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neodymium ]
—_ Hrsgnicmla/kd : thmlmo{o?lsf& uhed ar?mtmwd{. for wdd_m? inal

The Geen, hm,m, of Av7m;mluu oL Etnmcij wbgafbedbﬁ ¥ed bfaa&caﬂgd;f};hlmt

Yetina) and welds the Yetina back to the eye ball
‘@r_a_dogoiim Fov calayalt Yemoval Laters8 axe (used .

- mwmhlaodwnsmlmMMaleuhpsbﬁHmﬂ
dnfrated laser amd hente HLuﬁu-l ro blood LstA.

Angioplasty § Bepawd 4. VAG larerapplicalion - The Nd YAG lofer ate s |
n Mﬁig Plaﬂ:s{ fov yemoval o § cu’f-ex\j blocK « The {ater Yadia.tl'mzdﬂ Sunt Ehvovjh\
Fiber b F_’ho_ﬁ-e.ﬁlanof—bfack huns the UC&%?YGMLQMCJ WJA,M *‘hﬂ.f:fooéﬂmlg
wath out veed of hjpa.x&&ux?ﬂ} Ve |
Dethyoyin ng K;&nujabw and qa,llgfmw& [Co; (a}.u] MB a}eu-Md md&h’aﬂm

Ridneystonst and qallstmes . Laker prelses 8M f‘hYOU3h optical fiherg shalter
the 8tmes dnts fmall preced .

Defmoto[oju] In mb(oﬁ Jlawdo axeukal ko Mmoﬁeheckw acneand

taltoo. Whm&udlw are luminalid with uu.n_—ﬂ%wi:,wexbahf W

vadlatitn 28 absovbed oy the blsod and haads Up. The blood vestels axeelsted
and  excursblood floa Jn foppad.

Cantex ob.a_?'nOSJ»Samd]hﬂd,b‘j Fon the. breabment of cantoroustissues sKinhomovs

Law:m uuclﬂl?/ used .
,,oh.u. a.uscqxi axead  axe ibluminated Luith llMaJappror.unp.E
wewd.mj?h , coantex cells mcl.axhaw

Lahey HLaJaM a4 Cmnpldilj Pmtm ond oYL adv:sb.b[L :me

05@“21 Laser da whed o -p,ndsco” Lo sGun Hae anwpa.rféo}HmS,bmz}
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Fiberoptics

P ——

Introdudtion — Opl:lca,l}ibars used un si?nalfmn‘.’,missimfar ommunicalinms

© _, Jhese axe used ko bransmit Light in tha menner matal widtes axe

used to bvansmit @U.Ltfl'::l :
— Beat{eabwrat 0> Much qreatex band width

) Smaller and lrﬂhtei e lnj})tu,n wﬁzjhtam%gl'azﬂ:n
(i) I’mmu_mrtj Kom fl@d\‘ﬂﬂ‘ﬂj’fﬂll(ﬂbde‘m& -

UV) Sta.le(ou o‘dd:nm? pn(_ﬂ_
(V) These ave f’n_U,Lng mpabdlfz, af Caﬂ'ffm?«a /’Luﬂ-e amawlf

of information
(viy No possibility of dnbernal noise
(vi) Small dlametey of individual Fiberchannel
Wiil ) (m be used uex:f%a}ebt elen un expfosiue@:v.'rmmmf
(X)) Immune to moisture and f:emP_p_yah,,_m Vaviation
"(X) No dangers of shovtcivewts.

7

o} Hhese o.dwmta_gd a‘zbu oP.l::CCmm;mlmJZIah/Jiu&CJ on ff,LQf)’wn,Q&

Such as loops , byuntx Jterminals and e.tdum:‘rv;, Cme.uh’_r{h Spa&ueh:clz);Jsh:PsJ
Cahle Tv, Submaying, mﬁba medial freld , industyial awtomabiont and
procask onbvolls | awm&ﬂsiemxs. 7

- The fiboys axe f\’a.xu,mltim? .,mfmma,tlm o a .&cllq'.'bem ouer Lery IMTM

Hundtedt of l’elaphmz COWSVZXUOjf'OWS G be bransmitted &mbdatanimlfra«t

m.aoumua}w}xmaa, many thousands of gignals Can be caxvied at a AJM

brvough a fibe optic cahle- uLmj m!fplﬁlm?f techmq,ws
Laws axe used in J'IIMXOP{'I 5 he !:fan&muahumo} Light in an ophical fiber 4

based on Hhe - phensmensn. of 'l'—otalmbunal-ﬂ-eﬂechm

h,, Py, m. are Rdmd’:wmm o4 raver and
olenser meditum |

Snell's ]aw. Nn,Sini = hyaSiny
i as Mjlﬁ.af madenta .
; ( T us ‘cvnil!_ﬁ:f‘ vedvackion .
Jhe @Ya{lﬂif b“’d}' {'Duu‘\.ch, H)-Q no‘{'mal ak the Yo.lj trcweu f{am, lawm
rmediwm to hlghalm&e.mahwn ARAL
The *i-e;hactf,d Yay bends a.uw(r.fvma the noimal - as ut Eravels From h!ghimw
medium. b0 Lowdinsemedium. . o ‘
. Tolal ml;unolua‘leobm ‘Jhw W oa po&sfba.bl‘T ko et total Srbernal vodle thion
p'towdd the wf\jl% bj’ dntident Jb ‘j*eautt\‘ than ki (_uLo.njLL Be
le O; Lﬂc

CvH:'uCalamjﬂL 22 Be 'y st ke M&ahml’m h,akf’hﬂ_ Unt|taJAJrij.+‘hu
bty e i nhadllm uu.Ll.b.n. % 0 =b =) By= °|o
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Acco«dj,nj to Smells lawe  nySini = hy Siny
: ' -,
i1 6 1 =0 Thn Y= &0° = niSinBe= n,SInd0

n.S;ﬂec s N (1) = {S;ﬂecz %)—:] E: S;h—l(%j))

Lot n, ho the Retvackinn index of Cove j and 1, bu Hhe Re trackine dindax of #he chdd!

t

casea: 0O;c« b Cabeb:B;= 0, caboc: 0> B¢

8.8 Bi=6¢ B> 0.
I e mq_jlnofinddw& dh ant-eartd (8j>8c) then the Yay A Lol;a,LLj vetlected

——

(R) Describe the (omsbweckion o_-( a'&ﬁ)icd on;»Cal}ib.ar and 3:w;fhe olimz,ngimg:f

» b
Vayioud paits oV

' with the help of a Suilahle Ouo-ij QIP)a.Ln the principle
cmsbuuckinm  amd worKing of an opticalfiber at a WM i
OPH(‘_L\J. Hber us a uu.r thin and dlexihle meddym, ha_u.e'.n?. a CY{,’
(msisting of thiee eckion (i) The cove malterial
(.ﬁ. y The dadcunzf material
Ui The outey jacket
> Pfotecfiwjacke['

"AYI'CQJ-SEaPL

Consbruckiom .

tfadJin?—ma,ﬁer al .

Sl’fudu.\‘_& OJ[an OPH el ﬂbe Cotematerial

Optical fibert a Cyf.énd.ﬁr of bran8paxent dieledvic mediim. ond d.u:'r]n.ul to ‘aU.LOLL
vigible and dnfraved J;f.jht ow{fmﬂdi&ta.hw&\

A typioal qlasst tiber consigks of a cential cove of thick 50 um 2aYYound.od
a daclcl_mg : \ A*Y
.-”.)Q dﬂ—dd,(,nﬁz W & matuiql ha;d.n? 5[".3’1!2’.«&« .Qowu FIQQ(‘YQLJ:I.WM H’)m (01-(,:&,
rehadive tndex | The teremadiviol i mode from qlaxs. Tb.eclaold,in? maberiols
e mode by the pioers  addin of wmpuxities Like B : |
Gomaniwm axe doped . j i "y g e
Silicom coaﬁnﬂ us pfouid.d bebweon. b—‘-bH‘ﬂ j.ad’ﬁ@t and claddin
Amprope  the Cf.JJ.aJ.LE\J od brangmission of Light.
‘EM\JLJ Ebe fiber chle it coveved by black '-Er.u ’
ke pe 3 alk poluu¥ethane guberackot
because of Hud cura,n:]umml’ Fibes Ghle pull net be dwg,{c[ id;;;.;

Yan ordar by
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Main paitts of Optical fibey ' 11 The Co¥e matevial .
"ty The taddingmatevial
il Outcijackel:,

it 4 made with Silica . It has highﬂ}fadiﬁnin&ﬂ MCM&;”?,

The  diametex of the ove it of few micrornete¥s - Tk in danter
matevial than clﬂddin? . Cove an (entval pak of the OPHCDI {ibte (s made

o} h.'ﬂl‘ ¥e fractiue J.ncl.axglaM, to ptopaﬁale the 'Ug}‘)t by total intermal

Cove *

Y—eﬂgdzim.
C’adclinj,'. It ux a matevial ,which & having low vefrackive index than Cov
 The ¢ : f 3e1manium,amdaqwﬁu

The dMl,,un?, W Silicadopednith fuitable amounls o
Lo (mbrol +he ¥ehativeindex [ Refradiu indux afChJclinT:u Ahuaa.fslw chfnhwio]

Dismebet: The diameter of Hhe outer cladding Ja o | Fhe oides o 100 - 125 pm
outerjocket [ protective Ou,texcowincrﬁaquj Tkon madevp thicknds abouk bopm
The outex P‘iotech'w_ Coml'n?/ ab made OJ‘ polymer . Tt probects the Hbte fom

the  <nvitonmentol edtects .
'Q) How the optical fibres e ok fied 2 (ot> Types of opticalfibers
(o> Desovibe different bypes of dibres by qiving the Retiackine index profiles
and  propagation detail ?
Depunding, Lpon the e vackine index. prohile o} the cove optical Fibres are
cloMrtied wn two m@ai% TP $fepinalqui-e
(i) Graded index fibwe
Dep.md,inq( vpon Hhe nuum bex o} modzh o} pfopa,g‘ab'm -op%;mlJribm axe clarta }ied
cp,fejoxi-e)& (i ) 53»7[17110&1.- (JPH(_QJ. ‘—llﬂ-&&
(1) Multimode optical Fibvet.
STEP INDEX FIBRE | The ﬂ}\'ad:iu-o. ndex d’)a/nT@S ab’luPHH fem-a hi?kValuL
ok the cove to a low valus ab the (Jac(o“n?,

unts  two

C\o«é&“"(
L] Rdmd’iuindexo}daddimy = |
j Relvackivaindex o fcote = 1.5
* r-_-J- e - I

ove

Ik Steduxe i MiKe two conaabvic a,Linc{u{ .The nmex C*j“"dﬂx"fmuid
Cove . The ouber one u dmla[m?, € aiv (o1 smv plasticmaterialidv qlars )
Stepindexfiber © Fibers Lo which Cove of Contant vehrackine wndox h, i

suirovnded by - cladding o Slightly Lower ¥efiackive sndax ot the
dnferfale cove - dad u Kvewn as Skep index{iber .
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The cosecliameter wlll be of the otoler of 2 - 10 mm.
L'jkl’ hoama in'e,vinT the $ibet of oLth}mkqmiLm tatll branipere

difetent total distantts befote Hhey amtive ok tha othex end ofthefiber
Step index fibre Svppoit the  brantmisgion od byansvetse elut'(amclnv,tl'ckph;\ﬁ‘“

Stepindex Sinqh mode fib¥e (01> Q{'epindumgnomob.,c;bﬁe‘

S5 b addingindet
ns.(Re dedding

NN adding NN

[} P

Sinﬁlc
u.:cmL”‘]"t

suvee [N\ NA Clafing U\ NN

Cove

Tn the camt of Su‘mjl.o.mod,tsbeftindufibu the (ove has Small diametey

and the clafcding Ju Kept wery thick
The Chavackeristich of +his type (i) Very4mall cove diamebey
© (i) bows Numarical apartuse
(i) Lowt aﬁemxﬂ.kl'm
: av) Vc"hr hl'jh. bamd wedth
Sinjlﬂ_moo[L Libett Evansmit 'gl”)jlefa.:j‘ "'1"““1 e axis of the FHbaer
dequaﬁ-m oJ— S;njle m.od.ajlib-dﬁ houe the }olbm'n?f advan ta_?%
i Lo intermpdal ditpertion and Lowex .broad_f.,m'n?« c);lL;:?kl’p,,,,,[;,a
b..e,iﬂc}/ tyeamsmitted
(1) L\axTQX bamdiuddth cm_be allained in these .
Dl'sodVMti\j{ © 1n 5inﬂla_ mode [iber a Siﬂni_fica,nl‘ ameuntod the power
vesider oultside the fiber cove.
In thin bype & $ingle h'jhf: Tay it brantmilted - Tn step dndex Sn'njl.a_mad,hlibu
Cove har $mall diamebey and Llaﬂouncy has laxqe dlameber than cote .
Ttansm) 8% o} Sfﬁnnl: The namber Of moder that the :{'l'bu's.u,ppoiti
o He  dimentnen 03( HV-.{';M o T} the thickneat o{-Hm :f-z":»ud.&
R0 gma,u_( Dfa.rrn,bfeXo]‘ 0¥t uh dmall ) thak it 'Suppcn't& mnllj Mme mode
ten Hhe fibexr us called monomode (ov) Sing[a_moah_ Fibey A
The mono moda fiber hat lwr;(t Small cove diameber oftheoder2 to 8um

Jt *equives Coherent Light Sowa Like laser —
AN forre oo Lighlray
S;jna.l t‘raMmiSSf(nL K

Lcm:j ibudinal (vo2gection
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Mulbimode fibse  The #ibve which Suppoits move than Bma mode Hren
- it is called mulkimoda fibre.
The (ove diamelex of mulkimodafiboy ud of the ovdax o 50 um

e bhe cove ddoumetey b lavge — e

Muldtimode Stepindexfiber - W
Mulki mode step index §i hexs allow

Finiteuumber of quiided maodes Mulkimode stepindaz fiber

Thus |, the vaviows lightwaues (in coberent souxces) braselling along the cove,
walll  haue propagation -paths of cditferent denqths . Hente they Laill loke
Litbevent timet to veach a jiuen. ceskinakion
The oliveckion ¢4 polavizakion alr'r]nm,u»t 04 eleckvic and maﬂnzi’icfi-eu,gw_{u
hoe dufferent un Yays of different modas in mulbimode fiber . Thege modes
depend on the boundavy Gnditions . Mede Volume of a mudbimade fiberus
e nwmber of modes the fibex com Buppoit
Advamtages - The nuulkimsds dibers hawe %ulauom'n? ochvantrges
(i )méit‘o&d;?w?ﬂul&immm ibexs Gan use spatially incoherent Soruas a}fu’jhf
dike LED®
(ii)ésjtggo;uf_l_e ' Dut b IMTQ Numerical apexbuye amd cyediameber
it au ey to Couplﬂ_%hexmmﬂ'h_ol'hu dibeys and Sowras of Lijhb.

(i) Low Eole‘famlo_*e%{ﬁww'l.mh Thore bbext  houre lowex fdurmn&w
- o thely P-foF,uHe/S.

GRADED INDEX FIBERS ['Jh,a_ 'z;-e,}mc}-iua ndo X, af'l-h,a(b'r‘-e_ \chl'eAJ
o Ontinuously

In  gvaded index mulbimode fibey, the ¥etvackive indoy of the tove unvier
Yaddally . The +efiackive dndex of core da warimum. ot ' fs contve,
which ?mol,u.all«j falls ColLU-eaM) welth_ intreart of vadiuh and of Fhe

R e Relvackivt index of cove vaties with yespeck b distante (vadial)
Let  n be the vefvadine index , 'v' be the vodlaldiatant .
‘n be the tunckion of ¥ 1e N = nev)
nevy = n.[l- zA(%ﬂ
ny  ¥ediackiin dndex at the contye of theote
p : qraded protile ndexnumber.
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e

n ~ ! yadialdulana.
Ale T2 ¥ Y, a: Cote radius
" zA(")P) A index differenta .
nevy =TT a . "
Can @) yza v A =~ n-ha (n,> ))

n(") :ﬂ(""A) Y=ny  po fnd.lxp’yo}'h

the Core maltevial us vanies with respect fo

P i:btvi .;n;u}:i these exiab Muttiple sehrackions 1n graded
e an

lox Hibex with un (e mabeYi

Com (b) YFA

: tage L ¥efrackiu
Ad  Distostion a4 minimited by ml&KIﬁT Fha variabion o} e ¥ehra
van '
‘.j,me 7mdunl 'l'lamHLL axi4 djl the Cote
n
— e~
_— .
// n, }
1 fe W [BF R E o e ke R Sa,Ta . i et axtA
i
Claclclm? - L{ihtfa‘f

- oo V1 .
Mulki pLL fef-sat,ﬁnm mjmc!.zd indoxbiber Cros3 {;cd:um ew
taith Cove mabevial -
GTGAAA mc].ﬂ.x} bex hane the Jlﬂuou-una,ChodaLleS 1¢%

—

() Refsackive inodlex profile s it cdax $me-¢t~hc
1) Fibex & mudbimodol -tuith iMj.a cove diameteX
Ciit) Total intexnal ¥edlockion amd ¥e frackive index chmr wukh un mq(av-@'-eynm

v Refackive ...c.nohJernahm& ok Amall Sla“‘d‘f
Multimode - Gyaded ,wx}.ba
A Graded Ledex ,L.bu o a rudbimode fibex Laith atowe Cmmd'mfof
Contentyic Layars o] diffrent ve frackine indiced (ni.na, 03, Ny ) Nz harna7oy
fe  Refactive undex of the cove decreaser withdustante fromthe fiberazin ned
nol:" whete ¥ aa the Yadial distanafiom e fiber axin

Y= b..; -— pos = a _

= —
' ‘ j
:

'n' |’ "- 5

K > - - - . 1 2= (ata) Zb (b+b)
n N - iy
d )

\.'}_, IR L
Ny

Gradedindax $iber - "e;!raf.tu.t-v. nchxj)'m;‘ le
| n, — f\’e}ra.dlug Md.v.xd} Cove ! [ tws Nqum!-ovm]
Ny Reffactw.a.ud_u o fCladdin

Y— 0 ! at 4iberaxis T3 b claddin
Y— a with.in 0¥ (a: cowvadiw) y
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In G'l’af.‘L&cl u:t\cLLx {ib&l Nmuiml apﬂb-&dacm w»”’)'l. rad.\'ald.'utam&_{-{m

Re. in =
A NN\ N\ N\ Cladding SN
STV N Y- N AT .}“.,(;bum

Co e,

Z/////dﬂddin?f///w
Typifal ijht Yay patha in Qyaded index fibey

Ifam&missfgn. oJ[.SicjnaL ia Graded index $ibet

which parkes Schm(t\ —— cladding
o vgh the edjgo fcove > | \ ' Z\
- Cov
o / 0'1’{ \/ X
(whichpondes Hwoujh L

Centreof fiber ) Metidioaliay o vopagadion of cliffesent model v

J Gi’acl.ﬂ_d J’ﬂdix}lb\’dfu’d a wudi:inwol_aglibu H‘)aJ.' Suppcﬂt& PToPa_t.:’qtl'm d:{ Tmu’lc];dml
Yays. Signalp_ub& ycpt.e&enl:ed b»j " f."rcwd,unz/ mlm.i the amo}_}iw,jh—l
Mexidimmal 1ay* bavels thiovgh a medum o hijh“ée.methe index , which are

—_poollel b Fibexaxia . Ad : | iporsion [Tham. Slep
= p ot Hbex axia Vam!ra.ﬂ-_e.. L\essml’gr.modal MM&!M(&&?M%Q%{]

SRewvays (vefvackion takesplace) The o{-bu‘;uLLme‘x-ebwffdej z"JhavelLinT

auay from axk Hﬁough the ed.?LmL the co¥e ( glmw?ahtgit:ﬁdxlli‘jf:b)

The path of +his (Skewvay Yvay s Sinusoiolal vin nak Tt Bl La'nTﬂdr'Sbna_
Advmﬁ“‘ﬂi o4 Gi fibev  Jntey modal clj,spusim b Feduced 0 minimem

_Difidvomfa.g},ﬁ:f Gi.'[:{,;b.a_'x : Pfo‘oa.:?ail ml\j hal} }-h,q_PowQ,{ Givied b,L__, t+hoe
Stepindex. Fibev ( powet l085 us takerplate )

P"'-"P"*f]"d:':‘m of Modos in the cove ' The nwmber of possihle PToPo.jaJZL:aY)mom
in the Cove un Known as V-number of fibex

V- nwmber fofcjrad,a.clinolug“ba Vz 20 4(NA) A: waselength
A a: Yadiua of Cove

NA  Nuwmerical ap.ub.g{-

Totol Nuamberof modes Hrvoutep indexfiberiz v =

Total r\lzmhuofnwduhfoujhﬁmdzdind.u};bu N = _\_er, NG; S
2 I >

. N
2
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(Q) whal GCCcPfTanaz_ ::erajleD whakt i accepf:qn&(af-e 2
Detive am expyension foi arc,ePkamLo.wnﬂle? oaiveezpw/ﬁimﬁwuﬂwimlapuﬁtxe
Ihe Aight 4y incident ot the faw of opticalfiber ot different amgles .
ovly @ patticular amownt Light it only vecieved by tha fiber which bravels
almqthe untevface of coxe and dladdiny . Fot total intenal Yeflackion

the  uncident .Uiht A 31—«21:}2&! Han cw'Hmerﬂh(Bc) wlll undexgo
botal wntemal fefleckion and Maﬂaﬁ th¥ough the cove . The othar vay$
axe ¥efvatted dnto WLQAAA[OTMQJIQYI'O.L and axe Lost.

Al the ncident Lijht vays ane not acapted by fiber anly pasticulax tayd

axe acca,pted Jox Proquaiim . ﬂcu_Pl:cunLL avnjlﬂ-.,ijg nol’HoT hut, ot which
amgle  the Light A acapﬁea fot the PYoPaﬂall'tm [* Greaker tham 8 )
Acceplantiangle (dm) | Acaplant amngle it “defined ax the w@ﬂ&d
dncidente. at the nterfau of aivmedivm amd Cove mediwm for which the
Lightvay enters Caovpled ) inks the cote amd bvavels almg tha interfaq of
Co¥e  omd d.aden7 amd wull P‘bpo\jaﬂ @Lfm‘j the fibey. |
0A : incident light 4ay 5

m- LB CUADBING T~ -
Ly ,r L, . - — w2 '_rq'ci -n.,". - e e i l
i ’ -, : Fiom a medium 03‘

Redvacting index'ng
s of; : Angle of incidente
0 i Sl SRR C RIS dy: Angleof tefrackion

PATH OF ATYPICAL LIGHT RAY LAUNCHED inlp FIBER by ¢ Reducti '.namj(qm i
N, : Refadtiise ;famfdoddi:,
CASESTUDY ! Entering of Lightray b tha axisoffiber & Genexally 1,710,

Let a (_ijh{: Yay OA enteyA the fiber at aurLQ/n?le oy fo the axu Gilﬁ-l};bu(meﬁinj)
onvndu the uih{"{aﬂ enters Jﬁarn. a nuauumafufmcbm index N,
The Lﬁihl’ Yoy tefracks ab an cuncjle oly amd Styikes the (ow-cladch'n?
- dntevface ak wnj’eﬁ
* a . [ '
Cond itim T4 the amﬁl.ﬂ_ 0 us i‘féoie‘( than its CTI“CG.[-M\?IE O, Hhe (.I’jl\fﬁtj
undergoes  TOTAL INTERNAL REFLECTION ot the intevfac |

Mi= No) = 4}

! ' ' ! .S'n i= Si 1 |
Accow’d.mj to Smellsloww.  noSina; = N, Sinely — (1) { SRS Hadim }
MyzDnp) yzoly

From  the Yightamgled Eriamgle ARC ot
i} i J1+B°- W) Sublerd amgl 185

dy = 900 =) b Rightamgle: 9

Qubskitule oy V”'L“‘L'“'U)nosina(; =n, $in(96-6) "*“‘0%3‘;2’,‘_’;“5?’8;?0'

NeSindd| = N, 30 —y) ['.'Sinﬁd-BJ = CUSU]
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R o o e 0
from ) N Sinej = M Sinlao-p) I
Ne Sind; = Nn,essD
Simd; = Db — (5)
when hp
[ﬁs peY Concl,il:im_] b= B ol; olpy = moximuwm o Valie

‘ dm | Mo\zimm‘falw-oi(j
S hemiS) Sind, 2 0y Q) omgleaf indden

ho
1 b, and Ny owe vefvacking indices 04 Cove amd Lladd:'na?/
T the omjb_ of medunte = B @ Han ovnﬂl.tof wetaddion = 90
Accm&inj to daun o]. vefvacklm n, Sing, = N, Sin®,— (1)
Hexe  p,- 0. = 8,=9, [As per Definth
o Of C'ﬁ“lﬁ.ldmife
n,Sinﬁc < r)n'Sl'th —G‘]

nSing = Ny (1)gy Sinb, = Da @)
n,

. * =
Fem e;fwd:im(‘ﬂ wem find €688, Valug ie o8, = | 1- Sind,

e s [T ™%

n

121}
-’. = [ 2 = i -— s -
CDSBC = 4 D - N,y = /0, -n, — (10)
L™ —

n, n

X ) ' i
Hioe Q’}ua.l'l'dh UPdwe tan Aubstitule ¢odb, volus un euaktiom (6)
| Y Sinddy, = :’i.[l o n;’]

4
Fox a mediwm 2ol

-_— . > >
- [Sindy = j”:’hx

Ne

— (1)

It the mads -
m&LLYYOLLnoLL'nj Hu},'bej._h aiy ,Jrlvzn. n, = |

| .
[ sin"(JT,}_T::ﬂ
Abaue exprestion. ¥epresont acapkommam?&

Thn AL MLUM. amr:"[e (alm)uUs lled WG(CQPfafnlﬂ. Wﬂjf&
X
M(Jm3 . Acu_{:foma. amj'e b the O.mﬂ!e at which ln%fshould
be Uncidented m the 4ibey fov the propo.ﬁé;hbn Hﬂoujh it
by soJ:i}Ljinﬁ the Gmolibion. 4otal dintevnaliflection CT1R)

Light i incidant ot omale 8 qreatey thand, it Urdlexgpes botal ivkernal
(e (0> h) Yeflo
NoTE2 - 6«8,

1

NoTE | -

im.

than M@dimtlijht wull'be o5t in the dadds

NOTE 3 Emgﬁqﬁm of Light thiovghfot a8 & Yesulk of Mulbiple tobal intérmal
= —_— Fedlacking
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Acceptamla tme S Sl b
— ‘ e Bibatauis
. _Cgr_e__- .
N C-laJoUnT,

' Ac(epbm(.o.Cone

Ry the iijhtfa..]»& ko P‘rapaﬂate Hv‘ronh apfimlf'ibei }:uj total intevnal.

~Neleckim Hey must be intidint O the fiber cove wuth un aceeptanc
omgle  olefined by mical half amgle. .
Light laundhad at the fiber end wwith in this actaplans G alow wil
be aco;_p’:ed and Pwpajat'ecl bo tha other end of the fibey b":f botal

- intevnal vefleckiom
Rotaﬁnj the arté_Pfcma_ cm?'e aboul the fiber axis descyibes the acap&%&a
| - of the fibey
ﬁumeYicAlApeYtuYi Light ‘jathuinj &Pqu'tj of tadiber Uy expresded 1

inteyms  of maximum acte ptance omcjle (edm ) and v teymed as ‘
l S ' 'NumY:'Ca.LQPe,{tLLY-(
oY) NLUTLUIOIJ. APQX':LL\‘E wh a WUXQ O‘( ;t'S Liﬂ")k?a\theﬂ'n?/ powey.

The MNumexical Aperbure (NA) us olefined as the sine of the maximum.
acteptanteangle  thur  Numerical Aperhuxe (NA) = Sind
Devivation s Specifind in abowe q;u}(h'an . Dexive foi$indm,

NA = Sihdm'_—:? )

we Knowt thot Sinely, = n2- n: —(2) | In cart weConsaday
; aiy mediwm,
hom u3 amd C2INA = | n¥-nk Light i Launched
From aiibﬁbﬂéﬂ!ﬁ

7. NA = J(”l"‘"z) (™=1>) 5 (3)
Az M- whete A Jdn the telabure Yefactine indoxdiflem
hy of am optical hber.

nN;-Nsy
n,

JLA = —>4)

. n,—' n:_ = AY), — (5)

DA ; ‘J(”l-"n:\-)AnJ
Numeio) aperure uA depend N, Ny and independant
Velus of NA Yamcjta)': !‘Yam o1 fbos .. diberdl ok

T4 NA Vadua os laj5~c. qu, the fibex sl accqi .Lmieamau,nf
e 03‘ Ligl—;k fom the Sourca . :

Scanned with CamScanner



/5
Q) " Define the velakive refrackive indaxdiffexency of an optical fibex.

Show that it it telabed to Nuwmevicalaperture- |

Let us comadar the ¥edvackin index of core matevial ws My amd vepackiut indaxo |

ladding molerial s ny - |
Relakive vedracking index differents - 3t ia dedined os &SRR different in
vedvockiue wndich N, and Ny are the v foeting mdi'ces 04 cove and do.olcUln?/

malevial vetpech . I Levaitd
Hhe e ve frackiu imdex erente -
e anoe An iy teloted b Nu:wimlapufmof#uﬁb@(

ar [NA - [Zn &R
Lt A be the Fackimal differente im ve frackist indicah of(nw{'cladolm:o
A = n-hna = A= AN — )

™ n,
J. f-m-m.u) Aan, = An— (2)

Light Souvee : Tt emits +he powex which ub coupled by Hhe end fac of fibor
{0+ p'ropaﬂal'fm- only Soms avnount powex cun be Collectid by
fibe amd propagated alewq the fibevie¢ NA)Y can be colled by
the $Hber and PTaPa.ﬂakCJ alm-i the fiber

:E gl’(ﬂ)

Ditfurt li]hkSoux.a .

An = Dy=-Dy re

e e

-
’ PPN WP e e e c e s e= =
’

O¥e

)
[)
b e e e m v - e
L}

_ {iberaxia

]
~
~pse’

4

L

i K
(onsidex o tmall d;.'kujH: Louxte ah the i8otvopic (Samain all diteckions)
Yoadiakey ar 4hown un mbave}rj.u,w_ o M"_’j end facc of Fibey .
Light emitted Nevmal fo end Ausfase of #iber. ie  Tn which the power
Yadialted peronit .SOUalamg,L an the divedtion 9 to the novmal o the durfate.
v given by I¢8) = I, 86 — (2) W,

b

.7 Tetal powex emilled by Light soree wa ¢, = [ TLOMXET

T, o Smoll e}m.mfo:f
. 4’0 = J (I, CB0) d-n— ) dn ! $olidanj[.1 .
[] 3

dn = 2M8$inddB — (5) 1}

Y, {q .
L., = J L.‘[, o3P 2w SinBdO = T,(23inbce36) Melb
(M) o

:d‘)a - Io" J"/:'Sin2-9d8 : [:.‘ '”-_. Ia CME'M!“S]
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<1 cpn :TTIO — (6)
Y oy acaplanc «mﬂle , the amqle ob wh}diﬂupawexua
g atcapbed by the fiber fot propagation

Bt Hhe powex from. fuuth a Souste that an be tollected hy an od jocn|

Fibey whote ave diameler it greatey than the diamater of the Saa.iy
<m "m .

Goren by 4 = - J M 1wda = [ (Bae)ansineds

¢ = j m(LCaSB) 2.MSin8d 8—> (1)

)
s Jm
9= -L T, T alinbesiodo.

® = TI,Sindm —> (8)
Wwe Know that ¢ = TI, (Fomls)] Substitulzineq (8) i
o0 2 0, SNl — @)
e Knows that  Numericalapesture (NB) = Sindm— (10)
ie  Numerialaperture o auwd:]\j%elaﬁdm aca.plbmamglc
. NA = Sindm = Singd,, = (NA)Z—> (19) |
hom Ca)amd () ¢ = ¢, (NR) —2((2) !

D - (NAP e Sinem —(3)

weﬁno:u that  Sindm = (070> = (0, +1n5) (0 -ns)
Sinelm = (DtN3) (n-n2) — (14)
swbstitule ni-na = Anz Relabiug +efractine indexdifferenie
of the fibey

Lo Sindw = (n1+ha) An — y)

JA = DePr g As AN L An s An—sqs)

n, n,
fiom () Omd (18)  Sin’w,, = (Mith3) Any 45
As NN, we @n taKe nNi+n,= aAh, — (14)
fom 0s) omd (14) Sin oy = (2h1) AD, w
S Sin'dy, = am"A__,(n)

from, equakiond (12) and (1) e tom Wyite § :(NA)";.’mTAé

Numexitalaportuxe (NA)= an” A —(19)
B.u.t A = D)-Ny = _A_n___)(zo)
n, N,
hom Q) - (Na)>: (2nd) (Ar)
.

.o >
- -WNR) = dhAn o Ng - | &N An
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ii)
An s Felative kefrackine indoxdbferes

IJT% = J an,An
Fromn above o ] I\lumui(_alapuw of }ibe_r(Nﬁ)JA f.ej_a..E.J )
the  velaking ¥efraciinn dndex differente of omoptical diber.

~—

Explawn ¢ the ad\)mta.?—% of opkiml%mnimﬁfmé‘is:tem e
[ov] Disaws the vavious advantages of mmunication wath optical fiber
ouex  the Qmuentimal coaxiad Cohled .
(oouentional coaxial cables combitufed  Coppex (0¥ A [ pitm, b Yauumalerids
and hawing duadyantages din@mmunicalion proths ok ompried

(Q)

ONL hi?hcost, A
ko optical fibu ¢ dabvicakitn of ibets with Silica)

Coruentiomal o ool Ghler’ - o088 of powaer: dispaygion .’nsecwdfj, hiq hepst)
Gmmunication " maintenante s difficull) theymay picKup line cuvrels
Intevfeting with -&Uc,tfama.ﬁnd’.ic 'Si?no.lz,‘
Lemas]@o?éiﬂnal&} Diutovtims dueto Geojmpkicdcﬁak

Optical fiber oromunicabiom T 4 Enpvmous Bamduid th (10 4z )} Low tiansmisom
advont over comventimmal : !o%s :
 axinl ebleh — Teomunity to crosstalk (cross balius neglisible)

— Elecktic Tsolakim (No edfeck bﬁeﬂcdﬁc amnd rwfdi
i )

ich
+>mall $ize and MYH (Ea,gj installakion’ Iopm: Gopm
—>$i3nal$€cw(it~j ( Doesnotyadiate 100 ‘/.éizjnalaSew”’J_)
-—)Ruﬂcjedne_}(smd Hex}bi“hj (D gafg JAVC‘TIE’M)

L abilit 4 Auming
= Low St amd availabil ~ICCum.eb Coppex_ u.mmmﬁ

g Re“ab”t;t'j
Lebt us See Ha adVomlfmj% o} oplical $ihex Commenicokion ovexGmuentimal

Gmmunicakien  System . e DR
' . ' ‘ o) Dala
Optical fiberd axe duelectvic ummjt,u.-dp)& (Silicaglain) 4o thak optical 3i nelACon

be brontmitted %h*lo-:»g/h the Fiber ouer o Very long clustantes aih lowd lot
Lows aufimuaidcm/ Low dispoxsion. . Thup one cam. achieve very high ba.rx;

—_'*\__
tadth ©N Bijh data Yate innT $iber opkicmblus.

() Enojmczu/s Bandwudth | 9p, band e H, aff—h,LGPHCAJ- Commeenicatiom channel .
Wl
wery loxge  ar Compared b Conventional coaxial Gmmenicalion channgl
D bp high band idth (10" z) opkicdmviu{-(e;f“m thaxe exiatpotsibihityos
Yeoke infovmation ' ' ] P T
ﬁ‘ Cf?\“‘jmj Capaatt! © Thoat awe tTaMWﬁitfnj ob.Hu’-ent
. 51?an‘$ Laith d,:HUMWQ-UQLLﬂ%H\A wn paaallel P e Same optiaal {ibex
A dibex h_aA a @padly of coo channels amd U4 extemal d dumelay

wt  not rMeve than 0 Smm -
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b (1)_Low transmission loss : Optical 4ibers haue wery Low bransmissionlosses
Puebo ' the lage o] Ultra lows dossdibers and evbiwm déped silical fibors
ot optical amplifiers ,one o achiewe almost Logslers bansmiz’im .

The wepeateYs can be Kepl ab a vevy longluubanu. Like 4S kms. The coazial
Crhles vequives vepealey repeakevatouery 14 Km4 . Thia guns OwethobleCosl
©) immurﬁtjio ciosstalk  optical fibers ave mada out of clielackvic makerials
Hen they axe fre from eleckyical ahdehﬁ‘hmd-?ml’,lc infer}uena_(_m
Sinte optical nbevfexent aumang clitferent $ibers g not_possible, ¢xordtalK

o rmﬁLisiblL eyen YMqu fibexd axe cohled together .

@) Electvical Tsolabion  Unlike their melallic counterparts oplical Jibers axe
el_a,(f.-u'CaJLj intulated . Optical fibers axe made Now ﬂC_awHCh,,LL an
elechrical dntudaboy . Thexefoie they do not  pickup any Cuttent . This makes
optical fibere Builable fov Lse ,in.d_zut'h'caﬂnj hazaydout envivenments.

e ) Smallbize and Weight 11, siz 0 thefiber Tomg.e fiom 10um o Gopm

Hente Hey ave Ompad and Lt welght win Gwnpodision Laith coppey Gblas.
These ad\/amta.ja& maKke them b wie wn al'*(ch:t!'f'S ond %'

4) éu'?gal Seauif:j The tansmilted ’Sl'j'nal H'rfaugh the b ber doea not Yadislte
Thus . the optical Gable vt Supario om coarial nurenbiral cahles .
Thu ftabure (’Sr'gna,\liea.dit‘i) o altvactive oy m:’la.tcu’j JbQMK]’I’)? ond

Jeneral Secuxed data bramamidgion applicotioms .
(§) _Flexibility  The 4iber Gable Gan be eamly bend ov buisted without

\'—ﬂ——-

cJa/ma.ﬂincr}E . where as Oaventional cahles (Metallic cabler) oy notflxibh
Tt O_DJ-"j to habd,LL, mtauablun ,3&6“!5&},4,) hQMPOfbb:UﬂJ modnta

) Lowrcost and ?.vq,ilo\bi“kj Optial fiboxs axe made out of %i&&a which iy

available un abhundane . Hena ij axe  Chaaper tompared to metallic
wane guerdes end coartal cables. optical fhest 0 ffex Low cost communicabion
(3) Reliability  Ihe optical Fibers axe mage fiom Silicnglatd which does
not  undexgo omy themical yeackion. o1 covvosiom - e w,!.ll’j ch nol
affected by external vadiakiom
Ouwe o ANl the abonefackova oy Optical fiber Gwmunication

houw be advmtm}.u ouex the G@muwentimmal Coaxial cahlos
| ‘ e Ccoppex amd metallie(H) cably)
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Descvibe  the  Communication procid u,&inz}/ oplicel fibers

SE0 Dyaw the BlocK ch'ajmm of an Optial fiberommunication éy,sfem_

explain  Junckion of each black -
1a p'cad:ia_, the opf:imj. T posikimd N éuppmtb'mr cobles .

The Signals @ be diveckly tsammilted Uplo H4okm with out much
altenakion |

Beyond this dittamte (4o kim) ’M ;?EPéatﬂY; are wed to compfffyﬁlt

5{7110.1& ot  Suatahle dotanted -

The opital communication System. Comprises cith Tyansmitter Seckion
Re@iver $eckiom

- Ecder)_ | [Ovive | [cigh
1) ﬂhc/De‘ civeul [ 52,1
fE.Ieclﬁcpb)
\§i~jn4 o
opticalfibex
— i i Hm Waue quide
Receivey
el
SRSty Deaodey)  Elecvia)
Dla [ Signel
Ofp.

OPHCRJ-SI'jnaJ.

Fiq RBlack Diaqram, o-:! 4ibox OJD{)C %muni&M

Funckion of each block us  explained ar fallouss .

Inpat © The dnpuk ounaloi wdﬁcﬂiﬂgna.l whith dA the unfoimalion ko be
CaXyied .-Us Cmuvexted b0 cu?t'faa,. §iﬁna1- on Al Comuexkex.

Enc'gaLLY DTt am elackvonic &JTStem that Gaverts Hee a)na.iaa ..'m_{'oYma.{:ia\q,
Like voice , Fiqures, OI:J'ed.’S etc wh bl'mv‘j data - Thu J,jnqyzrdab{ |
(ontans & foxies of eeckvicalpulier . The .,;.mfmmail'(m,‘ o Conpexted ko |
oLtcjt'fal Bffjnal 4N EnCodaey for  brawnsmision. The Dllﬂl'tal data ar Convertd

dn 1o suitable ptical Signel un the foim. of uqatmmmn?nu LaresSaut
Tyansmiliex e

.I{' Consistr o] two pasts ij axe dive civeulb amdL ht
Boule L-.ijlot fouwts uh a Jemitondudy wnfra ved Loaty\ ov) LEBS
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ave umd. The J_:.‘jht pulrts  axe bramsmitted Hnou?h lan7 OPHC&].:)LM@Q

The electrical signals axe cowerted U o opical SIT;QL{) Cwaith hy
help ot 8pedally made covmeltor optical Biqnal wdll he ‘GC'eichbﬁ e
ge@ivey) (from the)  wameguwide from  Fhe Eransmiltey .

wantquide v oplical fibex

Ttia o nonmeballic wane quide. which,
avvies unfomabion jn the fa-(mafopi'ifAJSijmfA
wuth the help of Spadau-j made Conhedoy OPU

te xecciver from. the LeALe Quide

Receivey

¢al 8i7nol wll be F(’COJ'V&JB,T

Tt @asstt of thyewparts ,'Hw_tj a¥e photodelectoy, mpli}iww
Bignal sestower . Tho photodet Comuarts the optical Sgnals winty Phe equivalont
elockical signalt and Supply them to amplifier. Tha amplifiex amplifieRthe
tlo thic Sijnalb ab Hhey become weak cuu;nﬂ Hujoumuj f’hﬁlﬁumw .

ouex Lomg ditant . Thy Signal wesborer Keepd U1 #he duhic&'jnaiun

o Sequential form  qnd Supplies 1 dadectoy un Hye ﬁwbﬂy.weuf
Decedey (Pl tmiextor pigitel o analeq Grvesber) (0 L e Caived
eckiic siqnals inbo e aralog dnfoimakion . 1., Digital eleckrical ol
of the. debector s then  @uugted anfo an ahalog 3ignal - Thus Siqnals

an tﬂ‘fbi ’i
’ | ! [4} ?—LLL e l‘”’?/

(& whit axe impottant feaboses o
write the wes of |

applicotioms
Optical §

’ f optical fiboye :
ther optics wn dibferent fielys
of optical fibers Vatiqwehielols .

thoxg axe tmp,otred M Variows freldg
th Communicakiom 5‘15{\9"7)«

Uy ensors . C}ib.uopficsremoﬂ)

(1) Medical [ 7q{ha§c0fw, and othey medical iniiwvw,fs]
V) Tndusttyial applitakions, .

CommmnimeGnSi&fun Optical {iberg ono Very atvackiug albevnativey to
twisted wuve o oaxjal Cahlet  n Communicabion linkx
~>1 -.”).uf Y (e ~in}mWJ:l'(m/, e IWFm'maﬂm)“@W‘”j Cﬂ,oautj
" 'L,q'jp) aA ComPa,w_d o Gnuentional_ cablyy [M@J&b&dﬁmaﬂdl’g
—r Fhox one Diﬂaiikmguayg which Sammit 41/10_03{&1(&[
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the optical Signal or data fhiovgth Hom_ with Vevy low aftenuafu';:.
’ ' e
amd Uu\f Lowu du&mm
Thus One tom achieve Vexy high band wildth(ov) Bijk dala fa(’eqsinci fibay
Opl'l'fm.bL%-
Low Evansmisgiom loss Fov Long distante. Communicakion {ibert of
0-602 dB/km, aneured . $o thal o canacbieve
olmost loga Less brambmissiom.
Sijnql «Sfu-dilj ! opticl fibex Gmmunication provides  100]. S:?na,l»ScanEfaa

_Enoymous Bamdwdth  The dafavakecor in foymation caviying capacity of
7 optical fiboxs un evhanud to many ovdexs afmn?niﬁ&

O ensonk | Fibex optics ake Lmd ah  §enno¥
— ) o s Ihtninsic
Sentory '+ There a¥e buw fjpu of fibes OPHC Zeniovs ~extyingic

Sensonx axe khe doviees used b maskexe (6v>  menitoy c}uankif‘i% such as
displacemenk , prostuxe | bempovoiwe | How vate, Liquud fovel, chemicak
Compo&ition etc.  AsmoKe deteckor and  pollution detector an-ba mode from

Jibhor Trbvinsic Sensovs [ produce’ +he mat¥oscopic febultsj ‘ .
Ihtu’)éi]:‘j —modulaled Hensors  worKS on the pfina'pJ-L of Int%lfy VaYiatim
7 - ﬁ’em%x,nf& Vaviotion ot TjnfenSlfT o4 Hﬂhf .

Phate 8engot  Tt.s o bemperalire Sensor which vbilizes the principle

o4 phane vaviakions.
Eabinsic Sendois [ produce the wictoscopic #w,dik] . mp,?mb'cf{ddSen&aﬂ
r Fibex optic$ensova _
Mz.a&ue& parameter : } Modubakim, e Heek o OPL’"C"M“M]
) I Tempanaiote. ’ 7 ThesmolumineSente.
> Magnekichield ~ Mogneto - optic effect
3. presune | . Piezo-optic effeck
4 Medhanicol forvee Strers bim}in’n,cjfna :
5 Eledkvic cuvvent E lechyo lmihezcente
t Electvic field Electvo optic effeck
1. D*’ﬁ%"'ﬁ . T¥1 bolmi nestance
5 Nudsay vadiokion, | Raaua,t,{m\,— induted LimineAtent, J
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Tndustvial appl'm.tn'ang' In Larey p‘rocu&%rn?, of malevials Likedvi ”lh?,
weLdmej and Culf.mr}/ *""0— '””‘}” power darey uy ld(al’ed at one pfaca.amcl
tho JLosex yadiakion wll be tva,Mmeed to dx{feﬁent locabiova in Hhif
AShop floor thvough opticol fiber cables.
Medical applicatimof _fiberoptics ( write a Note - fiber oplic MJI'CAL]

WOSCoptj
optical Liboxt ave usmtd wn endoSioped
b qeb the wmage of the patilaX paxtof the body . In Lasex, opticl fihest

ave used bo bramsmit tHhe lakex beam ho Hmpomt of dnbexest wh&w&dgef‘jd&
Fibex 8copas are wpIijqd Lwda_l] IR endo&c'op,m":'vcatwn}a fo be dons-.

P!mxaphc Enclosmp.o_t To View internal bo 5‘5[ b_l, withouk P‘“f‘”mm]\ﬂﬂ
(E&uophc e,ndoSCoPu_A App,i(atlm (u.M_) 7 —

1 Mﬁ&% T comsts o{almﬁ ."’To €xcumm,o. tha. Stomach.

Hn'x”:.l.ﬂ.\cubh!d tube onmd AYa'gr'c' melal
Seckion. Hal had & lent amd Yavious Codels

4

— phologaph tumovs, omd Ulcews
To ¥emove oEJqd'& *thawbem

aﬂow-ed

LON:
W- o To View

| the Lppax. pcw&a?as o} Lunjs
(€) AnthoScope ———  To Study the Senall Spaces Laith mJGIV\bS
@) Cardioseops -~ haxt auitier % operakion? aspivationof

mMucuh . Val vedlay defects
é‘eP’Co\.l dedeet

— Qamine bumovs , indlammakion | Stones

—~

@) C\1 f:oscop.w

) pretoscop : > M Rectu,m OPUattm hempythai d;;

\\____/ l
WorKing of Endoscopes @47& ﬂndo&COPQ A a tuhuiu ophi (almsftumf

to L,Lngped: (ov) View the -bo J,‘:‘

thexe axe two fiberbundlis. _
One s umtd B illeminade the Eyerect
Objetk and othar 4y 1o View the iney —
i ‘S‘Vt“(ubtbd-e &l
.};L,ght %a:f}: emilied from Hle?BtSaux
focu “é‘i "amd CoupLuJ h) Hmn"ummahn fiber Inwmﬁm‘i
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e UNIT 9
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v s

1, . gﬂ’_tﬂ;l Dielectvicpropartied

Jhe dieleckvics axe the Aubstantsh wohich dordemtain free elikvons, wndef
Notmak (onditions , Tnaedakovs oo rot haue fren elickionlon M:mdﬂb’ﬂﬁ
<, that Dielackvics axe basically wlackvical Jm}a_,ﬂn? maletials,, ,
Tha diclickyic matevials ase ontidaved a% malerialt dn which wlakvostakictields can Mgut
fova Longtime - The Lielechvics ave elacktially untnldkovs, beaune elabionsasebourd 0
&mm,l_a,w}b'ydulﬁu; - Mita, g3, pla,shc,nnlwahubb.u,pa.pu, bacKelite HW'YPO-’WWL’J‘
po!ﬂ.muma.tdiau 5 V-eg'rlra.hLl als. handformaroil .

Tho dielockvic materials play a vital vole un m - eladtonic
t 1 appliatio’

“Tntvoduckiom

Impoftwwmo}oidulvi()& .

gurch mafivials o &P“db"bkﬁodﬂdﬁt,anffa‘eT'fadﬂ.ct'(l'c,Piezoe_bctﬁc
and m.a.%no,h'cw\a,t&ﬁalg

E’.xplaj_n the pofa,vizgl:imw mechanism oo dieladyics?

Dieleckvica exibit the phenominm of elakramic pala_lizaﬁm

elockvichield and haue high nexshivibies.
when - an qjulvic-.(—ield in applied on dieletics then the positive chayjed
displate in the ditection of thebield , while e Charges axe displated dn +ha
J opposilidiveckion - jMdisplawnwk o} chaxger preduce ‘iomld_ipow, Eh\'auihouf the 80lid
lckyicpolatizakion © The proceid of prawg( dipols hey the inbluunca o Fan appliod
2baibvicfield N1\ Mxicpolnxfm,h'm in cakt o b Dieledyics
s o Ha poluritabion the +ue and ~ue ionk diplated, than dipsles il exist Dt
| opplied dield the mhmmwu&wmk . 1he procss of polavizakion s GatYibation
! o} eledriimic, ioni€ and o1i€n{4’z'.md pbla)umtl.m i ' ‘ ~5
ohen a cielecdtic us platd an an exrhemal field Hhe polaxizad chames
produte du:PDMmthn . ThoXe Q)a.lt cl}.pu{.nmommf m+h1p1~¢&anu_ o El.actn"ccﬁtu.
- pridiplumat oo a P b gk = He elakvic dipplement.

~ Ab ,
Tha andutsd chargeprodute polasizakion " Ab= Volunio o $Slab .

The polajilaiim.“\ﬂ-‘f albo be dedined s tha Mﬁcdipolummntpnxm;twm
ie  polaxitalion P : _%_e- T T2, P axe relaked by D= €E+P

asider an | datid ctom i plad wrdar E 1 bha Light elecbron rave ich et
than the ho_auﬂmudw.& . Henle the cent¥e o4 the edutiendoud shifkgan the

oppodil diveckion of E % Ky b
uate tha etlerk o} am applizd elycktictield o dielebvic  thate'exal digplatem arkin
poliwern Conbieh of -HM_ a}nd _ e chatgn . Jo thak diwe b ﬁwdiﬂplamnmtd
harge  eath alam betmes o dipolis  The docalfield il develapod individuslly
‘ Total polaxization P = Nep B St
where df = Total polcui i Jedy = de +olj +lo R
|  whete de ud abronic polaxi tahllilie o = imic polayitahility '.dotoi{gj%ﬁl??l
' , plalizabi
Duw b presents o} exfivnal field  diples ave vetafe and bord to 0“4’115 t
an dine woth’ fiede. o ot eleckric ontbant dopend
oo §di ave @Mnau»tuhwmt,..fe;  on femporalise
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Some impovtant definitions !

tay permiHiviby ,Ewrmiiiiw'h, M a quarkity ahich _
Yeprosonhh the dielatkvic fmparbrof modim . wmf}iiuibr of o malivial Srdicls)
the eatily polaritakls nabue of material . Tt 4 in.mted!:ﬂ e
Fr Vactum. € i colled pasmitliby of hrertpacs ie ¢, - e-ssqx,a’zF/m[W“iJ
b)Y Relatine Eg!mi[ﬂ\;{hj + Tt Hevakio botiysnn HILPUmiﬂ'iuil“yof'mdim and pasmilfivity of
Dano tid by ¢, = 'é' [ & a1 combant fov i 0tvopic matul'al] i
€ bieledyic onstant(ky  The dielubvic ottant 1 dobined as te ratio botussen tha

Rarmithuly o f thak medium. and paxmittiwity o”*ulpau K : -Eé_ < €y
K haa no bnits °

) Dieocbiicstiongth Tt tan be dotined b bhe minimeon vollage vequived B produca
dieleckyic beakdaun ontE U°u/mdex

te ) polarizatiom ¢ The prowm of producing eleibric dipsles which. ase oviented 01"“?’5}“‘
Held divedkion 21 allod polaxization . Th phenomana obsersed with theeffertsf edemalfield
(&) @ln.rmulﬂuiﬂ.x They hoe un&lfn-nu.li‘ﬁcat SEMLLLUL and ha_un_p_nrmlwtcllpllmammfi
ExampleA  Ha0, Hel, €0, Ny, NHy ete . Tncane of o molacuat +he |
Contres, of grauiby of +yo and —ne chaxgay are oporatad - %
@) Nen polasmobeulat  There axe having o elaibtical dipplemament [ Hy,0,¢8, ¢t ]
Incareod Hustmoleculis Hha conbver o f Ca\*!qu.iﬂfo{ﬂue and -Uecha.np e coineida,
th) Dipolemomunt - 1z 9d  [wheie 9 s the magnitudeof ]
o Uit ot i Coldom mld dit Seporatiom of * tue and - tharge
Gy M& It o be dedined ar the vakioof ayer cipelemament o the elachvicfil
. Ttadendidbhg ' cd s B nits (Farad ,.3& applied
i) polarizaionueddot p : Tt ix defined ax the anersge dipelerment prekent paruoibvolung
‘ o} a dielatkvic - T in denolid by P vnits  Coltlomb/ -
Pz NK  when N nembersatoms pretent pevnitvalime ; iy axereged ippla
(ky Ebekiicdisplatamontyecksy The numbey ,Limo} forces vecieved hy unit ivea oy
balled dluxdeniily i danstad by elebvic displatemantvestove. .1y - 9 _clog

\

= g u"["&—
Relobion botweon Eand DEK g . _t 9 . b= 4 T Hea.
| ame v T T e Ty TS =g
’ E .l . vl . n
~iet e Ry lD;eEl—\ u) LFTHY
Bkt ey=_é. = £ =fvEe ) HNemn&(2) D=¢,&E
o U prEeg—w
But K= €y Subin() .. Fov i sotropic materials
——— ]

[2) with ciual notabim  Shawthak P = £,(e-1)E oV ogz,_;,aw;mmm
D.2,E fodieubiics (ov) Oblain avelation ship bebwern . eleckvicdisplasamont
wekor 0 polaritation P, applied eledvicfield Ureath. & Mofomk

Fox Moy 24 Hha cr\fsfwl. D Yarier noﬁ..L'Lﬂ.der wuth £ fel
" D:EEADg Auk €:€v6 . D-: €6 E — (1)
€ Squalby dislubvic omstant 1o gy &

. eqeay Oomhewnithen. ani D= K g, E — 13) i =
Bul polarizatim s dodined a8 P = (%’—_-1' — ) /
whexe q; i the Lbud o of Fhe induted -:
developed ot and unbivisr to Ha ma&m‘lﬁ‘ oJ'»LLoh'd.thic E
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LA I i a unituedor alog e Lingjoining uegalive and pos;b'»gi%ud

B e hw omida panlll plafiGesly slacd 4,
[k |p  Delubric dab balian the fulu
St >+ Iy Dus b tha extemal field ewistdipplemement and the induced

-qle = = -~ =
adboiplaly  Ciges doueloped neay Hha Aurhus of pasallol plates - Thoxe
t et eleckvic dipplomomant (e ) "
The polaxitabion pc He . p,E, Pawe walid hy b= GE+P

\'4 ’
" D: GoE4+P—3(5) um +hin quakion D KGoE dubstihuli thevalun€)
. KeeE =z foE4P = (KE-Déz=P o pz.6ok-DE D
But €vin equal b dieluhicomudamt it v 2 K.
dubititule K =y in equalion ) .. [P = € (£¢-1)E |
Relation heduser, wncmwifaﬁkn and gy bmicpolarization Pe < N o E
&QuiYic'S.LLLCﬁ-p{'ahwhroJ' Fhecbieloct e medium, - e Mwniépalamt l:lllﬁf/
Nt ntmbef of moleculsy puu.mfum

Jhe polaxiwadim amam.ﬁml {’hﬁ_ﬂepﬂaﬂm an Dielubtienaloy
of the oletive cantwof Hmdutmnabudhm the nuelousof Hha akom o alled Hig
eehyonicpolasizaliom , iFus denolid by P - . z NdeE —u)

’: P & (6r-1)E
3 ‘.' PO i, EDCK l) 2 PQ _(K l) gm PQ < EACK")E e-

. 'Go: an alled wactvlcsuﬂqfalu,bt‘ovo} deelul'\’lcrfum
[_f;_e = € K-l)] 1} Xe 2 WMY!@MQ’MG{'D’M!MA

ﬁ“‘ ')] o Pe- e(k-1) E .
Fox Had’.u.rn_x,_ : 0 . udi’dahm
¥ CCK l)] In cmcafl)aami Qo | : ﬂ Ew,tw-em Peﬂ)(t

e * fol- n]]—-m) bk K=l q)te a[: .]-o

Relatirn bobuseon M&‘FM , Dreletyic Wl'ant amd‘ Eo P Eutey-1) E :
- Ple - 1
(oY) Rmhmbaﬁu&m x_, K,EO' ’ X‘_ Eg(,{ |)-‘—|/(%) EO(ET ')

K= &£ ;TamchmI'H(m/ i x" GnK Eo — ()

€o , 5&‘
Kéo T € ;!ubSHtLLb_lﬂ eq(2) X»- f.‘ Q,c; £ = £°+7(____)(3)

£ = LAk X —03)
d_w.n.d.uLT {'h,z@.q(.%) mbo*h!ui..d with’ Eo

_g_,so+X = L_ 5°+_. ,K-I+X
to €o !

[2) Explain eleckvonic polatizatio in atomn and obl:cwn an exp¥ession fov elechonic
-paIa.xiio.hﬂLh‘, an terms  Ehe vedid of VH'M o.l‘m’

Eleckyamic polaxizakion * he polarizakion qenarated by +ha &qxua,hm_ofﬁ,,'_
ettecdive centte of o @leckvon cloud trom. Hhe dem of the akom s talled
the wchamc polmu}:lm :
Tt donoted P - Pe = NedeE
S B TR M«mcpaldlmhl.hbt

N W nwnberof abma Perun:l‘vobmuo+ DlMlCmfenaL

P
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E a.pp.U.Q.rld.u.l’vicfidd}n}WI'W :
oosidey a timple akom , it otouns alight Wlark1on dsud of /U.?a..td}e C’vaXtrQUm’j‘ajr

dubvihukd overasphate o} vadiut'a' and potitive oha!?o)\ tmtontrated ot Hu_&,\fﬁ of
Fhe gphoxe

The polavitabion in alomicview qises Huxerudt that s Ha Gbtresol
Hae potitive and nmtnxhw.uhnxi-uk an alem displecd kg e applied field .
The applied tlobticfield & Seporatu tha equal and opposite tharga Gnltds with

dn the atom o khot He aktom betomea dipele .Thu happans toall thoatsmy in Hy
mativial

e L%t
Crmsidex an i tolalidaton at plaed - {/ E
Under elocktichield E, the Light elacbima
move much meote Hhanthe h.a.auqnudnw: Atom withoutfield(ez0) Atom with Hhedield.
Hent the tentie of Hha alsebron clouwd Cmaider an abam. with abomic numberZ
shitts (cisplate) dn Hhe o}:,,gﬁ.’ft'd.iﬂt.ﬂuno:;g Hen fhgchn.r?L m ity nuddes at+ze

Buy the dpplitakion extetnal field Fhe alombemmes| whon. i abom us Subjeded to dabiifill
a dapole amd posiest dipomoment ’ the nueeus and tha eletym cdoud axe
N, apart by an amount % »
Thenthn fovea along. e ditect ionof Hadield i
F, = Ze.E —y
The nuclout 8 Suttounded by wlubion doud of tharge - 2.2 dobribuld suara Sphogs of

vadiug Y, Fhe chavoedmtibe o givenas P - Chavge o -Z€ ="_3_[7-*’-

A,g&,wnl'ncd, ani fomdisbrihution. of elactynddoud. Hha

r . 3
lobal chowge. un the etvondoud us _t_;_ T x> =[§_-,T,3][-§_z_ﬂ: ~Zex -y
thve chive] 4Ty 13
b ‘ . .
The coulomb fovee butwenn the nuelins apd the eledtondoud ug £y
U [ ) Zze - Ze 13 = ‘-'Z',Er‘l
* & = ——— b - '—'4 LU)
AT gy Y3 JJTTE°15
In e.cr.l.lil_i'bﬂm wndibion , Hoe fovees F, and Fy ase qual (1 ZeE = AP
2 AT g (5 L

Ze
E.lu.hanigd.&pola.mmn.mfwm P, = Ze(xy—b) ;
Subshihi thovalus o f% un eq) . Pe = zt(unm ]g

2. Pe LTe1> E —7) *e
Eqal.a.}in'lh‘a'n Pe = e E —i® (p:aE)
. Gmpasing 1 and @) [de 2 4T6Y2)
de ur Knowwn ab eleckionic polaxi " ' Q{i&%
. { tahilify wi wn hexmto uho
M#MCWWM upl'vf‘i A v3) whete'y 'vadiuwsobim.

. [] Ezplain Hu denicpolarization ?
" Zonic polaxizakion ¢ The polasigalicn prodiiid bay the velative displatermanto d theims
4 callad the Jomic polarizakiom | 2L
Tt ox an additional polasizakion dustbo velabive displatement of the akomic
onendt of Fhe molecult an the pretente of Eluckvicfreld |
ot ohon on wlabiichield E as applied to gudh amakerial , Hheoppasit. |

B
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Kind of tms ave pulled apart and Hhe nmmﬂ%w&rnafm.fﬁi;@am

- when o field drapplied Hhe original form of tha moleaule 1t dis byyhed @nd
- dipglet axeformed and polarizad arder £ Sotbal thia indused diplemmmart s pretin
to the applied #ield e MiT JiE  whek o inlcpdaritabilty [:p - 4E)
For moskfmaterials the ifanlc polaxizabiuf\(izim than He eladyone P,g[aﬂabﬁ
re o] &4 g whate de it Hu elubranic polarizability ’

oli R O:1¥e
and (e b oj) ut Aomabimor callid as the deformatio poh‘riz@biut%

The jomicpolaxizahilily it Undependent of Lemporafisse

g < W
A
L

M Tha phenomem o § imfcpo[a}imhiutv AL obferved unale o} Nacl malac
when an elabvictied Lt appliod
— &
O—w—0 . O et eeeeriO
Na cl Na

el
when a field B ad applisd Hhe afi?inal a‘tm"nof Mmof-ﬂlula:l-ldﬁfbhw
Fhe ddpoles axefomed  and polaXited undex E . : :
Jhat (8 SediwmINa) and chiotineatomt ave diplate un oppotifed itection
until Tonlc inding foves stop Hha PR . sk uncreativg hy clipolomoment
B C M= diE Sothat thit dnducd dipolmoment s propotional ko the
| . ' a pplicdfiely

! (5] whak iy ovientakional polayizakion 2 Derive an 2xpssion dor the. meam dipale mowent
| when a polaxmativial o ubfeted to an extemal freld 2
This type of polatization ‘ocus.in polax fubstanes
pefinition : ¥he polavitakion axfizini/du.a_fo Hhe al%nmm['a} alieaahf e:isfin?b.z_& :
fandomly, otiented dipoles in the polay Substane ur callid thae ovientation
polasigalion (av) Dipolar pslavizakion - The o~fimiqkimalpo!axizabﬂi}:y,d_1
dencted by ofe . oo depenclion temperatute T, T decreates with Thegoif
", Tetal polaxizabion, dn dielettsicn s thaus Gnbribukid by eleskvimic . iooic and
otientational polatizaliont ie p = NdE
where Jp = e + o+ Lo
polaxaibstants. [ polyatomic molizules) Like walie these melacdsspotich o perroineat
dipole moment . Euen theugh diprlit aill exist i such materials Huey orient vandomaly,
50 thak Ha nt dipplomomeak uh any ¢parimen, of Hhy malerial A Tro
when A Spetiman) Js plhaw n en exlivng) freld & dipo!o.&YafaIa and bend
to allign in Uz waith the field £, That 15 resishd hy the thermal aﬁf[‘ail‘ﬂng
The ady orientalional ealali!d:lﬁbr depend on bemporatute ie At Mghdfanpuaﬁu
Hhe Mml:aﬁihﬂm& ate high Hat Loadd to J.ou_un'ma of pa(axita.bf.ﬁt% 3
Pz & (E-1)E From (D and (3)
ut fy-kK S .P:= £, (K-1DE 5 ) S Fo(K")'E' = NE
o P= NAE —8) 1 g een = N — &)

Puk 42y €o(€y-1) = N —5)
6t noadawved {or different Kinds of dlelahiies ab

o
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ab difesent temporatined @ e, o axe indepandint 24 Tempaxalury
€y depueds 1 T dnase o f polaxaubtlante .
‘ASJOFTN do(T) e The d,ce,Lu,trtcaanant Ko depund e the Waﬁlfdw

o of ofentaliona) polam:ahm
€y wb @& Junclion of Temparatuxe T = ¢z £v(T)

try-1) = N (detai) + Nebo(T)
whato a* N(Je*dl)

: NgJT)

3[&”&)
W Soote (Ey
T Lo (Ep(TY=1) = 4 4 b

Atcovding b Langevin D«dnszth Hu.polahul‘lmof‘
t t:hxudnilb.wx A ofundim of Tempﬂ_raiidl

Hak i given by P (T = [N lae+ai) + Nao(T)] E

ole (1) wr o‘limlmtwrmﬂ pahra.hza_l:u-u'y
dsl1) = M [ JEKBTJ
ﬂ(aﬂpﬂ')

Mm m o talled mﬂu‘lﬂmahmmru;\t 0} polal*!w&fana

Cs]  Oblain an etprelim Jor the intexnal field &emb;q» an alom, an an .;.nJL:mE arra.nri

tidd .
of aomn  Aubjeded B av exbernal
[6R] Braplain  the wnapk of interoldield inlolids  [loclfield],

Tho dotal eleckrichield at +he mz ot e atom. usith ion the dieledvic s called the
loca) freld lovy Hu ,Lnli\'ml;h-dd he unlixnalfield L8 dencbed E;
The gnkivnalfield ua due b nugbbauan%,dapda wn Hu spaumm 7MM1naM

a2 also talled as Lovéntzired :
In dense substante Like Liguids and solidA l-hnnfmnilm) moluum axe much el

Jo Cachother , when an dbermal fied E afplwd bo Auch a dielakyic Hme&palu:am

Gieal jh_u,!. dov am.tm angde thedielabric ,,t o e#ed‘ecl Eud/a,ll Hm_ wjbbdll-"'nszpa{m

" Guses o anfivfied - The infivnad Beld LE1) it difhorert dromtha applil S E,
ot tho Galeulation of poltization. (®+) dsfemaltield mattbe comsidoted than apelied field.
For d@wud.‘el.u,tﬂds Palnll'cahfm Pz NoE] =)

; Bk 8 +P—)(1)
éubshﬂ.:.ﬁ. HuvaLuL p = r\JdE. w0 @q2)sl D = §E+NRE(3)
guk D=-¢E .‘mbmeqca) . GE 2 €, € +NAE] — (W)

c But v £ g-g,eo &umeUaiuLunequabanCﬁ)

Gfe,,s £,E+Nou=. — &)

CitpE-EcE = NAE] = g (Er~1)E = NE|
ﬁ- s.,ccv-n,e? TRt E it potatieation dueh
i b conkirrialdland . $oad0

we @m obterve Heundimal freld s dus to the Camb,lmd- eflet of‘end'e,mal bied E and
polaxiakion'p ' which J8elf Ut al8o due b E.
weknauMal T D = GE+ P —b)

cdawide by ¢ mba&h&laldo}éqté)# -—&E +Lap:-E1P
QO €o €o Go

Hut P eN Y Ma where Y s M.mm f‘hd:depchg mh,ﬁ;“m
of Hhe dg&fal(dxdutwc)&f‘mm Y-_, Eie h+T_B MAY?

'E.'E"’Mq':) E+YNj
| =
‘ aso

o
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N &
p \kg_) 'E*P|a:m the phenomena o{ piezs dgd.'vic'lhj? wyite the impaitanfa.ppli(a‘timof tha.

piezoelactyic matevials -
AAY

The ietvical chwf?u induted oo the durfoes of the u«rstaL‘S by He appliatimef
mechanical gt1ed  om Hhe Cv\istalA i phanomang, 4y called piezoelietvicit
Tt s obsevued ntakt of piezoeleckilcmatevialt . Ingy makevials ave polatised when
Hmf ALLbJedeJ ks mechanical defovmakion (it s posSible foy imnic Solids) .
v ANl Fevvoeledkyic u\t:hJs exhibit piezoeud:vicih‘, bub all plezo eleckyiecmalerials pe

need not  exbibit fevielecvictly. Bxample  Quarts - piesoeledvicryshl nat feviocuvic.
- piezs eochvic malivials axein ﬁwm PbWCTjstalLin_u i

Applicakions of prezs eluctvic matetiald yay Senkovd th) Transducers (€] omplifiers (d)dete .

' oselllakavs (F) Ollanmic wateh genaxafor
Medical diagnosic 1 Ultrabamic Saustek & g olschrh - dianaale 8
Transducos  piezodedricmaberial ate wd b brankducors ot the tonversio of
elechrical enerqy un muchani ol entrqy and methani cal Lrgy inlp elzotﬁc‘d.uwﬂ,
Example ; Quattucrystal ,  cevomied , omd }emduhicmaﬁn'ql(BaTu’o;,LiNbo;)

Sensors ©  piezo ddebvic maliviald wsed as Sentots which meakute pru.uAqu atmrafely-
amplifiets + piezp elievic Aemiconduckn’ Gas, zno, cds amplifiers of ulhasomicwanes{MH2

debectors : Quaste trystals axe also wrd un seleckive band pass hlbeys dny Sucbmayines
and in »fd;phm;nmh.y, ie generation and veceplion o} Scurdusapeinndsfe.
oscillators + Most impoitant matetial foi 80uh aute bu'n? Quattz , it has an e#’kmﬂt’/

highdielechrictrength . So that b ia uMd frequantly b toobrol fregquen, i
Irdutbvial applicaliy “;Ea,; mte tnalevacks, hidd.maltfecbsb’. Crauk.

Ulbrasonic waves enaraksY: we tam employ the picza elackiic materials o produte o
wibratmicwaues [ By SpedoJAj propaned Quaxtz slices of the oider of 0¢l'nm
[(ov Tou1m@uu(71$[‘ai Slices , T’Tﬂ}l.u,nb.! of about IMHZ Gobe
oblained by  piezo eleektic - oillabvy civeuit ]
LibNoy mabevial & ud ar  eleshro opbic modulatay
Spoca gplicatiom The Te of LibNoy & (216°¢  So Hhiy da Hut mdtnb,hp{ezo‘e&dﬁc
molevial fo1' Space application ie potametiic oscillabor Sampldey

Elecbvo optic mogyulakoy
\

e —

—

@) Explan He phenomena of Pyvoelactriciby 2 worite the ampottant applicatamsef
| ‘P'j-roel.u.}.'ficmatu.'a.k?

Pytoeleckricedfect . 1k 2y fﬂachan?L ';m spovtaneaus pohvizakion, when e
tempembuye of Hu Spocimen o3 chwnguzd-wnd,al}{o in PVDF,Tﬁ,h'cinL_ﬁﬂlphaﬁ.
This effett war fivet ditlovered un minerals  Auwth ad in Quastz, bourmeline.
omd in  othex imicn\fs}ol.&. (PUDF maluriald) ‘
Fack aboub pyvoelehricily By Changing the bemperakiove produtes hurfatecharges
which altvackt other dw.xrd malerialt . :
Al e fervoeletyic mabivials axe ‘pvvowyicmafufa.l«s Hhe Converse a4

neod not be brua.

Exomple Tuvmoling ¢vyttal s pyvoelackric mabivial  hut it ax ot fevvoeluric,
ol 1 1K : B -
el U™ whiur camsSc




(P

The  propasty of pyweloctricity i Hhe moanu red change in net polavitelim Ps )
Propotional fb  chamge uir Femparakure = P A dT| 4T Rabicf ke
Fe n bempar {IP P,Ad:gl AT Rliss K
Ip i pyroeleekvic curvent, P pyvoeleckriccoefficiont , A : Aubhgfg,rmg;:
Zi{ & mobe of hml‘in7 no1mq.u«f 3~ 5°c/m ie 3¢ b parminale
Sj%. ¢ Spontaneous polarieabion A T Te PiNoO
Applicakinn of pymeledtvicmalerials (a) Used inburgular alavmy (b) oletecov's (€) Sentgvs
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