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Course objectives & Outcomes

ü Objectives:

ÁTo know basicantennaparameters

ÁTo computethefieldsassociatedto antennas

ÁTo know themethodsto improveantennaperformance

ÁTo know the basicstructures of a complexantenna

ÁTo know the Wave Propagation,methods of measuringantenna

parameters

ü Outcomes: 

ÁElaboratevariousantennasandits performanceparameters

Á Infer thefieldsandpatternsof all typesantennas

ÁApply themethodsto improveantennaperformance

ÁExplain the behaviour of different complexantennas

ÁRecommendtheantennafor aselectedapplication



Gives information about 

Basic Terms &  

definitions

Antennas by 

JD Kraus &

K.D Prasad

Gives info on basic 

elements and the 

numerical values to 

defined terms in unit IEMTL by 

Jordon Balmain, 

Antennas GSN Raju &

K.D Prasad

Gives information about 

Methods of IMPROVING  

defined parameters by 

taking multiple no of 

basic elements

Antennas by

C A Balanis, 

JD Kraus &é.P. Bujjibabu. Associate Professor,
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Gives information about 

A. Antenna parameters measurement 

&

B. The method of propagation  and 

characteristics of different layers 

Gives information about 

Methods of IMPROVING  

defined parameters by taking 

multiple no of ARRAYS or 

WIRE antennas

With complex structureAntennas by

K.D Prasad

GSN Raju &

JD Kraus 

Antennas by 

JD Kraus 

KD Prasad

& 

GSN Raju 
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Consider Above cited books for reference only and you may

get more information from some other books and websites .

Collect notes, from your Course Instructor, if interested. 

Note:

falstad.com

https://mathinsight.org/spherical_coordinates

http:// www.amanogawa.com/antenna.html

https://em.groups.et.byu.net /

https:// antenna-theory.com

www.williamsonlabs.com

www.educypedia.be

https://www.tutorialspoint.com/antenna_theory/index.htm

https:// www.sharetechnote.com/html/Handbook_LTE_AntennaPerfo

rmance.html#Links_Antenna_Tutorials

Useful Web links:
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CHAPTER-IVA: Non-resonant radiators 

üConcept of Resonant and non-resonant radiators

üTravelling Wave radiators: Types

üLong wire antenna: fields and patterns

üV-antenna: types

üRhombic antenna: design relations

üHelical antenna

ÁSignificance, Geometry

üDesign considerations of mono-filar helical antenna

ÁAxial mode of helical antenna

ÁNormal mode of helical antenna

ÁParameters of above modes

üQualitative treatment only

CHAPTER-IVB: Broadband antennas
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CHAPTER-IVC: Micro -strip antennas

ü Introduction, Features

üAdvantages and Limitations

üRectangular Patch antennas

ÁFeed Techniques  & Different parameters-with Impact

üReflector Antennas:

ÁTypes, flat sheet and Corner Reflectors

ÁParaboloidal Reflector: Geometry & characteristics

üTypes of feeds{off set & Cassegrainfeeds}

ÁF/D ratio, Spill over, Back lobes, Aperture blocking

üHorn antenna-Types, Optimum horn antenna

üLens antenna: Types, geometry, and 

ÁFeatures ,Zoning  and applications.

CHAPTER-IVD: UHF, VHF &Microwave antennas 

P. Bujjibabu. Associate Professor, 

Department of ECE ,AEC, Surampalem 8



Helical 

antenna



VHF UHF & Microwave antennas

Frequencyrange: 3 MHz to 30MHz

Wavelength: 100mï10m

Antenna-comparablein sizewith thewavelength

Directionalproperties

In HF band: ground - more losses

Ionosphere- favorableconditionsfor HF broadcasting



After completionof this chapter,we will be knowing

the
ÁResonantandNon-resonantradiators

ÁTravellingWaveradiators(or)TWA: Types

ÁLongwire antenna:

ÁV-antenna& Rhombicantenna: Concepts

ÁBroadbandantennas: Helicalantenna,types& Parameters

ÁMicro-stripandPatchantennas:

ÁReflectorAntennas(differenttypes):

ÁTypesof feeds{offset& Cassegrainfeeds:

ÁHornantenna-Types,Optimumhornantenna

ÁLensantenna: Types,geometry

ü Features,Zoning andapplications

Except Horn antenna , 

all other antennas are in 

extended form, 

from basic structures 



Non-resonant radiators 
üConcept of Resonant and Non-resonant radiators

üTravelling Wave radiators(or) TWA: Types

üLong wire antenna: 

Áfields and patterns

üV-antenna & Rhombic antenna : Concepts

üMicrostripAntennas:

ÁIntroduction, 

Áfeatures, advantages & limitations, 

üRectangular Patch Antennas:

Ágeometry and parameters, 

Áimpact of different parameters on characteristics

üBroadband antennas: Helical antenna(Qualitative treatment only)

ÁSignificance, Geometry

ÁDesign considerations of mono-filar helical antenna

ÁAxial mode of helical antenna

ÁNormal mode of helical antenna

ÁParameters of above modes
P. Bujjibabu. Associate 

Professor,Department of ECE 

,AEC,Surampalem
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Types of Antenna

Antennas

Resonant Antennas

(periodic antennas)

--Wave travels in both the 

directions(forward & Backward )

-- produces bi -directional patterns

-- open circuited at one end . 

--produces standing waves

Non-Resonant Antennas

(aperiodic antennas)

-- wave travels in only one  

direction (forward only)

-- called TWA

-- terminated by matched load

-- produces no standing waves



Concept of Resonant and Non-resonant radiators

(a)Non resonantantenna (b) Resonantantennawith Pattern

Á Non-resonantantennasare the antennasin which the source is
matchedto theload(i.e. theydonôthaveopencircuit).

Á A non-resonantantennais like a properly terminatedtransmission
line, producesnostandingwaves.

Á Demeritsof Non-ResonantAntennas:

(i) Low gain.

(ii) Low efficiency.

(iii) Occupymorespace.



Travelling Wave Antennas- TWA

(or) Long wire antenna: Types
As stated, in a long wire antenna ,wave travels in only one direction and 

hence it is called TWA.

Parameters related to long wire antennas:

ĄTerminal resistance;

ĄRadiation Resistance;

ĄMaximum Directivity;

ĄAngle in which maximum radiation occurs:

Ą The physical length of a long wire antenna can be represented in 

terms of no. of     s(ie., n) and is written as; 
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Types:

ĄSlow wave structures (Vp< C)or Surface Wave Structures

ĄFast wave structure(Vp> C) or Leaky Wave Structures

Drawbacks :

ĄLow directivity

ĄSide lobes may be high

ĄMain beam is inclined at an angle

which depends on wire length

Applications of Long wire Antennas:

ĄV-Antenna and Inverted V-Antennas(stack of V-Antenna)

ĄRhombic Antenna

ĄHelical Antenna( or high gain antenna)

maxq



V-antenna & Rhombic antenna : Concepts

Long wire antenna

Bi-directional 

V-antenna

V-antenna structure 

Uni-directional

V-antenna

Non 

resonant 

type 

antenna 

Resonant 

type 

antenna





Rhombic antenna Design Analysis:
The design parameters of the Rhombic antenna are,

a. Tilt angle, ◖

b. Leg length or side arm length, L

c. The height above the ground, h

In designing the Rhombic antenna, above parameters may be chosen 

such that;

1. Alignment design(design for Ŭ)

2. Maximum E design( Emaxin Ŭ)

Á If the height above the ground is less than that required for these

designs,alignmentmaybeachievedby increasingtheleg length.

Á If the height is maintainedbut the leg length is reduced, alignment

maybeobtainedin theangle◖.

ÁAs a third possibility, if both height and leg length are reduced,the

angle◖canbechangedto producethealignment.



The far electric field component from the Rhombic antenna is given by
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A uniform antenna current is assumed and mutual coupling is neglected.

For a maximum E condition, E is maximized wrt ,that is we make

That is,

Which yields, 

Which will happen when the argument of Cosine is equal to odd 

multiples of     ;

For the lowest practical height, n=1,the height of the

antenna is given by
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To find the leg length, E is maximized wrt ,that is we make

That is,

Which yields, 

Maximizing E wrt ◖and introducing the above equations, we will get

and hence 

Equations 7,10 and 11 gives

Ą the height in wavelengths

Ą the half included angle or side angle

Ą the leg lengths in wavelengths

Advantage:

Ą Broad band, highly directional, simple and cheap
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Advantages & Dis-Advantages of Rhombic antenna

Following are theadvantages of Rhombic antenna:

ổIt is easy to connect multiple rhombic antennas.

ổIt delivers effective transmission.

ổIt is simple in construction.

ổInput impedance and radiation pattern are constant.

ổRhombic antenna eliminates grounding problem of V-antenna 

terminations.

Following are the drawbacks ordisadvantages of Rhombic antenna:

ổThere is wastage of power in terminating resistor of the antenna.

ổLoad absorbs almost half of the transmitter power.

ổIt requires large space.

ổIt offers reduction in transmission efficiency.
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Broadband antennas: Helical Antennas
ÁTheHelix is in threedimensionalgeometryform.

ÁA Helicalwire onuniformcylinderbecomes

astraightwire whenunwoundedby rolling

thecylinderona flat surface.

ÁA helix projectsasacircle-viewedon-end

ÁThusahelix combinesthegeometricforms

of aStraightwire, acircleandacylinder.

ÁThehelix diagramis shownin figure
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A helical antenna is an antennaconsistingof a conductingwire

woundin theform of ahelix.

In mostcases,helicalantennasaremountedoveragroundplane.

The feed line is connectedbetweenthe bottom of the helix and the

ground plane. Helical antennascan operatein one of two principal

modes:

Ánormalmodeor

Áaxialmode.

Helix is in spiralform

An example: ¼ wavelengthdipole shortenedinto helix (rubberducky)

for handheldtransceivers.

Typically severalwavelengthslongandusedwith agroundplane.

Circumferenceis ½ wavelengthandtheturnsare¼ wavelengthapart.

Application: VHF satellitetransmission. (crosspolarization)

http://en.wikipedia.org/wiki/Antenna_(electronics)
http://en.wikipedia.org/wiki/Helix
http://en.wikipedia.org/wiki/Ground_plane
http://en.wikipedia.org/wiki/Feed_line


If a turn of circular helix is unrolled on a flat plane,then the relation

betweenthe turn spacingS , circumferenceC, turn lengthL, andpitch

angleŬ, illustratedin belowfigure.

Ŭ

S

C= D́

L

0 and 0SWhen == a

09 and 0DWhen == a

09 and 1LWhen == al

Then helix becomes a loop

Then helix becomes a linear conductor

Then helix becomes a straight conductor of length 1l



Normal mode of helix operation

0 and 0SWhen == a

09 and 0SWhen =¸ a

circuit equivalent 



Helical antenna parameters
Thefollowing areimportantdesignparametersof theHelix;

ÁBeamwidth & Bandwidth

ÁGain

Á Impedance

ÁAxial Ratio

The aboveparametersare mainly dependson physical parametersof

Helix aswell asfeedingtechniques( axial feedor peripheralfeedtypes)



Helical antenna design parameters
Thehelix maybefedwith thefollowing methods:

ĄAxial feed

ĄPeripheralfeedor

ĄAt anyconvenientlocationfrom thegroundplane.

With theaxial feed,theterminalimpedance(resistive)is givenby

Wherewith theperipheralfeed, theimpedance(resistive)is givenby

Theabovetwo equationsarevalid if

Theappropriatethicknessof thesheetabovewhich thehelix is placedis

givenby;
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Measuredpattern of a six turn helix as function of frequency are

presentedhere;

and theperformanceparametersin termshelix dimensionsare;

Theaxial ratio is thevaluemeasuredin thedirectionof helix axisandis

givenby;

Wheren is nohelix turns
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Á In thismodeof operation,theradiationfield is

maximumin broadway ie., in thedirection

normal(perpendicular)to thehelix axis.

ÁTo achievethenormalmodeof operation,the

dimensionsof thehelix is.,

ÁThegeometryof thehelix reducesto a loopof diameter

D whenthepitchanglereducesto 0 ie..

ÁThehelix formsasadipolewith lengthS when

Á In the normalmodeof helical antenna,the loop dimensionsaresmall

and hencethe current is assumedto be a constantand the far field

patternis independentof thenumberof loop turnsandshortdipoles.

ÁThe helix may be treatedasa no. of small loopsconnectedin series

with no. of dipoles, in which the loop diameter is sameas helix

diameterandhelix turnspacingis sameasdipolelength.

Normal mode of helix operation

ll<<nL
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009=a



ÁThefar field patternfrom asmall loop antennais givenby

Where

ÁThefar field patternfrom adipoleantennais givenby

Á Thustheaxial ratio

ÁWhenAr=0;

thentheelliptical polarizationbecomeslinearhorizontalpolarization

ÁWhenAr=Ŭ;

thentheelliptical polarizationbecomeslinearverticalpolarization

ÁWhenAr=1;

thentheelliptical polarizationbecomescircularpolarization

ÁConditionfor pitchangleto getCircularpolarization
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Axial mode of helix operation

Á In this modeof operation,the radiationfield is maximumin endfire

ie., in thedirection parallelto thehelix axis.

ÁTo achievethe axial mode of operation,the circumferenceand the

dimensionsof theloopareapproximatelyequalto thel

Á It producesfairly directionalpatternalongthe axis with few number

of sidelobes

ÁTheantennagainandbandwidthdependsuponthehelix length(nS)

Á In axialmodetheterminalresistanceis givenby

ÁAnd theotherparametersare;
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Axial ratio is givenby

Thenormalizedfar field patternis givenby

Where;

Theaboveformulasarevalid if

Thehelix mayberight circularlypolarizedor left circularlypolarized

Applications:-

Usedin spacetelemetryapplicationat the groundend of the telemetry

link for satelliteandspaceprobesatHF andVHF andradioastronomy

n
Ar

2

1
1+=

ö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å
=

2

2
..

2
E

y

y

q
p

f

Sin

n
Sin

Cos
n

Sin

( ) ù
ú

ø
é
ê

è
+-=

n
Cos

2

1
1

S
2 q
l

py

103,1512,25.175.0C 00 ¢²== nSandntoto al



Advantages & Dis-Advantages of Helical antenna

Following are theadvantages of Helical antenna:

ổIt is simple in design.

ổAs it uses circular polarized pattern, it is acceptable by both 

horizontal and vertical polarized antenna types.

ổIt can be used for broadband applications due to wider bandwidth.

ổIt can be used at HF/VHF frequencies for transmission and 

reception.

ổIt offers higher directivity.

ổIt is very robust in construction.

Following are thedisadvantages of Helical antenna:

ổIt is large in size. This requires more space for installation.

ổFor higher number of turns its efficiency decreases. The maximum 

efficiency of about 80% can be achieved with the use of 3 to 4 turns.

ổIt is higher in cost.





Rubber Ducky antenna or axial mode helix ex

Normal mode of helix produces Broad side  pattern

//upload.wikimedia.org/wikipedia/commons/0/0b/Helical_antenna_principle.png
//upload.wikimedia.org/wikipedia/commons/5/5d/Uhf_cb_wit_rubber_ducky_exposed.jpg
http://en.wikipedia.org/wiki/Rubber_Ducky_antenna


In the axial modeor end-fire helix, the dimensionsof the helix
arecomparableto a wavelength. The antennafunctionsasa directional
antennaradiatinga beamoff the endsof the helix, along the antenna's
axis. It radiatescircularlypolarisedradiowaves

The benefitsof this helix antennais it hasa wide bandwidth,is easily
constructed,has a real input impedance,and can producecircularly
polarizedfields.

Helix antennasof at least3 turnswill havecloseto circular polarization
in the+z directionwhenthecircumferenceC is closeto a wavelength:

Once the circumferenceC is chosen,the inequalitesabove roughly
determinetheoperatingbandwidthof thehelix antenna.

For instance,if C=19.68 inches(0.5 meters),thenthe highestfrequency
of operationwill be given by the smallestwavelengththat fits into the
above equation, or =0.75C=0.375 meters, which correspondsto a
frequencyof 800MHz. The lowestfrequencyof operationwill begiven
by the largest wavelength that fits into the above equation, or
=1.333C=0.667 meters,which correspondsto a frequencyof 450 MHz.
Hence,the fractionalBW is 56%, which is trueof axial helicalantennas
in general

http://en.wikipedia.org/wiki/Directional_antenna
http://en.wikipedia.org/wiki/Circular_polarisation
http://www.antenna-theory.com/basics/polarization.php


Patch antennas or Micro-strip Antennas:
Patchantennasassigneddifferent names..like printed antennas,micro

strippatchantennasor simply amicro stripantennas(MSA).

MSA aremostlyusedwherethicknessandconformabilityis important

In high-performance aircraft, spacecraft, satellite, and missile

applications,wheresize, weight, cost,performance,easeof installation,

and aerodynamicprofile are constraints, low-profile antennasmay be

required.

Presentlytherearemanyothergovernmentandcommercialapplications,

such as mobile radio and wireless communicationsthat have similar

specifications.

To meettheserequirements, micro-stripantennascanbeused.

The strip (or patch) and the groundplaneare separatedby a dielectric

sheet(referredto asthesubstrate).

Theseantennasare low profile, conformableto planar and non-planar

surfaces,simpleand inexpensiveto manufactureusingmodernprinted-

circuit technology

Chapter -IV PART C



Micro-strip Antennas:

Commonshapesof patch:

Rectangular

Square

Circular
Elliptical

Annular ring

Triangular

Basic patch assembly

Robert E Munson or Bob

Munson is the inventor of

òMicro-strip patch" antenna

People from University of

Massachusetts- Dan Schaubert,

Bob Jackson, Sigfrid Yngvesson

ðdeveloped (1980-1984)



Features of Micro-strip Antennas:
Patchantennabasicallyis metalpatchsuspendedovergroundplane.

A micro strip patchantennaconsistsof a radiatingpatchon onesideof a

dielectricsubstratewhich hasagroundplaneonotherside.

The patch is generallymadeof conductingmaterialsuchas copperor

goldandcantakeanypossibleshape

A microstripantennais characterizedby its

Á Length,

Á Width,

Á Input impedance,

Á Gainand

Á Radiationpatterns.

This conceptwas undevelopeduntil the revolution in electroniccircuit

miniaturizationandlarge-scaleintegrationin 1970.

The early work of Munson on micro strip antennasfor use as a low

profile flush mountedantennason rocketsandmissilesshowedthat this

wasapracticalconceptfor usein manyantennasystemproblems.



Features of Micro-strip Antennas:
The micro strip antennasarethe presentday antennadesignerôschoice.

Low dielectricconstantsubstratesaregenerallypreferredfor maximum

radiation.

The conductingpatch can take any shapebut rectangularand circular

configurations are the most length of the antenna is nearly half

wavelengthin thedielectric; it is a very critical parameter,which governs

theresonantfrequencyof theantenna.

Therearenohardandfastrulesto find thewidth of thepatch.





Parameters of Micro-strip Antennas:



Theexpressionfor theeffectivedielectricconstantis givenby

Relativelengthof dielectricis givenby..

Theeffectivelengthof thepatchantennais

Parameters of Micro-strip Antennas:
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For a resonantfrequencyf0, theeffectivelengthis givenby

For a rectangularpatch,theresonantfrequencyin anyTMmn modeis

Thewidth of thepatchis givenby

Thefield componentsin thepatchantennais givenby

Parameters of Micro-strip Antennas:

P. Bujjibabu. Associate 
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Radiation pattern of Micro-strip Antennas:
Thenormalisedradiationpatternof amicrostripantennais givenby

Lossesin micro stripantennas:

theseareof two types:

Dielectriclossesand

conductorlosses



UHF, VHF &Microwave antennas 
üReflector Antennas:

ÁTypes, flat sheet and Corner Reflectors

ÁParaboloidal Reflector: Geometry & characteristics

ÁTypes of feeds{off set & Cassegrianfeeds}

ÁF/D ratio, Spill over, Back lobes, Aperture blocking

üHorn antenna{types, optimum pyramidal horn design}

üLens Antennas:

ÁTypes, features

ÁDielectric lenses

ÁZoning applications

50
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Vhf Uhf & Microwave antennas -Introduction

üOperating frequency is 30-300,300-3000 & 3000-30,000 with 

corresponding wave lengths 10-1m,1-0.1m & 0.1-0.01m

üMicrowave antennasĄ >2Ghz

üVHF and UHF are used for ;

Á Land mobile communications

Á Public safety & communications

Á Industry,, applications

Á Space vehicles

Á And ships

üEx: Yagi-Uda, Folded dipole and Ground planeCorner reflector 



Vhf Uhf & Microwave antennas -Introduction

Point source Line source Sheet source



Reflectors: Introduction
Reflectorsareusedto concentrateflux of EM energyradiated/received,
or to changeits direction.

Reflectorsarewidely usedto modify the radiationpatternof a radiating
element

Largereflectorshavehigh gain anddirectivity arenot easyto fabricate
andarenotmechanicallyrobust.

q1 q2

For gettingmodifiedpattern,therearedifferenttypesof reflectors

ÁFlat reflectors(lineor sheettype)

ÁCornerreflector(Active& Passive)

ÁParabolicreflector

Antenna pattern without reflector Antenna pattern with reflector

q1< q2

D1<D2



Different typesof reflectorsareshownin belowfigure

Large sheet reflector

Line reflector
Sheet reflector

Parabolic reflectorPassive Corner reflectorActive Corner reflector


