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ABSTRACT

‘
It is the purpose of the present investigation to obtain and study

mathematical expressions for the currents of a center-fed linear antenna

’subjecte& “to a known incident electtigal.ﬂeld. Im~the analysis process

" the fméct solution of an integral equation for the current expression

is replaced by the solution nf'gn integral equation for a certain inter< »
nediste function. This fethod which is. discussed by Kalsh? 0 elininates
the need fnr applying boundary conditions to an 1m.eqra'l operator. The
vrnposed methad has been examined us\ng lhe moment method m cnnjunctian
with three d'lfferent welghting functlons for solving the integral equa-

“tion and a cumpnratlve _study of the results is made. A ’set of Walsh

functions 15 used for the basis fum:tmns. The use of Halsn functions. ,

for uelghtlng functlons allows-efficient u'lcuhmons uf the matrix

elements, and yte'lds accumte results fnr certain antenna leﬂgths. How-

) ever, for ather lengths me use nf cosine functions for weighting functions

is*found to_be more- efﬁc!ent. The tnird set of weighting functions used
isplece-wise sinusoidal functionswhich yields the most complicated) .

. * ¥
_Calculations. Severalsexamples are given to illustrate the application

of the proposed method, when {hq;mnt method is used in conjunction

g with three dlffereut ueighting functions. The method has.a rate of

:mwergen:e which is in general much faster than the mthods used by

Srivastava® and Thieie?.”

The results obtained by. Srivastava are based
on the same method of analysis, with the same basis’ f,mctigns used in
this thesis but in cnnjunct‘ion with point-matching, whf1e Thiele's
results are based on svf‘ving Pncangtnn s equanon usmg point-matcn-lng
in cmdupctien with' different basis functions. It is of \ntzrest to.

nnte that, the proposed method has the same flexibility as Pnck‘hngton s

{
i
i



equation, but is betfer betaved nmrlully. Furﬂo;rﬁfe, ﬁue use of
- i the mopent method in mjunnion with different nighting “functions

rather than using; the po!nt-ntchmg tedln'que yfelds a ::Her matrix

to be-inverted. In general, the res«lu are, in good nyreumt with the
results obnined by other researchers
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L S CHAPTER'T "
" ;

S INTRODUCTION S

L1 General
In’ the 'study of antenna th;ory. a knowledgeé.of the current-distrib- «

ution \s of fundamental 1mpnrtanne. Such data may be ohta' ed either by

n\easurement or by solving the’ antenna mt:gr'al equat\ﬁns WO of the &» 4

©most popular A:urrent -integral. equahons are Pocklington's and Hallén's

equations. Maﬁy workers have advanced various s};]bgims £6 Hallén's
integral edugtion. Particatarly significant s the work.of Hie'!

wmch extended Hallén's equahon to antennas of arbm-ary geometry. .-
Many other works related to Hallén's 1ntegra1 equation has -been gwen by
ng e Puckhngton s form of the integral equation for a thin wim ’
antenna s essentx’a'lfy that used by. Richmond!®. Fuckhngton s equatloﬂ
is nore genera1 than Hallén's in the sense that it can'be applied for

arb _?ary mcident fle]ds, while the Jatter is coafmeﬂ to the i

a de]ta-gap generator. E e &

Integra] equations re difficu)t to solve even for the simplest. N

.‘case of d1p01e antenna. Hwever. as a result’ Of(ﬁ\e deve'loument[ of -
" modern Wigh speed computers, tne range of apphmtiun of the integral

7 equah n method has been greatly enlarged K o

12 ScoE of the Present Investigation

In thi$ thesis another method for obtaining ngathemat1ca1_éxpre§—
usions for the antenna currents, ;uhjgcted to a known incident electrical '
field.is presented. The proposed method which is:discussed by Ha]shzT'Sn B
's‘basedbt_m, expressing the radiated e]ectrical f1e"ld, by 2 product of: two

g e ¢ 3 7 & a .
linear operatgrs, acting on the current expression.. One of these is a -




, . convolution nperatbr and the dther is a differential operator. These

% 3
operators are treated in the sense-of generalized functinnsa“‘, and 5

are shown*to commute. The di fferentia] ‘operator. which is’invertible

<4(a closed form is rep'laced by an mtermed\ate function. n urder - v
t

0 solve the problem of mterest. the so]ut(ma of an mtegra] equatmn
for.the intermediate function-is first obtained, then.by simple inte- '

gration- the current distribution of the antenna is found. The ’pfaposed,

a o L method has the flexibility of" Fock]i;gtm‘s formalation, in the sense

that arbitrary incident. fields may be handled, and the kernel of the . * s

integral equation is basica]ly’ of .the samg' form as that of Ha'llé;;f.s

. equatjon. ; i ) (= . i 7 T
The unifying concept, in the numerical treatment-of Hteg;a/i equations

is the method ‘of moments. This general apprﬁach to radiapiop problems

is essentially a reduction uhf:—‘the associated integral equation to a,

system nf Tinedr algebraic equations. The unknuvms of the eqx;atiuns

are usua]’ly cueff\clents -in_some approximate expansmn of the current. : . i
In the.application”of the methud of moments to thin-wire antenna problems, .‘
" many different: choices of expaision and testing functions have been 3
. suci:essfu]ly used. The p’rimary diffgrences being Z" numerical effi=
ciency and rate of convergence. "
In-the present investigation a- set of Halsh functwns is used as

expansion or Basis, functions. Three different sets of functions; Walsh,

= cosineand piece-wiéesinusnidal functions are used as' testing or waight-‘ K
ing functions. ‘A cdlnparat'lwg study between the obtained results is
N ' presented. ‘A parametric study is also made to determine the effect of
.antenna length, antenna radius-and the feeding. 1ifie.dimensions ‘on antemna
- ) i characteristics. Ha’lsh functions are used as weighting function in this .

y ¥ 5 parametric analysis.




CHAPTER II

* GENERAL FORMULATION

In prac’ﬂce most generators praducé‘ voltage and currents, and hence

.
electrlc and magentic fields, Mnch vary smusmdany with time. ~Even -

where this is not the case any penmhc vanahon can' always be analyzed

“in terms of sinusoidal variations.with fundamenta'{ and hammlc,frequen-
. c1es‘; s0 it is.customary in.most preblems to assume sinusoidal time

variations.  Consider the situation where a current source J is restricted

to a bounded region of three-dimensional . space R and |nmersed in a
medium which. s assuned to'be homogeneous, isotropic and perﬂect di- ]

e]ectr\c with pemeabﬂlty i and permittwity €. In the -sinusqidal

- steady-state, Maxwell's equatmns may-be. expressed in phasor form a8
< 7. 3 5

121
) [2.2]
. 2 ’ oy
VE gefein b, o ok R 3] k
rai ey e S BT slRl]
where | , :
Jg b2 »
H. . magnetic field strength vector
E _ electrical field strength vector © * R P N

current density vector of the source

] '= charge density
3 ,

The above equations cﬁntajn the’ equétion of continuity, g




. s
% 5 ek y 4.
v & oy v 1 : : g o t ] : :
E Vood = Sjwp,
;L j ) = [2.5]
If the vector magnetic patent)a‘l is designated by. the vector A,
. ” then § can be.gbtaineéd as a space denvat'l ve of A, The curl is Lhe
i space-derivative operation which can be used for such.a relation. Let' ~ .
Txh el 1261
d substituting equation [2.6] into [2.2] G 3 8
) " VxE . -juVxA:
or VX (E;duh)/, 0 TP
. Equat\un [2.7] issatisfied if ( E 4 Ju.A ) is represented as’ the
£ gvadlent of a scalar ~ Setting ('E 4 Ju’A-) equal to ( =V V) defines
the scalar potential V. Thus the electric field strengt_h may be ex-
frpmden.” g 10 L. e >
E2-VV-juh i ",[z 8
From equations [Z:Ij and [2.6] .
i 2 e
VX VXA TJoeE., wd “[2.9]
2 o I . 4
i, If we use the vector identity ) CoL 4 5
7o, SUXTXA VLA | VEA [2:10]
. then equations [2:8], [2.9] and [2.10], may be combined to give

Joue YV 0 pe A sud

e P AR




i ! + This equation is knownias the phasor Heimholtz equation. Of all the

o VA, KR VAT A L, dee V) Dwdo [21]

where k is the wave number and equals w g
Using the Lorentz gauge condition; o

VA L dene v
‘equation [2.11] becones

2. 2 p° " . ey
R WA WD e ezl eyt

equations having this ‘form, thé simplest is the one having a unjt point "

source represented by a' three-dinensional ‘Divac-delta function 6 at the

arrigl‘n‘ We write the function which satisfies this eqﬁation as. ¢, “thus

2 .
L B [2.13] ]
. «
where. '
Yo 4 9B, '
The solution of equation [2.13]; is
A
-yr .
» K. e [2.14]
&nr -
Where . 5 3 7 I .y

£
o G 987, 20
If the medium is assumed -to be lossless, then y.= 8 and [2.14]

becomes 5,




[2.15] H
2 % l
where i H
B eik i .
3 28 Applying the previous derivation, equation [2.12] will have the
- solution 4
R R I T
g ! W E ’ o o0 [2.16] )
s @ s g o
- where * defines convol utmn of the expression.for J and K in the spatial
; varlab}es X, y and z: )
|
_For ematinn [2 16] to be maningfu'l, it is sufﬁdent that J exist J
in a hounded region: N # ,
Let the convolution be denoted B_y : 5 2 3 T i
¢ o
) LKL TN ] 247 :

In this sensg), equation [2.16] can be rewritten as

AR L WTERMT _ o

From equations [2.9]. [2.10] and [2.12],

E (r) can be expressed as

£ e LTV A s KEOT

. ; .
or E(f), b el LA_(r) § sy




uhere S is the differential operator Y¥-9-. + k‘) Applying equation
[2. 18] to [2.19]

E() o S (TMM1Y - : [2.20a] -

Cor ) L, T "l

S/ jue- .

where 'L is a Tinear operator defined as S'T, S

It is of dnterest to note that the Tinear operatorf T S cnmmte, g

in the sense that i
S ETLa . T..‘( sou'(r 0 o zu

.vlhen the expmss!ans are interpreted in the sense of genera]ued

functicm53 & iz "

- Consider a perfect conductor with known incident el‘gt\:tric field
£, due to a source located anywhere on or outside the conductdr. The - It
total tangential electric-field is zero everywhere on the Surface of.

the conductor, - - S
s. i s '
Etan (N3 Eggp(r)-_ 0
. ]
or it
Epan (1) o _Eggn (1) co [2.22]
; - where E5, i the scattered electric field radiated by the current :
density J (r). . S S
iy g \ :

Equation [2.20b] becomes




oy . s oy ) 8"
CEanfr) o Ly BT e s [2.23]
an must be jnvgrted’ to solve the pmfslem of interest. E’un(r) is

the lu;nuﬁ excitation fuﬁct(oﬁ. '_and! (r)'isvthe unknown resppr;sé ‘functinn
to be determined. = 2 J
In vlinea.r inteymas, the differential operamr.s is invertible‘ in a
closed form. To obtain T'l, any standard nathoq for solving lnte;ral g
éuations’ can be 'used. So, for the known incident field the current
= dlsiﬁbhtl&l% can be determined as w’ﬂ] be considered in the ne.xtv
- chapter.-- P R S 4 Sy




’ \ CHAPTER 111

| . L!NEN? GVLINDRICAL UXPOLE ANTENN!\S

3.1 The

ar Current E'Iernent

o 8
#\l isolatéd current element »ln‘a.v appear tobe a very unre‘a] concept ;.
but it .is evide‘ni that ar:y physical circuit or antenna carrying current' -
nay be considerdd to consist of ‘a Tavge number of such elements joined
"end to end. Tnérefnre. if the characteristics of this "building-block"
is k{\cmn the characterlstvcs of any actual antenna may be ca]:u]ated‘
= Now, r.uns\der 2" Vinear cyhndr!ca] tube of radius a and: length

2, ‘which is assunled d) fulfil certain assumptiuns. These parallel

close’ly the assumpt\uns used by other workers in thls fie'ld'
[a
b
[c
4

The tube is a perfect conductor

The tube tm:kness is"negligible

Current. is taken za flow along the tube only in a longltud\nal
d\rectmn and is confined to the surface;-

- [d

The -tube rad'lus is assymed to be fuch smaller than both the tube: ;
1ength and the wave length, su the current may be assumed. to have
unlﬂmn d1strlhutmn over the tube. .

The axis nf the tube is as’sun}ed_ to lie a]‘uné the Z-axis of a :
system of cy\in\iricn'( caurdinatgs tz ,e,‘b]. with the origin.of the tube
at the center. Now, considering the-current element J ; when the tube g

is'carrying a current IZ, we have in cylindrical coordinates,

() (o-a) for -hsz<h”
Zra S ki




g

-0 " for 2] >h J [ERD]

where
5 is"the Dirac-delta function

: £ 4y Wy
- is the cyHndricnl radial cdordlnnte

It is shnvm in Appendix A that the radiated electrical field from

sucn a source can be expnessed as .
E '(z.p)z O T DA ) R € £
R P IRy

f Bagh s [3.4] i

. where £ By E¢ are axial, radial and angular components of the

electrical field respgétively’, and s, is a différe}itia_l operator de-

fined b}; E ' s P S
S, - ‘32‘* Ry : B
X, (o) .71_ AT N OR RTINS 1]

! ;

ey K (z,p) 1 T -2-(p-a cos ¢) K (2.:0) 0
o (2305

5- (p?+a%-2p2 cos ¢)
i . : 5.1
where .
Ky (2.000) o exp [firlziong) 1/ ‘ [3.8]
Jamser(Z.0,9) A
“and vl_r @) o (6t g0t acos g [3.8]
B
S -



“interial -h to h, 50 I, 50 for |z| > h.

The convolution in [3.2] and [3.3] is restricted to z only.

311, The Differential Opdrator for the Linear Current ETement
The differential operator expressed by

@ GRS
S, [IZ]:;ZT + kI ‘ [3.9]

has to be defined for - = <z & = . Hodever I exists only.in the

E; (2) to express the restriction of §, [I]

(=h,h); gives
°

= d*
s, [1,]= <h <z < h
B s z dzi 2
g [3.10] -~
. .- where f
E (2 =0 |z| > h [3.11]
. "4
-

Equations ‘[3.10] and [3.11] give
'Sl 38 ]=‘ E, (,1);*"‘1 (-h) &' (z+h).- I, (P‘\) 8! (z-h)

) 1 bohy o (o - 1 (n)s:(z-h) (3.2
) I
(-h), and 1, (h) are the end currents at z =-h and z

in which I
respectively, and the prmes denote dlfferentutmn with respect to z.

1, (-h) and 1 (h) define: the llm\tmg values at -h and h within.the

interval (-h,h);, as follows 2

I (-h) = Lin L Ghe) s ezo

exo0




(h) - = Lim ﬁ(h—c')_ JE2 0  .
E+*0

Consider  the diffepential equation

L0

&, * i ) - <! o
o KL, 5 ), ,-h<z<h ‘el .
3 . i .

The’-snlut'fan of this equation dep:nds on some boundary conditions fur

&)

the current.  Using the end currents I, (-h) and I '(h)gor these

houmiary mndlnons, the snluthm is

2 (1)- = l (—h) sin [k (h-2)]", 1, (h) sin [k (h+z)]
sin (2kh) "sin’ (2h)

h
: @ % + {" G (z/2') Eg:(2) dx"
o o = - [3:15]

where G (2/2') isithe Green's func{:inn given by:

v I (N v X
L} s -
553 L sin [k (h+z)]ysin [k (h-2') T2z
x k sin (2kh) . N
8 (2/2') = 754, = . - [3.16] &
© 7| 'sin Ik (hez)] sin [k (2] S g
" k sin’(2kh) e

with the condition sin (2kh) # oy e h # 4, wiere, ) 15 the wave-
Tength and h is.a posmvl integer..

For & practical case this * e
singularity can be avoidad either by freating the elenent as two i R
different elements axin'l 1y joined tuggther in'a straight Hne, or, h_y - '
sgtﬂng h= (nA/4) = A , where A is.a very small quantity compared to ;

. nA/4. The latter case will be iTiuStrated by examples in the section

on caleul of antenna cha istics. -

[




Ewa'nun I3 z] ‘and [2.3] cdh'be rewritten.as

"E (z.n) £ / (o (2') Ky (z/z /p) dz' + 1, (-h) K, (z+h, p)

A %
é ‘ (h) Ky (-] h,p) FbK, (1+h.p) e K, (z=hsp) "
A # 3]
h Loy Ty e L e
E (z,0) s J_'h,su (z') Kpc (z/2'/p) dz' + xz (-h) K (Z4hap).
. o 3 of -
<L) K (z- 0.) FbK (zm,o) 2 K\Q(z—h.P))
: . < e

whert

i

" K= (ny Kesesl2n) g
. i sin (2kh) z

b " T « . 2 e
e me primes-denote diffem,n‘auon with respect th's z _a‘nd
L)

Ko (2/2' /)= K (z— ,n) + Ky, (z-m.u) G (-h/z" )

- Kk (z=h,p) G'»_(h/z ) [3 19]

Ko (z/2'/p) = _I‘(a’(x’-z",u)‘ fKD.(z«\h,u)’G' (.-h/z')‘”

o) 6" (/2 - {3,200 -

e . -
—— -i[3.21
sin (2kh) : ]n

em 1, '(.h).__k‘f + ir('n.) k cos.(2kh) '[3422]n

’ §in (2kn) sin (2kh)
B (-hjzry = = sinlk (h2D] o,y [3.23]
4 - - sin (2kn) " ; '

CGhg) - csin Ik (2] e ooy T [3.28T .

Csin (2kn) Ny

“Equations [ 3.15] and {3.17] are used as a basis for the analysis’

A




catlered' electrical field:

. of thin, tubular. lincar antennas; T th

ESis. speci fied, :a ‘solition uf equation (€ 17] yle'lds E, (2) and the s
" 2 end currents. The anterina current 1‘ nay then be detenfiinéd from
[315] bl g T S

o 2 - § . 5 R

3z Ca'lcu]ation of Antenna Characteristics -

1,memp_u1e',_a’ SR Sds G 2 D

Crmsmev- a. center‘—dnven cyhndrica'l dwo'le antenna that extent\s
The,

’ from -h to h along the Z—axis of a: rectangu] arcoordinate system.

rad\us of the antenna ls a; and the\ antenna is ‘centered.at the or1g|n

as 111ustrated in figure 3. 1. The assumptmns for the d1po'le antenna

SO0 T e Lare the same as those for the Tinedr currentxelement in Sectiun 3 L

25,26, Th1s case may

The antenna is_driven by & magnetic' frill current
e s répresent an actual physical situation, an;exanple of wmch isian
el antenna Iucar.ed over. a:ground p]ane and fed thmugh a cuaxual cable. -

> 21" Thelratio of the outer to the inner . radius of. the: FriTl is taken 2.23,

Ol SN wmch gives'a charattensnc 1mpedance of an alrfﬂleﬂ coaxial-cable '

A v, o St of 50 ahms. This m\pedance is standard - for a cable norma]'l,y used. to -

| feed siich antemnas, ; e - U

z'.z,m Approximate Kernel*': —.0: - B

‘Traditionally, thin wire antenna problens.have been dealt with- .

sing PockTington’s and Ha'n‘én's integral equations. . A principal

omphcated kernel given by eqﬂatmns [3.8]. To solve equation [S.‘E]

sianifigaint sinplification may b achieved 17 am approximau kerne19 27

le vntmduced as




try of a symetrical ‘center-fed
Jidipole., LR TRt




- (2. IS

SIHCE fur the center-fed di ptﬂe antenna the observntinn point of the

i [ scattered f1eld Ties on tha axis, ) equa]s 0 The. surface ‘current -

s tnen r:presented by’ an equivalent fHamentary line source -parallel

‘to the Z-axis und 1ocnted at a' radial distance a from .the, observation’

; _._point. . Hence, equation (3. 25]reduces o . A
i ey 7 S ¢ b o .
Wl s K ) = ENANCRTUL S ""1, T [32e]
5 o Bl oo ! J#nm:(; + a?) x Haod i
i ) 3 ; : i
% 3 Z 3 Intm1 Equations fur Dipule Antennas ¥ : f o
32,30 Pockhngton s Ity Equatior - ; ol
; v
P A Ny Pockhngton s form of the 1ntegral equatinn for thin wire antennas & 5
5 TR - may be obtained from equation [3.2] by applying the operator 5Z defined '
L by T3] 60K, defmed b [3.267 instead:of 1,0 'This yiels ¢
T8 0 S () v s Dk 01 0 fa.27 -
in which the :onvolutien is restricted to z on]y The incident field ,‘ : 1
E may be expressed as 5 o 5 H
'!z’*si [k (2,007 2= -] @0 . B R R
“or’in integral form i
2 = ’ » v ; i
A o T T A U AT |
i s gk O g2 2 =T 8 TN i R Z i o
|

[3.29].




Equatmn 3. 29] has been used extens‘l vely. by many workers. e,

Hal'l!n s equatmn becéuse it can be used fpr arbltrar_y 1ncident field

3. Z 3.2 Hnﬂén s lntegra’l Eguat1on

Fora center-fed dipole an'.enna, driven by a delta-gap voltage

~ generator V the incident’ ﬂeld can be expvessed as
va(z) - : S w301

~

(z.n)

Hence, the scattered electric f1e]d can be obtained from equutiun [3 Z]

using the approx\mtz kemel defined. by [3 26]

i ) SR
ES-(zp) * S Ly () kg, GO vee SR
4 or ST - (2) * Kyy (20015 = Va(z)" 4
'Arh.l‘_‘bsol‘dtjon Vof equation [3:32] is . .

AL f: 1) Ky (220) @ s i Coos ke +¥stn k)
g 3 It 2% : e
‘when Mo is the lntrilisu m;ie‘da;me of free space.. :rh!s is, Ha'l’lén"s
wtegra'l equatwn for the perfecny “conducting dipole*antenna. The .
cun:taht C must be’ avu’luated “fron the: ‘condi tion “that ‘the currem. s
: . vanishes at the endpo1nts of the-antenna. S L .
K . Hany resnrchers haye advanced. various: sohmnns of Nansn s
25 -inugrnl cquation. _Particularly’ sign¥ficant is the work of Mie!”
which e'xtzn&d- Hallén's equation to ar:tqmlé of a;ﬂt;’ary. ‘geometry.”

e
1

Ridumndw»and narrlngtons‘ This equation is Jme flex(hle than -




‘VAn excellent summary’ of various works related‘tn Hallén's integral
J _equatmn has been given by ngg 18 B
Since Pocklington" s ntegra] equation 1nvnlves the derwahve
‘of -the kernel Ky or its approxmat\on KZa s r.ﬁe resulting kernel is o
of 4 higher orderthan the kernel of Hallén's integral equation.
Therefore, numerical pmb]ems may be e)kpected to be more prevalent
mth “Packlington's than With' HaXﬁn 's equanon. g
In tne pr‘uposed method the integral equation has the advantage
of Hallén's equatlon in the sense that it contains no derivatives nf’

the compos ite kernél ;kz o or its approximation K __ (the approxirate

: A zac ‘ &
composite kernel .can be obtained from.equation [3.19] by replacing
'fz by K,,). The composite kernel K, or}}(zac vanishes at.z,' ezh
and h for all z with the possible excen_tion of z = -h and h, wheréas
Hallén's kernel duesfnot. It is evident that the composite: kernel
of the proposed method fs even better behaved mumerically than Hallén's

“kernel’

3.2.4 Solution of Antenna Current ®

Using the approximate kernél.of equation [3.26].and the -homo- k
3 geneous boundary conditions I(h) "= FI(—h) =0, equations [3.15]
and [3.17] can be reduced to ) ;

8 o7 h‘ 3 .

-E} (2,0) = Jh Ey (2!) Ky (2/2'/0) d2! ., [3:3] ;
: h % e N

and 1,.(z) = s 6 (2/2') E, (2') dz'” L [3:.3]

where K. (2/2*/0) is given by [3.191 with K, (z,p) replaced by

zac




"= The integral form for L is

K., (2:0) and'E} is the known axial incident field defined by ¥

Sl | pem Tk (2 atH | e k(e 80
2 ln(h/a) e a’)" (22 + b2)%
£3.36]

where 2,b are the fmer and-outer radii of the magetic frill current
respectively. . ] Y ! %
Equation [3.34] may be solved by any standard technique such as
the method. of moments which will be discussed in the mext section,
When En (2') s detem|nad; eh’e'_appruximate current distribution may °

be found from equations [3.35]. - ¢
k ; p
3.2.5 Method of Moments

The unifying concept in the numerical treatment of radiation

problens is.the methog, of moments®*2%.Z5Tnis approsch s essentially
3 :

a reduction of the associated integral equation to a system of Tinear

algebrnc equations in, say, N unkmuns where the N unkmuns are usually
mszlcmnts in some appropriate expansion of the u\knm functioﬂ,

such as E, in equation [3.14].

Rewritig equation [3.34] in the forn

LIEy=-€& = T [3.37]

where L is a ‘Hngar.integmf operator (see Aupe’ﬁd(x B.1), E; is a ’ 7y

. |
known excitation function and Ej.is the unknown response function.




N

- LIET = 7R (2') Ko (2/2'70) 82, . [3.38]
We:may -expand the response function E, in a series of basis
functions Eo,’ EM. E"',Hv' spanving the domain of L. VThat 1s‘, llet

N ¢ i
B R 1 - [3.39]
E o 3 703 . i

‘where the 5 "s are unknown expansion’coefficients. ‘For an eXact -
Solution, N in general-is an infinite number but for practical.’
approximations we -nay fake ‘N'finite. Substituting equation [3.39]

into [3.37] gives

N Ly v ;
LLE 6 Bl = -k : 2401

=17
Then, because of the linearity of :L,
N - - | B
L s LIE ) = - & . [3‘41.]

" n solving such problems one may need an inner product < Egs E; >y

which is a scalar defined by
h f B
R L LA [3.42]
Inner products are discusséd.in more details in Appendix (B.2). We

now define a st of weighting functions Wy, Wy, ... in ‘the domain of

L and- then form the inner product

iz

i s .
e SLIEg) > = =Tk W Ey [3.43]




where 1'% 1,2, .....m. The concept of weighting functions ‘is dis-

cussed in more details in Appéndix (B.3). ' -

3251 Bases
- . o
Basis functions are divided into two classes. Thetfirst class
15 the basis functions defined and non-zero‘over the entire donain of
L. This class of bdsis functions is caned entire duna1n bases: The
second class is’ sub-domam basls function. These Lare defmed in the
\dumaln of L but are zgro over part of the domain. In the case of wire
radlators this constitutes dwtdmg the antenna into sectmns. It
appears generally. true that the closer thé basis functmns resemble *
the actua] current dlstrxhutmn on the radiator; the better the rate:

- of corwergence,
i) - Entire-domain Bases 4

As iﬁustrative examp'les of.basis functions, ‘consider the
following entire-domain funcunns that could be used for dipole

antennas:

Fourfers Eg (2) = c; cos'(nz/2h) + €, cos{3nz/2h)

+. g cos (5mz/2h) + 1+ [3.44]

Chebyshev: E) (2) = c; Ty (2/h) + ¢, Ty (2/h)-
i k ¥ - p

ST M [aas]

K

“



1) * Sub-domain Bases

As examples' of sub-damain bases consider the following:

s : ‘E'J for z |n'Az! .
Pulse function.E, (z) = { L i 5
"~ : 0 otherwise . . [3.46]
s ) : v B (20 72) # E (z-24) A for z in bz
- picewise=linear E_ (] { of "3 o+l g 3
. e to - @77 otherwise
K 8 [3.47)

3.2,5.2 Galerkin's Method - *

From equnt(un [3:43], if the weighting functians are r.qken the'
sam as basis functions i.e., W; = E i, then the férmulation of the
problen is_known as Galerkin's method. Thus.:. equﬂm [3.433 becames

N ; . J ;
§=1 S % B LLE ;1> = < Eoi ’E > '[3.48] {
and the set of all"such equations written i matrix form is ( El 2

: i . = % i .‘» %4
<qu.1[zo‘,1> EgillEy, I <E, LTED r] T [EE ’

<zuz,L[§ol;> g ‘Ea,"‘[Eﬁx}" e <EgLLEGTSL e, <, oF,

<EgniLlEgi]>  <EgullEg,]> <EgneLLEy>| oy . <Ea[0'[z 2
. [3.49] ¢

~ A 5,8 B . S Salaa s L

In practice, the evaluation of the matrix of equatjnln [3.49] may be very

g % s




labordous even in a highspeed computer since at Teast two integrations
. may -have i:o be done.: ' However, one of thue 1ntegrqtians may be avoided -

as’ wm be -discussed in the faﬂown{g se:twn

3.2.5.3 Poi nt-matchmg Metod

Using D|rac delta functions as welghung functions wﬂl vmnnmze

the difﬁcu'lty of" caT:ulatmg the matrix of equatlnn [3 49] The -

matrlx equationwillbe . B ; - Ly

ez JUE, Bz e BT (6] relez, )l 5
<&(i-zz),L[Eol]> e <@(zz) LLEy D>

B¢ o <6(z-zN).L[E°_l]>§ »<5(Z-ZN);L[‘EDN]7‘

\ 1

The! use of Dirac-delta functions Tiits ‘the jiftegre
by. L. In'this method the electric field fs matchied only at,discrete | o ‘
pomts The a:curacy of the solution depends on the nunber of pnints.

o and their Tocation: . The calculation of near-field data sich as imped-

ance is sensitive to the number and location of the match points.

3.2.6 " Effect of Different Weighting Functions . ; W

-In the appl‘v‘catian of the methl)d of moments to' thin-wire antenna - .
problefis, many d\fferent choices, of ‘basis and we'lghtmg functions have S

: <o been suegess fully used.'® The quidelines on choosmg these. functions are:




I’) the functions within :each et should be Tinearly independer‘lt, 2_) a
Tinear cobination df the modeling functions’should be abTe to.approx-
fmte the corresponding exact functions, and J) the. usu’lting matrix

euition should be well conditioned. ™ - -

: i i Tosaa CmEratlve Stug

“ B ‘A comparative study for three di"erent weighting functlons will
- be presented here. The first ueighﬂng funr.ﬂons used ire uﬂsh oy, « J
funcﬂons. the. sacond “are cos(ne functions and ﬂnu'lly ;ncewise- N

" sinusoidal functions. For a center—fed dipole antenna, because -of

synuetry these functions must‘be even, These three sets of weighting
fum:tions will be discussed in the next three sections. Even Walsh

X functions are used as basis. ﬁmctions.

Equation [3.34] can be approximately solved by using Walsh func-
“tions Wal, to approximate E,-- Using zquatian [3.39], Equation [3.03]

becomes

v vE A
_ i

)j:_l ¢ < u‘“ . L[Halj]‘>A>- <My LBy > & '[3.51]7

where

G bl Wal{ = Walsh functions shown in figure (3.2)

N = number of basis -functions

The matrix form of equation. [3.51] is.



25

A L i e 8 St
52 - i . |
z «I.L[Hallb dj,_L[\(ih}'. ¥ ’. <Hj.L[Ha1N]> <, «;'Ex > d

fo i K E i<
«I.Lﬁla.llb W LDhalT>. . a1 e s

o 2 o . - T \ e
SplDial B LDl B> el &) ?‘n-‘i;»\ {
[3.52] . g
: ‘ |
et o ¢ 32 bs,

The genanl entry of the matrvi AH (i,J). and thu right hand side mwr
EV(i) of equatinn [3.52] 15 . given by 3 ~ 3
% il
N A w8 «
¢ f /. N“(z) Wal, (2! ) Ko (2/2'70) @2'dz;
<h ‘-h A s

3=1 ac

x h 7 2 s -
TG € (2,042 (353 \,a J

Since Walsh functions are constant over sub-intervals, the integral
domain can be divided into _sub-intervals, and equation [3.53] can be
rewritten as X

N NWD. !

U35
c; I Wal I l n(z) (z/z /0) dz'dz
FaGiggh M 4 1(2) K ) .
X , ox
h - i
= - fh N'1_(z) - (2:0), dz‘ [3.54]
where b

NWD = nunber of sub-intervals
Ly Usy = lower and upper 1imits of the sub-intervals respect- .
ively



o5
Y
Bl

3.2.7.1 'Walsh Functions

Aset

value of the j"h Walsh function in- the.interval jj- -0

of Halsh functions are used as weighting functions. Some”

. of these Functions are shown in Figure 3.2 The method of derivation’

of the Walsh functions is given in Appendix C. A conputer progran was

developed to generate the Walsh furctions, and was introdiced as'a sub-

routine td the program.. A listing of this subroutine ‘is given in

Appendix E.

LRGSR

.- _The general .entry of the matrix AM'(1,3) of equation .[3.52] is
= giVQn by

WD NWD 2 Y Y -
T -Wal; .. Wal, .. S [ K. (z/2'/0)dz'd
sl i1 5585 L. zac
Ji=l §j L‘i ij
. : ]

The general entry of the right-hand side vector EV(i) of euation [3.52]

is- given by

L BY(1)

o .

i LT : o

=- I Wal;u J .E, (z) dz. . [356]
ii=1 ?; <Ly

A computer progran was developed to determrine the current ‘dis-

tribution and the antenna input impedance uéiug the Halsh functions as

wei ghting functions. |

To' reduce the computer time of the central- processing unit-(CPU),

L set of subroutines were developed to replacé the genera_'l library sub-

et

routines supplied by International Business Machine (IBM) for single




2"

. Figire 3.2 A”set of even Walsh functions,



0.8

ami the cosme functmns ware axpanded as pwer series, A brief-

‘_F.(i) ;h:‘\cos‘[(zi-'l)l‘t-] )
/ S

2h

A :mnputer program was deve?oped to ubtair\ me currem. dlstnhu-

tmn nnd the mput lmpedance'. In order to evaluate equation™ [3. 59]

- and the rea'l part of equation [3 58] both’ the sine. and cos‘lne functions

were approxlmated usmg power senes expansmn Computer suhroutlnes

‘were deve1aped tg replace f)\e IBM 1 rary ;nbrnuhnes.' For the

|maginar_v part nf [3.58] -the approx mat\nn of. :osme and sine funct'lons







is not aﬂproprmte,lm the sense  that more terms. e Serfes are . it -t |
25 ) s e requlred, and the r.alcu'lations w['ll be comp‘licated. IBM. Hbrary sub- :
3 ‘ 4 mutines were ‘used for eva]uatmg the nnag\nary parts. bf' . 10 1‘ {v SN
T ’ 232.7 3Piene-w1ses|nusn|da1 \Functians e .; i e g G : !
ske i e i :"“ i 1se—smusu|da‘( function _shown i’ fugure 3.4 viere also kS| \

used as“weighting functions. The genera] entry of the: matrix ﬁf equation

(z) K.

zdc (z/z'[u)dz'{jrz"

: M :
p T B ‘La.go].

r“;. - 4 ! & L .
= g where L_‘ i and U. St are. the lower and upper 'lhm‘ts ‘nf subdivisions ‘ J

Cland hence; four wsighu ng. functions to’ form the Nx N matrix (N:= )
and d1v1d1ng the range | of the welghtl‘ng funchm\ to NWD. di visions *

for the we1ghtmg functions.’ ‘A an examp1e taking four bas\s functlms o T h
£07 (D £ 8), thistgives
e - 5 !
|

o - b2 hf2 ol e
R N YO RSV Y7 SR N A € 2%
v -h =3h/4 -hj2: -h/4 b/ h/2 3"1:/4 '




used as weightir

.t Figure 3.471

functions.
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S M

o

2
e -he
ah/4 -hjz
ot

’ f
e
=l f
f
= cos [ 21
S
cos-[n(ZL4) 7"
S a2
cos [r(ZY)T £
T
cos [n(Z0l4)7
‘.3h/2
cos [n(Z30/8yy
. 5h/4

= cos [n(ZDL8)] ¢
. ‘gh/4

'I'="cus [n(Z20E)] 4
R

hi/h

- .[»3»./.4 iz b

Sf
a3 s

L2 p
217 w2 s T WS a4

e
Chyaaha

cos [n(ZZnLk) 7 -
3n/2

cos [vr( = )J a sl
cos [vv( ] + cos [1r( 1—3"-&1]

na Chz wge h)

g™ [ vz o wa e s ] fsesl

£ i . T. W 1
174 h/2 30/4 ] [3:63].




iR

; fv‘. = cos Eﬂ(—‘ )]+ dos [w(JL)J : o

3 i

-

oteicos [1.(1'3";5)]

P e 1 R
: :

A
7, =cos [nEE/8)) 4 g [n(”'""‘)]
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o These functions, were chosen' to satlsfy the condition that the
po1r|ts of discont’muous s'lope must bé ‘coincident with those of the
basis functians They also must vamsh at’ the endpmm‘.s of the
antenna, i €. at =h and h,.and'have their maximm qt the qugm i.e.,
the center of the antenna.

P The genera'l entry of the r\ghbhand side vector of equat1nn
3. 52] 15 g1ven by

(-1 Yt
Rt 7

e rm‘i @ z:‘(z) a2 e

if=l




2

A mwuter‘progril was developed w determine the current dis-
tribution and the antenna input-impedance using the prévious set nf
p(e‘ce-gise—s!nuso?dal functions.

3.2.8 Numerical Results-and rison

In this section the current distribution and the input inpedance
for the dipole of figure 3.1 in free spac! are studied with the prn-'. -
* posed method. A set of even Walsh functions are used as basis functions
for Eo (z’,j in equation [3.38]. Fm—v'w_eil ghting funct‘l‘nns three different
* sets of functions are used. A comparison between the. results obtained

~andthe results of other researchers is presented.

- 3.2.8 Antenna Input Impedance

The input ilrpédinces of two dipoles similar to that of fig:re
3.1 are studied. These dipoles differ in their lengths and radii and

the results-are as follows.

a) Digle of Length 0.45)
For this dipole the rate of convergwce for the input impedance

is studied. A comparison is made between the results of the proposed .
meéhnd and those of Th'elezf.' In obtaining the results of the pro-
;ios‘éd method,. the moment rethod is used. Thiele obtained his }esnlts

K h,y_ solving Pocklington's e‘quat‘\‘o’n using point-matching in :anjuncti,on )
with entire-domain cosine .hasts functions. The resu1ts are also
compared with those of Srivastava 2] using the nrapnsed mthud and the
same basis: functions, but ‘app'lying point-matching technique.

. ‘
Figure 3.5 shows the rate of convergence of the input.impedance



for the dipole calculated by the proposed method using the-moment
-emod for different numbers of basis functions up to 24 funct{uns.

The i used m ining the results of figire 3:5

" are even Walsh functions. It is seen that the rate of convergence

for the resistance is.the same as those of Thiele and Srivastava, but
it is slower for the reactance. g e
Figure 3.6 shows the rate of convergence of the input impedance

for ‘the dipole calculated by the proposed method using the method of

" moments for different numbers of bas’is functions up to 8 functiuns.‘

The weighting functions used: in ubtaining the results of i gure 3.6
are cosine funct1ons given by equation [3.57]. Again, it is seen
that the rate of convergence for the resistance is faster than that
for ‘t.he reactance. It is of interest to note that the rafg of con-
;lﬁrgalce in figure 3.6 15 faster than that of figure 3.5,

_ Figure 3.7 shows the rate pf convergence of the input impedance
for the dipole calculated by the proposed method usi/ng the method of
monerts’ for different numbers of basis functions. w to 4 functions

only.- The used in i the results of

,ﬁg’u‘m 3.7 are picewise-si jd g‘véﬂ by i [3.64].

Tt is seen that the rate of convergence for the resistance is mich

faster than that of the reactance. Fu’rthenn’um, the convergence -of

figure 3.7 is much faster than those of figure 3.5 and 3.6.
: 5 S

b) - Dipole of Length 0.47x

Armther eump1e for studying the rate of convergence of the d\pole
input impedance as the mmber of basis, ﬁmcuuns is ‘increased, is
vresehtéd in figure 3.8. A couparisnn is made between the results of
the proposed method using the moment method and the results-of mme

~J



280 o EL .
i & T gt T 2h =045
E \ U e ah=T00m
240 7 CaeE S
o X T ¥—x “theory
o bk oo Thiele.
. \\ £ s . -7 Srivastava -
£ 60 3 X ; >
R \o:
= ¥
< 0 ] :
a0
40 | .
0 L
) 4 i , 20 - 24"
25 N, number of basis .functions .
0 4 ‘8 120 e L 20 2
L " h 1 L

Flgure 3 5 Curves shwmg convergence of input fmpedance of
sl lenle anténna. using even Halsh Funcﬂnns
. as we ght ng -functions.




37
G 0.45:
) . 9 % Ca = 0,007
: ,240“‘*”\\, ‘ ey théory
K \ Yo e Thiele :
s 200 L \\‘ s % - 'g--g Srivastava .
) e : y i
= )
E 160 b
£ kY , e
oy \\ ' oS
e i 12010 2
Y g \\ ¥ ; 1
N ]
80 B, ki, of
j ~p.q. PP :
¥ i
A
40
/ i
0 e
) R R R T T6 T "7 8. theory .
0 3 g TNy 215 5 18 21 - 24 Thiele s
o & . , *.d Srivastava -
% 5 N, ‘number’ of basis- fanctions - :
5 X o 2 g L i : Thiele &
0N A seleiige s g tan i Srivestan
AR S R T S 7. 8- theory -
¥ LA TR L =1 s 5
] 20- B &
= ] ; . y
2 :
£
i) » .
s 0 ¥ 0 074
e ’
~ i -
y 5ol pr ;

s ¥ e N (2
F\gure 3.6 Curves showing cunvergence of 1nput impedance of a -
centér-fed dipole antenna usmg cns1ne functions as
weighting functions.
! . . B

¢




(ohms)

Xin

5 38
280 ? © 2h = 0.45% 8 .
a =0,007x 4 =
iy = 1 :
zq,b r—; theory ! 1
Lt o= Thiele k
£ * =% Srivastaval
160
120 y 5
P /
80 4 . s
: *
aw )
0- .
0 2 RS 1252 3 theory.
0 6 : 12 18 24 Thiele &
Srivastava
N, fumber of basis functions.
$ Thiele &
0 6 12 ; 18 24 Srivastava
0 1 2 A ., 4 ‘theory
s 3 N
20 4 ’
’ o CEF oy o-——qo--ov4
- -20 ~ -
3 1 ]
S
“Figure 3.7 " Curves showing convergence of input illpedan':e‘ of a
center-fed dipole antenna using pi:ﬁnse-sinusolul
functions as weighting functions.
*
»




and Sri vastav)aﬂ« Thiele obtained his résults by solving Pnckhngtun s
equation nslng point-matching technique in conjunct!un with sub-domain
pulse functions. :Srivastava nby.ajned his results using the proposed
method with the same basis function of the previous example, in con-
Junction with point-matching. o N

. Fl'gu.re 3.8'shows the rate of convergence of the input impedance
for the dipole ca'lcula‘ted by the prapo{ed method- using the.method of
moments for different numbers of basis functions.up to 32 functions.
The weighting functions used in obtaining the results of Figure 3.8
are even Halsh fuictions. Tt is Seen that the rate of convergence,of
the proposed metiiod for- thé resistance is faster than.those of
Srivastava and Thiele. In the casé: of the reactance.the :onvergén:e ;
rate is'still much faster than.those of Thiele but, slower thin. those
of Srivastava. E . : i
Figure 3.9 shows the rate of convergence .of the dipole input

impedance calculated by the/prnpused method using the method of

- moments for different number of basis functions up to 8 functions.

Cosine functions are used as weighting functions ‘to‘ obtain the results

', of Figure 3.9. It fs seen that the rate of convergence for the pro-

)

posed method is faster-than those of ‘Thiele. and Sr)vastava, when
cosine functibns are used as weighting functions . .

Figure 3.10 shows the rate of convergence of.the input impedance
né the dipole ca’lculated by the ;;ropnsed method nsing the method of
moments for dlfferent nmdbers of basis functions up' to 4 functions only.
The weighting functions used in abtaining the results-of, f1gure 3.10
are p\cgvnse-smusmda] functions. It is seen that' the rate of con-

vergence for ‘the proposed method is much faster than those of Thiele and

0 S
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a) b Half Wave Dipole

3 :me;sured results o{ Mack as taken from ‘Si\ve‘ster

Srivastava. ¥ s -

‘3.2.8.2. Antenna Currents . Rt f o %

Curvent distributions for 'severai antennas of different lengthsy
n'mi radii are pvesente‘d. AN the antennas- are sim\]ar to that of.
fIgum 3.1. The results for each nf these di pn'les wﬂ'l be discussed
separately. In. this study; three Sets of weighting functions are ysed!

A set of 16 even WaJsh functions, a secong‘set of 4 cosine functions,

- and finally a set of 4 piece-wise-sinusoidal functions are -considere',d‘

The number of functions used in each set was chosen based on th¢
ana'lysls mnch was presented in the previous section such that the
correspondmg results are generally in agreement with those obtained i
by other researchers. un the other hand, using more weighting . .
funct!ons means more’ computer .time which will make it practica'lly ex-

.penswe ta use’ the developed cowputer programs.

The distribution of currents 2long 2 half wave dipole is studied..

A compansqn-_\s made’ between the resuws of the proposed methad and the

22

Figure 3.11 shows the ‘current dis‘tribétions along the dipole

caltulated by the proposed method dsing 36 basis functions.. The

" weighting ﬁmqt}qns used to obtain the results of figure 3.11 are 16, ;

even Walsh. functions. ~The results show good aéremnt with those of

JMack. . ¢ : 3

“Figure 3:12 shows the current distributions along the dﬁpu]e

::alcu'lated by t)|e pmposed method using 4 basis funcuuns The

W 5 -




v lment nim those of Mack.

parct -of 1:.

- Figure 3.13 shows the current d{strimims along the dipole
calculated by the proposed method using-4 basis functions.. The
nghsng functions use«'lA 1n ob:alning the results of figure 3.13
ar 4plece-u1se-s(nusaida\ fun:hm\s. “The resuN‘,s are in"good. agm;-

b) -Thiee-quarter Wave Dipole gy :

Current distr{buﬂuns a'lnng a thne quirter wave dlpole are
studied. A wmparison between' the vesults of ‘the pmposed method
-and the measured resulfs of }hck as taken from Powvit
nade. o =

Figure- 3.14 shows HE current distributions along the dipole

cilcuhte;i by the proposed method"using 16 basis fmct‘iuns.‘ The 4

weighting functions used in obtaining the results of figure 3.14. - " .

_Lare 16 even-WeTsh fllflCthﬂS. _The results are in good agreunt H'ﬁl
those of Mack. ¥ Eolc

“Figure 3.15 shows the current distributions along the ‘dipole

calcu'lnud by the proposed méthnd using 4 basis functions. The A

weighting functions used m obtaining: the rﬁuﬁ:s “of figure 3. !5 are

4 cosine functions.. Thzse results show close agreement with those -/

Ay nf Mack for the real p:rt of the current and differ for the lmagmary
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16 eveh.Walsh functions. The results are in good agreement with"those

v ‘ -
Figure 3.16 shows the current distributions along the dipole
calculated by. the pmpcsed method usmg 4 basis functions. The‘
weighting functions ‘used in nbtalmng the resu]ts of figure 3.16'are. 4"
piece-wise-sinusoidal funct’ions. _Tbie results of ‘the proposed method T
are in close agreement with those of Mack for the real part:of the
 current, but they differ for the imaginary part. . This deviation in

the results may be due to the numerical accuracy of the integration

subroutines. ' 4
c) One-and-a-quarter Wave Dipole T
Current distributions along a d-a-quarter.wave dipole are

studied. A comparlsan is. made between the results of the proposed
fethods and the peasured esults of Mack as taken from Popovi€lS.

Figure 3.17 shows the distributions of currents along the dipole
calcuiated by- the proposed method using 16 basis functions. .The
weighting functions used in obtaining the results of figure 3.17are :

of Mack. . ,
Figure 3.18 shows the d\stnhutl on of currents along the dipole
’ca'l'culated by the proposed mEthDd using 4 basis functions. The
weighting functions ns_éd in obtaining the results of figure 3.18 are
4 cosine functions. The results are in close agreement with those of
Mack. .
Figure 3.19 shows the current distributions of the dipole cal-
cu]ated'by the proposed method usiné 4 basis functions. The weighting
functions used in obtaining the results of figure 3.18 are 4 piece-wise

sinusoidal functions. The results show close agreement with those of




functions. - It is seen that the currents obtained by the proposed

)ilqpk. »

d)  Two-and-a-half Wave Dipole

Currerit, distributions along a two-and-a-half wave dipole are s
Studfed: A comparison is made between the résults, obtained by the
Proposed method andthose abtained by Sttvester?!; ’

Figure 3.20 shows' the current distributmns of the d1p01e dal-

culated byt the prqposed method using 16 basis. -functions. The weighting

functions ‘used to obtain the results of figure 3.20 are 16 even Walsh

method ave sraller than those -of Silvester.”

Fi gure 3.21 shows the current mstnhutmns along the dipole

calculated by the proposed method using 4 basis functions.. The S

weightlné functions used in obtaining the results of figure 3.;1 are

4 costne finctions. The results are 1 close agreenént with those of

Silvester. . ! " e ’
Figure 3,22 shows-the current distributions’along the, dipole cal-

culated by the proposed fiethod using 4 basis functions.” In obtaining

“the results of figure 3.22, the weighting functions are 4 piece-wise

sinusoidal functions. "It'is seen that the results are far from those

of Silvester.

*This difference may be due to the numerical accuracy of
the integration subroutines when larger values of dipole lengths are
considered. Also, the number.of weighting functions used in this case

may have some effect on the accuracy of the results.

.;5‘2(1843, Computer Core Storage Requirements and Running Time

Five computer. prograns P1, P2, PCL, PC2,and PPT have been &,

]
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_ ¥achine (IBM 370/158). 'The input data consists of a list of paraeters.

| functions as weighting functions. The real part of zquaﬁnn [3.54]

53

developed to study a center-fed dipole antema. ~ These programs have
been written for the PORTRAN  compiler of a1 International Business

|
!
r

These parameters are the antema length, the antenma radius, the
frequency, the permi ttivity of the medium, the inner and the outer

. radii of the iagnetic frill current, These compu‘ter programs are use- i

“ful for caleulating the current distribution, input impedace andthe . & ..
- .

“input adni ttance for the dipole. Inorder to solve equation [3.54]

the -exponential terms have been divided into real and imaginary parts . 2

The -basis functions are even Walsh functions for. each ofithe five

programs. - . . ¥ ot

:)  The Computer Progran PH1
mis program calculates dipolé characcerlstics with even Hllsh

contairs the integration of sin x/x which.is not in closed form. An
roxinﬁqn for the terms sin x/x and cos x/x i5 mde using the

power serie‘s. taking five tems of the series. The integral operations
3

have been carried out? for both single and double integrals. More
) ! p

. ‘details on these integrations are discussed in Appendix D. Also, 2

Tisting of . the computer progren PW1 is presented in Appendix .. This
pmgrum reqaires 104K of storage for compilation and’loak for execution
‘uf one problem. The central processing unit (CPU) time fnr compilation ]
is 17.4 sec. and 3.6 sec. for execution. TMs program is useful for

antenna lengths up to 0.75A. . " 1

b) The Computer Prognl PW2
This program calculates dipole mramrisncs with even Walsh



. . » y 5

* . ffunctions- as weighting functions. ‘I8 Tibrary ‘subrojtines, for inte-

gration have been used. . This progran requires 106k of "the core storage

_ for compilation and 172K for execution of one problem. The CPU tine for

compilation is 7.8 sec. and for execution is124.8 sec. This program - _
Was used For antenna of 1engths above 0.75 and ‘up to 2:4%A. |

since the execution CPUtime .of the camputer program PH2 is more

than 30 timés that of the program PHl, it is evident that the approx-

; fu\aﬁe subroitines for integration are much faster than - those of the IBN
Tibrary. But these approximate subroutines are-accurate only for antenna
Tengths up to 0.751.

c) The Computer Program PCl

This program is developed to. :a]z;ulate antenna characvterisﬂcs,
using cosine functions as weighting functions. The sin x/x terhs are
‘approxinated using a power series and the integrations are accordingly
dgtemined. Since the imaginary part.of equation [3,.54] contains two
cosine functions, the apprux(métinn is of higher order than that of the
real part. It was found that the NS-lﬂtS obtained using these h{gh
order approsination are poor.. Hence, the power series subroutines fot
integration are used to' determine the real park‘ of equation [3.54] and )
18M Ubra‘ry subroutines for integration are used_ for ‘the \maginary
part of theequation. A partial listing of the vrqéran; PC1 s presented
in Appendix E.  This program requh:es 104k of  the core storage for compil-
ation and 180K for execution of one-problem. The CPU tine required for .
compilation -‘s‘ 15.4 sec. and for executinn’jvé 37.6 sec. This program

.
«can be used for antenna Tengths up to™ .75\
&

d) The Compiter Program PC2
) This program is used to calculate antenna characteristics using




i ~cosime functions-as weighting ‘functions. ’fhg in’tegrat‘ions aféquat]on
[3 54] are ‘carried out using IBM ‘Hbrary submut{nes. The core
storage required to so]ve one problsn by this progran is 108K for .

" “compilation and 172K for execution. - The regmrea CPU time §s 7.9'sec. ¢ §
for compilation and 59,4'se.c, for execution. This program was used

. ; for anténna_of lengths up to 2.498M. - ’

7 Since the time required ‘for execution of one prnb]em using the

L] prlngv‘am PE2 is about twice that of PCl, the saving in time.between the

' approximate subroutines and II;M Tibrary subroutines for integration is

not. that significant. . ’ *

* e) . The Camputer Progran PP1

~ This program is used to calculate antenna characteristics using‘ ; 5
viceise-sinusoidal functions for the weighting Functions.  IBM nm(ry,
subroutines are used: for: thie Integrations of snuatiin £3.60],
required core storage to solve one problem is 156K for camm!atwn
and 216K for Vexecution. The CPU time is 37.9 sec. for’ compilation and

" for execution it-is 300.6 sec. This program was ‘used for antenna
lengths wp to 2.498X. A partial listing -of the progrim PPl is presented
dn Appendlx E. The reason..for the relahve]y enormous CPU time reqlnr‘ed
for this program 15 that it cuntaws a Targe number of -integratiofs
cnmpared to the other fouk programs because of the nature of the piece—wise

‘.‘sinusoidal functions . : ‘ : *




“program PH2 1is, used. - o

CHAPTER TV
i
LA %MMETRIC ANALYSIS &

4.1. General ;

CIn the process of analyzing center-fed linear dipole antennas;.a '

number: of variables are cansldevtd in detenmning antenna characterlst\cs.,

These include the pruperhes of the antennas as we]'l as those of the
feeding source. The antenna under analysis. is assumed-to be. perfect *
tonductor nmersed in a perfect. insulator, which. is a freé space. A
perfect conductor is one which has infinite };;g’pductivity; Most actual
conductors have a finite conductivity, however, the actual conductivity

nay be very. large and for many practical ‘applications it is useful to

- assume it to bé Inﬁmte

[
Parametric studies are made to determne the effect of 1) antenna

half length, 2)-antenna radius-and 3) the ratio of outer to inner

“diameter of the feeding source, i.e., the magnetic frill current. The

effect of each of these variables onthe antenna characteristics is

studied. "For these studies even Walsh functions have'been used for,

both basis and weighting' functions. For half Tengths up to 0.44, ‘the
R !

" computer program PH1- is used and for lengths above 0.4, the computer

4.2 Pract'ca'l Range of InEut Data ; L oL

In urder to analyze 4. 1linear dipole anbmna, the practical range

“of - \:he parameters under study has to be detemmed Since ‘the analyzed : '

antenna is_thin, its ramusga, nust be much smaller than the wave

length, it'is taken ln this: analys\s to sansfy the 1nequality




- . 4.3 Parametric Studies . .. . “

| e L ;
f ka<0:06 or a<0.012 e8]
where k is the wave numhér\ defined by o /pe ., % .

“Thin dipole antennas are con!non]yv driven from coaxial Tines with

characteristic iipedances between 25 dnd 100 ahns, that: 1s; b/a ranges
. ' § v
between 1.5 to 5.3, 50 that ¥ . /

T [

! 4 K <
kb,go.az or ’hg 0.53%x .- A

where a and b, represent the inner ‘and outer radii uf the cnaxial cable:

mspecnvely. A v

The antennas are considered to be relatively shcﬁt with haif length -

h < Xior in, other words with. k h < Z ] this analysis h 1svta'ken

©up to-1.01 A. . . ai

The -effect of the above. parameters has. been studied within their *
pracncal range given 1n Section 4.2. leferent charactenisfics of
thie antenna have been studied such as input adm!ttance, 1nput 1mpedance
and characteristic 1mpedance of the antenna. . Alsu, the effect of ‘the
feeding coaxial-cable chqractensﬂc Impedance on the antenia input.

fmpedance has been investigated. P

<. i
4.3.1 Effect of Antenna.length °

Typica] grabns showing the e%fect of thg’antenna length are shown

in Figure 4.1 and 4.2.- 'In Figure 4.1, the ‘input admittance for ¢

different lengths of dipole ‘antennas aré _shown., Sixmén even Nuish :

fvun;:tiuns,am used' for both- basis. and neighting functions. ‘For half *

|
|
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1 Input admittance of center-fed dipole antennas of ~
radius a = h/72:4, for different lengths 2h of =
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“ lengths up to 0.4 X, the approximate integration suhrqutfnes in’’

the computer program PH1 are _used,,ay?d for half lengths above 0:4 A
and up to 1,01 A,1BH subroutinés for integraffon in conunction with
the computer program PW2 are used. The results are in goox’i agreement
with the results obtained by' Harrlngton » except for some parts of the
input susceptance .. The difference in the suceptance . {s. e_xpected
because the incident field in Harr‘ingtun's calculations is different

from that of the magnetic frill field. In the calculations car;i_ad

" out by Harrington the current is approximated by piece-wise Tinear

functions which gives faster convergence than a step appraximation’,

Harrington used 32 segnents for his calculations.
Figure 4.2 shows the effect of antenna lengths on its characterlsnc

"npedance given by

7, = 1200 @ - @] 431

‘The range ‘0f ‘the parameterh-,'is taken the same as in.the previous
case. It is shown that the characteristic impedance-of the antenna

increaseswithan increase in its length.”
4.3.2.Effect of Antenna Radius ¢

Typcial graphs showing the :effect of antenna radius are shown in
figures 4.3, 4.4-and 4.5. In figure 1{)3 the effect of the antenna
radius en‘!ts dharacteristic impedance 1is présenfed. . Figure 4.3 -

indicates. that the characteristic impedance.of the antenna Z., s

decreases with an increase-in antenna radius a. The charactéristic
iimpedance Z, is ‘given by equation [4.3]. :

Figure 4.4 shows the effect of the antenna radius for a half wave

o



) ngre 4, 2 Churacteristlc 1mpedance of center-fed dipole
al

ntennas of ‘radius a = 0. 007022A. fnr different
lenghts 2h of dipoles..

s 'Hgnm 4.3 Chamctéf|st1c impedance of‘ center-fed dipole
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_ dipole antenna ‘on its input impedance. The figure indicates that the.:

input res1stance of the amtenna Ry» increases with an increase of the

in?
antenna radius a’, while the input, reactance Xi". decreases ‘with an
\ncreasg of the anwenna radius.

Figure 4.5 shos "the e‘ffect of’ the antenna radius on the d(s-tr’ihu-
tions of current along a half wave dipole antenna. It is seen that the
slope of the‘ distribution is the samg but the magnitude is different.
For antenna radius a equals to 0.009525 X, the magniéude of .the 4
current is larger thar that when a - equals 0.001588 A. This shows
that the magnitude of current along-the half 'wave dipole antenna
icreases with an increase of the antenna radius. 3 ’L

For the prevjous three examples the antenna radius is within the
practical vrSnge for eleétrically thin antennas satisfying ihe c‘un_ch' tion

4 <. 400X : [4.4]

4.3.3° Effect of Feeding Line Dimensions

/ s 8 :
The effect of the_ratio of the outer to imner radius of the. feed:
ing cuax1\31-cab1e has also been studied. Figure 4.6 shows the effect
of the ratio bétween the outer radius of the cbaxial-cable b, and its

inner radius .a , on the cablé charactenstic |mpedance The figure

" indicates that an increase of the ratio b/a causes an increase in" the

cable characteristic impedance.
Figure 4.7 shous the effect of changing the feeding line character-

istic impedance ‘on the half wave dipole antenna input impedance. It is

seen that an increase ‘in.the characteéristic impedance of the feeding

“line causes a decredse in the 'input resistance of- the antenna-and an

increase in the input reactance of the ante;n\a'. e

& . AN
i oo !
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* CHAPTER ¥
CONCLUSTONS  ©* e #

This thesis has presented an investigation of a method of amalysis
of linear antenna systems.” The proposed method of analysis, which is

- discissed, by Walsh?’~30

» eliminates_the need of :impnslng boundary condi-
tions on the solution of an integral equation by the, use of an inter-
medy"ar.e differential eqdation. The ‘proposed method hds been stﬁ'digd
using. the riethod ‘of morknts in canjunction' wiih three diffefent sets.of
weighting functions. T‘ by L
. General formulations were given in the analysis of antennds in
chapter 2. In this Athesis.‘ the utilization of these‘ formulations is
confined to.linear antenna. systems. However, it-should be noted that
they an also be a‘wl fed to other antenna systems, particularly those
for which the differential operator is invertible in a closed form.

Two basic integral equations us;d in wire anteénna investigations
have been discussed in Section 3.2.3. Although Hallén's integral
equation is favored by some researchers for wire antenna problems,
Pocklington's integral equation is more general and therefore more
flexible. This is because Hallén's equation exclusively uses a

* fictitious delta-gap to represent the feed-point. Whereas Pocklington's

equation permits one to use a wider range of sources, such as the

o magnetic frill current model nf'a‘ true physical feed-point configuration.

The proposed method has the simplicity of Hallén's formulation and the
ﬂex\bmty of .Pocklington's equation.
The general method of moments has been d1sr.ussed in section 3.2.5. .

This method is: the unffyi_ng concept in the numerical- solution of




certain electromagnetic field problems.' In essence, the methpd of

moments provides a means of accuratel}" approximating an integri]

equation with a system of simultaneous linear algebraic €quations,

There ‘are. two spec\a'l cases resul tmg from a particular chmce of

welghhng functions. - The-first special case is Galerkin's methodzuhich
uses weighting functi‘uné that are the same as® the basis functions.

Galerkin's method, however, generally requires two integrations in -

‘order to obtain. the mtri){ element. One can redice the number of

integrations required in the calculation of the matrix by choosing
Dirac-delta functions as weighting functions. This second special case
of the method of moments is usually réfe(red to as point-matching.

That -is, a boundary condition 1§ satisfied at a discrete number of points

.- rather than.continuously over some surfaces. Poin‘t-matching is.a more

straightforward approach thavy Galerkin's .method and ‘s suffi’ciently
adequate for many problems. It tends, however, to be a slower conyérg-
1ng method.

A.very important decismn to be made in fomu]ating a problem is in
choosing the basis functions of the current. - Thus, considerable dis-
cussion has been devoted in Section 3.2.5.1 to bases. Two basic - 5
philosophies as to the choice of basis functions have been presented:
Thadt is, entire-domain bases and sub‘-damain bases. with the latter being

used in the present investigation. ¥

Another important decision to be made in formulating a problem is in
choosing the weighting functions. Th‘e principles in choosing the weight~

ing functions have been discussed in Section 3.2.. 6. These ﬁmctinns must

be Tinearly lndependent anid shuu\d be able to appmximate the correspond-

ing exact functvons and the’ resnltmg matr\\ should be well condnmnéd




"1 functions. have been used —

6

In this thesis three sets of weighting functions haye been considered.

Sets of even Walsh functions, cosine f‘unctions, and' piece-wise-sinusoid-
i F - . : o . s
The input impedance of a centeg-driven dipole antenna has been
ohtamed for two different lengths app'lymg the proposed method vnth J

the three sets of welghtmg fnnctluns A comparison has been made

“between the results of the proposed method and those of Thie]_e25 and |

Srivastava?®. The results obtained by Thiele are based on the solution
of Pocklington's eq\{%iou applying the point‘-mdtching technique. In the‘
first examp]e_‘ he used cosine.functions as enti re-domain basi; functions..
while he uses puise func?iongvas subsdemain basis functibhs’ in the
second-pxample. Srivastava obtained his results uéing the same method
of analysis and the samé basis functions used in thi‘s investigation,

but in conjunction with the point-mtching‘ The ‘results of the proposed

method (shown in figures 3.5 to 3.10) show* 9nod agreen\ent with those

7 nf Thiele and Srivastava. Of the thrée sets of weighting funct\nns

used, the p'icemse-smusmdal functions showed the fastest rate of
convergence. - However, this advantage is uffset by the comphcated
form of the vesulting integral. * . : S |

The current distributions of a center-fed dipole antenna have been
obtained for four differént antenna ‘lengths. In the first three )
examples shown in figures 3.11 to 3.19, a compakison has been made
between the results.of the pro‘posed method using the three sets of
weighting functions and thasé mésnmd by Ma‘ck taken from Pupovicw
and Sll\(esterz2 In-the fourth example a‘comparisw»has been made | -
with the Tesults obtainéd by Silvester?!. ?
The éLfect of antenna length on its input adm'ttar‘me has héen




. impedance has been discussed in Sectiun 4.3.

presénted in Section 4.3.1. A comparison has been made between the
results n;‘ the proposed method usir:g, eyven Walsh functions for, the
weighting functions and those of ng.ringtpns. Also, theeffect of
an_ténna Tength on its cparacterisﬁ'c impedance has been discussed in

Section 4.3.1. %

The effect of antenna radiys on its characteristic and, input

L It‘is shown that the

charactenstlc impedance decreases with an JIncrease in antenna radms.

For a half wave dipole 3ﬂtenna the 1nput resistance of the antenna
*increases and. the mput reactam:e de::reases with an increase in the
antenna radius: i R ]

From the _disnussion of numerical resu‘H:s in Section 3.2.8, 'ﬂ can
be concluded that the use of Walsh functi}ons for.weighting fup:tions
means less consumed computer time.than using cqsine or picewise-
sinusoidal functions.  Hence, for-the parametric studies presented in
Chapter 4, Walsh fum:‘tions were used ‘as weighting functions.

. An lmpruvement in results may be achieved ei ther. by increasing
the nunber of used hasis and we\ght\ng functions or by’ increasing the
accuracy of lntegrgtwn routines. This improvement has not been done
in this thesis because of the relatively large amount of the vgquir{d
computer time. Moreover, the use of piecewisesinusoidal functions '
as weighting functions gives faster convergence than using Walsh or.
cosine functions. Howéver, the use of piecewise-sinusoidal functions
is costly il; computer time, unless more efficient numerical techniqués

of integratlou can_ be found. -Finding the best numerical. 1ntegral

_technique is a mathemancal problem that remains to be mvesngated,

J n

N
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A1, The Axial Electrical Field? -

The axial electrical field £, (x) can be expressed as follows

_using equation [2.20a]

g

For Cylindrical coordinates (z,6,6) -equation [A.3] becomes

) : 3(pd) 3% R

O3 (2D, = L B s L, K,
> ‘p 3z3p 09z 3 az? .
<y . 1A

For thc Hnelr current element of equation [3 11, ewat1nn [A 4] 15
Jreduced m ¢ N

1 o, - T ey

“ . L0

St k] 26 (o)
Zvll

=5y [1 (2)1 E(pﬂ) ”;. ] EM]
Zwa .

s (e G, e
dz? . s, !
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B s (TRhen o
=TS 00N, % % (x) a1
where » - ,
K, (x) = o - jkr! . | LA.2]
Jame r(x) ;
ke 3ty 3?9 )
O (), = — + —Y 4+ —£% & k.l [a.3)
- - 3z 3x 3z 3y a? £
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2
=L Applying equation [A.5], éql;at'ion [A.1] can be expressed as
: g
g E, (o) = 5, [L (0182w ) ¢ (A
: i R : ma - . o g
3 N\ b
! . &
. { * For equation [A 2] : . % o
| Bl o 2 . gl
¢ r(x) ="i(x? + .v‘ + ozt )E . IA.8] o |
i s ence LN
. ° 2 2 2 2 & o pi-
u i rext) = fxxt) o+ lyay') k(z-2) By L el
: &
{i S q2) e g+ o - 2 cos (4eet) b i
“1 g 3 . p [A.9]
;» g In&grating equation [A.7] m{n respect to p' and ¢' B ! o ;
. ; 3 . : ! ; : :
S By (2eeee) =S, L) Ky (et ) o, 3
. : <
w0, % in nh‘h:h G 4
i Rgv, o, % T O . 5 )
; 3 3 2, . .
: % (z.p.’) = LTk (e emet) d fny,
n o 2 )
uhen Ky is given by [A.2] l'")l ) - |
. w : '_' o B . ¥
! r(z.m) = {22 4ot ‘- 2, :osﬂ“ A2l
H & = by
It is ev!denz that mnm [A. ll] is ln&pendgnt of 0. hence ecpntlnn
[A.7] may be rewritten as i
i ; 2 LT - 20 N
g ' CEee) = SF @1 K me) RS B
gy T e g ' fe & I
- 2 b K, (z0) o Ag Ky (za008k _d-O : ‘\ [A.14] k :
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)' A.2 The Radial Electnical Field ?* _ 3

The radial electrical field Eo c;n be obtained from equation
o 5 [2.202] P : <

s & 3 )k ) T, IA5]
ere K. () 15 ghyen by cqution (121 and - 2
i 5 " * K 1001
: st % K oD, = [L 1
J o { oy SR, o3
P 3 Ly >k (X)]]
i 4 A £4 J )

) i 4
3% K] #29
spau ? L A

. [a.161

P
Applying equation [A. '(5] for the linelr current element of equation
% 3.1, equaﬂm [A. \5] becnns
Te 2y e ket
e R R Sie
2 5 » ’ = .
e ¢ A 8 (ea) & K (2] [A7]
P % 2 2ma X |
_Applying the cnnvo]ud;m' v‘m‘h r:espe\:t to x'and y, as carried :dut in |
s+ vequatign [A%], equation [A17] reduces to
T flza0) = £y, (&) K, ()] LA
N F ap 9z . .
~,mere Kl (z,a) is given F} lquuﬂon [A 14], with tho rastrlctmn of the’
"< convolution to z only. Since the :lmvo'l ution and differenuannns

-r.umtz, equation [A 1!] cin be r-eurnten as




o
Ny t- %
] -
E () = L) * 2 Kk () Rl s
o(2:0) : 2 vl 3 2,p ;
i L g e " B
Fa o e
jnd. o Lk, (zip)] = -5, [K) (20)] » [A.20] /

where S, is defined by equation [A.6] and,

oW N " )
(K (z0) = A f" 2z (pmacosd) = X, (230,6) do -[A21]
LA 27 o p%+a%- 2pa cosp. e 6
Fron equations [.19] ».[A.20] and [A.21]
/ @ By,
o Ezp) =1 () S, TR (Za0) )

=55, [ (2] % K(z,0) 2 ‘ [A.22]

A.3" The Anqular Electrical Field®*

The angular electrical field E, ¢an'be obtained from equation

2202 - -

RO R w1y K, (x) C (2]

where @

09 (073, =
X ¥

#

For, the iinéar current element of equation [3.11, equation JA.24]

'_hecunnes." e B c /
> e fio2g !
EN (zsp)])y = o\ 5z .
s s —
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¥ 5,—rl ey~ et
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 Wplying eqation [A.25] %o eqation [1.23], fhe Tatter will be”
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B.1 The Linear operator °

or Consider an equation of -inhomogerieous - type

L =g S o C Bl

Mhere L is a Tinear operator,' is the excitation ‘or source (known

function), and f is the field or response (unknown to be determined).

* The r.?\'oh'lemvof una1y§|s involves determining f when L and g are given.

Given a de;enmmstvc pmb]em of the fomm [B. !], it is des\red to

\dentlfy the ‘operator L, its domain (the fum:nons f on which it
operates). and its range (the iun:ﬂnns g ‘resulting from the operation).
In addition to, detgrmining the domaiin ‘and range Of the opérator, it is
. often netessdry to fomulate dn fnner product <f 19>, which will be
discussed in - the riext section.’ .
“Prnpgrt1es.nf the solution of [B.1] depénd on properties of the *

operator L. -The adjoint operator L? and its domain are defined by
<lf,g> = <F,l%s o [8.2]

for al1 f in the domain of L. Ah operator is self adjoint if 13'=
and the dmna‘i'n of L2 is that of L. An-operator is real if Lf is real :
whenever f is real. An operator. is positive dzh’nlie‘i_f
; ‘/ B e .
%, Lf> >0 s N B

for'all £ 0 in-its donain, where * dénotes conplex conjugate.
it is positive semide’finlte if > is replaced by > iff [8.3], »nega‘,tive

i “eﬁmte if > is replaced by < in [8.3]: & )

¥ If the solutwn of L (f) =g, exists and is ﬂnlque for all g, then




Py

the inverée operator L' exists such that
rer that . * i ;
51 AT o
(9 : R I8.4]

TfeL

If g is known,: then [B.4] represents the solution to the original
.problem, However, [B.4] is itself an inhomogeneous equation for g if
£'is known, and its solution is L(f) ='g. Hence, Land L™ .forma

pair of oflerators, each of which is the inverse of the other. 0 .
) - 8.2 Inner Em;!uct i

One usually needs an inner. prodict <f.g>., which is a scalar

defined to satisfy

< = <Pl ) L [B:5)

. ) <af + 8GN = Fh> + B <gh> B N
. Sz, HERO ) ;

s =0 iff=0 ) : 8.7

- The norm of a function is denoted |1 f|| ard defined by

' v
: LRI = ISR [8.8]

i , I ’

; . . i >
It corresponds to Euclidean ‘lvectnr' concept of length. The metric d of

two functions is

d-(f.g) = |If-g |- ) [6.9]
v e S f &
b . .- and corresponds to thé Euclidean. vector concept of distance batween tWo.
'points. . < ow . i
N ' .

I




. B3 Weighting Functions & N

e . .- Let f in equation [B.1] be expanded in a series i;{ functions

f . f, f_,.... in the domain of L, as
RS M

£.= ﬁ"n ti BN . » [8.10]

_ﬁﬁere the o, are constants. The f, are called basis functions. Sub-

stituting [B.10] .into [B.i], and using the linearity of L, one-has co-

’z‘u" Lif) =g ) [8.11]

. = g ] o

. Now define .a set of weighting functions, or testing functions, H,. Nz,
W_».... in the rangeof L, and take the imer product ‘of [B:11] with
each W,. The result is ’ ¥ e

ﬁ “nf"m' Lf"& = <W, 9> " [8.12]

m =1,2,3;..... This set of equations cap be written'in matrix form

as’

¥ o i
. b Dl o) =[] [8.13]
where 4
: L[ LE >, L s M LS
. N 1 1%, Ve a’on
5N 7 &P [, s, LE s L
I 2 1 2 2 2 n
b | Lt e DL
2 BT o L AT R I '
- . ® ; 7
o . <H o
N CT I 9] = 3 18.15] .
n" ° e < wa‘ L -
L




A0 : S om
If the mtrix: [1] is ronsinglar its inverse [17'] exists. Thea,
are then given by )
o fa] = Dl -5 N =

and the solution for f is given by [8.10]. ﬂ_vr concise expression of

Yegul t, define the matrix of functions

3 M= 0, f, f.d X [8.17]
Eo L b = ) Tegd = G100 [g) [ERDR

i This s;vlut‘iun may .be exiét or approximate, depending upon the choice
of the foand W . If n andmare finite, the matrix is of finite
ordér; and 1t can be fnverted by known computational algorithms.
The W, should be Tinearly independent and chosen so that the products
W' @ depend on relatively independent properties of g. Some . -
additional factors which affect the choice of oy and Wy, are: a) the
accuracy of ‘the desiired solution, b) the ease of evaluation of the
matrix elements, c) the size of the matrix that can be inverted, and
d) the reallugion of a well-conditioned ntfix 0.
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- GENERATION OF WALSH FUNCTIONS




Consider as an-example e‘ight Halsh éun’:tions. sip.fing of these
functions in figure [C.1] at 8 egidistant points resu)ts in the -(&xg)
matrix shown in figure [C.2]. In general an- (llxll) matrix vnﬂd be
obtained. Such matriceg are denoted by (n) 4 n= 109 N, sm:e 2
t.hey cm bé obtained by reordering ‘the rows of & class of -atrlces .
called Hadnard ntrices . . . -

Let uy and vy denou the 1'" bit in me binary represenbﬂons of
me’mlegers uand v respectively. that is i .

T

270 Uyl

X (")ﬁecimll_‘ x (“n-'l' "n- )binar"y

> s 5 s a g TR o
. 2 (v)dadul = oy ez "l'o)binary : ey

Then the elgnts hyy (w) of H_ () nmbe ge

Nl - m"
_where 1 SO P o
n-1 - H g ok " - "~
P = f s (u) Vi my =00, sl ’ ;c.:b]
=0 g P e
S (), Tiugye /=, B Pty




¥ I i g
al(out) b =t
i s " 5
PR Wal(1,t)
A Wl (2,t)
Wal(3,t)
Wal(4,t)
| Wal(5,t)
Wal(6,t)
Wal(7;t) et T
r — T T T T T =
0 « .25 .50 75 1.
PA s N I3 RS |
11 e R |
VR TR O B I (O |
{ SIS B O T T |
; 1-3,-30 At
S I I | AN A
- ST R TS R I
[ i RSN DR D o ol TR
b e ;
i < Flgure C.1 Malsh-ordered continuous Walsh functions, N = 8
z Figure C.2 Walsh-ordered digcrete Walsh functions . N =8




X " Asan u-ah. the First’ e\ght Ihlsh funcmms ‘can be nhn{nd
- mng the! 1nfm-nuon in table [€.1].

Table te.13 |, Tne bimry repnsentltiun pf .the decimal mmurs
5 s

'ded-'l K fblvm'y

000
001

A cmpulzi- progr- was deulamd to geneuhe Illsh functions.
TMs pmgru is presented ln}opendlx Easa suhmutim







.1 Approxination «of Sone }unczions g

. The composite kernel . o gwen h,y equahnn [3419] in cunJuncHnn

_ with.[3.26] can be véwritten.in the sense of real andr imaginary parts

% The real part is given by

| * ReK, =~

ko sin I(z2')% 220 5 2

2" e ellz-2 ) +a7)
. : st DG+ 297 sin i (0]
. % LT K [(z+h)? + a2]E sin (2kh) ..
- T K e TR sin (2kh)
' [p.12]
0.k gos [K[(z-2')%+ a?]% el
mK, =K g b__LLL)_,;]_J E
- Maac % G kl(z-2')* +.22] 3
_cos ()2 #271% 1 sin [k (3] L
K [(z+h)? + 2215 - sin (2kh) 3
oy 80 _cos [K[(z-h)2 + a21% 1 * _sin [k(hrz')] :
i ok [(z-h)? +a2]% " sin (2kh)
‘ ) - [0.16]

o calculate the matrix entnes of ‘equation [3.52], the integr-

ation Will not be avaﬂab!e in a c!ose fam as seen from equations

[0.13;

To FInd an approximate expression for these integrals the

functions sin x/x and cos x/x can be approximated by considering .the

according to eguations [0.1].

<. [First five terms of power Series?, where x takes different expressions”

‘The approximations are given by




e [D.2a] :
0.2

0.32]

© .36

D.2 Some Useable Integrals .

. Bostn [k[(a))? + 521
1 o ‘—‘__r_l_.dz

= AV v o a2 n:]*s

substituting x =z i‘a:

A .
S atz=A,, x A+al‘, and at z = & )(=B/-1-al :
: S Bsa Sin [k +b2TA ]
P} g 1 i B
e ; 2y Y
/ ‘éoa‘ . k [x j bxl_ K
L vph . 5 o s :
= [ et u?teut+Eus 4 cut]ldx - [D.5];
el Y 8] i 4t
] EY :
LD 'hf])’Av ) ;
T, leg® K3, e = KMEL L [D.6]
I T
o . < Bra . / , e
5 It e+ e M2 ow 6 Tx" ¥ et xfotc x*T dx
Ata 11 22 33 i bl L .
= ' R R %)
“ v .

!




oo L hene
il © e T e e e b BV 6T B8 E b
" 11 1 %A 1 v s 2|,
: - c, (203 + ¢, (3}) + .‘:{ (.4“,:‘) S
1 e, labi)r e (@)
: 1
R O AR
B0 sin (GanE e e L
R o S (2
L (e oD
2 AWW‘ln.g‘e‘quation [0.8] ’ o
: 1 ;"Di o s nu°s|;‘s,.‘.";‘,
¢ la g Y @) 3 (By)* + - g(E-y)%+ 74

c
g
e o cisz.)u o (Al Sy
Pl Ue, T 4 gt Ul g (Al by

v " ”",‘ e A B ;x, (A% dy
) ) L ) o]




¥y & substituting z = B-y and z, = A-y» equation [D.11] reduces to’

. " e . e
=S 2 ¥ 22234 10,8 4 N 3Ty 55 g9 9
Lol S it vt e

©AD (- c 3 e
¢ 22 pOTRU O PR T}
+ ‘/‘c (cuxx‘* 3 1‘2+ CaAR S L A At o B

45 SV . ’ sy
’ 287 e SN Coe raf o@n b s B U0 Rg !
. g figren t gatghes sy g 289
¥ GRS 0 i o I kS Al [ T T
. J . - X - 4 3 L2 }’
z AR AT
Sl ol a3t L e 2R g
[0.12]
% s
M s : N ™y
B cos [k[(z#2 )% +..b2.J%]
B e ey [0.13]
B * @z, ) b2 I8
putting x = z%a , equation [0.13] becomes .
- B+a i .
ki W i [.14]
] Ava 3 EY
S ; L 3
ST where : i a2 , A i
e b1 ‘// 0.7 i
© Applying eqiation [0.3b], equation [0.14] reduces to . , e
pplying ‘eq ,[ I8 _q\ [0.14] . ;i 2
f - ’
] -~
¥ i ' ¥ )
N A




SEGESSSORS, S S

where
-

"

L
o

=

1 o
RERCN AR

91
fcudoc o FocuS+ e wid
2 ] %
I . 4+.¢ L % c-1 i T
szt Ca Saa Sy Sady TS als
[0.16]
I S
P 1}
k5
Th
: [0.17]

Toot e Bé
J[In (x#u)] 2
£ Afa

I, = luix = 3 Duo+ b2 In ()P,
Yo Aa
: o, 2 : g

Bta
2 pal

s}

Bha
I =11 Yudx =
¥ A

[Zats b . 5 1n ( vnn":
= [+ xu + n (xtu
¥:3 TV e Ma,

S r8 cny Yo .
Tg [yg xu®+ bixu® + h!xu

R B+ .
4 b%In (xtu)] %
37 o G s
7o twie = PR )0
a’ Ma Yoo




i

s

3.5-1
S e
L §
352
I
3503
1=
s
c
11
e 4
i

AT A )
: ., b 92

¥ :
IO F 232 E x*) ud dx S i
Ma_ 1 s i

o | 8 s

A+a
= /‘m‘;“u‘ﬁi = l—-]'.éxm’- 2 hagy® - bhxu - b‘!n(;w)]B“‘
B | T3 3h X 2 N e
1 . 1
B+a § 2
iy .3 11635 8 2 <
‘iﬂ L i L3 X Jb;xu’o'ib’xu’éb’xu
o : Bta
+ 8 (x+u)] ?
L. ln‘
: [0.19]
[cm, In(xtu) #'c, xu #oc xid + L xu®
i L
< § + Civs XU !Aﬂ [DAN;I
Lok

~

s 1 ¢ (3 i
R SRR T

LI R

1




cx(%) + o @B+ cfemet

S (,;b*) +e; (,6 B+ (rn*n

e = c(‘-) +c(-|— ‘5"')‘ :j

o o]l e
A RN I DA T4 ;
) : : {i
‘- clb., = C.(%) * c! by cﬁl(%) % (i-‘ h:))
. 3 @
¥ : &, 1 - 2 o .
s T 508 ! .
i ) : R (O e PRPAE DI
e I -2 /1.4 —'——L‘~—L—' dz'dz [p.22]
A AC 1 -

KL(z-2)% + 520"
Applying equation [0.20] and using the following substitutions

x = Bz y X = AT E
1 n . 19 1 92 & Ny

i lrea gl g S el X
u, —.[x:‘f h:]_ Sy ‘[x:+ b7]

equation. [D.22] ‘re.duces to -

g AD - ¢ .
1 =/ M. + [ 10 dx [0.23]
M BD 2 AC




& ; S
where
WY ; > s
s Mg & o tiu dem. b, .
we = 3y 5.
,:,‘ + cs!! X
A [0.:24]
or ! I = I e W4 o IF e STE #CE I
[0.25]
where =
T, = 0 () 8= (x In(ck) -u )|
= fxud. = { %u’)
s M
3 - o = gl - “
I, = 7 ok {50%}
S T SN & ' U [0.26a].
.Il = T x'ubdx -' F Esn ;l p
e 3 u
IR w
x z* x
A Mtk s
where 1 5 . -
y iy
. i St
I %_ ax # [alm)l Cuz & r-1)! (-b2)™r (2&)2"-1
; J220m)z el (2r)) 2 5

+ 1 (-b2)" In (k)]
= O




and

e ';:] 5 Zr[_!(m!)‘ (<apt™T .x‘r_[‘D.'Zsb]
: =0 v(zmux(rl)’ v b

Note “that x in equamns [D.24, D.25, D. 26] represem‘.s x, 1or the f1rst "
part of equatinn [o. 23] and represents x for the secand part of i

B st [KE(z+a ) + b*]’ij

o= e T s gz iz [0:27]
; Kz )t 20 * :
5.7 ; T e :

I =7 {c+c w+cut cu+ cu) cos™z dz

s G LIS Sy e e

[D.28]
whére ¢, e e, c:van'd ©_.are given by equation [0.6] and

6o lara,)t e 020%

Equation-[D.28] can.be reduced to
g i A\
g0 :
. B *
1, = flc +' ¢ 2.4 ¢ 224 € gt &0 +%c 728
A 1 o v ss,” 0 S
+ c2%+ ¢ .27+ ¢ 2}, cos.gzdz
=

717 (N 99
[D.29]

o, 7= e Heb? 4 bt Fie bt € b+ [+ e (262)

-~ . i 2 E T P 275
4 £, c (Zb“) +oc (B5)] a4 e, + cﬁ'ﬁf)_ *c, (5011 ay
+ [\: + (Ab’)] a° +oe a' .

o

[c\TE)-} c (nz) +c (Gb’) + c(8b‘)] a‘ g -
L+ Ie ) 5 ch(lex’) +c (zeb")] aj+ [e () +7c (zéb,‘)]a‘
ALY :




* I,(6) ¢ c e+ ()] ak

+ [e,(15) + ¢ (606)] &)+ -[c,(28)] a!
c, = [c,(8) + c () + c (2] a,

+ [,(20) + c_(80)7 a}+ [c,(56)]

== [c ¥ c(abz) *c (w)] + e, (s)

+ [c(70)] a*
s 1 s

o I (6) ¢ c 2ala ¢ [c,(56)] &

T, = ke % e (4bE)] 7L (28)] a2

o

'-[cA(B)']l v, =]

form 2" cos gz'dz which are nmaeeq’? as

Ita (c;:sgz) d = s1ngz=[§] (S ni
: : -z (oo

[u-l

¢, = le, +c @2) + c (). 4 c (ab9)]

9%

+ ¢ (60b2)]a3) -

" [p.30]

g lt is seen that equltio» [u 29] contains integral operations of the

o

+_ cos )" -
iR ¥ r N gy L

.9 '

Henf:g. eq;umn [p.27] ca;| be nv“nlumm
S D st kl(zez )2 TR
S W o ) ~—-—L———1—cnsgzdz
+ Al k[(z-z )+ ‘b‘]” /

b -2l
(0831

4. 321
)

B4



“ ang f| ‘(z“)-,cap be abq?nul using' equations ) 11]7/

" evaluated:

7o catculat

substitute )
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PROGRAM TO CALCULATE THE CURRENTS USING THE MOMENT METHCO®®

*eTHLS'
P i .
- WEIGHTING FUNCTIONS ARE .
- : "
- ¥ . WALSH FUNCTIONS - .-
% g »e
) A ]
1S THE FREQUENCY ¢ " 5
IS THE SPACE VELOCITY g k
1S THE WAVE LENGTH
15 THE ANTENNA HALF LENGTH
IS THE 'INNER RADIUS 'OF FRILL - ;8
IS THE OUTER RADIUS OF KRILL 5 g 3
1S THE ABSOLUTE DIELECTRIC CONSTANT lpennxrnv: -
. IS THE NUMBER OF USED WALSH FUNCTIONS 4
NWD™  ISTTHE NUMBER OF DIVISIONS FOR WALSH FUNCTICNS f
. s
INPLICIT REAL.® 8 (A-H 4-0-20 .- . S
REAL & 8 LiKsLL N § e
"COMPLEX ¢ 16 DCMPLX : b .
COMPLEX * 16 £2(32),E(32,1) . . i
COMPLEX * 16 DIKCF(32,32),A(32,32) |
COMPLEX * I'6 E0(32),CURR(30) i g
COMPLEX & 16. ZIN : > . :
‘DIMENSTON LLKJZ]-UL(JZI-'F(SE- 32),W32,32)
DIMENSION XR(32):X1(32)
DIMENSION XR1(32);XI1(32) ; .
DIMENSION WA(32) g e N
DIMENSION Z(30),61(32),62(32)
I COMMON. KoL oR14R242Z : 3 b : ¥



foann

N

[ oo tim = vk
c

n6on,

s 3 N

5 . 104

LS = 0s375 ® ‘WL iy fo

Rl 04007022 * WL B 4 o
'iR2 = 2423 * R1 A .
© P [= 4ei% DATAN(1.00) - : . e
* OMEGA = 2#PI#F " N B E T OB

EPS |¥ 1.0=9 / (36.%P1) g £ T %

3 Kk oMEGA s VEL 5
cc A.tpunmesncps st SR # s :

WRITE| (6410} FoVEL WLyLR14R24ERS * © - .

CALCULATE THE LIMITS. OF THE INTEGRALS |

STEP = 2%L/NwD’ . 3 E
LLeLy ==L k .
2 DO 100 K1=1,NWD . »
UL(K1) = LL(K1) + STEP
IF (Kl «EQe NWD/2) UL(K1)
1F (K1 +EQs NWD) UL(KL) =
o M= KL # 1 -
IF(M «GTe ‘NWD) GO TO 100, . sl I

& .

100 CONTIfUE v A ]

wRITE 6120) 5 @
WRITE (6521) (LU(ID,ULCD) s T=1,NWD), s & .

;;EN'E%\{E' ‘THE WALSH FUNCTIONS

CALL. uLsnmeu.-Fl . . d
08 200 I=1.N :
00 200 J=i,NWO . | .
200 W(IsJ) = WPL2%I-1 4 J) :
<

WRITE 16.30) - ) A =
00 210 I= L5 .
.210 HRII'E lbusll (W(IsJd)s J=14NWD)

CALCULATE THE INCIDENT FIELDS * . = Vi

CALL CONsTy, R .




a

300

annnn

Cea

a30

D0 @40 :
ALY = A1) + DchFu(.JJ) R TERNET RS PY £ 31 L% it

CXREID = XRUI) + W(L IT) ® XRL(ID) ™
AXICI) =oXICL) + WULLIT) & XI1(IT)

-00 *
unlrE (6-5” CACLa N, J=toid

CALL CONST3"

JNWD

00 300 I1= % %
XRU(II) = EZR CLLEIT),UL(TID) . i
XI1LCII) = EZT (LLOID,uL(11)) | i |
CONTINUE 5 |
00 305

XR(I)

XIC1) , t :

DO 305 II=1,NWD ¥

CONT INUE

DEN = 2o # DLIGIR2/R1)

DO 310 KI1=1,N .
EZ(K1) DCMPLXI{XR(K1) -+ XILK1)) 7/ DEN
E(KLi1) ‘= —K % £Z(KL) s

CONTINUE v

WRITE (64400 e 3 p
WRITE ( )

1) CLECL1Y 4 L=14N)

CALCULATE "THE ENTRIES OF THE MATRIX. - S

00 'a40 u=1/N g .
ACL,J) = (04000404000) ~ . . )
DO 449 :

unns (6,501

CALCULATE THE COEFFICIENTS OF THE, MATRIX

00 4301 . i
D0 430 J. i
XREAL: = VKCR CLLUTT) WUL T ) e (903 4UCCa0) ) i
XIMAG = VKCI (LLCII) o ULCIT)NLL(II)UL(IID) e o8 i
DIKCF(II4JJ) = UCMPLX(XREAL,XIMAG) # (-K/CC) U B T
DO 440 I=1,N !

i

cALL LEQTICIAYN, 324641 4324 04WA L TER)

WRITE (6,60)

WRITE (63610 (I,ECIs1), I=1.N)
. i . 1




nano

nnanan

EO(K1) =

- n
CALCULATE

THE CURRENTS

NPC =21
z(1)

NOHA = NI
DO 600
ztn = 2

.EQ.

600 CDNY INVE

WRITE (6
00 610 =

0.
oL =L /f
P

o s |
(NPCE1). |
c |

=2,NPC |

1-1) & OL| 5
NOMAD z(D)= L i

70) \
1oNPC |

610 WRITE (6471) 1.z(nv

00 660 I

GL(KI) = GRLC UL(KL) J = GRL( LLEKI) )*

G2(x1) =

620° CONTINUE

00 630 K1
IF(ZZ «6GT

‘630 CONTINUE

680 lF(DABS( LL(ul-zl ) +GT.

GO TO 650 d b * <

641 IF(DABS( UL(M)=ZZ ) +GT. 040001 ) GO TD 642
. Gll.= 040 . o

G22 G2(M)

GO TO 650
682 GI1 = GRLL UL(M) ) = GRL( 2Z )

622 = GRG( ZZ ) = GRG( LL(M) )
©50 CURR(I) = (040D0+0.0D0)

M1 = M-1 g

IF(M- «EQe 1)GO TO 652

1iNPC

GRG( ULIKI) ) — GRG( -LLIKL) ¥

=1.NwD
» UL(K1))GC TO 530

00 651 Ki=1,M1
651 CURR(T)

CURR(I) + EO(K1)*G2(K1)

0.0001 ) G2 TO o4l




A oanan

Annnan

Ao

652 M2 = M+l
IF(M «EQe NWD)GD TO 654

DO 653 K1=M2,NwD &= L
653 CURR(I) =qCURR(T). .+ EDKKA)'GI(KII 1
6548- CURR(I) =\umu,n + EO(MI®(GI1+G22) r\

660 CONTINUE

WRITE (6472)
WRITE (6+73) (1,CURR(I), I

WNPC)

CALCULATE ‘THE 'INPUT IMPEDANCE

ZIN = 'le' £ CURRCL)
&

WRITE (6480) ZIN

FORMAT STATEMENTS

»
10 FORMAT. (*14,5(/)410X, “INPUT BATA®/10XV L0CLHO /277

15Xy* FREQUENCY aF tWD15.777
15X, *SPACE VELICITY
15Xs " WAVE LENGTH
15Xs* ANTENNA HALF LENGTH
15X, ' INNER RADIVS
15X, ' OUTER RADIUS
15X *PERMITTIVITY 1D1547)
20 FORMAT ("1'+S(/)s10X¢'LIMITS OF THE ]l-'EGRAL}'IIOX;z.ﬂ1‘1.)////)
21 FORMAT (15X40157+10XsD1547/) .
30 FORMAT ("1',5(/)s10X.*WALSH FUNT Ylﬂis'/lﬂx-l5( IH.)//I/]
31 FORMAT ((15X:8(094243X)/))
40 FORMAT ("1',5(/),10X,* INCIDENT FIELDS'/IOX-ISIINU)/IIII
A1 FORMAT  ((1SX:*EZ(*412,%) = *42(D154745X)/))
50 FORMAT (*1%,5(7),10X,* THE MATAIX LN’RXES'/IﬂX-lB(lNCl///ID
51 FORMAT (( "44(2015.7,3X)7)) ¥
60 FORMAT (*1735(/),10X,* THE COLFFICIENTS OF THE MATRIX'/ ‘.

NO WP LN

1 10X43001H%3/7/7)
“61. FORMAT (LISX A4 12,0) = ¥, 2(D1547,5X1/) )"
170 FORMAT . (*1',5(/) 410X, * THE POINTS*/

X+ 1001H®)7/77)

71 FORMAT (15X,'Z('412,%) = *,D1547/)

T2 FORMAT (*14,5(/) 410X, THE cuRRENYS'/\Ul.lzum.///n

73 FORMAT ((15X,"CURR(*y12,/) 12(01547

B0.FORMAT' (*1%45(/) 110X, VINPUT lupeamcs-nox.ls(lm)////
1 1SXi'ZIN = nzlmsn.sx) 5

X

SFOP -
END.

[
i
i




aaa

IMPLICIT REAL * 8 (A-H . 0=2)

INTEGER UV ReP- " . =
DIMENSION W(32.32) o
OIMENSION U(S)4VI5)R(32)

DLDG(TN) / DLOG(240 -DO)

SUBROUTINE WALSHF(N W) i @ 5 B . }
b
N + Oal - i

s - GALL mﬂ(xuu.u) ] . B 3 - )

& DO 11000 JV=14N . . g | . e
VM =gV - | . . * :
CALL BIN(JVM.V) ®
P = UNSI®V(1)

00 100 [=2,NS
ROID = UINS = (I=1)) + ums = (1-2n
100 P = P+ RCI)SV(I)
. 4 WIIULIV) = (=) esp
1000 CONT INUE

RETURN .
END A

INTEGER DEC‘.BINV
- DIMENSION BINV(5)
d 00 100
100 BINV(T)
i INT = DEC H j
IFUINT «EQe 0) GO .TO 300 f -

00 200 1=

SUBROUT INE ‘BIN(DEC,BINV) I z
% R : y

xrimr .Ea. 0). G0 TO 300 . - . > ~ v
200 CONTINUE d i -
300 RETURN 4

END
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fnanaan
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* FUNCTION 'GRLIX) g e BnatE

RETURN o b
. END >

* f

* THIS FUNCTION TO CALCULATE G WITH Z'< zP

IMPLICIT REAL®8(A~H , 0-Z)
REAL ¢ 8 K.l .

COMMON  KsL sR1+R2522 L
81 = 2ekeL - i
K#DSTIN(BI)
Ke(Le22) »

.52 = DSIN(B2) . §

B3 = Ke(L-X) - E
§3'= pCOS(B3)/K \
GRL = S2#S3/S51 -3

FUNCTION GRG(X)

* B
* THIS FUNCTION TO CALCULATE G WITH ' Z > ZP

by &

IMPLICIT REAL#8(A-H ¢ 0-=Z) T e

K*DSINIBI )- E
K#lL=-22) ; .
DSIN(B2)
83 = K#(Lex) » '
53 =-DCOS(83)/7K :
GRG = 'S2#53/51

- RETURN ' B

END i ‘E




€
¢
€

ano

o

=2

o ano

TIMPLICIT REAL & 8 (A-H ', 0-2)

FUNCTICN EZR (As8) %

IMPLICIT REAL #i8 (A-H . 0-2)

REAL % 8 Kok L
COMMON “KsLsR1+R2,22 b
T1 £ SINCOS (AsBs0e0DOsRI) "

T2 SlNFUS (A8,0.0D0,R2)
EZR = (TL = Tle
RETURN L
. END 1,
.

- FUNCTION EZI "(A.8)

REAL * 8 KoL I
T1 = SINSIN (A4 16402000,81) . ¢
SINSIN -LA+8,04000,R2) . 3

12
€zl = '=(f1 - 72) ..
RETURN. 5 L4 \ - X3

e w

FUNCTION VKCR (AsBsCaD) | °
INPLICIT REAL &8 (A-H § 0=2)

COMMON KoL oR1 82,22

DINSIN €A+84CoDsR1D

SINSIN (A;Bs L4R1)

SINSIN ‘(AsBs-LoR1)

( DCOSIKS(L=D)) — DCOSIKS(L—-CI) 3 / - K
{ DCOS(K®(L#D)) — DCOS(K$(L4CI) ) / (=K}

= TA - lratm +iTCHTE). £ TF

FUNCTION VKCI (A484CsD) -

IMPLECIT REAL # 8 (A~H 3§ 0-2)
REAL # 8 KoL . <
COMMON KoL oR1,R2.2Z

TA = DINCOS (A:84CsDsRID

TB-& SINCOS (As+Bs LiR1)

SINCOS (A4Bi-L,R1) '
( DCOSCK¥(L=D)). ~ DCOSIKE(L-CI) ) 7,

2.0 DCOSUK®(L¥D)) ~ DCOSEKE(L4CI) ) 7 (=K)

K




TF .= DSIN (2eekbl) T £ C
TVKCI.= TA - (T8I0 + n:nys) re
netunu S

: ) 100, 1
100 IFAC =

C IFAC(T)
. FC9 = IFAC(9)

+



SREAL €8 K
COMMON K
3 1 . L/CAMMON', /eanoercx.cz.ca.c
¢ ER JFC2 2 1FAC(2) "
: U ca %

SUBROUTINE .CONSTA- (B, CP111 #CP2225

L0 ST IMPLICIT REAL # 8. (A=H '\ D—2)
T3 1 * COMMON /BLBCOZ/ :l.Ca.:S- 4,05

Cl+-C28(lar2.)14(B2B) '+ E30(30s80 0% (Besa) +
CA(Sa/160) #(BX46) +:CSK (. CLL*(IL/Bo ) ¥(BEEQ) ¥,
C22%(=14/164) ¥(B¥26). + (34/1282)%(B%%8) ) -
= C28(1e/2e) 4+ . C34(3e/Bs )% (B¥3) & - .
CA¥(54/16s) #(B440) ¢ C5 % (LCL1S(34784)K(BXER) +
2. C22%(=1./164)#(B¥¥4) + (3471281 ¥(Bexs) ). !
CP333 = C3k(1arba),
PEACET iR W C Caani~1esza
X cPass
cP5S5 = csau./a.l
REI’URN
e e END

: IMPLIC I T REAL . & B (ASH

o e UREAL ® 8 LL . 1, : A

Bt sstu =\c1utz + (czzea.nuus) uxtsaals.uunsx
E + (CQ‘QIT.)OIZ +7) + (CSES/Q-)‘(I‘.9_




L R SS(UL) - SSlLL) 25 Gk .

. b 3
FUNcrth OINSIN (A4BiC404B1)

mpucn‘ REAL s (A—H 3 0mL)
TREAL *48 ‘LLU1.LL2

. c:n.l. cuusrz usx.cul.czzz V€333 ~A.c555)

. A o o
Lo, e E ¢ oseULL) = usn.n.n ) v us(un_z. - Db(LLZ)
% 7 L g e 3 : ;
: IMPLICIT REAL * 8 (A-H . 0-2),
REAL * 8 LL. . . o e
i U (Z),= DSQRT (Zez'+ Bisdl)
| K F1(2) = DLOG (Z +U(Z)) e s
. L F202)° = Z.% ULZ) . P A . :
: - ¢ F3(2) 22 % (U(Z)¥*3) * G U P
: . S FaLZ) =z w (UC2z)ess) © B et w @
i 5 : FS(Z) 2 (Z*¥3) % (UCZY¥$5)
. " SCL2) = CRLLI#F1(Z) & CP222%F2(2) ¥ cva:s:p:(z)
5 RN | T A + CPasasia(z) + CPSSSHES(Z)
o I T CALL ‘CONSTS. (814CP111,CP222,CP33 cmu.cpsss)
. 3 PR g 4 - =5
UL = B¢ .
: . sINcos .= sClUI.l - sciels E d
4 = “RETURN £ Lond
- Bn ] : o 1822
sl ; 3 L e
o L0 FUNCTION. DINCOS. (ABaCoDa81) . ©° o = i 7 i
k 0, R mpucn REAL-* s (A-H 'y 022) .7, g
P 7 ' REAL % & LLI,LL2 3 ' Y
! L2 U (2) = DSQRT. (242 % B1s81) ° G
LBV LFLLZ) = Z % DLOG(Z ¥ utz)) = u(z) i
S [ FR2L2) = (UGzYeRd) /2 3. ; ; ety

C111/240%(292) ¢ {C220/124)4(2834) -+ (uz.‘usn'.nizupl

«)#(Z%38) ¢ (C555/904)4(Z%x10)




ﬂmcrum FSS (l.en

P55l
F553 = FODD(ZiB1+5)

SFS5 = F551 + s.nlmuz)oﬁsz + :l.uauuussss v (uusurssq
U RETURN
END.

[ FCim

.mloo 1= ML =l X R
.R=1 3 § 3

F33(Z) = (UCZ)14#5) /i 5a o vt SUE <%
F43(2) = (UC2)*%7) / Ta g i
0C.(2) = CR11I*F1L(Z) + CPazaei22(2) 4+, CPIIIFIIL) 7 5 Wk

1 +. CPASA®FAM(Z) + CPSSSHFSS (Z,81) i
_CALL' ‘CONST4 (81, CP111, CPa22,CP333) CPa44,CRSSS) < . | i ; \ §
uz = A-D = |y s |
DINCOS = ( ociuLiy -nc(u.n R R L ) !
RETURN 5 R

INPLICTT REAL & 8 [A-H s 0c2)
FODD €2y 9) :
FODD € 24

F852

*7)

F554

FOUD (2,81 +3)

.rvucnnﬂmnn-lz.'sl.unl 73 s

IMPLICIT REAL ¢ 8 (A-N v 0-2)- 7 Y e
INTEGER' R sl L
Uiz) = DSART, (ztz + B1%BL)
ME (MM-1) 202,

FCM

IFAC/CM). 2
TFAC (MM) wRETUTy
lu =M :

0.0

ool : Y
FC2R = IFAC (2#R) o Y : e ISP
FCR = IFAC(R) A : %a
m (Fuat(scu“zn 7 (FCHMS (FCRO®2)) = * 3
e ASH <

IF (R oNEe M) T2 = (= A.taqtsuulu-n) s SR

&
W

4
&
1

1.
IF (R “WNEs 7Q) T3 = zu(a:(m
g YTO(TI.YZ"TEI




©EII

** . wsxannu@ FUNCYIONS ARE ‘«
P 7 -
= COSINE  FUNCTIGNS -
% o o e
P * b

L 1S THE FREQUENCY . § b s

VEL. 1S THE SPACE VELOCITY 2

WL 1S THE WAVE LENGTH % %
[ 1S’ ThE ANTENNA HALF LENGTH" S

RL . IS THE IRNER. RADIUS’ OF FRILL

R2 IS THE CUTER RADIUS OF FRILL.

EPS “IS THE 'ABSOLUTE DIELECTRICCONSTANT (psaunnvnn

N IS ThE. NUMBER DF USED WALSH FUNCTIONS

. NWD

MPLICIT REAL %8 CA=H o u—z) LR B | g >

THE

NUMBER OF DIVISIONS FOR WALSH FuNcuoNs
¢

REAL-¥ s LikyLL : O Take

COMPLEX
COMPLEX
COMPLEX

+ COMPLEX

COMPLEX

*
*
*
*
*

" 'DIMENSION

DIMENSION
DIMENSION

UDIMENST
; DIMENST

oN
oN

Le DCMPLX "

16
16
16
16

E
o
E

ZIN

2(32) +E(32,
IKCF(32,32) A(:a.sz)
0321 +CURR(30)

LL(32)nuL(32):IF(32.321'll32-32)
XR(32) /X1 (32)

xl(q.uy.u Ladryrz (40.40).\«(20311 -
WAE32) - v

2(30) GI(ZZI-GZK3ZD‘

EXTERNAL: EZRF

COMHDN -

F =706

3408 2 :
VEL 7 F o, o ol <
0375« Wi S £ o

KiLsR14RZ1ZZ:G

*




o

200 W(1,4) = WF(2%I-1 4 J) .
c g

nn6o

Rl = 0.007022 # WL B e
S R2 = 2423 %.R1- i Bnd, %
 PI = 4. # DATAN(1.00) :

T OMEGA. = ‘2#P18F : . x5,

. 4
CALCULATE THE LIMITS OF THE INTEGRALS ;
N T - imer == e
STEP = 26L/NWD . i
L) ==L b . .
DO 100 KL=1.NWD
UL(KD) ="Lick) ¢+ S‘IEP
IF (KL «EQs NWD/2) "ULIKL) .= 040 o
< IF (KI +EQe  NWD) UL(KI) = L~ )
M= KL k1 L Bt .
IF(M «GTe NWD) GO' TQ 100 w Y {
W) =k g i I
100 CONTINUE oed & 1 Wy
WRITE (6520 o ¢ g S ;

WRITE (6421)" (LLCI)WULCID " I=1/NWD)

GENERATE THE WALSH FUNCTIONS

CALL WALSHE (NWD,WE) ' . & &
D0 "200 I=1,N . ’ -
00 200 J=1,NwD - 5" 5

unna m.ao) .

210 unns (62310 (W(Touds J=1.NuD) E i ¥

CALCULATE THE INCTDENT- FleLos, o

caLL consT1
00300, K1=14N . s .




3 ~ T m7 "y
sxuz.nu— 1) 7 2.3 s (PI/L) 5 * . Ly
XROKLD, ocAws(EmF.—L.L.n.on.mnn.lzm . 4 i
XICK1) = EZI(-LoL) s 3T . T
. 300 CONTINVE 3 : H
P .
DEN = 2.  * DLOG(R2/R1) e
DO 310 KI=1,N i . ) _
EZ(K1) = DCMPLXCXR(K1) 4 XI(K1)) 7 DEN - .
E(KL,1) = -K % EZ(KI) :
- 310 CONTINUE o . & Lre:
4 & b . . 7
F WRITE (6+40) 5 o . e g
iy WRITE (6941) (I4E(I1) 4 I=1,N) - © : .
c . 3 ;
v c 7
c CALCULATE THE ENTRIES OF THE WATRIX gt
< - i
¢ B : )
NN = 40 v i
TNk =a0 0L 2 ¢ £
¢ °NV -».‘0‘ i o i
DELX1 = 24 %L 7 (NX-2) ¢ 3 . % il
] . XLQ1) = -L - DELX1/2s -~ . X \ . . e |
-D0. 400 TIT=2,NX ¢ . i
400 XLCI11) = XI(III-1) +: DELX1 © e
00 43071 o~ - 7 =
/ . 6.= ((2e%1°= 1) 7 24) ¢ (PL/L) A ‘
. ® DO 430 JJu=1.NwD
. XREAL = VKCR (=L sLslL(JJ)0UL(IJ)) . i
OELYI = (UL(JJ) - LLEIID) 7 (NY=2)
YI(1) & LLCJJ) — DELY1/2. i
DO 410 JIJ=2.NY 3
410 ¥YI(JJI) = YI(IJJ=1) + DELY1 o g
y: DO 420 IIT=1,NX
00 420 JIJELNY
e F2u( II('JJJI = FUI(XI(IIXI-'I(JJJ)D
420 CONT INUE ¢
. & . CALL DBCDDV‘FZ:NN-XI.NX-'I -NV-—L » L wLLIJJDsULLJIID QI - o WK, IER)
© - . XIMAG = QI g - .
‘30 DIKCF(143J) = DCHPLX(XREAL-X[KAGI - I‘K/CC) 1
14 .
ou_uu
00 40 h
LACLaJ) 2 € .
3 0 440 JJ=I WNWD % * -
T440°ALIAY) = ACL) + DIKCFULI9) # vu..u) )
c s > 1 '

B WRITE (6450) i
. 00 450 I1=1.N 2 : o
450 WRITE (6451) (ACLJ)e JZ1iND




* FUNCTION FUTX Y

FUNCTION EZRF(X)

IMPLICIT REALSB(A-H 4. 0-Z) . .
REAL® 8 KoL 4 s
COMMON. KuL (RIsR2:22G .- e
TI =k & DSORT(X®X + R1#R1) N
12 = K - DSW'(K.X + R2®R2) - ¥
EZR = LCOS(TIN/TI.~ DCOS(T2)/T2
F.2 0cos(G v X2 i

EZRF = EZR, & F
azrunh 5
EnD

IMPLICIT REAL*B(A-H D—ll
REAL * 8 K,L y ‘ LR
'COMMON 'K»LoRI,R242Z:G :
RIZ = RL & K
TI = K * DSGRTC(X-Y)##2 '+ RIZ)
T2 = K% DSQRTU(X+L)*#2 + R12)’
T3 =K ¥ DSORT((X-L)¥%2 & R12)
S Ja =k oe (L), :
TS =K & (Lev)
T6 = 2.4KEL" 5
TA = DCOS(T1) 7 T1 . . SE 5
T8 = DCOS(T2). / T2 )
TC =DCOS(T3) 7 T3 Y
TO = DSIN(T4) A
JTE = -DSIN(TS) ;
TF = DSINCT6) "
F1 =

TA - (TB¢TD o\ TCHTE) 4 TF

© F = DCOS(G * X)

FUL = FL & F -
RETURN
END

¥

Rt

S S T 8

|
|




“ RUNCTION EZT (AVB) - 2 5 i o
IMPLICIT REAL % 8 (A-H . 0-2) ! 5 e ¢
REAL % 8 KL P SRR ¥ B
COMMON  Kit:oRL/R24 22,6 - e 353, ey N G,

LTI = SINSC  (AB.0.000.R1) ; o 23] 4

FUNCTION' Vi (A, 8:¢i0)
- IMPLICIT nsu. 8 (AH 4 0-2) o
N : REAL % 8 Ky 5 wil it

N <7 COMMON. (.L.m R24 226 : G gt

DINSC  (AsBsCeDwRID A2 o 8

SINSC  (AsBs 'LiRLD. . e AT
SINSC  (AsBa—L,RL) s :
€ DCOS(K®(L=D)) = DCOSIK#(L=CI) ) /" K |
L DCOS(KS(L+D)) = ncusulou.ocn )7 =Kk
= DSIN (2.%KeL)
= TA = (TB#TD ¢ TCSTE) 7 TF

1F (’N LEs ll GD TO ZOD
D0 100 I=2,N-
IFAC = IFAC ¥ I
200 RETURN 2 - e A ¢
- END Pty = 5 BT EHAE .

L SUBROUTINE CONST1

MPLICIT REAL & 8 WAH o—zl pe

_REAL ® 8K Bt

{0 COMMON K . W

SV | COMMON /BLOCO1/: CLpC2iC3eEaes [ L L

R el 1FAC(3) v g s : :

. T, FCs = 1FAC(S) . ¢ % 3 S &
= . FCT = IFACLT)" ~ - % g 5 R a7 e

FC9 = IFAC(9) . ’ “ S




7 FC3

o) £-#C8” TSl E e 5 -
7 FCT . - A
7 FC9 .
b o
L k N
| paliag o
L (] : it TR - . -
g SUBRO\IYXNE CONST2 (a.cv) by ;
INPLICIT REAL ' B: (ASH 4 ‘0-2), X
DIMENSTON CV(26) 4 # 5 , '
Y COMMON /nu:n:ol/ ciicaicaicancs g
; 82 : E
: B84
“ = .
cvru =C1 ¢ C2#B2 ¢ C3484 . + Ca386 + cseas
i 2) ¥ C3#B2#2. 4 CAsBas2. +.CSeBE83.
i 3) €3 .+ CasB2e3. + CS#BasS. g f
wi s ca + CS*B2¢a. M 1
¥ : wi s A cs i
LT GVL6). = C2%2. ¢ C3%B2¥4. ¢ CA¥BAE 6. + CSE6E 8. el i
p Twi e CiC3e |+ CA$B2812. + C5488€22. < R
. e ) Case . '+ C582e24, e
- ot / ey cstee i
Y gl e e : I
K V(10) = C2 + Ca.BZ.Z. + Ca%Bas 35 ¢ C5%BO6* 4s - gy }
cviin) c3ve. +Ca%B24184 + C5*BAsIS. ~ih
wi12) - '
-

p _Cax1s. + G5%B24604 N

sevia3) - - L c5¢28.

CU(14) = C3%aa '+ CaIB2%12, ¢ C5eBASZA.

wis) = Cas20. + C5¢B2480. © .,
cve1e) = e cs#56. -
c 3 P : : reh
5 CV(17) ='C3 ¢ CA®B2¢ 3. + CS5eBas 6o
S sy = casis, + C5982#60.
w19y = ! c5%70.

Ca®6. + C5#B2%240

cvi20)
S o2y = cses6. 3
; i(22) =Ca . .+ C5B2% 4. / 5 3
cv(23y csesg. i . :
) cwiz24) CS¢ 8a 3
3 . eve2s) . €8s, Yo :
o' RETURN :




FUNCTION SINSC (AsB8.A1+B1)
: v

~IMPLICIT REAL ¢ 8 (A-H , 0-2)
DIMENSION CV!ZSI.TI(?I-"Z(?)

ML O (812 S -
Alse2 A
Alsess "

Alssa 5 %

Aless | PR 2

= Alves 54

= Al*e7

= alsss

LTHL) = VL) ¥ cvtz)uuz HCV(3I*ALL

W

FUNCTION DINSC (A+8,C,0,81)

IMPLICIT REAL ¢ 8- (A-H 5 0-2) .
DIMENSION CV(25)sT1(9),T2(9) 5
FI(Y) =CVO1 & Y +CVO2 /3. % ves3 +
1 + CV04 /T, % YART 4+
F2(Y).= —( CV06 /24 # Y442 + CVOT /44
1 9 R + CV09./84
/3e % Y¥%3

F3(Y) = CVi0 & ¥ +cCvil

1 +CVI3 /74 8 Yeu7

. FAY) = =(CVI4 /24 % Y##2'+ CVIS
FS(Y) = CVL7 . & ¥ ¢ CV18 /3a + Y¥&3
FO(Y) ='=(, CV20 /2. & vas2 ¥ cval
F7(Y) = CV22. . & ¥ +CV23 /3¢ 4 Y¥*3
Fa(Y) = ~( Cv2a 2, € vas2)

= Fety) =cy2s e w

CALL~ CONST2 (B1,CV)
cvor = cv( 1) .

¢ CV(4I%AL6 ¢ CV(5)eA1D

r CVI6)#AL -+ CV(7I¥AL3, + CVEBI#AIS + CV(9)I*ALT
TI(3) = CV(10) + CVII1)#AL2  CV(12) #Al4 + CV(13)#A16

TI(4) ='CV(14)#AL "+ CVC1S)*ALS + CVC16)¥ALS
TIS) = CveIn) + CV[IB)‘A)Z * CV“?)‘AIA
TI(6) = CV(20)#A1 + CVC21)#AL3
4 TUT) = CVL22) + CV(23)*Al2
T1(8) = CV(24) AL
TIL9) = CV(25) ¢
- DO 10, 9 2 o
M= I ;
100 T2(1) = XMCOS(BaM). = XMCOS(AsM) ¢
Ir o= 7 -
00 200 1#1.9" *
2000 TT = TT ¢ Ti(116T2CN) :
SINSC =TT
RETURN
0

VO3 /5. ® ysss
cwos
FYRRA L CV0B /60 b YREG
*yess ) - -

tCvi2 /5. % vus 3

740 s vasas CVI6 /6e % Yav6)

+CV19  /S. # Yas5

740 % Ye33 )




cvoz = cv( 2)
Cvo3 = Cv( 3) o
> Cvos = Cv( &) :
cvos = cvi 5)
€vos = CV( 6)
Deverz cvi p H
= cvi 8) @y
Cvo9 = Cvi 9)

Cviil = Cy(id - .
cviz = <v(i2) b2
cvi3 = cvai3)
Cvia = Cv(14) B

3 CV1S = CVI15)
Cvie = Cvlle)
CV17 = V17l
Cvie = cv(18) a2

! cvi9 = Cv(19) . it
cv20. = cv(20) ‘ e %
cval = cviz2d Tt
cvaz = cv(zz), s
cv23.= cv(23)
cv2ai= Cv(28) 5
cvas.= cv(25) . "
% T1 (1) = FI(D) = FI(C)
T1(2) = F2(0) = F2(C)
T1(3): = F3(0) - F3(C)
T1(a) © - FalC)
T1(5) " = FS(C) 5 |
Ti(8) - F6(€) ™
T1(7) ~ F7¢C) b
T1(8) = Fatcy
Til9) = ~Fotc)
oo 100
M= 1-1 ”
100 T2(1) = XMCOSCB,NM) —- XHCOS(A,M)

T = 0.

- .00 200 I=1,9 - .
1200 TT =TT + TICI)eT2A1)
T %

non

RTTION XNCOS (XiM)

_J IMPLICIT REAL *.8 (A—H , 0=2Z)
REAL * 8 KL, ¥ Lo
INTEGER R
COMMON . KiL4R1 sR212Z4 G
IF (M eNE. 0) GO TO 100 "~
XMCOS = DSIN(G#X) / G
6a 10 400 .
.

CV10 = Cv(10) N *

L

122




100

Fou o= m'c w

WML

Py s
FCMZR = IFACKH — 20R))
o= 1. - iy 3 Y
IF (R JNEe 0) Ti=(-i)¢®R = - * L
T2 = FCM / FCM2R 4 d

™=l s 3 i

IF (M JNEe 2#R) T3=xee(M - 2#R)’

T4 = Ge#(2%R + 1) 0 .
v TT ¢ TL+ T2 $73 7 Ts S 24
T * DSINCG*X)

FcuzRI = lFA:(u — 28R = 1).
1=

(R WNee G) TI. = (1) wer
2 = FCM / FCM2R1

1F (™ e (2R D) TS = xeew - 2| - 1)

T4 = Gee(2%R ¢+ 2) - .. »

v TT+ TL*T2 873 7 T4 . = . J
T2 =TT * DCOSEGeX) :
XMCOS = TT1 + TT2 -

RETURN 5 .

END. * N




nn
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'urms PROGRAM TO CALCULATE THE CURRENTS USING THE MOMENT METHOD®S

IMPLICIT REAL & 8 (A=H

REAL * 8 LiKsLL
REAL + 8 LP,LH.LZP-LZN-L‘P.LQIJLJ‘V;LJAN

COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX

D!NENS!DN LLE32),0L(32)
DIMENSION XR(32),XI(32)
DIMENSION xl(oo),xzunl.uunl-xum l-xsun).xauo).xuun.n a0),
1 F1030,40),F2(40+40) s w)
DIMENSION Z{30),61(32),G2(32)

JEXTERNAL. EZR1.+ ez -

'EXTERNAL EZR21 ;Emzz.szna:.r_zlzl sEZI 22.51123
Ex'rERNAL. EZR314EZR32, EZR331EZR34,EZR 35,
EZI314EZ132,EZ133,E2134,E£2135
EXI’EHNAL EZRa1,EZRA2,EZRI31EZRAS,EIR 45, EZR46,EZRAT s
1 EZ181 ,EZI42,EZ1434E2144,E21 45,E2146,E2147

* 16 DCMALX
* 16 EZ(32)4E(3201)

* 16 DIKCF(32,32)%A032,32)
* is EolJz).:uRR(:o)

*+ 16 ZI

*16 Auzzaz).eluz.n

. WEIGHTING FUNCT IONS ARE

1SE- SINUSOIDAL FUNCTIONS

THE FREQUENCY
THE SPACE VELOCITY
THE WAVE LENGTH
THE ANTENNA HALF LENGTH

THE IMNER RADIUS OF FRILL

THE OUTER RADIUS OF FRILL

THE ABSOLUTE DIELECTRIC CONSTANT (PERMITTIVITY)
THE NUMBER OF USED WALSH FUNCFIONS

THE NUMBER OF DIVISIGNS FOR WALSH FUNCTICNS







WRITE (6i22)
WRITE (64210

'j’ﬁEWt?zA”ﬂ: THE WALSH FUNCTIONS . : 2

c
€
c
c
c

i T L ALl un_sm:munwr)
00200 T=1:N

=1 4NWD .
= wF(zcx—'n bl

: . 60 200
{ E . 200, w(1yJ)

be % WRITE (65300 & .

A 0D, 2107 1=1.N €0
s 210 WRIFE (6+31) (N(I1sJ)¥ U
TN 2 B
En Lc CALCULATE f HE JINCLDENT, FIELDS
c 2 e o=
. 3 ¥l e XR{1) = DCADRE (EZRIWLM " 4LP
' 3 . 2 XIU1) ="DCADRE: (EZT1,LH’

= ‘ER21 = DCADRE (EZR21,LM

o7 ©. -4 V. ER22 ‘= DCADRE (EZR22:L2M
xS ER23, < DCADRE (EZR23,L2P
B <L EL2Y LCADRE _(EZI21+LM

- it El22 DCADRE-{EZ122,L2M
Gl e @ "EI23 = DCADRE (E£ZI23,L2P

- XR(2)
! . TUx1t2)

o ¥ BR3Y DCADRE (EZRHI'LM
Sy ER32. = DCADRE (EZR32,L34M/L4M. +040+0s
' : ER33 = OCADRE (EZR33.LaM
3 ER34 = -DCADRE (EZR34,L4P
% s ER35- &

DCADRE' (EZI31sLM

. EI33 = DCADRE (EZI33,LaM JL4P,4040,0401+ERROR; IER)
EI34 = DCAOKE (EZI34,L4P +L34P104040.01,ERRORY IER).
¢ EI35 = 'DCADRE (EZI35:L34PsLP 400,001+ ERROR: IER) .

ER21 -+ ER22 '+ ER23 s .
El21 + El22 + El23 A %

DCADRE (EZR35,L34P/LP ' 100,04

DCADRE (EZ132,L34M,L4M 1040,

104040401+ ERROK: IERY,
sLP ., 1040,04014ERRORs IER)

Vi2M 40204001, ERROR, TER) *

sL2P 040,001+ ERRORYTER)

LR 4040,0401sERRORY IER)

»L2M 1040,0401+ ERROR, TER)
+L2P 104040001+ ERRORs TER)
VLR 305040

VL34M104 0400014 EKKOR, TER)
Ly ERKORVIER)Y
+LAP 104040401+ ERRORYTER)
L34P 104040401 yERRIR, [ER)
14 ERRORTER)
01+ ERROHVTER)
014 ERRORY TER)

WL34M, 0404

XR(3) ="ER31 + ER32 + ER33 + ER34 + ER3IS

ScADRE (EzRa1LM

DCADRE (EZR43,L2M
DCADRE '(EZR44,L4M
. DCADKE *(EZRA53LapP

DEADRE (EZR42:L34MsL2M 104040401+

= DCADRE "(EZIAL.LM

EI31 + EI32.+ EI33 #.C134 + EI35 iy

-L:I-‘M;G-U;G.DI-EHRCIR-IEH)
RROR: TER)
WLAM 1040,0401, ERROR, TER)
\L4P 4040,0401; ERROR; TER)
+L2P" 104040401+ ERRORS TER)

‘DCADHE '(EZRG64L2P 41L34P, 020404015 ERRORATER) :
DCADRE - (EZRAT,L34P,LP +040,0401,ERRORy IER)
+L34M,040,0401, ERRORY TER):

01+ ERROR, 1ER)




“410 CONTINUE

A1t XIGIII) = XACII151) + OELKL .

OCADRE “(EZI142,L34M,L2M" 4040+
DCADRE (EZ143,L2M +LAM 404040+01/ERRORVIER)
" DCADRE (EZT44,L4M +L4P .O-D-OluEﬂﬁﬂknlEﬁ)
OCADRE "(EZ145,L4P yL2P - y0.0+0401yERROR)IER)
DCADRE lEzlAﬁ L2P ,L38P 40,040, 1, ERROR, TER)
DCADRE 1EZlb7.LJAP'LP 10404 1y ERROR) TER)

< DEN .z 24 % m.aamzlau
DO ‘300 K1=1 % A0
E2(K1) ‘= DCMPLXCXRIKIY v KT(K1))'/ DEN: -
E(KLo1) 5 =K % EZ(KL) © * [ & ° o
300 'CONTINUE - K YIS |

WRITE (640)
WRITE: (6ad1) (F.E(I.l)

1, ERROR, TERY

ERA1 + ERe2 + ER43 .+ ER4S .+ ERGS’ + ERA6 ¥ ERGT.
ET41 '+ ETa2 ¥ E163°+ ET46 ¢ E145 + £136 4 E147;

LUNN =Va0 .
NX = 20 . e e,
NY = 20 e % i

B Do 450 1 =1N°
' ‘bo as0 JJtl-Nlu .

DELYL = (UL(IJi = LLEIN) 7. (NVE -2’

AYI(1) = LUCISY — DELYLZ2..

DO #00 JJJ=2,NY."]
400YLLISID = YE(III=1) 4. na_n

© .. 60 TG (AID.AZO-QSO.}M}I s N e

JTF (JJaGTe 1) GO TO 412
¢ UDELXL #TCLR = LM) (7 (NX=2) B

XLC1) =LA - DELX1/Ze

‘DO 411 -TT1=24NX

a12 DO 613 TrI=1,Nx : S 2]
DD 413 JYI=LINY
FLIILII 4390 FuR)(xnnn.nuJJl
F2UII1509) = FUTL(XLOIIT) WY1 C90)
413, CONTINUE " . 2
| CALL DBCODU(FL NN X1oNX s Y1 sNY » LM saLe
LCALL DBCODU(F24NNyX1sNXoYToNY sl - sLP




G0 TO 450

420 CONTINUE

OELX1L

“DELX2

 DELX3

Y X3

oo ‘421

X10i
ToXx201)

X1AITL)
Sx2d 111)
X3(111)

FLOITLiogg
F2LIT1 033y

421 CONTINUE " - ix
i o x!

<GTa -1) 6O TO 422
(LaM LM ) 7 (NK=2D
(L2P ~L2M ) 7 (hX-2)
-L2P )7 (Nx-2)
~ DELX1/2.
= DELX2/2.
- DELX3/24

‘= x1rri=1y % pELK]
= X2(1T1-1) + DELX2
2 X3(1I1-1) + DELX3

423 CONTINUE
‘CALL. DBCQDU(F I+ NN» X1 NX4YL .Nv.LM

CALL:

oBCal

DO 424 T1I=1.NX

00 424 JJJ=1.NY
ERRI S 33 S NNG)

FLOIIL, 3390
F2(I114J03)
‘425 CONT INUE
| e nacnou(n.mea.Nx-n.w L2p

XREAL

3 i

QRZ1. + .0R2Z + QR23

XIMAG = Ql21 +-0l22 + Ql23 s

©'60 1O 450

430 CONTINUE '

1F (JJ «GTe.1) GO .TO 432

W

(L3aM-LM )/ (NX=2),
(LaM —L3aM) /7 (NX=2)""
(LaP ~LaM ) /7 ANX-2)
(L3aP-LaP ) 7 (NX=2) "
(LP  -L38P) 7 (Nx=2)

LM .~ DELX1/2. :

L34M — DELX2/2e i N
- DELX3/24% - .,
- DELX4/2a. . T

= FURZL(XICIED) WY1 €GI00))
= FUIZL O ATDYLCIN -

{E2 NNy XIRNXAY L INY LY

i . FUR22 (xz(nu-nuu)l

“i. F2(I11.J40) = Ful22 (xz(nx).vxuu.)l
424 CONY INVE

' CALL DBCADUCF 1NNy X2,NX 0¥ 1INV L2M.

i CALL -DBCQDULF2shNy X2y NX3¥L NV, L2M

= FUI23 (X3(I11)4Y1(J4JI) )7

WL2M o LLCII WULEID) LGR21 WK TER)
s WKYTER)

L 2P W LLLJIIIHULL .u).aaaa.m:.xzm
Q1224 WKy TER)




% . 9 A - s *129
s . IXSC1)-E-13eP ~ DELXS/20 U, % 3% : 3 5
: .7 7D0 431 TTI=2.NX R
Y X1CITI)-= X1CII1-1) + DELX1 L= -
¢ X2(1L11) = X2(111-1) + OELx2. s = P i
fis X3(1r1) X3(1I1-1) + DELX3 s §
© XA(I11) = X&CI1I=1) # DELX4 oo .. &0 i
¥ XSC111) +.DELXS ? 3, A i i
Si0 431 CONTINUE . - 0 ilth e £ : 2 &t

P 432 DD 433 1 _
I ‘. DO 433 JJJ=1eNY -
F1(1IT4J3J) =-FUR3L (xnun.n(.un) J % '
F20II1,009) = FUI3L (XOCITTIY1CJD ). - 3 ’
433 CONTINVE  * 5 -
CALL DBCODULFY NN, X1oHXaV1 aNYSLM 1 34M,LLEJI) JULEII) 20RST 1wk o TER)
CACL OBCODUCFZINNIX1oNXoYLaNY,LM 5L34MuLL (JJ)3ULIIII3QT 314K TER)
' DO 834 ITI=1.NX . E i - - .
: DO 434 JJI=1.NY ) 2 ;
v L FLOILISJ3J) = FUK32 (X2(1111.Y14JuJ))
: =. F2(111.000) = FUI32 (X2(1T1),Y1CJ0000
L .- . 434 CONTINUE P i
i CALL DBCADUCF s NNs X2, HX oYL sNYoL3AM,LAN JLLCJD) JULLIS)+AR32 WK W TERD
Y3 7 71 CALL DBCGDUCF24NNiX2uNXaYLINY,L34ML4M WLLESU) sULLJI) 40T 324 WK 4 1ER)
B 00’435 TII=1,NX . s p
: DO 435 JUJS1NY, A
: i FICIT1,303) = FUR33 (X3CIT1)4Y1€I0900 N . £
: / F2L11ledu0) = FUI33 (x:(l!thn(JJJ)) = ¢ ; J
.. 435 CONTINUE - 3 3
CALL DBCGDU(CF1+NNs X3WNXaYLSbY o LAM 1L4P LLTI) JUL(JI) 1OR 31K
CALL DBCQDU(F24NNeX3aNXaYL oNYoLAM 4LAP 4LL{JII)ULCIIN QL33 WK
DO 436 TIT=14NX e - L ik
- 00 436 JJJT1.NY -
4 FLCIITa330) = FUR3S (X&CITINaYI(33d))
F2(1114009) = FUI34 (X4(I1I)a¥1(II0)) ante o 55
436, CONTINUE
. < CALL DBCGDU(F +hNy Xa4HX oY1 sNY,LAP 1L 3684 LL (1) 5ULTII1/AR I8, wK 4 TER)
© W CALL DBCQDUCF2iNN1X4WNXsYL NYAL4P .L:w.u_(.u.unbuul.au-.-x.xzm

s 00 437 ITI=L.NX | N e i
D0 437 JJI=1.NY
2 FI(II12J00) = FURSS IXSUITDIY1CIIN ) | =% d

F2(IIT2009) = FUI3S (XS(IT1),Y1(I39))

437 CONTINUE 2 i
CALL DBCQDU(F1 -NN'X5|NX-'l WNY L 34PLP oLl JJ’D 2UL(JJ) +QR35, WK LER)
CALL DBCDDU(FZ.NN»XS.NX-'I .NV;LJAP.LF sl JJD SUL(JI) QI35 WKy lEll)

QR31 + QR32 '+, QR33 + QR34 + QR4S -
0131+ Q132 + Q133 + QI3 ¥ Q135
¢ ro aso - : 3 .

T x i vf x oL
- no cuunnus . i | ; . B
Tl F' (JJ «GTa, 1) GO TO 842 p o 5
DELX1 = (L3aM-LM ) 7/ (Nx-2) , ¥
< | DELX2 = (L2M —L34M) / (NX-2) 5 i -




(Lam -L2m

DELX3 ) .
© . DELX4 = (Lap; -Lam.y RN i
DELXS. (L2P ~L4P ) i 5 3
. DELX6 = (L3aP-L2P ), 3 . I Ve
: DELX7. = (LP = -L34P) E Ny . w
: X1ty =mw = DELXI/Z.‘ P 3 d gl g
. X2(1) ="U34M - DELX2/2 A f 5 5 B &
X3(1) ='L2m = DELXJ{E. : B B . .
: X4(1)' = LaM DELX4/2. . " g '
T xs(1) ¢ g |
X6(1) - T
£ TXTeL s .

DO 441 111=2,NX

E XI(ITI) = X1(11I-1) # DELXI . é hd
: X2(I111 = X2(1r1-1) + DELX2 Co : ’ :
g . X3(1I1) = X3(I1I=1) + DELXJ s L .» 2
k X4(I11) = X4(IlI=1) + DELX4, i Ty /o
XS(II1) = XS(ITI=1) + DELXS ; .
X6(IIT) = X6(ITI-1) + DELXE . " R P
S X7(IIT) = X7(LIT-1) + DELXT B s =

441" CONTINVE 2 Jemd e SERIE B Ee i

P u*z 00 443 11121,NX 3 4 k 3 iy i

DO 483 JJI=1.NY i : ot o Tk

FI(III,009) = FURAL (X1UITT)aY10J8J)) <
E2ULIL0000)" = FUTAL (XLLITT) V1S40 :

. N 443 CONTINUE | 5 3 3 J
CALL DBCADU (F 14NN XL4NX oYL SV LM 4= 36MALL(YI) »ULIJI) $ORAL 4 WK TER)

L CALL; DBCODU (F2sNNaX1iNX oY1 iNY LM FL34M, LLE(J4) JULEIJ) 1 Q1414 WK TERD
) . DO 484 III=1.NX W B
- ¥ Do ‘a4 gy
FLITI,JJJ) = FURA2 (X24I11)vY1(JI9)) i
F2(T11,JJJ) = FUI42 (X2(I110,Y1(4J9)) o
4444 CONTINUE ;.
CALL -DBCGDU{F1 NN+ X2oNX 5 ¥1 oNY 2 L34M0L 2M 4 LL (JJ) JULEUID JARAZ s WKL TER)
Viw ot .. CALL DBCQGDU (F24NNsX24NXoY1oNY2L3I4ML 2M s LL (JJ) sULLII) 4 Q1824 Wiy TER)
: 00 445 ITI=1.NX o & 5 Pt
00 445 J4J=14NY. L B
FICIT1,0003) & FURE3 (X3CTDWY1(0I0)) X :
F2(I11,J00) = FUT43 (X312 Y1(I4))
¥ © 485 CONTINUE T ) N .
CALL DBCQDU{F1yNNyX3sNX oY1 oNY,L2M oL 4M 3 LLIJIITULIII) 1 0RE3y

Ko TER)

& CALL_DBOGDU (E20NN, 3INXo Y1 aNY sL2H: L2k SLLUEIID $BL(VI) 5 Q1435 WK TER) .
‘DO 446 ITI=1'WNX

Fm g DO 436 JJI=14NY .

FURa4 (X4(IIT)a¥1(J0d)) B "

FUT44 (X4(ITD) . Y1(I4I)) : '

©FLULITW 4N
“F2(1114049)
446 CONTINUE
RS CALL DBCADU (FI,iNN+ X84NX oY1 aNY sLaM, oL 4P
o . CALL -DBCABUCF2sNNsX4sNXaY1sNY s LaM L 4P sLL(JJ) 2UL(JJ)+ QT84 WKL TER).
2 DO 447 IIT=LJNX - -
y , DO 447 JUU=1.NY ; ; i
FL{ITI0J9J) = FUR4S usunhnuu)r R R




Yog~ F2LILI¢400); = FUISS IXS(ITT)EVITIII0) . » : ;
447 CONTINUE 2 e 5 Y
CALE DBCGDU(F1 +NNy XS+ NX (Y ISNYsL4P oL 28 sLL(IJDAULIJII) 10RAS 4 UK VIERD
CALL DBCGDU(F2 s NN XS5 NXaYLaNY (LR JL2P oLL(JI)4UL(JJ) 1QT85 s wKy TER)

: D0 488 ITT=LNX : B ', i i g
0o =18y -~ . : : 8
. FIOTY14009) = Fums lxbnrn.nuun L :
oo it F20IBI,U0J0) = FUTA (X6(ITT) Y1 (JuIN) e oty mi )

IR 448 CONTI

. CALL ﬁﬂcuwtn.w.mmx.n NY.L2P
P2 R nﬂcnuuw:.hu.xa.ux.n.uanP
D0 449 III=1,NX : :
i DO 449" JUJ=1,NY K i . & %
4 FILIT14JJ3) = FURA7 (nuln.vu.u.nl» v
- © 0 F2(1115034) = FUIAT (X7CIT1)WY104I0))
449 CONTINUE - B - i . %
i : CALL, DBCQDU(F1 oNN: X7aNXaY1 oNYsL38P LP . sLL(JI) JUL(JIJI)+0RET 4 WK, TER)
CALL DSCQDU(F2 sNNpX74oNXaY1 yNY\L38P 4P oLL($3) UL(JII) Q147 s WK, TER)

EAL = QR41 ¢ GRE2 + QR43. + QR4 + QR4S ¢ UR4G + QRAT
XIMAG =/0181+.0142'¢ 0143 ¢ Qlaa ¢ 0145 s ales ¢ Q17 U

450 DIKCF(1,JJ) = DCMPLX(XREAL 4XIMAG) &. (xsccr LT che T

00 460 I=14N. . - Rk : AP A
’ ¢ % DD 460 J=1.H p % s s i e
. ACI4J) ="(04000,04000) k Ry . . 4 R ¢ "

i i . DD 460 JI=1.NWD 8 SR veregl AT y !
)

i 460 ACT, AlL4d) 4 DIKCF(L, ) & H(JnJJl
2 c i T .
s WRITE (6,50). S g . S
S DO 470 I=14N S 2 4 : 3 7z
TR | ATO WRITE (6,51) (AlI.J)s = . . Yo, 3
B i 5 - . ‘




" . RETURN

.ém-unu x.v..m.nz.ux.zz &

FUNCTION Eznauxy ¥

REAL & 8 KL

_Cf‘”m" ‘uLnﬁl-RZ-FI-ZZ - :
T1 = K' % DSGRT (X#X + RISRI) -
T2i= DSQRT(X#X + R23R2)

€28 = BCOS(T1)/T1 = DCOS(T2) /T2

A

€40

F =" DCOS (PT ¢ XZ(24%0))
EZR1. = EZR(X) & F
RETURN ¢

END

MPLICTT RE‘L‘Q(A—N » 0-2)

REAL *.8 Kol . ny ¥ '

L COMMON.; x.;.a:.uz.ax.zz BT Sy

‘F = +pcos (br & nm_u.)/(u:./
= EZRWX) & .F:

. REAL % 8 KoL

L COMMON KoL oR1 oR;

UF = 0CDS (PL
‘+.0C0S (PT

£ZR22 = Eznu() E




FUNCTTON. EZR23(X). -

IMPLICIT REAL¥B(A-H. v 0Z)
REAL # 8 K,L "
“COMMON K.L.Rl -RZ-PI-ZZ
F =..'DC0OS (PI % (x—us VAss.g2
£ZR23 = EZR(X) * F.

I RETURN :
END.

ann

B : FuNcnuN “EZR31(X) -
e % ¥ .
.l wm.xcn REAL¥BOA=H o- n—z‘)’
e COMMON  KyL4R1s

2z,
F = DCOS (PT t (fotZ-/B-)l(LtS./Q.I)
EZRUX). #°F

FUNCTION Ezn‘sz(x)

MPLICIT REAL®8(A-H Gtz -
REAL ¢ 8 Kb . ¥
L COMMON KoL .RLR24PI.ZZ

34784)/(L#54/840)

£ = . DCOS (P * (X4
EE A + DCOS (PI' % (xy/u.cs./z.n
: EZR3Z .= EZR(X) % F
4 A 'RETURN i
- END

‘o

*FUNCTION. EZR33(X)’

mm_xcn R Auau- 'D-Zl

COMMON K-L-RI-RZ.PI-ZZ
F = DCOS' (PI * lX&L'Z-/Bul/(L(S-I‘-))
= . v 1 # DCOS (Pl * (X)7(L¥3e/24))

i ; 27 ¢ DCOS.(PI *. (X-L#34/B8417(L4Se/80))
Loi UEZR33 = EZR(X) % F f

RETURN 5
(oY T S B N




FUNCTION - Eznza(x)

eLterT usm.tsu—n 500=2) .
REAL- % 8 KL i
C'!MMON Ky LiRLsRE, P4 2Z
1 DCOS (P, ¥ (X)/(L¥3e/24))
. 4.DCOS (P1'¢ (X-L#3e/B )/(LDS-/A-))
5 " E2R3a = ElRU(l oF -
: " RETURN
, END.

FUNCTION ‘EZR3S(X)

IMPLICIT REALKB(A=H -y 0+2) "
REAL # B KL

MMON. ©Ka L sR1WR2 (P22
DCOS (P1. ¥ «x—ua./s.w(us./un
EZR3S = EZR(X) & F
RETURN i

JEND

FUNCYI'EIN EZRA1(X)
DIPLICIT REAL$BUA=H 5. 0=2)

REAL #.8 KoL

coMMoM KsL sRL .RZ»PI-ZZ

- F'= .- DCOS (PL. % (X’L‘3-/B-l/lL'5-/‘-))
EZRal = EZR(X) * F.

RETURN - s, T

IMPLICIT REAL#BCA=H o 0-Z)
et REAL.# 8 Kol
5 3 N . COMMON K.L.m.Rz.Px.zz
. SUUF = DCOS APIUF (X4L¥33/8
1 ¢+ DCOS (PRI * (X+Lk14/82)/(L*5 n.n
EZR@2 = EZR(X). # F"
RETURN




" REAL * B KoL

DCOS - (PL
g +:DCOS (PT
27~ '+.DCOS (PI
EZRa3 = EZR(X)
. £ RETURN
&N -

aan

a

REAL ‘%8 K,L
s T COMMON.
i AF

+ DCOS (PL
- #.DCOS (PI
. +.0COS’ (PI
EZR(X)

1
- 5 Sy B
T3

. EZRA&

Y L weLrerr REAL‘!(A"H w02y, i

' REAL % 8 KL
COMMON K.
<F =..DCOS (PRI

L 4+ pcos (A1
2 + DCos (P1
EZR(X)

EZRAS
RETURN.
END

Funcfmu.szi&ﬁ(x) ; : ‘ *;

IMPLICIT REAL‘B(A— v 0-2)

¥ FUNCHDN emu(x)
YMPLXCIY REAL*#8(A-H D-l)

KoL RISR2;P1422
-DCOS (PT.

‘Fuuc 10N EZRS(X)

COMMON  KsL4R1,R24PT42Z . Qe o0

* (X4L$3./841/(L¥54/800) "

+ (X+L#1./84)/(L®50/800)

* (X-L#14/8207(L¥50/80)) = -

s F- he P

& (X4Le94/80)/(L850780))

* (X4Le1a/84)/(L85.780)) ,
* (X-L*1a/Be) /(L $5a/84)) . o
* (x-nJ.le-)/u.ts 78000
= F

WRIWR2.PT, 22

* (XeLP1esBa ZILOSe
* (X-L¥1a/80)/(LES/
* (X-L#34/817(L8Sa.
+F o




naan

“FUNCTION EZR46(X)-

SIMPLICIT REAL*8(A-H. o-2)

REAL ® B KL v '

CMMON KoL oR14R24P102Z " £

F=  DCOS (PI & (X-L%1e/8e)/(L#5e/82))

¥ .+ DCOS. (PI. % (x—c.:a.u.x/uos./a.u
EZR&46 = EZR(!) L&

RETURN . Rl Y
END ' e b ®

FUNCTION. EZRG7(X)

CIMPLICIT asu.uu—n .+ 0-2)
. REAL ¢ 8 KoL

COMMON “R1.R2.PTM2Z
F = DCOS (PI # u-u:./n.uu.cs.n.n
EZRA7 = EZR(X) ‘ ® J >

RETURN 5, o -
END s .
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@ FUNCTION FUR(!.V)
luFLXClt‘ktALOa(A—N » 072)

COMMON j(.n..m.az.w.a

RL * k1 s

K & DSORT((X-Y)#%2 + RI2) -
K ¥ DSGRT(LX+L)¥*2 + R12).
K % DSORT({X-L)*¥#2 + R12)
Ko* (w2 ? T

Ko® (Lev) o B

2. #KEL A

DSIN(T1) 7/ T2 <
DSINCT2) 7 T2 3
DSIN(T3) 7 T3

DSIN(T4)
OSIN(TS)
DSIN(TG) °,
FUR = TA - (T8B! YD + TC*TE) 7/ TF
'RETURN

END

FUNCTION FURL(X,Y) -
'

IMPLICIT REALSB(A-H + 0-2) .

REAL &8 KoL |

COMMON KoL sR1sR2,P1,22Z -

F =  .QCOS (PI ¢ X/(2e%L))

FURL = FURIX:Y) * F

RETURN  ,° . 3
END.

I ¥
FUNCTION FUR21(XsY)

IMPLICIT REAuau-N v 0-2) ‘ -

REAL.+ 8 K,

CcommoN KnL-RlvREnFl-Z

F= ' DCOS (PI &' lxol./h/vu.t:./z.n
FUR21 = FUR(X:Y) # F

RETURN :

END Y .
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c = % -

. FUNCTION FUR22(X,Y)

¢ é s qoe s

b IMPLICIT REAL®8(A-R. , 0-Z)

REAL ¢ 8 K,L : e .
COMMON KoL 4RI WR24PLIZZ

Fo=+ DCOS (P1 lXQLIh-)/lL.J./Z- »

1+ DCOS (P1 % (X-L/44)/(L¥34724))

JFUR22 = FUR(X:Y) * F o

< RETURN | ‘ v f
END d

FUNCTION FUR23(XsY) S g 5

« IMPLICIT REAL®8(A-H » 0-Z)
REAL * 8 K.L
COMMON  KoLoR1,R2:P1,2Z -
F = . DCOS (P & (X-L/744)/(L830/24))
FUR23 = FUR(X:Y) # F
L RETURN v N
END

. . FUNCTION FUR3L(X4Y) -

IMPLICIT REAL®8(A-H o 0—;),
REAL * 8 K.L
COMMON  KiLoR14R2,PJ,22Z

F = DCOS (Pl & (X+L#3e/8e)/(L¥54/80))

FUR3L = FURIX.Y) ®F
RETURN
END

c
c
<

FUNCTION FUR32(X.Y)

IMPLICIT REAuuu—n .+ 0-2)

_REAL % 8 KL

COMMDN G.L.m.nz.vl.zz"

F = DCOS (PI'® (XHL$30/B4)/(L85ar8a))
'L +,0C0S (PI % (X)/(L$3s/24))

FUR32 = FUR(X:Y) & F

RETURN p

. END

: &

s,







)t FUNCTION. FURSL(XiY) =37 YR Bed o +

X“PLXE!' Rk‘LCﬂ(A—H . D—ll A "ty
. REAL ®* 8 K,L s et
53k COMMON  KvLsR1+R2,P1422Z :

: F = DCOS (P # u«.aa./a.)/(us.n.n %
FUR&1 = FUR(X:Y) % F L »
RETURN .~ i ? 5
END R

0COS (P1.® (XHLa3arBa) £LLAS A.n
“4/.DCOS (PL'* (xo\.n /a.)/(us./hll

. ¢ Fm'acrmn FURG3(Xe¥)

IIRLXCIY REAL®B(A-H IJ Z)*
- REAL % 8 KaL
COMMON KoL +R1I sR2,P1,22Z
F = DCOS (PI # (X+L$3a/84)7(L%5.784)) -
U1 e DCOS (PI % (X4LS1e/8.)/(L850/84))
AR + DCOS (PI & (X-L¥14/84)7(L45e7a4))

. FURA3 = FUR(K.Y) % €
. -RETURN

END

Fimcnau FUH“(K."V)' 5

wbLictT nzu.cnu—n vi0=z)"
REAL. % 8 Kol -
LCOMMON k4L 4R1,R2; Prizz
(3 DCOS. (P1 % (X+L*30/84)/(L450/80)) "
. +DCOS (PI % (X+L¥14/B4)/(L¥507041)
S 20 %.DCOS (PI * (X-L#12/84)/(L350/4d))
T.7H3 . #7DCOS (PI# (X-L33e/Be)/ (L ./u-))
Ll FURAS = FUR(X.Y)- De
iR o RETURN e
b END




 FUNCTION FURST (XY}

IMPLICIT REAL*8(4
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