POKHARA UNIVERSITY

Level: Bachelor Semester — Fall Year : 2005
Programme: BE Full Marks: 100
Course: Electromagnetic Propagation and Antenna  Time : 3hrs.

Candidates are required to give their answers in their own words as far
as practicable.

The figures in the margin indicate full marks.
Attempt all the questions.

1. Find the expression for power radiated by a current element.

2. a)

b)
3. a)

b)

b)

5. a)

b)

What do you mean by the directive gain of an antenna? Show that the
directivity of a half wave dipole is 2.15 dBi.

Prove that maximum effective area of any antenna is 1.5 4% / 47

What do you mean by parasitic array. Discuss about Yagi-Uda
antenna.

Find the pattern for an eight-element array obtained by principle of
multiplication of patterns.

For transmit-receive system, derive the expression for free space loss
(FSL) in decibel (dB) and signal-to-noise ratio (S/N) for a receiving
system.

Consider a link at a frequency f = 14 GHz between a TV satellite in
geostationary orbit and a parabolic receiving antenna of the surface of
the Earth, at a distance d= 36,000 Km from the satellite. The transmit
power is P+ =100 W, and the transmit antenna gain is Gt = 40 dB.

i. Determine the power density dP/dS (Watt/m®) at the
receive antenna.

ii. The TV picture quality is acceptable if the receiver antenna
(assumed lossless) receives a power Pg which exceeds a
threshold P, = 2x10™* W. What should the antenna area S
and the antenna gain Ga (in dB) to achieve this?

Define Fresnel reflection coefficient (I') . Assuming earth as lossy
dielectric medium, derive the expression for reflection coefficient
when E-field is in plane of incidence.

Derive the expression for refractive index of ionosphere and the
maximum usable frequency (MUF).
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6. a) Consider the case for synchronous satellite relay, where 6 GHz is used 10
for ground to satellite link and 4 GHz is used for satellite to ground
link. Consider 28 meter diameter ground antenna and 0.28 meter
diameter satellite antenna assuming 67% effective area and height of
the satellite is 36,000 km. Find the following:

i. Basic transmission loss
ii. Maximum directive gain

iii. With ground transmitter power of 12kw, the power
received at the satellite receiver.

iv. With satellite transmitter power of 1w, the power received
at ground antenna.

b) Draw the block diagram of optical fiber communication. Explain each 5
block in brief.
7. Write short notes on (Any Two) 2x5
a) Horn antenna
b) SID
c) Half power beamwidth

d) Antenna Temperature and signal to Noise ratio.
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ROPAGATION AND ANTENMA

 CHAPTER-4

PROPAGATION IN RADIO FR EQUENCY

L

By :Rajan Sharma
THE EARTH’S ATMOSPHERE ,
The eaith’s atmosphere is divided . into- three separate 1
“troposphere, the stratosphere, and the ionosphere.

regions, or layers, They are the

1. Troposphere

Almost all weather phe_homena 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 temperatire, pressure, and d'en;sity.‘ These conditions have a profound effect
on the propagation of radio waves

Z. Stratosphere

The stratosphere is located between the troposphere and the ionosphere. The temperature
throughout this region is almost constant and there is little water vapor present. Because it is

a relatively calm region with little or no temperature change, the stratosphere has

almost no
effect on radio waves.

3. Tonosphere

This is the most important region of the earth’s atmosphere for long distance, point-to-point
communications. Because the existence of the lonosphere is directly related to radiation
emitted from the sun, the movement of the earth about the sun or changes in the sun’s
activity will result in variations in the ionosphere. These vari
(1) those that more or less occur in cycles and, therefore, ¢
accuracy; and (2) those that are irregular as a result of
therefore, cannot be predicted. Both regular and irregul
radio-wave propagation.

ations are of two general types:
an be predicted with reasonable
abnormal behavior of the sup and,
ar variations have important effects on

Ionization

I ionization, high-energy ultraviolet light waves from the sun periodically
strike neutral eas atoms, and knock one or more electrons free from e
electrans are knocked free, the atoms become positively ch

enter the ionosphere,
ach atom. When the
arged (positive ions) and remain in

e free electrons absorb some of the
ultraviolet energy that initially set them free and form an ionized layer. '

space, along with the negatively charged free elettrons. Th
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Recombination is the reverse process of ionization. 1t oceurs when free clectrons and posiive
ions collide, combine, and return the posilive i(mg to their original neutral state. 1ike lonization,

the recombination process depends on the time of day. Between ecarly morning and late

afternoon, the rate of fonization exceeds the rate of recombination. During this period the jonized
layers reach their greatest density and exert maximum influgnce on radio waves. However,

during the late afternoon and caily evening, the rate ol recombination excecds the rate of
. . . . . v - . 1 Lo b Ty
ionization, causing the densities of the ionized layers to decrease. Throughout the night, density
continues to decrease, reaching its lowest point just before sunrise.

Ionospheric Layers

The ionosphere is composed of three distinct layers, designated from lowest level to highest level
(D, E, and T) . 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 18
greatest, while at night it is minimum.

D LAYER.

s Lowest region of ionosphere.

e Tlonization in the D layer is low because less ultraviolet light penetrates to this level.

s Disappears at night

o At very low frequencies, the D layer and the ground act as a huge waveguide, making
comniunication possible only with large antennas and high power transmitters.

s At low and medium frequencies, the D layer becomes highly absorptive, which limits the
effective daytime communication range to about 200 miles.

o Signals passing through the D layer normally are'not: absorbed but are propagated by the E
- and F layers. '

ELAYER.

o Layer nextto D layer

o The rate of ionospheric recombination. in this layer is rather rapid after sunset, causing it to
nearly disappear by midnight.

e The E layer permits medium-range communications oi the low-frequency.

o The range of communication in sporadic-E oﬁ'eknv exceeds 1000 miles, but the range is not as
great as with F layer propagation. : '

"EPA ; chapter -4 ;Propagation in radio frequency R . ~+ *Prepared by: Rajan Sharma




CFLA E’E.ll
o This layer remains all the time irrespective of time,
e During daylight hours, the I layer separates into two layen Tl and F2

L@

During the night, the F1 layer usually disappears’ _ o
e The F layer produces maximum ionization dmmg the aﬂel noon homs but th
daily cycle are not as pronounced as in the D and E layers.
‘o AtomsintheF layer stay ionized for a longer time after sunset,

e effects of the

é‘ "5ince the ¥ layer is the highest of the xonospheuc layers, it also has the I

ongest propagation

capability. i

e For horizontal waves, the single-hop F2 distance can reach 3000 miles, -
e The F layer is responsible for most high frequency, long—distaﬁce communications.

_WQ DES OF WAVE PROPAGATION

{M)O 4,2009 PU: Explain different radio wave propagation met ﬁ@ds]

-,

The methods by which radio waves propagate from transmitter to receiver can be of following

types:
1. Ground wave or surface wave propagation
2. Sky wave propagation or jonospheric propagation
3. Space wave propagation
4. Tropospheric scatter propagation
*5. Duct propagation

Jroposphere

'\

Fi \ }:‘{}’
: - Sjtﬁjm\c . :
- - 5 ) / .

[X)
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1 . [\

- 4. Greundwae or Surince wave propagation

¢ In ground wave propagation g
- vertically polarized EM wave is
radiated at zero ov small angle
with carth surface. These waves
are guided by the condusting
surface of the earth along which oy
they.are propagated. Such waves
are called  Ground wave or

surface wave,
o The ground wave is guided along the surface of the earlli just as an electromagnetic wave
is guided by a waveguide or transmission line.
o Surface wave permits the propagation around the curvature of the carth.
o  The attenuation of ground wave is directly proportional to the frequency of waves. Thus
ground wave is applicable in low frequency communication
o Frequency up to 2 MHz
e Example — AM radio

2. Sky wave propagation or ionospheric propagation

e The sky waves are of practical
importance at medium and high
frequencies for very long distance
" radio communications.

Y
;‘ﬁ?)ﬁp}zﬂf A

o Applicable to frequency range of

~ 2MHzto30MHz

e In this mode of propagation‘
electromagnetic waves reach the
“receiving point after reflection from
the ionized region in the upper atmosphere called ionosphere

e
s Signal can travel a number of hops, back and forth between 1onosphe1c and earth’s
. “surface. :

Foareth,

s Jonosphere contains large concentration of charge gaseous ions, free elechons neutral
molecules etc. These large concentrations tend to bend the passmg EM wave througl
process of refraction. ~ »

& - The deviation of EM wave depends on frequency, angle of 11101dence densny of charged :

' pamcles, thickness of ionosphere etc

‘e 'Examples —Military Comm., Amateur radio.
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3 :Wavegéaros)'agaﬁon :
In thlS mode of p1opaoatxon . L ’
1cct1oma netic waves from Ty R _—_
¢ o b’fﬂe ted Wave it
the uammlttmg antenna reach S A :
the ICceme antenna either T T o
. e e . , \AN—._«.
_duect]y or aﬁel_l reflections | Ground , _
[from the ground.
o T ransmitting and receiving antennas must be within line of sight,
¢ EM waves above 30 MHz are not reflected by the ionosphere. Thus VHF and UHT
commumcanr} is not possible through ionospheric propagation. So for this type of
communication we use Space wave propagation. - '
- Frequency above 30 14 iHz
¢ The height of transmitter and receiver can improve the communication,
@ Examples: TV, satellite, FM radio,
4. Tropospheric scatter propagation Y !

EARTH

e This mode uses certain properties of troposphere.

e Troposphere contairis certain blocks of high density particles and when EM waves Jalls

on these blocks it gets scattered and reflected to the receiver

& Hns ‘mode can plopacraéc much beyond than LOS propagation:

: 5 .
- EPA; clapter-4 ;,Propagation’in radm frequency ~ o Prunayeu by P.a)an Sharma




v SCG.H-O\ . . N i K , o
¢ Forward seatier propagation or simply, propagation is of practical importance &t VHE.
. ra s ropagation o Y propas | _ - - i
UHE and microwaves B - - ‘
¢ It provides reliable cormmunication across large streiches 0 {water e.g inland lakes,

islands and offshore islands.

- N - ~ . ) . '. T IRYal 4 ' i V
¢ It also reduces the number of stations required to cover a given Jarge distance as S -
-compared to radio links.

3 —- A
‘)c'_/ T
%, -
™,
R

NG
§ N\#&

2N

Transmitting

Receiving
Antenna

e Antenna

-~

5. . Duct propagation [2008 PU short notes]

o It isalso known as super refraction

o A duct is something that will confine whatever is traveling along it into a narrow ‘pipe’.

o The atmosphere can assume a structure that will produce a similar effect on radio waves. .
When a radio wave en‘te_rsA a duct it can travel with low loss over great distances. ‘The‘
atmosphere will then act in the manner of a giant optical fiber, trapping the radio wave
within the layer of high refractive index. - ‘

o A wave trapped in a duct can travel beyond the radio horizon with very little loss.

¢ In atmosphere the air is frequently turbulent and there are layers of air one above another

having different temperature and water vapor contents.

e When layers of warm air form above layers of cold air, the condition known as '
temperature inversion develops. This phenomenon causes ducts or channels to be formed,
by sandwiching cool air.either between the surface of the earth and a layer of warm air, or
between two 1ayel‘s_of Wafrh air. if the radio wave enters the duct at a very low angle of

incidence, VHF and-UHF transmissions may be propagated far beyond normal line-of- o
sight distances (thousand of KMs). '

- S , . © 6 }
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»  Thess long distances are possible
because of the different _dens_ities‘ .
and refractive qualities of"\\}érmf '
and cool air. The sudden ch’mge
in densities when a radio wave
enters the warm air above_-the
duct causes the wave to be
refracted  back toward earth. , o
When the wave strikes the earth ‘-}F’iga@rij 114 —Duel effect cagsed by temperaiure
or a warm layer below the duct, Hversion.
it is again reflected or refracted upward and pmre
hop type of action. S

eds on through the duct with a multiple-
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RO AGATION OR JADIO WAVES THROUGH JONOSPLL

W\'Y 1" Qnine T?WT BY IONWNCESPHERE FVV"EMF’]

,.1‘»;2‘&95,2()()%2(3%&7,2(}99,2019 P, Derive ]ve,x. active indeX of Ionospherc and MUF|

# Tn Tonpspheve the angle by which the waves
aio\/.‘mG;, Jepenas uj)oo the j’—%nzs\omaI

| f—vequeﬂcj Radio wisuwe
(N ":\)f\ (—3 C"‘f t()(,l&e‘@r\(e a;Q u.)h\*’“h wonw @ enters TS
fon Spher@

2, D@”S'{\j d? C’hq»fﬂegﬂ qurfC!C—?_E in the |C>r)03PhD?’@

- ~et Clectric fied of value

[B= Eosin 0t (Ym)] s ac*ff?f on a eomt

: meten e gpau;e ﬂf :oﬂaspherc
Force exerted = ~<~:’(; evewto I

/év?jﬁwﬂ r=mg » ‘where ~ = ass ofe”
: e= chargesfe
-eL= md LQ
e
e e

(Veodhy) Y= — et 4¢
= — & j Em'Sin‘LOEOLQ

= e En -(oswA

= @ EmncosSwWt __ /N
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L CRITICAL FREQUINCY (2807 PU
v
¢ The lower the 'I‘rcquencv of a radio wave, the
more rapidly the wave is mnaciﬂd by a given
= degrec of ionization.

o

: Tigure shows three separate waves of differing
~frequencies entering the ionosphere at the ?
Csame angle. The 5-MHz wave is refracted  p_—
quite sharply, while the 20-Mllz wave is :
refracted less sharply and returns to earth at a greater distance than the 5- Mllz wave.
Notice that the 100-MHz wave is lost into space.
For any given ionized layer, there is a maximum frequency at which the wave can be

reflected back to earth at vertical incidence. This frequency is called the critical
frequency.

.;:‘x\.uom -

5

Critical frequency f, corresponds to the maximum clectron density Nina
We have,

[

By definition, i=0 , N=Nmax and f=f,

$INOx 4 SL Nman = g
R Siny. £.®

fcz,‘j ‘31 oY) -

rs

CRITICAL ANGLE

e When a radio wave encounters a layer of
the ionosphere, that wave is returned to
~earth at the same angle (roughly) as its
- angle of incidence.
~e TFigure shows three radio waves of the CRITICAL
same frequency  entering a layer at
different incidence angles. The angle at : ,
“which" . wave A strikes the layer is too EARTH - sonveoos
nearly vertlcal for the wave to be refracted to earth, However, wave B is refr acted back to
earth.
o - The angle between wave B and the earth is called the critical angle. Any wave, at a given
- frequency, that leaves the antenna at an incidence angle greater than the critical angle will _
be lost into space. This is why wave A was not refracted. Wave C leaves the antenna at
the smallest angle that will allow it to be refracted and still return to earth.

¢ Theer 1tlcal angle fm 1ad10 waves depends -on the layer density and the waveleng’ch of the
--swnal B ' '

R 10 -
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riCAL HEIGHT -

Virtual height is the height whish the wave would reach if it were to propagsic in a.

straight line.in the. iondsphere at the speed of light and then be refracted by the plane

mirror like surface :
Virtual height is always greater than actual hei ght

K
" Projected path
Actual path
[ X '
/ l Tonosphere
Virtual height| =~ - T / \
¢ Tx Rx

Ground surface

k/ MAXIMUM USABLE FREQUENCY [2005,2008,2000 PUJ

n
[2009 PU, Derive expression relating critical frequency and MUT]

e

EPA’; chapter -4 ;Propagation Tn radio frequency ©

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

action 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).
Waves at frequencies above the MUF are normally refracted so slowly that they return to
carth beyond the desired location or pass on through the ionosphere and are lost,

Critical frequency is for vertical incidence whereas MUF is for specific angle of
incidence. '

For the sky wave to return to earth , angle of reﬂection.=900.

Sin i 81N
[ = ——— = -
sinr fe
sini ' 1 81Nmay
Fo = — — _ 2o Tmay
or, f sin 90 fmuf2 .

-
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. 2.
or, sin 1=

L >
. f =~ e
¥l f’-""":(,’g”
o fl 7 - . B
N T < IS e eETT
or, sin‘i= 71 (;Q ' f=critical frequeney=,/ 8% ey
E rs}"}l) -

2]

gl e COS

or, 5

. vf — :}” Sect This is known as Secant law,
e muv{_”n C

LOWEST USABLE FREQUENCY -

o Just as there is a MUF that can be used for communications between two points, there is
also a minimum operating frequency that can be used known as the LOWEST USABLE
FREQUENCY (LUF). . o

o As the frequency of a radio wave is
lowered, the rate of refraction increases. 50
a wave whose frequency is below the
.established LUF is refracted back to earth
at a shorter distance than desired, as shown
in figure. .

o As a frequency is lowered, absorption of
the radio wave increases. A wave whose
frequency is too low is absorbed to such an
extent that it is too weak for reception. FRTRANSMITTER RECE‘\QESV;:W

e Atmospheric noise is also greater at lower
frequencies. A combination of higher absorption and atmospheric noise could result in an
unacceptable signal-to-noise ratio. : h :

o Tor a given angle, ionospheric conditions, of incidence and set of the LUF depends on the

refraction properties of the ionosphere, absorption considerations, and the amount of
noise present. ’

JOMOSPHER

FREQUEMCY _sp
RELOW LUF ™"

: . 12
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i USABLE FEEQUENCY [2007 PU]

<3

In practical radio communication for sa‘cjs'factmjy 1'é'cept'idn of signal at receiving point it
is essential that the frequency should be less than MUF and more than LUF such that
absorption of waves by-ionosphere be-small. - -

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 OPTIMUM WORKING
FREQUENCY _ I

The Optimum Working Frequency is roughly about 85% of the MUF, but the actual
percentage varies and may be considerably more or less than 85 péx‘celwt.

1P DISTANCE [2006,2008 PUJ

L

<

s 1J
@
1<}
©
[2]

* EPA; chapter -4 ;Propagation in radio frequency- o -

‘wave is too weak for

The skip distance is the distance from the transmitter to the point where the sky wave
first returns to the earth. i.e it is the nearest distance from the transmitter where the
receiver can be placed. S

The skip distance depends on the wave’s frequency and angle of incidence, and the
degree of ionization. ' S ‘ ' - »
The skip zone is a zone . JONDSPHERE —

of silence between the
point where the ground

reception and the point
where the sky wave is

ok at e " M

first wtum(?d Fo earth. . | GROUND WaVE

‘The outer limit of the skip L \

zone vgries considerably, % s Sk ZOpe \}\‘__%
depending  on the > P DISTANGE~ 7~ jz ~
qperating frequency, the @-\Mﬁ&/ e
time of day, the season of - P Aty

{he year, sunspot activity, and the direction of transrission.
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The ionosphere is higl
continuously. - ’

GULAR VARTATIONS IN IONOSPHERE

1ly dependent on the sun and hence its conditions vary’

o The variations may be of regular and irregular type.

o Jonospheric predictions are therefore needed in planning of communication system.
¢ The irregular variations in the ionosphere are causer by following :

1. Gaseous movemenis -
» The ionospheric layers are by no means stable.

3

L]

Pl I

LR hus

- Sudden Ionospheric Disturbances (SID) [vvvimp, almost every ve

Strong horizontal and vertical movements of tl

1€ gaseous masses causes the
fluctuations in all kind of observations.

car asked in PU]
The occurrence of SID is -caused by a bright solar eruption producing an
unusually intense burst of ultraviolet light that is not absorbed by the F1,F2, or E
layers. Instead, it causes the D-layer ionization density to greatly in '
As a result, frequencies above 1 or 2 megahertz are unable to
layer and are completely absorbed.
‘Commonly known as’ SID, these disturbances may occur without warning and
may last for a few minutes to several hours.
When SID occurs, long-range HF communications are almost totally blanked out.

The radio operator listening during this time will believe his or her receiver has
gone dead.

crease.
penetrate the D

3. Ionospheric Storms

>

=

4, Polar

N
>

&5

>

A Y

EPA; chapter

-4 ;Propagation in radio frequency = B

lonosphere storm is concernéd with many otl
like magnetic storm.

Cause of these storms is thought to be the emission of bursts of charged particle
from the sun. :

The storms affect mostly the F2 layer, reducin
critical frequencies to be lower than normal.
What this means for communication purpo
given circuit is smaller than normal and th
lower working frequencies.

This phenomenon lasts for several days at a time.

1er solar and terrestrial phenomenons

g its ion density and causing the

ses is that the range of frequencies on a
at communications are possible only at

cap absorption
Occuring only in polar regions during a period of sun spot .

Sporadic B

Irregular cloud-like patches, of unusually high ionization, called the

sporadic £,
often forms near the normal E layer.
Their exact cause is not known and their occurrénce cannot be predicted.

Sporadic E can appear and disappear in a short time during the day or night and
ansmitting or receiving stations.

Ll .
usually does not occur at same time for all tr

yia
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2% Ehe sporadic T “layer can be so thm {hat radio waves penetrate it easily and are. -
returned to carth by the upper layers, or it can be heavily ionized and extend up to
several hundred miles into the tonosphere.

#  This condition may be either harmful or helpful to radio-wave propage ation.

5 On the harmful side, sporfidic E may blank out the use of hig aher more favorable
layers or cause additionalabsorption of radio waves at some hquCnLle I can
also cause additional nmltlpa;;l problems and delay the arrival times of the rays of
I energy.

¥ On the helpful side, the Clmml frequency of the sporadic I can be greater than
double the critical frequency of the normal ionospheric layers. This may permit
long-distance communications with unusually high frequencies. 1t may also

permit short-distance cornmunications to locations that would normally be in the
skip zone.

18" »
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&  Polarization of wave is the orientation of elkcmc, field in the ‘certain direction being
o o
radiated by the transmitting system..

g

< The plane of polarization of a radio wave is the plane n wnch the E field

propagates
with respect to the Earth.

£h
i

~The polarization of transmitting antenna and receiving -antenna must be the same for

maximum signal energy to be induced in receiving system. - '

@ Amenna polarization is an important consideration when seleotmg and installing

antennas. Most wireless communication Systems use cnhel linear (vemcal horizontal) or
3

circular polarization.

1. Linear polarization

¥

o If'the electric field vector at that point is always oriented along the same straight
line then it is called the linear polarization.

e Linear polarization may be horizontally polarized or vertically polarized
e If the E-field component of the radiated wave travels in
the Iarth's surface (vmlmal)

1S
—_— POLARIZED.

a plane perpendicular to
the radiation is said to be VLI\FJC,ALI Y

o

o 3
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e 10 the I-freld propagates in a plane parallel to the Earth's surface (horizantal), the
radiation is said to be HORIZONTALLY POLARIZED.

7. CIRCULAL POLARIZATION

o 1 the clectric field vector at that point traces a circle as a functron ol time then it

is calied circular polarization. : :

» .In circular polarization the clectric field orientation is not fixed horizontally or

vertically but is constantly rotaling.

draction of
IS b

¥
e
b &

[le=ley]

telook

o Circular polarization is one of the cases of elliptical polarization.

\@Wamages of circular polarization over linear polarization.

1. Reflectivity:

Radio signals are reflected or absorbed depending on the material they come in contact
with. Because linear polarized antennas are able to “attack” the pi‘dbleﬂd in only one
plane, if the reflecting surface does not reflect the signal precisely in the same plane, that
signal strength -‘will be lost. Since circular polarized antennas send and receive in all
planes, the signal strength is not lost, but is transferred to a different plarie and are still

- utilized.

Absorption: As stated above, radio signal can be absorbed depending on'the material
they come in contact with. Different materials absorb the signal from different planes. As
a result, circular polarized antennas give you a higher probability of & successful link
because it is transmitting on all planes. -

,. EPA;'chapt‘gr -4 ;Pr(ﬂjpagva'tion in radio frequency Prepared b'.y: Raja-r_l Sharma




3. Phdsmc ISSLe . S -
,H]gh ﬁequency ystems (i.e. 2.4 GHz and higher) that use linear polai'i7ati0n fy‘pic‘ally'
require a clear line-of sight path between the two points in order to operate effeclwcly
“Such systems have difficul Ity penetrating obstructions due to reflected signals, which
~weaken the propagating signal. Reflected linear signals return to the propagating antenna
in the opposite phase, thereby weakening the propagating signal. Convelscly, cncu]arlji
polarized systems also incur reflected signals, but the reflected - signal is returned in the
opposite orientation, largely avoiding conflict with the propagating signal. The result js

that circularly- po]amed signals are much better at penetrating and bendmg around
~ obstructions.

4. Multi-path:
Multi-path is caused when the primary signal and the reflected signal reach a receiver at
nearly the s'lmé time. This creates an "out of phase”. problem. The receiving radip must
spend its resources to distinguish, sort out, and process the proper signal, thus d
performance and speed. Linear Polarized antennas are more susceptible to multi-
to increased possibility of reflection. Out of phase radios can cause dead-spots, d

egrading
-path due

ecreased
throughput, distance issues and reduce overall performance
5. Inclement Weather: |
Rain and snow cause a microcosm of conditions explained above (i.e. 1eﬂeclw1ty

absorption, phasing, multi-path and line of sight) Circular polarization is more resistant to
signal degradation due to inclement weather conditions for all the reason stated above.

6. Line-of-Sight:
When a line-of-sight path is impaired by light obstructions (ie. foliage or small
buildings), circular polarization is much more effective than linear polarization for
establishing and maintaining communication links.

-
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e When the radio frequency waves travel from transmitter {0 receiver there will be

change in (the signal intensity due to different factors and signal gets attenuated.
This condition is called fading.
o Tading is the most troublesome and frustrating problem in receiving radio signals.
o There are basically 4 types of fading.
1. JInterference fading
¥ Interference fading occurs due to phase interference of two or more
waves {rom same source coming over different paths, producing
path difference.

> lonosphere disturbances can also cause interference fading.

2. Polarization fading :
> The difference in polarization in transmitter and receiver antenna
system cause polarization fading
$ Polarization fading is rapid at high frequencies

3. Absorption fading
> Absorption fading is the result of absorption of EM waves in the
ionosphere.
> Sudden ionospheric disturbances (SID) also results in heavy
absorption and extreme fading.

4.  Skip fading
% When the EM waves skip from the ionosphere instead of returning
‘ back to the earth it results in skip fading.
 > Skipping and receiving of signal can take place due to MUF
oscillating about actual MUF.
> "Skipping is more prominient near sunset or sunrise when ionic
" density of layers change rapidly.

EPA : chapter -4 ;Propagation in radio f‘req-ue_ricy Prepared by: Rajan Sharma
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1. Differentiate between Broadside an End fire array.

2. Plot the rad; ation pattern for two element array h

3. Find the expression for effective area of monopole quarter wave antenng,

4. Show that the unattenuated ladiation field gt the surface of earth of
quarter wave monopole is given by E=(6. 14/ )V mv/m  where r
is in miles ang Win watt, o ’

5. What are Group, Unit and result
example. o C

aving d=\ ang o=0°

ant pattern 9 Explain with suitable

0. Obtain the radiation Ppattery
of pattern.

The transmitter radiates 100 wat of power at ﬁ‘equency of 1000 MHz,

9. How do transmission Josg vary with ﬁ‘equency ? state differept cases.

10.Discuss briefly the varioug modes of waye propagation.

11.Bxplain in detaj] about tropospheric Scattering,

12 Derive Attenuation factor for ionospheric. Propagation.

13.1f the reflectiog takes place at 5 height of 200 km and maximum density
in the ionosphere corresponds to the refractive index of 0.85 at 10 MHz
.Assuming the earth 1o be flat what wil] pe the range for which
Maximum usable frequency is 13 MHz.

14.Discuss the wave bending phenomenop through ionosphere,

I5.How signal is transmitted through optical fibre? Why

I8 it preferred over
other cable for signal transmission?
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v Optic Fiber is the transparent material, along which we can transmi’t light.

v Fiber optics is the system, or branch ofengmecrmo concemed wnh using the optic

‘ fbels OPUC fiber is therefore used in a fiber OPUC S\slcm

7ADVANTAGES OF OPTICAL FIBERS CPU Escam )
1. Immunity from electrical interference
Optic ﬁbcrs can run éomforlab]y

through areas of high level elecmcal noise such as

Jear machinery and discharge lighting. . : T
2. No crosstallc

When copper cables are placed side by side for a long distance, elachonmumhc

radiation from each cable can be picked up by the others and so the signals can be

detected on surrounding conductors. This effect is called crosstalk: In a telephone

circuit it results in being able to hear another conversation in the background. Crosstalk

can easily be avoided in aptic fibers even ifthey are closely packed.
3. Glass fibers are insulators

Being an insulator, optic fibers are safe For use in high voltage areas. They will not
-cause any arcing and can be connected between devices which are at different electrical

potentials.

S

. 1
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Wherer ny and m are the redfractive indices of the two materiols, and 0,une 05 e the angloes

oi incidence and refraction respectively,

R
¢

rf ll € .‘./Ar _g_z ff\\ T‘\ peg ) LL_IL

11 M 2 ) g : . o A": | . »:|
When light travels from more dense medium to less dense medivm (1y>u2) a8 shown in [ig

A0 the angle of inoidence i the first material is increased, there will come o time when,
cventually, the angle of refraction reaches 90° and the light is refracted along the boundary

. pre e . . . T e T T o] N
between the two materials. The angle of incidence which results in this elTect is called the

critical angle,

We can calculate the

90()

value of the critical angle by assuming the mwlc of refraction to be

From Snell’s law;

nysin 6, = nosin 90°

J 8. =sin 'l(nzlnl)

¢ isthe critical angle.

B ‘ ...and escapes
Wnentheangamf o in"‘%.‘_‘m
incidence e =TT : R
me-cthan thsf: i -
ofioal angle.... . E . the light is reflected
K
N At less than thet
‘ critical angle
\ ftcrossasthe :
: e boundary.... G
. a,,;(\'-\,k ____’A':i
4'.
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Whan light travel from denser to ra"er- medmm AL antvlm of incidence less than (he

critical angle, the ray is refiacted nmmaHy Howevcx il the h”ht approaches the boundary

at an angle greater than the umcal anffle the lloht 15 actually reflected from the boundary

region back into the first material. The boundmy turlon simply acts as a mirror. This effect
is called total internal reflection (TIR).

/ TUCTURE GF OP ECAL FEE HEY ( PU e .C\r"\)

R

An optical fiber is athm flexible; tmnspalent fiber llnt acts

as a “light pipe™, to transmit
light between the two ends of the fiber. - Optical fiber typically consists of

transparent core surrounded by a transparent cladding maleml with a lower index of

refraction. Light is kept in the core by total mtemal leﬂectlon Thls causes the fiber to act

as a waveguide.
The basic structure of an optical fiber consists of three parts;

1. the core,

2. the cladding, and

3. the coating or buffer.
Primary buffer A plastic @yer tor mechanical protection
Cladding A gla% Layer ..... e e e _.;_.. o
\\ Cod A glass layer to lransmit the light

/T

P et 1 et essama i

e The basic structure of an optical fiber is shown in fieyre

-

5
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_c Thecare isa eylindrical rod of diclecirie materink, L.iﬁ]n profagates: 111:1iﬁ!}.":s§«.»:1g; -
the core of the fiber, The core is generally made of glass with relractive index ..

e The core iy surounded by o laver of amaterial - callgd the cladding.
The cladding layer is made of a diclectric mmr—ri:ﬂ with:an index of refiaction na.
The idex of refraction of the cladding material is less than -that of the core
material. The cladding is generally made of glass or plastic .

e For extra protection, the cladding is enclosed in an additional layer called

the coating or buffer. The coating or buffer is u layer of material used o protect an

optical fiber from physical

damage. The material used : T B

el -~ : ™.
e wffer ie a {vme of -
for a buffer is a type ol v Primary bufier .

plastic. N\

: 250 ym

Fig : typical size‘of»optical fiber

EPA; chapter -5 ;Introduction to Optical Fibres Prepared by: Rajan Sharma .
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e The angle 04 in the

- Figure is called the .
¥ Acceptance Angle.
¢ Any light entering *@7
the fibre  at less :

than ths ang]e will

Cladding : ; . I
“meet the chddmc' . /o

“at an anOIP QlCcLLE}I

1

m an ¢ mcal angle.

e If light meets the inner surface of the clad rlmO (the core - claddmg mterface) at

greater than critical angle thcn TIR oceurs. -.)O all the energy in the ray of tight .

is 1eﬂected back into lhe core 'md none echpes mlo the cladding. The réy then

crosses to the other side of the core and, because the hbex IS more or less Sllﬂlghl

the ray will meet the cladding on the othu snde at an angle \Vthh 1ga1n causes.

TIP Ihe 1ay is then reflected back across Lhc core agam and the same thing

happcns . v ‘

o In this way the light travels its way along the fiber. This means that the light will

be transmitted to the end of the fiber.

%

L.}

A

ACCEPTANCE ANGLE, (PU  ExAM)

o It is the angle of incidence that causes TIR inside the fiber. I¢ is the conical half
angle as shown in fig, and the acceptance angle in the figure is 14.18"

e ltisdenoted by €

Cane of a ceeptaie

The cone oi acceptance is the angle within which the light is accepted into the core and is

able (o travel along the fiber with TIR. s - :

2
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“This spreading &ffect is call ‘ffdwr‘mm B ) - -

.
Rey B \”)H arrive
iirst
z‘\
The pulse spreads = S e Fibar ik
inpud pulse "
faib}
4 PN
ouiput puise
The effect of dispersion is as shown in fig:
| ooie [
) _ ~ Logicl ”J{\-J\ Svnazawg leves
Dispersion hos Logic 1
o Drats 5 G 9 ’,,
causea he ;:»ul.&e‘s ~~Fiher link
~ P - = IS
fo mergs 4 s, Sensing lavel
e e it et T2 e i

How to overcome intermodal dispersion?

i Using Graded index fiber

This design of fiber eliminates abbut 99% of intermodal dispersion.

The solution to-our problem_is to change the refractive index progressively
from the center of the core to the outside. If the core center has the highest

refractive index and the outer edge has the least, the ray will increase in speed ..

as it moves away from the center.

" They arrive it . /\\ /\"
{abmost} f’nxe same . — NG 'l‘ngrslow lane
fime S \\/ '

2 Single mode (SM) fiber

The high spaed routa
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A Jight source - prod ;_, llght of & mauy wavelength. In fact it produces a

range .Qf a\’@leﬂﬁﬂ’!‘” feD thoum it is far fewer for LASER than is

procduced by the ~JA,,D
This is unfortunate as each component wavelength travels at a slightly

different spzed in the ﬂber.nThi»s c"xucp the light pulse to spread out ag it

travels along the fiber — anrJ L ence causes dispersion. The effect is called

chromatic dispersion.

wﬁﬁ% N OT”'“’“CAL FIBER (Pu Erwmrg )

1. Absorption losses

Any impurities that remain in- the fbel dﬂm manufacture will block some of the

light energy. The worst culprits are hychoxyl tons and traces of metals.

2. Rayleigh scatter
This is the scattering of light due to small localized changes in the refractive index
of the core and the claddin g material.

Localized chang ge N refractive indos
{nr.ﬂ ta scale)

,
- I P "—“\.J.&_____-»-»‘—-—_.m‘_‘___ —
The ||g§xi is . N S
scattered in all " - ”“‘*‘T‘}f p
. . moomﬂa lighit
directions __\

B

Lad

Fresuel reflection
This loss is due to the reflection from the entrance and exil surface of the fiber.
Special coupling can be applied to remove this oss,

4. Bending losses
A sharp bend in a fiber can cause signi hccml losses as well as the possibility of
mechanical failure.

15
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- - - ’ THe light approachos
Couiside of the colical angle

The usual situation

Coie T e e
T . g T -
N — S
: e -
.

Morrai

Tha sharp bending

condition

The ray iz now inside e Tl s
the ¢rilicat angie .

5. Connector foss

G. Splice loss

E WCK DIAGRAM OFQPTICAL FIBER COMMUNICATION
AV L
~ SVSTEM (VVV IMP)

. Draw the block diagram of opticak fiber communication system and explain each

block in brief [2005,2006,2006,2007 PU] 2e1d,

INFORMATION T TRANSMITTER

SOURCE
 (ELECTRICAL
’ T
' OPTICAL FIBER -
o g b /
DESTINATION " ELECTRICAL
' RECEIVER

Fig: Basic Bloek diagram of optical communication system

. : ) . oo
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1 soures

Tt is the source of information to be transmitted over the channel.

© receiver without distorting it. Most light wave systenis

© dB/km.

© The role of an optical transmitter is to convert the electrical signal into optical form

and to launch the reg ulting optical signal i mto the optlml fbol

]

Figure shows the block diagram of an optical tr ansmitter. It consists of an optical

source, a modulator, an a channel coupler. '
@ Sémicondugtor lasers or light- -emitting diodes are- used:’ as optmal sources because
of their compatibility with the optical-fiber communication channel,

_ Etactricst
river input

£y

Sl s AP

e Optical
Coint

Chanrrel
Loplor

Optical

g BT S
5IUICE

Components of an opiical wassmirzer,

-

o The optical signal is generated by modulating the optical carrier wave.
e The output of a semiconductor optical source can be modulated directly
by varying the injection current. Such a Schemc simplifies the

tr anomlt‘m design and is generally cost-effective.
° The coupler is typically a microlens {hat focuses the optical s; gnal onto
the entrance plane of an optical fiber with the maximum possible
efficiency.

Uptieal chanunel/ Communien xtion channe}

The role of a communication channel is (o transport the optical signal from transmitier (o

usc optical fibers gag the

communication channel because silica fibers can transmit light with losses as small as 0.2

-

17
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Croiponsnts of an opticol feretver
iy fia

An optical receiver converts the optical signal received at the output end of the
optical fiber back into the original electrical signal.

Fig shows the block diagram of an optical receiver. It con;ists of a coupler. a
photodetector, and a demodulator. V

The coupler focuses the received optical signal onto the photodetector.

Semiconductor photodiodes are used as photodetectprs because of their

compatibility with the whole system.

The design of the demodulator depends on the modulation format used by the

lightwave system.

Most lightwave systems employ a scheme referred to as “intensity modulation

with direct detection” (IM/DD) Demodulation in this case is done by a decision

‘circuit that identifies bits as 1 or 0, depending on the amplitude of the electric

~ signal.

18
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' LTD(LIg 1t Emmmg onde) AND LASER (Light Amplification by Stlmul

ated l~x11is_si011“_
ofRadlatlon) are the devices that are used widely as a optic '

al sources.

T Li ght sources must ﬂha"ve following properties to be used in optical communication S;\?stém;
e Wust have compatible size and configuration to effectively launch light into an
optical fiber. - .
e Emitlight at w avelength where fiber has low losses and low dispersion.
e Must have high intensity light output,
Their llght must be nearly monochromatic as much as possible.
o Allow direct modulation over wide bandwidth.
g—.{a:i
o A light'—emitting‘diode (LED) is a semiconductor light source, .
o Modern versions of LEDs are available across the visible, ultraviolet, and infrared.
wavelengths, with very high brightness. » a
When a 11g111~em1u]ng diode is forward-biased (switched on), e!ectlons are able to
recombine with electron holes within the device, releasing energy in the form of
~photons. This effect is called electroluminescence and the color of the light
(couespondmcr to the energy of the photon) is détermined by the energy gap of the
seimconduc‘cm

. .

¢ The LED consists of a chip of semiconducting material doped with impurities 1o
create a p-n junction. As in other diodes, current flows easily from the p-side, or
anode, to the n-side, or cathode, but not in the reverse direction. Charge-carriers—-

electrons and holes—flow inito the junction from clectrodes with different voliages.
When an electron meets a hole

e, it falls into a lower energy level, and releases
energy in the form of a photon.

Pon J‘Jncu T Electrical
e e Y 8 Y =T o) o=
3
i —
Q- jk‘;r-"‘__ C}
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A laser js a device that emits light (electromagnetic radiation) through a process of

~optical amplification based on the stimulated emission of photons.

The term Ylaser” originated as an ac ronym for L ight Amplification by %mnuhtcd
Emission of Radiation.

Lasers ars devices that pm'xuc, intense beams of light which are monochromatic, ‘
and coherent. The wavelength (colar) of laser light is extremely pure o
{monochromatic) when compared to other sources of light.

Laser beams can be focused to very tiny spots, achieving a very high irradiance. Or
they can be launched into o beam of very low divergence in order o concentrate
their power at a large distance.

Works on the principle of stimulated emission.

SPONTANEOUS AND STIMULATED EMISSION

2

“photon  of -radiation. This '

In general, when an electron

is in an excited energy state, .
it must eventually decay to a | i -
lower level, giving off a Lo .

O
{
(&
™

L
T
m

event is called “spontaneous -
emission,” and the photon is

emitted in a random direction | T e

and a random phase. ST

e On' the other hand, if an | N

electron is in energy state E2, :
and its decay path is to EI, stimulated zmission
but, before it has a. chance to

~ spontaneously decay, a photon happens to pass by whose energy is approximately
E2-El, there is a probability that the passing photon will cause the electron 1o

decay in such a manner that a photon is emitied at exactly the same wavelength, i
exactly the same direction, and with exactly the same phase as the passin g pholon
This process is called “stimulated emlssmn.”
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surface. As long as the light is pr e°cnt tl

IECTORS ¥ LJ C\z‘ﬁﬂw// ‘

Optical detectors convelt optlcal sxgml into an clecu ical signal.

Optical detectors are thc co.nponems that convert the light wave cnergy of fibe

optic communications mio electrical smnals for recovery of data.

When light strikes specml types ofmaterial s, a voltage may be generated, a change

in electrical resistance may occur, of CIGLUODJ may be ejected from the material

e condmon continues. It ceases when the

light is turned off. Any of the above concutlons may be used to change the flow of

current or the Vo]tage in an external circuit and hence may be used to monitor the

presence of the light and to measmc its mtenSIty

There are two broad classes of opmal detectors: photon detectors and thermal

detectors.

Photon detectors rely on the action ‘of quanta. of light energy to interact with

clectrons in the detector material and to generate free electrons. To produce such

effects, the quantum of [j ght must have sufﬂment energy to free an electron,
Thermal detectors respond to the heat energy delivered by the light. The response of

these detectors involves some temperature—dependent effect, like a change of

electrical resistance. Because thermal detectors rely on only the amount of heat"
energy delivered.
The important characteristics of a photo detectors are:

" Be compatible in sizc to low-]oss optical fibers to allow for efficient

coupling and casy packaging,
® Have a high sensitivity at the operating wavelength of the optical
- source.
“ Have a sufficiently short response time  (sufficiently wide
bandwidth) to handle the system's data rate.
“ Contribute low amounts of noise to the system.

®  Maintain stable operation in_changing environmental conditions,

such as temperature

N
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LOSE PROT hL FINDOWS - - -

¥ -Usable optical wav clcnath 15 7002m-1600nm (IR)

e

& ' . .
& Optical fiber use IR band ' :

«  Below 708 (visible range)> Excessive loss v
o Above 1666(Invisible range)-> light degenerale into EM wave and loose photonic

property and doesn’t follows laws of reflection
High freq(low wavelength)=>high BW-> high loss—> short distance

Windows

o Having decided to use infrared light for {nearly) all communications, we are still

not left with an entirely free hand.

e Some wavelengths are not desirable: 1380 nm for example. The losses at this
wavelength are very high due to water within the glass. 1t is a real surprise fo find
that glass is not totally waterproof. Water in the form of hydloxyl jons is absorbed
within the molecular structure and absorbs energy with a wavelength of 1380 nm.
During manufacture it is therefore of great importance to keep the glass as dry as

possible with water content as low as 1 part in 109.

e [t makes commercial sense to agree on standard wavelengths to ensure that
equipment from different manufacturers is compatible. These standard wavelengths
are called windows and we optimize the performance of fibers and light sources so

that they perform at their best within one of these windows.

The 1300 nm and 1550 nm .windows ‘have‘much‘lowe\; losses and are used for long
distance communicationg The shorter wavelé_ngih window centered around 850 nm
has higher losses and is used for shorter range data transmissions and local area
networks (LANS), perhaps up to 10 km,or fsd.‘Th?c’ 850 nm window remains in use

because the system is less expensive and easier to install.

, 22 s :
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1 nm window

i)

Long dislancs
telecormms

—
=
=
)=
<
&
o
—

Losses

dug ta

ansorption .

Wavelenpth

1380 nm window

Practical result

............. ‘Theoretical logssg
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