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ABSTRACT 

This thesis presents an analytical approach of designing Wave Absorbing Non-Magnetic Materials 

(WANMMs) through implementation of the lossy line transmission technique in which the study of 

the relationship between the reflection coëfficiënt of the material and the oblique angles of 

incidence are considered. These materials are made of several dielectric layers, usually on top of a 

conducting layers. Matching characteristics of this method are investigated in detail firom many 

kind of experimental data. The total absorption of the electromagnetic energy is done in the last 

lossy layer, whereas the other layers are used to match the wave impedance of the WANMMs to 

that of the incidence media for the oblique angle of incidence only at different microwave 

frequencies. These materials will be useful for the wall in laboratories and other office buildings to 

prevent the internal reflection. It may be a substitution to the chambers which use the thick 

anaechoic material. 

i 



ACKNOWLEDGEMENT 

In the name of Allah S. W. T., The Most Benefecient, The Most Merciful. It is with the deepest 

sense of gratitude of the Almighty Allah who gives me the strength and ability to complete this 

Final Project Report. 

AH perfect praises belong to Allah alone, Lord of the world. may His blessings be upon Prophet 

Muhammad s. a. w. and members of his family and companions. 

I am personally indebted to my Final Project supervisor, Dr. Riadh W. Y. Habash who deserves 

most credit for his patience, advice, inspiration and willingness in guiding me towards the 

completion of this study. 

My gratitude also goes to all my lecturers, technicians and friends i.e. to my housemates and 

ex-housemates esp. Ahmad 'Kura' Zaidi Hassan and Lie who were involved directly or indirectly in 

giving invaluable assistance during this project. 

Finally, I would like to express my special gratitude to my beloved parents who have given me the 

encouragement, support and guidance that I need through all these years. 

u 



ANALYSIS OF BROADBAND ABSORBING MATERIALS 

CONTENTS Page No. 

Abstract i 

Acknowledgement ii 

Contents iii 

1. Introduction 

1.1 General 1 

1.2 Literature Review 3 

1.3 Scope of study 4 

2. Electromagnetic Properties of Material 

2.1 General 6 

2.2 Dielectric, Conductor and Semiconductor 7 

2.3 The Nature of Dielectric 13 

2.3.1 The Electric Field in Dielectric 14 

2.3.1.1 Linear Isotropic Materials 18 

2.3.1.2 Nonlinear Anisotropic Materials 20 

2.3.2 The Magnetic Field in Dielectric 23 

2.3.2.1 Magnetisation and Permeability 27 

3. Analysis Background 

3.1 Normal Incidence at Multiple Dielectric Interface 34 

3.2 Oblique Angle of Incidence at Multiple Dielectric Interface 38 

ui 



1. INTRODUCTION 

1.1 General 

With the advancement of communication in information-oriented modern society, various 

forms of interference, which are now termed as electromagnetic wave pollution, are 

encountered due to unwanted electromagnetic waves. In recent development, several 

electronics and wireless equipment such as personal communication equipment, wireless 

LAN and etc. which operating frequencies ranging from 2.5Ghz to 60Ghz will be much used 

in the future. For example, the 'ghost' phenomenon on television sets is caused by waves 

reflected off the tall buildings, and malfunctions of electronic equipment are often caused 

by electromagnetic waves from outside source. 

Therefore the protection against the interference by the radiation of electromagnetic wave 

from that mentioned above is required. Many absorbers with quarterwave types have been 

developed and published for the past few years. This paper presents the study of the 

relationship between the reflection coëfficiënt, operated frequency and the oblique angle of 

incidence , the design in which examples of the wide band thin materials are trially made 

and the modelisation of multilayer materials in free space using selected softwares. 

As mentioned earlier, these WANMMs are important as a kind of shield which protect 

scattered Rf energy which occur as a result from angles that normally applied greater than 

30 degrees from normal incidence. This scattered energy has the potential for being a source 
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