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) In diffraction of a plane wave by a periadic array of
clrcular cylindera with longltudinal slits, there ls & total
raflectlon of the wavea io the long-wave reglon even If the
elements of the arcay are far apart,! The reasonisthat
the array elemenis have pronounced resonant prnpertles,'j

When a flnlta nomber of eylinders with longitudinal
‘alite are excited by 8 lumnped eource, a new effect {8 ob-
gparved; @ directed amisslon by a comparatively small
number of reflectors of small wave dimensions, which
Iorm & soreon of complex geometric shapa with trans-
varss dimansions on the ordar of the wavelangth, A scrsen
of this sort can effectlvely form plane phase fronts.

We congldey tha excitation by 2 magnetic-current flla~
ment of 2 reflector formed by a finlte number (M) of cir-
cular cylinders with a longitudinal alit (the angular slze
af tha slit 18 §) distributed unlformly over a sircular arc
of angle « and radlus R, (Fig. 1), Wa assume that the
eylindricel sereens are infinitesimally thin and !deally
conductlog. This problem has been solved rigorously for
an arbitrary arraogeinent of screens, ! i

The radiation reslstance for an anteona ayatem of
this type ia the aum of the iotriosic radlation resistonce
of the filament and the induced radiation resistgnees from
the uocloged cyllnders:
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The coefficient of directed action can be determined
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F1G. 1, The general soructure, Frequency dependence of the coefficient of
directed actlon (CDA) aod of the radiation resistance, oormalized o the
radiation resiseanee of a Alanen [ fres space (R]). Also diown here 15 l:'I'n!l
diractonal pattem st the meximum G, L
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Hera Jip{x) and Hmm are the der{vative of the Bespel
function and the Hankel Functlon, k = 2z/& (A IS the wave=
length}, @ 18 the radlus of the oylinders, and ;.:qm grc the
Fourier coeflicients of the surlace current denalty on the
q-th cylinder. Thase coefflclents are found [rom lhe
golution®* of coupled systems of Linear algebraic equation:
of the second kind (rgg, Yqpare the relatlve coordinates

of the g-th eylinder and tha fllamant).

™ The effective aclution which has been found for our
dilfraction problemn ralses poesibllities for analvzing the
ficld near thls structure over a broad [requency range
and for plotting two familles of mutually orthogonal curves
lines of constant phases of the Hy component of tha alec-

tromagnetic field and energy flux linasg,

Becauae of the amall wava ¢limensions of the ele-
ments of the structure and thelr waak mutval effects away
from the resonance, the radlation field of the megnetic-
current fillament {3 pertured only slightly hers; Lo, the
radlated fleld pasaes freely through the discrete rellec-
tor {Fig, 2a), and the directional pattern 8 {sotrople, In
this case the scattering of the waves is analogous to the
diffractlon of an H-polarlzed fiald by closed circular oyl-
inders.

Al frequencles near the resonant ralue, detarmined
by the conditlon faa[-2 s fin %}*“, on the other hand,
the scattering of H-pelarized waves by this structure is
qualitatively different. The exeltation of quasinatural
Helmholtz-mode caclllations in the elements of the sys-
tem?® and the strong mutual effect of the scatters greatly
digtort the near-zone phase structure of the Hald, The
Iermation of phase nodes nwear the dcatters lends to the
appeargnca of regions [o which the engrgy Nux 8 zerc on
the average over a perfod. ‘These reglona cause the effec-
tive dimensiona of the acatters to Increase, and this In-
cresse eada Ln lurn te o cutoff of the perturbing Fleld,
The phage [ront becomes egaentlally flal ovar an angular
gaglor of slgnificant alza near the structure.

The qualitative change In the near-zone fleld struc-
ture at resonange ¢auees moat of the energy of the elegtro-
magnatic fleld of the magnatio-surrent filament te be ra-
dlated in a certain directlon, That there 12 a flat angular
digtribution of the radiated energy away from resonance
and thal most of the energy {8 radlated ln & rather narrow
angular sector in the resvnant case can be seen from the
distribution of the near fleld of the structure, [,e., from a
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FiG. 2, Lines of constant phase fdathed curves) and lines of the energe Mux
areraged over the perlnd, a) Away from resonance; b) 81 resonapce,

fTamily of lines of the Poynting ve ctor flux, which is erthogonal
in the two-ditnensionsl case to the family of linea of con-

stant phase of the feld componont Mz (argH, = consth;
(Figa. 2a and 2b),

Directlonal patterns wilh & clearly deflned meln lobe
with awldthof sbout 25° are formed by a Bystem with waye
dimenslons of ordar A through the formatlon of a region of
a nearly flat phase [ront near the antenna {the relating slze
of the alde lobes is less than (.2),

Numertcal snalysis of the behavlor of the parameters
of an antenna foermed by 2 mapnetic-current filament end
a dlacrete rezonant reflecster consiating of 3, 4, 5,00 7
elements hes shown that the coelficient of directed actlon
can reach values of 6, 7, 8,3, and 8.5, respectively, at
resonphee, Jt 18 particularly important to note that the geo-
metric dimenalons of the antenna did not axceed 1.5 4, 4

The implenientation of this diffractlon effect in ahtenns
technology would palae the poasibility of developing strue-
titrzlly &imple, emall directional antennae,

It ia Important to note that {as = comparative study
showa) the properties of this discrete reflector at inter-
madlate wavelengths, {e., for wavelengthas comparable to
the dimengions of the aperture, are similar tothaoge of solid
¢ylindrical mirrors In the short-wave region. |
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1., The parametrlc four-wave interaction with op-
posltely propagating waves {In the Irequency-degenerate
case} appears to be one of the wmost Interesting lager of-
Imots aseociated with wave propagation in nematio Hquld

, orystals having a large opticzl orientational nonlinearity
{sena, Ior example, Ref, 1 among the recent expariments).
This arrangement, which i1z sometimes used in dynamic
holography,” has the remarkable property of corracting
the waveironts of laser beams with complex wave profiles
(gea Ref, 4, for example), Thls property stems (rom the
possibllity of phase conjugation {or "wavefront inversion™}
with automatic satisfaction of the matehing conditiong,?
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The kigh efficiency of this conjugation arrangement for
nematic liguid crystals was discussed theoretically o
Ref, 5, This arrangement waa Iimplemented experimental-
Iy in Ref, 6, through the use of a special transparency
with a photosensitive semiconductoy film under a atatlo
axternal fleid.

In this letter we report the first expariment for a
pursly optlical nonlinearity of a standard nematic-]1iguid-
oriatal sell, We have tnken some mesourementa, which
we will Interpest at a gualitative level,

2. The experimental arrangement 1 shown In Fig, 1,
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