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YtroAoyioTikn Mpocopoiwon (MovreAotroinon- Miotomoinon-Omrikotroinon) 2D MpofAARpaTog TKESAONG

€ TEAEIO AYWYIMO KUAIVOPO ATTEIPOU WNKOUG Kal KUKAIKAG dlatourg akTivag a = 0.64, o otoiog BpiokeTar oTtov
eAeUBepO xWpo, pE Tov Gfovd Tou TTapAAAnAO oTov Z-Gfova KAPTECIOVOU OUCTAPATOG OUVTETOYMEVWY XYZ,
TIPOCTTITITEl XPOVIKA APUOVIKO TTOAWUEVO OTnV z-KateuBuvon emimedo KUPA, TO OTToio €€l povadiaio TTAATOG Kal

d1adideTal kaTd TNV +Xx-katelBuvon (€0TW eI ypovikr e€aptnon). Na Aloete 10 di1didoTaTo TpofAnua okédaong Ye
epapuoyn TnG MeBddou BonBnTikwyv MNMnywv (MAS), akoAouBwvTag Ta TTApakaTw BrAdaTa:

1. Opiouodg TS yewueTpiag Tou okedaorn kai Tou icoduvapou MAS povrédou: Na xpnoigoTtroinaete fondnTikn
EM@AvEIQ OUPUOPQN TTPOG TNV ETTIPAVEIA TOU OKEDAOTH (OnA. OPOKEVTPO KUAIVOPO KUKAIKAG SIOTOUAG) Kal TOV
id10 apiBud BonénTikWwv TIYWV (ASS) Kai anueiwv eAéyxou (CPs), opoiduop®a Katavepunuévwy otn BononTikn
EM@AvVEIO KAl OTNV EMQAVEIQ Tou okedaoTh, avrioToixa. Na KAVETE pia TTPWTN €TMAOYN yIa TNV aKTiva NG
BondnTikAG emipAvelag kai yia Tov apilBud ASs/CPs. Na diaBdaoeTe ammd apyeio 10060u TNV aKTiva TOU OKESAOTH)
Kal TNG BondnTIKAG €TTIPAVEIAG (KOVOVIKOTTOINUEVEG WG TTPOG TO MIAKOG KUPOTOG A) Kal Tov aplfud twv ASs/CPs.
Na oxedidoeTe 0An Tn yewueTpia Tou 1I0000vapou MAS povtélou (ASs, CPs).

2. YmoAoyiouog twv mAarwy tTwv Bonénrikwv mnywyv: Na AUoeTe TO KATAAANAO ypauuikKé oUCTNHA EEI0WOEWV.
Na oxedidoeTe Ta BApn KATA PAKOG TNG ETTIPAVEIOG TOU OKEDATTH KAl VA T ATTOONKEUTETE.

3. EAgyxo¢ TN IKAvomoinong Twv KArdAANAwv opiakwv ouvOnkwyv otnv emipaveia Tou KuAivépou: Na
uTToAOYioETE Kal va oXedIAoeTe TO OQPAAUA OpPIaKAG OuvBnKknNg AE,., o€ TTANBOG onueiwv TNG EMQAVEING TOU

KUAivOpou peyaAurepo (katd TrpoTtignon ToAAatTAdolo) Tou apiBuol Twv CPs. Na eAéyéete Tn oUykAion,
TpooBEéTovTag TepIoodTeEPEG ASs (Gpa Kal TTepIcadTepa CPs) kai va emmavaAaBere ta Pripata 1 péxpr 3. Na
ENEYEETE €TTIONG TN OUMPTTEPIPOPE TOU OPAAPATOG OPIaKAG OUVBAKNG AE,. KOTa WAKOG TNG ETTIPAVEIAG TOU
KUAivopou, 6tav peTaBdAeTe TNV akTiva TNG BondnTikAG emmi@aveiag. Na OOKIUATETE «AKPAIEG» TTEPITITWOEIS KAl VA
oxoAidoeTe Ta aTTOTEAéOPATO.

4. YmoAoyioudg tng svepyou dSiaroung okédaong: Na efaydyete TNV €KQPAON yia TO PAKPIVO (OKedAlOUEVO)
NAEKTPIKO TTEDIO, XPNOIMOTIOIWVTAG TIG QCUNTITWTIKEG EKPPATEIS TwV ouvapTAcewyv Hankel yia peydAa opiouarta
Kol TIG OUVABEIG TTpooEeyyioelg yia To TTAATOG Kal TN @&on Tou pokpivou Trediou. Na utroloyioete kai va

s 2 )
oxedidoete TNV evepyd dlatopri okédAONG o,p = lim [27[/3 %} wg¢ PG TNV adiuouBiakn ywvia ¢ (E; kai E;
P> z

gival ol Z-CuVICTWOEG TOU TTPOCTTITITOVTOG KAl TOU oKedaldueVoU NAeKTPpIKOU TTediou, avTioToixa). Na eAEyEeTe TN
oUYKAION WG TTPOG Tov aplBud Twv ASS Kal WG TTPOG TNV akTiva TNG BondnTiKAg emmipdveiag. Na OuyKpiveTe Ta
ammoteAéopard oag pe autd Twv Figures 11-13 1ng mrapatoutig [1] (katd TTpoTiunon va eVOWUATWOETE TNV
e€iowon (11-102) Tng [1] oTOUG UTTOAOYIOHOUG Kal oTa dlaypAuuaTd 0ag).

MTtTopeiTe va XpnOIYOTTOINCETE oTmToIadmoTe YAWOooa Trpoypauuariopyou (.. Fortran, C, C++, Java) kai/n
01701001 TOTE OBNUATIKO TTAKETO AoyiouiKoU (T1.x. Matlab, MathCAD, Mathematica). Na Tnv oTImiIkoTTOINGN UTTOPEITE
va xpnoigoTroifoeTe ommoiadnmore BIBMNOBAKN i yYAwooa Treplypadng ypagikwyv (r.X. Java2D, VRML). MNa tnv
€TTIAUCN TOU YPOUMIKOU CUCTAPOTOG UTTOPEITE VA XPNOIUOTIOINCETE OTTOIAdATIOTE HEBODO TTPOCPEPETAI ATTO
BiBAI0BrKkeg Aoyiopikou. MpoypappaTioTikd Bondrjpara kai BiBAI0BAKES Aoyiopikou gival diaBéoiuya oTnv 1I0TOoEAIda
Tou pabruatog (https://helios.ntua.gr/course/view.php?id=973 kai http://mfol.ece.ntua.gr/computational-technigues-
for-information-transmission-systems/).

lpétrel va onuelwBei TTWS yia THV EKTTOVNON TNS ETOUEVNS EpYAOTNPIAKNS AOKNONG armraiteital n e€aywyn eKTEAETIUOU
n bytecode apyeiou amé tnv mapouoa epyacia. H amraitnon aurhy dev apopd BabuoAoyikd o€ kauia mepiTrwon tnv
mapouoa epyacia, aAAa emonuaiverai yia tn SIEUKOAUVON TNS EKTTOVNONGS THS ETTOUEVNS AOKNONS.

[1] C.A. Balanis, Advanced Engineering Electromagnetics, John Wiley & Sons, 1989, pp. 606-608.


https://helios.ntua.gr/course/view.php?id=973
http://mfol.ece.ntua.gr/computational-techniques-for-information-transmission-systems/
http://mfol.ece.ntua.gr/computational-techniques-for-information-transmission-systems/
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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 ‘
© ,=/BP 4+
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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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