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The range or distance to a target is found by mmmng ﬂl&m 3 ""”‘*' “sional to & ||
to the target and return back to the Radar. S aaetl W o
Rﬂarcanalsopmwdemfmmahonabmﬂmtumoﬂmg&tm_“ erved. oad
» If the target is in motion, there is a shift mﬂmﬁeqmynfﬂmmsiguudmtodwmppﬁm

This frequency shift is proportional to the velocity ofﬂlemgﬂztrehmmthekmwm&hiskmm
as Radar velocity.

NOTE: Doppler frequency shift is widely used in Radar as the basic for separating desired moving

target from fixed(Unwanted) clutter echoes reflected from natural eavironments such as see, Lalm

Etc.

The range of the target is determined by the time Tg; It is the time taken by the pulse to travels to the

target and returns back.

The EM Wave in the space travel in the speed of light i.e. 3x10% m/s. Thus the time taken for the

signal to travel to the target located at a Range ‘R’ and returned back to the Radar can found as:
V=S/T =>T=S/V

Fex Te=2R/C >R=CTg/2 [V=Velocity=C; S=Distance=R; T¥ Time= Ty}

Rgm = 0.15 Tgr (us) Ryme= 150 TR(1S)  Ryaa= 164 TR(s)  Rpoer = 492 Tie(1s)
Romi =0.081 Tgr (us) [nmi= Nautical Miles] Remi =0.081 Tgr(ns) [smi= Statute Miles]
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Once the signal is radiated into space by Radar. Sufficient time must elapse t0 allow all echo sigp, als
to return to the Radar before the next pulse is transmitted. The rate at which the next pulse transmitgeg
s determined by the longest range at which targets are accepted.
~ If the time between pulses Tp is too short an echo signal from long range target might arrive after y,
transmission of next pulse and we mistakenly associated with that pulse rather than the actual Pulse
transmitted earlier. This can result an incorrect or ambiguous measurement of Range.
Echo that arrives after the transmission of next pulse are called second-time around echo. '&}uLh an

’
te rance mes ement 1s
echo would appear to be at a closer range than the actual and its range measu Calleg
misleading, if it were not known to be second-time around echo. it
> : : : 5C » called Max |
» Hence the range beyond which the target appears as second-time around echo 1S aximuyp

Unambiguous Range.

Rl]nm'.],h: CTpr — C)‘JZFP
Where. T, = Pulse Repetition Period. & Fp= Pulse Repetition Frequency.

® TYPES Of RADAR -

> There are basic two types of Radar Detecter
& Pulse Radar System
& Contineous Wave (CW) Radar System
» Continuous Wave Radar System again classified into two categories such as: -

© CW Doppler Radar |
© Frequency Modulated CW Radar (FM-CW Radar).

& APPLICATIONS OF RADAR:-
» Radar used in Different Fields like: -

** Military

* Remote Sensing ‘
* Air Traffic Control * Ship Safety

** Law Enforcement Space Vehicles Control etc.

® Performance Factory of RADAR (OR) Rada.r Range Eqguationy -

» Radar Equation relates the Range of Radar to the characteristic of Transmitter, Receiver, Antenna,
Target, and Environment etc,

» Itis used not just as a man for determining the maximum distance from Radar to a Target. But it can

serve both as a tool for understanding Radar Operation and a Basic form of Radar Design.

In this section the simple form of Radar Equation is derived.

For an isotropic antenna; If the Power of Radar Transmitter is denoted by Py then the Power Density

(watts per unit area) at a distance ‘R’ s equal to the Transmitted Power Divided by the Surface Ares
(47R?) of an Imaginary Sphere with Radius ‘R’. Where P;= Powe

Pt

,=l—-—-_-

41'[R2 | B AR A BT (l)

*
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Highway Safety
* Aircraft Safety and Navigation
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r Density from Isotropic Antenna.

artic _ 4 measure of increased power radiated in the |
direction of target as compared with power that would have been radiated. And is defined as,

——

p——— - TR T
o : nglmum Power Density Radiated by Directive Antenna
ower radiated by a loss less Isotropic Antenna with same Power [nput
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» So, The Power D Page -4-
“rLJensity at the target form an Directive Antenna with a transmitting gain ‘G’ is
PtG
AR | i (2)

» The target Intercepts
measure of the amou in the various directions. The

nt of inci '
Incident power Intercepted by the target and re-radiated back in the Radar

Cross Section (o) and is defined by the relation
Y the relation.

Power Density of the echo signal at Radar= i X < AALB R IR (3)
4TR2  4mRZ  (4TmR?)2

» The Radar cross section (o) as unit of ar
of its size as seen by the Radar.

echo power. If the effective area of the C

o ross sectional area of receiving antenna is denoted as A.. The
power receiving by the Radar is

Pt G P
Pr=——_Nrams __ PtGo Ae
R Rt w AU, — GoERE | (@)

» The Maximum Radar Range i.e. Ry is the distance beyond which the target cannot be detected. It
oceurs when the received echo signal power 2; just equal to the Minimum Detectable Signal (Smin),

F

> | R,.)'=

Pt G o Ae

3 Pt G o Ae
(4m)%2Smin

¥ (ﬁlfn)E Rmax*

=

min

' o PLG o AT S (3)
(Rimax) = [(4“)28mm]4

» That is the Fundamental of the Radar Equation.
NOTE: - The importment antenna parameters are Transmitting Gain & the Receiving Effective Area.

7
F

Antenna theory give the relation between Transmitting gain & receiving affective area of antenna i.e.,
41t Ae G A?
= & AT [ e 6
G A2 ¥o AT (©)

> Since the Radar generally use the same antenna both for Transmission and Reception, So we use these
values in fundamental equation of Radar.

PtAe’o 1
__Pt4mAe Ae o R A= 4
Rma™ 72— * Gm?smin 2| Bund zsominl | oo 3
2 PtGZ2%g .2
GA
Pt(4—)2cr = Rz ! 3¢mi |4
R™ _[ ’ _]4 & (410 S I e s s s (8)
max - L4nA2Smin

These simplified versions of Radar equation don't adequately describe the performance of actual

Radars, as many important factors are not included. Also Idealized conditions have been employed 1.e.

neither the Effect of Ground nor Absorption and Interference is taken Into acc:::-un.t. Hence, the
less than that of indicated by the Radar Range Equation.

\ 74

maximum range in practice is often
¥
|
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» The ope

» Generally it consists of Antenna, Transmitter and

L ANTENNA: -

\

\..-F

Y

\

v

-
Page -6 -
Pulse Wave Form
Modulator Generator
RF Pulse IF Pulse Video Pulse
MW
3 | JAVAVAVAN /\
Low Noise ! -
. M Mi -~ IF \ Matched ™
RF Amplific IxXer et e Video Threshold
— el 't = A""P_ll_ﬁ_erg Filter Detector Amplifier Decision [ERUMt
Local
Oscillator

[ BLOCK DIAGRAM OF APULSE MODULATED RADAR SYSTEM |

ration of a typical Pulse Radar System is described by the help of block diagram.
Receiver which are explained below:.

The function of antenna during transmission is to concentrate the radiated energy into a shaped beam
which points in the desired direction in the space.
On reception the antenna collects energy contained in the echo si gnal and deliveries it to the receiver.

The two important input parameters of Antenna i.e. Transmitting Gain (G) and Effective Receiving
Area (A.) are proportional to each other.

An antenna with large effective receiving aperture implies a large transmitting gain.
Different type of antenna can be used in Radar such as mechanically steered parabolic reflector.
electrically steered planned array antenna or electrically steered phase array antenna etc.

2. TRANSMITTER: -

”~

’

’

“’."

Y

v

The Transmitter may be an oscillator such as a Magnetron I.e. pulsed [turned ON and OFF] by the
modulator to generate a repetitive train of pulse.
The Magnetron most widely used for a various microwave generator for Radar.
A Typical Radar for the detection of aircraft has the following points: -
K Ranges nearly equal to 100 to 200nmi.
& Transmitting power in the order of mega watt & Average power in order of several Kilowatt;

& Pulse Width in the order of micro second.
& Pulse repetition frequency in the order of several 100 pulses per sec.

Transmitting section consists of Waveform Generator, Pulse Modulator, Power Amplifier & Duplexer.

'he waveform generator generates repetitive train of pulse & is fed to pulse modulator for modulation.

The pulse modulator modulates the train of pulses and gives the pulse modulated signal to the power
amplifier for amplification. | ik
The power amplifier amplifies the pulse modulated signal and fed to the duplexer. Generally audio
frequency amplifier is used for this purpose. iy ™ oy
The duplexer allows a single antenna to be used on a time sharing basis for transmitting and receiviig.
| hort circuited at i - 1a
The duplexer is generally a gaseous device that produces a short circuited at input 10 the antenr
Durine Transmission. So that the high power is flows to the antenna not to the receiver.
[ o=

ud [
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the transmitter. It alsg Serygg
0

the high powerl of e

d not to the transmitier. :
1S ransmit R.. .

devices ONe known as [R ( it thewﬂr}

e ﬁ'.ﬁrbtmts from damages caused by
Ghanﬁéﬁhhfﬁthﬁ returned echo signal to the receiver an
» The duplexer might consist of two gassed discharged
and ATR (Anti—Transmit"Rec:Eiver). TR directs the echo signal to the rece;
~ The TR protects the receiver during transmitting and the A
during reception.

3 RECEfvER SECTFQN: - fferent part as explained bellow: .

» The receiver is usually super heterodyne type. It consists of d.l,T 5 hich reduces the noise leve],

~ The 1™ stage of the receiver is low noise R.F. transistor amplifier W. % frequency where it is amp|;

» The mixer and local oscillator converts the R.F. signal to inter mediate Hed Pl
by the IF amplifier. ] andwidth of the |F

» The signal Bandwidth of a super heterodyne receiver is determm.ed by th'e t:;:zi the output pﬁﬂ[rs.t;gﬁl

> The IF amplifier is designed as a Matched Filter that is one which maximizes kg -

to-mean-noise ratio. s - 5 PP :
» Thus the basic function of matched filter is to maximize the detectability of weak echo signg &

attenuates the unwanted signal. e
> The IF amplifier is followed by a critical diode which is called the seconc.l detector or demodulator, |
purpose is to assist extracting the modulatin g signal from the modulated signal.
The combination of IF amplifier, 2™ detector and video amplifier act as an envelope detector to pas
pulse modulation (envelop) and reject the carrier frequency.
» To detect the Doppler shift of the echo signal the enveloped detector replaced by phase detector whic
is different from the envelope detector.
T'he combination of the IF amplifier and video amplifier is designed to provide sufficient amplification
or gain to raise the level of the input signal to a magnitude where it can be seen in a display.

At the end of the receiver a decision is made whether a target is present or not. The decision is base
on the magnitude of the receiver output.

If the output is large enough to exceed a pre-determined threshold, the decision is that the target i
present. If it does not cross the threshold only noise is assumed to present.
» The display unit is usually a Cathode Ray Tube; the most common form of the CRT is Plane Position

Indicator (PPI) which maps location of the target is in Azimuth angle & Range in polar co-ordinates
» B-scope display is similar to the PP] except that it utilizes the rectangular co-ordinate rather than the
polar co-ordinates to display Range Vs An gle.

» Another for display is A-scope which plots target Amplitude Vs Rap B 1
g¢ for some fixed direction.
® CONTINUOous WAVE CW DA

» Pulse Radar is used for detection of Stationary Objects:

; Where g5 - - el
continuous wave type of Radar is used, ———————nx to detect a MOV_l_i”_lg Targ

» CW Radar is of Two type: -
(1) CW Doppler Radar

Y

\7

\’I

‘1"

the relative radjal motion of I
M cach other then the 3P“"rafﬂ
then the aperant frequency Wi
"0 as Doppler Effect.
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Where fd Jop
» From the above '-f'?:'z; ession, |
Where §-Radar freq
s W lginHz VY, Iu i
w With a C'W Trans
Hadar when the Tar
Ciiven that f = 5 G
{2V,

©® 1. CW Doppley RADAR
=T

LF
': N
J

!
e

Transmitted
Oscillator

[ BLOCK DIAGRAM OF

The CW Transmitter generates a continuous sine wave raﬂm ﬂm gulw (Unmodulated) of frequ

f, which is radiated by the antenna, Since, here the transmission is cmtmumﬂr Circul: s use
provide isolation between transmitter & receiver, For continuous wave the use of duplexer is | oint

A Portion of radiated energy is intercepted by the target and scattered. Some of it in the direction of

Radar where it is collected by receiving antenna.
If the target is in motion with a velocity of Vi relative to the Radar, the received signal will be slnﬂed

in frequency from the transmitted frequency fi by an amount of £fy.

The plus (+) sign associated with the Doppler frequency applicd. if the distance between the target and
the Radar is decreasing (when they moving towards cach other) ie. when the received signal
frequency is greater than the transmitted signal frequency. The minus (<) sine applied if the distance is
increasing i.c. target is away going from the Radar.

Hence the received echo signal at the frequency fitfy enters to the Radar via antenna.
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Sy el Page 17
This Radar uscs Doppler ERS B8 I hiiation many times it is ot possible to distinguish 2 mou, |
e :Eztai:thepmt:e nfslaﬁ-cinrperwech«s@t‘cmpamble appearance on the Radar screen
oF o5 :l::; tgz:lu:: :’hf:: dISP!aJ’- there isa T .
stationary target Modulator | .

echoes. When it is desired to remove the

Antenna l
clutter due to the stationary target an MTI

Radar is employed. <
» The basic principle of MTI Radar is to

cnmPare a set of received echo with those ”

received during the previous. Sweep and |

Cancelling out those whose phase has remain - &

unchanged. >

» Moving target will give change of phase and
are not cancelled thus clutter due to the
stationary target are remove from display and
this allows easier detection of mov Ing target.

» The side block diagram is the simple block

diragram of simple MTI Radar.
» The Transmitter frequency in the MTI Radar Te Delay-line
System is the sum of the op of two onncses
oscillators produced in mixer 2. [ BLOCK DIAGRAM OF AMTIRADAR SYSTEM |

A4

The First oscillator is the Stalo (Stable Oscillator) and the Second one is Coho (Coherent Oscillator)
which operating same frequency as the intermediate frequency & providing coherent sional :

The Coho is used for generating the RF. signal as well as reference signal }ﬂf the phasu;: dEIi-.‘t!Gi‘

The output of the duplexer is the combination of transmitted frequency and Doppler shift ﬁ'equmc\

At the mixer-1 the Stalo frequency (fi) cancels out and feeds a signal of frequency f=f: I:D hl.F
amplifier for amplification. i =

VYV

4
3
3
:
:
£
g
=
7
0
&
2
3
-
¢
3
2
5
:
2‘
%

proportional to the phase difference between the two input signals.
Since the output of this detector is phase sensitive and output will obtain for all fixed or moving target.
The phase difference between transmitter & receiver signal will be constant for a fixed tareet whers ac

it will vary for a moving target. This variation of moving target is due to the Doppler freq m‘- v shis b
The delay line canceller not only eliminate the DC component caused by clutter bu; also it
unfortunately rejects the any moving target whose Doppler frequency happens ta be same as [he:;RF
(Pulse Repetition Frequency) or multiple of PRF. (£ = nf,)

Those related target velocities which result is zero MTI response are called blind speed and is

Y Y

\ 74

Y

given by

= Given that : f=5GHz = 5x]0°Hz _ PRF =800pps

| As A= o/f= (3x10%) / (5x10%) = 3/50 = 0.06m

Vo= nif2=(1x0.06x800)2=24m/s .V = (2x0.06x800)2=48m/s & Va3 = (3x0.06x800) 2=72m/s
AU U — >

i B
i
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® GPS (Global Positioning Systew ) :-

» GPS stands for global positioning system which is
started in 14" Feb. 1989,

» A GPS system has three segments.

= Space Segment
* Control Segment
* User Segment

“ Space segment:- :

» In space segment system it contains 24 f:.:r]:Jcr:alt.n::u‘*ue?l!l
satellite which are revolving around the earth in 6
different orbit there are used an spare and there are
arranged in such a manner at least four satellite are
in view to an user at any time on a worldwide base.

> Out of four satellites three are for dimension one for
time.

» GPS Satellite Transmits Pseudo Random Noise CONTROL SEGMENT
(PRM) frequency with cars acquisition and precision | _ X |
code. This can be achieved by CDMA process to identify transmit a particular providing a uniqug
PRM number.

* Control segment:-
» It includes a master control station & number of monitory & general antenna allocated throughout the
>

USER SEGMENT

world. They are all interlinked & all the information received is processed by master control system.
After calculation of accuracy master control system it is transmitted to the antenna by which a position
can identify through satellite.

< User Segment:-
» User segment contain high, medium and low receiver the user equipment is so designed so that it

receives the signal and process all at a time or sequentially then the processer converted signal into
3-dimensaonal navigational information.

FOUR STEPS FIND THE POSITION:

Measuring travel time of satellite signal,
Measurement of distance from satellite.
Measurement of position of satellite.
Trilateration.

LIMITATION OF GPS

Line-Of-Sight Essential — Signal cannot pass through building, it happens in urban area, i.e. Sydney
city circle.

Long position time — Around 15 minutes, depends on how accuracy.

Battery - Run out of the battery in GPS receiver, since long calculation time, 4 AA batteries can last
for 4 hours only.

» Need improvement? Cellular Network!

VO VYV V Ve

VY

<AL & THE -+ ©~20-BES T (v e Y- AL L8 @ THE e o BES -

Scanned by TapScanner



»”~

» Fiber optics is a relative ne " S
g | i rela AVE new technology that used to transmit television, voice and digital dat.: sisnal by light
waves over flexible hair like threads of glass and plastic.
» Optical fiber is the medium in which th ication si : |
_ ¢ communication signal ati .
the form of guided light, gnals are transmitted from one location to another in
» This signal can be voice inf : : : : : ;
> f[~|l *-« Hfz,l‘l 11. f.. u; be vuu_e.mi?rman.nn, data information, video information and any other inform: ion. |
7 1 TE PIOEESS of communicating using fiber optics involves the following basic steps.
Creating the optical signal along the fiber.
II.  Relaying the signal along the fiber.
111 l:nsu!'u?g that the signal does not become to distort or weak.
IV. " Receiving the optical signal.
V. Converting it in to electrical signal.
D \
?
W 0P
t“:‘dg\ OQ'\@& | % ‘I‘a{‘a\ :
A ) i 1 :
Signal s Electrl_cal Optlc_al > é
information | 'ransmitter Transmitter Receiver g
[ Simple Block Diagramof a FOCS | %
E ADVANTAGE
» Attenuation in a fiber is lower than that of coaxial cable or twisted pair and is constant over a very wide range. |
So transmission within wide range distance is possible without use of repeaters.
» Smaller size and lighter weight. So that it occupy much less space.
» Due to Electromagnetic Isolation the system is not vulnerable (risk) to interference, impulse noise or cross talk.
» Fiber optical cable has much greater band width than copper wire. ':
’
» Fiber optic cable is less susceptible to signal degradation that copper wirc. E
y

vV V'V Y Y Y [Ij YV VY E Y YV Y

Page -14-
{[CHAPTER-II]

wpao-- FIBER OPTICS COMMUNICATION SYSTEM o o .

l'lihur UP”L:H i'-; A hanL‘h uf‘ : .
S i science which deals with the study of ‘ '
: : . ol propag: :
dielectric medium such as optical fibers, Y 5 Propagation of light theouph trasparent

Data can be transmitted digitally and Data rate is much higher. As for example the data rate i« 2 Gbps over
some kilometers in case of fiber optics where as for coaxial/twisted cable il is about 1 Mbps over one kilometer.
Lower power transmitter can be used instead of the high voltage electrical transmitter used for t': copper wire.
Because of no electricity is passed through optical fiber it is nonflammable and immune to light.

No cross-talk in optical fibers and hence transmission is more secure and private as it difficult to tap into fiber.
DISADVANTAGE

Fiber optics is the cables which are expensive to installation.

The termination of fiber cable is complex and requires special tools.

They are more fragile (easily broken) than co-axial cable.

APPLICATIONS

Used in Voice Communications. (Inter-Office, Intercity, Intercontinenta! finks ete)

Video Communications. ( TV Broadcast, Cable Television, Remote Montoring, Wired City, Vi.'cophones etc)
Data Transfer (Inter Office Data Link, Local Area Network, Satellite Gro 1l Stations, Compute ¢1¢)
Internet (Email, Access to remote information, Video Conferencing etc)

Sensor System ( Point Sensor, Distributed Sensor, Smart Structure, Robotics ¢ic) |
Alen it nmead Tn Athae taAdtvant Falde lilra pi'\.l’ﬂf‘fﬂil‘""ll-‘”‘ anTU"I ]'}I'I\"'.'.". ._". wlem. rl‘[ii”';l}ﬂrtal-l‘1‘:- Ill‘“!llh (..:]I'L‘
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el : : )
Optical Splices >
I >
(b
o
e
— >
o
el
s = >
Oplica __ -
REGENERATOR Recelver = >

” Optical Coupler
V¥ or Beam coupler

RECEIVER SECTION

L

.| Optical | Photo , ‘
Amplifier Detecter Restorer . 4

; | Electrical |

| Amplifier 1 O/P Signa i

[ Block Diagramof a Fiber Optics Comm. System ]

» The block diagram of FOCS contains fallowing components. Light Signal, Transmitter, Optical Fiber, Photo
Detecting Receiver, Cable Splices, Connector, Regenerators, Beam Splitters and Optical Amplifier etc. |

» Modern fiber optics communication system general includes an optical transmitter to convert an electrical
signal to an optical signal to send into the optical fiber.

» In this section the electrical signal is converted into optical signal with the help of light source and associated
circuit. We use light sources like semiconductor LED or LASER diodes since their light output can be
modulated rapidly by simply varying the bias current at the desired transmission rate. |

» Optical fiber cables are the medium for the transmission of signal. It carries the data, audio or video information
in the form of optical signal. The cable containing bundles of multiple optical fiber that is routed through
underground and buildings.

» An optical receiver is used to recover the signal as an electrical signal. The information transmitted in typically
digital information generated by Computer, Telephone System or Television Company.

» In the receiver section a photo diode is there which treated the weakened optical signal and convert it to
electrical current referred to as photo current. This photo current in the form of electrical signal is amplified by
the amplifier.

» The signal restored will produce the required form of the signal at the output. Cable splices are used to joint
between the two fiber optical cables.

» Connectors are connected just the end of the transmitter and receiver to connect with fiber optics cable. Its
construction is more complex than that of splices. Beam splitter or optical couplers are used to split the optical
signal into different parts for different communication system.

» Different type of optical amplifier is there to amplify the optical signal. Regenerators are used for restoring the
signal shape characteristic.

» In a long distance transmi‘ssiun the degradation of optical signal takes place so to restore the signal shape
characteristic over a long distance regenerators are used. This is mainly used under sea where the longest cables
are employed.
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JPUUULLON O __{ i’l D afflﬁe?’?- ;

o B 3& T T 5 i C=3x10"N/s upon entering f0 2 dielectric and non condugy;
medium the wave now fravels 2t 2 speed *V” and is less than that of 'C _ o e i
The ratio of speed om ‘ﬁm t0 that of in 2 metal is known &8 Refractive Index v Hiaicnal ang

given by

.
e

o P

- L L L =

-
¢ F i
5

\Jﬂ‘

|

5
| Typical values of Refractive Index is given by .
| = 1 for Air, n=1.33 for Water. n=1.50 for Glass, n=2.42 foe Diamond etc.
» When a light ray encounters 2 boundary separating
two different media, part of the ray has reflected back
in to the 1* medium. Then the remainder is bending ol
- q‘
or refracted as it enters to the second material. Q”‘
_ tothes _ . Vi
» The bending or refraction of light ray at the interface 2 AL
as a result of difference in the speed of light in two (D
materials that have different refractive indices. 2
» The relationship at the interface is known as Snell’s 9
Law and is given by

" 1, Sin @, = n, Sin D,

=» n; Sin (90-6;) = n, Sin (90-6,)

2> I ﬂ;COS 93 =H:COS 9_‘,'_-

L]
i

B S —— [Light Propagation in Optical Fiber]

1o the surface is known as Angle of Incident.

» According to the Laws of Refraction the incident angle “8” at which the incident ray strikes to the interface &
exactly equal to the angle that the reflected ray makes with the same interface.

| » In addition the incident rays the normal to the interface and the reflected ray all lies on the same plane

'} ~» Asn, is greater than n, the angle ufreﬁactiunisalwaysgrealerﬂ]anthaxufangleufincident. L

’ lftheanglenfintid'ﬁnQJishlcreasedapointwiﬂevenruaﬂ}freachedwhmtheﬁghtm.in - - | to the

i_ glass surface. This point is known as Critical Angle (¢,) of the incident. e .

» The value of critical is given by

| Sin 6. =1/ 1; % Oc=Sin" (n,/ ) J

# ,
~ So we must choose the angle of incidence less than 90" n v :
| > When the angle of incidence is greater than that of the <
} critical angle. The light is reflected back into the medium
| and is known as Total Internal Reflection.

| # Acceptance Angle:-

» Any ray which are incidence into the fiber core at an angle

[ greater than 6a will be transmitted to the core cladding
interface at an angle less than *¢.” will not be total internal

|- reflection.
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"™ | I Light Propagation in Optic

~ » From the ?";Z'iﬁiijj}“ incident
eventually loosed by the radiatior
Thus for rays to be *e“*t:”n. by total internal reflectic
ﬁbercorewithinan w“*ariu-; 1gle and is also defined
Henceealsthemaxlmum the axis at which lig
is refer as acceptance »-. . 1
0 is some time refer as maxlmum
It may be noted that the Oll t ang

emerges in to a medium o the sam&

refractive indices of the three medlum mvolw such as core, cl&ddina Bnd ﬂllh&f iﬁ‘.‘ﬂ -p |

This leads to the definition of a more generally used term that the Numerical Aperture of the Bt ]
The figure of the next page shows a light ray incident on the ﬂbcr core at lmangle &; tﬂ thaﬂlnr mds which is
less than the acceptance angle for the fiber 6a. s L
The ray enters to the fiber from a medium (Air) that the mﬁ'actwe indax ‘n’ and the ﬁbar mfmctiva mdex
which is slightly greater than the cladding refractive index ‘n;’.

s
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Page -1g.
~ > Now applying Snell’s law at the interface .
| _ oSind;=n; Sind, y ? ri
Z ; Sk | "?{4_/{! | .
> Sin 8= Sin (/2 - ¢) = Cos ¢ A7y 5 n; Core
i y U : |
So, ﬂoSln9|=n_1_C05€b cmmmmm= (] ) ] f ’}',._, el B B P r
‘ > 1y Sil’fﬁ}'f ny(l- Sin’ IIJ)m ----- (2) | iez o : g,b?-b" n, Core |
» When limiting case for the total internal (AiF) T D zq-fp . Ve
reflection is consider ¢ becomes to the g “u A |
critical angle for the core cladding interface n, Cladding 5
() also in this limiting 0, becomes the
acceptance angle (0.) for the fiber. ; ; :
o s _ ati »chani umerical Aperture] 7~
» Combining these limiting case, equation(2) [Propagation Mechanism for N P l
becomes,

Ny Sin 6= ny (1- Sin® d)'"2 = ny Sin 0,= ny[1-(nz/n;)*]"” { As Sin ¢.= ny/ny

e

no Sin 0, = (n;% n?)"”

» This equation relates the acceptance angle to the refractive indices serves for the basic definition of optical fiber
parameter 1.e. Numerical Aperature. —

; ; e I 112

» Hence the Numerical Aperature is given by NA = (n/*- n;") ]

Since ny is often used for air whose value is unity. So the Numerical Aperature is simply equals to Sin 6.

Numerical Aperature may also be given in terms o Relative refractive index difference (A) between the core

and cladding which is denoted as

A= (I‘]|2- nzz)f2n,2 -> 21’112 A= (I]]z- sz) - I e (H|2- ng)”z

Thus, l:-NA =11} -

» This relationship for the NA is very use full measure Elight collective ability of the fiber.
w MODZES OF PROPAGATION:-

» Propagation of light along an optical fiber can be described in terms of a set of guided electromagnetic waves
called the MODES.,

» Each guided mode corresponds to a patterns of electric and magnetic field distribution that is repeated along the
fiber at regular intervals. Only a certain discrete number of modes or patterns are capable of propagating along
the fiber.

» For monochromic light the amplitude of a mode traveling along the fiber axis (say the +ve z-direction) is

represented as

— A JW-Pi = :
¥ (zt) = Ae ™" Where w=2nv and p is the z-component of propagation vector k=27/). in z-direction

For guided modes, p can have only certain discrete values that satisfies the maxwell’s equation and the

boundary conditions. These modes are identified by solving maxwell’s EM wave equation under the bo

condition of the wave guide surface. R

The modes can also be visualized by ray tracing method,

A guided mode travelling along the fiber can be regarded to be assembl|

guid y of a group of pl

axis with a common wave front. gy

Since with any plane wave can associate a light ray that is normal to the wave fro

corresponding to a particular mode from a set of ray called a Ray Congruence

Each ray of this particular group is incident at the core cladding i l

g interface at the same angle. Note that any ray

that satisfies the condition (6 2 6¢) can be transmitted in the fiber yet the constant phas s
only in limited cases. i.e. there will be limited number of ray congruence or modes Phase condition is satisfied

Y

Y

A%

Y V¥

along the

"-g’

nt of the wave, group of waves

"‘J"'

d
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» Ihe onder of the mode m, is linked to the R ST S ek e

| vidence. In onder that the mode rays | gobemdgats’ 1ot |
roih ey A . ase, the |

Where m is an integer called the Mode Number. W o R

o luded in compating AP, ; ot ;‘ |

-~ Through the path difference between meridional skew | T
 transmussion 1o be possible. o Mhhm}ﬁhmslwddhl gt ::f |
~ T angle ¢ which a mode ray makes with the wall ofthe fiber i given by e
A ‘S"fd':('i 4/d) < l*“"‘“‘@“@)'%'.l-\hvdmoﬂimm&d=ﬁhu i " }
» Through a distinct modunmhble\vm\w integer value of m, number of modes are limited as Sin @ cannot e % | .

exceed unity for low value of m, value of § is low.
» Onthe other hand the value of ¢ is more for hi

e T A e —

[ Mode Informationin Graded Index Fiber ]

» When the fiber is very thin, the ray with a single low value of ¢ i.e. grazing incidence can enter into the fiber
the steeper ray with high value of ¢ will not enter into the fiber.
» This is 3 monomode transmission if the core diameter is large, angle of incidence can change over a range and
| as such multimode transmission is possible as shown in figure above.

* Meridional Rays and Skew Rays:-

» The rays propagating through an optical fiber can be divided into two groups. They are

| a) Meridinal Rays *
| | D) Skew Rays “
|

A : |
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> The raysgmg tobe Meridinal if all of them comprising a mode pass through the longitudinal of Z-axis o i
fiber core, they are confined to a single plane which contain the axis o Symmetry in below figure and there
it is easy to trace its path in the fiber., 4

o Skew Rays: -

» The skew fays can propagate without passing through the axis of the fiber they are not contained to g

plane but fallow a spiral or helical path due to reflection in different segment down to the fiber core in
below. It is difficult to track the path of skew rays in the fiber.

Sing)
figuy

"_“‘—h__“—'—--—---H--—_-—‘_-_-“--___-_--ﬂn_—-_*—-
]

—— —
s - o e m l--h-ﬂ-----l--h — ---ﬂ—lqﬂ-ﬂ-ﬂ- -----"-ﬂ“---—-u---h---—---_*--

IHIF--l--l-—l—--'-i-l__q—.l—l_-—-—-._'—'—p--l-'__—-ﬂ_-ll-—__-_

— e S B -
[ Helical Path Followed by a skew ray in an Optical Fiber ]

» The point of emergency of the skew rays from the fiber in air A
depends on the number of reflection they undergo rather than the
input condition of the optical fiber, —

» Some mode of propagation involving skew rays produces loss due
to leakage and radiation. But it has certain advantage too.

> Even when the light input to the fiber is not uniform the output |
will be quite uniform because the skew rays will have a |
smoothing effect on the distribution of transmitted [; ght.

» Another advantage feature of the transmission of the skew rats in

that the effect numerical aperture will be greater than that for
Meridinal rays. Cladding ﬁadius =h & a= Core Radius
* Classification of Optical Fiber : - [ Refractive Index of a Step Index Fiber]
» There are two methods of classification A
L.~ According to Mode Capacity
2. According to Core Refractive Index

* Classification on the Basis of Mode : - < nl-Core
&. MONOMODE FIBER : - The Monomode fiber allows only —
one mode to propagate and hence this name fiber of this

type have very small core diameter ~ 2 to 10 micron.

!
I ‘
B. MULTIMODE FIBER : - The core diameter is more than | n2-Cladding
SOmicron. Because of large diameter, It allows many |

modes to transmit through the fiber,
* Classification on _the Bgsis of Core (\I\"‘ﬂ——a _________ q

J : Cladding ﬁ&dius =b a = Core Radius
&ifrﬂlc tive Index:- [ Refractive Index of a Graded Index Fiber]

A. STEP INDEX FIBER: - In step index fiber the core has uniform refractive index ny, through its core section

and the cladding also has slightly less but uniform refractive index n, through its cross section. The
refractive index profile, the fi gure shows a step [ike structure,

B. GRADED INDEX F [BER:- Refractive index of the core is non-uniform

n2-Cladding

being maximum along the axial and
ng refractive index n,, however is

e '- Scanned by TapScanner



o Advantage and Lisadyantage ¢

o, Communication through p)
Oy 1. ADVANTAGES:
& It has wider band width (10000 -

* It has higher information c; apacity
/ & It can transmit e

ﬁm
as1e fiber or 2lass hb\.r hﬂl BEVErE

F

40000 Gz,

having less resistane

veral G byte/see with legs resist
i & It eliminates cross falk,

4. It eliminates statje mluiun.nu

4 Jte Iminates environmental resistance and i i MI: ;ﬁf
4 |t can be operated at thin lemperature,

+ Optical fiber cables are safer and easier to inllall.

* Itis Casy 10 storage due 10 I‘lemblllty in nature,
+ It 15 lower transmission loss, 1

- s more secure then metallic cable,
% 1 has higher durability,

% These are CConoOmic in nature,

* 1is €asy 10 transport,

* These are compact in size, .
2. DISADVANTAGES: - 2

+ Optical fiber cable requires specialize tool mdmf. quipmen

% The repa:rmg cost of optical fiber is htﬂwrthan ! :'Th

% Zlectromagnetic Frequency and Spectri w 2
o’ 'l'heelwmmug;mw frequency spectrumcontmw
» The light frequency spectrum is divided into three k
1) INTRA RED:

These are the light which to have length in between h-""!ﬁm
or band,

2) VISIELE LIGHT:
The wave 1mgm between 390107 m - 77010 mh (i
Wave length IONMI t 390NMt which are not visib. human being
caleulation are mode by the equatm &,

}L"‘" Where ), = Waﬂ'tlﬂlﬁh, C = velocit o _ :
7 LED stands for Light Emitting Diode. These types of diode ? ----- fe | by co
mammﬁlwiﬂamoﬁwmmeﬁalmmm lifferent co
» Wlwn these diodes are forward biased there is a procm of rece mbi -.f - o8 b
dﬁatmrdmcmwmﬂwfmmofhglmmm 50 KOOI nk e o

= &

‘qﬁﬂﬁ ) |

Scanned by TapScannér



-“tt\ i\

ol i+ :
TONAPIER I
et SATELLITE COMMUNI

2oL satellite Orbital patter e ol Elvikii qf y
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PSP s o st s aa pdat i fag RIS hHlIHl“Ilﬂ I'
Ak g NSO LS o NSO ad o Ny

o e Biasdy oy \*hllmirnl ”“*i'hflllll'.lt

Faws of Motion
W

CEY By Body contbnues b s atote ol venl ol lllllmﬂﬂ ..I i |
Change that state By a fores i pieaged p I -2‘

G The vate of ehimtge oF monientoinm te peopontonal o I i.,;f
ilmi foree: Muomeitum = iias < veloeity, s law () Bl sn

I ﬂ(iﬂV’.m%.‘

() Forevery action, there Ta an equal and apposiie l'lliﬂﬂ

'l“:“ CLaw of Genvitatlons The Toree ol attiaetion hclwm i
. 'II: . :
wy  Proportionnd to thelr mnsses - -

ipe o nversely proportional 1o e seuare of the l.”lllﬂ“ ‘”f

& -H

<3 i.
(Freating the masses ns points) A

ne  Where G = gravitational constant = 6.674 # 1011 ,,Fmﬁ}
ot These lnws expliain how i safellite stays in #IW: B
Law (1) A satellite would tond to go off in mim i #

""-lc

tth

1y
Law (2); An attractive force makes the satellite devi
Law of Gravitation: Thig attractive foree i mcmv ” W
provides the inward pull that keeps the satellite in iming § e
must equal the centripetal force, m m
Where
v = tangential velovity . L
1 4 L2 orbit radius = g + i (16, nof i whitude mho i 4 :.. SR
h = alfittide of orbit = height above mem' e
i = ass of satellite
trig, = mass of Varth
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Kepler's Laws for Orbits

So far. we have assumed that satellites travel m circular orbits, but this is pot
’_\'.:-amn‘slawsmhmeﬂmdai\"emeﬂﬂhmdami[h’sm

However. 2 simpler appro s < . - -

i K o b et S e s of o
tl}_&!lplaac{sum“el"meﬂimimlmb'ﬂsnimmehumm

— defines the shape of orbits
(Z)ThemdiusﬁmiheSunmthephmtm&psmmmhmﬁm

— determines how orbital position varies in time
(3) The square of the period of 2 planet’s revolution ;

— suggests that there is some systematic factor at work

abowanythingﬂ:atammﬂioﬂaimaﬁmm nﬂmﬂllitismmh ol

However LEO is still very close to the Eanth,

includine geostationary orbit. ly When COmpared tn ~et . - il
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The low orbit altitude of leads to a numbe;

Orbit times are much less than T
required to balance the earth's 5‘“ or
with orbit times sometimes of the orc
exact details of the orbit.

The lower orbit means the satellite
other orbits such as GEO 4

The round trip time, RTT for
orbit satellites. The actual time will deper
user relative to the satellite.

Radiation levels are lower than experienced
Less energy is expended placing satellites ir

Some speed reduction may be ¢ '“éL"m od as a result of fric
gasses, especially at lower alt:tu >s. An altitude of 300 km
orbit as a result of the increasing ¢ .u_ii,,t_}i_,:ﬁu__5-_,-';.; Sen(

Applications for LEO Satellites

A variety of different types of satellite use the
applications including: i

B4l
Communications satellites - some communication

Earth monitoring satellites use LEO are able to s
not so far away. They are also able tc ré verse the surfac

The International Space Station 15 inan L "f'.f -
miles) above the Earth's surface. It :nr*a ften

.

MEO Earth Orbi

A medium earth orbit (MEO) satelllte is one
few thousand miles above the earth's surface. Satellit
satellites, but lower than geostationary satelh

The orbital periods of MEO satellites range fr a m huam 2 hours. Somge
perfect circles, and therefore have constant alt: ‘3{”'." vel at a constant speed

Other MEO ﬂtﬁ“ltes revoh;e ln elongated Qrb] %ﬁ ﬁ-E m‘lﬂ{ 1_1 i Hilu h .-r j an H-ja.:li,:"i i *.'i.'i’ "
- satellite is much less than its apogee (greatest altltude ¢ o ital Q-ﬁ !%wwi. '43. -ater near perigee
than near apogee. | "':’..HB

1 F = n ..'" ...I-

As seen from a point on the surface, a satellite in an elongatec of_lll_t‘_ms s 5- e sky in j t & fwjj‘hﬁ

A IJ_J'.' s e

when it is near perigee, as compared to several hours when 11, I_S"ﬁea[ apogee. ‘E i v T {'{_ ;_ HEREN

B gl

= 2 A | :
Elliptical-orbit satellites are easiest to access near apogee, because tha earth-based antenna 0r:entat on -

does not have to be changed often, and the satellite is above the horizon for a fau'ly long tlmg - "i s

. ol ‘ o n-i'q, .l...fq_
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i1, 2.2 The Concept of Geostations
M

time delay & their advantage & *1.:__.- |

D Cemtationary Orbit hasics

-h.; 4 ’ I
1y f‘, . ihl- j,l‘:ﬁ”h' f}! | .l.f"rl”“: lﬂtftﬂm’ _,.

;"””l 1 "jl" ‘4 h"j”l 3 ‘a‘jr '"»"qr 5awl’m w
 synehronized with the arth, |

One particular form of geosynehronous o
the tsatellite rotates in the same direction as 1
/ : ’ )
[ his means that it revolves at the

therefore remaing in the same position rel
i
‘ f

In order to ensure that the satellite rotates &

eractly what the time is for the rota ‘r-
roration is measured relative 1o the Sun's mean pos
rotation around the Sun provide the length of time

are interested in to give a geostatior ih
period is known as a sidereal day and It 'F‘ e

Geometry dictates that the only way i’u
the same spot on the Earth's surface is th

must not move north or south for any of i i,,

Earth, the two options awulzble m
Tihe one labelled geosynchronous will move < ol

other half - it will not be stationary.

Geostationary Satellite Drift

Fven when satellites are placed into 4
change its position slowly over time.

Vactors including the carth’s elliptical shape,
satllite orbital inclination.

meumm; stat y, it 1
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'und the Equator tends to draw the Salel ]y,
| n and the other very roughly aroyyg
-west libration or movement back , =

4 "L
X -
T g =5
L.
.
\

In particular the non-circular shape of the of the Ea
towards two stable equilibrium points, one above the Indian Ocea
other side of the World.. This results in what is termed as an €as!

nd

mmf’ - - EE
To overcome these movements, fuel is carried by the satellites 1O t:nablt:- them to carry u‘ul Statjop,
keeping" where the satellite is. returned to its desired position. The period be:lwet:n mu“}‘]“'k“fﬂinrﬁi
manocuvres is determined by the allowable tolerance on the satellite which is nTﬂlﬂ'y fjﬂlﬂrllllnux{ by th,
i ground antenna beamwidth. This will mean that no re-adjustment of the antennas is required. G
’1' Often the useful life of a satellite is determined by the time for which fuel will a.llow the station-keeping ?:
be undertaken. Often this will be several years. After this the satellite can drift towards one of the 1, T
l; equilibrium points, and possibly re-enter the Earth's atmosphere. The preferred option is for the satellji M
I | o utilise some last fuel to lift them into a higher and increasing orbit to prevent them from interfering wir;
other satellites. -
0| F
:' - Laeostationary Orbit Coverage I
|: A single geostationary satellite obviously cannot provide complete global coverage. However, a singl :
|

geostationary satellite can see approximately 42% of the Earth's surface with coverage falling off towards ¥
the satellite is not able to "see" the surface. This occurs around the equator and also towards the pola

regions. \
Bl Axis ot ' 3
| rotation P =
of Earth Satellite signal

cannot reach N1
these regions

i C
it'.. ‘* "a]
@ Sateliite in nt
#_—*" geostationary
= erbt A
0l
. 18|
Geostationary satellite coverage i;{)
For a constellation of three satellites equally spaced around
the globe. it ; . . )
coverage around the equator and up to latitudes of 81° hoth north indb:; ltthls Possible to provide comple® R:
uth,

f The lack of polar coverage is not a problem for most users, although wh i I8
1 satellites using other forms of orbit are needed. "Here polar coverage is need¢® k¢
Height, velocity & round trip time delay [
.. Height of GEO satellite can be given as R
| r (orbit radius) = Rg( Radius of the Earth)+ h _ b
| | er

| Round trip time delay is given as following |
Tl
T:'gg'r':zm',r-—_h-—[__..hlfa th

Y6m. -“yom |
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level or vo&ob._nn a network

|
Traditionally, it refers to a sate
carthbound terminal or devi

It s also used in othe
similar manner b
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Then the satellite send;
the other user via U
typically range from 56
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Final

host
that utilizes spread-spec:, “aa

ital cellular network standard ; _ |
s digital signals or frequencies but spread: |

Code division multiple access (CDMA) is a dig

technology. This technology does not constrict bandwidth’

over a fully-available spectrum or across multiple channels via division.
iE

Thus. there is improved voice and data communication capability and a more secure and m_:..‘ﬂna__:m. ! com
CDMA digital standard is a leading communications network standard in North America and part: pref

Asia. Qualcomm, a US-based wireless communications company, patented CDMA and commerciali
this technology. Ad

CDMA technology was initially used in World War 11 military operations 10 thwart n.a,.m_”_d, mnnzu.ﬁm
access radio communication signals. In the early 1990s, Qualcomm introduced the possibility of using!

same concept with publicly-available cellular network technology.

bile networking arena digital standard gained traction, proving to b
ment from prominent indus Dis

use and eventually accept!

During this time, an alternative mo
challenge to CDMA proponents. Despite adamant negativity and discourage
figures, CDMA's supports successfully convinced these leaders to consider,

newly introduced CDMA standard.

Simplified Block E.nmani for COMA System

S

Analog 1o

Digital Converter >

C

* Forward Link = Orthogonal Code It
Reverse Link = Long PN Code B
P

- p

Essentially, CDMA offers more airspace capacity than the time divis; ¢ C
€ ﬁ—_— - S

Global System for Mobile Communications (GSM) standard. mE..,_“.“M””_.W _.M“_uv le access (TDMA) w”n )
Another advantage boasted by CDMA technology is its ability for soft r. 2 MA also uses less Mﬂ

i.c., less likelihood of cut-off calls. The usual analogy given in com i offs cagnhn: base m.“%. .

paring CDMA with other &

access methods like FDMA or TDMA: is that of
; people each carryj e Y
crowded room. The room, in this case, represents a channel Am.ﬂ.ﬂw”“u: n”“” w _.“.‘:co_.m”:o: with a friend” |
. uency).

the name “time division’). FOMA, on the other hand, s [ike
made by speaking at different pitches (hence, frequency divi
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- * [CNAPTER-IV]
oSt TELECOMMUNICATION SYSTEM ctitcist i

4.1 The operation of Electronic Telephone System, (Telephone set)

© The basie wlephone set vonnected o the wlephone network we nie all very com o tahle with uad
has <8 basie T tions:

@ Lo provide ashgnal o the telephone company thata eall bto b mde (orthosk) ae a vall b conipl
(on-hook),

@ T provide the elephone company Wi the namber the caller whihes o eall,
@ T provide aoway for the telephone company o ndivate that a eall Is COmng In or _____E__E.

@ Toconvert volee frequencies toefecteionl slgnabs that can be transmitted at the tansmliter and (NTIRE
those eloctrival stgnals back (o voiee frequencles ol the reeelyver,

Fhe Federal Communteations Commbssbon (FCCY s et standards for the ahove fentires and |
manutacturers selling (elephones fn thix COUNEEY st mateh these standardy o the phome will ol wa
properly,

Incaddition many modern telephones also come with teatures 1 e il vedind, memory, callr |
voree mally ete, These are all additional foatures it are not necessary (o ke oF fecelve cills

Lot's Took at Telephone Set Funetion 11 1o POV o slgnal (o (e

| i i __
made (ot=hook) or a eall Is complote (on-haak), Pany Cill Jy

the switchhook gets lts mame from the old telephones that had o hook on e slde O madern phones |
SWHCRhooK I a button that ix depressed when (e Wneset b put oy (e .___ﬁ.__...:____:__.._._:__ n i
hone,

According o Telephone Company specileations ndividual (elophone wet 1"

but i reality most telephones range betwaen 150 g OO0 63 of 1y fenlstance whould b 2001

ealntanee,

MAke & el the sty hoaks i the fgare bl
VIO I commplete,

When i user pleks up o connected elephone handset (o
(57 and Sa) elowe (ff=hook condition) and (e loval looy

|

Loowval —....__:_—__
Felephiog Bt mal Cipeny
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connecting the
close.

In the 8._1, .

L
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._._ao.&sm_oa mi_m.o_.

.-_l.-. l

There are two noﬂs_u_. :._a%“. ds of h:..ﬂ livisi
TDM bus. R

B R
TSI changes the o_.an_.:_m om Ea slots _x.ui
store data and flip the time slots nm,_mroi__ in Fi ﬁﬁw 8.

The operation of a TSI is depicted in Fig.1 A
Memory sequentially, but data is read 3_3:3?

o S

In'TDM bus there are several input and outputs naﬁﬂi Bu En& o
umna:_n_.oﬁu:_mi_a_:m closed, so only one connection H af sl ;
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I'he main o

i)1o 2&_ in conf (1 standuids 10 the €186 4 A
i Yo meet the challenge —

111) 1o reserve numbering capacity 10 me ___._._wm_.. d futuire nesiss,

iv) 1o suppont effective competition ;m,,&.\ 2z o0 10 b ing 1A s

v) To met subscriber needs for a meaningful and wser-Ariendly uheme, Onky the dechn: ___ &U&aﬁ s H |
9 has been used for all number allovations, 1Letters and other tem-3simns) chiaswters ) A s pan

the National (Significanty Number [N(SIN), Dialling proveduse as per TTU Peconmmendation §.)64 b
been followed,

The Short Distance Charging Area (SIXCA) based linked musmbering scheme with 10-8igh IS ks bees
followed. This would expand the existing numbering capacity 1o 1en Gines,

NATIONAL NUMBERING SCHEMY,

Level ‘0"
Sub level ‘000
The prefix *000° shall be used for home country direct service (Bilateral) and inernationa) vl free service

(Bilatesal). The format used is: *000 + Country Code + Operator Code” except *O0BAY which is used for
bilateral international o)) free service,

Sub Jevel ‘00107 - INTEENATIONAL CAVKIER ACCESS (Prefix) CODE: The prefix ‘008G shall be
used for selection of international carsier, 1 will be followed by Intemations) Carrier Mdentification Code
(ICIC), Country Code (CC) and N(SIN. The format shall be 48 under:

Prefix | International Carrier | Country
| Mdentification Code | Code

Yoy 55
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The Eurc ¢
vB&:nQ
1300 Ziu

The earli ,.w.. cit
_Qg We _.4 , |
appeared in a 28
nmmninﬂ__ .
The gigawa att ]
—.0—. —ﬁﬂmﬂ NC

A user may call other mon _u__gwﬁﬁ 5, send o
and cellular communication services. Inane
phones that work on top of an __m :aia

provides the complete functionality for ===ﬁ.=m

physical 1P
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