TABLE OF CONTENTS

~

I
Dedication
[l

Acknowledgement
1]

Abstract
Vv

Lo

Table of content
VI

List of figures
Vil

CHAPTER ONE: INTRODUCTION
Background

1.2 Problem Statement

1.3 Objective

1.4 Methodology

1.5 Research Outlines

CHAPTER TWO: ANTENNAS

2.1lIntroduction
2.2Antenna Field Regions
2.3Antenna Parameters
2.3.1 Radiation Patterns
2.3.2 Radiation Density




2.3.3Radiation Intensity

11 2.4 Directivity D, and G Gain of an Antenna

12
2.5 Beamwidth

2.6 Polarization

2.7 Directivity P & Effective Aperture 4¢

2.8 Effective Height " & Effective Aperture A€

CHAPTER THREE: ANTENNA ARRAYS

3.1 Introduction

3.2 Isotropic Point Sources

3.2.1 Radiation Produced by Two Point Sources (Array Factor)
3.2.2 Two-Short Dipole Array

3.2.3 The influence of The Excitation Phase on Radiation
Pattern.

3.3 N-ELEMENT LINEAR ARRAY: UNIFORM AMPLITUDE
AND SPACING

3.3.1 Nulls

3.3.2 Maximum Radiation

3.3.3 3-dB Points

3.3.4 Half-Power Beamwidth ©»

3.3.5 Maxima of Minor Lobes

3.3.6 The First Maximum of Minor Lobes

3.3. 7 Broadside Array

3.3.8 Half-Power Beamwidth for Broadside Array
3.3.9 Ordinary End-Fire Array

3.3.10 Half-Power Beamwidth for End-fire
3.3.10 Phased Scanning Array (Beam Steering)

2



3.4 N-ELEMENT LINEAR ARRAY DIRECTIVITY
3.4 .1 Directivity P% of A Broadside Array

3.4.2 Directivity P9 of the End-Fire Array

CHAPTER FOUR: NONUNIFORM AMPLITUDE
4.1 Introduction

4.2 Derivations for an Array Factors for Even & Odd Number of
Isotropic point sources

4.2.1 Array Factor for an Even Number of Array Elements
4.2.2 Array Factor an Odd Number of Array Elements

4.2 ]. S. Stone Binomial Array

4.2.1Directivity & half-power Beamwidth for Binomial Arrays
CHAPTER FIVE DOLPH-TSCHEBYSCHEFF ARRAY

5.1 Introduction

5.25.2 Derivation of Dolph-Tschebyscheff Coefficients
46 5.3 Design
Procedure

49

5.4 Even & Odd Numbers of Dolph-Tschebyscheff Arrays

5.5 Effects of Spacing between elements on Dolph-
Tschebyscheff Array

5.6 Condition of Having Side Lobes with the Same Level
5.7Dolph- Tschebyscheff’ Broaden Factor &Beamwidth

CHAPTER SIX: SIMULATION DESIGN
6.1 Introduction

6.2 Simulation Model

6.2.1 System Parameters

6.3 Simulation Flow Chart

6.4 Simulation Procedure



6.5 Simulation Results

6.5.1 Effects of Number of Elements

6.5.2 Effects of Excitation Phases (Beam Steering).
6.5.3 The Influence of The amplitudes of Excitation

CHAPTER SEVEN: CONCLUSIONS &RECOMMENDATIONS
7.1 Conclusions

7.2 Recommendations

REFRENCES

APPENDIX

LIST OF FIGURES

Figure2.1l Antenna as a Transition Between the guided wave
&free space 5

Figure 2.2 Thevenin Equivalent of Antenna in Transmission

mode 6
Figure 2.3 Antenna Regions
8
Figure 2.4 Antenna Field & pPower Patterns
10
Fig. 2.5 Types of P olarizations
14



Figure 3.1Two Isotropic Point Sources
20

Figure 3.2 Radiation Pattern Produced by Two Isotropic Point
Sources 21

Figure 3.3 Two Short Infinitesmal Dipole
23

Figure 3.4 Pattern Multiplication B=1m/2= 90° and d= A/4
25

Figure 3.5 Pattern Multiplication B= ° and d= A/4

26
Fig 3.6 Far Field Geometry of N Elements Array
27
sinx
Fig. 3.7 X Diagram
30
Fig. 3.8 Three and Two Dimensional Pattern for Broadside (B =
0) 32

Array Factor for N=10,Spacing d= A/4 & d= A

Figure 3. 9 Three and Two Dimensional amplitude end-fire
34

Figure 3.10 Three and Two Dimensional Pattern
for max Radiation at 6 = 60°

35

Figure 4.1 Distribution of Even & Odd number of Elements
Along Z-axis
39

Figure 4.2 Amplitudes of a Binominal Array of 10 Elements
Spaced by d=A/2

44

Figure 4.3 Binomial Array with N=10 and spaced by d= d=
A4, d= A/2, and d= A
45

5



Figure 5.1Tschebyscheff Polynomials of order Zero up to Order

Five 49

Figure 5.2 Amplitudes of Tschebyscheff Polynomial of Order
Nine 52

Fig.5.3 Absolute values of Tschebyscheff Polynomial of Order
nine 52

Fig.5.4Array Factor Power Pattern of N= 10 Dolph-
Tschebyscheff for Spacing d= A/2 and d=A/4
55

Fig.5.5 Broaden Factor Against Side Lobes
57

Fig.6.1 Simulation Flow Chart
60

Figure 6.2 Linear Array with number of Elements N =5,
Spacing d= A/4, Uniform Amplitudes

63

Figure 6.3 Linear N = 10, Spacing d= A/4, Uniform Amplitudes
All in Phase (B=0°)
64

Figure 6.4 Binomial Array N = 5, spacing d= A/4, Nonuniform
Amplitudes all in phase (B=0°)
65

Figure 6.5 Binomial Array N = 10, spacing d= A/4, Nonuniform
Amplitudes All in phase (B=0°)

66

Figure 6.6 Dolph-Tschebyscheff Array with Side Lobe Level
-26dB N = 5, Spacing d= A/4, (B=0°)
66

Figure 6.7 Dolph-Tschebyscheff Array with Side Lobe Level
-26dB N = 10, Spacing d= A/4, (=0°)
67



Figure 6.8End-Fire Array of: achieved by making F=-90°

N=10 and d=A/4
68

Figure 6.9 (B= -45°), wich corresponds to maximum
radiation at 6= 60°, N=10 ,d=A/4
68

Figure 6.10broadside uniform array N= 10, d=A/4
69

Figure 6.11 Amplitudes of Binomial array for N=10, d= A/4
69

Figure 6.12 Amplitudes Tschebyscheff Array for N=10, d= A/4,
Side lobe level -26dB
70



	
	Dedication II
	Acknowledgement III
	Abstract IV
	مستخلص V
	Table of content VI
	List of figures VII
	CHAPTER ONE: INTRODUCTION
	Background 1
	1.2 Problem Statement 1
	1.3 Objective 1
	1.4 Methodology 1
	1.5 Research Outlines 2
	2.1Introduction 4
	2.2Antenna Field Regions 6
	2.3Antenna Parameters 9
	2.3.1 Radiation Patterns 11
	2.3.3Radiation Intensity 11 2.4 Directivity and G Gain of an Antenna 12
	2.5 Beamwidth 12
	2.6 Polarization 13
	2.7 Directivity & Effective Aperture 14
	2.8 Effective Height& Effective Aperture 16
	CHAPTER THREE: ANTENNA ARRAYS
	3.1 Introduction 17
	3.2 Isotropic Point Sources 17
	3.2.1 Radiation Produced by Two Point Sources (Array Factor) 19
	3.2.2 Two-Short Dipole Array 22
	3.2.3 The influence of The Excitation Phase on Radiation Pattern. 24
	3.3 N-ELEMENT LINEAR ARRAY: UNIFORM AMPLITUDE
	AND SPACING 27
	3.3.1 Nulls 28
	3.3.2 Maximum Radiation 28
	3.3.3 3-dB Points 29
	3.3.4 Half-Power Beamwidth 29
	3.3.5 Maxima of Minor Lobes 29
	3.3.6 The First Maximum of Minor Lobes 30
	3.3. 7 Broadside Array 30
	3.3.8 Half-Power Beamwidth for Broadside Array 32
	3.3.9 Ordinary End-Fire Array 33
	3.3.10 Half-Power Beamwidth for End-fire 33
	3.3.10 Phased Scanning Array (Beam Steering) 35
	3.4 N-ELEMENT LINEAR ARRAY DIRECTIVITY 36
	3.4 .1 Directivity of A Broadside Array 36
	3.4.2 Directivity of the End-Fire Array 37
	CHAPTER FOUR: NONUNIFORM AMPLITUDE
	4.1 Introduction 39
	4.2 Derivations for an Array Factors for Even & Odd Number of Isotropic point sources 40
	4.2.1 Array Factor for an Even Number of Array Elements 40
	4.2.2 Array Factor an Odd Number of Array Elements 41
	4.2 J. S. Stone Binomial Array 41
	4.2.1Directivity & half-power Beamwidth for Binomial Arrays 42
	CHAPTER FIVE DOLPH-TSCHEBYSCHEFF ARRAY
	5.1 Introduction 46
	5.4 Even & Odd Numbers of Dolph-Tschebyscheff Arrays 50
	5.5 Effects of Spacing between elements on Dolph-Tschebyscheff Array 53
	5.6 Condition of Having Side Lobes with the Same Level 56
	5.7Dolph- Tschebyscheff’ Broaden Factor &Beamwidth 56
	CHAPTER SIX: SIMULATION DESIGN
	6.1 Introduction 59
	6.2 Simulation Model 59
	6.2.1 System Parameters 59
	6.3 Simulation Flow Chart 60
	6.4 Simulation Procedure 61
	6.5 Simulation Results 61
	6.5.1 Effects of Number of Elements 61
	6.5.2 Effects of Excitation Phases (Beam Steering). 62
	6.5.3 The Influence of The amplitudes of Excitation 63
	CHAPTER SEVEN: CONCLUSIONS &RECOMMENDATIONS
	7.1 Conclusions 71
	7.2 Recommendations 74
	REFRENCES 75

	LIST OF FIGURES
	Figure2.1 Antenna as a Transition Between the guided wave &free space 5
	Figure 2.2 Thevenin Equivalent of Antenna in Transmission mode 6
	Figure 2.3 Antenna Regions 8
	Figure 2.4 Antenna Field & pPower Patterns 10
	Fig. 2.5 Types of P olarizations 14
	Figure 3.1Two Isotropic Point Sources 20
	Figure 3.5 Pattern Multiplication β= ° and d= λ/4 26
	Fig 3.6 Far Field Geometry of N Elements Array 27
	Fig. 3.7 Diagram 30
	Fig. 3.8 Three and Two Dimensional Pattern for Broadside (β = 0) 32
	Array Factor for N=10,Spacing d= λ/4 & d= λ
	Figure 3. 9 Three and Two Dimensional amplitude end-fire 34
	Figure 3.10 Three and Two Dimensional Pattern
	for max Radiation at θ = 60° 35
	Figure 4.1 Distribution of Even & Odd number of Elements Along Z-axis 39
	Figure 4.2 Amplitudes of a Binominal Array of 10 Elements Spaced by d=λ/2 44
	Figure 4.3 Binomial Array with N=10 and spaced by d= d= λ/4, d= λ/2, and d= λ 45
	Figure 5.1Tschebyscheff Polynomials of order Zero up to Order Five 49
	Figure 5.2 Amplitudes of Tschebyscheff Polynomial of Order Nine 52
	Fig.5.3 Absolute values of Tschebyscheff Polynomial of Order nine 52
	Fig.5.4Array Factor Power Pattern of N= 10 Dolph-Tschebyscheff for Spacing d= λ/2 and d=λ/4 55
	Fig.5.5 Broaden Factor Against Side Lobes 57
	Fig.6.1 Simulation Flow Chart 60
	Figure 6.2 Linear Array with number of Elements N = 5, Spacing d= λ/4, Uniform Amplitudes 63
	Figure 6.3 Linear N = 10, Spacing d= λ/4, Uniform Amplitudes All in Phase (β=0°) 64
	Figure 6.4 Binomial Array N = 5, spacing d= λ/4, Nonuniform Amplitudes all in phase (β=0°) 65
	Figure 6.5 Binomial Array N = 10, spacing d= λ/4, Nonuniform Amplitudes All in phase (β=0°) 66
	Figure 6.6 Dolph-Tschebyscheff Array with Side Lobe Level -26dB N = 5, Spacing d= λ/4, (β=0°) 66
	Figure 6.7 Dolph-Tschebyscheff Array with Side Lobe Level -26dB N = 10, Spacing d= λ/4, (β=0°) 67
	Figure 6.8End-Fire Array of: achieved by making N=10 and d=λ/4 68
	Figure 6.9 (β= -45°) , wich corresponds to maximum radiation at θ= 60° , N=10 ,d=λ/4 68
	Figure 6.10broadside uniform array N= 10, d=λ/4 69
	Figure 6.11 Amplitudes of Binomial array for N=10, d= λ/4 69
	Figure 6.12 Amplitudes Tschebyscheff Array for N=10, d= λ/4, Side lobe level -26dB 70


