Chopter § im%ﬁ%&@»{i nga.‘c%’aﬂs , Momeat Medhod,

and Tvupedances

Fintke Diameker Wireg

For Thin wire antennas, the anment distobubon
was assumed 4o be sinusoidal, For f;\ﬁl“be diameter
wires (usually d>0,05%) the sinusodal cument
dishibwrion 15 representative, but not exact. “Te fnd
e current distribudion for & eylindnical antenna, an
indegral eguation s wsually derived and. <olved.

Knowmg the vo%_ge ot the fu& fermainals and
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(s el and m m‘f’uaﬁ)

determining e current disthbuhon, $he input a‘mp{aﬁmgg

and the radiation pablern can be obtaiied.
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(a) Dipole, A- GﬂP

Hallén In%gmf Eq’wﬂf@ﬂ

fssume that a finite rading wire of lungth £ is
center-fed by an applied, deﬂa«?ap V. X the length

of Yhe cylindec i mwch Lacger fhan its mdiug (4>>a)

and its radins is much smadler Han the wwaﬁmg%h (ask ;\))

e effect of dhe end faces of Hhe eylinder can be

neglected.

Magnetic
frill
N

N’

2

{b) Segmentation and gap modeling
Figure 8.7 Cylindrical dipole, its segmentation, and gap modeling.
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If the wire hag inﬁni&a conduchivify, the boundary

conditions are

b vanishing dangeatial E- fields on the surface of
the cylinder.

% vanishing curent ot the ends of the eylinder
Iz(a')]?: £, =0
No magnefic current = veelor po%em%im F=0, A+0
“'mi(_mi o account dne bou,nc{mg cundfﬁ@ﬂg the
electde field on the surface of the “cylinder is
Ep = ~jwhs - jipe G (%A) =0
LHS: the elechic current ﬂom on e eylinder
slong e z-av's and we have A= (0,0.4,) & T=2d,
So we have %(V/ZT)"‘ %Eé—%-, k2= —?;—: wipe

RHS® s equal fo2er0 because of vanishin %ag@wa‘h‘aﬁ
E-field component on the sueface of the eylindes

Our eguation becomes (a ware equation)

éjfﬂ.g. o+ sz = o

d.ZZ 2

Assume a symmetical cument densily, ie, Jo@)= J,(2)
Then, accordirg %g/ the definition of Hhe vector Pakﬁﬁ‘a,fj

e /2 ~jkR

A= o fj/ L2) 55— d2

1, |

A, s alo sgmma%cai [Ae(a’)-: Aql-2), 7%=W[(x—x.‘)2+(19—y*)’-¢(a»z')z]
This reguines a periodie colution of our wave equation:

Ae(z) = ~jVpe [A,cos(kz) + By sin(k}af)]

Rauating the last two expressions and using 4 =1/2,

we obtam
/ZI . éﬂdz» = -.i.[/l cos(kz)+ B sn‘n(kl%D:] 8 )
“lp = Tt ' ( 2

which 15 refered 4o as Hallén "nbeqeal egfua{w‘m for
a perfecily condm‘v‘ng wife,




’Poclch’ngfcon's Inteacak Tauation

Now), the boumﬁwﬁ condrions (‘EM"O ‘on the W"{ﬁm
of the cylindes) afe not wsed direcHy but are
incorporated into the derived eguation,

Assume agan that T =2J, and M=T. The egruaﬁm
for the elecknc ﬁ‘a(ds s reduced to

z -
Ll s oA, = juope EY (8-15)

whee EY 35 the scalered elechic ek genccated by the induced current density T =7,
‘i‘nlﬁ wpms&;on ’rw %}\L ()bﬁﬂ%ﬂk&( Wz(OIOIA%.) 1‘8 3;%‘3 l@t)
R

5l
Ay = %ﬁ,;\!@(z') e

Since the cunment dn)% ﬁaws on the ‘gwﬁ,@ of the
cylinder

2mady = 1;(2) > T =3=1,&)
Hhe volume lnteqnl veduces o a sucface integral

"lZ 0

A AT _-jkR
) 6 ' )
-1 Ll [ dgf)ag

L. _—

G(z,2")

4/2 e _jk&
As ="§1wa/ sz e’,R adg’Jz' ¢=unsant=a

eohere 'R,=1/§z+az~‘2§a605(¢»¢’)'f'(%"?‘)z
Symmefy makes & sufficient to only consider
sbsewations at g=0

’R(ym) = %f;.z.sfh?’(-%:—) + (2-_292"

At the Sur'fnae, of e eylinder, the total field must
cancel, z»:;*’-—:o, This means That the neident
electic field and the feld radiated by the egwfmfmé
(ﬁl""“’fé) current, which is assumed to be located
at e center of the wire, EX must cancel each
other

) ”r
EX = B+ EX¥zy =0

{

I
N \
i \-————-—,-—-1 -—;r————>-n
- AY

£ = -ESR)

1)

|

SR, NN

Inéer'b"b’\g Ay o the expression (8-15) for EJY T .
z
gives fur sbsecvations on the sucface of {%e e &, g
“glincen g=a LU X L
L~Za——l L—Zu-—[

(a) Geometry (b) Equivalent current
Figure 8.5 Uniform plane wave obliquely incident on a conducting wire.
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or, by Mkrd\msg{n@ snkegraction and AW@%\‘M

2% 2 :
( Tk )ef/ L6z d' = jee E?(g%) = - jwe E; )(g =a.)
4%

ﬁzla(?)[(%; ‘H»:z) G(i,z‘)]da' = — jwe Eéi)(g.:a>
1

which 1s referred o as ?adcfm@hﬂ’é Integrod ifferenhial
equation.

For a very thin wire (a2)

G(z2) = G(R) = =

~jiR et

Moment Method Solubion
Hallérs integrad ed. and %ck&‘agﬁn’s ?"mtcgmf eq.
can both be writlen in the form

F@9)=h

F is a known Lnear ,hkjmf afgmfw’*
h s a known exatabon fumb‘on

g is the response ﬁmc.{\“m.
The objechve 1s o dedermine 9 once F and h ace
specfﬁ‘ed.

For Hallin's integrl eg, the spea'ﬁcah“@w (s a5 ﬁilew&
2

f dz'

F.'
Uy
h = -——%-[A,cos(k?) + Bm’h(klz))]
e—ij(Z')
gzl=g = L(a‘) YmeR(z")
SQ/ wWe %av&
iz —jleR

F(q) = F{9} E-!/;Iz@)%?ﬁ’ d2' = h

We now assume Hhat I,(2") cowv,spomis to an
eguivalent current = fllamentany Line soure current

X??aﬁ%e& m/iong Hhe center axil Of the wire, 5D
that

i}
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R = '\/;z‘-b\jz“' (z-2)% (< =y =0)

Lk +he obsevation poink be located on the mdial
distance ¢=a Fom the wite = flament cument.
Then we have

Re a7 G = RG)

We can now write ,
Flg) = Flg@a)} = [ 92 de' =h
O
where we have dwmf)eﬁ; “H/Lg Limits o{ im'r:gm{fem
bl) MOVMQ “+he on‘@g}) f;“om 2=0 W0 2=-4>.

The woment method reanires Hiat the unknown
response. function ¢(z.2) 1s expanded as o Linear

combination of N temms and vontten as
9= 019 + CoJo +... ¥ Qg = g ngn(2,2")
Subsﬁ‘wh‘ng dnis o Hhe in&qmﬁ o) we have
N N L
h =ofd2' hZ;Gn?)n(Et?') - Zanfﬁn(?»i')dz' = ﬁ;anF(an)
n= o n=

Here @, 1 unknown constants and gn(22) are known
funchions referred {0 as basis or expansion functions

The hasl's ﬁmch‘ons gn are chosen so ot each Flgn)
con be evaluated preferably vh closed form, orat
the veny deast numenically. Once the funchions gn are
chasen, the only task remaining Fhen 15 4o find Fhe
unknown constants a,

In order 4o find Hhece constants, we now
will divide the wire tnfe N unifprm seqments
each of length A =4/N, see the Fgure.

The next Sep s 4o choose the basis fanctions.

To avold compleity, we choose gy to be congiant
over one gegment ond zerp elsewhere

g (E') s{ 1 2;—15 2' € 2,
! 0 elsewhere

We now choose some fixed point on the surface
ocoded on the diclance p=a from the filament
current, So +he coordinates of this ebservation
point will be ¢=a, 2=2m. The Mkc}fdcqﬂ
can be wnten in the ﬁJfW\

4 2a 4
h= °1J31 (2, 2)) d2' + azfadzm,z')dz't-- + waﬁm(em,ewz'
o A

(N-9)A
unlown




This 13 one eqfua-h"an ﬁr N am;oh’h&de, constants Ca, 55
but N lineady tndependent equations are reguired
These N eguations may be produced by choosing N

observation points 2 onthe surface of the uave. each
at the conter of each A length element. TThis gives
one equation foreach obsewation poidt, For N such

po’in’cs we have

4 ]
h =q fﬁ|(fu2')d2' t ... +aNj9N(:Z1,2!) dz, 6% {
0 (N-DA
A [ }
h=of g2l + .+ on [ 9u(z,,2)d2" !
, ©° (N=)A !
A 1 :
|
h = 0;[31(?N,2‘)dz'+,,_ +GNJ I (20, 2) dz’ eg N
0 (N-1)a

This set of N equations may be writtest in
matiy form as

[h] = [Fon ][0 ]

where e hy, column madix has all dermsg cg}uaﬁ
to h, . 2
[Fe] = [g0am2)de' = [ 142"

¢ (n-1)4
ond [Qn] = an are values of unknown eurrent
distibubion coeffictents. Solving Fhe madix equation
fbr [Gn"l @\\}\2,5

(6] = [Fan]" [ho]

Having *he amplitude constants an, we can
determine the unknown current diswbution I(z")



8.5 Sef Impeéamca ISH

The impecfa.me of an anfenna depends on man
factors, including its frequency of operution, it
method of excitation, m\j s pmxim?tg b Hhe
surmundfng objccts,

The read and 1'mag(nanj part af the iMpeéfa,Me

con he fwnd by ushg the In{mgmf Equahon~
Moment Method or 1the Induced EMF Medhod

85.1 Inkgmf 5%ua»ﬁ‘0n~MomeM Method :
Hallén's or Pocklingtont integral e4. give the
current distribuhon,

1.0 LI A N B R ™ L L B B B
1o 3N i i
08 = Adipole
3
2 r Sinusoidal N -
& (NN e a=10"4 N\
Pocklington (imagnetic-frill) g 06} i N —eem a= 10722 "-:\ n
Pocklington (delta-gap) = s o, =Y,
- —= Hallén (delta-gap) Y E I~ . N 1
. . o /7 Q A
—-— Sinusoidal ?5 04 “r‘ 74 ":}\ \\ 7]
| , 4 N "\
- Q! .
E / \ 0.51 dipole 2
2 A Y
0.2 ) N
WY W\
\. o
A
A » 'y
/ s
b (13 A TR W S TOUN S N N S | PR N W N TN N N
1 000 005 010 015 020 025 030 035 040 045 0350
| 2 } 2 { Distance from dipole center (wavelengths)

(@1=0472 () {=Al2and =2

Figure 8.13 Current distribution on a dipole anlenna.

The lamest deiation from a sihusordad cument
distbution s for he feed point of a 2 dipele.
(Compare with dhe curent dishbution °)%r a? dipe
measured duing the Job)

When he current s Jenown, Hhe {m?m&m@ 18
given by y
Z‘n = ﬁ

852 Induced EMF Mcthod

(Reg}u\‘res the near-feld because othenwise +he

rea(,%am@) which dominates in the near- Fte,id vegion
cannot be determined, ’

ﬂfba lmg dervations, one obtains

Re =R = ZLLC  An08)~Call) + L i ()Si(2kl) - 25, i)
+4 eos (kﬂ)[d + ln(%) +Ci(2kt) - ZC;(kQ)] }‘
X = { 25;(k4) + ces(kg)[zsi(u)—si(zuﬁ - s\”n(kﬁ)[ZC;(kﬂ) - Ci(2kd)- C;(izz—-’““z)”
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where C= Eulers constant = 0,5972,
S ) = e sine fn%gmﬁ = fﬂmdg

o :j See Appendix T
Ci(x) = the wsine Tntegral = /-E%idy

Tnput impedance refers do fhe cument at the
inpuk terpminals and are given by

(L) = R
Ri (I\'n) Re sm(ldf2)

X.'n = (’%f;)axm = X

1000
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3 i 7 500
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£ & 0
Z 4001 5
s 5]
[ N o ~500
200 |-
~1000
0 ~1500 TR W
0.0 . . 1.5 ! . . 0.0 15
1A 1A

© (@) Resistance (b) Reactance

Figure 8.16 Self-resistance and self-reactance of dipole antenna with wire radius of 107% A

Effects of fintbe radiv
- small effect for the resistance
~ more sfqm‘f?mm for e reactance

a=10"°A

800 4
a= 10742
600 a=10"32
a=10"%n
400
200 .
0

—200
~400f
1 1 ] 1 i ] 1, 1 i 1 1. J
05 10 15 20 5 30

—600
0

Reactance X, (ohms}

Dipole length (wavelengths)

Figure 8.17 Reactance (referred to the current maximum) of linear dipole with sinusoidal
cusrent distribution for different wire radii.



1,
8.6 Mutual Im‘peo@ance Petween Lneac Elewends ‘géj

In Hhe presence of an obstacle, he current distbudion
of an antenna will change. When e current dishri-

bution changes, Jhe radiated fiekls and the input
Umptdance changes as well.

The obstacle can, for example, be e grownd. or

another element, Examples of the Latber ace the

parasitic elements ofan Vagi-’Uda andenna. These

elemen® do not have any current exctation, but

there can be a substantial cument induced fom

another spurce.

I
For an andenna sysiem of o dements we can y 1
represent the syshem by a two-post by e vollage- 'io___m (Z] i\/z
current relations

Vi= 2yl + 24 Iz

(8-63)
Vo= Zy I v Zy1,
whee  Z, = —%—’Iz:o and  Z,,= -\—/i?—’; - ace self impedances
and  Z,, = -Yﬁ Lo and  Z,, = -\{%’I o are yautial tmpedances
1 2

(8-¢3) can aso be wniten

V
74 = -ﬁ_ = Zy * 2y, (—-‘%—) = driving point impedance of antenna #1
Loy = -\-I{":- = Zp t Lo (-‘%)r- driving point impedance of anterna. #2
z e~
cumrent
self mutuad ~ robR

impedance (mpedance

Two methods 1o obtain the mwhunal t‘mp@&amﬁ
) Inkgmﬂ E@rma’b‘an—/\/}omm’t Method.

2, Induced EMF Method

(the same o as for e self impedance)

9.¢.1 Inteqrak Equation-Moment Methed

A, Nu mencal Elechomagnete Code (NEC)
Compuks: induced cuments aad chames, near— and far-zone
elechic and magnehe felds, rodar cross section,

impedances or admiftances, gamn and direchvity,
power budget, and acdenna=to-antenng coupling.




B) Mini— Numencal Elechomagaetic

Code (MININEC)

Computes: currents, and near-and far Felds pottemns
It also ophimizes the ﬁei excitation v&(ﬁg‘zs That

—

tdu'e,(cl the desired. raciakon Po\ﬂ:cm.

£6.2 Tnduced EMF Method

T H
L

(a) Side-by-side (b) Collinear

T
i

(c) Parallel in echelon

Figure 8.20 Dipole configuration of two identical elements for mutual

impedance computations.

100 T T T T T T T T T T T
+ .80~ = szm(EMF) :
N wevsorses. Xy oo (EMF) ]
o == Ryp (MoM) ]

— = X1 (MoM)

b Raim i :
: .
) _

Mutual impedance Zy;, (ohms)

..60 3 3 1 1 1 1 i 1 1 i 1
00 05 1.0 15 20 2.5 30
diA
(a) Side-by-side
306 T T T T T T T T T T T
E Bt Q0N Two collinear elementds fnfimengé,
% asien cach other dess than 4wo elements
N .~
- placed side-by-side
3 ——— J
2?0 ' 2‘5 ‘ 3.0
s/A
{b) Collinear

Figure 8.21 Mutual impedance of two side-by-side and collinear A/2 dipoles using the mo-

ment method and induced emf method.

The muhual ivaeﬁance i qw‘%e insensitive o
variations of the wire radius, see Rgur 8.22

in Ralams' book.,



