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Course objectives & Outcomes

U Objectives:

A To know basicantenngarameters

A To computethefields associatedo antennas

A To know themethodgo improveantenngerformance
A To know thebasicstructuresf a complexantenna

A To know the methodsof measuringantenngarameterandprinciples
of WavePropagation,
U Outcomes:

A Elaboratevariousantennasndits performancearameters
A Inferthefields andpatternof all typesantennas

A Apply themethodgo improveantenngerformance

A Explainthebehaviourof differentcomplexantennas

A Recommendthe antennafor selectedapplicationsthrough suitable
modeof WavePropagation
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CHAPTERVA: Antenna measurements

Antenna measurements:

U Bench Set up for measurement

U Distance @terion

Measurement of Patternsquired
Measurement dRadiation Resistance

Measurement of Directivity an@ain {comparisonabsolute & 3antenna
methods }

CHAPTERVB: Wave Propagation

0 Concept of Propagation
U Frequency ranges and types of propagations

U F r ifreeGspace equation(also called fundamental Equation for fr
space) for wave propagation

U S o mmdieldéeguation{ for Ground wave }
0 Ground wave propagation:
ACharacteristics, Parameters
Awave tilt { flat & spherical Earth!

cC: C: C:



Sky-wave Propagation:
A Formation of lonosphere layers & formation
A Characteristics ionosphere layers
A Mechanism of reflection and refraction
Definitions:
A Critical frequency, MUF, Optimum Frequency

A Virtual height & Skip distance{..all parameters calculations for flat a
spherical earth cases}

lonospheriabnormalities{ absorption}

U Spacewave Propagation:

A Mechanism ,LOS & Radio Horizon
Tropospheric wave propagation:
A Radius of curvature of path
AEf fective Earthos radius
AEffect of Earthos Curvature
Field strength calculations
M- Curves & DUCT propagation
Tropospheric Scattering



%,
Antenna measurements “b
Basic Methods in Antenna Measurements: %‘\,

The basicmethoddor the measuremenf antenndar field patternsRu,
Input impedancegainanddirectivity aredescribecere

Theantennameasuremengquipmenincludes antennaranges,antenna
positioners, pattern recorders, vector network analysers, signal
generatorsantennagain standardsetc

Theantenngarameterdpr measuremenare
Thepattern@mplitude& phase)
Gainanddirectivity
Antennaefficiency(beam radiation,aperture)
Antennaimpedance

Currentdistributionand

y
y
y
y
”
U Polarization



Experimental verifications suffer from a number of draw backs

Cc:

cC: C. C: C: -

Distancecriterion "~ 2%%

Difficulty in switching betweenoperating mode and measuremer
mode

Long time for measurement(likantennarrays)

Difficulty in measuremerfor largerantennaystems

Difficulty in matchingtheoreticaandpracticalvalues

Affectedby unwantedeflections

Very complicated when a whole antennasystem (e.g., on-craft
mountedantenna)s to be measured

Outdoor sites have uncontrollableEM environment which, besides
all, depend®ntheweathey

Indoorsitescannotaccommodat&rgeantennaystems
Theinstrumentations expensive



Benchsetup &

Reference antenna(horn) &

Antenna under test

Positioner Polarization K_)

Positioner

Position

controller I
' Rece Position Position Source Signal
| ECEIVET Indicator Indicator control generator

Pattern
Recorder




Distance criterion

Distancefor far field measuremenftor the far field pattern,the distance
(o} 2 ~
betweenlx andRx shouldbe ., _aD." §

ge / 9
_\ R is distance between Rx ahx
R+d Da is mouth aperture of Rx aiat

\ 1 | is wavelength
Da R Da

Transmitting Antenna aperture
Receiving Antenna aperture

o 2 Z D 2
Fromthefig. (R+0a)* = R2+S‘e[;_a8 Y RR+d°+2Rd =R+ 4a
g I,
: D 2 3 D 2 D 2
|f d<<R; thenY R2 + 2Rd = R2 +7a Y 2Rd = Ta andhence R = 8_21



Measurement of radiation pattern

Receiving
Tx. Antenna Antenna
: AUT
or Primary support or shaft
antenna
RF cable Antenna Rotary
2 drive unit mechanism
Transmitter RX
or ‘
Oscillator _
Indicator
Transmitter Receiver

Bench set up



Measurement of Radiation resistance

Thebenchsetupis shownin thefigure below,
w1

RX antenna
W2

RXx > 4

/ Indicator

[y i

Tx antenna

AUT  reference antenna
In step 1, connectthe test antenna(or AUT) and then transmit a

conveniensignalfrom Tx towardstestantenna
Measurehereflected power(W1) in Rx indicator, whichis givenby

W, =k (Etlel)z W, =k (Et|e2)2
R R




In step2, connectthe std antenngor Horn) andthentransmitthe same
signal(asin stepl) from Tx std or referenceantenna

Measurethe reflected power(W2)in Rx indicator, which is thengiven
2
by W2 — k (EtleZ)

2

Thenthe unknownradiationresistanceRrl canbe computedby taking

theratio..like., . W, Kk(EI,) X 1 R, & W, _R, é &
P w. R, kKELF] W R, Eﬁﬁ

It canberewrittenas R, W, Cé|e10 AW, B 5|e1@2
R "W, CELE T ReTRBECE S

where,

k Iscorrectionfactor,dependsn pathlengthbet'n Tx andRx
E. is transmitedpowerby theTx

|, effectivelengthof antennas

R, ., radiationresistancef AUT (or unknown)

R,, radiationresistancef referencenntennafr std.horn)



Antenna Gain measurement -Direct comparison
Benchsetup

Test antenna

Std. gain horn
antenna

Fixed
Attenuator

RX.
detector

] X
Indicator
Rx & .

Secondary
antenna

Signal Precision calibratec
source I variable attenuator
‘ W1
& detector -
modulator
I P1
quer P2
bridge
TX



The gainis definedasthe ratio of signalreceivedby AUT to the signal
received by reference (stdhorn) antenna and hence comparison
method

Procedure

std, ( or horn) antennas connectedo the receiverwith the help
of switchandis aimedto the secondarantenndor maximumsignal

Adjust the I/p signal at Tx and the receivedsignal is recordedin Rx.
iIndicator(let it be X).
The attenuator dial setting (W1) and the power bridge

readings(P1) are noted.

Now, in placeof std antennaconnectthe AUT( antennavhose
gainis to bemeasured)o thereceiver

Adjust the attenuatodial settingso asto getthe samereading(X)in the
RX. Indicator

The attenuator dial setting (W2) and the power bridge
readings(P2) are noted.

Thenthe unknowngain value of the AUT is predictedby the following
method



Casd: 2

W - . e, Q
whenP, =P, thenG, = Wj Whlchcanbe,log(Gp)— Iogéiwlg
Y (Gp)dB = (WZ)dB ¥ (Vvl)dB
Casell:
P aP 0
whenP, , P, thenE— P(say) such thatog —18 PdB
2 C'2~
. 4P 0 4R [
Then thepowergainG, =G, 1l whereG 2
L ) d °T W

Whichcanbe(G,) s =(Gg)gs *+ (P) s



Absolute method of gain measurement(3 -antenna)
This methodis usingthetreeantennagor gainmeasurement

Pt,Pr,Gt,Gr FIEFIAEIENT
Aer,Aet of 74 \ Aer.Aet of
B C
ansceiver AD 26
2 a
R 286 / 8
Q —
Pt,Pr,Gt,Gr, )
Aer,Aet of
A \
R?2 2o a28
: e/ 0 :
transceiver C =+ transceiver




The generalexpressionfor the spacewave propagation( F r i freg

spacesquation) is givenby;

O ~2 o] ~2

P =PRPGG ge/—g or i, Wheregé"p—Rg IS pathloss
r r . = %5 ¥ e
c4R+  840Rg Ot 55
c / 2 where,
P isreceivedower

E:GG a / 82 P, is transmitedpower
P TG4oR= G, gainof receivingantenna

Applying log on bothsides G, gainof transmiting antenna

R isdistancebetweenlx andRXx

Ioggﬂ”g log(G,)+1o0g(G, )- Iog 'URO
((; t = (;, / -
andcanberewrittenas In termsof dB

Q)o

Gl —20Iogae’0—Ro+1OIog :

¢ / ct

I)Q_)o

log(G, ) +10g(G, ) = Iogaep—Ro +logas
g o

XD
- |-CO O

—

|-

“OQIN



The aboveequationis valid for two antennamethod In three antenna
method, the gain can be calculatedwith the combination of 3-two
antennas

Considerthe threeantennasas A,B,C. The gainsthreeantennasanbe
evaluatedy usingA-B, B-C, andC-A.

A-B combinationthegainin dBscanbewritten as

Qo
JU0
o

O
ol
-I-O.:JOz
1
)
o)

(Gu)as * (Gy) o = 20109222 B+ 1000
C

B-C combinationthegainin dBscanbewritten as

(G)en *(G.)on = 20l0gE"" 8+ 10102
¢ % C
C-A combinationthegainin dBs canbewritten as

an)
VA
JOF
-I-CI:I'.)Oz
1
~
N
N

@,

A40R 6 aP. 0
(Ge)ag +(Co)as = ZOIOg / 0+1O|Og §8--0
G C'tc~—

WhereGa,Gh Gc aregainsof antenna#\,B,C srespectively
Pra,Prb,Prarereceivedoowersof antenna#\,B,C respectively
Pta,Ptb,Ptaretransmittedoowersof antenna#\,B,C respectively



Equationsl,2, and 3 are solved, to get the gain, by taking different
combinations

1-2+3 g
A Gy“’éy%%{* G, = 20I/og%e/'7—R o+ 10Iog%zf—b
G 23 Cht

a

|-COOt

arP_ @
; ZWO 10|og§';£8
G C Ttb +
a4R 6 ap_ 0
The above equation becomes o ZOlogge— O+ 1O|Og(%b_ 8
. tc —~—
apP_0o 4R apP._ @
2G, —1OIog [ 8 10log ﬁg 20Iogae— o+1OIog -2 9
% ta = %5 37 G ; %btc -
Re arranging the above terms
a
2G,, :10Iog§|§b chac P g+ 20Iog 'ORO
C " ta F)tc F)rc C -
And hence, it can be;
e a
G, = 2 éLOIog%E—b C Fa C—= i 8+ 20|09a4,0R X (4)
2 é G Tta I:)tc I:)rc G / U




1+2-3A

ap, @
LtG, + GVG/C'/@C//é 20Iogae'0—R o+ 10log£%8
C ' C "ta =
: 5 ap._o0
+ 20Ioga4 8+ 10log§%8
C ey Chw +
o ~ é 22
- 2010g%™ 3 1010052 §
C [ C'tc+
The above equation becomes
0 ap_0 apP._0@
2G, —1OIog§b—b§ 10log %8 20Iogae’0—Ro 10log I':;—ag
v Ciithy C Clsperis
Re arranging the above terms;
a .0
2G, = 10Iog£§—b C Fre 8+ 20|09a4,0R0
G " ta I:)tb - G / <)
And hence, it can be;
e a
G, = lél_OIogil'zrb C Pe c e § 8+ 20Iog 'OROg— - (5)
2é C'ta IDtb ra G / _U




-1+2+3 2
g -/QZWGC +Gc%:_ 20'?%‘é
c /

The above equation becomes

2G, = - 10Iog£ [

ta
Re arranging the above terms,

And hence, it can be;

G—— Ologae—'© 2 C
ZéL gai_.)

e

8+ 10log

o) aP. @
O- 10logag ™
2 &, 8
o é =
+20Iog"’14 8+1OIog£1Pr—C§
— (;'t ars
aP._ @
+ 20Iogaeﬁ o+ 1OIogaTPr—a 2
aP._ 0 5 aP. O
g- & §+ 20Iogaé4'0—R o+ 10Iog£‘iﬁ§
cho = ¢ / ghi
ap. __ P P a4oR o
2G_. =10loggg—= a C-a +20|0 >2—0
g%btb Fe Prbg g(} D

AP, P

- Ra §+ 20Ioga4’0ROz— - (6)
tb -

tc rb

G ~U

Equations4,5,and 6 gives correspondinggain for individual antennas

A,B andC respectively



Therearemanysourcesf errorswith the 3- antennanethod
A Misalignmentof theantennas
A PolarizationmismatchbetweenTx andRx antennas

A The uncertaintyof the power meteror calibratedattenuatomuusedfor
themeasuremerdf Pror Pt

A Imperfectionsn testfield measurements
A Impedancenismatchbetweertransmittingandreceivingantennas
A Variationsin the powermeasurement®r the 3 setsof antennas



i

Wave Propagation N

Concept of Propagation 233?
Frequency ranges and types of propagations K
F r ifreeGspace equation(also called fundamental Equation for ir

space) for wave propagation
S 0 mmdieldéeguation{ for Ground wave }
Ground wave propagation:.
ACharacteristics, Parameters
Awave tilt { flat & spherical Earth
Sky-wave Propagation:
AFormation of lonosphere layers & formation
ACharacteristics ionosphere layers
AMechanism of reflection and refraction



1 Definitions

ACritical frequency, MUF, Optimum Frequency

AVirtual height & Skip distance{..all parameters calculations
flat and spherical earth cases}

1 lonospheriabnormalities{ absorption}

I Spacewave Propagation:

AMechanism ,LOS & Radio Horizon
I Tropospheric wave propagation:
ARadius of curvature of path

AEf fective Earth
AEf fect of Earth
I Field strength calculations

1 M- Curves & DUCT propagation

I Tropospheric Scattering

s radil us
s Curvatur

o O



WAVE PROPAGATION

ELECTRIC FIELp

CONDUCTOR #2
(RECEIVING ANTENNA)

Magnetic field expands and collapses as
current | varies from maximum to zero.

Electromagnetic wave
moves at the speed of light.

DISTANT
/ ANTENNA
.
) ¥ e | . »
. " J
g LARGE
1 —| | DISTANCES
o (THOUSANDS
| ——— — - - OF MlLES)
RECEIVER .
17 — | ]

Voltage induced in conductor #2

O

produces a current (secondary

current) in receiver input circuit. DISTANT

RECEIVER
CONDUCTOR #1

(TRANSMITTING ANTENNA)



Antennas and Wave propagation

Propagation:

A phenomenaccurringin the mediabetweena transmittingand
receivingantenna\Whena radio wave is radiatedfrom the transmitting
antennao receivingantennajt spreadsn all directionswith decreasing
amplitudeby increasen distance

A Elecromagnetigvaves are nothing but the radio waves.

A The main consideration of the wave propagation is Earth and its
Immediate surrounding.

A Free-Space- does not Interfere with normal radiation,
propagatiorof RFwavesandis definedwith

No-magneticand

No- gravitationalfields,

No- solid bodiesand

No- ionizedparticles
A Loss ratio of Prto Pt



Radio Wave Components

Communicatiorthroughvariouscomponents

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




Propagation through free space

Directed Ray

reflected Ray

Earth

Transmitting antenna Receiving antenna



A Theportion ofreceivedpower at distant receiving point may travel
over any of possiblenodeof propagation

A Ground wave propagaticr Surface wave propagation
A broadcast and lower frequencies,MW,LW,VLW
A depends on frequency and Pt.

A Sky wave propagatioor lonospheric wave propagativin

A MF andHF with propagation(SW)
A reflection by ionosphere
A also callec C 0 mmOriund & € 0 mm®opno si Ss

A Space wave propagation tropospheric wave propagation
A SWs andVSWs, usedor VHF, UHFandUW f r eq oy
A Direct raysor reflected rayfromtheEar t hos tropo
A also calledhs lineof-sightpropagation

A Curvature of Eartland Ht,Hrdefinesthem a x oangeof
propagation.

A Duct propagation or super refraction



Trapping
layer

{
bt— G —]
Modified refractieity




Various parameters involved
Communicatiorpossiblethroughdifferentmechanism

Absorption: The conversionof the transmittedeM energyinto anothel
form, usuallythermal

A The conversiontakes place as a result of interaction betweenthe
Incidentenergyand the materialmedium,at the molecularor atomic
level.

A One causeof signal attenuationdue to precipitations(rain, snow,
sand)andatmospherigases

Diffraction : Themechanisnby the wavesspreacastheypassbarriersin
obstructedadiopath(throughopeningsor aroundbarriers)

A Each point on a wave front actsas a sourceof secondaryspherica
wavelets Whenthe wavefront approacheanopeningor barrier,only
thewaveletsapproachindghe unobstructedectioncangetpast

A They emit new waveletsin all directions,creatinga new wave front,
which createsnewwaveletsandnewwavefront, etc.



Reflection: Theabruptchangan directionof awavefront ataninterface

betweentwo dissimilar media so that the wave front returnsinto the

mediumfrom which it originated Reflectingobjectis largecomparedo

wavelength

A Reflection may be specular(i.e., mirror-like) or diffuse (i.e., not
retainingthe image, only the energy)accordingto the natureof the
Interface

A The phaseof the reflectedwave may changedependingon the nature
of themediaand interfaceandwavepolarization

Refraction: Redirectionof a wave front passingthrough a medium
havinga refractiveindexthatis a continuousunction of position(e.g., a
gradedindex optical fiber, or earthatmospherepr througha boundary

betweentwo dissimilarmediaor
A Fortwo mediaof differentrefractiveindices,the angleof refractionis
closelyapproximatedy Snell'sLaw.



Scattering.- Of a wave propagating in a material medium, a
phenomenonin which the direction or polarization of the wave Is
changedvhenthewaveencountersliscontinuitiesn the medium

A Involvesobjectssmallerthanthewavelengthle.g. foliage, streetsigns,
€)
A Scatteringresultsin a disorderedor randomchangein the incident

energydistribution

Fading: In areceivedsignal,the variation (with time) of the amplitude
or relativephasepr both,of oneor moreof the frequencycomponent®f
thesignal

A Fadingis causedoy changesn the characteristic®f the propagatior
pathwith time.



Modes of Wave propagation(wrt height)

skywave

IONOSPHERE

Troposphere
between 53 to 400
km

Directed ray

up to 16 km

Indirect ray or
Ground reflected ray

Tx- transmitting antenna
Rx-receiving antenna
path A-ground wave propagation

path B-sky or ionosphere prop'n possible propagation modes
pathC-space wave prop'n



Factors influencing the propagation
A Nature ofEarth conductivity, permittivity, permeability, curvature,

magnetic field and roughneehall or sea or forest)
A Freguenc\of operation
A Polarizationof Tx /
A Heightof Tx and Rx
refraction
A Powerof Tx shadowing reflection

A Electrical characteristicaf the atmosphere
é

A Moisturecontent in the troposphere

A Effective refractive indexf the medium |
A Thedistancebetween Tx and Rx
A Abstacled e t 6amRxT x

A fading (frequency dependent) afdhadowingblocking)

A reflectionat large obstacles amelfraction( )
A scattering at small obstacles and diffractiorddes

diffraction

scattering



Fundamentag g onfreespace
(F r 1 freespace equation)

A Transmissionoss ratio of Pradto Precv

and is estimatedby using above equation with  the below
arrangement

Transmitting antenna M m F{ecei_ving antenna
R _—1
Aot Aer -

1 S

Transmitter Receiver

I L



Let This is of

- ISOTROP
PI- be the power received by Rx R
Pt be the power transmitted Ay and is not for a
practical

Aet- be the effective aperture ok

Aer- be the Effective aperture of Rx

R- be the distanck e tTxamd Rx

o- be an operating wavelength .,m P
The power per unit area available at the receiving antenr’él iS 4,0R2

Sinceall the practical antennas have directional characteristjason
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 xPmax(iso)
So the power density availablefront of receiving antenna will be.,
Sr = RS,
40R*




Now the power collected bgss lesgeceiving antenna afer is given
by PtGt

Pr=SrAer=——- Aer
A0 R
. ~ : 40 A
But we have the relatidm e tg@imandeffectiveaperture asg = E
. - 40 Aer
For receiving antennais expressed as.Gr = E

2
and ismodifiedas., Aer = Grf
40

Thepower receivedby receivingantennds given by.,.- _PtGt Gr/*

40 R* 40
andis modified as Pr= APth of
(40R// )?
Thereforenower losds given by LR GtGr( ! )?
Pt 40 R
Pr _ AerAet

andiscalledas RI | S &pacedquatoe Ft — R?/?



S 0 mm dielacegquation

A According toSommerfield thefieldstrengthfor aflat earthis given

by EoA
Eg=—
= d
where

Eo= ground wave field strength at the surface ofaagh at
unit distancdrom the transmitting antenna

Eg= ground wave field strength
A=  attenuation factor or loss factor
d = distancé e tTxamd Rx
A Eodepends on ;
Pt,Directivityof h o rar@V e mplanks
A For a nordirectional antenngois
30()@ or 300 (P=1w)volt/meter

d



A For a directional antenna at earth and perfectl
: : <O P y
conductingeois = volt/meter
A The maximum distancgmaxis ¢ =199,

f1/3

d,ox =128090KMfor 0.5 to 1.5VIhz

A The ground wave attenuation factor A is given by
A= 2+0.3P For P<5
2+ P+0.6P°

Where Pis numerical distance and depends on frequency
and type of ground

A For any value of P;

5P
A= 2 e sinbvP/2e 8
2+ P+0.6P

Here b is phase constant



Structure of atmosphere




A % of gas components constant

A Water vapor components d e cwith
height

A Temperature d e cviis

A In tropopause t e mp remams constant
and then begins¢® | n c With Beight

A Refractive index of the troposphere
IS 0.0003% Is > unity and change in

Refractive inddX is @Xn 0\°



(

N Troposphere

STUCTURE OF ATMOSPHERE



Structure of lonosphere




Field strength of space wave
- propagation

A“Jé‘k
i h,
VX

h

-










A Phase difference due to path difference
= f = bP,
=201/1/) Zzh

- -5

F=46"0
/d

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

A The phase difference yis +180- - - - - - 6

A Now the resultant field strength at
receiving point R is given by












Range of space wave propagation

A ] B | C

TX RX




A The space wave propagation limited to
A line of sight distance
A curvature of the Earth

A Line of sight distance is one with
propagation of direct rays between Tx
and Rx without being intercepted by the
bulge in the Earth surface

A Let
d be the distance b e t T& m Rx
r be the radius of Earth









Parameters of ionospheric wave
propagation
A A MUF:

A Highest frequency which can be used for
sky wave communication between any
two given points
I MUF is different for different pairs of points

on the globe
I Just greater than working frequency
Fuo- = fosea
| angel of incidence



A Critical frequency:

Highest frequency at a
vertical incidence

A depends on ionized layer
A different for different ionized layers

A the highest frequency that can be
reflected by a particular Ionospheric
layer at vertical incidence when effective

reffracive index of the égyer (U) is zero
Fcin Mhz and Nmax In cubic meter



A Skip distance:

A The maximum distance from the transmitter
at which a sky wave of given frequency Is
returned to earth by the ionosphere

A In fact the skip distance is the distance
skipped over by the sky wave

A The frequency corresponding to skip
distance is MUF for those two points

A No signal have been received if receiver is
placed in skip distance

A For a given frequenc - Ip distance Is
D.ip = 2h._ [ ( ;nUf )2 -1




21 MHz

Critical
angle
for
20 MHz/  Angle of

A
2\ S—%

radiation

S



20 MHz
21 MHz

20 MHz

Maximum usable
frequency for point A

Point A



13n0 A common effect of "skip" reflections between the Earth
and the ionosphere is the polarization of the original signal
becomes randomized.
I Skip happens when signals refract and reflect off the ionosphere.
» DX stations 1000 miles away come booming in.
I Every 30 seconds signal goes from strong to weak and back.
» Caused by random, ever changing polarization of the original

signal.
LOST IN SPACE
2 meters — 144 MHz A >CRITICAL
o LAYER FREQUENCY
\ 6 meters — 50 MHz
40 meters — /
7 MHz

F1 LAYER 2N

20 meters — 14 MHz &

10 meters — \t\:t‘
EARTH 28 MHz X



IF TRANSMITTER FREQUENCY SUN'S ULTRAVIOLET

IS ABOVE CRITICAL FREQUENCY, RADIATION IONIZES
THE TRANSMISSION GOES THE IONOSPHERE LAYERS
THROUGH THE IONOSPHERE..

144-MHz|

i ! F2LAYER ) £ AND F2 LAYERS
| BECOME F LAYER
F1LAYER | AT NIGHT
IONOSPHERE <

E LAYER

} ONLY AT DAYTIME
b D LAYER

ABSORBS SIGNALS AT

FREQUENCIES FROM 1-7 MHz



WAVE PROPAGATION

The eyesand earsof a ship or shorestation dependson sophisticated,
highly computerizedelectronic systems The one thing all of these

systemsavein commonis thattheyleadto andfrom antennas

THE E AR T HAGNBOSPHERE.

While radio wavestravelingin free spacehavelittle outsideinfluenceto
affect them, radio wavestravelingin the e a r atimaspherdhave many
influencesthat affect themTheseproblemcausingconditionsresultfrom
a lack of uniformity in the e a r atmasphereMany factors can affect
atmosphericonditions,eitherpositively or negatively Threeof theseare
variations in geographicheight, differencesin geographiclocation, and
changesn time (day, night,

seasonyear)

The e a r tatmOsphere 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.Becauseit 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 e a r tatmdsphere 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 s u naxsvity 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 .



lonospheric 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

lonosphere and their height above the earth vary with
the position of the sun. At high noon, radiation in the
lonosphere 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
t0 a2 <snecific noint on earth the evact ntimher of |aver<



D LAYER.n The D layer ranges from
about 30 to 55 miles above the earth.
lonization 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 Ilimits the effective
daytime communication range to about 200
miles. At frequencies above about 3 MHz,
the D layer begins to lose Its absorptive
gualities .



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
s 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.f
range -55 to 90 miles
exits during day time and disappears at mid night
medium range ¢ o mdrom LFto 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
SPORADIGE. 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.A

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.



Atoms In the F layer stay ionized for a
longer time after sunset, and during
maximum sunspot activity, they can stay
lonized all night long.

Since the F layer Is the highest of the
lonospheric 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 .
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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 wa v drégsiency and angle of

Incidence, and the degree of ionization
IQNOSPHERE

Skip Zone
e The skip zone is
% =a zone of silence
" between the point
P ai— where  the  ground
GROUNU WAVE |1/ T, wave IS too weak for

Ll
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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
iIncidence 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
freanaiieancyy that meete the abhnvve criteria ic known ac the

The OWT is roughly about 85% of the muf, but the actual

percentage varies and may be considerably more or less than

85 percent
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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
lonosphere or reflected from the e a r tsurface,
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 lonospheric absorption
occurs in the lower regions of the ionosphere where
lonization 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 lonospheric
layers, there is no fixed relationship between
distance and signal strength for lonospheric
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
lonospheric circuits is mainly a result of multipath
propagation .



Multipath propaagation

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 e a r tsurface 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 Thereforegnoughoutput is almost always available from
oneof the antennasto providea useful signal.

In frequency diversity, two transmitters and two
recelvers 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.



