
 

 

ANTENNAS  
AND  

WAVE PROPAGATION 

 

 

Mr. D. Balaji 
Assistant Professor – ECE Dept. 

Mahendra College of Engineering 
Salem, Tamil Nadu, INDIA. 

Mrs. S. Meera 
Assistant Professor – ECE Dept. 

Mahendra College of Engineering 
Salem, Tamil Nadu, INDIA. 

Mrs. K. Jayanthi 
Assistant Professor – ECE Dept. 

Mahendra College of Engineering 
Salem, Tamil Nadu, INDIA. 

  



ANTENNAS AND WAVE PROPAGATION 

Copyright ©  : Mr. D. Balaji 
Publishing Rights  : VSRD Academic Publishing 
      A Division of Visual Soft India Pvt. Ltd. 

 

ISBN-13: 978-93-86258-43-4 
FIRST EDITION, MAY  2017, INDIA 

 
 
 

Typeset, Printed & Published by: 
VSRD Academic Publishing  
(A Division of Visual Soft India Pvt. Ltd.) 

Disclaimer: The author(s) are solely responsible for the contents of the papers compiled 
in this book. The publishers or its staff do not take any responsibility for the same in any 
manner. Errors, if any, are purely unintentional and readers are requested to 
communicate such errors to the Editors or Publishers to avoid discrepancies in future. 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system or transmitted, in any form or by any means, electronic, mechanical, photo-
copying, recording or otherwise, without the prior permission of the Publishers & Author. 

Printed & Bound in India 

VSRD ACADEMIC PUBLISHING 
A Division of Visual Soft India Pvt. Ltd. 
 
REGISTERED OFFICE 
154, Tezabmill Campus, Anwarganj, KANPUR–208003 (UP) (IN) 
Mb: 99561 27040, Web: www.vsrdpublishing.com, Email: vsrdpublishing@gmail.com 
 
MARKETING OFFICE (NORTH INDIA) 
Basement-2, Villa-10, Block-V, Charmwood Village, FARIDABAD–121009 (HY)(IN) 
Mb: 98999 36803, Web: www.vsrdpublishing.com, Email: vsrdpublishing@gmail.com 
 
MARKETING OFFICE (SOUTH INDIA) 
340, FF, Adarsh Nagar, Oshiwara, Andheri(W), MUMBAI–400053 (MH)(IN) 
Mb: 99561 27040, Web: www.vsrdpublishing.com, Email: vsrdpublishing@gmail.com 



P R E F A C E  

Antenna and wave propagation are the two key subjects 
in the applications of radar, wireless communication, TV, 
astronomic research, mobile communication and others. 
The book’s main objective is to introduce the 
fundamental principles of antenna theory and to apply 
them to the analysis, design and measurements of 
antennae. Applications are made to some of the most 
basic and practical configuration, such as linear dipoles, 
loops, arrays, broadband, and frequency-independent 
antennae, aperture, horn antennae, microstrip antennae, 
and reflectors antennae. 

The primary purpose is to emphasize the understanding 
of principles and the development of techniques for 
examining and designing antenna systems for use by 
practicing engineers as well as students. Antenna theory 
and design covers antennae from four perspectives: 
antenna fundamentals, analysis, design and 
measurement techniques and of popular antennae. The 
emergence of antenna theory from Maxwell’s equations is 
developed, along with a physical explanation of how 
antennae radiate. The five types of antenna, viz. 
electrically small, resonant, broadband, aperture and 
array antennae are introduced in the book.  

This book is designed to meet the needs of electronics and 
electrical communication engineering students at the 
senior undergraduate, beginning graduate levels, AMIE, 
and those of practising engineers. 

Salient Features  

 Topic of antennae discussed with a background of 
electromagnetic  



 Coverage of wave propagation in great detail  

 Updated coverage of technological trends taking place 
in the field of antennae  

 Focus on application aspects with dedicated coverage 
on Special Antenna and Applications & Numerical 
Techniques for Antenna Analysis  

 Rich pedagogy with real life photographs of modern 
antennae  

 MATLAB examples 
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 Mrs. K. Jayanthi 

 

  



A C K N O W L E D G E M E N T  

We wish to record our sincere gratitude to the Managing 
Director Er. B. Maha Ajay Prasath, Mahendra College 
of Engineering, for his constant encouragement and kind 
support in all our endeavors. 

We deem it a proud privilege to extend our greatest sense 
of gratitude to Dr. R Samson Ravindran, Executive 
Director Mahendra Engineering Colleges for the 
inspiring guidance and valuable suggestions throughout 
the pursuance of this report.     

We express our profound thanks to Dr. R Asokan, 
Principal, Mahendra College of Engineering, for his great 
enthusiasm and inspiration which enabled us to bring 
this venture to execution. 

We express our sincere thanks to Dr. N. Malmurugan, 
Dean-Academics, Mahendra College of Engineering who 
extended his whole hearted cooperation and moral 
support for completion of this book. 

We wish to express our profound thanks to 
Dr.M.Suganthi, Professor and Head, Department of 
ECE, for her moral support and encouragement 

We would like to express a special note of gratitude to the 
great editing team of VSRD Academic Publishing  
(A Division Visual Soft India Private Limited) 



in releasing this book. 

Finally, this work would not have been possible without 
the love and support of our colleagues, family 
members and friends. We are extremely grateful to 
one and all.     

 Mr. D. Balaji 

 Mrs. S. Meera 

 Mrs. K. Jayanthi 
  



 



 

 

 

 

 

Dedicated 

to 

Our Family, Friends & Students 



C O N T E N T S  

CHAPTER 1  
ELECTROMAGNETIC RADIATION AND ANTENNA 
FUNDAMENTALS ..................................................................... 1 
1.1 INTRODUCTION .......................................................................... 3 
1.2 PRINCIPLE ................................................................................... 3 
1.3 FIELDS ASSOCIATED WITH HERTZIAN DIPOLE ........................... 12 
1.4 POWER RADIATED AND RADIATION RESISTANCE OF 

CURRENT ELEMENT .................................................................. 20 
1.5 RADIATION RESISTANCE OF ELEMENTARY DIPOLE WITH 

LINEAR CURRENT DISTRIBUTION .............................................. 25 
1.6 DEFINITIONS ............................................................................ 26 
1.7 RECIPROCITY PRINCIPLE ........................................................... 46 
1.8 EFFECTIVE LENGTH ................................................................... 52 
1.9 EFFECTIVE AREA - RELATION BETWEEN GAIN EFFECTIVE 

LENGTH AND RADIATION RESISTANCE ..................................... 55 
1.10 RELATION BETWEEN MAXIMUM APERTURE AND GAIN OR 

DIRECTIVITY ............................................................................. 66 
TWO MARKS QUESTIONS WITH ANSWER .......................................... 70 
BIG QUESTIONS ................................................................................. 77 
ASSIGNMENT QUESTIONS .................................................................. 78 
MULTIPLE CHOICE QUESTIONS WITH ANSWERS ................................ 78 
TOPIC BEYOND THE SYLLABUS ........................................................... 85 
PROFILES OF EMINENT AND POPULAR SCIENTISTS ............................ 90 
RELEVANT LINKS ................................................................................ 94 

CHAPTER 2  
WIRE ANTENNAS AND ANTENNA ARRAYS................... 95 
2.1 ASSUMED CURRENT DISTRIBUTION FOR WIRE ANTENNAS ...... 97 
2.2 RADIATION FROM HALF-WAVE DIPOLE AND QUARTER-

WAVE MONOPOLE ................................................................... 99 



2.3 RADIATION RESISTANCE OF CURRENT ELEMENT, HALF-
WAVE DIPOLE AND FOLDED DIPOLE ....................................... 106 

2.4 LOOP ANTENNAS - RADIATION FROM SMALL LOOP AND ITS 
RADIATION RESISTANCE......................................................... 110 

2.5 RADIATION RESISTANCE OF LOOP ANTENNAS ....................... 115 
2.6 RADIATION FROM A LOOP WITH CIRCUMFERENCE EQUAL 

TO A WAVELENGTH AND RESULTANT CIRCULAR 
POLARIZATION ON AXIS ......................................................... 119 

2.7 ANTENNA ARRAYS - EXPRESSION FOR ELECTRIC FIELD 
FROM TWO AND THREE ELEMENT ARRAYS ............................ 129 

2.8 UNIFORM LINEAR ARRAY ....................................................... 134 
2.9 METHOD OF PATTERN MULTIPLICATION ................................ 139 
2.10 BINOMIAL ARRAY .................................................................. 145 
TWO MARKS QUESTIONS WITH ANSWER ........................................ 151 
BIG QUESTIONS ............................................................................... 161 
ASSIGNMENT QUESTIONS ............................................................... 163 
MULTIPLE CHOICE QUESTIONS WITH ANSWER ................................ 163 
TOPIC BEYOND THE SYLLABUS ......................................................... 168 
PROFILES OF EMINENT AND POPULAR SCIENTISTS .......................... 170 
RELEVANT LINKS .............................................................................. 172 
 

CHAPTER 3  
APERTURE ANTENNAS ..................................................... 173 
3.1 RADIATION FROM AN ELEMENTAL AREA OF A PLANE WAVE 

(HUYGEN’S SOURCE) .............................................................. 176 
3.2 RADIATION FROM THE OPEN END OF A COAXIAL LINE ........... 180 
3.3 RADIATION FROM A RECTANGULAR APERTURE TREATED 

AS AN ARRAY OF HUYGEN’S SOURCES ................................... 187 
3.4 EQUIVALENCE OF FIELDS OF A SLOT AND 

COMPLEMENTARY DIPOLE ..................................................... 195 
3.5 RELATION BETWEEN DIPOLE AND SLOT IMPEDANCES............ 205 
3.6 METHOD OF FEEDING SLOT ANTENNAS ................................. 214 
3.7 THIN SLOT IN AN INFINITE CYLINDER ..................................... 223 



3.8 FIELD ON THE AXIS OF AN E-PLANE SECTORAL HORN ............. 231 
3.9 REFLECTOR TYPE OF ANTENNAS (DISH ANTENNAS) ................ 239 
3.10 DIELECTRIC LENS AND METAL PLANE LENS ANTENNAS .......... 253 
IMPORTANT FORMULAE .................................................................. 265 
TWO MARKS QUESTIONS WITH ANSWER ........................................ 266 
BIG QUESTIONS ............................................................................... 271 
MULTIPLE CHOICE QUESTIONS WITH ANSWERS .............................. 272 
TOPIC BEYOND THE SYLLABUS ......................................................... 277 
PROFILES OF EMINENT AND POPULAR SCIENTISTS .......................... 289 
RELEVANT LINKS .............................................................................. 290 

CHAPTER 4  
SPECIAL ANTENNAS AND ANTENNA 
MEASUREMENTS ................................................................ 291 
4.1 RADIATION FROM A TRAVELING WAVE ON A WIRE ............... 293 
4.2 ANALYSIS OF RHOMBIC ANTENNA ......................................... 295 
4.3 DESIGN OF RHOMBIC ANTENNAS ........................................... 301 
4.4 TWO AND THREE ELEMENT YAGI ANTENNAS ......................... 311 
4.5 LOG PERIODIC ANTENNA ........................................................ 321 
4.6 HELICAL ANTENNA - NORMAL MODE AND AXIAL MODE 

OPERATION ............................................................................ 336 
4.7 SPHERICAL WAVES AND BICONICAL ANTENNA....................... 347 
IMPORTANT FORMULAE .................................................................. 360 
TWO MARKS QUESTIONS WITH ANSWER ........................................ 362 
BIG QUESTIONS ............................................................................... 368 
ASSIGNMENT QUESTIONS ................................................................ 369 
MULTIPLE CHOICE QUESTIONS WITH ANSWERS .............................. 370 
TOPIC BEYOND THE SYLLABUS ......................................................... 374 
PROFILES OF EMINENT AND POPULAR SCIENTISTS .......................... 382 
RELEVANT LINKS .............................................................................. 384  



CHAPTER 5  
RADIO WAVE PROPAGATION ........................................ 385 
5.1 THE THREE BASIC TYPES OF PROPAGATION- GROUND 

WAVE, SPACE WAVE AND SKY WAVE PROPAGATION ............ 387 
5.2 TROPOSPHERIC SCATTER PROPAGATION OR FORWARD 

SCATTER PROPAGATION (UHF AND MICROWAVES I.E. 
ABOVE 300 MHZ) ................................................................... 402 

5.3 SKY WAVE PROPAGATION - STRUCTURE OF THE 
IONOSPHERE - EFFECTIVE DIELECTRIC CONSTANT OF 
IONIZED REGION - MECHANISM OF REFRACTION - 
REFRACTIVE INDEX - CRITICAL FREQUENCY - SKIP DISTANCE 
- EFFECT OF EARTH’S MAGNETIC FIELD - ENERGY LOSS IN 
THE IONOSPHERE DUE TO COLLISIONS - MAXIMUM USABLE 
FREQUENCY - FADING AND DIVERSITY RECEPTION ................ 405 

5.4 SPACE WAVE PROPAGATION - REFLECTION FROM GROUND 
FOR VERTICALLY AND HORIZONTALLY POLARIZED WAVES - 
REFLECTION CHARACTERISTICS OF EARTH - RESULTANT OF 
DIRECT AND REFLECTED RAY AT THE RECEIVER - DUCT 
PROPAGATION ....................................................................... 437 

IMPORTANT FORMULAE .................................................................. 460 
TWO MARKS QUESTIONS WITH ANSWER ........................................ 461 
BIG QUESTIONS ............................................................................... 464 
ASSIGNMENT QUESTIONS ............................................................... 465 
MULTIPLE CHOICE QUESTIONS WITH ANSWERS .............................. 465 
TOPIC BEYOND THE SYLLABUS ......................................................... 469 
PROFILES OF EMINENT AND POPULAR SCIENTISTS .......................... 475 
RELEVANT LINKS .............................................................................. 478 

APPENDIX A  
TRIGONOMETRIC FORMULAE........................................ 479 

GLOSSARY ............................................................................. 483 
 

 


