by using
coaxÍal transmission tine of proper value of characterrstlc i*pl¿un..

.,
and tength (ts¡. In thîs chapter the effect of finite size of load

' which may be obtained by coating the dipole with an impedance surface,
is studied' The results obtained are then compared wÍth those of the
dipote 'loaded urith a load impedance of infinitesimat size. gnîy two

values of finite sÍze ]oad impedance are considered, one is equal to
:I the optimum delta load impedance for maiimum directive gain in the

vertical plane, the other is the optimum finite size load impedance
i' obtained by optim'izing the directive gain in the vertical plane

6't Dipole Loaded with Finite Size Load Impedance

The dipole antennas considered in this section are also made

very thin in order that the thin wire approximation can still be

aopl i ed.

The integral equation for the current dÍstribution as derived
in chapter 2 is
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l^lhere

"" = ¡uz * 1= -7f
The boundary condition for the tangential electric field on the

of the antenna requires that

'rt 
* E, -'r'

fE--=0
L

portion of antenna coated with Zi as

as shown by King(at), 
"e 

hav.

,t=zit(z)tz

(6.1.t)

surface

(6.1.2)

llhere Eri, Ers

respectí vely.

ductor, we have

While on the

unit tength,

+
and Er" are incident, scattered and transmttted frelds,

0n the ,portion of the antenna r^rhich is a perfect con-

(6.1 .3)

surface impedance per

(6.'r "4)

Thus equation (6"1.T) can be written as

,r' - zi t(z) = 4ñk ,#. o', ^-j kr"
I(z') sF- dz' (o.t.s¡
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This Íntegral equation is solved numericalìy by Galerkin,s version of
the method of moments(32). By using a subsectionar base technìque,

the current distributìon along the antenna length is written as the

sum of triangular sÍnusoidal puìses of the forrn (re Figure 2.2)

J.' sin ktÂ2.- lz'- i¡z)l ; iAz ( Z',( (i + l)¡z' sin k¡z

Ii = r. sin lir4=t kl .- i^z)l ; (i - t)¡z < z,-< iaz

othen¡rise (0.t.0¡

Thus the current distrribution aìong the antenna is given by

N-l l,
1- )I

.e- .|

I= l I

hjhere N is the number of. subsections of the antenna.

By substituting the current distribution given UV Equ.tion (6..¡.6)

in (6.1.5), and following the procedure described in chapter z, r)' .un

be reduced to the form

.:':i::-:

¡.r r.r'r:¡ r'rjr:

(o.l .e)



hlhere

. l:.: 
.t r::4.:

oo

(6.I.e)

IVI = tzj tJl (o.l.ro)

Rt = /a'+ {z - (i + l¡ nZ}z

Rz=/æ

" =æ-1-;iMT

For a dipore antenna fed at ith segment and roaded at the jth
and kth segments, Equation (6"r.g) can be written, after appïying
Galerkin's method, in the matrix form as

lVOl - tZrt tJt = tzi tJl

l,lhere

0

!'

0
V.:1

V.'t-t
0

0

ô
vo

vo

:'

0

lVol = (6.l.1t )

0



lZ1¡ = generalized impedance

n column is given by

matrix, its element at m row and

7^n -nl2.r3ok^zr- L .r rl¡;-¡¡7r
l=n

"-ik/a? 
+ ((m - i + l)tz)z
,l - cos kÀz

tk (t + ¡klaz + ((m -i+l)¡z)z){(¡z(i-m))

2?+aLzLn(

+k (t + ¡k/az + ((m- i + l)¡z)z) {Zlaz + ((m- ì +t)tr)?

t

- /a? + ((m - i)¡z)z - /a? + ((z+ m - i)tz)z

-i+

-. Jt (t¡z)21 (6.t.T2)

condition that kAz << l.

+ m - i)¡z + 2 i )Âz

The equation (6.1.12) is obtained under the



The ioad impedance matrix is given by

tzlr =

l0l

o Zj-r,j-r 
zj-l ,i

7. 7.J'J-l J'J

7 = zi ¡ klz ,,1.u' 2ti,i = sinT^z t¡jff_1¡7l j sin''k(¡z + (z - i¡z)) dz

(j-t )¡z

zk- 
r ,k-r Zk-r 

,k
Zk, k-r 'k,k

j¡z

sin rk(az - (z - (j - l) ¡z)) ¿z

7=71'i-r,i = sinl¡z tr=*íouu, I'ot 
sin'k(¡z - (z - (iil) ¡z))

(j-l )¡z

2,, .r . = -¿ ¡ kLz -, |.¡ot sin2 *(nz - (z - (j - r)¡z)) ¿z'i-1, i-l = ¡Tñ-IÃt tT -iõs-m7, 
,,¡,r-, )0, 

" "'

(6.1.16)

s'in k(nz + (z - jlz)) ¿z

:

(6.1.ì3)

(o.l.r+)

(6.r.15)



7k,k, Zk,k-r , zk-r,k und Zk-t,k-l

equat,ions above by replacing j by

It uras al ready shown

the vertical plane can be

n also be deterrníned from the four

ìn Chapter 3 that the directive gain

written in the matrix form

ca

k.

6.2 Optimization for DirectÍve Gain in the Vertical Plane

1n

the

D=2(1 -cosk¡¿)Z

For a dipole loaded with surface

jth.and kth ,.gm.nts and fed in the

r'mpedance Zi per unit
.rhi'" segment, we have

(6.2"1 )

length in

(6.2.2)tvl =

:

vj-r
V.

J
0
vi -t
vi
0

vL-r

vk

0

îr:t ry* r¡:k

Nr tYr rAt rAl rYt rvl

IVl tY] tU] IY] IV]
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hlhere

V. = ll'j-r :k

vj = vk-l

Vi_.1 =Vi=V0

uj-l and v, can be written as a function of surface impedance as

where

ô-1,kÂz.rjÂzt3r = 
'¡ñfu7 

tf#mZl I sin¿ k(az + (z - J^z)) dz
) (i-l )¿z

ô-lßz = sñfu7 fr#m, 
Ito= sin k(az + (z -j¡z)) sin k

) (i-l )¡z

(tz - (z - (j - l)¡z)) dz
i: :.; :



.:;'¡r:1.. :.t:j" . .i'.,-:i:- .:,
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From equations (6.2.3) and (6.2.4) it can be shown that '

?)=ßi-sr,

By using equarions (6.1.10), (6.2.5) and (6:?.0) V¡_t and V,

can be written as

uj-, = - å vr(vj ß1 + aY5) * v6(Ji sz- 
^y,z)

vj = - f; vr{vi ßz - 
^Y4) 

+ Yu(Yi ßt + 
^yt) (6.2.8)

where

where

vi = \/zi

Yl = vj-1, j-l + Y¡-1, k



t'
't05

Y2 = Yj-t, j * vj-1, k-l

y3 = yj-ì, i_l + y¡_1, i

Y4 = Jj, j-r * Yj, k

Y5=Yj,j*Yj;L-l

Y6 = yj, i_t * vj, i

c = (ytßl + 
^yb)(vao, 

+ Ây1 ) _ UÉz- 
^yz)

4r:k

Letting [s] = [A] [Y], the numerator of equation (o.z.l) can be written
as

ry:k ¡r:t 4rrt

tvl tYl tAl tAl tyl tvl = [(Bj_ì + B¡)v¡_t * {Bj * Br-r)vj

. -t-l+ (Bi * Bi_r)voll(rj_, + B¡)v¡_t

t..

. ry:k

And byr'letting [E] = [y] tul tyl, the denominator can be written as

îúìk r¡r:t

Ivl tyl tul tyl [v] = y*{Ervj_l * Ezvj * E3v0)

*+v(E4vj-l*EsVj+EuV¡)

*
+ vo (E7vj-l + Egvj * Egvo)

l: '.i.

(6.2. I 0 )
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lfhere

Eì = ti-], i-l * tj-1, k * .k, j-l * 
"k,k

E6 = ti, i-r n.i, i *.k-r, 
i_r *.k-r, i

E7 = ei-r, j-r * ei-î, k *.i, j-ì o 
"r, k

E8 = ei-T, i * ti-1, k-l *.i, j * "i, k-l

E9 = ei-l, i-t *.i-î, i *.i, i-r * "r,,

The computer program is listed in Appendix C.

r..: :.l



6.3 Numerical Results

The dipo'le se'lected for study Ís a short dipote of L/À = 0..l.
The short dipote is fírst loaded with finite size'load impedance of
the same val'ue as the optimum delta load impedance for maximum direc-
tive gaìn in the 'verticar plane. The dipore is then roaded with
the opt'imum finite size load impedance for maxÍmum directive gain in
the verti cal pl ane. Fi gure 6. t shor,¡s the resul ti ng current di stri -
butions. The cument distribution of the dipole loaded with optimum

delta load is also shown in figure 6.t for comparison. The normalized

radiation patterns are shown in figures 6.2, 6.3 and 6.4.

i .:..r.
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CHAPTER 7

DISCUSSION AND CONCLUSION

''' '.;
The study of a conventional dipole Joaded r^rith a lumped impedance ''',',',,'

in series with each arn has been the maÍn focus of this thesis. The cur-
rent distribution, using Pocklington's integral equation, for the unloaded
dipole is solved by the nethod of moments. This sotution is then modified i.',,,:,",:

j :'. :'

toinc]udetheeffectofthe1umpedtoadimpedancewhichmakesitpossÍb1e

to write the current distribution as a function of connected load impedance. f:r:::'::

By applying the calculated cument distribution as function of connected
load impedance, the expressions for directive gain, radiated pou/er and an-
tenna input impedance as a function of load impedance are determined.
Attempt is then made to find the optimum loads for maximum directive sain
in the vertical plane, maximum radiated pourer and for cancel'ling tr,. in-
put reactance in order to resonate the dipoTe. The results of the study are
shown in Chapters 3, 4,. S.ahd:,i6. :-ì In this chaoter a discussion.of the
results'is nresented and òertain concrusions are made.

7.1 Discussion

The results obtained when the antenna is loaded with the optimum load
for maximum directive gain in the .verticar prane are shown in chapter 3. .;.;.:.
It is found that alt the optirnum loads are inductive. The value of load is 

't.'"-: 
"'

quite high when placed at the outer open ends of the antenna arms. As the
load is moved towards the source at the centre, the value of the optimum
load becomes smaller until it reaches a minimum vaJue at some point alono

: -'.-..:: i:.
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the lvire and then it starts increasing again as the load approaches the
feed gap. Let us take L/À = 0.r for exampre, the varue of optìmum road
is 2230.09 ohms at d/h = 0.9, it then decreases to 177s.34 ohms at d/h =
0.7 and increases to brgT.gg ohms at d/h = 0.r. It is also found that
at the same ratio of d/h for antennas of different rengths, the optimum

load for a short antenna is nore inductive than that for the ìonger an-
tenna, as shouln in fÍgure 3.3. Examination of the ca'lculated cuffent
distribution indicates that the real part is very much smaller than the
im.aginary part. The magnitude and phase of the current distribution are
shown in figures 3.4 to 3.6 for different antenna lengths. For antennas

of the same ìength which are loaded urith the optirnum loads at different
positions, the current distributions are obviously different. The phase

distribution is almost constant at n/2 except for a lg0o reversal at the
point where the imagÍnary current becomes negative. Because of the dras-
tic reduction in the magnitude of the current when the antenna is loaded

with the optimum ìoad, as compared to that of the unloaded antenna, the
radiated pol^/er is very poor. This can also be seen from tables 3.1 to
3.3 which shor,r the input impedance of the antenna consists of a very
small resistive part and a very large capacitive part. The resistive
part is the input resistance of the antenna which is equal to the radÍa-
tion resistance because the antenna is perfectty conducting and is
loaded with a pureìy inductive load. From these results it can be seen

that the dipoìe loaded with an optìmum load, based on maximum directiv-
ity, radiates no-power compared to the unloaded case. The radiation
patterns are shourn in figures 3.7 to 3.9. For the three different an-
tenna lengths the radiation patterns are alrnost the same. All the rad-
iation patterns consist of one main lobe and üvo srnail side lobes. The

beamwidths obtained are about the same and equaì to 3Bo. Though the
radiation patterns are almost the same, the radiated power for the
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antenna of longer length is larger than that of the shorter length. This
can aïso be seen from tabres 3..l to 3.3 which show that the input impe-
dance of the'longer antenna consists of larger radíation resistance and
smaller input reactance. For the antenna of the same length loaded at
different positions with optimum loads, the radiated power is larger for
the antenna with the road position crose to the end. This can urro n.
seen from tables 3..l to 3.3.

The resurts for maximum radiated power are shown in chapter 4.
Figure 4'l shows the variation of optimum load for maximum radiated power
with its rocarion. It is found that the optimum road for,.-;;;";;;;.,
power is quite large at the open end of the antenna arms and becomes
sma'ller as it is moved closer to the centre (take Lh,= 0.ì for exampïe.
The optimum load is 1860.49 ohms at dlh = 0.9 undli, 472.47 ohms at'd/h =
0.1). It is arso found that the optimum road for a dipoìe of L/À = 0.r
is larger than the optimum load for dipoìe of L/À = 0.Zwhen the antennas
are loaded at the same d/h. But for these two cases the optimum road is
inductive. The optimum road for a 

^/z 
dipore is found to be capacitive;

Thus it can be concluded that the unloaded dipo]e with higher capacitive
input reactance will require optimum load of higher Ínductive reactance
and vice versa. The input impedances shown in tables 4.1 to 4.r;;;-;
very small reactive component and thus the optimum load will almose
resonate the antenna. This resurt is more pronounced for the short di-
poìe. Tables 4.r and 4.2 show that the modification of the input impe_
dance for a short dipole is very rarge but from tabre 4.3, it is seen
that the optimum road does not have much effect on the haìf-wave dipoìe.

l^lith regard to the input resistance,

tion resistance in these cases (because the

which is equaì to the radia_

optimum load is purely reactive and

:':j; ':'ìf-:ii
i,. -'.t-:i

l:ìl
1:,.
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the dìpoìe is perfecty conducting), it is ïarger when the rocation of
load is croser to the open ends. This is true for the rnrou¿.¿ r;;.;.
wÍth capacitive input reactance but, when the input reactance of the un_
loaded dipoìe is inductivê, the radiation resistance is rarger when the
loading position is c'loser to the centre. The current ¿istriuutions are
shown in figures 4'2 to 4.8. The modifÍcation of the current distribu-
tion is very large for short dìpoles, as shown in figures 4.2 to 0,., ,o,,differenr road rocarjons. From rhese resuîtr, tr,. ,;;r;;;.'of rhe cur_
rent dÍstribution is aJmost constant from the source tolth" pofnt of road-
ing and then it decreases after the point of ìoading to zero at the end.
However Ít shourd be noted that there is a jump ín the cunrent at the 

-

'loading poÌnt. For a harf-¡rave dipole the rrnrrrro";r";;.=;;;;';rr-
tribution is stirt sinusoidar as shown in figure 4.g. In a'l.ur., tt,.
real component of the current distribution is very much larger than its
imagínary component, i.e. the phase distribution is almost constant at-zero' The normarized radiation patterns are shown in figures 4.g to 4..n
and they are almost the same as the pattern of the correspondïng unloaded
cases' It is aJso found that the variation of 'roading positÌon does not
appreciabry change the nornarized radiation pattern or, ,, ;..; ;;""
the magnitude of radiation intensity. Again for a harf-wave oro.r'.,"anr,
change is not rarge compared with the unroaded case. r.o, *,.r:-;;r;;r"it can be concruded that the Ímprove¡nent of radiated powe. i, u.rn;;;;.
for short dipoles. For half_wave dipoles, it appears that they radiate
almost maximum radiated power and thus no roading is required. In atî
cases the directivity does not apprecfab'ry change from the corresponding
unJoaded cases

' l:': 1-:_.:.: r'.':

l:r.: r. . .::.r: a.::l

The results when the antenna is roaded with a resonating road are



shown in Chapter 5. From tables 5.1 to 5.3 it is found that the resonating

load is complex. In the presence of resistive part, the input resistance

obtained is not equal to the radiation resistance because of the losses

in the load. Since the resistive part of the connected load means power

loss, the resonating load which is purely reactive, is also determined and

the results are shourn in tables 5.4 to 5.6. The radiation resistance ob-

tained in this case, i.e. when the resonating load is purely reactive, is
almost the same as the radiation resistance obtained when the'antenna is

loaded for maximum radiated power. It is found in alI cases that the con-.

nected load reactance is inductive for the unloaded dipole with capacitive

input reactance and is capacitive for the unloaded dipole with ìnductive

input reactance. The variation of the reactive part of the connected load ,

r^,ith the ìoading position is such that it is large at the open end of the

antenna arms ancl becomes sma'ller as it is moved tourards the centre (for

L.ll, = 0.1, the load reactance is l860.s0 ohms at d/h = 0.9 and is 472.47

ohms at d/h = 0.'l ) .

The cuffent distribution when the antenna is'loaded with the resonat-

ing load is shourn in ftgures 5.t to 5.3. In each figure the current dis-
tribution of the antenna loaded with purely reactive load Ís compared with

the antenna loaded lvith cornptex load. The difference between these two , I

cases is quite large for short antennas but for a half-wave dìpo1e it is
quite sma'I1. The magnitude of the current distribution in the first case

is larger than in the 'latter case. The phase distribution in the first
case is almost, constant at zero while Ín the latter case it deviates appre-

ciably from zero. The magnitude of the current distribution as shown is
:

almost constant from the source to the,toading positÍon and then it de-

creases, after the toading point, and tends to zero at the open end. For

half-vrave dipole case the current distribution is still sinusoidal. It
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is noted that the current suffers a jump discontinuity at the loading

point. The current distribution when the antenna js loaded r¡rith a ourely
reactÍve load is almost the same as the current distribution for the case

when maximum power is radiated.

:.,,:,,,.i,,.

The normalized radiation patterns are shown in fiqures S.4 to 5.6.

These patterns are almost the same as the corresponding unloaded antennas.

The directive gain in the rlertical plane is a'lmost the same as in the
l.- ::::.:,

unl oaded case ' ; '"':.''¡

The numerÍcal resu'lts for resonatíng the antenna shown have served

as good exampìes of the transformation of the antenna input ìmpedance. In
generaì the antenna input impedance can be transformed to arbitrary values

by usíng equat'ions (5.10) and (5..l1).:From these two equations the value

of the connected Joad can be determined.

-:: ..:

l'Jhen the size of the load is taken into consideration the results
are given in Chapter 6. It ís found that the current distribution, as

shown in figure 6.'l, is larger when the dipole is loaded with a finite
size load of the same value on each arm as when it is loaded with a de'lta

Joad for maxímum directive gain in the verticaì plane. The normalized

radiatjon pattern, as shown in figure 6.3, in this case does not change

much from that of the unloaded dìpoìe and thus it indicates that the opti-
mum value of load f,or maximum directive gain in the vertiaal p'lane changes

when it is of finite size.' It is found that the opt'imum load in this case

is larger than the optimum delta load and amounts to .l.25 
times for the

short dipoìe case investigated
. l;,. : .-, l
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The current distribution and radiation pattern (fig. 6..|, 6 .2 and 6.4)

of the dipole loaded with this new optimum load for maximum directive

gain in the vertical pìane which is of finite size are almost the same

as when the dipole is loaded with the optimum delta load for maximum

directìve gain in the vertical plane. Hovlever, the current distribution,

input impedance, radiation pattern and gain are significantly altered

when the'load is of finite size and not optimized for maximum directive

gain in the vertical Plane.

7.2 Concl usi on

ghen the dipo'le is loaded with an optimum load for maiimum direc-

tive gaÌn in the vertical plane, it is found that the optimum load it

purely inductive. The current distribution has a very small real compo-

nent and a very large imaginary component. The input impedance consists

of a very small resistive part and a very large capacitive part This

means that the antenna will almost radiate no power at all.

When the antenna is loaded with the optimum load for maxímum radi-

ated power, it is found for the unloaded antenna r,¡ith capacitive input

reactance, that the optimum load is inductive, and for inductive unloaded

input reactance, the optimum load is capacitive. For a half-wave dipole,

the improovement is very small, thus the loading is not necessary. For a'

short dipole, the improvement is quite large, thus the radiated power of

a short dipole can be enhanced by proper impedance loading.

For transformation of the antenna input impedance, only the case

of a resonating load is determined. For a short dipole loaded with a

purely reactìve resonating load, maximum power is radiated.' For a half-
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vrave dipole' the improvement in radiated por,rer is smail. In general
vrith the proper value of connected load, the antenna impedance can be

transformed to almost any arbitrar.y value

7.3 Suggestions for Future Research

In the course of this thesis, emphasÍs has been placed on a di_
pole antenna which is assumed to be very thin in order that the thin
wire approximation,can be appried. As the antenna dian:eter becomes

larger and larger, this approximation is no longer applicable and the
optimum loads which are obtained for the thin dipoîe antenna will not
be the same as for the fat dipote antenna. ït would therefore be in-
teresting to extend this study to take jnto account the effect of an-
tenna wire diameter. This could þe achieved by replacing the thin-wire
kernel by the exact kernel, as shown in equation (e.r.rs) . It is shor,rn

by Pearson(sz¡ that this exact kernel consists of singularity in loqa-
rithmic term, which.is integrabre and the non-singurar terms can be

evál uated . numeri cal ty.

Another assumption made in t,his study is regarding the erectric
field in the feed gap. region. It is assumed for simpricity that the
excitation fietd in the gap region is constant. This assumption gives
a reasonable accuracy f,or the current distribution away from the feed
region. However, in order to improve the accuracy, u ,or. precÍse im-
pressed fierd shourd be emproyed. By taking into account the effect
of antenna feeder' popovic (33) . showed that the impressed fietd can be
written in terms of a cosine function which exists over a narrow feed

l'. , r'-:l
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region. For a larger sjze feed regÍon, the gao rnay be taken into account

by our method by simply considering Ít to be a one or more segment of the

dipole using Galerkin's version of the moment rnethodQz¡. It is expec-

ted that the effect of a large feed gap is on the input impedance since

the region becomes effectively a parallel plate capacitor shunted across

the feed line and the antenna itself.

f''.-1':1')

i. !t
| -.1
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APPENDIX A

DERIVATION OF MATRIX tU]

The total radiated polrrêF as given in equatìon (3.1 .l l ) 1S

tZT ¡Tt
p," = J .| .,0,0) sins do, d0

00

Where o (d,O) is the radiation intensity and is given

(n.t)

(A.2)

(A.3)

Where tAl is

Substi tuti ng

P,^

equation (4.2)

- 
(sin k^zlz I

Jg

r¡r:k ¡r:k r¡r:t

tvl tYt rAl rAl tYt tV1

gÍven by

tAl = leikaz coso 
"2jkaz 

coso

.(l,l-l ) ir¡z coso,

into equation (A.l ), ure obtain

lcos (k¡z coso) - cos k¡zl2

rìú* fu* fu¡k

tvt rYr tAl tAl fYr rvl dq'

si n0

(A.4)



From lvhich the rnatrìx tU1 is defined

rur = fr tcos(k¡z cg:g) - cos k¿z:2 rîîrn, de (n.s)
) 0 sino

By using the matríx tAl as given in (A.3), the erernents of matrix tur are
given by

:...
1: : i:"

¡11U,n=J,"jkaz(n.m).o,0d,o.(o.u).:.:;:..::..'.

l'lhere m and n represent row and corumn of the eïement.
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APPENDIX B

All the constants are derived for the thín c.yrindrícar antenna fedat z, bv a detra vorrage source and roaded at zr.ro rfou'i¿.nti.ul
ìumped impedance of infinitesimal djmension. In dealing with ttre-i.rrlt_
ing matríces' the subscripted Jetters represent the position of tr,. .1.*nt ofthe matrix' Re t I and Im t r represent the rear uno ,r.nrnl* p.rrr r^€-spectivervr of the comprex number in the square bracket uno ¡ ; ;;;rr;;,the amptitude.

The matrix tyl is defÍned as

The matrix tBl is

tYl = tZl-l

defined as

where iNl is a row

tBl = tlrll tYl
'

matrix with unity elements.

The constants Y.l , Í2, v3 and y4 are then defìned as

Yî = lv¡.¡ l2r{n.{er) + Re(Br)}2* 1¡rlBr) + rm(eo)}z:

Tz = frrf'
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\3 = -ZrRe(y--)ne(sr)ne{ar) + Re(v¡.,)rm(n, )rm(Br) * rm(yji)

Re(Br)rm(ar) -.rm{yrr)ne(a., )rm(Br) + Re(yj.i)Re(Bi )

ne(B¡.) * Re(yj.i)rm(e.' )rrn(Bo) - rm(yjr)ne(nr)im(B¡.)

.+ lm(yji ) Re(Bo) rm(Bi ) l

\4 = ZrRe(y.r)ne(nr)lm(e.¡ ) - ne{yrr)ne(n.i )rm(ar) - rm(yjr)Re(Br)

Re(4.') - rm(yjr)rm(ar)rm(u.') - ne(yrr)ne(er)rm(B¡)

+ Re(y¡r)ne(eo)rm(ar) - rm(yrr)Re(B¡)Re(Br) - lm(yrr)rm(B¡)

The matrix tFI is defined as

r¡rrt

tFl = [Y] tUl tYl

Because of symmetric property of the matrix tyl, [F] can be written as

IF] = IYTtul tY]

Then o., , dZ, o, and cl4 can be defìned as

::::.: :

Im(B¡)I
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ot = Re(Fjj * Fjk * Fkj * roo) ',f vr¡ f 
2

o, = Re(Fii)

o3 =-ztRe(F-i * Fki)ne(.v--) + lm(Fji * F¡¡)lm{yrr¡,

o4 =-|rRe(Frf * Fki)rm1y.¡) - lm¡Fji * For)Re(y--)

1..

i". J..
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APPENDIX C

OMPUTER PROGRAMS

The computer programs are separately written for the wireantenna roaded with derta and finite size road impedance;.- 
"

(I) The dipote 
'oaded 

with delta îoad impedance

The folìowing computer prograrns are written

(a) tne computer program for determining the parametersfor optimìzation.

(b) 
'ptÍmization 

progrân, using the subroutine ,CLIMBD,
of the University of tJaterloo 

'¡IATFIV 
lïbrary p*n.urr.

(c) The computer program for determinÍng the currentdistributionandradiationpatternofloadeddipote

1:tt-
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(II) The dipore roaded with finite size road impedance

The folìowing computer programs are written

(a)

for optimization

(b)

(c)

distribution and

The computer program for determin.ing the parameters

Optimization program

The computer program for determining the current
radiationpatternof.]oadeddipo1e.
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xP(BOXzt * BOX 3BOx4 + cEXc¡69¡2 ¡G-¡

JIGI

* E}OX4 + CExP(aox2)
- CExP( BCx2 t ,. BOx3

, *EXCTN( J
) +:xCTN (

¡ / SINN
,/ S INN

t *EXCTN(II / SINN ,

¡ *EXCTN(NSEG-1} / STNN
. -"..--- . ì._ .: 

.

FIRST = (OTDOTO.DC)
!ÇCoND = ( CExp(Boxtt
GO TC 276

?75 F¡RST=(CExÞ(BOxt)
SECOND = (C.DOr0rDCi

276 - vALUE = r¡RSii-ãÉðoño
, TÚTVAL = TgTvAL+veuu:]27O CONT TÀ¡UE
.34qINS(JAù!) = ( 3e.Da/l*DCONJG(TOIVAL' 

'' GCT9273
4o O0 *3 o I 4t 6¡saNE*+2 ¡ ) *{ ToTvAL*

273 !ElJAU¡GT¡I) a,o Tocigo ":i' :::'1RADMAX=RADINS(ll -
990 ¡F(RAD¡NS( Jar,ri.úe .n,rounx, Goror I. RAÐMAX=RADI¡TSI JAV)¡11 ccNTtNUE - .

067CB JA[=lr35
NORRAD(JAI) = RADI\s(JA¡'., RADMAX ,: .. ..
sR IT:( o r zCg t _ ANGLÈ( J4 r ) rIglR4Di ¡iï l,aao INS ( JA I !209 FoRvAr(.q:-.¡gx.rã.¡liôiirr5oTrloXrEl5ogl
rR I TE ( z, _31I ) ANGLE ( JA i i , ñonpÀo i lÃ r i111 F0RMAT (F6tl,r0x.Fi,si-- ' ; - -i.. ::7C8 . CCNT¡NUE
STOP
END

lEåL FUNCTTON DLNFB (DN.DD¡Zt ¡Al¡MPL tCIT REAL*Bi¡JH,O-Z¡ - - -' : ^'

-d

: .\

r_ìi.u

'.JJJ
i- .;; rl È



':i::.1,:::ai.:il:l-;:;_11:'r-!;:;::'Ji::: "":;.1

rl'õq a:

'- -. ol i'/ !' '

ii

lb

.f .

J

: *J'.j iJ

SL=F
RETURN
END:-'..'r.'..:'.i...;.:''.
REAL FUNCTION S INetS(DZTIN,S=TA¡
¡MPL ICIT REAL*8(A-H IO-ZIC = 8ëTA*DZ
A = O¡DO '. : .': r..
3 = 3tL41592654
TOL = OoDO . '' :',
NOFDER = 5K = O ., ."'' '-".
CALL GAUCUD( A rBrFX rX rTCL, t¡ORDEFTK !K=K+I
IF( KrLEo O ) GO TO e

)

. FX = (l¡DOlDStN(x, l*(DCOS(C*DCCS(xt t-DCOS(Cr r**ZÈDStN(C*tN**DCOS( x) 
'GO TO I - , ' - . - .l'i" . .- :'

END
. .1'-, .

tl.':;..-. 1.1

2

$ENÎRY

C = BETA*CZ

8 = 3¡ 14I=92654

. CALL GAUOUD( A ¡8rFX rX TTCLTNCeDEF¡rK," K = K+l 'r T:Íj_rta::.1 ;:;::- . -- -:.'- -...ili: .. ,.ì:-'], . -. ,.,IF( KrLÊr O t Go Tt ? . -''' ':'
: FX = ( l¡DCIDS¡N(Xr r+(DCOS(C*DCOS( xt l-DCOS(Ct lr*2rDCOS(C*tN* - .

*DCOS( x I )
.GC TO I
cosl¡ie = FX.-' RElUeN :'-
ÈND

:-
-l 4,

.i. ,-. ..)

L- -;. .li
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