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Usinga rigorousscatteringmodel,westudytheelectromagneticfieldarounda subwave-
lengthslit in a metalplatewith finiteconductivityandfinite thickness.It is foundthat the
transmissioncanbestronglyenhancedwhenthephasesingularities(“optical vortices”)
of thePoyntingvectorhavea certainposition.We examinethecreationandannihilation
of differentkindsof phasesingularitiesasa functionof the incidentwavelengthandslit
width.
The studyof the transmissionpropertiesof a narrow slit in a metalplatedatesbackto
Lord Rayleigh[1]. Heconsideredaslit in aperfectlyconducting,infinitly thin platewith
a width muchsmallerthanthe wavelengthof the incidentfield. In the first half of the
previouscenturyexplicit resultsfor thelight transmissionasa functionof thewidth of a
slit in sucha platewereobtained[2]. Aroundthesametime thetransmissionproperties
of a cylindrical hole in a perfectlyconducting,infinitly thin platewerealsostudied[3].
An extensivereview of thissubjectwasgivenby Bouwkamp[4]. In thesecondhalf of the
twentiethcenturythelight transmissionthroughsub-wavelengthslitsandholesin a thick
(i.e,not infinitly thin) perfectlyconductingmetalplatewasalsostudied[5, 6, 7].
Recentlytherehasbeena new surgeof interestin light transmissionthroughsub-wave-
lengthstructuresin a metalplate. This is due to the obvious relevanceof the subject
for near-field optics, and becauceof the extraordinarytransmissionpropertiesof two-
dimensionalhole arraysin a metalplate reportedby Ebbesenet al. [8, 9, 10]. They
observed that the light transmissioncanbe stronglyenhanced, i.e., morelight is being
transmittedthroughthe holesthan is directly impinging on them. To understandthis
anomalousbehavior wehavemadeatheoreticalstudyof thesomewhatmoresimplestruc-
ture,namelythatof aslit in ametalplate.
We considera slit in metalplatewith both finite thicknessandfinite conductivity. It is
illuminatedby a laser, which producesa linearly polarized,monochromaticplanewave
with angularfrequency ω, propagatingperpendicularto the metalplate. To obtainthe
totalfield for thisconfiguration,wetransformthesteady-stateMaxwell equationsinto the
domainintegral equation[11] for theelectricfield E

E
�
x ��� Einc � x ��� jω

�
εm � ε0 ���
	��  � G �

x � x ��� E �
x ��� dx��� (1)

whereEinc is the electricfield of the backgroundconfiguration(themetalplatewithout
theslit), G

�
x � x � � is theGreentensorfor theelectricfield with respectto thebackground

configuration,εm andε0 arethepermittivity of themetalandair, respectivily and j2 � � 1.
We solve Eq. (1) numericallyandcanthereforecomputethetransmissionof theslit and
thePoyntingvectoraroundtheslit. In Fig. 1 a typicalnumericalresultis shown.
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Figure1: Behavior of thePoyntingvectornearanarrow slit in a100nmthick silverplate
for a slit width of 200 nm. The incident light (comingfrom below) hasa wavelength
λ � 500 nm. The left- andrighthandedoptical vortices(a,b,d ande) eachhave a topo-
logical chargeof � 1, whereasthetopologicalchargeof thesaddlepoints(c andf) is � 1.
The transmissioncoefficient T � 1 � 11. The color coding indicatesthe modulusof the
(normalized)Poyntingvector(seelegend).
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