
,— -1 I MICROWAVE ELECTRONICSREFERLNL; DNLY

INVESTIGATIONS ON THE
RADIATION CHARACTERISTICS OF

NEW HOLLOW DIELECTRIC HORN ANTENNAS

A THESIS SUBMITTED BY

V.P.JOSEPH

IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

DEPARTMENT OF ELECTRONICS
FACULTY OF TECHNOLOGY

COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY
KOCH] 682 022

INDIA

JULY 1999



dedicated to
1ny parents



CERTIFICATE

This is to certify that the thesis entitled “Investigations on the Radiation

Characteristics of New Hollow Dielectric Horn Antennas” is a bona fide record

of the research work canied out by Mr. V.P. Joseph under my supervision in the

Department of Electronics, Cochin University of Science and Technology. The results

embodied in this thesis or part of it have not been presented for any other degree.

Dr. K.T. Mathew
(Supervising Teacher)KOCH] — 682 022 Professor

Dept. of Electronics
07 — 07 — 1999. Cochin University of Sci. & Tech.



DECLARATION

I hereby declare that the work presented in this thesis entitled “Investigations

on the Radiation Characteristics of New Hollow Dielectric Horn Antennas” is

based on the original work done by me under the supervision of Dr. K.T. Mathew, in the

Department of Electronics, Cochin University of Science and Technology, and no part

thereof has been presented for the award of any other degree.

07 — 07 — 1999. V.P. JOSEPH
KOCH] — 682 022



ACKNOWLEDGEMENT

At the very outset, my deep sense of gratitude to my research guide, Dr. K.T. Mathew,
Professor, Department of Electronics, Cochin University of Science and Technology. for his
able guidance, continuous encouragement and unreserved support.

I am grateful to Dr. P.R.S. Pillai, Professor and head of the Department of Electronics, for the
keen interest and constant inspiration he has shown in the progress of my research.

I am deeply indebted to Prof. K.G. Nair and Prof. C.S. Sridhar, former Heads of the Dept. of
Electronics, for their kind suggestions and motivation.

I would like to express my gratitude to Dr. K. Vasudevan, Dr. P. Mohanan, Dr. C.K. Anandan
and Dr. Tessamma Thomas for their valuable suggestions during the course of my research.

It is with immense pleasure that I wish to place on record my gratitude to Fr. C.A. Thomas,
Principal and all the faculty members of the Department of Physics, Christ College,
lrinjalakuda for their constant and continuous encouragement. I take this opportunity to
place on record, the cooperation, help and encouragement I received from my friends Dr.
John K. Thomas and Dr. V.S. Joskumar. Department of Zoology, Christ College, lrinjalakuda.

I express my deep sense of gratitude to my colleagues, Dr. Joe Jacob (Lecturer, Newman
College, Thodupuzha), Mr. Sebastian Mathew (Lecturer, K. E. College, Mannanam), Dr. U.
Ravindranath (Lecturer, Dept. of Electronics, Cochin University of Sci. & Tech.), Dr. Jacob
George, Mr. S. Bijukumar, Mr. Binoy, Mr. V. Anand (Lecturer, N.S.S. College, Nenmara)
and Mr. Sunny Joseph (Lecturer, M. A. College of Engineering, Kothamangalam) for their
help in various ways.

I am grateful to my former colleagues of microwave lab, Dr. K.K. Narayanan (Lecturer, S. D.
College, Alleppy) and Dr. Thomaskutty Mathew (Lecturer, M. G. University, Kottayam) for
their help and suggestions. Thanks are also due to Mr. Paul V John, Mr. G. Girish and Mr.
M. Cyriac for their help and valuable suggestions.

Finally I take this opportunity to place on record my sincere thanks to all members of faculty
and non-teaching staff of Dept. of Electronics, Cochin University of Science and Technology.

V.P. JOSEPH



INVESTIGATIONS ON THE
RADIATION CHARACTERISTICS OF

NEW HOLLOW DIELECTRIC HORN ANTENNAS



Chapter 1 INTRODUCTION

Different types of antennas. .. 2
Metallic horn antennas... 3
Dielectric rod and horn antennas... 4

1.3.1 Dielectric rod antennas... 5
1.3.2
1.3.3

Scope of the present work... 7
Motivation behind the work... 8

Dielectric loaded metallic horn antennas... 6
Hollow and solid dielectric horn antennas...

CONTENTS

6

Chapter 2

2.1
2.2
2.3
2.4

REVIEW OF THE PAST WORK

Metallic horn antennas... 10
Dielectric rod antennas... 1]
Dielectric loaded metallic horn antennas... 15
Dielectric horn antennas... 18

Chapter 3

3.1

3.2

METHODOLOGY

Experimental facilities used... 22
3.1.1 The Network analyzer... 22
3.1.2 Antenna positioner and controller... 24
3.1.3 Anechoic chamber... 24

Fabrication of the test antenna... 25
3.2.1

3.2.2 Launcher technique... 28
Fabrication of ordinary hollow dielectric hom(HD1-1). .. 27

3.2.2.1 Launcher design and optimization... 28
3.2.2.l.l Length ofprojection ‘p’... 28
3.2.2.l.2 Tapering length ‘t’... 30
3.2.2. 1.3 Depth ofpenetration ‘d’...30

3.2.2.2 New HDH with the optimized launcher (1-IDHL)... 30

3.2.3 Strip loading technique... 32
3.2.3.1 Strip loaded HDHL... 32



3.23.1.1 E-planesectoralhom...
3.2.3.1.2 H-plane sectoral horn...
3.2.3.1.3 Pyramidal horn... 34

3.3 Parameters studied... 35
3.3.1 Radiation pattem... 35
3.3.2 Directive gain and directivity... 36
3.3.3 Impedance and VSWR. .. 36

3.4 Experimental setup... 37
3.4.1 Radiation pattern... 37
3.4.2 Directive gain... 39
3.4.3 Impedance and VSWR... 40

32
33

Chapter 4 EXPERIMENTAL RESULTS

4.1 Launcher optimization... 42
4.1.1 Tapering length  42
4.1.2 Depth ofpenetration  43
4.1.3 Length ofprojection  44

4.2 Effect ofthe new launching technique... 46
4.2.1 E-plane sectoral HDHL... 46

4.2.1.1 Radiation pattern... 46
4.2.1.2 Cross-polar levels... 52
4.2.1.3 VSWR and Impedance... 53
4.2.1.4 Directive gain... 53

4.2.2 H—p1ane sectoral HDH L  56
4.2.2.1 Radiation pattern... 56
4.2.2.2 Cross-polar levels... 61
4.2.2.3 VSWR and Impedance... 61
4.2.2.4 Directive gain... 63

4.2.3 Pyramidal HDHL... 65
4.2.3.1 Radiation pattern... 65
4.2.3.2 Cross-polar levels... 70
4.2.3.3 VSWR and Impedance... 70
4.2.3.4 Directive gain... 72

4.3 Effect if strip loading... 74
4.3.1 E—plane sectoral SHDHL... 74

4.3.1.1 Radiation pattern... 75
4.3.1.2 Cross-polar levels... 80
4.3.1.3 VSWR and Impedance... 80
4.3.1.4 Directive gain... 32

4.3.2 H-plane sectoral SHDHL... 85
4.3.2.1 Radiation pattem... 85
4.3.2.2 Cross-polar levels... 91
4.3.2.3 VSWR and Impedance... 91
4.3.2.4 Directive gain... 93

4.3.3 Pyramidal SHDHL... 96
4.3.3.1 Radiation pattern... 96
4.3.3.2 Cross-polar levels... 102
4.3.3.3 VSWR and Impedance. .. 102

41



4.3.3.4 Directive gain... 104
4.4 Comparison with metallic horn antennas... 107

4.4.1 E-plane sectoral horn... 107
4.4.2 H-plane sectoral horn... 108
4.4.3 Pyramidal horn... 110

Chapter 5 THEORETICAL CONSIDERATIONS 112

5.1 Radiation from hollow dielectric horn antennas (HDHL). .. 1 13
5.1.1 HDH as a solid horn of effective dielectric constant... 113
5.1.2 Aperture fields and characteristic equation... 116
5.1.3 Role ofthe launcher... 123
5.1.4 Radiation pattern of HDHL. .. 123

5.1.4.1 Free-end radiation... 123
5.1.4.2 Feed-end radiation... 126
5.1.4.3 Superposition of radiations from feed-end and free—end.128

5.1.5 Results... 128
5.1.6 Image theory... 130

5.2 Effect ofstrip loading... 134
5.2.1 Strip loading on E-plane walls... 134
5.2.2 Strip loading on H-plane walls... 135

Chapter 6 CONCLUSIONS 136
6.1 Highlights ofthe results... 137
6.2 Importance ofthe study... 139
6.3 Possible applications... 140
6.4 Scope for future work... 140
6.5 Concluding remarks... 141

APPENDIX A. RADIATION CHARACTERISTICS OF A DUAL CORNERREFLECTOR ANTENNA 142
A.1 Introduction... 143
A.2 Antenna design and experimental setup... 143
A3 Experimental results... 144
A.4 Conclusions... 149

APPENDIX B. PERIODIC STRIPS ATTACHED CORNER REFLECTOR ANTENNA
FOR ENHANCED PERFORMANCE 150

B.1 Introduction... 151
B.2 Antenna design and experimental setup... 151



B.3 Experimental details and results... 152
B.4 Conclusion... 152

APPENDIX C. EFFECT OF SLOTTED HORN ON RADIATION PATTERN 154

C.1 Introduction... 155
C.2 Methodology... 155
C.3 Experimental results... 156
C.4 Conclusions... 157

APPENDIX D. MODIFIED RADIATION PATTERN OF AN ASYMIVIETRIC
HOLLOW DIELECTRIC SECTORAL HORN ANTENNA 158

D.1 Introduction... 159
D.2 Experimental setup and antenna design... 159
D.3 Experimental results... 160
D.4 Conclusions... 162

REFERENCES 163INDEX 174
LIST OF PUBLICATIONS



Chapter 1

INTRODUCTION

This chapter serves to discuss the importance of antennas in

communication systems and to introduce the topic of this research work.

The different types of antennas used for various applications and the

details of metallic horn antennas are presented in the initial section of the

chapter. The second section gives a brief account of the dielectric rod

antennas, dielectric loaded metallic horn antennas and hollow and solid

dielectric horn antennas. The final section briefly discusses the scope of

the present work and the motivation behind it.



James Clerk Maxwell’s prediction of the existence of electromagnetic

waves in 1873 and Heinrich Hertz’s experimental verification of Maxwell’s prediction in

1888 have laid the foundation stones for modern microwave and millimeter wave

communication engineering. Sir Oliver Lodge’s experiments on reflection and refraction

of electromagnetic waves and his demonstration of electromagnetic energy radiation from

hollow pipes in 1894 and Professor J .C.Bose’s experiment with a pyramidal horn as a

receiver in his spectrometer in 1897 initiated the study of antenna theory. An antenna

forms the most important constituent of any communication set-up and without it no

communication over long distance is possible. With the recent advancements in the field

of communication facilities, the antenna engineering also achieved great importance.

An antenna or aerial is defined as a means for radiating or receiving radio

waves. Basically it is a structure associated with the region of transmission between a

guided wave and a free space wave, or vice versa. In other wards, the antenna acts as an

impedance transformer between the hardware of the communication set-up and the free

space. The antenna is derived from a transmission line or waveguide, for effectively

transferring energy from the source to fiee space without any loss or reflection. The

antenna used for transmitting energy is called transmitting antenna and the one used for

receiving energy is called the receiving antenna. Apart from their different functions,

transmitting and receiving antennas behave identically. That is, their behavior is

reciprocal. In additions to the transmitting or receiving fimctions, an antenna acts as a
directional device.

1.1 DIFFERENT TYPES OF ANTENNAS

Innumerable types of antennas have been designed to be used at different

frequencies for various applications. Different communication systems like radio,

television , radar, satellite systems etc. are operated in separate frequency bands. The

power requirements for different applications are also different. These fiinctions

necessitates the design and development of separate antennas for separate applications.

For low frequency applications wires, grids, rods, dipole arrays etc. are frequently used.

In the microwave and millimeter wave ranges dipole antennas, slot antennas and their

anays, reflector antennas like comer reflectors, parabolic reflectors, cylindrical reflectors
2



etc., aperture antennas like horn antennas, helical antennas etc., lens antennas, dielectric

and dielectric loaded metal antennas etc, are commonly used. In the millimeter range,

microstrips and dielectric rod arrays are very important.

1.2 METALLIC HORN ANTENNAS

The horn antennas are the result of flaring of the open end of the

waveguide structure. It is one of the simplest and most widely used microwave antenna.

The horn provides a gradual transition of the electromagnetic energy from the waveguide

to free space conditions and thus prevents the reflection of energy back to the source.

Horn antennas are the widely used transmitting and receiving antennas in

the laboratory. Due to its attractive features like simplicity of structure, ease of

fabrication, high gain and good radiation characteristics, it is also used for lot of other

applications. Horn antennas are commonly used in radio astronomy, satellite tracking, as

a primary feed in communication dishes etc. It is also used as a standard gain antenna for

comparing the gain of other antennas.

Horn antennas are classified into three basic types in accordance with their

structure. They are the pyramidal horns, E and H-plane sectoral horns and conical horns.

Fig. 1.1. shows a schematic representation of these basic types. Pyramidal and sectoral

horns are the extension of rectangular waveguide. If the flaring is only in one dimension,

the resultant structure is a sectoral horn. If the flaring is in both dimensions, the structure

is called a pyramidal horn. The beam width is narrow in the flared plane and broad in the

other. For E-plane sectoral horns the radiation pattern is narrow in the E-plane and broad

in the H-plane. For H-plane sectoral horns the pattern is broad in the E-plane and narrow

in the H-plane. A conical horn is constructed by flaring the open end of a circular

waveguide. For all the three types the directivity is a function of flare angle and length.

As length of the horn increases, the directivity also increases.



l * 'dal hE-plane sectoral horn P“-Mm om

H-plane sectoral hom Conical horn

Fig. 1.1 Schematic representation of the basic types of Horn antennas.

Along with these basic types of horn antennas, other modified structures

such as, comigated horns, multimode horns, aperture matched horns, dielectric loadedi

horns etc. are also used for various applications.

1.3 DIELECTRIC ROD AND HORN ANTENNAS

Out of the different types of antennas designed for microwave and

millimeter wave frequencies, the dielectric and dielectric loaded antennas form a very

important group. These antennas are relatively recent additions to the numerous types of

antennas and they exhibit a lot of attractive characteristics. The main members of this

group are the dielectric rods, dielectric tubes and dielectric horns. These antennas are

notable for of their low loss, high gain, light weight, the feasibility of obtaining shaped

beams, ease of fabrication etc.



1.3.1 Dielectric Rod Antennas

Basic types of tapered and uniform dielectric rods of rectangular and

circular cross-section are shown in Fig.l.2. Other rod antennas like corrugated rod

antennas, leaky wave antennas etc. also are used for some specialised applications.

Dielectric rod antennas behaves as a dielectric waveguide. Radiation from

the rod occurs only from the discontinuities, probably from the feed-end, from the free

end and from any other abrupt structural discontinuities. For a uniform rod the feed-end

and free-end are to be taken into consideration and the radiated power will be the sum of

the radiation from these discontinuities. Low gain ,high side lobe levels and deep
minima due to interference from feed-end and free-end are the main characteristics of

these antennas. For tapered rods the free-end discontinuity is reduced but power leaks

through the taper profile and the radiated power is the sum of the radiation from the leaky

wave structure, feed-end and free-end.

Unifonn rod antennas<
Tapered rod antennas

F ig.l.2 Schematic representation of basic types of dielectric rod
Antennas



Different theoretical approaches based on ‘two aperture theory’,

‘scattering theory’; ‘Schelkunoff's equivalence principle’, ‘Marcatili’s theory’ etc. are

used to explain the performance of these antennas.

1.3.2 Dielectric Loaded Metallic Horn Antennas

Loading of metallic horn antennas with dielectric materials is found to be

efl'ective in increasing the gain of the antenna, reduction in cross-polar levels and

modification of the radiation patterns with considerable reduction in side lobe levels.

Conical and rectangular horn antennas with complete dielectric filling and dielectric

lining inside also had been studied by different researchers. Here we make use of the

guiding action of the dielectric material.

1.3.3 Hollow and Solid Dielectric Horn Antennas

Only a few attempts were made to explore the possibilities of this class of

antennas. The solid dielectric horn antenna is an extension of dielectric rod antenna. The

rod is flared out into a large aperture so that the launching discontinuity is reduced. In

this case the radiation is from the feed-end and free-end only. So ‘two aperture theory’

can be used to calculate the radiation pattern.

Circular hollow dielectric hom antennas are good substitutes for tapered

rod antennas. These antennas have very good radiation pattern in the E-plane and poor

pattern in the H-plane. Whenever a narrow beam with a low side lobe level is required in

the E-plane, these antennas can be used more effectively than metallic hom antennas.

The available rectangular hollow dielectric horn antennas are constructed

by replacing the walls of a metallic horn by low loss dielectric sheets. For this horn, the

discontinuity at the feed-end is greater and so the side lobe levels are very high. Fig.1.3.

shows the schematic representation of different hollow and solid dielectric horn antennas.



Fig. 1.3 Schematic representation of different hollow and solid dielectric
Horn antennas.

1.4. SCOPE OF THE PRESENT WORK

Investigations on the design and development of certain new hollow

dielectric hom antennas of rectangular cross section have been carried out. The main

shortcoming of the existing ordinary hollow dielectric hom antenna (HDH) is the

abrupt discontinuity at the feed-end. A new launching technique using a dielectric rod is

introduced to overcome this limitation. Also a strip loading technique is employed for

further modification of the antenna. Radiation parameters of new I-IDH antennas of E

plane sectoral, H-plane sectoral and pyramidal types were studied and are found to be

very attractive.



Theoretical approach based on Marcatili’s principle and two aperture

theory along with diffraction theory and image theory is used to support the experimental

findings. The HDH is considered as solid horn of effective dielectric constant and the

aperture field is evaluated. The antenna is excited by the open waveguide in the dominant

TE1o mode and so the existence of any hybrid mode is mled-out. The theoretical results

are observed to be in good agreement with the experimental results.

1.5 MOTIVATION BEHIND THE WORK

The E-plane radiation patterns of conical hollow dielectric horn antennas

are narrow with low side lobe levels and the H-plane radiation patterns are broad with

high side lobes. The radiation patterns of rectangular hollow dielectric horn antennas

suffers from high side lobe levels in both planes. The main motivation behind this work

was to get good E and H-plane patterns from the rectangular HDH antennas, so that it

may be used to replace small metallic homs_ The poor characteristics of HDH are due to

its feed-end discontinuity. The first preference of the study was to overcome this

discrepancy using a good launching method. The ultimate aim behind this research work

was to develop a new dielectric feed horn having all the advantages of a metallic horn

along with the additional merits of dielectric antennas.



Chapter 2

REVIEW OF THE PAST WORK

A detailed account of the previous work done in the field

of dielectric rod and horn antennas are given in this chapter. lt is diflicult

to start with a review of dielectric horn antennas without considering its

metallic counterpart. So some important developments in the field of

metallic horn antennas are presented in the initial part of the chapter. A

survey of the scientific literature related to the theoretical methods

adopted for the dielectric rod and horn antennas are also included.



2.1 METALLIC HORN ANTENNAS

The forerunner of the horn, namely, the hollow pipe radiator have been

first used by Sir Oliver Lodge in 1894 for radiating and receiving microwaves. In 1897

Professor J .C.Bose used a pyramidal horn as the receiver in his spectrometer. After that

several researchers analyzed and modified the radiation characteristics of metallic horn

antennas.

A review paper by Ramsay [1] comprises all works in this field before

1900. The first experimental and theoretical analysis of waveguide radiators was reported

by Barrow et al.[2]. The radiation properties of sectoral horn antennas are theoretically

analyzed and experimentally verified by Barrow et al.[3,4]. They have also reported [5]

the design principles of electromagnetic horn antennas for obtaining the required beam

width and gain.

Southworth et al.[6] have presented the experimental results of directive

properties of metal pipes and conical horns. Chu [7] has analyzed the radiation properties

of hollow pipes and horns using Vector Kirchoffs formula. Woonton et al.[8] have

studied the radiation patterns of horn antennas and compared the experimental results

with the corrected formula by Chu et. al. and with Kirchoff's formula. Rhodes [9] has

discussed the effect of radiation pattern on flare angle and length for sectoral horn

antennas. Some experimental curves useful for designing sectoral horns has been

presented by Bennet [10]. Horton [11] has utilized a simple integral method for

computing the radiation pattern of horn antennas.

King [12] has presented some optimum design data for conical horns.

Schorr et al.[l3] have analyzed the propagation constants and aperture fields of conical

horns. With appropriate modifications these equations can be used for pyramidal horns

also. Jakes [14] and Braun [15] have published the details regarding the gain of horn
antennas.
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There are a lot of research publications related to metallic horn antennas.

A few works, which deals with the basic developments in the field have been discussed

here. Many other works of relevance, related to the fimdamental theory, operating

principles and design of various horn antennas are brought together by Love [16] in a

collection of reprinted papers.

2.2 DIELECTRIC ROD ANTENNAS

Uniform and tapered dielectric rod antennas of circular and rectangular

cross section have been studied by several workers. A detailed survey of developments in

this field up to 1985 is presented by Chattetjee [17].

Electromagnetic wave propagation through dielectric cylinders was

suggested and investigated quiet early in this century by Hondros et al. [18] in 1910,

Zahn [19] in 1916 and Schriever [20] in 1920. Later Southworth [21], Carson [22] and

Elsasser [23] analyzed the attenuation and transmission losses in dielectric waveguide.

The first advance treatment of the problem of radiation from dielectric rod

antennas has been considered by Watson et aI.[24,25], Halliday [26] and Horton [27].

They have computed the far field radiation pattern of dielectric rod starting from the

surface currents using Schelkunoff s equivalence principle [28]. A detailed summary of

these works has been given by Kiely [29] in 1953.

The dielectric cylindrical antenna belongs to the group of surface wave

antennas while rod antennas can support surface or guided modes [30,3l].Theoretical

analysis of the radiation of electromagnetic energy from dielectric cylinders and rods

based on different approaches has been published by several researchers. Halliday et

al.[26]considered the cylindrical dielectric rod antenna as two end fire arrays of

Huyghen’s secondary radiators distributed on the surface of the rod (Scalar Huyghen’s

theory). The revised concept of Huyghen’s radiators was fonnulated for a closed

surface by different workers [32,33,34] and finally revised by Schelkunoff [28]

ll



(Schelkunoffs equivalence principle). Vector Kirchhoffs formula used along with

SchelkunofFs equivalence principle involving electric and magnetic field vector

potentials was fonnalized by Stratton [35], which is also described by Silver [36]. In

another approach it is assumed that the radiation takes place only from two apertures at

the feed end and free end of the rod (Two aperture theory). Workers like James [37,38],

Dilli [39,40], Narayanan [41] and Anderson [42] followed this approach. Blakey [43]

treated the dielectric rod antenna as a scattering problem (Scattering theory) and Wilkers

[44] has considered the dielectric rod as a lens having cross sectional dimensions of the

order of a wavelength (Wavelength lens approach).

Chatterjee et al.[45,46,47] have considered that the radiation takes place

from the distribution of fields or of surface currents from the whole surface of the

antenna. They have also given a detailed account of the radiation properties of dielectric

rod aerials [48,49,50].

The analysis of field distributions in and around the rectangular dielectric

guide has been presented by several workers. The most important one was the

approximate boundary value analysis put forward by Marcatili [51] to obtain closed form

solutions of the transverse propagation constants. It is assumed that the fields are

propagating along the dielectric guide in the form of surface waves tightly bound to the

guide. The field variations inside the cross section of the guide are assumed to be

sinusoidal and outside the guide it becomes an exponentially decaying field. Schlosser et

al.[52] suggested a method with rigorous computational steps, theoretically valid over a

wider range than Marcatili,s method. The limitations of Marcatili,s approximate formula

have been studied by Schweig et al.[53] in comparison with a finite difference method for

high dielectric constant rectangular dielectric waveguide.

Goell [54] suggested a circular harmonic computer analysis of the

propagating modes of a rectangular dielectric waveguide based on a representation of the

radial variation of longitudinal electric and magnetic fields of the modes by a sum of

Bessel functions inside the core and by a sum of modified Bessel functions outside.

12



Cullen et al.[55] modified Goell’s method fiirther using a point matching technique.

Variational methods have been suggested by Pergla [56], Mittra [57] and Shaw et

al.[58]. They have assumed a test solution with two or three variable parameters in the

core. From the test solution, the fields outside the core are derived and the parameters are

adjusted to achieve a constant solution. Ogusu [59,60] published a numerical analysis of

the rectangular dielectric guide using the generalized telegraphist’s and verified the

results experimentally. Pitale [6]] used a Green’s fimction method to explain the

propagation through a dielectric waveguide. Huen et. al. [62] have suggested a rigorous

formulation for solving the scattering of plane waves by a composite wedge of metal and

lossless dielectric. This employs the Kirchhoffis integral in the physical region and the

extinction theorem in their mathematical complementary regions to make the correction

of the primary approximated solution.

Malherbe [63] has analyzed the radiation properties of an open-ended non

radiative dielectric waveguide and compared the calculated values, with the use of a

simple theory of radiation that is based on the field distributions in the guide. He has also

presented [64] the development of a corporate feed for application to antennas fed from a

non radiative dielectric waveguide.

Radiation characteristics of tapered dielectric rods has been analyzed by

different researchers. Kiely [29] and Zuker [65] have discussed the problem of tapering

of a dielectric cylindrical rod and derived some design formula. James [66] presented an

engineering approach to the design of tapered dielectric rod antennas and compared its

performance with hollow dielectric horn antennas. He treated this antenna as a system of

‘m’ planar radiating apertures. The radiated field is the sum of the radiation from each

aperture. Marcuse [67] also has used a similar step synthesis method to evaluate the

radiated power from a cylindrical dielectric rod. Kubo [68] has numerically analyzed the

leakage characteristics of a cylindrical dielectric waveguide with a periodically varying

radius.

13



Radiation from tapered dielectric rod antennas has also been studied both

experimentally and theoretically by Kumar [69,70,7l]. Felsen [72] has done an

approximate analysis of the radiation properties of a two-dimensional tapered surface

wave antenna having a linear susceptance variation.

The radiation characteristics of rectangular dielectric rod antennas have

been demonstrated by workers like Shiau [73], Kobayashi et al.[74,75 ] and Yao et

al.[76]. Sen et al.[77,78] have predicted theoretically and verified experimentally, the

radiation characteristics of untapered rectangular dielectric rod antennas.

Paulit et al.[79,80]have done extensive work on the theoretical analysis of

the radiation patterns and gain of linearly tapered rectangular dielectric rod antenna

using Schelkunoffs equivalence principle and verified the numerical results

experimentally. They found that, the mismatch at the feed end for the tapered rod is much

less than that for an untapered rod.

Kiely [81,29] has done theoretical and experimental work on dielectric

tube antennas and studied the influence of tube length, diameter and wall thickness on

radiation patterns. Gallet [82] and Narasimhan et al.[83] have also studied the

performance of dielectric tube antennas and showed that these antennas are more
directive than dielectric rod antennas.

For dielectric rod and tube antennas, several launching methods are

proposed by different researchers to enhance the launching efficiency. James [84] used a

circular waveguide launcher and the launcher radiation was about 10% of the incident

guide power. Brown [85] concluded that the side lobe levels can be improved by

launching from a larger aperture or alternatively using a ring source launcher. Potak et

al.[86] suggested another method of placing a flange or choke around the metal

waveguide aperture for increasing the launching efficiency. Sen et al.[77,78] have

theoretically derived and experimentally verified the launching efficiency for a

rectangular dielectric rod antenna exited by a metallic rectangular waveguide carrying the

dominant TE“; mode. Booker et al.[87] and Blakey [88] have used the unperturbed fields

14



tangential to the feed aperture to calculate the power radiated from the launcher to fi'ee

space. Deschamps [89] suggested a method for experimental measurement of the

aperture efficiency. Trinh et al.[90] have developed a launching horn for the rectangular

dielectric rod at millimeter wave frequencies, which suppresses the side lobe levels.

2.3 DIELECTRIC LOADED METALLIC HORN ANTENNAS

Dielectric loading in metallic horns of conical and rectangular type,

proposed by several researchers, were found to enhance the aperture efficiency, reduce

the beam widths, increase the gain, reduce the cross polar levels and lower the side

lobe levels.

This type of modifications were initiated by Bartlet et. al.[9l], who

proposed the use of a dielectric cone of low relative permittivity to improve the efficiency

of microwave reflector antennas.

Tsandowlas et al.[92] have studied theoretically and experimentally the

effect of symmetrical loading of horn apertures with E-plane dielectric slabs. They have

found that this method increases the flatness of the aperture electric field distribution and

hence enhances the aperture efficiency.

The effect of loading dielectric slabs centrally along the H-planes have

theoretically analyzed for rectangular horn antennas by Ashton et al.[93]. Baldwin et

al.[94] have studied the effect of loading dielectric slabs in the E-walls of rectangular

horns. A rectangular radiating aperture centrally loaded with a dielectric slab in the H

plane presented by Sabnani et al.[95] gives identical principal plane patterns. They have

also given theoretical support for their findings.

Hamid et al.[96] have reported the use of a dielectric plug at the end of a

round waveguide for getting narrow radiation patterns with gain enhancement. They have

also studied the effect of depth of penetration of the rod into the waveguide.
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For getting rotationally symmetric radiation patterns with low side lobe

levels from conical horn antenna Satoh [97] has used a dielectric band inside the aperture

of the horn. Vokurka [98] has designed a simple feed with high polarization purity, by

partially loading the grooves of the conugated surface of the horn with dielectric
material.

The radiation characteristics of a conical horn loaded with a dielectric

sphere has been reported by Martin [99]. Gain enhancement and beam symmetry can be

achieved by this method.

For getting identical symmetric radiation patterns in both E and H-planes

with very low cross polarization over two desirable frequency bands Kumar [100]

presented a new type of dual-band waveguide feed, loaded with a dielectric ring and a

corrugated choke. In another work [101] he has theoretically predicted and

experimentally verified the radiation patterns of a dielectric lined cylindrical waveguide

feed.

Balling et al.[lO2] have studied the radiation properties of a dielectric

lined dual-mode horn and achieved high aperture efficiency and low cross polarization

simultaneously over a wide band. Nair et al.[lO3] have presented a high gain multi-mode

dielectric coated rectangular horn antenna and a dielectric coated conical horn [104] for

beam modifications. They have also presented the radiation properties of a double-flare

multi-mode dielectric loaded horn antenna [105] and a dielectric loaded biconical horn

[106]

Aly et al.[107] have showed that for a longitudinally slotted hom, the slot

depth required for achieving low cross polarization can be considerably reduced by filling

the slots with a dielectric material. Lier [108] has studied both theoretically and

experimentally the radiation characteristics of a conical metal horn loaded with a

dielectric core inside and separated from the metal walls by another dielectric layer

having lower permitivity than the core. Considerable reduction in side lobe levels and

‘cross polarization levels over wide frequency range can be achieved using this technique.
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He has also reported [109] a broad—band elliptical beam-shape horn with low cross

polarization levels using dielectric core approach.

Narasimhan et al.[l 10] have reported a dielectric loaded corrugated dual

frequency circular waveguide horn feed having radiation patterns with good symmetry

and low side lobe levels. Raghavan et al.[111] have reported the analysis of a dielectric

ring-loaded dual mode conical horn using numerical modal matching technique.

Knop et al.[l 12] have analyzed using asymptotic techniques, the radiation

properties of dielectric loaded horn and corrugated horn. Knop [113] has also analyzed

the HE“ mode fields that can exist inside and across the aperture of a metallic wall

conical horn, centrally loaded with a concentric dielectric material. The experimental

results are found to agree well with the theoretical predictions.

Lier et al.[l14] have reported a hybrid mode conical dielectric horn with

metalized outer surface and inner surface with circular conducting strip structure. The

cross polar levels can be minimized for selected frequencies using this method.

Olver et al.[l 15] have reported a conical horn loaded with dielectric cone.

This method is very effective for getting low cross polarization over a wide band of

frequencies.

Lee et al.[1l6] have described a circular waveguide horn with a lossy

magnetic coating in the interior walls for getting good circularly polarized waves. Wang

et al. [117] have presented a magnetically coated horn having performance similar to

comigated horns. By coating the inner walls of a pyramidal horn using dissipative

materials, Ghobrial et a1.[1l8] achieved a reduction of 7dB in cross polarization level.

Nair et al.[l19] reported gain enhancement of a circular aperture plural

mode H-plane sectoral horn by symmetric dielectric loading on the walls of the horn.

They have also studied the performance of the horn with a dielectric core inside the horn,
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with air gap between the dielectric and horn metal walls. This technique increases the

directivity and reduces the side lobe levels and cross polarization levels.

Joe et al.[l20] have reported the possibility of axial beam tilt using an

assymetric hollow dielectric E-plane sectoral horn constructed by replacing one side of a

rectangular hollow dielectric E-plane sectoral horn by a metal sheet. They found that the

tilted power can be shifted between two angles using a narrow metallic strip of optimum

length arranged on the dielectric side of the horn.

A practical design for supporting the inner core of a millimeter wave

dielectric loaded horn has reported by Cabill [I21]. He has obtained good input

impedance match, excellent radiation characteristics and high mechanical strength using

this technique.

Stephen et al.[l22] have reported a technique for the reduction of side lobe

levels of a simulated comrgated horn antenna by loading the outer surface of the E-walls

of the horn with a strip loaded dielectric substrate. They have also reported [123,124] the

development of a new rectangular feed horn using strip attached dielectric loading

technique.

2.4 DIELECTRIC HORN ANTENNAS

Solid and hollow dielectric horn antennas come under this category. These

antennas are relatively recent additions to the dielectric group of antennas. Only few

attempts were made to explore the possibilities of this new class.

Solid dielectric horns of different shapes can be constructed by giving
modifications to the rod antenna. A detailed treatment of solid conical dielectric horn

excited using a conical metallic horn (launcher) have been presented by Clarricoats et

al.[l25,l26] in two parts. In part one they have developed the theory of propagation and

radiation by dielectric cones. In part two, the radiation characteristics of Cassegrain
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reflectors employing dielectric cone feeds are presented. They emphasized the similarity

between the hybrid modes that propagate on a dielectric cone and those in a corrugated

horn. Kiely [29] in 1953, after certain experiments, concluded that cylindrical dielectric

horn antennas had a higher gain than a metal horn of the same dimension.

Brooking et al.[l27] have theoretically predicted and experimentally

verified the radiation patterns of pyramidal dielectric waveguide (solid dielectric horn)

excited by a pyramidal hom antenna. To find the propagation constants and the aperture

field, they have used the approximate method proposed by Marcatili [51]. The pyramidal

dielectric horn inserted into the pyramidal metallic horn is found to be capable of

modifying the radiation pattern of the horn with considerable reduction in ‘Half Power

Beam Width’ and gain enhancement.

A detailed study of the radiation characteristics of the solid rectangular

dielectric horn of pyramidal shapes with small E-plane and H-plane flaring , excited by

an open metallic waveguide, was theoretically and experimentally studied by

Narayanan[4 1 ].

A very important work in the field of hollow dielectric horn to be cited

here is the work done by James[66]_ He has used a semi empirical method to design a

conical hollow dielectric hom antenna with variable wall thickness. A stepped tube

model for the conical hollow dielectric horn was followed, considering only the launcher

radiation and the radiation from the mouth of the horn. He had showed that the radiation

patterns of this antennas are superior in the E-plane and inferior in the H-plane. He also

suggested that this antenna can be used to replace small metallic horns, if E-plane

patterns are of importance. When the flare angle is reduced to zero, this horn exhibited

similar patterns to that of the tapered rod antennas. A study of some rectangular shaped

horns with variable wall thickness based on the same principle, had also been carried

out.
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A rectangular hollow dielectric horn having unifonn wall thickness have

been studied by few researchers recently. Singh et al.[128] have investigated both

theoretically and experimentally, the amplitude of the aperture field of an E-plane

sectoral hollow dielectric horn antenna. The horn was constructed by replacing the walls

of a metallic horn using dielectric sheets and is excited using open metallic waveguide.

They have obtained a reasonable agreement between the theoretical and experimental

results. Singh et al.[129] have also studied the aperture field distribution and far field

radiation of a H-plane sectoral hollow dielectric horn antenna in a similar manner.

Recently the author has reported a strip loading technique for modifying the E-plane

pattern of an E-plane sectoral hollow dieIectn'c horn [I30].
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chapter 3

METHODOLOGY

The methodology adopted and the facilities used for the

study of radiation characteristics of the new hollow dielectric‘ horn

antenna are discussed in this chapter. The details regarding the diflerent

sophisticated equipments used to analyse the performance of the antenna

are presented. A detailed description of the fabrication of the test antenna

is also given. The chapter includes the methods and experimental set-up

used to study the important characteristics of the antenna such as the

radiation pattern, gain, VSWR, impedance and other associated

parameters.



3.1 EXPERIMENTAL FACILITIES USED

The major facilities used for the experimental study of the antenna
characteristics are

1. Network Analyzer (HP 8410 C/HP 8510B).

2. Antenna positioner and controller and

3. The Anechoic chamber.

3.1.1 The Network Analyzer Setup

Microwave Network Analyzer is a sophisticated equipment which

provides a modern approach to microwave measurements. This equipment combines a

sweep oscillator, a transducer, a harmonic frequency converter and display unit as shown

in Fig. 3.1. For the present study HP 8410C and HP 8510B network analyzers are used.

44. I H.:-.

DISPLAY

T 3  HARMONIC 'SWEEP '   FREQUENCY ‘_
OSCILLATOR 3 TRANSDUCER -‘ CONVERTER 7

[DEVICE UNDER TEST J

Fig. 3.] Network Analyzer setup.
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The sweep oscillator is a completely solid state self-contained multi-band

sweep signal source which provides a sine wave signal to stimulate the device under test.

The model HP 8350B can be used along with HP 8410C network analyzer and HP

8341B can be used with HP 8510 B analyzer.

The transducer, which is the reflection transmission test set, is connected

between the signal source and the harmonic frequency converter. This unit provides three

functions. Initially, it splits the incoming signal into the reference and the test signals.

Secondly, it provides an extension capability for the electrical length of the reference

channel, so that the distance traveled by the test and reference signals are equal. Lastly it

connects the system properly for transmission or reflection measurements.

The harmonic frequency converter mixes the R.F signal with the output of

a local oscillator and the resulting IF signal is given to the display unit through the

network analyzer.

For the present study, HP 8510B and HP 8410C network analyzers are

used. The system HP 8510B is used for impedance and VSWR measurements while HP

8410C is used for gain measurements. The radiation pattern measurements are performed

using both HP 8510B and HP 8410C systems.

8410C, a manually operated model, can be used for the continuous

simultaneous phase and magnitude ratio measurements of RF voltages. It measures phase

angles from 0 to 360 degrees and magnitude ratios in decibels over a dynamic range of

60dB. Measurements can be made on single frequencies and on swept frequencies from

110MHz to 12.4GHz.

8510B is fiilly automatic computer controlled system. This system can be

operated in the frequency range from 0.045GHz to 26.5GHz for measuring transmission

and reflection characteristics of active and passive networks in the fonn of gain,

reflection coefficient, S-parameters and normalized impedance over a dynamic range of
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110dB. Five independent markers and two independent channels are provided for

highlighting and displaying the results. The displayed results can be in the

logarithmic/linear magnitude, phase or group delay format on polar or rectangular co

ordinates. For the direct measurement of the impedance, smith chart fonnat also is

provided. The measurements can be done either in Ramp mode or in Step mode. In step

mode measurements can be performed in 801 data points with a maximum averaging of

4K. One important capability of this system is its ability of time domain measurements,

which gives more accuracy in measurements.

3.1.2 Antenna Positioner and Controller

The antenna positioner with a remote control is used to rotate the test

antenna to any desired angle so that the radiation pattern in the receiver mode can be

plotted. The antenna positioner or tum-table consists of an a.c. motor with gear system

for rotating the platfonn and a mechanism for mounting the antenna on the platform. The

height of the mounting mechanism can be adjusted for aligning the axes of the receiver

along that of the transmitter.

The receiving antenna (AUT) arranged on the tum-table, is placed in the

quiet zone of the anechoic chamber. The rotation of the turn table is controlled by a

remote control placed outside the chamber. To avoid the rotation of the platform beyond

the required span, limit switches are provided with the positioner. The output from the

receiving antenna is connected to the transmission return port of the test set-up using" a

cable.

3.1.3 Anechoic Chamber

Antenna measurements should be performed in a perfectly fiee space

environment to avoid electromagnetic interference from the surrounding instruments and

walls. The anechoic chamber is constructed to artificially simulate the free space

environment in the laboratory. Fig. 3.2 shows a schematic representation of the

24



microwave anechoic chamber. Pyramidal shaped structures with microwave absorbing

materials embedded in it is fixed all over the inner walls of the chamber. The position of

the turn table and the receiver is in the quiet zone of the chamber as shown in the figure.

3.2 FABRICATION OF THE TEST ANTENNA

The test antenna called the New Hollow Dielectric Horn Antenna (AUT)

is fabricated from ordinary hollow dielectric horn antenna (HDH) by modifying it using

two techniques. It is observed that these modifications are capable of producing drastic

changes in the perfonnance of the antenna. The first technique is a new launching

technique, which involves the introduction of a properly tapered dielectric rod at the

throat of the horn and the second one is a strip loading technique. E-plane sectoral horns,

H-plane sectoral horns and Pyramidal horns of different flare angles were fabricated to

suit the experimental frequency band. i.e., the X-band. Table 3.1. shows the list of

experimental horn antennas fabricated.

Table 3.1 List of experimental horn antennas fabricated.

E-plane sectoral horn H-plane sectoral horn Pyramidal horn
Flare angle Axial Flare angle Axial Flare angle Axial
(Degree) Length (Degree) Length (Degree) Length

0'-E (Cm) GH (Cm) 0-E (In (Cm)10 15 10 12 20 10 1520 15 20 12 20 20 1530 15 30 12 20 30 1540 15 45 12 10 20 1550 15 60 12 30 20 1520 12 20 15 20 20 1220 9 20 9 20 20 920 620 21
25
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plywood
absorber

aluminium sheet

[dimensions in cm]

I‘ 100 4‘ 360 4‘ 360 >|
Fig. 3.2 Schematic representation of the microwave anechoic chamber [top view].
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3.2.1. Fabrication of ordinary Hollow Dielectric Horn (HDH)

The HDH is constructed by replacing the walls of a metallic horn by low

loss dielectric sheet (polystyrene of dielectric constant e,= 2.56) of thickness 2 or 3 mm.

For the HDH the thickness of the dielectric sheet also is a parameter for adjusting the

performance of the antenna. In the present study the variation of this parameter is not

taken into consideration because, the study concentrates on "the newly introduced

modifying techniques.

The HDH is a dielectric horn structure joined at the end of an open

metallic waveguide. So there is a discontinuity at the throat of the horn (feed-end) as far

as the power flow is concerned. The schematic diagram of the HDH is shown in fig. 3.3.

It is difficult to join the dielectric hom structure at the end of the metallic waveguide. Use

of good adhesive materials solves this problem to some extend. The new launching

technique adopted here, not only provides good launching action, but also solves this

problem.

Metallic waveguide

Dielectric
Horn

Fig. 3.3 Schematic representation of Ordinary Hollow
Dielectric Horn (E-Plane Sectoral) Antenna.
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3.2.2 Launcher technique

3.2.2.1 Launcher design and optimization

Fig. 3.4. shows a schematic representation of the new launcher. It is

fabricated using the same dielectric material (polystyrene) used for fabricating the test

antenna. The breadth be and thickness ao are equal to the inner dimensions of the

waveguide. The tapered side is introduced into the waveguide with suitable length for

seating. The length projecting outside the waveguide is well inside the horn structure.

The total length ‘l’ of the launcher, length of projection ‘p’, depth of penetration ‘d’ and

tapering length ‘t’ are optimized for getting good results.

3.2.2.1.] Length of projection ‘p’

The length of projection ‘p’ of the launcher inside the horn is optimized

for effectively transferring the electromagnetic energy from the waveguide to the horn.

When ‘p’ is large, (>>A.o), the protruding part of the launcher itself acts as a rod

antenna. If ‘p’ is small compared to lo , the situation is somewhat similar to the openL d »l
'1 t +’< 9- —>‘<~ P —p‘

tal \
Tapered section Section for seating Projected Section

.—-_—-— ‘ V

Fig. 3.4 Schematic representation of the optimized launcher.
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waveguide. These effects can be verified by plotting the radiation patterns of the

launcher for different ‘p’ values. The length for ‘p’ equal to A0 is found to be sufficient

for good launching. So for the present study, the wavelength corresponding to the mid

frequency of the experimental band (3 cm) is taken as the optimized value for ‘p’.

In order to optimize the profile of the projected section, radiation patterns

of horns with launchers of different shapes for the projected section were studied (Fig.

3.5). Experiments using launchers with projected section profiles other than the uniform

shape, give no substantial improvement for the radiation pattern. So the shape of the

projected section of the launcher is optimized to be uniform.

59E?
@ >‘/
Fig.3.5 Different shapes for the projected section of the launcher.
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3.2.2.1.2 Tapering length ‘t’

The tapering length ‘t’ of the launcher is optimized for minimum VSWR.

It is observed that the introduction of the launcher inside the waveguide increases the

VSWR of the antenna. By giving a proper tapering to the launcher the reflected power

can be minimize to negligible values. The VSWR of the launcher is studied for different

tapering lengths and its value is found to be less than 1.75 for the entire X-band for

tapering lengths greater than 8cm. So for the present study, the tapering length ‘t’ is

empirically optimized to be 8cm.

3.2.2.l.3 Depth of penetration ‘d’

The depth of penetration ‘d’ includes the tapering length ‘t’ and length ‘s’

for seating. ‘t’ is already optimized and so the value of ‘s’ decides the penetration depth

‘d’. The VSWR of the launcher is found to vary almost sinusoidally with ‘d’ for all

frequencies. However, the maximum value of VSWR is below 1.75. So ‘s’ can have any

value, sufficient for good seating. In the present study the value of ‘s’ is taken as 3cm.

3.2.2.2 New HDH with the optimized launcher (HDHL)

The details ofthe optimized launcher is given in Fig. 3.4. The total length

of the launcher is 14cm (d+p). The launcher and HDH are fabricated into a single unit as

shown in Fig. 3.6. The schematic representation of both sectoral and pyramidal HDHL

are shown in the figure. Now it is enough to introduce the tapered section of the launcher

into the open waveguide for getting the new HDH (HDHL), as illustrated for an E-plane

sectoral horn in Fig. 3.7.
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Fig.3.6 Schematic representation of the hollow dielectric horn with the
launcher (HDI-IL), [a] E-plane sectoral horn, [b] H-plane sectoral
horn, [c] pyramidal horn
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Metallic waveguide

. . . . .,

hLaw“: at Dielectric horn

Fig.3.7 Schematic diagram of the HDHL introduced into the open
Waveguide (E-plane sectoral HDHL)

3.2.3 Strip loading technique.

The second technique introduced for filrther modification of HDHL is the

strip loading technique. In this method good conducting metallic strips of optimum

dimensions are loaded on the walls of the HDHL. Aluminum or copper strips can be

used for this purpose. The strip loading is carried out in different ways for sectoral and

pyramidal horns as detailed below.

3.2.3.1 Strip loaded HDHL

3.2.3.l.1 E-plane sectoral horn.

For E-plane sectoral horns, the strip loading is done on the E-walls (walls

perpendicular to the E vector ) of the horn as shown in Fig.3.8. The width ‘w’ of the

strips are equal to the inner broader dimension ao of the waveguide. The length of the

strip ‘l’ is a parameter to be varied. So strips having different lengths (multiples of H2)

are fabricated.
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Launcher
Dielectric hom

Fig.3.8. Schematic representation of the strip loaded E-plane sectoral horn
antenna with the launcher.

Loading of strips on the parallel walls (H—walls) is not advisable due to

many reasons. Initially, it adversely affect the radiation pattern of the antenna. In the H

plane it behaves similar to a metallic sectoral horn. Secondly, it needs large metallic

sheets, only slightly less than that required to construct a metallic _sectoral horn. Another

possibility is loading of metallic strips on both walls simultaneously (E and H walls). The

resultant structure is nothing but a small metallic horn with a dielectric lining inside. So

there is no meaning in trying this type of strip loading also.

3.2.3.1.2 H-plane sectoral horn

For H-plane sectoral horns, the strip loading is done on the H-walls

(perpendicular to the H vector) of the horn as shown in Fig.3.9. Here the width ‘w’ is

equal to the inner smaller dimensions of the waveguide bo. In this case also strips having

different lengths are constructed to study its effect on radiation patterns. The strip loading

on the parallel sides is not practiced because of reasons mentioned for the case of E

plane sectoral horn antennas.
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Metallic waveguide Mclallic strip

Dielectric horn

Fig.3.9 Schematic representation of the strip loaded hollow dielectric H
plane sectoral horn antenna(Sl-IDHL)

3.2.3.1.3 Pyramidal horns

Strip loading in pyramidal horns can be done on the E walls or H walls.

But unlike sectoral horns, we need metallic strips of angular dimensions for pyramidal

horns. This in turn will increase the area of the metallisation region. Also, it is observed

that this type of strip loading on E or H walls does not produce any good results.

Another strip loading method, which has proved to be effective for

pyramidal horns is illustrated in Fig.3.10. Horns loaded with strips having width equal to

ao, are loaded on the E walls as shown in the figure is found to show some good results.

Experiments are performed with strip-loaded horns of different strip lengths.
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Dielectric horn

Metallic waveguide Metallic strip

Launcher

Fig.3.l0. Schematic diagram of the strip loaded pyramidal hollow
dielectric horn antenna(SHDI-IL)

3.3 PARAMETERS STUDIED

The performance of an antenna is characterized in terms of different

antenna parameters. The various parameters studied are [l]_ Radiation pattem,[2]
Directive gain and [3] Impedance and VSWR.

3.3.1 Radiation pattern

Radiation pattern is a graphical representation of the radiation properties

of the antenna as a fimction of space co-ordinates. Actually we need a three dimensional

radiation pattern for completely specifying the radiation properties of the antenna. But in

almost all practical cases we are satisfied with the two principal plane patterns. For a

linearly polarized antenna these planes are the E and H-planes. H-plane is the plane

parallel to the magnetic vector H and E-plane is the plane parallel to the electric vector E,

both planes passing through the axis of the antenna. Though it is significant to plot the

radiation pattern for the near field, in most cases the radiation pattern in the far field is
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much important. If the magnitudes of the electric or magnetic field intensity is plotted ,

we get the field pattern and a plot of power intensity gives the power pattern.

The radiation patterns can be drawn in rectangular or polar form. From

these patterns, it is easy to find out the direction of maximum radiation, HPBW, -l0dB

beam width, side lobe levels, cross-polar levels, axial gain etc.

3.3.2 Directive Gain and Directivity

Almost all antennas radiate more power in certain directions. Directive

gain of an antenna in a given direction is defined as the ratio of the radiation intensity in

that direction to the radiation intensity of a reference antenna. The reference is usually

taken as an isotropic source, a hypothetical antenna having equal radiation in all

directions. The directivity of an antenna is the value ofthe directive gain in the direction

ofits maximum value. The directivity D of an antenna is given by the expression,

D (dB) = 10 log {P(m) / P([_c,o)}; P is the power density.

If 6 and (1) are the HPBW in the two principal planes, the directivity can be approximately

written as

D = 41 ooo (deg2)/ 9 (deg) x d>(deg)

3.3.3 Impedance and VSWR

Antenna impedance and VSWR are very important parameters as far as

the performance of the antenna is concerned. Antenna impedance Z is a complex quantity

given by

Z = R + j X ; where R is the antenna resistance and X is the antenna

reactance. The impedance of the antenna is a measure of the efficiency with which it acts

as a transducer between the transmission line and propagation medium.

A part of the energy transmitted may be reflected from the input side of

the antenna and giving rise to a standing wave voltage distribution in the transmission
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line or waveguide. The reflection coefiicient, a measure of the reflected component is

defined as the ratio of the reflected energy to the incident energy. The voltage standing

wave ratio VSWR is the ratio of the maximum to minimum standing wave voltages

present at the input side of the antenna.

VSWR = V,m/ Vm,-m

The VSWR expressed in decibels is called the standing wave ratio SWR.

SWR (dB) = 20 log 10 VSWR

In terms of the magnitude of the reflection co- efficient p,

VSWR=o= (1+p)/(1-p).

(5 =1 is an ideal case, for which p = 0, For good practical antennas the value of O‘ is

slightly greater, but close to 1.

3.4 EXPERIMENTAL SETUP

The experimental setup and the procedure used to study the important

antenna characteristics are discussed in the following sections.

3.4.1 Radiation pattern

The experimental setup employed to plot the far field radiation pattern of

the test antenna is given in Fig.3.1 1. The setup consists of the antenna under test (AUT)

arranged inside the anechoic chamber and HP 8510B/(HP 8410C) network analyzer

system as shown.

The antenna used as the transmitter is a standard pyramidal horn in the X

band connected to the reference port of the reflection transmission test set. The AUT is

used as the receiver and is mounted on the tum-table, provided with a remote control. It is

placed in the quiet zone of the acechoic chamber. To satisfy the far field condition, the

distance between the transmitter and receiver is adjusted to be greater than 2D2/ 7L, D is

the largest aperture dimension of the antenna and 7L is the wavelength used. The output
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Fig.3.ll Experimental setup to study the radiation pattern of the test
Antenna
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fi‘om the receiving antenna is connected to the transmission return port of the test setup

using cables. Before starting measurements, the axes of the transmitting and receiving

antennas are adjusted to coincide each other.

In the first part of the measurements, the radiation patterns of the hollow

dielectric horn with the launcher (HDHL) at different frequencies in the X-band are

plotted for E-plane sectoral horn, H-plane sectoral horn and pyramidal horns. Radiation

patterns of ordinary HDH also are taken for comparison. In the second part, effect of strip

loading on radiation pattern is studied. For E-plane sectoral horns and pyramidal horns,

strips of width ao with different lengths 1/2, 2 M2, 3}./2 etc. are loaded on the E walls and

radiation patterns are taken. For H-plane sectoral horns, strips of width bo with different

lengths are loaded on the H walls of the horn and radiation patterns are plotted. Finally

radiation patterns for equivalent metallic horns are also plotted for comparison.

Different parameters like I-IPBW, relative gain, cross-polar levels, side

lobe levels etc. can be easily found out from these radiation patterns.

3.4.2 Directive Gain

Gain of HDH and HDI-IL are measured at different frequencies for all

experimental horns. For SHDHL gain variation with frequency and strip length are also

analyzed.

Gain measurements were done by comparing the gain of different horns

with that of a standard horn. Initially the standard horn is placed at a fixed position in the

far field region of the anechoic chamber and the received power corresponding to its

gain, at different frequencies are noted. Now the standard horn is replaced by the test

horn and the received power is compared with that of the standard horn. For HDHL, gain

variation with frequency and for SHDHL gain variation with frequency and strip length

are analyzed.
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3.4.3 Impedance and VSWR

The experimental setup for measuring the impedance and VSWR is

shown in Fig. 3.12. HP 8510B network analyzer system is used for the purpose. The

AUT is connected to the port I of the test set. The start and stop frequencies are selected

by the ‘stimulus’ menu to 8 and l2GHz. and the analyzer is adjusted to the reflection

mode using the ‘parametric’ menu. The display on the screen gives the VSWR with

frequency. Along with VSWR plot, using the smith chart option, the impedance of the

test antenna can be displayed and can be plotted.

HP 7475 A
PLOITER

.5HPi3'51°i3 .. -' SYNTHESIS ’
TANALYSERV  V

Fig. 3.12 Experimental setup to study the VSWR of the test antenna.



Chapter 4

EXPERIMENTAL RESULTS

-The results of the experimental studies on the radiation

characteristics of the new hollow dielectric horn antennas are discussed

in this chapter. The experiments are conducted in the X-band. The

important radiation characteristics such as radiation pattern, I-IPB W,

side-lobe level, cross-polar level, VSWR, gain etc., for E and H-p/ane

sectoral horns and pyramidal horns are presented under various

sections. Results related to the optmisation of length of projection, depth

of penetration and tapering of the launcher are sketched in the initial

part. The radiation characteristics of the new HDH are discussed in the

following sections. In the first section, the results of the new launching

technique leading to the design of HDHL (Hollow Dielectric Horn with

Launcher) are presented. The next section gives a detailed picture of the

radiation properties of strip loaded hollow dielectric horn antennas

(SHDHL). A comparative stuaji of the new HDH antennas and

equivalent metallic horn antennas form the final section.



4.1 LAUNCHER OPTIMIZATION

Fig. 4.1. gives the schematic representation of the optimized launcher. The

methods used to optimize the launcher were discussed in section 3.2.2 of chapter 3. The

results obtained for the optimized conditions are discussed in the following sections.
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Fig.4.! Schematic representation of the optimized launcher

4.1.1 Tapering length ‘t’

The section of the launcher inside the waveguide is properly tapered to

minimize the backward reflection. The Voltage Standing Wave Ratio (VSWR) of the

waveguide or horn varies in a sinusoidal manner with frequency for all tapering lengths.

For tapering lengths of 8 cm or above, the maximum value of VSWR is found to be less

than 1.75 for the entire X-band. So for the present study the value of ‘t’ is selected

(optimized) as 8 cm.
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4.1.2 Depth of penetration ‘d’

The depth of penetration ‘d’ is the sum of the tapering length ‘t’ and the

length for seating ‘s’. ‘t’ is optimized as 8 cm and so we need only to discuss ‘s’. Keeping

‘t’ constant, VSWR of the horn is studied for various values of ‘d’. It is observed that the

VSWR varies sinusoidally with ‘d’, but within the limit, for all frequencies as shown in

Fig.4.2. So the value of ‘s’ is not very important. Therefore it is enough to select a

minimum suitable length for proper seating of the antenna at the end of the waveguide.

For the present case ‘s’ is taken as 3 cm, so that ‘d’ =11 cm.
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Fig.4.2 VSWR variation with launcher penetration depth ‘d’ at different

Frequencies
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4.1.3 Length of projection ‘p’

As discussed in the previous chapter, the length of projection ‘p’, for

effectively transferring the power from the waveguide to the antenna is selected. In that

case the leakage due to discontinuity at the end of the waveguide becomes small. This

length is selected by studying the radiation patterns of the waveguide with the launcher.

If ‘p’ is very small (say 1 cm) the radiation pattern is somewhat similar to that of the open

waveguide. If ‘p’ is large (say 5cm) the rod itself acts as an antenna, which increases the

side lobe levels. Therefore a moderate length (3cm) equal to the free space wavelength

corresponding to the mid frequency of the experimental X-band is selected as the
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F ig.4.3 Radiation pattern of the launcher for different values of ‘p’ at 8GHz.
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optimized value for ‘p’. The E and H-plane radiation pattems of the open waveguide with

the launcher for different ‘p’ values are shown in Fig.4.3. The VSWR variation with

frequency for the open waveguide with the optimized launcher is shown in F ig.4.4.
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Fig.4.4 VSWR variation with frequency for the optimized launcher
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4.2 EFFECTS OF THE NEW LAUNCHING TECHNIQUE

The ordinary hollow dielectric horn (HDH) with the optimised launcher

placed at the throat of the horn forms the HDHL antenna. The effects of this new

launching technique are presented for both E-plane and H-plane sectoral and pyramidal

horn antennas.

4.2.1 E-plane sectoral HDHL

The schematic diagram of the E-plane sectoral HDHL is shown in Fig.4.5.

The merits of the radiation properties of this antenna over ordinary HDH are discussed in

the following sections.

D" l ' h
Metallic waveguide 16 ecmc om

Dielectric launcher

Fig. 4.5 Schematic representation of the E-plane sectoral HDHL

4.2.1.1 Radiation pattern

Fig.4.6. shows the E and H-plane radiation patterns of HDH and HDHL

antennas of flare angle (11; = 30°. It is evident from the patterns that the new launching

technique reduces the side lobe levels to a considerable extent. The side lobe levels of

both E and H-plane patterns are high for ordinary HDH. For HDHL the E-plane side lobe
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Fig.4.6 E and H-plane radiation patterns of E-plane sectoral HDH and
HDHL at 8.5 GHz. 0.1-; = 30°.

levels are very low for almost all cases, but the H-plane side lobe levels are comparably

high (around —14dB). One noticeable feature of the radiation patterns is that, in many

cases, the E and H-plane ‘Half Power Beam Widths’ (HPBW) are almost equal. Fig.4.7.

shows the E and H-plane radiation patterns for 20° horn at 10 GHz. It is clear that both E

and H-plane patterns are narrow and almost identical, with HPBW around 25°. This is a

clear deviation from the behavior of E-plane metallic sectoral horns. The basic property

of the metallic sectoral horn is to produce a narrow pattern in the flared plane (E-plane

pattern of E-plane sectoral horn) and a broad pattern in the other plane (H-plane pattern

of E-plane sectoral horn).
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Fig.4.7 E and H-plane radiation patterns of E-plane sectoral
HDHL at 1OGHz. (15 = 20°.

The HPBW variation with frequency in the H-plane and E-plane for E

plane HDHL of flare angle 10° and 20° are shown in fig.4.8.a and 4.8.b respectively. It is

evident from the graph that the HPBW decreases with frequency as in the case of metallic

horns. The HPBW variations for HDH are also shown for comparison.

Fig. 4.9. shows the variation of the first side lobe levels of the E and H

plane patterns with frequency for the HDH and HDHL antennas of flare angles 20° and

30°. The side lobe levels of E-plane patterns are found to be very low for all frequencies.

Table 4.1. shows the 3dB and l0dB beam width and side lobe levels for different

E-plane HDHL antennas at different frequencies.
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F ig.4.8 E and H-plane HPBW variation with frequency for E-plane
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Fig.4.9 Side lobe level variation with frequency for E-plane
sectoral HDH and I-IDHL. (a) (15 = 20°, (b) 0.5 = 30°.
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Table 4.1 3dB beam width, l0dB beam width and first side lobe levels for different E
plane sectoral HDHL horn antennas at different frequencies.
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F|are angle Frequency 3dB beam Width l0dB beam Width First side lobe
(Degree) (GHZ) (Degree) (Degree) level (dB)H E H E H E

8.0 31.5 33.0 51.0 55.5 -13.2 -14.0
3.5 29.5 30.0 49.5 51.0 -13.75 -15.5

10 9.0 27.0 28.5 45.0 43.0 -15.25 -18.09.5 26.25 27.0 42.0 45.0 -14.5 -19.0
10.0 24.0 25.0 39.0 42.0 -20.0 -20.0
10.5 22.5 24.5 37.5 42.0 -15.0 -18.0
11.0 22.5 24.0 38.0 39.0 -13.0 -16.0
3.0 24.0 28.5 39.0 54.0 -13.0 -16.0
3.5 22.5 26.0 36.0 49.0 -13.5 -13.0
9.0 21.0 25.5 34.5 45.0 -14.0 -19.520 9.5 19.5 23.5 32.5 43.5 -14.0 -21.5
10.0 19.5 21.5 32.0 40.0 -14.5 -21.0
10.5 13.0 21.0 30.0 39.0 -14.0 -21.0
11.0 21.0 19.5 _ 36.0 36.0 -13.5 -20.0
8.0 27.5 28.0 45.0 67.5 -13.0 -16.0
8.5 25.5 25.5 43.5 63.0 -13.5 -13.5
9.0 24.0 24.5 40.5 55.0 -13.5 -22.530 9.5 24.5 22.5 39.0 53.0 -13.0 -24.0
10.0 20.0 22.5 34.5 49.0 -15.0 -21.0
10.5 21.0 24.0 36.0 54.0 -13.0 -20.0
11.0 21.0 20.0 37.5 53.0 -11.5 -19.5
3.0 27.0 34.0 42.0 72.0 -13.0 -17.0
8.5 24.0 37.5 40.5 70.0 -12.5 -18.0
9.0 24.5 36.0 40.5 66.0 -12.5 ' -19.040 9.5 22.5 39.0 37.5 68.0 -11.0 -20.0
10.0 21.0 37.5 36.0 61.0 -12.0 -20.0
10.5 19.5 45.0 33.0 66.0 -11.5 -17.0
11.0 19.5 45.0 67.5 68.0 -7.0 -15.5
3.0 22.5 63.0 40.0 33.5 -9.5 -15.0
8.5 24.0 53.0 39.0 84.0 -10.5 -17.0
9.0 22.5 50.0 37.5 80.0 -11.5 -17.050 9.5 21.0 53.0 34.5 77.0 -11.5 -17.5
10.0 22.5 43.0 37.5 70.0 -10.0 -17.0
10.5 19.0 53.0 33.0 72.0 -9.5 -15.0
11.0 19.5 56.0 37.5 75.0 -9.0 -13.5



4.2.1.2 Cross-polar levels

The cross-polar levels of different horns are measured at different

frequencies. Its value is found to be very low around —40dB for all cases. Fig. 4.10.

shows a typical plot of the co-polar and cross-polar patterns for E-plane sectoral HDI-H.

of flare angle 20° at l0GHz.

Received power,dB.

co-polar
- - - - - -cross-polar

-30 O 30 60 90
Azimuth angle,deg.

Fig. 4.10 Co-polar and cross-polar radiation patterns of E-plane sectoral
HDHL at 10GHz, a..;=2o°.
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4.2.1.3 VSWR and Impedance

Fig. 4.11. shows the variation of VSWR and impedance with frequency

for HDH and I-[DI-IL ((15 =20°).The VSWR of HDHL is less than that of HDH and open

waveguide with launcher, for all frequencies. Table 4.2. shows the maximum and

minimum values of VSWR for different E-plane HDHL in the X-band.

Table 4.2 Maximum and minimum values of VSWR for different E-plane sectoral
HDHL antennas in the X-band.

Horn angle (Deg.) Maximum value Minimum value10 1.32 1.0520 1.55 1.1030 1.66 1.0440 1.40 1.0350 1.75 1.13
4.2.1.4 Directive Gain

The axial gain of the E-plane sectoral HDHL antennas are high because of

narrow patterns in both E and H-planes, low side lobe levels and low VSWR. Gain

enhancements up to 3dB are observed over HDH for different cases. Fig. 4.12. shows the

variation of axial gain with frequency for HDH and HDHL for flare angles 10° and

20°.Axial gains of other HDHL antennas for different frequencies are given in table 4.3.

Table 4.3 Axial gain of different E-plane sectoral HDHL antennas.

Frequency Axial Gain (dB)
(GHZ) (15 = 10° GE: 20° (11; = 30° 0.13 = 40° (15: 50°

8.0 15.25 15.25 15.65 14.85 13.258.5 16.20 16.0 16.8 16.0 15.29.0 16.23 16.13 17.5 15.93 12.339.5 17.55 17.93 18.55 16.35 15.3510.0 18.53 19.13 19.13 16.75 16.3310.5 18.68 19.48 19.7 16.65 16.0811.0 19.0 17.8 19.4 15.60 15.8
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4.2.2 H-plane sectoral HDHL

The schematic representation of H-plane sectoral HDHL is shown in Fig.

4.13. The behavior of this antenna is different from that of E-plane sectoral I-[DHL in

many respects.

Metallic waveguide

\
Dielectric hornDielectric launcher

Fig. 4.13 Schematic representation of the
H-plane HDH with Launcher (HDHL)

4.2.2.1 Radiation pattern

Unlike the E-plane sectoral HDHL the radiation pattern of the H-plane

HDHL is narrow in one plane and broad in the other. The radiation pattern of a metallic

H-plane sectoral horn antenna is narrow in the H-plane (flared plane) and broad in the E

plane. But for the new dielectric H-plane sectoral horn, the H-plane pattern is broad and

the E-plane pattem is narrow. However, for small flared horns the H-plane pattems are

also narrowf The H-plane patterns of ordinary HDH itself are broad. The introduction of

the launcher reduces the broadness of the H-plane pattem. Fig. 4.14. shows the radiation

patterns of H-plane sectoral HDH and HDHL for flare angle 60 degree at 9 GHz. Fig.

4.15. shows the E and H-plane patterns of H-plane sectoral HDHL of flare angle 10

degree at 9.5 GHz. As is evident from the radiation pattern, the side lobe levels of both E

and H-plane patterns are reduced considerably by this launching technique.

The HPBW variation with fiequency in the H-plane and E-plane for H

plane sectoral HDHL along with that of HDH are shown in Fig. 4.16. for flare angles 30

and 20 degrees.
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Fig.4.l5 E and H-plane radiation patterns of H-plane sectoral
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The first side lobe level variation with frequency for E and H-plane patters

of horns of flare angle 20 and 10 degree are given in Fig. 4.17. The corresponding side

lobe levels for HDH are also given for comparison. The graph shows that the side lobe

levels in the H-plane are very low for almost all cases.

Table 4.4. shows the 3dB beam width, lOdB beam width and first side

lobe levels for different H-plane sectoral HDHL antennas at different frequencies.

Table 4.4 3dB beam width, lOdB beam width and first side lobe levels for different H
plane sectoral HDHL horn antennas at different frequencies.

Flare angle Frequency 3dB beam Width l0dB beam Width First side lobe(Degree)  (Degree) (Degree) levelH E H E H E
8.0 42.0 33.0 88.5 54.0 -24.0 -16.08.5 37.5 31.0 75.0 51.0 -28.0 -16.09.0 34.5 30.0 70.5 46.0 -27.0 -18.510 9.5 33.0 28.5 66.0 45.0 -26.0 -17.510.0 31.0 25.5 60.0 42.0 -22.0 -16.010.5 30.0 24.0 75.0 40.0 -18.5 -16.0
8.0 28.0 28.5 70.0 49.0 -30.0 -15.08.5 30.0 27.0 69.0 45.0 -30.0 -15.09.0 25.0 28.5 66.0 45.0 -31.0 -18.020 9.5 24.0 25.0 65.0 40.5 -30.0 -17.010.0 25.0 24.0 65.0 37.5 -32.0 -24.010.5 27.0 25.5 60.0 37.5 -22.0 -20.0
8.0 54.0 26.0 87.0 42.0 -32.0 -13.08.5 51.0 22.5 78.0 42.0 -35.0 -11.59.0 51.0 22.5 75.0 37.5 -32.0 -14.530 9.5 50.0 21.0 76.0 36.0 -32.0 1 -12.5
10.0 48.0 21.0 69.0 33.0 -32.0 -14.510.5 48.0 19.0 66.0 31.0 -26.0 -11.0
8.0 78.0 27.0 108.0 50.0 -24.0 -15.58.5 63.0 25.0 102.0 53.0 -31.0 -17.09.0 61.0 27.0 96.0 43.5 -28.0 -26.045 9.5 27.0 24.0 87.0 45.0 -21.0 -21.010.0 56.0 24.0 84.0 41.0 -20.0 -24.010.5 56.0 25.0 82.0 39.0 -14.0 -20.0
8.0 75.0 26.0 112.0 45.0 -24.0 -14.08.5 61.0 25.5 102.0 43.0 -26.0 -15.09.0 50.0 24.0 99.0 39.0 -14.5 -17.060 9.5 44.0 21.0 84.0 36.0 -18.5 -20.010.0 62.0 20.0 80.0 31.5 -18.0 -20.010.5 61.0 19.5 84.0 33.0 -15.5 -17.0
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Fig. 4.16 E and H-plane HPBW variation with frequency for H
-plane sectoral HDH and I-IDHL . (a) an = 20°,(b) an = 30°.
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4.2.2.2 Cross-polar levels

Cross-polar levels for H-plane sectoral HDHL antennas are also very low,

around -40dB, irrespective of the flare angle and frequency. Fig. 4.18. shows a typical

plot of co-polar and cross-polar patterns for horn of flare angle 20° at l0GHz.

4.2.2.3 VSWR and Impedance

The variation of impedance and VSWR with frequency for H-plane

sectoral HDH and HDHL (an = 20°) antenna are shown in Fig. 4.19. For this type of

antennas also the VSWR reduces to very low values with the new launching technique.

Table 4.5. shows the maximum and minimum values of VSWR for different H-plane

homs.

0_5 -—co-polar
- - - - - cross-polar-10 - T

g_ -15 —

g -20 —oa.
u
on>

75o0
Z

-30 O 30 60 90
Azimuth ang|e,deg.

Fig. 4.18 Co-polar and cross-polar radiation patterns of H-plane sectoral
HDHL at 10GHz, 0.1-{=20°.
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Table 4.5 Maximum and minimum values of VSWR for different H-plane sectoral
HDHL antennas in the X-band.

4.2.2.4 Directive Gain

angle 10 and 20 degrees. Axial gain of other experimental H-plane sectoral HDHL

antennas for different fiequencies are given in Table.4.6.

Horn angle Maximum value Minimum value
0303-)10 1.42 1.0520 1.53 1.0830 1.55 1.0540 1.56 1.0250 1.76 1.07

Axial gain enhancement up to 4dB can be achieved using this launching

method in H-plane sectoral HDHL antennas. But the axial gain of H-plane HDHL is less

than that of E-plane HDHL because of its broad H-plane patterns. Fig. 4.20. shows the

variation of axial gain with frequency for H-plane sectoral HDH and HDHL of flare

Table 4.6 Axial gain of different H-plane sectoral HDHL antennas.

Frequency Axial Gain (dB)
(11.1: 10° an = 20° an = 30° C1,}; = 45° an = 60°
8.0 12.85 12.45 12.05 10.05 11.658.5 14.4 14.00 13.20 11.40 13.209.0 11.93 11.93 6.65 7.93 11.139.5 14.95 14.95 12.95 11.75 14.1510.0 16.33 15.13 13.53 13.53 15.13
10.5 _17.28 16.06 14.48 14.08 15.6811.0 17.60 17.00 14.20 15.40 17.00
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4.2.3 Pyramidal HDHL

Fig. 4.21. shows a schematic diagram of the pyramidal HDHL.

Metallic waveguide

D‘ l ' hDielectric launcher Z’ 16 ecmc om

Fig. 4.21 Schematic representation of the
Pyramidal HDH with Launcher (HDHL)

4.2.3.1 Radiation pattern

The radiation patterns of small flared pyramidal HDHL antennas in the E-plane are

almost identical to that of E-plane sectoral HDHL and in the H-plane is somewhat similar

to that of H-plane sectoral horns. For horns with small flaring in the H-plane, the H

plane patterns are narrow. As the flare angle in the H-plane increases, the H-plane pattern

changes to a split or rippled broad pattern. The E-plane patterns of horns with small

flaring in the H-plane are very good with low side lobe levels. Fig. 4.22. shows the E and

H-plane patterns for a pyramidal HDHL at 9GHz. The corresponding patterns for

pyramidal HDH are also given for comparison. Fig. 4.23. shows a typical plot of E and

H-plane patters for a pyramidal HDHL of flare angle (U.H=20°, O.E=20°) at 9.5GHz.

The variation of half power beam width with frequency in the E and H

planes for HDH and HDHL for horns of flare angle ((X.H=10°, ag=20°)and ((1H=20°,

ocg=20°) are shown in fig. 4.24. For horns with small an values, these results are similar

to that of E-plane sectoral HDHL.
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Fig. 4.22 E and H-plane radiation patterns of pyramidal HDH and
PIDHL at 9GHZ. G5 = 20°, an = 10°.

jE-plane pattern
- - - - - 1-I-plane pattern

0

Azimuth angIe,deg.

-30 30 60 90
Fig. 4.23 E and H-plane radiation patterns of pyramidal HDHL at

9.5GHz. 0.5 = 20°, 0.1-; = 20°.
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% 15 9- ‘Ix """ '-—x.::12.5 — ~ ‘ a

'X
10 

7.5 

5 7 8 9 10 11
Frequency.GHz.

22.5

- - O - -E-pIane,HDH

20 k 0, . —O—E-pla_r‘1_e,HDHL17.5 ~ ‘
15 —.% b

(L
I 12.5 ~

10 »

7.5 —

57 8 10 119
Frequency,GHz.

Fig.4. 24 E and H-plane HPBW variation with frequency for pyramidal
HDH and HDHL.(a) (15 = 20°,0LH = 10°,(b) as = 20°, an = 20°.
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The side lobe levels are very low for E-plane patterns and high for H

plane patterns. For a given value of (1.15, as an increases, the side lobe level increase and

finally becomes ripples on the top of the main beam. Fig. 4.25. shows side lobe level

variation with frequency for two horns along with those for their HDH counterparts.

Table. 4.7. gives the 3dB beam width, 10dB beam width and side lobe

levels for different pyramidal HDHL at different frequencies.

Table 4.7 3dB beam width, 10dB beam width and first side lobe levels for different
pyramidal HDHL horn antennas at ditferent frequencies.

Flare angle Frequency 3dB beam width l0dB beam width First side lobe(Degree) (GHz) rec) (D ree level (dB)(15 an H E H E H E
8.0 19.5 21.0 48.0 37.5 -16.0 -16.08.5 18.0 21.0 53.0 34.5 -24.0 -20.09.0 16.5 18.0 61.0 33.0 -17.0 -18.520 10 9.5 16.0 15.0 30.0 30.0 -16.0 -21.010.0 15.0 15.0 25.0 28.0 -18.0 -25.010.5 15.0 15.0 24.0 27.0 -16.0 30.0
8.0 18.0 19.0 68.0 38.0 -18.5 -13.58.5 * 15.5 -- 33.0 -- -16.59.0 * 15.0 - 28.0 —- -16.520 20 9.5 * 15.0 -- 27.0 — -13.010.0 * 13.0 -- 24.0 -- -18.010.5 "‘ 11.0 -- 18.0 -- -17.08.0 ** -- -- -- -- -3.5 H -— —— -- — -9.o ** -- -- -- -- -20 30 9.5 ** -- —— —- -- -10.0 H —— —— —— -- -10.5 ** -— -— -— -- -
8.0 20.0 21.0 -— 37.5 -- -13.08.5 * 19.2 -- 31.5 -- -13.09.0 "‘ 16.5 -- 27.0 -- -13.010 20 9.5 * 15.0 -- 24.0 -- -12.010.0 * 13.5 -- 24.0 —- -10.510.5 "‘ 12.5 -- 22.5 -- -8.08.0 "‘ 20.0 -- 45.0 -- -17.08.5 * 14.0 -- 37.0 -- -17.09.0 * 12.0 — 29.0 -- -22.530 20 9.5 * 12.0 —- 22.0 -- -18.010.0 * 11.0 -- 28.0 — -20.010.5 * 12.0 -- 21.0 -- -19.5

* ripple pattern ** split pattern
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Fig.4. 25 Side lobe level variation with frequency for pyramidal

HI)H and HDI-[L .(a) as = 2O°,aH = 10°,(b) aE= 20°, an = 20°,
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4.2.3.2

compared to that of sectoral HDHL. It is found to be around —30dB for all cases. One

typical cross-polar and co-polar pattems for pyramidal HDHL (aH=10°, oLE=2O°) is

Cross-polar levels

For pyramidal HDHL antennas the cross-polar levels are slightly greater,

shown in Fig.4.26.

4.2.3.3

HDH and HDHL antennas (U.H=10°, (l5=20°) are shown in Fig. 4.27. In this case also, as

for the sectoral homs , the VSWR is less for HDHL for the entire experimental band.

Table. 4.8. shows the maximum and minimum values of VSWR for ditferent horns in the

VSWR and Impedance.

A typical plot of impedance and VSWR with frequency for a pyramidal

X-band.

Received power,dB.

— co-polar
- - - - - cross-polar

-60 -30 0 30
Azimuth angle,deg.

60 90

F ig.4.26 Co-polar and cross-polar radiation patterns of pyramidal
HDHL at 10GHz, oq.;= 20°, an = 10°.
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Fig. 4.27 VSWR variation with frequency for pyramidal horn.
0.1.; = 20°, (11.1 = 10°. (a) HDH, (b) HDHL.
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Table 4.8 Maximum and minimum values of VSWR for different pyramidal
HDHL antennas in the X-band.

4.2.3.4

HDHL. As an increases, irrespective of the value of (15, the gain decreases. Fig. 4.28.

gives the variation of axial gain with frequency for two pyramidal HDH and HDHL

antennas. Axial gains of some other pyramidal horns at different frequencies are available

The axial gain of pyramidal HDHL antennas are greater than that of

from Table. 4.9.

Directive Gain

Horn angle (Deg.) Maximum value Minimum value
(11: an10 20 1.40 1.1020 20 1.50 1.1230 20 1.60 1.1520 10 1.46 1.0820 30 1.55 1.09

Table 4.9 Axial gain of different H-plane sectoral HDHL antennas.

Frequency Axial Gain (dB)
(GHZ) as an (115 an (11: (111 (IE an (15 an

10 20 20 20 30 20 20 10 20 30
8.0 13.05 12.85 12.25 14.85 9.058.5 14.40 14.00 14.00 16.6 9.209.0 11.53 12.00 11.53 14.93 **9.5 14.35 14.55 13.35 17.55 6.1010.0 14.33 14.73 13.93 18.73 5.5010.5 15.28 15.68 15.68 19.68 5.6011.0 15.30 15.80 15.00 20.40 **
** split pattern
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Frequency,GHz.
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Fig.4.28 Variation of axial gain with frequency foropyramidal HDH and
HDHL.(a) as = 20°,au = 10°,(b) as = 20 , “H = 20 
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4.3 EFFECT OF STRIP LOADING

The launching technique converts the I-IDH to a new antenna

(HDHL),with many attractive features. The second technique, namely the strip loading

technique, modifies the perfomrance of the antenna further. The new strip loaded

antennas (SHDHL) were elaborately discussed in sections 3.2.4 and 3.2.5. of chapter 3.

In this section the results of the strip loading on E and H-plane sectoral horns and

pyramidal horns are discussed separately.

4.3.1 E-plane sectoral SHDHL

The schematic diagram of the strip loaded E-plane sectoral hollow

dielectric hom antenna (SHDHL) is shown in Fig. 4.29. Strips of width ao are loaded on

the E-walls of the horn. Strip length ‘l’ can be varied. As ‘I’ changes the characteristics

of the antenna will change.

Metallic strip

Metallic waveguide

Launcher

Dielectric horn

Fig.4.29 Schematic representation of the strip loaded
E-plane HDH with Launcher (SHDHL)
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4.3.1.1 Radiation pattern

The radiation pattern of E-plane HDHL is further modified by strip

loading The strip loading provides an easy method for adjusting the HPBW of the

SHDHL in the E-plane, while the I-[PBW in the H—plane remains almost same. Fig. 4.30.

shows the E and H—plane radiation patterns of SHDHL of flare angle 20° with strip

length 21.0 at 9 GHz. The radiation patterns of the corresponding HDHL are also given

for comparison. By adjusting the strip length identical radiation patterns in both principal

planes can be obtained. This result is very significant because it is not possible to attain

such a result with any conventional sectoral horns. Thus the radiation pattern of E-plane

sectoral SHDHL is almost similar to that of a metallic pyramidal horn (narrow beams in

both E and H-planes). Fig. 4.31. is a typical case of identical radiation patterns in both

planes.

_ _i_1_
-?- SHDHL

_- - - - - HDHL _

mi '-.'5. '.3 \3 '.O \Q n
'U
C)
.2000
M

-90 -60 -30 0 30 60 90
Azimuth angle,deg.

F ig.4.30 E and H—plane radiation patterns of E-plane sectoral HDHL and
SHDHL at 9GHz. as = 30°, l = 210.
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_
- - - - - TE-plane pattern

— H-plane pattern

Received power,dB.

3

-30 0 30 60 90
Azimuth angle,Deg.

Fig.4.3l E and H-plane radiation patterns of E-plane sectoral SHDI-IL at
10.5GHz.(identical E and H patterns). (15 = 10°, 1 = M4).

The variation of HPBW with frequency and strip length for two typical

horns are shown in Fig. 4.32.

The strip loading also provides a method for adjusting the side lobe levels.

The ends of the strips act as diffraction points and that in turn will change the side lobes

of the HDHIL. The variation of first side lobe levels for horns of flare angle 20° and 30°

for E and H-plane patterns with strip length and frequency are shown in Fig. 4. 33.

Table. 4.10. shows the values of 3dB beam width, 10dB beam width and

side lobe levels for various E-plane sectoral SHDI-IL antennas at difierent frequencies.
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F ig.4.32 E and H-plane I-[PBW variation with (a) frequency (1 = 230) and
(b) strip length (f = 10.5GHz), for E-plane sectoral SHDHL,
cu; = 20° and 30°.
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—o— E-p|ane.20Deg.
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Fig.4.33 Side lobe level variation with (a) frequency (1 = 21/0) and
(b) strip length (f = 10.5GHz), for E-plane sectoral SI-IDHL,
ozg = 20° and 30°.
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Table 4.10 3dB beam width, 10dB beam width and first side lobe levels for different
E-plane sectoral SI-IDHL horn antennas at different fiequencies.

** split patterns

79

Flare Frequency Strip 3dB beam width 10dB beam width First side lobeangle (Gflz) Length (D ree) (D rree) level (dB)(Degree) 7.0 H E H E H E
1 28.5 30.0 46.5 54.0 -17.0 -13.08.5 2 27.0 36.0 44.2 67.5 -19.0 -12.0
3 29.2 48.0 40.5 102.0 -13.5 -16.51 25.0 25.0 40.5 49.0 -16.7 -14.510 9.5 2 24.5 31.5 40.5 61.5 -16.0 -16.03 22.5 48.0 41.0 89.0 -12.0 -22.0
1 22.5 22.5 39.0 37.5 -16.0 -17.010.5 2 22.5 30.0 40.5 52.5 -15.0 -19.03 22.5 36.0 42.0 77.0 -12.0 -13.51 28.5 28.5 45.0 67.5 -14.0 -21.08.5 2 25.5 37.5 42.0 69.0 -15.0 -24.53 25.5 33.0 43.0 . 60.0 -15.5 -15.0
1 24.5 24.0 40.5 51.0 -14.0 -17.520 9.5 2 23.0 31.0 39.0 61.5 -14.0 -21.03 23.0 27.0 40.0 52.0 -15.0 -13.0
1 25.0 22.0 39.0 42.0 -13.5 -21.010.5 2 22.0 25.5 37.0 46.5 -14.0 -16.03 22.0 22.0 37.0 39.5 -13.5 -12.0
1 24.0 36.0 40.5 75.0 -12.0 -24.08.5 2 24.5 31.5 40.0 60.0 -15.0 -15.03 25.0 25.0 41.0 44.0 -14.5 -11.51 22.5 27.0 38.0 64.5 -13.5 -20.030 9.5 2 22.5 24.0 40.0 48.0 -16.0 -14.53 25.5 21.0 45.0 37.5 -14.5 -9.5
1 21.0 30.0 37.5 61.0 -12.0 -16.510.5 2 22.0 21.0 40.5 57.0 -16.0 -12.03 25.5 16.5 58.0 96.0 -15.5 -4.51 19.5 48.0 31.5 75.0 -11.5 -22.08.5 2 18.0 31.5 34.0 75.0 -15.0 -17.0
3 19.5 23.0 36.0 105.0 -13.0 -30.0
1 18.0 48.0 30.0 74.0 -12.0 -21.540 9.5 2 16.5 39.0 30.0 102.0 -12.5 -24.03 19.5 81.0 37.5 103.0 -9.0 -14.51 15.0 48.0 27.0 74.0 -10.0 -21.010.5 2 13.0 59.0 27.0 93.0 -12.0 -17.53 15.0 -- -- -- -10.0 -1 25.5 54.0 42.0 81.0 -9.0 -31.08.5 2 23.0 48.0 39.0 108.0 -12.0 -16.53 22.5 -- 37.0 -- -10.5 -1 22.5 54.0 36.0 84.0 -10.5 -27.050 9.5 2 21.0 72.0 36.0 107.0 -12.5 -18.03 19.5 - 34.5 - -8.0 -1 16.5 56.0 30.0 82.0 -9.0 -23.010.5 2 16.5 50.0 30.0 90.0 -8.0 -14.53 13.5 ** 27.0 -- -5.5 —



4.3.1.2 Cross-polarlevels

The maximum cross-polar levels of E-plane sectoral SHDHL are slightly

greater than that for the corresponding HDHL. It is around —35dB for this case. One

typical co-polar and cross-polar patterns for SHDHL of flare angle 20deg. (l=2}.o) at

10GHz is shown in Fig. 4.34.

Co-polar

- - - - - Cross-polar

-90 -60 -30 O 30 60 90
Azimuth angle,deg.

F ig.4.34 Co-polar and cross-polar radiation patterns of E-plane sectoral
SHDHL at l0GHz, (1E=20°,l = 21.0.

4.3.1.3 VSWR and Impedance

A plot of impedance and VSWR with fi'equency for SHDHL ((1E=20°.,

l=2}\o) is shown in Fig. 4.35. The corresponding plot for HDHL also is given. The strip

loading increases the VSWR of HDHL at certain frequencies. The variation of strip

length also changes the VSWR as evident from Fig. 4.36.

80
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Fig 4 35 VSWR variation with frequency for E—plane sectoral horn.
OLE = 20° 1 = 2x0, (a) HDHL, (b) SHDHL
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_ —x—10Deg.1-9  —o—20Deg.
1.8 E

1.7 F

VSWR

0 0.5 1 1.5 2 2.5 3 3.5
Strip length, lo

Fig.4.36 VSWR variation with strip length for E-plane sectoral SHDHL
at 10.5GHz. for (115 = 10° and 20°.

4.3.1.4 Directive Gain

The axial gain of HDHL decreases slightly for almost all frequencies with

strip loading. But still the gain of SHDHL is greater than the corresponding ordinary

HDH in most of the cases. F ig. 4.37. shows the gain variation with frequency for E-plane

sectoral SHDHL. Also, the gain slightly decreases with increase in strip length as shown

in Fig. 4.38. The axial gain variation with frequency and strip length for different E-plane

sectoral SHDHL are available in Table. 4.11.
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F ig.4.37 Axial gain variation with frequency for E-plane sectoral SHDHL
(15 = 20° and 30°, l = 1x0.25 __<___J

- - - - - 20 Deg

—— 30 Deg. _

10>

0 1 2 3 4 5
Strip length, 10

Fig.4.38 Axial gain variation with strip length for E-plane sectoral
SHDHL at 10GHz. a5 = 20° and 30°.
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Table 4.11 Axial gain of different E-plane sectoral SHDHL antennas.

Frequency Axial Gain (dB)(1E=10° (15: 20°
Strig length(lL Strip length(L)0 1 2 3 0 1 2 3

8.00 15.2 13.6 13.2 11.6 15.2 14.4 13.6 13.2
8.25 14.2 13.4 12.8 11.0 14.6 14.2 13.0 11.8
8.50 16.2 15.2 14.4 13.2 16.0 15.4 14.4 13.2
8.75 17.0 15.8 15.0 13.4 16.8 16.2 15.0 14.2
9.00 14.7 13.9 13.1 11.9 15.7 15.1 "13.9 14.5
9.25 15.4 15.0 13.4 11.4 15.2 15.0 13.4 12.5
9.50 17.5 16.5 14.1 12.1 17.3 16.5 14.5 13.7
9.75 17.0 16.2 14.2 12.2 16.6 16.2 14.2 13.8
10.00 18.5 16.7 15.1 12.3 18.3 17.5 15.9 15.1
10.25 16.8 16.0 14.4 11.6 17.0 16.8 15.2 13.6
10.50 18.6 17.6 15.2 11.6 18.4 17.6 15.2 14.0
10.75 16.9 16.5 16.1 13.3 18.3 18.1 16.5 15.3
11.00 19.0 18.2 15.8 12.2 18.0 17.8 15.0 13.0

(lE=30° (IE=40°
8.00 15.6 14.8 14.0 14.4 14.8 14.0 13.5 13.4
8.25 15.0 14.2 13.8 13.8 14.2 13.5 13.0 13.0
8.50 16.8 15.8 15.6 15.4 16.0 15.2 14.6 14.2
8.75 17.6 16.6 15.8 15.8 16.6 15.6 14.6 14.2
9.00 15.9 14.3 14.3 14.7 15.9 15.0 14.1 13.8
9.25 16.8 15.4 15.2 14.6 14.6 14 2 13.2 13.0
9.50 18.5 16.5 16.5 14.9 16.3 15.6 14.8 14.0
9.75 17.8 16.6 16.2 15.0 16.2 15.2 14.7 14.1
10.00 19.1 18.3 17.3 15.9 16.7 15.6 14.8 14.2
10.25 18.2 17.2 16.0 14.8 16.0 15.0 14.5 13.5
10.50 19.4 18.2 17.2 14.6 16.6 15.6 14.5 13.6
10.75 17.9 17.9 17.3 15.3 14.6 14.0 13.5 13.1
11.00 19.2 20.8 17.8 14.2 15.6 14.3 13.8 13.2

84



4.3.2 H-plane sectoral SHSHL

Fig. 4.39. shows the schematic representation of H-plane sectoral SHDHL.

Conducting strips of width be are loaded on H-walls of the horn as shown in the figure.

This horn shows some interesting characteristics as detailed in the following sections.

Metallic waveguide Metallic strip

Launcher

Dielectric horn

F ig.4.39 Schematic representation of the H-plane sectoral SI-lDHL

4.3.2.1 Radiation pattern

The H-plane radiation pattern of H-plane sectoral HDHL can be

drastically modified using the strip loading method. It is mentioned earlier that the H

plane patterns of HDHL are broad. It is possible to have a rippled or square (flat-topped)

or split radiation pattern from SHDHL by adjusting the strip length and fiequency.

Change of frequency or strip length may cause the ripples, giving way to splitting of the

main beam into two. The square radiation pattern is one with a flat-top and large I-IPBW.

Also, the radiated power suddenly decreases to very low values beyond the 3dB points.

Fig. 4.40. shows the E and H-plane patterns of H-plane sectoral SHDHL horn of flare

angle 20° at 10GHz.The corresponding cases for equivalent HDHL are also shown. Fig.

4.4]. shows example for broad and split H-plane pattern obtained from H-plane sectoral

SHDHL antenna. Fig. 4.42. shows a typical example of flat-topped radiation pattern

obtained for SHDHL of horn angle 20° with strip length 210 at 10.4GHz.
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Fig.4.40 E and H-plane radiation patterns of H-plane sectoral HDHL and
SHDHL at 1OGHZ.(1H = 20°, 1 = 3%.

_'. R)

L. 0)

-30 0
Azimuth angle,deg.

30 60 90

F ig.4.4l H-plane patterns of I-I-plane sectoral SHDHL, (a) an = 60°,
l= 21.0, f= 9.5GHz. (b) an = 30°, 1 = 1.510, f=10.5GHz.
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3

-16
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F ig.4.42 Flat-top radiation pattern from H-plane sectoral SHDHL
om = 20°, 1 = 314;, f= 10.4GHz.

The HPBW in the H-plane increases to very high values with increase in

strip length for a particular frequency or vice versa. The HPBW in the E-plane is almost

independent of strip length, but slightly changes with frequency. The variation of HPBW

with frequency for horns of flare angle 10° and 20° are shown in Fig. 4.43.

The side lobe levels of H-plane patterns are very low but that of E-plane

patterns are high.(around —l2dB). Fig. 4.44 shows the variation of the side lobe level with

frequency and strip length for 10° and 20° horns.

Table. 4.12. gives the 3dBbeam width, 10dB beam width and side lobe

levels for different experimental H-plane sectoral SHDHL antennas at different

frequencies and stn'p-lengths.
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Fig.4.43 E and H-plane HPBW variation with (a) frequency (1 = 214,) and
(b) strip length (f = 9.5GHz), for H-plane sectoral SHDPH.,
om = 10° and 20°.
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F ig.4.44 Side lobe level variation with (a) frequency (l = 21.0) and
(b) strip length (f = 9.5GHz), for E-plane sectoral SHDHL,
an = 10° and 20°.
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Table 4.11 3dB beam width, 10dB beam width and first side lobe levels for different
H-plane sectoral SI-IDI-IL horn antennas at different fiequencies.

** split pattern

90

Flare angle Frequency Strip 3dB beam width l0dB beam width First side lobe
(Degree) (G112) length (Degree) (Degm) level (dB);.., H E H E H E

1 40.5 31.0 105.0 51.0 -24.0 -16.08.5 2 39.0 29.0 99.0 46.0 -28.0 -10.0
3 36.0 27.0 108.0 45.0 -24.0 -10.01 34.0 30.0 85.0 46.5 -29.0 -19.010 9.5 2 34.0 27.0 105.0 42.0 -17.0 -10.53 31.0 24.0 95.0 40.0 -30.0 -9.5
1 33.0 26.0 98.0 40.0 -18.0 -16.510.5 2 34.0 23.0 100.0 37.0 -13.0 -8.03 68.0 18.0 90.0 31.0 -20.0 -6.5
1 32.0 28.0 76.0 45.0 -36.0 -15.58.5 2 43.0 26.0 79.0 39.0 -30.0 -12.03 45.0 25.5 76.0 42.0 -34.0 -9.5
1 25.0 25.0 64.0 40.5 -29.0 -19.020 9.5 2 50.0 23.0 74.0 37.0 -30.0 -9.53 53.0 24.0 69.0 37.0 -30.0 -12.0
1 24.0 24.0 66.0 37.5 -28.0 -20.010.5 2 57.0 23.0 62.0 33.0 -24.0 -8.03 51.0 22.5 61.0 34.5 -28.0 -10.0
1 65.0 22.5 89.0 40.5 -35.0 -11.58.5 2 59.0 22.0 82.0 39.0 -35.0 -7.53 57.0 22.0 81.0 45.0 -32.0 -6.5
1 57.0 21.0 78.0 33.0 -32.0 -13.030 9.5 2 ** -— 71.0 -- -32.0 -3 48.0 21.0 72.0 70.0 -32.0 -6.01 *"‘ -- 72.0 -- -29.0 -10.5 2 ** -- 66.0 -- -26.0 -3 ** -- 65.0 -- -24.0 -
1 70.0 25.0 108.0 54.0 -28.0 -16.08.5 2 62.0 28.0 102.0 67.0 -22.0 -14.5
3 57.0 28.0 108.0 61.0 -22.0 -13.5
1 73.0 25.0 100.0 48.0 -20.0 -28.045 9.5 2 58.0 27.0 106.0 51.0 -17.0 -20.0
3 52.0 27.0 100.0 51.0 -17.5 -18.5
1 60.0 27.0 105.0 42.0 -16.0 -27.010.5 2 54.0 27.0 108.0 42.0 -15.0 -27.0
3 53.0 26.0 105.0 42.0 -14.0 -22.0
1 66.0 25.5 111.0 43.0 -24.0 -16.08.5 2 47.0 25.5 105.0 45.0 -24.0 -17.0
3 50.0 24.0 105.0 42.0 -24.0 -18.51 57.0 21.0 96.0 36.0 -23.0 -18.060 9.5 2 48.0 21.0 90.0 37.0 -24.0 -17.53 42.0 22.0 87.0 34.5 -22.0 -20.0
1 58.0 20.0 93.0 33.0 -15.0 -20.010.5 2 58.0 21.0 87.0 33.0 -15.0 -20.03 57.0 19.5 85.0 31.5 -15.0 -17.0



4.3.2.2 Cross-polar levels

The maximum cross-polar levels of this SI-[DH]. is found to be slightly less

than that for the corresponding HDHL. Fig. 4.45. shows the co-polar and cross-polar

radiation patterns of SHDHL of flare angle 20° at 10GHz.

4.3.2.3. VSWR and Impedance

For H-plane sectoral HDHL the VSWR is not much affected by strip

loading. The variation of strip-length also produces very little change on the VSWR. Fig.

4.46. gives a comparative study of the impedance and VSWR of H-plane sectoral HDHL

and SHDHL. Fig. 4.47 gives the effect of strip-length variation on VSWR.

Co-polar

- - - - - Cross-polar

Received power,dB.

rt: 01

-30

-35-40 K-45
.50 l ‘ 'L .r- ~~ ‘ .  -’- ‘ ' ~-90 -60 -30 0 so so 90

Azimuth ang|e,deg.

F ig.4.45 Co-polar and cross-polar radiation patterns of H-plane sectoral
SHDFH, at lOGHz, oLH=20°,l = 27.0.
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511 Z 511 5""REF 1.2 Unit: REF 1.0
1 200.0 mUn-1s/ A 1.0 /V 52.213 9 13.51 D 1 1.3062
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MARKER 1

10.0 GHz

511 Z 511 5"“REF 1.8 Units REF 1.6
1 2<ao.e mLJnit:/ A 1.a /V 51.7420 1.57149 1 1.243
M

1‘

c
MARKER 1

l®.®®4 GHZ

(b)

START B.00000@000 GH2
STOP 12.0D00@0B00 GHz

Fig.4.46 VSWR variation with frequency for H-plane sectoral horn.
an = 20° 1 = 21.0, (a) HDHL, (b) SHDI-IL.
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0 0.5 1 1.5 2 2.5 3 3.5
Strip length, 19

F ig.4.47 VSWR variation with stn'p length for H-plane sectoral SHDHL
at 10.5GHz. for an = 20° and 30°.

4.3.2.4. Directive Gain

The axial gain of SHDHL decreases with increase in strip-length or

frequency due to flattening of the pattern. In some cases, the axial gain first decreases and

then increases with strip-length or frequency because the main beam splits-up into ripples

and then merge together to form a single beam, while the parameter is changing. Fig.

4.48. depicts the axial gain variation with frequency for two typical cases, while Fig.

4.49. shows the gain variation with strip-length.

Table. 4.13. gives the values of axial gain for different experimental H

plane sectoral SHDHL at different conditions.
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Axial gain,dB.

Axial gain,dB.

20

15 —10 1-.
— 10 Deg.5- -----20Deg.

0 7 8 9 10 11 12
Frequency.GHz.

F ig.4.48 Axial gain variation with frequency for H—plane sectoral SHDHL
an = 10° and 20°,l=17\.o.

20 __?___1
—- 10 Deg.
- - - - - 20 Deg.

10 ~

5 _

O o 1 2 3 4 5
Strip length, lo

Fig.4.49 Axial gain variation with strip length for H-plane sectoral
SHDHL at 1OGHz. an = 10° and 20°.
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Table 4.13 Axial gain of different H-plane sectoral SHDHL antennas.

Frequency Axial Gain (dB)
(GHz) aH= 10° a..= 20°

Strip length 1) Strip length(1)0 1 2 3 0 1 2 3
8.00 12.8 12.0 11.2 11.6 12.4 11.6 10.3 11.2
8.25 12.6 11.8 11.0 11.4 12.2 11.4 10.2 11.0
8.50 14.4 13.6 12.8 13.2 14.0 13.2 12.4 12.4
8.75 14.6 13.8 13.0 13.4 14.2 13.8 13.4 13.0
9.00 11.5 11.1 9.10 9.92 11.9 11.9 11.1 10.7
9.25 14.2 12.6 11.8 13.0 13.8" 12.6 11.4 11.8
9.50 14.9 14.5 13.3 14.1 14.9 13.3 12.1 12.5
9.75 14.2 13.8 11.8 13.0 13.4 13.0 11.8 12.2
10.00 16.3 15.5 13.9 15.1 15.1 14.3 13.9 14.3
10.25 14.4 12.2 11.2 12.0 12.8 12.4 11.6 12.0
10.50 17.2 15.2 13.2 14.8 16.0 13.6 12.4 13.2
10.75 14.1 11.7 8.15 10.5 12.7 9.75 7.75 7.75
11.00 17.6 16.6 13.8 14.6 17.0 14.6 13.4 13.8

(111 = 30° (ln = 45°
8.00 12.0 10.4 9.65 9.65 10.0 9.10 8.80 8.80
8.25 11.4 9.83 9.03 9.43 9.83 9.00 8.60 8.70
8.50 13.2 11.6 12.4 10.8 11.4 10.8 9.60 10.0
8.75 13.0 11.8 11.8 11.4 11.4 10.6 9.80 9.80
9.00 9.93 9.94 9.13 8.73 7.90 6.50 6.20 7.00
9.25 12.2 11.0 9.45 10.2 11.0 10.2 9.90 9.90
9.50 12.9 11.3 10.9 10.5 11.7 10.3 9.50 9.80
9.75 11.8 10.2 10.2 10.2 11.4 10.5 9.60 6.70
10.00 13.5 11.1 11.9 12.3 13.5 12.5 11.9 11.9
10.25 11.6 8.80 9.60 10.0 11.6 10.6 10.4 10.4
10.50 14.4 8.88 10.4 12.0 14.0 13.6 12.9 12.6
10.75 10.9 "‘* 4.5 7.35 10.1 9.80 8.90 8.90

_11.00 14.2 10.6 11.8 13.0 15.4 13.8 12.9 12.8



4.3.3 Pyramidal SHDHL

The schematic diagram of strip-loaded pyramidal hollow dielectric horn

antenna with the launcher (SHDHL) is shown in Fig. 4.50. Similar strips used for E

plane sectoral SHDHL are used in this case.

. _ ' ectric horn
Metallic“ 'egurde

Launcher

Fig.4.50 Schematic diagram of the pyramidal SHDHL antenna.

4.3.3.1 Radiation pattern

The radiation pattern of pyramidal SHDHL in the E-plane is very narrow

for certain cases with low side lobe levels. The H-plane patterns are narrow only for

horns of small flare angle in H-plane (an). As an increases, for any value of ag, the side

lobes increases and becomes ripples on the main beam. For certain cases the beam

exactly splits up into a twin beam with sharp null at the axis. For such cases, the E-plane

pattern maximum deviates from the horn axis. So the highlights from the study of

pyramidal SHDHL reveals the possibility of getting narrow E-plane pattems and split H

plane patterns. Fig. 4.51. shows the E and H-plane patterns of pyramidal SHDHL of

0.H=10° and (l}3=20°, along with the corresponding patterns for the equivalent HDHL.

Fig. 4.52. shows the H-plane patterns with ripples at the top and Fig. 4.53. shows a case

of clear splitting.
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Fig.4.5l E and H-plane radiation patterns of pyramidal HDHL and
SHDHL at 9GHz. (X5 = 20°, an = 10°, 1 = 2X0.

,_ 7  ,__,
-—- E-plane pattern

- - - - - H-plane pattern 7

I G)

-12 .

-16 » i
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Fig.4.52 E and H-plane radiation patterns of pyramidal SHDHL at 9GHz.
(15 = 20°, (ln = 20°, 1 =
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Fig.4.53 H-plane radiation pattern of pyramidal SHDHL at 10GHz.
0.5 = 20°, an = 30°, 1 = 2143 (split pattern).

The HPBW of the H-plane patterns of horns of small H-plane flaring are

small. As om increases, the measurement of the HPBW becomes difficult due to ripples.

For the case of split patterns the HPBW of both beams are very small. The HPBW of E

plane patterns of horns with axial H-plane beams are small. Fig. 4.54. depicts the HPBW

variation with frequency and stn'p-length for two typical horns.

The H-plane side lobe levels of horns of small H-plane flaring are high.

For the case of ripples on the main beam, the side lobes are very low. For split patterns

also the other lobes are of very low magnitude. The side lobes in the E-plane are very low

for the case of axial beam formation. Fig. 4.55. gives a plot of the side lobe level

variation with frequency and strip-length for pyramidal SHDHL of flare angle

(In: 1 0°,(1.E=20° and (1H=20°,O.E=20°.

The values of 3dB beam width, l0dB beam width and side lobe level for

difierent experimental pyramidal SHDHL antennas are available from Table. 4.14.
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Fig.4.54 E and H-plane HPBW variation with (a) frequency (1 = 23.0) and
(b) stnip length (f = 8GHz), for pyramidal SHDHL,
(1) an = 10°,a;.; = 20° and (2) an = 20°,(1E = 20°.
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Side lobe level,dB.
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F ig.4.55 Side lobe level variation with (a) frequency (1 = 210) and
(b) strip length (f = 8GHz), for pyramidal SHDHL,
(1) an = 1O°,oLE = 20° and (2) oz“ = 20°,ag = 20°.
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Table 4.14 3dB beam width, l0dB beam width and first side lobe levels for different
pyramidal SHDHL horn antennas at different frequencies.

* ripple pattem ** split pattern

101

Flare angle Frequency Strip 3dB beam width l0dB beam width First side lobe(Degree) (G112) Length (ILegree) level (dB)0.]; (IE 2.9 H E H E H E
I 19.5 19.5 36.0 45.0 -14.0 -21.08.5 2 16.5 24.0 45.0 45.0 -15.0 -30.03 18.5 21.0 51.0 37.0 -12.0 -18.0
1 16.5 16.5 28.5 31.0 -18.0 -29.520 10 9.5 2 15.0 19.0 27.0 35.0 -19.0 -30.03 15.0 16.5 34.0 28.5 -16.0 -22.51 13.5 15.0 22.5 27.0 -11.0 -26.010.5 2 11.0 16.0 21.0 28.5 -11.0 -26.03 11.5 14.0 21.0 26.0 -11.0 -22.01 * 18.0 -- 45.0 -- -24.08.5 2 * 18.0 -- 45.0 -- -24.03 * 20.0 -- 42.0 -- -14.51 * 14.0 -- 25.0 -- -18.020 20 9.5 2 * 13.5 -- 25.0 -- -30.03 * 16.5 -- 30.0 — -19.01 * 12.0 — 19.0 -- -13.010.5 2 * 10.0 -- 15.5 — -21.03 * 13.0 -- 24.0 -- -15.51 an _ __ _ __ __8.5 2 ** -- -- - —- -3 an _ __ __ __ _1 ** __ _ __ __ __20 30 9.5 2 ** -- -- -- — -3 an _ __ _ __ _1 nu: __ __ __ __ __10.5 2 ** —— —— —— —— —3 ** __ ,_ __ __ __1 * 19.5 -— 36.0 -- -14.08.5 2 * 23.0 -- 42.0 -- -16.03 * 24.0 -- 45.0 -- -13.01 * 16.5 -- 26.0 -- -14.010 20 9.5 2 * 13.0 -- 29.0 -- -17.03 * 18.0 -- 31.5 -- -15.01 * 12.0 -- 21.0 -- -6.010.5 2 * 12.0 -- 21.0 -- -9.03 * 12.0 -- 21.0 -- -16.01 * 16.0 -- 48.0 -- -30.08.5 2 * 16.5 -- 45.0 -- -18.53 * 16.5 —- 40.5 -- -24.01 * 13.0 -- 25.0 -- -32.030 20 9.5 2 * 12.0 -- 22.0 -- -19.03 * 13.0 -- 30.0 -- -35.01 * 10.5 -- 27.0 -- -25.010.5 2 * 10.0 -- 27.0 -- -30.03 * 12.0 — 37.0 -- -27.5



4.3.3.2

typical cross-polar plot for SHDHL of flare angles (1H=l0° and (lE=20°. The co-polar

pattern also is shown The maximum cross-polar levels observed for this case is -19 dB.

Cross-polar levels

The cross-polar levels of pyramidal SHDHL are high. Fig. 4.56. is a

For split patterns, the maximum cross-polar levels increases up to -16 dB.

4.3.3.3

increases at certain frequencies and decreases at certain other frequencies due to strip

loading. For any horn at fixed frequency, the strip-length variation changes the VSWR .lt

VSWR and Impedance

Fig. 4.57. gives a comparative study of the impedance and VSWR

variation with frequency for pyramidal HDHL and SHDHL. The VSWR of HDHL

is shown in Fig. 4.58.

Received power.dB.


Co-polalr

- - - - - Cross-polar H

.90 -60 -30 0 30 60 90
Azimuth angle,deg.

F ig.4.56 Co-polar and cross-polar radiation patterns of pyramidal
SHDHL at 10GHz, aH=lO° ,O.E = 20°,l = 210.
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F ig.4.57 VSWR variation with frequency for pyramidal horn.
(1H=10° ,oq.; = 20°, 1 = 210, (8) HDHL, (b) SHDHL.
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Fig.4.58 VSWR variation with stn'p length for pyramidal SHDHL
at 9.5GHz. for (1) an = l0°,aE = 20° and (2) an = 20°,a13 = 10°.

4.3.3.4 Directive Gain

The axial gain of horns with small an values are high. As an increases the

gain decreases as for the case of H-plane sectoral SHDHL. Gain variation for two typical

horns with frequency is shown in Fig. 4.59. The variation with strip-length is also shown

in Fig. 4.60.

Table. 4.15. shows the axial gain for different pyramidal SHDHL antennas

for different conditions.
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F ig.4.59 Axial gain variation with frequency for pyramidal SHDHL ,
(1) an = 10°,oLE = 20° and (2)aH = 20°,aE = 20°, 1 = 124) .
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Fig.4.60 Axial gain variation with strip length for pyramidal SHDHL at
lO.5GHz.,(1) an = 1O°,oLE = 20°and (2) an = 20°,aE = 20°, l = 17.0 .
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Table 4.15 Axial gain of different pyramidal SHDHL antennas.

Frequency Axial Gain (dB)
(GHZ) aH= 10°, aE= 20° Cl]-[= 20°, aE= 20°

Strip 1ength(k) Strip length(l,)0 1 2 3 0 1 2 3
8.0 15.2 14.2 13.6 13.2 12.8 11.6 10.0 9.6
8.25 15.0 14.2 13.4 12.2 12.2 11.0 9.8 9.8
8.5 16.6 16.0 16.0 15.2 14.0 13.2 12.4 12.8
8.75 16.8 16.4 15.8 15.4 14.2 13.4 11.4 12.2
9.0 14.7 15.2 13.9 12.9 11.9 11.9 9.1 9.5
9.25 16.8 16.2 15.1 14.2 13.8 12.6 10.2 10.6
9.5 17.9 17.3 16.1 14.9 14.5 13.3 11.3 11.3
9.75 17.3 17.8 16.4 15.4 13.8 13.0 11.4 11.4
10.0 18.7 18.7 17.5 16.3 14.7 13.1 10.7 11.5
10.25 17.6 18.8 16.8 15.6 13.2 12.8 9.6 10.0
10.5 19.6 20.0 18.0 16.8 15.6 13.6 10.0 11.2
10.75 18.2 19.3 17.3 16.3 13.3 12.5 9.7 10.1
11.0 20.4 19.8 17.2 16.2 15.8 14.6 11.0 12.6

aH= 20°, ag= 30° aH= 20°, a;.;= 10°
8.0 12.8 12.4 10.8 11.6 13.0 12.6 12.4 12.4
8.25 12.2 11.8 11.0 11.4 12.6 12.3 11.5 11.6
8.5 14.0 14.0 13.6 13.6 14.4 13.8 12.9 12.8
8.75 13.8 13.8 13.0 17.0 14.2 13.7 13.0 13.2
9.0 11.5 11.9 9.9 10.3 11.5 11.1 10.5 11.2
9.25 11.0 12.6 11.0 11.4 13.6 13.1 12.5 12.9
9.5 13.3 13.7 11.7 12.9 14.3 13.9 12.9 12.9
9.75 12.6 13.0 11.4 11.4 13.0 12.2 11.5 12.0
10.0 13.9 14.3 13.1 12.7 14.3 13.5 12.8 12.9
10.25 13.2 14.0 13.1 11.6 12.0 11.2 10.9 10.9
10.5 15.6 15.6 13.6 14.0 15.2 14.2 13.9 13.8
10.75 14.1 15.7 14.5 13.7 12.5 11.8 11.5 11.9
11.0 15.0 15.0 13.4 13.4 15.3 14.6 13.9 13.9
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4.4 COMPARISON WITH METALLIC HORN ANTENNAS

In order to understand the performance of the test horns it is essential to

compare it with standard metallic horn antennas.

4.4.1 E-PLANE SECTORAL HORN

The metallic sectoral horn antennas provides a narrow radiation pattern in

the flared plane and a broad pattern in the other plane. In the case of metallic E-plane

sectoral horns, the E-plane patterns are narrow and H-plane patterns are broad. But for

HDHL and SHDHL we have narrow patterns in both planes. For SHDHL the additional

merit of getting identical E and H-plane patterns are also there. Fig. 4.6] gives a

comparison of the radiation patterns of three identical HDHL, SHDHL and metallic E

plane sectoral horn antennas.

-90 -60 -30 O 30 so 90
Azimuth angle,deg.

Fig.4.6l Radiation patterns of E-plane sectoral HDHL, SHDHL (1 = Zlo )
and equivalent metallic horn at 10 GHZ, as =20° .
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HDHL and SHDHL give high gain due to the narrow E and H-plane

patterns and low VSWR. It is always greater than the gain of an equivalent metallic horn.

Fig. 4.62. gives the axial gain variation with frequency for the test horn and its metallic

counterpart.

25

20 L

Q 15 
:’
'5
O)

‘.3 1o —<

5 — - - - - - HDHL
SHDHL

— - - -Metallic
0 7 8 9 10 11 12

Frequency,GHz.

F ig.4.62 Axial gain variation with frequency for E-plane sectoral HDHL,
SHDHL (l =17»o ) and equivalent metallic horn, 0.5 =20° .

4.4.2 H-PLANE SECTORAL HORN

The radiation patterns of metallic H-plane sectoral horns are narrow in the

H-plane and broad in the E-plane. The patterns for the corresponding HDHL and SHDHL

are in the other way. i.e., narrow E-plane pattern and broad H-plane pattern. For small

flared horns, the H-plane HPBW also is small and as the flare angle increases, the pattern

becomes broad or split. A plot of radiation patterns of H-plane sectoral dielectric and

metallic antennas are shown in F ig. 4.63.

The axial gains of dielectric H-plane sectoral horns are slightly greater

than that of equivalent metallic horns. Fig. 4.64. shows the gain variation with frequency

for the metallic and experimental antennas of the same dimensions.
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F ig.4.63 Radiation patterns of H-plane sectoral HDHL, SHDHL (l =37Lo )
and equivalent metallic horn at 10GHz, an =20° .
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F ig.4.64 Axial gain variation with frequency for H-plane sectoral HDI-IL,
SHDHL (1 =17» ) and equivalent metallic horn, an =20°.
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4.4.3 PYRAMIDAL HORN

Metallic pyramidal antennas have narrow radiation patterns in both planes.

The patterns of pyramidal dielectric test antennas are almost similar to that of metallic,

for small values of cm. It is shown in fig. 4.65. As otH increases the H-plane patterns

deviates from that of the metallic horns.

The gain of pyramidal HDHL and SHDHL are less than that of equivalent

metallic homs for almost all frequencies, as shown by Fig. 4.66. n
H-plane E.p|ane - - - - - HDHL

TSHDHL
- -Metallic

'8 ” % iL \0 :
5 .'12 A Q I,
'0o.2 \,»~\-15 _ 3 ._03 \.1 O: '':'_  I.1 -20 — ,. ';-'I ’ 3 "

-90 -60 -30 0 30 60 90
Azimuth angIe,deg.

Fig.4.65 Radiation patterns of pyramidal HDHL, SHDI-IL (l =27\.o ) and
equivalent metallic horn at 9GHz, an =10° , (XE =20°.
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F ig.4.66 Axial gain variation with frequency for pyramidal HDHL,
SHDHL (I =l}.o) and equivalent metallic horn, an =l0°, cu; =20°
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chapter 5

THEORETICAL CONSIDERATIONS

Theoretical analysis of the new hollow dielectric horn
antennas is presented in this chapter. The hollow dielectric horn is

considered as a solid horn of eflective dielectric constant and the

aperture field distribution is analyzed based on Marcatili 's principle. The

feed end of the horn suflers a sudden discontinuity and so the radiation

from both feed-end and free-end is considered. lhe far field radiation

pattern is analyzed using ‘two-aperture theory’ arid the eflect of strip

loading is explained using diffraction theory and image theory.



5.1 RADIATION FROM HOLLOW DIELECTRIC HORN

ANTENNAS (HDHL)

Radiation from dielectric rod and horn antennas have been theoretically

analyzed by several workers using different methods [26,28,32-44 ]. The hollow

dielectric horn is excited by an open metallic waveguide. The feed-end (open waveguide)

of the horn offers a sudden discontinuity for the electromagnetic energy. So the radiation

from both feed-end and free-end is taken into consideration. The radiation from the flared

sides is neglected. So the most suitable model for the analysis of the HDH antennas is the

‘two-aperture’ theory.

To find radiation fiom the hollow dielectric horn antenna, knowledge of

the electromagnetic field distribution in and around the horn is essential. The horn

structure offers a lot of complications to the boundary conditions and so we need some

simplifying assumptions to proceed with the analysis. For reducing the number of

existing boundaries, the HDH is assumed to be a solid dielectric horn of efiective

dielectric constant sear. The aperture field distribution and the propagation constants can

be computed using Marcatili’s principle taking TE to y hybrid mode into considerations.

Knowing the aperture field, the far field radiation due to the free end can

be analyzed using scalar diffraction integral. The feed-end radiation is calculated fi'om

the aperture field of the open waveguide. The resultant radiation pattern in the far field is

the vector sum of the radiation from the feed-end and the free-end.

5.1.1 HDH as a solid horn of effective dielectric constant

For applying Marcatili’s principle to the HDH antenna, it is

assumed to be a solid horn of effective dielectric constant em F ig.5.l shows the E-plane

sectoral HDH and its equivalent solid horn.
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Hollow dielectric horn

on Equivalent solid dielectric horn

F ig.5.l I-IDH and its equivalent solid horn.

For calculating the effective dielectric constant of the sectoral

horn, the following formula can be used [I28].

2 28,(V1 + V2)+ 82V,8,, V (1)

Where, 8.33‘: Effective dielectric constant

a1= Dielectric constant of the material of the horn

£2 = Dielectric constant of air

V1&V2 = Volume consumed by E and H walls

V3 = Volume of air enclosed by the horn
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V = 2(V1+V2)+V3; Total volume

Using Eqn.(l ), for E-plane sectoral horns,

26‘t[ 3 +Ltana’ +bj+6‘2a(LtanCZ+b)1 cosa’89,: a
COSa[2t[

Where a = broader dimension of the waveguide (ao)

—‘ (2)

+ Ltana + b] + a (Ltana + 13)]

b = smaller dimension of the waveguide (bo)

L = axial length of the horn

t= thickness of the dielectric sheet

and a = semi flare angle of the E-plane sectoral horn

For H-plane sectoral horns, the effective dielectric constant is given by [129],

l:82(2ab + bL tan a)+ 8, 2b! j+ 2Lt tana + 4at]]cos8,1, = — (3)
[Zab + bI.tana +[ 2b’ ]+ 2L1 tana’ + 4m]cosa

where, O. = semi flare angle of the H-plane sectoral horn.

Using equations (2) and (3), egg can be calculated. It is a fimction of axial

length and so it varies as L changes. For t = 2mm, the variation of sea with length L for

different E-plane sectoral horns is shown in Fig.5.2. It shows that the effective dielectric

constant is not a constant throughout the horn for a given length [I30]. While calculating

the propagation constant inside the horn, we have to take this point also into
consideration.
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Fig.5.2 Variation of sea with horn length for E-plane sectoral horns of
different flare angles.

5.1.2 Aperture fields and characteristic equation

The propagating modes in rectangular dielectric guides belong to either

Epqy or Epqx or both the hybrid mode configurations. But the fields propagating through

the guides are also governed by the field configurations at the feed point (launcher). In

the present study the HDH is excited by rectangular metallic waveguide carrying TE1o

mode. So the fields inside the horn are also assumed to be TE“; mode with E-vector in the

y direction.

For the evaluation of the aperture fields and propagation constants for the

HDH using Marcatili’s principle, certain assumptions are made. The theory is applicable
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to cases where the difference in refractive index between the guide and the surrounding

medium is very small. In the case of HDH also we assume that,

L-'5 — 82 << 1
8,5

Marcatili’s principle, which is actually suggested for dielectric rods, can be extended to

horns by considering the horn structure as a collection of dielectric rods of gradually

increasing dimensions as shown in Fig.5.3. For each section (step) of the uniform

rectangular dielectric guides, the propagation constants and field components are

assumed to be the same as that for an infinitely long guide. The propagation constants

depend on the dimensions of the aperture plane. For each rod the aperture area is different

and so the propagation constants will be different. The change in the value of sea; while

moving fi’om one section to another, will also affect the propagation constant.

Fig.5.3 Horn structure as a collection of uniform rods of gradually
increasing dimensions.

The dielectric horn of permittivity sea and permeability in is assumed to

be immersed in a medium (air) of permittivity 82 and permeability pg, as shown in

Fig.5.4. The field variations are assumed to be sinusoidal inside the cross-section of the

guide. The fields along the comer regions are neglected.
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Assuming the presence of TEN’ hybrid modes inside the guide, the field

components and hence the characteristic equation for wave propagation can be analyzed

from the Hertz potential Tte, given by[17,5 1],

Ir. = a_./T... ———é <4)
ay is the unit vector in the y direction.

Fig.5.4 Cross-section of the horn divided into different regions.

The scalar wave equation is,

V’m_.. = kin... —e— (5)
where, k = (21:/1), is the propagation constant

1) = 1, 2, 3... for different medium.

The solution of the wave equation in different regions 1 through 5 are
assumed to be as follows.
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For region 1,

71',” = C, cos(knx)cos(ky|y)exp[— jknz] —j— (6)

For region 2 and 4,

7Z',y2(4) = C2(4)exp[i kflmx]cos(ky2my)exp[— jkflmz] — (7)

For region 3 and 5,

”ey3(5) Z C3(5)°05(k:3(5)x)exP[i k;-3(5)}’leXPl' J.kz3(5)-Z] ‘Z (3)

kx, ky and kz are the propagation constants x y and 2 directions respectively.

Solving for the field components, for region 1 we get,

E“ = C,(k,k,,)sin(k,x)sin(k,,y)exp[— jkzz]

E“ = C, (k: + k,2)cos(k,x)cos(kyy)exp[— jk,z]

E“ = C,(jk,)cos(k,x)sin(k,,y)exp[— jk,z]

HI, = C,(—w5',k,)cos(k,x)cos(kyy)exp[— jkzz]

H yl = 0

H _,l = C,(—a)£,k,)sin (k,x)cos(kyy)exp[— jkzz]

(9)

The field components for other regions can also be derived in a similar

manner. Applying the boundary conditions, for the uniform rod, we get the characteristic

equation as[l 7],

k, tan[k, E} = (klz —k: —/cf)‘ V2
(10)

kv tan['(" : 3092 -7‘: _. . 2  .
For the case of horns, the aperture dimensions are fimctions of length L. So for an E

plane sectoral horn, the equation changes to,
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k, tan[kx  = (kg — kg — kg)” 2
——-* (1 1)

kg tan{k‘,[2 + Ltan czjj = £i(k,2 — kc’ — ky’)'/2' ' 2 52
For H-plane sectoral homs, we get

k, nan[k,E+ Ltan aD = (kg - kg — kg) V ’ —— (12)

kg tan[k’_ Q = £i(k,’ — kg — kg)‘ " 2. £2 .
k0 is the free space propagation constant.

Solving (1 1) we get the value of k,.- and k, for E-plane sectoral horns. From

(12), kx and ky for H-plane sectoral horns can be calculated.

k_’ +k_f +kf = /r,2
(13)

k,’ = £,k§ = sefl/:02

kz, the longitudinal propagation constant can be calculated.

For solving the characteristics equation we have to use Newton Raphson’s

iteration procedure. The propagation constants kx, ky and 1;, change with length of the

horn because of two reasons. Initially as the length of the horn changes, the cross

sectional area of the assumed uniform guide changes and is accounted by the tenn

‘Ltanot’ in the expression for characteristics equation. Secondly, the effective dielectric

constant of the equivalent solid horn changes with the length of the horn. The variation

of lcx, ky and kz with length for different E-plane and H-plane sectoral horns are shown

in Fig.S.5 and Fig.5.6. From these plots we can find the values of k,., ky and k, for any

selected length of the horn which can be substituted in the expression for the aperture

electric field for computing the far field pattern.
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5.1.3 Role of the launcher

The role of the launcher is to provide good launching. The presence of the

launcher increases the launching efficiency and hence reduces the feed-end discontinuity,

which in turn will decreases the leakage of power radiated from the feed-end. As the role

of the launcher is in increasing the launching efficiency, it is assumed that the launcher is

not contributing to the effective dielectric constant of the horn. So the presence of the

launcher is not taken into account for evaluating the effective dielectric constant of the

hollow horn. Therefore the analysis of HDH and HDHL differs only on the value of the

constant C1 of equation (9).

5.1.4 Radiation patterns of HDHL

As mentioned in the previous section 5.1.2, the rectangular horn is

approximated by a cascading uniform guides (Fig.5.3). While moving from the feed end

to the free end, we can see that the aperture dimensions of each guide increase gradually.

The radiation fi'om the aperture of the first guide is emerging into the second guide and

that from the second is into the third and so on. So the radiation from all the uniform

guides will finally pass through the free end. i.e., through the aperture of the last section.

Neglecting the radiation from the sides of each guides, we can assume that the horn

radiates only from its free-end. Due to the discontinuity at the launching section, the

feed-end also contributes to the radiated power. Therefore we can apply ‘two-aperture

theory’ by considering the radiation from the free-end and the feed-end.

5.1.4.1 Free-end radiation

Knowing the aperture field distribution at the free-end of the horn, the far

field pattern can be evaluated using scalar diffraction integral [36]. The diffracted field

Up at any point P due to the aperture field F(_.-_,., over the aperture A is given by,
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. 1 ""*°”. 1.—_ ..—_
UP=;LF‘(x_y)%[_/k°+: ,.r,+jk0i,.s zixafv j (14)

Up = diffracted field at P

where,

Fay) = Amy) °XP[-J” 'f’(x.y)]

AW) = amplitude distribution of field over A

5””) = phase distribution of field over A

r = distance to point P from any point (x,y) on the aperture

r = unit vector in the direction of the field

s = unit vector normal to the wave front at the aperture plane

The co-ordinate system used for evaluating the far field is shown in

F ig.5.7. For the far field region this equation reduces to,

J" el'J7‘oRl

P227 R L1~"(,,_,,,(cos49+i.§)eU'*°*‘"”‘*°°‘**“*=‘”¢xa:v —— (15)

where R = distance of P from the origin

If the phase error over the aperture (deviation from constant phase) is

small, the expression changes to [36],

_ I  ' sin xcos +vsin
UP=.j%%2(]+cos0)_L1~;w)e(;ko a( 4». ¢))dw5, j (16)

The assumption of constant phase over the aperture is valid only for small

apertures. However for horns of moderate flare angle this assumption is found to be

correct. Substituting the value of aperture field in the above expression, the far field

radiation pattern from the free-end can be calculated. The contributions to the far field

due to the field distributions over the outer regions 2, 3, 4 and 5 can also be calculated

using the same expression. In the present study, though the horn is considered asa solid
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horn of effective dielectric constant sea, the actual situation is that of a hollow horn and

so the walls of the horns help the power to concentrate well inside the horn. Because of

this reason, we can make a reasonable assumption that the field distributions in the outer

regions are negligibly small. So for calculating the far field radiation pattern, the aperture

field on the region 1 alone is considered.

Feed—end Free-end

Fig.5.7 Co ordinate system to evaluate the free-end and feed-end radiation.

We have Eqn.(16) for fi’ee-end as an equi-phase plane. Hence

S%,_,)=constant.

.'.F,,,,,,, = Amy, = E,,,,_y); as given by Eqn.(9) for region 1.
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-8‘; +A/.«

_j e(—jkoR) .2 J2 (jk sin9(xeos(+ysin¢))
UP zfi R (1+cos9)_J‘fl_flEy|e ° may (17)2 -2

we have,

15,. = C. (k: + kzz)cos(k.rx)coS(k_vy)

j 1+cos6 e(""°R’ ‘BZHH . - 
U,, =2 [ 2  R J I _[C,(kf+kj)cos(k,x)cos(kyy)e(”‘°""""°°“”“"‘”a£rajz-32-A2

’——(l 3)

E (4) =90°) planeyand H ((1: =0°) plane pattern can be evaluated from this

equation by changing the value of 6 from -90° to +90°.

5.1.4.2 Feed-end radiation

The feed—end is an open waveguide. The feed-end radiation term is to

account for the direct (unperturbed) radiation from the feed aperture.

Using the co-ordinate system shown in Fig.5.7, the far field radiation

pattern of an open waveguide aperture carrying TE“) mode is given by [7,36,4l],

H2 2
U}, =—C2 fi @sin¢'1+&+ l—&cos6' x£0 2}. R’ Ira kc

cos{::i sin 0'cos¢'j sin[fl—fi9 sin 9'sin ¢’j2 2 flb . , . ,
T1 Sin g'coS¢' _ 5 —° sin 0 sin (1),1 2 1

T .Ir. . , . ,7:
_}'koR-Zsm9(aocos¢+bosmfL 4

(19.a)X

e
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0 2,121? 0 ,,
cos[% sin 0’cos¢’j sin[% sin 9' sin ,5’)M _ I I 2 ,, 2  .. ,__0smgcoS¢ _ _ s1n0s1n¢,1 2 /1

1/ 2 2

U ,1 W = _C2 L7E°ficos¢1:cos¢' + {E + F[coso9' —  x.9

X (19.b)

e—j::l:oR'—§ sin a'(a,, cos ¢'+b,, sin H]

71'

2

where ,6", = kc’ — {—jbe

P = reflection coefficient

U}, = U},9, cos6'sin ¢' + U;,,. cost9' —j-—: (20)

This expression gives the radiation pattern with respect to one comer of

the waveguide. So it is necessary to transform the expression to a co-ordinate system with

origin at the center of the aperture, so that the feed end radiation can be vecton'ally added.

The required transformation equations are,

12- = [(x')2 +(y)2 + (z')=}”

9' = tan-'{[(X')2 +(/fill} Ti (21)

¢' = tan''[}/.)
and

x’ = Rsin 9cos¢ +‘%

y’ = Rsin 0sin ¢ + 5% %— (22)
z’ = Rcos0 + L
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5.1.4.3 Superposition of radiations from feed-end and free-end

To get the total radiated field in the far field, the radiations from the feed

end and free-end are vectorially added.

U, =U,, +U,’, T? (23)

The interference between the radiations from the two sources produces

sharp nulls in the resultant patterns. This effect is very significant from the experimental

patterns also. Before adding the two components, we have to know the fraction of power

radiated from the feed end. The constant C; included along with the amplitude term of

the expression for radiation from the feed-end is to account for this. A change of the ratio

C;/C2, changes the depth of the minima of the theoretical radiation patterns. So the ratio

C;/C2 is adjusted by iteration, for the nulls of the theoretical patterns coincides well with

the experimental patterns. The role of the launcher is to change the value of this ratio, so

that the component radiated from the feed-end decreases.

5.1.5 Results

The theoretical radiation pattems in the E and H planes are plotted for

different horns. The theoretical patterns agrees well with the experimental patterns for E

plane sectoral HDPH. antennas. F ig.5.8 shows a typical plot for a horn of flare angle 20°

at 10 GHz. In the H-plane the side lobe levels are found to be greater for the theoretical

patterns than that of the experimental patterns for all cases. The value of HPBW and the

position of the nulls of the theoretical patterns well agree with that of the experimental

results.

For H-plane sectoral horns, the theoretical patterns in the E-plane almost

agree with the experimental plot as shown in Fig.5.9. The positions of the minima are the

same, but the HPBW and side lobe levels for the theoretical patterns are found to be

slightly greater than that for the experimental patterns. In the H-plane the theory agrees
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Fig.5.8 Theoretical and experimental radiation patterns for E-plane
sectoral HDHL at 10 GHz., as = 20°.
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Fig.5.9 Theoretical and experimental radiation pattems for H-plane
sectoral HDHL at 9GHz., (1H=3O°.
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with the experimental patterns only for horns of small flare angles. As the flare angle

increases the theoretical H-plane patterns become narrow and narrow, but the

experimental patterns become broader or flat or split. So this theory is not sufficient to

explain the radiation pattern in the H-plane of the H-plane sectoral horn. Another

approach based on the image theory gives very good agreement between the theoretical

and experimental patterns.

5.1.6 Image theory

A close examination of the radiation patterns in the H-plane of the H-plane

sectoral horn or pyramidal horn reveals the similarity between these patterns with the H

plane patterns of Comer Reflector (CR) antenna. The H-plane walls of the horns act as

reflecting elements and the fi'ee-end of the launcher acts as a linearly polarized point

source. So the far field radiation will be the vector sum of the feed-end radiation and the

radiation from the CR system.

The radiation from the point source is nothing but the radiation from a

dielectric rod of aperture dimensions ac and be. We can use Eqn.( 18) to calculate the

free-end radiation fi'om this point source. kx, ky and kz should be evaluated using

Eqn.( 10), for uniform rods.

The field radiated by the source in the presence of the comer reflector of

included angle ot can be analyzed by considering the sources and the images (Image

theory). The treatment is simple for O. = rt/n, where n is an integer. The total number of

sources for these comer reflectors will be 21E/0.. Fig.5. 10 shows the number and position

of images for a 45° comer reflector.

Total electric field in the far field region can be obtained by summing the

contributions from the feed and its images. The far field is given by [143],

U(r,6,¢)=E.(n,6.,¢,)+E.(r.,6.,¢.)+ .......... ..+E.(r.,6..¢.) —<24>
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Line source

P (R:.9,¢)

Fig.5.l0 Position of images for a H-plane sectoral I-IDHL of flare angle 45°

for 2a = 30°,

(‘J*nRr )

U,,, = 2U,,o cosX —2co £X cos[Zj — cos)’ +2cos[—X—]cos £Y e2 2 2 2 R,
— (25)

for 20L = 60°,

(1/*oR1 i

U P, = 4U P0 sin cos[£] — cos[\/5  e ‘T (26)2 2 2 R,
where,

Upo is the radiation from the end of the launcher. It can be obtained by modifying

equation (18) for uniform rods, given by,
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+b° vac,

UFO =%  +COS0j[e(‘;:oR2)j ‘[2   +k:)cos(kxx)c°S(kyy;(jk° sin 9(:oos¢+ysin2 -22,, —aa2 2
(27)

X = I-:°ssin€cos¢

Y = k°ssin9sin¢

The feed-comer spacing ‘s’ may not be a multiple of 7L or M2. The length

of projection ‘p’ of the launcher is optimized as 3 cm. So ‘s’ will be different for different

comer angles. Also, since the experiment is performed in the entire X-band, as frequency

changes the value of ‘s’ in tenns of 1 changes.

The far field pattern in the H-plane will be the sum of the radiations from

the feed end and the CR system.

i.e., U71 = Up/+ Up]. mm (23)

Here also the amplitude constants (C; and C3) are adjusted for getting

good agreement with the experimental patterns. A typical radiation pattern plotted using

the image theory is shown in Fig.5.l1. It is very close to the experimental pattern.

Equation (25) and (26) are derived under the assumption that the field amplitudes of all

sighal elements are the same. The reflector elements are dielectric sheets and so there

may be partial reflection only. There fore the above expression may not be that much

correct. Also the height of the reflector elements ‘h’ is equal to breadth an of the launcher

(dielectric rod) for H-plane horns, which is less than sufficient for perfect functioning of

the CR [I44]. The parallel E-plane walls are also another constraint which contributes to

the slight deviation of the experimental patterns fi'om the theoretical ones. For pyramidal

homs there is flaring in the E-plane also and so the limitation due to the small value of ‘h’
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and the effect due to E walls are considerably minimized. Fig.5.11 shows the H-plane

pattern of a pyramidal hom of flare angle O.H=30°.

H-plane horn (9GHz.) Pyramidal horn(10 GHz.)_
Experimental

- - - - - -Theoretical

Received power, dB.if i l/\-90 -60 -30 0 30 60 90
Azimuth angle,deg.

Fig. 5.11 Theoretical (Image theory) and experimental H-plane radiation
patterns of H-plane sectoral and Pyramidal HDHL, an = 30°.

Because of the optimized position of the launcher, for a particular horn,

the value of ‘s’ and hence the radiation pattern changes with frequency. For small values

of an (<10°), the hollow horn resembles a solid horn. As an increases the behavior

deviates from solid rod concept and image theory becomes predominant. An increase in

an changes the value of ‘s’ also. For the optimized condition the ‘multiplied patterns’ of

the feed and the CR give a broad, flat or split pattern. As an increases to 20° the

radiation pattern show a flattening at the top. As an increases above 20° to 30°, the

flatness at the top of the radiation pattern gives way to ripples or a split. Further increase

of on; changes the pattern to a broad one. For any an it is possible to attain pattem

modifications by changing the feed point and frequency.
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5.2 EFFECT OF STRIP LOADING

5.2.1 Strip loading on E-plane walls

Strip loading includes additional radiation terms to that of I-IDHL and that

modifies the patterns fiirther. The line source theory can be used for explaining the efiect

of strip loading on the E-walls of the horn. In this case the diffraction from the ends of

the strips also is considered. The open end of the launcher acts as a primary source (point

source) and the ends of the strips act as secondary sources (Fig.5. 12). The component due

to this diffraction term is given by[13 1],

(VJ"oR:)

U” .__ C4{l +K[e(Jw.)+e(J'¢zlBe

R2 = R+(L—d)cos0 ?:—: (29)
(91 = kod1cO5(/6 _ 9)

¢2 = kod, cos(fl + 6)

ToP

Fig.5.l2 Co ordinate system used to evaluate the edge diffraction tem of
the E-plane sectoral SHDHL
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So the far field radiation in the E-plane of SHDHL is the sum of the

radiation tenns from the feed end, free end and the tenn due to diffraction.

i.e., U72 = Up 4' Up/+Up2 “T (30)

. The effect of Up; is not much appreciable in the H-plane, as proved by

the experiment. F ig.5. 13 shows a typical radiation pattern of the E-plane sectoral SHDHL

of flare angle 20° at 10 GHz.

5.2.2 Strip loading on H-plane walls

The'strip loading on the H-plane walls increases the conductivity of the

reflector elements and the assumption of constant field amplitude for feed and image

sources becomes more correct. So the use of image theory is more justified here. As the

length of the strips increases, the component of the reflected power from different parts

of the reflector changes, which in turn will modify the radiation pattern.

- - - - - Theoretical

—— Experimental

tn
1:

3
Bo
n.
-u0>
‘E3u .-. in -- .-. :2n: |_ "-_
J’  In \ "n-90 -60 -30 0 30 60 90

Azimuth angle.Deg.

F ig.5.l3 Theoretical and experimental E-plane radiation pattern of E-plane
Sectoral SHDHL at 10 GHz., (15 = 20°.
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Chapter 6

CONCLUSIONS

Investigations on the radiation characteristics of the new

hollow dielectric horn antennas shows that these novel antennas possess a

number of interesting properties. The HDH with the launcher (I-IDHL)

and the strip loaded HDHL (SHDHL) have lot of attractive features when

compared with metallic horn antennas. The main highlights of the study

and possible applications are discussed in the following sections.



6.1 HIGHLIGHTS OF RESULTS

1. The new antenna developed by introducing the new launching technique (HDHL) is

capable of modifying radiation patterns in both E and H-planes with enhanced gain

and reduced side lobe levels.

a). The radiation patterns of E-plane sectoral HDHL is narrow in both E and H

planes, with low side lobe levels. The axial gain of HDHL is always greater than

that of the corresponding HDH by up-to 3dB.

b). The radiation pattern of H-plane sectoral HDHL is narrow in the E-plane and

broador split in the H-plane. In this case the axial gain is less, when compared

with E-plane sectoral HDHL, but greater by up-to 4dB than ordinary H-plane
sectoral HDH.

c). For pyramidal HDHL, E and H-plane patterns are narrow for horns having small

H-plane flaring(otH). When an increases, the H-plane patterns becomes broad or

split as in the case of H-plane sectoral HDHL. The axial gain of pyramidal HDHL

is greater than equivalent HDH for small values of an.

cl). The VSWR of pyramidal and sectoral HDHL are low (1 .02<VSWR<1 .7) for the

entire X-band.

e). The cross-polar levels of all HDHL antennas are very low (between —35dB and

-40dB).

f). The study shows that the new launching technique is very successfiil for getting

modified patterns with enhanced gain and reduced side lobe levels. It reduces the

feed-end (waveguide-hom interface) discontinuity and effectively transfers the

electromagnetic energy from the waveguide to the horn structure.
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2. The SHDHL antenna constructed by applying stn'p loading on I-IDHL are also

capable of beam shaping with gain enhancement and side lobe level reduction.

a).

b).

The study on E-plane sectoral SI-[DI-[L clearly shows that the new horns are

capable of producing symmetric and identical radiation patterns in both E and H

planes, a result that a metallic horn does not give. Also it has high gain and low

side lobe levels compared to the corresponding metallic horn antennas.

The H-plane SHDHL antenna is capable of producing flat-topped radiation

patterns with high HPBW in the H-plane of the horn. This type of radiation is not

available from any metallic horn antenna.

c). The pyramidal SHDHL antenna can give narrow E-plane patterns with low side

lobe levels, split twin-beam with sharp axial null or narrow single beam in the H

plane, under different conditions. The radiation pattern with two lobes having

sharp axial null in the H-plane is also a result that any metallic horn fails to give.

d). For E and H-plane sectoral horns, the axial gain is greater than the corresponding

metallic horn antennas. For pyramidal SHDHL the axial gain is slightly less than

that for equivalent metallic horns.

e). The VSWR of SHDHL antennas are also low, but slightly greater than that for

HDHL.

f). The cross-polar levels of E and H-plane sectoral SHDHL are very low. But for

pyramidal SHDHL, the cross-polar levels increases up to —16dB.

3. The theoretical treatment is carried out under a lot of simplifying assumptions. The

theoretical patterns are found to be in very good agreement with experimental
results.
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a). Analysis is based on the assumption that, the hollow dielectric horn is equivalent

to a solid dielectric horn of effective dielectric constant 8efl'. The use of

Macarteli’s principle agrees well with experimental results in the E-plane for all

0.1-; values and in the H-plane when an is small.

b). The effect of strip loading on E-plane walls is explained using diffraction theory

and the strip loading on H-plane walls are accounted using image theory.

4. The main draw backs of the new HDH antennas are

a). To explain the radiation characteristics of the antenna a single theory is not
sufficient.

b). The launcher should be optimized for each frequency for getting maximum

performance.

c). As mentioned by the earlier workers [41,128], the theoretical results obtained

using Marcatili’s method deviates from the experimental results for large flared

horns.

5. The study shows that this new HDH is a good substitute for small metallic horns

with easy beam shaping facility and has all the added advantages of dielectric group

of antennas.

6.2 IMPORTANCE OF THE STUDY

The design and development of this new dielectric horn antenna is

important because of the following reasons.

1. Horn antennas are very important and are widely used. So the development of its

dielectric counterpart also is important.
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2. Dielectric class of antennas possess lot of advantages like light weight, low cost,

low loss, ease of fabrication etc. The new HDH possess all these added advantages.

3. The new HDH can be designed to have different types of radiation patterns such as,

rotationally symmetric narrow pencil beam, fan-shaped beam, square patterns or

split patterns. Such beam shaping facility is not possible with metallic horns.

6.3. POSSIBLE APPLICATIONS

The new hollow dielectric horn antennas may find applications in different

situations due to its capability for producing different types of radiation patterns. The E

plane sectoral HDH or pyramidal HDH with small an , can be used in the place of

pyramidal metallic horns. The identical narrow E and H patterns with sharp first nulls is

an attractive feature of the antenna for using it as the primary feed for parabolic

reflectors. H-plane sectoral horns with square patterns may be an ideal feed for

cylindrical reflector antennas. H-plane sectoral horns or pyramidal horns with split

patterns can be used to feed two separate receivers simultaneously.

6.4 SCOPE FOR FUTURE WORK

The radiation characteristics of the new hollow dielectric horn antennas

are found to be attractive in the X-band. So the performance of this model in other

possible frequency bands are to be studied. For the present study, the launcher is

optimised first. So the free-end of the launcher inside the hom is in a fixed position. The

effect of change of this feed point is another important proposal for the firture study. The

thickness of the dielectric sheet is an important parameter for changing the characteristics

of the antenna. For the present study, the thickness of the dielectric sheets are kept

constant. So the results of variation of wall thickness is another area to be investigated.
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6.5. CONCLUDING REMARKS

The design and development of a new class of hollow dielectric horn

antennas have been carried out. The dependence of the radiation characteristics on the

antenna parameters has been investigated. It is observed that the new antenna has the

added advantage of easy beam shaping facility together with the attractive features of the

dielectric antennas. This versatile antenna may find application as an ideal substitute for

small metallic horn antennas.
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APPENDIX A

RADIATION CHARACTERISTICS OF A
DUAL CORNER RELECTOR ANTENNA

The radiation characteristics of a dual corner reflector
(DCR) antenna consisting of two corner angles and three reflector

elements are presented in this appendix. A DCR antenna is formed by

fixing a third element to one of the reflector elements of an ordinary

corner reflector (CR). It has been observed that the DCR antenna is more

eflicient than an ordinary CR as far as the high directivitjy and easy beam

tilting facility are concerned.



A.1 INTRODUCTION

Comer reflector (CR) antennas are widely used in telecommunication

engineering because of their simplicity and high performance. The theories and

experiments on different types of CR5 are available in literature[132-137,140,144].

Mathew et.al. [13 1,138] reported another method of beam tilting by making the reflector

elements asymmetric. The radiation characteristics of a new type of with two comer

angles and three reflector elements, called Dual Corner Reflector (DCR) are presented

here.

A.2 ANTENNA DESIGN AND EXPERIMENTAL SET-UP

The DCR is constructed by attaching an "additional conducting sheet C to

one side of the CR of length L>2S. S is the comer-to—dipole spacing. The schematic

representation of the DCR is shown in Fig. A.l. An optimum width (d) of 1}. for the

sheet C is selected.

Q-—A

Fig.A.1 Schematic representation of the DCR antenna.
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The experiment was performed with a Gunn source followed by a test

bench at X-band for various comer angles.the test antenna was used as the transmitter

and a standard pyramidal horn as the receiver.

A.3 EXPERIMENTAL RESULTS

The experiment is carried out by changing two parameters, viz. Comer-to

comer spacing ‘l’ and second comer angle ‘[5’. Two cases are shown bellow.

A.3.1 Change of‘l’ from M2 to 41 (a=B=90°)

Digole at S=2/2

The dipole is placed symmetrically at the appex of the first comer ((1). The

third element C is kept parallel to the element A. the comer-to comer spacing ‘l’ is varied

by moving C along B. In all cases the on-axis power varies almost sinusoidally as shown

in Fig.A.2. The positions at witch the on-axis power is maximum is turmed as optimum

120

Nom1al|zed on-axis power.

0 2 4 6 8 10 1 2 1 4
Comer-to-comer dlstance.l (cm)

Fig. A.2 Variation of on-axis power of l)CR for different values of ‘l’.
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Tllt angle.deg.

F ig.A.3 Radiation patterns for S=?\./2 for ordinary CR(—), DCR at
0 position (---) and DCR at M position ("")

.. U!

10

115 6 7 8
Corner-to-corner spaclng, I (cm).

\

Fig. A.4 Tilt angle versus ‘I’ for B=90°
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positions or 0 positions and positions of minimum power as minimum positions or M

positions. The HPBW is minimum at these positions. At all M positions the beams are

found to be either tilted or split. Radiation patterns at different positions of element C are

shown in Fig.A.3. The beam tilt for various M positions are shown in Fig. A.4.

Digole at S= /1

For ordinary CR, we know that the beam is split into two when dipole is at

S=A. Study of the radiation patterns of the DCR at these positions of the dipole shows

that the lobes are swinging for these values of ‘l’ and as one lobe increases the other

decreases. This phenomenon is clearly under stood from Fig.A.5.

1.2-~---—-—-—-—-—-—-—-—-«-—-—--e-—-—-—-— —«~ —-- ~~—-—-
- ' ' ' ' ‘L¢fN& I

Nomiallzed on-axls power.

4 5 6 7 8 9 10 1 1 1 2 13
Corner-to-comer d|stance.I (cm).

Fig.A.5 Distributon of on-axis power between two lobes for S=}t as a function of ‘l’

A.3.2 Change of B (a=90°,l-constant)

Radiation patterns are studied for various ‘[3’ values, keeping C at any

arbitrary position.
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Digole at S=/V2

For any fixed value of ‘I’, when [3 is varied from O to 180° the axis power

varies almost sinusoidaly (Fig. A.6), as for the case of change of ‘I’. Here the optimum

positions are tunned as 0’ positions and minimum positions as M’; positions. The

radiation patterns corresponding to O" and M’ positions are shown in F ig.A.7. The beam

tilt for different values of ‘B’ are plotted in Fig. A.8.

Digole at S=A

The results for various values of ‘B’ for a dipole spacing S=7k are not as

prominent asfor S = M2. This is mainly due to the blocking of one of the lobes by the

element C.

120

5
3
S.
2fl
-r
C
O

B
L‘

E2
2o — — » — — — — — - — — — — — - — — — — — — — — — — — — — — — — — — _ _ _ _ _ _

o 0 so 100 150 200
Second corner angle.

F ig.A.6 Variation of on-axis power of DCR for different values of ‘B’.
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Tllt angle.deg.

Fig.A.7 Radiation patterns for S = M2 for ordinaiy CR (—), DCR at
0/ position (---) and DCR at M’ position ("")

1% 18)143120

Second corner angle,

80 1(1)

F ig.A.8 Tilt angle verses B for ‘l’=6cm.
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A.4 CONCLUSIONS

From the study of DCR antenna, the following conclusions can be drawn.

The DCR is more efficient than an ordinary CR as far as the directivity and beam tilting

facility are concerned. In order to tilt the beam in ordinary CK either the dipole should be

displaced from the axis or element asymmetry should be introduced. But the beam tilt in

DCR is easily achieved either by sliding the third element over one of the two elements,

or by changing the second comer angle. Beam modification is very prominent when ‘l’ is

between 1.51 and 3.5)». It is also found that for ‘[3’ variation, the element C should be

placed in this ‘active region’ for better performance. Almost similar behaviours have

been observed for ‘l’ and ‘B’ variations.
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APPENDIX B

PERIODIC STRIPS ATTACHED CORNER
REFLECTOR ANTENNA FOR ENHANCED

PERFORMANCE

The design and development of a new corner reflector (CR)

antenna are presented in this appendix. Yhe design involves the addition

of planar parallel periodic strips to the two sides of a CR antenna. The

position, angular orientation, and number of strips have a notable eflect

on the H-plane radiation characteristics of the antenna. Certain

configurations of the new antenna are capable of producing very sharp

axial beams with gain of the order of 6dB over the square corner antenna.



B.l INTRODUCTION

CR antennas are widely used, where a moderate gain is required, due to

the simplicity of its design. A modification of the DCR antenna (Appendix A) was

presented by Mathew et.al.[l39 ] by adding another supplementary reflector to the DCR.

This study presents the design of a CR antenna with periodic planar metallic strips

attached to the two reflecting sides and the resulting improvement in the radiation

characteristics. It is seen that the gain of the antenna increases and the HPBW decreases.

The performance of the antenna for different dimensions of the strip structure is

analyzed. There are configurations that can provide axial gains of the order of 6dB over

the square comer reflector antenna.

B.2 ANTENNA DESIGN AND EXPERIMENTAL SET-UP

The schematic diagram of the new CR antenna is given in Fig.B.l. It is

constructed by attaching two metallic strip structures S1 and S2 to the two sides of the CR

F ig.B.l Schematic diagram of the new CR antenna.
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at a distance I from the apex. The structure consists of n metallic strips of width w and

height h kept at a periodicity of d. or and B are the primary and secondary comer angles

respectively. The distance 1, angle B and the number of strips n can be varied. An HP

8350B sweep oscillator, together with an HP 8410B network analyzer were used for

studying the radiation characteristics. The AUT was used as the receiver and a standard

pyramidal horn as the transmitter.

B.3 EXPERIMENTAL DETAILS AND RESULTS

For a fixed value of a, the radiation patterns are plotted for different

values of B, n, I, w, and d. The width w and the periodicity d are optimized as 0.31 and 11

for maximum gain. The gain of the antenna is found to be increasing with the number

of strips. In all cases, it is seen that when the axial gain increases, the I-IPBW decreases.

A typical radiation pattern of the configuration (ct = 120°, B = 45°, n = 5 and I = 11) is

given in Fig.B.2 in comparison to that of a square comer reflector of equivalent
dimensions.

No appreciable change in the VSWR could be observed due to the strip

attachment of the CR antenna when l is small. But for large I, the VSWR goes high. It is

seen that the cross-polar levels are bellow —18dB and the side lobe levels are bellow —

l3dB in most cases.

B.4 CONCLUSIONS

The design and analysis of a new type of comer reflector antenna are

carried out. The configurations of the antenna offering enhanced performance are studied,

and the characteristics are compared with those of a square comer reflector antenna. An

axial gain enhancement of the order of 6 dB and hence a reduction in the HPBW, are

observed.
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‘ New CR ‘
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Fig. B.2 Normalized H-plane radiation pattern of a typical configuration
(a = 120°, [3 = 45°, 11 = 5 and l= ll) at 8.5GHz., along with that
of a square corner reflector.
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APPENDIX C

EFFECT OF SLOTTED HORN ON
RADIATION PATTERN

Zhe radiation characteristics of H-plane sectoral horn
antenna with periodic slots on one of the broad sides are presented. It is

found to be a simple and eflective method of beam tilting. By changing the

slot width and number of slots the tilt can be conveniently changed.



C.l INTRODUCTION

Horn antennas are very good radiators of microwave power. They are

widely used for lot of applications in different fields. There are many techniques like

structural modifications, flanges, corrugations, dielectric loading etc. to modify the

radiation pattern of horn antennas[9l-123]. Slotted waveguide also have some interesting

radiation characten'stics[141]. The present work describes the effect of slotted horns on

radiation patterns. The H-plane sectoral horn with periodic slots on one of the broad sides

provides an easy method for beam tilting. The width of the slots and periodicity changes

the radiation characteristics.

C.2 METHODOLOGY

Fig. C.1. shows the schematic representation of the experimental horn.

The antenna is constructed by grooving slots of width ‘w’ on one of the broad sides of

the H-plane sectoral horn. Different experimental horns with slot width and spacing equal

to M2, M3, )\./4 etc. are constructed and the radiation pattern and VSWR are measured for

each horn at difl°erent frequencies. The experimental set-up consists of a Gunn oscillator

set-up with the AUT in the receiving mode.

Fig. C.1 Schematic representation of the experimental slotted horn antenna.
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C.3 EXPERIMENTAL RESULTS

Radiation characteristics of slotted H-plane sectoral horns of different

flare angles and slot widths were studied. The radiation patterns are found to be tilted

fi'om the axis of the horn. The beam tilt varies with the width of slots. For a horn of flare

angle 25°, the axial beam is tilted through 25° due to slots of width 1./2. A decrease in

slot width increases the tilting up-to a maximum value. For slot widths equal to M3 and

M4, the tilts are 35° and 38° respectively. No fiirther reasonable tilt is observed for

smaller values of slot widths. Fig.C.2 shows a typical radiation pattern for a horn of flare

angle 25° and slot width M4 at 1OGHz. The corresponding radiation pattern for ordinary

metallic horn also is shown for comparison.

I-fl
slotted horn

- - - - - metal horn

.0 .0 '.é"‘.o.0) \I Q (D

"ll|VVVI|l

.0 U1

.0A

Nomiallzed power: ' ' ‘ .0 .0

to

F ig.C.2 Radiation pattern of the experimental horn .
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In all cases the tilt is invariably from the side of slots, i.e., towards the side

of the flat element. The VSWR of the slotted horn are found to be slightly greater than

the ordinary horn antenna.

C.4 CONCLUSIONS

A new effective and simple method of beam tilting using slotted horns is

presented. By changing the slot widths and hence the number of slots, the tilt angle can

be conveniently changed. These types of horns are practically useful when used as

primary feeds for reflector antennas. The primary feed need not necessarily be at the apex

of the reflector antenna.
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APPENDIX D

MODIFIED RADIATION PATTERN OF AN
ASYMMETRIC HOLLOW DIELECTRIC

SECTORAL HORN ANTENNA

A method for tilting the axial beam of a symmetric hollow

dielectric E-plane sectoral horn antenna by replacing one side of the horn

by a metal sheet is presented. Another method for shifting the tilted beam

between two angles, using a narrow metal strip of optimum length,

arranged on the dielectric side of the horn also is presented.



D.l INTRODUCTION

The importance and advantages of dielectric antennas are discussed in

chapter 1 and 2 of this thesis. This appendix describes an easy method of tilting the axial

beam of a hollow dielectric symmetric E—plane sectoral horn by making it asymmetric

with a metal element on one side. By arranging a narrow metal strip of optimum length

on the dielectric side, it is again possible to shift the power between two angles.

D.2 EXPERIMENTAL SET-UP AND ANTENNA DESIGN

The experimental set-up is a microwave test-bench at X-band with Gunn

oscillator as the source. The test horn is used as the transmitter and a pyramidal horn as

the receiver. The receiver is connected to a crystal detector which in turn is connected to

a sensitive current meter.

The symmetry of the hollow dielectric hom is changed by replacing one

side of the horn by a metal sheet. This asymmetry changes the current distribution on

both sides of the horn, resulting in a change in the radiation pattern. A narrow metal strip

of optimum length is arranged on the dielectric side of the horn using a micrometer screw

arrangement. The movement of the strip parallel to the axis changes the radiation pattern

completely. Fig.D. 1. shows the schematic representation of the test horn.

)1, 2 '(M.

Metal sheet
£35

F ig.D.l Schematic diagram of the test horn.
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D.3 EXPERIMENTAL RESULTS

The radiation pattern of the hollow dielectric hom is shown in Fig.D.2.

When one side of the horn is replaced by a metal sheet, the axial power is tilted to 45°

with a side lobe at 20° as shown in the figure. The peak at 20° is denoted as P, and the

peak at 45° as peak P2.

By moving the narrow conducting strip of length ‘I’ along the dielectric

side, it is possible to shift the power from the peak P1 to peak P; and vice versa. For a

distance kg/2 from the apex, there is only one peak at 20°. This position of the strip is

marked as M]. The strip at another position 213/2 from the apex shifts the power to 45°.

This position of the strip is marked as M2.

- - - - - Symmetric HDH oé :_
Asymmetric HDH _ _-" 3.m— .

0.3 :

in E

;'o.e E

50.5 E

50.43
Normalized power  _50.33

-90 -so -30 0 3° 5° 9°
Azimuth angle, Deg.

Fig.D.2 Radiation pattern of the asymmetric hollow dielectric sectoral
horn antenna.
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It is also observed that the extent of power shift depends upon the length

of the strip used. The distribution of power between the two peaks, for different strip

lengths at M1 and M; is plotted in F ig.D.3. From the figure it is observed that the power is

maximum for the first peak P1 and minimum for the second peak P; for ‘l’=37\./2. Also it

is evident from the figure that, for the same length of the strip, the second peak P2 is

almost maximum and the first is a minimum. So this length ‘l’=37L/2 is selected as the

optimum length of the strip for a most effective shifting of the beam between two angles.

The radiation patterns with optimum stn'p length at M1 and M2 positions are plotted in

Fig.D.4.

1  —o—smpatM1[PeakP1]
- - 0- - -strip at M1|PeakP2]

0-9 ‘ —t—sm‘p at M2(PeakF1]
- - i- ~ -StripatM21PeakP2] .o.e « ‘mg-—

.0ca

Nomullzed power.

.0 .0 o0-I A U1 D

an. "3’o_2_ k
0.1 

Length of the metal str|p,cm.

Fig.D.3 Van'ation of power with strip length for peak P1 and peak P2.
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StripatM1‘
Strip at M2
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32
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Azimuth ang|e,Deg.

F ig.D.4 Radiation patterns with strips at M1 and M; positions.

D.4 CONCLUSIONS

This beam shifiing technique makes the hollow dielectric horn a better

choice than the metal horn, for being used as the feed horn of an offset parabolic reflector

antenna. It has the added advantage that it can be used alternatively as the feed horn for

two offset parabolic reflectors of different look angles, by changing the position of the

metal strip with a screw mechanism.
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