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avd vece Vg inpmrmmatton/clata Ton one plate to ansthes 4l
a deuthdud manness

In  dceentitre /{Qﬂﬁu&dﬁ , A Commniccativn has been Clagitied
(n Auwo byrooad Ca,bg(?m"e,s () /..fng/wfre_ oy GQwi'cled Covmrmuniatiy
[if} Wiveledd or uwgw‘du{ CoMmmMet sl Cafion.

To undevdtona the oliffererie beftiuen #Aive tuun ’{5‘/’“
of Lommunication , (e mul haye the ,énouueddw, ot
Source (fenctev) , mectium or cAavinel awdl gece/ver .
The B8ource/Lencley 41 @ body (mavy be oo clowte alss),
whch generctes Anformad’ON, Loide recel\vey 4 a booly or
deite , phich yece/ves auol £ntesprets AN tormnatton. The
Souste ard yecelver ave (hually Sefgratecl from eack
othes (Hhe Separotron care be a feco metors 2o
Sewverar Astonomical cyuk a,my The mediury ;tﬂnu% ‘

i cth xnﬁrmaﬁl‘en Or Bignal Aravels ~frmr Source fo

Yetertver 4o calley Medlitsyn or chanyel.

It Ahe boundn rieg ot meslium of chunyed
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of Channel or ynedium are net cweu Atfined, Hen
communicatton o celted wistled v umnguweled
Coynmuru'catton?

Cxamples of ijine/gtu‘d@/ Lo mt catrvrn gxe
broadband trterret, (andlire teleffane, Cable T etc-
Whele edxamples of Ungtuced Lommuynicatton are mablk,
tfreleds ) Xelevisron , Apeech ofF a Aecther 4 C’L'CWM@’I}
Aotellel oy clifh antenna. , et Wit ebc

Both of Aese pinds of Communy'tatior hatekd. their
Separale clomains of- applicetions, amb«f?@ el
a&‘ZQaLuzwfaaM ;

Wivdus tommunicatton has been further clasifred
a8 Bpace wanve, $hyivae, Fround Uraile ai~d
Ratellely Coymuni cation.

Sfﬁmz‘lqr/ﬁ dene  communi'catton. b allo Clalifred into
Ao gLk c_ategan‘eg V{,’?; eledn'c Communscatroy and
- opbitol cornmunidcatron.

Somuetimes, 2he -inaﬁ'm/ocm Lo be Lent/lrarsmithd
Trom ene pleate o anether Ny be Very Lmbortant cud
G A U recelyed by aun ur canded recegpont, 4t
may  be S wseol o For A cageg Anfermotion /S&cq;zi’;

becormus a uitod Lfe. This wwad Ahe prime reagey,
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Lo Lhut foom analeg o clegital commun/catrin. In

Cafe of- CU”‘M(‘]{ wmmum‘wm, AAq /Si‘gnai o0 Sent-
T one Pl 4o Anoties plate in 2R torm ot a Cortinul,
Vcrr{,,u‘rﬁ Vettage or eptical ol , while for s gital
l Lommuny‘catton, BAInal £ encoded info bt 1'n e
fom O 04 and |5 befre bﬁz‘ry Avang yriittec aud only
Q  foropes m,:/glgné-/mw[/éf MW?’& decocar% Aet/ce cuilf
be able fo yvetyive #he tnfrrmratim . Therefore, clipitat
Cornmunidcation 44 yruuh more Seciyyy A au Qinate g
Lornmu cation .
In ohn chapter,

O I dorens LA Le oo optical,
Loynmuny’ cat?

07) —U\mcﬁh opticat fibers chith 4 a 8us-
ca,&aéicrr& of- Lm&/gwdu{ Communsation. The

Lypical

block ciagyam of a line Communi'catvoy 3ystern
7 H
L Shown 40 AR tliure belyy, i g
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9t 8hewrd be Neted that infpsmation and dignal are
clifferent from each other: for us Aake an exumple sf
Speech communication by a prefesor 2o a class
LUAth 0 ot dhousavds of muids from i, sty
broadband eptical fhess f1bers (/nbernct) In Such
en example the toovofd he Xﬁea/@b’gf CLorme outs
AN aly a8 SBound ctawyek . Thede Sound weatles ave

Sacd o clefine Lnformation. Oblivusly he Lo Sheating
difoant words Ao deliver his lectyre, therfrre i o
Clear Zhat  nformabtlon £ Never monechsomatte( fe.
b O olucays poly chromatc or Contairy Lavge numbes
of freguenats).

Nowt he has a Collax mic JWE neax by mewtd on
WS ARivE ThiS mic fakes Sound cuawes as ,ebaqum
(onverts Bhese Ondp elebricol weaded. Thpse o wthust
eleemtal (waues are called jgr;}nal uLa,{/eJi/ Sinice the
freguency of intmmation 4 ChargLig fsom Ame 4o Lime,
therfure ‘ﬁwn%f of- 8lgnal » alko Lhargirg from #me
Ap ﬁTW ( because these &y ore-to—ope Co 57 ponolerce
betwern Anfermation. amnel giynat wraies) . Thus fust

Aike drformatron | Ygral waies are atio of- u(nyg,?
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egencie . For a 8 beecﬂ LW Xhe Nfrrynatten arviek
Coynmunitalion
AN The Treprancy zurge of A0Hz— kHz (amd cay be
heavdl by human eqx), thardore T fregruny Of- $lyrac,
Louts geneaded by mic alho sarge from 20//5—204H7
[ heweves thete can)not be heared by huymoy ery). Nouw the
ouwbput of Mmi'c (eletncat 8larats 4 the rarge So/g-chflf)
v giVen a8 Lnput- Ao ay afprvpnale cplical duce [0Ne
mMaY asume a &yf’t emdﬁfy clivele 08 &mﬁ/aé— example
An hi nund /;gfe) wehdth, con verts #@taﬁﬁﬂ.[gl%ﬁd@

tnfo an epbical Sigrals again 4n #u freueny sorge
Jolfy — Joktz ( Thude troeres aye nowe d%f*wmawwc Lo atles,
bk of-urfe cannst be heavd , but 36t 4hve are caltof
aLielie Treguenty waanes o o #he reatry that-her
Laryy Anformahlon of S,éeec/t)- These 8eliral cesatses gy
Vexy Weak (ol 2o £y

fn’fawz7 Loew/es ) avd caurot-
be dorsmitted as Such £ Lorze obces . Thuo #hese

Agrols ge amplifred avd Hen ysnes wed a fuitable,
l'ugh fﬂf/"‘fh‘ﬂj‘/ 1Mo thyomatre. d&oﬁamafnm e,
WAIA & eqlled Cavries waye!! G 4 therefrre. (qryor

twadse | whdeh & of ez Sirgle Mww
waye L never of S 8ingle freguoniy.
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Kivdly vemember thar drgnal watse 45 weah ) Poly thseiatr,

Cewry et Angremedvon ) 4 (& i O Gt esated by ore—fopne
b@rr{gbmm(; wub(_.ehﬁfrmcdmy/ but - %Cﬁh%
vealh L pfo Lméur oltinied: However corrier teoaise

2 *gfm‘ﬁ [t to very }u%#cfumfgr/} Menochnyrialre pug.
Loyt no £fromadiom .

Therfrve | ey §lral Loenles and rrrer weane wre

Arfrsimadion  awvol 1 g energl b veach 4 Loryg

Ao tances. (Pleate ramzmérrw Nafyre of gred € Grsitridede,

Frar yrrothectet gl —ttscie—r, Ahen rnmcrrictesttite musl-
be game /.

L Lh QIW Llles Gre eleHfeay oy Yatyre
AN carrier caaneg ment aleo pe eletryeal iiianses.
ON the other hamol 44 S09ral weadfes pre #der
MEGrelic  weated , then C@rITEY halles yriest algeo de.
optital fetectromagnetr waes),

They mochudated toaye 4, them  durgnutted in the
epticce o Flbes [broad bory Caé[e)‘, At the offeserd.

o

spti'al fiber, J”&Lu'wr\éz antenng recetveR IR Wﬂ{
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Optical Ligral , i Sugral £ frstly amplifies) avel,
AN slemodadated (thot & rrier ame 8LGral waipes

v Separated frmy Cath eper aval Fhem carries wwege,
e pust rigeted avol el waves gre Seut £o yups
Auwifte b fqrﬁerﬁwwa/i%), Tir Stprat wave 41 an
dafm?’naﬁmﬁc ceaite , wkich 1 Conuerted £nto an abpyy.-
priatt electric wroe degal unng @ Luitable dewre Lo @
Photo diede. Thy elestre wiaye Argnal 2pud obtesned A8
Grven ol snput-#v @ Loud $peaber, wilich converts £t ik
A4 Jounel . I Ay Uiey wre can Send. Send Speech
Fom onx place v ancther %r\i, chtical cable - The pavceys
o Bending Anforration other thay) Apeech Ay exectly A
Bame_ , howewer, the covices used Ho Cenuert L feri7iatdvpn
anto BNl taves ( opbical and efechrc weused) have Fo
be hogen acc@rdfr?[y. Swih @ clusce, whith converts a
Phipsicat guantify or irformatron into an efectric or
opticat Signal ag GNd Vice Versa i calles Aransclues;

Total Internat fefletion; — "When a vy of gkt

irat/a&fn(? AN devser et yrn auwol bt titkes at- an

Anterface Wil o varer yyeciom 4 Buih a woay
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that the anﬁ& of Anddince made by Yy of m%\taﬁ
Al Anterface g gmmtex than cribical Q‘rgfe angle, tAen

the yey 4y Teflected back into clenger mediume This
)/
bhunomenon £ catted otal erteynal reflectdon (TLR).

Explarmedront  Figure $howd an

objeit (Source of /Uﬂft‘g?% {:f'?c: cffafd

\ X
DL a denser medium of
Yefractive andex (7). Tha

clender muelium extends ubly O chenfar On)
Cevtain region X x! of- Space, beyond AAak, B- newe varer
Mmedium of vefyarndive dndlex (ng) (/e 1,70 ) SAortSe
Thus A Surface Kx! 45 the anderface between tuuo Mediy.
Light Yelyg  fyom o’ ovuginate 4 all possible Ai'sectrorg
as shown 4n #8 th Fipure - lonsicler ome Seuih yey , LAk

A Lncidend ?’L@rma.l% at pont A on A Antertace. o

this vy, the angle of incidonce ir 0, thisesre, ths vay
clecs net eé)t# Snel’s loue and funce it eyters from
clinser #vo yarer Mediunt Lo Ut C??’l# clwiation ov C/mgte

in. path.

fAncther royr tom O 45 Lndcent at peint g of Lnterfecce
At Aot aﬂgéc f L nclcleyice q% Ay Vot Gero . T T
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e .

wdd O’b‘i# Sy Lawve and hunce benay awey foor97 Vosmal
hale Crolsiny 2he antesface - It B Cmg& of ¥ at-
B, then ww can apply Sneus Law at 8 as folloos |

~$1¥8F ymecti'd M U o fasE) = | nstlex O Ny argle of

R econdo e
yrwelly m _ YNLAUN) |\ ¢ ge(mmd
medium
oy MxSing, = max Sma/

= Sntz= in gy —0)
g

7

Andthes vewy oy ¢ sb7kes at pornt C on the tefface,
tuhere angffe O LNUcirice 432 ane aﬁg(”e of- f%aﬂm 44
fi o Then using Sneeey Lauc at poine €5 W an wrek
Sin fy = % Qz‘n% ——;{2]
Since bont C o farther from A a4 (L@m,ém’ed Ao
botnt- B (& RC7 RE), thirefore , it i1 tlear that %>
Next e ymedt rermjember that argle of env'dence or
ecng[é Of reflectlon o ar\g/e F vefraltfon can rever be

more Ahan G0° Angther ,b‘mnl‘ Ao yeeall Xy that Sipe
function B en Ln readerg feinctton AN first guadsanse
6% Arigonometric fjrodrant table (vshife Cesine dynetm

e MY&M‘W Sunction on Forst guadyant) « Thus
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#3179% e cdd &Mb[y rmwa’z AL g7 Ry e Than cdlowss

Wsr 2o (onclude Rt of e pgve Sarther vy bornt-
of vwrmal aviudine (A ) 4% any e o7 0 HAe rndefac,
e angle of repractim Jees 0N Lncreasery  Le. the efruted
Yo toedd benad more ana more Lotwarel the Interface
(or move avd move awy o Wrmal). (ontinudsg Ty
explennation #o een farther points, e Can netire £ha-
a poink D’ must pe Achtered on the Anterface , (ufyse
the argle of selyoection (8/) has maxsvum pesble Value
(££.90°) - At Zhs) hoink, the refyastess reyy gvages along
A enterface aud aff/\éffe O L clesice £y1 g clenscr ymedlyy,
b called criteat angle (¢,). 3¢ we Chply & netrt tam

ot poing p, (e Gel S S/n foo. = §/n75
eni G-

= e = N f
ek el b e

s ¥

Now 4 4 Y Of Lkt fom O Sncidence on Borne
pont E beyonol ppine % glacirg vepractnm (1), Aher

At wdll bend Turther UL Lo riermal 4 YQw T
Medeum avad widlll Come has 1ty the cleyisey yredium.
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SWh-a vay i gaid 45 haie Sclfered total Lnberral refletty (1rg)
Thus condctions 4or TIR 4o teke place gye ag fellows &

() &Lb( ep ﬂzﬁfxt st be axiiclorgd- Srom denser to yarer medium
UV The angle of tnudimee at the rnte
- Ahon cyibrean @T\ffeo
O,bi'l""—éd Febers

Hace must be Gyeater

(cosbrudion ard prindple of Wovkdry)

An eplical Fiber 1y oleginea as thin ary Flenible Ny,
whuth can Avangfer

sptical igray s Lo one plaee

7/7///////%///7/7//4

Clad (Mg) 3
.--ﬁ+ S e e e e R B el
: Qxes
: L Chad (Mg

)
ANRRRRRIRE R RNSERNN

Fl‘g. I

Xo enether! The bas: cf,t"afrqm & an optical fber 4
Ahewen an fr%?f/re [ abotte. & tontains dhsee Co-axint Clindiag
Loyers Rnoun as cove,chad ardt 8heatd (or bugter Jactels).,

COke 7 “Toay & g ANrer mast fayer of optical Loy, 45 4,
O optically danghoryng Aayer meole from s o plagtre
howuing refproative dnclex 1, Which £, %Hgﬁdy Meore. 2ham
Ahe refyative ANlex i) of Next Aasper ,gwawm&}? &k
The ciameter of core can be tn e varge  ~(lo~6e) furl
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They veys of ﬂ?&( optically modulated waves) are
Confineel WUthen Thi Layer only ( ﬁr/m//aalg £ nat ﬁracﬁmgz /),
urirg transmision 4 Lnput face to owtbut end
of cpticat fiber:

clad ¢ 7, Loy Burnuyolirg et =5 Core & (allent

Chod This dager én atss hhally arsparent camd et
e Qlesks o plagtic Jusk Iy cove. Hotistier 26 48y
b= (~ (25 lam) Lo ve)ymyc A Compgred fv Cove cliamebr
Cfvao-*éc%tm) , Ao as v Hue extra Xirer% Ao the tiber.
The refrastive £nctex. of- Clool (Mg) 4 Fremterstian Uty
Amalley than Yefrative Arlex of- Cove (L.0. M7 N3) ,80
Ihat™ tndition of T/R My be Satvs fred, luhow sptfad,
,g;%,ma Lravel ceitln coxe.. The refrathive onglp Aittoene
bebuteen tere and clewt 25 Reppte Very Smalt 4o as 4o

MUnimey trangit tipe Aispertio (alio catted as tntey
medal disperaion celag)y wiieh &y o Mafor Caute of Signug
dittortion An optical fibey.

Shoath s This 1 oudermett Fooger of optiad £iper Serrurdyy
Hhe clod - It iy oprgue aret made, 4yem, T bber or pyc. TR
Aedpey Cam howde a RS Of the ovder o o mistteimeter
86 has no ¥dle o play o 14 ptcal ransmisst of Ypals.
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This - layer Fives extra Styergth and flexibeldy #o sptical
6o aret protects Fhe fy'ber from ambiine chagn Like Lenp,
presure , meoiiture etr. Sivnce tho Jayer ci,?@ net play any rale
AN fhe opticed Erans s, :U’\w%fwne,)?g %eﬁ‘czzﬁ botrce=.
te=ig LSS of Yther optice, we Can. Lonere thas Aoyey
In e -ﬁgumg,
Privuiple. of- Loos ﬂ_’{ﬁ‘_—” The toorking of chtical fiber o undsstoed
An Semplest Loey by avalysirg figure () . Hese threc cLfferent

‘ \
vays of ,QBN* Ldentified as @, @ awd & awe fnucurnk on

e eptieal flber, Rwnthat argl of Lruidenie i 0° for vy @)
avd 1E b 8, frroy @ ¢ 3 frm vy d at the Xime of-
entering on @#had flberg cohere 0°< ©<.6), e arsume ot
Hee b ne bend On optical fber o Therefyre ey (© wit pavet
Alory  awiy of epticel fiber. On i sther hard vy D Wil
ben Abiyhtly Fovsandt ario of fiber, wkile enkering oo the Core,
On enterlry tore, the 104 brawels akeryg Struight path Of) tohre
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boint Py & on —the cove clad Lndoface. Thi yay 4 Rl
angte P WA Normal dsawun ot Py - O P GFreater thon
Value of (vt tad argle ¢, ( wohere Sing = 2’%}) befween) Core
and clad) thn 4 wdd Bufley TIR ab f angd G- o'l
go Avwoaval paint Ple Since thure £ no bend ) Flber,
Alrefere gle ck p ot aldo be c;’%)w/\;‘d\@ QG ain Greades
than ¢, . Ths, protets Lottt Continue Ally the YRy yeache other
erd of flber, avd elentualty yoy of UGhe Comeg oust 6f other
end of fiber by guﬁm‘ry et fon - Simuar bebauroyy wiy
be Shown by TAY @, wun Ny Adiffevence k- dice o
greater @/‘3& of- x‘nqbwriC‘e(@ﬁ) at the Bpe op eritering n
AN $ber, UL path LOChin A fiber cdld b Lorger than
Plh of vy @ avd it el Zuller meve nymber of FLRsal
Core~clad interface kit Aravetting foom ene end fo other
CNd of §1ber. Thuo ar the outbub e cufll gt vy @
Teltswedq by réy @ £ thew v @ 4 S0 on. Thuw we Can Sum
Wp trat '&\3“ tuaues dre bogrgintteo #nbﬁﬁ chtical Giberx
Via ‘Mﬁb[@ totaq tnternal reflectrong .

Acceptance ar\gﬁe And. numen'eal apesture of chticat thoer g
Mthe previous article we obgerved that nce 27,
thaud
q>9\<4>’ of)b eans -{—waa@gﬁ 8,{“\/5)’7 VValue é‘é‘

CYet’car clhﬁ(e. ¢, behween cove aung elad , #leo W@Me
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the trme of entexring o

Chamce§ o Trg atb eo Ye-cd anfxface,
Wtiin frhes amve Zymte. Hex

. Ce &\}7 gémm m @V?fe Ga&_,t‘nu.'w%
Leth g, of #1bey at LNput

cannet be eage 4 beyopag o
Certan Liynar,

Heyice acepAgnge Q?’%é (&) Lo Aefired az
o anﬁ& %K Ineclence ar phg Abul of opticay tibey, Lucs,

et a vay o aighe St S Tre as Core—clagl Artesface”

174
Maxivrym Valye

| Cﬁ/?";)
Fugtn

Cordicter ar Qrb[/’ﬁ’w? recy of- ,Ld‘ﬁ&b Make qy\gfe @0 LA QX o

cptical filber , qf enput as Ahetun Un Fgl. Om eﬂlfﬂ‘rﬁ The
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cbHcal flbey, & bends bowird andy duae Ho ot Tor) el
angle of » 7 i O This vefraikd 7oy Abiikes Core-clag
Arderfece cw point B« &b ak ymakes angle P MR Nozimal
cyaun #o C,Cbb’“é clad Lrderfae ot poiFt B, It 4y ¢legr foom
ArBC that | Opt ¢ =q0° ——D (¢° LAcg=g6")

Fur No = re,ﬁmm/e, Anale X a@ Sura“oundc‘rg rrwdiur

Tl = ) ¥ W fgre
N2 = )) /) 2l el

éM—g‘b{ that-  Ne < Na< )
Apbly Sneuts foio ok porntk A, Lue gets
ho){ gy = X Pn B4
oy I (Fe-p) (Mg D)
=) te%¢

= e = N c@%<ﬁ————- (&)
No ‘

Sinte veey of Light Shoun tn {fy |- Qrbibay, thoegure by intaugiy
L Nalue ; we may seath Waniprwme \alue of O Lenet el by
%ﬁmboﬁ Bo , talled vceptance.

X W) (g7 =1
av‘?fﬂ)-fnr WNR ¢ uoald be e !_f%___

P runtmum, hat L P Q8

%Wninﬁ*gib ~ — : : e
Puﬂfr\ﬁm i p L&) "90 | (")
n gpuedion &) ek 5q_ 3* s ,

Sno= 1y ,
o 3% Figa-

|~ Sy | ““'“(;3]
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Howeves, by abblyrg Smewts Lawy ot point B8 we can get
S, = M1y |

)
Pur thy value tn (3), thereture.

OT(QD: 5119’7/( 'F)’E* '\] n};\"-”‘;() ‘_M(F)

guation ® GIVED exXpresion fur alceptonce QT}?&' tlearty L5
Valuw  depercts on ne, 1, €15. For prachcad purpeted #he
outsice medium s wswally ads , thectfore 71o=) Urdees ofhertiuge
Yenblorwd An the Yuirercals. )

CateI Numerieal Qperture (NA) !- ?ILJ/B dﬁ{/f}’\ﬁf/ as Sine ef

acteptonce argle ?
ng{ 2 (/\/ﬂ ad ga”n&o] e @)

Faom (€) e gee #hat 1t v mo urik (ie Lk L Juot @ mmber)_
and i dalur fieg betuseey o #0 /.

The  physicel 8egnifitanie of & N/ can be Sated a8
‘fb{é,nu,u- “'np oF an %ﬁmﬁ. Hber raﬁmggﬂ/j A W
Jatherergy a,élj,ig,"f



e

5% we st Nalue of o o) € @), we ek

NA = S)ﬂn[SJ”n"( W’Or\l ”}’9"@2 )j
> e s TP ] — O

tguation (7) giveo atternative exprecsion fer NA- We cam
Wrtle auwethey  expredsion forr NA  as felloudd -
From (7) NA=

’3?0, = na‘?

:';]70 ﬁw,~n;)in,& n9)
~ § =) (”:i(w:a —@

Dy cadisd raonal charge An vefrattiVe Anclex . Moveover,

we can approrimabte Nty & Tt 1,= 8N ,becawe the

Vadre of 0y 4 Very guM Greater than 773, o aninimige
signal Lo due #o proed of trong o tiwme oA ferd lm
dlry or anttrmeodal elispersiime. Thuo eguativy @) cam be
Ghprerimoteo as ¢ -

NA xS A )@

or (IMA~N Y et Uoj
s NEY
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g |
w‘”l\ Aceptance Cone 2~ 9t &1 & Cone of ,&WW Lo e,

Frg 3.
Qb Ahe input of optical $iber, Lukich & Comunl TR A fober
anad othebe Semru weytical W‘ﬁ&» o el to aceptance ‘Wé‘&',w
Shewn in By 3. AU LGkt s Lohioh extor 4 v tHber thagh
aleptmee cone Ml Sy TIRy o core—clod thttrface
Lediiin  eptieal fféer ard ey of Mgt inuccdens on the Giber
fmn OUtblcte corrttecl—trtefeere Of  a ((ehlmice cone Ll Nt
be able to Supr TLAs at core—Clod Ankfece add wilt
be Legt dwsing toremicsion wusin the T e
Znéy AN Bctpres of lt%l‘* ave Suitably. Ao Use
s eptical frker , with can conuergt Light soys Wit dn th
Alleptmeecone of the fibev? This Gives physital sigriticanie
8¢ allcptynce tone. . Sudh §ources of Wf ae only LEDs or

&?m‘(;mtmr cllocle, Aagesie




o

Mode of Light i~ Mode of URE can be cugined eeiter
wause oy YAy nature of M‘g&t. Hotweey for g;mﬁ[[zdaq,
Ahall congicles oy ey nature of /ugm hese .

y moce of A
Tolliwwed by

by wiiry

Ly &

ght (an fe clegired ad desting path
Yeus o Lﬂa{«i— n ia“a(/eé&}'y Fooon ore engl £ the

other end o -f('lbg’r' %
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BUthr eyl rwimber of vefledtrond arol Aake exaxtly §ame shme

do cover the /Laxgﬂ( o Arber. Piws cuu Mase three reuy 5447?
+o @4;73& rode.
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