Wave diffraction by intersecting circular cylindrical bodies
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A rigorous effective mimerical method s propoged
for the solution of the problem of wave diffeaction by eylin-
dricat bodies formad from parts of {ntersecting civenlar
crlinders, Tor simplicity, we shall examina the case of
two interseclting cylinders, Mo fundamental difficulties
are cneountered in the generolization to eylindrical bodias
formed by the intersection of several oylindars,

The proposed method (nvolves finding the scattered
feld from sach side of such a oylinder fthe total seatkarad
field is the superposition of these fields), which reduces
to the solution of a ayatem of couplad conjupata summator
equationg for the Fourler coefficlents of the functinng
dederibing the surface current Jenaity on them. The
method of moments! in combination with the semi-invar-
slon method® is applled to the solution of thess equationa.
As 2 reaull, the problam leads to a coupled inflnlte system
of linear algebralc equations, whlch ave solved by the
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reduction method, The enkoown terms in these eguetions
ara the eoefficients in terms of which the surface current
densitice are represented by the complets aystem of Ga-
genbater polynomlals with & weight factor faking Into ac—
count tha behavior of the currvent functions at the adgas,

1. Let a plane H-polarized electromagnetic wayal)
M=t TR powaan, A 18 the wavelength, @y = cos-
Y4y Ap= Bin Jy, the time dependenca 1z =1 b {neident
upon the cyllndrical body nooder concidevation (sae Fiz, 1)
at an angle ¢, from the side ¥ < 0. Tt I8 required to detar-
mine the scattered [leld which must satlsfy the wave egua-
tlon cuteide the evlinder, the radiation condition at in-
finlty, the Keumann boundgry eondition zt the sarface of
the evlinder, and the condltion of Hnlte energy it any
bounded volume of space {he Melchener conditian at the
edges),
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FIG. 1

Wa ahall reprasent the total fleld as H, =47 + "_ﬂl Hi,

whora HE describes the scattered flald produced by the
surface corrant on tha part of the sylindrleal surface with
nurnber 8, Wa shall ssgk thass flelds in Incal eylindrisal
coordinate aystems coupled ko gach of tha Intarageting
evlindera in tha form®
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where tha enknowns {u gy} =—= arathe Fourler coef-
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ficients of the funetiona u, (o} := o gt e S

4 mras
iy, -}, which describe the serface current density
on Lhe cylindrical surfares with angular slze {Zﬂg}g.p
I ix) and H?ﬁ (x) ars tiie Bosgel and Hanlkal functions,
respectivaly, €a=ka,, and g 18 the radius of the s-th
oylinder.

T fAnd the unknowns {p ;}; = =, Wa gnbject the total

field Hg tu the Nenmann bomdary conditlon at the mriece
of the cylindriecal body nnder eansiderstion:
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whare L‘E 1s tha contour of the part of the cylindrical body
with number 2 dsee Fig. 1) and the normal n 1e directad
along the rodlua vector r.

In order to satlefy En. (2), the flald {Hj,]';_i mugk ba

written in the syafama of cocrdinates coupled to tha oylin-
ders with mirnbers 4=2, 1, respactively. Then, on tha
basis of thes addition theorern for tha cylindries] Functione,
to find the unknowns {g ;1} mm— We obtaln from Eq. {2)
the coupled dystem of conjugate summator aguektlona
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-1 1
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tha distance between the centers of the cylinders, and
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We not ¢ thot the homoZenasia stuations In ayetem {3}
are obialned by the extenmion of the funcilon ;:_1{5]] by zaro
outelda the Intarvel & € [-1,1].

Tha unknowp Fourisr coefficients {u;n} 35_;. must
satlefy, hasldes the aystem of eqzations (3) tha reletlons

T mlul |® <=, =1, 2, which follow from the rondi-

mw ==

Lion that the energy of tha scattared Nelda ba finfte [ any
bounded part of apace. It can ba shown? that the aclstlon
of the system of aquetions (3) that satlefies thly condition
exlate ang e unigue,

2. Tha sclution of the aystem of oonjueats summator

equatlona cap ba ohtained by reprosenting the Mactfots
By hl:j} as uniforely convargant Serles in the complets and
orthogonal eyst em of Gegenbaner pol}ruuminlaz{cglﬁ‘j]} Eu@
with & walght fector taliing into aceount the behavior of the
current function at the ends of the tnterval 4 € [-L, 1].
For the H-polarization under eonsideration, this rapre-
sentaticn bae thg form

W) = (1 = 3FY .,,i; o Im G R, "

whera {x) 1 .} are the now unknown coefficients, v=r/g,
emd 7 s ma angle batwaen the two tangents pagsing
through the peint of intoraoction of the eylinders (gee Fig,
1k

By representing the functions {ijj-’}jzi and their
Fourler coefficients ag the suma of even and odd terms
“jim n(1/2) _m‘;l . _p;rjl] and nalng (4}, we canobtzin repra-
dentations for u Ej aunifarmly convergoent sgrles inthe
Eessel functicne;
g o Urenl-t = I
" T tH  n=0 " (2ap
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whare J; (%) are the Begsel functions, and I{x){athe gemma,

. Puncion,

It followa from (5) that the coefficients p%rlmﬂun“{“‘“h
aB m— % 1.4, this ordar of decreasa of tha Fourler aoef-
Foients of the functions }tj{{j} ensuras satiefaction of tha
Meichener condition at the edges for the Functiona thom-
salvrgs, Moreover, it glso follows from theae repregents-
tions with use of the discontinacus Wober —Schofhelt]ll sn
infarvals® that [n the syetem of conjugate asummatar equa-
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tons In the cosfficients p2J the homogeneous equations are
sablefiad identleally, '

Let ug introduce the quantities {5 L};-p which are
expresaed in Lerms of 'fjm In tha following manner;

f

ﬁ,{,-lﬂna}*%’". me0; 3, = 0 #) )

This corresponds to the asparation of the operatora
ganerated by the left sides of the Inhomopenaous eqoabiong -
in the system {%) info a prinedpal (eingular) part and com-
pletely continuous parts. Furthermors, by subatituting
repregentations (5) for the Fouriar cosffiotants into thase
efquetions and using the compieteness of the Gegenbauer
polynomials in the interval [—1, 1] wa obtaln for the un-
Imowng {:»:-]T'}]‘.'r‘;L= ¢ the Infinlke gystem of coupled Hnear
dlgebraic squations
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Wa ncte that the Iollowing rapressntation can ba ob=
taned for the matrix elameants dkf' o+ Which ere indapendent

of the froguency perameter ¢y end are represented aa

wealkly converging serios, as In Refs, 4 and 6
d:j.rr s dl{: + d‘_el"'"f

M + T4k +a) + 2)
(r + 1+ 2P0 + 1) + 2o #1300 % +r B — T+ e — Wk — s

L Dl o)

Here the dl::n do not depemd on the parameter &, and
Djp s decreases o rapidly with Increasing indires that It
is sufficient for practical ealoulations to retain tha firet

#overal terms in the serios in thage quantities, ¥ Lg seen

from (9) that dh’"k Ay, k=1, L., the systems of equations

(7} and (8} are cecond-order equaktinng,

Wea can show that the systema of linear algebrala
equations [Eqs, (7} and {8)] are solubla in a uthigue tmanmer
by the redustion method in the space of numerical Ae-

daf -
quences Lifw) = I miF |zl <= =1,2 Therals
m =g

a simple recurrence relation for all tha metrix elamente:

-1
sl T SERORE . NN, 05 SR |\

Inm =

shere Ly, denctes any of the quantities 47, NEH, and

M:’J;. The uae of raloticns (8] and (10} in the computer

solution of the system of equations {Th B} by tha reductlon
method signt ficantly stmplifies the computation,
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