ZyxoAl HMMY
YmoAoyioTikég Texvikég yia ZuoThpata Metadoong MAnpogopiag

YmoAoyioTiki Mpooopoiwaon (MovreAotroinon- Mictomoinon-Onrtikotoinon) 2D MpofBAfpaTtog Zkédaong

e TEA€I0 aywyido KUAIVOPO ATTEIPOU UAKOUG Kal KUKAIKAG OIaTOpAG akTivag a = 0.64, 0 oTtroiog PpiokeTal oTov
eAeUBepo xwpo, pe Tov AGfovd Tou TTapdAAnAo oTov z-dEova KOPTECIOVOU CUCTAUOTOG OUVTETAYUEVWVY XyZ,
TIPOCTIITITEl XPOVIKA OPUOVIKO TTOAWMEVO OTNV z-KaTewBuvon emiTredo KUPA, TO OTToio éxel povadiaio TTAGTOg Kal

d1adideTal Katd TNV +x-kaTelBuvon (€0Tw et Xpovikn e&dpTtnon). Na AUoete 10 d181GGTATO TTPORANUG OKESAONG UE
epapuoyn TG MeBddou Bonbntikwyv MNnywv (MAS), akoAouBwvTag Ta TTApaKATw Brpara:

1. Opioudg NS yewueTpiag rou okedaarr kai Tou icoduvapou MAS povréAou: Na XpnoIUOTTOINGETE BoNONTIKN
eM@PAveEId GUPPOPPN TTPOG TNV ETTIPAvEIQ TOU OKEOAOTH (dnA. opOKEVTPO KUAIVOPO KUKAIKAG SIATOUNG) Kal ToV
id10 apiBué BonbnTikwv TTNYWV (ASS) Kal onueiwv eAéyxou (CPs), opoidpopea Kataveunuévwy atn BononTikn
ETMIPAVEID KOl OTNV ETTIQPAVEIO Tou OKedAOTH, avTtioTolxa. Na KAVETE pia TTPWTN ETTIAOYN yIA TNV OKTiva TNg
BonénTikAg em@avelag Kal yia Tov apiBué ASs/CPs. Na diaBdaete atmd apyeio £106d0uU TNV akTiva Tou oKedAOTH
Kal TG BonenTIKAG £M@AVEING (KAVOVIKOTTOINUEVEG WG TTPOG TO PAKOG KUPATog A) Kai Tov apifud Twv ASs/CPs.
Na oxedidoete 0An Tn yewpeTpia Tou 1I00dUvapou MAS povtélou (ASs, CPs).

2. YmoAoyioudég twv mAarwyv rwv Bonéntikwv mnywv: Na AUGETE TO KOTAAANAO YPAUMIKO oUOTNUA EEICWOEWV.
Na oxedidoete Ta Bapn KOTG YAKOG TNG ETTIPAVEING TOU OKEDAGTA KAl VO T OTTOBNKEUOETE.

3. EAgyxo¢ TNG IKAvorroinong Twv KAardAAnAwv opiakwv ouvlnkwv otnv mi@dveia Tou KuAivépou: Na
UTTOAOYIOETE Kal va OXeDIGOETE TO OPAAUA OPIAKAG CUVONKNG AE,. , o€ TTARBOG onueiwv NG ETTIPAVEIAS TOU
KUAiVOpou peyaAlrepo (katd@ Trpotiunon TToAAaTTAGCO10) Tou apiBuol Twv CPs. Na eAéyfete Tn cuUykAion,
TpooBEToVTaG TTEPIoOOTEPEG ASS (Gpa kal TrepiocdTepa CPs) kai va emavaldfete Ta Brpata 1 péxpr 3. Na
ENEYEETE €TTIONG TN CUPTTEPIPOPAE TOU CQAAPATOG OPIOKNAG OUVONKNG AE,. KOT& WAKOG TNG ETTIQPAVEIQG TOU
KUAivOpou, 6Tav JETARBAETE TNV OKTiva TNG BonBNTIKAG £TIPAveIag. Na SOKINACETE «OKPAIEG>» TTEPITITWOEIG KAl VA
OXOMNAOETE TO ATTOTEAEOUATA.

4. YmoAoyiogudg 1ng evepyou dSiarounic okédaong: Na eCaydyete TNV EKQPOACN YIA TO YOKPIVO (OKESALOUEVO)
NAEKTPIKG TTEDIO, XPNOIUOTIOIWVTAG TIG QOUNTITWTIKEG EKPPACEIS TwV ouvapThoewy Hankel yia peydAa opiopata
Kal TIG OUVABEIG TTPOCEYYIOEIG yia TO TTAGTOG Kal TN @Aacon Tou pakpivou trediou. Na utroAoyioete kai va
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oxedIGoETE TNV evePYO Blatopn okédaong o,,, = lim [272,0 | EZ: E J WG TTPOG TNV adIyouBIaKn ywvia ¢ (E! kai
poo i z

E; €ival 0l Z-OUVIOTWOEG TOU TTPOCTTITITOVTOG KAl TOU OKEBAZOUEVOU NAEKTPIKOU TTEdiou, avriaToixa). Na eAéygeTte
TN GUYKAION WG TTPOG Tov apiBud Twv ASS Kal wg TTPOG TNV akTiva TG BondnTikng emmi@daveiag. Na ouykpiveTe Ta
armoTeAéoPaTd 00G PE autd Twv Figures 11-13 Tng TTapatmoutig [1] (KaTd TTPOTIUNCN va EVOWMOTWOETE TNV
egiowan (11-102) Tng [1] oToug uTTOAOYIOPOUG Kal GTa dlaypANPATE 0AG).

Mrropeite va xpnolhoTToInoeTe omoradnmore yAwooa Tipoypauyuatiopol (m.x. Fortran, C, C++, Java) kai/f
orroiodATToTE PABnuaTiké TakéTo Aoyiopikou (1r.X. Matlab, MathCAD, Mathematica). lNa tnv oTrTikoTroinon pTTopeite
va XpnoipoTroifoete ormoiadnmore BIBANOBAKN 1 YAwooa Trepypadng ypaikwy (m.x. Java2D, VRML). MNa tnv
€TMIAUCN TOU YPOUPIKOU OCUCTAMATOG UTTOPEITE VA XPNOIMOTIOINCETE OTroIadnTIoTE PEBODO TTpoC@EPETAl ATTd
BiIBAI0BAKeG AoyiopikoU. [MpoypaupaTionikd BonbAuarta kai PiBAIoBAKeG AoyiopikoU Ba eival diabéoiya oTtnv
IoTogeAida Tou pabrjpartog (http:/olympos.esd.ece.ntua.qgr/).

lNpétrer va onueiwBei Twg yia TNV eKTTOVNON TNS ETOUEVNS EPYACTNPIAKNS GOKNONGS arraiteiral n eéaywyn eKTeEAETIuOU
n bytecode apxeiou amré tnv mapoloa spyacia. H amraitnon aurr éev apopd Babuoioyikd og Kauia mepitrrwaon tnv
mapouoa epyaocia, aAAa emionuaiverai yia 1n SIEUKOAUVON TNG EKTTOVNONG TS ETTOUEVNS GOKNONS.

[11 C.A. Balanis, Advanced Engineering Electromagnetics, John Wiley & Sons, 1989, pp. 606-608.
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A. SMALL RADIUS APPROXIMATION

As the radius of the cylinder increases, more terms in the infinite series of (11-97)
are needed to obtain convergence. However, for very small cylinders, like a very thin
wire (a < A), the first term (n = 0) in (11-97) is dominant and is often sufficient to
represent the induced current. Thus for a very thin wire (11-97) can be approxi-

mated by
a=h 2E 1
J = d (11-98)
mawp H{?(Ba)
where
_ a2 (yBa 2 (1.781Ba
HE(Ba) = (Ba) - /%(Ba) = 1~ 51 (5] =1~ =i [ <5
a=A 2 (1.781Ba
= _;2 ( s ) (11-98a)
T 2

\
Thus for a very thin wire the current density of (11-98) can be approximated
by |
, a::dk o EO 1
A, T 1781Ba
In 5

(11-98b)

B. FAR-ZONE SCATTERED FIELD

One of the most important parameters in scattering is the scattering width which is
obtained by knowing the scattered field in the far zone. For this problem this can be
accomplished by first reducing the scattered fields for far-zone observation (S8p —
large). Referring to (11-91), the Hankel function can be apprclaximated for observa-
tions made in the far field by

Bp—large 2j _
HP(Bp) = 2 B (11-99)

which when substituted in (11-91) reduces it to

Bp— Zj e—jﬁp + o0 J(.Ba)
Ef = —E/ — —— —_— e 11-100
S b R A ) (11100

The ratio of the far-zone scattered electric field to the incident field can then

be written as ‘
© ,=/BP 4+
/ —Eov = A L J?Z()Ba) s
|E?| ﬂp-:arse 7B \/; n=-—c H, (ﬁaP

|E;| | Eqe %]

2] & J2(Ba)
—V mBe

E i B

= HP(Ba) (11-101)
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Thus the scattering width of (11-21b) can be expressed as

EP] 4| v J(Ba) | [
O,p= lim 2mp——=|=— T 7 pind
W e | PIEF] T B ,.}-:m HO(Ba) |
5 ‘ (11-102)
2\ *f J,(Ba) (n6) |
= E o COs (Ho
a0 HP(Ba)
where
_ /1 n=0 )
g, = {2 - (11-102a)

Plots of the bistatic 0, /A computed using (11-102) are shown in Figure 11-13 for
cylinder radii of a = 0.05A, 0.1A, 0.2A, 0.4, and 0.6\ [13], The backscattered
(¢ = 180°) patterns of o, /A as a function of the cylinder radius are displayed in
Figure 11-14 [13].

For small radii (a << A) the first term (n = 0) in (11-102) is the dominant
term, and it is sufficient to represent the scattered field. Thus for small radii the ratio

of the Bessel to the Hankel function for n = 0 can be approximated using (11-98a)
by

~772 n(0.898a)

| < (11-103)
HP(Ba) _j; In (0.8982)
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FIGURE 11-13 Two-dimensional TM- bistatic scattering width (SW) of a

circular conducting cylinder. (Courtesy J. H. Richmond, Qhio
State University.)
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FIGURE 11-14 Two-dimensional monostatic (backscattered) scatter-
ing width for a circular conducting cylinder as a function
of its radius. (Courtesy J. H. Richmond, Ohio State
University.) .

and (11-102) can then be reduced to
5|

aEX 2\ w2 1 7A 1 11.103
0 T T\ 4 || Im(0898a) | ~ 2 |1n(0.89Ba) (11-1032)

This is independent of ¢ which becomes evident in Figure 11-13 by the curves for
the smaller values of a.

For a cylinder of finite length ¢ the three-dimensional radar cross section for
normal incidence is related to the two-dimensional scattering width by (11-22¢).
Thus using (11-102) and (11-103a) we can write the th:ee—dimension;al RCS using
(11-22e) as

4¢%| +»  J(Ba)
e Rl -104
J3.p - "’Z—m H,fz)(ﬁa) e (11 a)
= ¢? . 2 (11-104b)
%0 T T 1,7(0.8984) )

Normal Incidence Plane Wave Scattering by Conducting Circular Cylinder:
TE? Polarization

Now let us assume that a TE? uniform plane wave traveling in the +x direction is
normally incident upon a perfectly conducting circular cylinder of| radius a, as
shown in Figure 11-125. The incident magnetic field can be written as
+ o0
H' = G Hoe ™" = 4, He P20 = 4.H, T j~U,(Bp)e/*

n= — oo

— GHy Y () e,d,(Bo) o5 (n6) (11-105)

n=0
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