Prof. Alexander I. Nosich

SCIENTIFIC REPORT FOR SHORT VISIT

to EPFL, Lausanne and University of Rennes 1 in July 2012 

in the framework of the ESF Network “Newfocus”
Topic: “Nystrom-type methods in the modeling of quasioptical reflectors”
Purpose of the visit to Lausanne: collaboration with Prof. J. Mosig
Description of the work carried out during the visit from 1st to 5th July 2012: 

- seminar presentation at the Laboratory of Electromagnetics and Acoustics on the modelling of 3-D rotationally symmetric reflector antennas in the reception and transmission regimes; the seminar was attended by Dr. J. Perruisseau, Prof. J. Mosig, students, and other staff members, 

- discussions with Dr. J. Perruisseau and Prof. J. Mosig of the topics of common interest; an agreement was achieved that the scattering and absorption of terahertz waves by the gratings of grapheme strips can be an area of collaboration, with electromagnetic-field modeling done by Mrs. Olga Shapoval. In part, this will be done during the term of O. Shapoval at LEMA as exchange grant researcher funded by ESF-Newfocus in July-August 2012.
Purpose of the visit to Rennes: collaboration with Professor R. Sauleau

Description of the work carried out during the visit from 6th to 15th July 2012: 

- discussions with Prof. Sauleau of the ongoing collaboration efforts around the two-dimensional (2-D) and three-dimensional (3-D) modeling of dielectric lenses and metallic reflectors,

- work on two joint papers to be submitted to the well-reputed international technical journals, IEEE Antennas and Propagation and IEEE Transactions on Nanomaterials. 

Details of the topics discussed in Lausanne and Rennes:

Rotationally symmetric reflector antennas occupy important place in both theory and applications of quasioptical antennas across wide spectrum of wavelengths from millimetre to THz waves and optics. Although their basic design principles are suggested by geometrical optics, any finite-size reflector has a finite-size focal spot whose dimensions and shape depends on the wavelength. 
Mathematical and numerical analysis of rotationally symmetric reflectors of quasioptical size is a challenging problem, the widely recognized difficulties being a 3-D character of the scattered field and the hyper-singular nature of the associated integral equations for the components of surface current. Normally engineers use Geometrical and Physical Optics to predict the properties of such reflectors in the far zone. Although this approach has led to successful design of important antenna systems, it cannot reproduce the near-field behaviour and fails if the environment of antenna becomes inhomogeneous. 
As a well-grounded alternative, several integral-equation (IE) formulations have been proposed, where the use of the Fourier transform in the azimuth coordinate enables obtaining independent one-dimensional IEs for each azimuth order. A discretization scheme based on a Galerkin method with entire-domain basis functions can be applied to obtain an infinite-matrix equation however it has no mathematically proved convergence and involves difficult numerical integrations for filling in the matrix. 
Besides, the same IEs can be directly and more efficiently discretized using a Nystrom interpolation algorithm and corresponding quadrature formulas for numerical integration. Such an approach has been under active development by the Kharkov team since the late 2000s. By using singular IEs discretized with Nystrom techniques, the study of reflectors is reduced to the solution of matrix equations of the order slightly larger than the electrical size of the reflector contour of cross-section. The advantages of this algorithms that make it efficient and reliable tool for the analysis of reflectors are (i) controllable accuracy, i.e., possibility to minimize the computational error to a predicted number of digits for an arbitrary set of the problem parameters (i.e. reflector size and shape) by solving progressively greater matrices and (ii) low memory and time requirements.
Numerical results on the wave scattering and focusing by paraboloidal and more complicated reflectors have been presented. In Lausanne, the presentation was concentrated around the mathematical derivations. In Rennes, discussions were centred on the modelling of a paraboloidal reflector assisted with a conical shield and on the associated non-intuitive effects such as appearance of parasitic focal domain. 
