Abstract

The general goal of this work is the development of a technique that enables the analysis of a wide range of electromagnetic scattering problems, with the presence of metallic and/or dielectric scatterers with arbitrary geometry (with or without losses).

In order to achieve this goal the transfer function or generalized scattering matrix of a

scattering object is used. This matrix fully characterizes the electromagnetic behaviour of a scatterer relating the cylindric spectra of the incident and scattered fields, thus being easier to solve the electromagnetic coupling among multiple objects once the scattering matrix of all the individual objects has been computed.

At the beginning of this work a software was available for computing the transfer function of simple objects (2-D metallic strips and cylinders) and also for solving the electromagnetic coupling among multiple objects using an iterative method. Although this method could solve successfully scattering problems in open space, due to some limitations it could not analyze clumped structures, like the ones that have to be solved to analyze most waveguide devices.

The first task in this thesis consists on implementing techniques for the analysis of new 2-D objects such as multilayered circular cylinders with electric or magnetic losses (analytical solution), inhomogeneous dielectric objects with arbitrary geometry, metallic circular arcs and objects whose geometry can be expressed as a combination on simple metallic objects (strips and cylinders). Next a new method is developed for the analysis of the electromagnetic coupling among multiple objects that overcomes the limitations of the former method. This new method can be used to analyze almost any 2-D multiple scattering problem, regardless of the position of the individual objects, including many real rectangular waveguide devices.

Once a new and efficient method has been developed for the analysis of almost any 2-

D multiple scattering problem, the method is applied to the analysis of inductive devices in rectangular waveguide. For this purpose the circuital parameters of the guided structure must be computed from the scattering matrix of the equivalent 2-D open space problem. In the first place a new technique for the obtention of the Generalized Admitances Matrix (GAM) is implemented. The results of this technique are satisfactory if the circuital parameters of only one device are needed. However, the circuital parameters provided by this technique are not accurate enough for the characterization of multiple cascaded devices whose Generalized Admitances Matrices must be linked in order to obtain the matrix of the whole network. This limitation is overcome by developing another technique which allows the construction of the

Generalized Scattering Matrix (GSM) providing excellent results. A great variety of guided devices are successfully analyzed with this technique, and the results are validated by comparison with results from the technical literature. This technique is applied to the analysis of guided inductive filters and diplexers. Moreover, the effect produced by the presence of rounded corners due to fabrication tolerances is analyzed, and the accuracy of this technique is successfully validated by comparing its results with measurements of the response of a real diplexer with rounded corners du to fabrication tolerances. As a consequence of this result, the possibility that this technique allows in the future the automated design of guided devices with fabrication tolerances is pointed.

The technique for computing the GSM is also successfully applied to the precise determination of the dielectric properties of materials, even if they are liquid materials, overcoming the limitations (only low losses and a narrow frequency range) of previous methods.

Finally, immediate applications of this work are pointed, such as the analysis of bandgap materials, the design of communication devices with fabrication tolerances, the design of new devices such as filters with inductive dielectric posts, etc. And some future research lines related to the tools developed in this work ar also outlined, such as the extension of the method, first to the analysis of capacitive structures (i.e. capacitive steps, and structures in the E plane in general), and next to the analysis of completely tridimensional structures (using spherical field spectra), such as tuning screws or elliptical irises in waveguides, excitation of waveguides and/or cavities with coaxial cable, antennas or vegetation covers, all of them of great practical interest.
