ZyxoAR HMMY
Y1roAoyioTikéG TeXVIKEG yia ZuoTApaTta MeTtddoong MNMAnpogopiag
7° g§aunvo, pon T

YtroAoyioTikn Mpoocopoiwon (MovteAotroinon- Mictomoinon-Omrikotroinon) 2D MpoBARuaTog ZKESAONG

€ TEAEIO AYWYINO KUAIVOPO ATTEIPOU WAKOUG Kal KUKAIKAG dlatoung akTivag a = 0.64, o oTroiog BpiokeTalr aTov
eAelBepo xwWpo, pe Tov Gfova Tou TTAPAAANAO OTOovV Z-Afova KOPTECIOVOU OUOTAPATOS OUVTETOYUEVWY XYZ,
TIPOCTTITITEl XPOVIKA OPUOVIKO TTOAwWUEVO OTNnV z-katelBuvon emimedo KUPA, TO OTToio £xel povadiaio TTAATOG Kal

d1adideTal katd TNV +x-kaTelBuvon (£0TW gl xpovikr) e€dptnon). Na AUoete 1o dididoTaTo TpoAnua okédaong Pe
epapuoyn TnG MeBddou BonBntikwv MNMnywv (MAS), akoAouBwvTag Ta TTapakaTw Pruara:

1. OpIouo6GS TNS YewueTpiag Tou okedaaoTn Kai Tou icoduvauou MAS povréAou: Na xpnoIhoTroiIngeTe BondnTikA
EMQPAVEIQ CUPPOPPN TTPOG TNV ETTIPAVEIA TOU OKEOAOTA (ONA. ONOKEVTPO KUAIVOPO KUKAIKNG OIATOMNG) KAl TOV
id10 apIBuod BondnTikwv TTNYwWV (ASS) kal onueiwv eAéyxou (CPs), opoidpoppa KaTaveunuévwy otn BonénTikn
EM@AVEIQ KAl oTAV €mM@AveIa Tou oKkedaoTr, avTioToixa. Na KAveETE pia TTPWTN €TIAOYRA VI TNV OKTiva TNG
BondnTIKAG em@Avelag Kai yia Tov apiBud ASs/CPs. Na d1aBdceTe atrd apyxeio €1I0000U TNV aKTiva TOU OKEOAOTH
Kal TNG BondnTIKAG eIQAVEIag (KAVOVIKOTTOINKEVESG WG TTPOG TO PAKOG KUUATOG A) Kal Tov aplBud Twv ASs/CPs.
Na oxedidoete 6An Tn yewueTpia Tou 1I00dUvapou MAS povTtéhou (ASs, CPs).

2. YmoAoyiouog Twv mAarwy Twv Bonénrikwv mnywyv: Na AUGETE TO KATAAANAO YPauMIKG UCTNHA £EI0WOEWV.
Na oxedidoeTe Ta Bdpn KATd PAKOG TNG ETTIPAVEIOG TOU OKEDATTH KAI VA T OTTOONKEUTETE.

3. ‘EAgyxo¢ 1n¢ Ikavomoinong Twv KardAAnAwv opiakwv ouvOnkwv otnv emi@pdveia Tou kudivépou: Na
uTToAoyioeTe Kal va oxXedldoeTe T0 OQAAPa OplaKAG ouvlnkng AE,., o€ TTANBOG onueiwy TNG EMIPAVEIOG TOU

KUAivOpou peyaAdrepo (katd TrpoTignon ToAAaTTAdoIo) Tou apiBuol Twv CPs. Na eAéyéete T oUykAion,
TTPooBETovVTag TTEPIcOOTEPEG ASS (Apa kal TTepioadTepa CPs) kai va emmavaAaBete Ta Brpata 1 péxpr 3. Na
ENEYEETE €TTIONG TN OUPTTEPIPOPA TOU OPAAPATOG OPIAKAG OUVOAKNG AE,. KOTA UAKOG TNG ETTIQAVEIAG TOU
KUAivOpou, 61av ueTaBAAETE TNV akTiva TNG BondnTIKAG em@aveiag. Na SOKINAOETE «aKPaiEg» TTEPITITWOEIG KAl Va
OXOAIAOETE T ATTOTEAEOUATA.

4. YmoAoyiouog 1ng gvepyou Oiaroung okédaong: Na egaydyete TNV €KQPACN YIa TO HOKPIVO (OKEDACOUEVO)
NAEKTPIKG TTEDIO, XPNOIMOTTOIWVTOG TIG OCUNTITWTIKEG EKPPACEIS TWV ouvapTAoewv Hankel yia peydAa opioparta
Kal TIG OUVABEIG TTpoOeyyioelg yia To TTAATOG Kal Th @Aon Tou pokpivou Trediou. Na utroAoyiceTe kal va
v .
oxedidoete TNV evepyd diatour okEdAONG o,p = lim (27[;)%} Wg¢ TTPOG TNV adigoudiakn ywvia ¢ (E) kai E;
p—>x Z
gival o1 Z-OUVIOTWOEG TOU TTPOCTTITITOVTOG KAl TOU oKedaldueEVOU NAeKTPIKOU TTediou, avTioToixa). Na eAEyEeTe TN
OUYKAION WG TTPOG Tov apiBud Twv ASS Kal wg TTPOG TNV akTiva Tng PondnTikAg em@aveiag. Na cuykpivere Ta
atroteAéouaTtd oag pe autd Twv Figures 11-13 tng mapamoutg [1] (Katd TTeoTiunon va eVOWUOTWOETE TNV
e€iowan (11-102) Tng [1] oTOUG UTTOAOYIOUOUG Kai aTa diaypdupaTéd 0ag).

Mtropeite va XpnOIUOTTOINCETE omroiadnmore yAwooa Trpoypauuariopyol (.. Fortran, C, C++, Java) kai/f
orrolodrjrore pabnuartiké TakéTo Aoyiopikou (11.x. Matlab, MathCAD, Mathematica). Na Tnv oTITIKOTTOINON PTTOPEITE
va xpnoigyotroifoeTte ommoiadnmore PBIBAIOBNAKN i yYAwooa TTeplypadng ypagikwyv (1r.x. Java2D, VRML). Na tnv
eTTiAuon TOU YpPAUMIKOU CUOTAPOTOG JTTOPEITE va XPNOIUOTTOINCETE OTTOIAdATIOTE PEBODO TTPOCPEPETAlI ATTO
BiBAI0BrKeG Aoyiopikou. MpoypaupatioTiké BonbAuata kal BIBAIOBNAKES AoylouIKoU gival diaBéaiya oTnv 1I0TooeAida
Tou paBnuarog (https://mycourses.ntua.gr/ kai http://mfol.ece.ntua.gr/computational-technigues-for-information-
transmission-systems/).

Mpétrel va onueiwBei TwWe yia TNV EKTTOVNGN TNS ETOUEVNS ELYAOCTNPIAKNS AOKNONG amraiteital n eéaywyn EKTEAETIUOU
n bytecode apyeiou amd tnv mapovoa epyacia. H armraitnon auth dev apopd BabuoAoyikd o€ kauia mepimrwon tnv
mapouoa pyaaia, aAAa emionuaiverai yia tn SIEUKOAUVON TNS EKTTOVNONGS TS ETTOUEVNS AOKNONS.

[1] 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)
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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 ‘
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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)
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