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Prelude to Advanced Communication

Every user in telecommunication is interested in higher and higher data rates and need for the high data
rates is never ending. For higher data rates, we are going at higher and higher frequencies. The figure shown
below shows the electromagnetic spectrum for the telecommunication.

Frequency 2 3 4 5 6 7 8 9 10 1 12 13 14 15
(Hertz) 10 10 10 10 10 10 10 10 10 10 10 10 10 10
[ ELF ] vf [ ViF| EF [ MF [ HF | VHF [ UHF | SHF | EHF |
I I I I ]
T T T T - T
Power and telephone Radio Microwave Infrared Visble
Rotating generators Radio and televsions Radar Lasers ight
Musical instruments Electronic tubes Microwave antennas Guided missiles
Voice microphones Integrated circuits Magnetrons Rangefinders
Twisted pair|
Optical
fiber
Coaxial cable
R
AM radio FM radio Terrestrial
and TV and satellite
transmission
| | | | | | | | | | | | |
Wavelength — 40°  10° 10" 10> 10° 10" 10° 10" 107 100 10* 10° 10°
in space
(meters)
ELF = Extremely low frequency MF = Medium frequency UHF = Ultra high frequency
VF = Voice frequency HF = High frequency SHF = Super high frequency
VLF = Very low frequency VHF = Very high frequency EHF = Extremely high frequency

LF = Low frequency

Figure: Electromagnetic spectrum for telecommunication

Microwave Line of Sight (LOS) includes both terrestial and satellite communication. The communication
media between the two users depends on the surrounding environment conditions. In the hilly areas, where the
optical fibre cable is very difficult to lay down, the satellite communication is preferred over optical fibre.

While, the areas where optical fibre cable is easy to lay down, we prefer optical fibre to microwave LOS
system. Also, from the above figure as we see the carrier frequencies of optical fibre is more as compared to that
of terrestial and satellite transmission system, so higher data rates are achievable with the help of optical fibre
system.

We have divided this part of book into three parts. Chapter 1 deals with the microwave communication in
which we study various types of communication mechanism at different frequencies we have also discussed
various types of microwave communication systems.

In chapter 2, we are dealing with orbits of satellite and calculated various losses in satellite communication
system alongwith link margin of satellite communication system.

In chapter 3, we have studied the transmission characteristics of optical fibre, different types of optical
fibre, sources and detectors in optical fibre system and link margin of the system.

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples




CHAPTER

Microwave Communication

Introduction

Microwave frequencies are used for wireless communication as they penetrate through ionosphere,
but they get attenuated when used as ground waves as well as surface waves. Due to this reason
the microwaves are mainly used for line of sight based communication.

Microwave communication is further classified into satellite system and terrestrial system. Both of
these require a transmitter and receiver. The transmitter system converts baseband signal to
microwave signal.

The receiver system converts the microwave signal to baseband signal. The baseband signal is a
multiplexed signal which carries a number of individual low bandwidth signals such as voice, data
and video.

1.1 Block Diagram of Terrestrial Communication System

RF Amp RF Amp
1 MUX [ MOD | uic—1> <\—jurc I MOD [ MUX <
Q > Repeater >
_ol | DEMUX | | DEMOD <}—|Db/C DIC| > DEMOD | | DEMUX >
If Amp If Amp
U/C = RF Up Converter
DEMOD = RF Demodulator

D/C = RF Down Converter
MOD = RF Modulator

MUX = Multiplexer
DEMUX = De-Multiplexer

Figure-1.1: Terrestrial communication system

Microwave signals are attenuated due to geographical locations etc, hence the range is limited.
Thus to increase the range of microwave signal, we use repeaters at a certain distance. Repeaters
are placed at a distance of about 30 to 80 km, typical value of repeater spacing is 50 km.

Terrestial system uses both analog and digital modulation. In analog systems, data information
signals are frequency division multiplexed (FDM) and then converted for transmission by RF antenna.
In digital systems, the information is time division multiplexed (TDM) to form baseband signals.
Then itis modulated using either ASK or PSK and up converted for transmission using RF antennas.

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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1.2 Advantages of Microwave System

Microwave communication has following advantages:

1.

It has high bandwidth availability because of high carrier frequency. Microwave frequency signal
ranges from 1 GHz to 1000 GHz.

Microwave systems are highly directive because wavelength is small which leads to designing of
high gain antennas.

Power requirement of transmitter and receiver is low.

Microwaves have transparency properties i.e. microwave signal can penetrate through ionosphere
thus satellite communication is possible.

1.3 Properties of Microwave System

Microwave systems are mainly point to point systems and generally used for line of sight (LOS)
communication system.

Also, at high frequency conventional tubes do not work satisfactorily due to various reasons like
lead inductance effects, transit time limitations etc. Thus, at microwave frequencies devices like
magnetrons, reflex Klystrons, Gunn diode, Tunnel diode and avalanche transit time devices as
oscillator are used.

Microwave frequency bands are classified as

Band Frequency range

L 1-2GHz

S 2-4 GHz

C 4 -8 GHz

X 8-12 GHz

Ku 12-18 GHz

K 18 - 27 GHz
Ka 27 - 40 GHz

Table-1.1

At microwave frequency, the design of the component plays a very important role, a small change in
length of device leads to huge phase change which is given by:

Phase difference = % (Path difference)

Microwave systems are frequency selective devicesi.e. they are designed to work at a specific frequency.

At microwave frequency, the various circuit parameters like z-parameters, y-parameters cannot be
directly measured, we are using scattering parameters (s-parameters) to represent any component.

Microwave communication involves line of sight systems and over the horizon communication systems.

Frequency spectrum can be classified as

1.

2.
3.
4

ELF = Extremely low frequency = 3 Hz - 30 Hz.
SLF = Super low frequency= 30 Hz - 300 Hz
ULF = Ultra low frequency = 300 Hz - 3 kHz
VLF = Very low frequency = 3 kHz - 30 kHz

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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1.

LF = Low frequency = 30 kHz - 300 kHz

MF = Medium frequency = 300 kHz - 3 MHz

HF = High frequency = 3 MHz - 30 MHz

VHF = Very high frequency = 30 MHz - 300 MHz

UHF = Ultra high frequency = 300 MHz - 3 GHz

SHF = Super high frequency = 3 GHz - 30 GHz

EHF = Extremely high frequency = 30 GHz - 300 GHz

Now, we will study various propagation mechanisms of wave and can classify different wave mechanisms as

i) Sky wave propagation (2 MHz - 30 MHz).

i)  Ground wave propagation (30 kHz - 2 MHz).

iv) Ductwave propagation (Above 100 MHz).

(
(
(iiiy Space wave propagation (Above 30 MHz).
(
(

v) Troposcatter wave propagation (Above 300 MHz).

1.4 Ground Wave Propagation or Surface Wave Propagation

Ground wave is a wave that is guided along the surface of the earth as an electromagnetic wave is
guided by a waveguide or transmission line.

Ground wave permits the propagation along the curvature of earth. This mode of propagation exists
when the transmitting and receiving antennas are close to the surface of earth.

Ground wave is produced by vertically polarized antennas. Any horizontal component of electric
field with earth is short circuited by the earth.

The ground wave propagation along the surface of the wave induces charges with the earth, which
travels with the wave and hence constitute a current. While carrying this induced current, the earth
behaves just as a leaky capacitor and therefore earth can be represented as a resistance in shunt
with a capacitor.

When the ground wave moves over the earth, the energy of surface wave decreases due to absorption
and earth attenuation.

Attenuation of earth increases as the frequency increases and hence the mode of propagation
is suitable for low and medium frequency i.e. upto 2 MHz only. It is also called as medium wave
propagation and is used for local broadcasting.

Surface waves are also attenuated due to diffraction and tilt in the wavefront.

Direction of propagation —

Increasing
Successive wave fronts angle of tilt.

Surface of earth

Figure-1.2 : Tilting of ground waves

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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e The maximum range of transmission depends on:
(a) Frequency (b) Power of transmitted wave.

e Field strength at a distance: Radiation from an antenna gives rise to a field strength at a distance
‘d’ which is given by

_120mh 1

E
rd

Vim

If the receiving antenna is now placed at this point, the signal received 'V’ in volts is

V= M Volts
rd
where, h, = Effective height of transmitting antenna

h, = Effective height of receiving antenna

1 = Antenna current

d = Distance from transmitting antenna

A = Wavelength
e  Ground wave will travel long distance on sea surface due to high conductivity of sea water.
e Itis mainly used for ship to ship communication and AM broadcasting.

1.5 Sky Wave Propagation/lonospheric Wave Propagation
e  Sky waves are of practical importance at medium and high frequencies for long distance radio
communication.

e Inthis mode of propagation, electromagnetic waves reach the receiving point after reflection fromionized
region in upper atmosphere called ionosphere lying between 50 km to 400 km above earth surface.

1.5.1 Structure of Atmosphere

=

\ lonosphere (50 km - 400 km)
\ Stratosphere (15 km - 50 km)

Troposphere (15 km height)
Figure-1.3 : Layers of atmosphere

The atmosphere is divided into various regions and propagation of wave is affected by the wave
characteristics.

1.5.2 Structure of Troposphere

e Troposphere is that portion which is extending upto a height of 8 km to 10 km at poles and upto 16
to 18 km at equator. On an average, the height of troposphere is considered as 15 km.

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples




6 | Electronics Engineering Postal Study Package PIJE] MRDE ERSY

EC

Figure-1.4 : (a) Troposphere upto 15km (b) lonosphere 50-400km (c) Outer atmosphere above 400 km
e Above troposphere, tropopause starts and ends at the beginning of ‘stratosphere’ or region of calm.

e Above a certain height called tropopause the temperature remains uniform through the narrow belt
and begins to increase afterwards.

w Derive an expression of refractive index of ionosphere.

Solution:

e Theradio wave passing through the ionosphere is influenced by the electrons and the electric field
of radio wave set electrons of the ionosphere in motion.

e These electrons then vibrate simultaneously along paths parallel to the electric field of the radio
waves and the vibrating electrons give an AC current proportional to the velocity of vibration.

e Herethe effect of earth’s magnetic field on the vibrations of ionospheric electrons lags behind the
electric field of wave, thus resulting electron current is inductive in nature.

e The actual current flowing through a volume of space consists of the components e.g. capacitive
current which leads the voltage by 90° and the electron current which lags the voltage by 90° and
hence subtracted from the capacitive current.

e Thus free electrons in the space decreases the current and dielectric constant of space is also be
reduced. The reduction in the dielectric constant due to presence of the electrons in the
ionosphere causes the path of radio waves to bend towards earth i.e. from higher electron
density to lower electron density.

Let the electric field be £ = E,_ sinwt volts/metre is acting across a cubic metre of space in the
ionosphere, where o is the angular velocity and £, the maximum amplitude.

Force exerted by electric field on each electron is given by
F=-eE Newton
Let us assume there is no collision, then the electron will have an instantaneous velocity vmeters/sec.
Force = Mass x Acceleration

av
Fe-= m=~
="

Theory with Solved Examples MBDE ERSH www.madeeasypublications.org)
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v .
= Acceleration

where, m = Mass of electrons (inkg) ; ar

Integrating both sides, we have
ee e ,
J'dv = —f—m at ; v——EJ‘Emsmwtdt

_ eEp cosmt

= (ijEmcoswt ()
mo mom

e If Nbethe number of electrons per cubic metre, then instantaneous electric current constituted by
these N electrons moving with instantaneous velocity vis

i, = —Nev amp/m2 =-— Ne(i]Emcosmt
mm

From equation (i)

iy = —[ﬁ]Emcosm{ﬁ]Emsin(mt— 90°) -.(i)
mo mo

which shows current i lags behind the electric field £ by 90°.

e Besides this inductive current, there is a capacitive current (or displacement current exists in
an unionized air).

The capacitive or displacement current through the capacitance is

d= d d .
i,= —D=—(ey E)=€y —(E,,Sinmt
o= C“(o ) odt( m )
i, = €,E, mcoswt (i)

Thus, total current i that flows through a cubic metre of ionized medium is

— Ne?
y 8 lc+1e=eOEmu)COS(nf—%EmCOSwl‘

2
i= Emwcoswt{eo —%} -(iv)

From equation (iii) and (iv), the effective dielectric constant of the ionosphere (i.e. ionized space).

Ne? ] Ne?
€ = EO —— ZEO - 5
m mw? €

Hence, the relative dielectric constant w.r.t. air

€ Ne?
€,=—=1-—
EO mao EO

Thus, refractive index (p) of the ionosphere w.r.t. vacuum or air is given by

/e / Ne?
IJ = e, = = 1—

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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Putting, m = 9.107 x 103" kg
e = 1.602 x 107° Coulombs
€, = 8854 x 10712 F/m

81N
So, we get, M= 1—7 (V)
where, N = Number of electrons per cubic meter or ionic density

f = Frequency in Hz

m If Nis in cubic cm, then frequency is kHz.
m From equation (v), we can see refractive index of ionosphere is less than one whereas
that of unionized medium is one.

1.5.3 Reflection and Refraction of Sky Waves by lonosphere

In radio communication, sky wave refers to propagation of radio waves reflected/refracted back
towards earth from the ionosphere, an electrically charged layer of upper atmosphere.

The ionosphere is divided into various layers.

(i) D-layer —50 km to 90 km (i) E-layer —90 km to 140 km

(iii) Fy-layer — 140 km to 250 km (iv) F,-layer —Topmost layer 250 km to 400 km
In night time, D layer will disappear and -, and F, layers will combine into single layer.

From Snell’'s law, we can represent

_ sin6; _ 1_81N
M= sing, \

Since p < 1 for ionosphere, so sin®, < sind, i.e. angle of refraction will go on deviating from the
normal as the wave will encounter rarer medium of atmosphere as shown below:

Rarer Medium

N increasing Ne T

Ng

Na P

N3 L
L / :
S /| P Q u Decreasing
8 i
c
o

Denser Medium
p>1
Ty Ry

Earth

Figure-1.5: Refraction ofthe radio wave in the atmosphere

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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If successive layers of ionosphere are of electron density i.e. Ny > Ny > N, > N, > N, > N, then from
expression of y, refractive index will be decreasing and decreasing

Hy > Ho > Hz > Hy > Hg > Hg
Thus a wave enters a point Pwhere it will deviate more, and more a point will reach where it travels
parallel to earth (at P_).

Here the angle of refraction is 90° and the point P,_ is the highest point in the atmosphere
reached by radio wave.

So, we can simplify from value of p by substitution 6, = 90° when 6, = 6

81

We have, sin O, = 1—)(—2

Critical frequency: It is the maximum frequency that can be reflected by an ionosphere for vertical
incident.

By definition, at vertical incidence
0,=0

sine, 81N
- Snb _ o8N _g
g sine, 2

1_81;\éma>< -0

So, |7, = BTN = 9N, |
From above expression, itis clear that critical frequency is directly related to square root of ionization

density. As the ionization density depends on the sun, so ionization density is maximum in F, layer
and minimum in D layer.

Frequencies above 30 MHz will penetrate through ionosphere.

Z
=
-
[l

| 2

Critical frequency is the maximum frequency that can be reflected for vertical incidence.
For any other angle, this is not the highest frequency which will get reflected. The frequency
that can be reflected from a layer for angle of incidence (6,) is called maximum usable

{ ) frequency (MUF).

1.5.4 Maximum Usable Frequency

Itis the maximum frequency that can be used to provide communication between two points on earth by
given ionosphere layer.

0<0,<90° 0, =90°; N=N_,,
sing, _ [;_8IN
. = 2
sin®, f
sing; = Jio 81N oy
sin90° faur
sin? 0, = 1—7819’"7“
fiiue

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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% = cos2 0.

fl\%lUF
VBT Nmax _ £,

cosb; cosb;

- Secant law
Thus e > £,

From above expression, we can say that the maximum usable frequency is greater than critical frequency.
The relationship between 7 and £ . is given by secant law.

fI\/IUF =

1.5.5 Calculation of MUF for Flat Earth Surface
e  For short distance (upto 500 km) the earth can be assumed to be flat.

e Theionized layer is assumed to be a thin layer with sharp ionization density gradient, which gives
mirror like reflection as shown below in Figure (1.7).

e The distance between the transmitter and receiver is D and height of ionosphere be h.

B¢ * D
f— b | Receiver
1 Transmitter 2 ] Ry
i Tx i
i D !

Figure-1.6: Flatearth surfacewith transmit and receive antenna

cos 6, = AC ___h
AB D 2 2
2
cos® 0, = P 5= 1 5
W+ D 1+ D
2 2h
f2
Also, we know cos? 6, = —C
fMUF
D2
= MuF =1 1+(%]

Dis the proagation distance and his height of layer.

MRDE ERSY
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A high frequency radio link has to be established between two points at a
distance of 2500 km on the earth’s surface. Considering ionospheric height to be 200 km and its critical
frequency 5 MHz, calculate the maximum usable frequency for the given path.

Solution:

Given: D = 2500 km
h = 200 km
f.=5MHz

2
Maximum Usable frequency is, fout = a1+ (Z_Dhj

2
| 2500
= fout = 5,1+
muf (2x200]

= 31.65 MHz

I D I

1.5.6 Skip Distance

e Radio wave radiated horizontally from transmitter near the earth’s surface is quickly absorbed due to
ground losses and hence only short distance communication is possible through ground wave propagation.

e Radio wave radiated at high angle may not be bent sufficiently at the ionospheric layers to return to

earth at all and hence penetrates the earth.

e Thus, the distance at which surface wave becomes negligible and distance at which first wave
returns to earth from the ionospheric layer, there is a zone which is not covered by any wave. This is

called as skip zone.
Skip distance can be defined as

1. The minimum distance from the transmitter at which a sky wave of given frequency is returned to

earth by atmosphere.

2. The minimum distance from the transmitter to a point where sky wave of a given frequency is received.
3. The minimum distance within which a sky wave of given frequency fails to reflect back.

Angle with which reflection does not
occur i.e., wave escape

GWR A|

B Cc
Transmitter Dead zone
|” orsilence zone
Or skip zone
Skip distance

Figure-1.7: Skip distance explanation

Lower edge of
ionosphere

AB = Skip zone
TB = Skip distance
GWR = Ground wave range = TA

( www.madeeasypublications.org MADE ERSYH
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e Athigh frequency, skip distance is higher. For a frequency less than critical frequency, skip distance
is zero.

e Asthe frequency of a wave exceeds the critical frequency, the effect of ionosphere depends upon
the angle of incidence as shown in Figure (1.7).

e ltis noted that the frequency which makes a given distance corresponds to the skip distance
is the maximum usable frequency for the two point.

e Foragiven frequency of propagation f= f, - the skip distance can be calculated as

Do 2
e = o 1+(—282pj

2
— Dskip
2h

P
= Dyip =2h [ MfUF] ~1

C

Remember = Higher the maximum usable frequency, higher is the skip distance.
T " Skip distance is zero for a frequency below critical frequency of a given layer.
‘ m During night time, F, and F,, layers combines and form one Flayer and D-layer gets
\ ) vanished. Thus in night time only we have E and F layer. So, there is better high
frequency reception during night time and skip distance is increased.

For an ionospheric layer at a height of 300 km, having electron concentration
of 5 x 10'" per m3. Find the maximum permissible frequency at an angle of incidence of 60°. Calculate
the critical frequency and skip distances, under flat earth assumptions.

Solution: B lonospheric layer
Under Flat Earth assumptions we have,
From A AOB, il
cosi = B9 _ h - 2h h=300 Km angle ofincidence =
AB W +D%14  \Jarw? +D?
2 x 300
= cos 60° =
4 x (300)2 + D? D2 D2
P o 2 A (@] C
= 4 x (300)% + D? = (1200) | Flat Earth |
= D? = 1080,000 | D |
= D = Propagation distance AC = 1039.23 km

Also, ionization density (electrons per cubic meter) = N__ =5x 10"/ m3

f., = Critical frequency for the layer

= 9 Npax = 9/5x 10" =6,36,3961.03 Hz
= 6.36 x 10° Hz = 6.36 MHz

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Now, maximum permissible frequency under flat earth assumptions is,

2 2
ot = Teq[ 1 D = 6.36 1+(M) =12.719 x 10° Hz
2h 600

f .=
= 12.72 MHz
£ 2
Now, Skip distance = Dy p = 2h ( ;nufJ 1
cr
- Dyqp = 2% 300 (@)2—1 = 1040 km
SKip = 6.36 =

1.5.7 Virtual Height

e The distance of point D from the earth surface that is created by projection of the actual path of
forward and reflected wave.

e The actual path of the wave in the ionized layer is a curve due to refraction of the wave.

- — — Lower Edge
Projected = of lonosphere
Height 7 2=
< = Actual A\ Virtual
52 Path | Height (i
Actual 0D ight (1)
Path =
T O R
I D |

Figure-1.8: Virtual and actual heights of an ionized layer

e |tis convenient to think that the wave being reflected rather than refracted therefore path can be
assumed to straight lines TD and RD as shown in Figure (1.8). This assumption is made for
measurement of the height of a layer, this height is known as virtual height.

e The height differs from the point where the wave is actually reflected.
From diagram, it is clear that
Virtual height (OD) > Actual height (OA)

e  For calculation of height (h) let the wave travel to point of refraction and then come back to earth in
a total time of ¢ (round trip time) then

2h=Cxt
he &
2

Thus we can calculate the actual height.
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