Contents

Certificate of Approval
Certificate
Acknowledgement
Declaration

List of Abbreviations
List of Symbols
Abstract

1 Introduction
1.1 Introduction . . . . . . . . . .. e
1.2 Literature Survey . . . . . . . . .. e e
1.3 Objectives . . . . . . . o o e
1.4 Thesis Organization . . . . . . . . . . . . . e

EEEEEEEEEEEE

2 Scattered Fields in Cavity, Semi-infinite Waveguide and Infinite Waveguide
due to Apertures and Slots 9
2.1 Introduction . . . . . . . . . .. 1Q
2.2 Rectangular Cavity Green’s Function . . . . . . .. .. .. ... ... ... ..., [12]
2.3 Semi-Infinite Waveguide Green’s Function . . . . . . . ... ... ... ... ... 20
2.4 Infinite Waveguide Green’s Function . . . . .. . ... ... .. 0. [25]

2.5 Scattered Magnetic Field . . . . . .. ... ... ... ... . 28]
3 Analysis of Waveguide Window Discontinuity and Its Applications 31
3.1 Analysis of a Rectangular Window . . . . . . . . ... ... ... ... 32
3.1.1 Formulation of the Problem . . . . . . ... ... ... ... ........
3.1.2  Field Scattered into the Input/Output Waveguides . . . . . . . ... ... B3l
3.1.3 Field Scattered into the Cavity . . . . . . .. .. ... ... .. .... 36]
3.1.4 Boundary Condition Equations . . . . . . ... ... ... ... ... 37
3.1.5 MoM Matrix Equation . . . . . . .. ... o 39
3.1.6 Scattering Parameters . . . . . . . . . .. ... 4T
3.1.7 Numerical and Experimental Results . . . . . .. ... ... .. ... ... [42]

3.2 Estimation of Complex Permittivity of Low Loss Solids . . . .. ... ... ... [45]

xix



CONTENTS

3.2.1 Imtroduction . . . . . . . . .
3.2.2 Estimation of Complex Permittivity Iteratively . . . . . .. .. ... ... [46]
3.23 Results . . . ... (48
3.24 Conclusion . . . . . . .. [H0)
3.3 Analysis of Transition Window . . . . . . . . .. ... ... ... ... ... ... 50
3.3.1 Formulation . . . . . . . ... 611
3.3.2  Field Scattered into the Input/Output Waveguides . . . . . . .. ... .. 531
3.3.3 Field Scattered into the Cavity . . . . . . . ... .. ... ... ...... B3l
3.3.4 Boundary Condition Equations . . . . . . ... ... ... ... ...... B3l
3.3.5 MoM Matrix Equation . . . . . . . ... ... ... B3l
3.3.6 Scattering Parameters . . . . . . ... ... 5%
3.3.7 Numerical and Simulation Results . . . . . ... ... ... ... ..... 64
3.4 Analysis of Ku-band Waveguide Bandpass Filter . . . . ... ... . ... ....
3.4.1 Formulation . . . . . . . ... [H0]
3.4.2 Boundary Condition Equations . . . . . . . ... ... ... ........ 5y
3.4.3 MoM Matrix Equation . . . . . . . ... ... ...
3.4.4 Scattering Parameters . . . . . . ... ... oo 8]
3.4.5 Numerical and Experimental Results . . . . . . .. ... .. .. ... ... 18]
3.5 Discussion . . . . . . L e e e 62
3.6 Conclusions . . . . . . . . . . e 62

Analysis of Transverse Broadwall Slot Radiating into another Waveguide 63]

4.1 Transverse Slot on a Shorted Waveguide . . . . . . .. .. ... ... ... ..., 64]
4.1.1 Formulation of the Problem . . . . . .. .. .. ... ... ......... 64]
4.1.2 Scattered Fields . . . . . . . .. oL [65]
4.1.3 Boundary Condition Equations . . . . . .. .. ... ... ... ... 69]
4.1.4 MoM Matrix Equation . . . . . . . . . .. ... ird0]
4.1.5 Scattering Parameters . . . . . . . . .. ... ... 1l
4.1.6 Numerical and Experimental Results . . . . . . ... ... ... ... ... 3

4.2 Transverse Slot on a Matched Waveguide . . . .. .. .. ... ... ... .... 78
4.2.1 Formulation of the Problem . . . . . .. ... ... .. ... ........ 78
4.2.2 Scattered Fields . . . . . . . . . . ... 78
4.2.3 Boundary Condition Equations . . . . . .. ... ... ... ... (31
4.2.4 Scattering Parameters . . . . . . .. .. Lo Lo ]2
4.2.5 Numerical and Experimental Results . . . . . . ... ... ... ... ... R4l

4.3 Conclusions . . . . . . . . 86]

Analysis of Longitudinal Broadwall Slot Radiating into another Waveguide [RT

5.1 Longitudinal Slot on a Shorted Waveguide . . . . . . . ... ... ... ...... 88
5.1.1 Formulation of the Problem . . . . . . .. .. .. ... ... .. .. ..., 88
5.1.2 Scattered Fields . . . . . . . . .. . 89
5.1.3 Boundary Condition Equations . . . . . . .. .. ... ... ... 93]
5.1.4 MoM Matrix Equation . . . . . . .. ... L oo 94
5.1.5 Scattering Parameters . . . . . . . ... ... Lo o 95|
5.1.6 Numerical and Experimental Results . . . . . .. ... ... ... ... .. 98]

5.2 Longitudinal Slot on a Matched Waveguide . . . . ... ... .. ... ...... 102
5.2.1 Formulation of the Problem . . . . . . .. ... ... ... ... .. ..., 102
5.2.2 Scattered Fields . . . . . . . . . . . ... 103
5.2.3 Boundary Condition Equations . . . . . . . ... ... ... ........ 107

XX



CONTENTS

5.24 MoM Matrix Equation . . . . . . .. ..o oo [108]
5.2.5 Scattering Parameters . . . . . . .. ..o oo 108
5.2.6  Numerical and Experimental Results . . . . . . . ... ... ... ..... 110
5.3 Conclusions . . . . . . . . . 118
Analysis of Longitudinal Narrow Wall Slot Radiating into another WaveguideI19]
6.1 Narrow Wall Longitudinal Slot on a Shorted Waveguide . . . . . ... ... ... 1201
6.1.1 Formulation of the Problem . . . . . . ... ... ... ... ........ 120]
6.1.2 Scattered Fields . . . . . . . . . .. . .. .. 21
6.1.3 Boundary Condition Equations . . . . . . . .. .. ... ... .......
6.1.4 MoM Matrix Equation . . . . . . . ... ...
6.1.5 Scattering Parameters . . . . . . . .. ... Lo L 1206]
6.1.6 Numerical and Experimental Results . . . . . . ... . ... ... ... .. 129
6.2 Narrow Wall Longitudinal Slot on a Matched Waveguide . . . . . . .. ... ... 132
6.2.1 Formulation of the Problem . . . . . . ... ... ... ... ........ 132
6.2.2 Scattered Fields . . . . . . . . . . . . ... 133
6.2.3 Boundary Condition Equations . . . . . . ... ... ... .. ....... 37
6.2.4 MoM Matrix Equation . . . . . . . . . . .. ... 137
6.2.5 Scattering Parameters . . . . . . ... ... Lo 138]
6.2.6 Numerical and Experimental Results . . . . . . . ... ... ... ... .. 40
6.3 Conclusions . . . . . . . . L 146

Analysis of Longitudinal Broadwall Slot Doublet Radiating into another Waveg-

uide 147

7.1 Longitudinal Slot Doublet on a Shorted Waveguide . . . . . . .. ... ... ... 48
7.1.1 Formulation of the Problem . . . . . . . .. ... ... ... ........ 48

7.1.2 Scattered Fields . . . . . . . . . . .. .. ... 149

7.1.3 Boundary Condition Equations . . . . . . . ... ... ... .. ...... %!

7.1.4 MoM Matrix Equation . . . . . . .. .. ...

7.1.5 Scattering Parameters . . . . . .. ... oo 156

7.1.6 Numerical, Simulation and Experimental Results . . . . . . .. ... ... 159

7.2 Longitudinal Slot Doublet a Matched Waveguide . . . . . . .. .. .. ... ... 165
7.2.1 Formulation of the Problem . . . . . . ... ... ... ... ........ 165

7.2.2 Scattered Fields . . . . . . . . . . ... .. 166

7.2.3 Boundary Condition Equations . . . . . . ... ... ... ... ..., .. Ird0]

7.2.4 MoM Matrix Equation . . . . . . . .. ... 1

7.2.5 Scattering Parameters . . . . . . ... ...

7.2.6 Numerical, Simulation and Experimental Results . . . . . . .. ... ...

7.3 Conclusions . . . . . . . . e 134
Conclusions
8.1 Summary of the Work . . . . . . . . . . [1R6]
8.2 Future Research Directions . . . . . . . .. . ... ... ... .. ... ..., IS8

A Legendre Polynomials 189
References 191l
Publication

xxi



CONTENTS

Author’s Biography 197

xxii





