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Streszczenie po angielsku:  

This dissertation is focused on the development of a one-dimensional scalar multi-layer 

electromagnetic model of a Fabry-Perot open resonator (FPOR) and its use in the measurement of 

electromagnetic (EM) properties of electrically thin dielectric sheet materials in frequencies from 20 to 

50 GHz. In Chapter 2, the electromagnetic properties of dielectrics and the methods commonly used in 

their characterization are described. In particular, two techniques that have been used for FPOR are 

addressed and the more accurate one will be used later as a reference to the results obtained with the 

aid of the method developed in this dissertation. The Gaussian beam theory is also described in details 

in this Chapter as it will be used later in this dissertation to develop a new EM model of the FPOR. In 

Chapter 3, the original contribution of the study presented in this dissertation is described. Firstly, the 

concept of conformal transformation from Cartesian to Gaussian coordinate system that allows to 

develop an EM model of the FPOR with planar mirrors is explained. Secondly, the reduction of the 

model to a one-dimensional (1D) scalar problem is proposed and its discretization is presented in 

details. Subsequently, the model is used to compute the spectrum of a chosen figure of merit for the 

FPOR, which is wave impedance, in order to determine the resonance frequencies of selected 

transverse EM (TEM) modes. The chapter ends with a description of the procedure of using the 

proposed EM model in the extraction of the dielectric constant and loss tangent of a sample inserted in 

the FPOR. 

In Chapter 4, the proposed EM model and the corresponding characterization method are validated 

experimentally. Firstly, the mechanical construction of the resonator and the measurement setup are 

described in details. Next, the measurement results of five samples are presented and the accuracy of 

the method is evaluated. Subsequently, several properties of the proposed measurement system are 

investigated, such as repeatability, the impact of the thickness variation of a sample and the 

uncertainty of the measurement results, the capability of measuring in-plane anisotropy, and the 

possibility of extending measurement up to 110 GHz. Finally, the limitations of the proposed method 

are discussed.  

 
 


