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The anomalously-high transmission through subwavelengthapertures is a phenomenon
which has been observed in numerous experiments, but whose theoretical explanation is
incomplete. We study the light transmission through two subwavelength slits in a thin
metal plate by a rigorous scattering model, which takes intoaccount the finite thickness
and finite permittivity of the metal plate. The light transmission is found to be enhanced
or frustrated, depending on the distance between the slits and the polarization of the
incident field. This effect is explained by considering the surface plasmons posssible on
the metal-air interface.
Recently there has been a surge of interest in light transmission through sub-wavelength
apertures. This is due to its obvious relevance for near-field optics, and because of the
extraordinary transmission properties of two-dimensional hole arrays in a metal plate re-
ported by Ebbesenet al. [1]. They observed that the light transmission can be strongly
enhanced, i.e., more light is being transmitted through theholes than is directly imping-
ing on them. In this paper we study the light transmission fora different configuration,
namely one or two sub-wavelength slits in a metal plate with afinite conductivity and a
finite thickness.
The electromagnetic field is obtained by converting Maxwell’s equations into an integral
equation for the electric field inside the slits,
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 Ê�

x	 �z	 � dx	dz	 � (1)

whereÊ�inc� is the field in the plate without the slits being present,∆ε is the difference
between the permittivity of the slits and that of the metal plate,

�̂
is the electric Green’s

tensor with respect to the plate without the slits andD denotes the area of the slits. Eq. (1)
is solved numerically by the collocation method.
For a single slit we show that the transmission can be enhanced, and that this can be
explained by considering the waveguide modes that are possible in the slit, and the optical
vortices near the slit [2, 3]. An example is given in Fig. 1. The anomalous behaviour of
the light transmission is found to be strongly dependent on the the polarization of the
incident light, which is explained by the difference between the waveguide modes for
these polarizations.
It is also found that plates with different material properties, such as conductivity and
thickness, show a fundamentally different behaviour of thefield near the slit [4]. Depend-
ing on the material properties, the light transmission can either be enhanced or frustrated.
A correspondence between the handedness of optical vortices and the transmission be-
haviour is demonstrated.
In the case of a two-slit configuration, the light transmission is shown to be strongly
dependent on the distance between the slits. This effect is explained by the occurrence of
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Figure 1: The time-averaged Poynting vector near a slit in a metal plate (after [2]).a and
d are left-handed optical vortices,b andc are right-handed optical vortices, ande and f
are saddle points.

surface plasmons along the metal-air interface. It is foundthat these plasmons can either
increase or frustrate the transmision. Surface plasmons can only occur if the incident
electric field is polarized perpendicular to the slits. Thisexplains why the strong distance
dependance of the transmission only occurs for this polarization.
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