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MOPULE A

A"gf" ModuhBe'1 , is q Process "F alle rfing either 'f,re 7utearY @
pho,ae + cqrrieY aTXnoJ rbr otecorJqnte l.litE 1tre hntlenlqneorr8

vqlua "f ru-resStF F\?^d,bV KeepirrT oorplifuJe f Cotrier G"uhnl-.

L2 6.nero^,1 €zuqfi'on 'f -A.gl" Mdulonkd Nqrrc ia ffwo \,
: $t*)=AqCosOr(D 

-0)trhene , A.= Annpti*uJe "+ Qaarler 6f gnJ

O,c+) = Angle f th" nnoJub,e<d zf,;ffd,

Mod ulqlion {echn \?ur} ore fi-r t41erdrvt"leJ inlo -truo tgpq

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



{

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
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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-,
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': {"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]
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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+
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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
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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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NLR: l6e Bendwidfh Te?uired ts treasrnif Nq?rre*r bq^d FrvJ
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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
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tv4od u loh'orr
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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
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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
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"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



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



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



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*-
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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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(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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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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.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")
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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
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-dt
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\----------\a------l
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I
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e'[rnrrt*)-rnp(]! 
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.-Ifu 
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Jhal fulypilk Jhe folrornJlnT Feafurex €9
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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'^
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