Total reflection by a small slotted capacltwa cylmder

E. I. Veliev and V, P, Shestopaloy

Fagtitute of Radip Fhysics and Electronics, Academy of Scizrces of the Dkrainian S8R, Khar'kcoe

{Submilted September 14, 1978)
Fis'ma Zh. Tekb, Fiz. 5, 175-179 (February 12, 1979)

PACS numbors: 34.40.5r

A 8olid capeeitive oylinder of amall dimengiong inside
a rectangular waveguide oniy perturbs an meident H,, wave
Lo a gmall extont,! For this reason thede are nob wsed in
prantlce.! However, if & cylioder has o narrow lengliudingl
alot, total reflection of the Hy, wave can be achiavad under
certait conditiona.

Conalder sn H,; wave {noident from £ < 0 on » cylinder
with g longitudinal elot In 8 rectengular wavegulde (Fig,
2, Our problem 1p to determine the diffractad Hald; this
fleld, together with the lneldent wave, must satlsly the
Helmholtz equation, the boundary conditions gt the wavo-—
guide welle, the Neumann boumdary conditioe at the surfare
of the cylinder, the condition that the feld ba contlnunus at
the alat, the condition that the energy remain finite in B
boundad volume, and the radistion condition at infiolty. To
And the seettered feld we usa the mirror-reflection meth=
cu:l.* writing this feld arg the sum of double-layer potentinls
digtribuled on "mirror" dcurces with no unknown denaiiy
p¥g 5. To determine the Fourier amaplitude of the fme-
tion plyy 2/ we use tha mathad of Haf, 3 Lo derive 5 sys-
tomn of linear nlgebrale equations of the gocond kind, which
determine he sclulion of cur problem,
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For tha gingle-moda cade, with a frequency param-
ater n-fﬁ-{;xw = ﬁﬂx-ﬁg ' & 18 the wavelength
walli, the H, wava 1s I;-Ila enly undemped hormonie in the
diffractlon apectrum, The total field far Irem the inhomo
genelty can thon ba wrltten ag the [eld of the fundamental
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In thiz e¢zge the raflection coefficient ey and the Lrar
misslon coefflelent [b;] of the imdamental are completely
governed by the properties of the inhomogenelly, For the
paramester values 8 = 2r/b < 0.6 and § — 0, i.e., cylinder
with & naryow longitudinal glot and dmall dimensiona [ gr
w8 < 1l wa Ilnd the followlng squaetion [or by
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and C 18 the Euler constgnt,

The yuantity is detarmined from the condition |a,f +
Iy )2 = 1, which bolda for 0 =+ < i, Setting tha denominat
equil Lo zare In the aquation fox Iy In {21, wa [od a dis-
perslen relation for the wavegulde with this obeiaele, Thl
diepareicn relation is
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The roots of this equation, which are determined by
the Wewton method, are writien ar = g, + ¢, wWhera
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For the parameter velues gr = q; wa find from (2}
that by — 0 a8 ﬂ[l"'ir-l'lff]’} t in cther wordae, almoat totel
teflection of the Hyy wave cdeurd from the obstaele, At
4= 0, on the other hand, (In which caae the inhomogeneity
iz u closed oyllnder}, wa find from {2) that £a f+0[wfEP]
This ragult correaponds to nearly total tranemisaion of the
Hy; wave, Inthis cese the Incldent wave induces wesk cur-
reénts at the inhomogensity, and the primary feld 18 only
alightly perturbad, The eppesrance of & narrow dlot In the
wall of a evlinder with a small wave dimenaion thua leada
to @ gualitatively new resonant effect; total reflection of
an incident wava. ‘

{4)

Figurea 1 and 2 show that wlen W < 1 with emell slot
width # wa nbtain total reflection of the incldent wave for
various values of 6 in correspondance with gr=q;, A3 J
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1z increaged, the Q of the resonances of [z, and |by| de-
croascs, And these velues shift towards larger veluea of
a (Fig. 2a), With large slots in the cylinder, the ragon-

ances in |, and |by| vanish, and the acattered Held be-

comes almilar to the Field scatterad by a capacitive 1rig!
{Flg, 2b,

In conclukion weé noté that the curves ln Fige, 1 and 2
are Found Ivom a computer solutlon of thia system of 1u-
par algebraie enquntions of the second kind,
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