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I i\ I' 1- '; 

que, con1 o apo·1n financeiro~ Lor·nill"illll pu· .. ·.ív\~1 a 

realizaçao deste trabJlho. 
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N i)~; Jllll (, t. r· a rn os que iJ d ·i ~-; p (,r~ ~i ii r) 111 d L r: r· i .. 1 I r: de q u ·i il 

de ond ~l IJOdP ~;(:r u:;dJd Cfetl Vdlllf:lr\1'.1.' ( 1 111 \JIII!I fl[l~'d. Ojll. I(',:"! 
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iJ a n<l ;1 

e <; I. r" i t a ( N 11 ~~ ) t~ ~ dr:po i:=, l e::. tudi.llll0 1_; d I~IO!liJl .lr.·do (!(~ liitndil ilfli!J.I d 

(WI)M), apl·icdnJo, ne:-.tc· ~~i.\So.o pr·inclpio de· 11 (h':l'"
1

J )"r:.di.ll"
11 

tr'dJHOS qur: d. mudulaçao de• l>11ndd dlll)i.ld, (ll'lndu Jlul·:;it'·; ( (11111Jr·i111iclo'~ 

·, l.l p (' 

r· 1 o 1 " Nll H . :::m pdt·tictJldl', u ccltllt"ir·iiJ;(·Ii:~.l lillllllt:n 

IIICII11', nWi.ddl' Jaqut•le Uiltido !'III 

/\IJSTI<IICT .. 

We ~;how LhdL !liCI\.(:rid.l ~··tnd q1J\de di,::.IH'r''·;iun l!l:l.Y 

b e I h e d e f f e c t i v e I y , n '"' o p I. i c dl f i I.H"' ln r: o 1111 e r t " " I M ''" 'I 11"' I 

to an /\M si9nill dft.f~r· i!. t.r·,~vc~'se:, d c~~rt.i.l·in r,Jiniiiil.lrll i tJ e r 

len•]th. 

which IS 

AI. first wc study tlie de!llodulcli.i<HI rd illl O[.il.ici.il ·,;iqrr<~l 

norrow··band frequcnr.y IIIIHiu·lal.r'd (NI\M); 111<·11 wc UHF,ider· 

t<H• de 111 o d u I a 1: i o" o f d w i dr' lJ a n d FM •; i q rr '·' 1 ( vJ ll M) , .r i' p I y i 11 q 1 rr 

tl·l i~-; cdSf~, thc pr··i nc i p 1 (~ u r qch i rp r"ild,il"
11

• !Ir" [iil·t,•r, yir•ldirrq 

pul~;e~_; compr·(~s~;cJ to t:he 1nve~-~:.e 1.lf t.hc· nlllXiiiilJIII fr·c~quency ~,hiít., 

p r o v r' J to b e t h e s u p e r i o r IlHo' L li o d . l 11 p ;r 1· I. 1 <: u l <1 I' , i h 1.' m 1 n 1 IIIIJIII 

fiber lenght needed for llld x i 111\Jill I M-1\H i.OIIVI.:I'\'Ii\11 III 1.111: 

o ( WBM, 1~; obout li<~lf 1.11<~1. 111 li«· '"'.1' ol ~11', I~ . 
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l:I\I']IULCI 

1 N T 1\11 I I I I C/\ I) 

[III b O t· a d III O d U I J Ç MI d f' d III p l i I. 1J ci ti ( .~ n) 1" I. C: ,i d '; 1.' n ··· 

modulilç.::-to dit··eta da frr.:·quf~nc·i;.J d(~ l!l~;t~r·'.; ')(~llllr.nndui.(Jr·~~·:·., por 

mc·\o de ondü~; ult.rCl':;onici.l~=. e por· vdr··iaC\)1.1 (i,) C(ll"r'~~niY de~ i n ._i r· 

çao l"o i ,,; tudada 1-7 cleiii(.HIS j )"~III do i.l p t"d I. I f.<t:J i ·1 ·j !.1.\dt~ dC1 IIII! 

dulaÇdCI 

l·.ntr·c d~=. vd.ntJ.qr•n':; dr• I H ·-;rd1r·v /\H, 1.(··11:r.1: Ull\,, 

( I li I dI' IIII 11' ' 

pdt'd I J~.er:; st•mi condu!.ures ~·H, ql'dl'\IÜ:•; 

', d 1.1 f.!l.!'; •:, Vt' I 
,, 

~ l I 

Os l·illlites tcÓt'iCO':; Jli.lt"Zl ;_1 llli-ixillld d]LL'l"d(du 1L'l r·r·f~IIU'.Ii ld (~ íld 

3 ldiL a 1.1 C III ) ; III a 1 o r· r· .:,1 2 d (J ~. i n d I I I' u r d (,I i 1 .• 11 ,)1) i';' 

re:;sondtlCii'l dn lf.ISC'I" ], 7 1 p lllllil llld 1 ny· !'••; t llh i I ·i dil1·ic· dI·; t. l" I 

buiçao ('Sfl~lci;).l dos modos :J, l ! 

A de1nodu I .:tç;Jo dl~ u111 ~:, 1 11~1 i M 1.• di·! "i 1 i I ., pn 1 ··:. r\· 

de t. e c t. o r c~> C p t 1 c os s a o (; o me n !. (' (;r~ n ~; l v c i ·· .:1 i nt:.r•n'; i d;:t1!!' dd l\1!... 

Conv(·~nciona·lmentP f:~](l ~~ oUtid;:1 pnr' u1n f1ltr·!1 L11l cor.1u Ul11 11
1·;.lllry-

r e r~ o t li 1 1 2 4 6 1 , , ' o u d d i c i o n il n d o u 111 c " 111p o I o c a I 'I u d P I. 1 • c t " , .. 

I 'l I I I 

cutir· um novo lll(~t.odo d(~ de!IIOdulaçao dP 11111 ~-;lnd I f1 .. () llH~ !. O d l.l 

(·! b il :-,c(\ do na depenrlenc I ,, dd fl'l'CJ u(:n,. i il I ()III " VI' I n~ I d ,: 1 cj l' <1<: q I' 1.1 

po ' ii t. t' d v fi~) c.Lt di ::.pers.:1o lllil J. (' I" l ,, I c· (I c· (I li I ii d(· U [I (j " I III 1,.111111 I I 

b r a c i p I. i c <.1 111 o n o 111 o c\ o . /1. LO!IillinacarJ dr•(·.t.r:··, 1.lo1' l'f!'· t(1·· r:hdlll(lr'l.~ 



n ;1 

trada ela fihr·v., pi.lrü u1n (;·irldl de~ (llllpl·itud<• nwr\u.lacld, ll·l '.;;•.Ídd. 

O efPito ela di(;p(~t~ 1 -;dn d~.~ v(··loc·iddl·le cli• (:·t"U[Jf), f)(, 

r~ a c o n v e r 1. ~~ r !· H (~ m A M l J d f o ·i o h ':i P r v v do 1 9 1 ~ n d I.J 1.: 1t1 

d i s s o ) P. m l 9 4 7 , o p r· i n c í p ·i o d P H c h i r· p t' a d a r,( I() I ' 

J à C[) lll p t· e S S a O d P U f11 p ul S O , q U d n dO a r r(' q U f:, n C. I iJ V i.i r i d ! i n C(~ t"'H C:' n 

te co11r o tempo, junto cor11 Ulll equalizador· da n,·dP. li''·"ndo il fi 

bt'ü como um equali7ador, i) 111Cnnr di~:.per~;;to d;· fii.Jr'd !.~ coinpr}tt' ... il 

cLJ pn1· um compri rncnto de tl·ajt:.~tori i.l 111i.ll o r. 

rld f~~;l.n::it(1 c de handi1 l,1r·q;1l tendo COliJO [.,r·irlc·ipi.:tl ul.ijf•tivo il 

det.enn·irtdr,:()o da fa1xa df·' coJiipr·inl(~ttt'.o (I) dil l1l1t'd, i'!<~!.d i:! q ]j !I I 

l!liJYlllli.l conversao i·M-1\M 

C U !. i do rl O~) p t' Ó X i !11 OS C d p 1· t U ·1 O 5 : 

No Cilpl'l.u.lo 2l t·a;Pnln'·i Ullld d'"~'·,cr i1;·d,.:J (ll't'il.l dC1'i 

COillpOIIPII tC~S biiSICOS E'~·.;:,('nCiill~:, d Ultl ~;i'·;IC'IIId d1: (()iiiU!"!Ii.(li ... Ot'~~·. 

Óp ti c .. l'; (o ri qew; J"• ( i"' I, ( ., I !. () )"' (' '> ) 

IJ(lmo~; aqu1 maior t·~nfoqu(~ d~) prop~·icdt~(\i.>~·, 1lt~'. ot ll_il.ll1' i fi L i ( d 

r· c f C' n: 

a [H·:rf1l de Tndice clt-• rf·f"r'ilÇilo, f\hf··a~·. IIH,nl.JIIi,)r\ 1 ., c· lnullitnod() 

' ', (Jr t Iii.: 



u l t r as o n i c J s (: mo d u l i.l <,: ii o d (1 c< 1 1 · r·<· r 1 t:. < ~ 1 lt ·. r 11 . 1 <, < · 11 < 1 ) ',li d' V ri fi 1. i"l 

gens e lin1itaçoPs~ pr,·inc·ipalllt<•nt.c nu qu(• ··<' tt.•\('l"('" 

IM de hanr\i.l r:•,Lt'l.'iLJ (N ll fi), 1•'"·'·""1'' 1111111 111111\vl" I )\1' I t di\ f d 

~.;c u~ . .:1ndo um 1 l\~)Pt" lliOI'IOiilodo ili.:Olll dl'til<l !.IIII 1~1'1 i 1 t.i lii:'J(ill : IJ'I(Ji t.ud r 

ni1l a ur11d fibra c)ptica monorrtodn, cu.·JiJS IJt't'J]Jt·ir~clr.ldc~::. d·i·:··i><!l"",iva(i., 

c!adrJS cltr·avés Ji·t segundd d(•ri Vr.idd (.:·', 11 
'J ') 

' I , d ', dw ) 

de prop;1qi1Çao elo n1oclo nd f1i.:Jra ~ rr.~dlll.dlll ., C<IIIV<~ ·'· .•• ·1u f t·1 ... ·Ar·~, \H'I'' 

rnitindo dssinl il Jcmodult~t~:do elo ';in~,ll 

ill"d (/f (•1)), dcfinid" pr.1t ,, \I • I ('. y· d 1'\ 1 ~ .. 

i 111\.lll I'. i on ii I r: . ( '· 1 
I 

o ll t. (:1 ti 

Jo Ulll pulso 11\oJul(l,dO err1 dmplil.trdc.·~ cun(;1r;tindo ~,fi·: 1~1n 1JIC() t.:r.~n 

dd ldr·quri..l de linha (.\f) do la~:,e1· <.~ r~rllnr·t:.l:(.t:r r1 pi-tr• .. <· d<~ ('lt.i.t 

fre<jtJ~nc:iil das o~c:ilaçoPs, 111as c~LJ<~, par·'·' -. t u' c', t ,I O ', (. I .\ d ·-

Ç<>c:., nc1o i-1\llort.(~r:cm. c~~·lc::ulan1o~~ depo·i(; ii i"Un<;·d.:l ~(' 1 \.1()' Iii do 

s·i~:,L(:Ina L <.l ,; e r· x I· i b r d , /I F ( , ' ) OlldC' 

(\ funÇdCJ d() la:iet~ ddc\(i f1 1\\ t!.':II11U~; d.-1 ftJt\Ç,JO III O 

dula\dO dc fa';P /\(ii(i1.) <·.'de) ~.in;_1·1 de· ~;otu 1· ;t r' i.' 11 (I. o iJ I • 1·· . 

g u r ~l d P I i n h a e d P l a ~, q u r il J e h i.l n d ô (\ u I ~ 1 '·; t~ r-

2 
()" 

(\ 

c\ i rr. tanl<:~n te 

,, 
l. ---' ''I 

" 11 q '· 
l i q i,l do ~ 

I "L) 2 
I 

c 
ldrqura dE~ 

.. ·1 ' (J ll d '' r.. 

hr~nd.:·t <' u 

j.) I I i\\E' I t' O t .. f ~ Y"' \li 0 

:·;(_'qUrldo t.t:'(liii.J d I i.ll'·-· 

~JUri.l de linha do ltl~:;L·~". d(.; o~:;c·il~,1\:op(, d(• ·1\l.-.l l.t·f·q.H·n··.·iil diiiO~"· ... 

tPCPlli~ lliPSiliO \Jd.Y'i) !\ f u. 

ModtJ\ando o ld'·;<~t" to111 ur11d l)nd.t ··.oi 1 0t r:.\ \1'·; '·,i rl ri (I 

e calculando (I modul<1çao rk illt<,,·.,·idil!'if' < o n 1 \ 1 .. 1 ·i 111 u (l)il' o pu I 



so 1\I(t) ~~ l!li.liS ~-~sLt~cito, indicdndu IIJÚxillld l.unv~~~·-··,(.I(J 1:·~1-·/\M,quan 

do a Slld lar·!]urd nJ. entrddd~ normi.lli;;Jdd, (' <J,,(i,, 1)111' (,,
1 /i·'"L.)· 

o '7 4 ' /() 

< L ?00.000 1<111 que: no~; dú d t"di/il dr! t:Olni·JrJP·f''n·t·.(·, r'\.. 

bra ncces·:;arid a demodulr_~(;;,o. 

( i\ f ) ' 

Cal cul <JIIIO', tillllh<;lll " ·intP"'' 1 rli.l<lri 111.1 ... ,,r,~;, dd t'i 

h r ü p ii r a i\ r H t ) u 111 ,J f u n ç c; o de 9 r a u 

l'indlizando o cdpftulu 11, l.iiZI"IIU'; 11111 r•;.tudo da 

que i::.to só ser·ã po::;s.ível para filJr'dS 1nult.iJ1:1Jdo d~· i"nctJt.:C' ~J~-a 

dui.ldo .. de: oLi1110 p(:r .. fil du indice tl~.~ l'l'll''d~.:d(l. 

hr.:'lndd a.I11Pli.1, que aprovcil.d intr.:~ir'dlJJc'n\.(• 1.1 l~,rtJlll'\i i.'ii'' '<.~ndd l:··.! 

'; ,I ( (. ) lnii..idl.llvnt.c· l''·;I.IJ:dllliJ': 11 

dulaÇiiO sinu'-_;oidal~ oht:pndo IJ!llil ~it~qu~:ncli! dv pul: ... w., i\J.:ntl(o:·-·~ 

() III (.1 i li d i 'Iii III !I ti 11 -... 
lilCdO. 1 1 ort~lll, d modulacdll r·M ~:.inu·:·,oidi.ll t1,1u l.l'lll di).) 1 1 I i) (• •.; ('lll 

tlc\0 t.rdn~·,nl·ite iníor·111aÇi)O. 

A se qui r· e~:; l.udiJIIIO~·:; d 

co111 cr1111pt~e~-)~,ao do 11ul(;o fipticn t1i\ ··;dfd;\, l 1
dr'd ~~;··:;o dplit..r.llllll~·. 

Ul11il t('(lll(.() dl'~ IIIOdulCJ(:d() (:'111 fl'~l'(jiH~l'IC.id (jUI.' r• Ullld i.ll'~lllf .. 'r'\d 1110(1i 

p ·1 i C ii <i o (J O Y' 11 O 'ci J U III J j' i il r i.1 i·.i p t i C cl -

m.:t·-; i~.;nor·àndo agot··a a l11r-qut~il dcl linhi.l t1(~ llt'l(_ll .. 'lll, (,ll1uldiiiO( d 

inten~;ldarll' nd :~il.l·d~~ dd f·ihra~ p;Jril 11111 j)lll'.ii.'l IIIOdiJ]dr,l(l 

I 'I nC:iJ.t"rnf.'nte e ITI frpquunc I il 
' 

c ob tClJllO~i U III I ' \1 l " ( o rn I I ) · I ,,,., ,·I (I f· 1 III Ulll 

(li (0 r f~ n l.rii I ri ii gr·;JnJc~ I 11 te n ~; I cJ (I d (: [' q 1.1 (' d \li II (' t\ 1'. d l,(i ii: ( I " d i (.(' 



de f]IIJdt.lCl(ilü OU Í~li.Or de~ COilJI'IY'(~::,' . .'•dU (i' 

111(1 X I III ( J 

de~:~ v ln f r e q u e n c 1 d d t 1 ~; mo do ::, do I d ~. c· 1 

q '"' u 111 v <.t I o r d ,. I< ~l c~ 1.1 1 J :-, '·, 1 v f · 1 ~ 

condi(-of~~; dt~~ mínima l.:1r·guri.l do pu.l:,u c~ Jlld,X.lJJ\(1 I . .Jr·q~.~'d ck h~·ln!'il·l 

do lt~~;(:r·, ~~cndu pos~;l"vc·l colnprPs~-;.:Jo llldl'·, 11.il.d 1 111·1~·, ~~~.~ Jl)··c~t:;o d\.• 

u 111 a. l d r q u r' a de b u n d ;J 11w n o r· . 

Fin;lliJJCntc~~detr.)t··min.:Jmo'-; Ldlii\l(:JII 11 cOJilpi-ii11C'I1to nri" 

n 1 111 O 11 C C C S S ~.; r-· i O a dE~ 111 ü rl U 1 rJ ~: (1 O J C' u 111 S i n i.l I ) f~ d c: I J d 11 d d ·1 d r ~J 1:1 c· 

encontrtunos o valor Je 10 K111, aprnx·i llldddlllt:nl.e du-·1:; Vfl/f .. •::; HIPnor 

q u c o o h t i do ,_. rn mo d u I u '' " o d c L> .1 n ri J l' •; t:. ,., •. , t:. d . 



c. 

C/\ PT I li LO ') ,_ 

') I :> I I ~1 /1 •; III I 11 1•1 III~ I I 1'. r; ll I :; r11• r 1 1.11 •:, 

2 . 1 - Lr!.Jr o d u ç ii 9. 

0 O b j e t i V O d C C[ U a ·1 '[ U <' r• •. i ', ti• IIIi I d <' C. 0 H1 U TI i C d-

ç a o e a t r" n s f e r e n c i J d c i n f o nn iJ ,,;, o d c u 111 I·"" " I. o p a r .'1 "u I. r· o . r •: 

t d t runs f l:~ r· (3 n c .. 1 a de i n for 111 u ç ·J u ~ f c.· i t.a , n 11 111 d i o r .. i ;:t d '.\ ~:; 

zcs, sobrepondo (rnodulando) o informuçüo (~ln umd ondi.\ c:letro1nilq 

n~tica (r•ortJdora). 

iJO Jc~:.tino) onde a ondil (~lct~·omaqnt~Lica ~~ l'í': 1 (.1 1 1lidó ~:.·ii inforJn,"J 

ÇilO recup0rada (denJod,,lada). 

largura de banda I R I da p o r I. d. J o r· a 111 o(~. 11 'i 11 d ;1 ~ q u f ·, 1 • q e r a I rn c n ·-

dura. Dest.d fo~··mo, üUIIICtlt<1ndu d fr·c:qui::•til. i(\ di!. j'll)l 1. Jc\IJr'ü ~ !.C! I)--

I. o -

do s·1stenw. Em u 111 s ·i s t. c: rn a rl e c o rn u n ·i c a ç u 1: 1 ··: o 1 J 1 1 c (.'1 ·, , r~ p o ,. I. a d o 

do infr~1-vet~melhn, v·isívt:>l c: u·ltr;Jvio.lc1:.a, nu111 intl'r'\l:llo cl() 

a p r~ o ,\ ·1 1r1 a ct dlll e n t c 10 12 H/ 
,, 

1 ~·1 v r·! c~~) 111 Cl i (J r· 

vias a~: .. :-.ociu<ltlS ;) construçi.lo de~ co1npon1'nl.f"~~l \)IJIIL\).l, ~"il.IC t"f' 

qupr·~1n SUL\ prilpr·ia tecnrlloq·ia IJdt"'il OjH.~t-.-\1. 1'111 !.1!.1'·; ·l,.!_','rlur,:~~-; de~ 



I . 

IJ(·•(:.·ial lntr~r··~l';:-;t_·· LC'~Clli.~·lí.iq·ir.f...' 1 .. :· rn111 c· l:.•l'"rJill:.·.··.:.l_·~~-· I'IU 1· i:l,l)·'•.'i i' ··o. 

X. '111!0. 

I 

d I 
I 

I 

li 
I 

: ,' I i (. '• I 

rc,rma Jc~ !.rJn:;mi(..súo ~JUii:d,J e í"'d(.'l ql_lli\··_\d. 

tra11~:;m·i tr.~ n (~it 1 1tr:Jo 

\)1.1 li( j r(jj()) IIII ·j ri d (t. 

op! \\. 

(.'(.1 1 .. ' \.r'd.l'l:-;j.r))'liltl::]() (:~111 (;it·I,\J 1 .. ~]\~!.t''ILO) 

or::t.: r1 i·: .. 1 · 

i·:(':.'· I. ' 

li 

I .IT()) iLii.JI' '() 

: .. I.\ 

:·J (,! (; 

lj I i: (,; 11 
·-~ 

' u· I ••I 

(I 



' ' ' 

p c: ~·.; ' ; i: 

s d :=, 
.. ' 

c u 111 u ,.t ·\ c, 1 ç n c~'-; o 1.1 t ·• c ,·_i·_; . ('' 

iii u <.,-

un~·-_, ·t.ll.lf' o {·· ~~!·_ll_',··r( 

(:01.11lll:' n tr· c:(.': /\ l. u il I : ·: 1 ~:· · ·! ·1· : 

(íP!Ii.{'' í.'!fJr·lc·d~·;, i.'.li 1 ]i;;1 )"l,:_t.l'.~ : i.·i I :di; 

dr.:• . ()::·L.:.\ c! C··· ·:·, ') :.ti': 

i \.~ : 

( I i I I ) , c (i·iudn ·1 -.~ ···, :.:· y d '-' 
, .. , · .. 
I\ Jl I 

() ~~~ 

ii\Uill (_)arnet:. ~'-~d;Yf.'IC), lJUti!L)t.~<-~do [JCI;-~ LL-:r:,'· : .. i.'' ()r· ! • J .•· n 

f'. o n t:.1...: ~-. c!(:! ! LI LJ '·' '' L d 11 t :· ··i(: I. ('J 

I 'J i. I 'i / 1~\ ( 1 l' • 

~-~:c1 on;Jda. ~-~)Ui.\ uLí1·irli.~Cie (!iii COI'ilU)'il!"d(."CC' opl.:C.i.'l (~ : .; (. I .i 

·(.C·::IUU de• V I;;;: ele 

. >1 
I I I l1 ) <' 

!Ji''i~'~: Ói)t·ic,J:; tlllJlLilnCdo. :::·:u;_·l l:1rqur;_~ c.·~·~pt·c.t.r~:·tl IJ::Jl'''·:J: -~:· ~-~to .. ·J\-~ 

u : .. ;1;(; 
/', 



i i ) IJ i [I dI)'' 

r· ado·_; (_.o m c o r r t• n L E}~-.; de i n j e c a o a l t. J ~; 

sao e~;pont~nea e es.t\tnulaJi.l, ~:,endu ')IJi.l ~-;d[.ri,l (k i,_li'(.JUr'i.i 

p e c t. r d l J!l d i ~) E"~ ~-; L r E~ i L i.l 
o 

'l () f\ 

s c e x i ·.-; t i ~; s e s o 111 e n te c 111 1 ~; :; a u E"~ ~) p o n t. d n (, d I '> I 

' I 

l a';ers de 1 n J ~'S Zl (~ ':i c 111 ·i c. o n clu t n r~-~,:, 

i) . 

(' '. 

cinniidi·:,dir·cc;·(-jo lim·itada ~;() ~J(Jt' {[·ift·açill."l. () li.J··.;f'r ~·tt:· '",(:1 11l·iconrlu 

tor ; u IlldiS bern adt.•quado para t..ran~.;mi~;:;au r~n1 [""·iht d': i:j~-,tica~; 

E de di rnensües peqUE-! nas 1)0fl 1.~111), t·'i.I.Jicln~ O\ ~-~·:,l:'l.lilCl':; 

pilr~t:l~ do prõpr·io cor·po do lt.~sct~ (fot~lllddll~· .. jJ11r cliv,1qr•111 do !)r'11··· 

p r· ·i o c)' i s ta ·1 ) , a p r c s c n t d n1 r~:; t r· c~ i L tt <.; 

() 

(· fll I\ ) ~ a !E:;rn das ou tr~a:) vantaqcn~i ,)a 1nc~nc iondl.l,.~· ,.1·:: o r' .! --..• 
q(~n~:, (Jp ti l.:d::;. 

i ~I :I'() (I < I I\ 1 

:-.of:'~; iiiiPdidt.a:,cli.l tecnoloqia que c~(;t:.\IVd ... l~r1do :.;~;dr!.· 1.1: d 

qdr· ,1 t:~ficic~tltc~:-. 1..1[) 11
.;, 

I i;m de terem um tempo dr' v i cld u~t·l.u _ 

fora111 cons t.ru i dos depo·i \ I ! :.li , co111 d I' oht~.:' ~~ :1111 

lil~)er LOJ\1 ildiXi.l t:orrente de
11

t.hl"~E:·:)huld
11 

11 1 \"1 III IJ ~:. d -·· 

dil:) h e terojun(oes dup·l d(, E~lll op( 1 t"'dÇ.:IO (. nt·11 .. i-nui.l, d. ~: '.,\ii) J 1.' t" ,J !". u (" :) 

nrdir~,ir·id j\ilj 

Mui tos. traba "I h o~; t.(·Jll ~:,i do r· E, 1 tu' rtd 

t.i:".]aç·l:io das p1·~opr·ic~JddE~~; do l;1ser seiTI·icundut:.or· p ("I r III (I d IJ l a(: d 0 



1 r 1 . 

f Y' i a rn d c um J r :i p i da de g r d d il ç a o d f' p o I.<' n r. r ii I li III 1 no··, '' , rii('Jr·r·endo 

,·) I) I r r f' ('~ I (. () d 

rncnto \.(~rll sido feito, no que SL' t't'ft'r·c o.1 l:.,.:;r'. .. tlicd~:, tlr, c.r·r.'~-)c·llllt·n 

to dl~ canwdi.J~i, dt' moJo que U~) ld~:,L·~r~) ·-;t'llllt.nrrdul.ti~'(' li (J , i I ' 

l~o corlfi3veis C]IJanto 

liJ~_;pr·~) de 11 NPOd7r1r·iur11'' t•'·,l.111J ':iCtldn explor·d 

sao 110 esp(~Cti'O n,J fd i x,) c1t~ cOrllpr··in1f•n 1 .. 11 d v o r r d d ( I 11111 

Este'; lasE-.~rs sao rnodulaJo~; exl.errlülllflnt.c. 

2 . :> • ~ - .Mo d u I c1 ~: " o . Mo d u I il do r,, •; 

( (Jt'' ·-

110d ll ']I) .. 

da ( 111<1clu I açüo d" amp I i tud•• (fiM) 1\l () 

La~·gurd~; dt~ band;1 dt' rrltJd:.J 1 a~·.··IU ~~~~ _-, l l[.llll;_l'·; 1:cntc 

nas de M li Z p a~- a L t' d ' s c ~;L D ' ~:. 1. 1 L ' ; , .) 

ro. l;1scrs semicondut.nrc:·,, ::..:10 \JO~~,~·;Ívi.:l' (OIII 111odul 1::~·~~·.1 diri.:1·.d. 

Nd y 1\ li C d 1 i.lrgUrd di.: l.lCl.llÔ• .. 1 cif-1 IIIOdiJ 1 "li i'i.O cli'IJI\r:dt: ddljUf 1 l i'l i\ c 

"'odulaclor. Os 111oduladon''; Pxl.c,r·r""" I>O'I""' 

me ("hulk"), ondp 0 ff'iX~ qUiildlJ ;; l iV!'('IIII'IIi.f' :Jr'l'll,I'IIJ(J(), 1)1 .. 1 



I I . 

na forma de (JLJ i a ele undd, undP o 1\.~ 1 xv u'1' l.t ,.,, (' 1.1".Jtt i i lt.tdn rtu 

I IIII..'. 

di 

reta, 1110du I J(ilO li~ rlt_~ lasers scrnicundul .. t"Jrf\·:;, vi·tnt:il('ji''rl 1
) c~ li-

mi taçoes da modul(1~:ilü J"M, serao dcixddo·; fldl"d o Citpí'ttJio :~. 

reta, fr~·it.o·:; dp die.lf~trico~; t.l-·ilrt'i!JIIY'!'ttl.c~-; (vtdt'l) 

ou pl;]stico), CUJil fun<;uo e confinilr il i11/ vi•,ivcl " ·illfr-,c-vr·r· 

mclho d longd~:; di~:;l.i.inc·ids.. 

d onc.ld~ Pm ve; (_ (') 

mo n o ~; q u ·i a ~; J t! o n d a d t:' ll'l e t:. a I c o n v c r 1 c 1 o n d 1 ~, , r • q U I (.1 ::. d I' o r· 

d u a s r c q ·i o c s d o d i (:' l ~'~ t. r i r.:. o : a r' c~ q 1 il o i 11 ! 1 • r· n i1 n n 11 ·, f' o 
·~ 

tem urtr Índict~ rlc~ refracao tltdi~.; d.l!.n que· .t ~·~)qiilo ( :l.~:·)·tli), 1) 

r· c v c'· t i 111 c n L o . 

{\ ,. 
.... pt·incipüis 

1.1 i.l i x o c u s to d n 111 d L t:' r· i 11 I 

vantdqen'; 

- fJ e q u (~nas d i 111 t:' n s o e~) e b d 1 x o p c:~:> o 

d 1.1 ~-; 

Iili uni d d d (~ d i n L(·' r· í ('r t> 11 ( i it ·:~, c~ ·1 1 · I. r o 111 il q n (: 1. i ( .:\ · 

- ll i f i cu I da d l' cl c i n I.'' r c<' 11 t. a ç iH> 

? . ? . :l . I ripo~.; dí."~ fi lll""'d' ... 

I / 

1\ lu/ c: qu·iddd pnt' l'l•i"l1 /iii.' 

~ .; () ' 

d () ; 

•J t.ll I I fi-· 
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,, 
' ' 

te r n a em ~~ rn a f i b ~··a ~) d ~:. ~:, u a~=- 1.": .:t 1 :·1 l. t t: r 1 11 d~ 01 I. i 1 l'·; '·.dO de.'--

terntlni:'.dil~:; pl~la di~jt~'·il)ui<.,:ao elo Tn(li1.l' 11 1.' i'"'i'll 

COiliUIIS :•:ao: 

() lndiCf..:1 1Ü~ r·(•f"'i''il~.d(J d'·;~-;IJIIIC: IHil Vi.t)Or 

c o n s ta n t ~~ ( n 
1 

) no nU c 1 e o e u 111 v t1 1 o,~ 111 d 1 ·... I .I (·1 ·i ;~.o n 
2 

:: n. ( I - f_) 
I 

Mono modo com Pet i ri 

-- -- - ;:;----·-·-

') 
11 1 

;: (] :- -~_-:__-( - _p 
~ 

( li) 2tJ n_ .. ____ 
-~ ., )i I I: , 

_j I 

I 

v ' // 
... --- -- -··· 

,, 

Multimodo corn Perfil Dc(:•ruu 

~-···· ... 

(/(_ ·- -- ':1·,,) 
\ \'• ... , ____ ./ 

.... ./ 
··--- .... -· 

••I"· li l I __ I _r 

Fi g . ! _ 2 ·· ( fl j·rnen•;oeS (Cil] )I ) 

"' 
Fi•:Jr·a lllonomndo: ~:;,o, h li ,:III? 

r ·i b r a m u I t ·i n1 o do : a /5' b 'I, li I 



i i ) f: ·;- b r a d c I n d ·i l 1:1 q t iHl u i) d u 

( "Cr·aclt'd- i ndey") 

1 I . 

d i c e d ~~ r· c f r' a l~ a o q u e v il t' i (Jrn a t Y' d v (~ s do n u c 1 e o , m d \ ~-; d o u ~) u 17l 1 

ment<• constantesno reve,;t.irn<,nt.n 

Monomodo corn t:-) (~i' , I I• ,, .' 
I •., li : 1.1' [I i< I 

//~ 
·-, , .. -., 

'• 

( I I., ,., I 
., 

I r I ' ,I', I ) 

\, i 

Multirnodo c orn :I I : l 
' 

'•• ·- .. 

1-iCJ. ;,) .. 1- /\s dimensÚE·~~; par·i.l a, h c,-\ ~.-.ao, d)}l"ll){l;ll, .. lf..
1 

.. : 1 1i1C'n~.(l 

d S III(~~:; lll d. ~.; J a f i q U )" () / - ;.-' 

I I íl I o flt~r·f 1l de i-nd .. i c.P I)O(lP ~:,f!t' InOtl(-~ I ,·ld(l ! .. ~"1:1·1o 

( 

I I I / !\ ( r· C[ 1/? 

I n l -- ) ,, 
n ( i" 

I nr 
I 

., r d 



I 'I 

o n d c ( ~] ) e o P >< p o!'~ n L r: d d ·1 t' i d c.· p o L t.\ n c i 11 _ N < .1 < ,-~ '·, o 1 i! ·i· 1 i i. I I d t • 

g "= 2, d fibru t~ chd!llJ.tit~ de índic~~ pdr;:.\llol'icll r•u f"il·~~ .. ·;1 ele· lt•i 

do quaclr·ado. 

?.2.3.?- Modo'. 

IIII q ,, I" .'I 'I '~ lJ pOr I. d III 

rnul to~:; t:toclos., qur: se propd<Jdrtl 

mo isto CüUS.d Ullld distnn
1
:do dc1 s·ina.l, a lutl~Jilo::, t.l·i::. dr:•lil';, ·1'·, 

fi bru·; que tr·anc.m·i tcrn ,;omr,nte 1.1111 tiUIIH'to i iii i 1'.(1 dr1 ([P 1'11,>1~[')~, 

;..endo o nU c ·1 eo de I qado e i.\ di ft: 1 l"f~nt;:.l 11 lll 1 r· r1 i"11rlt c1' 1'1 r· (' f I' d 

' \ ,, I' I r" I.,· 

o s 111 o do ,.; q u c s r• p r o p a () am , de ··, <1 () dt:• 

bi.l!l1ent.r: ~u·iadc1::;, J·inc~armente polarilado(:. (0111 Utlld I.'IJI.:I.\.t".\0 r(,-

I \1 

Pil~~J Ulll pc~rt.ic"'tJidr I.O.IltprittiCrtl .. cl dv UJ't-

d.'l ( ,-_),e definida uma quanticlarle 

2 'il () lU 
v c 

chamada parâmetro de frcqu~ncia normali;ada, q u f~ 

quuntos n1odos i:l fibri.l podp suport.d~~, ondu r··J/\ ( !I ;i 

Qu<>ndo v 

III UI!. i lli<JdO _ C o n f o n11 e h ·1 o q p I'J 

um a f i iJ r" d r• i. " d i c ,., d P q r a u '-' i q u i.\ I (\ v 
., 
' (~ I\ lj :n d r· i L r· ('I 

') 

. b - l ' I o di<:E~ pdrd·o iCO, V t_. 

dr· Lur·m i rt d 

2 I I? 
11 ,, ) 

< .. 

n ttllll~ r·n 

1- i I.> I" . , 

( III 

i (I I fi 

( r) )'11 1, 

t(~t··Tst·tcas dos modos. quiddo~-.. dl~pc~ttdctll '-_;o d(' 1.1111 p~:rY'diiWit·'(J (v) 



(nao d,•pcndcm, prH· <'X<'rllpl" d" ii, (/ tJ n., ~ 

tp ). P d r a Ufll Utl I C:(l 1110d0 ~·;e lll"Clild(jd c· L vrnr.:. ':i ,_. n t .-.. 1 o u 111 ,J 

fibra lllünonwdo. 

2.2.3.3- _Di_sper\ao 1'111 fll·,,.,_,_\ 

Quundo pulso~~ vr.-:tJdlll ao lonqo dr: uma 

fi b r a , c d J a u 111 de I e ~:; 1:' 1 i.l r q a c , c v e n tu a lm c: n L (·:1 , <; (.\ o I J r· r:.· p o e c o 111 

s (~ u s v ·i z i n h o s , J e ~; t a f o nn a i.lU m P n L d n J o o n lj m 1:.1 r o de ~:· t r· o \ n d 

saida do receptor. 

lo a.larq<JJJJcnto de pul'"-'',; e11r fibt·"'• li!! 

r) di~)pt·rsao rn.r!.l:l'idl 

r r di ~-_;pt~r~,dO d(J qr1 r .. 1 {lc· nr·,dd 

i ) d ·; 1:; p p r·,_; do r r r o d d ·1 

" T an1h t:~rn c h tt 11111 d 11 di·.:, 1-''· 1·· '·. ,, (.1 ( t'(.)llld --

ti Cü e dPv·iJd a dcpendi:~nCld dn cornpr"irrr(·rrl.o 1.ll· (J!'J(Id r 1.1111 n r n-

de~.:, entre ~1:. C0111p0n(~ntl~~. cspcctt~d·i~; di! f01r!.c• dt' :.11·' :l··;dr.id. 

d l (~, I' ~J d Hl e n t: o d ( 1 1 1 11 l s o d c~ v ·i d o d d i •.; ])(.' )' •, I\ I) lli d 1: l'' )'' ·j \I I 

rli t? n l C O li H~ ~:i ITW p dr d 

T 
III 

onri<' ( c ) 

11 

todo~; O'~ rui I)~·; r' i illli'1 l .·: 

d 

') 

1,(11 
')"" 
I 

q u 1·· 1.1 e ~; p P c t. r Zl l r· c~ 1 ~~ t ·i v d d d o r 1 q l ~r li . 

I I 
• I 

i) I'' d l. i (ii 

"j dI'" 

o 

f\ dí(,IICI'"'",i\ll ll)(til'l'""i.~' .:jl•llnUi ( .. UIII 

,\ ' (' Lt:ndc pdri.1 1 P ~~o n d ~~; v i l i n fr ;_, (. d dr I l ! I 1·1 



I C_ 

E de' v ide~ ~:·1 dC1 ).!i".'ndcriC 1 d d1.l colll11r1 

mento dr:' ondiJ. com J ccJnStdnl(: de! prop<.l:Jdt,·:,:1:".1 (i·') dr: t._~da 1110do, ,, 
d {_ ,,, 

i s to e , ---··-···-,-
d ;\_I. 

niJO e iqual d l.PrO. d (' qui i\ d 1.' 

O n J i:! à t d fi! b ;·; Jll C h d Jllll d C) d l ~:) per:; a.() d (; III 0 d () . r l." )i) :"J (.' r· ,:1 "] IWiÍ(jiiÍri 

cante: compari.ld~··t u:>n1 d d·i·:;per::,ao JIIZ.ttC.'I'id.l 

con~:,id::raçao~ r:m filJt~r"l(, 111ono1110do:~ oper!-IJid(J )JI_·,r·!.rJ 1l~: 1 \"'('~ii.l.o df:1 

111 Di::;pt:::r\du mudi"tl 

N lJ III d i h 1·· ii 111 u I !. ·i 11"1 o c.'_., , 11\0dO\ 

Ll~lll ditl:r··c:ntl:~; vt~lnc·idiJdp~; rlE:1 (_JI'U).Iu. J:-,lo tr\U'·,i"t Ull1 ;tl.:l"'tJ ... ···Ii"l!".:rl·--

to do pul~iO na so.Tda di! filJrll. J\ P'·,tp i. 1 IC:it.r.! ~.--hr:JIII.I.I'\11'. di·.rlr'l 

s iJ ü 111 o da "] (-1 ~\ :-~ ti.\ e c o III ri I (' t ()III(~ n t l: i I) r· ...-1 11! 11 ·: 

tlmodo de Tndr:~Cl~ dr:qr·du, porquf-l o núme1-r1 lÜ' 111ndr1~:; C]1i 1 ildo·· 1:) 

extreJli.Jrnente qt'andc c n::, otJ!.t·n~:; nJPc.vnl·:·.rno~:. I)Udc:·:nl --,1'1 ~1~.~:-;llr'I:··,.,J 

J O~; • [ I~ t: d li I i di) ri r i) S. t ·j ( d lll e r1 t (; (~ lll U !11 (1 f i t 1 \""' .:\ ti(' j" 1"1 d i 1 .. i.~ 1J r· i\ d \1 d dO, 

tendo 11111 Otimo pcr~fil de ínct·ice de r·cfr·d~:do, P t-:~ (.0\lli·)"JPtarnen-.. 

t P e ·1 ·i :n i nada e 111 u tn c1 f i h r· il mono 111 o (J o . 

2 . ? _ :J . ~ ~ A t e n u a ç a o cm f i I >r· " ,; 

A iJ LP nu a ç à o c· d p r o 1 J r í c: d (I d (: opLICi:l 

L e r~ 11~ i n iJ , e 111 sua q l" d n d c r.: x te n ':; a o :~ i\ ~-) t: ~J d t' dr.. 11 n ~, 11 L r- f. o 

do r- c~:; ~lu u r P q e n c r a m o~) ~:; ·i na i <, L r~ d n ~:i 1n i t i do:~, C.' t"'(' 

p1~1~(.ií:. 1 nt.a111 i.\ malot~ fl~i.ICdO do cu~;to t(1t.d.l d1-\ ()lliilqt.Jf\Y' 

de• CüiJJuni ca(~CJe~. 

O:; )lt~inc.·ipil·i(, llll.:'.drli~-,:·IIO'-; d i.\ l. (-\1"\ I/ li 

~-:dO f: IJI fi b r i_l :.; 0 p t I ( aS ("!() d iil.l~)()t'(;:.-_1{)~ I.".':.IJi"tlh.-illl(_!l[.l) 1 i.\ (. (.\ p 1 li --



I I 

teriill ,.;ej<l mu·ito puro c homoqcneo e a 

9 e o me t r ·i cume n f. f· 1 
• 

!'"()111[)( 1 111, d t.C~r1\ld(:0(:~·-, i:' III f i \1 i' /i ·•. 

s c 1·· r c d u z i das c\ r a~-> t. 1 c d !!H~ n 1.. (~ p d r a c n 11111 r· 1 111 i'' n t: o~~ de ]l )'I.) .•: 1 __ 

I IIII 1 7 I 

llr>r:<•pl."r: Ciptico 

A f i n ,, I i d d 1.11 • d(~ lllll l't'('l'[lltll'' (''III •,J'',I('·i:l 

a inforln(lr,~~o rt!ccbidi·\ nd por·l.ddord dt-! ltJ/ )'. I : ( . ( : : ! I ~ I i I • ~ ·., \ I 1: I I I 

/. () 111 Vdi"'10S componentes (fotodctcctorc• 

Lrn~:;, etc) corno ohjetivo rlp 1lht1 1 l' li"'Í.ulill,ll:-~··1 1 ' ... i di' I ] 1 1rl •.;. 

()c, fotoclet,•ctores 'lu e dl'llll·du 1.1111 ·, 111" 1 •. () 1 .. i:. ii' 

em s i ') t ~"~ n1 u s de t. r a n s rn i s ~; i.l o por f ·i h r as o t i ('i! ~-; 1~0 l'i i' V f' III 

tisf;J;C~r Ct~rl..os t''PCjl) IS i I.. o~:;~ r t' 1 d I. i v o<:; 
.,, 

i,l(l lÍC''-;i 1 1\IIJi 1 Yifl(·l () 1'11 p d t i h i 

I i d il d l' ,, cus to. Sdo os ( . I'' Í ~ I ( 

o b o m d ~:~ s em p e n h o e e :, c o I h a d c u ll\ f o t o d r: 1. c c 1 u 1· ; 

I) /\'ltJ sensibil·idadc no co"'i""''"''"i'' d< ()r'! d 1"1 

d c e 111 i ~:, ~:; ii o das p o~_;~; ·1 v ~:-• ·1 '·> u r' 1 q r\ r 1 ':; , 

2) fh~po~;l.il J<.Jpirla, {.\ ri\11 dt~~ Ufl('f'",J)· \"'d', t i.t X,)':) 

df~ IIIOdtJ.I d~_:ilO U~:;tJ(I l ~-;, 

3 ) M T n i 111 o r· u i" do a cl i c i o n \:.1 d ( 1 .:.~ i n ( u r' 11'1 .:1 c, 1 ( .1 

4) [}diXi.l '·iUSCt•pt·ih·il·idddC fi,\(~ C'dr·.\(!.('1'1 l.t(,:l':, 

conJ·ico(:~; J(' opt:rdt.,:ao 1.1:\ 11111 r, r i! 1.: u , ... i. I , , 1 I ·i 111 f:.' r 1 t.. <.~ 

~~:ao, etc.) 

O~:, t·' c: q u c t i t\H! n 1: o~:, d (! L o 111 p 11 t. i 1.1 i 1 i d :.1 d c) ··· 11 v n I v C' 111 



l ,u, -

consiclerur.~oes d.:t formd f"í~·;icd do d(~Lf'i. t.11]'", 11 .·1 l'ifllo~J;I,'rll.r) d f 1 

b r u e ~~ e 1 e t r õ n i cu u ~:.. u c.\ ·1 ~ ( ~ i_l p (l t C rl l. I d d 1.\ U p 1· I IIII 

na. Fotodiodos Jr: est<Jdo sôlido 1.;;,11 l>o111 dt•·.<'"'i"·'lll:,· 1,. () 111!) ,:1 I i ! I I 

lidade f.~ l1aixo cu:)to ~~os rna1·:·~ i"ld(:quddc.,•; .-~~) c!\1'(]1 ,. 1: i ( i.l ·:. 

XiqidJ.:, l~lll COIIIUniCdÇOI·.~S ÔtiCdS ~:,d() ()':) !'11(.CJdÍod~·)•:, t':t' ·.·1 Í(l()~jid 

r il il r f:' ~J 1 Ü 0 de (} 1 Ü 5 ) IIII . 

[st.~:jCJ, i.ll.Udlmcntl'~~ ~·.pnd1"..J ,'(:illizt~di)<: [·';lrlrco,·:. n,·\ 

pc~;q11·i~,a d~·! m;.1t..eriais fol.odiodo~; que~ di.ll'i.'~·;(\tll.('lll i:JdiYCI r'IJÍdo l!i.l 

ra operaçdo p r· o x ·j 1110 i.'l l '3 plll ' • 

.• 



I 9 . 

CAPTTULil J 

MOillJI..I\ÇfiO FM DO L/h 1. I{ 

3.1 !ntroduç~o 

0 ~; s i s te Jll a~; de com u n i c d r.: n C1 ~.; (:) 1 J L i r.: d 1-; ~ h o ·1 P ~ í a 

zcm u s o q u a s l~ c~ x c 1 u s i v o d il r11 o rl u I 0 ç (") o d c i n t. (1 n (; ·i d d d c· ( I M) d ,, 

portadora, que c, c s ~.; t~ n c i a lm P n L(:~ , u fll i.l f o r 11'1 d d c· 

de umplit.udr• (1\M) 

mCtodo, existem tumb(iJJI 11lqun~i pr·nblc:rJJd~:, ~---~ I i1:1i 1.!1cnc···, no qu1: 

S l~ r(! t (; r· l~ , p O t~ ('~ X(! III p 1 <) , (l 

d c 111 o d :i I a ç a o p o s s i" v r: I r e~=;~; o n d n (. 1 tl , r u í. do I ' .. I ''·' . 

p o r '\ s s o t (~ Jll t; i do r (: a I i z d d () ~-. I. r. d h 1.1 l li (.) r I q l/1' (li 

mentar·:~JIIOS np~ .. ;t~~ 1:apít.ulo, ~;obr-e mudu!dl .. ao I •I .. " I''' '·, (' -

m i c o n d u t n r· c ~; . 

l··i.ilar(!JllOs, pOt~), rl(:'~-;t..e c~aplt.ulo, me-

FI~ :-, () J r c: AM. 

1\ na ·1 i s a t' e liHJ s a c d p il c i d ii d 1 • r· I i 111 i I. ,:.JI 11 I' cl1 I r.; t. fI ' 

lll(~tcdo~; de· modt.llêit..:~:·io dir'f-lt.i.l, prlnc·ipt~!lnt·ill.c· 1·1:) qu1' 

a I ii rqura de handi.l elo !aser·, n1iixi1110 de~· Vl(l dd fr(··:llll 11Cid du··, 

IJJr)do~:~ do l il~1(~r- (~ Tnd i Cf-: dP 1\l('!d\1 ·! d(:i:;(., _ 

3.2 ·· Vantagens dr ~M 

l:ntn• ,g Viini.,Jqc·n•, de' IM ·.oi.<<T /\IV: 

mcr·a1~ as scgLiintcs: 

i) Hdillr cdpdc.idddcl dt.1 t.r~(lt'I'·;J\I·i l.i I' irli"!'!l''llli.'l( d I I (I 'I ' ( (I .. 



/ () 

JflO Vet'f.:ITIO~; i.ld·i;Jr11.(~ 1 (~ iJi"h~--;J'y(~l III(Jdll1dt' llill ]d~·,l'l"' ,.;<'IIII' lllldU tO I' 

cm Fl~l, at(: UllliJ l(:lrgur;J dC' l>i.lndd dt·~ C.t 1 t~t 11 dc' l(lLII/ 

i i ) !\ J; i..l t> :; ·j n d 1 I r·u i. do lll a i :.; cl 1 t 1) , 
.... -·- .... -·····---··-··· .... ··-··· ·-···---·-··-··· -·--

i.\ :li() d I J .i 

CC.\ O :.;u f·i C i en l,(:llli...:n te q_rdn __ lif·.-

( . ;-: i '. \ \. (' li III IIII ' l I l :: I"' 11 J.ll. ·r 

M ' (.1(1 qtJC: ele~ 

AM. i' I I' 

qucn1 1 i.') dd port.udord ! )(I t' t. i) tJ ())"'i I(, 

FM ilp l..1anda ·lari.Jd, um '·,istr•rna (rM/lM) l'Oclc· prudU/11' lll<lllll' ,.,, 

:-:ao ~~ i na ·1 / ~,ui do na s a. ·í da do que u r11 ·:; i '::; t t .. • n1 il (J\!'~/)"1') 

i ·i ·i) Hessonãnc·i a elo I ase r 

fi.. modu I açao di retd dtl frequi-:·nt 1 d Lid I ti/~ .11J r:.or1 

tr~1rio de AM, nüO ex c i 1.\1 a " ' 
r·(~~:;~=.UfiCtrll: 1 d do ·1 .:t '.:. t::· r , ]l ~ I I ·:-, I !I 

t L' n s i cl ct de d u c o r r e n t. f:1 d 1:1 1 n J P \.; i"l o !i 111 e1 n t. i d d c: o n ···; t 11 n t: c I I . 

O renômunu d;·J rr::-. ::.onanc 1 a c ele v ·i do ii 

" 
i fi !. í:·~ Y' •. ~c i\ o 

n ;_1 o I i n ~~a r da J c n si U a U c de c o r t'C n t c i n .i t.:.· t.. a d ;·1 Cfllll I) r ,."J.IllpO i"Jj.)· 

t.·ico na cavidtJde. Isto podP l irni t.dr· d l,:tr·r.Jur'iJ dt:~ J·".i(·tndi.l clc-: 1\tt>-

i v ) Ma ·i o r l~ s t a b i l i J a d c n a cl i :-; t t' i h u ·i ç ,J o e'::. p o ( 1 ~·~ ·i dn~:, 1110--

dos 

[ x i :; te u 111 a rn u da n ç i.l d (~ ~·, p r· r·x T v r· ·1 n .:~ d i ~; t. 1· ·i h u ·i c a n 

'ld d ]•)"/ (~~~pd.i.:ld os !110"0S j-J~ I 

1\ I~ . 

•I ; '; 1 .. UI. I I' , 

na pro:<lJlli.l ~~Pçao, os 1116todos ma·i~·:. u:ii.tdn·::. pa1·.:t lllf.""JC~ul.-11 ct·ir·c:L\1-· 



? '] . 

3.3- Modulo~ao 

A 111 <:.> d u I a l~ d o d i t~ e t: a cl a f r· (-l q ull n c 1 i':\ o i.l1 1 (.' .:1 1 .lo d ~·· ~:; c~ y· 

obticla vari<HHlo a const . .tnl.e dicli:t.rica (>. 

tem a tu a l 111 P n t. l~ , d o i s rn i~ to do ~; p a r· d v iJ r 1 il 1 · ( I ) 

a) Modul o<,:M> da cor·rpnt e de i nJP< .. ÚtJ I (i I 

il ) Mo d u I a~ ii o da f r· e q u ;:: n c i a por· "" · i o d r• o n d" ··. 

ultras~nicas I 51. 

1 C i S a ri !. (' , lll d ~) e X ·j S t ~~III i.l J IJ I..J lll i:t S 

adiar te. 

i 111 i t d c o e'· í'! u ('• 

basQadn nA dept~ndCnc·id de(~) corn d prc(-,(.(\0~. lltJIII 

fl'l>'ll.lf:ll( i i! 

'·,C IIII -· 

condutor. ondas (;o110r'ú:; ]'Jl~r· 1·nd ( 1 uI i.'ll'lllvr\ 

ça r1J er1erg1a de 11 9 a p 11 c:, portanto, d l.on' .. ,f ... :.lt\l.c· 

I~;to r·psu I tu n11n11:1 fl.11:.f:lracdo di'l fi'Pi"'JUt:~nt r;: do··, IIIO·-

do~:! d a ,_ a v i d a d t.~ b' p t i c d t:: c o n s c q u c: n t. u 111 o clu I d ( d n .. 

A p r a t ·j c d b ·i ·1 i d a de d n rn o d u I .:1 <: IJ o d d 1 1 ('• q 1 J í r 1 c. 'i ~1 d c 

um l ;_1 ~, e 1·· s e mi c o n d u to r ) u s a n d o o n d a s u 'I !. I" d ~·:; o n i ( ... a ·:; . 1 n 1 p r'(' V I() 

mente dt.'~luOn~:;t.rada 1'1 121 [stc~:; ~~xpc~~···imt:r~to:·, T·: .. J·•·;ill :·~.~ijo~·; ( (111! 

um l"''"''" de hOIIIO"'''trutul'il (C\~) Olll.'l'ddu ;·i /l ,, \)1<. I' 

foi tJ··,;l'Jo 11111 tTansclutc"" cte qu,H·tzo I'"''" '"·'·r,' '' '"'''' Ulll,l I I ,. 

liUerlCla S(JnOr'il modLllarltl~ (te /Mil!. I l ~ J •• 

bi ];dadl.'~~; Jc~ til I m(~todo df:' llloduldCili>, t.\/i:llll.il··:~ridCi ~·;1. 1 (; I I )'ii I " 
,. 

i) c ,]l C LI I O d 1J l i 111 i I,,, 
' 

11 r: 11 n ·I 

f rt' q u ó n ': i a to i d c• ( A O (;li I ) . 



p o r R i p I H' r I :J I . 

chegou Jo resultddo 

A\) 
rnnq 

" 11 ----· 
rio' 
di 

,., 
I. (kG) r•xp (­

III 

i-, ! 
'" i\ 1,. o~~ I ( L 

que d El a a 1 tJ~ r~ il c; a o das f r e q u E~ n c i as J o~-; 111 u do' 

Y c Z , a 

\ s c~ o c o 111 prime n L o de o n d ct do s o 111 no 111 d l (l r· i , 1 I , 

r i' I i 

/;' ;i III 

o'/. 

( /I 

,, ' 

•'' 

I I 

X , 

],\r· .. 

~J u r a 1' ::; !'J d c i d ·1 do 1H o do , n d rl i r c l.; d n ( x ) r! C' 11 r· 1..1 1 d q 11 r,· dr 1 11 ,~ 1 > n d (-i :·. 1.\ 

nora, Lrn (i,) p C l i ti Õ III ·i O d (I 1 ,:qut·:t··re iii ·kl'l ( 11) /\ I' ii III , I 

cow;tCJrrtt· propot·ci orrd l i) O p·i c o dd llt'e':;'-_;i"!Ct :·;r>r·:,Jr':t _ 

[ir' ii U) t" d U C O III ( •l. I ca<id lliOdo d11 l d',(•J' di' 

fn::qui.ln(_ i d rJJUdu I acld pel d ond.:1 :;onor.J, c.OIIJ d1.:··:.p1·(: 11.1~· ri •: I n · 

Ç ~ () h ,J '( ll1 Ó 1'1 i C d l 1 III i ~; t. U )" ,) d t: III() d 0 ':i • 

3. 11 - (_~ d p i.l c i cL:.1 de e l i 111 i L d ~~~o c·~-. cl o~; 1l!Ú !J)(~-v 

1. 11.-

I\ capac·i r.L11.lt:~ rle um ~:~i(; l.ellld P'., til di )··c~ l.dlill't: Lu i ·i-

( ~ ':") t ( . 

c a n ç a v(~ "I ("~ d iJ e fi c i fi n c ·j a d c mo d IJ "l d ç iJ o . l.lill d q ]""' (\ I t de ! ,J )"• i"J u t" il d ~~ 

b à n d d e i.l I to l n d i c e d e mo d u 1 i"l ç a o s a o d c~ '·~ f-1 j á v ~~ ·i ::, p o r 1.111 c I ;1 c i I i 

t~râ J dCIIiOdulilÇ~O . 

J _ 1 _ I . /\rr,1l i'''" do mi; tudo ( b) 

L)(:~ (l c o)"' do L o lil ( ([ • I ) ~ i\ d III p I ·j tu d c:· (11"1 111oclu I~~-· 

çao r• t·.,du; i da con•, ·i dt'ravc I m"" LP 

iJ 'I .i <i 



'/ .. _, 

um J b {) d e fi c i ~~ n c i i.\ d ~-~ III o d lJ 1 d c a o l u lll d d (\c:, (. UII d ·i r.: I) C.: ... , I' (I u t~ 

Em conjun(::;u COIII d::; CdY'i\CI.C·rÍ:·,i.ll . .\'") 1JCJ 

e do c 1 r cu i I. o q r: r· a d o r· d r: ;; o 111 ( o ]! r o fl r i o c I' " 11 • .• d u I o ,. r· i... c 1 I' i. " 1 

to aliiiJent.aJor' c·lc.,tr-Ónico) ·i~to dt~'Li:'nn·ind il llld:-<lllld ·l,.\I"'()IJr·a cl'.' 

b d n J a p o~; ~; ·í v e ·1 no s ·i :~ \.. f~ 111 d f: M . 

c /"lli!.l [J[ sct~a po~):;Íy(~l, o que c\·~ UlllllldX"llliU dt~. 
S O X 

mente 3 GHZ, pura 1 J~;ers dP liolllojunci1l'. 

L ~; ta l a r~ u r il d ~:' b il n l1 d ~~ n dr· d 1 n 1.\ d (:. t' 1·· 

zada comcl 111ostr·aram f\·iheiro 1.•!. c~l r:' ··~ t 0::.' n (j (' t t r! I l 11 ~"~ n ,I-

]ise ,lr"llí~r'iOr i.lü Ca~;[) ll!' ld:.;(~r·~) de~ het..t.'IUI'",I"r'tll.llt··~:: 

())'!I ·j 

nar1(1, permitt~fll CJUl~ i.l c:·,Jlc~:;sur·L1 dd r·c~~·.l·l(I(J 1 t. [V (I 

trar i d:r1r:nte e~,co.lhida. o 1 d t.~ 111 o n ~; t r· d d o 

pessur·a da regiuo :ll.ivd .~ d c o ' (h 111111 ' [ld t'(.l () 1110(1•_) r li n (!.·, 111 ,, fi ·-

ta I ( 111 ··O ) • 

onJ, 

III 

i' 

t\ ii\ 
III(.\ I, 

U.. 

rnJ·ice de 11\üdUli.!ÇilO. lk::)ll·io rll;.l.Y.Itlli·, di..J 

q 111~ n < 1 d 

() "fnd i Cl! dt~ IIIOdu"] ó(."i:l I '' • i 

t r d 1 <:01110 ol-,t·icto de ('1.1). 

C n 1110 d \Jllld dl!dd r,· 1: u t ·, n 1 1 , 1 ,. 

(I lidO 

I 1]' ') 

(. f J li 

porc:·i oni.ll ao p·t c o da pre~;:;uo sonot~d ~ C'l1 : .. do (I li"l1i .< tll1ll rl"id i ( l! ~"l1 .. ' 

1110 J U ·1 d (~ ci 0 dE.' f) e rl d ~~ r i.l d I) I. Y' a n ~ d U t 0 }"' U '·; d d () . /\ li tI I ( . ."l 

i m p o s t i.l )"."! P ·1 o p r õ p r· i o ·1 d ::, c r (~ q u (:! I\ \) 
ili.J) 

';f:Ji.l inr·()r·tiJY' 



') tl ' .. 

espa<.;aiJH:~nl.o l<Hl~Jitudindl c~nt:rc~ o~~. 1110do.) 10 ld,i~r i'J IJ 

j J ' ii J r:; li z ' 11d I I (' (\!,·· 

modu l üCCII) c~ po'-;s 1 V!'' lll(~~-;111() d'; llld I'; d IIII~·. i ]''()q:J,)I"l: li 111(1 

[III /j i , Vdli.lt'(~~. (~/.'11,~)'\lll(~lll.'.'ll':, IJ•.~I'-:1 (,) 11: d ·-

fJ 

:; o no r· c1 111 o d ui /H I t. <o> ( f ,. _, l!iO Mil/) I 11 .. 

se)·' ;)pre~:iPnl.d de~-;IJrezÍv<~l mi~~.t.Ut'd d<~ ~noc!CJ.-; 

illCJdO CC)nSiste rle lJII) C<JrljUtll.U clí! "~:.;id<! l.)dnd<;,, 

um u d ·i :; t<.t n c i a ( u ) , um de cada lado da frequc'r1c 1 i ti ; I 

por·tadur<~. 

3. 4.? A n Ú l i Sl' d O III r tO dO ( d ) 

l·.st0 rnGtodo apresenta ur11a cer·ta diflct,ldiidt•, 

p o 1 s ~:, u b s t iJ n c i d ·1 ( J\ M ) o c o r r!'! , <~ 111 c o n J 11 n <.:·ii u LIHII f ... H I I . I III 

foi olr 1: i do ur11 í nd i ct• dr: modu J,,ç;,o ? 'I IJ]Jl\·j 

f !,!!> biiZ, ·j ili i t c (C' III" i C()'; 

pilrd a llldXlma alter·aç~ao da frequencia t~ [;_lrl·lut·d d(' 1).\t.rid <.i<:~ 

111 o d u l a~~ a o na o ::.a· o c o n h El c. i do:; . 

Foce ao exposto tl( 1 '·;t.c' c;lpÍtllli) 
.. . 

(.{)i'IL 11.111\11..'1~1 q u r.~ 

d (~v e se r L i.llll b i~ III l) i'l ~:; t. d n L E! v i ii v(~ 1 ' cm ~.-.; ·j (; t (:III,)'··, d c c() 1'1) \.1 [\ i c i:\(~: o(' r:, I 

;_1 JIJodula<~ao d<~ fr-cí]uCnc·ia de lilsert:; ~;PIIlll.'.:undiJiut·c~:, I r' 1 r1 (: i I) d I 

men tf:~ 111 o d u "l il c d n p n 'i' 't"I'H'ndJ-

a JUn~~ao, qu{~ illl)"t:''-;(~~rtl.d d(·~~:;tlr<·l.lvvl (11'1i ':11 c. u r 1 

.)U11Çi.10 curn 1~1. 



C/\PÍIUIII 0 

MO llll L 1\ r; TI 11 lJ f. F 1\ E t) 11 i" N C I 1\ li f ::. l N 1\ I •; I I I f' li III I I 11 1. /, 1 I 

4 . I )~' t r: o_ d u_r;_a e> 

'-' L 1 I i ? ,·. ri a ;·1 t (' 11 o -

\!(! f"ll. \IV cj \:'III()(\ I!'] d (I) o IM 

la~,cr· nc1o c~;ta aindi.l rttJJn 11rau dt:l d(~~ .. ,(~r~vc~Jv·iliH'nl.rl i(rtJ,'I 

Nc1 entanto, dc~vidn i\ r:ct·L~~·-, Vi'lrltili"'l(\f'l'·. 1\ 

cap.lt.tJll'> ]~ JH 1 rl'-;ou-~:.c: nLWl !lJfll.odo í.Ü: convr,\··'i.r' · 11111 pr_j('(l ', I ti d 

11 ()h j l' t ·i v o d ,,. \·( I." c d p i" t li I (I ( I' I'' I I I" I I (;[]\ I 11\f': !) li (I i.k 

e111 \JII' d f ·i h r a ó \:l t ·i c i.l ~ q u c ~~ v CJ I u i 
.. 

u :. i n ,, I I 1'1 ,, ,. f\Y ' ', 

11 r' 11 1 > n 

t.ir:d pClciC ':)(:lt' d III(~~·;Pid. ()lJl' dC'jU(l](l U~·,dc1d )l,l)'i.'l >l'il'IL' 1\1 t (:·,n~·,\lli, ,;-)I) 

do ~,inill. 

dr~·ix.:tn(\o ii 111CJdulaç;1o dP hdnd~-~ i.llllp.ld (\·1 I'~·~) jiill''d 11 ]JI··('!/lllltl t·l\11 

tu I o . 

~~o c1 u "1 d (. d CJ (I \11 q (-1 t' d l 

0. /. I I n trodu(:rl<J 

1\n\.p<:; c.!e \·.,ntri1l'' !Jropl··ii"tlllC"l\11.' r11.1 1 ,tti~·l,,· 1.1 1 ll!()(lu:.)·· 

c iJ u 1· ~1 _ i) I l o r d ( 1, r(: rn o :; , 11 <:. ·, !. d ~·; l.' c ü ( 1 • 11 ·1 1, t.l r 1 · ' , 11 [ 1 
( 1. [ I ~ · , 11:ndu lo~1. .• 111 



/h. 

em ~e r a 1 ~ (~ f r~ i Ln s d ~1 d i s p e t' s a o e p r:• r (i d • .. ·. , '; u h 
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