
Contents

PREFACE xv

ACKNOWLEDGMENTS xvii

CHAPTER 1 Introduction and Historical Overview 1

1.1 What Is Quasioptics? 1

1.2 Why Quasioptics Is of Interest 2

1.3 Historical Overview 4

1.4 Organization of This Book 7

1.5 Bibliographic Notes 8

CHAPTER 2 Gaussian Beam Propagation 9

2.1 Derivation of Basic Gaussian Beam Propagation 9

2.1-1 The Paraxial Wave Equation 9
2.1.2 The Fundamental Gaussian Beam Mode Solution

in Cylindrical Coordinates 11
2.1.3 Normalization 15
2.1.4 Fundamental Gaussian Beam Mode in Rectangular Coordinates:

One Dimension 16
2.1.5 Fundamental Gaussian Beam Mode in Rectangular Coordinates:

Two Dimensions 16

2.2 Description of Gaussian Beam Propagation 18

2.2.1 Concentration of the Fundamental Mode Gaussian Beam Near
the Beam Waist 18

2.2.2 Fundamental Mode Gaussian Beam and Edge Taper 18
2.2.3 Average and Peak Power Density in a Gaussian Beam 21
2.2.4 Confocal Distance: Near and Far Fields 22



Contents

2.3 Geometrical Optics Limits of Gaussian
Beam Propagation 25

2.4 Higher Order Gaussian Beam Mode Solutions
of the Paraxial Wave Equation 26
2.4.1 Higher Order Modes in Cylindrical Coordinates 26
2.4.2 Higher Order Modes in Rectangular Coordinates 30

2.5 The Size of Gaussian Beam Modes 32
2.6 Gaussian Beam Measurement 33
2.7 Inverse Formulas for Gaussian Beam Propagation 34
2.8 The Paraxial Limit and Improved Solutions

to the Wave Equation 35
2.9 Alternative Derivation of the Gaussian Beam

Propagation Formula 37
2.10 Bibliographic Notes 38

CHAPTER 3 Gaussian Beam Transformation 39

3.1 Introduction 39

3.2 Ray Matrices and the Complex Beam Parameter 40
3.3 Gaussian Beam Transformation by Focusing Elements 46

3.3.1 Transformation by a General Quasioptical System 47
3.3.2 Transformation by a Thin Lens 48
3.3.3 Gaussian Beam Telescope 53

3.4 Mode Matching 53

3.5 Complex Beam Parameter and Smith
Chart Representation 56

3.6 Transformation of Higher Order Gaussian Beam Modes 56

3.7 Bibliographic Notes 57

CHAPTER 4 Gaussian Beam Coupling 59

4.1 Introduction 59

4.2 Axially Aligned Beams 61
4.2.1 Fundamental Mode in One Dimension 61
4.2.2 Fundamental Mode in Two Dimensions 62

4.3 Tilted Beams 65
4.4 Offset Beams 66
4.5 Bibliographic Notes 68

CHAPTER 5 Practical Aspects of Quasioptical
Focusing Elements 69

5.1 Introduction 69



Contents ix

5.2 Single-Pixel and Imaging Systems 69

5.3 The Eikonal Equation 70

5.4 Refractive Focusing Elements 71

5.4.1 Basic Lens Design 71
5.4.2 Single-Surface Lenses 71
5.4.3 Two-Surface Lenses 76
5.4.4 Dielectric Absorption 77
5.4.5 Lens Materials and Fabrication 79
5.4.6 Antireflection Coatings 87

5.5 Zoned Lenses 97

5.6 Zone Plate Lenses 98

5.7 Metallic Lenses 104

5.8 Reflective Focusing Elements 106

5.8.1 Design Principles and Analysis 106
Paraboloid 106
Ellipsoid 109
Fabrication of Reflective Focusing Elements 111

5.8.2 Beam Distortation 111
5.8.3 Cross-Polarization 115
5.8.4 Surface Accuracy 117
5.8.5 Metal Reflection 119

5.9 Bibliographic Notes 123

C H A P T E R 6 Gaussian Beams and Antenna Feed Systems 125

6.1 Introduction 125

6.2 Antenna Efficiency and Aperture Illumination 128

6.3 Aperture Efficiency 129

6.3.1 Coupling Efficiency to an Antenna 130
6.3.2 Blockage and Spillover 130
6.3.3 Defocusing 133
6.3.4 Comparison with Gaussian Beam Focusing Element Results 136

6.4 Radiation Patterns 138

6.5 Extended Sources 143

6.5.1 Coupling Efficiency 143
6.5.2 Main Beam Efficiency 145

6.6 Defocusing Due to Secondary Motion
in Cassegrain Systems 148

6.7 Requirements on the Beam Waist 150

6.8 Reflection Due to Central Blockage
in Cassegrain Systems 152

6.8.1 Prime Focus Feed 153
6.8.2 Cassegrain Feed 154

6.9 Bibliographic Notes 156


