
Antennas 

Syllabus (as on 2019)

As per AEC(AR-17)

Prepared by

P.Bujjibabu., M.Tech.,(Ph.D.),MIEEE., AMIETE

Assistant Professor

Dept of Electronics & commõn Engineering

Aditya Engineering college, Surampalem

Antenna FAQs to 

bujjibabu82foru@gmail.com



Subjects I could answer 

for your questions

Antennas & Wave Propagation

Microwave Engineering (Theory & Lab)

VLSI Design (Theory & HDL Lab)

Digital IC Applications

Mentor Graphics EDA Tool

Low power VLSI Design



Course objectives & Outcomes

ü Objectives:

ÁTo know basicantennaparameters

ÁTo computethefieldsassociatedto antennas

ÁTo know themethodsto improveantennaperformance

ÁTo know thebasicstructuresof acomplexantenna

ÁTo know themethodsof measuringantennaparametersandprinciples

of WavePropagation,

ü Outcomes:

ÁElaboratevariousantennasandits performanceparameters

Á Infer thefieldsandpatternsof all typesantennas

ÁApply themethodsto improveantennaperformance

ÁExplainthebehaviourof differentcomplexantennas

ÁRecommendthe antennafor selectedapplicationsthrough suitable

modeof WavePropagation



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,Department of ECE 

,AEC,Surampalem
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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 
P. Bujjibabu. Associate 

Professor,Department of ECE 

,AEC,Surampalem
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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:

P. Bujjibabu. Associate 

Professor,Department of ECE 

,AEC,Surampalem
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CHAPTER-VA: Antenna measurements
Antenna measurements:

ü Bench Set up for measurement

ü Distance Criterion

üMeasurement of Patterns required,

üMeasurement of Radiation Resistance

üMeasurement of Directivity and Gain {comparison, absolute & 3- antenna 
methods }

CHAPTER-VB: Wave Propagation
üConcept of Propagation

üFrequency ranges and types of propagations

üFriiôsfree space equation(also called fundamental Equation for free-
space) for wave propagation

üSommerôsfield equation{ for Ground wave }

üGround wave propagation:

ÁCharacteristics, Parameters

Áwave tilt { flat & spherical Earth}



ü Sky-wave Propagation:

ÁFormation of Ionosphere layers & formation

ÁCharacteristics ionosphere layers

ÁMechanism of reflection and refraction

ü Definitions:

ÁCritical frequency, MUF, Optimum Frequency

ÁVirtual height & Skip distance{..all parameters calculations for flat and 

spherical earth cases}

ü Ionosphericabnormalities{ absorption}

ü Space-wave Propagation:

ÁMechanism ,LOS & Radio Horizon

ü Tropospheric wave propagation:

ÁRadius of curvature of path

ÁEffective Earthôs radius

ÁEffect of Earthôs Curvature

ü Field strength calculations

ü M- Curves & DUCT propagation

ü Tropospheric Scattering



Antenna measurements
Basic Methods in Antenna Measurements:

Thebasicmethodsfor themeasurementof antennafar field patterns,Rr,

input impedance,gainanddirectivity aredescribedhere

Theantennaparameters,for measurement, are:

üThepattern(amplitude& phase)

üGainanddirectivity

üAntennaefficiency(beam,radiation,aperture)

üAntennaimpedance

üCurrentdistributionand

üPolarization

Theantennameasurementequipmentincludes: antennaranges,antenna

positioners, pattern recorders, vector network analysers, signal

generators,antennagain standards,etc.
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Experimental verifications suffer from a number of draw backs:

üDistancecriterion

üDifficulty in switching betweenoperatingmode and measurement

mode

üLong time for measurement(likeantennaarrays)

üDifficulty in measurementfor largerantennasystems

üDifficulty in matchingtheoreticalandpracticalvalues

üAffectedby unwantedreflections;

üVery complicated when a whole antenna system (e.g., on-craft

mountedantenna)is to bemeasured;

üOutdoor sites have uncontrollableEM environment, which, besides

all, dependson theweather;

ü Indoorsitescannotaccommodatelargeantennasystems;

üTheinstrumentationis expensive.
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Benchsetup

Position 

controller
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Position 
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Pattern 

Recorder
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Antenna under test

Positioner Polarization Positioner
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Distance criterion 
Distancefor far field measurement: for the far field pattern,thedistance

betweenTx andRx shouldbe

Fromthefig.

If d<<R; then andhence

Da
DaR

R+d

Receiving Antenna aperture

Transmitting Antenna aperture

R is distance between Rx and Tx

Da is mouth aperture of Rx and Tx

lis wavelength
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Measurement of radiation pattern

Indicator

Antenna 

drive unit

Rx

Tx. Antenna 

or Primary 

antenna

Transmitter 

or 

Oscillator

RF cable

Receiving 

Antenna 

support or shaft

Rotary 

mechanism

AUT

Transmitter Receiver

Bench set up
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Measurement of Radiation resistance

Thebenchsetup is shownin thefigurebelow;

In step 1, connect the test antenna(or AUT) and then transmit a

convenientsignalfrom Tx towardstestantenna.

Measurethereflectedpower(W1) in Rx indicator., which is givenby

Rx

Tx

Indicator

reference antenna
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In step2, connectthe std. antenna(or Horn) andthentransmitthe same

signal(asin step1) from Tx std. or referenceantenna.

Measurethe reflected power(W2)in Rx indicator., which is thengiven

by

Then the unknownradiationresistanceRr1 canbe computedby taking

theratio..like.,

It canberewrittenas;
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Antenna Gain measurement -Direct comparison
Benchsetup

Signal 

source

modulator

Precision calibrated 

variable attenuator

Power 

bridge

Fixed 

Attenuator

Rx. 

detector

detector

Secondary 

antenna
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Std. gain horn 

antenna

Test antenna

ö
ö

÷

õ

æ
æ

ç

å
²

l

2

2 aD
R

TxRx

P1

W1

P2

W2

x

x

19



The gain is definedasthe ratio of signalreceivedby AUT to the signal
received by reference (std.horn) antennaéand hence comparison
method.

Procedure:

std., ( or horn)antennais connectedto the receiverwith thehelp
of switchandis aimedto thesecondaryantennafor maximumsignal.

Adjust the i/p signal at Tx and the receivedsignal is recordedin Rx.
indicator(let it beX).

Now, in placeof std. antenna,connectthe AUT( antennawhose
gainis to bemeasured)to thereceiver.

Adjust theattenuatordial settingsoasto get thesamereading(X)in the
Rx. Indicator.

Thenthe unknowngain valueof the AUT is predictedby the following
method.

The attenuator dial setting (W1) and the power bridge 

readings(P1) are noted.

The attenuator dial setting (W2) and the power bridge 

readings(P2) are noted.

Step1:

Step 2:
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Absolute method of gain measurement(3 -antenna)
Thismethodis usingthetreeantennasfor gainmeasurement

transceiver

transceiver transceiver
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The generalexpressionfor the spacewave propagation( Friisôsfree

spaceequation) is givenby;

Applying log onbothsides;
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The aboveequationis valid for two antennamethod. In threeantenna

method, the gain can be calculatedwith the combination of 3-two

antennas.

Considerthe threeantennasasA,B,C. The gainsthreeantennascanbe

evaluatedby usingA-B, B-C, andC-A.

A-B combination: thegainin dBscanbewrittenas;

B-C combination: thegainin dBscanbewrittenas;

C-A combination: thegainin dBscanbewrittenas;

WhereGa,Gb, Gc aregainsof antennasA,B,C s respectively.

Pra,Prb,Prcarereceivedpowersof antennasA,B,C respectively

Pta,Ptb,Ptcaretransmittedpowersof antennasA,B,C respectively
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Equations1,2, and 3 are solved, to get the gain, by taking different

combinations.
1-2+3Ą
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1+2-3Ą
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-1+2+3Ą
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Equations4,5,and 6 gives correspondinggain for individual antennas

A,B andC respectively 27



Therearemanysourcesof errorswith the3- antennamethod;

ÁMisalignmentof theantennas

ÁPolarizationmismatchbetweenTx andRx antennas

ÁThe uncertaintyof the powermeteror calibratedattenuatorusedfor

themeasurementof Pr or Pt.

Á Imperfectionsin testfield measurements

Á Impedancemismatchbetweentransmittingandreceivingantennas

ÁVariationsin thepowermeasurementsfor the3 setsof antennas
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Wave Propagation
üConcept of Propagation

üFrequency ranges and types of propagations

üFriiôsfree space equation(also called fundamental Equation for free-

space) for wave propagation

üSommerôsfield equation{ for Ground wave }

üGround wave propagation:

ÁCharacteristics, Parameters

Áwave tilt { flat & spherical Earth}

üSky-wave Propagation:

ÁFormation of Ionosphere layers & formation

ÁCharacteristics ionosphere layers

ÁMechanism of reflection and refraction



üDefinitions:

ÁCritical frequency, MUF, Optimum Frequency

ÁVirtual height & Skip distance{..all parameters calculations for 

flat and spherical earth cases}

ü Ionosphericabnormalities{ absorption}

üSpace-wave Propagation:

ÁMechanism ,LOS & Radio Horizon

üTropospheric wave propagation:

ÁRadius of curvature of path

ÁEffective Earthôs radius

ÁEffect of Earthôs Curvature

üField strength calculations

üM- Curves & DUCT propagation

üTropospheric Scattering



Transmitter to Receiver ðRadio waves from transmitting 

antennas induce signals in receiving antennas as they pass by 

phenomena called  WAVE PROPAGATION



Antennas and Wave propagation
Propagation:

A phenomenaoccurringin the mediabetweena transmittingand

receivingantenna. Whena radio wave is radiatedfrom the transmitting

antennato receivingantenna,it spreadsin all directionswith decreasing

amplitudeby increasein distance.

ÁElecromagneticwaves are nothing but the radio waves.

ÁThe main consideration of the wave propagation is Earth and its 

immediate surrounding.

ÁFree-Space- does not interfere with normal radiation,

propagationof RF wavesandis definedwith

No-magnetic,and

No- gravitationalfields,

No- solidbodiesand

No- ionizedparticles

ÁLoss: ratioof Pr to Pt



Communicationthroughvariouscomponents:

Radio Wave Components

Wave component Comments

Direct wave Free-space propagation

Reflected wave Reflection from passive antenna, ground, 

wall, object, ionosphere <~100MHz, etc.

Refracted wave Standard, Sub-, and Super-refraction, 

ducting, ionized layer refraction <~100MHz

Diffracted wave Ground-, mountain-, spherical earth-

diffraction <~5GHz

Surface wave <~30 MHz

Scatter wave Tropo scatter wave, precipitation-scatter 

wave, ionized-layer scatter wave



Transmitting antenna Receiving antenna

Directed Ray

Propagation through free space

Earth

reflected Ray



ÅThe portion of receivedpower at distant receiving point may travel 

over any of possible mode of propagation;

ÅGround wave propagation or Surface wave propagation(up to 2MHz):

Ąbroadcast and lower frequencies  ie.,MW,LW,VLW

Ądepends on frequency and Pt.

ÅSky wave propagation or Ionospheric wave propagation(2 to 30 MHz):

ĄMF and HF with long distance propagation(SW)

Ąreflection by ionosphere

Ą also called point-to-pointcommôn &round the globe commôn is possôle

ÅSpace wave propagation or tropospheric wave propagation(30-300MHz):

ĄSWs and VSWs, used for VHF, UHF and UW freqôy

ĄDirect rays or reflected rays from the Earthôs troposphere

Ą also called as line-of-sight propagation

Ą Curvature of Earth and Ht,Hr defines the maxôm range of 

propagation.

ÅDuct propagation or super refraction:



ÅDuctpropagationor superrefraction:

A normal or standard atmosphereis one where the

dielectric constantis assumedto decreaseuniformly with

height to a value of unity at a height where air density is

essentiallyzero.

Theseconditionsbesidesgiving phenomenaof scattering,

refractionandreflection givesa newphenomenacalledsuper

refractionor DUCT propagation.



Communicationpossiblethroughdifferentmechanism:

Absorption: Theconversionof the transmittedEM energyinto another

form, usuallythermal.

ÅThe conversiontakes place as a result of interaction betweenthe

incidentenergyandthe materialmedium,at the molecularor atomic

level.

ÅOne causeof signal attenuationdue to precipitations(rain, snow,

sand)andatmosphericgases

Diffraction : Themechanismby thewavesspreadastheypassbarriersin

obstructedradiopath(throughopeningsor aroundbarriers)

ÅEachpoint on a wave front actsas a sourceof secondaryspherical

wavelets. Whenthewavefront approachesanopeningor barrier,only

thewaveletsapproachingtheunobstructedsectioncangetpast.

ÅThey emit new waveletsin all directions,creatinga new wavefront,

which createsnewwaveletsandnewwavefront, etc..

Various parameters involved



Reflection: Theabruptchangein directionof awavefront at aninterface

betweentwo dissimilar media so that the wave front returns into the

mediumfrom which it originated. Reflectingobjectis largecomparedto

wavelength.

ÅReflection may be specular(i.e., mirror-like) or diffuse (i.e., not

retainingthe image,only the energy)accordingto the natureof the

interface.

ÅThephaseof the reflectedwavemay changedependingon thenature

of themediaand interfaceandwavepolarization.

Refraction: Redirectionof a wave front passingthrough a medium

havinga refractiveindexthat is a continuousfunctionof position(e.g., a

graded-index optical fiber, or earthatmosphere)or througha boundary

betweentwo dissimilarmediaor

ÅFor two mediaof differentrefractiveindices,theangleof refractionis

closelyapproximatedby Snell'sLaw.



Scattering:- Of a wave propagating in a material medium, a

phenomenonin which the direction or polarization of the wave is

changedwhenthewaveencountersdiscontinuitiesin themedium.

Å Involvesobjectssmallerthanthewavelength(e.g. foliage,streetsigns,

é)

ÅScatteringresultsin a disorderedor randomchangein the incident

energydistribution.

Fading: In a receivedsignal,the variation(with time) of the amplitude

or relativephase,or both,of oneor moreof thefrequencycomponentsof

thesignal.

ÅFadingis causedby changesin the characteristicsof the propagation

pathwith time.



Modes of Wave propagation(wrt height)



ÅNature of Earth: conductivity, permittivity, permeability, curvature, 

magnetic field and roughness (hill or sea or forest)

ÅFrequencyof operation

ÅPolarizationof Tx

ÅHeightof Tx and Rx

ÅPowerof Tx

ÅElectrical characteristics of the atmosphere

ÅMoisturecontent in the troposphere

ÅEffective refractive index of the medium

ÅThe distancebetween Tx and Rx

ÅAbstaclesbetôn Tx anRx

Å fading(frequency dependent) and Shadowing(blocking)

Å reflectionat large obstacles and refraction(depending on medium)

Åscattering at small obstacles and diffraction at edges

Factors influencing the propagation

reflection

scattering

diffraction

shadowing

refraction



Fundamental eqônfor free-space

(Friisôsfree-space equation)

ÅTransmissionloss: ratioof Pradto Precv

and is estimatedby using above equation with the below

arrangement



Let 

Pr- be the power received by Rx

Pt- be the power transmitted by Tx

Aet- be the effective aperture of Tx

Aer- be the Effective aperture of Rx

R- be the distance betônTx and Rx

ɚ- be an operating wavelength .,m

The power per unit area available at the receiving antenna is 

Since all the practical antennas have directional characteristics ie., non-

isotropic , therefore, the directive gain of transmitting antenna is 

defined as, Gt= Pmax (aut)/Pmax(iso)

So the maximum power by the test antenna is

Pmax(aut)   =  Gt x Pmax(iso)

So the power density available in-front of receiving antenna will be., 

24 R

P
S t

r
p

=

24 R

GP
Sr tt

p
=

This is of 

ISOTROPI 

ANTENNA 

and is not for a 

practical 



Now the power collected by loss less receiving antenna of Aer is given 

by

But we have the relation betôngainand effectiveaperture as.,

For receiving antenna it is expressed as.,

and is modifiedas., 

The power received by receivingantennais given by.,

and is modified as

Therefore power loss is given by

and is called as FRIISôs free-space equation
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ÅAccording to Sommerfield, the fieldstrengthfor a flat earthis given 

by

where 

Eo= ground wave field strength at the surface of the earth at     

unit distancefrom the transmitting antenna

Eg= ground wave field strength

A = attenuation factor or loss factor

d = distance betônTx and Rx

Å Eodepends on ;

Pt,Directivityof horôland verôlplanes

ÅFor a non-directional antenna Eo is

or (P=1w)volt/meter

d

EoA
Eg=

Sommerôsfield equation

d

P
300

d

300



ÅFor a directional antenna, on a flat earth and perfectly 

conducting Eo is volt/meter

ÅThe maximum distance dmaxis

for 0.5 to 1.5 Mhz

ÅThe ground wave attenuation factor A is given by
For P<5

Where P is numerical distance and depends on frequency 
and type of ground

ÅFor any value of P;

Here b is phase constant
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Structure of atmosphere
ÅHere we  will study about the medium

above the earth , through which wave 
propagate. Such as 

ĄStructure of troposphere

ĄStructure of ionosphere

ĄOuter atmosphere

1.Troposphere ( 15 km avg)

from Earthõs surface to 

8 to 10 km at polar lattitude

10 to 12 km at moderate lattitude

16 to 18 km at the equator



Ą% of gas components constant

ĄWater vapor components decõswith 

height

ĄTemperature decõswith incõsein height

ĄIn tropopause tempõreremains constant 

and then begins to incõsewith height

ĄRefractive index of the troposphere 

is 0.0003% is > unity and change in 

Refractive index is given by

G

610-= XN G





Structure of Ionosphere

ÅĄ upper part of the atmosphere

ÅĄionization is appreciable due to sun 
radiation

ÅProvides ionization agents like

UV,,,,,,é. rays,

ÅOn the other hand above 400km height,,the
air particles are few and ionization density 
low

ÅIe ionization density is high with in 50-400 
km



Field strength of space wave 

propagation
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ÅCurvature of the Earth neglected , energy 

received in space wave propagation is in 

two ways., ie., direct ray d1 and indirect 

ray d2

ÅReceived field strength is vector sum of 

d1 and d2

ÅFrom the triangle             ,

ÅSimilarly form triangle s ,
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ÅFrom equation 1

Å

Å

Å
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Similarly

But the path difference between direct ray 
and 

Indirect ray is
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ÅPhase difference due to path difference 
is

ÅThis is the phase difference due to path 
difference. But another 180 degrees due 
to reflection from the ground

ÅThe total phase difference is

ÅNow the resultant field strength at 
receiving point R is given by

dPbf=

d

hh rt2
)/2( lÔ=
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d

hh rt

l
f
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ÅAs

ÅWhere Eo is frees-pace field strength at 

unit distance and is given by

Åtherefore
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Modified as

But 

Therefore

if
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ÅSin( small)= small and hence

ÅBut we know that =Ef/d

ÅTherefore

ÅWhere P is Effective power radiated in 

watts

Ef is field strength due to direct ray
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Range of space wave propagation



ÅThe space  wave propagation limited to

Ą line of sight distance

Ącurvature of the Earth

ÅLine of sight distance is one with 

propagation of direct rays between Tx

and Rx without being intercepted by the 

bulge in the Earth surface

ÅLet

d be the distance betõnTx n Rx

r be the radius of Earth  



ÅFrom the triangle OAB,

ÅSimilarly from triangle OCB,
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ÅTotal distance between Tx and Rx

ÅRadius of the Earth is 

ÅTherefore

The range of space wave propagation 

depends on height of transmitting and 

receiving antennas

[ ]rt hhrddd +=+= 221

kmr 6370=

[ ]rt hhXd += 61074.12

[ ]kmhhd rt += 57.3



Parameters of ionospheric wave 

propagation

ÅĄMUF:

ÅHighest frequency which can be used for 

sky wave communication between any 

two given points

ïMUF is different for different pairs of points 

on the globe

ïJust  greater than working frequency

i angel of incidence

ifF CMUF sec=



ÅCritical frequency:

Highest frequency at a 

vertical incidence 

Ądepends on ionized layer

Ądifferent for different ionized layers

Ą the highest frequency that can be 

reflected by a particular ionospheric

layer at vertical incidence when effective 

reffracive index of the layer (U) is zero

Fc in Mhz and Nmax in cubic meter 

max9 NfC =



ÅSkip distance:

ÅThe maximum distance from the transmitter 

at which a sky wave of given frequency is 

returned to earth by the ionosphere

ÅIn fact the skip distance is the distance 

skipped over by the sky wave

ÅThe frequency corresponding to skip 

distance is MUF for those two points

ÅNo signal have been received if receiver is 

placed in skip distance

ÅFor a given frequency , the skip distance is 
1)(2 2-=

c

muf

skip
f

f
hD







ï T3A9 A common effect of "skip" reflections between the Earth 

and the ionosphere is the polarization of the original signal 

becomes randomized.

ïSkip happens when signals refract and reflect off the ionosphere.  

» DX stations 1000 miles away come booming in.  

ïEvery 30 seconds signal goes from strong to weak and back. 

» Caused by random, ever changing polarization of the original 

signal.





WAVE PROPAGATION
The eyesand earsof a ship or shorestation dependson sophisticated,
highly computerizedelectronic systems. The one thing all of these
systemshavein commonis thattheyleadto andfrom antennas

THE EARTHôSATMOSPHERE:
While radio wavestraveling in free spacehavelittle outsideinfluenceto
affect them, radio wavestraveling in theearthôsatmospherehavemany
influencesthat affect them.Theseproblem-causingconditionsresult from
a lack of uniformity in the earthôsatmosphere. Many factorscan affect
atmosphericconditions,eitherpositivelyor negatively. Threeof theseare
variations in geographicheight,differencesin geographiclocation, and
changesin time(day,night,

season,year).

The earthõsatmosphere is divided into three separate
regions, or layers . They are

The troposphere,

The stratosphere and

The ionosphere .



Nature of atmosphere
TROPOSPHERE:
Almost all weather phenomena take place in the troposphere . The temperature in this
region decreases rapidly with altitude . Clouds form, and there may be a lot of
turbulence because of variations in the temperature, pressure, and density . These
conditions have a profound effect on the propagation of radio waves, as we will
explain later in this chapter .

STRATOSPHERE:
The stratosphere is located between the troposphere and the ionosphere . The
temperature throughout this region is almost constant and there is little water
vapour present . Because it is a relatively calm region with little or no temperature
change, the stratosphere has almost no effect on radio waves.

IONOSPHERE :
This is the most important region of the earthõsatmosphere for long distance,
point -to-point communications . Because the existence of the ionosphere is
directly related to radiation emitted from the sun, the movement of the earth
about the sun or changes in the sunõsactivity will result in variations in the
ionosphere . These variations are of two general types : (1) those that more or less
occur in cycles and, therefore, can be predicted with reasonable accuracy ; and
(2) those that are irregular as a result of abnormal behavior of the sun and,
therefore, cannot be predicted .

T



Ionospheric Layers

The ionosphere is composed of three distinct

layers, designated from lowest level to highest level

(D, E, and F) as shown in figure 1-2. In addition,

the F layer is divided into two layers, designated

F1 (the lower level) and F2 (the higher level) . The

presence or absence of these layers in the

ionosphere and their height above the earth vary with

the position of the sun. At high noon, radiation in the

ionosphere above a given point is greatest, while at

night it is minimum . When the radiation is removed,

many of the particles that were ionized recombine .

During the time between these two

conditions, the position and number of ionized layers

within the ionosphere change. Since the position of

the sun varies daily, monthly, and yearly with respect

to a specific point on earth, the exact number of layers



D LAYER .ñ The D layer ranges from
about 30 to 55 miles above the earth .
Ionization in the D layer is low because
less ultraviolet light penetrates to this level .
At very low frequencies, the D layer and
the ground act as a huge waveguide,
making communication possible only with
large antennas and high power
transmitters . At low and medium
frequencies, the D layer becomes highly
absorptive, which limits the effective
daytime communication range to about 200
miles . At frequencies above about 3 MHz,
the D layer begins to lose its absorptive
qualities .



Long-distance communication is
possible at frequencies as high as 30
Mhz. Waves at frequencies above this
range pass through the D layer but are
Attenuated after sunset. The D layer
disappears because of the rapid
recombination of ions. Low frequency
and medium -frequency,long -distance
communication becomes possible . This
is why AM behaves so differently at
night . Signals passing through the D
layer normally are not absorbed but
are propagated by the E and F layers .



E LAYER .ñ

range -55 to 90 miles

exits during day time and disappears at mid night

medium range comõnfrom LF to VLF

f=> 150 Mhz

Sometimes a solar flare will cause this layer to ionize at night over

specific areas. Propagation in this layer during this time is called

SPORADIC-E. The range of communication in sporadic -E often exceeds

1000 miles, but the range is not as great as with F layer propagation .

F LAYER .ñ

range - 90 to 240 miles

during day time as F1 and F2 and appears at mid night as F

only

For horizontal waves, the single -hop F2 distance can reach 3000

miles

The F layer is responsible for most high frequency, long -

distance communications

The maximum frequency that the F layer will return depends on the

degree of sunspot activity . During maximum sunspot

activity, the F layer can return signals at frequencies as high as 100

Mhz.

During minimum sunspot activity, the maximum usable frequency can



Atoms in the F layer stay ionized for a

longer time after sunset, and during

maximum sunspot activity, they can stay

ionized all night long .

Since the F layer is the highest of the

ionospheric layers, it also has the longest

propagation capability .

For signals to propagate over greater

distances, multiple hops are required . The F

layer is responsible for most high

frequency, long -distance communications .



Effects of ionospheric layer density on radio waves.



Frequency versus refraction and 

distance



Incidence angles of radio waves



Effect of frequency on the critical angle.



Skip Distance:

The skip distance is the distance from the
transmitter to the point where the sky wave
first returns to the earth . The skip distance
depends on the waveõsfrequency and angle of
incidence, and the degree of ionization

Relationship between skip zone, skip distance, and 

ground wave

Skip Zone

The skip zone is

a zone of silence

between the point

where the ground

wave is too weak for

reception and the point

where the sky wave is

first returned to earth .



CRITICAL FREQUENCY :

The maximum frequency at which a radio wave can be

transmitted vertically and still be refracted back to earth

MAXIMUM USABLE FREQUENCY:

The higher the frequency of a radio wave, the lower the rate of

refraction by the ionosphere . Therefore, for a given angle of

incidence and time of day, there is a maximum frequency that

can be used for communications between two given locations .

This frequency is known as the MAXIMUM USABLE

FREQUENCY (muf ).

LOWEST USABLE FREQUENCY :

The minimum operating frequency that can be used for

communications between two points

OPTIMUM WORKING FREQUENCY:

The most practical operating frequency is one that you can

rely onto have the least number of problems . It should be

high enough to avoid the problems of multipath fading,

absorption, and noise encountered at the lower

frequencies ; but not so high as to be affected by the

adverse effects of rapid changes in the ionosphere . A

frequency that meets the above criteria is known as the
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Forsuccessful
communicatio
between any two
specified locations at
any given time of the
day, there is a
maximum frequency ,
a lowest frequency
and an optimum
frequency that can be
used.



Inospheric abnormalities
Fading:

The most troublesome and frustrating
problem in receiving radio signals is variations
in signal strength, most commonly known as
FADING

When a radio wave is refracted by the
ionosphere or reflected from the earthõssurface,
random changes in the polarization of the wave
may occur. Vertically and horizontally mounted
receiving antennas are designed to receive
vertically and horizontally polarized waves,
respectively . Therefore, changes in polarization
cause changes in the received signal level
because of the inability of the antenna to
receive polarization changes.



Fading also results from absorption of the rf energy
in the ionosphere . Most Ionospheric absorption
occurs in the lower regions of the ionosphere where
ionization density is the greatest . As a radio wave
passes into the ionosphere, it loses some of its
energy to the free electrons and ions present there .
Since the amount of absorption of the radio -wave
energy varies with the density of the Ionospheric
layers, there is no fixed relationship between
distance and signal strength for Ionospheric
propagation . Absorption fading occurs for a longer
period than other types of fading, since absorption
takes place slowly . Under certain conditions, the
absorption of energy is so great that communication
over any distance beyond the line of sight becomes
difficult . Although fading because of absorption is
the most serious type of fading, fading on the
Ionospheric circuits is mainly a result of multipath
propagation .



Multipath propagation
MULTIPATHis simply a term used to describe the multiple paths a
radio wave may follow between transmitter and receiver Such
propagation paths include the ground wave, ionospheric
refraction, reradiation by the ionospheric layers, reflection from
the earthõssurface or from more than one ionospheric layer , and
so on. Multipath fading may be minimized by practices called
SPACEDIVERSITYand FREQUENCYDIVERSITY

In spacediversity, two or more receiving antennas are spacedsome
distance apart. Fading does not occur simultaneously at both
antennas. Therefore,enoughoutput is almost always available from
oneof the antennasto providea useful signal .

In frequency diversity, two transmitters and two
receivers are used, each pair tuned to a different
frequency, with the same information being
transmitted simultaneously over both frequencies.
One of the two receivers will almost always
produce a useful signal .


