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ABSTRACT

A study of a dipole antenna symmetrically Toaded on eachvarm with
a Tumped impedance is investigated with a view to improving the gain and
other radiation characteristics. The current d1str1but1on 1s determ1ned
for the unloaded case by the method of moments, us1ng Pock11ngton s in- ‘
tegral equation. The solution is then modified to include the effect of
Tumped load impedance which makes it possib]e to express the current dis—
.tribution in terms of the resistive and reactive compohents of the ]oadie
This leads to express1ons for the directive gain in the 'vertical p]ane,
'rad1ated power and antenna input 1mpedance as funct1on of res1st1ve and
‘react1ve components of the load. Using Rosenbrock's method of h111-
climbing, the load impedance is optimized for any fixed TOCatioh a]ong'
the dipole for either maximum directive gain in the vertical. plane or
total radiated power. From these results, it is found that the optfmum
load for maximum directive gain in the " vertical 'piane is purely reec—
tive. It 1s a]so found that the gain of the d1poTe 1oaded with the
optimum load 1mpedance is increased by about 2. 72 dB over the unloaded
case but its radiated power 1s_drast1ca11y reduced. For‘a short dipole
the Optimum load for maximum radiated powef is also reactive and is equal
in magnitude and location to that which would be needed to resonate the
dipole. Numerical resﬁ]ts for the current distribution and radiation
pattern for the dipole antenna loaded with the}optimhm 1dad impedance
are also presented to illustrate the advantages of this type of passiVe ‘

loading.
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CHAPTER 1

- INTRODUCTION

A dipole antenna-is considered to be the s1mp1est antenna type and

most economical to construct. Because of these character1st1cs it has
been emp]oyed in many app11cat1ons, such as in broadcast antennas, VHF
and UHF communication antennas Though it has the advantage of simpli-
city and economy, it has the d1sadvantages of re]at1ve1v poor gain and -
wide beamw1dth, small power capac1ty and narrow bandw1dth | Because of
these disadvantages many researches have been done to improve these per-’

formances.

- The performance of a dwpo]e antenna can be determined if the cyp-

rent d1str1but1on a]ong 1ts Tength is known. For enq1neer1nq purposes it

has been assumed to be a sinusoidal d1str1but1on from which the character—d-n
1st1cs of the d1po]e are determ1ned It has been found that this assump-

tion gives reasonable accuracy. A more accurate so]ut1on for current d1s-_'

tr1but1on of a d1po]e antenna ‘has been stud1ed by K1nq( ) and Ha]]en(z)
using the 1ntegra] equation method. The current distribution obta1ned is
very complicated and requires lengthy calculations. Harrington, (3) 4 did
not attempt to solve the 1ntegra] equation but was 1nstead able to obtain
the current d1str1but1on by the moment method. To 1mprove the performance
‘of the dipole, the techn1que is to upset the current distribution and at
the same t1me attempt to optimize and realize the resu1t1na current d]S—,;

tribution.




One method for mod1fy1ng the behav1our of a d1po]e is to chanqe .
the geometr1ca1 shape of the rad1at1ng w:re Thus by‘bend1ng the an-
tenna's arm, Hamid et a]( ) showed that the radiation character1st1cs of
a dipole are modified. It was shown that the c1rcu1ar]y and parabo]1ca]1y
bent antennas operat1ng at the first resonance have a radiation pattern

approach1ng omnidirection as the bending curvature 1s oot1m1zed

Another techn1oue for mod1fy1ng the behav1our of dipole is by chang-
ing the position of excitation. Harr1ncton and Mautz( ) analyzed th1n-w1re
antennas with arb1trary excitation by the moment method and found that the v
'current distribution, input adm1ttance and radiation pattern can be mod1— .
fied. Strait and H1rasawa( ) demonstrated that w1th multiple exc1tat10ns

on the W1re antenna gain in spec1f1ed d1rect1on can be max1m1zed

Another procedure for improving the current d1str1but1on 1s to ]oad
the dipole with active Or passive elements alonq the wire. This Teads to
active and pa551ve dipoles, respect1ve1y The studv of active dipoles |
occupies a prom1nent position in antenna theory, part1cu1ar]y s1nce many

new types of high frequency semiconductors have been deve]oped An act1ve

~antenna can be c]ass1f1ed into two major types * One conta1ns act1ve dev1ces “,‘

and rad1at1no sections, such that 1ts performance cannot be descr1bed by an
amp11f1er in ser1es with a passive antenna formed by the removal of the
active e]ements The other type is the comb1nat1on of amp]1f1er and the

passive antenna.

The advantage of an active antenna is that it 1eads to h1gher gain- or.;_
signal to noise ratio or, alternatively a reduction in the overall Tength

of the antenna for the same gain. Some types of act1ve antennas wh1ch have .




beeén developed and reported are the parawetr1c amp11f1er antenna (7)’ (8)

‘the Esak1 diode antenna(g)- and the antennafier(]o) (?]);;

Apart from active antenna, studies to 1mprove the characteristics of
a d1p01e antenna ‘have also been centred on the passively-Toaded structure
wh1ch does not contain any act1ve elements. There are two types of Toad-

1ng, one ijs cont1nuous loading and the: other is lumped 1mpedance 10ad1ng

In th1s the51s the study is centred on Tumped 1mpedance ]oad1ng,
pr1mar1]y because of the ava11ab111ty of exper1menta1 data carr1ed on e]se-
| where which permits compar1son of ana]yt1ca] pred1ct1ons | The propert1es

of a cy11ndr1ca1 antenna with a continuous ohmic res1stance a]ong its

Tength were studied by K1nq and Hu(lz) who found that th1s type of antenna L

is d1rect1ve and broadband but its eff1c1ency is highly deter1orated It
- was also shown by Wu and K1ng(]3) that a trave111no wave antenna character~
‘ istic can be obta1ned by cont1nuous1y 1oad1ng the antenna w1th a proper

_.resistive load per unit 1ength

A d1po]e loaded W1th lumped 1mpedance 1s obv1ous]v an eas1er method
for 1improving the antenna performance by pass1ve ]oad1ng A]tshu]er(]4)
showed that by Toading the dtpole with res1storsof‘su1tab1e va]ue at a

quarter-wave]ength d1stance from each open end of ‘the antenna the current

distribution can be made of the trave111ng-wave d1str1but1on type which re-.

‘sults in a better bandw1dth compared to the convent1ona] dipole antennas

Nyqu1st and Chen( 5) were also able to obtain the travelling-wave behaviour

by double impedance ]oad1ng.' But instead of loading w1th a res1stor as done .

by Altshuler, a purely reactive load is placed at a proper position along

each arm. This results in a higher efficiency as compared to AltshuTer's




'trave11ing-wave antenna. Later it was demonstrated by Rao et al, (]6) and
Popovic and Dragovic(]7) that a broadband antenna can also be obtalned by
capacitive loading. Lin et al, (18) also ana]yzed a short dipole antenna
doubly loaded with a pair of 1dent1ca1 impedances and showed that the rad-
iated power of a short dipole antenna can be increased. It was aTso shown
that with a proper choice of load, the directivity of a short antenna can -

'be_1ncreased at the expense of the radiated power and efficiency. .

The main purpose of th1s thesis is to 1nvest1gate the poss1b111ty
of 1mprov1ng character1st1cs of dipole antennas through the use of the
Tumped impedance loading technique. The antenna under consideration is
assumed to consist of a thin cylindrical dipole, doubly -Joaded with a pa1r
of identical jmpedances placed at symmetrical locations along the two ‘
~ halves of the antenna. The resulting current d1str1but1on is determ1ned
in terms of the real and 1mag1nany parts of the Toad impedance. - This re-
sults in the equations for directive gain, rad1ated power and input impe-
dance in terms of real and 1mag1nary parts of the load impedance. Using
an opt1m1zat1on technique which is used throughout this thesis, Rosenbrock s
method of hill c11mb1nu the optimum va]ues of load impedance for. max1mum o
d1rect1ve gain and maximum radiated power can be determ1ned A]so by.a
proper choice of load impedance, the antenna input impedance can be trans--»‘

formed to a@lmost any value.

The derivation of the integra]}equation fdr the current distribution
on a dipole antenna is given in Chapter 2.:: The thin-wire approx1mat1on is.
used and the integral equat1on s solved by the moment method. The solu- -
tion is then applied to the loaded dipole antenna leading to numerical

results for the loaded dipole.




The relation for the directive gain is derived in Chapter 3. The .

optimum Toad for a maximum gain is determined and numerical results are

given to illustrate the improvement in gain at the expense of efficiency.

The relation for the radiated power is-derived in Chapter 4. The
optimum Toad for maximum radiated powen7is-determined' The numer1ca1 re~ -

sults are g1ven to demonstrate the 1mprovement for radiated power

The antenna input 1mpedance as a funct1on of the connected load
:, s derived in Chapter 5. The equation is then applied to f1nd the 1oad
g 1mpedance which resonates the antenna. Numerical resu]ts are a]so pre-

'sented for 111ustrat1on

The dipole antenna loaded with tinite §ize load impedance is'
treated in Chapter 6. The relation for the directive gain is also de-
'rived.'bThe optimum Toad for a naximum ‘gain is then detérmined and
numer1ca1 results are also given to compare w1th the resu]ts obta1ned
- for delta load impedance case A genera] d1scuss1on is given 1n Chap—’

ter 7 fo]]owed by the conc]us1on of the study




CHAPTER 2

ANALYSIS OF DIPOLE LOADED WITH PASSIVE ELEMENTS

~ The so]ut1on of antenna problems 1s based on the fact that a-
d1fferent1a1 equation together with the boundary conditions may often
be-converted 1nto an 1ntegra1 equation, that is, an equation'containing
~ the unknown funct1on under the 1ntegra1 sign. In the case of antenna _.*
prob]ems the unknown funct1on usua]ly represents the antenna current or- |
~more generally the current dens1ty The current d1str1but1on 1s “then

- determined by so]v1ng this 1ntegra1 equat1on

2.1 Derivation of the Integral_Equation

2.1.1 - Integral Representation

Before the 1ntegra1 equation of a d1po]e antenna is der1ved the -

general form of 1ntegra] representation of f1e]ds will be rev1ewed
Start1ng from Maxwell's equation for time- harmon1c f1e1ds w1th ert t1me

dependence, we: have

VXE = -juwB

il = 3+ jueE (2.1.2)
v.B=0 | (2.1.3)
v.D = P | | L _ (2.1.4)

Where J and p are, respectively, the current and volumetric charge
densities. According to equation (2.1.3) the fier_of the vector B is _

always solenoidal. Consequently B can be represented as thehcur]‘

NCRRI R




of another vector A whiéh is’uéually caT]éd:the magnetic vector potential, -

i.e.,

B = VxA o L (2.1.5)
If now B is replaced in equation (2.1.1), we obtain
wE+gA)=0 . - (2.1.6)
Thus the field of the vector E + juwh is irrotational and equal to thev
gradient ‘of a scalar function @ which is usually called the electric
scalar potential, i.e., ‘ o  ' o
E=-vo-jul - (2.1.7)
K and @ under consideration satisfy the Lokentz‘condition .
V.A = —juepod B v(2.1_.8.) e
- while Maxwell's equations and the Lorentz conditipn allow A to be .
written as the solution of | | v |

2 2

VR+KkR=-d (2.1.9)

leading to the resu]t(}g)i

L o kR e o
R e T AR
4w - =y - : -

: Ay - : Lol
where the primevsuperscript represents source COOrdinates; k is ZW/A,.,‘
A is the wavelength and Ir - r'| is the distance from source to the

observation point.
From equation (2.1.7) and the Lorentz condition one obtains
E==l y(v.A) - juh

-+ k)R o (2.1.11)




Subst1tut1ng for A from equation (2 1 10), the integral

representatIOn for the electric f1e1d as a function of source

current density is obtained as

4ﬂwe (V. +k ) j J(¥ ') & Al : il dv' (2.1.12’
S TR

-

2.1.2 Integral Equation'for a Cy]indrica] Antenna

Equat1on (2.1.12) is the 1ntegra1 representat1on of the e]ectr1c

f1e1d as a funct1on of source current dens1ty | ~ This 1ntegra] represen- i.

tat1on when applled to d ‘cylindrical antenna w1th the current Flowing

only on the surface, w1]1 reduce to surface 1ntegrat1on

For field and source Do1nts on the surface of the cy11ndr1ca1 :

antenna shown in figure 2 1,. the 1ntegra1 representatIOn is reduced to

JkR

B ]
i

4nwe (W. +k ) ]. J(r ) -

s+ (2.1.13) .

~ where

R=1|r' -] = /(z - z')2 + (2a‘sin¢'/2)2 'e

' Assum1ng that the cy]1ndr1ca] antenna under con51derat1on has
only a 2 ‘component of current and is 1ndependent of ¢!, then equat1on
(2.1.13) reduces to

2

=.Jd (d 2 ' s ,
Lk e d J 1(z') 2 dz (2.1.1)
z 0

where I(z ) is the total surface current f]ow and equa]s

ZnaJ(z )» while the kerne] Ks 1s given by




|e—22a

Cy]indrica1 Antenna

Fig. 2.1




(2 ik PR
K = o I» det (2.1.15)
0 . ' , .

As 1is stated by Harrington(?q)' that "the distinction between
antennas and scatterers is primarily the location of theosource, If
the source is on the object it is considered as antenna; if the source'

is d1stant from the obJect 1t is viewed as a scatterer Hence, by

ana]yz1ng the obJect 1n an arb1trary 1mpressed f1e1d we are effect1ve1y ,,:”

' considering both cases at once" These statements can be conf1rmed as ,."
fo]]ows, Equation (2.1.14), obtained from equat1on (2 1. 12), shows :
“ . the re]at1on between the field and source current dens1ty Thus when‘
it is applied to scatterer, E, is the scattered field and I(z) is the
‘1nduced current. On a perfectly conducting wire, the boundary_condition
is

AxEt=0 (2128
where Et is the total field. Thus,

= - gl (2 1. 17)-

s
Ez z
: where E and E are the scattered and incident f1e]ds, respect1ve1y

fSubst1tut1ng for E in equat1on (2.1. ]4), the integral equat1on for the '

current distribution as a function of 1nc1dent field is obta1ned

N L K o |
1_ J ,d7 2 . S . : /
gk g J z') g2 dzt (2.1.18)

0

When equat1on (2.1. 14) is applied to an antenna, EZ is the field

produced by the source current I(z). Applying the boundary condition




which requires that the tangential component of the e]ectr1c f]e]d

vanishes at the surface of 3 perfect conductor, we have

—Eod(z - zo) ‘ in the feed ‘gap region

where Z4 is the point of excitation. Substituting for Ez in equation

(2.1.14) we obtain

| L K -
Ep o2 - z) = L (——-+ k2) ] Hz') g2dz'  (2.1.20)
| Y ‘._v' A‘A _ .
“which is the integral equation for the current distribution.

Equation (2 1. ]8) can be made equ1va1ent to equat1on (2 1 20) if

a constra1nt is put on E such that
EZ = E 8(z - zo) | , (2 1. 2])

That is equation (2 1.18) can be used to solve for- the current d1str1—
bution of both antennas and scatterers if the proper va]ue of E1

correspond1ng to each case is uysed.

2.1.3 Thin-Wire Approximation

. The dipole antenna under pract1ca] cond1t1ons is usua]]y made
- very thin compared with the wavelength at the operat1ng frequenqy,
that - the th1n—w1re approximation can be app11ed The thin-wire

approximation involves the fo]]ow1ng assumpt1ons(2])

(a) The only significant component of current on the wire is the axial .
component, which can be expressed in terms of the net I(z) at any
point z along the wire axis. ’




- (b) The kernel KS is replaced by the thin-wire kernel, i.e.

- n
¢~ € Jkr
" s r'
where

= Vbz + (z-z')2

1—
1

By using this thin-wire approx1mat1on the 1ntegra1 equat1on
(2.1.18) 1is reduced to V '
. . 2 L gkt N '
i 3 d- -, 2 'y e o v
E, - e (4 1) [ ) S (20.22)
z T o
_ - 0. ‘
- which is the integral equation for a thin dipole antenna.

| 2.2 Solution by the Method of Moments
2.2.1 SolUtion of the Integral Equation

The 1ntegra1 equation (2.1.22) will be so]ved numer1ca1]y by
the subsect1ona1 base techn1que of the moment method of Harrxngton(zz)
The procedure is bas1ca11y one. for wh1ch the wire is d1v1ded 1nto sub- -

'sect1ons, and a genera]1zed 1mpedance matrix [Z] obtained to descr1be

the e]ectromagnet1c 1nteract1on between subsect1ons The prob]em is

thus reduced to.a matrix equation of the form N

[z = v __ B (2.2.1)

From which [I] can be solved, i.e.

[z17'v)

[1] |
| vy - (22.2)
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In order to abtain the matrix equation ‘shown above, the current :

d1str1but1on along the antenna will be assumed as the sum of triangular

s1nuso1da1 pulses of the form (see figure 2. 2)

‘rJ1 sin k{Az - (z' - iAz)}; Az <z' < (i+ 1)Az

sin kAz
Ji sin k{Az + (z' - iaz)}s (i - 1)az <z' <idz
sin kAz ' ' ' '

0 o otherwise .

Thus the current distribution along the antenna is -

- Z Ii' o } 'Ff ";- | .(2-2.4)‘_
=l . R .
where N is the number of subsections of the wire Th1s current d1str1bu—

~ tion as shown sat1sf1es the boundary cond1t1on for the current which is
| I(z) =0 for z=0, 1 (2.2.5)

An advantage of the tr1angu1ar s1nuso1da1 pu]se form is that the e]ectr1c 2

field can be ca]culated exactly in terms of d1stances from d1scont1nu1t1es_ |

in the slope of the current as shown by Klein and Mittra(?3).;f ”_e

The e]ectr1c field due to a tr1angu1ar s1nuso1da1 pulse was shown
by Jordan and Balmain to be(24) |

| -3kRy - -JkR, » _Jkr 5

_ e e ' "
E,; = _J(s1n kAZ) Js ( R +A R - 2 cos kAz  ) (2.2,5)
where
Ezi = electric field due to Ii
Ry = va® + {z - (i + 1)z}’




. 4y
Jy 7~ /’\\ -’ A 7N ~
~. . N7 PN N AN
,/ v Ay [N N\ < N
»” 4 \‘ " \. 1, \ ;/ A ), \ r, AN \\
AR 7N 2N 2 (8 S 7 2N N
r | i G
Jo— sz ]

Fig. 2.2 Current distribution as the sum
' of triangular sinusoida] pulses.
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Fig. 2.3 Geometry for fields’near‘ the a.ntéhna. :




15

X
i}

p = V2% +{z - (i - az}?

-
[t}

¢a2v+ (z - iAz)2

Thus the total electric field at observation point P, as shown 1in

fig. 2.3, is

Nil
E, = E_.
2 = @ - L
-JkRy  -jkR, .
. 1 2 ~Jkr
N-T , -3 30 e e e
= (sin kAz)'Ji( R TR "‘chos kiz r
P ‘ 1 2
i=1 _ | 7
For a perfectly conducting wire anténna we‘have
- i
E, =& ,
.~ Hence _ iR CikRL R »
E, = .Z (sin kAz) Ji( R, TR = 2 cos kiz r )A(2'2f8)4
i=1 1 2. _ o o
‘From which the following expression is obtafned;
viz ) = ¥ Z(mi)d. 3 m =1, 2, .. .. N1  (2.2.9)
R L L Lo
where _ e
. 330 ) (I'TH';E).AZ e-ij] e'ijZ » .' ‘ 7
Z(m,i) = (g;E—EZE- J | ( R + R, " 2 cos kAz .
o (m-%)Az _ '
o~Jkr | - .
) dz s - - (2.2.10a)

or

)'(2;557)  vva"‘“




i3002 a3k val + {(m - i - 1)az}?

sin kAz 5
va

N
-
3

-
-
S
1]

(

+ {(m-1 - ])Az}2

- —jk/éz +{(m -1+ 1)Az}2
. &

/az + {(m -1+ 1)Az}2

e-jk/hz + {(n - 1)az}?

2 cos kAz

(2.2.10b)
2 . 2 :

va® + {(m - i)Az} :
When the testing functions are pulses of width Az or de1£a~functions, respectively.

Equation (2.2.9) can be written in matrix form as

[vl=:[z"10d] o (2.2.11)
where [Z ] is a matrix with elements given by equation (2.2.10).
Hence. -- mﬂg;} o
' [Vl = [Z1[J] - (2.2.12)
where ’ : o
[z] = ‘genéra1ized impedance matrix
[V] = excitation matrix
Vq
Vi-




[J] =
IN-1
From equaticn (2.2.12) we obtain
[91 = [237'[v]

From equation (2. 2 ]2) it is poss1b1e, when the current d1str1bu-"

.t1on at N-1 different po1nts along the antenna is spec1f1ed to find
:the values of excitations at N-] p01nts in order to obta1n the speci-
fied current d1str1but1on From equat1on (2. 2. ]3) the current d1str1bu-
tion can be determined when the exc1tat1on vo]tages along the antenna

are g1ven

2.2.2  Extension to'Loaded Dipole

. t

For ‘a lToaded dlpo]e antenna equat1on (2 2. 12) can be mod1f1ed as

[z][J] = [Vp] + [vL] ; I R (22 W
Where [Vo] is the exc1tat1on matr1x which for a center dr1ven antenna -
is given by
| 0
[VOJ = VO

[Yivy R 'ff}i_e _(2.2.13) .




18

[v,1 =-[z, 1[3]
: [Z 1= diagonal 1dad'matrix
It should be noted that the above mod1f1cat1on neg]ects the effect of

radiation from the impedance loads.

From equation (2.2.14) we may write

247001 ] o (2aas)

which permits determination of:

(a) “input 1mpedance of antenna due to mu1t1p]e ]oad1ng , 3g-: 7"m~: R o

(b) current distribution due to multiple Toading and
(c) current distribution due to multiple loading and exc1tat1on

‘Also equat1ons (2.2.14) and (2.2. 15) will be used in the ana]ys1s to be

presented in ]ater chapters

2.3 Numerica] Results
2.3.1 Unloaded Dipo1e

The computer program for ca]cu]atlon of the current d1str1but1on -

of an un]oaded d1po]e antenna is written based on the method of moment
',_Just described. The computat1ons have been made for typical antennas
for which extensive measurements and calcualtions are available. For

'these antennas a/x = 7. 022)(10 » the parameters for the two critical

lengths Boh =1/2 (with @ = 2&n(2 h/a) = 8.54) and Boh = n(wfth 2=9.92)
are chosen. The numerical results are shown in figures 2.4 and 2.5.
From the comparison with other results shown, it is found that, in

general, our results based on the method of moments'agree1Very will with




those obtained by experiment. However, these resu]ts,arefa~Titt1e'different g

:from the results based on the three-term theory. These differences

can be attributed to the discarding of higher order terhs in the
three-term theory. The differences, due to the assumed geometry of the
input terminal of the antenna, can indeed give a different value for the

input impedance.

2.3.2 Loaded_DipoTe

For the case of a loaded d1poTe antenna, the numer1ca1 resuTts

obta1ned for the current distribution are compared with those of

ATtshuTer(]4) - The antenna under con51derat1on has a rad1us a = 0. 3]75cm,"‘

length L = 62 cm and is operated at a frequency of 600 MHz The antenna
is Toaded with a resistive load at A/4 from the ends The agreement
between the theoretical current by the method of moment and the exper1-
'mentaT current by A]tshuTer is quite good as shown in f1gure 2.6. The |
small d1sagreement can be attributed largely to the assumed geometry of
the feed gap, i.e. whether the exc1tat1on is that of a delta funct1on o

generator or a capac1tor feed 1n the other extreme of a w1de gap

The numer1ca1 results for the current d1str1but1on of a Toaded .
d1poTe are shown in figures 2.7 to 2.9 for an 1nduct1ve TOad, in f1gures ,h
2.10 to 2.12 for a capacitive load and in f1gures 2.13 to 2.15 for a
resistive Toad. In all cases the magnitude of loads are arb1trar11y
chosen to be 2500 ohms The antennas under cons1derat1on are of the
same radius a = 0.150 cm and for each type of load three different'
Tengths are chosen'for‘comparison. From the results éhdwn’it is found

that the current distributions are largely modified by the TOading when =




compared with the corresponding unToaded antennas The current :
d1str1butions of d1poTe are also d1fferent for different types of
Toad. With the effect of load on the current distribution, the modi-.
fication of input impedance and rad1at1on pattern is implied. The_
radiation patterns for dipole antenna loaded with an inductive load

- of 2500 ohms are shown in figures 2.16 to 2.18." They are differentk‘
from the corresponding'unToaded dipoles. when the dipoles are Toaded
- with the same -1oad, but at the different pos1t1ons, the effect of
Toad1ng on the current distribution is d1fferent as shown in f1gure 2. 19
which shows the current d1str1but1on for d1fferent pos1t1ons of load.
Thus the input 1mpedances and the rad1at1on patterns must be d1fferent
'The radiation patterns for different pos1t1ons of Toad are shown in

figure 2.20 and 2.21.

In figure 2.22 the theoret1ca1 and exoer1menta] input 1mpedance
of antenna as a function of loading reactance XL are shown The theore-
- tical results as obta1ned by using delta and puTse as test1ng functions
are almost the same - The d1fference between theoretical and exper1menta] v
results can be attr1buted to the errors in s1mu]at1on of the Toad reactance'

and in making the measurement.
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~(a=0.3175 cm, h =31.25 cm, A = 50.0 cm, d = 18.75 cm,

Z, =240 Q)
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lToaded with inductive load.
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F1g 2.14 Current in upper half of ha1f—wave d1po]e '

loaded w1th res1st1ve 1oad.
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CHAPTER 3

OPTIMIZATION OF DIRECTIVE GAIN

It is well knswn that the current disfrihUtion hasAa significant
effect on the characteristic parameters of a dipole antenna, that is a
small change in the current distribution can significantTy'changé'the
values of some of these parameters. It was. shown in Chapter 2 that the

current d1str1but1on can be’ changed by Tumped 1mpedance loading. Thus ‘

~with the proper value of 1oad impedance, an 1mprovement 1n the d1po]e per— L

formance can be achieved. To study the 1mprovement of the d1rect1ve'ga1n
.-of a dipole by impedance loading, the expressionhfor'directive gain as
function of connected load 1mpedance based on the method of moment is de—
veloped. The directive qa1n in the desire direction is then maximized

with respect to the load impedance. Keep in mind that our mode] is

based on 1nf1n1tes1ma]]y small and symmetrically 1ocated 1oads and, where :

app11cab1e, 1oss1ess reactive load component

3.1 Derivation of Directive Gain vs Load Impedance

The directive gain is defined as f011ows(25)‘v

D(0,¢) = an 20£)L 3
Y‘ o . i .

For a dipole antenna, there is no variation'along ¢ because of Sym-

" metric property, thus equation (3.1.1) reduces to




(3.1.2)

Where @(0) is the rad1at1on 1ntens1ty in the © direction and P, is the

total radiated power or the pover delivered by the generator minus the
power dissipated along the dipole wire or lumped impedance-]oads.<,The far .
field of a dipole is given in spher%ca] coordinates by(26) '

L o- KR S o
Eg = J s1n@ f I(; ) r—dz' (3.1.3)
" AT L ; 4

which after intecration, usihg I(z') givén in équation (2.2.4), can be

written as

E - swe 2 .cos(kAz cose) - cos kAz
o JIr ¥ Ksinkaz t . s1n@

N-T o .. :
| eIK1Az C0s6 4. (3.1.4)
i=1 '
This equation can be written in the hatrix form
oo juue -ikr 2 [cos(kAz cos0) - cos kAz] tA][J] a (3.1 55
o JIr ¥ ksm kAz sino . LT
Where
(A = [eIkbz cos® 2jkaz coso e(N—]) jkAz.cosO] (3.1.6)

The radiation intensity of the dipole cén be found from the expression<27)

2(0) = 755 [E,17 3




Hen¢e
(o) = T 120 [cos(kAz €0s0) - cos kAz 2
471' (S_in kAZ)Z S'an
Ak onk v
[J1 [A] [AT [J] (3‘J.8)
Where [

] represents the conjugate transpose of the matr1x

. _Frdm,equation
(2.2.14) we have R .

(21191 = Vg1 + V1 = [v]

W1 = 2
= Y1[V] - (3.1.9)
Substituting equation (3.1.9) ‘into equation (3.1.8) we obtain
4 9(0) = 120 > (cos(kaz cgfgé - €os kAzJ )
(sin kaz) _‘ R :
Ak oak *' : L . -
[V] IY1 (AT (A7 v [V} R B (3.1.10)

The total radiated power can be determined from the integral expression

2T w

Pr={ f Me@)smeded¢ ' (3.1.11) .
0 ‘0 ' '
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'Using 8(0,9), as given in equation(3.1.10), integrete.and write the

result in matrix form

| o S
P = ~6—9—~—-2— IVIIY1 U1 YT V] - (3.1.12)
(sinkaz) : : v Co

The elements of matrix (U1 are given in Appendix A. Hence i

2
- cos(kAz cosO) - cos kAz
D{e) =2 BT T

Kok ok

V] [Y] [A] w0 "(3-']_-,]3)4, L
(1 7 v v1 v | | |

In this thesis only 0= g-is considered, thus

m* nk on%

= 2. (1 - cos kaz)? LLLVI LA 1Y) v BCR RV
[V1 [Y] [U1 1Y (V] - B

From equation (3.1.14), the opt1mum value of exc1tat1ons for max1mum>‘
‘D' can be determ1ned by maximizing this eouat1on with resoect to exc1ta—}
tion (V1. But our main emphasis is on]v devoted to the ont1m1zat1on of - 'D"
with respect to the connected Toads Thouch it is poss1b]e to obtain loads
from a knowledge of. optimum [V1, by optimizing equation (3.1.14),‘such load
can have negative resistahce. To eliminate the possibi]itvjof negative re-
sistance, opt1m1zat1on with respect to connected load 15 performed with the;

constraint that the real part of the connected 1oad must be posxtive




3.2 Opt1m12at1on of D1rect1ve Ca1n as a Funct1on of Connected Load

Impedance

Equation (3.1.14) is rewritten inIOrder to'express 'D' as functfon'

of the rea] and imaginary parts of connected load

Let the antenha be
Toaded at zJ}and z,

k and fed at z - @s shown in f1gure 3.2,

It can be S
shown that

AL+ [z 30vD v ] ="'-[ZLJ[YJ['V"()]'_ . (2n

Where

[I,J = unit matrix .
L1

[VL] = R =-[ZL} [J]
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Fig. 3.1 Geometry for’far—fie1d of the antenna.

| TR BT ERE SRl T ol e Tl koY Ty g S
Z=0. Az 247 - iaZz WAz '

- Fig. 3.2 Antenna configuration.
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Then VLj and VLk can be expressed as

T i A (322)
j .+
/ LJ‘__ Lk, yLJ * yJJ Yj Jk g
where VLJ and VLk are’ the voltage drops due to 1oad impedance at z.
and Zy respectively.
ij = zl_.= x'(1) + jx"(2) ;' ’ | | (3.2.3)

L3

Z.=1

i = Zk
Where ZLj and Z, are connected loads at z f Z; and Zk’ resoect1ve1y

'By using equations (3.2. 2) and (3.2, 3), D' can be written as follows s

. » 'y] Y, xz(l) + yz‘xz(z)'+ Y5 X (1)'+.'Y4 X (2) -
= 2(] - cos kaz) ( ) 2 N v
Gy +dy x (1) + dy X (2) + as x(1) + Gy X (2) |

(3.2.8)

Where the constants Y1, Y2, Y3, Yg. % ¢, O 3hd‘a4 are determined in:,}
Appendix B S o |

x(1)

[

X-(?) + RE(ij) +‘Re(yjk) |  : '.:‘j (3;2;5):‘

x(2) x!(2) + Inly;;) + In(yg) . (3.2.6)

Equation (3.2.4) is maximized:with réspect to x(1) and x(2) under the

conditions:
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(1) x(1) and x(2) are real.
(I1) x(1) z_Re(yjj) + Re(yjk),-x(Z) arbitrary.

3.3 Numerical Results

_ Three different 1engths’L/A of the dipoles were chosen to equal 0.7,
0.2 and 0.5, respectively. -These'va1ues of L/ are arbitrarily selected

- for the study of»the'effects of the optimum 1oads to the dipo1es.  '

| F1gure 3 3 shows the var1at1on of opt1mum load va]ue w1th its pos1-
~tion. The resu]ts obta1ned by L1n et al(ls), the1r method ‘can on]y be
app11ed to a short dipole, are g1ven here for compar1son purposes It is
found that the opt1mum loads obta1ned by the method of moments are sma]]er.
' ~ than those obta1ned by Lin et al. Th1s is because they neg]ect the higher
~ order terms in the current d1str1but1on which 1s based on the mod1f1ed ‘

two-term method by King and WU(34)

Tab]es 3.1 to 3.3 show' the input impedance of the antenna 1oaded
with optimum 1oad at different 1ocat1ons along 1ts arms. - The current d1s-»

. tributions are shown in f1gures 3. 4 to 3.6. Each f1gure shows the current

d1str1but1on for the antenna 1oaded at’ d1fferent 1ocat10ns w1th the opt1mum -

~ load. The normalized radiation patterns are shown in f1gures 3 7 to 3.9
for three different 1engths of the dipole. In each f1gure the norma11zed
rad1at1on patterns of the antenna loaded at different ]ocat1ons with the
opt1mum load are also shown. - The s1gn1f1cancevof these results is dis-

, ~cussed in Chapter 7.
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©Fig. 3.3 Optimum loading -impedances as functions of

-d/h for various h/Ax. .




magnitude ‘x 0’ amp

49

.. . d/h co.9
.o} t--: : d/h 0.9
' o maanifudeﬂ
: . ® phase
[« X3 3 : o ’ .
f @
t
- b
Q.6& :
'
[}
]
. [ ]
oa} A '
. cO )
J U,
® [ 3
Q.2 : .
A 3
v : ' P . |
3 - [ )
0. 0.3 0.7 ©.9
Fig. 3.4 Current d1str1but1on for L/x 0. 1 d1p01e :

loaded with optimum load for maXimum

. directivity.

A




x 10° amp

maghitude

50

-]
(-] (-3
. dh =oc.0ss
o C -
Lo} Y A
» d/h =0.133
T U [0) mha‘anl'fude - 1go |
o8l !® ' @ phase '
° (¢5) .
' °
]
|
L] .
0.6 i .
o
() : ° s Q.
=]
e ! -£
| [«1
r .
o.al ' °
e 1
i
1 -2
v 4 ~90
0.2¢
[-4
-]
'
s L0, . e
s 1 . S $ 3 ] Y Y A A rY
z

Fig. 3.5 Current distr
loaded with o
directivity.

ibution for L/} = 0.2 dipole
ptimum load for maximum




51

-3

St d/hmo7s
LS A s ]
. P .Y d/h 0.5
[ N0) maani{‘ude
* o Phase‘ .
® . . -
7 {90
3 1.
g_ 1o~ * :@ ® * .
a 1
I ]
9 & . ] * ‘ v
1 e @
* 0] ! ® 40 __g )
o A ' Q.
-g i 4 : .
[
< - 0] ' R
o . .
£ °°r . : .
g ! R A
e A -90
a ® A
! ; R .
a
3 . 2 . Py .
- » ) .
R _
! . 1. A Y N (] N Lot ! X | " 1 2 1 N
Q.1 0.2 0.3 - 0.4 = 3-] 0.6 Q.7 Q8 . o.% .o z/h
Fig. 3.6 Current distribution for half-wave dipole

loaded with optimum load for maximum
directivity.




52
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Table 3.1

Relationships of load impedance, antenna input
impedance and directivity at various loading
points for L/x = 0.1 dipole

d/h |z, omms | 7, 0MS | DIRECTIVITY
| Rin Xin-

01 | gs197.99 | 2.68 % 1078 | -sa14.625 o213
0.2 j3726.é7v 2.35 x 1077 | -2522.006 | 2.813
0.3 | j2836.08 8.231x.10f7....72695;581.1 ,,,,, 2.813
0.4 | 52323.70 2.03x 107 | -1888.210 | . 2.813
0.5 | j2012.76 | 4.15 X106 -1683.543. | . 2.814
0.6 :j1836.69 7.63.x. 107 | _1564.943. | . 2.814
0.7 7753 | 1.3 x 100 1478750, lf.32.814.f
0.8 | j1857.12 .2.02.¥§]075:a.:91403.648..‘..Q.2.8147...
0.9 | §2230.09 | 3.03 1qf5....,1342;120.f . 2.815




Table 3.2

Relationships of load impedance; antenna input
. impedance and directivity at various loading:
points for L/ = 0.2 dipole-

d/h Z, OHMS | zIN*OHms o DIRECTIVITY
i | X

0.933 | j7337.565 | 0.899 x 107 | _3818.404 |  2.g00 1 .

1 0.867 | §4589.930 | 0.650 x 1075 | _2567.721 2.820
0.800 | j3331.452 | 0.213 x 1074 -2044.707 2.820
0.733 | 32611.747 | 0.484 x 107 | _1748.975 2.820
0.667 | j2151.716 | 0.952 x 10°% | -1555.730 2.8

- 0.600 | j1842.181 | 0.162 x 1073 | -1418.255 | 2.821
0.533 | 1629.554 | 0.260 x 1073 | -1314.920 2,822
0.467 | 31485.539 | 0.397 x 1073 | 1234717 2.823
0.400 | j1395.358 | 0.575 x 10-3 -1168.931 |  2.804
0.333 | j1353.318 | 0.794 x 1073 -1115.055 2.825
0.267 | 31362.719 | 0.112 x 1072 | -1069.903 . 2.826
0.200 | 1443.180 | 0.184 x 1072 | .1030.868 | .87
0.133 | j1655.851 | 0.188 x 10°2 | ._996.088 2.828
0.067 | j2260.289 | 0.244 1002 | _966.485 2.829
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Table 3.3

VRe1ationships of load impedance, antenna input
impedance and directivity at various loading
points for ha]f—wave dipole

d/h | z, onms Iy ows | pIRECTIVITY
: an E -Xin‘ |
0.05 313357.58 ...2.81 x 107 -4311.575 | 2.865
0.15 | j 4195.75 | _4;49 g 1073 | -1910.677 2.866
0.25 | j 2288.64 1.73 x 10‘2 -1344.414 1 2.868
0.35 | j 1518.00 | 4.34 x 1072 | -1080.482 |  2.871
0.45 | j naa.51 | 885 x 107 -925.597 | 2.875
0.5 | 3 957.75 | 1.50 x 1071 | -g23.004 |  2.g80
0.65 | j8es.82 | 2.64 x 107" -750.005 | 2.885
0.75 ;j.919-59 '4.14 x 1071 | -695.243 | * 2.892
0.85 | §1138.96 6.25 x 107 -652.621 |  2.900
0.95 | 32313.07 | 9.15x 1071 | -618.361 2.909
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CHAPTER 4

OPTIMIZATION OF RADIATED POWER

It is already known that the dipole antenna is a poor radlator, |
espec1a1]y for short lengths when the 1nput impedance consists of a very
small resistive part and a very large capacitive part. Even w1th the1r
,poor radiated power, dipole antennas have been employed in many app]1ca-

t1ons, such as in the field of radio commun1cat1ons where extended cover—

age can be ach1eved and with match1ng networks sensing to m1n1m1ze the

effects of the 1arqe capac1t1ve reactance

The radiated povwer of a dipoJe antenne can be easily céTtulafed if
its input current and radiation resistance are known. Usua]]y with only
a knowledge of the current distribution, the radiated power can also be
determined. It was a]ready shown in Chapter 2 that the mod1f1cat1on of
current distribution can be realized with ]umped 1mpedance Toading in
series with the arms. Hence a mod1f1cat1on of rad1ated power is implied.

It is the purpose of thls chapter to find the proper connected load for

: max1mum rad1ated power.

4.1 Optimization Procedure

The total power 1nput to the antenna is equa] to the radiated power
plus the dissipated power in the conductor and ‘the power loss due to the
resistive part of connected load. Thus the radiated power can be deter-

mined from the relation
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P = bin - P, | (4.1.1)

whére Pr = radiated power
Pin = input power to tﬁe antenn; ......
PL = pdwer 1os$ in the antenna.

For antennas made up of perfect

conductors, this term represents -
loss due to'reSistfve part of

connected load{'

Psp and P, can be determined from the relations

in
Pin =.v;xih|2 Ry o B B  §4.1.2)"
| Pp = ,|Iz|2 Ry }: = f o v'(4ti'3)> -
Where
Iin - ‘curfent at tﬁe input‘tefminal
Iz = current at the load point i
Rip = input resistance
Rz = vresistive part of the connected

1oad




Thus

] r o
Pr= 1151 Ryy = 11, R, (4.1.4)

in

. From this equation it is found that the rad1ated power .can be obta1ned if

the values of I and I can be found. The accuracy of thTS equation de- A
_pends on the accuracy of I. and I Because'of the difficulty in obtain- . -

ing the very accurate va]ues of I and I n the rad1ated power 1is deter-

" mined from the Poynt1na vector method(zg)  The qunt1ng vector method '

cons1sts of the fo]]ow1no steps

(i) the calculation of the distant field produced by the resu]t1ng '

current d1str1but1on,

(ii) the calculation of the complex qunt1nu vector and its real part

which represents the average flow of power per un1t¢area,

(ii1) the integration of the qunting vector over a closed surface
" which is usually chosen to be an infinite]y large sphere. Be-
cause the amp]1tude of the distant f1e1d var1es as 1/r, for this -

reason it is conven1ent to multiply the qunt1nc vector by r2

and thus obtain the radiation 1ntens1ty o wh1ch is 1ndependent

of r. Hence the rad1ated power can be expressed as

2w (m o o -
Py = ! [ ¢(9;¢),sineidg,d¢* -~ (4.1.5)
0




Where & (0, ¢) is the radiation intensity and is given in ecuation (3.1.10).
As it was pointed out by Schellkunoff and Friis(zg) that the accuracy of
® (0, ¢) is insensitive to small errors in current distribution, it is ex-

pected that the accuracy of equation (4.1.5)is better than equation (4.1.4).

By using @ (0, ¢) as given in équation (3.1.10), equation (4.1.5)

can be written in a matrix form as

P = 60 f%? [?T 'ﬁ "Y»’ no R Y
r T T wr oy vy R (4.1.6)
(sin kaz) . R o S

The elements of matrix (Ut are given in Appendix A.

By us1ng equations (3.2.2)and (3.2. 3) Pr can be expressed as a

" function of connected load as

p oo 60 %1+% 08(1) + x (2)} + 3 x (1) + 4 (2, (4.9
To(sinke)? x(1) K)o -

Equation (4 1.7) is maximized, using Rosenbrock s method of h111 c11mb1nq

(30), with respect to x(1) and x({2) under the conditions

i that x(1) and x(2) must be real;

(i1 that x(1) » Re (yjj) ¥ Re (yjk)’ x'(2)_arbitrary.

Thus the value of optimum Toad can be obtaihed'frdm equations (3.2.5),

(3.2.6) and (3.2.3).

4.2 Numerica] Results

Three different Tengths of the dipole are arbitrarily chosen for study. -
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The ratios of L/A under considération are 0.1, 0.2 and 0.5. A1l dipoles -

are centré-driven with a source of voltage VO and are loaded with thé
optimum load impedance at equidistance from the centre along both arms.

The results shown in figure 4.1 are the var1at1on of opt1mum 1oad with

the position of 1oad1ng for the three different 1engths of dipole. 'The A

input impedances and d1rect1v1ty correspond1ng to each position of

Toading are shown in tables 4.1 to 4.3. The resulting current d1str1bu—i

- tions and normalized radiation.patternsvare shown 1n4f1gures~4.2‘to 4,11.
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Table 4.1

Antenna input impedance and directivity at various
loading points for L/A =.0.1 dipole loaded with
optimum Toad for enhanced radiation

d/h |z oMs o DIRECTIVITY
R X | |
0.9 8.854 -0.058 | 1.510
0.8 | 7.851 -0.044 1.509
0.7 6.954 -0.033 1.508
0.6 6.116 -0.024 | 1.507
0.5 5.326 -0.017 1.507
0.4 4.580 -0.011 | 1.506
0.3 3.871 -0.007 '1.505
0.2 3.188 -0.004 | 1.505
0.1 | 2.548 -0.002 | 1.505
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Table 4.2

Antenna input impedance and di'rec"tivi'ty at varidus :
loading points for L/A = 0.2 dipole Toaded with
optimum Toad for enhanced radiation :

d/h Zpy OHMS DIRECTIVITY | | -
R X B o i
0.933 29.512 -0.908 | 7.539
10.867 27.716 -0.787 1.536
0.800 26.020 ,-oQéso 153
0.733 | 20378 | -0.560 | 7.3
0.667 | 22.775 | -0,467-'-' ~ 1.530
0.600 | 21.212 | -0.387 1.528
0.533 19.682 -0.315 1.527
0.467 18.182 0.252 - 1.525
o.4¢o;- 16.709 0197 1.524
0.333 | 15.250 | 0150 | 7.5p3
0.267 | 13.807 0109 1.522
0.200 12.402»‘ -0.075 | 1.522
0133 | 10962 | -0.047 | 1.6p1
10.067 | 9.458 -0.023 1'1.521




7% |

Table 4.3

. Antenna input impedance and direc'tivityvat, vam‘ous"
loading points for half-wave dipole loaded with
optimum load for enhanced radiation

dm| czg omms | DIRECTIVITY'-vv‘
R — e
0.50 | 7028 | -8.50 | ~1{635f
0.85 | 70.60 ;--8;31 13
0.75 | 71.62 | 7.8 | 1.640
0.65 | 72.61 782 | 1.643
0.55 73.5é -6.88 S| - 1.645
045 | 7484 | -g.25 | 1.6#7
0.35 | 76.14 | -5.47 | .68
0.25 | 77.60 '-4;52 | 3 '1.649 |
0.15 70,30 -3.32.4' | 1.650
0.05 | 8146 .53 1.650
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CHAPTER 5

INPUT IMPEDANCE OF LOADED DIPOLE :

Antenna impedance is defined as the ratio of exc1tat1on voltage
to input current. It was already found that the current d1str1but1on
can be modified by Tumped impedance ]oad1ng along the antenna arms.

Thus the modification of antenna impedance js 1mp11ed In this chapter
the antenna 1mpedance as a function of connected ]oad 1mpedance will be -

-der1ved

5.1 Antenna Impedance

It waé already shown in Chapter 2 that

[J]’=.[Y][V1 ‘:’- '_‘ o | (5.i.1)
Hhere»
'tY] - 1z7! = inverse of_the.genéra]ized
impedance matrix |
Vi = excitation matrix:}"f

".When the antenna is excited with the vo]taqe source at z; and is loaded

at z and z, with Tumped impedance 7. s [V] can be wr1tten as
k L

VI = Vo1 + (V1. - (5.1.2)
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 Where Vo s the excitation matrix with all elerents equal to zero

except at ith row which is equal to”VO, thus

[ o

Vol = | Vg - (5.1.3)
[ 0 ]

V1 = -1Z11J] e .(5'?_"4)

Where [ZL] is the diagonal load impedance matrix with a11,e1ements,-'
except ij and Zy > equal to zero, thus equation (5,1.4)Jredu¢es: f3A

to

L R LS R

Substituting equations (5.1.5) and (5.1.3) into equation (5.1.2) which

is substituted into eqdatidn (5.1.1), we obtain
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G [ ¥ssvsiva ) [
T i iy, ||y
PR [ ke Y Vi || Vi

From which the input current is found to be

v

997 Yig Vg * Ve Vot Vi ik

Where

o
1}

input current at ziﬂ’

<
i

0 applied voltage

vLj and VLk = vo]tage drops due to connected load

impedance at z and.zk,‘respectiveTy.

From equation (3.2.2) we have

Where

Substituting equation (5.1.8) into equation (5.1.7) we obtain

(5.1.6)

(5.1.7)

wﬁﬁy 




B o |

Yi s kay1 A
SN N Fif L IS [T (5.1.9)
L oyt Y55 Vs k 0
Thus
v Vi yoo - 2id¥ii Ty (5.1.10)
in 0 ii Y13 f Y5 ¥ Yig '
Vys +y.. + Vs . A
7, =1 . T— L;} 3” k| AR
M Yin iy, i’ ka " YiiYi T Yy FAR
Letting YLj = x"(T) + 3x'(2), equation (5.1.11) can be fufthek, B
simplified to v | |
X(1) + Jx(2) ' T :
Fin T RO (2 IR X127 (8.1.72)
Where
X(l) = x!(1) + Relyyy) + Re(y, oo )
X(2) = x (2) + Im(v ) + Im(v ) - ‘(5.1.14),; 

Frix(1), X(2)1 = x(])Re(yfi) - X(2) Im(yii)}- Re(yji)[Re(yij)

+ Re(y iK1+ Im(y ) [Im(y )+ Im(y k)] | (5.1;15)
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rﬁnn,ﬂmr=unIm%9+fu)%wﬁ)-mwﬁ)maﬁy
tRe(ysp )1 = Relyyy) tIm(y; ) + Iy, )3 (5.1.16)
Thus, the input resistance and reactance can be written as
Rin = Re(z,)

XD Fx(), x(2)1 + 4(2) F,ix(1), x(2)]

- ' s

Bl 4201 + 721, x(2);
| Xin-?'?m(lin)
- x(2) Fyix(1), x(2)1 - x(1) (1), x(2)] e
- - - (5,18

Flx(1), x(2)) + F2x(1), x(2)]

5.2 .Optimization of |Im(z, )|

The opt1m1zat1on, using Rosenbrock' s method of h111 climbing, is
performed to obtain the optimum load for the minimum of lIm(Z )l Since
the m1n1mum of lIm(Z1n)l is equal to zero this optimization is -

equ1va1ent to finding the load which resonates the dipole antenna.

From equation (5.1.18) we have




[Im(zZ; )] = x| = x(2) F]txm, x(2)1 - X(l) Fotx(1), X(2)1
F1 “1x(1), X(2)1 + F2 [x(1), X(2)1

(5.2.1)

Where F][x(1), x(2)] and F2[x(]), x(2)1 are given in equat1ons
(5.1.15) and (5.1. 16) , Equation (5.2. 1) is minimized with the

constra1nts
(i) x(1) and x(2) are real

(i1) x(1) » Re(yjj) + Re(yjk), X(Z)Iarbitraryi_y}

It should be noted that the resonat1ng load 1mpedance can also
be found from Equation (5.1.18) by putting Xin equal to zero. From
this we have one equatvon and two unknowns, X(1) and X(2) thus by put-

ting one unknown equal to zero, the other can be found.

5.3 Numerical Results

The three different lengths of dipole under cons1derat1on are

‘the same as those in Chapters 2 and 3. 1In this thesis genera] expres- ,

sions of antenna input impedance are only applied to f1nd1ng the |

optimum load for resonating the antenna.

‘ The f1rst cons1derat1on is not restr1cted to any part1cu1ar
type of connected ]oad 1mpedance " The results obtained are shown in

Tables 5.1 to 5.3 for the opt1mum Toad at the different 1oad1ng
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locations and the corresponding input impedanceslare also given. The
second consideration is restricted to the reactive 1oad and the results
obtained are shown in Tables 5.4-t0 5.6. The resulting cunrent dis-
tr1but1ons from the two types of Toading, with only one position of

loading on each arm for each antenna 1enath are shown in F1gures 5.1

to 5.3. The norma11zed rad1at1on patterns are g1ven in F1gures 5.4 to.

5.6.
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Table 5.1

Relationships of load impedance, antenna input impedance
and directivity at various loading points for L/x = 0.1

~dipole Toaded with complex resonating load

+-792.895. 1

d/h f 7, OHms Ziy OHMS DIRECTIVITY.
R A RIN *In |

0.1 | s34 | 478972 | 202580 | 0.0 | 1.505
0.2 | 75792 | 532.479.| 197.608 | 0.0 | 1.505
0.3 | 72.547 | s91.712. | 2087975 | 0.0 | 1.506
0.4 | 96.520 ....672.735.:.?361i302:;;jo.o.;.'...1.5qs._1

0.5 62.872.;..A749;163.7772162470Tl;10:0}3. .:.1.507.;.'
0.6 | 78.472 | e76.450:-] 299°a05 00 | 1.507 .
0.7 | i21.213.,.L1118.912ftl:773f90§:t;folo.:.]f“.1;5d9A;:

‘A0.8A .l.92.800‘u.41367:4971;IJ663£39411fto:Ol.; s
0.0 | 67.377 | 1928.152 | 702805 .0;0.2.3_.A1;5i1 R
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Table 5.2

Re]ationShips of Toad impedance, antenna inbut impedance l
and directivity at various loading points for L/\ = 0.2
dipole loaded with complex resonating load

——

d/h .ZL_OHMS | ~ Zpy OHMS ,'; DIRECTIV#TY'
” X e K

0.067 | 226.518 | 308.477 '507,588: 00 | s

0.133 203.562 | 339.575 486.695 | 0.0 | 1522 -

0.200 | 55.036 | 315.758 137970 | 0.0 | 1.52

0.267 | 50.299 | 339572 131200 | 0.0 1,523

0.333 18454 | 367.688 | 130.65 | 0.0 | 1.523

0.400 | 45.838 | 400,830 127,676 0.0 | 1.5

0.467 11.760° 40.482 | 119.616 | 0.0 1.525
0533 | 49.428 | 493,746 145.003 o.o" 1527

0.600 | 120.345 616.215 W1s.603 0.0 1 1s

0.667 | 43.895 | 642,569 i39.710 ] 0.0 | 1.530

0.783 | '65.808 | 774.83 | 218.669 0.0 | 1.53

0.800 | 100.020 1017.051 565.071 0.0 1.53 ?
0.867 | 82.156 | 1302.967 | 422,211 0.0 | 1.538 :
0.933 | 66.307 2018.681 | 508.272 | 0.0 |  1.54
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Table 5.3

Relationships of load impedance, antenna input impedance
and directivity at various Toading points for half-wave -
dipole loaded with COmp]ex resonating load

d/h |z, Omms o Lpy OHMs DIRECTIVITY
R T |
0.05 1.405 | -20.677 | 84.307 | 0.0 | 1.650
0.15 |  6.398 | -20.965 | 91.682 *‘050 ' 1649
0.25 3.426 | -23:199 | 83.994 | o.d'A 1649
0.35 - 9.45 | -25.863 | 90.830 | 0.0 . 1.648 |
0.45 |- 6.260 -32.899 | 83.233 | 0.0 1647
0.55 | 18.73¢ | -a41.714 | o1.130 »o.df | 1.646
0.65 | = 8.736 .i1'68f152 | 78.931 | 0.0 .| 1.684
0.75 | 51.509 ';114.184 188.256 00 o l.642
0.85 5'195,138 _278.814 | 9i.s67 | 0.0 1.540
0.95 4789.726 |-2521.833 84.150 | 0.0 | teex |
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Table 5.4

Relationships of load impedance, -antenna input impedance
and directivity at various loading points for L/A = 0.1

dipole loaded with reactive resonating load -

Z

d/h| -z, OHMS py OHMS | DIRECTIVITY

R A Riv | Xin |
0.1 | 0.0 | 472,472 | 2.588 | 0.0 1.505
0.2 | 0.0 | 524.631 | 3.188 | 0.0 1.505
0.3 o.d 582.105 | 3.871 | 0.0 1.506
0.4 | 0.0 | 650.900 | 4.580 | 0.0 1.506
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 1.508
0.8 | 0.0 | 1299.180 | 7.851 | 0.0 1.509
0.9 | 0.0 | 1860.497 | 8.855 0.0 1.510
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Table 5.5

Relationships of load impedance, antenna input impedance
and directivity at various loading points for L/x = 0.2
dipole Toaded with reactive resonating load

d/h Z, -OHMs Zpy, OHMS | DIRECTIVITY
AT % FTHET .
- 0.067 | 0.0 270.330 ©9.458 6.0_ _ 'f-‘1.521'
0.133 | 0.0| 289.884 | 10.962 | 0.0 "‘i.521
0.200 | 0.0| 310.607 _i2.403 0.0 | 1.522
0.267 | 0.0 | 33s.274 :.13,829 0.0 1.2
0.333| 0.0| 361.806 15;262 oo | 1ss
0.400 | 0.0  $94.671A 16713 | 0.0 | 1.528
0.467 | 0.0 | 438.712. | 18.188 | 0.0 | 1.525
0.533 | 0.0 | 484.607 19.692 | 0.0 1.527
0600 | 0.0 | s48.510. | 21.225 | 0.0 '?;528
0.667 | 0.0 | 633.353 | 22.794 | 0.0 1.530
0.733 | 0.0 | 751884 | 28401 | 0.0 | 1532
0.800 | 0.0 | 930.655 | 26.052 | 0.0 | 1.5
0.867 | 0.0 | 1239.534 | 27.760 | 0.0 - | 1.53
0.933 | 0.0 | 1952.557 29.568 b.o- 1.539
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Table 5.6

Relationships of load impedance, antenna input impedante
and directivity at various loading points for half-wave
dipole loaded with reactive resonating load

~d/h Z, OHMS ZiN,O”MS DIRECTIVITY
R X Ry | X -
0.05 | 0.0 20.731 | 81.518 | 0.0 1.650
0.15 | 0.0 | -21.852 | 79.575 | 0.0 1.650
0.25 0.0 _23.624 | 78.122 | 0.0 1.649
0.35 | 0.0 -27.423 | 76.924 | 0.0 | ' 1.648
0.45 0.0 ~30.046 | 75.893 | 0.0 1.647
0.5 | 0.0 ~46.025 | 78.980 | 0.0 1.646
0.65 | 0.0 | -70.118 | 74.15 | 0.0 1.644
0.75 | 0.0 . .¢1é9.73d.. 73.397 | 0.0 1.642
0.85. | 0.0 | = -362.493. | 72.687 | 0.0 1.639
0.95 0.0 | -10899.82 72.010 | 0.0 1.636
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CHAPTER 6

EXTENSION TO DIPOLE LOADED WITH FINITE SIZE LOAD IMPEDANCES

The dipole antenna considered in the previous chapters was

assumed to be very thin in order that the thin w1re approximation can
be app11ed The d1po]e is then loaded with a 1oad 1mpedance of infi-
nitesimal size on each arm. This ]oad1ng, for example by using

coax1a1 transmission 11ne of proper value of characterlst1c 1mnedance

and ]ength(]S) In th1s chapter the effect of. f1n1te size of Toad _

which may be obtained by coating the dipole w1th an 1mpedance surface;
is studied. The results obtained are then compared w1th those‘of the
d1p01e loaded with a Toad jmpedance of 1nf1n1tes1ma] s1ze. Only'fwo
values of finite size load impedance are considered, one is equa] to
the opt1mum delta load Impedance for maximum d1rect1ve ga1n in the
vertical plane, the other is ‘the optlmum f1n1te size Toad 1mpedance

~obtained by opt1m1z1ng the d1rect1ve gain 1n the _vert1ca1 plane.

6.1 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 approxxmat1on can st111 be

'aDp11ed

The integral equation for the current d1str1but1on as derived

in chapter 2 is
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L o B | _
. ) 2 o=k
EZS = -l (§—2+ kz) [ I(z")E i dz! (6.1.1)
Z ) .
"0

Where

Pt = val 4 (z - zf)2
‘The boundary condition for the tangential electric field on the surface

of the antenna requires that

Where EZT,‘EZS and EZt are incident, scattered and transmitted fields,
respectively. On the .portion of the antenna which is a perfect con-

ductor, we have
EZ =0 | ' - (6.1.3)
While on the portion of antenna coated with Z' as surface impedance per '

- unit 1ength, as shown by King(31), we have

t

E,” =17 I(z)‘: L (614 ‘

Thus equation (6.71.1) can be written as

L : . ’

. L . - ket
i i J d 2 Ly e 9N ' ' ,
E,” - Z‘ I(z) = T (a;2‘+ k%) J I{z") e dz' (6.1.5)

0

(6.1.2) S
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This integral equation is solved numerically by Galerkin's version of -
the method of moments(32). By using a subsectional baSe technique,
the current distribution along the antenna'1ength is written as the

sum of triangular sinusoidal pulses of the form (re Figure 2.2)

Ji sin K[AZ - (z' - Az)] s iz < z' ¢ (i + 1)Az
sin kAz - '

I. = g.Sinkiaz + (2' - 9A2)1 3 (i - 1)Az < 2" < iAz .
o

0 | | P '”'othefwise, - (6.1.6) -

Thus the current distribution along the antenna is giyeh by
I= J 1, S o (6.1.7)

‘Where N is the number of subsections ofvthe antenné.v

By substituting‘the current distribution given by EquatiOn (6 1.6)
. in (6. 1 5), and f0110w1ng the procedure descr1bed in Chapter 2, E
be reduced to the form |
1 -3kry s jkr,
e

_ 305 e - 4
z I1 "(51n kAz) 121 :Ji ( R + - R, f2cos ksz .

e-Jkr
r

) | o (6.1.8)
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"~ Where -

Ry = va“ + {z - (i + 1) a2}2
Ry = va® + {z - (i - 1) az}2
ro=vat + (z - iaz7)2

For a dipole antenna fed at ith segment and loaded at the Jjth
and kth segments, Equation (6.1.8) can be Written, after applying

~ Galerkin's méthod, in the matrix form as

Vol - 1Z,1 1J1

= (21 [J1 . (6.1.9)
V1 = 1 1 B (6.1.10)
Wheré
0 11 o
0 . 3
| v, |
] )
V.1 = L (6.1.11)
o Vi Yo
0 0
0 0
J
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Z1

generalized impedance matrix, its element at m row and = -

n column is given by

. : A . 5
2 (30 kezy g7 ((m - 1+ 1)az)
*Ysin kAaz! » | - cos kAZ

~
1]
e~

n

tk (1 + jk/hz + ((m - i+ ])Az)z){(Az (1 ;.m)) K,"

2

. ((m - i+ 1Az + /((m '° i+ ])AZ)? + a
v (m - i)Az 4 - 5 5
o ' m - 1)az)" +a

W (2 + m - i) X

: o 73
AZ £n (Es1 tm- };ﬁ; + /(2 +m - 1)Az)" + a7y L

Alm - 1+ 1az)é +

(1% gkval + ((m -1+ Daz)2) { 2/ + ((m- 1+ Dazn)?

Vel ((m- 1)82)2 -/l ¥ ((2+m- )8z)? |

- 3 Gan)?y | o . (6.1.12)

The equation (6._1.12) is obtainéd under the condition that kAz << 1. |
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The Toad impedance matrix is given by

0
0 Z.. .
J']a\]"] ZJ"],J.
21 = L3.-1 T
Lk-1,k-1 Zk-1,%
0 Ze k-1 e
a ) jnz ,
_ Az ) .
Zj,j " sin kAz (1_— cos kAz) Jv sin” k(az + (z - jaz)) dz
(3-1)nz
(6.1.13)
L jAz
- z kAz ) | .
Zjaj-1 "~ sin kAz (1 = cos kAz) sin k(Az + (z - jaz)) .
(j-1)Az
sin k(az - (z - (3 - 1) 8z)) dz (6.1.314)
i jAz '
251,53 ° sig iz (7 iﬁi Khz sintk(az - (z - (1) az)) .
(j-1)az
sin k{az + (z - jazZ)) dz (6.1.15)
jAz

: . 7 kaz 2 oy
2521, 5-1 7 STn kaz (T cos 1) J sin® k(az - (z - (j - 1)Az)) dz
(5-1)Az

(6.1.16)




102

Zk,k’ Zk,k-]’ Zk-],k and Zk-],k-] can also be determined from the four
equations above by replacing j by k.
6.2 IOptimization for Directive Gain in theAVért1¢a1_P1ane

It was already shown in Chapter 3 that the directive gain in

the  vertical plane can be written in the matrix form

v "\/* LVE L

D=2(1-cos kaz)? ML DYD TAT [AT IV3 tvi (6.2.1)_ .

vEongk

CIVIO YD U1 DYl IV

For a dipole Toaded with surface imbedance A per unit length in'v

h

the jt -and kth segments and fed in the_1‘th segment, we have

v =f Vs | o (6.2.2)
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Where

Vi1 = Yy
Y5 = Vi
Vo =V, =V

Vj-] and'Vj can be written as a function of surface impedance as

L PO I '
Vi1 = 2By 0y + By 9g) R (6T2.3)
- : S _
V.= -Z'(s, Jiq * 8 Jj), R (6.2.4)
where
JAz ‘ :
By = sin]kAz (1 - ggi kiz I Sinz'k(AZ + (z - jAz)) dz
- {3-1)az
' - (daz : . : :
By = sin]kAz (7= gﬁ: khz sin k(Az + (z - jaz)) sink .
| (3-T)az

(Az - (z - (j - 1)az)) dz
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From equations (6.2.3) and (6.2.4) it can be shown that

) _I . : .
where

2 2

A= B-' - 82

By using equations (6.1.10), (6.2.5) and (6.2.6) V;_; and v

can be written as , : ' ~ o

N7 %' y3(Y B ¥ AV Y§<Yi éz ‘.Ai?) e
Vj = - %’yé(Yi By - AY4) + Y6(Y'i By +vAY])  . o (6.2}8)
where
v

Y15 %500, 5-1 T Y541, &
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|
<

Y, =

Yo=Yy 40t

= (Y1B] + AY5)(Y£31 + AY]) - (YKBZ - AY2) .

" v_f\,*, ’
Letting [B] = [A] [Y], the numerator of equat1on (6.2. 1) can be wr1tten

. as; .
:_fC} E$3 EXE [A] [Y] [V] = [(Bj-] + Bk)vj-l + (Bj + Bk—l)vj
: . f'(Bi f_Bi;1)Vo]](BJ-‘ + Bk)Vj_1
‘I+ (B +ka-1)Vj +(By Bi-iivol - (629

-And by letting [E] Yl [U] [Y], the denom1nator can be written as s

f\,* r\,*

- [vI[v] [U] [Y] [V]

. _
v (E]vj_ + E2v * EjVg)

+ V*(E4Vj_] + EgV; + Eglp)

+

(6.2.10) |

- |
Vo (EpVi_y + EgVs + EgV)
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Where

U781, g e, it e i1 % ek

Ep=ejq, 5° ST k-1 8, 5t e

R Tt R T ®, i

T 81, k

T 5ty g

E5 =85, 5% ey, k1t ®k-1, 5 %=1, k-1

67, a1t ey, gt -1, -1 8, 4

By =i, jat ST, kT8, gty g

t+ e,

1,37 %1, k-1 P8, 5t ey g

g =i, 41t -1, 1% &, g ey

The computer program is listed in Appendix C.
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6.3 Numerical Results

- The dipole selected for study is a short dipole of L/A =

The short dipole is first loaded with finite size load impedance of
' _the same value as the optimum delta load impedance for maximum direc-
tive gain fn the “vertical plane. The dipole is then loaded with
 the opt1mum finite size load 1mpedance for maximum d1rect1ve gain in

vthe vert1ca1 plane. Figure 6.1 shows the resulting current distri-
‘ butxons The current d1str1but10n of the d1po1e loaded with optimum
delta 1oad is a]so shown in figure 6.1 for comparison. - The normalized

7rad1at1on patterns are shown in figures 6. 2, 6.3 and 6.4.
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CHAPTER 7

DISCUSSION AND CONCLUSION

The study of a conventional dipo]é-ioaded with ailumped-impedance
in series with each arm has been the main focus of this thesis. The cur-
rent distribution, using Pocklington's 1nteara1 equation, for the unloaded .Af
dipo]e is solved by the method of moments. This solution is then mod1f1ed
“to inc]ude the effect of the‘lumped load 1mpedance which makes it possib]e
to write the current d15tr1but1on as a function of connected Toad 1mpedance
By applying the ca]cu]ated current distribution as function of connected
load 1mpedance, the expressions for d1rect1ve gain, radiated power and an- |
‘tenna input 1mpedance as'a function of load 1mpedance are determ1ned
Attempt is then made to f1nd the optimum Tloads for maximum d1rect1ve aain

in the vertical ' plane, maximum radiated power and for cance111ng the in- =

| put reactance in order to resanate the dipole. The results of the studv are

shown 1in Chapters 3, 4, ‘5”ahé“6 Ty In th1s chanter a d1scuss1on of the

results.is nresented and certa1n conc]us1ons are made.

Z.1 Discussion

The resu]ts obtained when the antenna is Toaded with the opt1mum 1oad-}
for maximum directive ga1n in the vert1ca1 plane are shown 1n Chapter 3.
It is found that all the optimum Toads are inductive. The va]ue of Toad is
qu1te 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 unt11 it reaches a minimum va]ue at some po1nt along
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the wire and then 1t starts increasing aga1n as the Toad apnroaches the

feed gap. Let us take L/A 0.1 for exampTe the vaTue of opt1mum Toad

is 2230.09 ohms at d/h = 0.9, it then decreases to 1775.34 ohms at d/h =

0.7 and increases to 5197.99 ohms at d/h = 0.1. It is also found that

at the same ratio of d/h for antennas of different lengths, the optimum

Toad for a short antenna is more 1nduct1ve than that for the Tonqer an-
tenna, as shown in figure 3.3. Examination of the caTcuTated current |
distributijon indicates that the real part is very much smaTTer than the f

' 1mag1nary part. The magn1tude and phase of the current d1str1but1on are. o

shown in figures 3.4 to 3 6 for different antenna Tengths For antennas  »

of the same length wh1ch are loaded with the optwmum Toads at d1fferent
pos1t1ons, the current d1str1but10ns are obv1ous1y d1fferent The phase
d1str1but1on 1s almost constant at m/2. except for a 180° reversaT at the N
point where the 1mag1nary current becomes - negat1ve Because of the dras- -
tic reduct1on 1n the magnitude of the current when the antenna is. Toaded
with the opt1mum load, as compared to that of the un]oaded antenna the
radiated power is very poor This can aTso be seen from tabTes 3 1 to B
- 3.3 which show the 1nput 1mpedance of the antenna consists of a very

small res1st1ve part.and a very large capac1t1ve part The res1st1ve

part is the input res1stance of the antenna which is equaT to the rad1a- ;:;, '

tion resistance because the antenna is perfect]y conduct1no and is
Toaded with a purely inductive load. From these resuTts it can be seen -

that the dipole Toaded with an optimum Toad, based on maximum directiv-

ity, radiates no-power compared to the unloaded case. -The radiation =
patterns are sthn in figures 3.7 to 3.9. For the three‘different an-
tenna Tengths the radiation patterns are a]most the same. 'ATTTthe rad-h_"
iation. patterns consist of one main lobe and two small s1de Tobes. The

beamwidths obta1ned are about the same and equaT to 38°. Though the .

radiation patterns are almost the same, the rad1ated power for the‘,_
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antenna of ]onger ]enqth is larger than that of the shorter 1ength This
can also be seen from tables 3.1 to 3.3 which show - that the input 1mpe-
dance of the Tonger antenna consists of 1arger radiation resistance and
smaller input reactance. For the antenna of the same length loaded at

d1fferent positions with opt1mum loads, the radiated power is larger for

the antenna with the load position close to the end.  This can also be

seen from tables 3.1 to 3.3.

The results. for maximum rad1ated power are shown in Chapter 4

Figure 4.1 shows the var1at1on of opt1mum load for maximum rad1ated power -

‘with its location. It is found that the opt1mum 1oad for max1mum rad1ated -
power is quite large at the open end of the antenna arms and becomes

sma]]er as it is moved closer to the centre (take L/A O 1 for examp]e -

The optimum 1oad is 1860.49 ohms at d/h = 0.9 and is 472.47 ohms at d/h =
0.1). It is-also found that the optimum Toad for a dipole of L/A 0. 1
: is larger than the optimum load for d1po]e of L/A = 0.2 when the antennas'
are loaded at the ‘same d/h. But for these two cases the opt1mum load 15‘
inductive. The opt1mum load for a A/2 d1po1e is found to be capac1t1ve
Thus it can be concluded that the un]oaded d1po]e with h1gher capac1t1ve |
1nput reactance w11] requ1re optimum load of h1gher 1nduct1ve reactance

and vice versa. ~The 1input 1mpedances shown 1n tab]es 4.1 to 4.3 have a

‘very small react1ve component and thus . the optimum 1oad w111 almose
resonate the antenna This result is more pronounced for the short di-

po]e. Tables 4 1 and 4.2 show that the mod1f1cat1on of the 1nput impe- i |

dance for a short dipole is very 1arge but from table 4.3, it is seen

that the optimum load does not have much effect on the half-wave dipole.

With regard to the input resistance, wh1ch is equal to the radia-

t1on resistance in these cases (because the opt1mum 1oad is pure]y reactive and
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‘ the dipole is perfectly conduct1ng), 1t is 1arger when the locat1on of
load is closer to the open ends. This is true for the unloaded d1po1e
W1th Capacitive input reactance but when the input reactance of the un-'
lToaded dipole is inductive, the radiation resistance is larger when the |
Toading position is closer to the centre The current distributions are
shown 1n figures 4.2 to 4.8. The mod1f1cat1on of the current d1str1bu—,_
tion is very ]arge for short d1po1es, as shown in f1qures 4.2 to 4.7 for .
different load locations. From these resu]ts, the maqn1tude of the cur-
.rent d1str1but1on is almost constant from: the source to the point of Toad-fi

.1ng and then it decreases after the po1nt of load1ng to zero at- the end.
However it shou]d be noted that there is a Jump in the current at the
| .1oad1ng point. For a half-wave dipole the magn1tude of the current dis-

‘ tr1but1on is still sinusoidal as shown in. f1gure 4 8. In a1] cases the

real component of the current distribution is very much 1arqer than its -
1mag1nary component, i.e. the phase d1str1but1on is aImost constant at

zero The norma11zed radiation patterns are shown in f1gures 4.9 to 4.1 B
and they are almost the same as the pattern of the correspond1no unloaded
cases. It is also found that the var1at1on of Toading pos1t1on does not )
apprec1ab]y change the normalized rad1at1on pattern but it does change |
the magnitude of rad1at1on 1ntens1ty Aga1n for a ha]f—wave d1po]e, this
change 1s not large compared with the un]oaded case. From these resu]ts
it can be concluded that the 1mprovement of rad1ated power is very large
for short dipoles. For half-wave dipoles, it appears that they radiate
almost maximum radiated power and thus no loading is requxred In al1
cases the d1rect1v1ty does not appreciably change from the corresoond1ng

un]oaded cases.

The results when the antenna is ]oaded with a resonatjng load are
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shown in Chapter 5. Frem tables 5.1 to 5.3 it is fonnd that‘the‘resonating
load is complex. In the presence bf resistive part, the input'resistance
obtainedvis not equal to the radiation resistance because of the 1osses |
in the load. Since the resistive part of fhe connected ioad means power-
loss, the resonating load which is purely reactive, is.also determined and
the results are shown in tables 5.4 tc'5.6. The radiation resistance ob-
tained in this Case, i.e. when the resonating 1oad 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 all cases that the Con-,n,."w“

nected load reactance is inductive foratne Un1oaded_dip01e with capacitive .
~input reactance and is capacitive for the Un1oaded‘dip01e with inductive_"”'
: input;reactance."The variation'ofrthe reactive'bart:of the connected load \l vg
'cwith the 1oading’posicion is such that it is 1arge’at the Qnen end of.the;_
antenna arms and becomes smaller as it is moved towards the centre (for

L/x = 0.1, the load reactance isv1860.50 ohms at d/h = 0}9_and is 472.47
ohms at d/h = 0.1). | | | |

The current d1str1butlon when the antenna is 1oaded w1th the resonat- 11é
v1nq load is shown in flgures 3.1 to 5. 3 _ In each f1gure the current dis-
tribution of the antenna Toaded w1th pure]y react1ve load is compared with
~ the antenna loaded W1th complex 1oad The d1fference between these two L
cases is quite large for short antennas but for a half-wave dipole it is o
quite small. 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 in the latter case it deviates appre-.
ciably from zero. The magnitude of the current distribution as shown}iS' '
almost constant from tne source’to theploading position and then it de-
Creases, after the loading point, and tends to zero at the open end. Forl

half-wave dipole case the current distribution is still sinusdida1. It
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isvnoted that the current suffers a jump discontinuity at the loading
point. The current distribution when the antenna is loaded with a purely
reactive Toad is almost the same as the current distribution for the case

when maximum power is radjated.

The normalized radiation patterns are shown in figures 5.4 to 5.6.
These patterns are almost the same as the corresponding unloaded antennas. .

The directive gain in the  vertical plane is almost the same'as in the

unloaded case.

- The numerical resuits for résonatingfthe antenna‘shdwn have sérvéd ~
- as good examples of the transformation of the antenna 1nput 1mpedance In
: genera] the antenna input 1mpedance can be transformed to arb1trary values
'by using equations (5.10) and (5.11). From these two equations the value

of the connected Toad can be determined.

Hhen the size of the load is taken into consideration the results
are given in Chapter 6. It is found that the current distribution, as
shown in figure 6.1, 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 delta

Joad for maximum directive gain in the vertical ~plane. The normalized
“radiation pattern, as shown in figure 6.3, in this case does not change

much from that of the un]oaded dipole and thus it 1nd1cates that the opti-

mum value of Toad for maximum directive gain in the vertical plane changes
when it is of finite size.’ It is found that the optimum load in this case
is larger than the optimum delta load and amounts to 1.25 times for the

short dipole case investigated.
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. The current distnibutionVandxradiation pattern (fig. 6.1, 6.2 and 6.4)

of the dipole Toaded with this new optimum 1oadvfor maximdm directive‘
gain in the vertical plane which is of finite‘size are almost the same
as when the dipole is Toaded with the optimum de1ta_10advfor maxfmum
directive ga1n in the vertical plane. 'However, the current distribution,
input 1mpedance, radiation pattern and gain are s1gn1f1cant1y a]tered
"when the load is of finite size and not optimized for maximum directive

‘ga1n in the vertical p]ane

7.2 Conclusion

| When the dipo]e is loaded with an:optimum 1oad-fon'maiiMUm direc- a
vvt1ve gain in the vertical p]ane, it is found that the opt1mum 1oad is ‘ .
purely 1nduct1ve. The current d1str1but1on has a very small real comoo-.
nent and a very large imaginary eomponent. The 1nput 1mpedance cons1sts

- of a very small resistive part and a very 1arge capacitive part.v_This

means that the antenna will almost radiate no power at a]T;_

When the antenna is loaded with the 0pt1mum 1oad for max1mum rad1-:

| ated power, it is found for the un]oaded antenna w1th capac1t1ve 1nput

reactance, that the optimum load is inductive, and for 1nduct1ve un]oaded o

input ‘reactance, the optimum load is capac1t1ve. 'For a ha]f—wave d1po1e,
the improvement is very small, thus the 1dading is not necessary. For a
short dipole, the improvement is quite large, thus the radiated power of 4

a short dipole can be enhanced by proper impedance‘1oading. »

For transformation of the antenna input impedance,ion]ydthe‘case
of a resonating load is determined. For a short dipole loaded with a>

purely reactive resonating load, maximum pOWen is radiated. For a half-
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- wave dipole, the 1mprovement in rad1ated _power is smal] In genera]
with the proper value of connected 1oad the antenna 1mpedance can be

transformed to almost any arbitrary value.

7.3 Suggestions for Future Research

In the course of this thesis, emphasis has been placed on a'die
pole antenna wh1ch s assumed to be very thin in order that the th1n o
w1re approx1matlon can be applled As the antenna d1ameter becomes-
larger and ]arger, this approximation is no longer app11cab1e and the ‘
optimum Joads which are obta1ned for the thin d1po1e antenna will not
be the same as for the fat dipole ‘antenna. It would therefore be in-
teresting to extend this study to take into account the effect of an-
tenna wire diameter. This could be achleved by rep1ac1ng the th1n-w1re
kernel by the exact kernel, as shown in equation (2.1, 15) It is shown
by Pearson(32) that this exact kernel consists of singularity 1n loga-
: r]thm1c term, which.qs 1ntegrab]e and the non- s1ngu1ar terms can be

eva]uated numer1ca11y

~ Another assumption made in this study is negarding the electric
field in the feed gap. region.. It is assumed for s1mp11c1ty that the _',
Hexc1tat1on field in the gap region is constant Th1s assumpt1on gives
a reasonable accuracy for the current d1str1but1on away from the feed
region. However, in order to improve the accuracy, a more precise im-
pressed field should be employed. By taking into account the effect

of antenna feeder, Popovic(33) showed that the 1mpressed field can be

: wr1tten in terms of a cosine function which ex1sts over a narrow feed
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- region. For a larger size feed region, the‘gap may be taken into account
by our' method by simply Considering it to be a oné or more segment of the
dipole using Galerkin's version of the moment method(zz)-. It is expec-
ted that the effect of a 1arg¢ feed gap is on the input impedance since
the region becomes effectively a péra11e1 plate capacitor shunted across

the feed 1ine and the antenna itself.:
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APPENDIX A

DERIVATION OF MATRIX [U]

The total radiated power as given in equation (3.1.11) s

421 (T : .
P, = j f "9(0,¢) sine do do (A.1)
e o | o |

Where @ CQ;¢) is the radiation intensity and is given,é

5(6,6) = — 120 . fcos(kAz cose)-cos kA;] ’ |

dnfsin kaz)™ — sing

Ak ok nk S o o |
[V][Y][A][A][Y][V] . . ' v : (A.2)

Where [A] is given by ‘ S N R

[A] - [eJkAZ coso ZJkAz €os§

e(N-1) jkaz cose, ()

Substituting equation (A.2) into equation (A.1), we obtain'.

" (sin kAz)2

P = — 60 ' Tr’_[cos (kaz cose)'— cos kaz? 3
sind
0

ax onk ongk

[V][Y][A][A][Y][V]d& R (A
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‘From which the matrix (Ul is defined

oo 2 ¥ ' : ‘
(] = [cosCkAz cosf) - cos kAz] [A] [A] do- (A.5)
sine
O . B

-,By us1ng the matr1x [Al as g1ven in (A. 3) the e]ements of matr1x [U] are
given by |

U ' R S T S
U s f’ [cos(kAz cose) - cos(kAz)] adkaz(n - m)cosy. . . “.(Ae)
e 0 sing SRR U ' S

Where m and n repfesent row and column of the element.
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APPENDIX B

A1l the constants are derived for the thin cy11ndr1ca1 antenna fed
at z; by a de]ta voltage source and loaded at zJ ‘and zk by 1dent1ca1 v
Tumped impedance of infinitesimal dlmens1on In dea11ng with the result-
ing matrices, the subscripted letters represent the pos1t1on of the e]ement of
the matrix. Re { 1and Im [ j represent the rea] and 1maglnary part re-_;'-
Speetive]y, of the comp]ex number in the square bracket and | [ represents |

the amp11tude
The matrix [Y] ig defined as
1y = 7y
The matrix [B] is defined as

Bl = [Nygy;
‘where [N] is 8 row matrix with unity elements.

~ The constants 7. Y, '73’and Y4 are then defined‘as

1]

¥ lyjilz'[iRe(Bj) + Re(Bk)}2+' {Im(Bj)‘ + Im(»Bk)}z]

8,12

NS
It
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Yy - QZ[Re(yji)Re(Bj)Re(Bi) + Re(yji)lm(Bj)Im(Bi) +_Im(yji)

Re(Bj)Im(Bi) -nIm(yji)Re(Bi)Im(Bj) + Re(yji)Re(Bi)

Re(B,) + Rely;;)In(B,)In(B,) - Inly;)Re(8, ) In(3,)

+ Im(yjifRe(Bk)im(Bi)]
oy, =‘2[Re(yji)Re(Bj)Im(B%) - Rely 4;)Re(B;)In(B) - In(y,;)Re(®;
VR‘e<B1-5 . im»(.yji)m(‘ej)‘xm(sg) - Relygp)Re(®)In(s,)
+ Re(yji)Re(Bijm(Bi).~ In(y;)Re (B, )Re(B;) -'Im(yji)Im(Bi)

‘ Im(B.k).]

The matrix [F1 is defined as

/,\‘*

IF1 = IYILUIIY)

Because of symmetric prbperty of the matrix [Y], [F] can be written as

. * -
CIF1 = [Y11U1 1Y)

Then'a]; 0y, G and a4.¢an be defihed.as

J) 
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=Re(Fei + F. + F, .+ F ) ‘fy 3 lz-
St Fa t Pyt kk/ 1541

JJ

= Re(Fii)

=-2[Re(Fji + Fki)Re(yji) + Im(F_ji +_Fki)1m§yji)] 

=f2[Re(Fji + Fki)Im(yji) - Im(Fji + Fki}Re(yji)],
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APPENDIX ¢

COMPUTER PROGRAMS

(I) The dipole loaded with delta 1oad impedance
The following computer programs aré written

(a) The computer program for determi

nihg the parameters
for optimization. | A

(b) Optimization Program, using the Subkoutine 'CLIMBD®

,of the University'of Waterloo WATFIV 1ibrahy'programs.‘5

(c) The computer program for determining.the curkent
distribution and radiation pattern of loaded dipole. .




s$J08

annan

anndan

n

101

. DELTAZ = LENGTH/NSEG

Nnan

" LCADED DIPOLE ANTENNA, IN THIS PROGRAM. THI

CaEoaTNUVYAER OF SEGMENTS ALONG THE wIRe ANTENNA

 DAIMAG(XVAR) ='((o.oo.-x.DO)*xVAR+ocoNJGt(o.od.-1.00)*x
_DREAL(XVAR) = (XVAR#DCONJG(XVAR) ) /2400 R
READs LAMDAJLENGTH,RADIUSsNSEG . el e L

. GENEPALIZED\IMPEDANCE IS DETERMINED N
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WATFIV Ao ITTIPIBGON -

THE INTEGRAL EQUATION OF'PDCKLINGTON TYPE
N WIRE

APPRO
IS USED, e

IMPLICIT REAL*8 (A=H,0-7) : ‘ ‘
COMPLEX*16 DCMPLx.conn.cosxp.CMPLxA.CMPLxs.CMpLxc v
*Z +NMTRA, NMTRS, NYTRCeDET+DCONJGY XVARs FARFLD S
COMPLEX*16 YAD,BE,BE] ‘ : ok
COMPLEX*16 FIELD'EXDIoEXPZ.EXPB'NRFLD,"__mw
COMPLEX*16 SUMY,ZLOAD LT
COMPLEX*16 KSsEMICONSTL 4 EXsCONST2,EXCTN
COMPLEX*16 API(40.,40) e
REAL>3 LENGTH, LAMBA _ o N
DIMENSION vAo(ao.ao).aE(40).Ks¢42).Exc7N(¢0)‘,
- DIMENSION AMG(40) . S
DIMENSION EM(!9'19)oz(19’19)oIC(19).IR(19) oI

‘EQUIVALENCE(EM,Z)

-RADIUS = RADIUS OF WIRE ANTENNA e

LENGTH = TQTAL LENGTH OF ANTENNA L
LAMDA = WAVE LENGTH OF OPERATING FREQUENCY

PRINT101 : , R L o L . .
FORMAT(?1%) S S '
pRINT.'LAMOA'.LAMDA.'LENGTH'.LENGTH.'Ronus'.RAotus.'N'

N = NSEG
PI = 3,141592654
BETA = 2,D0%PI/LAMDA

RADIAN = BETAX*DELTAZ : " i
SINN = DSINIRADIAN) .
€0ss = DCOS{RADIAN)
= DCMPLX(OoDCoBOcDO/SINNl
CCNST = IZO.DO*((I-COSS)/SINN)**Z
PRINT, COMP
NUMBER = NSEG-}
N1l = NUMBER=-]:

M =1 v . . ; -
DO 1 1 = 1+ NUMBER . o ) v
(QADIUS**2+((V~I°I)*DELTAZ)**Z)**(I./Z.) )

DENMTA =

EXPTNA = BETA®DENMTA

DENMTHE = (RADIUS**2+((M-I+1)*DELTAZ)**Z)**(10/2.)
EXPTNR = BETAXDENMTS - o
DENVTC = (QADIUS**2+((N-I)*DELTAZ)**Z)**(I./Z.)
EXPTNC = BETAxDENMTC

CMPLXA = DCMPLX(O-DOv-EXPTNA)

NMTRA = CDEXP(CMPLXA)

CMPLXA = DCMPLX (04D ,~EXPTNA)
NMTRB = CDEXP(CMPLX3) .
CMRLXC = DCMPLX(0eDQ+s=EXPTNC)

" NMTRC = 2.DO*COSS*CDEX°(CMPLXC)

Z01e1) = coMP «x (NMTRA/DENMTA + NMTRB/DENMTE - NMTRC/D

ZE1eI) = 2C1,1) = DELTAZ * 10,0D-05 . L
~CONTINUE . : : L

00 2 JCOUNT = 2o NUMBER

IS USED IN A

NALYSING
XIMAT ION

R R T,

VAR)) /2400

sNSEG

ENMYC )

1
1
'
i
v
i
{
¢
¢
i
s
|
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TR ik g wix ewsempzn: wvg v
e R Y -a S

2 .. Z{JCOUNT s JCOUNT) = 20141)
fererae D003 IB = 24 NUMBER R

% A e

e e JA =T e e e i v
R NCOUNT =78 - R

2@ .. ..  ZUNCOUNTsJA) = Z{ JA,NCCUNT)

’ . g JA = JA+}Y : . _

v ameesm. . NCOUNT = NCOUNT+1 i
TUUTIFC NCOUNT o GT o NUMBER ) GO TO 3 - T T
Z{JA+NCCUNT) = Z(1+38) S o :
. GO TO & . _ ,
3 . CONTINUE . e A S
. CALL MINVCD(Z+NUMBER+NUMBER +DETsIR-IC) T T P s Yo 4 e sy RGN
-DD107 U = 14NUMBER e, e . . o
DO107 I = 1,NUMBER B
107 . YAD(JsI) = Z{J,s1) =% 10s0D-05 __
: MCOL = NSEG/2 , Lo Tn SR
) . DOS13 [AC = 1,NUMRER o , ..
- 813 PRINT 4 * COLUMN® s MCOL + *ROW® o1 ACs YAD( TAC o MCOL ) :
. RIN = DREAL(YAD(MCOL +MCOL ) ) /COARS(YAD( MCOL o MCOL ) ) %2 oL
RTCEIN = “DAIMAG(YAD{MCOL yMCOL ) ) /CDASS{YAD(MCOL ¢ MCOL J ) %2 TR y
PRINT, ¢ _ INPUT RESISTANCE =*,RIN . e - O .
PRINT,* INPUT REACTANCE =*,RTCEIN .- DL
. DO 514 JCNT = §.NUM3ER _ g o
AMG( JCNT) =CDABS(YAD{JCNT.MCOL))
AIM = DAIMAG(YAD(JCNT,MCOL)) G e e L o Lo L
REP = DREAL(YAD(JCNT,MCOL)). | T R i CoE S
. PS = DATAN2(AIM,RED) o o A ) Co o
PHASE = PS*180,D0/P1I ‘
514 PRINT,* "YAMG{JICNT ) o' ¢ ,PHASE.
TSUMY = (0e0D00eNDO) , S ,
‘00112 KNT = {,NUMBER :
112 SUMY = SUMY + YAD(KNT,MCOL)
ABSUMY = SUMY * DCONJG(SUMY)

.C  DETERMINATION OF THE MATRIX EMe

DO701 JC = 1<NUMBER
IN = JC=NR .
COSINE(DELTAZ, IN,SETA) ,
\ SINE(DELTAZ+INLSETA) . , o A B R
EM(NR.JC) = DCMPLXIRL+AG) : ; e T
701 CONT INUE : i o :

DO702 LA = 1,NUMBER

b
-
([}

7C2 EMILAWLA) = EM(1,1)
00703 iJB = 2+NUMBER
JA = . )
: NCOQUNT = uB )
720 EMINCOUNT s JA) = DCONJG(EM(JAyNCOUNT} )
JA = JA+l Lo ’ -

NCOUNT = NCOUNT+1 : .
[F( NCOUNTeGTeNUMBER ) GO TO 703
EMCJASNCOUNT) = EM(1,48)

GO TO 720
7C3 CONT INUE . -
. D07Ca I = 1+NUMBER
EXPl = (J54D2+0eD0C)
DA70S5 J = 1 +NUMBER :
708 EXPl = EXP1 + EMUI+3)*xYAD(JMCOL)
KS(1) = ExP1 .
704 CONTINUE
PRAD = (0eD0+CeD?)
DN7es J = 1 4NUMRER
706 . PRAD = PRAD DCONJG(YAD(J+MCOL ) }2KS(J)
PRAD = (AJ+NO/SINNXk=2)xPRAD :
DGAIN = ( CONST®ABSUMY  )/PRAD




732

731
730

" 7?35

734
733

109
108

- GAMMAG = Qot(GﬂANDB—GPANDS)

29

PRINT,* RADIATED POWERY,PRAD
. GAIN

PRINT, ¢ *yDGAIN - a
' po730 = 1.NUMBER

I =
00731 g = 1. NUMBER
EXP2 = (O-DO-O-DO) T s
DO732 ¢ = 1+ NUMBER S

ExXP2 = ExP2 + EM(IoL)*YAD(LnJ)
API(14+3) = EXP2 .

CONT INUE T e e
CONT INUE | S L
00733 1 = 1,NUMRER | T i
DO734 4 = I,NUMBER

EXP3 = (0eD0,0,D0)

DO735 L = 1+NUMBER

EXP3 = Exp3 & DCOoNuGIYaD( T
EM(1+J) = Exp3

IFC JeEQeI ) GO TO 734 L
EM(JsI) = DCDNJG(EM(I.J)) -
. CONTINUE : . ) . .

CONT INUE o
DO108 g = 1+ NUMBER S T
BEL =(CeD0,CeDO) ; . e

Co 109 [ = 1+ NUMBER : B
BE1l = REI+VQD(L3J)

CONTINUE T
BE(J) = g1 - o . . P
CONTINUE . - . : S - : : .
I1I = NSEG , 2 ) o el ot

VCNT = 111 - 3 B T R R
DO105 IN = 1+ MCNT o

J1J = IN

KiK = NSEG. - N

sLIIXAPTI(L gy 7

REYJJ =DREAL(YAD(J414,414))
AiYJJ =DAIMAGIYAD(S1,u14))

REY UK =DREAL(YAD(J1JvK1K))

ALYIK =DAIMAG(YAD(J1J.K1K))

REYIL =DREAL(YAD(IIT,111))

ALYl =DAIMAG(YAD(I111,111))

REYJI=DREAL (YAD(J14,111))

ALIYJI =DAIMAG(YAD(314,111))

REYKI =DREAL(YAD(KIX.111))

SIVKI =DAIMAG(YAD(KIK,I11})) _
JEYKK =DREAL (YADIKIK,K1K))

AlvYki =DAIMAG(YAD(K1K-KIK))

REBEJ =DREAL(BE(,14))

AIBEJ =DAIMAG(BE(4]4)) . -
REBEL =DREAL(SE(I11)) .
AIBED =DAIMAG(BE(I1T1))

REBEK=DREAL(3S({K1K)) .

AIBEK =DAIMAG(SE(K1K))

SRANDL = REVJIXX24A1Yg 442

D 1 Sl -
= anwazx((QEBEJ+QEBEK)**2+(AIBEJ+AIBEK)**2)
GAMMA2 = RERZI*%2+44 [REIx%s :

GRAND2 = REVJI*QEBEJ*QERFI+REYJ!*AIBEJ*AIBEI+A!YJI*REREJ*AI§E!-”",

*AIYJI*REREI*AIBEJ

GAND3 = stux:nansinIBEI-QEYJI*REBEI*AIBEJ-AxVJx*REHEJ*REBE:e.'

*AlYJI®AIRE JxA1BE] S
GRANDA= FEVJxznenstxnsnsx+nev4I*AtBEI*AxBEK-AIYJI*REBEx*AIaEK+
XAIYJI*RIBEK*AIBE :

GRANDS = REYJ:xnﬁqexxAanK-REVJx*REaEx*AlaEa+AzthtReasx
FEREBEI+AIYIIxAIRET*ATAEK S oo T
SAMMA3 = =2 *(GRAND2+GRANDS )
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IR HEMIKIK, J1) +EMIKIK  K1K)

Cwmp . EXPL = EMCI1U.10)Y+EMCLY
ST I EXPE = EMII1JeT1T ) +EM(KIKSTT T
ECON = DREAL(EXP] ) ( COASS(YAD(JU1U4111))4%2)

- EMCOL = DREAL(EM(I11,111)) R TR e
EMA " DREAL(Expz)*DREALtYAotaxJ.xl1))+QA1MAG(Ex92)*DAIMAG(vAocha,_
(EMSZ: DREAL(EXPZ)*DAIMAG(YAD(JIJ.[ll))~DREAL(YAD(JIJ-III))*DAIMAGWf
*(Ex - ' T e

CCONST = 2.00*(1.00-c055)**2 L
PRINT106 -

106 FORMAT(100) I . .

- CPRINT, - ~-. CONST =v9,CONST
PIINT,* oo GAMMAL =v Gammag
PRINT,* GAMMA2  =v,GaAMMAZ
PRINT, . GAMMAZ - =¢ GaMMAT
PRINT,* | o ‘GAMMAG =% ,GAMMAS

PRINT, ¢ -.. ECON = * ,gconN .

PRINT, CEMcaL = v, EmcoL
. PRINT,* EMA = o ,em8 -

PRINT, ¢ EMB = ¢,EMg :
PRINT,* " REYJI = r,rEY,T
PIINT, * REYKL = ¢, ,rREYK]
PRINT,¢ . Alvyr = YeAIYJIl
PRINT,? ATYKI = s aAlvKy
PRINT,® REYJS = o,pEv,y
PRINT,* " REYUK = e pEvyik
PIINT e - AIYJd = e,a1vgy
PRINT,* CAIYIK = v, ATygk
PIINT, v REYII = *,ReYIT

ICS ° CONTINUE o
STopP
END

REAL FUNCTION SINE*B(DZ,IN.BETA)
IveLICIT REAL*8(A~-H,0=7) ’

C BETAxDZ g :

Oe DO

3141592654

TOL = 04D
NORDER = 5

o}
1 ) CALL GAUQUD(AQBOFXQXOTGLONORDER'K)
: K = K+1 . . )
IF( KelLE, 0O ) GO Tno :
R = (IQDO/DSIN(X))*(DCUS(C*DCCS(X))-DCOS(C))**2*DSIN(C*[N*’
x0COS(X)) - : . o L : o . .
GO TO 1 : ) )
2 SINE = fFx
RETURIN
END .

REAL FUNCTION COS]NE*B(DZ‘INQBETA)
IvPLICTT QEAL*G(A'HOO‘Z)

C BETAxD7 ’ s

a CoDO

8 3.141592654

TOL = 9,00

NORDER = §

XK = 0

1 cauy GAUQUD(A.B.FX.X.TGL.NORDEFoK)
K & K¢} ’ ) o :
IF( XellEe 9 ) G0 Tg 2 : ‘ . o
Fx .= (%.DO/DS!N(X))*(DCDS(C*DCOS(X))—DCOS(C))**Z*DCDS(C*XN* ’”Ah»

p o
it n

v

| *DCOS(X)
GC Ta g
2  CISINE = Fx
RETURN
END

- $ ENTRY
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EE R

$J0B "WATF1y -‘KTTIPIBODN APl

C ODT!MIZATION OF THE Bap

e IWPLTIC LY REAL*B(A“H'0‘7) . T e e e
COMPLEX*lé DCONJG-XWXR i s
'COMPLEX*lé Yll.YIJoVJI.YIK-YJJ.YJK.YIN.ZIN

.BIMENSION x(a).c(z’.H(ai.S(xa) o
COMMAN GAMMAI.GAMMAZ.GAMMA3.GAHMA4.CDN$T.ECON

EXTERNAL Sus . R ,
DQEAL(XVAQ) = (XVAQ+0CGNJG(XVAR’)/2.DO - : .
DAIMAG(XVAR) = ((0.30.—1.00)*XVAR*DCDNJG((OoDO'-l.DO)*XVAR))IZQDO
READ-CONST;GAMMAIoGAMMA2-GAMMA3.GAMMA4.ECON-EMCOLnEMAoEMB.REYJIo
.%REY#IaAAYJIvAlYKIqiEYJQgREYJK.AIYJJ.AIYJK'REYIIcAIYIIoCDS
CKwR = A - - L - R . s . -

“INJEX =T

.EMCOL.EMA.EMB.REYIx

G{1) = QEYJJ#REYJK
- G(2) = ~20.0**(3Q) R, .
R H(1) = 10420 2¢: . o -
H(2) = 10sCxx(3g)
X(1) = FEYJJ+QEYJK¢0.0CCOIDO
- X{2) = 0.3296819141620~01.«.- o
NVR = 45 . - . S
NFIG = 16
NCON = 2
NTRIPy = 700
L= 14
. BRINTI92
100 FDQMAT('I') : ) : o L
! DGy I=1,13 . . : )
CAaLyg CLI”BD(NVR:X'NCONoDvNFIGqSvL,KWRTiG.H'INDEX'NTQIPVcSUB)
P30 = cpsapd i . :
PRINT,* MAXTMyW QADIATED POWER = *4PRD .
ADUTC= = X(l)-REYJJ-REYJK
i SUSTCE = X(?)-AIYJJ-AIYJK ) .
: YLIAD = DCVPLX(ADMTCE.SUSTCE) 0T
I ZLZAD = 1eN0/Y¥Dap , :
i PRINT, ¢ CONNECTEQ LCap : ) =* 3 2L0OAD o
i wYy = ¢ GAMMAI+GAMMA2*(¥(!’**2+X(2)**2)+GAMMAB*X(1l+GAMMA4¥X(2) | V4
f x( LCJH*:“CCL*(X(I)*¥9+X{2)?*2)-2-DG*£MA*X(1)OZ.DC*EMB*X(Z) )
| WY = CONST#wy A : A :
; COPIINT, e GAIN . s R G Wy
AMGTD=E CDARS(ZLOAD)- . o o .

R27) = ﬁf?ﬂL(ZLDAD)

Alvzp = OAIWAG(ZLOAD,
PHAS: = DATAN?(AIMZJ-?:ZD) )
ANGLE = IQO-DO*DHASF/30141690 ) )

PIINT, ¢ MAGNITUHT cF CDNNECTEO LCAD R ,='.AMGTDE
PRINT, PHASE gF CCNNECTED LoAD : : .="ANGLE,
Y] = DCVPLXfREYlloAIYII) i : : - .. )
YIo = DCMPLK(REYJI’AIYJI’ ’ :

YIT = vy, . :
YIK = DCVDLX(REYKIoAIYKl) ) L
YIN ='YI!*(YIJ*YJI+YIK*YJI)/DCMPLX(X(2)9X(2)). .
7IN = XQDO/YIN ) . R
PRiMT, INDyT IM”534NCE =TeZIN
CCNTINysS : :
ST2e ’
END

SUAINNST N sUn(NVAQ.x.N=0N;D.G.H)
Lo oy r «EAL«&(A~H.J-Z)

DIvEng oy X€2)eG(2) 010 5)

Co A

SRPRN uaﬂvil-G&M“A?.G&VUA3-GA”MAQ.CHVST.ECON‘SMCDL.EMA.EMQ-
P = ( scqynsz

=3
= NMCOLR(K(I)=*2+X(2)**2)~Z.DO*EMA*X(l)fZ.DO*EMB*X(Z
= ( x(l)r~2¢x(3)tfq ) B . — :
" RETUaN ‘ '

cYIl
| IV

EnD
SENTRY
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ik

+.$3J0B WATFIv ITTIPIBOON APISAK ...
: IMPLICIT RSAL*3(A~H N=Z)
. -COMPLEX*16 DCONJG, XVAR PR
+ COMPLEXX16 DCMPLX,YLOAD,7LOAD 2
DIMENSION X{2)9G(2)2H(2)4S(14)
CCMMON GAMMA!oGAMMAZ.GAMMABoGA“MAQ,CONS
- EXTERNAL sug -
" DREAL(XVAR) . = (XVAR+DCCNJG(XVAR))/2,D0 - K
DAIVMAG(XVAR) = ((C.DC-—I;DC)*XVAR+DCONJG((OoDC-—I.DO)*XVAR))/2500
READ-CONSTcGAMMAIuGAMMAZvGAMMABvGAMMA4oECON.EMCOLoEMAoEMBoREYJI
*RE;?I-AéYJIoAlYKlnREYJJuREYJKoAIYJJoAIYJKoREYI1'AIYIIoCDS . .

TECON,EMCOL + EMA,EMBLREYT I

-
Z
O
m
x
]

2 - . WSt A e oo
= REYJI+REVYIK ‘ :
= ~10e0x%(20)

) = 10.,00.20 S
) = 10e0%%(30) .
) = 0.191455793537D~01

) = -04100344324131D-01
= 4+ S . :

100 FORrM 1 .

0 - - ~

BOUINVR s XyNCONsWoNFIGsSsLsKWRT sGsH s INDEXs NTRIPVSUB) .
THW - , ) ST 4

: : _ o

IMUM GAIN = o,w
(1)~REYJI-REYIK
(2)=-AIYJII-ATYIK
MPLX (ADMTCE , SUSTCE) .
DO/YLOAD S o ,
CONNZECTEZD LQAD S . . =Y, ZL0AD.
X(1) " : - .
X({1) = KEYJI+REYIK ' L - C
WY = GAMMA1+GAMM42*(K(1)*=2+X(2)**2)+GAMMA3*X(1)+GAMMA6*X(2) Y/
e ( ECON+EWCOL¥(X(1)**2+X(2)**2)-2.DS*EMA*X(1)—Z.DC*EMB*X(ZJ ) :
WY = CONST#wy ' _ L :
PRINT,? GAIN WHEN R IS SQUAL TO ZERO. =% ,wy ‘
T AMGTDE = CRABS(7LNAN) . o -
REZD = DREAL(ZLRAC)

-

AIM7D = DAIMAG(7LCAD)

PHASE = DATAN2({AIMZD,REZD) :

ANGLE = 180+4DJ*PHASS/34141609 : : L
PRINT ¢ PaSNLTUDE CF CONNECTED LOAD . - =% AMGTDE =
PRINT,* . PHASE OF CCNNECTED LODAD T = 4 ANGLE
X(1) = xSTQ L I Lo

' CCNTINUE ‘

sToP

END o

SURROUTINE SUA(NVAR X NFON WG oH)

IMPLICIT RIAL®3(A~H,0=7) . _ R

DIMENSION X(2).G(2) 4H[2) - . . - :
CCMMAN GAMMA:.GAﬂuaz.GAVMA3.GAvMAa.CUNST.ECON.ENCQL,EMA.qu.REYII
w o= GAMMA!+GAWMA2*(xcl)**2+xt2)**2)+GAMMA3rx(1b¢GAMMA4*X(2r 14
{;CDN*E”CCL*(X(I)‘*£0X(£)=‘2)-Z-OQ*E-‘U\*X(1)-Z.DG*EMQ*’((Z) )
ETURN - S v :

END

HSENTAY




’gJoa WATF I ITTIP

v A
ORPTIMIZATTION OF AR

Lo

UTE VALUE OF INPUT REACTANEE, E =l RS
IMPLICIT REAL¥8(A=H,n-72) » o 4
COMPLEX*16 CCONJG,XVAR . -
.. COMPLEX%16 YIIoYXJ.YJI.YIK;YJJ.YJK-YINoZIN
T COMPLE X%] 6 DCMPL X+ YLOAD, 7L0OAD
DIMENS [ON X(2)4G(2),H(2),S(14) g e < o e o
coMMaN REYII.AIYI!.REVJ!.REYKI.AIYJIoAIYKl TN e s

EXTERNAL sus e . .
ODREAL{XVAR) = (XVAR+DCONJG(XVAQ))/2.DO - : e 8
DAIMAG(XVAR) = ((CoDOc—l.DO)*XVLR+DCONJG((OoDOo—lgDO)*KVAR))/2.00 T
READ.CONST.GAMMAI-GAMMAZ.GAMMAB-GAMMA4oECON-EMCOL'EMAeEMBoREYJIc
*REYKIgAéYJX-AIYKIvREYJJoFEYJK'AIYJJoAIYJK.REYIIoAIYII’CDS

- KWRT =
INDEX = 2
Gl1) = REYJJ+REYIK ST :
Gl2) = -10,0%=(33) S e
TR = Gl1yene1D-10 - 0 DL Co TR -
H{2) = 1C,0xx(39) .
X(1) = G{1)+0e1D-11
X(2) = 043783787273950~01
NVR =.=p
NFIG = 16 .
NCON = 2 :
NTRIPV = 709 ;
L =1a -
‘ PRINT100
100 FORMAT(si1¢) ' ,
DGl 1=1,1¢0 . :
caLt CLIMBD(NVRoXgNCON,T.NFlG.S¢L1KWRT-G‘HoINDEX»NTRIPV9SUB)
1]

PRKINT,* 1NPUT REACTANCE =4, : )
P = (¢ ECGN*EMCOL*(X(I)**2+X(2)**Z)GQ.DO*EMA¥X{1)-2.DO*EMB*X(2) ) g

*('X(l)**2+X(2)**2 ) . : . L . CoT
PRN = cpgxp . o
PRINT, ) RACIATED POWER = ¢ sPRD

ADMTCE = X(1)=REYJJ=-REYJIK o

SUSTCK = X(2)=ATY gy=-alygx

YLQAD = DCMDLX(ADVTCE.SUSTCE)

ZLC2Y = 1,D9/vLrap - o

PIINT, ¢ CGNNECTED LcaDp - =" 4 ZLOAD

WY = GAMVA1+GAHNA2'(X(1)*42+X(2)**2)+GAMMA3*X(1)+GAMWA4*X(2) | V4
*( ECON+EMCCL*(¥(1)**2+X(2)=*2)-Z-DC*EMA*X(I)onDO*EMB*X(Z) }

WY = COUNST*wy )
PRINT, ¢ GAIN - Lo =F o WY
AMGTLE = CDABS(71.04D) . . .
RE2D = DREAL(7L0ALD)Y

AIMZO. = DAIMAG (7L 0AD) . ‘ o .
PHASE = DATANZ2(AIMZI.QE7n) _ o s
ANGLE = 15CoDQ¥PHASE/3.14IéDO ) O ) .
PIINT,? MAGNITUDE ©F CONNECTED LOAD T =Y AMGTODE
PIINT, ¢ PHASE oF CCNNECTED LoaD =% 3 ANGLE
YIil = DCMPLX(QEYII'AIY!I)
YiJd = DCNPLX(REYJIoAIYJI)
Yar = viyg o
YIK = DCMPLX(PEVKI'AIVKI)
YIN = Yll'(VlJ*YJI+VIK¢VJI)/DCMPLX(X(!)'X(2))
ZIMN = 14D0/YIN ’ ) :
PRINT, INPUT IMPEDANCE - L =¥ 4 ZIN
1 CONT ENUE
: - sTae
_ERD
SUSSQUTINE SUH(EVAR.K-KFLN-T.GoH)
IvVeLICIT REAL*R(A—H-D—?)
DIVONSIONM XC2)0G(2) oH( 2)
CoMMNON RFYII.AIVII(REVJ -QFYKI.AIYJIoAIYKI

Fl = K(l)=31YII-X(?)*AIYII*REYJI*(REVJI+DLYKX)*AIYJI*(AIYJI+AIYKI)
F2 = x(!)rAIYI]4x(2)‘==Vll—AIYJ]ﬂ(DEYJI+REVKI)-pEVJI*(AIVJI*AIYKl)
T = n*23(x(a)arz-x(;)sz)/(F1¥»2+Fa*¥2) : -
SETURN :
SN

SENTRY
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GENERALIZED IMPEDAMNCE IS.DETERHINED
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(II)V The dipole loaded with finite size load impedance
The following computer programs. are written

(a) The computer program for determ1n1ng the parameters

for optimization
(b) Optimization program

(c) The computer program for determ1n1ng the current

dlstr1but1on and radiation pattern of" loaded d1po]e '
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EM& = DCMPLX (DL M5 ,A5M5)
FM7 = NCMPLX(REM7,AEM7) .
EMI = DCMPLX(REMB,A45Ma)
MG = DCMPLX(REMS, ATuQ)
AR = 0467043Q6E56D 05 - .
C. o
c
KWwoT = 4
INDEX = 2.
G{1) = n,nn
G(2) = ~10e0%%k30
HE1) = 1Cex#3C
HIZ) = 1043x%30
X{1) = €,1728730911n50=-09
X(2) = —CelBIBIT76656730~03 .
NVE = 2
NFIG = 16
NCON = 3
NTRIPV = 700
Lt = 1a
ool I o=

1108 . i i ’
CALL CLIMHD(NVRoX.NCON-D-NFIG-S-LinQT.G.H.INOEX.NTRIDV.SUB)
D = CUNST=) : .

BRINT,,¢ vaX[vyU™ OIRICTIVE GAIN OM THE HORIZONTAL SLANZ=¢,D

ANDVTCE = x(1) . . A L ol

SUSTEF = x(2) . : . e S e v

YLOAD = DCWPLX(ADMTCicSUSTCE) . g

ZLOAD = 1,00/YL0OAD

RL = DRIALCZLCAD)

AL = DATMAG(Z7LGCAD)

AMTDE = CDASS({ZLOAND)

PHASQES = DATAND (A ,RL) ’

PRINT *CCNNLCTIND LOCAD =%, 71nAD
CPRINTL¢MAGNI TUNL OF CONNFECTED LOAD =" 4, AMTDE -

ANGLL = 137400 EDHAS /3, 14816D0 .

PRINT 022 OF CONNSCETEN LNAn = * s ANGLE
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" CONT INUE ;e
STap

END )
SUSRQUTINE SUB(NVAR-X.NFCN;D.G-H) TmDE v e e e :
IMPLICTIT REAL*B(A-H,N=-7) T T I e e L L
COMPLEX¥1 6 YloY21Y3'Y4oY59Y5v81'82$33 . : [
COMBL=xX*16 F“lrEM2v5M3v5V4oEM5-EV5'EMT|EM8'E”9
- COMPLEX*15 YL;VJloVJQVXODCONJGQDCMPLX R BT S
CO"DLE 3 %k 1 8 XVAR . DNTQ . NMTR - S e e e, T i S e e S e s e v e
- COMPLEX*16 ¢D1 ) ) i
DIMENSION X(2)+G(2),H(2) o o e
COMMON CIO'CII’Yl’Y20Y3'Y4'Y5vV6g31082053 -
7T COMMON EMIOEM205W3-EM4oEM5oEM5‘EM7cEM5oEM9 : ”
- DREAL{XVAR) = (XVAQ+0CDNJG(XVAR))/2000 o : - .
-~ CD = ClO0*¥2.C114%2 : D A A CeE e W

CYL = DOMPLX(IX{1),X(2)) . o i :
cn1 =‘(YL*C10+CD*YS)*(YL*C10+CDtY!)—(YL*CII—CD*YZ)*tYL*ClI-CD*’

*Va) : '
VIl = -CD*(YB*(YL*C19+CD*YS)+V6*(YL*C1l-CD*YZ))/CD! _—
vy = —cn*(va*(VL*c11—co*24)+76*(VL*c10+ca*yx))/coz DI A e e

S VX = BlxVJ1+82*V 433 . v .
NMTR = VX *DCONJG(VX) o
DNTR = DCONJG(VJI)*(EM!*VJ1+EN2*VJ+E“3)+DCGNJG(VJ)*(EMA*VJ1+EMS*
RVIFEME ) FEMTRY J1 +EMB =Y J +£ MO : o : .
D_= CDABS(NMTR)/DREAL (DNTR)
RETURN ) ' -
END

BENTRY




s
C
C
C
C
C
C

c
c
c
c
c
. C
C
C
c
C
c
c

(2 Y212 N

,;?COMPLEX*IE SUMY-EM-EXPIoKS-PRAD-EXCTN o . L ' e s
= COMPLEX*16 TQTVAL.BOXIoBOXZoBGXS-BOX¢.FIRST.SECDND-VALUE .

408 WATFIV . A ITTIPIBQON .. . T I S T s

- PROGRAM FCR TREATING CIPOLE wiTH FINITE. SIZE OF EXCITATION AND
OF LOAD IMPEDANCE. - S : ‘
THS PROGRAMML IS BASZD ON THE METHGD oF MOMENTS, USING GALERKIN
METHOD. - . PR B . .

IMPLICIT REAL*8(A-H,0-2)

| COMPLEX¥16 A.xxv.DCONJG.cexo.coExP.xVAR.c1.DCMPLx.cz-cS-vﬁ“ e
COMPLUEX¥16 Z.YAD DT " , : Tt
CCMPLEX%16 2L S e e L

COMPLEX*16 EFIELD

COMPLEX%] 6 EXP2+EXP3,APL ,RE,BE] . L
COMPLEx*la,Y1.v2.v3.vaevs.y6-ax.82.83,EM1.EM2.EM3.EM4,EMS.EM6 EA
CDMPLEX*16'EM7,EM8-E~9 . . LT B
REAL *8 NORRAD o : R : :
. REAL=*8 LAMDA, LENGTH :

DIMENSION A(40>.V(403.YAD(AO.40).AMG(40)

DIMENSION AP1(203+20),85(40) - o

DIMENSION NORRAD ) sRACINS(35) ,ANGLE(37)

DIMENSION  x5(40 CTN(4Q) o

DIMENSIGN &M(2¢, Z(20+20)+IR(20),1C(20}

EGUIVALENCE(SM,Z P v
EXCTN) ]
KS

ne
* X

EQUIVALENCE(V,
SQUIVALENCE(A,

RACIUS = RADIUS OF THE WIRE ANTENNA,.: .

LENGTH = TGTAL LENGTH GF THE WIRZ "ANTENNA, ,

NSEG = TOTAL NUMBER GF SEGMENTS ALONG THE WIRE ANTENNA, :
LAMDA = WAVE LENGTH OF THu OPCRATING FREQUENCY, .

PLe AIL = RESISTIV=Z AND REACTIVE COMPONENTS OF THE CONNECTED LoaD

Ivpeo ANCE, : - .

- ZL = IMPZDANCE PR UNIT LENGTH, : . o S o i . :
- L AND M ARE THE ®PDSITICNS OF LCADING, v . B e R S

XXV) ’ ' ; A e
Q.DG.~1.D€)*XVA3+DCONJG((O.DOv°1.DD)¥XVA§))/2.DQ
AR+DCGNJG(XVAR))/2.DO_- : S v :

" CAIMAG(XVAR

CExp(xxv)’=§0Ex
DIEALIXVAR) = (

P
((
XV

RS‘D'LAMDAoLENGTH’QADIUS'NSEG
'QEADopL’AlL'LQM S

L = DCMPLXIRLAIL) ’
DRINT.LAMDA’LENGTHgQADIUSqNSEG
PRINT.ZL . - o

DETEAMINATION OF THE GENERALI?ED IMPEDANCE MATRIX. 

Pl = 341415%26s54p0
CHETA = 2,00xD1/ amny

CZLTAZ = LENGTH/N3EG

BADIAN = AFTARCTLTAZ .

C4 = (3C.DC)/DSIN(RADIAN)
€5 = DCMPLX(NaD0.Ca)
€6 = (1+DC-DCOSIRADIANY ) /RADIAN

= BDSIN(FADTIAN)
COSS = NCCS(RADIAN)

CUNST = 18%e¢M X2 ((1-C353) SINN) = %2
CCNST = 2.00#(1.CC—DCGS(RADIAN))**2
B[ NT CONST )
N1 = NSEGe+}

NJ¥3 e = NSzA-l

J =1




annNEe

[212Ya}

(21272Y2Ys!

&

g2 = COEXP(DCMPLX(0,00,~BR) )

*RADIUS))+C1*(2.DO*SR(RADIUS.D!yZ
- *Zl))+(CoDGq’erQ)*RADIAN**Z) .

TJA =
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DA.= (J~1)#«DSLTAZ. . _ N
Dl = JXDELTAZ R

D2 = (J+1)xDELTAZ i

D02 I = 1,.N1 ST - :
Z1 = (I-1)%0cLTAZ e e R

73 = J*DE TAZ - . .

RJ = (PADIUS**2+(ZJ—ZI)**2)**{!/2.00)

BRJ = BETA*Ry .

Cl = BETA*DCNPLX(I.DO.ERJ) T e L

Al1) = CZ*(CI*((Z!-DC)*DLN(DI-DO Us
I I

C e

CONT I NUF S e e T LT

- D03 I = 1.NUMAZR o o o
Z(Jde1) = C5*(A(I)+A(I+2)-2.DO*DCQS(RADIAN)*Al!*1))/C6 .
205 - g = 29y NUMBER . - ) R =
Z{JsJ) = Z(1,.1) : - 2 : : =

cCCe Jg = Z’NUNHERV

NCOUNT = yg L can
ZINCOUNT s yA) = Z(JAJNCOUNT)

JA = jA+} :

NCOUNT = NCOUNT+1

I5( NCOUNT, GT sNUMBER )y GO TQ 6.
Z{ JA +NCOUNT) = Z(1438)i e

"GQJ TO 7

CCNTINUE

THE VOLTAGE DRGP pue Tg LOAD IMPIDANCE IN THE L TH, SIGMENT,

Lo = -1 .

L1 = L .

S = OSIN{RADTIAN) . o -

Zi. = 7L/Cs . ' . )
Z(LO.LD) = Z(LC.LC)+ZL*5L(5€TA,DELTAZOLQoLOoLo'Iq!)/DS
Z{LOo+L1) = Z(L:|L1)+?L*5L(B¢TA:DELTAZ-LIOLQOLolol)/DS
SZiL1eLl) = Z(LI.L!)+ZL*SL(HETA'DELTAZ.L1.LI-L.I.-t)/DS
SZOLLlSLC) = ZngoLO)*ZL*SL(BETA,DELTA?.LIoLsoLylol)/DS

THE VSLTAGE_CROP CuZ 70 Lcab IMEEDANCE IN THE M TH, SEG“ENT.‘

M) = My

Ml = M ’ ‘

ZAMO M) = Z(WC'VQ)+ZL*5L(3£TA|DiLTAZsVJaMC’V'-I'!)/DS
Z(VvO 4Mm1) = Z(MQQMI)+ZL*SL(35TA|CELTA2-M1|MO'M010l)/DS:
Z{M] yM1) = Z(Mlle)+ZL*SL(BET4'DELTA20”1.MlOM'l0-1)/DS
Z{ML yM2) = Z(MlOMQ)*ZL*SL(SETAvD?L?ATo”l!MOOMOIhl)/DS
PQINT.'Z(LC-L:)‘9Z(L39LO)O'Z(MC0“C)'QZ(“Ov“C)
pRINTo'Z(LC.LI)'.? LQ’LI)O'Z("C'“I"'7(M0'Ml)
DRINT"7(L1|L1)'-7 1'Ll);'2(”19“1)'oZ(Wipyl)
pRlNTv'Z(LIOLO)'oZ

X e

{
(
(
R .
INTAINEDS AN EXCITATIUN VOLTAGS .

L
L1oL2) s " Z¢MI4M0) vy Z (4T 23 )
THE EXCITATION MATR ’
JU = THE SEZGMENT Con
Ju = gy -

(NSEG+1)/2

DQOs J = l.NUMB:R

v(Jg) = (ZsC2e2,.n3)

VIJL )= floD':"OoDC,

v(J) = (lof):-fo{):) -

<ALt VINVCD(7'NUVSEQ'NUVRER-DETulﬁoXC)
204§ = f g NUAa-L ‘ v :
003 1 = 1 ,NUu3ER

)¥(DZ—ZI)*DLN(DszluZli
US'DO.ZI)-SR‘RADIUSODZO

C e .




701
702

= (v
RTCE2 = =DAIMAG(V
’ £S

2AMG(J) = CPABS( V(.
LAIM = DAIMAG(YV
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V(1)

PRINT
RINY = DREAL(
RIN2 = DREAL(V
RTCE1

'll
<
>
9
-~
<
>
o)
~
-
-
<
K
~

NN~
0
w)
>
@
[0}
-~
<

)
)
JL))xx2 o
JU) )xx2 . B
PRINT,* N N
PRINT % INPUT REA E
D010 J

1sRIN2 .
14RTCE2

|1
-
-
> Z
C
<
D
m
X;

REP = DREAL(V(
PS = DATANZ2(AT EP)
PHASE = PS*IBO /P1
BRINT,*. ] G{J),?
SUMY = (0, D0.0.DO)

(J
J)
My
D
AM

SUMY = SUMY+V(KNT)
ABSUMY ='SUWY*DC“NJG(°U“Y)

 DETEQMINATION OF THE MATRIX EM,

NR = 1

DO701 JC = I-NUMBEP

IN = JC~NR
TRL = COSINE(OELTAZ-INoEETA)

AG blNc(DuLTA?:IN.BETA)

- EM(NR,JC)Y = DCMPLXIRL +AG)

CONTINYE
Pg702 A = 1 s NUMBER

EM{LASLA) = £M(1,1)
BDO763 UR = 2.NUMBER

JA = 1 ) )
NCOUNT = 4n - -
EM(NCCUNT . JA) = DC"NJG(-V(JQ-\CCUNT))

JA = JA+]
NCCUNT = NCQUMT+

1F( NCOUNToGT o NUMRER ) GO To 7¢3
SM{JAWNCOUNT) = bwtngB)

GC TO 729
CCNTINUE )
7G4 I = 1.NUMBER
hxpl = (CeDCsDeD2)
DO725 4 = 1.NUMIER
EXPl = EXPI-F._N'(I-J)*V(J)
KS{1) = EXP1
CONTINUE
PRAD = (240040 CeDO)
DA7TNns gy = loNUMR B
OrAD = pQAO*nCONJF(V(J))¥KQ(J)
PrAD = (6CQUu/SINN¥*9)l°RA“
DGAIN = ( C?NST'AGQUWY Y/ FRAD
Cld = SL(EBITA.CL L:‘i?oL»vL-wL-"Zv!)/(!'"YS*C‘:v)
Cll = SIL{(HETA,OH LTA7|L10LU.L-lol)/(DS*CG)
M7 = 70 =(C3 7*V(L‘)+C"4V(Ll))
EVMB = «~7U%(C1 A*V(LO)+Clu*V(L!))
PRINT oEM7
PRINT,EMa .
PIINT, ¢ RPADTIATED Dp IELELD)
PRAIINT, * . GAIN .. TeDGAIN
237322 TeNuva-z
DG731 LeNUVRER

JT7e3en2)

leNUMIEZQ

e g4

1
J
TXP2 = (7
20732 L

. DQi12 KNT = VERMTTER e




H

- 734 . . CONTINUE

S 733 CONTINUE -
. C "
€ <. DETERMINE RADIATIDN INTENSITYe .. -7
-.C . O AND. 120 D:GR:: AR& bXCLUD;Do,

- C : . .

275 .

276
T270

273

‘990
111

-~

o CAPI(Ted) = EX

;- DO0733 I = 1,NUMBER

‘735 )
e, EM{T9d) = EXP3

- .- ANGLE (JAM) = JAMXS,
T ANG= ANGLE(JAM)*3-1416/180

" SBNE = DSIN(ANG) S
. DO273 JIG = 14N

RIGI=3ANG®JIG

 BIG2=BANG*{JIG-1)
BOX1 = OCMFLX(0.CQ,31
1

274

- 6O TQ 276 - . A R
. FIRST = (0eDCs0eDI) S

: sgcggozi ( CEXP(BOXI) * BOX4 + csxptaoxz) ) XEXCTNC1) / SINN. Thor e

‘G ST

.TOTVAL = TOTVAL#VALUZ

C¥DCONJG(TOTVAL) )
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v
i i H
i

732-m,.-EXP2 =-EXP2 ;ZEM(loL)*YAD(L.Jl

731
730

CONT INUE
CONT INUE

- 00734 U = I'NUMR&Q
EXP3 = (04D040eN)) —
DO735 L = 1 NUMAER :

EXP3 = £xXP3 + DCDNJG(YAD(I’L))*API(L’J)

SN e 2

IF( JeZ0e 1.) GO TO 734
EM(Js1) = DCONJIGIEM(I,4)) .

111 JAM—1-35 : :
TOTVAL = (0eD0o0eDO)-

CHBSINE= DCGS(ANG)

BANG = RADIAN * CBSINE

BOX2 = DCMPLX(CeD0 43
WINSSINN*CESINE

BOX3 = DCMPLX({CGSS WIN)
.B0X4 = DCMPLX(-COSS,%WIN) R
- IF ( JIGeEQe 1 ) GO TG 274 -

IF ( JIG » £EQ « NSEG ) GO TC 275

- FIRST = ( CEXP{BOX1) -CEXP(S0X2) * BOX 3 )*EXCTN(JIG-I) /7 SINN
 SECOMD = ( CixP(30xX1) = 80X4 + c:xp(aox2) )*_xcrN(Jxe) / SINN

FIRST = ( CEXP(BOX1) - CEXP(BGX2) %= 80X3 ) *¥EXCTN(NSEG~1} 7 SINN
SECOND = (CeD04+De0D2) E - -
VALUE = FIRST+ SECGND

CONT INUE AR AR
RADINS(JAM) = {3CeD2/(40D0%341416xSENE*%2) ) x(TOTVAL %

GCTca273 | .

IF(JAMIGTL1) Ga T0990
RADMAX=RADINS(1)
IF(RADINS(JA“’QL;.RADMAX) GOTUlll
RADMAX= PADINS(JAM)

CONTINUE - _ e k)
DC738 JAaI=1.35
NORRAD(JAI) = RADINS(JAL) 7 RADMAX
WRITZ(5,709) ANGLE(JAT ) JNORRADCJAT ) o7
FOR“AT('G' + 20X OFBQSSIO’('F1307|IOXQE1
wRITE(?-!lI)ANGLE(JAI)-NORRAD(JAI)
FORMAT(FG-Z:IOX'F7.S)
CCNTINUE S e -
END

REAL FUNCTIGN DLNxe(cN.Do.Zl-A).”mm.
IMPLICIT REAL*B{A=H,D=~2) .

.
A

- - - . - o - — - -
” - 3 > e T “ - . s Bt - - - T - -
s » <0 < T b > — 3 e 1 Y o L T
=y Fa Lo~ W = o o . - - .. ”
1O S O R S L, D e o RO s
Y ] s - — N o = S -3 N N N
. . B e ~ o . ° . . . . . . . . » .
iy . _ . R ; . g = " "

v
Yoty
'
i
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150 .f ] =8
! : i ;
: : ! '.
E i ;
H [ 2 g
o Y IBNE] e e
T X+(Xi*°+A**2)**(l/2 DO)
R v+(v**2+A**2)**(1/2.DO)

COLN = DLQG(V/W)
RETURN
END

e Ay ame

. REAL FUNCTION $R¥8(A.C-ZI)
IMPLICIT REAL*8{A=H,0-2)
X ARE2E(DN=Z ) %kx2

SR = X%%k{1/24D0)" g
. RETURN . . , -
END Lo o

. REAL FUNCTION' <L*e(s=TA.D7.NA.NB.L.M.N)
L IMPLICIT REAL=8(A-H,0-Z) . .
“RADIAN = BETA#DZ
A = (L=1)%DZ
B = L*DZ

. TOL = 0eDQ
‘NORDER = §
e ns. K=0

27T CALL GAUQUDUA+B+FsZeTOLsNCRDER$K)
K = K+1 e i - e
IF (KeLE.O) GO 7O 2 :

ZG=TgS§N(P:TA*(DZ+M¢(Z NA*DZ)))*DSIN(RETA*(DZ-N*(7—NB:D7)))

- SL = F :
i RETURN
. .. END L s e . |
. REAL FUNCTIDN SINE*S(CZOINoB_TA) o - |
‘IMPLICIT REAL*B(A—H.O -Z) ™ i
= BETA%*DZ o
A = 0eDO o
9 = 30141392654. I !
TOL = Ce.D9 . - VU e T e N
NORDER = 5 . R T L - B
[ K = 0 § -
. 3 ..o CALL GAUGUD(A’B'FX'X’TCL'NGRD:pﬁK)
[P K = K+1
IF( KsLEe 0 ) GO TO 2
: FX = ‘IQDO/DSIN(X))*(DCGS(C*DCCS(X))‘DCOS(C))**Z*DSIN(C*IN*
- *DCOS(X)) - . RS . -
- GG 7O 1 - ~"W. S o Lk R PR S
2 . SINE.= FX
Tl RETURN
L NC
! T
- C = BETAx - .
A = O. [»]s] N
8 = 32,1415
. TAL = 0.D0
. NGRDER = 5§ -
K =0 o
1 CALL GAUQUD(A,8, FX-X-TCL,NCNDER.K) o
K = K+l L . . o3
IF({ KsLEs 0 ) GO T 2 o I O
FX = (IQDO/DSIN(X))*(DCOS(C*DCDS(X))‘DCOS(C),**Z*DCQS(C*IN*'; ) S el o Ld
*DCOS(X)) : . o . L o L
.GC 7O 1 ey i P - 3
2 COSINE = FX e 5
RETURN - e B4
END
$ENTRY . :
- of .z - . o - -~ - ~ ‘_-'- _— L - .
- < M- poomEow oo e T e et e -
= - - " o o w2 s — D - ) e :: o R R EEIN = : o ":
3 e - S AN I N SR = TP e oD
< -1 N . . — R . ~ :"f ~ : . E: e : . ° . -
. &
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