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Jne Lpr ,,ft pood uces re?ui

** F6r tro.i+hFul 'trecovery *Jh" nnesso?n /-tgn^) nn(+) , hu
Je c*J o6ci il oh.r ouffpu.t- .^ho
st4n ch"on?l eJ ftn botb +re%r
ihe. &rrier hJqve ccD used
J0[a. -fnanr nrf.lJ€r goJ ,

th * -rf Lo Cq..! o6u llo\*or o^fp "f
% fiq.nrier njqrre C(f) -U,lRd

s €fjher t pRRIIor' @

fo llorus.
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Moxi"rruoo
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trTqusnctd laodul"dre4 (F M)

phaae r'aduhlisn C eul

a process uf ol*erhn7 fre?uedl

e Ntfh -the hrrSlenloneotrx

KeepfoT aro,Plifude , pnaa "P
Cor rf i e,ry G-r,St nl- ,

l+ lEa Qeoera.l e?Uqhon + Ft4 - 8i?"qJ '8 8'Fwt At

st+) = Ac Cos [anf6f +dilnK*frntt)rr] 
-(z)phene " V7 = fre\u.^o/ Sendffiv?t.' porarorxr 16\ Hz lvo h.

mt*) = r4essqr 67na)
' Fhqa" MoJ ul"0ion :,.\,A- .-. n/^../\..A.n.p
Id t8 g Pnocex B- + alterhsrg phose uf Cornrier Ai?4"tJ pl 

"c.otJdn(eNiJb Jhe lcg'lanJeneoua \arluex of oessa8€ ai?.,"J,
b -rtre general e?,r1r1fionr .f p14 S"tgn"J ia

5(+)= A" 'Coi tanF.t * Kp Fnt+il -e) 1
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1" t Bqafc DepFnT*ierw l-,\.\-.\F n,f:n- .f.,a^

The vro&f cernr)or..lly f6e"l ongle rnedulorhoo ltchni ?Oe tE
u 

Pregzueo c^J Modu lql-io,n'ig.-/\/^^ 0 7n=-n.n:w

lsorn€ qf *|e bo;8ic d.,6+nil"na L\f,th "re5p+ Ju F7e?uen? naedu\a-
- jierr qffe w\ fo lloNF"

(e) r7lSp"%f11f1."d [+; c+! :_

The Inx*a.ntavreourg frelueoc,g + F n t- a\7nal
da$-hed aB , I-U8 ,3hown

iz rna+hernaflortt;l

\n #ffux 1.

fc

Ft"t

ts

1?5r:

Frn-, #?r* L, fulto^tr? obaervqfien4 Go be mqde

t+ ruhe4 nn(*)=o : frc+)= fc *iffitrffir"rrietr

+? (+)n; s.t QA'
,o, vfaxircruro -preftueocf + FM 6T9a.rc d iA

(b, 4ry;ff J11^9fl1 F [orc+)]
j-usJonleneout,s \Alue, 9it*) c't FM S3?^^)

trxhneeu,t fre-luenutr fr (+) aA {otlotrl6

fq- kgRo)

tE irelq}td -b rE

VenKq{esho.M.r JRF g- Adlqn$ Faculfq" Depf + ecg svrf 2
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Ccl Maxinnuo Fre?ueocr/ olevj".fiqn [^fu1 :-
€  r^/'.}..-'.r- o ,-xz":":- ' 

-

T* In the oli*fer.nce beltoeen hnoxfotrnn fre?ueoot "F rM 6i?^"1

.fuJho,f of -t/onnduWd Cqtrriea 'fneQue"tV'

r* ia de'lokd b.l ofrur,-

i.r, of^u.* : k+ Ann

pn+ 3 Frorn *he drbrnt*iun s; Fne?qeng dwienh'orl, r
of-^": r'4qx' F;:U;ff *ff,ly..iy,{,

^f'"r= fr ({-Ltn"- f.
+b?n^ fr3.ux t , FrC*)"_p ,Fct kgAro

o". ol-^i f" * K.F A -- Fc

Hz + Yr-rJic'J<d in #Wt

(ds gler^ftba;-
I+ 1.r 'the dtyYoenoe hltrleen

+ FM 5l8n4l'4t6'Ehownr itrl

t+KfA^

Ma[irnurO n"d rnr\oi'num'pre$uee:r1eA

}+wx.2.
.'u Cqrrier Swtry @ st"l\rr7 Fn

f6
'F.- r

Fi$uxz: Cotraier Awhe,'\,(/\r'! d#€ U

e) Xgl"i.UIdxX: e)
It tx '1he -r-qlio 

"F N'lax'rnnunn

f ne?Ueou/ "+ l6rqesq?e I;XIEJ -

- a k++_

= &ot 
no*TFe Cgrrrter *bA = f, C*l

,n*n-* 4t (+)rn,o: Ax^E;

.freTue?.?. dev,o^.I-lon *6 th*|
rf ir dnno+<d b} 6.1'arbot 

Ja',

t"t', f,1oJ SJJon JnJ.x t -),"n Ftr4 J -r
No uoi.l-F

K'F Atzl-'6onl

l;p T^ Grnniw trE ueotr/ i6.,

rt --J" w i er Bw\ 2- : 
t;:i 

U ; : L:l-f_il

wen Kq4exha.M c JRtr & AdTUccr. pocut]tlr pe4ef + FC.5 sY tT 3
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l. &. frenu,eoq mqdgbl:t :-
nn,aZrnn V P

e> De*Fne Ffe?uen$ nOodut nFia,n . DerTr,rs Jhe -fFrne dtnn^to €x presslo4

fcr .Freg.tren t' n od ulrkd N ot'rre & q [8g S Ke]€h ne ce SSq t v'n rafoa'rrX '

L+ Freluen,^1 vtodulo.Fion tn a Pu-ocess + alterhnT -the freryue^"* +
csrrier .sgnal iq ec,uodu^.. Nrh {he inapn{eneouS \aluex E
rne66qpe nipd b3 Keepi=n7 orirrphtqde &Phq6e "I Gmicry Grrrlunt.

T-fnne da,arohn eXpregsron ".-
Anl^v\ nrnzl n,a\-^.-^/^-

- Le,- the hna{q^d-aoeoLl8 \zblue + Cqrrietr 6ignal i6

et+) = A. Cos *5 fc _) tr)
. Lei jhe f?ns+an4qneou, V.nlue + nnesscle 6qrvJ fn

tvl(*).-. Ao.,Cos&n+ct + e)
. Ne koo^t *"d tihe 6ton.,f,rrd e?u,+ion 4 -+ngk nndu\olled No(ve

TB ffr^^ b.r' s(*): Aa coS g,(+L-c")

ruhere 9;(i): Angle t FM Da^/€ (mrodulolQd t..lo,rw)

' Ne Knoru th**tre fnx+e+tnesU,E freryrenuT fi(+) $ Fn4:igno.l

l,s %twa atr fi C*)= f.* k+-t*)

t..lhere , ky= frelu*Y S-r."-^*fi$)h{

,"dt = rd-€ssa?e 5\Yd
. Ne knsw th^f -iln" {ngular .frelueo.?,

wi(*): -d-ei(+)tt t^
onf,(*) = 4otcul'd+

"" ftCfl =-!--4ert+)&n "$ (=;
sq-b8+i*qt/- {it*l= $.* frnr+l hn e?,ts^fibn (>t ?.,eget-,

4
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5

': {"tk+ttD=#*rt1 r)

3-ot(r) -cLf = Pn'Fc t Px K1 nnt'i) 
- 

(e)

+pp!g xohgro^.j on botS .aidu $ e?qqF'n(c) Kle gkj^

fd *r *tJ a+,' z - J f*o+.*enKpnnr+! dt-
.u

9icf) = &K*.t +
lhe QeneroJ eTuotlian q

Stf)= Ac cos 9i(*)

0

&n Kg l rntt) dF

-01trM 6i ?.r'cJ iA

-IJAW e9/lonlion ftl

E?uafiuin (O i.( -the generod e7u^l-ion
,nessa?< 6ry"pJ nn t*).

for , rn t*) = A*CoS olfi f-f

Jrncr) 4t - f o-cos&nfrt d-f

= Am - " Sio anfor+)
p nfn,

rf Fvt Ai ?"^o.J f,nr oroy-

C*"tnrxdt= Sio mt
rn

- 
(r)

F1^,tefi on (to) ia Jhe 6iqnJaod e?tta,fi orn +
rvlt*) = Ann Cos dn F- + : ryh e "e F = 41y+I t?nfie ?rq?uioed N"n efr"tl I nn(t), Ct.D g_

sf+) = Ac Cos fanfclt en kg xlb . s\o cznf..,ll
e6lru.,

= Ac Cos fanp.t + !|4"] s\n{xf.t].f^

-- (to)

F l'4 6i gnotl f"r
* bPr*^.+ Modu\e,&'"0 Ia1&x- -E^ .s e trv\ /gg^il,

irr "Liqu x P) -

.sr*) = 46 cos [onpc] t o 
^ Kfr |rnt+tat]

Venkq.+eahq. M: TRF :zSdlrunct FotculH , Depf sB gcg SU tf 5
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€ v,.ssa9{6g*l
rn6) = {;oun|-f

€

sff)

TFrne )ornaio tr eressi on +
3t*) = 46 Cos Ol (*)

€ FM&iN
scF)

-vr- )t I v_ U _V_U yrll l1 V l

l,1l
FiW6e(2)" Cq) vtessqe aXwJ rnrt) (bl Grnti w6g'vJ cc*)

(c) Frelueag MtodLtLAkd -(FvD EXno') ,

triru t< 2G) ,<hoNs -16e -+rrna dsrrur.in xnqlms(n4afiorn -F FM-arg.*J
s(+) Ehoruo hrr ezu'tion (fll- 

T'5"e?gn^? d ss)-Aqgpry { ,, n'ug{4 yi$ rep.{E-rnRx,lr d;@:&)i.&lc+l= Fc* k+nutc*f 
,

| 
^d: 1 phq8< M pd talalien Z-AA4.-zr- \nnAnz\

. It te ^ procear + oU{frrn? Shoae + Cqrnier AT+^oJ ht'

ffCcordaoce tr|,ih Jhe bn8fon6,,rn€oLl8 r,&lueS df rr.ress^?< 5q:nsJ
rnr}) U7 Keept-a3 annplilude &fren-s€ng + @mnievr Grrsleo"t-.

fvl-6ignal 18 9) uecr 6t

J 9it+) - enF6+ + Kpnntt-)

€ phqx ModubteJ $gna)
(Prvt-s)9ru^l )

_ _oct)
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l'&'d I f rnplennerrMmr "t Ph%e Modulafer ?{\ng trre?ueow Mqdulq}udMrnn nr.yr-nna;  ,* 
-"a 

/.\A,/^=n.l,zr- AAv.v ' y'\.,,/\//\.,^.-^--  A-. zn-

F'reTueoqJ M od qtafur -tl3hne phq6c M oJu lahnr
A./.\Jn-^/^' {,,^ .A/^. U l\/'\.,/\./\/^ /\.\

li..le knourr th^.f Jh,e 6tqodd6ol e?uo+ion, + F lV 63gnd f.rr qof
messq?e 61wd nn(+) irs ffneo b.,

s (+) = 46 Cos [rn€.r + an kp f-q) di _ 0)
6inni larlg :lhe rstaadara eTuah.on
A*n"J nW) \x ffnro bY ,

+ Pvt-6i?^rJ frnr aoY nr.resso.g<

E (*) .= 46 Cos fanf.* * kp nnt+l] 
Cz)

fU 
&.r":"? e!,uafion8 (rr & e), i* id cleqzr th"d., ihere iu o depnrh

lt:utbtjt'ry "+ hn'pleronen+nn7 Fu-xr\ l uh? phe6t rvoduhfin qool
Vi ce - VeT Ea, -

*ffU): I'o,Rh1rymr + F M r4hng .p M ".-
A,A./A.,,1.  U 6u,n

tn tt) Jrneut FM
afnrls)

Ac Cosgnfcf

CawieT p\Xn<)

*H$ro, r* F r4_aiVd,z\-r\unz_ ? 
^^r_edulo.fur frprd frlg"\s)

ke phqet Mtoduhdrr.A,AAA^n^^+ F t4-ai*'o) T,ttlU 
^. n-n^-- n/^v\

Qenenak
5 .rfmt+t aJ. %,e cqo

FvtX;$nqJ ,oa 6hovurl T4 {-ftuxJ-.
QSff): :r3g!:rnendarEt $ pllffULtrMl :-

PM

Cqryi qt 6f Zn cJ

russ : 6SPIE, ry,rx;ge"")Jieln Nn i-
Bf cha"dr7 Fre?rxoo7 nnodu

-tr^,re Go gnrennb Pvt- St',^q,f ,

Pha,e tvtodulqlorJndegrcrlw

Ftelrqs6\ *
Mod tr lqfur

)rf ferenlialw

Ac Ces"t[-Fcf

kq+e.3ho. M, JRtr & trctcu ltq, DeP+
7
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ooo Frsrn trig<;ire (Ll + rigux (&J Ff 16 clea.t ih*J- bptb ptvl &Fvl
6ig)A.q8 qre corrclonled h- eqch oJhsr ,

o'o In-thia g,r{gb, ourly Ef?are!3l qdxhh,'n r^!L.^l^ss{hn-^'/v^-
d e.br' I . T.f Te?uirad pM- 5i7nol fs Tneruk{ UV =t lry Indi neuu- rnetr.'oJ

n/\,F.
nz A\oron hn fgux A).

1.3. closa?Fic"rfiun or ggqJ RjUtrg {&*?
f\r/\-^rru- n'La"n:-n ' n'

Def eoJfznT cnn-Jhe \telue af nnodt-rlqlio,n tndet 'P' qnd chqnneJ

Bqodr,,.lfdth" Fvt-6ignoLl ore clo6snigied hn1-o -hruo "l, t'r'ro dypeu

i) Norror^l Bqnd FM

ii) t"lide Bqnd F y

?> Nqrrohl Bqnd FM :
,1 /,\/^./!1 n./\NW ,"

Jo No,nrow baod FM 6rT")
b rnu volue 'f rr.,odut^-iiqn br"lex , F<! (Lesshan 1)

Ly only *ru0 &iAe B^rdg qae puesen1-

t+ 'The Jraornnissim chond Bqod r,.:idt[,BNr=aW

t+ rn. ynegso)fl< ffiwrJ'fre4,ueog, F,.^ ;6 in b<]tDeedl

3oHz h 3v+z
L2 

',4oxfaquerr fine1-LrenLu dwi*,hcnr i6 lg-kHz
APj[f*,{:- Nqrrornl bqod trr4-*echnt%le iol rootinty r*<d tu,

Speech 6i g.rntl rhqo& ro I ssion

E Xaor ple : Ylobl le cb'.nn nnunjGrF'ierl

iD xide -buq.l F M :-' ,\,A.z\ 
^ 

aya.,a-n''a-

Jo l^lide-bqod ftTy\rJ

b fr" Vqlue + nnedu lo,.Fj."n finJ"rt, p >1.(4re"rcrfhan l)
L; fo$eni.E r\ember + x'ide bo.Jx q/uc prexent-,

*ibb lhe r,r€ssa6rc tuT\rJ fneZu-\l-,*- fl6 hn b+^.r-,
30 Hz -tr 15 K tlz.
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* lt r The BacLd u.rrd th

+n lr' Cqrssn'A
+ Nrde bqnJ

Rule .Ahowo Do

FM di?lod Cqn

e%;,.|ien Gl

be Qlculqka

h.ride bq,,.d Fu.b rr-ru Mqxirrrr,rror .FrrWng d*i^l-ir1 ts

'lpjgk{ "Fbridg bodti_
+ N iole- r*,iffifini7.re Ir

tqwl c &iq^r,) -fnornamissi o4,
ErAXRle I tr t4-cl^,o",^ula

R:gfie{xr ts$r ,t .lq rre r,v bqnd
@

z_ CARsoN 3 Ruter t F.b.l
Bqnd nrid fh eF

.1SKHZ,

ro.rolrrly t;r'<d fn Hr?A Quclr|7

FM

poronqeJen

1. Modutation fnJex

P

Less thao f Qreoko thon {

o?, Boo"J rurdth
& Fnn +&4,F^^,

'Nunnbur *
si'"le bo,xll InfrniFy

4. frelrueatr^J +
p1sss"€R xlo

Tp61

soHe ;to 
= kflz 30 Hz b t5 KHz

-T 5 KHZ

6'APpFcr^c1b'r1
speech&ignotl ry^ l M@
Ex: Mobile I

rm _..-4 ,. I 
Ex: FM-.a{gfiorxcetnounio*rno | ' '. t-"'i6 '"to

| (E^net4'

uncF FqCq l,r* s
9
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LO

s'4 'Pghlp irygp"1 Xp*l,\h'on (r*ao*t),

ttt

(r) -)

l-y Nqnroru bo.rod FM arqnoJz qre chq?rq6r i.zcd 4 rrrodulal-\sn

furdect ,tr2 le,*sJhon 1.

L, Nqrrouu boqd pq olrgrrn) e.truo,}ion &n be Jerivfd $*-l genor",J

Fil4 e?Alqhou'r f.tr nn(*).- A^cosOnftolt +) ,rP\8 fslloNs

s (*) - Ac Cos fen Fc* t p $'io {an fr+f
e%ud- (,, ir Oune^,1 FM eX4,lqh.orr fu rrr(t) =io Socfi nn l.d.

N' K' T Cos(++f; : CogA.CosS:sF64-SFnB

St*) = Ac Cos enf.* cos ( 
ls sioenf_t)

Frr NqrnoN bq"\d "FM -z.f'Woll , p< f
"'- fhu \Alue + pOinanf# beco"nrs lea*thon

I* auppno achex atnno8b 0". Iherc+ore

Cos6Psherf".,+) n ! ('.'{TFss2i)
grn ( F Siur,tal.J)

a+r D+0" - /
Bu 6uA&r$uli19 e?L^',h'prl& (g s-(il ftn e?qqfian (2-) Ne ge-r-
Nqnroru bood FM 6rgnoJ

.1, Nqrrplo bqod FM 6rB.1qJ conxi

q fc 9 Crrri er &\
F.-+,'-2 Loww 54
fc*F^9 UPPe'v

". 
ToJql:filbro6rnrission Bqod r.+rdtb 4 n.la,rrroru b*rd trM +JBNr = &

0"1

Aa.,Cos (anf,'+) eb.leu'

As Sin (s^Fc +) x

sto(p sfi^rn'firr)

-Y)L4.7rce. ood

St*) = A. Co s &nfci A" p Sirranf.* . g rnrenfrf
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rn (f7 sifiuJ

AmOgse$fh\t

Frq
6tgna)

I

lcutao'g.y

c"uJt.,
ffgned

-l
Fr?uacr : rn&t^Meftf4 ErotSry,qn fW+W

r@'i_" 
vv (J ' ff'lqrorubandJ

A.singng.g

?o'
Phqse

shif,ter

trigux d, rshov.l.r the tndr ne$ roelhod + ftnc.rxrtn2 ;rlqrrrovrr b*^J
FM aigrroJ Ehorun t.'r #?uae @ , 1t6hn ft rholx rnodulqhr

NLR: l6e Bendwidfh Te?uired ts treasrnif Nq?rre*r bq^d FrvJ

6i?'r\oJ ia .6oznq o8'ihd t ,4M- Aiqnq) --frqne nrrssiofl choonnJ

bchd r,^lidth tt p 1 
rr

ur:-* 
* x(

tf Cer'.,per iseor bd-Neen A M ond F M '" -
4.,^/\.,^v^\ n,n*n.,A r+-'..'*'l

A lleahnT
peroirneler ai

C-qtyi e z

&. Cn3lqr'f
- e,ler 4 Cgwi<a

M od ulqH orr
IJnd e 2(

Fo.?UeoW qord
Phqae

H= koAr ( t

Arnplr fude frelue"V ,

+orpli fud €, phe6e

. A= 3&*,
'f^
F<l (Narrorubaod)

F> a Cruide b"nJ)

7.

pOranneler '\nrplT 
Jrrde

M odul \o$ie-nr

Frc<l Ueo rrJ

Modu lr,.fi e-n

Vertyq4e1lq.M, T(Fs.+d_l-uoct Fcrcultt/, Oelsf ofr Ece svrT 11
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fC

sl.. N o pororneler Arnplr$'.rd e

tv4od u loh'orr
Fwyen.x,

Modclhn' *qn

4

s

6,

4

a.

1.

lo,

ll

lo?.

Tra46rt',t*
Po Yoear

Nls\Xinn U.nn

|sutuer.tfUroT

Bqnd r^lidJh

dn

t'.tdi/

P+= P" [r+ {f ]<

1^ot: 3z'33"/'

(orre hde pouoer orJ
Gvtiet powed aa(
,.tJqx1e d )

" -BN= & f-.,o..,

' Bood N'd1b lr,-,

radge,n.le,,t $ rrdu-
-Ja^eicn Tod ert

Covev\ Lqrr-
-r\te a

Ex: Rqdfo

Le ss Cernrpf q ,

Io e7 penli Ve

l= Ioo 7frry
t e 4ll ihe *ronsMi H<d

Por,er frr r4g-bll
Po ^e.r

- NoTfowt'o^d
EN= df.,; O
Bhr: af6+ S.^b .

(tuide tfr-,
" Bqod ruid
o4 N.fodu

( ruiae

Gtun* ltr.f *d >*t-eot

EX: trt4- eln.n.'"V

M o-ae Grnpfey

E&pe,ffii $s

F+= Ai- 
"ZR.

Innnnune h 0{ol2j

' Nqmoru b"nJ
. Ni de Lay-,4

Shoa- t- d |6favtc-q Cer.,r,rnuoj

- G'.frio5'1

_Lt: Fl4- gp1';onL.
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t3

"t' (unern eW^h-r,.r

sr+) = 46 Cos

uJ Anqb MoJu b,+cJt ,.t.V<l r'\- ..ArA ,6'a

SrD = fi. Cos [eit+l ..', e

tr M hJq,!€ '

P 
<1, =) NernDtrr ba.d ,* V"Tvr)

F>1=) NidebunJ FM E\T1ql

-: J)"sb MoJulqhefl l-r{rti*+^,8

Nun.rigl pp1blggf (vru a ph & A&hi"oreJ"
l...,.r.^^ InAlvva pydblqfi,

"+

lanf.f * an r<1 Jm+) dt

3.

4

l* rn (t) = A,.n Cos "znf;f

Sr*) = Ac Cos [rn{.r + F 
si"a^-f-t]

W tr; fft"t +.Ly 6ryot.-

F"rrl- | a[sr*ilt Jr df 
J j 9i(t) = Aryle t FM xArd ,

YXY ftUg"lrgg,'r-
oP,".r= k+A,=p^f, j t= r;?:nil"1r"\nv

J'

cger rp?$n^"d,{gh? :-

Ca,wiw S{lv\f - & 
^F,""'o. ,

BjdX'S:- . BN- &fi,-+{^f,^,ig ti:i#rt_;! i
' BN =-af-r =+Nqrng6 b".4 FV ei7-r1'iJ

ko€a '4, SRf K.Adfurrcf Fo,cul+t' Dt.P+ f ece sv llF 13
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t , lEe eluo}.ea f.ttr q FV Nd"r,e iA 
"

scf) = 1o $in fs,r x ld-t- * s siar t2xro3t]. colc^^loh:

=une fJqlq _ zot?

6ii) D'lodu)"dtqn tqdrx
(u-t Ftre?Ueou1 4qVfotfiarf
(D poruen dlssipo^Jrd h1 looo_.

AsSr
E%rotfion "F trt"1 ft12.^^) ,

st+)= losin fs.?xrf b + b si61 trxrffl
l"l,k.T. SlanJord e?uafiorr + trr"l ,aiy4, Cr-l

B?

"2n

st-D = 4c srn f,znF.{ + P.S}nant.+]
zu-

&nF^= l&X tos : A.= lo v.
Os

(rl cqrti er,fteVrreou/: f.= 5.Hl,ln_go"-lt8xt06 
nz,

(D D4odubfi\ fteprcno/: fnn= #= r,9rxrr3 Hz,
(iil MoJutqtierr J.,"f ex : F= s n.. sc#) i.r ilr.le bqnd Fr,,t s/t

$i6\ce P> L .

(rv ) F re?ue-nu/ derrziuh ern I [^f^^J
l^l,k.T. B= a[r^^,F

= px F" = 5 x 1"?l^tos - ?.S5xlos ttz

:

P*= A-i 
= ,=oi = trrg: = o,s r,l

"2R "? Xloo Cx tuO
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&, LJheo a. 50"+ tvgtz Cq^urier i,g freTueocl nnodul^Ied 4 a.

Slnt*old+,l AF ruradul,"$frn7 6Z-1il, jhe J-$fuu* freTueocrT-
Traqched iA 5 U408 t4HZ , Glc"l".b Dec zote I

(tii) Lonrez,f fire7ueou1 Teqched

L, Gfven dor*q: f"= 5o.4 t4HZ I

4^;fi.v*r *'*qn,.^+ u| Fu : +i *h; b 0. +Ds M lrz

(i I @gggLtsgg J*441- prod,,tceJ :

N"k.T fr (+)__..= F.* aF'"'4n^, Infol.x . ,g

o 

" ofr^, = fi (+)q.i F. = 50- 4o5xlo6- Fo"4x,#

aFr^":0.0o5XtOd - 5ooo - SkHa

C' Grrier stF? I N. x.r coanie6srufrng - .?x^Fd- -u^Jlil'

= fDkHz
0r,) Lo^r*l, frrc? XRted:

f, tt),."- +.-^F-^,

fT t+) , = s0. 33s M HZ
::::

Fryq,e: f;H) + trXAa,rc

Jqo ro l1

r.
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,4or oo/e nnodulaled Signor) t: de PF"d \,
sf+)= lo cos [en xrd,f *0.& siootoo"f] wlb- f-\nd lE

ftltnwlnT , , Jqyle ltqly* zo16
i) poruer in nndul"tfeJ .tiTnaJ

li) the freflreenq derrzi<fi w, 4
til) Th€ 4pro,xrrrntr -fi-.trs rnisgion, htJ ruid+tr)

[+ q1e{"Jq i -]K. +,nb r4od^hkJ FrAd (r='r nrn,-t)

st+)= to Cos feh- xro$ { o. & Srnooo0trt] -ON"K.T 1f X+ardrtrd e%l^f-iu'r4 T FM eitl^a,J\s

s t+) = 4. Gs [an f.+ + P sr4 &n f^+]
-@

F= 0"J p &.nf"= &ooon

'-)ft= looo H?

fi4) Tru' 'XXl rydffF.
fw ? wo t'roJu\^l<d 6\N' P= o"? z L "'" *he

ff*^ .a.m^J Tz xlqrroru b*'d F[1 ag""'

o"" BNr= &f* = "2x 
rooo - &KHz

a*.: Fxfrn t o'a-x looo= {oo H7'
t|\^) I

-, JRF +Afu 16
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l-7

+. An Fl4 ud"v€ "K d+ n.d bq
(l

Fts"'d th. ta.rt+q'4lqneouE faegare aut

st*)= locos[a+ sin6nfl .

+ sf+)
Dec-zo l(+ /
J|en*zo ts

%**o +

k^xA =50x5:.lSofz,-$ .'rvl

=*so-=o..'?slX tos

t, 6r wo trvt &lar^d k
S [*) = lD Cos fe + sln 6"+]

Tre rnxlankrnou |re7ue^.r/ + St+);
Fic*l =|*{Ls' (ut

fw $.iwo I >l1*J *^Z)a, ftC+): J+ Sin 6nL

{i c+) = -l- d- [a + 3 in 6n+]

"?r d+

= I L o+6[-Co s 6Ifl f"."$ntnrnl - rn.Cos rnr

&t
4T CtrS6nf

"Zn
ficg= -lcos6nr_

5' ,4 Sbrqaoidej mod u lo$Trrp Na.ve + ampli'hde 5 V qod

frepeng lKHz f"f o.pRlied b or f r.?ueou7 'oodcrpt-ur
Jhe F-re1q:eotl. .$naitr"vrfy 4 tt nnodu ll+Td i.3 5D H+ /votf .

-The 
Grrri en Fa-ila"^rd is loOk t+Z . GlccefalZ

(i-l th" fte7ue"*+ dwi ahwr Gl Mdqhhonn Jhdra,

t, flp;|3.+tl A"= 5v " fr= lKnz : kf :50 n>lvor;

o

1^;
/iL,,,-,

---t^

tA@" s Rp s.*drrnctF"rcrllryr Depf S gcg sV IT 17
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6> In a Fvl stl8+e,n'',, hlhe.ro'the oudio freqyue$cLt is 5oDHz

o.rd rnodula.h.g Val\o,7 &"5Vr Jie devforh'unr P-duced
fx 5 k rtZ, I I lhe no.odul"ft^Z \6 l|€\gr f8 fincaeqxed to
1,5V, C",lc.,..tqb thu rl,^t \Aluta + J-t*Un e^,"/ devio^Fion .

C".Jc,^to.b t6 v^nodvrL",fi-.r findqr tn eqcj' Gs(

L> q(p*Cd^ ' fr= rloo nz : 4-= ,5 V - ap = 5 l(r{ }
u 
o, 

^F= kg4w1

t+"t1 &, 5:> F: +!= e'tq== ro'rryl b[i| :
Cr.r"0il : r F A*r= 1. S v : 

^+ = ? :F, ?

^I = ? a": &X d x1.5 = l5 Xlos - lb KHZ

F : += !.5X lo"= so+,1 5ol

1> lE€ Cqrriea 8",fo? u| o freTuena; ro-'todulafed .8iftnal F6

lo k Hz o4d +he u,nsd ^hl5€ 6V"rd 18 -1 rn Z Sr're Ndtv€ -

Delennntnethe nnodub,.!-ion t'J., + trvl fr:%'d 'anQ Ep''nd ruidth'

L) nUg.d$t; ch.rrvier6"Y:J0KHz 3 fr:Ikr+L -pzl
L.i.k.T +h MuJ"re^.h*Iu.l-u )

R - 3F*^nr-r
Ganiezr Snro^?9 Uop''..n= loKl+L

o r of.^ = lo KFt' = 3E Kl-t>
-1o 

k HL
nnayr 

"t
.>1 

"" 
Li 18 x,lid e tsP,'^ol

trM1 ,%cJ,v\^)

o', LlA.t'1f CqrSon'S zrule, BN,= Af,dt q{^ = "?x-1kHt * "z 
x35 Ktt>vr., 

KHa * -]o KHF
Szr--
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+F Tranarnlsstsn gqdruidh 
"F 

prt- eTgr\aki- ftaranrT'o
n n.,z1./V./\ 

^/\,&,/l/-- 
r^,^//\./\-/.-:^

-Ne !,nor^r Jlrai therc Qet *ruo- '*'lpu "{ Ft<*ftgttolz'

{i) Nqrror".r- Bq,Td Ft"l-rdVnal ( Bcr;

{ii) hlide -b nn'rd ru- 62na)' ( F>> 1)

f(u t( |.J

TFe -*pplro; Frnon b.) $*r"lo +* +F^Jr^7-tranx rrUsei",a t tvd ru ;di\

G-r) "1 ps- $1nxVs i4 ?'^n T c^g*gs .glu'''
acrard,t^6 J.o Cqrsour'6 -f.rrrnuh(*tuu11he B, + tro1- ft'N
ia ftFren tV

(t2 Br = alnnteof = aF,n ('+ + ) =af,n(r+o)
: TW) :-

-tukx D= devf 
"h661nfio =

Bt = afr*.raf -- olrCr+o)

tI P<L {-.rr ,ruafq,

Bl = &f'"r

1.e., ,acr-Jrg *o Grxo,',r4 r,^lo-, BN a5 W- hgwJ;3

f af*+aaP =af*(r+n) i F>>t twgYrfl)

Iu*T- L aFq ",p<L(yif)

=

--IR'o 
-De,rrio.}ra rs0io i4&rM{ o,ltk+ 

frvoduJd'''n
rqdex 4 trt4

af
-1\.)*-:-> 

De.,r.t iathon t.'.hga

^lF;
{tr l^IBFM- A?r"uJ\

CP>>r)

^ 
t't >

Nof :

i{', P- P
TrlA
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Module-"? (-gdinUcrlion
of Communication S

.Qe-nenoiion 4 tr M- 1,.loves _-
,^,\,\_^--^ /^!/._-,-*,r-;,.^-

JEere o"e-+tdo boxic rnethoclr * fenero,lST

1-; tri?.l, EI"ot,.)E a Hor+jy o6dlleLtoz kr r,ohlcl-,

Grrrponerf + tF'€ -taoK cincui$.iQ, -le-" c(+)
c(*): C6 f K.rcrs+; _- (D

1'1h)er€2 Co= Tb-fd GpaciJq6c. 61TFe ob8en(e +
{= Voriable Gpotrifor qJe48i fi vr F7 B

t1

,FM-x.lotvea,

(i) olrec* M€Jhd

(tr) JcrJirerf MelhooJ

,F *+. IMp,ir"
(-4'r'z-sl-ro ry Yto"lu la lo r)

<i> Qe lsUed-, + fJgZgqA" -XAVfgga $224, - -2l-
P*.(ecT- t4trH6D:-
^\,^/^\- 

- |_^_ '",_-:J:v'- "
Explain 

Tene"rafion vf FreVueoutr modul*! fiWd tnfu_
d?ned roe/hod , ' t'Tu Jrr',rbnr, (J,il
the pired ro-relxod 1)Bea e EioLggoida.J o?scfltslor, NiJB sne og
fFe 'recrcJireo €fernenf (erq^ple: Gpqcjfive elerrrer6) t-,1+ v

loor c?ncuT_g- S$he ogci,losor beinT dfzrecf.ly Cedrfa-DtreJ $Jhe nu.leg8q 7e 6?Xn*1, hn(i).

l+ r. dTreu- rrrelhod rF FM-s;?.,oJ Teneralion, 1tre \oslqvrloroeer03
#ruguenry 

"F 
?Ee Cqo-z-Ter hJd\€ ?s Vq?rieol d7rec+Jy tor.occor

: dooce hril6- the nn€Ssaq" 6igno.l ,

L'

the Co.po ci fiw
^- 'Fie-r
= --1 lol

H€-'
K"rntt)

'noolulo,iion ,

,l
volle?e 6nanle

c(+)

f?q.t : Hq r*lp,+ o,5 cj, lo\-*arw r.!-+ 0 v*-
20
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es of Communication S 15EC45 '

dOvf

I

TEe freqzrJenul

l7 /-t- \ .-
r'\4 -, -

fhe Hor*lej i,6 fi*. b./-

cc*) = Co* lc.rrrCg

e,lcillatof

' -iJhere
3*.li -Lr \ , r-!-\x-., \\r-.1 I LLl r\r,,

.?4 {(Lr+Lr-) f co+ kcrtr'(i)
I

= -fu- ; -uohere f^-o-d^Gil-(1*r-o; co
co

Fof*) =. t- z

'F1(*)

{i c*l

4 t+) = fo ( ,+ g ,,-,(+)Tb

-Lr.<i.? Fj"o-io;-1h."*-;;*, (; Ot
- \-r ^./ : (t_<)

\ ."- 
)-1t/J,o1cZu.fr'oz-r ({) \6., (r-l 1..;q, ?-l- 

** 
.., .,

fl,t*)= fo (r- _E-',o(+J) rr

Lef r,u e*3t176.,p- * o:t" / -'* = it ,-ul-,ere k4= F<7oeog{*r;+i r+y

F7c+)- {, c,*1l.'_,nrr' Po:rdn''ekv,

f>

4r*) = Fo * k+;iD --(+;
for 6inu*rld".J nn€ssoge rufd , rar(*) * {o4osanf *

t ?o-.cos({n+Er+)
Y?', -tt

1- A+ cos Q,Z4frf:) : -rul"ex

E%.ro$im u, ? v<t., itur.,**".;f,]"*T; 3.t Hffi
FM* Ltorw ?e-er".!B-.l AV **y Jl"".l_ ^-.ra'"J.

f7c+) - [
{tl+) : ft
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les of Communication S

+

Therefore, Jhe d;nect nrteJhod i5 <s*rightfoaruard 5 lr6rplernent

ocrd i6 cor4xbJe o-f PttoviJto? lqrye +rQ?'u,Qr1l-l.-dt dev;o^-fiea 1^"F)'

One 4-the rnojot li'rriiollorr uF Jb" Jinecf nrrefhod'i4,"the

cou-rier f?e?ueoLy i,6 no-0- ob-leirred Froto a higtntg r6,}e'b'0e

O&ci l{o+Dr.
'16 overcor'\e,Jhia lis-'tlaiioo . CI. cla{eJ .loop.€eed[aq-X 6'#Feff'

Por .fhr cqmfetr .FreTueocy a6tjl-ti3a-+iobl rd -Uled -td

Pfovide Fre?'L,lened0 SJ|.'ab,i l, Aed FM nraw.'fhi6 qrrqnftmQ/\h-

ig Khot"rtr tcr trrX, e.

signaJ
nn(+)

FnegueocT,
SCabi lized
trM-Nqve.

Jn pneruh-

F1j- ?gJU{Aor}
b F;X,2 carrrlala 6F cru.,<jd D6Lillafor, Mixer, pucg,ueot5r dextrirni

- na9o6, Lot^r-pqs\ +l'0-tr snJ v.f}a?k G",lnpfteJ D6cillqfix 6vco),
l+ fni.6 Cer+izuru'|ion paovider

. 6od .lr<7ueoa/ fdkb?):n/
" Re?ucit^ed freTueogr devio,Jioq

L'taFM.

. Volt-a?e
Con*rolleJ

Odci llqtor

LoN- pqss
Fi lkr €scrirnina

Fix.2 3 Cornierfr:3gpgJ 6{*51pl + prygg,ghod

" GnElanJ- pnopoz$oo^ttry A.h.no oAry*_0_*{ZgoVkA?. fr hD$f.W" qle$..

""" Jhe re+rirscl ,.tsFM-ua,ve'?.$ thJe-ined' '
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les of Communication S

(jf) f.,aired- Method @) 
^rnrsSrro,^rs 

tv.lodu lo.ior :- {t
,'\\,/\,,w-' /'V\, J'\,^ v r\J\.^\-/'\-/^.&\,^ / ".-^'^.rr,.^-^(S E*pt".iu-rlhe feneralioo { FM-ruaw tt/-\oV;"'d'aec*@

4rnztronT ro-rcfhod'

[ To Jhe tirrclrrecJ- ore%rrl, the rn€SS age Eig+to,l i.4 Firzt-
trsed -b prnoJuce NRggW^b"9d,e*,, ruhicb i5 folloured L?

fggglncy pUIU,v .b iu-rcrea6e -th< Srerz.leosn o\evia-f'eu'l

-bo -lfie cl€8iTeJ level.
16e pnegUeou/ rrlulfipllet pnoducea uJide-tq.J ftl hrqve,

fod-ineCi ra-le*,ocl of trM-generuliorr Scl^rroe ,6 .r[xo CqtleJ a.f
,. cern"'4fpelp^Z )r3si_bood-g9?g1g pdsgtod'j, Tnr

T€coT"ullion 
"f iE f^VentD?r,

+ fie €fmp.Aipied^ Llocx Jioo6re'n o+ -1h;,< :.r-lirs* n4-g<Fk6
'ia 

,6houurr t try:1 _ryu_ff,j___ _-_:*__ _,__ _ _ __jsc$)

1"1€ssq?e 6;9"o/ i
r"J;de-
trSoel

FM
hJqW

st+)

giJ : a$udr.X x**--+ rt3h4rJ id"a +Jyg- V
3J{ir9d P^x^

b t^ Fj?'1, -the ru-ress".7e Eignal 'n(*) 16 gfra'P- io-rleTreleJ ocJ

theo-cEed l5 Ph48e-rn'ocfulqle 
q co^crr)etr Na\re ?ener8ltd 

b*.

onix1oJ o6u llqlo?". ,Jt'wc-l- rc<ulB \o q NBF M (Nq'rnoru tqo"j

pn r-*^.,e) sc+) IJi-t6' cawior SneTrot'$ 'f"' ovrol rr"urelcrldiarl

inJex. ' p<1,.a6 6howo to eTualioo 1'

sc*) = 46 cos [aof.s +ax r'g !'nrola*l
+ $e -ppz ,yca$|"J oSdl\qior poovrolea 

'p'"7r"ncxl8Ur'i?*V

t-L->

L;

tlexrokr-hoJ
Pfere

Modula$ua,
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les of Communication S

Ly

I'+

JEe NornoNband fM*xlow ix nex$
69 -t w o7 trve?1teautr rd)LLqlipl ie?r.

trre?ueou./ nhu.-1.]ip[t eu- prtoduc ea ihe
tilove ,g (*) ,q,s 6 hown )o F i? . 2 '

nrUllf plieJ
J3

to freTueor?

Nide bqrrd fMreTuireJ

NvrreN lqnJ
Fl't t"JCve s1+2

NBtrM.I ;de bqnd
FM-sjthJ
s tr*)

f;.e2.leo91 rr,u tH plie r
71-,a.-A-.,\,,,\^ -,-\r^.t,^..-.,zrj.t-<j,

a. freTueocg nnu.t*ipliw Corr8fdtT. qf_ 0. rnernozryf ess non*l*rsq;

*V;cj,,Fotlowed \ 
q tcr"rd poss f,rterhavioT J-rco fr.eq,uenLf

4x8..'. {'

b rne oufpui- \&ltaf rf m,e11.6.-qls5g non*lXeonder.oice l8

rycf) - ars(+) * aasaC+) +a.s3Ct)+ ' . * arrsn{*.1

---{&)Nhere"- - ' Stj) - Noro.ot^rba4d Frt-sl?n4j r"yi h
fa ooJ ru-rodu-1"*_Hor.l \-Jezc ,pl

@zt\e,r f*1ru""F

i-e.. 5t+) - A. cos Fnf. f + a.n fg frnetA{ q.,d t E-

lnratqnlentouu f'eg,tler5l E,
fi f+) = 8" * K+ -c*)

t, u.rheo \g[+),1heorop,6- .rg non-lb'ondev;co ia passeJ]huo
s Bpf havvg Gn$er f"eqrueogr, ''' 

^*f." , Ne ge1' rery--ir
Nrde botnd pnn- X',gnx,l StCt) 

"*^rrd

*-{*l - A6 cos [* " FJ i +4" 4 fmtt)ar] -)'tnlh
. r\l ^ I 

- 

\r'l
t.i\er€ t = If. ord Kf = nxp' & F{= nxp

oL.|=-\-t-:f,t-:
'E i4StqrfQrQour.!, f.e?@1,"/ j6 

"..Ree,rxi.rrv, 
wgFn

{'Ct; : +J'+ ftimrct) . t( or'l-e-ined '

Bqod pqss .

Fi lter
hlil6 &",*er

€vegga61r11

nI

Merrroryless
Nonlineqr devi
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of Communication S 1sEC45'

trrevueog muhpliw,ro-rul-tipli e& Jhe bf*F P"u?re.r,I-,
"tred".la$'en fnd.x G) , +,piluvl,^/ &a,l+farr(^$) $y o o

rnv,.rflpft 61haD f acfon n71 t .

l' A bJock dioT'ra6 + pv1 :frun[n-ri+ler ;5 fihoon i6., F1?'1

lfa nnqximuol freTueou-1 dev;crlo6 af ol -the ouSglf of-l6e
FM frudnnitler c6'd fhe Gz-nier fr<7ueoty,f" . IlP^Dq=dooKltz, f.o: lO,8Ml1Z, 

^Ft=eSH?: \f 6+ ocd nr=+Q,

Pnoblern5 oar t{Btr0,1 q l,rlcf M tui-th
f\/\,/\./\/' 

^/\-'"- 
,^^,9^*

SF t- PreTuen gr nr'u.tHpl;er,

PvqqrueAtr,
rvlL^\J/\v^-

mql+r Pl;?YB o-

^v{^-{+

o,
c(rf

rlx+
nrF
nx a|

F b4 - ttro nSwtrfle r ' -
,-\,\^vV\,2\,,.\,. -

.P - o-\lr * c(5"tr=.l3".M,b &MHz

f;q= rt?xf. = 4e (&s.6Mfltlo Qc'rtxt)= lt3Q'lMHlt

L-2 sl^h''n'-
qluen:_

fi =u* r**
Afr= {srt>'
fi.r= lo,Srqnz

T\= 6*
|'z=4p
Dela-"/rc-:

al =7

L>'IEe Maxi.r.,u.Jo-l *reqrueOuJdqv,o.htrrl 'oP ' a, ltu ou$Fnl ^-
' .\^!.\-/.- ,.\,/\/.* .\) v- )^\,f-zf-n^

I

' n' 
,. xaP : 64x 48 x {( = T6.8 kHZI = .r11XI_ 

,r

L> tte Grrier F.earueor., .,f.'+^Sg5pdk

f.- tt'tu blocf,.|;**ro,-th1 @'t('\w F"eZ-leorrT
f.= nrrfa 

-(r)
F. = & t Slo =. \1fFt_t#.' 4arauorto't lo'sx

FrqlRarq,
M u lli ptii r
Xrtt

Frq/ueaL*
Murfjph cz
x.\y

Lo CaJ
OScillalo r

,r
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les of Communication S

.2' Fo'r- a tdiole.band Fneluenqg nroJubtot, iF a nq?rrodtsnJ &5

Cotoler, f, = D,LMtlZ, $eco^d GrT ler 6=?.5nnz,
ou}pu.i Grrrer f.renueacy = loo Mttz and aP=tSnnz ,

Cqlcu-tedtr the rn'Lu);f lytoT faOorg 1rond !- tF N BFMI

fresqsea!) deviafion i4 oloHz. Otq[ 1F" ftuilaLll tlogE
dirgro 'r, q ti.r.- rrroJr-rlalor.

qiv€n:-

ov$puJ Gtaier,fic= loo M)+r
ovorq I I Fr<11gav4 dev; 

"S'on
43 -,lsk,+z

f' . u. I r.'l l'r+ (carrierg

f n: 9,()<1lPl <- Loo./
0sC ll"fi/

^n - ) f*2'ueno7rllj a f"a
- ') lltx €/

'lz- {

af, 
= Dto H+ +- f cFd4r ry/.dtvinhon

J
ltv- ofp ff^/,.RavJ

w.lfxer (,8

fie ole f-rqTueolf ap )

{.q4ue^S, or"rUif; ,"tt = ?1 rx ? r

,<\l ,
T f = (rrrlr) -fr

trx''eet^reog Mr,^.r*ipl,erl 1_ p _
oln -f-.qprerrg J- tc -_ ''J

- ' EQqzJiaqzq'vr,_
a

^....\,2-,/tl.

Tr0h :4!^en Cfr,.fS 1L OL$fr1$en d#q th Or,$P\^f firqTueotrS
de.vi,"fiort ;8

af; - n'xn.t of 
I

-'' fllx1z = al * I9KH** 3.1(xiD"oFl OorrZ -
Y11trn: 3+So

[' o,ru*1* to*l., g'*1"n0
r- 'P- p P'
- r !C= rqe- t;o

trAtV

f t=D'lr.1rtih - 6?0rtL

(e-r,laoq1.
v?r e. p,

(r{r-}J

1 t

h%rang *-Jt4i<<.r ,/

"' fc = ?\Q ( nrt,- t")
fc= lltrzbl-rlrtz lr.rri \

, tr. .c 'ntnl=rstJo/
(oox tf ).' 3?f,cx o.lxlf --rtaXi"Sxr*

r1., - 3'lSoxo.lxl06_-\o-0xtot : "?8.15- 3'9 x to{
'h1

= +*!rr - tasf

f't?
lYl14
rPliq
Yl: -

Lb6J
orollqk

Fe=tlo
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(9 4n o.d. rndulald 6rZ"'oJ i6 nepreser.r{ed 4 cr2
o(Io

SC*): lD ces fanxroat- + s sin"?DDozL *10 $ia3ooon*] vorg

FF",J 11"" follor"tio2
('rl foNea finJte ,a'rodul".led nTZnd (A Fre?uenq/ del;"^h'an

<iil) Devi'.han Rqf,o (iv) phaxe dwio,,lf o,rt <!)Tran,r.n;sSiry SqnJHt

?*n, SC*) = lo Cot lqnx f d t J.Fsin "?ooont-t-losi "r 
3crDord

str) = Jo coslang.r * Fr Srnarff * p"Sf nar*fl
Ac= lovj {6: lxlod - Fr=F ; f_,i tooo}r}j FA=to:J6-tSao

{i) poulea'trrr tr.tool,^lJed gydl

<u)

{i> FrQ?Lto4Lq de,t,i'..}iorr:'af " ,

lr X.T Af : Fx+^ # $"r 1"3[ vw-lsnA &z"d'
9J *", r!,rud^Jota", 87nd sf+) Gn&EG r$ e- rrress ^f AWA^
,.sith Fr=a '* Bni tDoofrt & pr=ro _** tSooHb .

af = pr{^,tPrfr"= 5x looo f lox lSu-o

D- k?r+ - --:-- 
"2RD az-!t - ''tc -,E-

I 
'\.

=ful('0rJ
rc-:

4- -t lor nnq l; +.J
Voluq .

' 5'o r\ //

AF= 5ooo* lS,ooo = €gruo r+'
^61r - Jo KHL

k36* .85[o (rqo/'"\"d,'*

F=D= 1F = uF.
rCt frn d

&ok
_._-_:__ _ l{5,5tJ5
I.S K ----&Dr .^e- [o;ct;-o"lr^,

.6D _- 
f s s;neooaat +lostosoroatl.rx

Y> !gyyll 4^ 6ond*df :- ' 5 t to - re r'oliau
--_,r.,\-,r.-./r-^ - .:--r-1' lY '-lvr -) !- :--.>-

l\"'\-'l \z'\- /-\ * ^ t\ , ^,, .l.-cr^r- r ^/r r,-\

Bt^\ = "2^F +af = &.^P *& l'J = {xQo k *et t's x;
t! rft.]

8kI = 43kl-t+

rn&x).-

f*'fox rur vrrax($^n ,,1r),Itt . M..r(tr|o, rf,rp)
t:[,',
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9Fv1- srEREo E+IleLgI!!9_: &?

s*eTeo Mul+iplexinTW G .Forro-l uf trqluenc? d?vrsion rnulfi'--

;Ple>in7 
( nor'4; cieaig",ed :lu .frqnrrrrif :fnro seponate ,5i7nola

lrn*(*) ond nnL(t)r[ via :]be Sqrne Cqrrier.

Fr'4- sje^reo sYrfern conaiata 4
a) F x1- Sjeueo *nqoxrnj+|er
.b> FM-Sfro ReceiVe"r.

F M - S+ereo .fnonsrrrT+k a- :-.\.,!\,/\./\ .\/\. nl\ rrzrZrz!

' Le!- mL(+) ond rnBt*) durnote the*u-ro ,.nreSSo?e €'7no[x picpqJ

-uP tF Legf hanJ qrrl Qighf ho",d ro-'ic?':Ph:t.,% qF ttseJrenBrnii

-fi$o?." end o'F )he 6f<iera-r, or3.xhor"tn '"o Fi?'t'

" I* qA€s o p'ilo* Cq?rrier fraluencg, F.=19KHL- f'realuenoldou

a - {t=', nn.(t t rr')
- Produces, sub Cq-nrier, cogSnp.C)

rnL(+)

-dt

TFe Kuliplexed xZnd ro-r(*), irroJuceJ
rnrt"r-$?plexer in :lrcrrErrrll,kr c'P FM .Eae reo

bc+)=- hr,ol+ n-'Rrfl] -f fmst+)-rnR(r]cos4rrFc+ +

pi? ti ptxteBgr 
rj:scL^+."+^JYfSw:w!-*

\----------\a------l

Bq6etq^e, ^z8itnc^l tY

I t-l
\_ _ _ _ _)

Ng.trixer

MullifleXeJ

+ si7n

K cosaaosf,(+)

cos&nFct

oti'the oulprl} o-f-

FLFfern i6,

L-Y- I

DSBSC 6)
.<"'q4r\^)-

&i.:39Kx?

K cos (anFCt)
u^vJ 

- 

f, r
^ pi loFm
G rnierX-gru'l.

l-c=lSritz -

I

I

b-cqrrie r
cos(4rr[t)

cq?Tier
fc= ll kHZ
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" Mulliplexed *:g;.tqjr mr*) corr.s?68 uf three dryftreO &\V"-k
1. frn.t+t+bp(+t =)sum oF rn.-(f), rnRt+) ?enen^o..Fed hlpttru @

<9{wple arqh8X€r,If i.X b*set,e-nd SWvJ '

e'[rnrrt*)-rnp(]! 
cosd+nFcD =) DSBsc- ,5irnal pnodut"d 4

lhe ptodutl- nTodr-llo.l-or. 
,3' K' cos (ang.$) =+ p?ldi Cqrrie,?r zf€r'rrl rnqFpt;e,J uy a

Cpn&tenf 'K'.

Mqlrixey
------1l.r
I t zs. I

FM-Sleneo Receiver ;-
/v\/^v\/\.^^

Mut+iplexeJ

si3
rn(+)

J-l

I

tr
r,- -E/l
if$)-rnBc+l 

i

cosC€rf-+)

tri1 z: kgul3lerylp ,fW +^ru'i"t["1ffl
FiX,2.ahodg fie derncU-fiplexer l0^r ?ecijvey + Fn1-s$ereo 5gslern.IJ-
?svsed S decover lbeJrdo rressc\A€ aig-"lt m1t*) ood ta-r{*).

trM-8$ereo Je.,ullipbxer Cerpt66 + 3- Filiez-X,
1. BUs-e.b3ng.,li]r : rf SeleCkJhe bo<e-band Cea-rponenf pnlt+-r+mntt!

preSerd ior rnu-1fiFlexed 6t'rrq) rn(+).
{. ef r : (aqndpqssf;tfer);- J-t-6elq-h. fhe D6Bsc _ft:g+aoJ.

5. t$g|fb$&)tr:- r+ se)ed-fbe ptgt Gn-ier ft:g,vJ, cost"2^fr+).

. Fre?Uenurl doubler pr-odUceS ffis ve?\i-]red S*UCsrd^tev 6gnoJ,cos(47iFc1

for coherrefu deiecliq^r f} DSBSC- 6VeJ r 1
" Coheren$ neftclor,ie tor"ii V"dlPPeo.n.e,8rfl\4-! [t^.col-^*t+!

" trnorl$-'tbe }rhl-rTxer, pr,:Jucq the ne?uTred ,Agaats {I49 ond4llk(+).

I

Coherenf Deiecloa

&Fc=38Krtf

NsrnohJ-bs"d
Filkr *un<d1I

f"* 19 rcHz
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.-Ifu 
"Supethele.rod_grne TecagVet, ?a a Ape_ii*1-Hpe + TecrJyetr /n

Jhal fulypilk Jhe folrornJlnT Feafurex €9
L>God sebclivity LyQoodserr,r?irv?p b Aood X+ef:;lily.

' lhe blocr diaTa'enr ,f Super-belerodyne necejrzer i6 6hot^rn fin
trig.t. '

' sqper-be*€nudgne Tecdver t^.Du-Ks oolhe prfnciple 4 "he*e"od;f1?,1
" tslos'ff , i6 o-pCI-oc€ss or co.l'nb9nioy- .rocorrrrnrT RF- 6i9nqj qno,

Loo^l oxcirlqjts'f'e*ueog efd,tre ut6 ftn a a4Ligrlj| qlggd&ft
rI9rognl9 eYl^). 1F34 ePe'rqhea "ra perfurrnrd ,'n^5g9r. T6ea'Ffore

Yixer is Glled ox Fleqr$ "p Super-hele,z"odglne recelwai-.

lhe \&niou8 blocg tu-r Sqoerherczrodg"re rreC-u-rW?f e1"q,
IL} Kre{yh"r?,fu[nn^:* J}z'ecetvexlhe RF- ziXrwJ. qr-{igno.J Gar be

er-Dherr AM^Slf\qJ @ f "1-s;?rroJfor 4r',1-SignoJ : f*og FgFkr-fz .i6^1605knz
fcir Fr- 

^":qas): f** => ggMHz .tt logt,ztHz

+ R:;fX?e:* r+ sslsgB the neTuired freTtleouT fro,. ?ncomln?-
Rf-xi?rrnJ aocl -,]gg[ftgfhe selec]ed FBr, .*.'7rol b'

r ?ujred ccrnpF'l-ude level f.o- fuz'ther puocess?n7,
+ P9g!9!if3- I+ generetlw sroueDidod ft394e'J +*":'t

foeq,trr.+ {'* ". o 'l_o
i, e {?

lxlgl I r* perponn^X the heieroJgnrrg qcerafien. g
r P ,- 't^ -0 

t '

Pnoduces corKtqnf ?crlerrnreJrqhl+r=:^.rg1tu/ a xn*l
61K ou,+ptf

FtTRtr
F=f-rJp '(F rLo

:_-
flo CorX{ent

Pnese"d 9o Rr-sl.a%"

r Hw,dgg^?
upero,lien t-

*To schieve Grxlq^t t-lGrulv r Lvue\,/€ ce/x}q,,,0 f-_.the C*padtozs
to crj osci tr"ronlfril?i-[o" c-nec]ed tr Csnnneo @6ary<d -tuner.

n-&.\-,/\- azS.*+:-

t-" tfUk+"g" [Lt^i[ur i- r* ara-r p l; f i ex the tnfea ned,j e-lr
-plru7uengr 6t*.J.+-pl'p;ed Tr-S7nd iafed h- dercrcr'

lo4MrtZ
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ft fffgn:- r+ del€ck-the mressot!€ 6,X,rv.l p"%ei trr cunplrf,e{
-rtr- fffrd. 

u 
@

'' pvq:flr" - #olm"h# #Hr*'.i:"ffiTJ*
t, {ud:p /,rnpr r;., :-b$ #l-tr* T.-Til;-ffii#3/v\'\r /v\{\,; 

anrpli*ude Jevtl .

tt qk#*t :- :- bm6E the.poroar tevael uf a-nrrpliycd nr-x;g'ol;r.^,r-:- f qSoryglele.tzui3Uuh:Jrj5;[.
r. , r lggL(Rgser.
- LS*W.Hi-:d Golg'E er$&Lg, ftiz4\il -b {,.F.c^Jsoun"l

tne
NRK :.ro Arvr-sujer bekooJy^' l-eceiver, Frr= fe.-f; 455 Knz .

. In F M- super he*-"l5rne )"eceiwr, Frr= f+_L= lO"?lrtHa .

Nurnrerr crJ problenns l-r\, -l\-.. '/\_r\.4,/-\

Pnoue Jhrtr*h" nurnter g er"leba''''4 irr Ude bond rn<-s^Ao'

k lnJ?"ule.

t^Je k,oru Jhqj -*he i-eneroj expressiea * t'Jgpn4 -'|''fj?4'\s)

i4,
s(*)= A. cos fanF.f t p sin Cenf"*!

1>

-(r.l
.fcn NBFM,t^rl"sx p= l4JHl^F-,r l^Lr = f* >l

F?Uo*ieo ('r Cqrr

sf*) _

5t+) =

rlb+ e:rpressed aL ,

R. Eei f,zaF6rf psinaaf-(+)]-J 
fl"cott=rug'

r. -(e,Re !Ac e,?( jaot ++jFt,n(2nfi.+))]

-13)
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fiessel funoion, T\tF) e?r-Jorfisrn -b

s4

st*)= Re f . ft_,q(p, e*f fj an ( f cf xF,")+]l
'lfr. Gmier a.rrpli^t.uJe 4.,k Corsfqr,g. fiete{ox r|- a^*t
Jaren oud.s{de *. z"e"r-+ry'rsotr}+0' Re ["]. f4K{ ReGl
ld'/{& Jt 6u--^$ioo -2c tef

s r+) = o 
" 

=_j. 
Fn (F) ex+ t j en (f.+", F_)+l

Re l_ Jn ( d e r_r, I i .za(p3 n r"-,) ]I =J^ (p) c.'os @n ( pg+nF,.ry+]

stf) = -& z _*,p) fs cr- Fc-nFq) r s(F+ Fq+ nF.;]

"'ft"n g?u,,Sieyl (6), t+ l.< cleq?.$..,od- thr afetfn-tor + ";*fFm-r-i8.^^, Cor'xrx[ S.^ tn]Tni-F ntur-rber g del+e l*nc],u'ru
(*iJ. b.rnda) Sporced qf i= Fct nS- ft-r n=e, r 1,s4".". .too

rn N8FM, Jn(p) fa frrdfi fnn qil rztluea ".f 'rt'" o"rl

' J,1(p) = lnir) fqn n-ew,o

' Jn(o) - - J-n(b) F!' a-odd

o fi3 yl,Jn r:rea^u lf,ntell Jecreqlq "na f5-(rglgtl
""- TEe ftpe$nJry + h.lbtrt<1-,s1?4\d Oorwrslq + IF;11E n,"mb."
"f &ide bqn& q6 6honrn Su-r Fl?-t-lx LeloN,

lsc+)l
+c,
* R?l

6^tr14 : -

Etot

Co,n

-r*iny nt- orJ.o
be r^e*arran/

'oo' ' st*) : A c Z- J^ (p) cos fan

By +a*"r7
\ = -o9

Fuuvi <n 1 rnr nXl*,6tul

Do

(ft+n!n,)f]
ea-- 

--- t5-.r
en bofb a"det -K'r- 

?pI-
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)e nnodu lqlion sf trM- l^lqveJ :-/\.i\.^..,.\..^\./^\,.\-_ .r2.._,^t,_1r..Zr_^.-,f_,-.-,-

rne.{6qte .SftnoJ fno,n q6 tncorrLi"tr FM- rJqve .

I

Jhea^e qne -*r,.to nnehodA in {.re1,aernq derr^od ul^}is,,l

{ii} phose - Loc.ked Loop ,

1) Fgglensjgg{Tkf" @ EhX:"ejl$.Dj5girr 
:.-

.1fie BqlqnceJ slope Jele clot @fr|rb "f 
'*t^lo slope de-+eclor

circutt. TFe Blocxdioqoe"., ft frrevueo*JJext'i,."Ft 
O ba\ancrd

stope de$oor iz ,<Vown r.l Fi?.a onel ib €"u?\'hl&d circulF

Ji^ryna"1 \A shor..tn in Pif ,:.

Fre?rJerrttF Den-rdutaion ia-the PD-ocess ep necoveri"n6 orr?7in<)

rczebavd
.<i8'r\9)

Nqve
st+)

'TEe ou*pq}

$=V6,-V"

r.,i1r: Bjx "[ro,znr
Vo lfo$e "f {relr-rencq deXcn;ft r? "rcdw

@( tsoknced ' glope de,iecfr:r)

f o t f,n=F.\61- %o =
, fve i fia)f6
L -ve I fi,., ( F6

iz

(u
v0 

-

h"rhene., +tn- Fre7venut + Fv-ruqve

f. = Corriga freauauX-(un,nodulo,l<J, ern)w)
Thix ntfhoJ k populor Knpwn oB Kqlqrnced slopedeletlar'

loPe circtri.f
H, (f)

EnvelopeSlope circui
r_!(f)
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,l'

The e?uiValertl cfrccct'* df*n-e^ ,"x 6houoo iar p;y.2, rt,
con*4a7 oE @

+ ry${:qR*iTTffgggr' :.rJ< p'rrroun/ ia tuned 6
frenuaus "+ Fn- sitn^), " fsfj : (rnxrrneiiate FreltueacT)

.r$ prduce.& leo" oW_+_
Yotlaget ql SeCorrdsrt hjto"ln?8.t v - --. (t) -lhe 

ruPpor- Pqr+ oPdhe seco,ndqryr- uf *rernfonn^r sr, Cwtrzi-D r- C+ D3!g- Tf$el,Sstqa- qnd i* k**.rneol obow'fj Ly.

R, F,
FVI

t"lqvz

{r+r
V9.

LL) -IF. louoear pa:r} 41ha geconrdary cf +d^qnAfo"r-6eJ ctkD C"rrr.isf

* wnl'i lo9r diCI& <nwlope detcrr.u &nd i+ ?4ihr"'.,qd belot^t ,+; q
ap" rrvS ix 1F ralo,:nnt fnqzuenc"pix " fc-^Fl'[t"-#,!["5r^.a.'

L>g pwduCe,t Jhe rclrJixd oufp'.f *fUaa (EqdebcL^d p66ss-o^.fe5l

%-rn(f) qs ShEtdO .'ar Z?u'.iion(t) ,

4r..tornnod;gd utfd
r J vo l.}aA<'vo'

0.107
{F[HdffiT,Tlir

^y'fl4o I Su a u 
".spu*,-r\*''-. 

- -,"./toAren *Lf n(d i;fn"*t
-0. 10+

-t
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c%,i
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' FM- o\ernoJulodis,n tvi^s Phs;e LocKed Lsop;- (PLL) 35

A./\..\.^ ,r\^.av\,^\,^\r. /\,/..,/' V ' frZt -.-^- ,v\.4.,/"\-'1'^

phs6e Locked Loop (pLL) t"4 a n€?s+Tvf' fee.ltack /e\j8!€lr,

}ho^| Csng$k c,f JBres h-laiw G'a^rponernfi

<ry * Nlhl+iPlieY -t,6<d c4 o phcse JuX*"" @ ph*:e

CornpAa^o..to6,

D(ii) 4- w\+aE{ G4lrDtled ox(tllo\hb(vco)

/.)hI> A - Loop {ilkr, r"s.t"icl-, 16 a Loru pass f+lftr

Thu Bloc* Ji".7"e^ o'P PLL i6 6horun tz^t tri?'1'

(LpF).

trrl- klqw ec+)

s(+)

triz l: Blocx ji**nr o-f pLL
,\., ..//\!

L> -rn. Vco ou+pd iad.hruJ qa

T(*) = Au cos (M+.t + {C+l - O

r:k!.x 4ocrl: d7r x, flc+l a)

b -ituo,Jh"

v(*)

qre

0

frrrGn i^* .,6lt-'*J (ervt) o"'d fq Vco
- (sr+)

qPpl;ed ,h ,tk- rnrul*?rlier,-fheo l* 3\^%

ec+)="r(+),st+) -@
t-sLex s r*) - A c €rn fun'$.* + S,r+l -Ct

1ll.or< 4,(+)= &trK+ l*rnt+t at

oufp"| ?i(+ )

erre'r X"grnoJ,

vol*qge.
C"ntrolied

orcillo+o/
(vco1
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d-#-+-
<D L?neo" Mod e | + Ph%e - LocKed - L"oP ( Llnqq6- PLL) "--

3(

TEe phoSe

Jhe ph*e

f,1e Lmertr

6hovoa fut

effor

nnode.! 4 RtL fr
Ftw6<.2.

tn< dernodulq.iion

n /vU /-\.\,/\-/\-/^' +/'\./\-/^

loCked toor lelr-; ?6 4ctid 1o te

4",+) = o

VT.u q.p. I MqM.-,

h phol"- LockT trlhea^r
' 4..,'\,/\,^"\,/'\.^

4 FM-6i?n'o'd 14

I

* ,-., $"t+)

anKo fffKv

4,c+y v(t

0";
,d";;Eluc(qct-16.p 

-:E^?W
/\-r\- l\-\,.._,^. ^^-4.,^-^/ ,-.r,-. '

-1Je ;k6otJ th""t- 
{rc+l - "tn- r" fl,+r 6q- ^ 

-t.rhex ke: F'e1 scr*"' }-irnr,y

l tou 
^ 

" O r +trM-uq","p

$tr; '- *a Kv l'v@dt , -tuhex kv- ?"er,.-rc.n.l

fr-o,n{i7.2, ' -@) 
'dffit#v."

+ (+) = g,c+)- d*r*; _ @

lxt.k r f"n phoxe- locK rr-'ode : S"C*) = O C^!,,lfi,?*r")
"', 81,{.rp..}ioor @t :) O _- 4,f +l - Sot*)

"'4,t+; = Sur+)
-t)l'rid e%!..hunr O c@ -Tde gr_r-

ao' kf 
J il,+-l "t* -- { n Kv J 
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o *
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. bi+f€rw\tra.f'g torb 6idq { eruo^fio''a (+)."r^1. gttl-
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-k)here, F tr; :2 pro6o.6ill+v Dtal-t'i b"rh"en fiincl''en -
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{v) " P l-x <sl :-
A-l\.z.\-lv

-1r. K.r P [x <o] -- Fn(a)

., p[x<s] - Fxis)
l,\

fi"wa qoga b(5)=\J 

"' Pi" < 5J = Frts )*-o.ols-.

'P[s<xtd:-
'\./.v\-,4,!./-----i
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L> $e vleso \,qlulo1-lhenn-vJ nois{ &{nu{ i.( qlt^}o,y4 krp.
Ly t.1eon q%&ru fzhlur T Jh.

tr tKl = +KBNTR

Pigr' E?u..rwleal cirtud l-

4 K 6i.rTR - KT861 hr''tfl.
4k

hJ.la RL.R &-

a

@q

l..e{..gx K= Bo}ttrrna,nn G",shd = 1.38 xtd28 3/.
ft tr'rnper+ux o\t hslJ6 }e{ishrr ii upemfig - ",%o k

Bu: Noiv e%llw.lold 6an{614f5 iqHt. 
(skndo'J)

Q: Re*istur in .sL

t+ rh. N4qxirnu4o 4ois.t pohnr, produueJ acrog ,@\A"l't'vrr'sflrr
wlodel Ahsrun ,lrr #2., iA

- | r,l "\
PN= r L Y-rrJ 

---4{- -
kl^X Po^,err d"li.re"e"l to lo*d

D -VT-rrrqr_ 
+ e tt.
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5.t3 : NhrJr Noiae:- (vru q.p)
l!/\./\./v!^vw

q/ Deflne r^Jhiie Noia< . plo* poHvn Epecnd &r,,t?)'X a"\d

au*o CofiTlnf,orn.frnOurr (,qcp) .>f t^lhile nn i.x

b n,r.i*e Noignr_ 
vru Ju/ul'urf zot'- - 5MErvl-

/,\A../\ 
-,$--The NoiOe -t\9.l"r"ch hs4 Gqrj.gXion dfXfr; budion snd l^s\,€ -Fl@d-

por,Jetr speclro,J d"*"td o\re !- q ruide .rocg^e of f yea,tren(r"% id
cqlled tdl'\ile Nor.t.

. r* iC derno+ed b.y hJ (*).

. ruf.Ek Noiar i.{ ocnalogo% -b-h+e"o" ry!4_tgAl-" inJho

€errge the-ts i+ Ao,{ rdl f ne7.*ocy cor?-\ponen I irr eTrod
zUrrot-tn/S

brh" gorue,er 6Peu6vJ drn^V'+ rs{^3bc npi4< P"bocea ' 
Nt*) i4

s,r(f)=+r-o l,lT-n

,u1n) 
T": ilois< Lnuiveh'l *oPe 'fux

(+t+; pgo (por,rxr sp<^trttt
&rrll\)

Ca/tAlal,f

. l',0
t-

Etat, +PH1 opp$dpgy 
"+ AUE-{otrx",-

b A"*o- e'n€tp"d;an $vnt};on og 'ooLab nei&<, *klc+) i{

[u(.) = $ sc+; (,.r.,sucf) t]ttr "6rzl)
. ". 16(z): {$: z.o

\ Lo elsevohe?t

\-:->
rrutt)

& srz)

Fi?z:-Atalo Corretprlien4-unr*o,n + ru't"i jt No/x<
^-r\_^- 

t /\_,/- /-\,^\../\--
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J.t4. Noi6e E?Uivorle,nt Bqndruldh 
o** &5

/\z\.^-^./\ r\,/\,/v..-,{ f\a._,n-Az^\n

a) ilhqrf T6 noi6e ewivqlert Bendu"r?dt5 ? Derive crcl eapresster;
fo-rJhe 6dnne . vru _funel3qly-ool+ (5vfaa.q;

L> Noifr e?r;iVqle/d bq.d Nidtb- ?-epre6er^E 15q .Fre?Ue^V

sel<*rvi{ oF he fil+tr.
r+ )x deuroteJ by &t1orbol 

- Bj Hz .

l.lqJhenno0iolly, f $ 1A defineJ oa *he trqt'io "f ft-hJ noiA€

- oulpujr poNeT *o :baf ap Noiae specrro,J *rrfry aJ'ToPLLts.

i.e., Bx=+-- -8t>fli
-h)hea^e, P'o= ToJaJ noi6e ov$prd podez in NqtlS

Un 
i = a^Pd NoiSe x;ttlro t drrv|ns- r 'r u{crKf nr

e?qafiovr 0) i6 r{irrrllt?ied-}o-, Bt=!4RC HZ

Proof :- conaiJco- ot Lor,o poss fi t*et(LpF) havioT vo llq8<

Yhlio *rorrger fuoclion lHCj^)1, Cs xho,"ln tu-r p;7 t ood

iE eq,uivorleot circurf i"n Pig,z,

sp€cldunn.\*t*?

)ono

Lpr t:i B rlp &-"lr EXS!:dV
,\-/!/+-

-4-
F

I

l'-v
F-i? r: ry^lPF yllfj"ac :s{:dPYtf*Ee'

Noixe L$ No)^(sIt

FI?1Z

LPtr
ln tioll
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t.le knorutJhrtl' Noile

F,K..ih,l _

_l
1fj t"l cq

l .. I

M0^gr^.,riiqde sfl botb rltdtl,-l.)r g<|
I

bqoil wiatb Bl ,

-L"- ---> (r)
sn.

't

i* ft-wn \. &(

J".Jrd rpi"r{"lpedrou d*6f1, SnL= KT +Cr_l
k= Bo ll-{nncnrj s Gna}qnt

To f fn/ +DlaJ Noirre sujrpuf potoer./p \/Vvaw\./\-- ,/\,,^.^/- ,-\,.Ve\ .\..\i/t r..r I r11.- " \, nO /
rvw> fin.1 . -the Vb l}eg{ *"en6f*.fuoc}ien, l-.t(o; f,"'Jerrns

* zu^rn"f qcrJ ouSPq,- rto\z< sPecf"qJ d"ffilt S,ni & Snu i{

Hrj")=,[_:n, :) lHci*ll-= sno'v- \E",f ' t ''t--'t- 

"",
S\o = 1H c;^lltip

S", = lH,, - t' tu/
.,0 (Jr./ | . KT ___> (z)

Fvon prT.:,, Rc_ LpF tbe %ttsW *renr&r "fuorlier-r,

H cs;: Yg = '/s" = '/sc ,-
tq R * 7sc scR+ I

SCHcs;=+- - i s=l^rIt Scr

l+scR

li,,o)

fa[e

U^),l

nll-

ntJ(^))l -

V H ( r,.lcA)-

I

- (\J
t1 (ruca)'

1J6n e?uqhan (+) na $t r-re $ri,
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S\=

. o. 
l6e *o+rd

P='}t0

P:-

IJ,K.T

P='vto

,D
tt\D --

h
Yrrl-o _

p
t-ryl 

^ 
_

'u

-U't${V

K.-
TJN _

^Doo'o ? l'
'40 - J

o

&-1,q
-no-

.KT
l{ (ruca)L

K I -..--(5\-[ q^rqq- \- '

{'l-oi^R o^}p?'f foNQtr, Pno t{
nDo
I c' llnJ 'no'df
o^N

J 5I ,a+j t{Qoce;L

|n r eZ-f
obI Kr J+) [r+(an* cR)'] 

- 
(e;

Le+ ea PcR. = rt the,o 6aa fcq;t :t!
ctifftneirrli*,h.'P' piftft tufa$ h')t- -t.x g{-}-

{7rcR4J =1 __.> dF = dx
olt / ' {zrcq

Kr
(+ rt')

Kr [--*unt
.ttrcR L

P
'ryo KT

-dr- = e- [', l.
&-FcR. {"ncn j l+t-

,^,ll [""'i+,=c*)
kt l-+qnl (co) -"1u,;](Jl = t-r- ( + - o)QaCaL / r {.nCe'& -)

+l-"4-= Kr 
-(+)d.ncn" a" 4 Lk

eqUsl'terrz(+l ge' iD\ e?tj^h"t 0) -Ne g{-0-

-_: 

---+<-
Jn: 4ck x KTn"

4'n^" JJtu. tz
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3. I 5 : N oire Fq cfor qnd Noi,ee F i?'q re : -
r-\,rL^V,\- ,\,/^./\,^\- f\r^,.\,/\t"...'\ 

^\_^.i\,^.-

Mggflgr, aF orn o^6 a.rnpllfier@ s-relhsDrk tA d*r^rd
o\- *" r^*fo 4 $lt{\rd 5 vwla< ?o'et rna}io o^'* the vg*t-
N^t tt -thsg f .6.i?"*l 

" Xji fo hle/r AF tfic out?ut-

i e', Noia facf"r, p= ( s/N.) Potn'rer vo'fi0 n'|'lht t"tP'd

("|,t.r) Potrer ?^qf?o otr1fu oulPd

(8, /e^")

= 6j?r,oJ Fower o$ tnpud Lo

: Noi.g< por^J<r o,i- fnpril fr\ ruo{'tff

Ff8r\orl pot,.ler ai- oufp\d t4 l^lq+F

t-loi& pot"ser orf ouryvd b Nq+B.

tr:w;et- ( %")
.fu$or, P eaep?tessed ltndB,TA

&E

p
'No ---> (t-l
D

'so

knovoo cl6 5loise P)8ux

Lo D't'x
P'Ni

Uo{tl(
p
sl
alp

?
\
P.N

Noia,e

Noi6<

v ,.)

\lo ia<

s'dB

No!- '' the ideal V*lLle

lo ) o7 (./*;" - to
t--"J 'I'\Pnf

(slot)- i^d4 ,''' .' \}d

*f r.lo;rq .{, Zu* i4

r /-, \.rog l>tN ).-;J ot^tPff

[sl^) rords,,
' -o4( |

0d^a

Fi?'qK =
l,

lo l-o6
(rt*)*ro I
f"/r ) I, ,ordpr,dj

Noi.a ViVutt = to 1l>? L fl
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+" EJyl{^.d litr ktrp}g. ( r" ) : _

Jhe e+ulva.le,t Noi6<*enrrpcrodux ?4 gfwn

tr- q+ _ra=t+ r"-1 +9t €r 619

T"=(F-1)T
-ts+rere, F = Nofrefq+y,,

T Tewflerqltlrt tn kelwr = "7+,f 
(s-Iendq^d wfu+

+ Co.(cqcje Conn\,.\,,\,^- ^^^yL- +* PS^TPEKs:-@
< T[t f:11x! foj'prgffs connecftr tn o,rcqd) "' !Jro"r;
Cenglder @sco.de Connec+ion op No?6y *r^ro _pyd_f ?,-Khrorf-l (*rnpfr?er)
Kl.oron i" * t. f .

F'?'{_i Cs6C^Je G,rrreCIar { N-noi^< ne}h)rrF4 (A,npl;fio"r<)

--lohex €S= Qqin _ 
"F 

r Nelwoat<_N

F,.., = Not6e fqc+"o. + Ne*tou.rf- N

Jhe swrqll Nol5r.kc'.r" tr F"r N- arrrplifie4 (nerr^rorrcr)

co.r'nec+eol b Csxcode Y6 ?t\^en % F3iglfugrl^,

d.1

bt,

-;(r)14 ?-hrcn Lyacrd 1 E <laiwilanf noi6e]r"rrpet-qfux

Te=(e-r)t
rsLex 'g'f6 q{.^sn +V gq,t-ralron (r)

N*: F.r A-,4trrplipex Ganedl.F= E +F"r-lftl CeAGlde J 
-*'-E;

Nl*., g

C- ir
'"2 ' tJ
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Nqnneric^J prDbkrns:-
4,.\.^\-/r | ,.v^/.!zv^'

L?t+ + fiornnuhei-
A!/\-  A_,r\-,^'^.,^^/'.

1. s.loia trr?.u.)<: %"= ro.0ry Ce) I F=t toia<fa$.r = \llN/r"p
(%)"*,

e UFlPrujflC t199g951ae : Te=CF-t)T

priiE ftrrrnulq lw coxco\ded Ne}ruuqin^pt;Fierr :-t\.n - 'e-, .,,/\-.^'/\./...,,\ n-2..-n-U\ /\,^!rt /\*7\A

Q) Pun &-r.leftoorq (e"lf;Ferx)

(oqx {qUur: F = ft + F"- ro(

61

Noiar FWx: E"= ro lo7 (F)
Fq 

-t3^- ^FJeF{d-ot 
f4 (+nrer; h ox)

^.^/\,/\,^-,& ^,.-.,!

r.lri.k{qc}.n'. F=F1 1Fa-l +f3-}Qr 6,6r
r.totar ft** . 

Ee= lo log C F)

No?&e e?uj \4sl c'd Bqnd uldth ""-
l\-4..^../- {f\,z\_/\,^r /-4vn.,^^^-^

R. - I HZ.L/N - 4Rc
Sho+ Noi6,s 1

f\-/\....-,,\/-

M?on S?us?c Vq\u.-o y| Slo+ Noi6re Ulrre",t i5

E tr;r{] = &!r I 851 ) n =l' a x li\9 co,nlu*n hx

6 Th. U*nJ Noix :-.\-,/\,^,/.-^\,/\/...\,^.-

- Mes.n s%rmo \t""[rr! * 16"oor.] NoiEe

e [v]^l = 4KBNTR o.nd

' ryB f1[l. : Pp = KIE'

Qr)

uhex /<-r . \
F: t loia<L,;r - PlN,b",es

vblh'g.4

k= 6olfJtvrqhn'4
r, Gh"r{''il\ = 1.38x tox

t'

5.
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3l
1. Suppo.se q'?rPl?tio t ho4 a nbinR'Fi?,(rut + 9dB a^el

power Wn + l5d 6' f* T4 Gnne$ed i^ Cq8cqde -'lo se
O.nnp-lif.ieT& t^sijfi :no'tsly- F??qde 6f AodG" Ca-0cu--A-orh 'fhe ovaa'all

noiae frgrzre ?,rr -Jni5 Coacoole Gnnetllon hn dedbeJ aln4b

t+ qtm S!"'- 
vru Dec-Qot1[Joa-zotr

4- rl|q.rv

fou:to* ' Q6"=15 ; f*-ao : Fde=?.

i]' ,on 
rX) 

; I 
"u,= 

,o^t€) j Ito= ron ff)
..11, /q\ ,Jt,o" f = lontii/"l G

F, : T.94a

eWt-qtl n-ol& &Uuo,

6, : sl'6as

-W n F ri i S f.,r -''ula f"r .t - o-roP li fi ex

F": toP

F_ F, * +: ?.e43 +

Gnnecled hs\ GrCa&,

lp0-l
3l'6&3

.". ovfirqrt nloi,* F,gux, %u= lo\o?Cp): tolog ( tt'ors)

Inl=l* +d aBI'oa- t ;
Q- Troo poat devrceS oac cennecled hfl o<co'de' F"n tfo {;'"st-

8|age-,-the n"ix" figux qod ove.iloble PNetrga-in 
q?-e sde

qnd tz"la rezRe$rretT, Funl5. Second &+ugu,Jhe oolze hW*
sod avoti\qlle Peh)€r glqr'ar sle Lsdrs c'nd'lode rnexpe$*l?'
Drknrrruno lle o.w"at1 Li* F?u* r^da J-*lt:':,:t,j1

. tr- ll'o?3t-

L7 qrwo d^h: W l", o

(6v"otu1

Frae= 5 :) F,= 1en(%) - s'lgB

e,d*= tz + Q,= to^(r'l,") = ts.gg l.r- _ =tt,, ltsE
F = 5.014

._ o6a.qll Noi6e frgr.)f,
F= l+Q-)"-3rl(p131'6$-lql tt- n-

il;=rs =) * =,o('sl')=31'da3 f"1 
ll==s't94 J

q;;=,0 r *=;"q;= ro l;"'rui:rYlff;",,
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(") r" q rv* ?recefwr-, ahe qroenna 16 o?)ro rurcunled eor q *q y1 ravxl

or,nd a. .toq- Aaale i4:Uxed * Gnnect *be anlcnrh2 f." Jt" r^€ce f v€y.
TD owa^Grne jhe e++e$ + LDSSy Gble, d- ptre-61rtr)pppie' K ra-roLlnl.d
po Jhe q^+(nno qa 8luoton hl ffgux a. @

Deraod..l

P !'e*,4rznpliFi rt LosSy CaUle trm"rl-end 4
the receiwr

Ftgy43t Tv- )'eCeiw?r

6) rsnarna **iil'* +fr}}; e e#k$
(b Frrrt tx" yvtran rw,,x $Xux T+n" aiptu-, E th.

E_ryLi1 d and-the B*" + frB"f errd recuwr iA
e, da

(^) evxg) ntog'€tDgg{ *
tRq Ztl8[s'n ,-t\,a\-.+

ft,r A- Neh^lurLr Ft;is firrmr

o{b(e - Uecdw.
{^il'1 t"1u

FO*=,olo gtr = l1'oldB

€r=&o ds
F, =6de

%= 6ode

G=lg.ls

+ 6'$?-{^h^:-

(i) PT^q--4rz'rpl,F;e f :,..,...-!,4

€'du= &o :; €r=lo^ 
(#)=,oo

f a, = 6 :) Fr= lo^(*) =s.r,
tir) LoJsV Otle"_

E",u= 3 :) &=lonn/:i_4

* gr=*=*=0.s.
j*rt(
I O.-

q"i"r f,r'
Lo ssg Orble

(nt) f tUJ- cr.rd vp t6e TeCe iwr._r\./\,/\,^\t\ ' /-\,/\t\/\,.\,-\' " /601
{sd.= 6o :) % = lon'ru/: tgoo

Ga" = 16 + Fg = lo^qt)=sq'gr

-\c ix
F- F, + Fa-t + Fr-t

6 r 6i6,-
F=3.9r+(.?-t) 1 (sq'et -')

10O tooxo.(

F= 4.166 l-
'" FdB= to log Ce) - 5' ,+8 d a

(b) rjL_rPI: unrl!.er j

l'3:g-n^,rJilt'
hnmwtd p
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,{)The eJT,\ ) PoNer sr\d rni& Pohler rnqd4ur"cd o.t)tre irrpu}ry.

do or"rnp.U+iet ctne lfoyuf ond l's;rvo rr-e,'speclSvgly't4^)he

47V.gJ poruer- aJ-Jhe nr*p*t i4 l.SFilqnd noi5q fooer i64ontl
c"rlculq..b 16e annpllf\er nft&faClor qny' rrpiae figuxt

DD
F= lSi <rYto -DP,yl i ,So

'i f,: A-664

n', Noia Fi?uoe, ?s= lolog(r): 4.a6 dB

* fhu sle o,f lk httf"d tf so arnPlif ier i.A 4odg"rf tbe no'r,a<

ft?roe 4 aq ornpli*ieo- i4 dod6r Cgtlcu-lq.b tho a,3"'u,-lh ne,'x<

)n",ho ln d6 qf th{- ovr\Plifier oufPl$

Ly Qrwo dJ":/\-/\z\. ../\-

B = lSot-ttntsi
rnl: t, s p,
b.l-so: l'S flltJ
Pnor 4o rn,,.t

F=7
t-. - /'ds- .

L; 91x*d^h,-
(s r.ln ) = 4o ds*rnpd

Fo.le = &o

[s r.ra) ^ ?\ /o*F+ol6

r;dtb
Ir' f 'r

l.l.k,r -fM r.loj8-:h!0or t r*rrrs $ S'gni), nor'6a

poNer nqJlola g-lw^ bt
tsoxr;6* _t!.4.
l"fx15'6 l. SxrS'{

t"kT
Noiza {ac}rrr-, F itt-ktrrx I G^ie)-i"ho
F: F^lar;npc \,-,^- ,, rfsNel: u, n K/ inP'o 

-) lo lo9 p = ro loe /€I9(sNR)rdpa v o \(soie).

' 
Fu= 

(snrR)rnedol; (t *e*rJ"
4o _ G*( )o,or.rdgq /.1

fr*l
R

*Ju

I

I

A'l
ot'\

t\*

I*t
rr of

*"b
JL

+TIdF

t@

Yn
F\v r-

41 ?

--lJ- JI

ns

)-tl
\-l

t?

R

fslal .-- do dp,t -ohlpd

c,?ncui.i i6 eZri\All^J S aporalldCwrhnq

=lKru 'o,nd C:0.4+fJF. Clcuh"b lt* ett<Ji*

t.lolae gz?irlg)",d to'lJr-rid lb
a ll
[Zt*CChW trotX
' di"..d r.ridtt J

= g3l.grCrrrR^'-- 1 --N 4qc alf xro"xO"4?Xt6{
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(T> 4 noi6€ ?ene.r-a-hcrr 
-cr,sin7 diode f4 trq?uirqJ fo poudu.)

lSpV nDi& 151{et24 il^r q receiuer rcl..icn hqa qo Fneuf

irrrp<dance "F tssr- (purs19 n<siShw).'Ihe TeQdlrr ha,j e,-

nE'i&Forcey bqndaridfb + dooKHr - Glcul^"b tt* Glnv\,-

lLr
-/

Jh*"gA Jko '[.iode .

^ t--u^lh --

-\

a
'%1: tS;rv

:--llsr 
I<l

R=1S,a_ eod B,.r:QOo kne

sl"4r'oia currenJ n" d,tooU i*:I.* .-

TK{ a*uq^J cqt|-vd,I,lho,dg S. diode X

E trSu] - q?r B,..r

_ exl"6xro-tl yf 2<"to-oXlb3

(axro +)-

"lxt.AXtd\ly&ooy.1e3
s) C^lc"-{orb ,$,o TrrE .rroi;< v* llage ard thenrr,a-l neia< pe*e,y

o-f,noni."U^ qcrrDss e &oKtL Te,ZSs+a{ qf dS"C +er"rpeEa}il}e -
-r'Ji$6 oo e*{-et}iw rreiX< Bor\dejdtE + loKitz

F 615^ R=eoK,L : T=ef uc 
= d?3 *&S = Als K j BN= l0kl-tz

.'|^!'^\''\- 
/r-...-.----__\.

( 1) rrns *E_yJF9. .{J e tu;1/6,,r;r,,1" s?uqx vetue)/\n _^!/\-/\,^\-z-w-\- \' -f_ *,r..l

{KTfuR
-1? ')

4 x )'38 x lt " x 278)( lDx lo' x QgX)bs

3 . {S 11 X ld-r2 vottl

,/Etrt-r 1" n:]_sf Pv e Rvts rr.eia< wtle9- ,

fx: XrBp: l.3rxtdt3x &1s xloxrog

tt) }3$-!ris< yo^err-

Pru =4.tt x to1? v.lqrn

\ / -tVsN _ lSXl6b_ o -,*^t a
-=* r o(/\lv 'rKlr:
*:wa byva

lr
'.!lz

^ 
, n,2-

1<xlo '/

F r( ,r r fviul:
F lvll =" IN-J

e [viu] =
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MODULE 5 
 
 

DIGITAL REPRESENTATION OF ANALOG SIGNALS 
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Statement: Sampling theorem states that any continuous time signal can be completely 
represented in its samples and recovered back if the sampling frequency is greater than 
or equal to twice the highest frequency component of base band signal. 

That is Sampling frequency, Wfs 2 .  
Where W= Highest frequency in base band continuous time signal. 

This condition is also called Nyquist condition for sampling process. 
Explanation and Proof: 
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