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Abstract 
 

 The two-dimensional problem of electromagnetic radiation from an isotropic line source parallel 
to an infinite slab of DNG metamaterial (Veselago-Pendry lens) is considered, in the frequency domain. 
The optical field of this lens presents abrupt discontinuities across the plane containing the image and 
parallel to the slab. A better description of the lens behavior is obtained via a rigorous diffraction analysis 
based on the Stratton-Chu formula. 
 

1. Description of Research 
 

The two-dimensional problem of electromagnetic radiation from an isotropic line source parallel 
to the interfaces of an infinite slab of DNG metamaterial is considered, in the frequency domain. The slab 
has a real and negative index of refraction, which is the opposite of the index of refraction of the medium 
surrounding the slab. In the optical limit, the electromagnetic field in this two-dimensional Veselago-
Pendry lens [1,2] may present discontinuities in the plane containing the image of the line source, so that an 
accurate description of the field can only be obtained by conducting a rigorous diffraction analysis of the 
problem. For simplicity, the study is confined to an electric line source, because the results for a magnetic 
line source can be obtained easily by duality. 

If the line source is located in the DPS medium at a distance a in front of the first interface of a 
DNG slab of thickness b>a, a first image is formed at a caustic line C parallel to the line source and located 
inside the slab at distances a from the first interface and b-a from the second interface. A second image is 
formed at a caustic line F parallel to the source and located in the DPS medium at a distance b-a beyond the 
slab. These images are perfect in the optical limit, but far from perfect in a rigorous electromagnetic sense. 

As either of the two planes parallel to the slab and containing one of the two focal lines C or F is 
crossed, a sharp discontinuity is encountered in both direction of energy propagation and direction of phase 
increase. It is evident that transition functions are needed across these two planes to remedy the optical 
discontinuities. These discontinuities do not occur in two cases: if a>b, in which case both caustic lines C 
and F are virtual; or if a=b, in which case C and F coincide and are located at the second interface of the 
lens. However, these two cases are of little practical interest. 

A rigorous diffraction analysis is conducted for an isotropic electric line source, represented by a 
Hankel function of the second kind and zero order, where exp(+jωt) is the time-dependence factor. The 
field components on the DPS side of the first interface are easily found, and from these the components on 
the DNG side of the interface are obtained exactly by imposing the continuity of the tangential electric and 
magnetic fields and of the normal magnetic flux density across the interface. Once the exact fields on the 
DNG side of the first interface are known, an application of the Stratton-Chu formula allows the 
determination of the fields at any point inside the DNG material. The Stratton-Chu surface integral is 
approximately evaluated and a discussion of the results obtained is performed. 
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